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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), TVA 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 TVA personnel was established to locate the
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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

" 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 TVA 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 I
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 2003] 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 tritium 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 FrT 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.

0 When WBN 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 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 FIT 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 FTI 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

R04078.doc - TVA - TN000607.0001 ES-5



Groundwater
ARCADIS Investigation Report

Executive Summary

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.

The primarily remedial technology for tritium corrective action is hydraulic control
(pumping). A hydraulic control system positioned at the leading edge of the tritium
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 FIT Sleeve Repair: Tritiated water must be prevented from crossing the
seismic gap in the Unit 2 FTT sleeve, or prevent water from entering the FIT
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.

R04078.doc - IVA - TN000607.0001 ES-6
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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.

R04078.doc -TVA -TN000607.0001 ES-7
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Figure ES-1
Distribution of Tritium Concentrations
in Groundwater, March 2004
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS Figure ES-3
Source #2 - Unit 2 Fuel Transfer Tube Sleeve
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ARCADIS 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 I-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. TVA 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.

1-1R04078.doc - TVA - TN000607.0001
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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 (FIT), 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 TVA 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 5, 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 5 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 concerns over stressing the liner welds to the point of failure.

R04078.doc - WA - TNO00607.0001 2-2
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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 FIT 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 FIT 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 I 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 I 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 I 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 I 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 infrastructure. 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 Geology/Hydrogeology

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 160 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.

0
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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 system,
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
thiis 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 ¾4-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

W"N 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 TVA 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, channel 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 ft 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 pCi/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 plume distribution (Table 3-1). Based on this data, tritium is
not present along the northem (Wells T, U, V, W, and X) and western (Wells Q, P, 0,
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 northern 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 8-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 comer of the Service Building at 710 ft msl (ground elevation surrounding
the plant is approximately 728 fR msl). Hence, groundwater entering the drain moves
by gravity in two directions at a slope of 0.1% from this southwest comer. Each leg of
the French drain is 1,250 ft in length and ends at an elevation of 708.75 ft msl along the
east 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 returned 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
cjischarge 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 French drain 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 (1 9.4 .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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q=Ki (1)

where, q is the Darcian flux (ft3/day/ft2 or ft/day), K is the hydraulic conductivity
(ft/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:

V= q (2)

where v is the velocity (ft/day) and Oe is the effective porosity (ft3/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 ft3/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 assumed 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 0.20 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 susceptible 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 multiple 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= ad v + D (3)
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where D, is the dispersion coefficient [L2/T], aXd is the dispersivity [L], v is the
groundwater velocity [L/T], and D the molecular diffusion coefficient [L2/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 pCi/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 pCiJL
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 FIT 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.e., 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 movement 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. Tritium 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 I-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 SFP, 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 5 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 FT" sleeve and the French
drain directly north of the seismic gap is approximately 1.25 ft, 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 pCi/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
summary, 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 either 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 curTently 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 migration
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 millirems 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 concern 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).

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 conservative 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,

6-1R04078.doc - TA - 1N000607.0001



Groundwater
ARCADIS Investigation Report

Remediation Planning
Summary

however, this approach would take longer 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 F -

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 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.

" 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 mnonitor wells (A through M) 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 tritium program

October 2003 - Mobile camera (submersible) was used to record the condition of the FTC walls and floor

December 9, 2003 - initial Site Meeting (VA and ARCADIS)

January 9. 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 i, 2004 - Comprehensive "snapshot" sampling of all wells for tritium and measurement of all well water levels

March 1 1, 2004 - Team Progress Meeting to present findings (TVA and ARCADIS)

April i6, 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 Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Coordinates 10/8/03 12112103 1/14104 3/1/04 3111104

TN Lambert iii) TOC Level Water Level Level Water Level Level Water Level Level Water Level Level Water Level

Well East North (f (msl(t))m
Well(ft) (msl) (ft) (msl) (ft) (msl) (ft) (msl)

A 2360776 440131 704.52 20.33 684.19 20.61 683.91 37.0 667.52 28&4 676,12 NM NM

9 2360769 440887 709.64 25.25 684.39 26.10 683.54 26.4 683.24 27.9 681.74 NM NM

C 2360754 442317 726.17 12,75 713.42 11,60 714.57 12.2 713.97 12.2 713.97 NM NM

0 2360717 441161 714.71 28.33 686.38 Dry Dry 29.8 684.91 DRY DRY N M NM

2360204 440566 738.71 53.25 685.46 55.80 682,91 55.6 683.11 54,5 684,21 NM NM

2360870 441509 723.88 22.17 701.71 20.60 703.28 227 701.18 21.6 702.28 NM NM

2361666 441932 723.03 36.75 686.28 37.00 686.03 36.7 686.33 19.4 703,63 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 725.53 12,08 713.45 11.10 714,43 11.4 714.13 11.3 714,23 NM NM

1 2360834 441341 711,77 20.25 691.52 22.10 689.67 20.5 691.27 20.4 691.37 NM NM

2360525 442600 728.01 14.17 713.84 13.00 715.01 13.4 714,61 13,1 714,91 12,6 715,41

2360510 441772 725,48 27.25 698,23 16,60 708.88 17.6 707.88 17.3 708.18 NM NM

2359974 441652 729.20 24.33 704.87 16.00 713.20 25.9 703.30 i 25.9 703.30 NM NM

2359448 441557 726.65 27,67 698,98 24,50 702.15 24.2 702.45 26.5 700.15 NM NM

2359379 442244 727.95 14,33 713,62 22.00 705.95 12.9 715.05 13,1 714.85 NM NM

2359440 442658 727.27 14:58 712.69 18.10 709.17 14.6 712.67 14,3 712.97 NM NM

Q 2359353 443147 725.35 4.33 721.02 3.90 721.45 4.4 720,95 4.2 721.15 NM NM

2360060 442616 726.59 16,33 710.26 16.00 710.59 16,0 710.59 15.1 711,49 NM NM

S 2360330 442595 724.49 11.58 712.91 9.90 714.59 10.2 714.29 NM NM 9.5 714.99

2359511 443167 726.70 NI NI NI NI 12.8 713.90 13.1 713.60 NM NM

U 2359641 443190 727.22 NI Ni Ni NI 15,9 711.32 15.8 711.42 NM NM

V 2359847 443234 727.89 NI NI NI Ni 15.1 712.79 15.9 711.99 NM NM

; 2359950 443252 727.60 NI NI NI Ni 13.6 714,00 14 713.60 NM NM
2360046 443261 728.09 Ni Ni Ni NI 14.4 713.69 13.9 714.19 NM NM

Y NA NA NA Ni NI NI NI NI NI NM NM NM NM

NA NA NA NI NI NI NI NI NI NM NM NM NM

AA 2359992 442954 729.49 Ni NI Ni Ni Ni Ni 20.8 708.69 NM NM

BP 2359995 443017 732.07 Ni NI Ni Ni Ni NI 23.8 708.27 NM NM

2359973 443118 730.83 NI Ni NI NI Ni NI DRY DRY NM NM

2360043 442970 732.26 NI Ni NI Ni Ni NI DRY DRY NM NM

FE 2360112 442827 731.78 NI NI Ni NI NI Ni 20.5 711.28 NM NM

2360035 442738 729.32 NI NI Ni Ni Ni Ni 20 709.32 NM NM

G 2360036 442638 731.62 Ni NI NI NI Ni Ni 21.2 710,42 NM NM

2360294 442683 727.14 NI NI N I NI Ni Ni 14 713.14 13.3 713.84

2360550 • 442932 729.03 NI Ni NI NI NI NI 13.4 715.63 NM NM

2360567 442734 728.90 NI NI NI NI NI Ni 12.7 716.20 NM NM

2360561 442654 729.74 NI Ni NI NI Ni N' 14.8 714,94 NM NM

2360279 442994 731.07 NI NI Ni NI Ni Ni 17.1 713.97 NM NM

itv 2360289 443209 726,99 8.11 718,88 7.90 719.09 7,9 719.09 7.6 719139 NM NM

MW.2 2360109 443072 727.86 15.94 711,92 15,70 712.16 15.9 711.96 15.9 711.96 NM NM

m v3 2360286 442873 727,34 13.96 , 713.38 13.70 713,64 13,7 713.64 13.4 713.94 NM NM

M 2360193 443149 727.86 17,74 710.12 12.70 715.16 12.7 715,16 12,5 715.38 NM NM

GW 5urn0 2359991 442920 728.50 26.09 702.41 NM NM NM NM NM NM NM NM

mnsl. mean sea level
NA - not availabie

Ni . notirstaied
NM - 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 Well A Well B Well C Well D Well E Well F Well G Well H Well I Well J Well K Well L

9/2/03

9/4/03

9/15/03

9/17/03

9/18/03

9/24/03

9126/03

9/27/03

9/30/03

9130/03

10/1/03

10/2103

1013103

10/5/03

-10/7/03 --

10/8/03 2,930

10/9/03 <513

10/10103 1,370

10112/03 <547

10/13103 970

10/15103

10/17103 885
10/19/03

10120103

10123103

10/24/03 2990

11/1/03 --

1117/03 <544

11/10/03 --

11/11/03 --

11/12/03

11/13/03 -

11/21/03 <501

12/1/03 -

12/3/03

1214/03

12/5103 --

1218103 --

12110103

12/11/03 --

12/12/03

12/17103 --

12/19/03 --

12122/03 --

12/29/03

12/30/03 --

12/31/03

1/5/04 --

1/12/04 --

1120104

1/26/04

1/30/04

212104

2/9/04 --

2/16/04

2/23/04 --

2/24/04

2/26/04 --

3/1/04 <490

3/5/04 --

11.200 19,300

- 21,300 --

10.900 18,500

21,180

26,090

20.700

28,280 --

23.590

22,320

21,980

23.260 --

-- 22,200

17,000

10,400 --

-- 7,040
8,250

9,563 --

8,500
8.500

6,920 7,520 Dry

NI NI NI NI NI
1,140 NI 14I N: Ni NI

5,620 N! N1 N1 NI
.. .. .- 32,100 NI NI 48.700

1.230 -- 6.370 36,060 NI NI 49,240
- 30,200 NI NI 40,800

.. NI NI

<531 .. .. NI NI --

1,830 92,500

3,055 .. .. .. 324,700
-- 2,731 -- 23,240 353,700

... 297,900

6.438 19,630 -- 291,200
.. .. .. .. .. 218,300

1.210 1.140 -- 20,300 -- 204,800 43,300

3,270 .. .. .

<520 -.. .. ..

<568 .. .. .. .. 194.500
<555 <554 .. .. .. 189.000
723 <561 .. 247.000

<573 -- <575 .. .. .

... 256,800 39,730
... . . 2,812 .. ..

- 229.300

... .. .. 226,600
<544 <544 .. 319,400

903 -- <544 .. .. 272,000

16,000 72,100 32,100
91,900 --

.. 118,000

1,360 .... 2.710 ..

12,910 53,340 --

.. .... .. .. 63,500

85,600

<498 ..

.. .... .. 128,100 -

123,500

.. .. .. 144,000

.. .. 4.302 -- 116.500 47,830

6.090 -- 121,000 50,700

1,250 -- 114.000 58,100

2,061 1- !02,200 53,240

5.890 -- 95,500 50.400

<484 1,170 <486 3,200 9,480 1,710 109,000 52,900

NowC all values in picocuries. per 1Ctr
NI - not installed

.. no rlleiIsultd
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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 Well M Well N Well 0 Well P Well Q Well R Well S Well T Well U Well V Well W

912/03 NI NI NI NI NI NI NI NI NI NI NI
9/4/03 NI NI NI NI NI NI NI NI NI NI NI
9115103 NI NI NI NI NI NJ NI NI Nl NI NI
9/17/03 NI NI NI NI NI NI NI NI NI NI NI
9/18/03 <558 NI NI NI NI NI NI NI NI NI NI
9/24/03 -- <559 - NI NI NI NI NI NI NI NI
9/26/03 <549 -- <549 NI NI NI NI NI NI NI NI
9127103 ... <519 <519 NI NI NI NI NI NI
9/30/03 .... .. .. NI NI NI NI NI NI
9/30/03 .... NI NI NI NI NI NI
10/1/03 .. .. .. .. NI NI NI N I NI NI
10/2/03 ... .. NI NI NI NI NI NI
10/3/03 .... .. .. 18,450 11,200 NI NI NI NI
10/5/03 . .. .. . .. 18,490 10,520 NI NI NI NI
10/7/03 .. .. .. 23,060 9,440 NI NI NI NI
10/8/03 -.. .. .. .. .. NI NJ NI NI
10/9103 .. .. .. .. .. NI NI NI NI
10/10/03 .. .. . .. .. .. .. NI NI NI NI
10/12/03 .. .. .. .. .. NI NI NI NI
10/13/03 .. .. .. .. .. .. NI NI NI NI
1 O/15/03 .. .. .. .. .. NI NI NI NI
1 O/ 7/03 .. . .. .. NI NI NI NI
10/19/03 .. . 18,120 16.360 NI NI NI NI
10/20/03 . .... .. .-- . NI NI NI NI
10/23/03 ...... .. NI NI NI NI
10124/03 .. ... .. .. .. NI NI NI NI
11/1/03 .... .. .. .. NI NI NJ NI
11/7/03 ..... .. .. NI NI NI NI
11/10/03 .. ....... .. NI NI NI NI
11/11/03 .. ...... .. NI NI NI NI
11/12/03 . ...... .. NI NI NI NI
11113/03 .. .. .. .. . . .. .. NI NI NI NI
11/21/03 ... .. .. .. .. NI NI NI NI
12/1103 .. ... .. 19.800 11,000 NI NI NI NI
12/3/03 .... .. .. .. NI NI NI NI
12/4103 .. .. .. .. .. NI NJ NI NI
12/5/03 .. .. .. .. .. .. .. NI NI NI Nl
12/8/03 .. .. .. . ... .. NI NI NI NI
12/10103 . .. .... .. .. NI NI NI NI
12/11/03 ..... .. .. <588 <588 NI NI
12/12/03 .. .. .. .. .. .. .. .. .. <587 <587
12/17/03 .. .. .. .. .. 72.030 9,166 .. .. .. .
12/1 9/03 -.. .. .. . ..

12/22/03 .. .. .... 20,000 7,720 .. ..
12/29103 .. .. .... 22.800 7,500 ....
12130/03 .. .. ... .....
12/31/03 . ..... ..
1/5/04 .. .. .. 22.560 8,579 .. .
1/12/04 .. .. . 22,400 9.900
lflO104 ... 18,900 7.360 .. ..
1/26/04 .. . . .. 18,750 8,267 .. .. .. .
1/30/04 .... ... 21,700 8.670
2/2/04 .. . .. ... ..

2/9/04 .... ... 18.000 7.510 ..
2/16/04 . . ... 19,420 5,172 .. .

7/23104 .. .. .. 18,800 6,280 ..
2/24104 . . ... . ...

3/1/04 <494 <533 <533 <537 <529 19,600 6.070 <526 <524 <496 <496
3/5104 . . ... . ...

Note: all values in picocuries Per liter

N0 - not installed
-- - not measured

T401I10 161UN04 bf
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O ARCADIS

Table 3-1. Groundwater Tritium Concentrations* (September 2003 - March 2004)

Tennessee Valley Authority Watts Bar Nuclear Plant Spring City. Tennessee

Date Well X Well Y Well Z Well #1 Well #2 Well #3 Well 15 Well #6 MW 1 MW2 MW 3 MW4

9/2103
9/4/03

9/15/03

9/17/03

9/18/03

9/24/03

9/26/03

9/27/03

9/30/03

9/30/03
10/1/03
10/2/03

1013/03

10/5/03

10/7/03

10/8/03

10/9103

10/10103

10/12/03
10/13f03

10/15103

10/17/03
10/19/03

10/20/03

10/23/03

10/24/03

11/1/03

11/7/03

11110/03

11/11/03

11112/03

11/13/03

11121103

1211/03

12/3/03

12/4/03

12/5/03
12/8103

12/10/03

12/11103

12/12)03

12117103

12/19/03

12/22/03

12129/03

12/30/03

12131/03

1/5/04

1/12/04

1120104

1/26/04

1/30/04

212/04

219104

2/16/04

2/23/04

2/24104

2/26/04

3/1/04

315/04

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

<523

<496

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI
NI

NI

NI

NI

<538

<578 <578

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI Nl

NI Nl

NI NI

NI NI

NI NI

<551 NI

NI

-- NI
-- NI

<593

<580

835

<580

<478

<580

627 <493

Nole: all values in picocifies pet lite(

NI - not inslal~ed

- -not measured

T40110-16)UNO4 bi
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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 Well B3 Well CC Well DD Well EE Well FF Well GG Well HH Well II Well JJ Well KK Well LL

9/2103
9/4/03

9/1 5/03

9/17/03

9/18/03

9124103

9/26/03

9/27/03

9/30/03

9/30/03
10/1/03

1012103

1013/03

10/5/03

10/7/03

10/8/03

10/9/03

10/10/03

10/12/03

10/13/03
10/15/03

10/17/03

10/19/03

10/20/03

10123/03

S 10/24/03

1111/03

11/7/03
11110103

11/11/03

11/12/03

11/13/03

11/21/03

12/1/03

12/3/03

12/4/03

12/5/03

12/8/03

12/10/03

12/11/03

12/12/03

12117103

12/19/03

12/22/03

12/29103

12130103

12/31/03

1/5/04
1112104

1/20/04

1/26/04

1/30/04

212104

2/9104

2/16/04
2/23/04

2/24/04

2/26/04
3/1/04

NI

NI

NJ

NI

NI

NI

NI

NI

NI

NI

NI

Ni

NI

NJ

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

Ni

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

<522

<550

317

<531

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI
NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI
NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NJ

NI

NI

NI

NI

NI

NI

NI

NI

NI

1.434

<520
1.624

2,120

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

N1 NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI
NI NI

NI NI

NI NI

NI NI

NI NI

NI NI

NI NI
NI NI

NI NI

NI NI

NI NI

NI NI

Nl NI

NI NI
NI NI

NI NI
4.300 NI

6,064

Dry Dry

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

669

<530

NI

NI

NI

NI

NI

NI

NI

Ni

NI

NI
NI

NI

NI

NI

NI

NI

NJ

NI

NI

NI

NJ

Nl

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

<528

<530

NI
NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NJ

NI

NI

NI

NI
NI

NI

NI

NI

NI

NI

NI

Nl

NI

NI

NI

NI
NI

N1

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI
NI

NI

Nl

NI

NI

NI
NI

NI

NI

NI

NI

NI

NI

NI

10.320

11,400

NI
NI

NI

NI

NI

NI

NI

NI

NI

NI

NJ

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

5,980

4.260

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NJ
NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

Nl

NI

NI

NI

NI

NI

Ni

NI

NI

NI

NI

NJ

NI

Nl

NI

NI

NI

NI

NI

NI

NI

NI
NI

NI

<533

<534

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NJ

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

901

<537

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

Nl

NI

Ni

NI

NI

NI

NI

NI

NI

NJ

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

26.800

20.000

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NJ
NI

NI

NI

NI

NI

NI

NJ

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI
NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI

NI
NI

661

<536

Note: all values in picocuries per liter
NI - not installed

-.- . no measured

140110. 161UN04 bf



ARCADIS

Table 5-i. Water-Only Biota Concentration Guide for Tritium
Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Example BCG

Receptor Category Receptors (pCi/L)

Terrestrial Animals

Riparian Animals

Aquatic Animals

Terrestrial Plants

Source U S Department of Energy ?002
BCG - Biota Concentration Guides
pCi/L - picocuries per liter

Mouse

Raccoon

Fish

Trees

270,000,000.

300,000,000

6.000,000,000

9,000,000,000

T40108.xls - 15JUN04 bf



Figure 1-1
Regional Location Map
TVA, Watts Bar Nude. Plant, Spldng City, Tennessee
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ARCADIS Figure 1-2
Site Map
TVA, Watts Bar Nuclear Plant.
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ARCADIS Figure 1-3
Power Block Site Map
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS Figure 3-1
EastiWest Geologic Cross-o•ton - North Power Block
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ARCADIS Figure 3-2
Water Table, March 2004
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ARCADIS Figure 3-3
Water Table in Power Block, March 2004
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ARCADIS Figure 3-4
Distribution of Tritium Concentrations
in Groundwater, March 2004
TVA, Watts Bar Nuclear Plant, Spring City
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ARCADIS Figure 3-5Distribution of Tritium Concentrations In
Groundwater at Power Block, March 2004

o02oo FT TVA, Watts Bar Nudear Plant, Spuing City, Tennessee
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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.

w
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ARCADIS Figure 3-7
Tritium Concentrations in Sump Groundwater
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS Figure 3-8
Tritium Loading in Sump Groundwater
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS
O 200 FT

Figure 4-1
Source #1 - Rad Waste Line Leak
TVA, Watts Bar Nudear Plant, Sprn City, Tennessee
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Source #2 - Unit 2 Fuel Transfer Tube Sleeve
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ARCADIS Exhibit 4-3
Source #2 - Schematic Cross-Section
TVA, Watts Bar Nuclear Plant, Spring City, Tennessee
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ARCADIS 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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ARCADIS 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.

TNO00607.0001 I SITE CHAR



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 eastMwest, emanating from south end of turbine building.

TN000607.0001 / SITE CHAR
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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

TNO00607.0001 / SITE CHAR
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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

TN000607.0001 / SITE CHAR
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Appendix B

Historical Tritium Data
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ARCADIS 
Page 1 of 3

Table B-i. Groundwater Tritium Concentrations (August 2002 - August 2003)

Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date Well A Well B Welt C Well D 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 ..........
117103 -- 12,453 4,339 4,409 ..........

1/27/03 -- 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 ..........

3/6/03 -- 1 5,400 3,239 17,880 ..........
317103 -- 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 ..........
31/151/03 -- 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 -- 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 ..............
3128103 -- 14,160 ..............
3/31/03 -- 14,760 ..............

4/2/03 -- 17,390 ...... . .......
4/3/03 -- 15,480 ...........

4/4103 -- 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 ..........

4/130/03 -- 19,770 9,251 5,119 ........

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

T40111 - 15JUN04 bf
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ARCADIS

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

Date Well A Well B Well C Welt D Well #6 MW 1 MW 2 MW 3 MW4

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

518/03 -- 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
5/23103 -- 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
5130/03 -- 13,500 -- 2,420
6/2/03 -- 12,200 7,840 3,440
6/3103 -- 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
6/9103 -- 11,980 10,110 2,207
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: All values in picocuries per liter.
NI - not installed
-- - not measured

T40111 - I5JUN04 bf



4 ARCADIS 
Page 3 of 3

Table B-i. Groundwater Tritium Concentrations (August 2002 - August 2003)

Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date Well A Well B Well C Well D Well #6 MW 1 MW 2 MW 3 MW 4

7/2/03 .... 8,251 5,512 .........
7/7/03 -- 15,620 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 ..........
7/11/03 - 1 t6,100 6,128 4,892 ..........
7/11/03 -- 16,100 6,220 5,210 ..........

7/12/03 17,300 6,180 6,060 ..........
7/13/03 -- 15,140 5,475 5,846 ..........
7/14/03 -- 17.200 6,760 5,630 ..........
7/21/03 -- 11,500 7,710 5,590 ..........

7/24/03 ..................
7/25/03 -- 14,000 10,100 5,200 ..........
7/29/03 -- 15.510 12,530 7,310 ..........
7/31/03 -- 15,200 12,800 3,280 ..........
8/2/0 3 ..................
813/03 ...............
8/5/03 -- 15,200 15,100 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 ...........

8/26/03
8/28/03 -- 10,200 20,300 ..........

Note: All values in picocuries per liter.
NJ- not installed
-- - not measured
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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
4/2/0 3414103
4/4/0 3

4/7/03
4/9/03
4/11/03
4/14/03
4/16/03
4/18/03
4121/03
4/23/03
4/30/03
4/30/03
5/11/03
5/2/03
S5//03
5/6/03
5/7/03
5/8/03
5/9/03
5/12/03
5/13/03
5/14/03
5/16/03
5/19/03
5/21/03
5/23/03
5/27/03
5/29/03
6/2/03
6/4/03
6/5/03
6/6/03
6/9/03
6/11/03
6/13/03
6/16/03
6/18/03
6/20/03
6/23/03
6/25/03
6/27/03
6/30/03

8,943
8,002
8,135
7.808
7,606
7,255
8,978
9,012
9,673
10,700
10,500
15,070
12,200
11,600
11,850
14.540
9,213
10.140
10,880
11,910
12,600
10,360
12,750
12,630
10,800
12,500
11,700
9,864
10,100
10,100
9,825
21,510
7,990
7.284
8,351
7,666
8,473
7,140
6,399
7,010
7,040
6,909
6,965

Note: All values in picocuries per liter.
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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
7/3/03
7/7/03
7/9/03
7/11/03
7/14/03

7/21/03
7/2.9/03
7/31/03

8/2/03
8/4/03

8/7/03
8/12/03
8/14/03

8/21/03
8/28/03
9/2/03
9/4/03
9/9/03
9/16/03
9/24/03
10/2/03
10/8/03
10/19/03
10/30/03
11/13/03
11/21/03

5,552
4,496
6,757
6,200
6,866
7,240
6,360
8,370
5,630
6,700
5,930
6.010
7,530
6,190
6,589
8.200
8,820
10,500
6,950
5,870
6,430
8.453
7,619
5,803

9,734
4,256
4,640
5,040
5,881
5,560
4,680
4,390
4,020
5,120

4,378
4,140

12/1/03
12/17/03
12/22/03
12/30/03
1/21104
1/26/04
2/2/04
2/9/04
2/16/04
2/23/04

Note: 

All 

values 

in 

picocuries 

per 

liter.

Note: All values in picocuries per liter.
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Table B-3. Manhole Tritium Concentrations

Tennessee Valley Authority Watts Bar Nuclear Plant Spring City, Tennessee

Date MH #1 MH #6B MH #7B MH #18 MH #20 MH #21 MH #24 MH #25 MH #26 MH #27

6/25/03 ................-. <562

8/2/03 ........ <575 <575 <575 ......

8/3/03 <527 <527 <527 <527 ..... <527 <527

11/10/03 1,430 882 882 882 ..........

1111I103 " - 1,580 22,300 ............

11/12/03 ................ <560

Note: All values in picocuries per liter.

-- - not measured
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Table B-4. Catch Basin Tritium Concentrations

Tennessee Valley Authority Watts Bar Nuclear Plant

Date CB #2 CB #30

Spring City, Tennessee

CB #50 CB #52

7/24/03 --

8/21/03 --

8/22/03

8/22/03 --

8125103

8/26/03 --

9/2/03 <590

9/4/03 --

9/18/03 --

9124/03 --

9/25/03 --

11/7/03 --

12110103 --

Note: All values in picocuries per liter.

-- - not measured

1,404

<590

3,973

562.8

820

26,100

9,910

16,710

14,600

13,000

16.400

8,070

Dry

Dry

686

765

T40114 - 15JUN04 bf
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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: 31 DEC2013

NRC 10 CFR Part 50 OL Submittal. Operation of a utilization facility for commercial

Updated license application filed 04MAR2009 purposes

FSEIS.

U.S. Fish and 16 U.S.C. Concurrence. Consultation concerning potential
Wildlife Service §§ 1531 etseq. 1995 consultation with FWS, cited in FSEIS impacts to Federal threatened & endangered

(FWS) Appendix D, applied to WBN1 and WBN2. 2007 (T&E) species.
FSEIS also found no impacts.

U.S. Department of 42 U.S.C. § 1996; FSEIS. Consultation. Consultation not required Identification, protection, and repatriation of

the Interior (DOI) 25 U.S.C. § 3001 et as FSEIS did not identify any items of cultural items of cultural significance to Native
seq. significance to Native American tribes. American tribes.

Federal Aviation Preconstruction. Preconstruction letter of notification to FAA
Administration 14 CFR Part 77 results in a written response certifying that no

(FAA) Notification not required as no activities affect hazards exist or recommending project
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 Preoperation. Certification. any alteration of the properties of state waters.

Department of Water Quality Control This permit also serves as a section 401 water
Environment and Act, TCA §§ 69-3-101

Conservation et seq. TVA will seek any required certification from quality certification, which is required prior to

(TDEC) TDEC prior to issuance of the OL. 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

Engineers 33 U.S.C. § 1344; Permit. dredged and fill material. A section 401

(USACE) 33 U.S.C. §§ 1341 USACE stated, as listed in FSEIS Appendix D, certification that the action does not violate
that Section 404 permit not required as no work state water quality standards is required prior

requires discharge of dredged or fill material, to obtaining a section 404 permit.

Preconstruction.

Construction permit.
Tennessee Air Permit 957606P held by TVA.

Quality Act, Construction permit for prevention of significant
TDEC Air Division TCA §§ 68-201-101 EXP: 01JAN2007 deterioration of air quality required to construct

et seq. a i otmnn ore
42 U.S.C. §§ 7401 Renewal pending. an air contaminant source.

et seq.
Requested update and consolidation with
operating permit 448529 on 23JAN2007.

TCA §§ 68-201-101 Preoperation. This permit covers emissions from the Watts
Division 42 U.S.C. §§ 7401 Operating permit. Permit 448529 held by TVA. Bar site for both Unit 1 and Unit 2 equipment.

et seq. TVA - WBN opted out of major source - Not a

EXP: 01SEP2010. Title V Permit.

Continuing permit requirement. NPDES PermitTN0020168 held by TVA. Facility permit for point source discharges of
wastewater to surface waters and in-stream

TDEC 42 U.S.C. § 1342; monitoring

Division TCA §§ 69-3-101 et EXP: 04NOV2006
seq. Unit 1 only - Permit modification request to

Permit administratively continued. Renewal filed include Unit 2 will be filed in June 2010.
03MAY2006.
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TABLE G-5
FEDERAL, STATE, AND LOCAL AUTHORIZATIONS

Agency Authority Phase/Requirement/Status Activity Covered

Continuing permit requirement.

TDEC 33 U.S.C. §1342; Industrial Storm water Multi-Sector GeneralTCA §§ 69-3-101 et Permit TNR050000 held by TVA. Permit for discharge of storm water associated

Water Division seq. with land disturbance and industrial activity.

EXP: 14MAY2014

Permit for discharge of storm water associated
with construction involving clearing, grading or

TDEC 33 U.S.C. §1342; Preconstruction. Permit. Not required, as no excavation that result in an area of disturbance

Water Division TCA §§ 69-3-101 et construction activities planned that would result of one or more acres, and activities that result
seq. in storm water discharge. in the disturbance of less than one acre if it is

part of a larger common plan of development

TDEC Division of Preoperation.

Solid and Tennessee Solid Permit. Permit number DML72-103-0025 held by Site Permit for operation of a Class IV disposal
Hazardous Waste Act, TCA §§ 68- TVA. facility (onsite construction & demolition landfill)Management 211A-101 et seq.

(SHW) EXP: N/A

EPA Facility ID TN2640030035

Construction Demolition Landfill Permit Number
TDEC Division of TCA §§ 68-212 DML 721030025 Transportation of waste

SHW

EXP: N/A

Alabama Ongoing.

Department of ADEM Admin. Permit. Operation Permit AL2-640-090-005 heldEnvironmental CoeR 3-4by TVA. Storage of hazardous waste at the hazardous
n ment Code R. 335-14 waste storage facility in Muscle Shoals, AL.

Management
(ADEM) EXP: 06MAY2011
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TABLE G-5
FEDERAL, STATE, AND LOCAL AUTHORIZATIONS

Agency Authority Phase/Requirement/Status Activity Covered

TDEC Division UST Preconstruction/operation. Permit. Not required Installation/operation of underground storage
or Solid and TCA §§ 68-212 as no underground storage tanks as defined by tanks that store regulated substances.

Hazardous Waste TDEC.

Tennessee
Historical 16 U.S.C. Preoperation. Consultation. Consultation with Review and analysis of cultural and historic

Commission (THC) §§ 470 et seq. THC completed and documented in FSEIS resources, including completion of NHPA
(State Historic

Preservation 36 CFR Part 800 Appendix D. Section 106 consultation.

Officer)

Tennessee Public Operation. Certificate of public convenience and
ServiceCommission Certification not required. necessity.

Executive Order Protect and enhance the quality of the
11514 (Protection and environment; develop procedures to ensure the

Enhancement of FSEIS. fullest practicable provision of timely public
TVA Environmental information and understanding of Federal plans

Quality) Completed. and programs that may have potential
40 CFR Parts 1500- environmental impacts that the views of

1508 interested parties can be obtained.

Executive Order
11988 (Floodplain

TVA Management) FSEIS. Floodplain impacts to be avoided to the extent
TVA Procedure for Completed. practicable.
Compliance With

NEPA, Section 5.7

Executive Order
11990 (Protection of Requires federal agencies to avoid any short-

TVA Wetlands) FSEIS. and long-term adverse impacts on wetlands
TVA Procedure for Completed. wherever there is a practicable alternative.
Compliance With

NEPA, Section 5.7
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Attachment 3

TVA Nuclear Power Group Calculation

WBNTSR-008 R11

Control Room Operator and Offsite Doses Due
to a Steam Generator Tube Rupture



NPG CALCULATION COVERSHEETICCRIS UPDATE
Page 1

•REV 0 ERIMS NO- EDMS TYPE: EDMS ACCESSION NO (N/A for REV. 0)
828890410 001 ca1thato nuclear T 9 3 10 0 21 9 0 03
Calco RTIeoIControl Room Operator and Offelto Doses Due to a Steam Generator Tube Rupture

STATEMENT OF POL••m•
This analysis determines the control roow operator and offsite dose due to a Steam Generator Tube Rupture accident. The steam releases

(primay and secondary side) are f-om Westinghouse. The activities of the primary coolant are based on technical specification limits with a
preexisting iodine spike of a factor of 21 1r-i/gm 1-131 equivalent (maximum 48 hour) Also analyzed are reactor coolant activities 0.265 jiCi/gm
1-131 equivalent with an accident initiated iodine spike of 500 times the release rate from the fuel. The secondary side activities come from
WBNNAL3-003 and are set at 0.(1 gCi/gm. Credit is taken for partial flashing of the reactor coolant as it enters the steam generator. For
conservatism, no credit is taken for "scrubbing" of iodine in the steam bubbles as the bubbles rise through the water. The production rate of iodines
is based on a pre-accident steady state reactor coolant leakage of I 1 gpm (10 gpm known + 1 gpm unknown).

The released activities are used as input to computer code COROD which determines the control room operator dose. The base COROD model
is taken from TI-RPS-198. The control room intake vent X/Q values are taken from WBNAPS3-104 and were determined using the ARCON96
code. The activities are used as input to the computer FENCDOSE which determines the offsite dose. The control room operator dose case is
examined which considered the effect of slow closure times of 0-FCV-3 1-3, -4 (14 seconds) and the radiation monitor response time (6.6 sec) for a
total closure time of 20.6 seconds.

The offsite doses (gamma, beta, thyroid and TEDE) due to a SGTR with a preexisting iodine spike does not exceed the 10CFR100 limits (25
rem gamma, 300 rem beta, and 300 rem thyroid per NUREG-0800). The SGTR with accident initiated iodine spike does not exceed a small frction
of the 10CFRl00 limits (10% of the 10CFR100 limits of 25 ren gamma, 300 rem beta, and 300 ran thyroid per NUREG-0800).

The control room doses due to a SGTR do not exceed the 10CFR0 AppA GDC 19 limits (5 rem, gamma, 30 rem beta and 30 rem thyroid).

This calculation impacts FSAR section 15.4 and 15.5.
MCROFICHEIEFKICE Yes 0 No 0 FICHE NUMERS) TVA-F-WO0161

El LOAD INTO EDMS AND DESTROY
C LOAD INTO DMS AND RETURN CALCULATION TO CALCULATION LIBRARY. ADDRESS:
3 LOAD INTO EDMS AND RETURN CALCULATION TO,

'TVA 40532 [10-20081 Page I of 2 NEDP-2-1110-M-2W81



NPG CALCULATION COVERSHEETICCRIS UPDATE
Page 2

CALC ID I TYPE I Q I PLANT I 1RA HI NLJMBER

CN NUC WBN I NTB WBNTSR-008

REV

ALTERNATE CALCU1LATION IDENTIFICATION

BLDG ROOM ELEV COORD/AZIM FARM Print Rewort Yes J@
Polestar

CATEGORIES

KEY NOUNS (A-add, D-delete)

ACION KEY NOUN A/D KEY NOUN

CROSS-REFERENCES (A-add, C-change, D-dolete)

ACTION XREF XREF XREF XREF XREF XREF
(AID CODE TYPE LANT BRANCH NUMBER REV

A P VD WBN MEB LTR-CRA-09-153 RI

A P VD WBN MEB WBT-D-1015

A P TS WBN MEB TS 3.4.13

A P TS VWBN MEB TS 3.4.16

A P TS WBN MEB TS 3.4.17

C•,UIS ONLY UPDATES:
Following are required only when making keyword/cross reference CCRIS up dates and page 1 of form NEDP-2-1 is not included:

PREPARER SIGNATURE DATE CHECKER SIGNATURE DATE

PREPARER PHONE NO. EDMS ACCESSION NO.. - ....

TVA 40532 [I 0-20081 Page 2 of 2 NEDP-2-1 [10-20-20081
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NPG CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER WBNTSR-008

Title Control Room Operator and Offsite Doses Due to a Steam Generator Tube Rupture

Revision DESCRIPTION OF REVISION
No.

0 initial Issue
Revision I was perfonmmed because the base COROD model from TI-RPS-198 changed.
pages changed: 1-6, 8, 9, 24-26, 30, 32-37, 39-60, 62, 63, 73-78
pages added: 24.1-24.3
Revision 2 was performed to incorporate the new steam releases as determined by Westinghouse with WBN specific parameters
and to add the offsite dose to the analysis.
pages changed: 1-24.2, 25-67 (old coversheet now page 1.1)
pages deleted: none
pages added: new cover (new pag 1)
Revision 3 was performed because of revised steam releases as determined by Westinghouse. The entire calculation was rewritten.
All pages were renumbered. Revision bars are shown only on areas of text which actually changed. Text which was reformatted
does not show revision bars.
pages changed: all
pages deleted: none
pages added: none
Revision 4 was performed because the X/Q values changed.
pages added: 1 (new cover), 1.2 (abstract), 41.1, 41.2
pages deleted: none
pages chan=ged: 1.1 (old cover), 2-8, 17, 18, 20-22, 24-41
Revision 5 was revised because the control room intake flow was changed.

pages added: none
pages deleted: 41.1, 41.2
pages changed: 1, 1.2, 2-8, 18,20-22,24-41, 51-53

6 Revision 6 was performed because of revised reactor coolant and steam mass releases as determined by Westinghouse.
pages added: 6.1
pages deleted: none
pages changed: 1-8, 1.2, 11-14, 18,20,24-41
Revision 7 was performed as part of the corrective action of WBN PER 98-016506-000. The revision changed the basis of the
source terms from the historical design values provided by Westinghouse which are located in the FSAR to the expected source
terms based on ANSIIANS-18.1-1984. No other modifications with respect to methodology were made. Other pending changes
(such as alternate X/Q values, new Tech Spec limits, inclusion of the radiation monitor response time in the isolation time of the
control room, impact of Tritium Production Core, and iodine spiking) will be dealt with in subsequent revision(s). There is no
FSAR impact since there will be more changes in the near future, and the doses in this revision are less than R6.
Pages added: I (new cover), 13.1, 50.1-50.3
Pages deleted: Attachment 3
Pages changed: ia (old cover), 2, 3, 6, 6.1, 7-13, 18, 24-40, 46-50
R7: 75 total pages

8 Revision 8 is performed to increase the delay in the control room isolation time from 14.0 sec to 20.6 sec (= 14 sec damper closure
+ 6.6 see instrument response) as part of the corrective action for W3N PER 01-000080-000. New X/Q values as determined by
ARCON96 are incorporated. The Tritium Production Core (TPC) is included. The latest versions of COROD (R5) and
FENCDOSE (R4) are used, which now determine the thyroid doses based on ICRP-2 and 1CRP-30 dose conversion factors as well
as the TEDE. Finally, the iodine spiking is treated differently. The preaccident iodine spike is the maximum Technical
Specification limit (60 p±Ci/cc 1-131 equivalent. Also 21 gsCi/cc and 10 ý&Ci/cc are analyzed). An accident initiated iodine spike
with a factor of 500 increase in iodine release from the fuel with the initial activity at I liCi/cc, 0.265, or 0.177 psCi/cc 1-131
equivalent with the baseline iodine production based on either 10 gpm, 5.75 gpm or 2.15 gpm, is now included in the analysis.
Cases with the old Halitsky X/Q values are also performed. Additional justification for use of the ANS/ANSI- 18.1-1984 spectrum
was included. Finally, 3rd party review comments from Westinghouse and NISYS were incorporated. Due to the extent of the
revision, all pages were renumbered. Text changes are marked with revision bars.
Pages added: all Pages deleted: all Pages changed: all
R8: 72 total pages
The non-TPC results will affect FSAR section 15.5.5 and Tables 12.5-18 and 12.5-19, and the change will be processed in
accordance with NADP-7 to reflect calculation results. A 1OCFR50.59 evaluation is needed for these changes. In addition,
Technical Specification LCO 3.4.16 and associated bases (RCS Iodine Concentration) will be affected by this calculation revision
and a TS change will be required. These actions will be tracked under the corrective actions for PER 00-012545-000.

TVA 40709 [10-20081 Page 1 of 1 NEDP-2-2 [10-20-20081
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TVAN CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER WBNTSR-008

Title Control Room Operator and Offsite Doses Due to a Steam Generator Tube Rupture

Revision DESCRIPTION OF REVISION
No.

9 Revision 9 is performed for replacement steam generators (DCN 51754). The mass releases have been
changed, resulting in different answers. The original steam generator results are retained. Also, the
CREVS recirculation rate and time increments were corrected as part of the corrective action of PER
61493 and 94426. A 2 CREVS train operation for 2 hours is also performed. This calculation impacts
FSAR section 15.4 and 15.5. The full impact to the FSAR and Technical Specifications will be addressed
in the screening review of DCN 51754. Page numbers were redone, only actual text changes are marked
with revision bars.
Pages added: 4, Appendix F (p.36-37)
Pages deleted: design verification form
Pages changed: 1-3, 5-10, 14-29
R9: 63 total pages

10 Revision l0 is in support of DCN 51754. WBNNAL3003 has been revised to show the change in RCS
volume due to the Replacement Steam Generators (RSG). R9 of this calculation used a RCS volume from
a Westinghouse document (WBIRSG-TR-02) that has been revised since the issue of R9. Also, the 2
train CREVS cases have been deleted as it was determine to be beyond design basis. An assumption has
been added to discuss this issue. Successor documents WBNAPS3048, WBNAPS3079, and
WBNTSR028 were determined to be impacted by this revision. Impacts to the FSAR and TS's, if any,
will be addressed in the screening review of DCN 51754.

Pages Added: None
Pages Deleted: None
Pages Revised/Replaced: 1, 2, 4-7, 10, 14-17, 20, 23, 25-27, 29
RIO: 63 total pages.
Revision 11 is performed to perform the SGTR analysis for Unit 2 (Appendix G). The steam generators
are the same as the original Unit 1 steam generators, however the Westinghouse mass release calculations
are different. SAR has been reviewed by Marc Berg and this revision of the calculation affects
Unit 2 SAR section Chapter 15. A SAR change shall be processed in accordance with NGDC PP-10 to
reflect the calculation results as part of EDCR 54956. Tech Specs have been reviewed and determined
not to be affected.

Pages added: Appendix G (p.39,40)
Pages deleted: none
Pages changed: 1,2,4-9, 21, 23
R1 1: 66 total pages
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NPG CALCULATION VERIFICATION FORM

Calculation Identifier WBNTSR-008 Revision 11

Method of verification used:

1. Design Review ii 0->.-*- -•c~v-
2. Alternate Calculation I] Verifier Heather Lucek Date 1-14-10

3. Qualification Test El
Comments:
I have reviewed WBNTSR-008 RI 1 and have found the calculation to have been completed in a technically sound an
appropriate manner to address the Unit 2 Steam Generator Tube Rupture. In conducting the verification I reviewed
the methodology, design input, and assumptions which I found to be valid and conservative. I verified the computer
code inputs for correctness and confirmed they only contained the changes as specified in this document. I also
confirmed the correct output values were compiled in the results.

LEGIBILITY EVALUATED AND

AC( EPTEp FOR ISSUE. NP4S

SIGNATURE DATE

WA 40533 [10-2008] Page 1 of 1 NEDP-24 [10-20-2008]
TVA 40533 (10-20081 Page I of I NEDP-2-4 [10-20-20081
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NPG COMPUTER INPUT FILE
STORAGE INFORMATION SHEET

Document WBNTSR-008 Rev. 11 1Plant: WBN

Subject:
Control Room Operator and Offsite Doses Due to a Steam Generator Tube Rupture

[] Electronic storage of the input files for this calculation is not required. Comments:

[ Input files for this calculation have been stored electronically and sufficient identifying information is
provided below for each input file. (Any retrieved file requires re-verification of its contents before
use.)

The computer input for R6 is permanently stored in FILEKEEPER file # 300203.

The computer input for R7 is permanently stored in FILEKEEPER file # 303287

The computer input for R8 is permanently stored in FILEKEEPER file # 303581

The computer input for R9 is permanently stored in FILEKEEPER file # 307461 and 308002

The computer input for RIO is permanently stored in FILEKEEPER file # 308287

The computer input for R1 1 is stored in eFiche file TVA-F-W001361

El Microfiche/eFiche

WA 40535 [10-2008] Page 1 of 1 NEDP-2-6 [10-20-2008]
TIVA 40535 [10-2008] Page I of I NEDP-2-6110-20-2DOO]
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MICROFICIIE.NORMATION SHEET

Document WBNTSR-008 Rev. 11 Plant: WBN

Subject:
Control Room Operator and Offsite Doses Due to a Steam Generator Tube Rupture

Microfiche Number A Description
R5:
TVA-F-C000107
R6:000244

R7:
TVA-F-C000322

R8:
TVA-F-C000356

R9:
TVA-F-WO00500 and

TVA-F-W000573

RIO:
TVA-F-W000613

RI : TVA-F-W001361

R6:
Name Code Description
TSRM0Os6 STP l4sec delay source term
TSR008F6 FENCDOSE offsite dose
TSR008C6 COROD no damper delay control room operator dose

R7:
Name Code Description
TSROO8S7 STP l4see delay source term
TSR008F7 FENCDOSE offsite dose
TSR008C7 COROD no damper delay control room operator dose
R8:
Name Code Description
TSR8S8# STP 20.6 sec delay source term, TPC
TSRSSS#N STP 20.6 sec delay source term, conventional core
TSRSF8# FENCDOSE offsite dose, TPC
TSRSF8#N FENCDOSE offsite dose, conventional core
TSR8CS# COROD control room operator dose, TPC, ARCON96 X/Q
TSR8C8#N COROD control room operator dose conventional core, ARCON96 X/Q
TSRgCS#X COROD control room operator dose, TPC, Halitsky X/Q
TSR8Cg#Y COROD control room operator dose, conventional core, Halitsky X/Q

where #=: A=60VtCi/gm I spike, B=21LCi/gm I spike, C=l0p.Ci/gm I spike, D=ljtCi/gm I w/5001 spike (10 gpm
leak basis), E=0.2651±Ci/gm Iwith w/5001 spike(10 gpm leak basis), F=0.l771iCi/gm(I0 gpmr leak basis),
G=0.265g.Ci/gm I with w/5001 spike(2.15 gpm leak basis), H=0.177gtCi/gm(2.15 gpm leak basis), I=0.265gtCi/gm
I with w/5001 spike(5.75 gpm leak basis), J=0.177g.LCi/gm(5.75 gpm leak basis)
R9:
Name Code Description
TSRgS9# STP 20.6 sec delay source term, TPC
TSR8F9# FENCDOSE offifte dose, TPC
TSR8C9# COROD control room operator dose, TPC, ARCON96 X/Q
where #=-A,C, E, G3=21 p±Ci/gm I spike, B,D, F, H=0.265pCi/gm w/5001 spike (10+1 gpm leak basis); AB, E,
F=ICREVS case, CD, G, H=2 CREVS case; A,B,CD=replaeemem steam generator, E,F,G,'=original steam
generators

TSR8S9A STP
TSR8S9B STP
TSR8F9A FENCDOSE
TSR8F9B FENCDOSE
TSR8C9A COROD
TSR8C9B COROD

TSR8S11A STP
TSR8S11B STP
TSR8F1IA FENCDOSE
TSRSF1lB FENCDOSE
TSR8CIIA COROD
TSR8C1IB COROD

20.6 sec delay source term, TPC, 21 uCi/g
20.6 sec delay source term, TPC, 0.265 uCi/g
offsite dose, TPC, 21 uCi/g
offsite dose, TPC, 0.265 uCi/g c
control room operator dose, TPC, 21 uCi/g
control room operator dose, TPC, 0.265 uCi/g

20.6 sec delay source term, TPC, 21 uCi/g
20.6 sec delay source term, TPC, 0.265 uCi/g
offsite dose, TPC, 21 uCi/g
offsite dose, TPC, 0.265 uCi/g
control room operator dose, TPC, 21 uCi/g
control room operator dose, TPC, 0.265 uCi/g
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Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: , = Date: F
Generator Tube Rupture Checked: A I Date: i -1g.I-

Purpose

This analysis is performed to determine the control room operator dose following a design basis steam generator tube
rupture accident (SGTR). Revision 9 is performed to address the replacement steam generators (DCN 51754, which changes
the mass releases) and to correct CREVS recirculation flow (PER 61493) and time increments (PER 94423).

Introduction

This analysis determines the control room operator and offsite dose due to a Steam Generator Tube Rupture accident.
The steam releases (primary and secondary side) are taken from reference 45 and 46. The activities of the primary coolant
are based on technical specification limits with a preexisting iodine spike of 21 pCi/cc 1-131 equivalent for a preaccident
spike (note: all measurements are at STP, therefore I g=lcc water). An alternate accident initiated iodine spike case uses
initial activity at 0.265 g.Ci/cc I-131 equivalent with a factor of 500 increase in iodine release rate from the fuel. The
secondary side activities start at 0.1 jiCi/cc 1-131 equivalent. The secondary side activities come from WBNNAL3-003 R3
(ref.29). Credit is taken for partial flashing of the reactor coolant as it enters the steam generator. For conservatism, no credit
is taken for "scrubbing" of iodine in the steam bubbles as the bubbles rise through the water, therefore it is unimportant if the
break is above or below the water level at all times.

The computer code STP is used to determine the releases. The released activities are used as input to computer code
COROD (ref. 15) which determines the control room operator dose. The base COROD model is taken from TI-RPS- 198
(ref.13, ingress and egress dose was not determined because the accident lasts less than 8 hours and the ingress/egress is after
8 hours). The control room operator dose considers the effect of slow closure times of 0-FCV-31-3, -4. The delay is 20.6 sec
(which includes the 14 sec damper closure time and the 6.6 sec monitor response time). This is conservative because the
delay in isolation allows a large slug of unfiltered radioisotopes into the control room. It is realistic because the isolation of
the control room will most likely occur due to a high radiation signal in the control room intake HVAC. The control room
intake vent X/Q values are taken from WBNAPS3-104 (ref 37) which are determined using ARCON96. These X/Q values
are also found in WBNAPS3-104. The activities from STP are also used as input to the computer FENCDOSE (ref.30)
which determines the offsite dose.

Revision 11 added the Unit 2 SGTR (Appendix G). The Unit 2 steam generators have are the same as the original Unit 1
steam generators, however the mass releases were reanalyzed by Westinghouse.
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Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: jq• ? Date: y-,
Generator Tube Rupture Checked: 4f-_c I Date: ./c,1I-)

Assumptions

1. There is no iodine "scrubbing" by the water in the steam generator when the steam bubbles (formed due to the flashing of
the primary water) rise to the surface of the water.
Technical Justification: This is conservative because this increases the amount of iodine released. Since the break may be
below the water line, there will actually be some amount of scrubbing (removal) of iodine.
2. The maximum reactor coolant activities allowed under WBN Technical Specifications (ref.3) is assumed, with a
distribution found in WBNNAL3-003 (ref.29), which are the expected source terms from ANSI/ANS-18.1-1984 modified
for WBN.
Technical Justification: The maximum concentration is mandated by NUREG-0800 (ref.7). This assures maximum release
of radioisotopes. See Attachment 2 for justification for using expected reactor coolant as the isotope distribution for
establishing Technical Specification source terms.
3. The primary side to secondary side leakage is 150 gpd/steam generator, steady state.
Technical Justification: This is Technical Specification 3.4.13 (ref.33)
4. The maximum letdown of 120 gpm + 4.39 gpm = 124.39 gpm (ref.39, 41) is used.
Technical Justification: This value is used for calculation of iodine production/removal rates. This will maximize the removal
rate of iodines from the primary coolant, and therefore will maximize the production rate of iodine (production = removal at
steady state). See Calculation section for the formulas used. The letdown is assumed to be isolated at the beginning of the
accident to maximize the reactor coolant inventories. The uncertainty of 4.39 gpm is determined in Appendix E.
5. The primary to secondary side leak rates and letdown flow rates are based on Standard Temperature and Pressure (STP).
Technical Justification: This is the method by which the plant measure leakage. Also, this will maximize the releases because
the density is higher at STP, therefore more mass (and hence radioisotopes) will be released. For the letdown flow, this will
increase the steady state iodine production rate, and therefore increase the iodine releases.
6. In the intact steam generators, the iodine partition factor is assumed to be 100. (see also assumption 12).
Technical Justification: The mass of primary to secondary leakage which occurs to the intact steam generators is small
relative to the mass of secondary coolant. Therefore none of this leakage is assumed to flash and the release to the
environment is through the steaming process. Reference 7 allows a partition factor of 100 for such cases.
7. In one case, a preaccident iodine spike of 21 tCi/gm 1-131 equivalent is assumed at the start of the accident. In the other
case, an accident initiated iodine spike of 500 increase in the iodine release rate from the fuel is assumed in the accident
initiated case with the reactor coolant starting at 0.265 JACi/gm 1-131 equivalent.
Technical Justification: SRP 15.6.3 subsection 6a specifies the maximum allowable preaccident spike is required (21 uCi/gm
is permissible for 48 hours). SRP 15.6.3 subsection 6b specifies that following an accident, the iodine release rate from the
fuel to the reactor coolant is increased by a factor of 500.
8. The letdown demineralizer efficiency is assumed to be 1 for iodines.
Technical Justification: This will maximize iodine removal (=production) rate, and therefore result in larger iodine spiking.
9. The tritium inventory in the reactor coolant is assumed to be for the case with 2 TPBAR failures (98.4 pCi/g, ref.29).
Technical Justification: This will give an upper bound for the tritium. Also, 2 TPBAR failure is considered to be an abnormal
event. This will result in conservative doses.
10. It is assumed that there is no additional fuel damage due to the accident.
Technical Justification: There is no expected extreme temperatures expected in the core due to the accident, therefore there
will not be any fuel damage.
11. Only the Tritium Production Core (TPC) inventories are analyzed.
Technical Justification: Except for tritium, the reactor coolant inventories for the conventional and tritium production cores
are the same. Therefore using the TPC with the additional tritium in the coolant will be conservative.
12. Water that boils in the faulted steam generator has an iodine partition factor of 100.
Technical Justification: Normally, to take into account uncovery of the faulted steam generator, there is no iodine
partitioning in the release to the environment (iodine partition coefficient = 1). However, the water that boils is allowed a
partition of 100. This is consistent with assumption 6.
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13.Only one train of CREVS is in operation. Normally, each CREVS train takes suction from separate intakes with no cross
communication between trains. This leads to one contaminated train, and one uncontaminated train. The only way a 2
CREVS operation could result in higher doses would be for both trains to take suction from the same vent. For this to
happen, one intake path would require a failed closed intake path AND a fail open of normally closed passive manual
damper at the beginning of the accident. An active failure of a train plus a failure of a passive component in less than 24
hours is beyond design basis.

Special Requirements/Limiting Conditions

There are no special requirements or limiting conditions in this calculation.

Calculations

The following main text represents the replacement steam generator SGTR. The original steam generator results can be
found in Appendix F. The details for the App.F calculations can be found in Revision 8 of this analysis, with the exception of
the COROD control room doses (which were corrected with the proper recirculation rates and time increments).

Primary Coolant Activity Releases

In NUREG-0800 R2 Chapter 15.6.3 (ref.7), section 111.5 states "The reviewer assumes the primary and secondary
coolant activity concentrations allowed by the technical specifications." Reference 3 of NUREG-0800 states the following
"The specific activity of the reactor coolant shall be limited to: a. Less than or equal to 1 microCurie per gram DOSE
EQUIVALENT 1-13 1, and b. Less than or equal to 100/E microCuries per gram of gross activity."

Given the above considerations, the isotopic spectrum found in WBNNAL3-003 (ref.29) was examined. The 1-131 dose
equivalent and IOO/E values for this particular spectrum are determined in Tables 1 and 2.

Table 1: Determination of 1-131 Dose Equivalent

Specific 1-131
D/A Activity equivalent

mrads/Ci ý.Ci/gm 9Ci/gm
(ref.8)

1-131 1.48E+09 4.77E-02 4.77E-02
1-132 5.35E+07 2.25E-01 8.13E-03
1-133 4.00E+08 1.49E-01 4.03E-02
1-134 2.50E+07 3.64E-01 6.15E-03
1-135 1.24E+08 2.78E-01 2.33E-02

total totl1.06E+00 1.255E-01
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Table 2: Determination of 100/EBAR

A(i)
Activity
[uCi/gm]

E(i)
Beta Energy
[MeV/dis]

E(i)
Gamma Energy

[MeV/dis]

E(i)
Total

Isotope A(i)*E(i)
4 + 4 t I

Kr-85m
Kr-85
Kr-87
Kr-88

Xe-131m
Xe-133m
Xe-133

Xe-135m
Xe-135
Br-84
Rb-88
Cs- 134
Cs-136
Cs-137
Na-24
Cr-51
Mn-54
Fe-55
Fe-59
Co-58
Co-60
Zn-65
Sr-89
Sr-90
Sr-91
Y-90

Y-91m
Y-91
Y-93
Zr-95
Nb-95
Mo-99
Tc-99m
Ru-103
Ru-106

Rh-103m
Rh-106

Te-129m
Te-129

Te-131m

1.71E-01
2.66E-01
1.61E-01
3.OOE-01
6.54E-01
7.17E-02
2.53E+00
1.39E-01
9.04E-01
1.72E-02
2.04E-01
7.39E-03
9.08E-04
9.79E-03
4.99E-02
3.26E-03
1.68E-03
1.26E-03
3.16E-04
4.84E-03
5.58E-04
5.37E-04
1.47E-04
1.26E-05
1.02E-03
1.26E-05
4.93E-04
5.47E-06
4.46E-03
4.1 OE-04
2.95E-04
6.75E-03
5.01E-03
7.89E-03
9.47E-02
7.89E-03
9.47E-02
2.00E-04
2.57E-02
1.59E-03

2.5290E-01
2.5060E-01
1.3237E+00
3.7500E-01
1.4280E-01
1.8990E-01
1.3540E-01
9.5000E-02
3.1680E-01
1.2842E+00
2.0617E+00
1.5690E-01
1.0140E-01
1.8840E-01
5.5460E-01
3.7540E-03
4. 1670E-03
4.1920E-03
1.1800E-01
2.0490E-01
9.6840E-02
6.8940E-03
5.7300E-01
1.9630E-01
6.5050E-01
9.361OE-01
0.OOOOE+00
6.0600E-01
1.1721E+00
1.1990E-01
4.4970E-02
3.9570E-01
4.8500E-03
6.7400E-02
1.0100E-02
3.4620E-02
7.0960E-01
1.9150E-01
5.2260E-01
2.1240E-01

1.5862E-01
2.2102E-03
7.9284E-01
1.9629E+00
2.0058E-02
4.1559E-02
4.5385E-02
4.3176E-01
2.4696E-01
1.6816E+00
6.8631E-01
1.0361E+00
2.1985E+00
0.OOOOE+00
4.1216E+00
3.2763E-02
8.3592E-01
1.5291E-03
1. 1923E+00
9.7586E-01
2.5043E+00
5.8169E-01
1.3636E-04
O.OOOOE+00
6.9508E-01
0.OOOOE+00
5.5557E-01
3.6147E-03
8.9414E-02
7.3474E-01
7.6430E-01
1.6238E-0 1
1.4263E-01
4.8394E-01
0.OOOOE+00
2.2148E-05
2.0348E-01
9.4832E-02
5*9948E-02
1.4092E+00

4.1152E-01
2.5281E-01
2.1165E+00
2.3379E+00
1.6286E-01
2.3136E-01
1.8079E-01
5.2676E-01
5.6376E-01
2.9658E+00
2.7480E+00
1.1930E+00
2.2999E+00
1.8840E-01

4.6762E+00
3.6517E-02
8.4009E-01
5.721 IE-03
1.3103E+00
1.1808E+00
2.601 1E+00
5.8858E-01
5.7314E-01
1.9630E-01
1.3456E+00
9.3610E-01
5.5557E-01
6.0961E-01
1.2615E+00
8.5464E-01
8.0927E-01
5.5808E-01
1.4748E-01
5.5134E-01
1.0100E-02
3.4642E-02
9.1308E-01
2.8633E-01
5.8255E-01
1.6216E+00

7.04E-02
6.73E-02
3.40E-01
7.01E-01
1.06E-01
1.66E-02
4.57E-01
7.35E-02
5. lOE-01
5.09E-02
5.60E-01
8.82E-03
2.09E-03
1.84E-03
2.33E-01
1. 19E-04
1.41E-03
7.22E-06
4.14E-04
5.72E-03
1.45E-03
3.16E-04
8.44E-05
2.48E-06
1.37E-03
1. 1 8E-05
2.74E-04
3.34E-06
5.63E-03
3.51E-04
2.38E-04
3.77E-03
7.38E-04
4.35E-03
9.57E-04
2.73E-04
8.65E-02
5.73E-05
1.50E-02
2.57E-03
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Table 2: Determination of 1 00/EBAR - continued

A(i)
Activity
[uci/gmn

E(i)
Beta Energy
[MeV/dis]

E(i)
Gamma Energy

[MeV/dis]

E(i)
Total

Isotope A(i)*E(i)
To-131
To-132

Ba-137m
Ba-140
La-140
Ce-141
Co-143
Cc-144
Pr-143
Pr-144
Np-239

8.26E-03
1.79E-03
9.79E-03
1.37E-02
2.64E-02
1.58E-04
2.96E-03
4.21E-03
2.96E-03
4.21E-03
2.32E-03

7.5970E-01
1.0020E-01
6.4260E-02
3.1500E-01
5.4050E-0 I
1.6930E-01
3.8420E-01
9.1300E-02
3.1430E-01
1.2258E+00
1.2380E-01

4.1616E-01
2.0507E-01
5.9729E-01
1.9522E-01
2.3074E+00
1.0181E-01
3.4335E-01
3.2865E-02

O.OOOOE+00
3.1010E-02
2.0845E+00

1.1759E+00
3.0527E-01
6.6155E-01
5.1022E-01
2.8479E+00
2.711 IE-01
7.2755E-01
1.2417E-01
3.1430E-01
1.2568E+00
2.2083E+00

9.71E-03
5.47E-04
6.48E-03
6.98E-03
7.52E-02
4.28E-05
2.15E-03
5.23E-04
9.30E-04
5.29E-03
5.13E-03

Total 5.82E+00

EBAR

3.44E+00

5.91E-01

169.14RCS Specific Activity Limit

The D/A values (rads/Curie) in Table 1 were obtained from reference 8, p.2 5 for each of the iodine isotopes of interest.
The 1-131 dose equivalence is calculated as follows:

D.EF. = Ai*(D/A)V(D/A)u13

As can be seen in Table 1, the resulting 1-131 dose equivalency for the expected spectrum is 0.1255 AtCi/g.
The definition of EBAR or E is as follows: "E shall be the average (weighted in proportion to the concentration of each

radionuclide in the reactor coolant at the time of sampling) of the sum of the average beta and gamma energies per
disintegration (in MeV) for isotopes, other than iodines, with half lives greater than 15 minutes, making up at least 95% of
the total non-iodine-activity in the coolant."

The values for E, in Table 2 were obtained from reference 17 and the values for Ai are from WBNNAL3-003. The value
of E is determined as follows:

E = (L41E,.)/ (MAJ

The value for E calculated in Table 2 is 0.591 MeV/dis. This results in a non-iodine specific activity limit (100/E) of
169.14 1Ci/g. The total specific activity of the expected coolant is 5.82 pCi/g.

Therefore, the values for noble gasses in the design reactor coolant given in reference 29 will have to be increased by a
factor of 169.14/5.82 = 29.06 and the values for iodines will have to be increased by a factor of 1/0.1255 = 7.965.
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For the secondary side concentrations from WBNNAL3-003, the same procedure is performed to determine the 1-131
equivalence:

1-131
1-132
1-133
1-134
1-135

D/A
mrads/Ci
1.48E+09
5.35E+07
4.00E+08
2.50E+07
1.24E+08

piCi/gm secondary
side,water ANSI 18.1

1.41E-06
3.37E-06
4.03E-06
2.93E-06
6.19E-06

1-131 equivalent
PtCi/gm
1.4 1E-06
1.22E-07
1.09E-06
4.95E-08
5.19E-07

3.189E-06
3.136E+05

total 1.79E-05
inverse

To convert to 1-131 equivalence, the secondary side 1-131 equivalent conversion factor is (1/3.189E-6) = 3.136E5 gmr/iCi.
Note that this factor has been developed for iodines. There is no limit on noble gasses in the secondary side as there is for the
primary side (1 00/Ebar). However, in order to maintain the proper ratio of isotopes, and for conservatism, the iodine factor
will also be applied to the noble gasses.

Note: the secondary side water does not contain any noble gasses. For conservatism, the noble gas inventory is the inventory
from the secondary side steam.
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The STP models consist of a pre-accident iodine spike (see figure 1) model and an accident initiated iodine spike
model (see figure 2). The model(s) consist of the following:

Volumes:
#1: Reactor Coolant: 5.78E5 lb (ref.29) = 2.622E8 gm
#2: Steam Generator w/Leak: 5.3 1E7 gin (ref.40)
#3: Steam Generators w/out Leak: 1.593E& gm (ref.40)
#4: Environment: I gm (arbitrary) (This volume is made into an accumulator through the "A" card to suppress

radioactive decay)

The step sources to initialize the reactor coolant and the secondary side activities are:
S--2.622E8 gm*IE-6 Ci/gCi=2.622E2 (tritium)
S=2.622E8 gm*IE-6 Ci/pCi * 29.06 = 7.620E3 (noble gasses)

Pre-accident iodine spike case (initial concentration = 21 itCi/gm):
S=2.622E8 gm*lE-6 Ci/4tCi * 7.965 [gCi/gm 1-1311-1 *21 ýtCi/gm = 4.386E4 (iodines)

Accident initiated iodine spike case (initial concentration = 0.265 flCi/gm):
S--2.622E8 gm*lE-6 Ci/gCi * 7.965 [jtCi/gm 1-131]-1*0.265 iCi/gm = 5.534E2 (iodines)

Secondary side, all cases, steam generator with leak (initial concentration = 0.1 tiCi/gm):
S = 5.3 1E7 gm * IE-6 Ci/gCi = 5.3 IEl (tritium)
S = 5.31E7 gm*IE-6 Ci/4Ci*3.136E5 [ýtCi/gm 1-131-1.* 0.1 pCi/gm = 1.665E6 (noble gasses, iodines)

Secondary side, all cases, steam generators without leak (initial concentration = 0.1 piCi/gm):
S = 1.593E8 gm. * lE-6 Ci/gCi = 1.593E2 (tritium)
S = 1.593E8 gm*IE-6 Ci/ýtCi*3.136E5 [pCi/gm 1,131]-1* 0.1 ptCi/gm =4.996E6 (noble gasses, iodines)

Continuous Sources:
For the accident initiated iodine spike case, the iodine spike is 500 times the iodine release rate from the fuel. At steady

state conditions, the iodine release (production) rate is equal to the removal rate. The iodine removal is due to a) radioactive
decay, b) removal by the letdown system, and c) removal through leakage to the secondary side. These terms are expressed
as:

P = Eremoval rates = decay + letdown + leakage
or P=X+fL/VN+p/V

where P = production rate [hf'1]
= decay constant for the isotope in question [hW-] = in(2)/TI/2

fL letdown flow rate = 120 gpm + 4.39 = 124.39 gpm
= letdown demineralizer efficiency = 1 (assumed so as to maximize removal/production rate)

V = volume of primary coolant = 5.78E5 lb
p, =removal rate of iodine from primary side due to leakage = 11 gpm (= 10 gpm identified plus 1 gpm unidentified
leakage)
Ti2 = halflife taken from ref.42

Note: All flow rates are converted to mass flow rates at STP (H20 = I g/cc).
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Production/Removal Rates for 11 gpm Leakage (=10 known +1 unknown)

Half Life X [I/hr] fLcV[I/hrl p/V [l/hr] prod rate P 500*P
1-131 8.04 d 3.59E-03 1.08E-01 9.53E-03 0.1209 60.44
1-132 2.28 h 3.04E-01 1.08E-01 9.53E-03 0.4213 210.65
1-133 20.9 h 3.32E-02 1.08E-01 9.53E-03 0.1505 75.23
1-134 52.6 m 7.91E-01 1.08E-01 9.53E-03 0.9079 453.97
1-135 6.61 h 1.05E-01 1.08E-01 9.53E-03 0.2222 111.08

The accident initiated iodine spike of 500 times the increase in the iodine release (production) rate from the fuel is modeled
as a continuous source:

C = Volume * 1E-6 Ci/pCi * Prod. Rate * 500 * 1 itCi/gm 1-131 equivalent conversion factor
where Volume = 2.622E8 gm

Prod Rate = see table above
1-131 equiv. = 0.265 jCi/gm 1-131 equivalent

1 gCi/gm 1-131 equivalent conversion factor = 7.965 (value determined above, this is to get the ANSI/ANS-18.1-1984
source into I jiCi/gm 1- 131 equivalent

Continuous Source [I/hr] for Accident Initiated Iodine Spike:

11 gpm leak (10
known+ 1gpm

unknown)
0.265 PtCi/gm

1-131 3.345E+04
1-132 1. 166E+05
1-133 4. 163E+04

1-134 2. 512E+05
1-135 6. 147E+04
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The following table presents the variables that change for each case:

Step Source Continuous
Case S for iodine Source C Description
A 4.386E+04 Not Applicable 21 Ci/gm 1-131
B 5.534E+02 Table above 0.265 gtCi/gm 1-131, 500 spiking, 11 gpm leak (10

known+1 unknown)

Flow Rates:
The following is for the replacement steam generators. The results for the original steam generators can be found in

App.F (with the input details found in Revision 8 of this analysis). The amount of secondary side steam released from the
ruptured steam generator is 108,200 Ibm from 0-2 hours and 35,500 Ibm from 2-8 hours (ref.45). The amount of secondary
side steam released from the intact steam generators is 539,500 Ibm from 0-2 hours and 925,000 Ibm from 2-8 hours (ref.45,
note that ref.45b, which is a draft, gives this values as 924,400 Ibm. This is 0.06% less than ref.45a. It is conservative to use
the higher value). The reactor coolant release to the steam generator was a total of 166,200 lb, of which 9189 lb flashed
(ref.45,46). In order to account for the release during the 20.6 second interval when the control room is not isolated, the
amount of reactor coolant released at 20.6 see is needed. However, the release from the steam generators does not actually
start until 176 sec post accident. Therefore, the releases at 176+ 20.6 = 196.6 see are actually needed for release calculations.
Using the releases from reference 46 and adding each time increment release, the reactor coolant release at 196.5 sec is
9732.826 lb and at 197.5 see it is 9776.753 lb. For conservatism, 9776.743 Ib is used at 196.6 sec. The amount that flashed
at 196.5 see is 1322.612 lb and at 197.5 sec is 1324.805 lb. Using linear interpolation, the amount of reactor coolant that
flashed at 196.6 sec is 1322.7951b. The mass release rate from the ruptured steam generator is non-linear. However since the
time frame for the release is short (20.6 sec), the average release rate can be used. From reference 45, the flashing of the
reactor coolant stops at 2208.5 sec, and the break flow stops at 4670 sec.

The following flow rates/leakage rates for each component are:

Flow from Reactor Coolant #1 to Steam Generator Faulted #2 (non-flashed):
0-196.6 sec: F = (9776.753 lb - 1322.795 lb)*(3600 sec/hr)/(196.6 sec) = 1.548E5 lb/hr = 7.0217E7 g/hr
196.6 sec-4670 sec: F = (166,200 lb-9776.753 lb)-(91891b-1322.612 lb)/(4670-196.6sec) = 33.209 lb/sec =

= 5.423E7 g/hr
4670+ sec: F=0

.Flow from Reactor Coolant #1 to Environment #4 (flashed):
176-196.6 see: F = (1322.795 lb)*(3600 sec/hr)/(20.6 sec) = 2.312E5 lb/hr = 1.0486E8 g/hr
196.6 sec-2208.5 sec: F = (9189 lb-1322.795 lb)/(2208.6-20.6 see]) = 3.5953 lb/sec = 5.871E6 g/hr
2208.5+ sec: F=0

Flow from Steam Generator Faulted #2 to Environment #4:
176 sec-2 hr:(108,200 lb)/(2hr-[176sec/3600sec/hr])=5.548E4 lb/hr=2.516E7g/hr(noble gas and tritium)

0.01 *(108,200 lb)/ (2hr-[176sec/3600sec/hrJ)=5.548E2 lb/hr=-2.516E5g /hr (iodine)*
2-8 hr: (35500 lb)/(8hr-2hr) = 5916.67 lb/hr = 2.6837E6 g/hr (noble gas)

0.01*(35500 lb)/(8hr-2hr) = 59.1667 lb/hr = 2.6837E4 g/hr (iodine)
Flow from Steam Generator Unfaulted #3 to Environment #4:

176 sec-2 hr: (539,500 lb)/ (2hr-[176sec/3600sec/hr]) = 276509 lb/hr = 1.254E8 g/hr (noble gas)
0.01*(539,500 lb)/(2hr-[176sec/3600sec/hr]) 2765.09 lb/hr = 1.254E6 g/hr(iodine)

2-8 hr: (925,000 lb)/(8hr-2hr) = 1.542E5 lb/hr = 6.993E7 g/hr (noble gas)
0.01*(925,000 lb)/(8hr-2hr) = 1.542E3 lb/hr = 6.993E5 g/hr (iodine)

Flow from Reactor Coolant #1 to Steam Generator Unfaulted #3:
F = 3 steam generators * 150 gpd * 3785.48 cc/gal / 24 hr/day * lg/cc= 7.098E4 g/hr

• Normally, to take into account uncovery of the faulted steam generator, there is no iodine partitioning in the release to the
environment (iodine partition coefficient = 1). For conservatism, no iodine scrubbing of the bubbles in the flashed water is
taken into account. However, the water that boils is allowed the iodine partition of 100 (see assumption 6).
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The STP output is used as input to COROD (which determines control room operator dose) and FENCDOSE (which
determines 30-day and 2-hour LPZ offsite dose).

Control Room Dose

With the exception of the source activities and X/Q's, all of the input and assumptions used in TI-RPS-198 (ref.13) to
calculate the control room operator dose are considered valid for this calculation. The X/Q values are taken from reference
37.

Maintenance Request MR-482000 (Attachment 2) gives measured closure times for several flow control valves in the
control building ventilation system as measured on 12/8/88. Examination of reference 14 in conjunction with MR-482000
revealed that the worst case involved valves 0-FCV-31-3, -4 with closure times of 12.43 sec and 13.15 sec respectively.
Therefore, it was conservatively assumed, and per reference 35, that these valves would be full open for 14 sec following the
SGTR- (This is conservative since in actuality, as the valve closes, the flow decreases). In addition, the radiation monitor
response time is 6.6 seconds (ref.38). This leads to a total unisolated control room time of 20.6 seconds. During this time the
intake flow is 3200 cfin (reference 14). No filtration is provided for this stream.

Offsite Dose
The same source terms used in the COROD run are used in the FENCDOSE run. The base FENCDOSE model comes

from TI-RPS-197 (ref.34). Some pertinent information from the COROD and FENCDOSE models used in this analysis are
(from ref.34) with the control room X/Q values from ref.37:

30-day LPZ Offsite X/Q values [sec/cum]: 1.41E-4 0-2hr, 6.68E-5 2-8 hr, 4.59E-5 8-24 hr, 2.04E-5 1-4 day, 6.35E-6 4-30
day

2-hr EAB X/Q values: 6.07E-4
Control Room ARCON96 X/Q:4.03E-3 0-2hr, 3.35E-3 2-8hr, 2.27E-4 8-24hr, 1.81E-4 1-4day, 1.45E-4 4-30day

Control Room volume: 257198 cuft

Control Room makeup/pressurization flow: 711 cfm , 3200 cfm prior to isolation (ref.44*)
Control Room total flow'. 3600 cfm
Control Room recirculation flow: 2889, for normal operation (unisolated) each pass is at 3200 cfin (same as intake flow)
Control Room unfiltered intake: 51 cfin
Control Room filter efficiency: 95% first pass, 70% second pass for iodine, 0% fbr everything else
Control Room occupancy factors: 100% 0-24 hr, 60% 1-4 days, 40% 4-30 days
ICRP-2 and ICRP-30 dose conversion factors, as well as TEDE

* 3200 cfm has been deleted from 1-47W866-4 R36 (ref.10), and has been measured to be approximately

2500 cfm (0-SI-31-31-A). The value comes from 1-47W866-4 R20. The 3200 cfm will be retained in this
calculation revision since this value produces conservative results.
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Figure 1: STP Model
Pre-accident Iodine Spike
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Figure 2: STP Model
Accident Initiated Iodine Spike
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Results

The following Unit I doses were calculated for the Tritium Production Core (the Unit 2 results are found in Appendix G):

Control room (rem) 21 uCi/g 0.265 uCi/g Limit

Gamma 8.91E-02 8.14E-02 5
Beta 9.88E-01 9.42E-01 30
Thyroid (ICRP-30) 2.3 1E+01 2.31E+00 30
TEDE 122E+00 5.27E-01 5

Pre-accident iodine s)ike of 21 uCi/c 1-131 equivalent

Offsite (rem) 2 hr EAB 30 day LPZ limit
Gamma 3.30E-01 8.06E-02 25
Beta 1.92E-01 4.87E-02 300
Thyroid (ICRP-30) 1.25E+01 2.97E+00 300
TEDE 1.14E+00 2.72E-01 25

Accident initiated iodine spike of 500 at 0.265 uCi/g 1-131 equivalent
Offsite (rem) 2 hr EAB 30 day LPZ limit
Gamma 3.58E-01 8.74E-02 25
Beta 1.93E-01 4.92E-02 300
Thyroid (ICRP-30) 3.94E+00 9.64E-01 300
TEDE 7.03E-01 1.71E-01 25

Conclusion

The offsite doses (gamma, beta, thyroid and TEDE) due to a SGTR with a preexisting iodine spike does not exceed the
10CFRIOO limits (25 rem gamma, 300 rem beta, and 300 rem thyroid per NUREG-0800). The SGTR with accident initiated
iodine spike does not exceed a small fraction of the 10CFR100 limits (10% of the 10CFRI00 limits of 25 rem gamma, 300
rem beta, and 300 rem thyroid per NUREG-0800). The control room doses due to a SGTR do not exceed the IOCFR50
App.A GDC 19 limits (5 rem gamma, 30 rem beta and 30 rem thyroid).

The reactor coolant parameters for this conclusion is based on a pre-accident spike of 21 ItCi/gm 1-131 equivalent and
an accident initiated iodine spike with the initial activity at 0.265 gtCi/gm 1-131 equivalent. The secondary side activity is 0.1
IiCi/gm 1-131 equivalent. The primary to secondary leak rate (prior to the accident) is 11 gpm (10 gpm identified plus 1 gpm
unidentified) with a maximum of 150 gpd leak in the steam generators.

Note on methodologies used:
This calculation determined the doses using 3 different methodologies. The gamma, beta and Thyroid (ICRP-2)

doses are all based on TID-14844 methodologies utilizing the ICRP-2 iodine dose conversion factors found in TID-14844.
The second methodology is the Thyroid (ICRP-30) dose, which is also based on TID-14844, but uses the ICRP-30 iodine
dose conversion factors. The ICRP-30 iodine dose conversion factors are less conservative than the ICRP-2 factors.
Finally, the third methodology used is the TEDE (Total Effective Dose Equivalent). The TEDE presents an overall
weighted dose and is more representative of the impact of all isotopes on the body as a whole. The TEDE dose is
presented for potential future use, however is not currently part of the design basis of the plant. It is important to note
that tritium does not impact the thyroid doses utilizing the TID-14844 methodology, because only iodine is applied to
the thyroid dose. However, in fact tritium does contribute to the thyroid dose, as well as other organs of the body. This is
why the TEDE is a more representative dose when discussing the impact of tritium. It is up to the end user to choose the
dose which is to be used, with the understanding that each methodology has a different meaning.

I
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Appendix A: Example of STP Model (preaccident Iodine spike)

//TSR8S9A JOB 264313,9MBERG.BINIII,MSGLEVEL=1,MSGCLASS=T
//*MAIN ORG=KNXLCLO1, CLASS=MB

//JCL JCLLIB ORDER=(APB.lMEN.PS264460.PROCLIB)
// EXEC STP,SOUT='*'
//GO.FT07F001 DD DSN=$KB1988 .TSR8S9A.OUT, DISP= (NEW,CATLG, DELETE),
// SPACE=(TRK, (5,5)),UNIT=ALLOC,
// DCB= (RECFM=FB, LRECL=80, BLKSIZE=3200)
//GO.SYSINI DD *
NV= 4 MS= 2
//GO.SYSIN2 DD
$ CLASS
$ 1
$ 2
$ 3
NI= 23 NK= 3

DESCRIPTION
NOBLE GASES
IODINE
TRITIUM

NG= 0 NL= 3
1KRM 83 1 1.0352E-04 10.0
2KRM 85 1 4.2978E-05 10.0
3KR 85 1 2.0470E-09 29.8849E-06
4KR 87 1 1.5141E-04 10.0
5KR 88 1 6.8765E-05 10.0
6KR 89 1 3.6328E-03 10.0
7XEM 131 1 6.7414E-07 131.3039E-08
8XEM 133 1 3.5656E-06 152.0365E-07
9XE 133 1 1.5165E-06 83.5656E-06

1OXEM 135 1 7.3818E-04 174.8062E-06
1IXE 135 1 2.1043E-05 107.3818E-04
12XE 138 1 8.1528E-04 10.0
131 131 2 9.9536E-07 10.0
141 132 2 8.4448E-05 10.0
151 133 2 9.2568E-06 10.0
161 134 2 2.1963E-04 10.0
171 135 2 2.9129E-05 10.0
181* 131 2 9.9536E-07 10.0
191* 132 2 8.4448E-05 10.0
201* 133 2 9.2568E-06 10.0
211* 134 2 2.1963E-04 10.0
221* 135 2 2.9129E-05 10.0
23H 3 3 1.7785E-09 10.OOOOE+00

//GO.SYSIN3 DD *
1 'REACTOR COOLANT ANS/ANSI-18.1-1984

1 0.0 2 1.71E-1 3 2.66E-1 4 1.61E-1 5

10.0
10.0
10.0
10.0
10.0
10.0

181.3039E-08
202.0365E-07
159.0531E-06
224.8062E-06
172.4322E-05

10.0
10.0
10.0
10.0
10.0
10.0'
10.0
10.0
10.0
10.0
10.0
10.0000E+00

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

209.0531E-06
10.0

222.4322E-05
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0000E+00

UCI/GM, WBNAPS3-003 R3'
3.00E-1 6 0.0

7 6.54E-1 8 7.17E-2 9 2.53E0 10 1.39E-1 11 9.04E-1 12 1.29E-1
13 4.77E-2 14 2.25E-1 15 1.49E-1 16 3.64E-1 17 2.78E-1
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84EI

0
2 'SECONDARY COOL ANS/ANSI-18.1-1984 UCI/GM, WBNAPS3-003 R3'

1 0.0 2 3.63E-8 3 5.51E-8 4 3.22E-8 5 6.31E-8 6 0.0
7 1.34E-7 8 1.54E-8 9 5.25E-7 10 2.90E-8 11 1.91E-7 12,2.68E-8
13 1.41E-6 14 3.37E-6 15 4.03E-6 16 2.93E-6 17 6.19E-6
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E-2

0
T
STEAM GENERATER TUBE RUPTURE ACCIDENT
NJ= 4
1 'REACTOR COOLANT'
2 'STEAM GEN FAULTED'
3 'STM GEN UNFAULTED'
4 'ENVIRONMENT'
-1
INITIAL ACTIVITY
V 1 2.622E8 GM
V 2 5.31E7 GM
V 3 1.593E8 GM
V 4 1.0
S 1 1 3 2.622E2
S 2 2 0 1.665E6
S 2 3 0 4.996E6
S 2 2 3 5.31EI
S 2 3 3 1.593E2
S 1 1 1 7.620E3
S 1 1 2 4.386E4
F 1 2 0 7.0217E7

I
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Subject: Control Room Operator and Offslte Doses Due to a Steam Prepared: /,v Date: u-,- '0

Generator Tube Rupture Checked: 14uA, Date: t-v\OkU

F 1 3 0 7.098E4
A 4
176 SEC
TIME TO 176 SEC
196.6 SEC
TIME TO 196.6 SEC
F 1 4 0 1.0486E8
F 2 4 0 2.516E7
F 2 4 2 2.516E5
F 3 4 0 1.254E8
F 3 4 2 1.254E6
N 4 0
P 1 0 4
2208.5 SEC
TIME TO 2208.5 SEC
F 1 2 0 5.423E7
F 1 4 0 5.871E6
4670 SEC
TIME TO 4670 SEC
F 1 4 0 0.0
2 HR
TIME TO 2 HOUR
F 1 2 0 0.0
14 0
P 1 0 4
8 HR
TIME TO 8 HOUR
F 2 4 0 2.6837E6
F 2 4 2 2.6837E4
F 3 4 0 6.993E7
F 3 4 2 6.993E5
N 4 0
P 1 0 4
T
T/*
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Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: ^c,3 Date:
Generator Tube Rupture I Checked: ýkuLL, Date: I .(Y O

Appendix B: Example of STP Model (Accident Initiated Iodine Spike)

//TSR8S9B JOB 264313, 9MBERG.BIN111,MSGLEVEL=1,MSGCLASS=T
//*MAIN ORG=KNXLCLO1, CLASS=MB

//JCL JCLLIB ORDER= (APB.NEN.PS264460.PROCLIB)
// EXEC STP,SOUT='*'
//GO. FT07F001 DD DSN=$KBI988.TSR8S9B.OUT,DISP=(NEW,CATLG,DELETE),
// SPACE=(TRK, (5,5)),TUNIT=ALLOC,
// DCB= (RECFM=FB, LRECL=80,BLKSIZE=3200)
//GO.SYSIN1 DD *
NV= 4 MS= 2
//GO.SYSIN2 DD *

$ CLASS
$ 1
$ 2
$ 3

DESCRIPTION
NOBLE GASES
IODINE
TRITIUM

NI= 23 NK= 7 NG-- 0 NL= 3
IKRM 83
2KRM 85
3KR 85
4KR 87
5KR 88
6KR 89
7XEM 131
8XEM 133
9XE 133

1OXEM 135
liXE 135
12XE 138
131 131
141 132
151 133
161 134
171 135
181* 131
191* 132
201* 133
211* 134
221* 135
23H 3

//GO.SYSIN3

1 1.0352E-04
1 4.2978E-05
1 2.0470E-09
1 1.5141E-04
1 6.8765E-05
1 3.6328E-03
1 6.7414E-07
1 3.5656E-06
I 1.5165E-06
1 7.3818E-04
1 2.1043E-05
1 8.1528E-04
2 9.9536E-07
4 8.4448E-05
5 9.2568E-06
6 2.1963E-04
7 2.9129E-05
2 9.9536E-07
4 8.4448E-05
5 9.2568E-06
6 2.1963E-04
7 2.9129E-05
3 1.7785E-09
DD *

10.0
10.0
29.8849E-06
10.0
10.0
10.0

131. 3039E-08
152. 0365E-07
83. 5656E-06

174. 8062E-06
107.3818E-04

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.OOOOE+00

10.0
10.0
10.0
10.0
10.0
10.0

181.3039E-08
202.0365E-07
159.0531E-06
224.8062E-06
172.4322E-05
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0000E+00

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

209.0531E-06
10.0

222.4322E-05
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0000E+00

1 'REACTOR COOLANT ANS/ANSI-18.1-1984 UCI/GM, WBNAPS3-003 R3'
1 0.0 2 1.71E-1 3 2.66E-1 4 1.61E-1 5 3.OOE-1 6 0.0
7 6.54E-1 8 7.17E-2 9 2.53E0 10 1.39E-1 11 9.04E-1 12 1.29E-1
13 4.77E-2 14 2.25E-1 15 1.49E-1 16 3.64E-1 17 2.78E-1
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E1

0
2 'SECONDARY COOL ANS/ANSI-18.1-1984 UCI/GM, WBNAPS3-003 R3'

1 0.0 2 3.63E-8 3 5.51E-8 4 3.22E-8 5 6.31E-8 6 0.0
7 1.34E-7 8 1.54E-8 9 5.25E-7 10 2.90E-8 11 1.91E-7 12 2.68E-8
13 1.41E-6 14 3.37E-6 15 4.03E-6 16 2.93E-6 17 6.19E-6
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E-2

0
T
STEAM GENERATER TUBE RUPTURE ACCIDENT
NJ= 4
1 'REACTOR COOLANT'
2 'STEAM GEN FAULTED'
3 'STM GEN UNFAULTED'
4 'ENVIRONMENT'
-1
INITIAL ACTIVITY
V 1 2.622E8 GM
V 2 5.31E7 GM
V 3 1.593E8 GM
V 4 1.0
S 1 1 3 2.622E2
S 2 2 0 1.665E6
S 2 3 0 4.996E6
S 2 2 3 5.31E1
S 2 3 3 1.593E2
S 1 1 1 7.620E3
S 1 1 2 5.534E2 1 1 4 5.534E2 1 1 5 5.534E2 1 1 6 5.534E2 1 1 7 5.534E2
C 1 1 2 3.345E4 1 1 4 1.166E5 1 1 5 4.163E4 1 1 6 2.512E5 1 1 7 6.147E4
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Subject: Control Room Operator and Offaite Doses Due to a Steam Prepared: p' •- Date: 1 j-O

Generator Tube Rupture Checked: Rp1tj Date: I .I,\o

F 1 2 0 7.0217E7
F 1 3 0 7.098E4
A 4
176 SEC
TIME TO 176 SEC
196.6 SEC
TIME TO 196.6 SEC
F 1 4 0 1.0486E8
F 2 4 0 2.516E5
F 2 4 1 2.516E7 2 4 3 2.516E7
F 3 4 0 1.254E6
F 3 4 1 1.254E8 3 4 3 1.254E8
N 4 0
P 10 4
'2208.5 SEC
TIME TO 2208.5 SEC
F 1 2 0 5.423E7
F 1 4 0 5.871E6
4670 SEC
TIME TO 4670 SEC
F 1 4 0 0.0
2 HR
TIME TO 2 HOUR
F 1 2 0 0.0
N 4 0
P 1 0 4
8 HR
TIME TO 8 HOUR
F 2 4 0 2.6837E4
F 2 4 1 2.6837E6 2 4 3 2.6837E6
F 3 4 0 6.993E5
F 3 4 1 6.993E7 3 4 3 6.993E7
N 4 0
P 1 0 4
T
T/*
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Generator Tube Rupture Checked: WAM- Date: t.. .O

Appendix C: Example of COROD Model (ARCON96 X/Q)

//TSR8C9A JOB 264360, '9MBERG.BIN111 ',MSGLEVEL=1,MSGCLASS=T

//*MAIN ORG=KNXLCL01,CLASS=SB

//JCL JCLLIB ORDER= (APB.NEN.EX262358.PROCLIB)
//STEP1 EXEC CORODV6,COND= (4,LT)
//CORODI.FT05F001 DD *
NIT= 23 NR= 1 ITP= 6 FACT= 1.0
COROD-WBN MHA FINAL ABSCE S
KRM 83 KRM 85 KR 85 KR 87 KR 88 KR 89
XEM 131 XEM 133 XE 133 XEM 135 XE 135 XE 138
I 131 I 132 I 133 I 134 1 135
1* 131 1* 132 1* 133 1* 134 1* 135 H 3

4 'ENVIRONMENT ' $ TN= 0.5461E-01
1 0.0 2 2.963E+00 3 4.646E+00 4 2.734E+00 5 5.174E+00
6 0.0 7 1.142E+01 8 1.252E+00 9 4.418E+01 10 2.710E+00

11 1.583E+01 12 1.936E+00 13 4.717E+00 14 2.190E+01 15 1.471E+01
16 3.455E+01 17 2.734E+01 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 5.921E+01

4 'ENVIRONMENT ' $ TN= 0.2000E+01
1 0.0 2 1.360E+02 3 2.500E+02 4 8.656E+01 5 2.166E+02
6 0.0 7 6.129E+02 8 6.672E+01 9 2.369E+03 10 2.633E+02

11 9.076E+02 12 1.385E+01 13 2.748E+01 14 1.140E+02 15 8.468E+01
16 1.534E+02 17 1.531E+02 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 3.194E+03

4 'ENVIRONMENT $ TN= 0.8000E+01
1 0.0 2 2.125E+01 3 6.768E+01 4 4.318E+00 5 2.504E+01
6 0.0 7 1.645E+02 8 1.763E+01 9 6.367E+02 10 9.654E+01

11 3.241E+02 12 5.927E-03 13 1.694E+00 14 1.917E+00 15 4.524E+00
16 5.152E-01 17 5.877E+00 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 8.644E+02

-6 'ENVIRONMENT CURIES $ TN= 0.2400E+02
1 0.000E+00 2 0.000E+00 3 0.OOOE+00 4 0.000E+00 5 0.OOOE+00
6 0.OOOE+00 7 0.OOOE+00 8 0.000E+00 9 0.000E+00 10 0.OOOE+00

11 0.000E+00 12 0.OOOE+00 13 0.OOOE+00 14 0.OOOE+00 15 0.000E+00
16 0.OOOE+00 17 0.000E+00 18 0.OOOE+00 19 0.000E+00 20 0.000E+00
21 0.000E+00 22 0.000E+00 23 0.000E+00

-6 'ENVIRONMENT CURIES $ TN= 0.9600E+02
1 0.OOOE+00 2 0.000E+00 3 O.OOOE+00 4 0.000E+00 5 0.000E+00
6 0.000E+00 7 0.OOOE+00 8 0.000E+00 9 0.000E+00 10 0.000E+00

11 0.000E+00 12 0.000E+00 13 0.000E+00 14 0.000E+00 15 0.000E+00
16 0.OOOE+00 17 0.000E+00 18 0.000+E00 19 0.OOOE+00 20 0.000E+00
21 0.000+E00 22 0.000E+00 23 0.000E+00

-6 'ENVIRONMENT CURIES ' $ TN= 0.7200E+03
1 0.000E+00 2 0.000E+00 3 0.000E+00 4 0.000E+00 5 0.000E+00
6 0.000E+00 7 0.000E+00 8 0.OOOE+00 9 0.000E+00 10 0.OOOE+00

i1 0.000E+00 12 0.000E+00 13 0.OOOE+00 14 0.000E+00 15 0.000E+00
16 0.OOOE+00 17 0.000E+00 18 0.000E+00 19 0.OOOE+00 20 0.OOOE+00
21 0.000E+00 22 0.000E+00 23 0.000E+00

4.03E-03 4.03E-03 3.35E-03 2.27E-04 1.81E-04 1.45E-04
20.6 7179.4 21600.0 57600.0 259200.0 2246400.0
3200.0 51.0
711.0 51.0
711.0 51.0
711.0 51.0
711.0 51.0
711.0 51.0
0.0 0.0 0.0 0.0 0.0 0.0 3200.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
100.0 60.0 40.0 1440.0 5760.0 257198.0
1.2492 0.63 0.8352
322.0 45.0 17.75 46.0 9.0 4.0 161.0 22.5 4.0 0.0
ROOFFLUX DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE THROUGH ROOF
1000.0 1000.0 1000.0 20.0 20.0 20.0 500.0 500.0 -16.0 2.25
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM AUX BUILDING
270.0 150.0 148.0 27.0 15.0 14.0 135.0 75.0 -25.5 3.0
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM TURBINE BLDG
322.0 112.0 341.0 32.0 11.0 34.0 161.0 56.0 -25.5 3.0
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM SPREADING ROOM
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Subject: Control Room Operator and Offsite Doses Due to a Steam I Prepared: r',v31 Date: I-,,.-1o
Generator Tube Rupture JChecked: .A Al. Date: 1" -. o

322.0 45.0 26.0 32.0 9.0 5.0 22.5 161.0 -4.67 0.67
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM CR BLDG END
18.0 45.0 460.0 10.0 10.0 100.0 4.0 22.5 -25.5 3.0
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM CR BLDG END
18.0 45.0 460.0 10.0 10.0 100.0 4.0 22.5 -25.5 3.0
/*
//
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Appendix D: Example of FENCDOSE Model

//TSRSF9A JOB 264360,'9MBERG.BIN111',MSGLEVEL=I,MSGCLASS=T
//*MAIN ORG=KNXLCLO1,CLASS=SB

//JCL JCLLIB ORDER (APB.NEN.EX262358.PROCLIB)
//STEP1 EXEC FNCDOSV4,COND=(4,LT)
//FNCDOS1.FT05F001 DD *
1
KRM-83 KRM-85 KR-85
KR-87 KR-88 KR-89
XEM-131 XEM-133 XE-133 XEM-135 XE-135 XE-138
1-131 1-132 1-133 1-134 1-135
1*-131 1*-132 1*-133 1*-134 1*-135 H-3
T
.141E-3 .668E-4 .459E-4 .204E-4 .635E-5 6.07E-4
STEAM GENERATER TUBE RUPTURE ACCIDENT
TIME TO 196.6 SEC

4 'ENVIRONMENT
1 0.0 2 2.963E+00
6 0.0 7 1.142E+01

11 1.583E+01 12 1.936E+00
16 3.455E+01 17 2.734E+01
21 0.0 22 0.0

STEAM GENERATER TUBE RUPTURE ACCIDENT
TIME TO 2 HOUR

4 'ENVIRONMENT
1 0.0
6 0.0

11 9.076E+02
16 1.534E+02
21 0.0

STEAM GENERATER TUBE
TIME TO 8 HOUR

4 'ENVIRONMENT
1 0.0
6 0.0

11 3.241E+02
16 5.152E-01
21 0.0

WBN SGTR
TIME TO 1 DAY

-6 'ENVIRONMENT
1 0.OOOE+00
6 0.OOOE+00

11 0.OOOE+00
16 0.000E+00
21 O.OOOE+00

WBN SGTR
TIME TO 4 DAYS

-6 'ENVIRONMENT
1 0.OOOE+00
6 0.OOOE+00

11 0.OOOE+00
16 O.OOOE+00
21 0.OOOEE+00

WBN SGTR
TIME TO 30 DAYS

-6 'ENVIRONMENT
1 0.OOOE+00
6 0.000E+00

11 O.OOOE+00
16 0.000E+00
21 0.000E+00

2 1.360E+02
7 6.129E+02

12 1.385E+01
17 1.531E+02
22 0.0

RUPTURE ACCIDENT

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

2.125E+01
1. 645E+02
5. 927E-03
5. 877E+00
0.0

CURIES
0.OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00

CURIES
O.OOOE+O0
0.OOOE+00
0.00OE+00
O.OOOE+00
O.OOOE+00

CURIES
O. OOOE+00
o. 000E+00
0. 000E+00
0.OOOE+00
0.000E+00

$ TN= 0.5461E-01
3 4.646E+00 4 2.734E+00
8 1.252E+00 9 4.418E+01

13 4.717E+00 14 2.190E+01
18 0.0 19 0.0
23 5.921E+01

$ TN= 0.2000E+01
3 2.500E+02 4 8.656E+01
8 6.672E+01 9 2.369E+03

13 2.748E+01 14 1.140E+02
18 0.0 19 0.0
23 3.194E+03

$ TN= 0.8000E+01
3 6.768E+01 4 4.318E+00
8 1.763E+01 9 6.367E+02

13 1.694E+00 14 1.917E+00
18 0.0 19 0.0
23 8.644E+02

$ TN= 0.2400E+02
3 0.000E+00 4 0.OOOE+00
8 0.OOOE+00 9 0.OOOE+00

13 0.OOOE+00 14 0.OOOE+00
18 0.OOOE+00 19 0.OOOE+00
23 0.000E+00

$ TN= 0.9600E+02
3 0.OOOE+00 4 0.OOOE+00
8 O.OOOE+00 9 0.OOOE+00

13 0.OOOE+00 14 0.000E+00
18 O.OOOE+00 19 0.OOOE+00
23 0.OOOE+00

$ TN= 0.7200E+03
3 0.OOOE+00 4 0.OOOE+00
8 0.000E+00 9 0.000E+00

13 0.OOOE+00 14 0.000E+00
18 0.OOOE+00 19 0.OOOE+00
23 0.000E+00

5.174E+00
2.710E+00
1.47 1E+01
0.0

2. 166E+02
2. 633E+02
8. 468E+01
0.0

2. 504E+01
9. 654E+01
4.524E+00
0.0

0. OOOE+00
0.OOOE+00
0.OOOE+00
0.000E+00

0. 000E+00
0. OOOE+00
0. OOOE+00
0 . 000E+00

0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
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Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: k,, Date: I-(q.,o
Generator Tube Rupture Checked: • Date: t .t.k0.

Appendix E: Determination of Letdown Flow Uncertainty

The purpose of this appendix is to determine bounding errors for the measurements performed on the orifice
restrictor flows using the Letdown Heat Exchanger Flow loop (1-F-62-82) during Preop Test Instruction PTI-062-03
RO.

Following these tests, a loop check was performed for the computer point FOI 34A by injecting a signal into the
transmitter and reading the display on the computer. To determine the total loop error, the unmeasurable errors
must be combined with the errors present at the time of the loop check.

WBN NESSD 1-F-62-1 will be used as a guide for determining the unmeasurable errors for loop
1-F-62-82 since it contains the same model flow element and a similar model transmitter. According to EMPAC,
the flow element is a Vickery Simms Model MK-52 and the transmitter is a Foxboro E-1 3DM.

Millers Flow Measurement Engineering Handbook, Third Edition, Chapter 6, Table 6.1 states that Square Edged
orifice flowmeters have an accuracy of ±1 -2%URV (upper range value) of the flow rate. A value of ±2% will be
used for the orifice.

The loop check performed by WO 94-14264-10 (following pages) gives as found data. The largest error at 50
GPM was 1.36 GPM (50 -48.64) or 0.68% CS (1.36/200 = 0.68%). The largest error at 100 GPM was 0.48 GPM
(100 - 99.52) or 0.24% CS (0.48/200 = 0.24%). The largest error at 150 GPM was 0.06 GPM (150 - 149.94) or
0.03% CS (0.06/200 = 0.03%).

Since the plant had not been started at the time of these tests, radiation was not present and need not be
considered. Errors for temperature and power supply effect will need to be included. Since there is no data on
actual temperature conditions, an enveloping value must be used. Environmental drawing 47E235-46 R5 gives the
max abnormal temperature range as 50 - 110 OF for coordinates UA6 / El 737 where the transmitter is located per
EMPAC. The transmitter is a model E-1 3DM per EMPAC. The product specification sheets (following pages) give
the ambient temperature effect as ±1% per 50 OF for any span between 200 to 850" water. The transmitter will
normally be calibrated at room temperature which will be between 60 and 80 'F. A temperature shift of + or - 50 OF
will encompass the temperature changes seen by the transmitter. Therefore for a temperature range of ±50 OF,
the temperature effect will be ±1% CS d/p. The power supply effect is given as 0.1% CS for a 10% change in
voltage. Thus Power supply effect is 0.1% CS dip.

All errors for the computer should be reflected in the loop check.
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Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: frcý] Date: I-1y, to
Generator Tube Rupture Checked: kA.K.. Date: I -M0.tO

Utilizing Equation 3-24.8 of W WCAP-12096, Rev. 8 'Westinghouse Setpoint Methodology for Protection
Systems, Watts Bar Units I and 2, Eagle 21 Version," the unmeasured transmitter errors can be converted from
percent error in full scale dip to error in percent full span at a specified point, where Fm is the maximum flow rate
of 200 GPM, and Fn is the nominal flow rate (i.e. 50, 100 or 150 GPM).

EPFS (Flow) = (Axxx / 2) * (Fm / Fn)
Temp.(Flow)@50GPM = (Tempr (d/p) / 2) * (200 / 50) = ±2% CS Flow
Temp.,(Flow)@100GPM = (Temp,, (dip) / 2) * (200/100) = + 1% CS Flow
Temp,4Flow)@150GPM = (Temper (d/p) /2) * (200 / 150) = ± 0.67% CS Flow

pwr supp~r(Flow)@50GPM = (pwr supp. (d/p) / 2) * (200 / 50) = ± 0.2% CS Flow
pwr supp.(Flow)@1 OOGPM = (pwr supp.e (d/p) / 2) * (200 / 100) = ± 0.1% CS Flow
pwr supp.,(Flow)@50GPM = (pwr suppe, (dIp) / 2) * (200 / 150) = ± 0.067% CS Flow

Thus total loop error = (FE, 2 + Loop check . 2 +TemPrr (Flow) 2 +pwr supp,, (Flow)2)0 5

Total loop error @ 50 GPM = (22+ 0.682 + 22+ 0.22)0- = ::±2.92% CS = ±5.84 GPM
Total loop error @ 100 GPM = (22 + 0.242 + 12 + 0.12)0.5 = ±2.25% CS = ±4.5 GPM
Total loop error @ 150 GPM = (22 + 0.032 + 0.672 + 0 .067 2)0.5 = ±2.11% CS = ±4.22 GPM

Total loop error at 120 GPM can be determined by linear interpolation between 100 and 150 GPM. The value will
be conservative since the error is nonlinear and is a function of the square root of the dip values above and the
actual loop recorded values which also follow a square root curve.

Total loop error @ 120 GPM = ± I error @ 100 GPM + 20(error @ 150 GPM - error @ 100 GPM) / (150 - 100)
Total loop error @ 120 GPM = ±[4.5 GPM + 20(4.22 - 4.5)150] = ±[4.5 GPM + (-0.11)] = ±4.39 GPM

The following references were used in preparation of this appendix. Revisions to these references will not impact
this appendix; so the references are 'information only' in lieu of 'design input'.

I WBN NESSD 1-F-62-1 RI (Methodology & guidance)
2 EMPAC (Manufacturer, Model number and location)
3 Millers Flow Engineering Handbook, Third Edition, Chapter 6, Table 6.1 (Orifice accuracy)
4 WO 94-14264-10 (loop check data) - see next page
5 Drawing 47E235-46 R5 (environmental data)
6 Foxboro product specification sheets (transmitter accuracy data) - see next pages
7 WCAP-12096 R 8 (methodology for converting dip error to flow error)

Prepared Lynn Cowan Date 6/4/01
Checked D.L.Kirby Date 6-28-01 . (original signed in R8)
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Subject: Control Room Operator and Offskte Doses Due to a Steam IPrepared: p v,ý Date:(
Generator Tube Rupture IChecked: LULQ Date: L (\o

Supporting documents for Appendix E:

1

.1~ ~.*

WORK ORDER FORM PAGE

wO No: 94-14264-i0 ORIGINATION DATE: 06/22/94 mmmm

RF NO: C254025

ORIGINATOR: JAMES R RIVERS EXTENSION: 3181 PRIOI

EQUIPMENT IDENTIFIER - WBN-1-LPF-O62-0O82-
EQUIPMENT DESCRIPTION: EXCESS LETDOWN HTX FLOW

EQUIPMENT CATEGORY : QR SR 1E

TYPE OF MAINTENANCE: OTHER MAINTENANCE

PROBLEM DESCRIPTION: PE P6S Rb•T OST L _ F C'5'Yfl Q5 42. ,

AITY: 3C

IA~5~JMAJ~hLI',TiI VA ThEhR ZLI' RI PTTti~-O

JOB LOCATION
LOCATION CODE

WORK DESC'RIPTION

acc- T4Ai -V-Cr RX PT-0I

: VARIOUS LOCATIONS, SEE SSD
: A100 - AS ALL AUXILIARY BUILDING GENERAL AREA

: PERFORM POST TEST CALIBRATION OF 1-LPF-062-0082,
AS R8QUIRED, FOR PTI-062-03 ACCEPTANCE CRITERIA

LCO: YES C ) NO [XI LENGTH: •N/RDLCO EXPIRES:
SECT X1 R/R: YES ( O [ix) NPRDS: YES [ NO sI:
RWP REQ : YES ] NO tX] RWP #: ALARA: YES ] NO [X)

SPECIFIC REQUIREMENTS: kJCAIE '

TAGGING REQ; YES I I NO [X]
SCAFFOLD : YES [ ] NO (X]

PERMITS REQ; NONE

DISCIPLINE: 14IG
EST HOURS . 4.0
PRE-MAINT TEST REQ. : NONE

H.0. 1: _ /P_ SHUTDOWN: YES f I NO fXJ
INSUL: YES f 3 NO (X]

TASK TOT: 8.0 MAN HOURS
DURATION: 4.0 HOURS

POST-KAINT TEST REQ.: SEE WORK INSTRUCTIONS

SIGNATURES AND DATE

PLANNER: • 6- -2 -,_ __

COG SUPV:

SUT ENGR:
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PAGElo o 1 01 .....

REVISION 01
INSTRUMENT LOOP CALIBRATION RECOROuvn NO: 9 "! 2 -I

LOOP COMPONEJNTS
1: I-FT-62-U I INSTRUMENT NO: I-FI-6Z-82

HrEO: N/A
M16TE: 5 Io3 q PATE: VISUAL

TEST INPUT RE]W_• AS FOUDW AS LEFTPOINT ( IN WC ) LO LIMIT AS FOUND HI LIMIT LO LIMIT AS LEFT HI LIMIT

1 13,5 23.3 23.3 33.3 23.3 "- . . .. - -... - -50 ,,.- - . .
2 39.1 50.0 45.0 5S.0 4555.0"- --- --.- -- •". .. r----
3 156.3 100.0 9510 105.0 -S 105.0

4 |351.6 150.0 145.0 155.0 145.0 155.0

S 594.1 195.0 190.0 I 15r.0 190.0 200.0

6 351.6 iS.o 14.o0 155.0 145.0 1S5.0

i 156.3 100.0 - 105.0 95.0 105.0

a 39.1 SO. 45.0 S5.0 45.0 55.0
12.5 .1.3 23.3 33.3 23.33--- ---

INSTRUMENT NO: LOG Pt FO134A

M&TE: VISUAL

TEST REZ1IRtE AS FO,,O UA LEFT
POINT ( GPH LO LIMIT AS FOUND HI LIMIT LO LIMIT AS LEFT MI LIMIT

1 28.30 33.18 2ZS.,3 32.38 23.181 12.38

2 50.00 43 5226 47,34 52.26

3 100.00 98.66 99,41 101.14 98.66 101.14

4 150.00, 149.08 150.68 149.08 150-0

5 193.00 194.32 14'q",, 19S.60 194.32 195.60

7 1DO.00 98.66 7.S2 101.14 98.66 1 j:101.14

8$0.03 52.26 47.34 NJ 52.26

9 28.30 1 23.18 ?S.4:fJ ;2.38 23.18 _T -32.38

Rqmarl'I" None

ICR6W NO _57 __ ____

PERFORMED BY/flATE - 9;
M Jxey A Th,T -57ZIve

lOOT ( ) YES (,'NO I PC ( )V S Cer~uo

RE•fl ME• ,• TE ($IKF) JINSTRUCTION NO. REV. NO. ------ - - - -- -

Function: Letdown Heat Exch Flow

Reviewed by: Gary L. Hyden Approved by: Ed Hall Date: 03/10/94
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Appendix F: Original Steam Generator Results

The following results are for the original steam generators. The details leading to these results are found in revision 8.
The COROD runs were corrected (recirculation rate and time increments). A 2 CREVS case was also added. Only the
ARCON96 21 gtCi/gm and 0.265 gtCilgm 1-131 equivalent Iodine spiking cases were corrected.

Tritium Production Core Doses:

Offsite Dose with Preaccident Iodine Spike

21 liCi/gm I spike

2hr EAB 30day LPZ limit

Gamma 3.587E-01 8.755E-02 25

Beta 2.121E-01 5.387E-02 300
Thyroid (ICRP-2) 2.714E+01 6.438E+00 300

Thyroid (ICRP-30) 1.324E+01 3.150E+00 300

TEDE 1.215E+00 2.906E-01 25

Offifte Dose with Accident Initiated Iodine Spike - II gpm leak (10+lunidentified.)

0.265 pCi/gm, 500 1 spike

2hr EAB 30day LPZ limit

Gamma 5.181E-01 1.306E-01 2.5

Beta 2.514E-01 6.655E-02 30

Thyroid (ICRP-2) 1.956E+01 4.724E+00 30

Thyroid (ICRP-30) 6.375E+00 1.554E+00 30

TEDE 1.204E+00 2.945E-01 2.5

Offsite Dose with Accident Initiated Iodine Spike - 6.75 gpm leak

(5.75+1 unidentified.)
10.265 paCi/gm, 5001 spike

2hr EAB_30day LPZ limit

Gamma 5.162E-01 1.301E-01 2.5

Beta 2.510E-01 6.642E-02 30

Thyroid (ICRP-2) 1.934E+01 4.670E+00 30

Thyroid (ICRP-30) 6.265E+00 1.527E+00 30

TEDE 1.195E+00 2.923E-01 2.5

Offsite Dose with Accident Initiated Iodine Spike - 3.15 gpm leak
(2.15+lunidentified.)

10.265 ptCi/gm, 500 1 spike

2hr EAB 30day LPZ limit

Gamma 5.147E-01 1.298E-01 2.5

Beta 2.505E-01 6.63 IE-02 30

Thyroid (ICRP-2) 1.915E+01 4.624E+00 30

Thyroid (ICRP-30) 6.172E+00 1.505E+00 30

TEDE 1.188E+00 2.905E-01 2.5
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Appendix F: Original Steam Generator Results (continued)

TPC Control Room/ARCON96 X/Q original SG
preaccident I spike 21 uCi/gm

Gamma
Beta
Thyroid (ICRP-30)
TEDE

1 CREVS
9.400E-02
1.064E+00
1.706E+01
1.057E+00

2 CREVS
1.397E-01

1.611E+00
1.534E+01
1.265E+00

limit
5

30
30
5

Control Room
Gamma
Beta
Thyroid (ICRP-30)
TEDE

accident intiated 500 1 spike 0.265 uCi/gm
steady state leak =11 gpm (=10+1 unident)

I CREVS 2 CREVS limit
9.818E-02 1.471E-01 5
I. 192E+00 1.779E+00 30
2.471E+00 2.537E+00 30
5.886E-01 8.543E-01 5
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Appendix G: Unit 2 SGTR

The Unit 2 steam generators are the same as the original Unit 1 steam generators. However, the mass releases were
reanalyzed by Westinghouse. The SGTR analyses performed below use the same methodologies as the main text, with the
following changes:

Flow Rates:
The following is for the Unit 2 steam generators. The amount of secondary side steam released from the ruptured steam

generator is 103,300 Ibm from 0-2 hours and 32,800 Ibm from 2-8 hours (ref.47). The amount of secondary side steam
released from the intact steam generators is 492,100 Ibm from 0-2 hours and 900,200 Ibm from 2-8 hours. The reactor
coolant release to the steam generator was a total of 191,400 lb, of which 10077.2 (--934.4+9142.8) lb flashed (ref.47). In
order to account for the release during the 20.6 second interval when the control room is not isolated, the amount of reactor
coolant released at 20.6 sec is needed. However, the release from the steam generators does not actually start until 113 sec
post accident Therefore, the releases at 113+ 20.6 = 133.6 sec are actually needed for release calculations. Using the
releases from reference 47 and adding each time increment release, the reactor coolant release at 134.5 sec is 9687.2 lb. The
amount that flashed at 134.5 sec is 1049.026 lb. The mass release rate from the ruptured steam generator is non-linear.
However since the time frame for the release is short (20.6 sec), the average release rate can be used. From reference 47, the
flashing of the reactor coolant stops at 2253 sec, and the break flow stops at 5032 sec.

The following flow rates/leakage rates for each component are:

Flow from Reactor Coolant #1 to Steam Generator Faulted #2 (non-flashed):
0-133.6 sec: F = (9687.2 lb - 1049.026 lb)*(3600 sec/hr)/(133.6 sec) = 2.328E5 lb/hr = 1.0558E8 g/hr
133.6 sec-5032 sec: F = (191,400 lb-9687.2 lb)-(10077.2 lb-1049.026 lb)/(5032-133.6sec) = 35.253 lb/sec =

=5.757E7 g/hr
5032+ see: F=0

Flow from Reactor Coolant #1 to Environment #4 (flashed):
113-133.6 sec: F = (1049.026 lb)*(3600 sec/hr)/(20.6 sec) = 1.833E5 lb/hr = 8.3154E7 g/hr
133.6 sec-2253 sec: F = (10077.2 lb-1049.026 lb)/(2253-20.6 sec]) = 4.0442 lb/sec = 6.604E6 g/hr
2253+ sec: F=0

Flow from Steam Generator Faulted #2 to Environment #4:
113 sec-2 hr:(103,300 lb)/(2hr-[l 13sec/3600sec/hr])=5.247E4 lb/hr=-2.380E7g/hi(noble gas and tritium)

0.01 *(103,300 lb)/ (2hr-[ 1 3sec/3600sec/hr])=5.247E2 lb/hr=-2.380E5g /hr (iodine)*
2-8 hr: (32800 lb)/(8hr-2hr) = 5.467E3 lb/hr = 2.480E6 g/hr (noble gas)

0.01*(32800 lb)/(8hr-2hr) = 5.467E I lb/hr = 2.480E4 g/hr (iodine)
Flow from Steam Generator Unfaulted #3 to Environment #4:

113 sec-2 hr: (492,100 lb)/ (2hr-[113sec/3600sec/hr]) = 2.500E5 lb/hr = 1.134E8 g/hr (noble gas)
0.01*(492,100 lb)/(2hr-[113sec/3600sec/hr]) = 2.500E3 lb/hr = 1.134E6 g/hr(iodine)

2-8 hr: (900,200 lb)/(8hr-2hr) = 1.500E5 lb/hr = 6.805E7 g/hr (noble gas)
0.0 1*(900,200 lb)/(8hr-2hr) = 1.500E3 lb/hr = 6.805E5 g/hr (iodine)

Flow from Reactor Coolant #1 to Steam Generator Unfaulted #3:
F = 3 steam generators * 150 gpd * 3785.48 cc/gal / 24 hr/day * lg/cc= 7.098E4 g/hr

* Normally, to take into account uncovery of the faulted steam generator, there is no iodine partitioning in the release to the
environment (iodine partition coefficient = 1). For conservatism, no iodine scrubbing of the bubbles in the flashed water is
taken into account. However, the water that boils is allowed the iodine partition of 100 (see assumption 6).

Additional data:
Volume/SG = 4.735E7 gm (1.421E8 gm in 3 unfaulted SG's) (ref.51)
RCS 1-131 equivalence limits: 0.265 uCi/gm 1-131 (steady state) and 21 uCi/gm (48 hr LCO) (ref.49), same as Unit I
Leakage: 10 gm known plus I gpm unknown =1 lgpm total, and 150 gpd per SG (ref.48,50), same as Unit 1
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Results

The results (rem) are as follows:

Control Room

Pre-accident iodine spike of 21 uCi/c 1-131 equivalent
Ingress/

Airborne Shine Egress Total Limit
Gamma 0.0918 0.0007 0.0000 0.0924 5
Beta 1.0380 0.0000 0.0000 1.0380 30
Thyroid (ICRP-30) 19.4700 0.0000 0.0000 19.470 30
TEDE 1.1220 0.0007 0.0000 1.1227 5

Accident initiated iodine spike of 500 at 0.265 uCi/g 1-131 equivalent
Ingress/

Airborne Shine Egress Total Limit
Gamma 0.0853 0.0007 0.0000 0.0860 5
Beta 0.9992 0.0000 0.0000 0.9992 30
Thyroid (ICRP-30) 1.9870 0.0000 0.0000 1.9870 30
TEDE 0.5428 0.0007 0.0000 0.5435 5

Offsite

Pre-accident iodine spike of 21 uCi/c 1-131 equivalent
2-hr EAB 30-Day LPZ Limit

Gamma 3.59E-01 8.76E-02 25
Beta 2.06E-01 5.25E-02 300
Thyroid (ICRP-30) 1.38E+01 3.28E+00 300
TEDE 1.26E+00 3.OOE-01 25

Accident initiated iodine spike of 500 at 0.265 uCi/g 1-131 equivalent
Limit (10% of

2-hr EAB 30-Day LPZ 1OCFR100)
Gamma 3.99E-01 9.72E-02 2.5
Beta 2.1OE-01 5.36E-02 30
Thyroid (ICRP-30) 4.49E+00 1.09E+00 30
TEDE 7.92E-01 1.92E-01 2.5

Discussion and Conclusion

The Unit 2 steam generators (same as the original Unit 1 steam generators) with a Steam Generator Tube Rupture will
not exceed the 1OCFR50 AppA GDC 19 control room dose limits or the 10CFR100 off-site dose limits.
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Attachment 1: Justification for Using ANSI/ANS- 18.1-1984 Expected Coolant Spectrum

The choice of iodine spectrum is fairly important, since several isotopes have short halflives. Results may be affected when accident
times are on the order of the decay of the short lived isotopes. There are several possible spectra available. The spectrum chosen for this
analysis is the one that most closely resembles the actual spectrum present at WBN. From the surveillance tests I-SI-68-28 performed on
7/10/00 and 4/9/01 (see following surveillance tests attached), the following concentrations were determined:

RCS activities 7/10/00 RCS activities 4/9/01

Ar-41

Kr-85M

Kr-87
Xe-133

Xe-135

Xe-135M
Xe-138

9Ci/gm
RCS

Gaseous
I .303E-02
1.915E-04
4.575E-04
9.565E-04
1.429E-03
7.364E-04
1.796E-03

F-18
Na-24
Mn-56
Co-58
Nb-95
1-131
1-132
1-133
1-134
1-135

Xe-135
Xe-135M

Cs-138

jsCi/gram
RCS

Degassed
1.179E-01
9.169E-04
9.313E-05
5.019E-04
3.132E-05
6.070E-05
1.459E-03
8.208E-04
2.694E-03
1.608E-03
8.914E-05
1.406E-02
2.395E-03

Ar-41
Kr-85M
Kr-87
Kr-88

Xe-1 33
Xe-135

Xe-135M

9Ci/gm
RCS

Gaseous
2.696E-03
2.013E-04
4.809E-04
4.982E-04
1.202E-03
1.676E-03
1.105E-03

F-1 8
Na-24
Mn-56
Co-58
Co-60
Nb-95
1-131
1-132
1-133
1-134
1-135

Xe- 135
Xe-1 35M
Cs-138

9Ci/gram
RCS

Degassed
1.116E-01
2.060E-03
2.088E-04
6.218E-04
2.776E-05
2.794E-05
3.881 E-05
1.165E-03
6.105E-04
2.334E-03
1.158E-03
1.380E-04
1.972E-02
2.195E-03

Two potential spectra are from WBNNAL3-003 (Reactor Coolant Activities in Accordance with ANSI/ANS- 18.1-1984) and from
the FSAR Table 11.1-2 (Historical Design Activities). The iodine concentrations and relative concentrations for each
spectrum are as follows:

7/10/00 7/10/00 4/9/01 4/9/01

WBN actual WBN actual WBN actual WBN actual

ACi/gm relative fraction 4Ci/gm relative fraction

1-131 6.070E-05 0.0091 3.881E-05 0.0073
1-132 1.459E-03 0.2196 1.165E-03 0.2195
1-133 8.208E-04 0.1236 6.105E-04 0.1151
1-134 2.694E-03 0.4056 2.334E-03 0.4399
1-135 1.608E-03 0.2421 1.158E-03 0.2182
sum: 6.643E-03 5.306E-03

ANS 18.1 ANS 18.1 FSAR 11.1-2 FSAR 11.1-2
_ _Ci/gm relative fraction AtCi/gm relative fraction

1-131

1-132
1-133
1-134
1-135
sum:

0.0477
0.225
0.149
0.364
0.278
1.0637

0.0448
0.2115
0.1401
0.3422
0.2614

2.5
0.9
4

0.56
2.2

10.16

0.2461
0.0886
0.3937
0.0551
0.2165



Calculation No. WBNTSR-08 I Rev: 1 I Plant: WBN I Page: 42
Subject: Control Room Operator and Offslte Doses Due to a Steam I Prepared: " (. I Date: t-I ý-/v

Generator Tube Rupture JChecked: IAWJi Date: k-'-\(2

As can be seen, the FSAR historical design concentrations do not reflect the actual measured concentrations. The FSAR
values are weighted too strongly in favor of 1-131 (24.6% of total as opposed to < 1% of the actual total). By comparison, the
ANSI/ANS-18.1-1984 fractions are very close to the actual fractions. The worst fit was for 1-134 which was 40. 1% actual
versus ANSI/ANS- 18. 1-1984 34.22%. The 1-131 is slightly over predicted by ANS- 18.1 (0.9% on 7/10/00 and 0.7% on
4/9/01 versus 4.48%), however this difference is not as large compared to the FSAR fraction. The ANSIIANS-1 8.1-1984
spectrum overall fit is much better than the FSAR spectrum, therefore it can be concluded that the use of the ANSI/ANS-18.1-
1984 spectrum is acceptable.
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Subject: Control Room Operator and Offalte Doses Due to a Steam Prepared: t al Date:
Generator Tube Rupture Checked: • Date: D. i. •(

Attachment I (continued): Surveillance test 1-SI-68-28 performed on 7/10/00

J'J.-24-1M 13:52 TVA PL4, IMG CC 42M30 1964

S*VIILLN•J TAIR SUN ("P-a.t )

B! NXlM; P531 A

PaxEX, fm 1908.2-2

Mla KitON

A" 1=9 2
AIR 100, la

7JUW NO; 8

ImN"ION:US at mr start prior to saftdite dus doto

PAK -I- OF _

.115711"

- If-

N-
TMl PVI

MIT! MCT

M
"" -'L'r• - .. 'T•. "-'".. . .- bl lm

.1 I

WS TWOS A COPLETB 0 PAITIAL
0EPONAMM COPUINI WFTIAL-
It SMONll26 sm TIt: __ AITIALI _

PINMEN AOMP¶*SCK 511318 SATISFIMl Y51__ W._ N/A!__

SIN ALL OUS SCUtnICE CRITERIA
SMhlVID? TIN:_ SrD;_ IVA.

ALZAT SCHMLING IBENJUNO ToS:__ NOT- N/A; 1

If ALL TM IWI M C/TU 014OPIA PROT
M WI NOT 378515 18AS a LOOMTh
55/U ACTION U15 (WUIAIS IVI MISSE) 163:_ ND:__ WA.__

TIM QUMM I ENI

If -

IROUMMI.

CPYO ITSR MR? TO SCMMIUILIMN

SMIONIUJDU/U NU

801017M7 MR

u.iIMiiOMor
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Subject: Control Room Operator and Offslte Doses Due to a Steam Prepared: A( Date: i-( -
Generator Tube Rupture Checked: 4l.W Date: kl-Lk-\

jUL-4-2a- 13:52 TVA PLANT MG% LVRC 423 365 1984 P.83/8?
L U-j"-aUV0 09;23&05.19

TWOWSME VALLEY AUTORITV
WAY! BAR NUCLEAR PLANT

SAMPLE TITLE UV - RCS - GARZOUS ACT?1V2T
FILE IDZNT : DK0B600:-TVA.SAMPLE.c .3VW00'7101796C401.CNF,1

SAMPLE ID ' W0007108796 C402 - t 01IUATOR LUTMNawOuN
SAMPLUVINE 10-JUL-2000-08tS3 * SAWLS G=OX9TRY f 3PIK

R MF • RIGHT : o
SmI•zmI•cY FILE QMIX0

sAMPLE TYPE 1240 CC GAS Jtri ' SANPLR QUARTT! . 1.000003+00 CC

ACQ DATE & TIME z 10-JUL-2000 09:12 * DEADTINE (M) 0.$3
PRESET LIVE TIE : 0 00"10:00 * U•ISIVITY 3 4.00000
ELASPED tEAL TINE a 0 00110:01 * GA&UEIIAN Em 10.00000
ELAPSED LIVE TIME t 0 00:1000 * NUR I7ERATIONS : 10

DETECTOR i DET #3, G88-3286 * LIBRARY : NOBLEGAS
EFFIC CAL DATE : 29-JUL-1994 13:47 * MhIeJ CUT DATE : 29-JUL-1994 13:47
DCAL DATE & TIME : O-.7UL-2000 15:52: * EIUGY TOLER : 1.25

MAH/CANA 4.0999283-01 * AL LIFE PATIO 8 6.00000
OFFSET : -1,483342-01 keV * AW ANCE LIMIT , 0.0'
a COKPICIENW 3.22120B-08 * COS•, TC!TI FACTOR : 1.00000+00
PEAU STAR•.! C : 140 w PEAK END CHA 4096

ANALYSER PEA V16.9 NID V3.3 NINACT V2.6 VTXM /F=l VI.8

COUNTED ON LION
COLLECTED BY
COUNTED BY : LUMJ ONE
REVIEWED BY V_COM1q9=8• :' . .

Posft-NID Peak Search Report

It Energy Area Bkgnd FM Channel Left Pv %X"r Pit Nuclides

0 81.12 230 92 1.01 162.55 157 12 10.8 XR-133
0 151.37 88 53 0.97 303.07 299 8 17.7 13-95M.
0 196.38 70 80 0.88 393.10 388 10 26.7
0 227.79 22 47 1.35 455.92 448 10 62.9
0. 249.81 549 83 0.94 499.98 494 12 8.4 RE-135
0 258.71 72 40 0.89 517.78 514 10 20.2 X1-138
0 305.21 19 34 0.76 610.77 607 8 57.2 XR-85M
0 402.80 48 34 2.39 805.96 801 12 29.3 X3-87
0 435.19 26 16 1.31 870.75 866 11 35.3 XI-138
0 511.06 390 49 2.28 1022.51 1014 18 6.6
0 526.45 39 24 1.21 1053.28 1048 12 29.8 KE-135M
0 898.31 22 16 1.29 1796.96 1791 9 38.8
0 1293.58 904 9 1.60 2587.40 2578 16 3.4 k3-41



Calculation No. WBNTSR-008 Rev: 11 Plant: WBN Page: 45

Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: #k6 Date: .. ,

Generator Tube Rupture Checked: Iu Date: *. k 0

3LL-24-2ý8 13-153 TVA .W IT MaRS OFC
RPORT VAT.?m 10-.JU.-2000 09a23
RZQUESTOR ' , LLMYA•EN0

423 365 1904._P.04/07

T3MN3MSM VALLRY AUTEORITY
WATTS 3M NUCLEAR PLANT

P08 KID 9A ANALYSIS

TITZE :UI - RCS - GASEOUS ACTIUTY

SAMPLE No. : W0007108796 C401 OPERATOR NAME : LLMAHNOME
SAMPLE TYPE 1240 CC GA"IkARI SUMPL GEOMETRY ORIN
COUNT TIM • 10-MUL-2000 09,12t56 SAMPLE QUAfT'ZT 1.00000Z+00
SAPLE TIME 10-JUL-2000 06:53:00 DETICTOR :ET #3, OUS-3286
LIBRARY NOBLEGAS

PEAK ENMRGY DCAY CORE
ISOTOPE ENERGY DPIP (KEv) uCi/CC CO• •NTS

AR-41 1293.64 -0,06 1.3033-02 OA Results OK
UR-85M 151.18 0.19 1.9169-04 CA Assulta OK
1R-87 402.58 0.22 4.57S--04 QA Results O0
XX-133 81.00 0,12 9.566B-04 QA Results OR
XE-135 249.79 0.02 1.42ON-03 C Results 0O
XR-135M 526.56 -0.11 7.3643-04 QA, Rlesults OR
XR-138 258.31 0.AO 1.7063e-03 DA Results 01

AVG ENERTG PIz?. 0.11 1.6593-02 - TOTAL GXMMA ACTIVITY
0.D000+00o
1. 859-02 =

Total tfL Activity
Total Gas Activity

ENERGY

196.38
227.79

511.06
898.31

NET AREA

70.
22.

0.88
1.35

390. 2.28
22. 1.29

UNIDTZFIED PFAU

GAHMA/62C POTETIAL
GAMER/SEC /CC OR 02 LAG IP ACTIVITY

4.72W3+0 4.7293+ý00 2 R IR-871PTOOB-04
1.675E+00 1.6753+00 * U TR-132 5.1633-05

U C5-136 5.11031-03
U NP-2393 4.2523-04

7.016E+01 7.016E+01 6.60 U ANNIL 0.0005+00
7.079•+00 7.0792+00 38.8 U R--85• 1.5122-03\ Y-88 2.0491-04

lsly

?'F 7)
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Subject: Control Room Operator and Offaite Doses Due to a Steam Prepared: p,st4 Date: 1.,, . 1,7

Generator Tube Rupture Checked: 4jD4 Date: t. - t\ O

JU.-24-2Ml 13'53 TV IJUfr MO FC 423 355 1W P. 05/07
10-JUL-2000 09M37:45.71

TENNESSEE VALLEY AUORMITY
WRS BAR NUCLEAR PLANT

SMMPLs TITLE I UI - RCS - DWGASSBD LIOUID ACTz•VZT
FILE IDNT DKXB600tTVA.BXXPLE.CMZ.ilaWW00071O87g5_C402.CNIIl

SAMILE ID • W0007108795 C402 , * OPERATOR : LL•ANMONE
SAIMLE TINE t 10-JUL-2000-07:25 * SAM•LE GlirRY a LV20

S HEF flIGT I
• IPIOZCB MILE I LBV201--

SAMPZL TYPE , RCS 201., LOV * 8/MA QUANTITY 35.000003+00 GRAMS

WCO DATE A TI]M 1o-JUL-2000 08036 DADTI• M (%) 2.2% -
PRESET LIVE TI1 1 0 01:00:00 * SSSITIVITI 4.00000
SLAOPED RRAL TIE 1 0 01:01:20 * GAUS8ThM Sr : 10.00000
ELAPSED LIVE TIRM 1 0 01:00:00 * N'R ITRTIONw 10

DETECTOR ; DIV4, t08-3310 * LIBRARY RCSLIOUZET
ETFFC CAL DATE : S-AU--199& 11:11: * ifIC CUT DATE a 5-AU0-1994 11:11:
DCAL DATE & TINE % O-JUL-2000 15:52: * ENERG TOM 1.25
EV/CWAR S 5.004741-ol * SAW? LinY RATIO a 8,00000
OFfTX r -3.739243-01 keV * JUDANM LUNIT $ 0.0%
0 COEFFICIENT t -1.140922-07 * CORRECTION FACTOR a 1.00000E+00
PEAl START CHAN ; 140 * PEAR END N a 4096

ANALYBES PA.X V16.9 NID V3.3 NINACT V2.8 MUMEAM/YRY VI.8

COQUWED ON LION
COLLECTED BY
COUMME BY LLOMMNOE
RZEVIEWED BY _
COMMETS t

Post-KID Peak Soarch Report

it Energy Azea Bkgnd FW Cbhazn. Left Pwv %• Fit Nuclides

0 135.60 697 25268 0.92 271.70 269 7 38.0 1-134
0 249.64 887 20225 0.79 499.61 498 6 25.6 .XE-135
0 297.87 540 22521 0.90 576.01 574 7 46.3 1-135

1-135
0 364.21 455 13323 1.06 728.61 726 0 44.3 1-131
0 405.43 310 6932 1.05 810.99 Do$ 8 46.9 1-134
0 417.67 485 6009 1,20 835.46 832 0 28.1 1-135
0 462.73 545 5365 1.28 925.53 922 S 23.7 CS-138
0 511.00 838084 22601 2.65 1022.01 1014 19 0.1 ?-1$
0 522.6S 824 999 1.38 1045.31 1043 7 7.3 1-132
1 526.58 1048 823 1.29 1053.15 1050 18 5.2 1.063+00 1-135

XE-1355
1 529.88 4510 1009 1.34 1059.77 1050 18 1.9 1-133



Calculation No. WBNTSR-008 I Rev: 11 Plant: WBN I Page: 47
Subject; Control Room Operator and Offsite Doses Due to a Steam [Prepared: "- I Date: 1i- V/t

Generator Tube Rupture Checked: I•)kDj Date: I.-j\-V

3JU-24-MM 13,53 Tr PUM MGM 0FC
xZ"Wc VATIS JI U-JUL-ZQ00 09:37

- UOUESTOR ;LLMMM*ONE

423 365 1W4 P.-06,?

TNUENNSE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT

POST NZD 91 ANALYSIS

TITLE t yl - RCS - DUGASSED LIP"D ACTIVITY

SAMPLE No. : W0007108795 C402 OPERATOR NAME Lt LA1ANONE
SAMPLE TYPE s RCS 20ML LSV AIMPLE GR3 m ! LBV20
COUNT TIME t 10-JUJL-2000 08:36:15 SAMPLE QUATTY 1 5.00000E÷00
SAMPLE TIME 1-0-JUL-2000 07:25:00 DZTXCTOR t DET *4, OS-3310
L!•URTY ICSLIgUD

PEARK ENRGY DECAY CORR
ISOTOPE OmGY DI?? (Mo) uCi/GmAm COMMETS

F--B 511.00
NA-24 1368.53
MOR-56 1610.69
CO-58 810.76
NB-95 765.79
1-131 364.46
1-132 667.69
1-133 529.87
1-134 847.03
1-135 1260.41
XE-135 249.79
XZ-i35M $26.56
CS-138 1435.86

AVG ENERGY DIII -

0.00
0.07

-0.63
-0.01

0.89
-0.27
0.03
0.01

-0.05
0.03

-0.16
0.02

-0.11

-0.01

1.179Z-01
9.169B-04
9.3132-05
5.019E-04
3.132E-05
6.0702-05
1.45930-03
8.20&2-04
2.6941-03
1.6033-03
80 9143-OS
1.4069-02
2,3953-03

1.426-801
1.2182-01
2.427Z-03
1.5123-O3
1.415Z-02
6.643E--03

QA Results OK
QA Resulte OK
9A Results OK
P1 Results OK
9A Results OR
QA Results OR
QA Results OK
CA Results OR
OA Results OK
QA Results OK
QA Results OR
0A Results OK
OA Results OK

- TOTAL GAMMA ACTIVITY
- Total DGL Activity
- Total PP Activity
= Total AP SAtiv',y
= Total as Activity
- Total IFP Activity

2 isotopes
3 isOtOpes
2 isotopes
2 isotopes
2 isotopes2 isotopes
2 isotopes
2 isotopes

Dose Equivalent Iodine-131 w 2.9053-04
Iodine 131/133 Ratio w 7.3253--02
Iodine 133/135 Ratio a 5.105E-01

287.87 KeV Peak was used In
526.50 YeV Peak was used in
546.88 ReV Peak was used in
766.68 KoV Peak vas used in
810.75 XeV Peak was used in
846.97 1eV Peak was used in
857.15 xeV Peak vas used in

1136.29 ReV Peak was used In

identifying
identifying
identifying
identifying
identifying
identifying
identifying
identifying
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Subject: Control Room Operator and Offsite Doses Dub to a Steam IPrepared: jz'vi Date:
Generator Tube Rupture JChecked: L4Kw. Date: t.\uk.\•

JLL-24-289 13:53 TVA PLPr'f MRS QFC
".ruaf MAZ I U-.JUI.-idUU0 UV:37

REDUITOR LLNARNKON

THUNEIMSU VALLEY AUTHORITY
WATT S AR NUCLEAR PLANT

POST SID PA ANALYSIS

423 365 1904 P.07,• 7

681.90

684.87
1288.56
1291.07
1566.76
1835.61

UNIDRNTIFIED,/lREJC!1D PEARS

GA~qIA/B3C POTENTIAL
MET AREA lYNX GANNMA/ /AR" 1b ERROR PIAG ID ACT

334. 2.71 1.14A319+0 2.2853+00 25.7 U
217. 2.04 7.4462+00 .48S+O0 31.1 R W-187W 1.4
38. 1.81 2.2301.00 478X-01 36 .0
30. 1.03 1.012Z+00 3 24Z-01 41.6.4 1 FE-5P 2.2
75, 2.12 5.2048+00 1. 41B+00 25.3 U I 0W
31. 1.08 2.4119+00 4.8 2R-01 36.4 i R-w"-Sp R 9,.!

U Y-88 1.3.

Total Unidentified/Rejected Peak 6
% Unidentifled/Rejeated Peake - 0.17

Flags: U Unknown Line
I - ReJeCted During Analysis
P Positively Identified (li not in analysis library)

r 01

J71

IVITY

481-04

443-05

969-05123-08

TMT P. '?

Attachment 1 (continued) Surveillance test 1-SI-68-28 performed on 4/9/01



Calculation No. WBNTSR-008 Rev: 11 I Plant: WBN Page: 49

Subject: Control Room Operator and Offslte Doses Due to a Steam Prepared: M-i3>/ Date: H7" -10
Generator Tube Rupture Checked: -4Ak4 Date: (./, .16

SURVEILLANCE TASK SEET (SPP-8.2) PAGE ¶ OF ;

WORK OVER: 010028300
SI KEY: -P05'1

PROCEDURE#: 1-91-68-28
TITLE: PRINARY RADIOCHEMISTRY REQUIREMENETS

PERF SECT:
TEST REASON. PERIODIC PERFOR•ANCE

.-E: 04/09/01
IEVR Er 041/10101
MAX EXT: FORM SPP-8.2-2

FREQ.- U
ED .: N

APP RUIE, 123
PERF MODE: 1234

VJBMIIT RM /;

I•RTRUCTIONS: Do NOT star Prior to acheauled due date

TEST PERFOUMERS
NMAE SIGNATURE INIT SECT

AUTHORIZ N/ATIO TOBEGIN-SRO
MdJTAOR]IZATION TO BEGIN4: 550

N/A

DATE TIIME

START DATE TIME

O DATE ME

11 - --
WAS THIS A CCLrM OS PARTIAL
PERPFORJM1ME? (EXPLAIN -PARTIAL'
IN REMARKS) COMPLETE: PARTIAL:

WERE ALL TECH SPEC/TECN RESCtOOFIRET
PROT, REG ACCEPTANCE CRITERIA SATISFIED? YES,. A NO:-_ NI/A:__

WERE ALL OTHER ACCEPTIMC CRITERIA
SATISFIED? YESE: N__ O: A.

ALERT SCHEDULING REQUIRED? YES:_ MO__ U/A:R.

IF ALL TECH SPE^1CM REQ/COCI/FIRE PROT
REG WERE RTSIEfE~R~Np/y

IDEI/SE CTI REG7 ~ YES:__NO: NA!L.

-TEST DOR f LEXD PERFORMER 'DATE

ACCEPTANCE CRITERIA REVIEW: SRO DATE / TIME

DATE"

11 -
RENARKSE

COPY OF STE SRIT TO S00IWLING:
INITIALS DATE

SECTION/AWN/DUI ARS

SKCT IOR/•tR/OiR ARS

SECTIOR/*#E/DUR MRS

SECTION/OMEN/I MRS

RECORDS TRANSITTAL :_
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Subject: Control Room Operator and Offslte Doses Due to a Steam Prepared: 0 I) Date: ( L, Q
Generator Tube Rupture Checked: ),-L.L Date: I./([- I

9-APR-2001 14:25:02.67
TENNESSEE VALLEY AUTHORITY

WATTS BAR NUCLEAR PLANT

SAMPLE TITLE : Ul - RCS - GASEOUS ACTIVTY
FILE IDENT : DKB600;[TVA.SANPLE.CEE.NIEW]W0104095767_C40l.CNF;1

SAMPLE ID : W0104095767 C401 * OPERATOR : DRKERNS
SAMPLE TIME : 9-APR-2001 13:25: * SAMPLE GEOMETRY : GKIK

* SHELF HEIGHT : 0
* EFFICIENCY FILE : GMKO

SAMPLE TYPE : 1240 CC GAS MARI * SAMPLE QUANTITY : 2.51000E+00 CC

ACO DATE & TIME : 9-APR-2001 14:14: * DEADTf () M 0.1%
PRESET LIVE TIME : 0 00:10:00 * SENSITIVITY : 4.00000
ELASPED REAL TIME t 0 00:10:00 * GAUSSIAN SEN 10.00000
ELAPSED LIVE TIME : 0 00:10:00 * NBR ITERATIONS : 10
aaaaa*a.******a*aa*a*aaaaa**aaaaa**a**a***aaaaaaaaaaa*a*aa**************a*****a*

DETECTOR : DET #4, GSS-3310 * LIBRARY : NOBLEGAS
EFFIC CAL DATE : 2-AUG-1994 11:26: * EFFIC CERT DATE : 2-AUG-1994 11:26:
DCAL DATE & TIME : 9-APR-2001 02:40: * ENERGY TOLER : 1.25
KEV/CKRA : 5.005163-01 * HALF LIFE RATIO : 8.00000
OFFSET : 1.44837E-01 keV * ABUNDANCE LIMIT : 80.0%
0 COEFFICIENT : -1.10914E-07 * CORRECTION FACTOR : 1.00000E+00
PEAK START CHAN : 140 * PEAK END CHAR : 4096

ANALYSES : PEAK V16.9 RID V3.3 MINACT V2.8 WTNA/KEY V1.8

COUNTED ON
COLLECTED BY
COUNTED BY
REVIEWED BY
COMMENTS

Post-RID Peak Search Report

It Energy Area Bkgnd FWHK Channel Left Pw %Err Fit Nuclides

0 80.94 902 374 1.03 161.44 157 10 5.2 XE-133
0 151.17 294 315 1.07 301.75 297* 10 12.8 KER-85M
0 166.01 57 226 1.10 331.42 328 8 47.7 XR-88
0 196.08 202 345 1.03 391.51 387 10 18.5 XR-88
0 249.77 2313 340 1.12 498.75 494 12 2.6 X1-135
0 258.57 59 201 1.04 516.37 513 8 43.2
0 402.62 160 50 1.21 804.27 800 8 11.0 KR-87
0 510.99 7378 174 2.34 1020.88 1013 19 1.2
0 526.86 66 31 1.08 1052.60 1048 11 20.7 XE-135M
0 609.00 34 35 0.87 1216.79 1209 16 43.6 XE-135
0 677.82 14 17 1.85 1354.36 1348 9 61.5
0 834.68 38 12 1.75 1667.96 1662 12 24.5 KR-88
0 897.59 24 13 2.20 1793.76 1789 9 34.3
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Subject: Control Room Operator and Offslte Doses Due to a Steam Prepared: 4k,_6 Date: f-11-if)
Generator Tube Rupture Checked: I t•, Date: 1.14 (c)

REPORT NAME : QA CHECK (V10.4)
REPORT DATE : 9r-APR-2001 14:25
REQUESTOR : DRKERNS

PAGE :

TENNESSEE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT

POST NID QA ANALYSIS

TITLE : Ul - RCS - GASEOUS ACTIVTY

SAMPLE No. W0104095767 C401 OPERATOR NAME : DRKERNS
SAMPLE TYPE : 1240 CC GAS-MARI SAMPLE GEO•=ETR t GRlK
COUNT TIME : 9-APR-2001 14:14:53. SAMPLE QUANTITY : 2.51000X+00
SAMPLE TIME 9-APR-2001 13:25:00. DETECTOR : DET #4, GSS-3310
LIBRARY NOBLEGAS

PEAK ENERGY DECAY CORR
ISOTOPE ENERGY DIFF (KEV) uCi/CC COMMENTS

AR-41 1293.64 -0.10 2.696E-03 QA Results OK
KR-85M 151.18 -0.01 2.0139-04 QA Results OK
KR-87 402.58 0.04 4.809E-04 QA Results OK
KR-88 196.32 -0.24 4.982E-04 QA Results OK
XE-133 81.00 -0.05 1.202E-03 QA Results OK
KE-135 249.79 -0.03 1.676E-03 9A Results OK
XZ-135M 526.56 0.30 1.105E-03 OA Results OK

AVG ENERGY DIFF - -0.01 7.859Z-03 = TOTAL GAMMA ACTIVITY
0.000E+00
7.859E-03

I Total DGL Activity
Total Gas Activity

ENERGY

258.57
510.99

677.82

897.59

1835.84

NET AREA -W1

59. 1.04
7378. 2.34

14. 1.85

24. 2.20

17. 2.13

GAM!

3.4
7.64

1.82

4.0

5.41

UNIDENTIFIED/REJECTED PEAKS

GAMMA/SEC
A/EC /CC 9ERROR

18E+00 1.374E+00 43.2 R
133+02 3.045E+02 1.2 U

U
19E+00 7.289E-01 U U

U
19E+00 1.629E+00 4.3 U

U
L83+-00 2-1593+00 P24.3 ZU

ACTIVITY

1.724E-03
6.0161-03
0.000E+00
1.845E-04
4.949E-04
3.932E-04
4.716Z-05
3.408E-04
5.872E-05

1$-qfjoi
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Subject: Control Room Operator and Offeite Doses Due to a Steam I Prepared: fA • Date: r-/lf( o
Generator Tube Rupture Checked: q1.t- Date: (-(q-(0

9-APR-2001 10:48:39.98
TENNESSEE VALLEY AUTHORITY

WATTS MR NUCLEAR PLANT

SAMPLE TITLE : Ul - RCS - DEGASSED LIQUID ACTIVITY
FILE IDENT : DKB600:[TVA.SAMPLE.CHEM.NEW]W0104095766_C402.CNF;1

SAMPLE ID : W0104096766 C402 * OPERATOR lWNCLONTZ
SAMPLE TIME : 9-APR-2001 'U8320: * SAMPLE GEOMETRY 65ML

* SHELF HEIGHT : 1
* EFFICIENCY FILE 65ML1

SAMPLE TYPE R ECS 652L BOTTLE * SAMPLE OUANTITY : 1.58100E+01 GRAMS

ACQ DATE & TIME i 9-APR-2001 09:45: * DEADTIME (%) : 4.6%
PRESET LIVE TIME : 0 01:00:00 * SENSITIVITY : 4.00000
ELASPED REAL TIME : 0 01:02:52 * GAUSSIAN SEN : 10.00000
ELAPSED LIVE TIME : 0 01:00:00 * NSR ITERATIONS : 10

DETECTOR DET #4, GSS-3310 LIBRARY : RCSLIQUID
EFFIC CAL DATE : 19-JUL-2000 20:26 ' EFFIC CERT DATE : 19-JUL-2000 20:26
DCAL DATE & TIME : 9-APR-2001 02:40: * ENERGY TOLER : 1.25
REY/ClAN : 5.00516E-01 * HALF LIFE RATIO 8.00000
OFFSET : 1.44837E-01 keV * A•UNlDANCE LIMIT : 80.0%
O COEFFICIENT : -1.10914E-07 * CORRECTION FACTOR : 1.oo000E+00
PEAK START CHAN 140 * PEAK END CA N 4096

ANALYSES , PEAK V16.9 HID V3.3 KINACT V2.8 VTMEAN/IEY V1.8

COUNTED ON LIyf
COLLEC'TED BY I
COUNTED BY
REVIEWED BY ;;_______________

COMMENTS 17-&/

Post-KID Peak Search Report

It Energy Area Bkgnd FWHE Channel Left Pw %Err Fit Nuclides

0 134.65 991 52495 0.82 268.75 266 7 38.5 W-187
1-134

0 249.78 2586 43764 1.22 498.80 496 7 13.6 XE-135
0 364.48 569 19365 0.96 728.04 726 6 39.0 1-131
0 405.26 542 12870 1.06 809.53 807 7 35.0 1-134
0 433.34 305 11020 0.97 865.66 863 7 57.4 1-134
0 462.88 898 11840 1.08 924.71 921 8 21.3 CS-138
0 478.53 2028 19343 2.93 955.98 948 13 14.3 BE-7

4W-187
0 510.97 1460805 45497 2.66 1020.82 1013 19 0.1 F-18
0 522.71 1163 2480 1.33 1044.29 1041 8 8.0 1-132
2 526.52 1531 2060 1.17 1051.91 1048 16 5.5 9.34E-01 1-135

KE-135M



Calculation No. WBNTSR-008 I Rev: 11 I Plant: WBN I Page: 53

Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: j:cc I Date: ( ('('C
Generator Tube Rupture Checked: qct(_ Date: , Q- t

9-APR-2001 10:48:39.98
TENNESSEE VALLEY AUTHORITY

WATTS BAR NUCLEAR PLANT

SAMPLE TITLE : U1 - RCS - DEGASSED LIQUID ACTIVITY
FILE IDENT : DKBS600:[TVA.SANPLE.CBUl.NEW]W0104095766_C402.CNF;1

SAMPLE ID W0104095766 C402 * OPERATOR : WNCLONTZ
SAMPLE TINE : 9-APR-2001 U8:20: * SAMPLE GEOMETRY : 65NL

* SLF aw EIGT : 1
* EFFICIENCY FILE : 65NL1

SAMPLE TYPE : RCS 65NL BOTTLE * SAMPLE QUANTITY : 1.581003+01 GRAMS

ACQ DATE & TINE s 9-APR-2001 09:45: * DEADTINE (%) : 4.6%
PRESET LIVE TIME 0 01:00:00 * SENSITIVITY 4.00000
ELASPED REAL TINX 0 01;02:52 * GAUSSIAN SEN : 10.00000
ELAISED LIVE TINE : 0 01:0t00 * MER ITERATIONS : 10

DETECTOR :DET #4, GSS-3310 * LIBRARY : RCSLIOUID
EmIC CAL DATE : 19-JUL-2000 20:26 * EFFIC CERT DATE : 19-JUL-2000 20:26
DCAL DATE & TIME : 9-APR-2001 02:40, * ENERGY TOLER : 1.25
KEV/CUAN : 5.005163-01 * HALF LIFE RATIO : 8.00000
OFFSET : 1.44837E-01 keV * ABUNDANCE LIMIT : 80.0%
Q COEFFICIENT : -1.10914E-07 * CORRECTION FACTOR : 1.00000E+00
PEAK START CHAN : 140 * PEAK END CHAN : 4096

ANALYSES : PEAK V16.9 NID V3.3 MINACT V2.8 WMNEAN/KEY V1.8

COUNTED ON LO
COLLECTED BY
COUNTED BYREVIEWED BY 3COMMENTS C-- 7, 7 1 FQ&-3

Post-NID Peak Search Report

It Energy Area Bkgnd FWHK Channel Left Pw %Err Fit Nuclides

0 134.65 991 52495 0.82 268.75 266 7 38.5 W-187
1-134

0 249.78 2586 43764 1.22 498.80 496 7 13.6 XE-135
0 364.48 569 19365 0.96 728.04 726 6 39.0 1-131
0 405.26 542 12870 1.06 809.53 807 7 35.0 1-134
0 433.34 305 11020 0.97 865.66 863 7 57.4 1-134
0 462.88 898 11840 1.08 924.71 921 8 21.3 CS-138
0 478.53 2028 19343 2.93 955.98 948 13 14.3 BE-7

W-187
0 510.97 1460805 45497 2.66 1020.82 1013 18 0.1 F-18
0 522.71 1163 2480 1.33 1044.29 1041 8 8.0 1-132
2 526.52 1531 2060 1.17 1051.91 1048 16 5.5 9.34E-01 1-135

XE-135M
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Subject: Control Room Operator and Offslte Doses Due to a Steam Prepared: 1 i> Date: (-iv- f

Generator Tube Rupture Checked: IJ-tL Date: (q .i •0

MEORT NAME 1 QACECK (V10.4)
REPORT DATE 9_-PR-2001 10:48
REQUESTOR W:CLONTZ

PAGE 1

TENNES8EE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT

POST NID QA ANALYSIS

TITLE I P1 - RCS - DEGASSED LIQUID ACTIVITY

SAMPLE No. W010409S766 C402 OPERATOR NAME WNCLONTS
SAMPLE TOE : RCS 65ML BOTTLE SAMPLE GEOMETRY 65ML
COUNT TIME : 9-APR-2001 09:45:36. SAMPLE QUANTITY a 1.58100E+01
SAMPLE TIME a 9-APR-2001 08:20:00. DETECTOR a DET 84, GSS-3310
LIBRARY : RCSLIQUID

PEAK ENERGY DECAY CORR
ISOTOPE ENERGY DIP? (mEV) uCi/GRAU COMmiTS

F-18 511.00
NA-24 1368.53
MN-56 1810.69
CO-58 810.76
CO-60 1173.22
NB-95 765.79
1-131 364.48
1-132 667.69
1-133 529.87
1-134 847.03
1-135 1260.41
13-135 249.79
13-135W 526.56
CS-138 1435.86

AVG ENERGY DIrF -

-0.03
0.05
0.33
0.00
0.28
0.46
0.00
0.00
0.01

-0.04
-0.03
-0.02
-0.04
-0.20

0.06

1.116E-01
2.0601-03
2.088E-04
6.218E-04
2.7761-05
2.7941-05
3.8819-05
1.168E-03
6.105E-04
2.334E-03
1.158E-03
1.380E-04
1.972E-02
2.195E-03

1. 4192-01
1.1681-01
2.223E-03
2.9181-03
1.986E-02
5.307E-03

QA Results OK
QA Results OK
QA Results OR
QA Results O0
QA Results O0
QA Results OK
QA Results OK
OA Results OK
QA Results OX
QA Results OK
OA Results OK
QA Results OK
QA Results OK
QA Results OK

TOTAL GAMER ACTIVITY
Total DGL Activity
Total FP Activity
Total AP Activity
Total Gas Activity
Total HRN Activity

=

m

DOsG Equivalent Iodine-131 - 2.098E-04
Iodine 131/133 Ratio = 6.357E-02
Iodine 133/135 Ratio = 5.274E-01

134.65 KeV Peak was used in identifying
478.53 XeV Peak van used in identifying
526.52 ReV Peak was used In identifying
546.50 XeV Peak was used in identifying
766.25 XeV Peak was used In identifying
772.62 ReV Peak was used in identifying
810.76 XeV Peak was used in identifying
835.61 XeV Peak was used in identifying
846.98 KeV Peak was used in identifying

2
2
2
2
2
2
2
2
2

isotopes
isotopes
isotopes
isotopes
isotopes
isotopes
isotopes
isotopes
isotopes



Calculation No. WBNTSR-008 Rev: 11 Plant: WBN Page: 55

Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: L/ w3 Date: 1-(V' /V

Generator Tube Rupture Checked: x.Ai Date: k" '\0

Attachment 2: Maintenance Request Form A-482000

.- -'.•MA!NITENANCE REOUEST FORM-WA NUCt.EAR LANTSý'l A--.492u

"I
s-I

*AA3. - VVSA-!R~.Ii - M squipUVe? IDENTIFIER:

; 9 i; U PUNtcTIww svstem£0 S

EQUIP MENTWAMU:..

.equipMý1T.LOCATIONt: GU00 -r a L ASSIGNEDl TOs UL

COLUuM "%am__________ VEH ASE. INSTRIUMW*? OUTAZX O0felER

012tyxy ?A~$/JSA4.L A210,. AUfl- ZAMJWBZLtA -A =X/.0ACA1 452& 7%I1 ~AMW
1ATUJ~*Z.S-72MeA&J~ 'LI1- A-C &ZS ~

ORIGINATOR. Ai EXT: j4ý ~ I N

EM.:;4 OOLJ4IJHf. ALL. Nb .4jRUFQPT HIST~e I ~ ~ j .

C3 13 1 H t -

ST- AC~t V;Ie .1 -- A&5 .DO L ktftd -adz L~ -

J92"ýWOR 4,20 &1LK xrA. -AMTE P52 2Q*fkAor,"

WORK PERPO11AC, Zi - #jr t fl 1, Av in, 2.L. -I a JL E..YCC M1OR

CAUSF- (

VATIAL POCS..NT,..

575.)4S.A£S. .55.505.01.14a

FTS&4E5 . .- .

COMPLETE: ( ES) Cot ETEj4 COMPLETE: jQE REVIEW tcssc

FOAC./SKCc. 0E00.GAQAC .ATft OftERArIONS SECT. SIGNATURt j P OE SCNA¶IJRf

OA~g ATE! /2 / 8 ' 25 ATE - L-L.... OSTE
I I A



Calculation No. WBNTSR-008 Rev: 11 Plant. WBN Page: 56

Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: vt Date: 1- t' ,,

Generator Tube Rupture Checked: , Date: (.\4.

SMAINTENANCE .RE EST-ýFORPI-TVA NULER2
A S - UQ I W V f 0 O" C ? IO w C-. -. z w -~ J .A 0 I S g r

£QUIPMEI4TP4AMKp . -..., . I.I I I I I I I

AT Ei~ Dw F- lcaIyram I ADRS I S- Ill
JUIPMENT LOCAT11QN- L, ASSIG3XEDT~t.~- --

ID 1 M Lfj.Al.C cur M20(. MarC. I NoRU006T OUTACE OTMWst

EA&L~ua~wiTO# -6.

woRI~ft6Quay ~ A rpf.t: -. : . . . .

ORIGINATOR- E t ~ 'HXT, ., SE1 3CTION~- -~ -.- L-ýSUPV. INITALS:,-~~

PRIORITY-: . PP1ABLZLCO TItCI. - (wmA Ry I.

ISIPM. 
LASS ItN 

ROMOT. 
HIST

0 ~ ~ TIME LIMIT: -A R 1 0 VI.0NQ YES[] No C
WORK INSTRUCTIONS (I'401.UOING L
APPLICAGLIMAkT INSTftUCTONSg- ~ ,~. . 5-f. ..

e.l A 4.- -f .7-

1,F-

I

INSTNUCTIONSIPOST MAN?.-

1PRE-WORKJQ&-PEVEW(cssCOg..Y1 WOR CRE SIZE: IjJ¶QTAL ESTIMATECI

:.: .~ 2 -MANHOURS:

IMSP. SUPV. SIGNAI'4t1 D4?! Oe Q5 IGMATIru I Oj 3SR lJWeSA~r-.TY IAUMNG (tge FL-,,#TrVA 943M :n WCrK/.VK:ZAýION;

PQNI! SGATR US. SUVK. staNATuS-DT OSAIN SSCT. SIONA-VRE

*1 --
x.,~ a

/ I ,'tic6 3/5-T;/~7



Calculation No. WBNTSR-008 Rev: 11 Plant: WBN Page: 57

Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: t c,!2 Date: t-i1.,0

Generator Tube Rupture Checked: , Date: L IL\.D

- - - Ar-.2
' * AppuidizN

Pags .of 1

-iis. for, is. a..so.use. to. . aintais. . traceabilit. r. o. ,•* Le l. r & I? eqipi t e--
wbel .CONOtsL ar& wd mef•. location to. , ther.

Pag. .-L of_/.

INAME 
-

C ZC

0 FC.O 3)__ _ _ _ _ _ _

0 FCQj 31 /A-A8' .~

o FCc -3L 1~ 7-AI

o FCV0 3 12A.'___ ___

0 FcV 31L3 7-A' 'n

0 c CC ~L '>iiI



tion No. WBNTSR-008 Rev: *1 Plant:Control Room Operator and Offsite Doses Due to a Steam Prepared:
Generator Tube Rupture Checked:

-0'7 -

egig 98V, r/OAQ
PAn Ofoi.

p)CON/VCt .3 6"r' si .cggs.- FA-r 2-P1- P.. 8

NMC& A/iLk A-A 6-&8& ON/jVZ

SA094 4. ON'~

-'FCV-.37j .Lt OPEN

FCOV-31-/ liwIZJ5

*Fco- J1-10 Ofr /? AfV
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Fco-Jl-?A -
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-- FCV--31-.Z>V . .. - . _: -.-. MAI -



7 Calculation No. WBNTSR-0O8 
Rev: ii Plant WBNSubject: Controi Room Operator and Offsite Doses Due to a Steam Prepared:

tGenerator Tube Rupture Checked: Ow

s..' omrs~~wrr~-no'a..Zjo3J..

: .-7 L"" • " . 1  CR *.~ .)-' A

.. -. ° _

I FiCQT -31-17v -Rza.IPS3-71
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* -- ) 57~~~coE7--
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Calculation No. WBNTSR-M I Rev: 11 1 Plant: WBN I Page: 60 1
Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: (;a Date: /., 0

Generator Tube Rupture Checked: 1 AL- Date: • . io

-7;. g%~ CZ r. &
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mn No. WBNTSR-008 I 'v
Control Room Operator and Offste Doses Due to a Steam
Generator Tube Rupture Checked:
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Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: rq.4 I Date: f,,
Generator Tube Rupture Checked. RIN: I Date: (t ,Ic
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Subject: Control Room Operator and Offslte Doses Due to a Steam Prepared: (,,S Date: -(V.,o

Generator Tube Rupture Checked: Mk. Date: -. ' ID
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Subject: Control Room Operator and Offslte Doses Due to a Steam Prepared: A v> Date:
Generator Tube Rupture Checked: 5", Date: .-L \
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Calculation No. WBNTSR-008 Rev: II Plant- WBN age: 66
Subject: Control Room Operator and Offsite Doses Due to a Steam Prepared: p Date: , w I

Generator Tube Rupture Checked: . Date: (,'• .
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Attachment 4

FENCDOSE Run

TSR8F 11Aout.txt

Time Dependent Releases
21 uCi/g 1-131 equivalent preaccident Iodine

spiking case
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TSR8F11Aout.txt
I*-131 I*-132 I*-133 1*-134 I*-135 H-3
T
.141E-3 .668E-4 .459E-4
STEAM GENERATER TUBE RUPTI
TIME TO 133.6 SEC

4 'ENVIRONMENT
1 O.OOOE+0O 2
6 O.OOOE+00 7

11 1.259E+01 12
16 2.779E+01 17
21 O.OOOE+00 22

STEAM GENERATER TUBE RUPTI
TIME TO 2 HOUR

4 'ENVIRONMENT
1 0.OOOE+00 2
6 0.OOOE+00 7

11 9.751E+02 12
16 1.796E+02 17
21 O.OOOE+00 22

STEAM GENERATER TUBE RUPTI
TIME TO 8 HOUR

4 'ENVIRONMENT
1 0.OOOE+00 2
6 0.OOOE+00 7

11 3.507E+02 12
16 5.361E-01 17
21 0.OOOE+00 22

.204E-4 .635E-5 6.07E-4

WBN SGTR
TIME TO 1 DAY

-6 'ENVIRONMENT
1 0.O00E+00
6 0.OOOE+00

11 O.OOOE+00
16 O.OOOE+00
21 O.OOOE+0O

WBN SGTR
TIME TO 4 DAYS

-6 'ENVIRONMENT
1 0.OOOE+00
6 0.OOOE+00

11 O.OOOE+0O
16 O.OOOE+00
21 O.OOOE+00

WBN SGTR
TIME TO 30 DAYS

-6 'ENVIRONMENT
1 O.OOOE+00
6 O.OOOE+O0

11 O.OOOE+00
16 0.OOOE+00
21 O.OOOE+00

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

URE ACCIDENT

2.364E+00
9.090E+00
1.622E+00
2.173E+01
0.000E+00

URE ACCIDENT

1.462E+02
6.593E+02
1.538E+01
1.778E+02
0.O00E+00

URE ACCIDENT

2.348E+01
1.820E+02
6.510E-03
6.088E+00
O.000E+00

CURIES
0.O00E+00
0.O00E+00
O.O00E+00
O.000E+00
O.000E+00

CURIES
0.O00E+00
0.O00E+00
O.O00E+00
O.000E+00
O.000E+00

CURIES
0.O00E+00
O.O00E+00
0.000E+00
0.000E+00
O.OOOE+00

3
8

13
18
23

3
8

13
18
23

3
8

13
18
23

3
8

13
18
23

3
8

13
18
23

3
8

13
18
23

I

$ TN= 0.2000E+01
2.689E+02 4 9.306E+01
7.176E+01 9 2.548E+03
3.186E+01 14 1.328E+02
O.OOOE+00 19 O.OOOE+00
3.434E+03

$ TN= 0.8000E+01
7.488E+01 4 4.758E+00
1.948E+01 9 7.039E+02
1.752E+00 14 1.990E+00
O.OOOE+00 19 O.OOOE+00
9.564E+02

$ TN= 0.2400E+02
O.OOOE+00 4 0.OOOE+00
O.OOOE+00 9 0.OOOE+00
O.OOOE+00 14 O.OOOE+00
O.OOOE+00 19 O.OOOE+00
O.000E+00

$ TN= 0.9600E+02
0.OOOE+00 4 0.OOOE+00
0.OOOE+00 9 0.OOOE+00
O.OOOE+00 14 O.OOOE+00
O.OOOE+00 19 O.OOOE+00
O.O00E+00

$ TN= 0.7200E+03
O.OOOE+00 4 0.OOOE+00
O.OOOE+00 9 0.OOOE+00
0.OOOE+00 14 0.OOOE+00
O.OOOE+00 19 0.OOOE+00
30.000E+00

$ TN= 0.
3.697E+00
9.963E-01
3. 742E+00
0.000 E+00
4. 712E+01

3711E-01
4 2.196E+00
9 3.516E+01

14 1.747E+01
19 0.OOOE+00

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

4. 135E+00
2.085E+00
1. 168E+01
0. OOOE+00

2.328E+02
2. 783E+02
9.824E+01
0. OOOE+00

2. 765E+01
1.003E+02
4.681E+00
0. OOOE+00

0. OOOE+00
0. OOOE+00
0.000 E+00
0.000 E+00

0. OOOE+00
0. OOOE+00
0.O000E+00
0.O000E+00

0.000 E+00
0.000 E+00
0.000 E+00
0.000 E+00

+ 4- + + + + + +

1
0
0
0
0

PROGRAM FENCDOSE
REVISION NUMBER:5

REVISION DATE: 31 JUL 2009
TODAY IS: 01/11/10

STARTING TIME IS: 18:22:00
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1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
1*-131
I*-132
1*-133
I*-134
I*-135
H-3

GAMMA ENERGY
(MEV/DIS)
0.0025
0.1586
0.0022
0.7928
1.9629
2.0837
0. 0201
0. 0416
0. 0454
0. 4318
0. 2470
1.1830
0. 3810
2. 3332
0. 6100
2.5928
1.5802
0. 3810
2. 3332
0. 6100
2. 5928
1 5802
0.0000

TSR8F11AoUt.tXt
BETA ENERGY

(MEV/DIS)
0. 0371
0. 2529
0. 2506
1. 3237
0. 3750
1. 2310
0. 1428
0. 1898
0. 1354
0. 0950
0. 3168
0. 6058
0.1943
0.5143
0. 4080
0. 6102
0.3680
0. 1943
0.5143
0. 4080
0. 6102
0. 3680
0.0057

OCHI/Q
1.410E-04
6.070E-04

6. 680E-05 4.590E-05 2.040E-05 6.350E-06

1
OSTEAM GENERATER TUBE RUPTURE ACCIDENT

TIME TO 133.6 SEC
COMPONENT
1ISOTOPE

4 ENVIRONMENT , TIME = 0.

KRM-83 O.OOOOE+00
KRM-85 0.2364E+01
KR-85 0.3697E+01
KR-87 0.2196E+01
KR-88 0.4135E+01
KR-89 O.OOOOE+00
XEM-131 0.9090E+01
XEM-133 0.9963E+00
XE-133 0.3516E+02
XEM-135 0.2085E+01
XE-135 0.1259E+02
XE-138 0.1622E+01
1-131 0.3742E+01
1-132 0.1747E+02
1-133 0.1168E+02
1-134 0.2779E+02
1-135 0.2173E+02
I*-131 0.OOOOE+00
I*-132 0.OOOOE+00
I*-133 O.OOOOE+00
I*-134 0.OOOOE+00
I*-135 0.OOOOE+00
H-3 0.4712E+02

OSTEAM GENERATER TUBE RUPTURE ACCIDENT
TIME TO 2 HOUR
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COMPONENT
1ISOTOPE

4 ENVIRONMENT
TSR8F11Aout.txt

, TIME = 2.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

0.OOOOE+00
0. 1462E+03
0.2689E+03
0.9306E+02
0.2328E+03
0.0000E+00
0.6593E+03
0.7176E+02
0.2548E+04
0.2783E+03
0.9751E+03
0. 1538E+02
0. 3186E+02
0.1328E+03
0.9824E+02
0.1796E+03
0.1778E+03
0.O000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.OOOOE+00
0.3434E+04

OSTEAM GENERATER TUBE RUPTURE ACCIDENT
TIME TO 8 HOUR
COM PON ENT
1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN SGTR
TIME TO 1
COMPONENT
IISOTOPE

4 ENVIRONMENT . TIME = 8.

0.0000E+00
0.2348E+02
0.7488E+02
0.4758E+01
0.2765E+02
O.O0000E+0
0. 1820E+03
0. 1948E+02
0.7039E+03
0. 1003E+03
0.3507E+03
0.6510E-02
0. 1752E+01
0. 1990E+01
0. 4681E+01
0. 5361E+00
0. 6088E+01
0.0000E+00
O.O000E+00
O.O000E+00
O.O000E+00
0.O000E+00
0.9564E+03

DAY
6 ENVIRONMENT CURIES , TIME = 24.

KRM-83
KRM-85
KR-85
KR-87

O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00

Page 5



TSR8F11Aout.txt
KR-88 O.OOOOE+O0
KR-89 O.OOOOE+0O
XEM-131 0.OOOOE+00
XEM-133 0.OOOOE+00
XE-133 O.OOOOE+00
XEM-135 0.OOOOE+00
XE-135 O.OOOOE+00
XE-138 0.OOOOE+00
1-131 O.OOOOE+00
1-132 O.OOOOE+00
1-133 O.OOOOE+0O
1-134 0.OOOOE+00
1-135 O.OOOOE+00
I*-131 0.OOOOE+00
I*-132 0.OOOOE+00
I*-133 O.OOOOE+00
I*-134 0.OOOOE+O0
I*-135 0.OOOOE+00
H-3 0.OOOOE+00

OWBN SGTR
TIME TO 4 DAYS
COMPONENT 6 ENVIRONMENT
1ISOTOPE

CURIES , TIME = 96.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN SGTR
TIME TO 30
COMPONENT
1ISOTOPE

O.O000E+00
O.OOOOE+00
0.OOOOE+00
O.0000E+00
O.0000E+00
O.0000E+00
O.0000E+00
O.O000E+00
O.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
OO0000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00

DAYS
6 ENVIRONMENT CURIES , TIME =720.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135

O.O000E+00
O.O000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
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TSR8F11AOUt.txt
XE-138
1-131
1-132
1-133
1-134
1-135
1*-131
I*-132
1*-133
I*-134
I*-135
H-3

O.0000E+00
O.O000E+O0
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+O0
0.OOOOE+00
0.OOOOE+00

1INPUT CONCENTRATION
KRM-83 O.OOOOE+00
KRM-85 1.4856E+02
KR-85 2.7260E+02
KR-87 9.5256E+01
KR-88 2.3693E+02
KR-89 O.OOOOE+00
XEM-131 6.6839E+02
XEM-133 7.2756E+01
XE-133 2.5832E+03
XEM-135 2.8038E+02
XE-135 9.8769E+02
XE-138 1.7002E+01
1-131 3.5602E+01
1-132 1.5027E+02
1-133 1.0992E+02
1-134 2.0739E+02
1-135 1.9953E+02
1*-131 0.OOOOE+00
I*-132 0.OOOOE+00
I*-133 0.OOOOE+00
I*-134 0.OOOOE+00
I*-135 0.OOOOE+00
H-3 3.4811E+03

O.O000E+00
2. 3480E+01
7.4880E+01
4.7580E+00
2.7650E+01
O.OOOOE+00
1.8200E+02
1.9480E+01
7.0390E+02
1.0030E+02
3.5070E+02
6. 5100E-03
1.7520E+00
1.9900E+00
4.6810E+00
5.3610E-01
6.0880E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
9. 5640E+02

0.0000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0. OOOOE+00
0. OOOOE+00
0.OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0. OOOOE+00
0.OOOOE+00
0. OOOOE+00
0. OOOOE+00

O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.OOOOE+00
0. OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00

O.0000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0.OOOOE+00
0.OOOOE+00
0 OOOOE+00
0.0000E+00
0.0000E+O0
0.0000E+00
0.0000E+00
0. OOOOE+00

1WBN SGTR

OGAMMA DOSE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE
2-HR EAB

1 KRM-83
O.O00E+O0

2 KRM-85
3.576E-03

3 KR-85
9.143E-05

4 KR-87
1.146E-02

5 KR-88
7.058E-02

6 KR-89
O.O00E+0O

7 XEM-131
2.034E-03

8 XEM-133

0-2 HRS 2-8 HRS 8-24 HRS 1-4 DAYS 4-30 DAYS

O.OOOE+00 0.OOOE+00 0.OOOE+00

8. 307E-04

2.124E-05

2. 662E-03

1. 639E-02

6.220E-05 O.OOOE+O0

2.764E-06 0.OOOE+00

6. 300E-05 O.OOOE+00

9.064E-04 O.OOOE+00

0. OOOE+0O

0.000 E+O0

0.O000E+00

0.O000E+O0

0.OOOE+00

0. OOOE+0O

0.O000E+O0

0.O000E+00

0.000 E+O0

0.000 E+00

0. OOOE+00

0. OOOE+0O

0.000 E+O0

0.000 E+O0

0.000 E+O0

0.O000E+00

O.OOOE+00 0.OOOE+00 O.OOOE+0O

4.726E-04

1. 066E-04

6.096E-05 O.OOOE±O0

1.352E-05 O.OOOE+00
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TSR8F11AOUt.txt
4.588E-04

9 XE-133
1. 779E-02

10 XEM-135
1.837E-02

11 XE-135
3. 701E-02

12 XE-138
3.052E-03

13 1-131
2.058E-03

14 1-132
5.321E-02

15 1-133
1.017E-02

16 1-134
8.160E-02

17 1-135
4.785E-02

18 I*-131
0.O000E+00

19 I*-132
0.O000E+O0

20 I*-133
0. OOOE+00

21 I*-134
0. OOOE+00

22 I*-135
0.O000E+00

23 H-3
0.O000E+00

TOTAL
3.593E-01
OBETA DOSE FOR EACH

ID ISOTOPE
2-HR EAB

1 KRM-83
O.OOOE+00

2 KRM-85
5.245E-03

3 KR-85
9.537E-03

4 KR-87
1.760E-02

5 KR-88
1.240E-02

6 KR-89
O.O00E+00

7 XEM-131.
1.333E-02

8 XEM-133
1.928E-03

9 XE-133
4.883E-02

10 XEM-135
3.719E-03

11 XE-135
4.368E-02

12 XE-138

4. 133E-03

4.267E-03

8. 598E-03

7.090E-04

4.781E-04

1. 236E-02

2. 363E-03

1.895E-02

1. 111E-02

0.O000E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

8.346E-02

ISOTOPE AND

0-2 HRS

O.O00E+00

1.218E-03

2.215E-03

4.089E-03

2.881E-03

0.OOOE+00

3.095E-03

4.478E-04

1.134E-02

8.638E-04

1.015E-02

3.340E-04

5. 335E-04

7.232E-04

1.446E-03

1. 286E-07

1. 115E-05

7. 754E-05

4. 768E-05

2. 321E-05

1. 607E-04

0. OOOE+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0. 000E+00

0. O00E+00

4. 132E-03

TIME PERIOD

2-8 HRS

0.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0.000 E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

(REM)

8-24 HRS

0.OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.000 E+00

0.1000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.OOOE+00

0.000 E+00

0.000 E+00

0.O000E+00

0.000 E+00

o.O000E+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0. OOOE-i00

0.O000E+00

0. OOOE+00

1-4 DAYS 4-30 DAYS

O.OOOE+00 O.O00E+00

9.123E-05 O.OOOE+00

2.883E-04 0.OOOE+00

9.676E-05 0.OOOE+00

1.593E-04 0.OOOE+00

O.OOOE+00 0.OOOE+00

3.993E-04 0. OOOE+00

5.681E-05 0.OOOE+00

1.464E-03 0.OOOE+00

1.464E-04 0.OOOE+00

1.707E-03 0.OOOE+00

6.059E-08 0.OOOE+00
Page 8

0.000 E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0.OOOE+00

0. OOOE+00

0.OOOE+00

0. 0010E+00

0. OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0.O000E+00

0.000 E+00

0.000 E+00



TSR8F11Aout.txt
1.438E-03

13 1-131
9.657E-04

14 1-132
1.079E-02

15 1-133
6.261E-03

16 1-134
1. 767E-02

17 1-135
1.025E-02

18 I*-131
0.O000E+00

19 I*-132
0.O000E+O0

20 I*-133
0. OOOE+00

21 I*-134
0. OOOE+00

22 I*-135
0.OOOE+00

23 H-3
2.760E-03

2. 243E-04

2. 506E-03

1.454E-03

4. 104E-03

2. 381E-03

0. O00E+00

0. O00E+00

0. O00E+00

0. O00E+00

0. OOOE+00

6.412E-04

5. 230E-06

1. 572E-05

2.934E-05

5.026E-06

3.442E-05

0.O000E+00

0.000 E+00

0.O000E+00

0.O000E+00

0.O000E+00

8.346E-05

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0. OOOE+00

TOTAL
2.064E-01
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
1.110E+01

2 1-132
1.693E+00

3 1-133
9.261E+00

4 1-134
1.092E+00

5 1-135
5.211E+00

6 I*-131
O.O00E+00

7 I*-132
0.OOOE+00

8 I*-133
O.OOOE+00

9 I*-134
O.O00E+00

10 I*-135
O.O00E+00

TOTAL
2.836E+01
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
8.099E+00

4.795E-02 4.583E-03

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

2.578E+00

3.933E-01

2.151E+00

2. 537E-01

1. 211E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.OOOE+00

0.OOOE+00

6.587E+00

6.01OE-02

2.468E-03

4. 340E-02

3.107E-04

1. 750E-02

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

1.238E-01

0.O000E+00

PERIOD (REM)

8-24 HRS

0.OOOE+00

0.000E+O0

0.000E+O0

0.000E+O0

0. OOOE+O0

0. OOOE+0O

0.000E+O0

0.000E+00

0.000E+0O

0.OOOE+00

O.O00E+00

PERIOD (REM)

8-24 HRS

0.000 E+O0

(ICRP 2 DATA

1-4 DAYS

O.OOOE+0O

O.000E+O0

O.000E+0O

O.OOOE+00

O.OOOE+O0

O.000E+O0

O.000E+O0

O.000E+00

O.OOOE+O0

0.OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.OOOE+00

4-30 DAYS

0. OOOE+00

0. OOOE+00

0.000 E+00

0. 000E+00

0.000 E+00

0.OOOE+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.OOOE+00

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

1.881E+00 4.386E-02

O.000E+O0 O.OOOE+00

(ICRP 30 DATA)

1-4 DAYS 4-30 DAYS

0.OOOE+00 0.OOOE+00 0.OOOE+00
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TSR8F11AoUt. txt
2.971E-04 0.OOOE+O02 1-132

2 .038E-01
3 1-133

4. 167E+00
4 1-134

4. 674E-02
5 1-135

1. 315E+00
6 I*-131

0. 000E+00
7 I*-132

0. 000E+00
8 I*-133

0. 000E+00
9 I*-134

0. OOOE+00
10 I*-135

0. OOOE+00

4. 735E-02

9.681E-01

1.086E-02

3.056E-01

0.000 E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

1.953E-02

1. 330E-05

4.417E-03

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.000 E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O00 E+00

0.OOOE+00

0. OOOE+00

0. 000E+00

0. O00E+00

0. OOOE+00

0. 000E+00

0. O00E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00TOTAL 3.213E+00 6.812E-02
1.383E+01
OAT 2 HOUR EXCLUSION AREA BOUNDARY (EAB)

TOTAL GAMMA DOSE = 3.593E-01 REM
TOTAL BETA DOSE = 2.064E-01 REM
TOTAL
TOTAL

OAT 30

TOTAL
TOTAL
TOTAL
TOTAL

KRM
KRM
KRM
KRM
KRM
KRM

INHALATION DOSE (ICRP-2) = 2.836E+01 REM
INHALATION DOSE (ICRP-30) = 1.383E+01 REM

DAY LPZ BOUNDARY

GAMMA DOSE = 8.760E-02 REM
BETA DOSE = 5.253E-02 REM
INHALATION DOSE (ICRP-2) = 6.711E+00 REM
INHALATION DOSE (ICRP-30) = 3.281E+00 REM

83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY., ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.

1WBN SGTR

OTEDE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE 0-2 HRS 2-8 HRS
2-HR EAB

1 KRM-83 O.OOOE+00 O.OOOE+O0
O.OOOE+00

2 KRM-85 5.411E-04 4.052E-05
2.330E-03

3 KR-85 1.388E-05 1.806E-06
5.975E-05

4 KR-87 1.903E-03 4.503E-05
8.191E-03

5 KR-88 1.206E-02 6.670E-04

8-24 HRS 1-4 DAYS 4-30 DAYS

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00
LO

0.000 E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00
Page ]



TSR8F11AoUt.txt
5.193E-02

6 KR-89
0.O000E+00

7 XEM-131
5. 522E-04

8 XEM-133
2.085E-04

9 XE-133
8. 711E-03

10 XEM-135
1. 182E-02

11 XE-135
2. 331E-02

12 XE-138
2. 064E-03

13 1-131
3. 182E-01

14 1-132
1. 242E-01

15 1-133
2. 780E-01

16 1-134
1.084E-01

17 1-135
2. 725E-01

18 I*-131
0.O000E+00

19 I*-132
0.O000E+00

20 1*-133
0. OOOE+00

21 I*-134
0. OOOE+00

22 I*-135
0.O000E+00

23 H-3
4. 520E-02

TOTAL
1.256E+00

0. OOOE+00

1. 283E-04

4.844E-05

2. 023E-03

2. 745E-03

5.416E-03

4. 795E-04

7. 390E-02

2. 884E-02

6.458E-02

2. 518E-02

6. 330E-02

0.OOOE+00

0.O000E+00

0.O000E+00

0.000 E+00

0.OOOE+00

1.050E-02

2.917E-01

0.O000E+00

1. 655E-05

6.145E-06

2. 612E-04

4.653E-04

9.11OE-04

8.697E-08

1. 723E-03

1. 809E-04

1. 303E-03

3.084E-05

9. 150E-04

0. O00E+00

0. O00E+00

0. OOOE+00

0. O00E+00

0. 000E+00

1. 366E-03

7.934E-03

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.000 E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0. 000E+00

0. OOOE+00

0. O00E+00

0. 000E+00

0. OOOE+00

0. O00E+00

0. O00E+00

0.OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.000 E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0. O00E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

TOTAL TEDE = 2.996E-01
OTHIS RUN IS DATED 01/11/10. THE TOTAL ELAPSED TIME IS 0.0 MINUTES. 0.0 SECONDS.
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Attachment 5

FENCDOSE Run

TSR8FBout.txt

Time Dependent Releases
0.265 uCi/g 1-131 equivalent accident initiate

Iodine spike case



TSR8F11BOUt.txt
1
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FF EE
SS EE

FF
EE

FFFFFFFF
SSSSSSSSS EEEEEEEE

FFFFFFFF
SSSSSSSSS EEEEEEEE

FF
SS EE
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NNNN NN
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TSR8F11Bout.txt
IIIIII NN NN 999999ww ww

QQQQQQ Q AA AA
555555 NN NN

11
00000

00000
0000000

0000000ill

1
00 00

11l 00 00
00 00

11 00 00
00 00

11 00 00
00 00

11 00 00
00 00

11 00 00
00 00

11 00 00
0000000

111111 0000000

11 //
111 //

1111 //

11 //

11 //

11 //

11 //

11 //

111111 //

111111 /

111

1111

11

11

11

11

11

111111

111111

222222

111

1111

11

11

11

11

11

//
//

//

/-

//

/-

//

11 11 //

I
111111 II1
111111 /00000

00000iiiiii

222222

22222222

22 33

22

2222222

2222222

33

2222222222

2222222222

11
333333

111
33333333
1111

33

888888 222222

88888888 22222222 22222222

88 88 22 22 22 22 22

11 88 88 22
33

11
3333311

33333
ii

33
1*1

33

111111
33333333

111111
333333

88888888

88888888

2222222

2222222

22

2222222

2222222

88 88 22

88 88 22

22

22

: . 22

:: 22

88888888 2222222222

2222222222

2222222222

2222222222888888

1

1
REPRODUCTION OF INPUT DATA DECK

+ + + + + + + +

1
KRM-83
KR-87
XEM-131
1-131

KRM-85
KR-88
XEM-133
1-132

KR-85
KR-89
XE-133 XEM-135
1-133 1-134

XE-135 XE-138
1-135
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TSR8F11BOut.txt
1*-131 1*-132 1*-133 1*-134 1*-135 H-3
T

.141E-3 .668E-4 .45
STEAM GENERATER TUBE
TIME TO 133.6 SEC

4 'ENVIRONMENT
1 O.OOOE+00
6 O.OOOE+00

11 1.254E+01
16 5.915E+00
21 0.OOOE+00

STEAM GENERATER TUBE
TIME TO 2 HOUR

4 'ENVIRONMENT
1 0.OOOE+00
6 0.000E+00

11 9.328E+02
16 4.100E+02
21 0.OOOE+00

STEAM GENERATER TUBE
TIME TO 8 HOUR

4 'ENVIRONMENT
1 0.O00E+00
6 0.O00E+00

11 3.663E+02
16 4.067E+00
21 0.OOOE+00

WBN SGTR
TIME TO 1 DAY

-6 'ENVIRONMENT
1 0.O00E+O0
6 0.O00E+00

11 0.O00E+00
16 0.O00E+O0
21 0.000E+00

WBN SGTR
TIME TO 4 DAYS

-6 'ENVIRONMENT
1 0.O00E+00
6 0.O00E+00

11 0.O00E+00
16 0.O00E+00
21 0.000E+00

WBN SGTR
TIME TO 30 DAYS

-6 'ENVIRONMENT
1 O.OOOE+O0
6 0.O00E+00

11 0.O00E+O0
16 0.OOOE+O0
21 O.OOOE+00

9E-4 .204E-4 .635E-5 6.07E-4
RUPTURE ACCIDENT

2 2.364E+00
7 9.090E+00

12 1.622E+00
17 1.328E+00
22 O.000E+00

RUPTURE ACCIDENT

2 1.462E+02
7 6.593E+02

12 1.538E+01
17 9.531E+01
22 0.OOOE+00

RUPTURE ACCIDENT

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

2. 348E+01
1.820E+02
6. 510E-03
7.417E+00
0. OOOE+0O

CURIES
0.000 E+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0.000 E+00

CURIES
0.OOOE+00
0. OOOE+00
O. OOOE+00
0.O000E+00
0.O000E+O0

CURIES
0.OOOE+00
0. OOOE+00
0.O000E+00
0.O000E+00
0.000 E+00

$ TN= 0.3711E-01
3 3.697E+00 4 2.196E+00
8 9.962E-01 9 3.516E+01

13 1.460E-01 14 1.831E+00
18 O.OOOE+00 19 O.OOOE+00
23 4.712E+01

$ TN= 0.2000E+01
3 2.689E+02 4 9.306E+01
8 7.160E+01 9 2.545E+03

13 9.456E+00 14 1.356E+02
18 0.OOOE+00 19 O.OOOE+0O
23 3.434E+03

$ TN= 0.8000E+01
3 7.488E+01 4 4.758E+00
8 1.934E+01 9 7.013E+02

13 1.187E+00 14 5.062E+00
18 O.OOOE+00 19 O.OOOE+00
23 9.564E+02

$ TN= 0.2400E+02
3 0.OOOE+00 4 0.OOOE+00
8 0.OOOE+00 9 0.OOOE+00

13 0.OOOE+00 14 O.OOOE+00
18 O.OOOE+O0 19 O.OOOE+O0
23 O.OOOE+00

$ TN= 0.9600E+02
3 0.OOOE+O0 4 0.OOOE+00
8 0.OOOE+00 9 0.OOOE+00

13 O.OOOE+00 14 O.OOOE+00
18 O.OOOE+00 19 O.OOOE+00
23 O.OOOE+00

$ TN= 0.7200E+03
3 0.OOOE+00 4 0.OOOE+00
8 0.OOOE+00 9 0.OOOE+00

13 0.OOOE+00 14 0.OOOE+00
18 0.OOOE+00 19 O.OOOE+00
23 0.OOOE+00

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

4. 135E+00
1. 778E+00
5 .307E-01
0.000 E+00

2. 328E+02
2.224E+02
3.597E+01
0.O000E+00

2. 765E+01
1.207E+02
3.866E+00
0. OOOE+00

0. OOOE+00
0.000 E+00
0.000 E+00
0. OOOE+O0

0.000 E+00
0.000 E+O0
0. OOOE+00
0. OOOE+00

0. OOOE+O0
O. OOOE+00
0. OOOE+00
0.O000E+00

+ + + + + + -+ +

1
0
0
0
0

PROGRAM FENCDOSE
REVISION NUMBER:5

REVISION DATE: 31 JUL 2009
TODAY IS: 01/11/10

STARTING TIME IS: 18:22:23
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1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

GAMMA ENERGY
(MEV/DIS)
0.0025
0.1586
0.0022
0.7928
1.9629
2.0837
0.0201
0.0416
0.0454
0.4318
0.2470
1.1830
0.3810
2.3332
0.6100
2.5928
1.5802
0.3810
2.3332
0.6100
2.5928
1.5802
0.0000

*TSR8F11BOUt.tXt
BETA ENERGY

(MEV/DIS)
0.0371
0.2529
0.2506
1.3237
0.3750
1.2310
0.1428
0.1898
0.1354
0.0950
0.3168
0.6058
0.1943
0.5143
0.4080
0.6102
0.3680
0.1943
0.5143
0.4080
0.6102
0.3680
0.0057

OCHI/Q
1.410E-04
6.070E-04

6.680E-05 4.590E-05 2.040E-05 6. 350E-06

1
OSTEAM GENERATER TUBE RUPTURE ACCIDENT

TIME TO 133.6 SEC
COMPONENT 4 ENVIRONMENT
1ISOTOPE

KRM-83 0.OOOOE+00
KRM-85 0.2364E+01
KR-85 0.3697E+01
KR-87 0.2196E+01
KR-88 0.4135E+01
KR-89 0.OOOOE+00
XEM-131 0. 9090E+01
XEM-133 0. 9962E+00
XE-133 0.3516E+02
XEM-135 0.1778E+01
XE-135 0.1254E+02
XE-138 0.1622E+01
1-131 0.1460E+00
1-132 0.1831E+01
1-133 0.5307E+00
1-134 0.5915E+01
1-135 0.1328E+01
I*-131 0.OOOOE+00
I*-132 0.OOOOE+00
I*-133 0.OOOOE+00
I*-134 0.OOOOE+00
I*-135 0.OOOOE+00
H-3 0.4712E+02

OSTEAM GENERATER TUBE RUPTURE ACCIDENT
TIME TO 2 HOUR

, TIME = 0.
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COMPONENT
1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
1*-132
I*-133
I*-134
I*-135
H-3

4 ENVIRONMENT
TSR8F11BoUt.txt

, TIME = 2.

o.OOOOE+00
0. 1462E+03
0.2689E+03
0.9306E+02
0.2328E+03
0.0000E+0
0.6593E+03
0. 7160E+02
0.2545E+04
0.2224E+03
0.9328E+03
0. 1538E+02
0.9456E+01
0. 1356E+03
0.3597E+02
0. 4100E+03
0. 9531E+02
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
0.3434E+04

OSTEAM GENERATER TUBE RUPTURE
TIME TO 8 HOUR

ACCIDENT

COM PON ENT
1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN SGTR
TIME TO 1
COMPONENT
1ISOTOPE

4 ENVIRONMENT , TIME = 8.

0.OOOOE+00
0.2348E+02
0.7488E+02
0.4758E+01
0.2765E+02
0.OOOOE+00
0.1820E+03
0.1934E+02
0.7013 E+03
0. 1207E+03
0.3663E+03
0. 6510E-02
0.1187E+01
0. 5062E+01
0.3866E+01
0.4067E+01
0. 7417E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.9564E+03

DAY
6 ENVIRONMENT CURIES , TIME = 24.

KRM-83
KRM-85
KR-85
KR-87

O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.OOOOE+00
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TSR8F11Bout.txt
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-13S
XE-138
1-131
1-132
1-133
1-134
1-135
1*-131
1*-132
I*-133
I*-134
I*-135
H-3

OWBN SGTR
TIME TO 4
COMPONENT
1ISOTOPE

O.0000E+O0
O.OOOOE+00
O.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.0000E+00
0.0000E+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
O.OOOOE+00
0.0000E+00

DAYS
6 ENVIRONMENT CURIES , TIME = 96.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN SGTR
TIME TO 30
COM PON ENT
1ISOTOPE

0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.OOOOE+00
0.0000E+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00

DAYS
6 ENVIRONMENT CURIES , TIME =720.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135

0.0000E+00
0.0000E+00
O.0000E+00
O.0000E+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.0000E+00
0.0000E+00
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TSR8F11BoUt.tXt
XE-138
1-131
1-132
1-133
1-134
1-135
1*-131
I*-132
I*-133
I*-134
I*-135
H-3

O.0000E+0O
0.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.0000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00

1INPUT CONCENTRATION
KRM-83 O.OOOOE+00
KRM-85 1.4856E+02
KR-85 2.7260E+02
KR-87 9.5256E+01
KR-88 2.3693E+02
KR-89 O.OOOOE+00
XEM-131 6.6839E+02
XEM-133 7.2596E+01
XE-133 2.5802E+03
XEM-135 2.2418E+02
XE-135 9.4534E+02
XE-138 1.7002E+01
1-131 9.6020E+00
1-132 1.3743E+02
1-133 3.6501E+01
1-134 4.1592E+02
1-135 9.6638E+01
I*-131 O.OOOOE+00
I*-132 O.OOOOE+00
I*-133 0.O000E+00
I*-134 O.OOOOE+00
I*-135 O.OOOOE+00
H-3 3.4811E+03

O.O000E+00
2. 3480E+01
7.4880E+01
4.7580E+00
2. 7650E+01
O.OOOOE+00
1.8200E+02
1.9340E+01
7.0130E+02
1.2070E+02
3.6630E+02
6. 5100E-03
1. 1870E+00
5.0620E+00
3.8660E+00
4.0670E+00
7.4170E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
9.5640E+02

O.O000E+00
O.O000E+00
O.O000E+00

,0.0000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
0.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
0.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.OOOOE+00

O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
0. OOOOE+00
0.OOOOE+00
0 OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0 OOOOE+00
0.0000E+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

1WBN SGTR

OGAMMA DOSE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID
2-HR EAB

ISOTOPE 0-2 HRS 2-8 HRS 8-24 HRS 1-4 DAYS 4-30 DAYS

1 KRM-83
0. OOOE+00

2 KRM-85
3. 576E-03

3 KR-85
9. 143E-05

4 KR-87
1. 146E-02

5 KR-88
7.058E-02

6 KR-89
0.OOOE+00

7 XEM-131
2.034E-03

8 XEM-133

O.OOOE+00 O.OOOE+00 O.OOOE+00

8.307E-04 6.220E-05 O.OOOE+00

2.124E-05 2.764E-06 O.OOOE+0O

2.662E-03 6.300E-05 O.OOOE+0O

1.639E-02 9.064E-04 O.OOOE+00

O.OOOE+00 O.OOOE+00 O.OOOE+00

4.726E-04 6.096E-05 O.OOOE+00

0. OOOE+00 0. 000E+00

O.OOOE+00 O.000E+00

O.000E+00 .OOOE+00

O.O00E+00 0.OOOE+00

O.O00E+00 0.OOOE+00

O.O00E+00 .OOOE+00

O.O00E+00 0.OOOE+00

1.064E-04 1.342E-05 O.OOOE+00
Page 7
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TSR8F11BOUt.tXt
4.578E-04

9 XE-133
1.777E-02

10 XEM-135
1.469E-02

11 XE-135
3. 543E-02

12 XE-138
3.052E-03

13 1-131
5. 551E-04

14 1-132
4.866E-02

15 1-133
3.379E-03

16 1-134
1.636E-01

17 1-135
2. 317E-02

18 I*-131
0.O000E+00

19 I*-132
0. OOOE+00

20 I*-133
0.O000E+00

21 I*-134
0.O000E+00

22 I*-135
0.O000E+00

23 H-3
0.OOOE+00

TOTAL
3.985E-01
OBETA DOSE FOR EACH

ID ISOTOPE
2-HR EAB

1 KRM-83
0.000E+00

2 KRM-85
5. 245E-03

3 KR-85
9. 537E-03

4 KR-87
1. 760E-02

5 KR-88
1. 240E-02

6 KR-89
0.000E+00

7 XEM-131
1. 333E-02

8 XEM-133
1.924E-03

9 XE-133
4.877E-02

10 XEM-135
2.973E-03

11 XE-135
4.181E-02

12 XE-138

4.128E-03

3.412E-03

8. 230E-03

7.090E-04

1.289E-04

1. 130E-02

7.848E-04

3.801E-02

5.383E-03

0.OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

9. 258E-02

ISOTOPE AND

0-2 HRS

O.O00E+00

1.218E-03

2.215E-03

4.089E-03

2. 881E-03

0.OOOE+00

3. 095E-03

4. 468E-04

1.133E-02

6.907E-04

9.712E-03

3.340E-04

5.315E-04

8. 703E-04

1. 511E-03

1.286E-07

7. 552E-06

1.972E-04

3.938E-05

1. 761E-04

1.957E-04

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. O00E+00

0. OOOE+00

0. 000E+00

0. O00E+00

0. OOOE+00

-0. O00E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.O000E+00

0.000 E+00

0.O000E+00

0. OOOE+00

0.000 E+00

0.O000E+00

0 O.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.OOOE+004.637E-

TIME PE

2-8 HR

0.OOO0E+

9.123E-

2.883E-

9.676E-

1. 593E-

0.OOOE+

3.993E-

5.640E-

1.459E-

1. 762E-

1. 783E-

6.059E-

03 O.OOOE+00

RIOD (REM)

.S 8-24 HRS

00 O.OOOE+00

05 O.OOOE+00

04 O.OOOE+00

05 O.OOOE+00

04 O.OOOE+00

00 O.OOOE+00

04 O.OOOE+00

05 0.OOOE+00

03 O.OOOE+00

04 O.OOOE+00

03 O.OOOE+00

08 O.OOOE+00
Page 8

1-4 DAYS 4-30 DAYS

0.O000E+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.OOOE+00

0. OOOE+00
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1.438E-03

13 1-131
2. 605E-04

14 1-132
9.868E-03

15 1-133
2.079E-03

16 1-134
3. 543E-02

17 1-135
4.965E-03

18 I*-131
0. OOOE+00

19 I*-132
0. OOOE+00

20 I*-133
0.OOOE+00

21 I*-134
0.O000E+O0

22 I*-135
0.000 E+00

23 H-3
2.760E-03

TOTAL
2.104E-01
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
2.993E+00

2 1-132
1.549E+00

3 1-133
3.075E+00

4 1-134
2.190E+00

5 1-135
2.524E+00

6 I*-131
O.OOOE+00

7 1*-132
O.O00E+00

8 I*-133
O.OOOE+00

9 I*-134
O.OOOE+00

10 I*-135
O.O00E+00

TOTAL
1.233E+01
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
2.184E+00

6.050E-05

2.292E-03

4.830E-04

8. 230E-03

1. 153E-03

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

6.412E-04

4.887E-02

3. 543E-06

4. OOOE-05

2.423E-05

3. 813E-05

4.194E-05

0. O00E+00

0. O00E+00

0.OOOE+00

0.O000E+00

0.000 E+00

8.346E-05

4. 741E-03

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.O000E+00

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

0.O000E+00

PERIOD (REM)

8-24 HRS

0. OOOE+00

(ICRP 2 DATA

1-4 DAYS

0. OOOE+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. OOOE+00

0.000 E+00

0.O000E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

4-30 DAYS

0. OOOE+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.O000E+00

6.953E-01

3. 597E-01

7. 143E-01

5.087E-01

5.863E-01

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

2.864E+00

4.072E-02

6. 277E-03

3.584E-02

2. 357E-03

2. 132E-02

0.000 E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O00E-+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. O00E+00

0. OOOE+00

-0. OOOE+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

1.065E-01 0.OOOE+00

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

5.074E-01 2.972E-02

PERIOD (REM)

8-24 HRS

O.O00E+00

O.OOOE+00 O.OOOE+00

(ICRP 30 DATA)

1-4 DAYS 4-30 DAYS

O.O00E+00 O.OOOE+00
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2 1-132

1. 864E-O1
3 1-133

1. 384E+00
4 1-134

9. 374E-02
5 1-135

6. 371E-01
6 I*-131

0.000 E+O0
7 I*-132

0.O000E+0O
8 I*-133

0. OOOE+0O
9 I*-134

0.O000E+00
10 I*-135

0.000 E+00

4. 330E-02

3.215E-Ol

2.177E-02

1. 480E-01

0.000 E+00

0.OOOE+00

0.000 E+00

0.000 E+00

0.OOOE+00

7. 556E-04

1.613E-02

1.009E-04

5. 381E-03

0.000 E+0O

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0 OOOE+00

0. 000E+00

0 OOOE+00

0. 000E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.OOOE+00

0.O000E+O0

0.000 E+00

0.000 E+O0

0.O000E+00

0.O00 E+O0

0.000 E+O0

0. OOOE+00

0.000 E+O0

0.000 E+0O

0.OOOE+00

0.000 E+00

0.OOOE+00

0.000 E+00

0.000 E+O0

0.000 E+00

0.000 E+00

0.OOOE+00

0.000 E+00

0.O00 E+00TOTAL 1.042E+00 5.208E-02
4.485E+00
OAT 2 HOUR EXCLUSION AREA BOUNDARY (EAB)

TOTAL GAMMA DOSE = 3.985E-01 REM
TOTAL BETA DOSE = 2.104E-01 REM
TOTAL INHALATION DOSE (ICRP-2) = 1.233E+01 REM
TOTAL INHALATION DOSE (ICRP-30) = 4.485E+00 REM

OAT 30 DAY LPZ BOUNDARY

TOTAL
TOTAL
TOTAL
TOTAL

KRM
KRM
KRM
KRM
KRM
KRM

GAMMA DOSE = 9.722E-02 REM
BETA DOSE = 5.361E-02 REM
INHALATION DOSE (ICRP-2) = 2.971E+00 REM
INHALATION DOSE (ICRP-30) = 1.094E+00 REM

83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.

1WBN SGTR

OTEDE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE 0-2 HRS 2-8 HRS
2-HR EAB

8-24 HRS 1-4 DAYS 4-30 DAYS

1 KRM-83
0.000 E+00

2 KRM-85
2. 330E-03

3 KR-85
5.975E-05

4 KR-87
8. 191E-03

5 KR-88

0.000 E+O0

5.411E-04

1. 388E-05

1. 903E-03

1. 206E-02

0.O000E+O0

4.052E-05

1. 806E-06

4. 503E-05

6.670E-04
Page

0.O000E+00

0. OOOE+O0

O.OOOE+00

0.O000E+00

0. OOOE+O0
10

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+O0

O.OOOE+00

0. OOOE+0O

0.000 E+O0
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5. 193E-02

6 KR-89
O.O00E+O0

7 XEM-131
5.522E-04

8 XEM-133
2.081E-04

9 XE-133
8. 701E-03

10 XEM-135
9.450E-03

11 XE-135
2.232E-02

12 XE-138
2.064E-03

13 1-131
8.581E-02

14 1-132
1. 135E-01

15 1-133
9. 232E-02

16 1-134
2.174E-01

17 1-135
1. 320E-01

18 I*-131
0.O000E+00

19 I*-132
0.O000E+00

20 I*-133
0.O000E+00

21 I*-134
0.O000E+00

22 I*-135
0.000 E+00

23 H-3
4. 520E-02

TOTAL
7.920E-01

0.OOOE+00

1. 283E-04

4.834E-05

2.021E-03

2.195E-03

5.184E-03

4.795E-04

1. 993E-02

2.638E-02

2. 144E-02

5.050E-02

3.066E-02

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

1.050E-02

1.840E-01

0.OOOE+00

1.655E-05

6. 101E-06

2. 603E-04

5.599E-04

9. 516E-04

8.697E-08

1. 167E-03

4.602E-04

1.076E-03

2. 339E-04

1. 115E-03

0. OOOE+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

1. 366E-03

7.968E-03

0. O00E+00

0. O00E+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+0O

0. OOOE+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0. oooE+00

0. OOOE+0O

0. OOOE+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

TOTAL TEDE = 1.920E-01
OTHIS RUN IS DATED 01/11/10. THE TOTAL ELAPSED TIME IS 0.0 MINUTES. 0.0 SECONDS.
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TVAN CALCULATION COVERSHEET/CCRIS UPDATE
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B26 890302 008 calculations nuclear) 8 3

Calc Title: Control Room Operator and Offsite Doses From a Fuel Handling Accident j.

CACI TYP -PAN BRNCH CURl~f .UREV~ ý

CURRENT. CN WBN .- NTB WBNTSR-009 RIO. . Rl1 REVISION APPLICABILITY,,,

NEW CN En II tire caI&' U

!'NoCCRISChanges
ACTION, NEW " DELETE 0 SUPERSEDE 0 CCRISUPDATE ONLY Q (For calc revision CCRIS

RENAMEISUPAT ONL (FI ULCAE :[". REVISION -IP een reviewed and no CCRIS

REVISON * RENAME 0iDUPLICATE 01(0. V. & Approval Signatures Not be eiwdadn CI
I R uired) changes requirid)`

A1t2 NA 'rNA
APPLICABLE DESIGN DOCUMENT(S• CLASSIFICATION'

QUALITY - SAFETY'RELATED? UNVERIFIED SPECIALREQUIREMENTS'AND/OR DESIGN OUTPUT I SAR/TS and/or ISFSI

RELA (If yes, OR = yes) ASSUMPTION LIMITING CONDITIONS? ATTACHMENT? SAR/CoC AFFECTED

Yes 11•1- ýNo•J YesE No. Yes 'ON,. "e1 "No EL. YesQ No _,-,es` ,iNo[]

PREPARER ID PREPARER PHONE NO .PREP RING ORG (BRANfH .H DESIGN VERIFICATION METHOD NEW METHOD OF ANALYSIS

MCBRG 75ký8122 NTBýK Designi Re(iew<, a Ys0o

PREPARER SIGNATURE, V' " -. DATE .':"CHECKERWSIGNATURE , : DATE

Marc •• Berg _ '. Douglas P. Pollock

DESIGNVERIFIER SIG.NATURE DATE APPROVAL SIGNATURE '- -. , DATE

Douglas... P., Pollok resA n•" -" L ai.... .. . "• •' # i; P • •? . ........ ..3. .

STATMEN OFPROBLEM/ABSTRACT .. >

Thiscalculation was performed todeterminethe dose to control room operators following a design basisfuel handling

accident (PHA). In addition, the offsite doses resulting froma design basis FkAwre also calculated. Base assumptions utilize

either Regulatory Guide 1.26 (Safety Guide 25) or Regulatory Guide 1.183 (Altbrnate Source Term) i)

The calculation considers aFHA occurring in containment vith activity. pýassing directly to the environment (no Purge

Filters) until isolation-in 12.7 seconds; a FHA in containment exhausting to the environment via Purge Filters, aFHA occurring

inthe~fuel handling area of the Auxiliary Building with 'activity pasingthrough the Auxiliary, Building Gas Treatment System

ifiltrs, and a FHA iroi:coýtainmiiiit with conta.inhationiimigrating, due to open penetrationsr.io'.the'AB after contain•nent

isolation and going t-hrough theABGTS. The FHA is assumed to occur atIQO hours after shutdowni "All of the other

assumptions used to calculate the actiityireleased are in accordance with Safey Guide 25 and NURGCR-51009. Ail of the

actiyity for the AB case is assumed to be released over" a' twohour time period per Safety Guide'25:."A set of newer:ca•sess are

performed using Regulatory Guide 1.183 ,(Alternate Source Term or AST) assurptions, .The AST calkulations determined the

doses:both with and without ABGTS filters. For AST, any containment FHA is boutided by the A. FHA with no'ABGTS filters.

The cýomiuter code STP was used to calculate~the actiiy released 'after a FHA.`The activity released to the environment

,.as determined by rSTP was input into the computerrcode COROD; The control room model used is identical to that described in

TI-RPS-198 except. that the containrment shine'is not'included. This calculation also'ponsiders the effectpof a 20.6 second.

unfiltered bypass flow due' to the finite closure tir.e of the;cohtrol r6om isolati6ndaanipers (14 see). nid instrument actuation

tim-e(6.6 sec). The activity released totthe environment'as determined by STP -as.also used as input to computer code-

FENCDOSE to calculate:the doses at the Site Boundary (SB)/Exclusion Area Boundary after 2'hours and at the Low Population

Zone,(.LPZ) bounidary after 30 days. The FENCDOSEmodel 6came from TI-RPS-197 .

1The control room operathr doses are below, the 10CFRS0 Appendix. A, GDC 19 limitsof5 rem gamma, 30 reinbeta, 30

rem thyrroid, and 10CFR50.67'linit- of 5 rem TEDE. The~offsite doses a're lessthan 251%ofthe 1'OCFR100 limiits of 25 rem

gamma, 300 rem beta, 300 ri~iix thyroid, and 100FR50.67 limit of 25 rem TEDE 6.2 ~'rem gamma~, 75 rem ~betathbyroid..anid'
6.25 rem TEDE).'

If tihe design basis of the plant is Regulatory Guide 1.25, then there axe several Special

Requir-emnenltsLimiting Conditions in this calcuilation (see main text). If the design ba~sis of the lant is

Regulatory Guide .1.183, then there are no'Speipýal-Requireýmenta/Uiniting Conditions.

This cilcultn diecl imacts FSAR T,ýable 15,5-23'
,,,: ..''•:" ,McRO €•IE/E i'C'E:!?:•":,,,, ..... :'••:•!'. ,"NoD ;• ,':: '' ' . ......"FIHE:' UM ER!S •'.~iTV •F;W 0055:•6 •T A:F- 000 22YadsT.-FN0006 4 .IC.. . .. ..UM.BER.. ... . . ..... -.F 06:

MICROFiCH&E/FICHE' YsUNDFCEUMR()TAFWO00575 and TVA'IF-W00622 andTVA-F-WOO624

0. LOAD'INTO EDMS'AND DESTROY.
L 'LOAD INTO EDMS AND: RETURN CALCULATION TO CALCULATION LIBRARY. ADDRESS: EQB I"N-WBN

0 LOAD INTO EDMSA.NDRETURN CALCULATION TO:

I VA 40532, [7-WOSI - Page I of2. " NEDP-2-117-08-20051
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TVAN CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER WBNTSR-009

Title Control Room Operator and Offsite Doses From a Fuel Handling Accident

Revision DESCRIPTION OF REVISION
No.

Initial Issue

This revision was performed because the key'references changed, resulting in COROD and FENCDOSE
models needing revision. Also, the case of a FHA occurring in the Auxiliary Building was. added

Pages added: 2.1-2.4, 4.1
Pages changed: 1-12

2 This revision was performed because the previous analysis oversimplified the dilution process. The error
has been corrected analytically without running the STP code. Ref. 12, FSAR chapter 15,was deleted as it
was sufficient to refer to ref. 4. Safety Guide 25. Ref, 11 MR 482000 was no longer valid and replaced by

WB-DC-36.1 R4.

The control room operator doses are slightly reduced. There is no impact on the conclusions of the

calculation.

Pages added: la, 2.1, 2,5
Pages deleted: 2.1
Pages changed: 1, 2, 2.2, 4, 7, 8, 9, 10
Total pages: 35

CCRIS and DCCM were checked on 01.041.93 and no changes which impact this Calculation were found.-

This calculation does not require impact review as no other discipline uses it as design ilnput.

3 Revision 3 was performed to take into accouint a single failure of the Auxiliary Building General.

Ventilation Exhaust Fan in-the "on" position concurrent with a single isolation damper failing to close
resulting in, ABGTS filter bypass. All pages were rewritten for, legibility and renumbered. Only areas with
changed text are identified with revision bars..

Pages added: all
Pagkes delieted: all
Pages changjed: all.

4 Revision 4'was perfdrmed because the ABGTS bypass was' fixed byDCMN M-29141-A.
R4 reinstated the R2 models and results.
'Pages added: 1(new cover)
Pages changed: 1.1(old cover), 2-6, 8, 9, 1f1, 13-15,-17
Pages deleted: none.

5 Revision 5 was performed because the X/Q Values changed

Pages added: 1.2
Pages deleted: none
Pages changed: 1-8, 10-14, 16, 17

6 Revision 6 was performed because the control room makeup flow was changed..

Pages changed: 1, 1.2, 2-6, 8, 12-14, 16, 17

Pages added: none
Pages deleted: none

TVA 40709 [12-20001 Page I of 1 NEDP-2-2 [12-04-20001
L 8

L I • 8
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TVAN CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER WBNTSR-009

Title Control Room Operator and Offsite Doses From a Fuel Handling Accident

Revision DESCRIPTION OF REVISION
No.
7 Revision 7 was performed to upgrade the calculation to the cycle 2 1000 EFPD, extended burnup (18

month) fuel.i
pagesadded: 1,2.1
pages changed:la (old cover), 1.2, 3-17
pages deleted: none

8 Revision 8-was performed to change the FHA source terms from 1000 EFPD to 1500 EFPD as part of
the corrective action of WBPER960798.
pages added: none
pages changed:1,2.1,3-7, 9, 10, 12,14-17
pages deleted: Ia, 1.1a 1.2

9 Revision 9.is performed to discuss the impact of D-50378-A which allow containment penetrations
to be open' during fuel movement. There was no impact on the final answers.
Pages changed:1, 2.1, 3, 17
Pages added: 9.1
Pages deleted: none
R9:',36 total pages.

10 R6visioni0O is performed to incorporate NUREG/CR-5009 gap inventories, increased isolation time
(WBNPER 0ý1-000080-000), incorporate X/Q values as determined by ARCON96, and incorporate the
Tritium Production Core (TPC). The latest versions of COROD' (R5) and FENCDOSE (R4) were u sed, which
determine'thyroid doses based on both ICRP-2 and ICRP30o dose conversion factors', as Well as determine
the TEDE. Also, independent third party review commients by Westdyne (Westinghouse), and NYSIS were
incorporated where appropriate. Due to the extent of the changes:, all pages were renumbered. Actual text
changes are marked with revision bars. Changes in this revision will be screened for 50.59 applicability via
the EDC referenced on the coversheet.
Pages added:, all'
Pages deleted all
Pages changed: all
RIO: 47 total pages

1 Revision,!1his iperformed in support of PERs 61493 (control room recirculation rate modeling), 94426
(control roomtime increment. modeling), .95217 (potential for 15 minute unfiltered releases and migration of
contamnihatio'i to other un-isolatedraieas), and 96939 (failure to evaluate FIA inrthe tfnsfer canal or Cask

loading area) and EDC 51930 (downgrade Purge Filters) and also to add Alternate Source Term (AST)
cases..ED.C 51930 downgrades the Reactor Building Purge filters to non-safety related and thus credit
cannot be taken for them to mitigate the FHA. The design basis for:a FHA in containment is to take credit
for containment isolation, which occurs in 12.7 seconds once EDC 51930 is implemented.-PER61493
documents that the wrong control room recirculation flow rate is used. The recirculation flowriate is 3600
cfm- makeup flow (711) = 2889 cfm. 2 trains of CREVS in operation for the first 2 hours is addressed in an
assumption. Another case was added to analyze a FHA in containment with migration to the AB after
isolation throughopen penetrations. The discussion about penetrations on page 11 of R10 was.deleted and a
Special Requirement was added to require a CVI with an ABI and vice versa. It was also'required that the
ABSCE be established within 4 minutes even if there are other penetrations to outside the A2BSCE." AST
cases were performed with and without Purge/ABGTS filters. This calculation directly impacts FSAR Table
15.5-23-.EDC. 51930 contains a Teclnical Specification change for the Reactor Building'Purge fiters
Pages Revisedleplaced:l, 2, 4-29, renamed'Attachmeht 4 as Attachment 1, renamied' Attaclmnient 5 as
Attachment 2, renamed Attachment 6 as Attachment 3 ,

Pages Added: 15 '23
Pages. Deleted0 old cover (2.1), Design Verification formn, 11,13, old attachmen ts 1-3
Total Pages = 29

TVA 40709 [12-2000] Page 1 of 1 NEDP-2-2 [12-04-2000]
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TVAN COMPUTER INPUT FILE
STORAGE INFORMATION SHEET

Document WBNTSR-009 Rev. 11 Plant: WBN
Subject:
Control Room Operator and Offsite Doses From a Fuel Handling Accident

. Electronic storage of the input-files for this calculation is not required. Comments:

U Input files for this calculation have been stored electronically and sufficient identifyingjnformation is
provided below for each input file. (Any retrieved file requirbs re-verificatiohof its contents before
use.)

R6: The computer input is permanently stored in FILEKEEPER file # 263662
R7: The computer input is permanently stored in FILEKEEPER file # 292579
R8: The computer input is permanently stored in FILEKEEPER file # 300126
RIO: The computer input is perrTanently stored, in FILEKEEPER file # 303621,
Ri 1: The computer input is permanently storedin FILEKEEPER file # 308333,308360

Microfiche/eFiche

See next page

TVA 40535 [12-2000] Page 1 of I NEDP72-6112-04-20001
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" TVAN COMPUTER OUTPUT
MICROFICHE INFORMATION SHEET

Document WBNTSR-009 Rev. 11 Plant: WBN

Subject:
Control Room Operator and Offsite Doses From a Fuel Handling Accident

Microfiche Description

R3:TVA-F-G104672.
R5:TVA-F-C000074
R6:TVA-F-C000108
R7:TVA-F-C000138
R8:TVA-F-C000219 .

R10:
TVA--W00221 RiO:

Name Code Description
TS9S10$ STP source term
TS9C10#$ COROD control room operator dose
TS9F10#$ FENCODSE Offsite dose

where
$= A = standard core, instant controlroom isolation

B standard core, 20.6 sec control room isolation
C = Tritium Production Core, once burned assembly, instant control room' isolation
D =Tritium Production Core, once burned assembly, 20.6 sec control room isolation

E = Tritium Production Core, twice burned assembly, instant control room isolation

F = Tritium Production Core, twice burned assembly, 20.6 sec control room isolation
G .= Tritium Production Core, 3X burned assembly, instant control room isolation

HJ1 =.Tritium ProduictionCore, 3X burned assembly, 20.6 sec control room isolation
X'= standard core,'20.6 sec isolation time, revision 9 (old'Haiitsky) X/Q vallues

#= A= Spent Fuel Pit/Auxiliary Building/ABGTS FHA
P = Containment/PAE FHA

R11: R11:
TVA-F-W000575 Name Code Description

TVKFWOO2 TS9SII$# STP release models
TVA-F-W000624 iTS9C15# 'COROD cntrol room dose with I train of:CREVS, 20.6 sec control room is0l

TS9F11$# FENCDOSE offsite dose

where
$= A = standard core

,B = Tritium Production Core, once burned assembly
C.= Tritium Production Core, twice burned assembly
D = Tritium Production Core, thrice burned assembly -

.#= 1= RG 1.25 ContainFHA~w/12.7 sec contain isolation, containment closed to AB, no Purge Filters

2= RG 1.25Spent Fuel Pit/Auxiliary Building FHA, AB open or closred to containmrent
_3 =RG 1.25 Containment FHA with Purge Filters (no containment'isolation)
4=RG 1.183 AST Auxiliary Building FHA with no ABI
5=RG 1.183 AST Auxiliary Building FHA with ABI (ABGTS)



Calculation No. WBNTSR-009 Rev:,11 Planit:WBN Page:8 8
Subject: Control Room Operator and Offsite Doses Fromma Fuel rPrepared: M ,L Date: • ,

Handling Accident, I Checke:"c Date: /

Purpose'

The purpose of this calculation is to determine the dose to the control room operators following a design basis
.Fuel 'Handling Accident (FHA). lI addition, the offsite. doses resulting from a FHA is also to be determined. This
calculation:i'is'to'address concerns raised during the vertical slicereview program as to'whether the Loss of Coolant
Accident (LOCA) actuallyproduces the bounding control room operator, doses (ref.1). " ' -I

Revision 10 is performedlto increase the delay in the control'room isolation to 20.6 seconds (this value is the sum
of the damper closuretime and the instrument reaction time, this is documented in WBN PER 0i-OOOO80oooo, ref.12),
ýto, change the X/Q values to new ones determined by ARCON96 (while kee'pin'g the originai Halitsky X/Q case) , to'
util~izeNUREG/CR-5009 gap inventory releases to supplement Safety Guide&25 (Regulatory 'Guide 1.25); and to utilize'
-the latest versions of FENCDOSE (R4) and COROD (R6; which now determine thyroid doses based on IGRP-2 and
SICR-30 iodine dose conversion factors, as well as the TEDE, and also all•w for changes in flow rates and dfilter
efficiencies). Finally, the Tritium Production Core (TPC) fuel assemblies(once burned, twice burae•d, and thiee times
'buirned) are analyzed in'addition to the stanidard core 1500 EFPD assem~bly. Revision 11 is per~formied in support of
PERs 61493 (control room recircul'ation rate modeling), 9442,6 '(control room tirne increment modeling), 95217'
(potential for~ 15 min'ute unfiltered releases and migration of contamination to other mi-isolated areas), and '96939
(failure to evaluate F-A in the transfer canal and caak loading area) aud EDC 51930 (downgrade PurgeFilters) and
also to add Alternate' Source Term (AST) cases. Revisio'n 11 'changes the cont'ainment FHlA case to credit containment
isolation in 12.7 seconds ihstead of crediting the purge filtration systm to mitigatethe conisequencesof an FHA mi
'containment. The filtered release case is retained (this ca-se will become information only* onceEDC 51930 is:

S implemented): Additionally,d•evision 1t adds cases based on Regulatory Guide' 1.183 (Alternate Source Ter• or AST)
assumptions. One of the AST &ases credits filters, the other does notdcredit any filters.

Special Requiremients/Limiting Conditions'.

If the design ba'sis'for WBN is RG 1.25, then if the equipment hatch or any penetration between the Auxiliary
Building and Containment is open, the containment purge system shalibe operational during fuel movement and an
Auxiliary Building Isolation (ABI); duu to a high radi'ation signal shall initiate a Containment Ventilatio Ision
(CVI), and a CV due to'a high radiation signal must initiate an ABI. If other penetrations'are open to the outside of the
ABSCE, the ABGTS system must be able to draw down within 4 minutes of the initiatinglevent.'

Also, forRG 1.25, the HVAC, intake vent in 'the transfer canal must be blocked, and the -13•ionbuitor must be
raised ýso that it has a line of sight acrossathe 757R floor. The HVAC intake vents for the cask loadi'ng area'shall be
blocked when handling irradiated fuel in this area. The -102 monitor is far enough away so that it will see very close to'
tliflo'or at the canM/icask loading area,' therefore' it will not have to b~e raised (see assumptioni17 for further
discussion). This requirement is to prevent radioisotopes from entering the HVAC ductwork in the transfer canal '(and"
.ultimtely released viaithe Auxiliary Building Vent without filtrati6n) and ther'efore bypassing the isolationi function of'
the -102 and -103 radiation monitors. ' ~

If the design'basis'for WBN is RG 1.183 (AST), then there are no special requiremients or limiting conditions.
'Based on the results of this analysis; no isolation of either containment or the auxiliary building is.required following a
Fuel Handling Accident'for T AT.

Introduction

This calculation determines the offsite and control room doses due to a •HA' The computer code STE is used to
',determine the releases. Using the STP output,' the computer code FENCDOSE determines~ the offsite doses, and the
computier code COROD determines the control room doses. 'The HA' accident is analyzed for bothithe Auxiliary.
Building and the Containment. Also, 4 types of assemblies are analyzed: the 1500 EFPD'end of life asesebly fo•i•a

.standard core, 'a once burned TPC assembly with 24 e'TBAR rods (w&hich contain the tritium), a twice burned TPC
,assembily-with 24 TPBAR rods, and a' three times burnied LTPC assembly (no TPBARs).'



Calculation No. WBNTSR-009 Rev: I1 Plant: WBN I Page: 9

Subject: Control Room Operator and Offsite Doses From a Fuel I Prepared: M,46 Date: 5-3-oG
Handling Accident JChecked: D ( Date: /

Assumptions

1. The FHA occurs at 100 hours after shutdown, consistent with the FSAR and the Technical Specifications
(ref.4 and 18).

2. All of the rods in one fuel assembly are assumed to be damaged.
Technical Justification: Safety Guide'25, ref.4,implies that the activity from th'e worst peakassembly ,is
released. It is conservative to assume that all rods will breaktherebymaximizing the~release. Regulatory,
Guide 1.183 (AST), ref 36, section 3.6 requires that the case with the highest radioactivity, release should be
analyzed.

3. For all cases except the 12.7 containment isolation case, it is assumed that everything except tritium is
released to the environment within 2 hours (ref.4). To assure this, at 2 hours all remaining isotopes (except
tritium, see assumption 13) above the spent fuel pool (or in containment) are stepped into the environment
(using the appropriate filter efficiency as a multiplication factor).

4. For the RG 1.25 cases, it is assumed that in the 4 minutes it takes to establish the ABSCE for an AB
FHA, there will be no unfiltered releases to the environment (see assumption 17 regarding isolation). The
ABSCE is normally established within 4 minutes and within this time-frame all of the flow is through the
ABGTS. Because there will be an ABI and CVI, any other contaminated air which does not go through the
ABGTS (leakage) will have to travel to a penetration in containment or the ABto go outside of the ABSCE".
Because this leakage flow will be fairly'low and the distance from the contamination source is great, it can
be concluded that the contaminated air will not reach the outside. Also as the ABGTS draws down the
Auxiliary Buildingithe flow ofairwill be monre likely to be drawn into the ABGTS due to flow
characteristicsofpunipingltheeair.volume down. For one of the RG 1,183 AST cases (cas6eseries 5), the
above also applies. For the other AST case (case series 4), no isolation is assumed'

5. For the RG. 1.25 cases (case series 1, 2, and 3), all of the gap activity in the damaged rods is released
which consists of 10% of the inventory in the rods at the time of the accident (ref.4), except for the following
(per NUREG/CR-5009 for 60 GWd/t, note for lesser burnups the releases'are less, therefore use of these 60
GWd/t values for all burnups is conservative):

Kr-85 = 14%
Kr-87 = 10% Note: The NUREG/CR-5009 value is actually 0.7%. Since STP is limited to 9 classes, and

the halflife of Kr-87 is 76 min (ref.33), after 100 hours of decay there will:be exp(-100*ln(2)/(76/60)) =

1.7E-24 or 1.7E-22% left. Therefore the increase in the gap percentage does not affect the results.
Kr-88 = 10% Note: The'NUREG/CR-5009 value is actually 1%. Since STP.is liritedto 9 classes, and the;.

halflife of Kr-88 is 2.84hri (ref.33), after 100 hours of decay there Will be exp(-100*ln(2)/2.84) = 2:5E-11
or 2.5E-9% left.- Thereforie the increase in the gap percentage does not affect the results.

Kr-89= 10%
Xe-133 = 5%
Xe-135 = 2%
J-131 = 12%

For the RG 1.183 AST cases, all of the gap activity in the damaged rods is released which consists of 8% 1-
131, 10% Kr-85, 5% other noble gasses and other halogens. Note that RG 1.183 also specifies 12% of Alkali
metals (Cs, Rb), however since particulates have essentially an infinite partition factor, no alkali metals will
be released and therefore are not included in this analysis.

6. The values assumed for individual fission product inventories are calculated assuming full power
operation at the end of core life immediately preceding shutdown with a radial peaking factor of 1.65 (ref 4, I
36) for the standard core assembly. For the TPC assemblies, the inventories are taken at the end of cycle,
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Subject: Control Room Operator and Offsite Doses From a Fuel Prepared: tA i, I Date: j-3-3
Handling Accident Checked: ,F I Date: ./3/•

with the factor of 1.65 applied to all isotopes except tritium. Also, the factor of 1.65 is the maximum
peaking factor allowed by the COLR. The factor of 1.65 is not applied to the tritium isAotpe because the
maximum inventory of tritium is used already-at a'maximrum (see assumptions #13, and ref.29)!at 1.2g,
tritium/rod with 24 rods/assembly. It would be too conservative to apply the 1.`65 to a value which is already
the maximum inventory which can occur.

7. From RG 1.25 (ref.4), the iodine gap inventory is composed of inorganic species (99175%) and organic
species (0.25%). From RG 1.183, the inorganic species is 99.85% and the organic species is 0.15%. An overall
decontamination factor is utilized in the RG 1.183 cases(see assumption 8); therefore the makeup of the
species is not utilized in AST.

8. From RG 1.25, the pool decontamination factors for the inorganic iodine is assumed to be. 133, and
organic iodine is assumed to be 1 (ref.4). From RG 1.183 (AST) the decontamination factors are specified to
be 500 for elemental (miorganic) iodine, And 1 for organic iodine. Doing the'math, this leads todan overall -

deconta'ination factor of 286 =JI(0.9985/500+0.0015Y,). However, RG 1.183 alslo specifies an overall

decontamination factor of 200. The use of the 200 factor is more conservative (also, BFN was asked by the
NRC to use the overall factor instead of the species specific factors), and therefore the overall factor of 200
for AST will be used in this analysis.

9. The retention of noble gasses in the pool is negligible (ref.4).

10. For FHA in containment with isolation (case series 1), it is assumed that the Purge Air Exhaust (PAE)
System isolates in 12.7 seconds (ref. 2). This includes instrument loop response time (6.7 sec) and
containment purge valve closure time (6 sec). This should be noted to be a very conservative value. The
instrument loop response time contains very conservative assumptions andrrounding. In the event that,
containment needs t", be purged (for instance if entrIy is required into containment), then it is possibleto
defeat the isolation. An additional case (case series 3) analyzed assumes that the PAE (includingthe filters)
will be used to purge containment for two hours.

11. This calculation includes a case with no credit: for the PAE filters for the FHA in containment once the
purge filters are downgraded. However, for historical purposes, the filtered release analysis is retained in
the results section (case series 3). The filter efficiencies for the PAE filter are 90% for inorganic iodines and
30% for organic iodines (ref.3). EDC 51930 downgrades the filters to non-safety-related. R.G. 1.140 R3 will
be the standard to which these filters conform'to. The guide specifies the filter efficiency as 95%. Therefore
using the original 90%/30% is conservative. One of the RG 1.183 AST cases does not credit any filters (case
series 4)...

12. The filter efficiency for the ABGTS is 99% foriall iodines (ref.3).... I

13. It is assumed that all 24 TPBARs in a TPC once or twice burned .assembly break. It is also assumed that
all the tritium (84490 Ci) in the spent fuel pool is released following the FHA through evaporation of the
pool.
Technical Justification: All TPBARs breaking is conservative. Also, it is difficult to predict the chemical
form of the tritium release from a broken TPBAR in the spent fuel pit. Most likely it will be in the form of
tritiated water or methane. There will not be 100% release of tritium from a TPBAR failure in a FHA
because there are no high temperatures involved with the accident. Reference 26, section 2.3; gives the
release from the TPBARs will not cause thewater tritium concentration to exceed 60%Ci/gm. If all the water
(372,000 gal, ref.28) were to evaporate, then the amount of tritium release would be:

60.Ci/gmz* 372,000 gal * 3,785.4 cc/gal *, 1 gmncc * 1E-6 Ci/tCi = 84490 Ci
To assume all the water evaporates within 2 hours.is very conservative. For: the RG 1.25 containment FHA
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Subject: Control Room Operator and Offsite Doses From a Fuel Prepared: 4 L51 Date: 5-3-•o&
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case with purge filters and Auxiliary Building case (case series 2 and 3), tritium was released over 2 hours.
For the RG 1.25 containment with 12.7 sec isolation and no purge filters (case series 1) and the AST cases
(case series 4 and 5), tritium was assumed to evaporate at a constant rate over 8 hours. Also, from reference
26 (see attachment 1), less than 25% of the tritium will be released at a steady rate over a period greater
than 8 hours. For conservatism, 25% of the inventory will be released linearly over 8 hours for the RG 1.183
cases.

14. For the RG 1.25 case, the effective volume of upper containment is taken as 1/2 the upper containment
free volume. Technical Justification: This takes'into account incomplete mixing and dead end spaces and is
typical for the representation of air mixing volumes.

15. It is assumed that the suction flow for theABGTS from the spentfuel pit area is the maximum ABGTS
flow (9000 cfm +10%, ref.32).
Technical Justification: The ABGTS suction is actually' less-thaný this from the spent fuel pit area, since
suction is also taken from several other areas, such 'as thepip•e chase. In' discussions with John Ferguson,
WBN HVAC system engineer, there have been no measurements of the suctionhflow during AGTS
operation from the spent fuel pit area. However the majority of the flowis from the spent-fuel pit. Using the

maxmum flow reduces the holdup time and increases the releases at earlier times durmng the acident. This'
is therefore conservative.

16. NUREG/CR-5009 implies that Cs- 134 and Cs- 137 are also in the gap. This'calculatio'n assumes these
isotopes do not get released to the environs.
Technical Justification: Cs- 134 decays to either Xe- 134 or Ba- 134, both of which are'stable. Cs-137 decays to
Ba-137m which in turn decays to Ba-137, which is stable. Per-Regulatory Guide 1.183, particulates (Cs, Ba)
have an infinite decontamination factor in the spent fuel pool/reactor vessel water. Therefore, Cs-134 and
Cs-137, and their daughters, may. be neglected'from the calculation.'

17, It is assumed for the RG 1.25 design basis cases, that Auxiliary Building isolation is automatic so that
there is no unfiltered release. The isolation is due to the RE-90-102 and'-103 spent fuel pool.monitors. PER
96939 documents that an accident in the fuel transfer canal and cask loading area will result in no
automatic isolation since the monitors have no line of sight to the transfer canal and the HVAC intake
ductwork is below the floor elevation. Therefore, any accident in the transfer canal or cask loading area will
result in the HVAC uptake of radioactive gasses before it rises above the. 757' floor elevation where'it will
have a line of sight to the monitors. The radioactive gasses would then be exhausted to the 'environs via the
Auxiliary Building Vent with no filtration. The AB'vent X/Q values are worse thanithe Shield Building Vent
(the exhaust location following isolation) X/Q values. Preliminary work indicates that this situation would
result in control room doses far in excess of the.GDC 19 limits. Therefore, for the RG 1.25 assumptions
(specifically, isolation of the Auxiliary Building), the following special requirements/limiting conditions
apply: The HVAC intake vent in the transfer canal or cask loading area.must be blocked, and the .-103
monitor is raised so that it has a line of sight across the 757' floor. The -102 monitoris far. enough away so
that it will see very close to the floor at the canal, therefore it will not have to be raised. [Note: the AST case
with'no isolation was performed due to the possibility ofthe 'traansfer canaloi cask loading"area accident'
with no ABI. In order to obtain isolation, the.HVAC in the transfer canal or. cask loading area' must be:, "I

blocke and the .103 monitor must be raised. 'However, since thie no ABI case with AST assumptfionsdid not '.;
exceed 4limits, the blockage and monitor movement will not be required if WBN. becomes an AST plant for= ;::'
the FHA.

18. The RG 1.25' cases utilize exponential releases. That is, the releases are governed by the mixing volume
and the exhaust flow rate. This results in conservative releases compared to linear releases as more gets
released in the beginning of the accident when there is less control room filtration, (it takes 20.6 sec to
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isolate the control room) and also allows more to be released prior to isolation.

The RG 1.183 cases utilize linear releases. That is, all releases are constant over the 2 hour time period
(except for tritium, which is over an 8 hour time period). This is implied in RG 1.183 by requiring all
releases to be within 2 hours. Also, this methodology is utilized by Westinghouse for:SQN and other
utilities.

.19. Only one train of CREVS is in operation. Normally, each CREVS train takes suction from separate intakes with
no cross communication between trains. This leads to one contaminated train, and one uncontaminated train. The
only way a 2 CREVS operation could result in higher doses would be for both trains to take suction from the same
vent. For this to happen, one intake .path would require'a failed closed intake path AND a fail open of normally closed
passive manual damper at the beginning of the accident. An active failure of a train plus a failure of a passive
component in less than 24 hours is beyond design basis.

Calculations

This calculation considers several cases broken down into Regulatory Guide 1.25 and Regulatory
Guide 1.183 (AST) groupings

I. Regulatory Guide 1.25 Cases:

One case is -for a FHA in containment with the activity released directly to the environment until
containment isolation (12.7 seconds), there are no penetrations open to the AB, and the PAE filters are not
credited. Another case utilizes a containment release without isolation but with Purge Filters Credited.
The third case is for a FHA at the refueling area of the Auxiliary Building with the activity release through
the Auxiliary Building Gas Treatment System (ABGTS) filters. The fourth case is for a FHA in
containment with penetrations open to the AB and thus the contamination migrates to the AB after the
containment is isolated. This last case will be analyzed by simply adding the results of the isolated
containment case and AB case. This is conservative because this would simulate two releases, one through
ABGTS and, one through the PAE system before isolation. In reality, the flow would be through the PAE
system until isolation then contaminated air will migrate to the AB and then released to the environment
via the ABGTS. Computer code STP (ref.6) is used to calculate the activity released after a FHA. Figure 1
shows the model. To insure a conservative dose, the radioisotopes are allowed only 100 hours of decay after
shutdown, and are released to the containment/spent fuel pit release rate based* on PAE or ABGTS flow. For
the Auxiliary Building case, anything left at 2 hours is automatically released through the filters
nonmechanistically so that everything is released within 2 hours, except for tritium which is assumed to
take 8 hours. (This is performed by stepping the remaining isotopes into the environment at 2 hours). The
step source fractions of the core inventory are based on NUREG/CP.5009 and Reg.Guide 1.25. The source
terms are the 1500 EFPD maximum burnup for 18 month fuel cycle from WBNAPS3-084 (ref. 14) for the
standard core. These source terms are used instead of the core average, 1000. EFPD source terms because
the accident involves a single fuel assembly, not the entire core (as in a LOCA). For the TPC, the source
terms for the once burned, twice burned, and 3 times burned assemblies are taken from WBNAPS3-098
(ref.29). The 24 TPBAR release apply only to the once and twice burned assemblies (the 3 times'burned
assembly will not have any TPBARs).
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Figure 1
STP Model

Note: the arrow from component 2 to 4 (for crediting purge filters in Appendix D),

and 3 to 5 does not imply a filter bypass. It indicates hoW STP mod.els afilter with

the "V" card, where F 2-6 = F*(efficiency), F2-4 = F*(1-efficiency)

Component 1: Fuel volume=1.0 (arbitrary)
Component 2: Containment Air volume = 647,000 cuft (ref.30) /2= 3.235E5 cuft (see assumption #15)

Component 3: Spent Fuel Pit volume = 10,017 cuft = 39.5'x31.7'x8. (re£f31). Note: the dimensions come from
ref3lb. The 8' dimension (air above the pool) is an 'arbitrary value to acc.untf•or heriseof thr gasses

above the pool.-This isgreasonable and consistent with references 31a and 31c.
Component 4: Containment Release volume =1.0 (arbitrary)
Component 5: ABGTS Release volume=1.0 (arbitrary)
Component 6: PAE Filter volume =1.0 (arbitrary)
Component 7: ABGTS Filter volume =1.0 (arbitrary)

Flow from containment through PAE to release (U 2 6 4)= purge rate = 14954:cfm (ref 30, note the actual

value should be 14958 efni.but this willnot change the results so i not corrected), 8.9724E5 cfh with

Purge Air Exhaust filter efficiencies: 90% inorganic iodine, 30% organic (ref.3), 0% for tritium

Flow from spent fuel pit through ABGTS to release (U 3 7 5) = ABGTS flow = 9900 cfm = 5.94E5 cfh (see

assumption #16) with filter efficiencies of 99% for iodines.

Fuel activities are as given in VWBNAPS3-084 (ref. 14) and WBNAPS3-098 (ref.29), with the inorganic
iodines equal to 99.75% of total, and organic iodines equal to 0.25%- of total iodines.
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Peaking Factor for the highest activity fuel assembly = 1.65 (ref.4) except for tritium isotope, which is 1.0

(see assumption #6).

ABGTS filter eifficiencies: 99% (ref.3), for iodines, 0% for tritium

The gap activity in the damaged rods is released which consists of 10% of the inventory in the rods at the

timed of the accident, except for the following: Kr-85=14%, Xe-133=5%, Xe-135=2%, 1-131=12%

Partition Factors: 133 for inorganic iodine.

The step fractions from the fuel to the containment (or spent fuel pit) are:

S = 0.1 for Kr-83m, Kr-85m, Kr-87, Kr-88, Kr-89, Xe-131m, Xe-133m, Xe-135m, Xe-138, organic iodine

(except 1-131)
S= 0.i4 for Kr-85
S=0.05 for Xe-133
S=o.02 for Xe- 135
S=0.000752 for 1-132,1-133,1-134, 1-134 (=0.11133)

8=0.00902 for 1-131 (=0. 12/133)

S=O. 12for 1- 131 (organic iodine)'

Allof the activity for the AB FHA is assumed to be released after 2 hours, except:forr tritium. T,7o simulate

this all activity remaining in the Reactor Building or Auxiliary Building at the .end of 2 hours is put into a

new "source" which is stepped to the elnvironment. The stepping fraction is equal to what would have gotten

through the filters (i.e. 1-efficiency, or 25% for 0-2 hr and 75% for 2-8 hrs for tritium) had the isotopes been '

released through the filters. For the Containment case with isolation, the purge flow (F 2 4 0) is set to 0 cfin

after-127 seconds.
The activity released to the environment as calculated by STP is used as input to computer code

COROD (ref.7),to determine the control room operator doses. The control room model is' identical to that

described inMTI-RPS-198,(ref.5) except for the shine from containment which is neglected (all activity inside

the containment from F HA is released).
Duing thelyertical slice review of the control room, a concern was raised that when the control room is

isolated byoa signal from the main control room intake radiation monitors, some amount of unfiltered

activity ,culd enter the control room before the isolation dampers close (ref.9). This could be the case for a

fuel handlingha-cident because there will be no safety injection signal to isolate the control room. The

isolation dampers downstream from the radiation monitors are 0-FCV-31-3 and 0-FCV-314 (ref.10), It is

required by rleference 11 that the closure time of the dampers is 14 seconds, with a signal response time of

6.6 seconds (ref. 13), which gives a total closure time of 20.6 seconds. Therefore all cases will analyze the

first 20.6 seconds without CREVS filtration.- The ARCON96 X/Q values used (which supersede the Halitsky

X/Q.values).for the Shield Building Vent were: from ref.34: 1.12E-03 sec/m' for 0-2 hr, 9.78E-04 for 2-8 hr,

(since-all releases are <8 hours; X/Q values after 8 hours are unimportant.

Priorito isolation the intake flow is 3200 cfm* (ref.10). It is assumed that the unfiltered inleakage is

the same as for.the isolated case (51 cfm, due to open doors, leaky valves, etc.) After isolation, the total flow

rate into the control room is 711 cfm filtered plus 51 cfm unfiltered (ref.5). The circulation flow rate in the

control room is the total flow the makeup flow = 3600 - 711 = 2889 cfm (ref.5).

Cases were performed for the Standard core using ARCON96 X/Q values and ICRP-30 dose conversion

factors (see note on methodologies in' Conclusion section).

The _activity released to the environment as calculated by STP is used as. input to computer code

FENCDOSE (ref.8) to determine the site boundary dose. The FENCDOSE model is the same as that found

in reference 19.

* 3200 cfm has been deleted from 1-47W866-4 R36 (ref. 10), and has been measured to be approximately
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2500 cfm (0-SI-31-31-A). The value comes from 1-47W866-4 R20. The 3200 cfxn will be retained in this

calculation revision since this value produces conservative results.

II. Regulatory Guide 1.183 (Alternate Source Term) Cases:

There are two AST FHA cases, One where there is an ABI (with ABGTS in operation) and one with no

ABI with no-filtration. An accident in the containment is bounded by the no ABI case because containment

is exhausted through the Shield Building Vent and the no ABI case exhaust is through the Auxiliary,

Building Vent. The AB Vent has less favorable X/Q values than the Shield Building Vent., Computer code

STP (ref.6) is used to calculate the activity released after a FHA- Figure 2 shows the model,. To insure a

conservative dose, the radioisotopes are allowed only 100 hours of decay after shutdown, and are released to

the environment linearly, except for tritium which is assumed to take 8 hours: The step sburce fractions of.

the core inventory are based on Reg.Guide 1.183. The source terms are the 1500 EFPD.maximum burnup

for 18 month fuel cycle from WBNAPS3-084 (ref. 14) for the standard core. These source terms are used

instead of the core average 1000 EFPD source terms because the accident involves a single fuel assenmbly,

not the entire core (as in a LOCA). For the TPC, the source terms for the once burnied, twice burned, and 3

times burned assemblies are taken from WBNAPS3-098 (ref.29). The 24 TPBAR release apply only to the

once and twice burned assemblies (the 3 times burned assembly will not have any TPBARs).
Figure 2

AST STP Model

Fuel 1 Fuel
Initiali 100-hr Decay

2 Release

The STP model consists of.the assembly inventory stepped into the Fuel component with a 1.65 peaking

factor and allowed to decay for., 100 hours. The remaining" decayed isot6pes -are then stepped into the Release

component based on filtration efficiency,(=99% for iodines for ABI case, =0% filtered for no ABI case). The,

tritium will only have 25%N(2hr/8hrs) for the 0-2 hour released, and 25%*(6hr/8hrs) for the 2-8 hr time"

period.

Component 1: Fuel volume=1.0 (arbitrary)
Component 2: Release volume 1.0 (arbitrary)

ABGTS filter efficiencies: 99% (ref.3), for iodines, 0% for tritium

The gap activity in the damaged rods is released which consists of 5% of the inventory in the rods at the

time of the accident, except for the following: Kr-85=10%, 1-131=8%

Partition Factors: 200 for all iodines (see assumption 8).

The 20.6 second delay in Control Room isolation is taken into account through the appropriate Step

fractions
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The step fractions from the fuel to the outside "Release" component are:

0-20.6 sece..:
S= 1.431E-4 (=0.05*(20.6sec/7200sec))'for all except Kr-85, iodines, and H-3

S" 2.861E-4 (=0.1*(20.6sec/7200sec)) for Kr-85
S= 7.153E-7 (=0.05*(20.6sec/7200sec/200)) with no ABI for iodines except 1-131 or 7.153E-9 with an ABI

(filter eff=0.01)
S= 1.144E-6 (=0.08*(20.6sec/7200sec/200)) with no ABI for 1-131 or 1.144E-8 with an ABI (filter eff=0.01)

S= 1.788E-4 (=0.25*(20.6sec/7200sec*2hr/8hr)) for H-3

20.6 sec-2 hr:
S= 4.986E-2 (=0.05*(7200 sec-20.6sec)/7200sec) for all except Kr-85, iodines, and H-3
S= 9.971E-2 (=0.1*(7200 sec-20.6sec)/7200sec) for Kr-85
S= 2.493E-4 (=0.05*(7200 sec-20.6sec)/7200sec/200) with no ABI for iodines except I-131or 2.493E-6 with an

ýABI (filter eft=O.01)
S= 3.989E-4 (=0.08*(7200 sec-20.6sec)/7200sec/200) with no ABI for I-131or 3.989E-6 with an ABI (filter

eff=0.01).
S= 6.232E-2:(=0.25*(7200 sec-20.6sec)/7200sec*2hr/8hr) for H-3

2hr-8hr
S=1.875E-1 (=0.25*(6/8)) for H-3

The activity released to the environment as calculated by STP is used as input to computer code

COROD (ref.7) to determine the control room operator doses. The control room model is identical to that

described in TI-RPS-198 (ref.5) except for the shine from containment which is neglected (all activity inside

the, containment from FHA is release'd). For AST, all breathing rates for all times are the same 3.47E-4

M3/sec
The ARCON96 X/Q values Used for Shield Building Vent releases (which supersede the Halitsky X/Q

values) were: from ref 34: 1.12E-03 sec/mn for 0-2 hr, 9.78E-04 for 2-8 h4For Auxiliary Building Vent

releases (when there is no ABI), the X/Q values are:2.52E-3sec/m' for 0-2 hr, rL57E-3 for 2-8 hr.
Prior to isolation the intake flow is 3200 cfm* (ref 10). It is assumed that the unfiltered inleakage is

the same as for the isolated case (51 cfm, due to open. doors, leaky valves, etc.) After isolation,'the total flow

rate into the control room is 711 cfm filtered plus 51 cfin unfiltered (ref.5), The circulation flow rate in the

control room is the total flow - the makeup flow.= 3600 - 711 = 2889 cfm (ref.5).

The activity/released to the environment as calc'ulated by STP is used as input to computer code'
FENCDOSE (ref.8) to determine the site boundary dose. The FENCDOSE model is the sameias that found

in reference 19..

* 3200 cfra has been deleted from 1-47W866-4 R36 (ref. 10), and has been measured to be approximately

2500 cfm (0-SI-31-31-A). The value comes from 1-47W866-4 R20. The 3200 cfm will be retained in this

calculation revision since this value produces conservative results.
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Results

The control room doses with I train of CREVS and 20.6 sec control room isolation are as follows (rem):

Regulatory Guide 1.25 Control Room Doses

Spent Fuel Pit/Auxiliary Building FHA, AB open or closed to containment
Standard TPC

Core Once Burned

Gamma 4. 935E-01 5.638E-01

Beta 4. 068E+00 4. 743E+00

Thyroid (ICRP-30) 1. 54 0E+00 1. 634E+00

TEDE S. B24E-01 4. 559E+00

TPC

Twice Burned

4. 2506-01

3.720Ef-Q0

1. 2'75E+00

4.399E400

Containment FlA with 1.2.7 sec containment isolation, containment closed to AB, no Purge Filters

Standard TPC TPC

Core Once Burned Twice Burned

Gamma 1. 065E-02 1. 21.6E-02 9. 169E-03

Beta 8.782E-02 1.023A-01 8.0245-02

Thyroid (ICRP-30) 4. 896F,+00 5.195E+00 4.0,54E+00

TEDE 1. 648E-01. 2. 592E-01 2.203E-01

Containment FHA with 12.7 sec containment isolation, containment open to AB, No Purge, Filters, with ABGTS

(these values are the sum of the previous 2 cAses)

TPC

Thrice Burned

5. 546E-01

4. 535E400

1 .71iE+f0

6. 536E-01

TPC

Thrice-Burned

I . 19,7z- 02

9.789E-02

5. 4395+00

1. 832E-01

TPC

Thrice Burned

5.666F-01

4.633E+00

7.150E+O0

&.368E-O1

Thrice, Burned

2. 459E4.00

limit

5

30

30im

5

I.3
30

limit

3o
30

30

rI
1

5I.

30I

limit, I

5 I ,
30]•.

.30 I
.5 I.

Gamma

Beta

Thyroid (ICRP-30)

TEDE

Standard

Core

5.042E-01
4.1 56E+00

6.436E+00

7.472E-01

TPC
Once Burned

s.760E-01

4.845lE+00

6.829E+00

4.818E+O0

TPC

Once Burned

3. 0585-01

2.5725+00

5. 530E+00
2.61 9E+00

TPC

Twice.Burned

4.342E-01

3.800E+ý00
S.329E+00

TPC

Twice Burned

2.,305F-01

2.018E+00

4.315E+ 60

2.4 99E+00

Containment FIIA with Purge Filters (no containment isolation)

Standard

Core

Gamma 2. 677E-01

Beta 2.20'IE+00

Thyroid (ICRP.30) 5.2095E00

TEDE 4.545E-01,

Note, that the shine through the control room walls, ceiling and floor constitute < 1E7 rem and is therefore negligible.
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Auxiliary Building FlLA with ABI (ABGTS)

Gamma

Beta

Thyroid (TCRP-30)

'TEDE

Standard

Core

:2.543E-01

-2.029E+00

5.305P,-02

2,761E-01

TlIC

Once Burned

2,907E-'.01

2.2195E+00

5.629E-02

7.684E-01

T,

TPC

wice Burned

2.190E-01

1.768E+00

4.393E-02

6.9,IIE-01

"'PC

wice Burned

4.930E-01

3.966E+00

9.884E+00

1.628E+00

TPC

Thrice Burned

2•857E-0o

2.267E+00)

5.894E-02

3.10!E-01

TPC

Thrice Burned

6.431E-01

5.101,E+00

1.326E+01

1.078E+00

limit

5

30

30

:5

30

30
5

.1

I,

I.

Auxiliary Building FILA with no ARI (Exhaust Through AuxiliarypBuilding Vent)

" Standard :TPC

Core Once Burned 'T,

Gamma 5.723E-01 6.543E-01

Beta 4.566E+00 5.153E+00

Thyroid (ICR1'-q0) 1;194E+01 1266E+01
TEDE 9.632E-01 1.88IE+00
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The offsite doses were determined to be (rem):
Regulatory Guide 1.25:

limat

Spent Fuel Pit/Auxiliary Building FHA, AB open or closed to containment

Standard TPC 1

2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ

TPC2 TPC3,

2-hr EAB 30-dav LPZ 2-hr EAB 30-dav LPZ.

Gamma

Beta

Thyroid (ICRP-30)

TEDE

Containment FHA wi

Gamma

Beta

Thyroid (ICRP-30)

TEDE

Containment FHA wi

Gamma

Beta

Thyroid (ICRP-30)

TEDE

Containment FHA wi

Gamma

Beta

Thyroid (ICRP-30)

TEDE

3.994E-01 9.278E-02 4.554E-01 1.056E-01 3.435E-01 7.980E-02 4.482E-01 1.041 E-01 6.25 I
1.177E+0O 2.734E-01 1.371E+00 3.185E-01 1.074E+00 2.495E-01 1.312E+00 3.047E-01 75 I
1.577E+00 3.663E-01 1.674E+00 3.888E-01 1.306E+00 3.033E-01 1.752E+00 4.070E-011 75 I
2.572E-01 5.974E-02 1.384E,+00 3.216E-01 1.316E+00 3.056E-01 2.879E-01 6.688E-02 6.25 I

th 12.7 sec containment isolation, containment closed to AB, no Purge Filters " I
Standard TPC I TPC2 TPC3 I
2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ limit I

4.322E-03 1.004E-03 4.896E-03 1.137E-03 3.704E-03 8.604E-04 4.845F,-03 1.126F.-E3 6.25

1.167E-02 2.71 IE-03 1.357E-02 3.153E-03 1.063E-02 2.470F,03 1.301E-02 3.022E-03 75

1.536E+00 3.567E-01 1.630E+00 3.786Eý01 1.272E400 2.954E-01 1.706E+-00 3.963E-01 75

6.282E-02 1.459E-02 7.752E-02 1.901E-02 6.276E-02 1.458E-02 6.979F-02 1.62iE-02 3 ,.25

th 12.7 sec containment isolation, containment open to AB, No Purge Filtert, with ABGTS

Standard TPC 1 TPC2 TPC3

2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ .- hr EAB 30-day LPZ 2-hr EAB 30-day LPZ . limit

4.037E-01 9.378E-02 4.603E-0 1 .069E-01 I 3.472E-01 8.066E-02 4.530E-01 1.052E-01 us6.25

1.189E+00 2.761E-01 1.385E+00 3.217E-01 1.085E+00 2.520E-01 1:325E+00 3.077E-01 75

3.1'13E+00' 7.230E-01 3.304E+0O 7.674E-01 2.578E+00 5.987E-01' 3+458E+00 8.033E-01 75 I
3.200E-01 7.433E-02 1.462E+00 3.396E-01 1.378E+00 3.202E-01 3.577E-01 8,309E-02 ,6.25 I

th Purge Filters

Standard TPC 1 TPC2 TPC3 I

2-hr EAB' 30-day LPZ j2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ I 2-hr ýAB 30-day LPZ limit..

4.102E-01: ? 9.529E-02

1.1 82E+00 2.746E-01

3,942E+01 9.158E+00

1.759E+00 4.085E-01

4.669E-01 1.085E-01

1.377E+00 3.198E-01,

4.185E+01 9.722E+00

2.979E+00 &.921 E-01

3.525E-01l 8-188E-02

.1.079E+00' .2.505E-01

3.266E+d1 7,586E+00

2.559E+0O 5.946E-01

'4.602E-061 1 .06§E-0;1

-1.3181E+00O 3.061 E-01

4.382E+01 1.018E+01

I -956E+00 4.545E-01

6.25. I
75. I

6 .25
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Regulatory Guide 1.183 Alternate Source'Term (AST),

Auxiliary Building FHA with ABI (ABGTS)

Standard TPC 1 TPC2 TPC3

2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ limit

Gamma 3.938E-01 9.147E-02 4.495E-01 1.044E-01 3.389E-01 7.871E-02 4.420E-01 1.027E-01 6.25

Beta 1.128E+00 2.620E-01 1.266FE+00 2.953E-01 9.716E-01 2.271E-01 1.260Ei00 2.927E-01 75

Thyroid (ICRP-30) 5.241E-01 1.217E"O1 5.560E-01 1.292E-OI 4.339E-01 1.00RE-01 5.822E-O01 1.352E-01 75

TEDE 2.136E-0l 4.962E-02 3.107E-01 9.478E-02 2.516E-0I 8.107E-02 2.395E-01 5.562F-02 6.25

series 4

Auxiliary Building FHA with no ABI

Standard TPC 1 TPC2 TPC3

2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ limit

Gamma 4.082E-01 9.481E-02 4.64gE-O1 1.080E-0I 3.508E-01 8.148E-02 4.579F-01 1;064E-01 6.25

Beta 1.135E+00 2.636A-01 1.273E+00 2.971 E-01 9.773E-01 2.284E4)1 1:268E+00 2.945E.01 75

Thyroid (ICRP-30) 5.241E401 1.217E+01 5.560F•t01 1.292E+01 4.339EF,-01 1.008E+01 5.822E-t-0 1 1.352E+-01 75

TEDE 2.267E+00 5.266E-01 2.490E-4-00 6.010E-01 1.952E+00 4.760F,-01 2.520E400 5.854E-01. 6.25
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Conclusions
The cdntrolroom operator doses resulting froma Fuel Handling Accident afrt essthan the 1CFR5O,

Appendix.Ai GDC 19limilts of 5 remngamma, 30 rem beta, 30 rem thyroid, and less than the 100ICR5O.67
limit of 5 rem TEDE. -

The, 2,hour: Site Boundary- (SB)fExclusion Area Boundary and 30 day Low Population Zone (LPZ)
doses from a" FHA are less tian 25% of the 10CFR100 limits of 25 rem gamma, 300 rem beta, and'300 rem
thyroid (=6.25 rem gamma, .75 rem beta, 75 rem thyroid, 6.25 rem TEDE). 100FR5O.67 provides the TEDE
ýequivalence to the gamma limits.

It should be noted that the instrument lobp response time is very conservative. For example thtean s ple.

Iow flow alarm is at 4 cfm with a very conservative accuracy of + 2 cfm, which was based on engineering
judgment. This accounts for 5.5 seconds and could be lowered by approximately 1-2 seconds. Also the

aResponse of the Beta Scintillator, Photomultiplier tube, anld the pre-amplifier have bee rounded up from

nanoseconds to seconds. This accounts for 0.7 seconds and could be heglected.

Note on methodologies used:
This calculation determined the. doses using different methodologies. The gamna, beta and Thyroid'

( 301W ) doses are all based on TID- 14844 methodologies utilizing the ICRP-30 iodine dose conversion'
factors. The other methodology used is the TEDE (Total Effective Dose Equivalent). Thie ITEDE presents an,
overall weighted dose and is more representative of the impact of all isotopes on the body as a whole: The' -

TEDE dose is required for AST, however is not reqiuired for RG 1.25 methodology. It is important to note'
that, tritium does not iimpact the thyroid doses uitilizing the TID- 14844 methodology, because only iodine is
applied to the thyroid dose. However, in fact tritium does contribute to the thyroid dose, as well as other

organs of the body. This is why the TEDE is a more representative dose when discussing the imnpact of

tritium. - - II
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1.0 INTRODUCTION

This document provides a complete listing of all unclassified tritium release values that
should be assumed for unclassified analysis. Much of the infmation is brought forth
from the related documents listed in Section 4.0 to provide a single-source listing of
unclassified release values. Some information, however, is new o• updated based on
current design analysis and available experimental data,

This document provides unclassified information for a larger number of release scenarios
than previously analyzed. This information is summarized in Tables '1, 2, and 3. In
addition, asectionisincluded to address lithium and aluminum release in the event of a,
24-TPBAR breach in the spent fuel pool,

2.0 SUMMARY OF UNCLASSIFIED RELEASES, INCLUDING TRITIUM

Al I tritium-producing burnable absorber rod (TPBAR) analysis assumes a maximum of

1 .2 grams of tritium per TPBAR wvill be generated during an 18-io~nth operating cycle.

2.1 Intact TPBAR In-reactor Tritium Permeation

The in-reactor tritiumn permeation rate deduced from RCS tritium activity for the
group of 240 :TPBARs in Watts Bar Nuclear Cycle, 6 averaged, over a year
extending to end-of-cycle,.was 2A4± 1.8 Ci/TPBAR/year (95%' cofidence
interval) .Lanning and Pagh, 2005). The 95/ upper bound of 2.4 +1.8
:4.2 CivrPBAR/year. is recommended as the basis for assessing the tritium release
from intact TPBARs.'

2.2 In-reactor Tritium Release from a Failed TPBAR

The first scenario involves a TPBAR that may have' a fabric.ion defect or may be
damaged prior to insertion into the reactor for irradiation. 'In this case,
100 percent of the tritiumn generated in the TPBAR is assumed to be released to,

<the reactor coolant as it is generated.
2.3 TPBAR Releases from Spent FuelPool Accidents

2.3,1 Spent Fuel Pool Tritium Concentration Limit

1t has been determined that following the simultaneous breach of 24 TPBARs, the Tennessee
Valley Authority take-action limit for tritium concentration in the spent fuel pool water will not,
b~e'exceeded.; The concentration limit is 60 microcuries per milliliter- The best estimate of total.
tritiumr release in this event is less than 25% of the TPBAR inventoiy. r-. 7he be~t q&*nt4mt Wit I~

*....... .. .... tan .2% .ft... T.P. .. i.#-o, The release will not be instantaneous, but will
occur at a steady rate over a time period substantially greater than 8 hours. The rate will thius be

'les's than 3% (of initial inventomy) per hour.

lO9IRevIOdAdo~Ri'~JI'rQr I O'I.Ar I
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2.3.2 Instantaneous Tritium Release per TPBAR

In particular, the instantaneous release of tritium from breached
TPBARs in the spent fuel pool (as gas within the released gas from the
TPBARs) will not exceed 0.001 Ci/TPBAR.

2.3.3 Lithium and Aluminum Release

In the event of a 24-TPBAR breach in the spent fuel, the followingconcentrationlimits for lithium and aluminum will not be exceeded:

* 400 ppb'lithium

* 50 ppb aluminum.

2.4 Tritium Releases from TPBARs within Storage Canisters (<2001F)

The upper-bounding tritium partial pressure within storage canisters containing
lead testassembly (LTA) TPBARs and sections is not expected to'exceed 20 torr
under nominal storage conditions (-8.6"F)- The quoted bounding pressure for.
maximum temperatures (<2'00"1) is estimaied by increasing this figure by the
ratio of Kelvin tempe-atures,.to 25 torr . .

Tritium release from extracted TPBARs in storage will not exceed ý1% "of the
declared post-extraction residual tritium (Clemmer et al. 1984; and Johnson et al.
1976).

In both cases, the form of the released tritium will be tritiated water vapor or
condensate (HTO).

2.5 TPBAR Transportation Cask Event Releases

2.5.1 Intact TPBAR1q .

2.5.1.1 For TPBAR temperatures ranging from ambient to less than
200°F, and for casks containing 1,200 or less TPBAs,';the
tritium release from the entire cask loading would be less than
0.19 mCi per hour, based on extrapolation from an in-reactor
upper bound observed permeation rate of 4.2 Ci/TPBAR/year.
The tritium would be released from the TPBARs in the form
of molecular tritium gas (i.e., T2 or HT).

10IRM1avOdm~fd oRW)v'cflW 1 091.6m. I
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2.5.1.2 For TPBAR temperatures ranging from 200'F to 650*F, the
average tritium release would be less than 0.48 mCi per
TPBAR per-hour based on the upper-bound in-reactor release
rate of 4.2 Ci/TPBAR/year. The tritium would be released
from the TPBARs in the form of tritium gas.

2.5.1.3 For TPBAR temperatures ranging from 650F up to 10500F
(565C)Q, the'tritium release should be considered to be an
instantaneous rflease of less than 0.5 Ci per TPBAR per hour.
Again, the tnitium ,would be released from the TPBARs in the
form of tritium gas.

The potential for TPBAR rupture was assessed at 1050VF
because this is one of the temperature break-points in the
Modal Study matrix cited earlier (Laity 1998). It was
determined that the TPBARs are unlikely to rupture at

temperatures less than 1050°F, but may rupture at higher
temperatures.,

2.5.1.4 Helium release from intact TPBARs is negligible.

2.5.2 Event-failed TPBARs

2.5.2.1 For TPBAR temperatures ranging from ambient to 2000F, die
tritiumtrelease from a TPBAK whoselcladding fails
mechanically,(e~g., due to impact forces) after cask loading
should be considered to be less than 0.1 Ci per TPBAR per
hour, not to excceed 1% of the tritium inventory in the lithium
aluminate pellets. The release should be considered to be in
the form of tritiated water and avery small fraction of,
methane.

2.5.2.2 For TPBAR temperatures ranging from 200'F to 6507F,
the tritium release from a TPBAR whose cladding fails
mechanically (e.g., due to impact forces) after caskloading
should be considered to'be less than 55 ,curies total due to
desorption release. The release should be considered to be in
the form of t-itiateý water and a'very small friction of
methane.

2.5.2.3 For TPBAR temperatures ranging from 65(0F to i0500F, the
tritium release should be considered to be up to 100% of the
TPBAR tritium inventory, in the form of tritiated water and
methane.

I-O9cvJdt~o.I4~""r-; 09Ot14- I
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October,23, 2000' TVATP-00-r068

Ms. Cheryl '(.ý Thornhill
~ITTQ PioJect M~anager
1Pacific'Northwest National Laboratory
P. 0'.-ox 999
Richland, oA 9932•

SUBJECT, JFTCATION Or DESIGN INPUTS FOR CALCULATION.S or
BRECHE TPAMJ LEACHING IN THE SPENT FUEL POOL

RME. C. K. Thor•thil to J. 8 .chardo.letter dated
Sept e:mer 9, 2000, same1 subject

PDear Cheryl:

PV-h.i reviewed the design assumption's ih the referencedOlett ' er
and finds them to be correciexcpt, for , assmption n .uMber2
Th. Value'JZoT tritu'ushould be I60 uc/ml not 6A mejMLI.OIf you

haeany, queatione,, please Call.

es8 S. Chardos

Is Sea Chard

tium Pro•ram Manager

JSC/LDR
cc: F. A. Koontz, EQB lA-WB:

D. M. LaFaver, OPS 2B-SON
J. A. tlanigan, BR 3F-C
ZtB45 WT 3B-K

K/M*d Sam sce mt, ýZ:80 100e-zo-wr
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STATEMENT OF PROBEQ ATR9
A loss of AC power to the Watts Bar Nuclear Plant will result in a significant amount of steam release to the environment This

steam will contain radionuckides if a primary to secondary side leak occurs prior to the steam dump.

This calculation detemilned the control room operator and offsite doses following a Loss of AC Power. The inventory of
radlonuclides released to the environment was determined using the secondary steam inventories In WBNNAL3-003. The amount of
steam dumped was obtained from Westinghouse for the new Steam Generators. The computer code COROD was used to determine
the control room operator doses. Computer code FENCDOSE was used to determine the offsite doses. Design doses (-1,% failed
fuel) were detenmined by multiplying the realistic secondary steam inventory by 8. The results are provided in the results section.

The calculated offsite doses are substantially below (<10%) the regulatory limits of 25 rem whole body, 300 rein beta, 300 rem
thyroid, and 25 rem TEDE. The control room operator doses are substabally below the regulatory limits of 5 rem gamma, 30 rein
beta, 30 rem thyroid, and 5 rem TEDE.

The results of this calculation are direct input to FSAR Table 15.5-2
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0 LOAD INTO EDMS AND RETURN CALCULATION TO:.

TVA 40532 [10-2•08] Pape 1lof 2 NEDP-2-1110-20-2W8l
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NPG CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER WBNTSR-080

Title Control Room Operator and Offsite Doses Due to a Loss of AC Power

Revision DESCRIPTION OF REVISION
No.

0 Initial issue.
This revision was prepared to remove the FSAR as a reference and to apply the offsite dose limit of 10% of 1OCFR1OO per
ANSI/ANS 51.1. Also, per OICP 92-1c, the results were compared to IOCFR20 exposure limits. The dose results as previously
calculated in revision 0 of this calculation satisfy these limits. Therefore, the conclusion of the calculation remains the same.
CCRIS was checked on 02/09/93, and no changes which impact this calculation were found. As no drawings were used, a DCCM
review was not required.
pages added: 3, 6a
pages deleted: 3
pages changed: 1,2,4,9,10,13,14
total pages: 15
As this calculation is not used as a design input by any other discipline, an impact review is not required.
The calculation results have not changed.

2 Revision 2 of this calculation was performed because the X/Q values changed. All pages were rewritten for legibility and
renumbered. Only actual text changes are marked with a revision bar.
pages changed& all
pages added: none
page deleted: none

3 Revision 3 was performed because the control room makeup flow changed from 325 to 711 cfm.
pages changed: 1-7, 9, 14, 15
pages added: none
pages deleted: none
R3 total pages = 15

4 Revision 4 implements EDC E50629A, which implements the use of a Tritium Production Core. The calculation
was rewritten and renumbered, actual text changes are marked by a revision bar. The revision revised the
methodology for determining the source terms for the steam release; the use of STP was replaced by using the
source terms for secondary steam provided in WBNNAL3-003. The evaluations in this revision utilize the latest
version of COROD and FENCDOSE, which calculate dose using ICRP-2 and the new ICRP-30 methodology as
well as the TEDE. New x/Q's are being used from the ARCON96 methodology in addition to the Halitsky values.
Applicable changes to the FSAR are being handled via EDC E50629A
Pages changed : 1-11, including 2a (old cover sheet)
Pages added: all
Pages deleted: all
R4 total Pages = 22

5 Revision 5 is in support of the Steam Generator Replacement Project (DCN 51754). The mass releases have been
changed and are thus updated in this calculation. PER 61493 was addressed in regards to operation with 2 trains of
CREVS. An assumption was added that discussed the 2 trains of CREVS is beyond design basis. The FSAR and
Technical Specifications impacts, if any, are addressed in the screening review for DCN 5.1754. FSAR Table 15.5-2
is directly affected by the revision.
Pages changed : 1-10
Pages added: none
Pages deleted: 2a, old page 5 (Design Verification Form), old page 7 (Output Info Sheet), Appendices A and B (2
pages), and Attachment 1 (8 pages)
R4 total Pages = 10

6 Revision 6 is performed for a Unit 2 accident. The original steam generators are used, however Westinghouse has
provided revised mass releases. The Unit 2 ARCON96 values were also used. The SAR has been reviewed by Mam
Berg and this revision of the calculation affects Unit 2 SAR section Chapter 15. A SAR change shall be
processed in accordance with NGDC PP-10 to reflect the calculation results as part of EDCR 54956. Tech Specs have
been reviewed and determined not to be affected.
Pages added: design verification form (p.5), Appendix B (p 13, 14)
Pages deleted: none
Pages changed: 1-8, 10-12
R6: 14 total pages
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The R6 input files are stored in eFiche file TVA-F-WO01413

F1 MicroficheleFiche

WA 40535 [10-200] Pag I of I NEP-- I1-0-0

TVA 40535 [10-20081 Page I of 1 NEDP-2-6 [10-20-2008]



NPG COMPUTER OUTPUT -page 7

MICROFICHE INFORMATION SHEET

Document Rev. Plant:

Subject:
Control Room Operator and Offsite Doses Due to a Loss of AC Power

Microfiche Number Description

RO: WRAD-27
R2: TVA-F-C000079
R3 : TVA-F-CO001 18
R4: TVA-F-C-000344
TVA-F-C000351
R5 : TVA-F-W000606

R6: TVA-F-W001413

Filename
TSR080FA5
TSR080FB5
TSR080FC5
TSR080FD5
TSR080CA5
TSR080CB5
TSR080CC5
TSR080CD5

TSR080FA6
TSR080FB6
TSR080CA6
TSR080CB6

Code
FENCDOSE
FENCDOSE
FENCDOSE
FENCDOSE
COROD
COROD
COROD
COROD

FENCDOSE
FENCDOSE
COROD
COROD

Description
Offsite Dose, Realistic Case - TPC
Offsite Dose, 1% Case - TPC
Offsite Dose, Realistic Case - Non-TPC
Offsite Dose, 1% - Non-TPC
Control Room operator dose, Realistic Case - TPC
Control Room operator dose, I % Case - TPC
Control Room operator dose, Realistic Case -Non-TPC
Control Room operator dose, I % Case - Non-TPC

Offsite Dose, Realistic Case - TPC
Offsite Dose, 1% Case -TPC
Control Room operator dose, Realistic Case - TPC
Control Room operator dose, 1 % Case - TPC



Purose

The purpose of this calculation is to determine the control room operator and offsite dose due to a Loss of AC Power.
This calculation supports FSAR chapter 15.5. Revision 2 is performed because X/Q values have changed. Revision 3 is
performed because the control room makeup flow changed from 325 to 711 cfin. Revision 4 implements EDC E50629A to
allow the use of a Tritium Production Core (TPC), it also revises the source inventory to the secondary steam in
WBNNAL3-003 (ref.2), and utilizes new X/Q values used from ARCON96 methodology in addition to the old Halitsky
values. Revision 5 was performed as the mass releases changed due to replacement steam generators.

Revision 6 added the Unit 2 accident (see Appendix B). Unit 2 has the original steam generators, however
Westinghouse provided revised mass releases. Also the Unit 2 ARCON96 X/Q values are used. Only the TPC was evaluated
as it bounds the conventional core.

Introduction

A Loss of AC Power to the Watt's Bar Nuclear Plant will result in a significant steam release to the environment. The
steam will contain radionuclides if a primary to secondary side leak occurs prior to the event. The secondary steam inventory
from WBNNAL3-003 consists of expected radionuclide activity levels (ANS/ANSI- 18.1-1984, ref.2). Computer code
COROD (ref.4) will be used to determine the control room operator dose using the secondary steam inventory. Computer
code FENCDOSE (ref.5) will be used to determine the offsite dose using the secondary steam inventory. The calculation will
provide the control room operator and offshite dose for both the standard core and the TPC for both the realistic case and 1%
failed fuel case.

It should be noted that there is no standard review plan or regulatory guide for this accident. This is a simple best
estimate analysis. The 1% failed fuel case is a conservative analysis that utilizes a factor of 8 as a multiplier to the realistic
case. This factor causes the inventories to exceed the technical specification values (which would have a multiplier of 7.965,
ref. 12). The 1% failed fuel is not exactly 1%. It is based on the realistic case being close to but not exactly 0.125% failed
fuel, therefore 8 times 0.125% = I %. It should be considered just a label for a severe case.

The offsite dose limits are 10% (ref.16) of the following regulatory limits: 25 rem gamma (1OCFRIOO. 11), 300 rem
thyroid (1OCFRIOO.1 1), 300 rem beta, and 25 rem TEDE (1OCFRSO.67). SRP 6.4 in NUREG 0800 shows that the thyroid
dose and beta dose limits are equivalent for the control room, therefore the offsite beta dose limit can be assumed the same
as the offsite thyroid dose limit, 300 rem. I0CFR20.1201 also states that the organ (thyroid) dose and skin (beta) dose are
equivalent. The control room dose limits are 5 rem gamma (1OCFR50 Appendix A GDCI9), 30 rem thyroid (SRP 6.4), 30
rem beta (SRP 6.4), and 5 rem TEDE (IOCFR50.67).

Design Input

The amount of steam released to the environment due to the loss of AC power is provided below as given in ref. 10.
0 - 2 hours 455,718 lbs.
2 - 8 hours 962,213 lbs.

The following are the X/Q values used in the computer code models:
Offsite (ref. 12): 30 day LPZ: 1.41E-4 0-2hr; 6.68E-5 2-8hr; 4.59E-5 8-24 hr; 2.04E-5 1-4 days; 6.35E-04 4-30 days

2 hr EAB 6.07E-4
Control Room (ref. 13): 4.03E-3 0-2hr; 3.35E-3 2-8hr; 2.27E-4 8-24hr; 1.81E-4 1-4 day; 1.45E-4 4-30 day

Assumptions

1. The secondary side source consists of expected/realistic radionuclide activity levels for a reactor based on ANSI/ANS
18.1-1984, as calculated in WBNNAL3-003 (ref.2).

2. WBNNAL3-003 (ref.2) provides the inventory for tritium in a TPC. Only the 2 TPBAR failure source term is used for
each case, as the tritium has only a small impact on the result and using the 2 TPBAR failure source term is
conservative since additional failed fuel has no impact on tritium from a failed TPBAR.

3. Only one train of CREVS is in operation. Normally, each CREVS train takes suction from separate intakes with no
cross communication between trains. This leads to one contaminated train, and one uncontaminated train. The only
way a 2 CREVS operation could result in higher doses would be for both trains to take suction from the same vent. For



Calculation No. WBNTSR-08O Rev: 6 Plant: WBN Page: 9

Subject: Control Room Operator and Offeite Doses Due to a Loss Prepared: G -3 Date: /-t- •
of AC Power IChecked: Il. Date: , LV

this to happen, one intake path would require a failed closed intake path AND a fail open of normally closed passive
manual damper at the beginning of the accident. An active failure of a train plus a failure of a passive component in
less than 24 hours is beyond design basis.

Special Requirements/Ljming Conditions

There are no special requirements or limiting conditions in this calculation.

Calculations

The radionuclide inventory is provided in g.Ci/g in WBNNAL3-003. The releases, in Ci, are determined for each isotope
per the following equation and are provided in the table below (the table also provides the 1% values by multiplying the
realistic values by 8 except for tritium):

Ci (isotope) = pCi/g (isotope) * (Ci/1E6 gCi) * 453.59 gm/lb. * steam released lbs.

Secondary Side Steam Inventory From WBNNAL3-003

Realistic Inventory 1% Failed Fuel
Isotope .Ci/g. (0-2 hr) Ci (2-8 hr) Ci (0-2 hr) Ci (2-8 hr) Ci
Kr-83m 0.OOOE+00 0.000E+00 0.000E+00 0.OO0E+00 0.000E+00
Kr-85m 3.630E-08 7.504E-06 1.584E-05 6.003E-05 1.267E-04
Kr-85m 5.5 1OE-08 1.139E-05 2.405E-05 9.112E-05 1.924E-04
Kr-87 3.220E-08 6.656E-06 1.405E-05 5.325E-05 1.124E-04
Kr-88 6.31 OE-08 1.304E-05 2.754E-05 1.043E-04 2.203E-04
Kr-89 0.000E+00 0.000E+00 0.000E+00 0.OOOE+00 0.000E+00
Xe-131m 1.340E-07 2.770E-05 5.848E-05 2.216E-04 4.679E-04
Xe-133m 1.540E-08 3.183E-06 6.721E-06 2.547E-05 5.377E-05
Xe-133m 5.250E-07 1.085E-04 2.291E-04 8.682E-04 1.833E-03
Xe-135m 2.900E-08 5.995E-06 1.266E-05 4.796E-05 1.013E-04
Xe-135m 1.910E-07 3.948E-05 8.336E-05 ,3.159E-04 6.669E-04
Xe-137 7.620E-09 1.575E-06 3.326E-06 1.260E-05 2.661E-05
Xe-138 2.680E-08 5.540E-06 1.170E-05 4.432E-05 9.357E-05
1-131 1.410E-08 2.915E-06 6.154E-06 2.332E-05 4.923E-05
1-132 3.370E-08 6.966E-06 1.471E-05 5.573E-05 1.177E-04
1-133 4.0301E-08 8.330E-06 1.759E-05 6.664E-05 I .407E-04
1-134 2.930E-08 6.057E-06 1.279E-05 4.845E-05 1.023E-04
1-135 6.190E-08 1.280E-05 2.702E-05 1.024E-04 2.161E-04
H-3 2-Rod 9.840E-02 2.034E+01 4.295E+01 2.034E+01 4.295E+01

For each case the released radionuclides are input into computer code FENCDOSE (ref. 3) to calculate the Low
Population Zone (LPZ) offsite dose. The FENCDOSE model is taken from WBNAPS3-077 (ref. 12).

For each case the released radionuclides are also input into computer code COROD (ref. 4) to determine the control
room operator dose. The COROD model is taken from WBNAPS3-077 (ref 12). The x/Q values used are from
WBNAPS3-104 (ref. 13) for the SGTR accident, because the steam release points are the same.



Results
Unit I Doses Due to Loss of AC Power (Rein)

Non-TPC
Realistic Inventorv Offsite

2 hr EAB 30 day LPZ Control Room

gamma 1.75E-08 8.13E-09 8.26E-09
Beta 1.02E-08 4.72E-09 9.24E-08
Inhalation (ICRP-30) 1.07E-06 4.99E-07 7.62E-07
TEDE* 7.94E-08 3.69E-08 3.69E-08

1% Failed Fuel Offsite

2_hr EAB 30 day LPZ Control Room

gmma .1.40E-07 6,50E-08 6.61E-08
Beta 8.12E-08 3.77E-08 7.39E-07
Inhalation (ICRP-30) 8.59E-06 3.99E-05 6. 10E-06
TEDE* 6.35E-07 2.95E-07 2.95E-07

TPC

Realistic Inventory Offsite
2 hr EAB 30 day LPZ Control Room

gamma 1.75E-08 8.13E-09 8.26E-09
Beta 1.61E-05 7.50E-06 2.92E-04
Inhalation (ICRP-30) 1.07E-06 4.99E-07 7.62E-07
TEDE* 2.64E-04 1.23E-04 4.78E-03

1% Failed Fuel Offsite

2 hr EAR 30 day LPZ Control Room
gamma 1.40E-07 6.50E-08 6.61E-08
Beta 1.62E-05 7.53E-06 2.93E-04
Inhalation (WCRP-30) 8.59E-06 3.99E-06 6.10E-06
TEDE* 2.65E-04 1.23E-04 4.78E-03

Notes for Table:
* COROD R6 does not include in the TEDE, the dose due to direct shine from outside the control room. The value is

manually added to arrive at the total TEDE.
TEDEtow = TEDE., + gamma,.me + TEDEwzgrcs

where gamma shine > 0 but is negligible
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Discussion and Conclusion

The calculated offsite doses are substantially below (< 10%, ref.16) the regulatory limits of 25 rem whole body, 300
rem beta, 300 rem thyroid, and 25 rem TEDE. The control room operator doses are substantially below the regulatory limits
of 5 rem gamma, 30 rem beta, 30 rem thyroid, and 5 rem TEDE. The calculated offsite TEDE dose is also less than the
I0CFR20.1301 (ref 14) limit of 0. 1 rem. The Unit I accident bound the Unit 2 accident.
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Appendix A
Original Steam Generator Results, Unit 1.

The following are the results for the original steam generators (R4 of this calculation).

Realistic Case - Non-TPC

Gamma (whole body)
Beta
Iodine (thyroid)-ICRP-2
Iodine (thyroid)-ICRP-30
TEDE*

1% Failed Fuel Case - Non-TPC

Gamma (whole body)
Beta
Iodine (thyroid)-ICRP-2
Iodine (thyroid)-ICRP-30
TEDE*

30 day LPZ
9.625E-09
5.583E-09
1.130E-06
5.908E-07
4.365E-08

30 day LPZ
7.696E-08
4.452E-08
9.045E-06
4.727E-06
3.492E-07

Control Room Operator
2 hr EAB ARCON96 Halitsky
2.399E-08 9.344E-09 8.012E-09
1.392E-08 1.046E-07 8.967E-08
2.818E-06 1.499E-06 1.301E-06
1.473E-06 8.227E-07 7.144E-07
1.088E-07 4.004E-08 3.443E-08

Control Room Operator
2 hr EAB ARCON96 Halitsky
1.919E-07 7.447E-08 6.389E-08
1.113E-07 8.301E-07 7.126E-07
2.255E-05 1.199E-05 1.041E-05
1.178E-05 6.583E-06 5.716E-06
8.705E-07 3.200E-07 2.752E-07

Realistic Case - TPC (2 TPBAR Failure)
30 day LPZ

Gamma (whole body) 9.625E-09
Beta 8.880E-06
Iodine (thyroid)-ICRP-2 1. 130E-06
Iodine (thyroid)-ICRP-30 5.908E-07
TEDE* 1.453E-04

1% Failed Fuel Case - TPC (2 TPBAR Failure)
30 day LPZ

Gamma (whole body) 7.696E-08
Beta 8.919E-06
Iodine (thyroid)-ICRP-2 9.045E-06
Iodine (thyroid)-ICRP-30 4.727E-06
TEDE* 1.456E-04

2 hr EAB
2.399E-08
2.214E-05
2.818E-06
1.473E-06
3.623E-04

Control Room Operator
ARCON96 Halitsky
9.344E-09 8.012E-09
3.314E-04 2.842E-04
1.499E-06 1.301E-06
8.227E-07 7.144E-07
5.415E-03 4.644E-03

Control Room Operator
2 hr EAB ARCON96 Halitsky
1.919E-07 7.447E-08 6.389E-08
2.224E-05 3.321E-04 2.849E-04
2.255E-05 1.199E-05 1.041E-05
1.178E-05 6.583E-06 5.716E-06
3.631E-04 5.415E-03 4.644E-03



Appendix B: Unit 2 Loss of AC Power

This appendix evaluates the Unit 2 Loss of AC Power. The steam generators are the original steam generators,
however Westinghouse has revised the mass releases.

Using the same methodology as in the main text, with the TPC only (since that bounds the conventional core), and with Unit
2 ARCON96 X/Q values (2.87E-3 sec/cum 0-2 hr, 2.46E-3 sec/cum, ref. 13):

The amount of steam released to the environment due to the loss of AC power is provided below as given in ref. 17.
0 - 2 hours 444,875 lbs.
2 - 8 hours 903,530 lbs.

Unit 2 Loss of AC Power Releases
Secondary

Side 1% Failed
Concentratio Realistic Fuel

n Release Release

Isotope uCi/g (0-2 hr) Ci (2-8 hr) Ci (0-2 hr) Ci (2-8 hr) Ci

Kr-83m 0.OOOE+00 0.OOOE+00 0.OOOE+00 0.OOOE+00 0.OOOE+00

Kr-85m 3.630E-08 7.325E-06 1.488E-05 5.860E-05 1. 190E-04

Kr-85m 5.510E-08 1.1 12E-05 2.258E-05 8.895E-05 1.807E-04

Kr-87 3.220E-08 6.498E-06 1.320E-05 5.198E-05 1.056E-04
Kr-88 6.310E-08 1.273E-05 2.586E-05 1.019E-04 2.069E-04
Kr-89 0.OOOE+00 0.O0OE+00 0.OOOE+00 0.O00E+00 0.OOOE+00
Xe-131m 1.340E-07 2.704E-05 5.492E-05 2.163E-04 4.393E-04

Xe-133m 1.540E-08 3.108E-06 6.311E-06 2.486E-05 5.049E-05

Xe-133m 5.250E-07 1.059E-04 2.152E-04 8.475E-04 1.721E-03

Xe-135m 2.900E-08 5.852E-06 1.189E-05 4.682E-05 9.508E-05

Xe-135m 1.910E-07 3.854E-05 7.828E-05 3.083E-04 6.262E-04

Xe-137 7.620E-09 1.538E-06 3.123E-06 1.230E-05 2.498E-05

Xe-138 2.680E-08 5.408E-06 1.098E-05 4.326E-05 8.787E-05

1-131 1.4103E-08 2.845E-06 5.779E-.06 2.276E-05 4.623E-05

1-132 3.370E-08 6.800E-06 1.381E-05 5.440E-05 1.105E-04

1-133 4.030E-08 8.132E-06 1.652E-05 6.506E-05 1.321E-04

1-134 2.930E-08 5.912E-06 1.201E-05 4.730E-05 9.606E-05

1-135 6.190E-08 1.249E-05 2.537E-05 9.993E-05 2.029E-04

H-3 2-Rod 9.840E-02 1.986E+01 4.033E+01 1.986E+01 4.033E+01
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Results

The results for Unit 2 Loss of AC Power were (rem):

Realistic Case

Gamma

Beta
Thyroid (ICRP-30)
TEDE

1% Failed Fuel Case

Gamma
Beta
Thyroid (ICRP-30)
TEDE

Control Room
7.05E-09

2.52E-04

5.51E-07

4.12E-03

Offsite
2-hr EAB

1.69E-08

1.58E-05

1.05E-06

2.58E-04

Offsite

2-hr EAB

1.37E-07

1.58E-05

8.39E-06

2.59E-04

Offsite
30-day LPZ

7.74E-09

7.18E-06

4.78E-07

1.1 8E-04

Offsite

30-day LPZ

6.23E-08

7.21E-06

3.82E-06

1.18E-04

Control Room
4.57E-08

2.03E-04

4.22E-06

3.31E-03

Discussion and Conclusion

The calculated offsite doses are substantially below (< 10%, ref. 16) the regulatory limits of 25 rem whole body, 300
rem beta, 300 rem thyroid, and 25 rem TEDE. The control room operator doses are substantially below the regulatory limits
of 5 rem gamma, 30 rem beta, 30 rem thyroid, and 5 rem TEDE. The calculated offsite TEDE dose is also less than the
IOCFR20.1301 (ref.14) limit of 0.1 rem. The Unit 2 accident is bounded by the Unit 1 accident.
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FENCDOSE File

TSR80FA6.txt

Time Dependent Releases
realistic case
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REPRODUCTION OF INPUT DATA DECK

+ + + + + + + +

1
KRM-83 KRM-85 KR-85
KR-87 KR-88 KR-89
XEM-131 XEM-133 XE-133 XEM-135 XE-135 XE-137 XE-138
1-131 1-132 1-133 1-134 1-135 H-3
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TSR8OFA6.txt
T
.141E-3 .668E-4 .459E-4
LOSS OF AC POWER
TIME TO 7200 SEC

9 'ENVIRONMENT
10.0 2
60.0 7

11 3.854E-05 12
16 8.132E-06 17

LOSS OF AC POWER
TIME TO 8 HOUR

9 'ENVIRONMENT
10.0 2
60.0 7

11 7.828E-05 12
16 1.652E-05 17

LOSS OF AC POWER
TIME TO 24 HR

9 'ENVIRONMENT
10.0 2
60.0 7

11 0.0 12
16 0.0 17

LOSS OF AC POWER
TIME TO 96 HR

9 'ENVIRONMENT
1 0.0 2
60.0 7

11 0.0 12
16 0.0 17

LOSS OF AC POWER
TIME TO 720 HR

9 'ENVIRONMENT
10.0 2
60.0 7

11 0.0 12
16 0.0 17

.204E-4 .635E-5 6.07E-4'

0.0
2. 704E-05
1. 538E-06
5. 912E-06

1. 488E-05
5.492E-05
3. 123E-06
1. 201E-05

0.0
0.0
0.0
0.0

3
8

13
18

3
8

13
18

3
8

13
18

$ TN= 0.2000E+01
1.112E-05 4 6.498E-06
3.108E-06 9 1.059E-04
5.408E-06 14 2.845E-06
1.249E-05 19 1.986E+01

$ TN= 0.8000E+01
2.258E-05 4 1.320E-05

* 6.311E-06 9 2.152E-04
1.098E-05 14 5.779E-06

* 2.537E-05 19 4.033E+01

$ TN=
0.0

*0.0
0.0

*0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

$ TN=
3 0.0
8 0.0

13 0.0
18 0.0

$ TN=
3 0.0
8 0.0

13 0.0-
18 0.0

0. 2400E+02
4 0.0
9 0.0

14 0.0
19 0.0

0.9600E+02
4 0.0
9 0.0

14 0.0
19 0.0

0.7200E+03
4 0.0
9 0.0

14 0.0
19 0.0

5
10
15

5
10
15

5
10
15

5
10
15

5
10
15

1. 273E-05
5.852E-06
6.800E-06

2. 586E-05
1. 189E-05
1. 381E-05

0.0
0.0
0.00

0.0
0.0
0.00

0.0
0.0
0.00

+ + + + + + + +

1
0
0
0
0

PROGRAM FENCDOSE
REVISION NUMBER:5

REVISION DATE: 31 JUL 2009
TODAY IS: 01/29/10

STARTING TIME IS: 14:31:04

1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-137

GAMMA ENERGY
(MEV/DIS)
0.0025
0.1586
0.0022
0.7928
1.9629
2.0837
0.0201
0.0416
0.0454
0.4318
0.2470
0.1936

BETA ENERGY
(MEV/DIS)
0. 0371
0.2529
0.2506
1. 3237
0.3750
1.2310
0. 1428
0. 1898
0. 1354
0. 0950
0. 3168
1. 6420
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XE-138
1-131
1-132
1-133
1-134
1-135
H-3

1.1830
0.3810
2.3332
0.6100
2.5928
1.5802
0.0000

TSR8OFA6.txt
0.6058
0.1943
0.5143
0.4080
0.6102
0.3680
0.0057

OCHI/Q
1.410E-04 6.680E-05
6.070E-04

1
OLOSS OF AC POWER

TIME TO 7200 SEC
COMPONENT 9 ENVIRONMENT
1ISOTOPE

KRM-83 O.OOOOE+00
KRM-85 0.OOOOE+00
KR-85 0.1112E-04
KR-87 0.6498E-05
KR-88 0.1273E-04
KR-89 0.OOOOE+00
XEM-131 0.2704E-04
XEM-133 0.3108E-05
XE-133 0.1059E-03
XEM-135 0.5852E-05
XE-135 0.3854E-04
XE-137 0.1538E-05
XE-138 0.5408E-05
1-131 0.2845E-05
1-132 0.6800E-05
1-133 0.8132E-05
1-134 0.5912E-05
1-135 0.1249E-04
H-3 0.1986E+02

OLOSS OF AC POWER
TIME TO 8 HOUR
COMPONENT 9 ENVIRONMENT
1ISOTOPE

4. 590E-05 2.040E-05 6.350E-06

, TIME = 2.

TIME = 8.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-137
XE-138
1-131
1-132
1-133
1-134
1-135
H-3

0.O000E+00
0. 1488E-04
0.2258E-04
0. 1320E-04
0.2586E-04
0.O000E+O0
0.5492E-04
0. 6311E-05
0. 2152E-03
0.1189E-04
0.7828E-04
0. 3123E-05
0. 1098E-04
0.5779E-05
0.1381E-04
0. 1652E-04
0.1201E-04
0.2537E-04
0.4033E+02
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TSR8OFA6.txt
OLOSS OF AC

TIME TO 24
COMPONENT
1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-137
XE-138
1-131
1-132
1-133
1-134
1-135
H-3

OLOSS OF AC
TIME TO 96
COM PON ENT
1ISOTOPE

POWER
HR
9 ENVIRONMENT

0.0000E+00
0.0000E+00
0. OOOOE+00
0. OOOOE+00
0.OOOOE+00
0.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0.OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00

POWER
HR
9 ENVIRONMENT

, TIME = 24.

, TIME = 96.

KRM-83 0.OOOOE+00
KRM-85 0.OOOOE+00
KR-85 0.OOOOE+00
KR-87 0.OOOOE+00
KR-88 0.OOOOE+00
KR-89 0.OOOOE+00
XEM-131 0. OOOOE+00
XEM-133 0. OOOOE+00
XE-133 0.OOOOE+00
XEM-135 0.OOOOE+00
XE-135 0.OOOOE+00
XE-137 0.OOOOE+00
XE-138 0.OOOOE+00
1-131 0.OOOOE+00
1-132 0.OOOOE+00
1-133 0.OOOOE+00
1-134 0.OOOOE+00
1-135 0.OOOOE+00
H-3 0.OOOOE+00

OLOSS OF AC POWER
TIME TO 720 HR
COMPONENT 9 ENVIRONMENT
1ISOTOPE

, TIME =720.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135

0. OOOOE+00
0. 0000E+00
0.OOOOE+00
0. OOOOE+00
0.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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XE-135
XE-137
XE-138
1-131
1-132
1-133
1-134
1-135
H-3

O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
0.OOOOE+00
O.O000E+00
O.0000E+00
O.OOOOE+00

1INPUT CONCENTRATION
KRM-83 O.OOOOE+00
KRM-85 O.OOOOE+00
KR-85 1.1120E-05
KR-87 6.4980E-06
KR-88 1.2730E-05
KR-89 O.OOOOE+00
XEM-131 2.7040E-05
XEM-133 3.1080E-06
XE-133 1.0590E-04
XEM-135 5.8520E-06
XE-135 3.8540E-05
XE-137 1.5380E-06
XE-138 5.4080E-06
1-131 2.8450E-06
1-132 6.8000E-06
1-133 8.1320E-06
1-134 5.9120E-06
1-135 1.2490E-05
H-3 1.9860E+01

O.OOOOE+00
1.4880E-05
2.2580E-05
1.3200E-05
2.5860E-05
O.OOOOE+00
5.4920E-05
6.3110E-06
2.1520E-04
1. 1890E-05
7.8280E-05
3. 1230E-06
1.0980E-05
5.7790E-06
1.3810E-05
1.6520E-05
1. 2010E-05
2.5370E-05
4.0330E+01

O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
0.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00

O.OOOOE+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
0.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00

O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00

1LOSS OF AC POWER

OGAMMA DOSE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE
2-HR EAB

1 KRM-83
O.OOOE+00

2 KRM-85
O.OOOE+00

3 KR-85
3.730E-12

4 KR-87
7.818E-10

5 KR-88
3.792E-09

6 KR-89
O.O00E+00

7 XEM-131
8.230E-11

8 XEM-133
1.960E-11

9 XE-133
7.294E-10

10 XEM-135
3.834E-10

11 XE-135
1.444E-09

0-2 HRS 2-8 HRS 8-24 HRS 1-4 DAYS 4-30 DAYS

0.O000E+00

0. OOOE+00

8. 664E-13

1. 816E-10

8. 808E-10

0. OOOE+00

1.912E-11

4. 553E-12

1. 694E-10

8. 906E-li

3. 355E-10

0.OOOE+00

3.942E-11

8.334E-13

1. 748E-10

8.477E-10

0.O000E+00

1.840E-11

4. 380E-12

1. 631E-10

8. 573E-11

3. 228E-10

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0.O00E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0. 000E+00

O.OOOE+00 O.OOOE+00

0.O00E+00 O.OOOE+00
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12 XE-137

4. 518E-11
13 XE-138

9. 708E-10
14 1-131

1. 645E-10
15 1-132

2.408E-09
16 1-133

7. 527E-10
17 1-134

2. 326E-09
18 1-135

2.995E-09
19 H-3

0.OOOE+O0

TOTAL
1. 690E-08
OBETA DOSE FOR EACH

ID ISOTOPE
2-HR EAB

1 KRM-83
O.O00E+00

2 KRM-85
O.O00E+0O

3 KR-85
3.890E-10

4 KR-87
1.201E-09

5 KR-88
6.665E-10

6 KR-89
O.O00E+00

7 XEM-131
5. 391E-10

8 XEM-133
8.236E-11

9 XE-133
2.002E-09

10 XEM-135
7.761E-11

11 XE-135
1.705E-09

12 XE-137
3.526E-10

13 XE-138
4.574E-10

14 1-131
7.717E-11

15 1-132
4.882E-10

16 1-133
4.632E-10

17 1-134
5.036E-10

18 1-135
6.417E-10

19 H-3
1.575E-05

1. 049E-11

2. 255E-10

3. 821E-11

5. 593E-10

1. 749E-10

5.403E-10

6. 957E-10

0. OOOE+O0

3.925E-09

ISOTOPE AND

0-2 HRS

O.OOOE+00

O.OOOE+O0

9.037E-11

2.789E-10

1.548E-10

O.O00E+00

1.252E-10

1.913E-11

4.650E-10

1.803E-11

3.960E-10

8.190E-11

1.062E-10

1.793E-11

1.134E-10

1.076E-10

1.170E-10

1.491E-10

3.658E-06

1.009E-11

2.169E-10

3.677E-11

5. 381E-10

1.683E-10

5.200E-10

6.695E-10

0. OOOE+O0

3.817E-09

TIME PERIOD

2-8 HRS

O.OOOE+0O

5.782E-11

8.694E-11

2.685E-10

1. 490E-10

0. OOOE+0O

1. 205E-10

1. 840E-11

4. 477E-10

1. 735E-11

3. 810E-10

7. 879E-11

1.022E-10

1. 725E-11

1.091E-10

1.036E-10

1.126E-10

1.434E-10

3.519E-06

0. OOOE+00

0.O000E+O0

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+O0

0.O000E+00

0.O000E+00

0. OOOE+00

(REM)

8-24 HRS

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+O0

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+O0

0. OOOE+00

0. OOOE+O0

0.O000E+O0

0.O000E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0. OOOE+O0

0. OOOE+00

0. O00E+00

0. O00E+O0

0. O00E+00

0. OOOE+00

0. O00E+O0

0. O00E+00

0. OOOE+00

0. OOOE+0O

0. OOOE+0O

0.O000E+O0

0.O000E+O0

0. OOOE+00

0. 000E+00

0. O00E+O0

0. OOOE+00

0. O00E+00

0. 000E+00

0. 000E+O0

0.OOOE+00

1-4 DAYS 4-30 DAYS

0. OOOE+0O

0.O000E+O0

0.O000E+00

0.O000E+00

0. OOOE+0O

0. OOOE+0O

0.O000E+O0

0.O000E+00

0.O000E+O0

0.O000E+00

0. OOOE+00

0. OOOE+0O

0. OOOE+O0

0.000 E+O0

0.000 E+00

0.O000E+O0
0. OOOE+00
0.O000E+O0

0. OOOE+00

0. OOOE+00

0.O000E+O0

0.OOOE+00

0.O000E+00

0.000 E+00

0.000 E+O0

0.O000E+O0

0.OOOE+00

0. OOOE+00

0. OOOE+00

0.000 E+O0

0.000 E+O0

0.O000E+O0

0.O000E+O0

0. OOOE+00

0.O000E+O0

0.O000E+O0

0.000 E+O0

0.000 E+O0

0. OOOE+O0
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TOTAL
1. 576E-05
QINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
8.869E-07

2 1-132
7.663E-08

3 1-133
6.851E-07

4 1-134
3.113E-08

5 1-135
3.262E-07

TOTAL
2.006E-06
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
6.472E-07

2 1-132
9.224E-09

3 1-133
3.083E-07

4 1-134
1.332E-09

5 1-135
8.234E-08

3.661E-06 3.522E-06 0.OOOE+0O

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

PERIOD (REM)

8-24 HRS

0.000 E+00

(ICRP 2 DATA

1-4 DAYS

2.060E-07

1. 780E-08

1.591E-07

7. 231E-09

7.578E-08

1.983E-07

1. 713E-08

1. 532E-07

6.960E-09

7. 292E-08

0.O000E+0O

0.O000E+00

0.O000E+00

0.OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.000 E+00

4-30 DAYS

0.000 E+00

0.000 E+00

0. OOOE+00

0.OOOE+00

0.000 E+00

4.660E-07 4.484E-07

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

1. 503E-07

2. 143E-09

7.162E-08

3.095E-10

1.913E-08

1. 447E-07

2.062E-09

6.893E-08

2. 979E-10

1.841E-08

0.O000E+00

PERIOD (REM)

8-24 HRS

0.O00E+O0

O.000E+00

O.000E+O0

0.OOOE+00

0.OOOE+00

O.000E+O0

0.OOOE+O0 O.OOOE+00

(ICRP 30 DATA)

1-4 DAYS 4-30 DAYS

0.O000E+00

0.000 E+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00

TOTAL 2.435E-07 2.344E-07
1.048E-06
OAT 2 HOUR EXCLUSION AREA BOUNDARY (EAB)

O.O00E+00 O.OOOE+00

TOTAL GAMMA DOSE = 1.690E-08 REM
TOTAL BETA DOSE = 1.576E-05 REM
TOTAL INHALATION DOSE (ICRP-2) = 2.006E-06 REM
TOTAL INHALATION DOSE (ICRP-30) = 1.048E-06 REM

OAT 30 DAY LPZ BOUNDARY

TOTAL GAMMA DOSE = 7.742E-09 REM
TOTAL BETA DOSE = 7.182E-06 REM
TOTAL INHALATION DOSE (ICRP-2) = 9.144E-07 REM
TOTAL INHALATION DOSE (ICRP-30) = 4.779E-07 REM

KRM 83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
KRM 83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
KRM 83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
KRM 83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
KRM 83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.

Page 8
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KRM 83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.

1LOSS OF AC POWER

OTEDE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE
2-HR EAB

1 KRM-83
O.OOOE+00

2 KRM-85
O.000E+00

3 KR-85
2.437E-12

4 KR-87
5.588E-10

5 KR-88
2.790E-09

6 KR-89
O.OOOE+O0

7 XEM-131
2.234E-11

8 XEM-133
8.909E-12

9 XE-133
3.571E-10

10 XEM-135
2.467E-10

11 XE-135
9.098E-10

12 XE-137
2.853E-11

13 XE-138
6.565E-10

14 1-131
2.542E-08

15 1-132
5.618E-09

16 1-133
2.057E-08

17 1-134
3.090E-09

18 1-135
1.706E-08

19 H-3
2.578E-04

TOTAL
2.579E-04

0-2 HRS

0.O000E+00

0.OOOE+00

5.662E-13

1. 298E-10

6.482E-10

0.O000E+00

5.189E-12

2.069E-12

8.295E-11

5. 730E-11

2.113E-10

6. 626E-12

1. 525E-10

5.906E-09

1. 305E-09

4.778E-09

7. 178E-10

3. 962E-09

5.989E-05

5.991E-05

2-8 HRS 8-24 HRS 1-4 DAYS 4-30 DAYS

0.O000E+00

2. 568E-11

5. 447E-13

249E-10

6. 238E-10

0. O00E+00

4.993E-12

1. 991E-12

7. 986E-11

5. 516E-11

2. 034E-10

6. 374E-12

1. 467E-10

5.683E-09

1.256E-09

4. 598E-09

6.908E-10

3. 813E-09

5. 762E-05

5.764E-05

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. O00E+00

0. O00E+00

0. O00E+00

0. O00E+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. 000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.OOOE+00

0.000 E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.O000E+00

0.000 E+00

0.O000E+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0.000 E+00

TOTAL TEDE = 1.176E-04
OTHIS RUN IS DATED 01/29/10. THE TOTAL ELAPSED TIME IS 0.0 MINUTES. 0.0 SECONDS.
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Attachment 9

FENCDOSE File

TSR80FB6.txt

Time Dependent Releases
1% failed fuel case



1
FFFFFFFFFF EEEEEEEEEE

SSSSSS EEEEEEEEEE
FFFFFFFFFF EEEEEEEEEE

SSSSSSSS EEEEEEEEEE
FF EE

SS EE
FF EE

Nr

Nr

Nr

Nr

TSR80FB6.txt

N NN

MN NN C

NNN NN CC

q NN NN CC

CCCCCC

CCCCCCC

CC

DDDDDDDD 000000

DDDDDDDDD 00000000

DD DD 00 00 SS

DD DD 00 00 SS
EE

FFFFFFFF
SSSSSSSSS EEEEEEEE

FFFFFFFF
SSSSSSSSS EEEEEEEE

FF
SS EE

FF
SS EE

FF
SSSSSSSS EEEEEEEEE

FF
SSSSSS EEEEEEEEEE

EEEEEEEE

EEEEEEEE

EE

EE'

EEEEEEFEE

EEEEEEEEEE

EEEEEEEEEE

EEEEEEEEEE

EE

NN NN NN

NN NN NN

NN NNNN

NN NNN

NN NN

NN NN

CC

CC

CC

DD

DD

DD

DD 00

DD 00

DD 00

00

00

00

CC CC

CCCCCCCC

DD DD 00 00 SS

DDDDDDDDD 00000000

CCCCCC DDDDDDDD 000000

RRRRRRRR

RRRRRRRRR

RR RR

RR RR

RRRRRRRRR

RRRRRRRR

RR RR

RR RR

RR RR

RR RR

vv

VV

vv

vv

EE

EEEEEEEE

EEEEEEEE

EE

EE

vv vv

vv vv

vv vv

vvvv

vvvv

vv

vv

EEEEEEFEE

EEEEEEEEEE

5555555555

5555555555

55

55

5555555

5555555

55

55 55

55555555

555555

5555555555

5555555555

55

55

5555555

5555555

55

55 55

55555555

ww ww
QQQQQQ AAAAAA

ww ww
QQQQQQQQ AAAAAAAA

ww ww
QQ AA AA

ww ww
QQ AA AA

ww ww
QQ AA AA

ww ww ww
Q QQ AAAAAAAAAA

ww wwww ww
Q QQ AAAAAAAAAA

wwww wwww
QQQ AA AA

www www
QQQQQQQQ AA AA

IIIIII

I'

II

II

II

II

II

'IIIII

NN NN 999999

NNN NN 99999999

NNNN NN 99 99

NN NN NN 99 99

NN NN NN 999999999

NN NN NN 99999999

NN NNNN 99

NN NNN 99 99

NN NN 99999999

NN NN

NNN NN

NNNN NN QQ

NN NN NN QQ

NN NN NN QQ

NN NN NN QQ

NN NNNN QQ

NN NNN QQ

NN NN
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TSR8OFB6.txt
IIIIII NN NN 999999ww

QQQQQQ Q AA
ww
AA

555555 NN NN

11
00000

00000
0000000

0000000ill

I
00

1ill 00
00

11 00
00

11 00
00

11 00
00

11 00
00

11 00

00
00
00

00
00

00
00

00
00

00
00

00
3000000
3000000
00000

00000

11 //
111 //

1111 //

11 //.

11 //

11 I/

11 //

11 //

111111 //

111111 /

222222 999999 //
//

22 22 99 99 //

22 99 99 //

2222222 999999999 //

2222222 99999999 /

22 99 /

22 99 99 /

2222222222 99999999 /

2222222222 999999 /

22222222 99999999

111111

lii

ii

ii

ii

11

11

111111

111iii

0OO0

11
7777777777

111

7777777777
li1

77

771177
11
77
77

77
11

77

44 333333 11

111444

4444

44 44

44 44

44 44

33333333

33 33 1111

33 11

33333

33333

11

11

4444444444 33 11

77
11 4444444444 33 '33 11

111111
77

111111
77.

44 33333333 111111

111i1144 333333

1

1
REPRODUCTION OF INPUT DATA DECK

+ + + + + + + +

1
KRM-83
KR-87
XEM-131
1-131

KRM-85
KR-88
XEM-133
1-132

KR-85
KR-89
XE-133 XEM-135 XE-135 XE-137 XE-138
1-133 1-134 1-135 H-3
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TSR8OFB6.tXt
T
.141E-3 .668E-4 .459E-4 .204E-4 .635E-5 6.07E-4
LOSS OF AC POWER
TIME TO 7200 SEC

9 'ENVIRONMENT
1 0.0
6 0.0

11 3.083E-04
16 6.506E-05

LOSS OF AC POWER
TIME TO 8 HOUR

9 'ENVIRONMENT
1 0.0
6 0.0

11 6.262E-04
16 1.321E-04

LOSS OF AC POWER
TIME TO 24 HR

9 'ENVIRONMENT
1 0.0
6 0.0

11 0.0
16 0.0

LOSS OF AC POWER
TIME TO 96 HR

9 'ENVIRONMENT
1 0.0
6 0.0

11 0.0
16 0.0

LOSS OF AC POWER
TIME TO 720 HR

9 'ENVIRONMENT
1 0.0
6 0.0

11 0.0
16 0.0

2
7

12
17

2
7

12
17

2
7

12
17

2
7

12
17

2
7

12
17

5.860E-05
2. 163E-04
1.230E-05
4. 730E-05

1. 190E-04
4. 393E-04
2.498E-05
9.606E-05

$ TN= 0.2000E+01
3 8.895E-05 4 5.198E-05
8 2.486E-05 9 8.475E-04

13 4.326E-05 14 2.276E-05
18 9.993E-05 19 1.986E+01

$ TN= 0.8000E+01
3 1.807E-04 4 1.056E-04
8 5.049E-05 9 1.721E-03

13 8.787E-05 14 4.623E-05
18 2.029E-04 19 4.033E+01

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

S$ TN=
3 0.0
8 0.0

13 0.0
18 0.0

3
8

13
18

3
8

13
18

$ TN=
0.0

*0.0
0.0

*0.0

$ TN=
*0.0

0.0
0.0
0.0

0. 2400E+02
4 0.0
9 0.0

14 0.0
19 0.0

0.9600E+02
4 0.0
9 0.0

14 0.0
19 0.0

0. 7200E+03
4 0.0
9 0.0

14 0.0
19 0.0

5
10
15

5
10
15

5
10
15

5
10
15

5
10
15

1.019E-04
4. 682E-05
5.440E-05

2.069E-04
9. 508E-05
1. 105E-04

0.0
0.0
0.00

0.0
0.0
0.00

0.0
0.0
0.00

+ + + + + + + +

1
0
0
0
0

PROGRAM
REVISION

REVISION DATE:
TODAY IS:

STARTING TIME

FENCDOSE
NUMBER:5

31 JUL 2009
01/29/10
IS: 14:31:17

1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-137

GAMMA ENERGY
(MEV/DIS)
0.0025
0. 1586
0.0022
0. 7928
1. 9629
2.0837
0. 0201
0. 0416
0.0454
0. 4318
0.2470
0.1936

BETA ENERGY
(MEV/DIS)
0.0371
0.2529
0.2506
1.3237
0.3750
1.2310
0.1428
0.1898
0.1354
0.0950
0.3168
1.6420

Page 3



XE-138
1-131
1-132
1-133
1-134
1-135
H-3

1.1830
0.3810
2.3332
0.6100
2.5928
1.5802
0.0000

TSR80FB6.txt
0.6058
0.1943
0.5143
0.4080
0.6102
0.3680
0.0057

OCHI/Q
1.410E-04 6.680E-05
6.070E-04

1
OLOSS OF AC POWER

TIME TO 7200 SEC
COMPONENT 9 ENVIRONMENT
1ISOTOPE

4. 590E-05 2.040E-05 6.350E-06

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-137
XE-138
1-131
1-132
1-133
1-134
1-135
H-3

OLOSS OF AC
TIME TO 8 -
COMPONENT
1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-137
XE-138
1-131
1-132
1-133
1-134
1-135
H-3

O.0000E+00
0.5860E-04
0.8895E-04
0. 5198E-04
0.1019E-03
O.0000E+00
0. 2163E-03
0.2486E-04
0.8475E-03
0.4682E-04
0.3083E-03
0. 1230E-04
0.4326E-04
0.2276E-04
0.5440E-04
0.6506E-04
0.4730E-04
0.9993E-04
0.1986E+02

POWER
IOUR
9 ENVIRONMENT

O.0000E+00
0.1190E-03
0.1807E-03
0.1056E-03
0.2069E-03
O.O000E+00
0.4393E-03
0.5049E-04
0.1721E-02
0.9508E-04
0.6262E-03
0.2498E-04
0.8787E-04
0.4623E-04
0.1105E-03
0.1321E-03
0.9606E-04
0.2029E-03
0.4033E+02

TIME = 2.

TIME = 8.
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TSR80FB6.txt
OLOSS OF AC

TIME TO 24
COMPONENT
1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-137
XE-138
1-131
1-132
1-133
1-134
1-135
H-3

OLOSS OF AC
TIME TO 96
COMPONENT
1ISOTOPE

POWER
HR
9 ENVIRONMENT

0.OOOOE+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.OOOOE+00
0.OOOOE+00
0. OOOOE+00
0. OOOOE+00
0.0000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
0.0000 E+O0

O.OOOOE+00
POWER
HR
9 ENVIRONMENT

, TIME = 24.

, TIME = 96.

KRM-83 O.OOOOE+00
KRM-85 O.OOOOE+00
KR-85 O.OOOOE+00
KR-87 O.OOOOE+00
KR-88 O.OOOOE+00
KR-89 O.OOOOE+00
XEM-131 O.OOOOE+00
XEM-133 O.OOOOE+00
XE-133 0.O000EO0
XEM-135 O.OOOOE+00
XE-135 O.OOOOE+00
XE-137 0.OOOOE+00
XE-138 O.OOOOE+00
1-131 O.OOOOE+00
1-132 0.OOOOE+00
1-133 0.OOOOE+00
1-134 0.OOOOE+00
1-135 0.OOOOE+00
H-3 O.OOOOE+00

OLOSS OF AC POWER
TIME TO 720 HR
COMPONENT 9 ENVIRONMENT
1ISOTOPE

TIME =720.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135

O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
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TSR8OFB6.txt
XE-135
XE-137
XE-138
1-131
1-132
1-133
1-134
1-135
H-3

O.O000E+O0
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00

1INPUT CONCENTRATION
KRM-83 O.OOOOE+00
KRM-85 5.8600E-05
KR-85 8.8950E-05
KR-87 5.1980E-05
KR-88 1.0190E-04
KR-89 O.OOOOE+00
XEM-131 2.1630E-04
XEM-133 2.4860E-05
XE-133 8.4750E-04
XEM-135 4.6820E-05
XE-135 3.0830E-04
XE-137 1.2300E-05
XE-138 4.3260E-05
1-131 2.2760E-05
1-132 5.4400E-05
1-133 6.5060E-05
1-134 4.7300E-05
1-135 9.9930E-05
H-3 1.9860E+01

O.O000E+00
1. 1900E-04
1.8070E-04
1.0560E-04
2.0690E-04
O.O000E+00
4.3930E-04
5.0490E-05
1. 7210E-03
9.5080E-05
6.2620E-04
2.4980E-05
8.7870E-05
4.6230E-05
1. 1050E-04
1. 3210E-04
9.6060E-05
2.0290E-04
4.0330E+01

O.OOOOE+00
O.OOOOE+00
O.0000E+00
0.0000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
0.OOOOE+00
O.OOOOE+00
O.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00

O.O000E+00
O.OOOOE+00
0.OOOOE+00
0.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
0.0000E+00
0. OOOOE+00
0.OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.OOOOE+00
O.OOOOE+00

1LOSS OF AC POWER

OGAMMA DOSE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE
2-HR EAB

1 KRM-83
O.OOOE+00

2 KRM-85
1.411E-09

3 KR-85
2.983E-11

4 KR-87
6.254E-09

5 KR-88
3.035E-08

6 KR-89
O.000E+00

7 XEM-131
6.584E-10

8 XEM-133
1.568E-10

9 XE-133
5.837E-09

10 XEM-135
3.068E-09

11 XE-135
1.155E-08

0-2 HRS 2-8 HRS 8-24 HRS 1-4 DAYS 4-30 DAYS

0. O00E+00

3. 277E-10

6. 930E-12

1. 453E-09

7. 051E-09

0. O00E+00

1. 529E-10

3.642E-11

1. 356E-09

7. 126E-10

2.684E-09

0.O000E+00

3.152E-10

6. 670E-12

1. 398E-09

6. 782E-09

0. OOOE+00

1. 472E-10

3. 504E-11

1. 304E-09

6.856E-10

2. 583E-09

0. OOOE+00

0.O000E+00

0.O000E+0O

0.OOOE+00

0. OOOE+00

0.000 E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.000 E+00

0.000 E+00

0.OOOE+O0

0. OOOE+00

0.000 E+00

0.000 E+00

0.OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.000 E+O0

0. OOOE+00

0. OOOE+00

0.000 E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00
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12 XE-137
3. 613E-10

13 XE-138
7. 766E-09

14 1-131
1. 316E-09

15 1-132
1.926E-08

16 1-133
6 022E-09

17 1-134
1. 861E-08

18 1-135
2. 396E-08

19 H-3
0. OOOE+00

TOTAL
1. 366E-07
OBETA DOSE FOR EACH

ID ISOTOPE
2-HR EAB

1 KRM-83
O.O000E+00

2 KRM-85
2.069E-09

3 KR-85
3. 112E-09

4 KR-87
9. 606E-09

5 KR-88
5.335E-09

6 KR-89
O. OOOE+00

7 XEM-131
4.312E-09

8 XEM-133
6.587E-10

9 XE-133
1.602E-08

10 XEM-135
6.210E-10

11 XE-135
1.364E-08

12 XE-137
2,820E-09

13 XE-138
3.659E-09

14 1-131
6.174E-10

15 1-132
3.906E-09

16 1-133
3.706E-09

17 1-134
4.029E-09

18 1-135
5.134E-09

19. H-3
1.575E-05

8. 392E-11

1.804E-09

3.056E-10

4.474E-09

1. 399E-09

4. 323E-09

5. 566E-09

0. OOOE+00

3.174E-08

ISOTOPE AND

0-2 HRS

O000 E+00

4.806E-10

7.229E-10

2.231E-09

1.239E-09

0.000E+00

1.002E-09

1. 530E-10

3. 721E-09

1. 442E-10

3.167E-09

6. 550E-10

8. 499E-10

1. 434E-10

9.073E-10

8. 608E-10

9. 360E-10

1. 193E-09

3.658E-06

TSR80f
8.075E-11

1. 736E-09

2.941E-10

4.306E-09

1. 346E-09

4.159E-09

5. 354E-09

0.OOOE+00

FB6.txt
0. OOOE+00

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.000 E+00

0. O00E+00

0. OOOE+00

0. O00E+00

0. OOOE+00

0. 000E+00

0. 000E+00

0. OOOE+00

0. 000E+00

0.000 E+00

0.O000E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+003.053E-08

TIME PERIOD

2-8 HRS

0.O00E+O0

4.624E-10

6.957E-10

2.148E-09

1.192E-09

0.000E+00

9.638E-10

1.472E-10

3.580E-09

1.388E-10

3.048E-09

6.302E-10

8. 179E-10

1. 380E-10

8. 731E-10

8. 281E-10

9.006E-10

1.147E-09

3.519E-06

0.000 E+00

(REM)

8-24 HRS

0. OOOE+O0

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+0O

0.000 E+00

0.000 E+00

0. OOOE+O0

0.000 E+00

0. OOOE+O0

0.000 E+00

0. OOOE+0O

0.000 E+O0

0. OOOE+00

0. OOOE+O0

0.000 E+00

0. OOOE+00

1-4 DAYS 4-30 DAYS

0.OOOE+00

0.000 E+00

0.OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0.OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.OOOE+00

0.000 E+00

0. OOOE+00

0. OOOE+O0

0. OOOE+00

0. OOOE+O0

0.000 E+00

0.OOOE+00

0.000 E+00

0.000 E+00

0.OOOE+00

0.000 E+00

0. OOOE+O0

0.000 E+00

0. OOOE+O0

0.000 E+O0

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+O0

0.000 E+00

0.O00 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00
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TSR8OFB6.txt

TOTAL
1. 583E-05
0INHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
7.095E-06

2 1-132
6.130E-07

3 1-133
5.481E-06

4 1-134
2.491E-07

5 1-135
2.610E-06

TOTAL
1.605E-05
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
5.177E-06

2 1-132
7.379E-08

3 1-133
2.467E-06

4 1-134
1.066E-08

5 1-135
6.588E-07

3.677E-06 3.537E-06

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

1. 648E-06

1.424E-07

1. 273E-06

5. 786E-08

6.063E-07

1. 586E-06

1. 370E-07

1.225E-06

5. 567E-08

5.832E-07

3.728E-06 3.587E-06

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

0.O000E+0O

PERIOD (REM)

8-24 HRS

0.OOOE+O0

0.O00E+00

O.O00E+0O

O.O00E+0O

O.000E+O0

O.OOOE+O0

PERIOD (REM)

8-24 HRS

0.O00E+00

O.000E+O0

O.000E+O0

O.000E+OO

O.000E+O0

0.OOOE+O0

0.OOOE+00

(ICRP 2 DATA

1-4 DAYS

O.O00E+0O

O.O00E+O0

O.OOOE+00

0.OOOE+00

O.O00E+00

0.OOOE+00

4-30 DAYS

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+0O

0.000 E+00

O.000E+0 0. OOOE+O0

(ICRP 30 DATA)

1-4 DAYS 4-30 DAYS

1. 203E-06

1. 714E-08

5.730E-07

2.476E-09

1. 530E-07

1. 157E-06

1. 650E-08

5.512E-07

2. 382E-09

1.472E-07

0.OOOE+00

0.OOOE+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0.OOOE+00

0.O000E+0O

0.O000E+0O

0.O000E+O0

0.O000E+O0

TOTAL 1.948E-06 1.875E-06
8.387E-06
OAT 2 HOUR EXCLUSION AREA BOUNDARY (EAB)

O.000E+0 0. OOOE+00

TOTAL
TOTAL
TOTAL
TOTAL

OAT 30

TOTAL
TOTAL
TOTAL
TOTAL

KRM
KRM
KRM
KRM
KRM

GAMMA DOSE = 1.366E-07 REM
BETA DOSE = 1.583E-05 REM
INHALATION DOSE (ICRP-2) =
INHALATION. DOSE (ICRP-30) =

DAY LPZ BOUNDARY

1.605E-05 REM
8.387E-06 REM

GAMMA DOSE = 6.227E-08 REM
BETA DOSE = 7.214E-06 REM
INHALATION DOSE (ICRP-2) = 7.315E-06 REM
INHALATION DOSE (ICRP-30) = 3.823E-06 REM

83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
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TSR8OFB6.txt
KRM 83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.

ZLOSS OF AC POWER

OTEDE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE
2-HR EAB

1 KRM-83
0.OOOE+00

2 KRM-85
9. 189E-10

3 KR-85
1.950E-11

4 KR-87
4. 470E-09

5 KR-88
2. 234E-08

6 KR-89
O.OOOE+0O

7 XEM-131
1. 787E-10

8 XEM-133
7.126E-11

9 XE-133
2. 858E-09

10 XEM-135
1. 974E-09

11 XE-135
7.278E-09

12 XE-137
2. 281E-10

13 XE-138
5.252E-09

14 1-131
2.034E-07

15 1-132
4.494E-08

16 1-133
1.645E-07

17 1-134
2.472E-08

18 1-135
1.365E-07

19 H-3
2.578E-04

0-2 HRS

O.OOOE+O0

2. 135E-10

4. 529E-12

1. 038E-09

5. 188E-09

0. O00E+00

4. 151E-11

1. 655E-11

6. 639E-10

4. 584E-10

1. 691E-09

5. 299E-11

1. 220E-09

4. 725E-08

1. 044E-08

3. 822E-08

5. 743E-09

3.170E-08

5.989E-05

6.004E-05

2-8 HRS 8-24 HRS 1-4 DAYS 4-30 DAYS

0.O000E+O0

2.054E-10

4. 359E-12

9.993E-10

4.991E-09

0.O000E+00

3.994E-11

1. 593E-11

6. 387E-10

4. 411E-10

1. 627E-09

5 .099E-11

1. 174E-09

4. 546E-08

1. 005E-08

3. 677E-08

5. 526E-09

3. 050E-08

5. 762E-05

5.776E-05

O.OOOE+0O

0. OOOE+00

0.000 E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0.O000E+O0

0.O000E+00

0.O000E+00

0.O000E+00

O.OOOE+0O

0.000 E+00

0.O000E+O0

0.O000E+00

0.O000E+00

O.OOOE+0O

0.OOOE+00

0. OOOE+O0

0.O000E+O0

0.O000E+O0

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+O0

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+O0

0.O000E+O0

0.O000E+O0

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+O0

0.O000E+O0

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+O0

0. O00E+00

0. 000E+00

0. OOOE+O0

0. 000E+00

0. 000E+00

0.000 E+0O

0. OOOE+O0

0. OOOE+O0

0. O00E+00

0.000 E+00

0.000 E+0O

0. OOOE+00

0. OOOE+O0

0. OOOE+O0

0. OOOE+O0

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00TOTAL
2. 585E-04

TOTAL TEDE = 1.178E-04
OTHIS RUN IS DATED 01/29/10. THE TOTAL ELAPSED TIME IS 0.0 MINUTES. 0.0 SECONDS.
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Attachment 10

TVA Nuclear Power Group Calculation

WBNAPS3-077 R11

Offsite and Control Room Operator Doses Due
to a Main Steam Line Break
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dose limits due to a Main Steam Line Break at the Watts Bar Nuclear Plant The computer code STP determines the activity releases. The STP
output is used as input to computer codes FENCDOSE and COROD which determine the offite and control room doses.

There are several cases modeled. Each case has two sets. One set has a pre-accident iodine spike where the iodine level in the reactor coolant is
at the 48 hour maxwmum allowable 21 pCi/gm i1- 131 equivalent The other set has the reactor coolant at the maximum steady state 1-131 equivalent
of 0.265 pCi/gm with an accident initiated iodine spike consisting of a 500 increase in the rate of iodine release from the fueL In both sets, the
primary to secondary side leak is 150 gpd in the unfaulted loops, and the secondary side activity Is at the Technical Specification limit of
0.1tCi/gm. The Tritiumn Production Core (TP,)) •/ values using the ARCON96 methodology were used. The ARCON96 X(Q
values give more limiting results. Revisionla n I MSLB.
The following results should ugltimWa be reflected j, FSAR Table 15.5-7 and Technical Soecifications:
using ICRP-30 the folowing are the limitations:

21 pCi/gm 1-131 equivalent 48 hour limit
0L,65 iCi/gin 1-131 equivalent equilibrium limit
0.1 lj&Clgm 1-131 equivalent in the secondary side
The maximum primary to secondary side leak rats in the unfaulted steam generators is 150 gpd/steam generator
10 gpm ideutified primary to secondary side leakage
I gpm uiientifled primary to secondary side iakage

See Appendix C for other cases.
The Tritium Production Core (TPC) does not affect the limits above, because the limiting doses ae the thyroid doses. The tritium affects

only the beta dose and TEDE. The TPC obviously bounds the non-fl"C configuration.
I MICROFICHEIEFICHE Yes No NO ' FICHE M! Rj "IA-F-W001412

E] LOAD INTO EDMS AND DESTROY
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NPG CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER WBNAPS3-077

Title Offeite and Control Room Operator Doses Due to a Main Steam Line Break

Revision DESCRIPTION OF REVISION
No.

0 Initial Issue
I Revision 1 is performed because the X/Q values have changed. R1 pages 6 and 7 are new, and all pages are renumbered. Only

changed text have revision bars.
pages added: 6,7
pages changed: all
pages deleted: none

2 Revision 2 was performed because of new control room makeup flow (711 cfm).
pages added: none
pages deleted: none
pages changed: 1-7, 9, 13

3 Revision 3 was performed to incorporate larger Technical Specification primary to secondary side leakage as part of the alternate
steam generator tube plugging project Since the final leakage value has not been established, a 5 gpm and a 10 gpm case was
performed. All pages were renumbered, however only pages with text changes will have revision bars and will be listed as having
been changed:
Pages added: none
pages deleted: classification forms
pages changed: 1-9, 12
R3: 13 total pages

4 Revision 4 was performed to change the iodine partition factor for the faulted steam generator from 100 to I to account for steam
generator dryout. The steady state preaccident leakage is changed to 150 gpd/steam generator. A preaccident iodine spike of 60
uCi/gm is applied to the reactor coolant. An accident initiated spiking factor of 500 increase in iodine release from the fuel to the
reactor coolant was incorporated in the STP model. This revision is part of the corrective action for WBN PER 99-017510-000.
Pages added: new coversheet (page 1)
Pages deleted: none
Pages changed: Ia (old coversheet page 1), lb (old page Ia), 2-9, 12
R4:15 total pages

5 Revision 5 is performed to incorporate new iodine production rates, split the iodine spiking model into two separate cases, and
also to perform an additional analysis for a maximum Technical Specification limit of 0.35 gACi/gm 1- 131 equivalent (steady state).
The non-steady state maximum limit of 60 liCi/gm 1-131 * 0.35 = 21 WiCi/gm 1-131 is also analyzed. Additionally, the maximum
allowable primary to secondary side leakage is determined for all cases. Justification for usage of the ANSI-ANS 18.1-1984
spectrum is also provided. Due to the nature of the revision, all pages were changed, with significant additions (Appendix A, and
Attachment 1).
Pages added: all
pages deleted: all
pages changed: all
RS: 27 total pages

6 Revision 6 is performed to add the Tritium Production Core (TPC) with a two TPBAR failure, add a 0.265 and 0. 177 gCi/gm I-
131 equivalent steady state with factor of 500 iodine spike case (and deleted the 0.35 jiCi/gm case), add 21 p.Ci/gm 1-131
equivalent 48 hour maximum case, change the noble gas inventories to the maximum allowable based on 100/Ebar, add
ARCON96 X/Q values (also use Halitsky X/Q values), and to use the latest versions of COROD (R5) and FENCDOSE (R4)
which now determine thyroid doses based on ICRP-2 and ICRP-30 as well as now determines the TEDE. Add a second actual
measurement of reactor coolant inventories. Incorporated NISYS and Westinghouse 3rd party review comments. Due to the nature
of the changes, all pages were renumbered. Actual text changes are indicated with revision bars. The results of this calculation
affect the FSAR and Technical Specifications. These changes will be Incorporated by the corrective action plan for PER
00-012545400.
Pages added: all
Pages deleted. all
Pates changed: all
R6: 60 total pages

7 Revision 7 is performed to increase the Steam Generator leakage post accident. In order to accommodate a later decision on the
actual leakage, several different leakages were analyzed. The calculation methodology from R6 was unchanged. Revision 6 results
were preserved by placing them in Appendix G. The results of this calculation affect the FSAIL The SAR change package
number is 1770.
Pages added: none
Pages deleted: all old coversheets
Pages changed: 1-8, 13, 14, 18-25, 41, 45, 48, 49
R7: 61 total pages

TrVA 40709 [10-2008] Page 1 of I NEDP-2-2 [10-20-2008]
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NPG CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER WBNAPS3-077

Title Offaite and Control Room Operator Doses Due to a Main Steam Line Break

Revision DESCRIPTION OF REVISION
No.

8 Revision 8 is performed to add a 1.4 gpm SG leak case. The results of this calculation may affect the FSAR depending on
establishment of final allowable leakage rate.
Pages added: none
Pages deleted: none
Pages changed: 1-3, 5-8, 14, 19, 21, 23
R8: 61 total pages

9 Revision 9 is performed to address the new Replacement Steam Generators (DCN 51754). The number of cases analyzed has been
reduced to only the preaccident and accident initiated Iodine spike with no additional post accident Steam Generator leakage
(alternate repair criteria). The new steam generators have different inventories and mass releases. The previous original steam
generator cases used in the FSAR (10 gpm known + I gpm unknown + 3 gpm post accident leakage) can be found in Appendix G
(COROD results were corrected). In addition, the COROD model recirculation rate was corrected as part of corrective action PER
61493. Two CREVS train operation is addressed in assumption 14. The COROD time increments were corrected (PER 94426).
Due to the nature of the revision, all pages were renumbered. Actual text changes are marked with revision bars. The results of this
calculation will result in changes to ch. 15 of the FSAR. The full impact to the FSAR and "IS are discussed in the screening review
for DCN 51754.
Pages added: 4

Pages changed: 1,2, 5-10, 13-20, 29-35
Pages deleted: design verification form

I R9: 46 total page
10 Revision 010 of this calculation was created to add/update Unit 2 applicability. This calculation is applicable to Unit 2 based on

the following:
Appendix H of this calculation was added (1) to evaluate the recent Westinghouse steam releases during a Main
Steam Line Break (MSLB); and (2) to install Revision 006 (original steam generator) as Appendix H, because it
contains more conservative results than Revision 009 which are applicable to Unit 2. This calculation supports.
Chapter 15 of the FSAR.

Affected design inputs were reviewed and (1) were found to be correct, or (2) were corrected as necessary.
The effect of Unit 2 operation on Unit I margins has been reviewed with no impact.
Ultimate heat sink (UHS) temperature was not used as an input to the calculation analyses. Therefore, existing calculation results
will not be affected by changing the UHS technical specification temperature.
FSAR AND TECHNICAL SPECIFICATIONS HAVE BEEN REVIEWED AND FSAR SECTION 15.5.4 CHANGE PAGES ARE
PART OF FSAR AMENDMENT 97.
Reviewer:
Pages Added: IA, 4A, 4B, H-1 to H-15,
Pages Revised: 5A
Pages Replaced: 2
Pages Deleted: none
Total number of pages in this revision: 64 pages (46 + 18)
(Appendix A- 2 pages; Appendix 13 - 6 pages; Appendix C - 2 pages; Appendix D - 2 pages; Appendix E - 1 page; Appendix F
- 1 page; Appendix G - 1 page; Appendix H- 15 pages; Attachment 1 - 11 pages)

11 Revision 11 is performed to explicitly evaluate Unit 2, which has the original steam generators. This is performed in
Appendix H and replaces the previous Appendix H added in revision 10. Westinghouse provided revised mass
releases. Also, the Unit 2 specific ARCON96 X/Q values were used. The SAR has been reviewed by .Marc
BerM and this revision of the calculation affects Unit 2 SAR section Chapter 15.5.4. A SAR change shall be
processed in accordance with NGDC PP-10 to reflect the calculation results as part of EDCR 54956. Tech Specs have
been reviewed and determined not to be affected.
Pages added: design verification form (p.6)
Pages deleted: none
Pages changed: 1, 2, 4-9, 19-21, 37-40

Rll: 51 total pages

'TVA 40709 [10-2008] Page1I of 1 NEDP-2-2 [10-20-20081
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NPG CALCULATION VERIFICATION FORM

Calculation Identifier WBNAPS3-077 Revision 11

Method of verification used:

1. Design Review ED a K - P(-

2. Alternate Calculation LI Verifier Heather Lucek Date 1-29-2010

3. Qualification Test 1]
Comments:
I have reviewed WBNAPS3-077 Ri 1 and have found the calculation to have been completed in a technically sound
an appropriate manner to address the main steam line break in Unit 2. In conducting the verification I reviewed the
methodology, design input, and assumptions which I found to be valid and conservative. I verified the computer code
inputs for correctness and confirmed they only contained the changes as specified in this document. I also confirmed
the correct output values were compiled in the results.

LEGIBILITY EVALUATED AND

ACCEPTED FR ISSUE. ALL PJ 10

SIGNATURE -.,II DATE

WA 40533 [10-20081 
Page 1 of 1 NEOP-2-4 [10-20-2008]
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NPG COMPUTER INPUT FILE
STORAGE INFORMATION SHEET

Document WBNAPS3-077 Rev. 11 1 Plant WBN

Subject:
Offsite and Control Room Operator Doses Due to a Main Steam Line Break

LI Electronic storage of the input files for this calculation is not required. Comments:

0 Input files for this calculation have been stored electronically and sufficient identifying information Is
provided below for each input file. (Any retrieved file requires re-verification of its contents before
use.)

The R1 input files are archived on FILEKEEPER under reference I.D.# 263447

The R2 input files are archived on FILEKEEPER under reference I.D.# 263715

The R3 input files are permanently stored in FILEKEEPER file # 302577

The R4 input files are permanently stored in FILEKEEPER file # 302740

The R5 input files are permanently stored in FILEKEEPER file # 303180

The R6 input files are permanently stored in FILEKEEPER file # 303611

The R7 input files are permanently stored in FILEKEEPER file # 304905

The R8 input files are permanently stored in FILEKEEPER file # 305986

The R9 input files are permanently stored in FILEKEEPER file # 308282

The Ri1 input files are permanently stored in eFiche file # TVA-F-W001412

0 Microfiche/eFiche

TVA 053 E1O200] Pae 1of NED-2- ~1020-00i
TVA 40535 [10-2008] Page 1 of 1 NEDP-2-6 [10-20-20081



NPG COMPUTER OUTPUT page 8

MICROFICHE INFORMATION SHEET

Document WBNAPS3-077 Rev. 11 Plant: WBN

Subject:
Offeite and Control Room Operator Doses Due to a Main Steam Line Break

Microfiche Number I Description
RO:TVA-F-G 1046 14
RI :TVA-F-C000078
R2:TVA-F-C00OI 19
R3:TVA-F-C000294
R4:TVA-F-CO00301
R5:TVA-F-C000316
R&TVA-F-W000220

R7:
TVA-F-W000290

R8:
TVA-F-W000360

R9:
TVA-F-W00061 1

RI : TVA-F-W001412

RO Computer Runs see R5 for listing
RI Computer Runs see R5 for listing
R2 Computer Runs see R5 for listing
R3: Computer Runs see R5 for listing
R4: Computer Runs see R5 for listing
RS: Computer Runs see R5 for listing
R6: Computer Runs:
See R9 for listing

R7: Computer Runs:
APS77S7# STP source terms
APS77C7# COROD control room dose
APS77F7# FENCDOSE offsite dose
where #-:
A, E, t, M, Q, U = 21 piCi/gm with 10+1 gpm primary to secondary side leak,, Halitsky X/Q
B, F, J, N, R, V = 0.265 piCi/gm with 10+1 gpm prim to secondary leak, 500 1 spike, Halitsky X/Q
C, G, K, 0, S, W = same as A, E, I, M, Q, U but with ARCON96 X/Q
D, H, L, P, T, X = same as B, F, J, N, R, V but with ARCON96 X/Q
And
A, B, C, D = 5.4 gpm SG leak
E, F, G, H= 1.0 gpm SG leak
L J, K, L= 2.0 gpm SG leak
M, N, 0, P- 3.0 gpm SG leak
Q, R, S, T= 4.0 gpm SO leak
U, V, W, X= 5.0 gpm SG leak

R8: Computer Runs:
APS77S8# STP source terms, 1.4 gpm SG leak
APS77C8# COROD control room dose
APS77F8# FENCDOSE offsite dose
where #=:
A = 21 gsCi/gm with 10+1 gpm primary to secondary side leak,, Halitsky X/Q
B = 0.265 jiCi/gm with 10+1 gpm prim to secondary leak, 500 1 spike, Halitsky X/Q
C = same as A but with ARCON96 X/Q
D = same as B but with ARCON96 X/Q

R9: Computer Rums:
APS77S9# STP source terms
APS77C9# COROD control room dose
APS77F9# FENCDOSE offsite dose
where #--: A, E --21 ttCi/gm with 10+1 gpm primary to secondary side leak ARCON96 X/Q, B,F=0.265 p.Ci/gm with
10+1 gpm prim to secondary leak, 500 1 spike, ARCON96 XIQ
A,B"'rplacement SG, EF= original SG

Rl 1: Computer Runs:
APS77SIO# STP source terms
APS77C10# COROD control room dose
APS77FIO# FENCDOSE offsite dose
where #-: A--21 ItCi/gm with 10+1 gpm primary to secondary side leak Unit 2 ARCON96 X/Q,
B=0.265 gCi/gm with 10+1 gpm prim to secondary leak, 500 1 spike, Unit 2 ARCON96 X/Q
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Purpose

The purpose of this calculation is to determine the offsite and control room operator dose due to a Main Steam Line
Break (MSLB). The results will be used in FSAR ch. 15.5 to show compliance with 10CFR100 and IOCFR50 App.A GDC
19. This calculation also establishes the maximum primary to secondary side leakage and the maximum 1-131 equivalent
concentrations in the primary and secondary side coolant.

Revision 9 is performed due to the replacement of the steam generators. The new steam generators have different mass
inventories and mass releases than the original steam generators. Also, the post accident leakage due to Alternate Repair
Criteria is eliminated. Therefore only one leakage case is analyzed, utilizing the Tritium Production Core (TPC). The
original steam generator cases used in the FSAR are archived in Appendix G. There are two cases modeled. One case has a
pre-accident iodine spike where the iodine level is the reactor coolant at the 48 hour maximum allowable 21 pCi/gm 1-131
equivalent. The other case has the reactor coolant at the maximum steady state 1-131 equivalent of 0.265 itCi/gm 1-131
equivalent with an accident initiated iodine spike consisting of a 500 increase in the rate of iodine release from the fuel. In
both sets, the primary to secondary side leak is 150 gpd in the unfaulted loops, and secondary side activity is at the
Technical Specification limit of 0.1 ptCi/gm. The Tritium Production Core (TPC) was used. The control room X/Q values
using ARCON96 methodology was used. COROD (R6) and FENCDOSE (R4) were used to determine the thyroid doses
based on ICRP-2, ICRP-30 and also the TEDE. Only one train of CREVS is utilized (see assumption 14).

Revision 11 is performed to evaluate the Unit 2 MSLB. Unit 2 has the original steam generators, however
Westinghouse has provided revised mass releases. Also the Unit 2 ARCON96 X/Q values are used. The results are found in
Appendix H.

Introduction

A Main Steam Line Break at the Watts Bar Nuclear Plant will result in a significant steam release to the environment.
The steam will contain radionuclides if a primary to secondary side leak occurs prior to the MSLB event. This calculation is
performed to show that the offsite and control room operator doses do not exceed the 1OCFR1OO and 1OCFR50 App.A GDC
19 dose limits.

This calculation uses the computer code STP (ref.3) to determine the activity releases. The STP output is used as input
to computer codes FENCDOSE and COROD. Computer code FENCDOSE (ref.4) is used to determine the offsite dose.
Computer code COROD (ref.5) is used to determine the control room operator dose. The base FENCDOSE and COROD
models are taken from WBNTSR-008 (ref.9).

There are 2 cases modeled. The first case has a pre-accident iodine spike where the iodine level in the reactor coolant
is at the maximum allowable of 21 tiCi/gm 1- 131 equivalent (ref. 1). The second has the reactor coolant at the maximum
steady state 1-131 equivalent of 0.265 pCi/gm with an accident initiated iodine spike consisting of a 500 increase in the rate
of iodine release from the fuel. In both cases, the primary to secondary side leak is 150 gpd in the unfaulted loops (ref.2 1),
and the secondary side activity is at the Technical Specification limit of 0.1 liCi/gm (ref.23). There is no additional steam
generator leakage post accident, however the preaccident 1 gpm ("unknown") leakage in the faulted steam generator and the
150 gpd/unftulted steam generator continues post accident. To establish the Iodine release rate rate from the fuel, a
preaccident 10 gpm known reactor coolant leak is used with a I gpm unknown leak for a total of 11 gpm. Additional cases
are performed in Appendix G with other leakage rates and other iodine concentrations. These extra cases were performed so
as to give additional information for possible future changes in Technical Specifications. The relative isotopic spectrum is
taken from WBNNAL3-003 (Reactor Coolant Activities in Accordance with ANSI/ANS- 18.1-1984). Justification of the
usage of this spectrum as opposed to the historical design spectrum as found in chapter 11 of the FSAR can be found in
Appendix A.

Assumptions

1. The primary side to secondary side leakage is 150 gpd/steam generator, steady state, with I gpm in the faulted steam
generator (steady state). The 1 gpm in the faulted steam generator and the 150 gpd/unfaulted steam generators continue
following the accident. No additional leakage is assumed.
Technical Justification: 150 gpd/steam generator and the 1 gpm are the maximum Technical Specification leakages. Having
the I gpm in the faulted loop is conservative.
2. The maximum letdown of 120 gpm (ref.16) + 4.39 gpm uncertainty for a total of 124.39 gpm is used.
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Technical Justification: This will maximize the removal rate of iodines from the primary coolant, and therefore will
maximize the production rate of iodine (production =removal at steady state) and is consistent with NSAL4)-0004. See
Calculation section for the formulas used. Note, this value is used for calculation of iodine production/removal rates. The
letdown is assumed to be isolated at the beginning of the accident to maximize the reactor coolant inventories. The
uncertainty of 4.39 gpm is determined in Appendix B.
3. The primary to secondary side leak rates and letdown flow rates are based on Standard Temperature and Pressure (STP).
Technical Justification: STP conditions will result in higher densities, therefore higher masses, especially when determining
the production rate of iodines.
4. It is assumed that the faulted steam generator dries out at the start of the accident, resulting in an iodine partition factor of
1.0 per ref. 10.
Technical Justification: Following an accident, the Main Steam Line will be isolated and the Main and Auxiliary Feedwater
will also be isolated. Since the worst case accident occurs with the line associated with a Steam Generator with Technical
Specification leakage, that Steam Generator will dry out. In reality, this dry out will not occur until all feedwater has been
isolated, and the water boiled off Assuming dry out conditions at time zero is clearly conservative.
5. In the intact steam generators, the iodine partition factor is assumed to be 100.
Technical Justification: The mass of primary to secondary leakage which occurs to the intact steam generators is small
relative to the mass of secondary coolant. Therefore none of this leakage is assumed to flash and the release to the
environment is through the steaming process. Reference 10 allows a partition factor of 100 for such cases.
6. A preaccident iodine spike of 21 gCi/gm 1-131 equivalent is assumed at the start of the accident In other cases, an
accident initiated iodine spike of 500 increase in the iodine release rate from the fuel is assumed in the accident initiated
case with the reactor coolant starting at 0.265 pCi/gm 1-131 equivalent.
Technical Justification: SRP 15.1.5 subsection 4a specifies the maximum allowable preaccident spike is required (21
jpCi/grn is permissible for 48 hours). SRP 15.1.5 subsection 4b specifies that following an accident, the iodine release rate
from the fuel to the reactor coolant is increased by a factor of 500.
7. The letdown demineralizer efficiency is assumed to be 1 for iodines.
Technical Justification: This will maximize iodine removal (=production) rate, and therefore result in larger iodine spiking.
8. The control room isolates in 20.6 seconds (ref.9) due to high radiation in the Control Building Ventilation intake (400
cpm, ref. 18). This will result in an unfiltered puff into the control room for that 20.6 seconds.
Technical Justification: This is based on 14 seconds closure time of the dampers, plus 6.6 seconds instrument response time.
9. The tritium inventory in the TPC assumes 2 TPBAR failures (98.4 pCi/gm in the reactor coolant, per WBNNAL3-003,
ref.2).
Technical Justification: This will maximize the tritium release.
10. The iodine production rate is based on 10 gpm identified primary side leakage (all leaks) plus 1 gpm unidentified leak,
for a total of II gpm.
Technical Justification: This is per Technical Specification 3.4.13 (ref.2 1), and maximizes the iodine production rates. This
methodology is consistent with NSAL-00-004, ref 22.
11. It is assumed that the secondary side concentrations are at the maximum of 0.1 gCi/gm 1-131 equivalent.
Technical Justification: This is the maximum allowed by the Technical Specifications (ref.23) and is conservative.
12. The noble gas inventories are maximized by scaling them up to 100/Ebar.
Technical Justification: This maximizes the noble gas inventories. 100/Ebar is the Technical Specification limit.
13. It is assumed that there are no fuel failures associated with the accident.
Technical Justification: This accident will not uncover the core, therefore the core will not see extreme temperatures which
would lead to fuel failure.
14. Only one train of CREVS is in operation.
Technical Justification: Normally, each CREVS train takes suction from separate intakes with no cross contamination
between trains. This leads to on contaminated train, and one uncontaminated train. The only was a 2 CREVS operation
could result in higher doses would be for both trains to take suction from the same vent. For this to happen, one intake path
would require a failed closed intake path AND a fail open of normally close passive manual damper at the beginning of the
accident. An active failure of a train plus a failure of a passive component in less than 24 hours is beyond design basis.

Special Requirements/Limiting Conditions

There are no special requirements or limiting conditions in this calculation.
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Calculations

The STP models consist of a pre-accident iodine spike (see figure 1) model and an accident initiated iodine spike model (see figure
2). The model(s) consist of the following:

Volumes:
#1: Reactor Coolant: 5.78E5 lb (ref.2) = 2.622E8 gm
#2: Steam Generator w/Leak: 5.3 IE7 gin (ref.6)
#3: Steam Generators w/out Leak. 1.593E8 (ref.6).
#4: Environment: I gin (arbitrary) (This volume is made into an accumulator through the "A" card to suppress radioactive decay)

Step Sources:
The following equation is used to set up the initial activities (in Ci) for each component using the initial ANSIIANS- 18.1-1984

source modified for WBN operational parameters (which is in units of pCi/gm):
S - Component Volume [gm] * IE-6 Ci/4±Ci * 1-1.31 equivalent conversion factor

To obtain the 1-131 equivalent conversion factor, the ANSI/ANS-18.I-1984 spectrum must be converted to 1-131 equivalence. See
Appendix A forjustification for using the ANSI/ANS-18.1-1984 spectrum. From WBNTSR-008, the 1-131 equivalence is:

1-131 equivalent = dose conversion factor (D/A) * concentration /1-131 dose conversion factor
D/A pLCi/gm 1-131 equivalent I pLCi/gm

mrads/Ci coolant ANSI-18.1 jsCi/gm 1-131 equivalent
(ref.9) (ref.2) (validation)

1-131 1.40E+09 4.77E-02 4,77E-02 3.80E-01
1-132 5.35E+07 2.25E-01 8.13E-03 6.49E-02
1-133 4.00E+08 1.49E-01 4.03E-02 3.21E-01
1-134 2.50E+07 3.64E-01 6.15E-03 4.90E-02
1-135 1.24E+08 2.78E-01 2.33E-02 1.86E-01

total 1.06E+00 1.255E-01 1.000E+00
inverse 7.965E+00

The above table shows that the 1-131 equivalent concentration of the initial RCS ANSI 18.1 source term is 0.1255 uCi/gm, as compared to
I uCi/gmn when the RCS is at the TS allowable concentration. Consequently, to ratio the initial source term up to the TS allowable values,
the ANSI 18.1 concentrations must be multiplied by 1/0.1255 or 7.965. Note: this equivalence is based on ICRP-2 iodine dose conversion
factors because this is what Chemistry uses. Some of the final dose results are based on ICRP-30. Utilizing the different ICRP conversion
factors in this case is appropriate because in the above case, the ICRP-2 establishes the inventories, which is independent of determination of
doses due to releases.

For the secondary side concentrations from WBNNAL3-003, the same procedure is performed to determine the 1-131 equivalence:
D/A j±Cilgm secondary 1-131 equivalent

mrads/Ci side, water ANSI 18.1 jtCi!gm
1-131 1.48E+09 1.41E-06 1.41E-06
1-132 5.35E+07 3.37E-06 1.22E-07
1-133 4.OOE+08 4.03E-06 1.09E-06
1-134 2.50E+07 2.93E-06 4.95E-08
1-135 1.24E+08 6.19E-06 5.19E-07

total 1.79E-05 3.189E-06
inverse 3.136E+05

To convert to 1-131 equivalence, the secondary side 1-131 equivalent conversion factor is (1/3.189E-6) = 3.136E5 gm/pCi (Note: since
there is no Technical Specification limit on gross activity for the secondary side like the 100/Ebar for the primary side, this factor is also
applied to the secondary side noble gasses in order to retain the proper isotopic ratios).

The isotopes other than iodine in the primary coolant must also be scaled up. In NUREG-0800 R2 Chapter 15.6.3,
section 111.5 states "The reviewer assumes the primary and secondary coolant activity concentrations allowed by the
technical specifications." Reference 3 (of the NUREG-0800) states the following "The specific activity of the reactor
coolant shall be limited to: a. Less than or equal to I microCurie per gram DOSE EQUIVALENT 1-131, and b. Less than
or equal to 100/E microCuries per gran of gross activity."

Given the above considerations, the isotopic spectrum found in WBNNAL3-003 was examined. The 100/E values for
this particular spectrum are determined in the following Table:
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Table 2: Determination of 100/EBAR

A(i)
Activity
IuCI/Rml

E(i)
Beta Energy
rMeV/disl

E(i)
Gamma Energy

[MeV/disl

E(i)
Total

Isotope
Kr-85m
Kr-85
Kr-87
Kr-88

Xe-131m
Xe-133m
Xe-133

Xe-135m
Xe-135
Br-84
Rb-88
Cs-134
Cs-136
Cs-137
Na-24
Cr-51
Mn-54
Fe-55
Fe-59
Co-58
Co-60
Zn-65
Sr-89
Sr-90
Sr-91
Y-90

Y-91m
Y-91
Y-93
Zr-95
Nb-95
Mo-99

Tc-99m
Ru- 103
Ru-106

A(i)*E(i)
- . . . .. + 4-

1.71lE-01
2.66E-01
1.61E-01
3.OOE-01
6.54E-01
7. 17E-02
2.53E+f00
1.39E-01
9.04E-01
1 .72E-02
2.04E-01
7.39E-03
9.0813-04
9.79E-03
4.99E-02
3.26E-03
1 .68E-03
1.26E-03
3. 16E-04
4.84E-03
5.58E-04
5.37E-04
1 .47E-04
1 .26E-05
1 .02E-03
1.26E-05
4.93E-D4
5.47E-06
4.46E-03
4.10O-04
2.95E-04
6.75E-03
5.01 E-03
7.89E-03
9.47E-02

2.5290E-01
2.5060E-01
I1.3237E--00
3.7500E-01
1.4280E-01
1 .8980E-01
I .3540E-0I
9.5000E-02
3. 1680E-01
1 .2942E+00
2.061 7E+00
1 .5690E-01
1.0140E-01
1 .8840E-01
5.5460E-01
3,.7540E-03
4. 1670E-03
4. 1920E-03
1.lSOOE-01
2.0490E-0 1
9.6840E-02
6.9940E-03
5.7300E-01
I1.9630E-01
6.5050E-01
9.36I0E-01
0.OOOOE+00
6.0600E-01
1.1721E+00
1 .1990E-01
4,4970E-02
3.9570E-01
4.8500E,-03
6.7400E-02
1.0100E-02

1.5862E-01
2.2102E-03
7.9284E-01
1.9629E+00
2.0058E-02
4.1559E-02
4.5385"-2
4.3176E-01
2.4696E-01
1.6816E+00
6.8631E-01
1.0361E+00
2.1985E+00
0.OOOOE+O0
4.1216E+00
3.2763E-02
8.3592E-01
1.5291E-03
1.1923E+00
9.7586E-01
2.5043E+00
5.8169E-01
1.3636E-04

0.OOOOE+00
6.9508E-0 1

0.OOOOE+00
5.5557E-01
3.6147E-03
8.9414E-02
7.3474E-01
7.6430E-01
1.6238E-01
1.4263E-01
4.8394E-01
0.OOOOE+00

4.1152E-01
2.5281E-01
2.1165E+00
2.3379E+00
1.6286E-01
2.3136E-01
1.8079E-01
5.2676E-01
5.6376E-01
2.9658E+00
2.7480E+00
1.1930E+00
2.2999E+00
1.8840E-01

4.6762E+00
3.6517E-02
8.4009E-01
5.721 IE-03
1.3103E+00
1.1808E+00
2.601 1E+00
5.8858E-01
5.7314E-01
1.9630E-01
1.3456E+00
9.3610E-01
5.5557E-01
6.0961E-01
1.2615E+00
8.5464E-01
8.0927E-01
5.5808E-01
1.4748E-01
5.5134E-01
1.0100E-02

7.04E-02
6.73E-02
3.40E-01
7.01E-01
1.06E-01
1.66E-02
4.57E-01
7.35E-02
5.10E-01
5.09E-02
5.60E-01
8.82E-03
2.09E-03
1.84E-03
2.33E-01
1,19E-04
1.41E-03
7.22E-06
4.14E-04
5.72E-03
1 .45E-03
3.16E-04
8.44E-05
2.48E-06
1.37E-03
1. 18E-05
2.74E704
3.34E-06
5.63E-03
3.51E-04
2.38E-04
3.77E-03
7.38E-04
4.35E-03
9.57E-04
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Determination of I 00/EBAR - continued

A(i) E(i) E(i) E(i)
Activity Beta Energy Gamma Energy Total

Isotope [uCi/gm] [MeV/dis] [MeV/dis] A(i)*E(i)

Rh-103m 7.89E-03 3.4620E-02 2.2148E-05 3.4642E-02 2.73E-04
Rh-106 9.47E-02 7.0960E-01 2.0348E-01 9.1308E-01 8.65E-02

Te-129m 2.OOE-04 1.9150E-01 9.4832E-02 2.8633E-01 5.73E-05
Te-129 2.57E-02 5'2260E&01 5.9948E-02 5.8255E-01 1.50E-02

Te-131m 1.59E-03 2.1240E-01 1.4092E+00 1.6216E+00 2.57E-03
Te-131 8.26E-03 7.5970E-01 4.1616E-01 1.1759E+00 9.71E-03
Te-132 1.79E-03 1.0020E-01 2.0507E-01 3.0527E-01 5.47E-04

Ba-137m 9.79E-03 6.4260E-02 5.9729E-01 6.6155E101 6.48E-03
Ba-140 1.37E-02 3.1500E-01 1.9522E-01 5.1022E-01 6.98E-03
La-140 2.64E-02 5.4050E-01 2.3074E+00 2.8479E+00 7.52E-02
Ce-141 1.58E-04 1.6930E-01 1.018113-01 2.7111E-01 4.28E-05
Ce-143 2.96E-03 3.8420E-01 3.4335E-01 7.2755E-01 2.15E-03
Ce-144 4.21E-03 9.1300E-02 3.2865E-02 1.24177E-01 5-23E-04
Pr-143 2.96E-03 3.1430E-01 0.0000E+00 3.1430E-01 9.30E-04
Pr-144 4.21E-03 1.2258E+00 3.101OE-02 1.2568E+00 5.29E-03
Np-239 2.32E-03 1.2380E-01 2.0845E+00 2.2083E+00 5.13E-03

Total 5.82E+00 3.44E+00

EBAR 5.91E-01

RCS Specific Activity Limit 169.14

The definition of EBAR or E is as follows; "E shall be the average (weighted in proportion to the concentration of
each radionuclide in the reactor coolant at the time of sampling) of the sum of the average beta and gamma energies per
disintegration (in MeV) for isotopes, other than iodines, with half lives greater than 15 minutes, making up at least 95% of
the total non-iodine activity in the coolant."

The values for E, in the above table were obtained from reference 9 and the values for A, are from WBNNAL3-003.
The value of E is determined as follows:

Ebar = E = (A 4EO/ (EAd

The value for E calculated in Table 2 is 0.591 MeV/dis. This results in a non-iodine specific activity limit (I00/E) of
169.14 pCi/g. The total specific activity of the expected coolant is 5.82 liCi/g.

Therefore, the values for noble gasses in the design reactor coolant will have to be increased by a factor of 169.14/5.82
29.06.
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The step sources (Ci-gm/gCi) to initialize the reactor coolant and the secondary side activities are:

All cases:
S=2.622E8 gm*IE-6 Ci/pCi * 29.06 =7.6195E3 (noble gasses)
S=2.622E8 gm*lE-6 Ci/lCi = 2.622E2 (tritium)

Pre-accident iodine spike case (initial concentration = 21 pCi/gm):
S--2.622E8 gm* IE-6 Ci/pCi * 7.965[gCifgm 1-1311-1 *21 ,Ci/gm 1-131 = 4.386E4 (iodines)

Accident initiated iodine spike case (initial concentration = 0.265 pCi/gm):
S=2.622E8 gm*lE-6 Ci/pCi * 7.965 [pCi/gm 1-131]1"*0.265 pCi/gm 1-131= 5.170E2

Secondary side, all cases, steam generator w/ leak, release to environment. (concentration = 0. l1pdi/gm) which is due to dryout
(from reference 8, the initial steam from the defective steam generator is 117,200 lb):

S = 117,200 lb *453.59 g/lb * IE-6 Ci/4Ci * 3.136E5 [pCi/gm I-131]r'* 0.lpCi/gm 1-131 = 1.667E6
S = 117,200 lb *453.59 g/Ib * IE-6 CilpCi= 6.8039E1 (tritium)

Secondary side, all cases, steam generators without leak (initial concentration = 0.1 pACi/gm):
S = 1.593E8 gm* IE-6 Ci/pCi * 3.136E5 [pCi/gm n-131-1* 0.lpCi/grn 1-131 = 4.996E6
S = 1.593E8 gm*1E-6 Ci/pCi = 1.593E2 (tritium)

Continuous Sources:
For the accident initiated iodine spike case, the iodine spike is 500 times the iodine release rate from the fuel. At steady state, the

iodine release (production) rate is equal to the removal rate. The iodine removal is due to a) radioactive decay, b) removal by the letdown
system, and c) removal through reactor coolant leakage. These terms are expressed as:

P = Tremoval rates = decay + letdown + leakage
or P = ), + fLN/V + pdV
where P = production rate [hr"1]

= decay constant for the isotope in question [hr"'] = ln(2),T1 2
fL = letdown flow rate = 120 gpm + 4.39 gpm = 124.39 gpm
, = •etdow_ deamInJizer efficiency = I (assumed so as to maximize removal/production rate)
V volume of primary coolant = 5.78E5 lb = 2.62E8 gm
p, removal rate of iodine from the primary side due to preaccident primary side leakage

= 11 gpm (10 gpm identified + I gpm unidentified)
Tua = halflife taken from ref. 15

Note: all the above flow rates are converted to mass flow rates at STP:

Production Rates for a Reactor Coolant Leak of I I gpm (10 gpm identified + I gpm unidentified)
Half Life 2, [1/hr] fLcN [1/br] p/V [I1/hr] prod rate P [I/hr] 500*P

1-131 8.04 d 3.59E-03 1.08E-01 9.53E-03 0.1209 60.44

1-132 2.28 h 3.04E-01 1.08E-01 9.53E-03 0.4213 210.65

1-133 20.9 h 3.32E-02 1.08E-01 9.53E-03 0.1505 75.23

1-134 52.6 m 7.91E-01 1.08E-01 9.53E-03 0.9080 453.98

1-135 6.61 h 1.05E-01 1.08E-01 9.53E-03 0.2222 111.08
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The accident initiated iodine spike of 500 times the increase in the iodine release (production) rate from the fuel is modeled as a
continuous source:

C = Volume * 1E-6 Ci/pCi * Prod. Rate * 500 * I giCi/gm 1-131 equiv. conversion factor*I-I 31 equiv.
where Volume = 2.622E8 gm

Prod Rate = see table above
I giCi/gm --131 equivalent conversion factor = 7.965 ( value determined above, this is to get the ANSI/ANS- 18.1-1984 source

into I jLCi/gm 1-131 equivalent
1-131 equiv. = 0.265 tiCi/gm 1-131

Continuous Source [gm-Ci/lgCi-hr] for Accident Initiated Iodine Spike:

Reactor Coolant Leak of 11 gpm (10 gpm identified + I gpm unidentified)

case: 0.265 gCi/gm 1-131
1-131 3.345E+04
1-132 1.166E+05
1-133 4.163E+04
1-134 2.512E+05
1-135 6.147E+04

Flow Rates:

The following flow rates/leakage rates for each component are:

Flow from Reactor Coolant #1 to Environment #4 all classes (consists of 1 gpm and is for leak in the steam generators,
however the production rate of iodines is based on a total RCS leakage of 11 gpm (=10gpm identified +1 gpm unidentified):

F = 1.0 gpm * 60 mfi/hr * 3785.48 cc/gal * lg/cc = 2.271E5 g/hr
Flow from Reactor Coolant #1 to Steam Generator w/no Leak #3 all classes:

F = 3 steam generators * 150 gpd * 3785.48 cc/gal / 24 hr/day * lg/cc = 7.098E4 g/br
From reference 25, the initial steam released from the defective steam generator is 117,200 lb. From the non-defective

steam generators (= "steam generators without leak" in this model) the mass release is 442,083 lb (0-2 hr), and 922,918 lb
(2-8 hr). The accident releases end at eight hours. To take into account uncovery of the faulted steam generator, there is no
iodine partitioning in the release to the environment (iodine partition coefficient = 1). The mass release representing I gpm
primary to secondary side leak is a flow directly to the environment.

The reactor coolant release to the unfaulted steam generator is small relative to the secondary side mass, therefore
partitioning is allowed per the SRP. The iodine partition coefficient due to steaming for the unfaulted steam generators to
the environment is 100. These mass releases translate into the following flows:

Flow from Steam Generators w/out Leak #3 to Environment #4:
F = (442,083 lb)(453.59 g/lb)/(2 hr) = 1.0026E8 g/br (0-2 hr, noble gasses, tritium)
F = (442,083 lb)(453.59 g/lb)/(100*2 hr) = 1.0026E6 g/hr (0-2 hr, iodines)
F = (922,918 lb)(453.59 g/lb)I(6 hr) = 6.977E7 g/hi (2-8 hr) (noble gasses, tritium)
F = (922,918 lb)(453.59 g/lb)/(100*6 hr) = 6.977E5 g/hr (2-8 hr) (iodines)

The STP output is used as input to COROD (which determines control room operator dose) and FENCDOSE (which
determines 30-day and 2-hour LPZ offsite dose).

Some pertinent information from the COROD and FENCDOSE models used (but not changed) in this analysis are
(from ref.9):
30-day LPZ Offsite X/Q values [sec/cum]: 1.41E-4 0-2hr, 6.68E-5 2-8 hr, 4.59E-5 8-24 hr, 2.04E-5 1-4 day, 6.35E-6 4-30
day
2-hr EAB X/Q values: 6.07E-4
Control Room X/Q (ARCON96 method): 4.03E-3 0-2 hr, 3.35E-3 2-8 hr, 2.27E-4 8-24 hr, 1.81E-4 1-4 day, 1.45E-4 4-30

day
Control Room volume: 257198 cuft
Control Room makeup/pressurization flow: 711 cfm (3200 cfmn prior to isolation, ref.24)
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Control Room total flow: 3600 cfin
Control Room recirculation flow: 2889 cfm
Control Room unfiltered intake: 51 cfm
Control Room filter efficiency: 95% first pass, 70% second pass, 0% for tritium, 0% all elements prior to isolation
Control Room occupancy factors: 100% 0-24 hr, 60% 1-4 days, 40% 4-30 days
ICRP-2 and ICRP-30 dose conversion factors (internal to the codes)
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Figure 1: STP Model
Pre-accident Iodine Spike
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117,200 lb (0-30 min)
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Figure 2: STP Model
Accident Initiated Iodine Spike

Continuous Source
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Results

The following results are based on a Tritium Production Core (TPC). The results from previous revisions showed that
the TPC bounds the conventional core. In the following, the pre-accident reactor coolant lake rate is 11 gpm (10 gpm known
+ I gpm unknown), and the primary to secondary side steam generator post accident leak rate in the steam generators is I
gpm (= the unknown leak rate). The Unit 2 results are found in Appendix H. The results were (rem):

Unit 1 MSLB Offsite Doses (rem):

Pre-accident Iodine spiking case

1-131 equivalent: 21 uCi/cc

2-hr EAB

Accident Initiated Iodine Spiking (500) case
1-131 equivalent: 0.265 uCi/cc

2-hr EAB 30-day LPZ30-day LPZ limit limit

gamma

beta

Inhalation (ICRP-2)
Inhalation (ICRP-30)

TEDE

2.604E-02

8.313E-03

4.482E+00
2.282E+00

1.680E-01

8.739E-03
3.270E-03
1 .815E+00
9.543E-01
6.571lE-02

25

300

300

300

25

gamma

beta

Inhalation (ICRP-2)
Inhalation (ICRP-30)

TEDE

7.075E-02

1 .784E-02
5. 168E+00
2. 197E+00
2.376E-01

6.682E-02
1.642E-02

5.785E+00

2.510E+00

2.552E-01

2.5
30

30

30

2.5

Unit 1 MSLB Control Room Doses (rem) Using ARCON96 X/Q values: I
Pre-accident Iodine

Spikine

Accident Initiated

Iodine Svikin2 limit

Gamma

Beta

Thyroid (ICRP-2)
Thyroid (ICRP-30)

TEDE

5.829E-03

5.218E-02

1.923E+01

1.058E+01

3.699E-01

8.693E-03

7.062E-02
2.356E+01

1.250E+01

4.512E-01

5

30

30

30

5



Calculation No. WBNAPS3-077 Rev: 11 Plant: WBN Page: 20

Subject: Offaite and Control Room Operator Doses Due to a Main Prepared: etc*-ý Date: /--f,,

Steam Line Break Checked: HA AA-. Date: I • "t C-22

Discussion and Conclusion

The offsite doses due to a MSLB with preaccident iodine spiking has 10CFR100 limits of 25 rem
gamma, 300 rem beta, and 300 rem thyroid. The offsite doses due to a MSLB with accident initiated iodine
spike (factor of 500) has limits of 10% of the l0CFR100 limits or 2.5 rem gamma, 30 rem beta, and 30 rem
thyroid (ref.10). The control room operator doses limits from 10CFR50 App.A GDC 19 are 5 rem gamma, 30
rem beta, and 30 rem thyroid.

With the Technical Specification limits of 0.265 XCi/gm 1-131 equivalent steady state (and 21 pCi/gm
maximum), the control room and offsite doses exceed the limits with a 1 gpm leak in the faulted line and
150 gpd in the unfaulted lines. These apply to Unit 2 also.

Unit 1 doses bound the Unit 2 doses, except for the gamma, beta and TEDE offaite doses for the
accident initiated iodine spike, and the gamma control room for the accident initiated iodine spike.

Note: these limits are based on a maximum 0.1 pCi/gm 1-131 limit in the secondary side and using
ARCON96 X/Q values. If the secondary side limit were to be reduced, then the primary to secondary side
leakage and the primary side 1-131 concentrations can increase.

The Tritium Production Core (TPC) does not affect the limits above, because the limiting doses are the
thyroid doses. The tritium affects only the beta dose and TEDE. The TPC obviously bounds the non-TPC
configuration.

This calculation is conservative because it models the mass releases as linear within each time
interval. This allows larger iodine releases for the accident initiated iodine spiking cases because iodine
increases over time in the reactor coolant. In reality, the mass releases are greater at the beginning of the
accident, and decrease over time. For the pre-existing iodine spike (which is not the limiting case), this has
little effect, since the decay of short lived isotopes is compensated by the buildup of iodine in the unfaulted
steam generators due to reactor coolant leakage.

Note on methodologies used:
This calculation determined the doses using 3 different methodologies. The gamma, beta and Thyroid (ICRP-2) doses

are all based on TID-14844 methodologies utilizing the ICRP-2 iodine dose conversion factors found in TID-14844. The
second methodology uses the ICRP-30 iodine dose conversion factors which are less conservative than the ICRP-2 factors.
This methodology is presented for potential future use. Finally, the third methodology used is the TEDE (Total Effective
Dose Equivalent). The TEDE presents an overall weighted dose and is more representative of the impact of all isotopes on
the body as a whole. It is important to note that tritium does not impact the thyroid doses utilizing the TID-14844
methodology, because only iodine is applied to the thyroid dose. However, in fact tritium does contribute to the thyroid
dose, as well as other organs of the body. This is why the TEDE is a more representative dose when discussing the impact of
tritium. It is up to the end user to choose the dose which is to be used, with the understanding that each methodology has a
different meaning.
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Appendix A: Justification for Using ANSI/ANS-18.1-1984 Expected Coolant Spectrum

The choice of iodine spectrum is fairly important, since several isotopes have short halflives. Noble gas spectrum is not at
important because the noble gasses contribute only to the gamma and beta doses which are orders of magnitude from the regulatory
limits, whereas the limiting doses are thyroid (iodine influenced). Results may be affected when accident times are on the order of the
decay of the short lived isotopes. There are several possible spectra available. The spectrum chosen for this analysis is the one that most
closely resembles the actual spectrum present at WB3N. From the surveillance tests 1-SI-68-28 performed on 7/10/00 and 4/9/01 (see
Attachment 1), the following concentrations were determined:

RCS activities 7/10/00 RCS activities 4/9/01

cCi/gm
RCS

Gaseous
Ar-41 1.303E-02

Kr-85M 1.915E-04
Kr-87

Xe-133

Xe-135
Xe-135M

Xe-138

4.575E-04
9.565E-04
1 .429E-03
7.364E-04
1 .796E-03

F-18
Na-24
Mn-56
Co-58
Nb-95
1-131
1-132
1-133
1-134
1-135

Xe-135
Xe-135M

Cs-138

gCi/gram
RCS

Degassed
1. 179E-0 I
9.169E-04
9.313E-05
5.019E-04
3.132E-05
6.070E-05
1.459E-03
8.208E-04
2.694E-03
1.608E-03
8.914E-05
1.406E-02
2.395E-03

Ar-41
Kr-85M
Kr-87
Kr-88

Xe-1 33
Xe-135

Xe- 135M

j'Ci/gm
RCS

Gaseous
2.696E-03
2.013E-04
4.809E-04
4.982E-04
1.202E-03
1.676E-03
1 .105E-03

liCi/gram
RCS

Degassed
F-18 1.116E-01

Na-24 2.060E-03
Mn-56 2.088E-04
Co-58 6.218E-04
Co-60 2.776E-05
Nb-95 2.794E-05
1-131 3.881E-05
1-132 1.165E-03
1-133 6.105E-04
1-134 2.334E-03
1-135 1.158E-03

Xe-135 1.380E-04
Xe-135M 1.972E-02
Cs-138 2.195E-03

Two potential spectra are from WBNNAL3-003 (Reactor Coolant Activities in Accordance with ANSI/ANS-18.1-1984) and from the
FSAR Table 11.1-2 (Historical Design Activities). The iodine concentrations and relative concentrations for each spectrum are as
follows:

7/10/00
WBN actual

LLCi/e~n

7/10/00
WBN actual

relative fraction

4/9/01
WBN actual

LuCi/•mn

4/9/01
WBN actual

relative fraction
1-131 6.070E-05 0.0091 3.881E-05 0.0073
1-132 1.459E-03 0.2196 1.165E-03 0.2195
1-133 8-208E-04 0.1236 6.105E-04 0.1151
1-134 2.694E-03 0.4056 2.334E-03 0.4399
1-135 1.608E-03 0.2421 1.158E-03 0.2182
sum: 6.643E-03 5.306E-03

ANS 18.1 ANS 18.1 FSAR 11.1-2 FSAR 11.1-2
___ Ci/gm relative fraction tRCi/gm relative fraction

1-131
1-132
1-133
1-134
1-135
sum:

0.0477
0.225
0.149
0.364
0.278
1.0637

0.0448

0.2115
0.1401
0.3422

0.2614

2.5
0.9
4

0.56
2.2

10.16

0.2461
0.0886
0.3937
0.0551
0.2165

As can be seen, the FSAR historical design concentrations do not reflect the actual measured concentrations. The FSAR
values are weighted too strongly in favor of 1-131 (24.6% of total as opposed to < 1% of the actual total). By comparison,
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the ANSI/ANS-18.1-1984 fractions are very close to the actual fractions. The worst fit was for 1-134 which was 40.1%
actual versus ANSI/ANS-18.1-1984 34.22%. The 1-131 is slightly over predicted by ANS-18.1 (0.9% on 7/10/00 and 0.7%
on 4/9/01 versus 4.48%), however this difference is not as large compared to the FSAR fraction. The ANSIIANS-18.1-1984
spectrum overall fit is much better than the FSAR spectrum, therefore it can be concluded that the use of the
ANSI/ANS-18.1-1984 spectrum is acceptable.
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Appendix B: Determination of Letdown Flow Rate Uncertainty

The purpose of this appendix is to determine bounding errors for the measurements performed on the orifice
restrictor flows using the Letdown Heat Exchanger Flow loop (1 -F-62-82) during Preop Test Instruction PTI-062-03
RO.

Following these tests, a loop check was performed for the computer point F01 34A by injecting a signal into the
transmitter and reading the display on the computer. To determine the total loop error, the unmeasurable errors
must be combined with the errors present at the time of the loop check.

WBN NESSD 1-F-62-1 will be used as a guide for determining the unmeasurable errors for loop
1-F-62-82 since it contains the same model flow element and a similar model transmitter. According to EMPAC, the
flow element is a Vickery Simms Model MK-52 and the transmitter is a Foxboro E-13DM.

Millers Flow Measurement Engineering Handbook, Third Edition, Chapter 6, Table 6.1 states that Square Edged
orifice flowmeters have an accuracy of ±1-2%URV (upper range value) of the flow rate. A value of ±2% will be used
for the orifice.

The loop check performed by WO 94-14264-10 (following pages) gives as found data. The largest error at 50 GPM
was 1.36 GPM (50 - 48.64) or 0.68% CS (1.36/200 = 0.68%). The largest error at 100 GPM was 0.48 GPM (100 -
99.52) or 0.24% CS (0.48/200 = 0.24%). The largest error at 150 GPM was 0.06 GPM (150 - 149.94) or 0.03% CS
(0.06/200 = 0.03%).

Since the plant had not been started at the time of these tests, radiation was not present and need not be
considered. Errors for temperature and power supply effect will need to be included. Since there is no data on actual
temperature conditions, an enveloping value must be used. Environmental drawing 47E235-46 R5 gives the max
abnormal temperature range as 50 - 110 OF for coordinates UA6 / El 737 where the transmitter is located per
EMPAC. The transmitter is a model E-1 3DM per EMPAC. The product specification sheets (following pages) give
the ambient temperature effect as ±1% per 50 OF for any span between 200 to 850" water. The transmitter will
normally be calibrated at room temperature which will be between 60 and 80 OF. A temperature shift of + or - 50 OF
will encompass the temperature changes seen by the transmitter. Therefore for a temperature range of ±50 OF, the
temperature effect will be ±1% CS d/p. The power supply effect is given as 0.1% CS for a 10% change in voltage.
Thus Power supply effect is 0.1% CS d/p.

All errors for the computer should be reflected in the loop check.
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Utilizing Equation 3-24.8 of W WCAP-12096, Rev. 8 "Westinghouse Setpoint Methodology for Protection Systems,
Watts Bar Units I and 2, Eagle 21 Version," the unmeasured transmitter errors can be converted from percent error
in full scale d/p to error in percent full span at a specified point, where Fm is the maximum flow rate of 200 GPM,
and Fn is the nominal flow rate (i.e. 50, 100 or 150 GPM).

EPFS (Flow) = (Axxx f 2) * (Fm / Fn)
Tempe(Flow)@50GPM = (Tempr (d/p) / 2) * (200 / 50) = *2% CS Flow
Tempe,(Flow)@100GPM = (Temper (d/p) /2) * (200 /100) = ± 1% CS Flow
Tempar(Flow)@150GPM = (Temper (d/p) / 2) * (200 / 150) = ± 0.67% CS Flow

pwr supp.,r(Flow)@50GPM = (pwr supper (d/p) / 2) * (200 /50) = ± 0.2% CS Flow
pwr supper(Flow)@IOOGPM = (pwr suppr (d/p) / 2) * (200 / 100) = ± 0.1% CS Flow
pwr supp.e(Flow)@t50GPM = (pwr suppe (d/p) / 2) * (200 / 150) = ± 0.067% CS Flow

Thus total loop error = (FEEef2 + Loop check W 2 +Tempr (Flow) 2 +pwr supper (Flow) 2)0.5

Total loop error @ 50 GPM = (22 + 0.682 + 22 + 0.22)03 = ±2.92% CS = ±5.84 GPM
Total loop error @ 100 GPM = (22 + 0.242 + 12 + 0.12)0.5 = ±2.25% CS = ±4.5 GPM
Total loop error @ 150 GPM = (22 + 0.032 + 0.672 + 0.0672)015 = ±2.11% CS = ±4.22 GPM

Total loop error at 120 GPM can be determined by linear interpolation between 100 and 150 GPM. The value will be
conservative since the error is nonlinear and is a function of the square root of the d/p values above and the actual
loop recorded values which also follow a square root curve.

Total loop error @ 120 GPM = +1 error @ 100 GPM + 20(error @ 150 GPM - error @ 100 GPM) / (150 - 100) I
Total loop error @ 120 GPM = ±[4.5 GPM + 20(4.22 -4.5)/501 = ±[4.5 GPM + (-0.11)] = ±4.39 GPM

The following references were used in preparation of this appendix. Revisions to these references will not impact
this appendix; so the references are 'information only' in lieu of 'design input'.

I WBN NESSD i-F-62-1 R1 (Methodology & guidance)
2 EMPAC (Manufacturer, Model number and location)
3 Millers Flow Engineering Handbook, Third Edition, Chapter 6, Table 6.1 (Orifice accuracy)
4 WO 94-14264-10 (loop check data) - see next page
5 Drawing 47E235-46 R5 (environmental data)
6 Foxboro product specification sheets (transmitter accuracy data) - see next pages
7 WCAP-12096 R 8 (methodology for converting d/p error to flow error)

Prepared Lynn Cowan Date 614/01
Checked Date
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TASK TOT: 8.0 MAN HOURS
.DURATION: 4.0 HOURS

POST-MA1NIT TEST PtQ.: SEE WORK INSTRUCTIONS

SIGNATURES AND DATE

PLANNER:

#J

COG SUPV:
(Ij2 YTtfy

SUT ENGR:

'V
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Calculation No. WBNAPS3-077 R WBN Page
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: Date: i-z-,

Steam Line Break Checked: ".-. Date: JVA- tO

PAGrI -J-0 C,. I (.PAGE 10 OF 17
REVISION 01.

INSTRIMENT LOOP CALIBRATION RECORD

W1oNo: 0 9 z 64- NO

LOOP COMPONENTS

ID: 1-•-42-a2 I INSTRUMENT NO: 1-F142-82

HEAD N: /A j
MITE: 5 M&E: VISUAL

TEST INPUT REQUIRED AIW0 AS LEFT
POINT G IN C ) ( 6P ) 1.0 UNITj AS FOUNt HI LIMJT1 1O LIMIT1 AS LEFT H1 LIMIT

2 39.1

3 156.3

4 351.6i- -1 ;.T

5 594.1

6 351.6

7 IS6.3

8 39.1

9 12.5

28.3

50.0

100.0

150.0

195.0

100.0

0*.

23.3

45.0

95.0

14S.0

190.0

145.0

45.0

23.3

33.3

55.0

105.0

50.0

105.0

-33.3

23.3

45.0

190.0

145.0

95.0

45.0

Z3 .3

3•

105.0

155.0

200.0

155.0

105.0

55.0

33.3
N

--- IINSTRUMENT NO: LOG Pt FO134A

M&TE.: VISUAL
-. -..-.--........-.--...-...--.....-..-...-..-..------. I

TEST REQUIRED
TEST

POINT

2

3

4

5

6

REWIRED
(GPM

28.30

50.00

100.00

150.00

195.00

150.00

LO LIMIT

23.18

47.34

98.46

149.08

194.32

149.08

AS FOUND
AS FaOUN

qqq

!'r

IAr,,8

'774

HI LIMIT

32.38

52.26

101.14

150.68

195.60

150.68

LO LIMIT!

23.18

47.34

98.66

149.08

194.32

149.08

AS LEF
AS LEFT HI LIMIT

-2738

52.26

150.68

-
-1

8 50.00 47.34 I 52.26 47.34

9 28.30 23.18 2 4_ 32.38 23.18

1.14

2.26

2.36

Remartis, None

NO lO03 (T YES (4'M 1 PC C)YES ------- N ----
1PERFORMEO BY/MATE -7 -q9-'qq

M OCO.'y (,A;l 57&AJ6

Functiodn: Letdown moat Exch. Fla.

Reviewed by: Gary L. Hyden Al

ATE (SIMF) JTNSTRUCTION NO. ItEWV NO

1ý . I

pproved by: Ed Hall 0t 0 /Date: 03110194
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Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: flc/05 Date: j-f- ea

Steam Line Break Checked: 0 LjAt-- Date: , 7ACt. -O

.... ... . . .. ... .

I>" i ý - .1.

ZO -44: 41V -T

General Specification
one"" 3.~d WissdipCAiTeMWMhtrsM*"WadM 1f

6o~dlWeaw m wing nowd08 t. 0&M6 iw (l- 0-127
to "M MWm of "W at so* pmsreufees 6000 G-d (M Wen% Its" awheu nla pmopodond 10 to 50
or41mmeaAd-edgmakowreedhwy andaidied leads.
logoeduess UPta - oplosul dioumand featbfro the

FEATURES

* 11mwen00dP
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IS igh Ndammai-!- Exotleat Reprodebilkly
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Steam Line Break Checked: 1As. A Date: k'7A. \Q

I

p.*
ii 4 STANIDARD SPECIFICATIONS

(Cortinuedl i I!
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• ,,, • . .. . .. 613212 *-4-
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Subject: Ofisite and Control Room Operator Doses Due to a Main Prepared: A L6 Date: j-zf-"'

Steam Line Break Checked: L uA, Date: -, -q.

Appendix C: Example of Pre-Accident Iodine Spike STP Model

//APS77S9A JOB 264318, 9MBERG.LP4T-C,MSGLEVEL=1,MSGCLASS=T
//*MAIN ORG=KNXLCL01, CLASS=-LB

//JCL JCLLIB ORDER=(APB.NEN.PS264460.PROCLIB)
// EXEC STP,SOUT=*'
//GO.FT07F001 DD DSN=$KBI988.APS77S9A.OUT,UNIT=ALLOC,
// DCB=(RECFM=FB,LRECL=80,BLKSIZE=6160)iSPACE=(TRK, (5,2) ,RLSE),
I/ DISP= (NEW, CATLG, DELETE)
//GO.FT01F001 DD *
NV= 4 MS= 2
//GO.FT11F001 DD *
$ CLASS DESCRIPTION
$ 1 NOBLE GASES
$ 2 IODINE
$ 3 TRITIUM
NI= 23 NK= 7 NG= 0 NL= 3

IKRM 83 1 1,0352E-04 10.0
2KBM 85 1 4,2978E-05 10.0
3KR 85 1 2.0470E-09 29.8849E-06
4KR 87 1 1,5141E-04 10.0
5KR 88 1 6,8765E-05 10.0
6KR 89 1 3.6328E-03 10.0
7XEM 131 1 6,7414E-07 131.3039E-08
8XEM 133 1 3.5656E-06 152.0365E-07
9XE 133 1 1,5165E-06 83.5656E-06

1OXEM 135 1 7.3818E-04 174.8062E-06
1IXE 135 1 2,1043E-05 107.3818E-04
12XE 138 1 8.1528E-04 10.0
131 131 2 9,9536E-07 10.0
141 132 3 8,4448E-05 10.0
151 133 4 9.2568E-06 10.0
161 134 5 2.1963E-04 10.0
171 135 6 2,9129E-05 10.0
181* 131 2 9.9536E-07 10.0
191* 132 3 8.4448E-05 10.0
201* 133 4 9.2568E-06 10.0
211* 134 5 2,1963E-04 10.0
221* 135 6 2.9129E-05 10.0
23H 3 7 1.7785E-09 10.OOOOE+00

//GO.SYSIN3 DD *
1 'REACTOR COOLANT ANS/ANSI-18.1-1984

1 0.0 2 1.71E-1 3 2.66E-1 4 1.61E-1 5

10.0
10.0
10..0
10.0
10.0
10.0

181. 3039E-08
202.0365E-07
159.0531E-06
224. 8062E-06
172.4322E-05
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10. 0000+00

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

209. 0531-06
10.0

222. 4322E-05
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
*10.00005+00

UCI/GM, WBNAPS3-003 R3'
3.OOE-1 6 0.0

7 6.54E-1 8 7.17E-2 9 2.53E0 10 1.39E-1 11 9.04E-1 12 1.29E-1
13 4.77E-2 14 2.25E-1 15 1.49E-1 16 3.64E-1 17 2.78E-1
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84EI

0
2 'SECONDARY COOL ANS/ANSI-18.1-1984 UCI/GM, WBNAPS3-003 R3'

1 0.0 2 3.63E-8 3 5.51E-8 4 3.22E-8 5 6.31E-8 6 0.0
7 1.34E-7 8 1.54E-8 9 5.25E-7 10 2.90E-8 11 1.91E-7 12 2.68E-8
13 1.41E-6 14 3.37E-6 15 4.03E-6 16 2.93E-6 17 6.19E-6
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E-2

0
T
WBN MSLB, 21 UCI/CC INITIAL CONC, 10+IGPM LK SS,1.0 GPM LEAK IN SG
NJ= 4 KCONC= 1
1 'REACTOR COOLANT'
2 'STEAM GENERATOR W/LEAK'
3 'STEAM GENERAToRS/NO LEAK'
4 'ENVIRONMENT'
-1
INITIALIZATION
V 1 2.622E8 GM
V 2 5.31E7 GM
V 3 1.593E8 GM
V 4 1.0 GM
S 1 1 0 4.386E4
S 1 1 1 7.6195E3
S 2 3 0 4.996E6
S 1 1 7 2.622E2
S 2 3 7 1.593E2
S 2 4 1 1.667E6 2
S 2 4 4 1.667E6 2
S 2 4 7 5.316E1
A 4

4 2 1.667E6 2 4 3 1.667E6
4 5 1.667E6 2 4 6 1.667E6
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Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: /4t4 Date: 1-tf-tfO
Steam Line Break Checked: p,. Date: I- .*

F 1 3 0 7.098E4 GM/HR
F 3 4 0 1.0026E6 GM/HR
F 3 4 1 1.0026E8 GM/HR
F 3 4 7 1.0026E8 GM/HR
F 1 4 0 2.271E5 GM/HR
20.6 SEC
TIME TO 20.6 SEC
N 4 0
P 1 0 4

2.0 HR
TIME TO 2.0 HR
N 4 0
P 1 0 4
8.0 HR
TIME TO 8.0 HR
F 3 4 0 6.977E5 GM/HR
F 3 4 1 6.977E7 GM/HR
F 3 4 7 6.977E7 GM/HR
P 1 0 4
T
T
/*
//
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Appendix D: Example of Accident Initiated Iodine Spike (factor of 500 increase) STP Model

//APS77S9B JOB 264318,9MBERG.LP4T-C,MSGLEVEL=I,MSGCLASS=T
//*MAIN ORG=KNXLCLO1, CLASS=LB

//JCL JCLLIB ORDER= (APB.NEN.PS264460.PROCLIB)
// EXEC STP,SOUT='*'
//GO.FT07F001 DD DSN=$KB1988.APS77S9B.OUT,UNIT=ALLOC,
/1 DCB=(RECFM=FB,LRECL=80,BLKSIZE=6160),SPACE=(TRK, (5,2),RLSE),
// DISP= (NEW, CATLG, DELETE)
//GO.FT01F001 DD *
NV= 4 MS= 2
//GO.FTI11F001 DD *
$ CLASS DESCRIPTION
$ 1 NOBLE GASES
$ 2 IODINE
$ 3 TRITIUM
NI= 23 NK= 7 NG= 0 NL= 3

IKRM 83 1 1.0352E-04 10.0 10.0 10.0
2KRM 85 1 4.2978E-05 10.0 10.0 10.0
3KR 85 1 2.0470E-09 29.8849E-06 10.0 10.0
4KR 87 1 1.5141E-04 10.0 10.0 10.0
5KR 88 1 6.8765E-05 10.0 10.0 10.0
6KR 89 1 3.6328E-03 10.0 10.0 10.0
7XEM 131 1 6.7414E-07 131.3039E-08 181.3039E-08 10.0
8XEM 133 1 3.5656E-06 152.0365E-07 202.0365E-07 10.0
9XE 133 1 1.5165E-06 83.5656E-06 159.0531E-06 209.0531E-06

1OXEM 135 1 7.3818E-04 174.8062E-06 224.8062E-06 10.0
1IXE 135 1 2.1043E-05 107.3818E-04 172.4322E-05 222.4322E-05
12XE 138 1 8.1528E-04 10.0 10.0 10.0
131 131 2 9.9536E-07 10.0 10.0 10.0
141 132 3 8.4448E-05 10.0 10.0 10.0
152 133 4 9.2568E-06 10.0 10.0 10.0
162 134 5 2.1963E-04 10.0 10.0 10.0
172 135 6 2.9129E-05 10.0 10.0 10.0
182* 131 2 9.9536E-07 10.0 10.0 10.0
192* 132 3 8.4448E-05 10.0 10.0 10.0
201* 133 4 9.2568E-06 10.0 10.0 10.0
212* 134 5 2.1963E-04 10.0 10.0 10.0
222* 135 6 2.9129E-05 10.0 10.0 10.0
23H 3 7 1.7785E-09 10.OOOOE+00 10.OOOOE+00 10.OOOOE+00

//GO.SYSIN3 DD *
1 'REACTOR COOLANT ANS/ANSI-18.1-1984 UCI/GM, WBNAPS3-003 R3'

1 0.0 2 1.71E-1 3 2.66E-1 4 1.61E-1 5 3.OOE-1 6 0.0
7 6.54E-1 8 7.17E-2 9 2.53E0 10 1.39E-1 11 9.04E-1 12 1.29E-1
13 4.77E-2 14 2.25E-1 15 1.49E-1 16 3.64E-1 17 2.78E-1
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E1

0
2 'SECONDARY COOL ANS/ANSI-18.1-1984 UCI/GM, WBNAPS3-003 R3'

1 0.0 2 3.63E-8 3 5.51E-8 4 3.22E-8 5 6.31E-8 6 0.0
7 1.34E-7 8 1.54E-8 9 5.25E-7 10 2.90E-8 11 1.91E-7 12 2.68E-8
13 1.41E-6 14 3.37E-6 15 4.03E-6 16 2.93E-6 17 6.19E-6
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E-2

0
T
WBN MSLB,.265 UCI/CC INIT CONC,10+1GPM LK,500 IODINE SPIKE,1.0 GPM SG LK
NJ= 4 KCONC= 1
1 'REACTOR COOLANT'
2 'STEAM GENERATOR W/LEAK'
3 'STEAM GENERATORS/NO LEAK'
4 'ENVIRONMENT'
-1
INITIALIZATION
V 1 2.622EB GM
V 2 5.31E7 GM
V 3 1.593E8 GM
V 4 1.0 GM
S 1 1 0 5.534E2
S 1 1 1 7.6195E3
S 2 3 0 4.996E6
S 1 1 7 2.622E2
S 2 3 7 1.593E2
S 2 4 1 1.667E6 2
S 2 4 4 1.667E6 2
S 2 4 7 5.316EI
C 1 1 2 3.345E4

4 2 1.667E6 2 4 3 1.667E6
4 5 1.667E6 2 4 6 1.667E6
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Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: A( L Date: [.?.fo
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C 1 1 3 1.166E5
C 1 1 4 4.163E4
C 1 1 5 2.512E5
C 1 1 6 6.147E4
A 4
F 1 3 0 7.098E4 GM/HR
F 3 4 0 1.0026E6 GM/HR
F 3 4 1 1.0026E8 GM/HR
F 3 4 7 1.0026E8 GM/HR
F 1 4 0 2.271E5 GM/HR
20.6 SEC
TIME TO 20.6 SEC
N 4 0
P 1 0 4
2.0 HR
TIME TO 2.0 HR
N 40
P 1 0 4
8.0 HR
TIME TO 8.0 HR
F 3 4 0 6.977E5 GM/HR
F 3 4 1 6.977E7 GM/HR
F 3 4 7 6.977E7 GM/HR
P 1 0 4
T
T

//
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Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: / • Date: f'7-'o

Steam LineBreak Checked: i A Date: \ .

Appendix E: Example of COROD Input (ARCON96 XQ)

//APS77C9A JOB 264318, 9MBERG. LP4T-C,MSGLEVEL=I,MSGCLASS=T

//*MAIN ORG=KNXLCL01, CLASS=SB

//JCL JCLLIB ORDER= (APB.NEN.EX262358. PROCLIB)
//STEP1 EXEC CORODV6,COND= (4,LT)
//COROD1.FTM5F001 DD *
NIT= 23 NR= 1 ITP= 6 FACT= 1.0
COROD-WBN MSLB S
KRM 83 KRM 85 KR 85 KR 87 KR 88 KR 89
XEM 131 XEM 133 XE 133 XEM 135 XE 135 XE 138
I 131 I 132 I 133 I 134 I 135
1* 131 1* 132 1* 133 1* 134 1* 135 H 3

4 'ENVIRONMENT $ TN= 0.5722E-02
1 0.0 2 6.762E-02 3 1.029E-01 4 6.033E-02 5 1.176E-01
6 0.0 7 2.505E-01 8 2.866E-02 9 9.802E-01 10 5.429E-02

11 3.560E-01 12 4.999E-02 13 2.361E+00 14 5.667E+00 15 6.751E+00
16 4.964E+00 17 1.038E+01 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 5.415E+00

4 'ENVIRONMENT $ TN= 0.2000E+01
1 0.0 2 2.298E+00 3 4.166E+00 4 1.513E+00 5 3.687E+00
6 0.0 7 1.021E+01 8 1.119E+00 9 3.957E+01 10 7.468E+00

11 1.647E+01 12 3.232E-01 13 3.691E+00 14 1.293E+01 15 1.117E+01
16 1.391E+01 17 1.936E+01 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 6.170E+01

4 'ENVIRONMENT $ TN= 0.8000E+01
1 0.0 2 4.043E+00 3 1.324E+01 4 7.744E-01 5 4.691E+00
6 0.0 7 3.216E+01 8 3.429E+00 9 1.242E+02 10 1.706E+01

11 5.754E+01 12 9.744E-04 13 1.087E+01 14 1.296E+01 15 2.926E501
16 3.585E+00 17 3.865E+01 18 0.0 19 0.0 20 0.0
21 0.0 22 0.0 23 1.718E+02

-6 'ENVIRONMENT CURIES $ TN= 0.2400E+02
1 0.000E+00 2 0.000E+00 3 0.OOOE+00 4 0.000E+00 5 0.OOOE+00
6 O.OOOE+00 7 0.000E+00 8 0.000E+00 9 0.000E+00 10 0.000E+00

11 0.000E+00 12 0.000E+00 13 0.OOOE+00 14 0.OOOE+00 15 0.000E+00
16 0.DOOE+00 17 0.000E+00 18 0.OOOE+00 19 O.OOOE+00 20 0.000E+00
21 0.000E+00 22 0.000E+00 23 0.000E+00

-6 'ENVIRONMENT CURIES ' $ TN= 0.9600E+02
I 0.000E+00 2 0.OOOE+00 3 0.000E+00 4 0.000E+00 5 0.OOOE+00
6 0.000E+00 7 0.000E+00 8 0.000E+00 9 0.OOOE+00 10 0.OOOE+00

11 0.000E+00 12 0.000E+00 13 0.000E+00 14 0.000E+00 15 0.OOOE+00
16 0.000E+00 17 0.000E+00 18 0.000E+00 19 0.000E+00 20 0.000E+00
21 0.000E+00 22 0.OOOE+00 23 0.000E+00

-6 'ENVIRONMENT CURIES $ TN= 0.7200E+03
1 0.000E+00 2 0.000E+00 3 0.000E+00 4 0.000E+00 5 0.000E+00
6 0.OOOE+00 7 0.000E+00 8 0.000E+00 9 0.000E+00 10 0.OOOE+00

11 0.000E+00 12 0.000E+00 13 0.000E+00 14 0.000E+00 15 0.000E+00
16 0.000E+00 17 0.000E+00 18 0.000E+00 19 0.000E+00 20 0.000E+00
21 0.000E+00 22 0.OOOE+00 23 0.000E+00

4.03E-03 4.03E-03 3.35E-03 2.27E-03 1.81E-03 1.45E-04
20.6 7179.4 21600.0 57600.0 259200.0 2246400.0
3200.0 51.0
711.0 51.0
711.0 51.0
711.0 51.0
711.0 51.0
711.0 51.0
0.0 0.0 0.0 0.0 0.0 0.0 3200.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
100.0 60.0 40.0 1440.0 5760.0 257198.0
1.2492 0.63 0.8352
322.0 45.0 17.75 46.0 9.0 4.0 161.0 22.5 4.0 0.0
ROOFFLUX DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE THROUGH ROOF
1000.0 1000.0 1000.0 20.0 20.0 20.0 500.0 500.0 -16.0 2.25
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM AUX BUILDING
270.0 150.0 148.0 27.0 15.0 14.0 135.0 75.0 -25.5 3.0
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM TURBINE BLDG
322.0 112.0 341.0 32.0 11.0 34.0 161.0 56.0 -25.5 3.0
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM SPREADING ROOM
322.0 45.0 26.0 32.0 9.0 5.0 22.5 161.0 -4.67 0.67
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ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM CR BLDG END
18.0 45.0 460.0 10.0 10.0 100.0 4.0 22.5 -25.5 3.0
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM CR BLDG END
18.0 45.0 460.0 10.0 10.0 100.0 4.0 22.5 -25.5 3.01*
//
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Appendix F: Example of FENCDOSE Model

//APS77F9A JOB 264360,'9MBERG.LP4T-C',MSGLEVEL=I,MSGCLASS=T
//*MAIN ORG-KNXLCLO1,CLASS=SB

//JCL JCLLIB ORDER=(APB.NEN.EX262358.PROCLIB)
//STEP1 EXEC FNCDOSV4,COND=(4,LT)
//FNCDOS1.FT05F001 DD *
1
KRM-83
KR-87
XEM-131
1-131
I*-131
T

KRM-85
KR-88
XEM-133
1-132
I*-132

KR-85
KR-89
XE-133 XEM-135
1-133 1-134
1*-133 1*-134

XE-135 XE-138
1-135
I*-135 H-3

.141E-3 .668E-4 .459E-4 .204E-4 .635E-5 6.07E-4
WBN MSLB, 21 UCI/CC INITIAL CONC, 10+IGPM LK SS,1.0 GPM LEAK IN SG
TIME TO 20.6 SEC

4 'ENVIRONMENT $ TN= 0.5722E-02
1 0.0 2 6.762E-02 3 1.029E-01 4 6.033E-02
6 0.0 7 2.505E-01 8 2.866E-02 9 9.802E-01

11 3.560E-01 12 4.999E-02 13 2.361E+00 14 5.667E+00
16 4.964E+00 17 1.038E+01 18 0.0 19 0.0
21 0.0 22 0.0 23 5.415E+00

WBN MSLB, 21 UCI/CC INITIAL CONC, 10+1GPM LK SS,1.0 GPM LEAK IN SG
TIME TO 2.0 HR

4 'ENVIRONMENT $ TN= 0.2000E+01
1 0.0 2 2.298E+00 3 4.166E+00 4 1.513E+00
6 0.0 7 1.021E+01 8 1.119E+00 9 3.957E+01

11 1.647E+01 12 3.232E-01 13 3.691E+00 14 1.293E+01
16 1.391E+01 17 1.936E+01 18 0.0 19 0.0
21 0.0 22 0.0 23 6.170E+01

WBN MSLB, 21 UCI/CC INITIAL CONC, 10+IGPM LK SS,1.0 GPM LEAK IN SG
TIME TO 8.0 HR

4 'ENVIRONMENT $ TN= 0.8000E+01
1 0.0 2 4.043E+00 3 1.324E+01 4 7.744E-01
6

21
16
21

0.0
5. 754E+01
3. 585E+00
0.0

WBN MSLB
TIME TO I DAY

-6 'ENVIRONMENT
1 0.000E+00
6 0.000E+00

11 0.000E+00
16 0.000E+00
21 0.OOOE+00

WBN MSLB
TIME TO 4 DAYS

-6 'ENVIRONMENT
1 0.000E+00
6 0.OOOE+00

11 0.000E+00
16 0.000E+00
21 0.OOOE+00

WBN MSLB
TIME TO 30 DAYS

-6 'ENVIRONMENT
1 0.000E+00
6 0.000E+00

11 0.000E+00
16 0.000E+00
21 0.000E+00

7
12
17
22

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

3.216E+01
9.744E-04
3.865E+01
0.0

CURIES
0.000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00

CURIES
0. 000E+00
0.OOOE+00
0.000E+00
0.000E+00
0. 000E+00

CURIES
0.000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0.000E+00

8
13
18
23

3
8

13
18
23

3.429E+00 9 1.242E+02
1.087E+01 14 1.296E+01
0.0 19 0.0
1.718E+02

$ TN= 0.2400E+02
0.000E+00 4 0.OOOE+00
0.000E+00 9 0.000E+00
0.OOOE+00 14 0.OOOE+00
0.000E+00 19 0.000E+00
0.OOOE+00

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

1.176E-01
5. 429E-02
6.751E+00
0.0

3. 687E+00
7.468E+00
1.117E+01
0.0

4. 691E+00
1. 706E+01
2. 926E+01
0.0

0.OOOE+00
0. OOOE+00
0.OOOE+00
0.000E+00

0.000E+00
0. 000E+00
0. 000E+00
0.000E+00

0. OOOE+00
0. 000E+00
0. 000E+00
0. OOOE+00

$ TN= 0.9600E+02
3 0.000E+00 4 0.OOOE+00
8 0.000E+00 9 0.000E+00

13 0.000E+00 14 0.000E+00
18 0.OOOE+00 19 0.000E+00
23 0.000E+00

$ TN= 0.7200E+03
3 0.000E+00 4 0.OOOE+00
8 0.000E+00 9 0.000E+00

13 0.OOOE+00 14 0.000E+00
18 0.000E+00 19 0.000E+00
23 0.000E+00
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Appendix G: Additional Cases

This appendix documents the original steam generator MSLB results used as input to the FSAR (0.265 jiCi/gm I-131
equivalent or 21 RCi/gm 1- 131 equivalent, with a 10 gpm known primary to secondary side leakage and I gpm unknown
leakage and 150 gpd per steam generator with the 3 gpm post accident leakage). The control room operator dose COROD
model recirculation and time increments were corrected. All other cases (with different concentrations and/or leak rates) can
be found in revision 8 of this calculation (these were not corrected, as they were not used in the FSAR). Note that all other
cases are historical and utilize original steam generator data. Details of these results (excluding the COROD corrections)
may be found in revision 8.

Unit 1 MSLB Control Room Doses (rem) Using ARCON96 X/Q values with ORIGINAL STEAM GENERATOR
DATA:
10 gpm known + I gpm unknown + 3 gpm post accident leakage

Pre-accident Iodine

Snikine

Accident Initiated

Iodine SDikine limit
Gamma

Beta

Thyroid (ICRP-2)
Thyroid (ICRP-30)

TEDE

1.340E-02

1.339E-01

2.85 1E+01

1.570E+01

5.85613-01

2.475E-02

2.052E-01

4.730E+01
2.42613i-01

9.425E-01

5

30

30

30

5

Unit I MSLB Offsite Doses (rem) with ORIGINAL STEAM GENERATOR DATA:
10 gpm known + I gpm unknown + 3 gpm post accident leakage

Pre-accident Iodine spiking case
1-131 equivalent: 21 uCi/cc

2-hr EAB

Accident Initiated Iodine Spiking (500) case

1-131 equivalent: 0.265 uCi/cc
2-hr EAB 30-day LPZ30-day LPZ limit limit

gamma

beta

Inhalation (ICRP-2)

Inhalation (ICRP-30)

TEDE

6.381E-02

2.058E-02

1.046E+01

5.282E+00

3.957E-01

2.233E-02

8.335E-03
4.695E+00
2.46913+00

1.698E-01

25

300

300

300

25

gamma
beta
Inhalation (ICRP-2)

Inhalation (ICRP-30)

TEDE

2.006E-01

4.981E-02

1.296E+01

5.251E+00

6.212E-01

1.98113-01
4.809E-02
1.709E+01
7.39413+00

7,551E-01

2.5

30

30

30

2.5
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Appendix H: Unit 2 MSLB

Unit 2 utilizes the original steam generators, however the mass releases were revised by Westinghouse (ref.26). The
main text models apply except for the following changes:

Volumes:
#1: Reactor Coolant: 5.4E5 lb (ref.2) = 2.4494E8 gin
#2: Steam Generator w/Leak: 4.73 5E7 gra (ref.2)
#3: Steam Generators w/out Leak: 1.421E8 gm (ref.2).

Step Sources:

The step sources (Ci-gin4LCi) to initialize the reactor coolant and the secondary side activities are:
All cases:

S=2.4494E8 gin* IE-6 CiI/4Ci * 29.06 =7.118E3 (noble gasses)
S--2.4494E8 gin* IE-6 Ci/4Ci = 2.4494E2 (tritium)

Pre-accident iodine spike case (initial concentration = 21 jCi/gm):
S=2.4494E8 gm*lE-6 Ci/pCi * 7.965[gCi/gmn 1-131]- *2 ljCi/gm 1-131 = 4.097E4 (iodines)

Accident initiated iodine spike case (initial concentration = 0.265 JACi/gm):
S=2.4494E8 gm* IE-6 Ci/VCi * 7.965 [liCi/gin 1-13 1]'*0.265 piCi/gm 1-131= 5.170E2

Secondary side, all cases, steam generator w/ leak, release to environment. (concentration = 0. l1 Ci/gm) which is due to dryout
(4.74E7 gm rounded up from 4.735E7 gm mass in steam generator with leak):

S = 4.74E7 gmn * IE-6 Ci/pCi* 3.136E5 [lpCi/gm 1-13 1]'* 0.11iCi/gmn 1-131 =1.49E6
S = 4.74E7 gm* IE-6 Ci/4Ci 4.74E1 (tritium)

Secondary side, all cases, steam generators without leak (initial concentration = 0.1 A•Ci/gm):
S = 1.421E8 gm * 1E-6 Ci/1sCi * 3.136E5 [pCi/gm 1-131]f* 0.ltCi/gm 1-131 = 4.46E6
S = 1.421E8 gm*ilE-6 Ci/pCi = 1.421E2 (tritium)

Continuous Sources:
For the accident initiated iodine spike case, the iodine spike is 500 times the iodine release rate from the fuel. At steady state, the

iodine release (production) rate is equal to the removal rate. The iodine removal is due to a) radioactive decay, b) removal by the letdown
system, and c) removal through reactor coolant leakage. These terms are expressed as:

P = Eremoval rates = decay + letdown + leakage
or P = X + fL/V + pJV
where P = production rate Dhf1]

X = decay constant for the isotope in question [hr-] = ln(2)/Tr/2
fL= letdown flow rate = 120 gpm + 4.39 gpm = 124.39 gpm
e= letdown demineralizer efficiency = 1 (assumed so as to maximize removal/production rate)
V = volume of primary coolant = 5.4E5 lb
p, = removal rate of iodine from the primary side due to preaccident primary side leakage

= 11 gpm (10 gpm identified + 1 gpm unidentified)
Tin = halflife taken from ref. 15

Note: all the above flow rates are converted to mass flow rates at STP:

Production Rates for a Reactor Coolant Leak of 11 gpm (10 gpm identified + 1 gpm unidentified)
Half Life X [1/hr] fLs/V [l/hr] p&/V [l/hr] prod rate P [l/hr]

1-131 8.04 d 3.59E-03 1.15E-01 1.02E-02 0.1291
1-132 2.28 h 3.04E-01 1.15E-01 1.02E-02 0.4296
1-133 20.9h 3.32E-02 1.15E-01 1.02E-02 0.1587
1-134 52.6 m 7.91E-01 1.15E-61 1.02E-02 0.9162
1-135 6.61 h 1.05E-01 1.15E-01 1.02E-02 0.2304
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The accident initiated iodine spike of 500 times the increase in the iodine release (production) rate from the fuel is modeled as a
continuous source:

C = Volume * IE-6 Ci/gCi * Prod. Rate * 500 * I gtCi/grn 1-131 equiv. conversion factor*I-131 equiv.
where Volume = 2.4494E8 gm

Prod Rate = see table above
1 g.Ci/gm 1-131 equivalent conversion factor = 7.965 ( value determined above, this is to get the ANSI/ANS-18.1-1984 source

into I gCi/gm 1-131 equivalent
1-131 equiv. = 0.265 pCi/gm 1-131

Continuous Source [gm-Ci/gCi-hr] for Accident Initiated Iodine Spike:

Reactor Coolant Leak of 11 gpm (10 gpm identified + 1 gpm unidentified)

case: 0.265 pCi/gm 1-131
1-131 3.338E+04
1-132 1.110E+05
1-133 4.103E+04
1-134 2.368E+05
1-135 5.956E+04

Flow Rates:

The following flow rates/leakage rates for each component are (determined by trial and error with the ultimate goal
being to find the flow/leak which would lead to the offsite/control room doses reaching the regulatory limits):

Flow from Reactor Coolant #1 to Environment #4 all classes which consists of 1 gpm and is for leak in the steam
generators, the production rate of iodines is based on a total RCS leakage of 11 gpm (=l0gpm identified +lgpm
unidentified):

F = 1.0 gpm * 60 min/hr * 3785.48 cc/gal * lg/cc = 2.271E5 g/hr
Flow from Reactor Coolant #1 to Steam Generator w/ no Leak #3 all classes:

F = 3 steam generators * 150 gpd * 3785.48 cc/gal / 24 hr/day * lg/cc = 7.098E4 g/hr
The initial steam released from the defective steam generator is 4.74E7 g (entire mass of SG rounded up). From

reference 26, the non-defective steam generators (= "steam generators without leak" in this model) the mass release is
433,079 lb (0-2 hr), and 870,754 lb (2-8 hr). The accident releases end at eight hours. To take into account uncovery of the
faulted steam generator, there is no iodine partitioning in the release to the environment (iodine partition coefficient = 1).
The mass release representing I gpm primary to secondary side leak is a flow directly to the environment. This is reflected
in the flows listed above. For other leak rates, the flow cards will correctly take into account the mass released.

The reactor coolant release to the unfaulted steam generator is small relative to the secondary side mass, therefore
partitioning is allowed per the SRP. The iodine partition coefficient due to steaming for the unfaulted steam generators to
the environment is 100. These mass releases translate into the following flows:

Flow from Steam Generators w/out Leak #3 to Environment #4:
F = (433,079 lbX453.59 g/lb)/(2 hr) = 9.822E7 g/hr (0-2 hr, noble gasses, tritium)
F = (433,079 lb)(453.59 g/lb)/(100*2 hr) = 9.822E5 g/hr (0-2 hr, iodines)
F = (870,754 lb)(453.59 g/lb)/(6 hr) = 6.583E7 g/hr (2-8 hr) (noble gasses, tritium)
F = (870,754 lbX453.59 g/lb)/(100*6 hr) = 6.583E5 g/hr (2-8 hr) (iodines)

The STP output is used as input to COROD (which determines control room operator dose) and FENCDOSE (which
determines 30-day and 2-hour LPZ offsite dose).

Unit 2 ARCON96 X/Q values (worst case) for Unit 2 (ref.20): 2.87E-3 sec/cunm 0-2 hr, 2.46E-3 see/cum
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Results

The results were (rem):

Unit 2 MSLB Offsite:

Pre-Accident Iodine Spike
21 uCi/g 1-131 Equivalent

gamma
beta

Thyroid (ICRP-30)

TEDE

2-hr EAB
2.527E-02

8.118E-03

2.190E+00

1.617E-01

30-day LPZ

8.554E-03

3.22 1E-03

9.325E-01

6.422E-02

limit

25

300

300

25

Accident Initiated Iodine Spike
0.265 uCi/g 1-131 Equivalent

gamma
beta

Thyroid (ICRP-30)
TEDE

2-hr EAB

7.091E-02

1.787E-02

2.177E+00
2.369E-01

30-day LPZ

6.747E-02

1.659E-02

2.583E+00
2.603E-01

limit

2.5

30

30
2.5

Unit 2 MSLB Control Room

Pre-Accident Iodine Spike
21 uCi/g 1-131 Equivalent

Gamma
Beta
Thyroid (ICRP-30)

TEDE

Airborne
4.448E-03
4.241E-02
6.912E+00
2.469E-01

Shine
4.488E-03

0.OOOE+00
0.OOOE+00
4.488E-03

Total

8.936E-03

4.241E-02
6.912E+00

2.514E-01

Limit

5
30
30
5

Accident Initiated Iodine Spike
0.265 uCi/g 1-131 Equivalent

Gamma
Beta

Thyroid (ICRP-30)

TEDE

Airborne

7.059E-03

6.126E-02

9.018E+00

3.346E-01

Shine

7.344E-03

0.OOOE+00

0.000E+00

7.344E-03

Total

1.440E-02

6.126E-02

9.018E+00

3.419E-01

Limit
5

30
30
5

Discussion:
The Unit 2 MSLB doses are less than the 10CFRI00 and IOCFR50 GDC 19 limits. Most of the Unit I doses bound

the Unit 2 doses, except for the gamma, beta and TEDE offsite doses for the accident initiated iodine spike, and the gamma
control room for the accident initiated iodine spike.
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Attachment 1: Surveillance test 1-SI-68-28 performed on 7/10/00

JLL-24-2888 13: 52 TVA~ Kr.r IENW 0FC 423 365 1904 P. 0218

SIMNIILAI*M TASK 111111 OPP-8.2) PAN-I 1 o#

WOWK 911914 00979=0
Si of. POW

PUoCUMORd 1614-11021
TITLE FWAINY 10100110ISTRYNWiimi

PEE OICT: tIN
TIP MANO.1 POSIDDIC PERFuIAMCE

luSIXT: 97/11/C
VAX ~u 105 FORMW11-.2-2

N4: N
AmE III N

APP "IRE 14,
PEP E:134

I C i ccS owM stort prior to setioddd do dmat

DATE

II
list PUAPSOESSamStoat= lol SECT

WAR THIS A ONPIETE OR PARTIAL
P3UFMVXpZ (MitAII -PARTAL'
IN 9110111) MKCTE.l _ PARTIALt _

WES ALI, 11101 SPE/TEE W01001S/1'I9
P3T04 E ACCP1ANCe 0111111A. SATISFIED? YES!_ 90;__ %/A'-

WERE ALL PUS ACCEPTANC C1EITNIA
SIAT [SPIED? iTU# M0. EM' 'ý

ALET SCEDICIUBPNnA RWES: Mt_ No_/Ax k.

If ALL. 71ESS ~1E01EC XWUWFREI PM0
No USE 31 SATISF IED WU* AN MIM/IU
*VO ACT=N 598 CibWXAINI UDAIRS) E~t- No:- V/A.-

TENT DIMENC70/O F oos A9

_________________________ UA___
CA ~ ~ SA/ TIES

UNIN A"M EATE

-It -ý

Cmy P ITO IM TO SUIMDMING. fi-iý 1

SOCTIQNaEul"i" "C

111FCICUJSFN
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lPrepared: fq6ý5, Date: f[9f0
Checked: i ,t&L, Date: -.1k.

3UL-24-2888 13$52 TVA PLAN MORS OC 42M
I.V-, JULo-ZUUO 09;23205.19

TEI•UME VALLEY AUTHORITY
WATTS uR NUCLEAR PLANT

365 1904 P. 03/07

SAMPLE TITLE f1n - RCS - GASEOUS ACTIVTY
FILE IDENT , D0f600; (TVA.SAXPLE.CRE.MVVW]WO000108?96C401.CNr;I

SAMPLE ID • W0007108796 C401 * OPEATOR : LLHANNON
SAMPLE TIME a 10-JUL-2000-08:53 * 8 RIOL3 MEOZIETRY t G141X

SuzWCIErfc FILE uIKO
SAMPLE TYPE ; 1240 CC GAS MARI * SAJWL QUANTITY a 1.000003+00 CC

ACQ DATE & TIME a 10-JtJL-2000 09:12 * DEA)TIME (%) 0.3 "
PRESET LIVE TIME a 0 00:10:00 * SENBITIVITY a 4.00000
ELASPED REAL TIME 0 00t10:01 * GAUBSIA SEN 10,00000
ELAPSED LIVE TIPM 0 000lO."00 * N33R ZTERATIONS 10

DETECTOR a DET #3, M8-3286 * LIBRARY : NOBLEGAS
EFFIC CAL DATE • 29--'U-,M 994 13:47 * EFFXC CXRT DATE z 29-JUL-1994 13t47
DCAL DATE & TIME O 9-JUL-2000 15:52: * 'n IGY TOLER 1.25
REV/CH"N : 4.99928E-01 * HALT LIFE RATIO 8.00000
OFFSET a -1.483341-01 k*V 0 ABUNDANCE LIMIT $ 80.0%
Q COEFfMCIERT a 3.221201-08 * CORRECTIoN nACTOR : 1.00000E+00
PEAK START CHER : 140 * PAr END CHAN a 4096

ANALYSES i PEAR V16.9 NID V3.3 MINACT V2.6 WTNEAN/KS= V1.0

COUNTED ON
COLLECTED BY
COUNMED BY
REVIEWED BY
CORMENTS

LION

LLNANONE

Post-NID Peak SearCh Report

It Energy Area Dkgnd VM Ch9nnel Left Pv %Rrt

a
0
0
0
0
0
0
0
0
0
0
00

81.12
151.37
196.38
227.79
249.61
258.71
305.21
402.80
435419
511.06
526.45
8198.31

1293.58

230
a8
70
22

549
72
19
48
2'6

390
39
22

904

92
53
s0
47
03
40
34
34
16
49
24
16

9

1.01
0.97
0 . 88
1.35
0.94
0.89
0.76
2.39
1.31
2.28
1.21
1.29
1.60

162.55
303.07
393.10
455.92
499.98
517,78
510.77
805.96
870.75

1022.51
1053.28
1796.96
2587.40

157
299
388
448
494
514
607
801
866

1014
1048
1791
2578

12
8

10
10
12
10

8
12
11
19
12

9
16

10.8
17.7
26.7
62.9

5.4
20.2
57.2
29.3
35.3

6.6
29,8
35.8

3.4

Pit Nuclide.

XER-133
XR-85*

XR-135
XE-138
XR-05M
'R-87
XZ-138

XE-135N

AR-41



r 2IirIIationf No WBNAPS3-077 I Rev: 11 ] Plant: WBN I Page: 43 I
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: 1'- 0/ Date: r- 7_t-/1

Steam Line Break FChecked: Date: 0 .'Lk.-p

J'UL-24-2088 13?53 TVA PLANT MG%~ GFC
FAFORT DATE 10-JVL-2000 M~33
REQUESTOR LIJMdINONE

TUNKROSE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT

POST NID 9A ANALYSIS

TITLE : U1 R CS - GASEOUS ACTIVTY

423 365 1984 P.04/07

Sma!L NO.
SAMPLE TYPE
COUNT TIME
SAMPLE TIME
LI1RARY

: W0007100796 C401
: 1240 CC OA-SAXI)
: 10--JUL-2000 09112:51
: 10-JUL-2000 08:53:00
: NOBLEGAS

OPERATOR NAME LLKANNONE
SAMPLE GEOMETRY :GM1X
SAMPLE QUANTITY :1,00000+00
DETECTOR :DST #3, GSS-3286

ISOTOPE

AR-41
ICK-$SM

KR-8 7
XE-133
XE-135
XE-135M
M33.-128

PEAK
ENERGY

1293.64
151.18
402.58
81.00

249.79
526.56
258.31

ENERGY
DIP? (KEV)

-0,96

0.19
0.22
0.12
0.02

-0.o1
0.40

0.11

DECAY CORR
UCi/CC

1,303B-02
1.9151--04
4.575--04
9.5653-04
1.429X-03
7.3643-04
1.7968-03

1.B593-02 I

0.00019+00 a
1.859E-02

COMNMENT•S

DA Results
0A Resultsu
0A 1esults
QA Results
OA Results
9kA Results
QA Results

Oi
OK
OK
OK
OK
OK
OK

AVG ENERGY DIFF m
BI

TOTAL GAMMA ACTIVITY
Total DGL Activity
Total Gas Activity

ENERGY

196.38
227.79

511.06
898.31

NElT ARM

70,
22.

0.o;
1.35

GAWI

4.*72
1.67

UNIDENTIFIED PEAKS

GAMMA/SEC
BA/BC /CC ih OR YLAG

18E+00 4.728R+00 2 R
P53+00 1.6753+00 * U

U
U

.6Z+01. 7.03.61401 6.60 U
'9R+00 7.0792+00 35.B U

ti

390. 2.28 7.01
22. 1.29 7.07

POTENTIAL
ID ACTIVITY

TE-132 5.1632-OS
CS-iR8 5.1103-03
NP-239.. 4.252E-04

R•-88" 1.51213-03
Y-88 2.0491-04

L 
7 7pý

I



rn~
IU Rev:. I ln:WPg:4
Calculation No. WBNAPS3-077 Rev: 1I Plant: WBN Page: 44

Subject- Offsite and Control Room Operator Doses Due to a Main Prepared: p,'() Date: 1-. a-
Steam Line Break Checked: Ik.I Date: . ., O

JLL-24-2WO 13153 TVA PLAW MM F"C 423 = 1904 P. -/07?
10-JL-2000 09:37:45.71

TINNESSEE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT

SAMPLE TITLE Ul - RCS - DEGASSED LIQUID ACTIVITY
FILE IDMNT DKB600O[TVA.SA•=LR.C .KiM.EW]007108795_C402.CNPI

SAMPLE ID W073.08795 C402 * OPERATOR LLMAMNHNE
SAMPLE TIME 10-JL-2000--07:25 SAMPLE GEOMETRY z LSV20

Slo I fErGHT I

• UFICmISC FILE LSV201
SAMPLE TYPE RCS 20ML L9V * SAMPLE QUA• ITY t 5.00000E+00 GRAMS

ACO DATE & TIME ; 20-JUL-2000 05:36 * DEUDTIMX (%) t 2.2% -
PRESET LIVE TIER t 0 01:00;00 * IET8IV1TY : 4.00000
ELASPED REAL TIME : 0 01801-20 * GAUSSIAN SEN 10.00000
ELAPSED LIVE TIME , 0 01:00:00 * NBR ITERATIONS : 10

DETECTOR DET #4. 4NO-3310 * LIBRARY RCULIgU%&
EFFIC CAL DATE : 5-AUG-1994 11:11: * WZC CERT DATE t 5-VJG-1994 12:11:
DCAL DATE & TIME z 9-JUL-2000 15:52t * ENERGY TOLER t 1.25
ItEV/CHA" t 5.004743-01 * HAL. LIVE RATIO g 8.00000
OFFSET : -3.73924E-01 kBV * ABUNDAZCE LIMIT : 00.0%
Q COEFFICIENT : -1.140928-07 * CORRECTION FACTOR t 1.000003+00
PEAK START CWAZ a 140 * PRAX END CHAN r 4096

ANALYSES i PEEA V16.9 NID V3.3 MKIACT V2.8 WTMmAN/,W V3..8

COUNTED ON : LION
COLLECTED BY !
COUNTED BY : LLKANNONE

VWIEWED BY s .__COMMENTS =

Post-NTD Peak Search Report

It Enetqy Area Bkcjnd FWH Ckwuel Left Pw %Rzr Fit Nuclides

0 135.60 697 25266 0.92 271.70 269 7 38.0 1-134
0 249.64 887 20225 0.79 499.61 498 6 25.6 XE-135
D 287.87 540 22521 0.98 576.01 574 7 46.3 1-135

1-135
0 364.21 455 13323 1.06 728.61 726 8 44.3 1-131
0 405.43 310 6932 1.05 010.99 $08 8 46.9 1-134
0 417.67 485 6009 1,20 835.46 832 8 28.1 1-135
0 462.73 545 5368 1.28 929.53 922 B 23.7 CS-138
0 511.00 838084 22601 2.65 1022.01 1014 19 0.1 F-18
0 322.65 824 999 1.38 1045.31 1043 7 7.3 1-132
1 526.58 1048 823 1.29 1053.15 1050 18 5.2 1.062+00 1-135

XE-1355
1 529.88 4510 1009 1.34 1059.77 1050 18 1.9 1-133



ULd"
Calculation No. WBNAPS3-077 Rev: I I1 Plant: WvBN Page: 45

Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: r / Date: -fbo -/o

Steam Line Break [Checked: \.Jý LL Date: t. 1A.. ýo

423 365 1984 P.05/8JUL-24-2M 131 53 TVAi RA'T MURS GFC
AWUaC2 1ATZ I I~U-JUL-2909 9907
RZQDESTOR LLMANNONS

?EWIIZSSZE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT

POST HID QA ANALYSIS

TITLE ty 02 R CS - DMGSSE?) LIQUID ACTIVITY

sAxPLE "o. : W00071.08795 C402
SAMPLE TYPE gRCS 201U. LOV
cotflt TIME : 20-JUL,-2000 08:36:15
SAMPLE T2ME 1.0-JUL-2000 07:25300
LIBR.ARY RCBLIQUID

OPERATOR NAME LLMANNONE
SAMPL GEOMETRY LSV20
SAMPLE QUANTITY : 5.00000E+00
DETECTOR DE? #4, GSS-3310

ISOTOPE

P-18
NA-24
MN-56
CO-SB
NS-95
1-131
1-132
1-133
1-134
1-135
XE- 13 5
XR-135)1
CS-138

PEAK

511.00
1368.53
1810.69

810.76
765.79
364.48
667.69
529.87
847.03

1260.41
249.79
526.56

1435.86

ENERY
Dift (X*V)

0.00
0.07

-0.63
-0.01

0.89
-0.27
0.03
0.01

-0.050.03

-0. L6
0.02

-0.11

-0.02.

DECAY CORR

1.1790-01
9.169Z-04
9.313z-05
S. 019E-04
3.1321-05
6.0701-05
1.459Z-03
8.2089-04
2.6943-03
1. 6083-03
8.9141-05
1.4061-02
2.3953-03

1.4261-01
1.21SE-01
2.427"-03
1. 512Z-03
1.4153-02
5.643D-03

COMMENTS

QA Results
OA ResultS
QA Results
9A Results
9A Results
QA Results
QA Results
QA lesults
9A Results
gA Results
QA Results
GA Results
QA Results

OR
OK
OK
OR
OR
OR
OR
OR
OR
OR
OR
Ox
Ox

AVG ENERGY DIFl -
w

U

TOTAL
Total
Total
Total
Total
Total

GAMMA ACTIVITY
DGL Activity
IT Activity
AP Activity
Gas Activity
a Activity

Dose Equivalent Zodine-131 w 2.905E-04
Iodine 131/133 Ratio - 7.3953-02
Iodine 133/135 Ratio - 5.105E-01

287.87
526.58
546..88
766.68
810,75
846.97
857.15

1136.29

Rev
ReV
Rev
KS?
XeV
Rev
Rev
Key

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

was

was
van
was
was
vas
was

used
used
used
used
used
used
used
used

in
in
in
in
in
in
in
in

identifying
identifyinq
Identifying
Identifying
identifying
identifying
identifying
identifying

2
2
2
2
2
2
2
2

Isotopes
Isotopes
isotopes
isotopes
iSotopes

isotopes
isotopes



Calculation No. WBNAPS3-077 Re:1 lant: WBN Pg:4
Subject: Offsite and Control Room Operator Doses Due to a Main JPrepared: /,< v Date: (t-e

Steam Line Break JChecked: %1.,,L- Date: .qkk

Surveillance test I-SI-68-28 performed on 4/9/01

PAGE j OF .9-SURVEILLANCE TASK SHEET (SM-8.2)

WORK ORDER: 010028300
SI KEY: P0531

PROCEURE#: 1-St-68-28
TITLE: PRIMARY RADIOCHEMISTRY REQUIREMENTS

PERF SECT: CEM
TEST REASON: PERIODIC PERFORMANCE

DUE: 04/09/01
WAB EXT: 04/10/01
MAX EXT: FORM SPP-8.2-2

FRED: U
EQ: N

AUN Xis N
APP M1!E: 123

PERF OWNE; 1234

INSTRUCTIONS; Do NOT start prior to schOeWLed due date

._/A
AUTRORIZATION TO BRGIN: SRO

.N/A_____
DATE TIME

START DATE TIME

dM{ETIION DATE TIME

I I

"TEST PERFORM'ERS
NAME SIGNATURE INIT SECT

J~C~liA-1

THIS A COMPLETE OR PARTIAL
PERFORMACE? CEXPLAIN uPARTIALn
IN REMARKS) CMPL.ETE: .L PARTIAL: -

WERE ALL TECH SPEC/TECH REQ/ODRC/EIREI
PROT REG ACCEPTANCE CRITERIA SATISFIED? YES;..) NO._ N/A:_

WERE ALL OTHER ACCEPTANCE CRITERIA
SATISFIED? YES:_ NO: N/AL__

ALERT SCHEDULING REQUIRED? YES: NO:_ N/A: I_

IF ALL TECH SPE" CHR REQVORCWFIRE PROT
REG WEE T s~ fIED, UA& E ,o/

A TCM/OR AC TI CRITERI RIE ) YES:___ENO: IA:k

-TEST DIRECTOR / LOWI. PERFORM DATE

ACCEPTANCE CRITERIA REVIEW: SRO DATE / TIME

aa.m=ma toor~z~ II

REMARKS,

COPY OF STS SENT TO SCMEDULIN•:
INITIALS DATE

SECT]ONINE9J/DIR MRS

SECTION/0mENIODUR MRS

SECTION/AMEN/DUJR HRS

SECTIOMN/#EN/OUR HRS

RECORDS TRANSMITTAL*:

INMI



Calculation No. WBNAPS3-077 Rev: 11 Plant: VMN =age- 47

Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: At Cr Date: f-Z'-dO

Steam Line Break Checked: \N W\- Date: k "A.. ýO

9-APR-2001 14:25:02.67
TENNESSEE VALLEY AUTHORITY

WATTS BAR NUCLEAR PLANT

SAMPLE TITLE : Ul - RCS - GASEOUS ACTIVTY
FILE IDENT : DKB600:[TVA.SAMPLE.CHEM.NEW]W0104095767_C401.CNF;1

SAMPLE ID : W0104095767 C401 * OPERATOR : DRIERNS
SAMPLE TINE : 9-APR-2001 T3.25; * SAMPLE GEOMETRY : GMIK

* SHELF HEIGHT : 0
* EFFICIENCY FILE : GMIK0

SAMPLE TYPE , 1240 CC GAS MARI * SAMPLE QUANTITY : 2.51000E÷00 CC

ACQ DATE & TIME : 9-APR-2001 14:14; * DEADTIME (%) : 0.1%
PRESET LIVE TIME ; 0 00:10:00 * SENSITIVITY t 4.00000
ELASPED REAL TIME 0 00:10:00 * GAUSSIAN SEN : 10.00000
ELAPSED LIVE TIME 0 00:10:00 * NBR ITERATIONS : 10

DETECTOR = DET #4. GSS-3310 * LIBRARY : NOBLEGAS
EFFIC CAL DATE : 2-AUG-1994 11:26: a EFFIC CERT DATE : 2-AUG-1994 11:26:
DCAL DATE & TIME : 9-APR-2001 02:40: * ENERGY TOLER 1.25
KEV/CHIAN 5.00516E-01 a HALF LIFE RATIO : 8.00000
OFFSET : 1.44837E-01 keV * ABUNDANCE LIMIT : 80.0%
0 COEFFICIENT : -1.10914E-07 CORRECTION FACTOR : 1.OOOOOE+00
PEAK START CHIN 140 a PEAK END CHAR : 4096

ANALYSES : PEAK V16.9 NID V3.3 MINACT V2.8 WTMEAN/KEY V1.8

COUNTED ON : LIO~'l-7,
COLLECTED BY :
COUNTED BY :
REVIEWED BY :
COMMENTS

Post-NID Peak Search Report

It Energy Area Bkgnd FWHE Channel Left Pw %Err Fit Nuclides

0 80.94 902 374 1.03 161.44 157 10 5.2 XE-133
0 151.17 294 315 1.07 301.75 297- 10 12.8 KR-85M
0 166.01 57 226 1.10 331.42 328 8 47.7 1R-88
0 196.08 202 345 1.03 391.51 387 10 18.5 1R-88
0 249.77 2313 340 1.12 498.78 494 12 2.6 XE-135
0 258.57 59 201 1.04 516.37 513 8 43.2
0 402.62 160 50 1.21 804.27 800 8 11.0 KR-87
0 510.99 7378 174 2.34 1020.88 1013 19 1.2
0 526.86 66 31 1.08 1052.60 1048 11 20.7 XE-135M
0 609.00 34 35 0.87 1216.79 1209 16 43.6 XR-135
0 677.82 14 17 1.85 1354.36 1348 9 61.5
0 834.68 38 12 1.75 1667.96 1662 12 24.5 KR-88
0 897.59 24 13 2.20 1793.76 1789 9 34.3



IMRev: I I Plant: WBN Page: 48
Calculation No. WBNAPS3-077 R 1 P

Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: f zi Date: /•--
Steam Line Break Checked: AL Date: •.'iA, t

REPORT NAME : QA_CHECK (V10.4)
REPORT DATE ; 9-APR-2001 14:25
REQUESTOR : DRIERNS

PAGE* 1

TENNESSEE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT

POST NID QA ANALYSIS

TITLE : Ul - RCS - GASEOUS ACTIVTY

SAMPLE NO.
SAMPLE TYPE
COUNT TIME
SAMPLE TIME
LIBRARY

: W0104095767 C401
: 1240 CC GAS-MARI
: 9-APR-2001 14:14:53.
: 9-APR-2001 13z25:00.
: NOBLEGAS

OPERATOR NAME DRKERNS
SAMPLE GEOMETRY : GMK
SAMPLE QUANTITY : 2.51000E+00
DETECTOR : DE" #4, GSS-3310

ISOTOPE

AR-41
KR-85M
KR-87
KR-88
XE-133
XE-135
XE-135M

PEAK
ENERGY

1293.64
151.18
402.58
196.32
81.00

249.79
526.56

ENERGY
DINT (KEV)

-0.10
-0.01
0.04

-0.24
.- 0.05
-0.03
0.30

-0.01

DECAY CORR
uCi/CC

2.696E-03
2.013E-04
4.809E-04
4.982E-04
1.202E-03
1.676E-03
1.105E-03

7.859E-03
0.000E+00
7.859E-03

COMMENTS

0A
QA
QA
QA
QA
QA
OA

Results
Results
Results
Results
Results
Results
Results

OK
OK
OK
OK
OK
OK
OK

AVG ENERGY DIFF -
S

TOTAL GAMMA ACTIVITY
Total DGL Activity
Total Gas Activity

ENERGY

258.57
510.99

677.82

897.59

1835.84

NET AREA

59.
7378.

FWXi

1.04
2.34

GAMM

3.44
7.64

UNIDENTIFIED/REJECTED PEAKS

GAMMA/SEC
AEC CC ERROR Al

18E+00 1.374E+00 43.2 R
•3E+02 3.045E+02 1.2 U

14. 1.85 1.829E+00 7.289E-01

24. 2.20 4.089E+00 1.629E+00

17. 2.13 5.4181+00 2.159E+00

V AG-110M.
U
U -
UU tS4
UU *RB-U

ACTIVITY

1.724E-03
6.016E-03
0.000E+00
1.845E-04
4.9491-04
3.9321-04
4.716E-05
3.408E-04
5.8721-05



Calculation No. WBNAPS3-077 Rev: 11 Plant: WBN Page: 49

Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: M,* I Date:

Steam Line Break Checked: iA aT Date: i .1A.. j

9-APR-2001 10:48:39.98
TENNESSEE VALLEY AUTHORITY

WATTS BAR NUCLEAR PLANT

SAMPLE TITLE : Ul - RCS - DEGASSED LIQUID ACTIVITY
FILE IDENT : DKB600,[TVA.SAMPLE.CHEM.NEW]WOI04095766_C402.CNF;1

SAMPLE ID : W0104095766 C402 * OPERATOR : WNCLONTZ
SAMPLE TINE : 9-APR-2001 -8:20: * SAMPLE GEOMETRY : 65NL

* SHELF HEIGHT , 1
* EFFICIENCY FILE : 6514L1

SAMPLE TYPE : RCS 65AL BOTTLE * SAMPLE QUANTITY : 1.58100E+01 GRAMS

ACQ DATE & TIME : 9-APR-2001 09:45: DEADTIME (M) : 4.6%
PRESET LIVE TIME ; 0 01:00:00 * SENSITIVITY : 4.00000
ELASPED REAL TIME : 0 01:02:52 * GAUSSIAN SEN : 10.00000
ELAPSED LIVE TINE : 0 01:00:00 * NBR ITERATIONS : 10

DETECTOR DET #4, GSS-3310 * LIBRARY : RCSLIQUID
EFFIC CAL DATE : 19-JUL-2000 20:26 * EFFIC CERT DATE : 19-JUL-2000 20:26
DCAL DATE & TIME : 9-APR-2001 02:40: * ENERGY TOLER : 1.25
REV/CnAN : 5.00516E-01 * HALF LIFE RATIO : 8.00000
OFFSET . 1.44837E-01 keV * ABUNDANCE LIMIT : 80.0%
Q COEFFICIENT : -1.10914E-07 * CORRECTION FACTOR : 1.00000E+00
PEAK START CHAN z 140 * PEAK END CHAN : 4096

ANALYSES : PEAK V16.9 NID V3.3 MINACT V2.8 WTMEAN/KEY V1.8

COUNTED ON : LIO
COLLECTED BY :
COUNTED BY LO Z
REVIEWED BY = _ _ _ __ _
COMMENTS • "- 7,13

Post-KID Peak Search Report

It Energy Area Bkgnd FWH Channel Left Pw %Err Fit Nuclides

0 134.65 991 52495 0.82 268.75 266 7 38.5 W-187
1-134

0 249.78 2586 43764 1.22 498.80 496 7 13.6 XE-135
0 364.48 569 19365 0.96 728.04 726 6 39.0 1-131
0 405.26 542 12870 1.06 809.53 807 7 35.0 1-134
0 433.34 305 11020 0.97 865.66 863 7 57.4 1-134
0 462.88 898 11840 1.08 924.71 921 8 21.3 CS-138
0 478.53 2028 19343 2.93 955.98 948 13 14.3 BE-7

W-187
0 510.97 1460805 45497 2.66 1020.82 1013 18 0.1 F-18
0 522.71 1163 2480 1.33 1044.29 1041 8 8.0 1-132
2 526.52 1531 2060 1.17 1051.91 1048 16 5.5 9.34E-01 1-135

XE-135M



Calculation No. WBNAPS3-077 Rev: I1 Plant: WBN Page: 50

Subject: Offaite and Control Room Operator Doses Due to a Main Prepared: M ,. Date: 1-t7-a
Steam Line Break Checked: WA.L Date: -7k.

9-APR-2001 10:48:39.98
TENNESSEE VALLEY AUTHORITY

WATTS BAR NUCLEAR PLANT

SAMPLE TITLE : Ul - RCS - DEGASSED LIQUID ACTIVITY
FILE IDENT t DKB600:[TVA.SAMPLE.CHER.NEW]W0104095766_C402.CNFl1

SAMPLE ID : W0104095766 C402 * OPERATOR : WNCLONTZ
SAMPLE TIME : 9-APR-2001 W8:20: * SAMPLE GEOMETRY 655L

• SHELF HEIGHT 1 1
* EFFICIENCY FILE 65ML1

SAMPLE TYPE : RCS 65ML BOTTLE * SAMPLE QUANTITY 1.581003+01 GRAMS

ACQ DATE & TIME : 9-APR-2001 09:45: * DEADTIME (%) 4.6%
PRESET LIVE TIME : 0 01:00:00 * SENSITIVITY : 4.00000
ELASPED REAL TIME : 0 01:02:52 * GAUSSIAN SEN : 10.00000
ELAPSED LIVE TIME : 0 01100:00 * NBR ITERATIONS 10

DETECTOR : DET #4, GSS-3310 * LIBRARY : RCSLIQUID
EFFIC CAL DATE : 19-JUL-2000 20:26 * EFFIC CERT DATE : 19-JUL-2000 20:26
DCAL DATE & TIME : 9-APR-2001 02:40: * ENERGY TOLER : 1.25
KEV/CHAN : 5.00516E-01 * HALF LIFE RATIO : 8.00000
OFFSET : 1.44837E-01 keV * ABUNDANCE LIMIT : 80.0%
0 COEFFICIENT -1.10914E-07 * CORRECTION FACTOR : 1.00000E+00
PEAK START CHAN : 140 * PEAK END CHAN : 4096

ANALYSES : PEAK V16.9 NID V3.3 MINACT V2.8 WTMEAN/XEY V1.8

COUNTED ON
COLLECTED BY
COUNTED BY
REVIEWED BY
COMMENTS

: LIO

0L Z

7C -7, zz4e --3

Post-KID Peak Search Report

It Energy

0 134.65

Area Bkgnd F1HM Channel Left Pw %Err

991 52495 0.82 268.75 266 7 38.5

0
0
0
0
0
0

0
0
2

249.78
364.48
405.26
433.34
462.88
478.53

510.97
522.71
526.52

2586
569
542
305
898

2028

1460805
1163
1531

43764
19365
12870
11020
11840
19343

1.22
0.96
1.06
0.97
1.08
2.93

498.80
728.04
809.53
865.66
924.71
955.98

496
726
807
863
921
948

7
6
7
7
8

13

13.6
39.0
35.0
57.4
21.3
14.3

0.1
8.0
5.5

Fit Nuclides

W-187
1-134
XE-135
1-131
1-134
1-134
CS-138
BE-7
W-187
F-18
1-132

9.34E-01 1-135
XE-135M

45497 2.66 1020.82
2480 1.33 1044.29
2060 1.17 1051.91

1013 18
1041 8
1048 16



Calculation No. WBNAPS3-077 Rev: 1I Plant: VvWBN Page: 51

Subject: Offsite and Control Room Operator Doses Due to a Main Prepared:,* ca Date:, -rf-,o

Steam Line Break Checked: 6A.&. Date: t( -7 '

REPORT NAME : QACHECK (V10.4)
REPORT DATE : 9-APR-2001 10:48
REQETOR WNCLONTZ

TENNESSEE VALLEY AUTHORITY
WATTS BAR NUCLEAR PLANT

POST RID QA ANALYSIS

TITLE : U1 - RCS - DEGASSED LIQUID ACTIVITY

PAGE 1

SAMPLE No.
SAMPLE TYPE
COUNT TINE
SAMPLE TIME
LIBRARY

: W0104095766 C402
: RCS 65ML BfOTLE
: 9-APR-2001 09:45:36.
t 9-APR-2001 08:20:00.

RCSLIQUID

OPERATOR NAME : WNCLONTZ
SAMPLE GEOMETRY z 65ML
SAMPLE QUANTITY 1.58100E+01
DETECTOR : DET #4, GSS-3310

ISOTOPE
F-l8
NA-24
MR-56
CO-58
CO-60
NB-95
1-131
1-132
1-133
1-134
1-135
XR-135
XE-135M
CS-138

PEAK
ENERGY

511.00
1368.53
1810.69
810.76

1173.22
765.79
364.48
667.69
529.87
847.03

1260.41
249.79
526.56

1435.86

ENERGY
DIFF (REV)

-0.03
0.05
0.33
0.00
0.28
0.46
0.00
0.00
0.01

-0.04
-0.03
-0.02
-0.04
-0.20

0.06

DECAY CORR
uCi/GRAK

1.116E-01
2.060E-03
2.088E-04
6.218E-04
2.776E-05
2.794E-05
3.881E-05
1.165E-03
6.105E-04
2.334E-03
1.158Z-03
1.3801-04
1.972E-02
2.195Z-03

1.4191-01
1.168E-01
2.223E-03
2.918E-03
1.986E-02
5.3078-03

COMMENTS

QA Results
QA Results
QA Results
QA Results
QA Results
QA Results
QA Results
QA Results
QA Results
QA Results
QA Results
QA Results
QA Results
QA Results

OK
OK
OK
OK
OK
OK
OK
OR
OK
OKOK
OK
OK
OK

AVG ENERGY DIFF - :D TOTAL
Total
Total
Total
Total
Total

GAMMA ACTIVITY
DGL Activity
PP Activity
AP Activity
Gas Activity
HFP Activity

Dose Equivalent Iodine-131 - 2.098E-04
Iodine 131/133 Ratio = 6.357E-02
Iodine 133/135 Ratio - 5.274E-01

134.65
478.53
526.52
546.50
766.25
772.62
810.76
835.61
846.98

KeV
ReV
ReV
ReV
Kev
ReV
ReV
ReV
ReV

Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak
Peak

was
was
was
was
vas
was
woS
•as
Was

used
used
used
used
used
used
used
used
used

in
in
in
in
in
in
in
in
in

identifying
identifying
identifying
identifying
identifying
identifying
identifying
identifying
identifying

2
2
2
2
2
2
2
2
2

isotopes
isotopes
isotopes
isotopes
isotopes
isotopes
isotopes
isotopes
isotopes



Attachment 11

FENCDOSE Run

APS77F1 OA.txt

Time Dependent Releases
preaccident 21 uCi/gm 1-131 equivalent case



APS77F1OA.tXt
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1
REPRODUCTION OF INPUT DATA DECK

+ + + + + + + +

1
KRM-83 KRM-85 KR-85
KR-87 KR-88 KR-89
XEM-131 XEM-133 XE-133 XEM-135 XE-135 XE-138
1-131 1-132 1-133 1-134 1-135
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APS77F1OA.tXt1*-131 1*-132 1*-133 1*-134 1*-135 H-3
T
.141E-3 .668E-4 .459E-4 .204E-4 .635E-5 6.07E-4

WBN MSLB, 21 UCI/CC INITIAL CONC, 10+1GPM LK SS,1.0 GPM LEAK IN SG
TIME TO 20.6 SEC

4 'ENVIRONMENT $ TN= 0.5722E-02
I O.OOOE+00 2 6.118E-02 3 9.312E-02 4 5.462E-02
6 0.OOOE+O0 7 2.267E-01 8 2.593E-02 9 8.871E-01

11 3.221E-01 12 4.523E-02 13 2.112E+00 14 5.071E+00
16 4.445E+00 17 9.285E+00 18 O.OOOE+O0 19 O.OOOE+00
21 O.OOOE+00 22 0.OOOE+00 23 4.847E+00

WBN MSLB, 21 UCI/CC INITIAL CONC, 10+1GPM LK SS,1.0 GPM LEAK IN SG
TIME TO 2.0 HR

4 'ENVIRONMENT $ TN= 0.2000E+01
1 0.OOOE+00 2 2.306E+00 3 4.182E+00 4 1.518E+00
6 0.OOOE+O0 7 1.025E+01 8 1.123E+00 9 3.972E+01

11 1.645E+01 12 3.237E-01 13 3.690E+00 14 1.292E+01
16 1.391E+01 17 1.935E+01 18 0.OOOE+00 19 0.OOOE+00
21 O.OOOE+00 22 O.OOOE+0O 23 6.132E+01

WBN MSLB, 21 UCI/CC INITIAL CONC, 10+1GPM LK SS,1.0 GPM LEAK IN SG
TIME TO 8.0 HR

4 'ENVIRONMENT $ TN= 0.8000E+01
1 O.OOOE+O0 2 4.046E+00 3 1.325E+01 4 7.748E-01
6 O.OOOE+00 7 3.219E+01 8 3.429E+00 9 1.243E+02

11 5.700E+01 12 9.735E-04 13 1.086E+01 14 1.295E+01
16 3.584E+00 17 3.862E+01 18 O.OOOE+00 19 O.OOOE+00
21 O.O00E+O0 22 O.000E+00 23 1.713E+02

WBN MSLB
TIME TO 1 DAY

-6 'ENVIRONMENT
1 O.OOOE+O0
6 0.OOOE+00

11 0.OOOE+00
16 O.OOOE+O0
21 0.OOOE+00

WBN MSLB
TIME TO 4 DAYS

-6 'ENVIRONMENT
1 0.OOOE+00
6 O.OOOE+00

11 O.OOOE+0O
16 0.OOOE+O0
21 O.OOOE+O0

WBN MSLB
TIME TO 30 DAYS

-6 'ENVIRONMENT
1 O.OOOE+00
6 O.OOOE+00

11 O.OOOE+O0
16 O.OOOE+O0
21 0.OOOE+00

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

1.065E-01
4.914E-02
6.038E+00
0.O000E+O0

3.700E+00
7.368E+00
1. 117E+01
0. OOOE+00

CURIES
0. OOOE+0O
0. OOOE+O0
0.O000E+O0
0.O000E+00
0.O000E+00

CURIES
0. OOOE+0O
0.OOOE+00
0.O000E+00
0.000 E+00
0. OOOE+00

CURIES
0.O000E+00
0.000 E+00
0.000 E+00
0. OOOE+O0
0. OOOE+00

$ TN= 0.2400E+02
3 0.OOOE+00 4 0.OOOE+0O
8 O.OOOE+O0 9 0.OOOE+O0

13 0.OOOE+0O 14 O.OOOE+00
18 O.OOOE+O0 19 0.OOOE+00
23 O.OOOE+O0

$ TN= 0.9600E+02
3 O.OOOE+O0 4 0.OOOE+O0
8 O.OOOE+00 9 O.OOOE+00

13 0.OOOE+0O 14 0.OOOE+00
18 O.OOOE+00 19 0.OOOE+00
23 O.OOOE+00

$ TN= 0.7200E+03
3 0.OOOE+0O 4 O.OOOE+00
8 0.OOOE+0O 9 0.OOOE+00

13 O.OOOE+0O 14 0.OOOE+00
18 O.OOOE+O0 19 O.OOOE+00
23 O.OOOE+00

4.693E+00
1. 677E+01
2.924E+01
0.000 E+00

0.000 E+00
0.000 E+00
0.000 E+00
0. OOOE+00

0.O000E+O0
0. OOOE+00
0. OOOE+00
0. OOOE+00

O. OOOE+00
O. OOOE+00
0.O000E+O0
0.000 E+O0

+ + + + + + + +

1
0
0
0
0

PROGRAM FENCDOSE
REVISION NUMBER:5

REVISION DATE: 31 JUL 2009
TODAY IS: 01/28/10

STARTING TIME IS: 16:57:35
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1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

GAMMA ENERGY
(MEV/DIS)
0.0025
0.1586
0.0022
0.7928
1.9629
2.0837
0.0201
0.0416
0.0454
0.4318
0.2470
1.1830
0.3810
2.3332
0.6100
2.5928
1.5802
0.3810
2.3332
0.6100
2.5928
1.5802
0.0000

APS77FIOA.tXt
BETA ENERGY

(MEV/DIS)
0.0371
0.2529
0.2506
1.3237
0.3750
1.2310
0.1428
0.1898
0.1354
0.0950
0.3168
0.6058
0.1943
0.5143
0.4080
0.6102
0.3680
0.1943
0.5143
0.4080
0.6102
0.3680
0.0057

OCHI/Q
1.410E-04
6.070E-04

1
OWBN MSLB, 21

TIME TO 20.6
COMPONENT 4
1ISOTOPE

6. 680E-05 4.590E-05 2.040E-05 6. 350E-06

UCI/CC INITIAL
SEC
ENVIRONMENT

CONC, 10+1GPM LK SS,1.0 GPM LEAK IN SG

., TIME = 0.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN MSLB

0. OOOOE+00
0. 6118E-01
0. 9312E-01
0. 5462E-01
0. 1065E+00
0.0000E+00
0.2267E+00
0. 2593E-01
0. 8871E+00
0. 4914E-01
0. 3221E+00
0.4523E-01
0.2112E+01
0. 5071E+01
0. 6038E+01
0. 4445E+01
0. 9285E+01
0. O000E+00
0. OOOOE+00
0. OOOOE+00
0.OOOOE+00
0.OOOOE+00
0. 4847E+01

21 UCI/CC INITIAL CONC, 10+1GPM LK SS,1. 0 GPM LEAK IN SGI9
TIME TO 2.0 HR
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APS77F10A.tXt
, TIME =COMPONENT

1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
I-135
1*-131
1*-132
1*-133
1*-134
1*-135

H-3
OWBN MSLB,

TIME TO 8.
COMPONENT
1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
1*-133
I*-134
I*-135
H-3

OWBN MSLB
TIME TO 1
COM PON ENT
1ISOTOPE

4 ENVIRONMENT

O.O000E+00
0.2306E+01
0.4182E+01
0.1518E+01
0.3700E+01
0.OOOOE+O0
0.1025E+02
0.1123E+01
0.3972E+02
0.7368E+01
0.1645E+02
0.3237E+00
0.3690E+01
0.1292E+02
0.1117E+02
0.1391E+02
0.1935E+02
O.O000E+0O
O.OOOOE+O0
0.OOOOE+00
0.OOOOE+00
O.O000E+00
0.6132E+02

21 UCI/CC INITIAL
0 HR

4 ENVIRONMENT

2.

CONC, 1O+1GPM LK SS,1.0 GPM LEAK IN SG

, TIME = 8.

O.O000E+O0
0.4046E+01
0. 1325 E+02
0.7748E+00
0.4693E+01
O.O000E+00
0. 3219E+02
0. 3429E+01
0. 1243E+03
0.1677E+02
0.5700E+02
0.9735E-03
0.1086E+02
0. 1295E+02
0.2924E+02
0.3584E+01
0.3862E+02
O.O000E+O0
O.OOOOE+O0
O.OOOOE+O0
O.OOOOE+00
O.OOOOE+00
0.1713 E+03

DAY
6 ENVIRONMENT CURIES , TIME = 24.

KRM-83
KRM-85
KR-85
KR-87

O.O000E+O0
O.OOOOE+00
O.OOOOE+00
O.O000E+00
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APS77F1OA.txt
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN MSLB
TIME TO 4
COMPONENT
1ISOTOPE

O.OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0.0000 E+00
0.0000 E+00
0 OOOOE+00
0. OOOOE+00

DAYS
6 ENVIRONMENT CURIES , TIME = 96.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN MSLB
TIME TO 30
COMPONENT
1ISOTOPE

0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0 OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0. 0000E+00
O.0000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
0.OOOOE+00
0.0000E+00
0.OOOOE+00

DAYS
6 ENVIRONMENT CURIES , TIME =720.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135

0. OOOOE+00
0. OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+00
0. OOOOE+00
0. OOOOE+00
0.OOOOE+00
0.0000 E-400
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APS77F10A.txt
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
1*-133
I*-134
I*-135
H-3

0.0000E+O0
0.OOOOE+O0
0. OOOOE+O0
0. OOOOE+O0
0.0000E+O0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. OOOOE+0O
0. OOOOE+0O
0. OOOOE+0O

1INPUT CONCENTRATION
KRM-83 O.OOOOE+00
KRM-85 2.3672E+00
KR-85 4.2751E+00
KR-87 1.5726E+00
KR-88 3.8065E+00
KR-89 0.OOOOE+00
XEM-131 1.0477E+01
XEM-133 1. 1489E+00
XE-133 4.0607E+01
XEM-135 7.4171E+00
XE-135 1.6772E+01
XE-138 3.6893E-01
1-131 5.8020E+00
1-132 1.7991E+01
1-133 1.7208E+01
1-134 1.8355E+01
1-135 2.8635E+01
I*-131 O.OOOOE+00
I*-132 0.OOOOE+00
I*-133 0.OOOOE+00
I*-134 0.OOOOE+00
I*-135 0.OOOOE+00
H-3 6.6167E+01

0. OOOOE+00
4.0460E+00
1. 3250E+01
7.7480E-01
4.6930E+00
0. OOOOE+00
3. 2190E+01
3.4290E+00
1. 2430E+02
1. 6770E+01
5. 7000E+01
9. 7350E-04
1. 0860E+01
1. 2950E+01
2.9240E+01
3. 5840E+00
3.8620E+01
0.0000E+00
0. OOOOE+00
0. OOOOE+00
0.OOOOE+00
0.0000E+00
1. 7130E+02

0.0000E+00OO000E+O0
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00

O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
0.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
0.OOOOE+00

O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
0.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.0000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+0O
O.OOOOE+00
0.OOOOE+00

1WBN MSLB

OGAMMA DOSE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE
2-HR EAB

1 KRM-83
O.OOOE+00

2 KRM-85
5.698E-05

3 KR-85
1.434E-06

4 KR-87
1.892E-04

5 KR-88
1.134E-03

6 KR-89
O.OOOE+00

7 XEM-131
3.189E-05

8 XEM-133

0-2 HRS 2-8 HRS 8-24 HRS 1-4 DAYS 4-30 DAYS

O.OOOE+O0 O.OOOE+00O0.OOOE+0O

1.324E-05

3. 331E-07

4. 395E-05

1.072E-05

4.891E-07

1.026E-05

0. O00E+O0

0. O00E+O0

0. O00E+00

0. OOOE+00

O.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+O0

0.O000E+O0

0. OOOE+O0

0.O000E+O0

0.O000E+00

0.000 E+00

0.000 E+O0

0.000 E+00

0.O000E+O0

0.000 E+0O

0. OOOE+O0

2.634E-04 1.538E-04 0.OOOE+00

O.OOOE+O0 O.OOOE+00 0.OOOE+00

7.407E-06 1.078E-05 0. OOOE+00

1. 683E-06 2.380E-06 0.OOOE+0O
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APS77F10A.tXt
7.246E-06

9 XE-133
2.797E-04

10 XEM-135
4.860E-04

11 XE-135
6.286E-04

12 XE-138
6.623E-05

13 1-131
3. 354E-04

14 1-132
6. 370E-03

15 1-133
1. 593E-03

16 1-134
7. 222E-03

17 1-135
6.867E-03

18 I*-131
0.O000E+0O

19 I*-132
0.O000E+00

20 I*-133
0. OOOE+00

21 I*-134
0.O000E+00

22 I*-135
0.O000E+00

23 H-3
0.O000E+00

TOTAL
2. 527E-02
OBETA DOSE FOR EACH

ID ISOTOPE
2-HR EAB

1 KRM-83
O.OOOE+00

2 KRM-85
8.358E-05

3 KR-85
1.496E-04

4 KR-87
2.906E-04

5 KR-88
1.993E-04

6 KR-89
O.OOOE+00

7 XEM-131
2.089E-04

8 XEM-133
3.044E-059 XE-133
7.676E-04

10 XEM-135
9.837E-05

11 XE-135
7.418E-04

12 XE-138

6.496E-05

1. 129E-04

1. 460E-04

1. 538E-05

7. 792E-05

1. 480E-03

3 .700E-04

1. 678E-03

1. 595E-03

O.O000 E00

0.O000E+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

5.869E-03

ISOTOPE AND

0-2 HRS

O.OOOE+00

1.941E-05

3.474E-05

6.751E-05

4.629E-05

O.O00E+00

4.852E-05

7.072E-06

1.783E-04

2.285E-05

1.723E-:04

7.248E-06

9.421E-05

1.209E-04

2. 351E-04

1. 923E-08

6.909E-05

5.046E-04

2. 979E-04

1. 552E-04

1. 019E-03

0. O00E+00

0. O00E+00

0. OOOE+00

0. O00E+00

0. 000E+00

0. O00E+00

2. 685E-03

TIME PERIOD

2-8 HRS

O.OOOE+00

1.572E-05

5.102E-05

,1. 576E-05

2.704E-05

0.000E+00

7.062E-05

9.999E-06

2.586E-04

2.448E-05

2.774E-04

9.061E-09

0. OOOE+00

0.O000E+00

0.0oooE+00

0. OOOE+00

0.OOOE+00

0.000 E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. O00E+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. O00E+00

0.O000E+00

(REM)

8-24 HRS

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.o000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

1-4 DAYS 4-30 DAYS

0. O00E+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. 000E+00

0. O00E+00

0. O00E+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0. OOOE+00

0. O00E+00
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APS77F10A.txt
3.120E-05

13 1-131
1. 574E-04

14 1-132
1. 292E-03

15 1-133
9.802E-04

16 1-134
1. 564E-03

17 1-135
1. 471E-03

18 I*-131
0. O00E+00

19 I*-132
0. OOOE+O0

20 I*-133
0. 000E+O0

21 I*-134
0. 000E+00

22 1"-135
0. OOOE+O0

23 H-3
5. 247E-05

TOTAL
8.118E-03
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
1.809E+00

2 1-132
2.027E-01

3 1-133
1.450E+00

4 1-134
9.665E-02

5 1-135
7.479E-01

6 1*-131
O.OOOE+O0

7 I*-132
OO000E+O0

8 I*-133
O.OOOE+00

9 I*-134
O.O00E+O0

10 I*-135
O.O00E+O0

TOTAL
4.306E+00
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
1.320E+00

3.656E-05

3. 001E-04

2. 277E-04

3. 632E-04

3.417E-04

0. OOOE+O0

0.O000E+O0

0. OOOE+00

0.O000E+O0

0. OOOE+O0

1. 219E-05

3.242E-05

1.023E-04

1. 833E-04

3.360E-05

2.184E-04

0.O000E+0O

0.O000E+O0

0. OOOE+O0

0.O000E+O0

0.O000E+O0

1.495E-05

1.886E-03 1.336E-03

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

0. OOOE+O0

0.O000E+00

O. OOOE+O0

0.O000E+00

O.OOOE+O0

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0. OOOE+00

PERIOD (REM)

8-24 HRS

O.O00E+00

O.OOOE+O0

O.OOOE+0O

O.O00E+0O

0. OOOE+0O

0.000E+O0

0.OOOE+O0

0. OOOE+O0

0.000E+00

0. OOOE+O0

O.O00E+O0

PERIOD (REM)

8-24 HRS

0.O000E+00

0. OOOE+O0

0.O000 E+0

0. OOOE+O0

0.O000E+00

0.000 E+O0

0.O000E+00

O. OOOE+O0

0.000 E+00

0. OOOE+00

0.000 E+00

4.201E-01

4. 709E-02

3. 368E-01

2. 245E-02

1. 737E-01

0. OOOE+00

0.O000E+O0

0.O000E+00

0. OOOE+O0

0.O000E+O0

3.726E-01

1. 606E-02

2.711E-01

2.077E-03

1. 11OE-01

0.O000E+O0

O.OOOE+O0

0.O000E+O0

0. OOOE+00

0.O000E+O0

0. OOOE+0O

(ICRP 2 DATA

1-4 DAYS

O.O00E+O0

O.OOOE+00

O.O00E+O0

O.OOOE+O0

O.000E+O0

0.OOOE+O0

O.O00E+0O

0.000E+O0

O.OOOE+O0

O.000E+00

0.O000E+00

0. OOOE+O0

0.O000E+O0

0.O000E+O0

0.O000E+00

0. OOOE+O0

0.O000E+00

0.O000E+O0

0.O000E+00

0. OOOE+O0

0.000 E+00

0.000 E+O0

4-30 DAYS

0. OOOE+O0

0.OOOE+O0

0. OOOE+O0

0.O000E+00

0.O000E+O0

0.O000E+00

0.O000E+O0

0. OOOE+00

0.O000E+O0

0. OOOE+O0

1.OOOE+O0 7.728E-01

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

3.066E-01 2.719E-01

O.OOOE+00 O.OOOE+00

(ICRP 30 DATA)

1-4 DAYS 4-30 DAYS

O.OOOE+O0O0.OOOE+00 O.OOOE+O0
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APS77F1OA.txt
1.933E-03 O.OOOE+002 1-132

2.440E-02
3 1-133

6. 524E-0l
4 1-134

4. 137E-03
5 1-135

1.888E-01
6 I*-131

0.000 E+00
7 I*-132

0. OOOE+00
8 I*-133

0. OOOE+00
9 I*-134

0.O000E+O0
10 I*-135

0.O000E+00

5. 669E-03

1. 515E-Ol

9.609E-04

4.385E-02

0.OOOE+00

0. OOOE+00

0.O000E+00

0.000 E+00

0.O000E+00

1. 220E-O1

8.889E-05

2.802E-02

0.O000E+00

O.OOOE+00

0.O000E+O0

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+O0

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+O0

0.O000E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0.O000E+00

0.OOOE+O0

O.OOOE+00

0.O000E+00

0. O00E+O0

0.000 E+00

O.OOOE+O0

O.OOOE+00

0.000 E+00

0.000 E+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+0O

0. OOOE+00

0.000 E+00

0.O000E+00

0.OOOE+00TOTAL 5.086E-01 4.239E-01
2.190E+00
OAT 2 HOUR EXCLUSION AREA BOUNDARY (EAB)

TOTAL GAMMA DOSE = 2.527E-02 REM
TOTAL BETA DOSE = 8.118E-03 REM
TOTAL INHALATION DOSE (ICRP-2) = 4.306E+00 REM
TOTAL INHALATION DOSE (ICRP-30) = 2.190E+00 REM

OAT 30 DAY LPZ BOUNDARY

TOTAL
TOTAL
TOTAL
TOTAL

KRM
KRM
KRM
KRM
KRM
KRM

GAMMA DOSE = 8.554E-03 REM
BETA DOSE = 3.221E-03 REM
INHALATION DOSE (ICRP-2) = 1.773E+00 REM
INHALATION DOSE (ICRP-30) = 9.325E-01 REM

83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.

1WBN MSLB

OTEDE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE 0-2 HRS 2-8 HRS
2-HR EAB

1 KRM-83 O.OOOE+00 O.OOOE+00
O.O00E+00

2 KRM-85 8.622E-06 6.982E-06
3.712E-05

3 KR-85 2.177E-07 3.196E-07
9.371E-07

4 KR-87 3.141E-05 7.332E-06
1.352E-04

5 KR-88 1.938E-04 1.132E-04

8-24 HRS 1-4 DAYS 4-30 DAYS

0. OOOE+O0

0. OOOE+00

0. 000E+00

0. O00E+O0

0. O00E+00
10

0.O000E+O0

0.O000E+O0

0. OOOE+O0

0. OOOE+00

0. OOOE+00

0.O000E+0O

0.O000E+00

0.O000E+0O

0.O000E+0O

0.OOOE+00
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APS77F10A.txt
8.344E-04

6 KR-89
0.O000E+00

7 XEM-131
8.656E-06

8 XEM-133
3. 293E-06

9 XE-133
1. 369E-04

10 XEM-135
3. 127E-04

11 XE-135
3.959E-04

12 XE-138
4.479E-05

13 1-131
5.185E-02

14 1-132
1. 486E-02

15 1-133
4. 352E-02

16 1-134
9. 594E-03

17 1-135
3.911E-02

18 I*-131
0.OOOE+00

19 I*-132
0.O00E+00

20 I*-133
0.O000E+00

21 I*-134
0.000 E+00

22 I*-135
0.O000E+00

23 H-3
8.590E-04

TOTAL
1. 617E-01

0.O000E+00

2.011E-06

7.650E-07

3.181E-05

7. 263E-05

9. 197E-05

1.040E-05

1. 204E-02

3.453E-03

1.011E-02

2.229E-03

9.084E-03

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.000 E+00

1.995E-04

3. 756E-02

0.O000E+00

2.927E-06

1. 082E-06

4. 613E-05

7.779E-05

1. 481E-04

1. 301E-08

1. 068E-02

1. 177E-03

8. 138E-03

2 062E-04

5. 805E-03

0. O00E+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0. OOOE+00

2.447E-04

2.666E-02

0.O00E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0. O00E+00

0. OOOE+00

0.O000E+00

0. 000E+00

0. OOOE+00

0. OOOE+00

0. 000E+00

0. 000E+00

0. 000E+00

0. OOOE+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0.000 E+00

0.OOOE+00

0.OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0. OOOE+00

TOTAL TEDE = 6.422E-02
OTHIS RUN IS DATED 01/28/10. THE TOTAL ELAPSED TIME IS 0.0 MINUTES. 0.0 SECONDS.
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Attachment 12

FENCDOSE Run

APS77F1 OB.txt

Time Dependent Releases
0.265 uCi/gm 1-131 accident initiated Iodine

spike
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APS77F10B.tXt
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1
REPRODUCTION OF INPUT DATA DECK

+ + + + + + + +

1
KRM-83 KRM-85 KR-85
KR-87 KR-88 KR-89
XEM-131 XEM-133 XE-133 XEM-135 XE-135 XE-138
1-131 1-132 1-133 1-134 1-135
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APS77F10B.txt
1*-131 1*-132 1*-133 1*-134 1*-135 H-3
T

.141E-3 .668E-4 .4!
WBN MSLB,.265 UCI/CC
TIME TO 20.6 SEC

4 'ENVIRONMENT
1 0.OOOE+00
6 0.OOOE+00

11 3.221E-01
16 4.369E+00
21 0.OOOE+00

WBN MSLB,.265 UCI/CC
TIME TO 2.0 HR

4 'ENVIRONMENT
1 0.OOOE+00
6 0.OOOE+00

11 1.638E+01
16 1.009E+02
21 0.OOOE+00

WBN MSLB,.265 UCI/CC
TIME TO 8.0 HR

4 'ENVIRONMENT
1 O.OOOE+O0
6 O.OOOE+O0

11 1.250E+02
16 5.806E+02
21 0.O00E+00

WBN MSLB
TIME TO 1 DAY

-6 'ENVIRONMENT
1 0.OOOE+O0
6 0.O00E+00

11 0.OOOE+00
16 O.OOOE+00
21 O.OOOE+O0

WBN MSLB
TIME TO 4 DAYS

-6 'ENVIRONMENT
1 O.OOOE+00
6 0.OOOE+00

11 O.OOOE+00
16 O.OOOE+O0
21 O.OOOE+O0

WBN MSLB
TIME TO 30 DAYS

-6 'ENVIRONMENT
1 0.O00E+0O
6 0.OOOE+O0

11 O.OOOE+O0
16 0.000E+O0
21 O.OOOE+00

59E-4 .204E-4 .635E-5 6.07E-4
INIT CONC,10+1GPM LK,500 IODINE SPIKE,1.0 GPM SG LK

2
7

12
17
22

INIT

2
7

12
17
22

INIT

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

2
7

12
17
22

$ TN= 0.5722E-02
6.118E-02 3 9.312E-02 4 5.462E-02 5 1
2.267E-01 8 2.593E-02 9 8.871E-01 10 4
4.523E-02 13 2.101E+00 14 5.023E+00 15 6
9.225E+00 18 0.OOOE+00 19 0.OOOE+00 20 0
O.OOOE+O0 23 4.847E+00
CONC,10+IGPM LK,500 IODINE SPIKE,1.0 GPM SG LK

$ TN= 0.2000E+01
2.306E+00 3 4.182E+00 4 1.518E+00 5 3
1.025E+01 8 1.121E+00 9 3.970E+01 10 8
3.237E-01 13 3.079E+00 14 3.853E+01 15 1
2.926E+01 18 O.O00E+00 19 O.OOOE+00 20 0
O.OOOE+00 23 6.132E+01
CONC,10+1GPM LK,500 IODINE SPIKE,1.0 GPM SG LK

4.046E+00
3. 219E+01
9. 735E-04
3. 509E+02
0.O000E+00

CURIES
0. OOOE+00
0.O000E+00
0.O000E+00
0.O000E+00
0.000 E+00

CURIES
0.OOOE+00
0.O000E+00
0.O000E+00
0. OOOE+00
0. OOOE+00

CURIES
0.O000E+00
0.O000E+00
0.O000E+00
0. OOOE+00
0. OOOE+00

$ TN= 0.8000E+01
3 1.325E+01 4 7.748E-01
8 3.533E+00 9 1.262E+02

13 4.417E+01 14 3.430E+02
18 0.OOOE+00 19 0.OOOE+00
23 1.713E+02

$ TN= 0.2400E+02
3 0.OOOE+00 4 0.OOOE+00
8 0.OOOE+00 9 0.OOOE+00

13 O.OOOE+00 14 O.OOOE+00
18 O.OOOE+00 19 0.OOOE+00
23 O.OOOE+00

$ TN= 0.9600E+02
3 0.OOOE+00 4 0.OOOE+00
8 0.OOOE+00 9 0.OOOE+00

13 0.OOOE+00 14 0.OOOE+00
18 O.OOOE+00 19 O.OOOE+00
23 O.OOOE+00

$ TN= 0.7200E+03
3 0.OOOE+00 4 0.OOOE+00
8 0.OOOE+00 9 0.OOOE+00

13 O.OOOE+00 14 O.OOOE+00
18 0.OOOE+00 19 O.OOOE+00
23 O.OOOE+00

5
10
15
20

5
10
15
20

5
10
15
20

5
10
15
20

4
7
1
0

0
0
0
0

0
0
0
0

0
0
0
0

.065E-01

.907E-02

.006E+00

.O000E+00

.700E+00

.098E+00
147E+01
OOOE+00

693E+00
.861E+01
.561E+02
OOOE+00

.O00E+00
.000E+00
OOOE+00
OOOE+00

.000E+00
OOOE+00
O000E+00

.O00E+00

.O00E+00

.O00E+00

.O00E+00

.O00E+00

+ -.I + + + -'1 + +

1
0
0
0
0

PROGRAM FENCDOSE
REVISION NUMBER:5

REVISION DATE: 31 JUL 2009
TODAY IS: 01/28/10

STARTING TIME IS: 16:57:51
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1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

GAMMA ENERGY
(MEV/DIS)
0.0025
0.1586
0.0022
0.7928
1.9629
2.0837
0.0201
0.0416
0.0454
0.4318
0., 2470
1.1830
0.3810
2 .3332
0. 6100
2. 5928
1.5802
0. 3810
2. 3332
0. 6100
2. 5928
1.5802
0. 0000

APS77F10B.tXt
BETA ENERGY

(MEV/DIS)
0.0371
0. 2529
0. 2506
1.3237
0. 3750
1.2310
0. 1428
0. 1898
0. 1354
0. 0950
0. 3168
0.6058
0. 1943
0. 5143
0. 4080
0. 6102
0. 3680
0.1943
0.5143
0.4080
0.6102
0.3680
0.0057

OCHI/Q
1.410E-04
6.070E-04

6.680E-05 4. 590E-05 2.040E-05 6. 350E-06

1
OWBN MSLB,.2

TIME TO 20.
COMPONENT
1ISOTOPE

.65 UCI/CC INIT
6 SEC
4 ENVIRONMENT

CONC,10+IGPM LK,500 IODINE SPIKE,1.0 GPM SG LK

, TIME = 0.

KRM-83 O.OOOOE+00
KRM-85 0.6118E-01
KR-85 0.9312E-01
KR-87 0.5462E-01
KR-88 0.1065E+00
KR-89 0.OOOOE+00
XEM-131 0.2267E+00
XEM-133 0.2593E-01
XE-133 0.8871E+00
XEM-135 0.4907E-01
XE-135 0.3221E+00
XE-138 0.4523E-01
1-131 0.2101E+01
1-132 0.5023E+01
1-133 0.6006E+01
1-134 0.4369E+01
1-135 0.9225E+01
I*-131 O.OOOOE+00
I*-132 0.OOOOE+00
I*-133 0.OOOOE+00
I*-134 O.OOOOE+00
I*-135 O.OOOOE+00
H-3 0.4847E+01

OWBN MSLB,.265 UCI/CC INIT CONC,10+1GPM LK,500 IODINE SPIKE,1.0 GPM SG LK
TIME TO 2.0 HR
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APS77F1OB.tXt
, TIME =COMPONENT

1ISOTOPE
4 ENVIRONMENT 2.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN MSLB,.265
TIME TO 8.0 HR

O.OOOOE+O0
0. 2306E+01
0.4182E+01
0. 1518E+01
0. 3700E+01
O.O000E+00
0.102 5E+02
0. 1121E+01
0.3970E+02
0. 8098E+01
0. 1638E+02
0.3237E+00
0. 3079E+01
0.3853E+02
0. 1147E+02
0. 1009E+03
0.2926E+02
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+O0
O.O000E+00
0.6132 E+02
UCI/CC INIT CONC,10+1GPM LK,500 IODINE SPIKE,1.0 GPM SG LK

COMPONENT
1ISOTOPE

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN MSLB
TIME TO 1
COMPONENT
1ISOTOPE

4 ENVIRONMENT , TIME = 8.

O.OOOOE+0O
0.4046E+01
0.1325E+02
0.7748E+00
0.4693E+01
O.O000E+00
0. 3219E+02
0. 3533E+01
0. 1262E+03
0.7861E+02
0. 1250E+03
0.9735E-03
0. 4417E+02
0.3430E+03
0. 1561E+03
0.5806E+03
0.3509E+03
O.O000E+00
O.OOOOE+00
O.OOOOE+0O
O.OOOOE+O0
O.O000E+00
0.1713 E+03

DAY
6 ENVIRONMENT CURIES , TIME = 24.

KRM-83
KRM-85
KR-85
KR-87

O.O000E+00
O.OOOOE+00
0.OOOOE+00
O.OOOOE+00
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APS77F1OB.tXt
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN MSLB
TIME TO 4
COMPONENT
1ISOTOPE

O.O000E+O0O.O000E+O00.O0000E+00
O.OOOOE+OO
O.OOOOE+00
O.OOOOE+0O
O.O000E+00
O.OOOOE+00
0.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+0O
O.0000E+O0
O.O000E+O0
0.0000E+00
0.O000E+00
O .OOOOE+0O
0.OOOOE+O0
O.OOOOE+00
O.OOOOE+00

DAYS
6 ENVIRONMENT CURIES , TIME = 96.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89

XEM-131
XEM-133
XE-133
XEM-135
XE-135
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
I*-133
I*-134
I*-135
H-3

OWBN MSLB
TIME TO 30
COMPONENT
1ISOTOPE

O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+0O
O.O000E+00
O.O000E+O0
O.OOOOE+O0
O.OOOOE+O0
O.OOOOE+00
O.OOOOE+O0
0.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+O0
O.O000E+O0
O.O000E+O0
O.OOOOE+O0
O.O000E+O0
O.OOOOE+O0
O.OOOOE+O0
O.OOOOE+00

DAYS
6 ENVIRONMENT CURIES , TIME =720.

KRM-83
KRM-85
KR-85
KR-87
KR-88
KR-89
XEM-131
XEM-133
XE-133
XEM-135
XE-135

O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
0.OOOOE+0O
O.0000E+00
O.O000E+O0
O.O000E+0O
O.O000E+O0
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APS77F10B.txt
XE-138
1-131
1-132
1-133
1-134
1-135
I*-131
I*-132
1*-133
I*-134
I*-135
H-3

O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
0. O000E+00
0.0000E+00
0.0000E+00
0. OOOOE+0O
0. OOOOE+00
0.0000E+00
0. O000E+00

1INPUT CONCENTRATION
KRM-83 0.OOOOE+00
KRM-85 2.3672E+00
KR-85 4.2751E+00
KR-87 1.5726E+00
KR-88 3.8065E+00
KR-89 0.OOOOE+00
XEM-131 1.0477E+01
XEM-133 1. 1469E+00
XE-133 4.0587E+01
XEM-135 8. 1471E+00
XE-135 1.6702E+01
XE-138 3.6893E-01
1-131 5.1800E+00
1-132 4.3553E+01
1-133 1.7476E+01
1-134 1.0527E+02
1-135 3.8485E+01
I*-131 0.OOOOE+O0
I*-132 O.OOOOE+O0
1*-133 0.OOOOE+00
I*-134 0.OOOOE+00
I*-135 O.OOOOE+00
H-3 6.6167E+01

0. OOOOE+00
4.0460E+00
1. 3250E+01
7. 7480E-01
4.6930E+00
0.0000E+O0
3. 2190E+01
3. 5330E+00
1. 2620E+02
7. 8610E+01
1. 2500E+02
9. 7350E-04
4.4170E+01
3.4300E+02
1. 5610E+02
5.8060E+02
3.5090E+02
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.0000E+00
O.O000E+00
1.7130E+02

O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
OO0000 E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.0000E+00
O.0000E+00
O.0000E+00
O.OOOOE+00

O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
0.0000E+0
0.O000 E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00

O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.0000E+00
O.0000E+00
O.O000E+00
O.O000E+00
O.0000E+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00
O.O000E+00
O.O000E+00
O.O000E+00
O.OOOOE+00
O.OOOOE+00
O.O000E+00

1WBN MSLB

OGAMMA DOSE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE
2-HR EAB

1 KRM-83
0.000E+00

2 KRM-85
5.698E-05

3 KR-85
1.434E-06

4 KR-87
1.892E-04

5 KR-88
1.134E-03

6 KR-89
O.O00E+0O

7 XEM-131
3.189E-05

8 XEM-133

0-2 HRS 2-8 HRS 8-24 HRS 1-4 DAYS 4-30 DAYS

0.OOOE+00 0.OOOE+00 0.OOOE+00

1.324E-05

3.331E-07

4.395E-05

2.634E-04

1. 072E-05

4.891E-07

1.026E-05

0.000 E+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.O000E+0O

0.O000E+00

0.O000E+00

0.OOOE+00

0. OOOE+00

0. OOOE+0O

0.O000E+O0

0.OOOE+00

0.000 E+00

0.000 E+0O

0.O000E+00

O.OOOE+00

0.OOOE+00

O.OOOE+00

O.OOOE+00

1.538E-04 O.OOOE+00

O.OOOE+00 0.OOOE+00O0.OOOE+00

7.407E-06 1.078E-05 0. OOOE+00

1.680E-06 2.452E-06 O.OOOE+00
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APS77F10B.txt
7. 233E-06

9 XE-133
2. 795E-04

10 XEM-135
5. 338E-04

11 XE-135
6. 259E-04

12 XE-138
6. 623E-05

13 1-131
2. 995E-04

14 1-132
1. 542E-02

15 1-133
1. 618E-03

16 1-134
4. 142E-02

17 1-135
9.229E-03

18 1*-131
0.O000E+00

19 I*-132
0.000 E+00

20 I*-133
0.O000E+00

21 I*-134
0.OOOE+00

22 I*-135
0.OOOE+00

23 H-3
0.O000E+00

TOTAL
7.091E-02
OBETA DOSE FOR EACH

ID ISOTOPE
2-HR EAB

1 KRM-83
O.OOOE+O0

2 KRM-85
8.358E-05

3 KR-85
1.496E-04

4 KR-87
2.906E-04

5 KR-88
1.993E-04

6 KR-89
O.OOOE+O0

7 XEM-131
2.089E-04

8 XEM-133
3.039E-05

9 XE-133
7.672E-04

10 XEM-135
1.081E-04

11 XE-135
7.387E-04

12 XE-138

6.493E-05

1. 240E-04

1. 454E-04

1. 538E-05

6. 956E-05

3. 582E-03

3. 758E-04

9. 621E-03

2. 144E-03

O.OOOE+0O

0.O000E+O0

0.O000E+O0

0.000 E+00

O.OOOE+00

O.OOOE+00

1. 647E-02

ISOTOPE AND

0-2 HRS

O.O00E+O0

1.941E-05

3.474E-05

6.751E-05

4.629E-05

0.000 E+O0

4.852E-05

7.060E-06

1.782E-04

2.510E-05

1.716E-04

7.248E-06

9. 565E-05

5.668E-04

5. 155E-04

1. 923E-08

2.810E-04

1. 336E-02

1. 590E-03

2. 514E-02

9. 260E-03

0. OOOE+O0

0. O00E+00

0.O000E+O0

0.OOOE+O0

0. OOOE+O0

0. OOOE+00

0.O000E+00

O.OOOE+O0

0.O000E+O0

0.O000E+O0

0.OOOE+O0

0.O000E+0O

0.O000E+O0

0. OOOE+O0

O.OOOE+O0

0.O000E+0O

0.O000E+O0

0. OOOE+O0

O.OOOE+O0

0.O000E+0O

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+O0

0.OOOE+00

0.O000E+0O

0.O000E+O0

0. OOOE+0O

0.000 E+0O

0.O000E+00

0. OOOE+0O

0. OOOE+O0

0.O000E+00

0.O000E+00

0. OOOE+O0

0. OOOE+O0

0.O000E+00

0. O00E+0O

0. 000E+00

0. OOOE+00

0. O00E+00

0. O00E+O0

0. OOOE+00

0. OOOE+O0

0.000 E+0O

0. OOOE+O0

0.OOOE+O0

0.O000E+0O

0.O000E+O0

0.OOOE+0O

O.OOOE+O0

0.O000E+00

0.O000E+O05.100E-

TIME PE

2-8 HR

O.OOOE+

1. 572E-

5.102E-

1. 576E-

2.704E-

O.OOOE+

7.062E-

1.030E-

2.625E-

1. 147E-

6.084E-

9.061E-

02 0.OOOE+00

RIOD (REM)

S 8-24 HRS

00 O.OOOE+O0

05 O.OOOE+O0

05 O.OOOE+00

05 O.OOOE+O0

05 O.OOOE+O0

00 O.OOOE+O0

05 O.OOOE+0O

05 O.OOOE+00

04 O.OOOE+0O

04 O.OOOE+00

04 O.OOOE+00

09 O.OOOE+00
Page 8

1-4 DAYS 4-30 DAYS

0. O00E+O0

0. O00E+00

0. O00E+O0

0. OOOE+O0

0. OOOE+00

0. O00E+00

0. O00E+O0

0. OOOE+O0

0. OOOE+O0

0. OOOE+O0

0. O00E+00

0. O00E+00

0.O000E+0O

O.OOOE+00

O.OOOE+O0

0. OOOE+0O

0.O000E+00

0.O000E+00

0. OOOE+00

0. OOOE+0O

0.O000E+O0

0.O000E+0O

0.000 E+00

0.OOOE+00



APS77F1OB.tXt
3. 120E-05

13 1-131
1.405E-04

14 1-132
3.127E-03

15 1-133
9.954E-04

16 1-134
8.968E-03

17 1-135
1.977E-03

18 I*-131
0.O000E+00

19 I*-132
0. OOOE+00

20 I*-133
0. OOOE+O0

21 I*-134
0.O000E+O0

22 I*-135
0.O000 E+0

23 H-3
5.247E-05

TOTAL
1. 787E-02
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
1.615E+00

2 1-132
4.908E-01

3 1-133
1.472E+00

4 1-134
5.543E-01

5 1-135
1.005E+00

6 I*-131
O.OOOE+0O

7 1*-132
O.OOOE+00

8 I*-133
O.O00E+00

9 1*-134
O.O00E+00

10 I*-135
OO00 E+0O

TOTAL
5.137E+00
OINHALATION DOSE

ID ISOTOPE
2-HR EAB

1 1-131
1.178E+00

3.264E-05

7. 264E-04

2. 312E-04

2.083E-03

4. 593E-04

0. OOOE+00

0.O000E+00

0.O000E+O0

0. OOOE+O0

0.O000E+00

1.219E-05

1. 319E-04

2.710E-03

9. 785E-04

5. 443E-03

1. 984E-03

0. O00E+00

0. OOOE+0O

0. O00E+O0

0. O00E+00

0. O00E+00

1. 495E-05

0.O000E+0O

0.0001E+00

0.O000E+00

0.O000E+O0

0.O000E+00

0.O000E+00

0. OOOE+O0

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+O0

0.000 E+00

O.OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0 . OOOE+000.O000E+O0

0. OOOE+00

0. OOOE+00

0. O00E+O0

0.O000E+00

0.000 E+00

4.151E-03 1.244E-02

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

3. 751E-01

1. 140E-01

3.420E-01

1.288E-01

2. 335E-01

0. OOOE+00

0.000 E+00

0.000 E+00

0.000 E+0O

0. OOOE+O0

1. 193E+00

1. 515E+00

4. 254E-01

1. 447E+00

3. 365E-01

1.009E+00

0. OOOE+00

0. OOOE+00

O.OOOE+O0

0.O000E+O0

0.O000E+00

4. 733E+00

0. OOOE+00

PERIOD (REM)

8-24 HRS

O.O00E+00

O.OOOE+O0

O.O000E+O0

O.O00E+00

O.O00E+00

O.OOOE+00

O.O00E+O0

0.O00E+00

O.O00E+00

O.OOOE+00

O.O00E+O0

PERIOD (REM)

8-24 HRS

0.OOOE+0O

(ICRP 2 DATA

1-4 DAYS

0.OOOE+00

O.O00E+O0

O.O00E+00

O.OOOE+00

O.OOOE+00

O.O00E+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.O00E+00

0.O000E+00

0. OOOE+00

0.O000E+O0

0.O000E+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0. O00E+00

0.O000E+00

4-30 DAYS

0.O000E+00

0.OOOE+0O

0. OOOE+00

0.O000E+00

0.O000E+0O

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+O0

0. OOOE+00

FOR EACH IODINE AND TIME

0-2 HRS 2-8 HRS

O.OOOE+00 O.O00E+0O

(ICRP 30 DATA)

1-4 DAYS 4-30 DAYS

2.737E-01 1. 106E+00 O.OOOE+O0 O.OOOE+00 O.OOOE+00

Page 9



APS77F1OB.tXt
5.120E-02 O.OOOE+OO2 1-132

5. 908E-02
3 1-133

6.626E-01
4 1-134

2.372E-02
5 1-135

2. 537E-01
6 I*-131

0.O000E+0O
7 I*-132

0.OOOE+00
8 I*-133

0.O000E+00
9 I*-134

0.OOOE+00
10 I*-135

0.O000E+00

1. 372E-02

1. 539E-01

5. 511E-03

5.894E-02

0. OOOE+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.OOOE+00

6.513E-01

1. 440E-02

2. 546E-01

0. 000E+00

0. 000E+00

0. OOOE+00

0. O00E+00

0. OOOE+00

0. OOOE+00

0.o000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.OOOE+00

0. OOOE+OO

0.O000E+O0

0.O000E+00

0.000 E+00

0. OOOE+00

0.OOOE+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0. OOOE+00

0. O00E+00

0. O00E+00

0. O00E+00

0. OOOE+00

0.OOOE+00

0. 000E+00

0. OOOE+00

0. OOOE+00

0. O00E+00

0. OOOE+0OTOTAL 5.058E-01 2.077E+00
2.177E+00
OAT 2 HOUR EXCLUSION AREA BOUNDARY (EAB).

TOTAL GAMMA DOSE = 7.091E-02 REM
TOTAL BETA DOSE = 1.787E-02 REM
TOTAL INHALATION DOSE (ICRP-2) = 5.137E+00 REM
TOTAL INHALATION DOSE (ICRP-30) = 2.177E+00 REM

OAT 30 DAY LPZ BOUNDARY

TOTAL
TOTAL
TOTAL
TOTAL

KRM
KRM
KRM
KRM
KRM
KRM

GAMMA DOSE = 6.747E-02 REM
BETA DOSE = 1.659E-02 REM
INHALATION DOSE (ICRP-2) = 5.926E+00 REM
INHALATION DOSE (ICRP-30) = 2.583E+00 REM

83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.
83 IS NOT IN EPA LIBRARY. ISOTOPE IGNORED.

1WBN MSLB

OTEDE FOR EACH ISOTOPE AND TIME PERIOD (REM)

ID ISOTOPE 0-2 HRS 2-8 HRS
2-HR EAB

8-24 HRS 1-4 DAYS 4-30 DAYS

1 KRM-83
0.000 E+O0

2 KRM-85
3. 712E-05

3 KR-85
9. 371E-07

4 KR-87
1. 352E-04

5 KR-88

0. OOOE+00

8. 622E-06

2.177E-07

3.141E-05

1. 938E-04

0. OOOE+00

6. 982E-06

3. 196E-07

7.332E-06

1. 132E-04
Page

0.O000E+00

0. OOOE+O0

0. OOOE+00

0. OOOE+00

0.O000E+00
10

0.OOOE+00

0. OOOE+00

0. OOOE÷00

0. OOOE+00

0.000 E+OO

0.O000E+00

0. OOOE+00

0. OOOE+00

0.000 E+O0

0. OOOE+00



APS77F10B.tXt
8. 344E-04

6 KR-89
0.000 E+O0

7 XEM-131
8.656E-06

8 XEM-133
3.288E-06

9 XE-133
1. 369E-04

10 XEM-135
3.434E-04

11 XE-135
3. 943E-04

12 XE-138
4.479E-05

13 1-131
4.629E-02

14 1-132
3. 598E-02

15 1-133
4.420E-02

16 1-134
5. 502E-02

17 1-135
5.256E-02

18 I*-131
0.O000E+00

19 I*-132
0. OOOE+00

20 I*-133
0. OOOE+00

21 I*-134
0.000 E+00

22 I*-135
0.O000E+00

23 H-3
8.590E-04

TOTAL
2. 369E-01

TOTAL TEDE =

0. OOOE+00

2.011E-06

7. 637E-07

3.179E-05

7.977E-05

9.158E-05

1.040E-05

1.075E-02

8. 359E-03

1.027E-02

1. 278E-02

1.221E-02

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

1.995E-04

5. 502E-02

0. 000E+00

2.927E-06

1. 114E-06

4. 683E-05

3. 647E-04

3. 247E-04

1. 301E-08

4. 344E-02

3. 119E-02

4. 345E-02

3. 340E-02

5. 274E-02

0. O00E+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0. OOOE+00

2.447E-04

2.053E-01

0. OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0. OOOE+00

0. OOOE+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.O000E+00

0.O000E+00

0. OOOE+O0

0. OOOE+00

0.O000E+00

0. OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.O000E+00

0.000 E+00

0. OOOE+00

0.O000E+00

0.000 E+00

0.OOOE+00

0.000 E+00

0.000 E+00

0.000 E+00

0. OOOE+00

0. OOOE+00

0.000 E+00

0.OOOE+00

0. OOOE+00

0.O000E+00

2. 603E-01
OTHIS RUN IS DATED 01/28/10. THE TOTAL ELAPSED TIME IS 0.0 MINUTES. 0.0 SECONDS.
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TVAN COMPUTER INPUT FILE
STORAGE INFORMATION SHEET

Document WBNTSR-064 Rev. 8 Plant: WBN ýT
Subject:
Offsite and Control Room Operator Doses Due to a Waste Gas Decay Tank Rupture

[]Electronic storage of the input files for this calculation is not required. Comments:

[ Input files for this calculation have been stored electronically and sufficient identifying information is
provided below for.each input file. (Any retrieved file requires re-verification of its contents before

-use.)
The R2 input files are stored in FILEKEEPER file # 263465
The R3 input filesý are stored in FILEKEEPER file # 263714'
The R4 input files are stored in FILEKEEPER file # 3004268l,:

The R5 input files are stored in FILEKEEPER file # 300588
TheR6 input files are stored inFILEKEEPER file #'303398
The R7 input files are stored in FILEKEEPER file # 305736
The R8 input files are stored in FILEKEEPER file # 308013

0 Microfiche/eFiche

See next ,page

TVA 40535 112-2000) ae1o NEDP-2-6 [2-04-121000]ý1



TVAN COMPUTER OUTPUT page 7

MICROFICHE INFORMATION SHEET

Document WBNTSR-064 Rv. 8_ Plant: WBN
Subject:
OfMsite and Control Room OperatorDosesDue to a Waste Gas Decay Tank Rupture

Microfiche Number• Description.

RO:
WRAD-27 (ufilm)

R2:
TVA-F-C000081

R3:
TVA-F-C000118

R4:
TVA-F-C000273

R5:
TVA-F-C000282

R6;
TVA-F-C000337

R7:
TVA-F-W000351
(eFichc)

R8:
TVA-F-W000574

TSR064S
TSR064F1
TSR064F2
TSR064CI
TSRO64C2

TSR64FA2
,TSR64FB2

TSR64CA2
TSR64CB2

TSR64CA3
TSR64CB3

TSR64FB4
TSR64CB4

TSR64FB5
TSR64CB5

TSR64FA6
TSR64FB6
TSR64CA6

TSR64CB6
TSR64FC6
TSR64FD6

TSR64IS7
TSR64S7

TSR64CA7
TSR64CB7
TSR64CC7,
.TSR64CD7

STP
FENCDOSE
FENCDOSE.
COROD
COROD

FENCDOSE
FENCDOSE
'COROD',r"
COROD.

COROD
COROD

Activity in WGDT
Offsite Dose, Realistic Case
Qffsite Dose, RG 1.24 case
Cont. Room Operator Dose, Realistic
Control Room Operator Dose, RG 1.24

Offsite Dose, Realistic Case '
Offsite Dose, RG 1.24 case
Cont. Room Operator Dose;,Realistic
Control Room Operator Dose, RG 1.24

Cont. Room Operator Dose, Realistic
Control Room Operator Dose,-RG 1.24

FENCDOSE Offsite Dose, RG1.24 case.
COROD Control Room Operator Dose, RG, 1.24

FENCDOSE Offsite Dose, RG 1.24 cas
COROD Control Room Operator Dose, RG 1.24

FENCDOSE
FENCDOSE
COROD
COROD
FENCDOSE,

Offsite Dose' Realistic case -TPC
Offsite Dose, RG 1.24 case -TPC•
Control Room Operator Dose, R aistic -TPC
Control Room Operator Dose, RG 1.24•.TPC
Offsite Dose, Reduced case -TPC.

FENCDOSE Offsite Dose, Reduced case -Non-TPC

STPISOTP
STP
COROD
CORODA
COROD:
COROD

set up STP isotopic input.',
source terms releases
RG 1.24, conventional core,ýcontrol room dose
realistic, conventional core, contrl .oom dose
RG ' 1.24,TPCcontrl r6'oom dose
realistic, TPC, control room dose

TSR64C8A COROD RG 1.24, conventional core, control room dose
TSR64C8B COROD realistic, conventional core, control room dose
TSR64C8C COROD RG 1.24,,TPC, control room dose
TSR64C8D COROD realistic, TPC, control room-dose
TSR64C8E COROD RG 1.24, conventional core, control room dose - 2 CREV*
TSR64C8F COROD realistic, conventional core,-control room dose - 2 CREV*

TSR64C8G COROD RG 1.24, TPC, control room dose -2 cREV*
TSR64C8H, COROD ::realistic, TPC, control roomidose, -2 CREV*
* noteothese are for information only and the results are not gven, see assumptions #9



Calculation No. WBNTSR-064 Rev:, 8, 'Plant: WBN•Page:,8
Subject: Offsite and Control/Room Operator Doses Due to a Wastej Prepared:( Date:O t066• .

Gas DecayTank Rupture " . Checked: /•I Date: /-2,-,

Puruose
The purpose of this calculation is to determnine the offsite and control room operator doses due tb a Waste Gas

Decay Tanhk ru'pture.'This calculation will support WattsBar Safety Analysis Report'(FSAR)' section 15.5.2 and Table
'15.5-5.:Revision 2.was done due to revised i/Q values. Revýisibn3, is performed because of new control building
makeupi flow (711 dfm). Revision .4 is performed due t onew RG'l. 1.24 sourceterms' as provided by Westinghouse as
- part of the extended fuel cycle (18 months, 1000 EFPD, 5% enrichnment). Revision 5 uses new final WGDT inventories
to eliminate an UVA. Revision 6 implements EDC E50629A to, allow the use of a Tritium Production Core (TPC) and
provide source terms for just satisfying an offsite gamiira dose of < 0.5 rem, and supports the corrective action for
PER WBN 01-000395-000. Revision 7 is performedct6 change the control room andlysis to include a 20.6 see isolation'
delay and to'incorporate'ARCON96 X/Q values. Revision 8 corrects the control roon' recirculation flow rate and time
increments in the COROD model. ..

Introduction'
'From reference4, the gaseous waste dispbsal system (WDS) contains nine (9) gas, decay tanks. These tanks'

-receive gaseous waste from the Chemical Volume and Control System (OVCS) Holdup Tank, CVCS Volume Control
Tank, ,•WS Spient Resin Tank, CVCS Boric Acid Evaporator, and WIS Reactor Drain Tank. "The probability of atgas'
decay tank rupturing is low. However, the probability of an accidental release resulting from such thiings as operator'
error or'ialfuffctioh of a valve or the overpressure relief system is considered to be sufficiently high that the
calculated'off,'site whiole bodyi exposure that' might result from a single failure during normal'operation should be
substantially below the guidelines of 10CFR Part 100," (+e-f 5).' v

This calculationwilidetermine the offsite and control roomtoperator doses due to a Wast&eGas Decay Tank
,rupture. The calculation will be done for both a-Regulator-y Guide 1.24X0% failed fue~l, ref. 5) accident anid forta
realistic case (ANS/ANSI-18.1-1•984, ref.6) and one which results in an EAB/Site Boundary dose ofjust less than 500
mrem gamnma. The maximum content of the failed decay tank is assumed to be released non-mechanistically to the
environment over a two hour time period (ref.5). Radioactive decay is only' taken into account for the time required to
tiansfer the gasses to the decay tank (ref•.5). Comu•ter code STP (ief.1) willibe used to 'determine the inventory of the
radioactive gasses ini the tank foi the realistic case. The R.G: 1.24 case uses the inventbry provided by Westinghouse
in reference,11- Coimputer code. ENODOgE (ref.3) will be used to 'determine offsite doses utilizinig STP results as
input. The FENCDOSE model parameters, other than the releases activity are takenfrom TI-RPS-197 (ref.8).'
Computer code COROD (ref.7) will be used to determine the control room operator dose utilizing the STP results as
ýinp~ut. The COROD parameters, other than released nactivity, and yJQ values, are taken from'TI-RPS-198 (ref 9). The
ARCON96Sx/Q vralues were determined in WVBNAPS3-104 (ref. 24).~ The model sections pertaining to the 20.6'sec'
isolati6n delay are takn -from VWBNTSR-009 (ref.31); 'i, ' ': ' !

The•main dose limit for this 'calculation is an ffsite gamma dose of 500, mreiii from NUREG-0800 section 11.3.
The following'are stanidard limits for accidents: The offsite gamma dose limit is 25 rem (100FR100. 11); the hyr'oid
dose limit is 300 rein (I0CFR100.i1), and the TEDE dose limit is 25 ret' (I1CFR50.67)y SEP 6.4 ii NUREG 0800
(ref.32) shows that the thyroid dose and-betadoselimits are equivalent for thecontrolroom, therefore theoffsiie beta
dlose limit can be assumed the same as the 'offaite thyroid dose limit,;300 rem. IOCFR2O.1201 also states that the-
organ (thyroid) dose ndn skin (beta) dose are equivalent. The control room doselimits are 5 rem gammia (100FRO
Appendix A GDC 19X,30 rem thyrroid (SRP 6.4), 30 remA Sets ( SRP 6.4), and 5 rem'TEDE (100FR5O.67),

Desin Input
ThIe-Following are the Regulatory'Guide'1.24 WGDT activities fom WAT-D-10436 .
Kr-83m 17 Ci' " Kr-85 4200 Ci' .' Kr-85m 130 Ci
Kr-87 ' 29 Ci ' Kr-88 160 Ci ' Kr- - 0.1 Ci
Xe-K131m ' 890 Ci Xe-133'>' 68000 Ci . Xelrlm . 000ci
Xe-l35 , 940Ci Xe-135m :48 Ci Xe137 • • '27Cid
Xe-l13 8 3.20 , Ci -' .7i
1-131 0.048 Ci, 1-133" 0.033 Ci, 1-135 ' 0.012 Ci
Total = 7.54E4 Ci

ARCON9S X/Q values (ref.24): 0-2hr=2.52E-3 sec/m', 2-Shr=1.57E-3, 8-24hr=6.71E-4, 1-4day=4.99E-4, 4.
30day=3.79E-4
WGDT Rooyolvoumne = 11269 cuft (room 692-AS, ref.29, which-is smaller volume than WGDT rooMa A3= 1503 cuft),
Flow out .ofWGDT room= 944 cfm'(= largest measured value, ref.30) .

.!,¸`
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Assumptions

1. The tank is assumed to be filled with the highest concentration for each isotopefrom all sources into
the WGDT. This will ensure maximum concentration of all isotopes. '
a) The realistic source terms come from WBNNAL3-006 (ref. 10). The WBNNAL3-006 concentrations
correspond to the realistic inventory (ANSI/ANS 18.1-1980 4). The Regulatory Guide 1.24 (design
basis, 1% failed fuel) source terms are provided by Westinghouse in WAT-D-10436 (refl.1).
b) WBNNAL3-003 (ref. 6) provides the total inventory of tritium for a TPC andin accordance with

NUREG-0017(ref. 25) 10% of the tritium is released as gas, thus the tritium source terms are:
TPC - Normal Operation: 906.9 Ci (total) * 10% = 90.69 Ci
I TPBAR Failure: 12506.9 Ci * 10% 1250.69 Ci
2 TPBAR Failure: 24106.9 Ci* 10% =2410.66 Ci

Only the 2 TPBAR Failure case is run, as the tritium has only a small impact on the results and
using the 2 TPBAR failure source term is conservative.

2. Radioactive decay is only taken into account for the time period required to transfer the gasses to the
tank (ref.5), except for tritium. The maximum content of the failed decay tank is assumed to be
released non-mechanistically to the environment over a two hour time period (ref.5). For tritium, due
to its 12.3 year half life, it is considered that no decay occurs.

3. The tank failure is assumed to occur immediately upon completion of the waste' gas transfer (ref.5).

4. Only one tank is assumed to fail, as all decay tanks are isolated from each other whenever they are in
use (ref.4).

5. deleted in R5
6. The release path of the radioisotopes from the ruptured tank is through the Auxiliary Buildig vent

(ref. 12).

Technical Justification: A rupture of a Waste Gas Decay Tank will lead to release into the Auxiliary
Building andhence into the normal ventilation. Planned •rele"ases o~f the WGDT inventory to the
environmenhtwill be through the"Shield Building VentThe Shield Buildimg Vent release path is
monitored by :radiation monitorTs such' that if excessive releases occur, the vent will isolate (ref. 4). The
Auxiliary Building Vent is monitored and alarmed (1-RE-90-101), bu.t.o automatic isolation' occurs (ref.27). Also, the x/Q values from:the Auxiliary Building Vent are worse'for the control room than the Shield

Building Vent (see calculation 'WBNAPS3-104). Therefore, this release path is the most likely path and the
most conservative path.,

7. deleted in revision 7

8. All assumptions from TI-RPS-198 (ref.9) regarding the COROD model hold, except as denoted above.

9. Only one train of CREVS is in operation.
Technical Justification: Normally, each CREVS train takes suction from separate in'take•:with no'cross
communication between trains. This leads to one contaminated train, and one uncontaminated train. The
only way a 2 CREVS operation could result in higher doses would be for both trains to take suctironfrom
the same vent. For this to happen, one intake path would require a failed closed intake pathAND a fail
open of normally closed passive manual damper at the beginning of the accident. An active failure of a
train plus a failure of a passive component in less than 24 hours is beyond design basis.
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Special Requirements / Limiting Conditions

There are no special requirements or limiting conditions in this calculation.

A waste gas decay tank has a volume of 600 ccuft and is filled at 1.4r scfmn(from 2 volume control tanks at
0.7 scfm each) until it reaches 100 psig (114.696 psia, ref.4). Once full, the flow is diverted t•o another tank.
Therefore the volume of the gas at STP and the time to fill the tank is:

PlyV = P 2V

or

V,= PV,/P = (114.696 psia(600 cuft)/(14.696 psia)

= 4682.7 cuft at STP

then

time (4682.7 cuft)/ (1.4 cuft/min * 60 min/hr)

= 55.75 hr

The realistic case (ANSIIANS 18.1-1984) isotope concentratioh is taken •ftromWBNNA3-006 (ref. 10). The
Regulatory Guide 1.24 case (1% failed fuel) isotope concentration is taken fr'om WAT-D-10436 (ref.11). For
each case the tritium concentration for a TPC is taken from WBNNAL3-003 (ref.6). Using computer code
STP (ref.1), a continuous realistic source flows at 1.4 cfmn for 55.75 hr into a component labeled "Realistic
WGDT". Because a total inventory is given in reference 11, the Regulatory Guide 1.24 source is stepped
into a component labeled "R.G: 1.24 WGDrT. No decay is assumed for the R.G. 1.24 case and no decay is
assumed for tritium. Since the STP realistic case input values are in i±Ci/cc, and the FENCDOSE/COROD
codes require input values in Curies, the realistic continuous -source flow rate in the "Realistic WGDT" is:

F = (x 4Ci/cc)(1.4 cuftlmin)(60 min/hr)(28317 cc/cuft)(10-6 Ci/4Ci)

= (xpCi/cc)(2.3786 Ci-cc/ jXCi-hr) = x * 2.3786 Ci/hr

At the end of the 55.75 hr time period, the inventory of the tank is assumedltobe released into the
atmosphere. The inventory as calculated by STPJ9i used as input into computer cod6 FENCDOSE (ref.3) to
calculate the Low Population Zone (LPZ) and the site bounary (SB), which is the same as th Exclusion
Area Boundary (EAB), offsite dose. The FENCDOSE model is taken from TiRMs- 197 (ref.8).,
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The inventory as calculated by STP is also used as input into computer code COROD to "determine the
control room operator dose. The COROD models (less the containment shine) are taken from TI-RPS-198
(ref. 9) with a 20.6 second delay in isolation. From WBNTSR-009: "During the vertical slice review of the
control room, a concern was raised that when the control room is isolated by a signal from the main
control room intake radiation monitors, some amount of unfiltered activity could enter the control room
before the isolation dampers close. This could be the case for a fuel handling accident [or waste gas decay
tank 'rupture] because there will be no safety injection signal to isolate the control room. The isolation
dampers downstream from the radiation monitors are 0-FCV-31-3 and 0-FCV-31-4. It is-required ý.. that
the closure time of the dampers is 14 seconds, with a signal response time of 6.6 seconds, which gives a
total closure time of 20.6 seconds."

The X/Q values used are different than the TI-RPS-198 model because the release points are different.
There are 2 cases of X/Q values for the Control room with a release from the Auxiliary Building exhaust
vent. Per TI-RPS-198, the worst case X/Q values for the first 8 hours are used, with the better X/Q values
used'after 8 hours due to operator action to select the better intake
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Results

Table 3
Doses Due to Waste Gas Decay Tank Rupture (Rem)

Conventional Core Off-site

Realistic Case (rem) 30 day LPZ 2 hr EAB Control Room
Gamma 6.40E-03 2.76E-02 3.48E-02
Beta 2.44EX02 1.05E-01 4.58E-01
Inhalation (ICRP-2) 4.16E-03 1.79E-02 6 6.668E-03
Inhalation (ICRP-30) - . 4.35E-03
TEDE ._...__ - 3.95E-02'

Conventional Core Offsite ____._______

R.G. 1.24 (rem) 30 day'LPZ 2,hr EAD` Control Room,
Gamma 1.33E-01 • 7-M'01!, 770E:01!`
B~eta `3.ý57-01 14+0 6.65E+0
inhalation ,(ICRP-2) 4A19E-03 i.8iE-02 6.3, 6E'3
Inhalation (ICRP-30) - - 4.68E03,
TEDE 8 - 36E-01

TPC (2 TPBAR Failure) 'Offsite
Realistic Case (rem) 30 day LPZ 2'hr EAB - Control Room
Gamma .. 40E-03',: -2'76E02" 3.48E-02
Beta 2.48E-02' 1.07E-01' 4.66E-01
Inhalation (ICRP-2) 4.16E-03, `-1.79E-02 6.68E-03
Inhalation (ICRP-30) 2.67E-03 "1.15E-02 4.35E-03
TEDE .1.06E-02.: .4.56E-02 1.81E-01

TPC (2 TPBAR Failure) Offsite -

R.G. 1.24 (rem) 30 day LPZ 2 hrEAB Control Room,-o , . . . .... ....... ..... . .

Gamma U1.33E-01..- 5o,.1 7.70E-01
Beta 3.58E-01 ".54E+00' 6.66E+00

Inhalation (ICRP-2) 4. 19E03 1..1.81E-02 r 6.84E-03
Inhalation (ICRP-30) ,2.85E03 1.23E-02 " 4.68E-03
TEDE 7,66E-02 3.30E-01 9.-77E-01

Notes for Table 3
COROD R6 does not include in.the TEDE the dose due' to direct shine from outside the control

room, the value is manually added to arrive at the TEDE.
TEDE, = TEDER÷+ gammas, ,ED".,

= 4.442E-01 + negligible + 0. 0 = 4.442E-01 (Realistic TPC),
= 2.406E+00 ' negligible + 0.0 = 2.406E+00 (R.G.i 1.24 TPC)

where-gamma shine > o0but is considered to be negligible
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The R.G. 1.24 EAB gamma dose presented in Table 3 exceeds the limit of 500'mrem gamma. In order
to define a limiting condition for the WGDT that would, if released, not exceed the limits, a case is
developed to determine the source inventory of the WGDT that would result in the EAB being just less
than 500 torem. The limiting condition for-the WGDT is addressed as a total Xe-133 equivalency. To
,determine the limiting source terms a Xe-133 equivalent was determned for the R.G. 1.24 source
inventory using dose'factors for y-body in Table B-1,of R.G. 1.109 (ref.26). A. reduction factor vaiue was
determined by trial and error (by using:various reduced source inventories as inputoto FENCDOSE) to be
0.127 so that the resulting offsite dose is just below. the limit of 500 mrem. The R.G.,1.24 Xe-133
equivalent values were reduced by this reduction factor using'the following equation:

[Xe-133 Equivalency -'(Reduction Facior*Xe-133 Equivalency)] .

To determine reduced source inventory the reduced Xe-133 Equivalency for each isotope is multiplied by
the same-dose factors ratio as used to deterinnethe Xe-133 equivalency for each.R..,G,1.24 isotope' This

calculation is provided in Table '4. The reduced iýsotopic' valties were entered-inito FENCDOSE to validate
the reduced source inventory and yielded the results provided inTable 5 for bot•ha Non-TPC core and.. .
TPC core.

Table 4 - R.G. 1.24 case

Dose factors based on R.G. 1.109 RI Table B-1 (DFB,) Reduction Factor (RF) = 0.127:
III

INuclice

Kr-43mn
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-iS 3m
Xe-133
Xe-135mn
Xe-135
Xe-137
Xe'M3

* DFB.
rnrern-m/pCi-yr

7.56E-08
1.17E-03
1.61E-05
5.92E-03
1.47E-02
1.66E-02
9.15E705_
2.51E-'04
2.94E-64
3.12E-03
1.81E-03
1 .42E-03
'8,83E-03

-Rat'io
DFB/JDFB 3

2.571E-0'4
3.980E+00
5.476E-02
2.014E+01
5.OOOE+01
.5.64'6E+0i:
3.112E-61
8.637E,-01`

1.0
1.061E+01
6.156E+00
4,830E+00
3.003E+01

RG-1.24 (Ci)
1.700E+01
1.300E+02
4.200E+03
2.900E+01
1.600E+02
1.000E-01
8.900E+02
i.OOOE+03
6.800E+04
4,800E+01
9.400E+02
2.700E-01
3.200E+60

Xe-133,Eqv (Ci)
4.371E-03
5.178E+02
2.300E+02
6.813.9E+02,
8.OOE+03,
5.646E+.00,

2.37OE+02

6.800E+04
5.094R+02
5.787E+03
1.304E+00
9:611E+01
8.486E*+04

EqV-RF
3.816E-03
4.516E+02
2.008E+t02
5.09 8E+02
6.994E+03
4.929E+00O
2:4`f8E+4,02
7.4§,3E+02

4.447E+02
5.052E+03
11 138E+00
8.390E+01
.7.408E+04'

Reduced, Ci
1.484E+b1
1.135E+02
3.667E+03
2.532E+01
1'.397Es-02
8. 730E-'02
7.770E+,'02
8.730E+02
5.9362+04
4.190E+01
8.206E+02
2.3579-01
2.794E4-00

Total Xe4133 Equivalent

* Note that the Reduced Ci column is the "Eqv.-RF"/"Ratio" (co.16/col.3).
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Using the same methodology as above the Xe- 133 equivalency for the Realistic case isotopic source terms
resulting from STP is 3.966E+03 Ci (Xe-133) as provided in the following.table.

Dose Factors based on RG 1. 109 R I Table B- I (DFBi)

Realistic Case

Nuclide DIFBi Ratio
rmrcm-m3/pdi--Yr DFBi/DFI~i XcI P33

Kr-93m' 7.56E-08 2,5711L.04

Kr-Srn 1. 17E-63' 3.980E+400

Kr-85 1.61E-05 5.476F.-02

Kr-87 5.92E-03 2,014E+01I

Kir-89 1.47E-02 5.OOOE+01

Kr.89 1.66E-02 5.646E1OI-s

Xe-131rn 9.1SE-05 3.112E-01

Xýe- I33m 2.5 11E-04ý 9.5371E-01

,Xe-133 2.94E-04 1.0

Xe-135mn 3.12E-03 1.061E+01,

Xe-135 1,81L-03 6,156F.+00

Xc-137 1.42E-03 4.830E ft00

Xe-138 8-83F.-03 3.003E+01

Realistic (Ci)

0.0

6.302E+00

7.689E+02

7.41 8E-01

5.092E+00

0.0

1-104E+03

4.546E+01

"2.636E+03

2.611 E-02

9.905E !01

3.724E-04

2.026E-02

Xe-133 Eqiv. Cj

0!ý

2.508E+01

4.211 E±0I

1,494E±01I
2.4WE 102

0.0

3.436F. 1-02

2.636E-i 03

2.771E-01

&.098E+02

1 .799E-03

6.Ot85E-01

Total Xe- 133 Equivalent 3.966E+03

,Table '5
Regulatory Guide 1.24 Rcduced Case * - TPC (2 TPBAR- Failure) (rem)

30 day LPZ 2 hour SB(EAB):
Gamma (whole body) 1.160E4)] 4.994E-01
Beta. 3.122E-01 1.344E+00
Iodine (Thyroid) - ICRP-2 4.194E-03 1.806E-02
Iodine (Thyroid) - ICRP-30 2.845E-03 1.225E-02
TEDE* 6.784E-02 2.921E-01

Regulatory Guide 1.24 Reduced Case* -, Non-TPC (rcin)
30 day LPZ

Gamma (whole body) 1.160E-0 1
Beta 3.118E4)1
Iodine (Thyroid) - ICRP-2 4.194E-03
Iodine (Thyroid) - ICRP-30 2.845E-03
TEDE* 6.056E-02

2 hour SB(EAB)
4.994E-01
1.342E+00.
1.806E-02
1.225E-02
2.607E-01

* Reduced = Limited to Xe-133 equivalent of 7.408E4 Ci
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Discussion and Conclusion

The implementation of a TPC core impacts the beta doses determined in Revision 5 by a small
amount; however, the tritium does have a significant impact on the TEDE. Thus the following conclusions
are applicable to both the TPC and Non-TPC cores.

The 30 day LPZ offsitedoses for a realistic and Regulatory guide 1.24 Waste Gas Decay Tank rupture
accident were calculated to besubstantially below the regulatory limits of 25 'rem gamma, 300 rembeta,
300 reim thyroid, and 25 rem TEDE. The control: room operator doses for a realisticiand Regulatory guide
1.24 WGDT rupture were calculated to be below-the regulatory limits of 5 rem gamma, 301rem beta, 30
ren thyroid, and 5 rem TEDE. The Regulatory Guide 1.24 control room beta dose is relatively high, but
this is due to the very conservative (high) noble gas inventory for that .case.

For the realistic case,, the 2-hr EAB/Site Boundary offsite dose was less than the 500 Mrrem criterion
set forth. in NUREG0800 section 11.3. The Reg. Guide 1.24 case exceeds' the 500 mrem limit: In order to
not exceed the 500 mrem limit, the Xe-133 equivalent for a WGDT must be maintained less than,-,
7.'408E+04CQi. ew-ý PiQ 15.01 (zzf-22) op~ortvl lriztzativity iz.'s't~ak be 640 OýGi~ 13

z~u~al~t)~ ~frcucn ouv~ilanzc.w~uldh qird. iz ftz d iýMitrativ hit,fti4 Byý
maintaining the Xe-133,equivalency to less than 7.408E+04 Ci aze... .d . ..t ......tci
dc-- ......t e • ee the effi0it : ,imn, a rupture of a single Waste Gas Decay Tank wiimeet the
intent of NUREGO800 section 11.3. This requirement is implemented-by section 4.2 of the Gaseous
Waste Disposal System Description, N3-77A-4001.

Note on Methodologies used for Doses:

This-calculation determiiined the'doses using 3 different methodologies which are in revision 5 ofCOROD.
The gamma, beta and Thyroid (ICRP-2)doses are-all based on TID-14844 methodologies utilizing the
ICRP-2 iodine dose conversion factors found in TID-14844 and are the current (as of June 2001) licensing
basis of the plant. The second methodology is the Thyroid (ICRP-30) dose, which is also based on TID-
14844, but uses the ICRP-30 iodine dose conversion factors. The ICRP-30 iodine dose conversion factors
are less conservative than the ICRP-2 factors. This methodology is presented for potential future use.
Finally, the third methodology used is the TEDE (Total Effective Dose Equivalent). The TEDE presents
an overall weighted dose and is more representative of the impact of all isotopes on the body as a.whole.
The TEDE'dose is presented for jo•tential future use. It is imoi rIant to note that tritium does~noth-`- mpact
the'thyroid dOses utilizing the TID-114844 methodology, because only iodine is'appliedto th::thyroid dose.
However, in fact tritium does contribute to the thyroid dose, as well as 'other organs of the body. This is
why the TEDE is a more representative dose when discussing the impact of tritium. It is up to the end
user to choose the dose which is to be used, with the understanding that each methodology has a
different meaning
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Appendix A
Input for COROD

//TSR64c7A JOB 264360, 9MBERG.BINIll',,MSGLEVEL=1,MSGCLASS=T
//*MAIN ORG=LOCAL CLASS=SB

//JCL JCLLIB ORDER= (APB.NEN.EX262358. PROCLIB)
//STEP1 EXEC CORODV6,CONDI(4,LT)
//CORODI.FT05F001 DD *
NIT= 19' 'NR= 1 ITP= 6 FACT= 1.0
COROD-WBN WGDT S
KRM 83 KRM:85 KR 85 KR 87 KR 88 KR 89
XEM 131' 'XEM, 133 XE 133 XEM 135.' XE 135 XE 137 XE 138
I 131 I 132, 1 133 17134 1 135 H,3 3 ? , .. I

S'RG'1.24 REL $' T N= 0.57223-02 "
1 4.815E-01 2 3.684E+00 3 1.191E+02 4 8,.209E-01 5 4.533E+00
6 2.732E-03 7 2.523E+01 8 2.835E+01 9 1.928E+03 10 1.351E+00

11 2.664E+01 12 7.423E-03 13 8.997E-02 14 1.361E-03 15 0.0
, 16 9.355E-04 17 0.0 18 3.401E-04 19 0.0

5 'RG 1.24 REL I $ TN= 0.2000E+0i-
1 1.534E+01 2 1.224E+02 3 4.081E+03 4 2:534E+01 5 1.480E+02
6 2.503E-02 7 8.643E+02 8 9.690E+02 9 6.599E+04 10 3.005E+01

11 8.998E+02 12 7.801E-02 13 1.930E+00 14 4.660E-02 15 0.0.
16 3.185E-02 17 0.0 18 1.141E-02 19 0.0

-6 'ENVIRONMENT 2 CURIES $ TN= 0.8000E+01
1 0.000E+00 2 0.OOOE+00 3 0.000E+00 4 0.000R+00 5 0.000E+00
6 0.000E+00 7 0.000E+00 8 0.000E+00 9 0.OOOE+00, 10 0.000E+00

11 0.000E+00 12 0.000E+00 13 0.000E+00 '14 0.000E÷00 15 0200E•+00
16 0.000E+00 17 0.OOOE+00 18 0.000E+00 ' '19 0.000E-00

-6 'ENVIRONMENT' CURIES $ TN='. ,0.2400E.+02,"
1 O.000E÷00 2 0.000E+00ý. 3 0.000E,00 4' 0.ý00E+00 5 0.000E+00
6 0.O00E+00 7 0.OOOE+00 8 0.000E+00 :9 0.O00E+00 10 0.OOOE+00

11 0.000E+00 12 0.000E+00 13 0.OOOE+00 14 0.OOOE+00 15 0.000E+00
16 0.OOOE+00 17 0.OOOE+00 18 0.000E+00 19 0.000E-00

-6 'ENVIRONMENT CURIES - $ TN= 0.9600E÷02
1 0. OOE+00 2 0.OOOE÷00 3 0.000+E00 4 0.000E+00 5 0.000E+00
6 0.000E+00 7 0.000E+00 8 0.000E+00 9 0.000E+00 10 0.000E+00

11 0.000E+00 12 0.OOOE+00 13 0.000.E00 14 0.OOOE+00 15 0.000+E00
16 0.000E+00 17 0.000E÷0.0 18 0.000E+00 19 0.000E-00

-6 'ENVIRONMENT CURIES, $ TN= 0.72009+03
1 0.O00E+00 2 0.000E+00 3 0.OOOE+00 4 0.600E+00 5 0.OOOE+00
6-0.000E÷00 7 0.OOOE+00, 8 0.000E+00 9 0.OOOE+00 10 0.OOOE+00O

11 0-000E+00 12 0.000E+00 13 O.OOOE÷Q00 -14 0.000E+00 15,0.000E+0Ob=
16`0.000E+00 17 0.000+E00 .18 0.000E+00 19 0.000E-00

2.52E-3 2.52E-3 1.57E-3 6.71E-4 4.99E-4 3.79Eý4
20.6 7179.4 21600.0 57600.0 259200.0 2246400.0,
3200.0 51.0
711.0 51.0
711.0 51.0

,711.0 51.0
711.0 51.0
711.0 51.0
0.0 0.0 0.0 0.0 0.0 0.0 3200.0
0.95 0.70 0.95 0.70 0.99 0.0 2889.0
0.95 0.70 .0.95 0.70 0.99 0.0 '2889".0
0.95 0.76 0.95 0.70 0.99 0.0 12889.0
0.95 00.70 0.95 0.70 .99 0.'0 '2889.0
0.95 0.70 06.95 0.70 0.99 0.0 2889.,0
100.0 60.0 40.0 1440.0 5760.0 2 57198..0: .
1.2492 0.63 0.8352
322.0 45.0 17.75 46.0 9.0 4.0 161.0 22.5 4.0 0.0
ROOFFLUX DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE THROUGH ROOF
1000.0 1000.0 1000.0 20.0 20.0 20.0 500.0 500.0 -16.0 2.25
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM AUX BUILDING
270.0 150.0 148.0 27.0 15.0 14.0 135.0 75.0 -25.5 3.0
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM TURBINE BLDG
322.0 112.0 341.0 32.0 11.0 34.0 161.0 56.0 -25.5 3.0
ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM SPREADING ROOM
322.0 45.0 26.0 32.0 9.0 5.0 22.5 '161.0 -4.67 .0.67 "
ADJACENT, DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM CR BLDG END
18.0 45.0;460.0 10.0 10.0 100.0 4.0 22.5 -25.5 3.0 -

ADJACENT DOSEE.TO CONTROL ROOM PERSONNEL'DUE TO SHINE FROM CR'BLDG END
18.0 45.0 460.0 10.0 10.0"100.0.4.0' 22.5 -25.5 '3.0 .
//

- iI



Calculation No. WBNTSR-064 Rev: 8 1 Plant: WBN I Page: 18

Subject: Offsite and Control Room. Operator Doses Due to a Waste Prepared: S)(f L Date: //z'/e .
Gas Decay Tank Rupture Checked: I Date: g-VI-ov

Appendix B
Input for FENCDOSE

KRM-83 KRM-85 KR-85
KR-87 KR-8R KR-89
XEM-131 XEM-133 XE-133 XEM-135 XE-135 XE-137XE-138
1-131 1-132 1-133 1-134 1-135
T
.141E-3 .668E-4 .459E-4 .204F.-4 .635E-5 6.07E-4
WBN WASTE GAS DECAY TANK RUPTURE, 500MREM EQIVALENCY-NON-TPC
TIME TO 2.0 HOURS

-6 'WG DECAY TANK CURIES I $TN- 0.2000E+01
I 1.484Fi 01 2 1.135E+02 3 3.667E+03 42.532E+01 15 .397E+02
6 g.730E-02 ,7 7.770E+02 8 8.730E+02 9 5.936E,#.04 10 4.190E+0 I

11 9.206E+02 12 2.357E-01 13 2.794E+00 144.800E-02 15 0.000E+00
16.300E-02 170.000E-00 '18 1.200E-02

WBN WASTE GAS DECAY TANK RUPTURE
TIME TO 8,HOURS

-6 'WG DECAY TANK CURIES -$ TN- 0-8000E+01
10.0 20.0 30.0 40.0 50.0
60.0 70.0 80.0 90.0 100.0

.11 0.0 120.0 130.0 140.0 150.0
160.0 170.0 I80.0

WBN WASTE (JAS DECAY TANK RUPTURE
TIME TO I DAY

-6 'WG DECAY TANK CURIES I$ TN= 0.2400E+02
10,0 20.0 30.0 40.0 50.0
60,0 70.0 810.0 90.0 100.0
110.0 120.0 130.0 140.0 150.0

160.0 170.0 180.0
WBN WASTE GAS DECAY TANK RUPTURE
TIME TO 4 DAYS

-6 wo DECAY TANK CURIES , '$TNý 0:9600E.t.02
10,0 " 20.0 30.0 40.0 '50.0
6 0.0 .70.0 810.0 90.0 100.0
110.0 120.0 •130.0 140.0 150.0
160.0 170.0 180.0

WBN WASTE GAS DECAY TANK RUPTURE
TIME TO 30 DAYS

-6 'WO DECAY TANK CURIES 'STN- 0.7200Ef03
10.0 20.0 30.0 40.0 50.0
60.0 70.0 140.0 90.0 100.0
110.0 120.0 130.0 140.0 150.0
160.0 170.0 1140.0
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NPG CALCULATION COVERSHEET/CCRIS UPDATE
Page I

REV 0 EMS/MS NO iEDMSTYPE: EDMS ACCESSION NO IYA for REV. 0')

Caic Tite:
Offsite Doses Due to a Regulatory Guide 1.4 Loss of Coolant Accident

I

tTAWIAMT MV DO~n~JA~DA

This calculation determined the offsite doses due to a Regulatory Guide tA Loss.of Coolant AccidM (LOCA). Revision 2 was
performed because the dispemon coefficients (XlQ) values have change& Mso, the Interim Auxdijary IBuing Semdary
Containment Eaclosure (ABSCE) is being changed tO the Final ABSCE. Since ithe ABSCE has not changed yet, tifs calculation
detemined *te doses due to bolh the interim and FinalABSCE. The calculation was entirey revwrtan for legibility and to btig tde
format iaccordance with NEP 3.1.

Co puter code STP was used to determine the activity released to the environs and computer code FENCDOSE was used to
determine the offfite doses. Initial core inventories came from WBNlNAL3-004. It was asmsnd thxat 25% of the iodines and 100% of
the noble gasses were available for release. The primary containment leak rate was assumed to be 0.25%/day forthe first 24 hours
and 0.1256/day thereafter. The annulus inleakage (250 cfm), EGTS reciroalation flow rates, and LGTS exhaust ratew were taken
fronmTI-ANL-166. 75% of the leakage from containment went to the annulus and 25% to the Auxiliary Building. Iodine removal due
to the ice condenser was taken into account.
-continued-

Special RequtremeneWI.Awlting Conditions

The special requirement/limiting condition of this calculation Is: if 2 EGTS fans are operating, one must be turned off
between 1 and 2 hours. Failure to turn off the second fan wil not result In exceedlag the 10CFRIOO olfite dose limits.

ADDRESS: E$~' 5

TVA 40532 (10-20081 Pap I of 2 WA 4532(1o200a Pae IoT2NEDP-2-1 (10-20-2008]



Calculation No. TI-RPS-197 Rev: 21 Plant: WBN i Page: 2

Subject: Offsite Doses Due to a Regulatory Guide 1.4 Loss of Prepared: Date:
Coolant Accident Checked: Date:

Revision 3 was performed because the annulus setpoint was changed from -0.5" to -1.036", which results in different EGTS
exhaust curves (TI-ANL-166). The Interim ABSCE case was eliminated from the analysis. Revision 4 was performed to
include in the STP model a single failure of the General Ventilation Exhaust Fans in the "on" position concurrent with one
isolation damper failing open leading to unfiltered bypass of the ABGTS filters (WBPER930129). Revision 5 was performed
because DCN M_-29141-A fixed the unfiltered bypass condition described above. Therefore revision 5 re-establishes the
revision 3 models and results. Revision 6 was performed to take into account ductwork leakage bypassing the ABGTS and
EGTS filters and to also the potential temporary loss of differential pressure in the Auxiliary Building following the single
failure of an ABGTS train. Revision 7 includes new X/Q values, added additional justification for ice condenser performance,
and updated references. Revision 8 gave later test results for ABGTS leakage which is less than the values in R7. The
calculation was not updated because the old leakages are more conservative. Successor calculations do not need to be revised
because the results of this calculation were not changed. Revision 9 was performed to increase the ABGTS leakages. Revision
10 was performed to increase the ABGTS leakages. Revision 11 was performed because the annulus setpoint changed from -
1.036" to -1.048" H-20.

Revision 12 incorporates new source terms from WBNNAL3-004 for 1000 EFPD (18 month cycle) with 5% U235
enrichment. R13 incorporated the 650 EFPD back into the calculation. Revision 14 was performed because the annulus
setpoint was changed to -1.45" 1120 and used the 1000 EFPD source. The results were the same as R13 (except for thf third
decimal point for the gamma, which was less by 0.001). Therefore it can be concluded that the new setpoint does not affect
the offsite doses, and the analysis does not have to be performed for the 650 EFPD sources. Successor calculations do not
need to be revised due to the change in setpoint.

Revision 15 is performed to establish the offsite doses with a Tritium Production Core (TPC). In addition, the standard
core (non-TPC) results were redone to include different thyroid dose determination methodologies. The previous method used
ICRP-2 iodine dose conversion factors. Now, ICRP-30 iodine dose conversion factors are also used, and the Total Effective
Dose Equivalent (TEDE) are determined. The 650 EFPD results were deleted. Revision 15 added the new methodologies of
ICRP-30 dose conversion factors for thyroid, and TEDE. Also, the TPC core was analyzed. The two TPC cores analyses
(100% and 3% tritium release to atmosphere) show that the limits are not exceeded. Note that the standard core values do
NOT have the same initial core inventories of iodines and noble gasses as the TPC core. This explains the difference in the
standard vs. 3% tritium release TPC core results (one would have expected the results to be similar). The results are mixed, in
that in some cases the TPC core gives the largest dose (such as 2-hr EAB TEDE). However, in other cases the standard core
gives a larger dose (such as 2-hr EAB thyroid). Therefore, both standard and TPC configurations must be examined in any
LOCA personnel ,dose analysis. The offsite doses calculated are below the regulatory limits of 25 rem gamma, 300 rem beta,
and 300 rem thyroid (and below the 25 rem TEDE).

Revision 18 is performed to roll calculations WBNNAL3-028 and WBNTSR-073 into this calculation. The EGTS is
assumed to fail in such a way so as to have a maximum exhaust for the duration of the accident. This will bound any
accident, failure, or abnormal operation which affects the EGTS system.

Revision 19 addresses the changes in the drawdown volume of the Auxiliary Building for ABGTS resulting from the
changed ABSCE boundary of DCN 52283A. Revision 19 shows that changes to the ABSCE will create a minimal difference
in Auxiliary Building volume that remains bounded by the effective volume applied in this calculation. The DCN 52283-A
changes are intended to remain in effect during WBN Unit 2 construction completion activities.

Revision 20 is performed to change the flow rates due to a more rigorous exhaust calculation, and to incorporate an
operator action time between 1 and 2 hours to support corrective actions for PER 91670. Revision 20 investigated the impact
of a new single failure scenario associated with the control loop for one pair of PCOs. Current procedures require Operations
to tam off one EGTS fan subsequent to EGTS start. An operator action between 1 and 2 hours to shut off one of two EGTS
fans will impact the results. If there is some recirculation with the second train running, then there will be an insignificant
(about 1%) increase in the dose if the action is. at 1 hour instead of 2 hours (Appendix H). Per Appendix H, a 1 hour operator
action should be the design basis of the plant, since it results in the highest doses for gamma, beta, and TEDE. The EGTS
single failure with 250 cfm steady state exhaust results (Appendix I) in higher Inhalation and 2-hr EAB TEDE doses. Per
Appendix G, there is not much difference between 8000+10% and 8000-10% EGTS flow. However, the lower flow is
slightly higher, and this is primarily due to the increase time at the beginning of the accident when the annulus is at a positive
pressure and the slower pump down rates. The offsite doses calculated are below the regulatory limits of 25 rem gamma, 300
rem beta, and 300 rem thyroid (and below the 25 rem TEDE). See Results section for values. Revision 21 performs the PCO
control loop single failure for Unit 2 (which is bounded by the Unit 1 LOCA, Appendix J.

Special Note: The EGTS single train (250 cfm steady state exhaust) scenario applies to both units.
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NPG CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER TI-RPS-197

Title Offsite Doses Due to a Regulatory Guide 1.4 Loss of Coolant Accident

Revision DESCRIPTION OF REVISION
No.

0 Initial Issue
I Revision 1 was performed to change the calculation to reflect the Interim ABSCE (10 minute ABGTS

bypass) instead of the Final ABSCE (4 minute ABGTS bypass). In addition, the ice condenser iodine
removal efficiencies were changed to reflect new ice weight technical specifications.
Pages added: 2.1, 2.2, 18.1, 21.1., 22.1
Pages deleted: 1,2,18,21,22
Pages changed: coversheet, 5, 7, 8, 14-16, 24

2 Revision 2 was performed to reflect new X/Q values, and because the configuration of the plant will be
changing to the Final ABSCE. However, both the Interim-and Final ABSCE results will be presented
because the ABSCE changes have not been finalized. The calculation was entirely rewritten for legibility
and to bring the format in conformance with NEP 3.1 R1-PCN4.
Pages added: all
Pages deleted: all of revision 1

3 Revision 3 was performed because the annulus setpoint was changed from -0.5" H20 to -1.036" H20.
This resulted in new EGTS exhaust rates. This revision also eliminated the Interim ABSCE case.
Pages added: none
Pages deleted: none
Pages changed: 1-4, 6-8, 10-12, 14-15, 17-18

4 Revision 4 was performed to add unfiltered leakage past the ABGTS filters for 1 hour at the beginning of
the LOCA due to a single failure of the Auxiliary Building General Ventilation Exhaust Fan failure in the
"on" position (WBPER930129).
Pages added: new cover (p.1)
Pages changed: 1.1 (old cover, previously p.1), 2-10, 13, 16-18
Pages deleted: none

5 Revision 5 was performed because the unfiltered bypass leakage from revision 4 was fixed in DCN M-
29141-A. The revision 3 models and results were re-established.
Pages added: none
Pages changed: 2-6, 8, 9, 17, 18
Pages deleted: none

6 Revision 6 was performed to take into account ductwork leakage and the temporary loss of differential
pressure in the Auxiliary Building following the single failure of an ABGTS train
Pages added: 19
Pages deleted: none
Pages changed: 1-6, 8,9, 11-13, 17, 18
Revision 7 was performed to include new X/Q values, justify ice condenser assumptions, and update references. All
pages were renumbered. The "pages changed" listing does not include pages renumbered, but only pages with actual
text modifications
Pages added: Appendix A, Appendix B, Appendix C
Pages deleted: Attachment B, Attachment C

Pages changed: 4-13, 15-17, 19-22

TVA 40709 [10-2008] Page I of I NEDP-2-2 [10-20-2008]
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NPG CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER TI-RPS-197

Title Offsite Doses Due to a Regulatory Guide 1.4 Loss of Coolant Accident

Revision DESCRIPTION OF REVISION
No.

8 Revision 8 was performed to address new ABGTS leak test data. The new data shows less leakage, therefore the calculation was not changed because
the old leakage values lead to conservative results. Successor calculations do not need to be upgraded due to this revision because results did not
change.
pages changed: 1, 4, 6-9, 10, 11, 15, 22
pages added: 5.1, Attachment D (3 pages)
pages deleted: none

9 Revision 9 was performed because the ABGTS leakage rate changed, but did not significantly impact the results. Therefore, successor calculations do
not need to be updated.
pages added: none
pages deleted: none
pageas changed: 1, 4, 5.1, 6-9, 11, 12, 15,20

10 Revision 10 was performed because the ABGTS leakage rate changed, but did not significantly impact the results. Therefore, successor calculations do
not need to be updated.
pages added: 1, 9.1
pages deleted: none
pages changed 1.1 (old page 1), 4, 5.1, 6-12, 15, 20

11 Revision 11 was performed because of a change of theannulus setpoint from -1.036" H20 to -1.048" H20.
pages added: Attachment E (5 pages)
pages deleted: none
pages changed: 1, 4, 5.1, 6-12, 9.1, 15-18, 20-22

12 Revision 12 was performed because of new source terms. The calculation is based on 5% U235 enrichment, 1000 EFPD (18 month cycle). This was
specifically done for cycle 2, however the results are also applicable to cycle 1. The R 1I results should be used for cycle 1 until a 50.59 has been
performed for the new fuel.
pages added: none
pages deleted: none
pages changed: 1, 4, 5.1, 6-9, 9.1, 11, 12, 20, 21

13 Revision 13 was performed to incorporate the 650 EFPD results (from R 11) into the calculation.
pages added: I
pages changed: la (old page 1), 4, 5.1, 6-8, 11, 20,21
pages deleted: none

14 Revision 14 was performed because the annulus setpoint changed from -1.048" to -1.45" H20.
pages added: none
pages changed: 1, 4, 5.1, 6-9, 8.1, 11, 17, 18, 20, 21
pages deleted: none

15 Revision 15 was performed to incorporate the Tritium Production Core (TPC) as part of the analysis. Included as part of this is the revised version of
FENCDOSE which can handle tritium. The answers are now expressed in terms of ICRP-2 thyroid dose (current design basis for the plant); ICRP-30
thyroid dose, and TEDE. 650 EFPD results were deleted as they no longer apply to WBN. Discussion on the limits and new dose methodologies were
also added.
pages added: Appendix A and B
pages changed: 1, 4, 5.1, 6, 9, 9.1, 11-13, 15, 19, 20-22
pages deleted: Classification Forms RI5: 50 total pages

16 Revision 16 was performed as part of EDC 5095 IA. This lowered the ice weight and thus changed the iodine removal efficiencies. The new values
were found to give less conservative dose results compared to Revision 15. Therefore the previous results are still acceptable and no successors are
impacted by this revision. Also, because the previous results are more conservative, the SAR and T/S are not impacted.
Pages deleted: TVAN CTS Form, old coversheets
Pages added: CCRIS Update Sheet, Appendix D
Pages Changed: 1,5-9,19,21 Total Pages :47
Revision 17 was performed as corrective action to PER 61493. This PER documented that dose calculations did not take into consideration the

17 operation of two trains of ABGTS or EGTS. This calculation models the ABGTS with a conservative arbitrary holdup time of 0.3 hours. Therefore no
matter the flow rate of the ABGTS, the volume is adjusted so that the holdup time is 0.3 hours. Therefore since the flowrate with two trains in operation
would result in an AB volume less than that of the actual AB volume, the results would not be impacted by having two trains of ABGTS in
operation.Operating with two trains of EGTS would achieve the desired annulus pressure differential in less time that with one train in operation. This
results in less radioactivity released directly to the environment (i.e. less offsite dose). The steady state flow rate of 250 cfm would not be changed as
this is the approximate flowrate required to maintain the desired annulus pressure differential. Therefore operating with two trains of EGTS would not
impact the results of this calculation.
Since the body of the calculation was not revised, the results remain unchanged and the FSAR and TS's are not impacted.
Pages deleted: none
Pages added: 12A
Pages Changed: 1, 3, 5, 12 Total Pages : 48

TVA 40709 [10-2008] Page I of I NEDP-2-2 [10-20-20081
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NPG CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER TI-RPS-197

Title Offsite Doses Due to a Regulatory Guide 1.4 Loss of Coolant Accident

Revision DESCRIPTION OF REVISION
No.
18 Revision 18 is performed to address corrective actions for PERs 5313 and 91670 and to roll calculations WBNNAL3-028 and

WBNTSR-073 into this calculation. The EGTS system is assumed to fail in such a way so as to have maximum exhaust for the
duration of the accident. This will bound any accident, failure, or abnormal operation which affects the EGTS system. The
inleakage was increased to 1281 cfm at -13.13" to correspond to maximum exhaust flow. This is intended to become the design
basis LOCA for FSAR chapter 15. The FSAR is affected by this revision. Some of the affected successor calculations are: TI-
RPS-198, WBNNAL3-028, WBNTSR-073, WBNAPS3-109, WBNAPS3-089, WBNAPS3-050, WBNTSR-028, WBNNAL3-
002, WBNNAL3-004, WBNTSR-112, WBNTSR-005, WBNTSR-011, WBNTSR-096, WBNAPS3-049, WBNAPS3-072,
WBNTSR-081, WBNTSR-114, WBNTSR-082, WBNTSR-083, WBNTSR-084, WBNTSR-085, WBNTSR-086, WBNTSR-
087, WBNAPS3-081, WBNAPS3-078. Successor calculations will be handled by the corrective action plans for PERs 5313
and 91670 i.e. a DCN or EDC will not be issued for these issues.
• Pages added: 6, App.E
Pages deleted: design verification form
Pages changed: 1-3, 7-11, 13, 15, 16, 19, 21-26, 31-33

I R18: 49 total pages
19 Revision 019 of this calculation supports the implementation of DCN 52283-A. DCN 52283-A removes the Unit 2 Containment from inside

the ABSCE (Auxiliary Building Secondary Containment Envelope).
Appendix F of this calculation was added to define the new ABSCE boundary as well as confirm that the maximum volume of the revised
ABSCE boundary is bound by the applied effective volume.
FSARJTS will be reviewed/modified under DCN 52283A.

FSAR Reviewer___ Date
Pages Added: Calculation Cover Sheet - pgs iil, i I

Record of Revision - pg 6a
Calculation Design Verification Form - pg 9a
Appendix F- Modified ABSCE Boundary of DCN 52883-A - pg Fl, F2, F3

Pages Revised/Replaced: Table of Contents - pg 7
Purpose - pg 10
Conclusions - pg 19
References - pg 21

Pages Deleted: N/A
Total number of pages in this revision including Attachments: 55 Pages

20 Revision 20 is performed to model a new single failure scenario and incorporate an operator time to turn off one fan of EGTS
between I to 2 hours. Two train EGTS operation with a PCO control loop single failure is now the design basis accident which
results in greater flow rates out the shield building stack and correspondingly higher gamma and beta doses. The operator action
is to correct the EGTS system such that only one fan is in operation long term. Appendix G is added to evaluate the difference
between 2 train EGTS flows of 8000+10% = 8800 cfm versus 8000-10%=7200 cfm flow. Appendix H is added to evaluate the
operator action time (1 hour versus 2 hour). The single train EGTS failure case from WBNAL3-028 (250 cfm EGTS steady state
exhaust) is presented in Appendix I. SAR has been reviewed by Marc Berg and this revision of the calculation affects
SAR section Chapter 15. A SAR change shall be processed in accordance with NADP-7 to reflect the calculation results as
part of EDC 52564.Tech Specs have been reviewed and determined not to be affected. The affected successor calculations are
listed in the R18 revision log. Successor calculations will be updated as part of EDC 52564.
Pages added: Appendix G, Appendix H, Appendix I
Pages deleted:.none
Pages changed: 1-3, 6, 7, 9-19, 21-28

R20: 61 total pages

21 Revision 21 is performed to model the unit 2 version of the PCO control loop single failure(revision 20 only analyzed Unit 1).
SAR has been reviewed by Marc Berg and this revision of the calculation affects Unit 2 SAR section Chanter 15. A
SAR change shall be processed in accordance with NGDC PP-10 to reflect the calculation results as part of EDCR 54956. Tech
Specs have been reviewed and determined not to be affected. The affected successor calculations are listed in the R18 revision
log. Successor calculations will be updated as part of EDCR 54956.
Pages added: 7.1, Appendix J (pages 46-48)
Pages deleted: none
Pages changed: 1-3, 6-10, 13, 18, 19,21-23

R21: 65 total pages
TVA 40709 [10-2008] Page I of I NEDP-2-2 [10-20-20081
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Calculation Identifier TI-RPS-1 97 Revision 21

Method of verification used:

1. Design Review "

2. Alternate Calculation LI Verifier Heather Lucek Date 1-7-2010

3. Qualification Test __
Comments:
I have reviewed TI-RPS-197 R21 and have found the calculation to have been completed in a technically sound an
appropriate manner to address the PCO control loop single failure in Unit 2. In conducting the verification I
reviewed the methodology, design input, and assumptions which I found to be valid and conservative. I verified the
computer code inputs for correctness and confirmed they only contained the changes as specified in this document. I
also confirmed the correct output values were compiled in the results.
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NPG COMPUTER INPUT FILE
STORAGE INFORMATION SHEET

Document TI-RPS-197 Rev. 21 Plant: WBN

Subject:
Offsite Doses Due to a Regulatory Guide 1.4 Loss of Coolant Accident

fl Electronic storage of the input files for this calculation is not required. Comments:

Z Input files for this calculation have been stored electronically and sufficient identifying information is provided
below for each input file. (Any retrieved file requires re-verification of its contents before use.)

The computer input for R9 is permanently stored in FILEKEEPER file # 263513.

The computer input for RIO is permanently stored in FILEKEEPER file # 263547.

The computer input for RI 1 is permanently stored in FILEKEEPER file # 263604.

The computer input for R12 is permanently stored in FILEKEEPER file # 292551.

The computer input for R14 is permanently stored in FILEKEEPER file # 292736.

The computer input for R15 is permanently stored in FILEKEEPER file # 303356.

The computer input for R16 is permanently stored in FILEKEEPER file # 303782.

The computer input for RI8 is permanently stored in FILEKEEPER file # 308817.

The computer input for R20 is permanently stored in FILEKEEPER file # 311653 through 311668

The computer input for R21 is stored in eFiche TVA-F-W001342

El Microfiche/eFiche

TVA 40535 [10-2008] Page 1 of 1 NEDP-2-6 [10-20-2008]

TVA 40535 [10-2008] Page I of 1 NEDP-2-6 [10-20-20081
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MICROFICHE INFORMATION SHEET

Document TI-RPS-197 Rev. 21 Plant: WBN

Subject:
Offsite Doses Due to a Regulatory Guide 1.4 Loss of Coolant Accident

Microfiche Number Description

R2: WRAD-22

R3:TVA-F-G 104044

R4:TVA-F-G104620

R6: TVA-F-C000022

R7:

TVA-F-C000048

TVA-F-1000084

R2: note this is microfilm

R9:.
TVA-F-C000094

RIO:

TVA-F-C000098

RI :
TVA-F-COOOIO
R12:
TVA-F-COO00133

R14:
TVA-F-C000161
R15:

TVA-F-C000325

R16:

TVA-F-w000237

RiB8:
TVA-F-W000672

R20:
TVA-F-W000751,
TVA-F-W000754,

TVA-F-W000814

R7:
Name
RPS197S7
RPS197F7
CDCONL
R9:
RPS197S9
RPS197F9
RIO:
RP197SIO
RP197FIO
RI1:
RP197SIl
RPI97F1 I
R12:
RP197S12
RP197F12
R14:
RP197S14
RP197F14
R15:
R197IS15
R197S15A
R197S15B
R197F15A
Ri97FI5B
R197F15X

Code
STP
FENCDOSE
MONSTER

STP activity released Final ABSCE
FENCDOSE offsite dose Final ABSCE

STP activity released Final ABSCE
FENCDOSE offsite dose Final ABSCE

STP activity released Final ABSCE
FENCDOSE offsite dose Final ABSCE

STP activity released Final ABSCE
FENCDOSE offsite dose Final ABSCE

STP activity released Final ABSCE
FENCDOSE offsite dose Final ABSCE

Description
activity released Final ABSCE
offsite dose Final ABSCE
blowdown flow, determination (Appendix A)

STPISOTP
STP
STP
FENCDOSE
FENCDOSE
FENCDOSE

gamma and decay info for STP
activity released, TPC 100% H3 airborne
activity released, TPC 3% 113 airborne
offsite dose, TPC 100% H3 airborne
offsite dose, TPC 3% H3 airborne
offsite dose, standard core (non-TPC)

R16 (efiche):
R197S STP activity released, TPC 100% H3 airborne
R197F FENCDOSE offsite dose, TPC 100% H3 airborne
R18 (efiche):
R197S18A STP activity released, conventional core (non-TPC)
R197S18B STP activity released, TPC 100% H3 airborne
R197S18C STP activity released, TPC 3% H3 airborne
R197F18A FENCDOSE offsite dose, standard core (non-TPC)
R197FI8B FENCDOSE offsite dose, TPC 100% airborne
R197F18C FENCDOSE offsite dose, TPC 3% H3 airborne

R20 (efiche):
R197S19# STP activity released
R197F19# FENCDOSE offsite dose
A= conventional core, 1 7hr operator action
B= TPC 100% 113 airbome, 1-hr operator action, 7200 cfm EGTS
C= TPC 3% H3 airborne, 1-hr operator action, 7200 cfm EGTS
D=- TPC 3% 113 airborne, no operator action, 7200 cfm EGTS
E= conventional core, no operator action, 7200 cfm EGTS
F= TPC 100% H3 airborne, no operator action, 7200 cfm EGTS
G=- TPC 3% H-3 airborne, 2-hr operator action, 7200 cfm EGTS
H= TPC 3% H3 airborne, 2-hr operator action, 8800 cfm EMTS

R21 (efiche):
R197S21# STP activity released
R197F21# FENCDOSE offsite dose

A= conventional core B= TPC 100% H3 airborne, D= TPC 3% H3 airborne

R21:

TVA-F-W001342



Calculation No. TI-RPS-197 I Rev: 21 1 Plant: WBN I Page: 10

Subject: Offsite Doses Due to a Regulatory Guide 1.4 Loss of Prepared: Date:
Coolant Accident [Checked: Date:

Purpose

The purpose of this calculation is to determine the offsite doses due to a Regulatory Guide 1.4 (ref.1) Loss of Coolant
Accident. Revision 2 is being performed because the X/Q values and EGTS exhaust rates have changed. The calculation is being
rewritten for legibility and to bring the format into accordance with NEP 3.1 Ri. Revision 3 is performed because the annulus
setpoint was changed from -0.5" to -1.036" H20, which results in different EGTS exhaust curves (ref. 19). The Interim ABSCE
case was eliminated from the analysis. Revision 4 is performed to include in the STP model a single failure of the General
Ventilation Exhaust Fans in the "on" position concurrent with the failure of one of the isolation dampers to close leading to
unfiltered bypass of the ABGTS filters (WBPER930129, ref.22). Revision 5 is performed to re-establish the revision 3 models and
results because the ABGTS bypass no longer exists due to modifications from DCN M-29141-A (ref.25). Revision 6 is performed
to take into account ABGTS and EGTS leakage and also the potential temporary loss of Auxiliary Building differential pressure
following a single failure of an ABGTS train. Revision 7 is performed to incorporate new X/Q values, justify Ice Condenser
parameters, and update references. Revision 8 is performed to address new ABGTS leakage values. Revision 9 is performed to
increase ABGTS leakage. Revision 10 is performed to increase ABGTS leakage. Revision 11 is performed because the annulus
setpoint changed from -1.036" to -1,048" H20. Revision 12 incorporates new source terms from WBNNAL3-004 for 1000 EFPD
(18 month cycle) with 5% U235 enrichment. The extended burnup fuel is for cycle 2. R13 is performed to incorporate the RI 1,
650 EFPD (cycle 1) results into the calculation. Revision 14 is performed because the annulus setpoint was changed from -1.048"
to 1.45" H20.

Revision 15 is performed to establish the offsite doses with a Tritium Production Core (TPC). In addition, the standard
core (non-TPC) results were redone to include different thyroid dose determination methodologies. The previous method used
iCRP-2 iodine dose conversion factors. This calculation determined the doses using 3 different methodologies. The gamma,
beta and Thyroid (ICRP-2) doses are all based on TID-14844 methodologies utilizing the ICRP-2 iodine dose conversion
factors found in TID-14844 and are the current (as of June 2001) licensing basis of the plant. The second methodology is the
Thyroid (ICRP-30) dose, which is also based on TID-14844, but uses the ICRP-30 iodine dose conversion factors. The ICRP-
30 iodine dose conversion factors are less conservative than the ICRP-2 factors. This methodology is presented for potential
future use. Finally, the third methodology used is the TEDE (Total Effective Dose Equivalent). The TEDE presents an overall
weighted dose and is more representative of the impact of all isotopes on the body as a whole. The TEDE dose is presented for
potential future use, however is not currently (as of June 2001) part of the design basis of the plant. It is important to note that
tritium does not impact the thyroid doses utilizing the TID-14844 methodology, because only iodine is applied to the'thyroid
dose. However, in fact tritium does contribute to the thyroid dose; as well as other organs of the body. This is why the TEDE is
a more representative dose when discussing the impact of tritium. It is up to the end user to choose the dose which is to be
used, with the understanding that each methodology has a'different meaning. The 650 EFPD results were deleted as WBN
utilizes an extended cycle, ie. 18 months and 1000 EFPD.

Revision 18 is performed to incorporate EGTS exhaust rates which reflect failures in the EGTS system. It is now assumed
that the EGTS exhausts at the maximum rate for the entire accident, and the accident starts with the annulus at 0" H20
differential pressure (instead of -5" H20). The calculations WBNNAL3-028 and WBNTSR-073 are rolled into this calculation.

Revision 19 is performed to address changes in the ABSCE boundary identified as part of DCN 52283-A.
Revision 20 is performed to incorporate a 1 to 2 hour operator action to correct the EGTS system. The EGTS system

will be modeled as 2 trains with appropriate recirculation/exhaust based on new more rigorous flow calculations (both initial
transient conditions as well as steady state single failure conditions) as opposed to maximum exhaust with no recirculation.
Appendix G is added to evaluate the difference between 2 train EGTS flows of 8000+10% = 8800 cfm versus 8000-
10%=7200 cfm flow. Appendix H is added to evaluate the operator action time (1 hour versus 2 hour).

Revision 21 is performed to add the Unit 2 evaluation of the PCO control loop single failure (Appendix J). Only the
bounding cases (as determined in revision 20) of 1 hour operation action with the 8000-10% = 7200 cfm EGTS flow were
evaluated.
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Subject: Offsite Doses Due to a Regulatory Guide 1.4 Loss of
Coolant Accident

Introduction

Guidelines for determining the radiological consequences due to design basis Loss of Coolant Accident (LOCA) for a
pressurized water reactor are presented in Regulatory Guide 1.4 (ref. 1). These guidelines provided the basis for this analysis.
The computer code STP (ref.3) is used to calculate the activity released to the environs during the 30 days following the
Reg.Guide 1.4 LOCA, and the computer code FENCDOSE (ref.4) is used to calculate the resulting offsite doses.

The offsite gamma dose limit is 25 rem (10CFRI00.1 1), the thyroid dose limit is 300 rem (10CFR100. 11), and the TEDE
dose limit is 25 rem (10CFR50.67). SRP 6.4 in NUREG 0800 (ref.32) shows that the thyroid dose and beta dose limits are
equivalent for the control room, therefore the offsite beta dose limit can be assumed the same as the offsite thyroid dose limit,
300 rem. 1OCFR20.1201 also states that the organ (thyroid) dose and skin (beta) dose are equivalent.

Assumptions and Data

The following assumptions and parameters are used in this
1. The primary containment free volume
available for mixing is:
2. The annulus free volume: (50% of which is assumed
available for mixing)
3. The auxiliary building volume
available for mixing is assumed to be:

4. The primary containment air return
fan flow rate (1 of 2 assumed operating):
5. Total EGTS flow rate:

6a. EGTS exhaust flow rates:
6b. EGTS recirculation flow rates:
7. ABGTS flow rate:
8. Primary containment leak rate:

9. Annulus Inleakage (from Aux.Building):

10. Primary containment leakage to annulus:
11. Primary containment leakage to the Aux Bldg
12. EGTS filter efficiencies:
13. ABGTS filter efficiencies:
14. Delay before credit is taken for ABGTS filters
15. Mean holdup time of activity in the
auxiliary building after initial 4 minutes: 0.3 hr
(see calculation section for discussion)
16. Ice condenser removal rates:
17. Meteorology:
18. Radioisotopes available for release:

ref.2
ref. 19

assumed,
see Calc.
(this is based on a conservative "effective
volume" with an section assumed mean holdup
time of 0.3 hours, see calculation section for
justification)

40,000 cfm ref.5
7,200 cfm ref.12,13 (see assumption 23 and 24 and

Appendix G)
variable, Table 3 (see assumption 23)
variable, Table 3 (see assumption 23)

9,000 cfm ref. 18 see note 1,2
0.25%/day 0-24 hrs,ref. 1, 11
0.125%/day >24 hrs,ref.1, 11

957 cfm at -2. l"H20 with 2 EGTS trains, 694 cfm with 1 EGTS
assumption 25
75% ref.11
25% ref.11

99%
99%

4 min.Final ABSCE,ref.20,14

ref. 10
ref. 10

see Table 2 ref.6
see Table 4 ref. 8
25% core iodines ref. I
100% noble gasses ref. 1

19. Releases between time--0 to times up to 66 seconds post LOCA from the various systems breaching containment listed
in WB-DC-40-34 (ref.37) are not taken into account. It is assumed that the consequences of any releases from the systems
during the time when the system containment isolation valves are open is insignificant.
Technical Justification: The dose due to releases from the systems which are isolated will be very small. Calculation TI-632
(ref.39) analyzed the dose due to releases due to a purge at the start of the accident. Those doses were very small. The purge
mass releases will certainly bound any potential release through the other systems being isolated, especially since many of
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those systems are closed/self contained. Also, most of the systems do not have a credible leakage path for the 0-66 sec time
period from the containment atmosphere or reactor coolant into the system in question due to the system being at higher
pressure than the containment atmosphere or the depressurized reactor coolant.
note 1) The ABGTS flow is 9000 cfm total, but only 7000 cfm is from the Auxiliary Building. 2000 cfm is from the
vacuum relief. If the vacuum relief valves fail, then the flow from the Auxiliary Building will become 9000 cfm. For
conservatism, it is assumed in this calculation that the vacuum relief lines fail.
note 2) DCN M-10354-B (ref.31) installed new controllers for the ABGTS. This modification resulted in new setpoints
(ref.32). Initially following an accident, both ABGTS trains start up (ref. 14). Operator action is needed to turn one of these
trains off. If a single failure occurs subsequent to this action, the Auxiliary Building will lose its differential pressure. When
the differential pressure reaches the setpoint, the other train is started up, but by this time the differential pressure
requirement of -0.25" or greater has been lost. Therefore, according to the Standard Review Plan, secondary containment is
lost. The time to reestablish the differential pressure is conservatively assumed to be the same as when the ABGTS first
started at the beginning of the accident (4 minutes). The single failure is assumed to occur immediately following the
operator action (30 minutes), therefore the direct leakage to the environment occurs from 30 to 34 minutes post LOCA. The
leakage is assumed to be 9900 cfm, which is the same as the inleakage when there is a driving force (the differential
pressure). This value is chosen because, as the differential pressure decreases, the driving force also decreases. The 9900
cfm is maximum leakage during maximum delta pressure (9000 cfm+10%), therefore, it is expected that during essential
zero delta pressure, the outleakage will not exceed 9900 cfn. This calculation establishes 9900 cfm as the maximum
permissible leakage. Note: the value of 9000 cfm was actually used in the analysis. This will not affect the results since the
volume of the Auxiliary Building is arbitrarily set to have a holdup of 0.3 hour. If the model were changed from 9000 cfm
to 9900 cfm, the volume would also change. The net effect would be for the holdup to be the same, and would not change
any results.

20. For TPC configurations, two cases are analyzed. One TPC assumes 100% of the core tritium release to the containment
atmosphere. The more realistic TPC case assumes 3% of the core tritium is released. (A conventional core is also analyzed)
Technical Justification: The TPC 100% release is clearly conservative since most tritium is expected to be in the form of
water (H20), especially because of hydrogen recombiners in containment. Therefore, realistically a significant fraction of
tritium will be in the sump water. The'TPC 100% airborne case clearly provides an upper bound for tritium releases to the
environment. The TPC 3% airborne case is amore realistic case where the tritium will mostly be in the sump. This case
will maximize tritium in the sump. The 3% value is taken from the topical report, reference 41.

21. It is assumed that tritium is not filtered out by the EGTS or ABGTS system.
Technical Justification: It is expected that a significant fraction of tritium will be in the chemical form of water (HTO).
Carbon filters will trap water. Assuming no delay, trapping, or filtration of the tritiated water assures that the results will be
conservative.

22. Only one train of ABGTS is in operation.-Two trains of EGTS trains are in operation
Technical Justification: This calculation models the ABGTS with a conservative arbitrary holdup time of 0.3 hours.
Therefore no matter the flow rate of the ABGTS, the volume is adjusted so that the holdup time is 0.3 hours. Therefore
since the flow rate with two trains in operation would result in a AB volume less than that of the actual AB volume, the
results would not be impacted by having two trains of ABGTS in operation. With the exception of the thyroid dose,
operation with a postulated PCO control loop single failure has greater releases than the previous design basis accident
assumption of a single failure of one EGTS train (250 cfm steady state exhaust). The single EGTS failure (250 cfm steady
state exhaust) case is presented in Appendix I. For the EGTS, cases with no operator action and with operator action to shut
down one EGTS fan are presented in this analysis. In addition, comparisons between EGTS flow of 8000 cfm +10% and
8000 cfm - 10% are examined (Appendix G).

23. The EGTS is assumed to have a PCO control loop single failure at the beginning of the accident, such that the
maximum 2 train flow occurs at the beginning of the accident until operator action is credited in turning off one fan.
between 1 and 2 hours.
Technical Justification: This will bound any operation mode (normal, single failure, or abnormal operation) of the EGTS.
With full flow, the beginning of the accident will have variable exhaust flow. As the annulus is depressurized, less exhaust
will be available. From MDQ00006520070121 (ref.55), the maximum steady state 2 train EGTS flow is 6131 cfm with an
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exhaust of 957 cfm. This set of flows occurs when the EGTS should be set to full recirculation mode due to excessive
depressurization (see flow curves taken from TI-ANL-166). At 602 seconds, the variable exhaust flow is reduced linearly to
957 cfm (finally achieving the steady state 957 cfm at 2100 sec) with recirculation of 6131-957=5174 cfm. This will remain
the exhaust for the duration of the accident for the no operator action case. For the operator action cases to shut down one
EGTS fan, the flows are changed to 694 cfm exhaust and 4278-694=3584 cfm recirculation. For Unit 2, from
MDQ00206520090368 (ref. 58), the 2 train EGTS flow is 6569 cfm with an exhaust of 832 cfm and recirculation of 6569-
832 = 5737 cfm. The 1 train EGTS flow is 4059 cfm with and exhaust of 604 cfm and recirculation of 4059-604 = 3455
cfmn.
24. Prior to 60 seconds with 8000-10% =7200 cfm EGTS flow, the containment leakage goes directly to the environment.
For 8000+10%=8800 cfm EGTS flow, the containment leakage directly to the environment last until 56 sec.
Technical Justification: From TI-ANL-166, the pressure in the annulus is positive (>-0.25" H20) for 60 sec or 56 sec.
Therefore, there is no secondary containment (annulus) at that time.

25. This analysis was originally based on 250 cfm inleakage to the annulus (the tech spec leakage into the annulus at -0.5"
H20). With the inclusion of EGTS control loop single failure with maximum pumping down and the EGTS exhausting
continually for the duration of the accident, the inleakage is assumed to be 957 cfm at -2.1" (ref. 47) with 2 EGTS trains,
and 694 cfm at -2.1" with 1 EGTS fan operating. For Unit 2, the inleakage is assumed to be 832 cfm at -1.88" (2 EGTS
trains) and 604 cfm at -1.48" ( 1 EGTS train) (ref.47).
Technical Justification: Due to the increase in steady state exhaust, the inleakage must be at the same as the exhaust rate.

26. For the case of operator action correcting the 2 train EGTS failure scenario described above, it is assumed that the
action is between 1 and 2 hours to correct the operation to a single fan.
Technical Justification: The time frame is engineering judgment. Most operator actions are assumed to occur with 30
minutes. However, during discussions with Ops, it has been determined that 30 minutes is too short a time period for the
type of accident where this failure could occur. A more reasonable time period of 1 to 2 hours was used in this calculation.
Appendix H evaluates the worst case time frame.

Special Requirements/Liminting Conditions

The special requirement/limiting condition of this calculation is: If 2 EGTS fans are operating, one EGTS fan must be
turned off between 1 and 2 hours. See assumption 26. The fan shall not be turned off earlier than 1 hour. Failure to turn off
the second train will not result in exceeding the 1OCFR100 offsite dose limits. However, turning off one fan prior to 1 hour
could result in higher doses.
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Calculations

The primary containment is modeled as one volume. The reduction of the iodine population due to the ice condenser is
modeled as a time dependent removal process. Elemental and-particulate species are only removed, the ice condenser removal
efficiencies for organic iodines is minimal, thus no credit is assumed (ref.15 sec.8.2.6). The iodine removal rates and the basis
for these removal rates.are shown in Table 2. The Standard Review Plan 6.5.4 section III.l.a (ref.33) says that the ice
condenser is considered ineffective in the removal of particulate iodine. However, Westinghouse has provided WBN with
information (WAT-D-9902, ref.34) which shows that particulate iodine has a variety of removal mechanisms. The use of the
same ice condenser removal efficiency for particulate as elemental iodine is conservative if no other particulate iodine removal
mechanisms are modeled.

A description of the STP models' parameters are shown in Table 1. The activity assumed to be available for immediate
release is 25% of the core activity of iodine and 100% of the core activity of noble gasses (ref.1). With the TPC, two cases are
analyzed. Case B assumes 100% of the tritium is released to the containment atmosphere. In case C, only 3% is released to the
containment atmosphere. The activities are taken from WBNNAL3-004 (ref.7). Activities for the TPC core are taken from
WBNAPS3-098 (ref.40). The iodine is assumed to be 91% elemental, 5% particulate, and 4% organic (ref.1). Isotopes Kr-90,
Xe-137, Xe-139, and Xe-140 are not used because of the very short half-lives (ranging from 13 seconds to 3.8 minutes). 1-130
is not used because it has a very small core inventory (103 curies) compared to the other iodine isotopes (1074108 curies).

The LPZ doses are calculated by using the computer code FENCDOSE. The activity released to the environment during
the time intervals 0-2 hrs, 2-8 hrs, 8-24 hrs, 24-96 hrs, and 96-720 hrs is taken directly form the STP results. The respective
dispersion coefficients (X/Q) are taken from refs. 8 and 9 (see Table 4).
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Figure 1
STP Model
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Table 1
STP Parameter Description (see Figure 1)

Step Source: At t=0, 100% of the core inventory of noble gasses and 25% of the core inventory of iodine are stepped into
component 1. Core inventories are taken from reference 7 for normal core, reference 40 for TPC. With the TPC
core, two cases are analyzed: case B assumes 100% of the tritium is released to the containment atmosphere.
Case C assumes only 3% is released. Conventional core is designated as Case A.

Primary Containment: Volume = 1.27E6 cuft (ref.2)
(component 1) Ice condenser removal efficiencies see Table 2.

Flow 1-2: 0-24 hrs: 0.25% vol/day =
(0.25%)(1.27E6 cuft)(day/24hr)=132.3 cuft/hr

24 hrs-30 days: 0. 125% vol/day =
(0.125%)(1.27E6 cuft)(day/24hr)=66.1 cuft/hr

Containment Leakage Split: Volume=IE-6 (arbitrarily small)
(component 2) Flow 2-6 = 1.0 for t<1 14 sec

Flow 2-6 = 0.25 for 114 sec <time<4 minutes (Final ABSCE)
Flow 2-6 =0 for time>4 min
Flow 2-3--0.25 for t>4 minutes (Final ABSCE)
Flow 2-4--0.75 for t>1 14 sec

Auxiliary Building: Flow 3-10--9000 cfm or 5.4E5 cfh for t>4 minutes
(component 3) The auxiliary building free volume is about 3.5E6 cuft (ref.14). The exhaust rate is therefore about 0.15
volumes/hour, providing a mean holdup time of more than 6 hours. To account for any short circuits (incomplete mixing) a
reduction factor is arbitrarily taken so that the holdup time will be a conservatively low 0.3 hour holdup time (tH):

tH=V/F or V=tH*F--(0.3 hr)(5.4E5 cuft/hr) =1.62E5 cuft

Flow 3-4=957 cfm (5.74E4 cflh) when 2 fans of EGTS operate and 695 cfm (4.16134 cfh) when one fan is in operation
(ref.55, leakage into annulus = EGTS exhaust rate)

Flow 3-6--9900 cfm or 5.94E5 cfh (as mentioned earlier, this is the leakage out of the building
during the loss of ABGTS and lasts from 30 minutes to 34 minutes post LOCA)

Flow 3-5 = 10.7 cfm or 642 cfh (ref.30). This is the leakage into the entire EGTS system from the Auxiliary Building.
The number is therefore very conservative because this leakage represents the unfiltered bypass of the EGTS, but the actual
value includes leakage upstream of (and therefore filtered by) the EGTS filters.

Flow 3-9 = 27.88 cfm or 1672.8 cfh (ref.27). This is the leakage into the ABGTS ductwork downstream (and
therefore bypassing)'the filters and upstream of the fans. This value is for Unit 1. Unit 2 leakage is only 19.32 cfm, ref.28.
Later testing (ref.38) gives the leakage for Ul as 5.39 cfm and for U2 as 3.73 cfm. The 27.88 cfm is conservative (more
iodines will get out), therefore the model will not be updated and will bound any future increase (up to 27.88 cfm).

Annulus: Volume=0.5 * annulus free volume (this is assumed in order to account for incomplete mixing)
(component 4) ---05*3.75E5 cuft =1.88E5 cuft

Flow 4-5--0 for t<8.33E-3 hr (based on 30 second delay in EGTS operation)
Flow 4-5=7200 cfm or 2.16E5 cfh for t>8.33E-3 hr

EGTS Flow Split: Volume=lE-6 (arbitrarily small)
(component 5) Flow 5-6= variable, see Table 3

Flow 5-4= variable, see Table 3
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Environment: Volume=1 environment
(component 6) The environment is modeled as an accumulator which accumulates activity with no decay during the time
periods for FENCDOSE input.

ABGTS Filters: Charcoal efficiency is 99% for iodine (ref.10), 0% for tritium
(component 7)

EGTS Filters: Charcoal efficiency is 99% for iodine (ref.10), 0% for tritium
(component 8)

Note on filters: In revision 2, the transmission cards "X" are replaced by the "U" filter card (and components 7 and 8 are
added). This is done to take into account the transmission of noble gas daughter products through the filters.

ABGTS Flow Split: Volume = 1E-6 (arbitrarily small to prevent holdup)
(component 9) Flow 9-6 = 9000 cfm or 5.4E6 cfh (this is flow through the filters to the environment)

Flow 9-3 = 8.87 cfm or 532.2 cfh (ref.26) This is the leakage from the Unit 1 ABGTS ductwork downstream
from the ABGTS filters into the Auxiliary Building. Unit 2 leakage is 24.32 cfifi, ref.29, which would result in a smaller
release if used. Later testing (ref.38) gives the leakage for Ul as 7.15 cfm and U2 as 5.1 cfm. Again, the old values will remain
for conservatism, and for any changes in the future.

Upstream ABGTS:Volume = 1E-6 (arbitrarily small to prevent holdup)
(component 10) Flow = 9000 cfm or 5.4E6 cfh (the card used is "U 10 7 9 5.4E6 0.0 0.0 0.99 0.99 0.0")

Table 2:
Ice Condenser Removal Efficiencies (ref.6) Elemental and Particulate Iodine

Time
Interval
(hours)

0-0.156
0.156-0.267
0.267-0.323
0.323-0.489
0.489-0.615
0.615-0.768
0.768-0.824
0.824-720

Removal
Efficiency

(eff)
0.96
0.76
0.73
0.71
0.60
0.58
0.40

0.0

Lambda*
(hr")

1.81
1.44
1.38
1.34
1.13
1.10
0.76

0.0

* Based on a primary containment free volume of 1.27E6 cuft and a flow rate of 40,000 cfm where:

Lambda = (F/V)*eff = (40,000 cfin/1.27E6 cuft)(60 min/hr)(eff) =1.89*eff [hr']

Note: The lower containment air return fans do not start until 8-10 minutes post LOCA (ref.35,5). However, the normal
circulation during this time period is much greater than the fan flow of 40,000 cfm (see Appendix A). Therefore, it is
conservative to use the 40,000 cfm for the 0-10 minute time period.
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The following is the EGTS performance curve from TI-ANL-166 (ref. 19) With Initial Annulus Pressure at 0" H20 for Unit 1.

ANNULUS DIFFERENTIAL PRESSURE AND EGTS EXHAUST FLOW RATES
CASE 3, ANNULUS LEAKAGE = 957 CFM @ -2.10 IN W.G., INITIAL ANNULUS PRESSURE = 0.0 IN W.G.
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This is the EGTS profile as modeled for Unit 1. The above curve is modified at 602 sec to have constant flows (see
assumptions 22 and 23):

Modified ANNULUS DIFF. PRES. AND EGTS EXHAUST FLOW RATES With Controller Failure
CASE 3, ANNULUS LEAKAGE = 957 CFM 0 -2.10 IN W.G., INITIAL ANNULUS PRESSURE = 0.0 IN W.G.
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Table 3
EGTS Performance with Annulus Initially at 0" H20 (ref.19: TI-ANL-166) 2 train EGTS 7200 cfm for Unit 1

Time Interval Time Interval Recirculation Rate Exhaust Rate
[sec] [sec] [hours] [hours] [cfm] [cfh] [cfm] [cfh]

0 30 0 0.0083 0 0.OOE+00 0 0.OOE+00
30 39 0.0083 0.0108 7200 4.32E+05 0 0.OOE+00
39 40 0.0108 0.0111 6573.24 3.94E+05 626.76 3.76E+04
40 41 0.0111 0.0114 4704.62 2.82E+05 2495.38 1.50E+05
41 42 0.0114 0.0117 2609.58 1.57E+05 4590.42 2.75E+05
42 43 0.0117 0.0119 725.2 4.35E+04 6474.8 3.88E+05
43 71 0.0119 0.0197 0 0.OOE+00 7200 4.32E+05
71 80 0.0197 0.0222 0 0.OOE+00 7200 4.32E+05
80 81 0.0222 0.0225 1567.6 9.41E+04 5632.4 3.38E+05
81 82 0.0225 0.0228 4222.38 2.53E+05 2977.62 1.79E+05
82 102 0.0228 0.0283 4064 2.44E+05 3136 1.88E+05
102 132 0.0283 0.0367 3816 2.29E+05 3384 2.03E+05
132 165 0.0367 0.0458 3659 2.20E+05 3541 2.12E+05
165 169 0.0458 0.0469 3619 2.17E+05 3581 2.15E+05
169 210 0.0469 0.0583 3659 2.20E+05 3541 2.12E+05
210 307 0.0583 0.0853 3950 2.37E+05 3250 1.95E+05
307 498 0.0853 0.1383 4701 2.82E+05 2499 1.50E+05
498 .602 0.1383 0.1672 5386 3.23E+05 1814 1.09E+05
602 603 0.1672. 0.1675 5568.4 3.34E+05 1631.6 9.79E+04
603 850 0.1675 0.2361 4597 2.76E+05 1534 9.20E+04
850 1100 0.2361 0.3056 4694 2.82E+05 1437 8.62E+04
1100 1350 0.3056 0.3750 4791 2.87E+05 1340 8.04E+04
1350 1600 0.3750 0.4444 4888 2.93E+05 1243 7.46E+04
1600 1850 .0.4444 0.5139 4985 2.99E+05 1146 6.88E+04
1850 2100 0.5139 0.5833 5082 3.05E+05 1049 6.29E+04
2100 3600* 0.5833 1.0000 5174 3.10E+05 957 5.74E+04
3600* 30 days 1.0000 30days 3584 2.15E+05 694 4.16E+04

* 1 hour operator action. For no operator action cases, the 3600-30 day flows do not change from the 2100-3600 sec case.



----.-

Calculation No. TI-RPS-197 I Rev: 21 1 P

Subject: Offsite Doses Due to a Regulatory Guide 1.4 Loss of Prepal
Coolant Accident Check

Table 4
Dispersion Coefficients (X/Q, ref.8)

(Meteorology)

Low
Site Population

Period Boundary Zone
(hours) (1 loom) (4828m)

0-2 6.07E-04 1.41E-04
2-8 - 6.68E-05
8-24 - 4.59E-05
24-96 - 2.04E-05

96-720 - 6.35E-06

Note: The Site Boundary is equivalent to the Exclusion Area Boundary
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Results

The results for the Unit 1 LOCA with EGTS PCO control loop single failure are (rem):

2-hr EAB
No Operator 1 hr Operator

Conventional core Action Action

Gamma 2.055 2.077
Beta 1.21 1.224
Inhalation (ICRP-30) 29.89* 29.92*
TEDE • 3.073* 3.089*

Jj
TPC 100%

Gamma 2.133 2.156
Beta 1,215 1.229
Inhalation (ICRP-30) 28.55* 28.57*
TEDE 3.083* 3.101*

TPC 3%

Gamma 2.1"33 2.156
Beta 1.213 1.227
Inhalation (ICRP-30) 28.55* 28.57*
TEDE 3.061* 3.078*

30-Day LPZ
No Operator 1 hr Operator

Conventional core Action Action
Gamma 1.646 1.666
Beta 1.911 1.926
Inhalation (ICRP-30) 9.396* 9.472*
TEDE 1.588 1.606

TPC 100%

Gamma 1.648 1.668
Beta 1.859 1.873
Inhalation (ICRP-30) 8.973* 9.05*
TEDE 1.797 1.816

TPC 3%

Gamma 1.648 1.668
Beta 1.846 1.86
Inhalation (ICRP-30) 8.973* 9.045"
TEDE 1.58 1.598

* Note that the Inhalation/Thyroid and TEDE doses for this failure scenario are bounded by the single failure of one EGTS
train (see appendix I).
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Discussion and Conclusion

The offsite doses calculated are below the regulatory limits of 25 rem gamma, 300 rem beta, and 300 rem thyroid (and
below the 25 rem TEDE).

Revision 16 investigated iodine removal efficiencies based on reduced ice weight. The results are found in Appendix D
for the bounding case of the 100% airborne TPC case. Previous results were found to be more conservative. Therefore the
results found in Revision 15 are still acceptable. The reduced ice weight with updated iodine removal rates do not need to be
incorporated into future analyses unless some conservatism needs to be eliminated.

Revision 19 identifies changes in the ABSCE boundary due to DCV52283-A. The offsite doses from the previous revision
were found to still be applicable. An explanation can be found in Appendix F.

Revision 20 investigated the impact of an EGTS PCO control loop single failure. This failure still results in doses less than
regulatory limits. An operator action between 1 and 2 hours to shut off one of two EGTS fans will impact the results. If there is
some recirculation with the second fan running, then there will be an insignificant (about 1%) increase in the dose if the action
is at 1 hour instead of 2 hours (Appendix H). Current procedures require Operations to turn off one EGTS fan subsequent to
EGTS start. Per Appendix H, a 1 hour operator action should be the design basis of the plant, since it results in the highest
doses. Per Appendix G, there is not much difference between 8000+10% and 8000-10% EGTS flow. However, the lower flow
is slightly higher, and this is primarily due to the increase time at the beginning of the accident when the annulus is at a positive
pressure and the slower pump down rates.. Per Appendices I and J (revision 21), the Unit 1 EGTS PCO control loop
single failure accident analyzed in the main text bounds, except for the thyroid and 2-hr EAB TEDE doses, the single
train failure (250 cfn steady state exhaust) previously analyzed in WBNNAL3-028. The single train failure case is
presented in Appendix I.

Special Note:. The EGTS single train (250 cfm steady state exhaust) scenario applies to both units.
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APPENDIX A STP Input Deck
(1 hr operator action, TPC 3% 1H3 airborne)

//R197S19I JOB 264318,9MBERG.BIN111,MSGLEVEL=I,MSGCLASS=T
/ / *MAIN ORG=KNXLCLO1, CLASS=MB
//JCL JCLLIB ORDER= (APB.NEN.PS264460 .PROCLIB)
// EXEC STP,SOUT='*'
//GO.FT07F001 DD DSN=$KB1988.Rl97Sl91.OUT,UNIT=ALLOC,
// DCB=.(RECFM=FB,LRECL=80,BLKSIZE=6160) ,SPACE=(TRK, (5,2) ,RLSE),
/ / DISP= (NEW,CATLG,DELETE)
//GO.FT01F001 DD *
NV= 10 MS= 1
//GO.FT11F001 DD *

NI= 23 NK= 5 NG= 0 NL= 3
IKRM 83 1 1.0352E-04 10.0000E+00
2KRM 85 1 4.2978E-05 10.OOOOE+00
3KR 85 1 2.0470E-09 29.8849E-06
4KR 87 1 1.5141E-04 10.0000E+00
5KR 88 1 6.8765E-05 10.OOOOE+00
6KR 89 1 3.6328E-03 10.6000E+00
7XEM 131 2 6.7414E-07 131.3039E-08
8XEM 133 2 3.5656E-06 152.0365E-07
9XE 133 2 1.5165E-06 83.5656E-06

1OXEM 135 2 7.3818E-04 174.8062E-06
11XE 135 2 2.1043E-05 107.3818E-04
12XE 138 2 8.1528E-04 10.OOOOE+00
131 131 3 9.9536E-07 10.OOOOE+00
141 132 3 8.4448E-05 10.OOOOE+00
151 133 3 9.2568E-06 10".OOOOE+00
161 134 3 2.1963E-04 10.OOOOE+00
171 135 3 2.9129E-05 10.OOOOE+00
181* 131 4 9.9536E-07 10.0000E+00
191* 132 4 8.4448E-05 10.OOOOE+00
201* 133 4 9.2568E-06 10.OOOOE+00
211* 134 4 2.1963E-04 10.0000E+00
221* 135 4 2.9129E-05 10.0000E+00
23H 3 5 1.7785E-09 10.0000E+00

0

10.OOOOE+00
10.OOOOE+00
10.OOOOE+00
10.0000E+00'
10.OOOOE+00
10.OOOOE+00

181.3039E-08
202.0365E-07
159.2568E-06
224.8062E-06
172.9129E-05
10.OOOOE+00
10.OOOOE+00
10.OOOOE+00
10.OOOOE+00
10.0000E+00
10.OOOOE+00
10.OOOOE+00
10.OOOOE+00
10.OOOOE+00
10.OOOOE+00
10.0000E+00
10.000OE+00

10.OOOOE+00
10.0000E+00
10.OOOOE+00
10.0000E+00
10.OOOOE+00
10.000OE+00
10.000OE+00
10.OOOOE+00

209.2568E-06
10.OOOOE+00

222.9129E-05
10.OOOOE+00
10.OOOOE+00
10.OOOOE+00
10.0000E+00
10.OOOOE+00
10. 00OE+00
10.OOOOE+00
10.OOOOE+00
10.OOOOE+00
10. 00OE+00
10.0000E+00
10.OOOOE+00

1 'TRIT PROD CORE INV, 1000 EFPD, 5% U235 (ORIGEN), REF.WBNAPS3-098 RO'
1 1.23E7 2 2.69E7 3 8.81E5 4 5.23E7 5 7.38E7 6 9.10E7
7 9.54E5 8 5.80E6 9 1.88E8 10 3.59E7 11 4.96E7 12 1.59E8
13 8.65E7 14 1.26E8 15 1.80E8 16 2.00E8 17 1.69E8
18 3.60E6 19 5.24E6 20 7.52E6 21 8.32E6 22 7.04E6 23 2.68E7

0
T
WBN MHA-4 MIN AUX BLDG BYPASS (FINAL ABSCE)
NJ= 10
1 'PRIMARY' 'CONTAINMENT'
2 'CONT. LEAKAGE' SPLIT'
3 'AUX. BLD
4 ' ANNULUS
5 - EGTS ' ' FLOW SPLIT
6 'ENVIRONMENT ' CURIES
7 'ABGTS FILTER'
8 'EGTS FILTER'
9 'ABGTS FLOW SPLIT'
10 'UPSTREAM ABGTS'
0.00833 HR
TIME TO 30 SECOND POST LOCA
V 1 1.27+6 CUFT
V 2 1.0-6
V 3 1.62+5 CUFT
V 4 1.88+5 CUFT
V5 1.0-6
V 6 1.0 ENVIRONMENT
V 7 1.OE-6
V 8 1.OE-6
V 9 1.OE-6
V 10 1.OE-6
A 6
S 1 1 0 1.0 1 1 3 0.25 1 1 4 0.25 1 1 5 0.03
F 1 2 0 132.3 CFH
F 2 3 0 0
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$F 2 4 0 0.75
F 2 6 0 1.0
F 3 6 0 0
F 3 4 0 0
F 4 5 0 0
F 5 4 0 0
F.5 6 0 0
RI 3 1.81
0.0108 HR
TIME TO 39 SEC
F 5 4 0 4.32E5 CFH
F 5 6 0 0.0 CFH
F 3 5 0 642
U 4 8 5 2.16+5 0.0
0.0111 HR
TIME TO 40 SEC
F 5 4 0 3.94E5
F 5 6 0 3.76E4
0.0114 HR
TIME TO 41 SEC
F 5 4 0 2.82E5
F 5 6 0 1.50E5
0.0117 HR
TIME TO 42 SEC
F 5 4 0 1.57E5
F 5 6 0 2.75E5
0.0119 HR
TIME TO 43 SEC
F 5 4 0 4.35E4
F 5 6 0 3.88E5
0.01667 HR
TIME TO 60 SEC
F 5 4 0 0.0
F 5 6 0 4.32E5
0.0197 HR
TIME TO 71 SEC
F 2 4 0 0.75
F 2 6 0 0.25
0.0222 HR
TIME TO 80 SEC
F 5 4 0 0.0
F 5 6 0 4.32E5
0.0225 HR
TIME TO 81 SEC
F 5 4 0 9.41E4
F 5 6 0 3.38E5
0.0228 HR
TIME TO 82 SEC
F 5 4 0 2.53E5
F 5 6 0 1.79E5
0.0283 HR
TIME TO 102 SEC
F 5 4 0 2.44E5
F 5 6 0 1.88E5
0.0367 HR
TIME TO 132 SEC
F 5 4 0 2.29E5
F 5 6 0 2.03E5
0.0458 HR
TIME TO 165 SEC
F 5 4 0 2.20E5
F 5 6 0 2.12E5
0.0469 HR
TIME TO 169 SEC
F 5 4 0 2.17E5
F 5 6 0 2.15E5
0.0583 HR
TIME TO 210 SEC
F 5 4 0 2.20E5
F 5 6 0 2.12E5
0.0667 HIZ
TIME TO 4 MIN
F 5 4 0 2.37E5
F 5 6 0 1.95E5

0.0 0.99 0.99 0.0
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0.0853 HR
TIME TO 307 SEC
F 2 6 0 0.
F 2 3 0 0.25
F 3 4 0 5.74E4 CFH
F 3 10 0 5.4E5
F 3 9 0 1672.8
U 10 7 9 5.4+5 0.0
F 9 3 0 532.2
F 9 6 0 5.4E5
0.1383 HR
TIME TO 498 SEC
F 5 4 0 2.82E5
F 5 6 0 1.50E5
0.156 HR
TIME TO 0.156 HR
F 5 4 0 3.23E5
F 5 6 0 1.09E5
0.1672 HR
TIME TO 602 SEC
R 1 3 1.44
0.1675 HR
TIME TO 603 SEC
F 5 4 0 3.34E5
F 5 6 0 9.79E4
0.2361 HR
TIME TO 850 SEC
F 5-4 0 2.76E5
F 5 6 0 9.20E4
0.267 HR
TIME TO 0.267 HR
F 5 4 0 2.82E5
F 5 6 0 8.62E4
0.3056 HR
TIME TO 0.1100 SEC
R 1 3 1.38
0.323 HR
TIME TO 0.323
F 5 4 0 2.87E5
F 5 6 0 8.04E4
0.3750 HR
TIME TO 1350 SEC
R 1 3 1.34
0.4444 HR
TIME TO 1600 SEC
F 5 4 0 2.93E5
F 5 6 0 7.46E4
0.489 HR
TIME TO 0.489 HOUR
F 5 4 0 2.99E5
F 5 6 0 6.88E4
R1 3 1.34
0.5 HR
TIME TO 30 MIN
R 1 3 1.13
0.5139 HR
TIME TO 1850 SEC
F 3 6 0 5.94E5
U 10 7 9 0.0 0.0 0.
0.5666 HR
TIME TO 34 MIN
F 5 4 0.3.05E5
F 5 6 0 6.29E4
0.5833 HR
TIME TO 2100
U 10 7 9 5.4+5 0.0
F 3 6 0 0.0
.615 HR
TIME TO 0.615 HOUR
F 5 4 0 3.10E5
F 5 6 0 5.74E4
.768 HR

TIME TO 0.768 HOUR
R 1 3 1.10

0.0 0.99 0.99 0.0

0 0.99 0.99 0.0

0.0 0.99 0.99 0.0
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.824 HR
TIME TO 0.824
R 1 3 0.76
1.00 HR
TIME TO 1.00 HOURS
R 1 3 0.0
2.0 HR
TIME TO 2.0 HOURS
F 3 4 0 4.16E4
F 5 4 0 2.150E5
F 5 6 0 4.164E4
N 6 0
P1 0 6
8 HR
TIME TO 8 HOURS
N6 0
P 1 0 6
24.0 HR
TIME TO 1 DAY
N6 0
P 1 0 6
96 HR
TIME TO 4 DAYS
F 1 2 0 66.1 CFH
N 6 0
P1 0 6
720 HR
TIME TO 30 DAYS
P 1 0 6
T
T

/*
//
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Appendix B FENCDOSE Input Deck

//R197F19F JOB 264360,'9MBERG.BIN111',MSGLEVEL=1,MSGCLASS=T
//*MAIN ORG=LOCAL, CLASS=SB

//JCL JCLLIB ORDER=(APB.NEN.EX262358.PROCLIB)
//STEP1 EXEC FNCDOSV4,COND=(4,LT)
//FNCDOS1.FT05F001 DD *
1

KRM-83 KRM-85 KR-85
KR-87 KR-88 KR-89
XEM-131 XEM-133 XE-133 XEM-135 XE-135 XE-138
1-131 1-132 1-133 1-134 1-135
I*-131 I*-132 I*-133 I*-134 1*-135 H-3
T
.141E-3 .668E-4 .459E-4 .204E-4 .635E-5 6.07E-4

WBN IMiA-4 MIN AUX BLDG BYPASS (FINAL ABSCE)
TIME TO 2.0 HOURS

6 'ENVIRONMENT CURIES $ TN= 0.2000E+01
1 5.526E+02 2 1.528E+03 3 5.974E+01 4.1.972E+03 5 3.788E+03
6 2.378E+02 7 6.454E+01 8 3.879E+02 9 1.268E+04 10 7.974E+02

11 3.325E+03 12 1.300E+03 13 8.458E+01 14 1.169E+02 15 1.751E+02
16 1.734E+02 17 1.623E+02 18 4.447E+00 19 5.951E+00 20 9.208E+00
21 8.491E+00 22 8.440E+00 23 5.452E+01

WBN MIA-4 MIN AUX BLDG BYPASS (FINAL ABSCE)
TIME TO 8 HOURS

6 'ENVIRONMENT CURIES ' $ TN= 0.8000E+01
1 8.983E+02 2 5.238E+03 3 3.741E+02 4 1.915E+03 5 9.316E+03
6 1.504E-09 7 4.008E+02 8 2.316E+03 9 7.792E+04 10 4.744E+03

11 1.748E+04 12 7.954E+00 13 1.917E+01 14 7.114E+00 15 3.444E+01
16 1.938E+00 17 2.295E+01 18 2.378E+00 19 8.783E-01 20 4.284E+00
21 2.383E-01' 22 2.844E+00 23 3.414E+02

WBN MHA-4 MIN AUX BLDG BYPASS (FINAL ABSCE)
TIME TO 1 DAY

6 'ENVIRONMENT CURIES $ TN= 0.2400E+02
1 1.536E+02 2 4.389E+03. 3 1.385E+03 4 1.109E+02 5 3.775E+03
6 0.0 7 1.452E+03 8 7.541E+03 9 2.738E+05 10 1.324E+04

11 3.686E+04 12 2.994E-07 13 4.914E+01 14 1.359E+00 15 6.428E+01
16 1.704E-02 17 2.130E+01 18 6.118E+00 19 1.689E-01 20 8.029E+00
21 2.119E-03 22 2.652E+00 23 1.264E+03

WBN MiA-4 MIN AUX BLDG BYPASS (FINAL ABSCE)
TIME TO 4 DAYS

6 'ENVIRONMENT CURIES $ TN= 0.9600E+02
1 3.524E-01 2 3.044E+02 3 3.487E+03 4 1.714E-02 5 6.050E+01
6 0.0 7 3.390E+03 8 1.177E+04 9 5.606E+05 10 6.372E+03

11 1.385E+04 12 0.0 13 9.541E+01 14 6.319E-03 15 4.242E+01
16 3.817E-08 17 2.606E+00 18 1.188E+01 19 7.853E-04 20 5.298E+00
21 4.745E-09 22 3.246E-01 23 3.181E+03

WBN MHA-4 MIN AUX BLDG BYPASS (FINAL ABSCE)
TIME TO 30 DAYS

6 'ENVIRONMENT CURIES ' $ TN= 0.7200E+03
1 4.419E-13 2 3.2402-03 3 2.790E+04 4 2.444E-21 5 7.596E-07
6 0.0 7 1.404E+04 8 7.087E+03 9 1.048E+06 10 7.528E+00

11 5.032E+01 12 0.0 13 2.828E+02 14 1.637E-12 15 4.113E+00
16 0.0 17 1.279E-03 18 3.520E+01 19 1.096E-13 20 5.137E-01
21 0.0 22 1.592E-04 23 2.546E+04
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Appendix C

Flow to lee Condenser Prior to Air Return Fan Startup

The purp-ose of this paper is to demonstrate that sufficient contsinmert volume will be directed to the icecondenser compartment during the Orst 10 minutes of a design basis LOCA to meet statements madeconcerning the ice oodensWsers abrly to remove lodne.

For this calculation, the containment model used in the safety-retated qualification of the MONSTER
software was rerun after modifying the printout frequermy inputs to seoure the flow information which wasnot readily retrievable from the original run. The containment model is of the SQN containment: however,
for the purposes of demonstrating the amount of flow which can reasonably be expectedto be directed
to the ice condenser, the SON model is adequate for use. at WBN since the mass and energy releases
are similar for both plants during the time of interest.

Sufficieni flow to the lce condenser is demonstrated if aJhg 400,0 fe of the lower comparment
atmosphere can be shown to entar the iceocondensercduring the Gist 10 mirnutes following the DBA. Thisrequirement 6omes: from the calculations of offblte dosen, oontr room operator dose and equipmentqualificaion consideralions, all of which assume that airflow through the Ice condenseraverages 40,000
cfm lorithe dur0on of *th event. It should be emphasized that the important parameter ftr these dose
calculations is the total volume that passes through the icecondenser and not the consistency of the
volunetric flow rate.

From h•e following figlures, which were generated from the containment model rerun, the volume enteringlhe Ice condenser can be estimated during theblowdown period (01.to -23 seconds, Figure A). During
this. period, the total mass entering ft ice condenser is approimaltey 519•,000 b which oonsists of an
aidsteammixture. From the omputer rim. the specif vowme during thebdwn• eiod is at least6 ft'lb. The ttal volume enteringibeice condwnser Is thereforeestimated to be 3.114 E6 ft'. This is well
above, the required volume of 400000 fe which derronstrates the oonse ttie assumptions regardingflow intolthe loecondenser made iri the offite dose, control room operator dose and equipment
qualfifcafton calculations.

Figure B shows thefbw to the ioe condenser as.calulated by themodelfor theWsecondto 600 second
time period An estimate ofthevolumeentering the ice condenser during this periodwas not made. The
figure is included simply to show that flow does continue prior to air relturn fan startup at 6100 seconds
albeit at a reduced and fluctuating rate caused by the reduc6d mass and energy release produced by the
large brak LOCA.

References:
I MONSTER, Software ID 282303. User Manual R3 (D01930302007)
Z Mkveoflhe TVA-F.1000084
3. MONSTER Input file - Fllekeepor Reference Number 263082

Prepared: Reviewed-
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Appendix D - Ice Weight Reduction Impact

Revision 16 incorporated EDC 5095 A, which reduced the ice weight in containment. This impacts the iodine removal
efficiencies for this calculation. As a result of this, the iodine removal efficiencies found in ref. 44 are used in place of the old
values found in ref. 15. It was found that the previous values found in Revision 15 were conservative and bounded the results in
Revision 16, and thus are still acceptable. Therefore successors to this calculation will not need to be revised. The following are
the iodine removal efficiencies used in the STP model:

Table 2a Iodine removal efficiencies.

time (hrs) efficiency lambda *

0 - 0.0373 0.98 1.85
0.0373-0.154 0.972 1.84
0.154-0.171 0.947 1.79
0.171-0.212 0.71 1.34
0.212-0.272 0.7 1.32
0.272-0.567 0.656 1.24
0.567-0.939 0.5 0.94
0.939-0.982 0.4 0.76
0.982-1.007 0.21 0.40
1.007-720 0 0.00

Note: This table is the equivalent of Table 2 on page 15.
* Lambda = (F/V)*eff = (40,000 cfm/1.27E6 cuft)(60 min/hr)(eff) =l.89*eff [hr']

The following is a comparison of the results for the 100% tritium airborne case. The R16 column results use the values in the
above table and are less than or equal to the doses found in R15. Only the one case was ran as it was the bounding case in R15.

2-hr EAB RI5 R16

TPC TPC
100% tritium !00% tritium

airborne airborne
gamma 1.660 1.659
beta 0.955 0.955
thyroid (ICRP-2) 33.84 33.79
thyroid ,(ICRP-30 19.34 19.32
TEDE 2.240 2.238

30-day LPZ

gamma
beta
thyroid (ICRP-2)
thyroid (ICRP-30
TEDE

TPC
100% tritium

airborne
1.328
1.605
10.99
6.563
1.435

TPC
100% tritium

airborne
1.317
1.598
10.68
6.364
1.415
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Appendix E
EGTS Exhaust and Recirculation Rates and old R17 Results

This appendix is to archive the old EGTS exhaust and recirculation rates. These flows are based on the old Revision 17 models.
The initial conditions are for the annulus to start at -5" H20, one train of EGTS operation, and no single failure of any
controllers or component in the system and 250 cfm steady state EGTS exhaust. R18 if the calculation assumes EGTS is
running abnormally, so as to encompass all possible failure modes.

Revision 17 Table 3
EGTS Flow Rates

Time Interval
[sec)
0-30
30-77
77-78
78-79
79-80
80-81
81-96
96-97
97-98
98-99
99-113
113-123
123-138
138-153
153-169
169-170
170-180
180-200
200-220
220-240
240-260
260-446
446-601
601-602
602-1700
1700-1701
1701-1702
1702-1703
1703-1704
1704-1705
1705-1855
1855-2100
2100-30days*

[hours]
0-0.00833
0.00833-0.0214
0.0214-0'.0217
0.0217-0.0219
0.0219-0.0222
0.0222-0.0225
0.0225-0.0267
0.0267-0.0269
0.0269-0.0272
0.0272-0.0275
0.0275-0.0314
0.0314-0.0342
0.0342-0.0383
0.0383-0.0425
0.0425-0;0469
0.0469-0.0472
0.0472-0.05
0.05-0.0556
0.0556-0.0611
0.0611-0.0667
0.0667-0.0722
0.0722-0.1239
0.1239-0.1669
0.1669-0.1672
0.1672-0.4722
0.4722-0.4725
0.4725-0.4728
0.4728-0.4731
0.4731-0.4733
0.4733-0.4736
0.4736-0.5153
0.5153-0.5833
0.5833-720

Recirculation Rate
[cfm] [cfh]

0.00 0.OOE+00
3600.00 2.16E+05
3286.62 1.97E+05
2352.31 1.41E+05
1304.79 7.83E+04

362.60 2.18E+04
0.00 0.OOE+00

1067.04 6.40E+04
1074.82 6.45E+04
1063.01 6.38E+04

986.43 5.92E+04
878.98 5.27E+04
801.79 4.81E+04
741.04 4.45E+04
713.24 4.28E+04
707.42 4.24E+04
711.09 4.27E+04
735.79 4.41E+04
791.97 4.75E+04
872.06 5.23E+04
968.80 5.81E+04

1537.22 9.22E+04
2357.54 1.41E+05
2661.92 1.60E+05
3600.00 2.16E+05
3518.30 2.11E+05
3424.95 2.05E+05
3410.95 2.05E+05
3408.70 2.05E+05
3408.18 2.04E+05
3395.35 2.04E+05
3372.37 2.02E+05
3350.00 2.01E+05

Exhaust Rate
[cfm] [cfhl
0.00 0.OOE+00
0.00 0.OOE+00

313.38 1.88E+04
1247.69 7.49E+04
2295.21 1.38E+05
3237.40 1.94E+05
3600.00 2.16E+05
2532.96 1.52E+05
2525.18 1.52E+05
2536.99 1.52E+05
2613.57 1.57E+05
2721.02 1.63E+05
2798.21 1.68E+05
2858.96 1.72E+05
2886.76 1.73E+05
2892.58 1.74E+05
2888.91 1.73E+05
2864.21 1.72E+05
2808.03 1.68E+05
2727.94 1.64E+05
2631.20 1.58E+05
2062.78 1.24E+05
1242.46 7.45E+04
938.08 5.63E+04

0.00 0.OOE+00
81.70 4.90E+03

175.05 1.05E+04
189.05 1.13E+04
191.30 1.15E+04
191.82 1.15E+04
204.65 1.23E+04
227.63 1.37E+04
250.00 1.50E+04

*required to maintain annulus pressure when assuming 250 cfm annulus inleakage, ref.19

Note: The annulus exhaust rates from TI-ANL-166 (ref.19) are based on total EGTS flow of 3600 cfm (=4000-10%). This is
conservative as it minimizes cleanup of the annulus environment via EGTS filters.
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Revision 17 EGTS performance curves:

Figure 6 From TI-ANL-166: WBN LOCA
Annulus Differential Pressure and EGTS Exhaust Rates
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Revision 17 Results (with EGTS operating correctly and initial -5" H20 annulus pressure)

2-hr EAB
TPC TPC

Standard 100% tritium 3% tritium
Core airborne airborne limit

Gamma 1.596 1.660 1.660 25
Beta 0.951 0.955 0.954 300
Thyroid (ICRP-2) 35.42 33.84 33.84 300
Thyroid (ICRP-30) 20.25 19.34 19.34 300
TEDE 2.221 2.240 2.222 25

30-day LPZ
TPC TPC

Standard 100% tritium 3% tritium
Core airborne airborne limit

Gamma 1.322 1.328 1.328 25
Beta 1.640 1.605 1.593 300
Thyroid (ICRP-2) 11.50 10.99 10.99 300
Thyroid (ICRP-30) 6.872 6.563, 6.563 300
TEDE 1.230 1.435 1.229 25
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APPENDIX F - Modified ABSCE Boundary of DCN 52283-A

The purpose of this appendix is to address changes in the ABSCE boundary identified as part of DCN 52283-A. In order
to complete Watts Bar Unit 2, a construction access opening needs to be created in the Unit 2 reactor building concrete
wall. This requires the definition of an interim ABSCE that does not include the Unit 2 reactor building (Ref. 49).

The total ABSCE volume enclosed when one unit's containment with one annulus and Condensate Demineralized Waste
Evaporator (CDWE) are added to that of the Auxiliary Building (Ref. 52) is:

Auxiliary Building (net free volume) = 3.5 x 106 ft3

One Containment (net free volume) = 1.27 x 106 ft3
One Annulus (net free volume) = 3.96 x 105 ft3

CDWE (net free volume) = 5.1433 x 104 ft3

Additionally, Door A-77 at elevation 713.0 in the auxiliary building becomes a pressure and security barrier and needs to
be sealed:

(Ref 49)

The volume from elevation 713.0 not within the interim ABSCE is approximately

a) (4.69 x 102 f-t2) (24 ft) = 1.13 x 104 ft3.

This was calculated using dimensions from Ref. 54 and a building height of 24 ft for the building provided in Ref. 52,
Appendix A.
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Also as part of the ABSCE redefinition, the west wall of room 757.0-A14 in the auxiliary building becomes the revised
boundary. Door Al 57 is sealed and locked. With use of the Unit 2 reactor building equipment hatch during construction,
room 757.0-A15 in the auxiliary building can either be within or outside the interim ABSCE boundary.

(Ref. 49)

To correctly estimate the volume of the interim ABSCE boundary under both conditions, calculations were performed that
included and excluded the equipment hatch enclosure volume from the ABSCE.

The volume from room 757.0-A14 not within the interim ABSCE is approximately

a) (1.01 x 10' ft2)• (25 ft) = 2.73 x 104 ft3 .

The volume from room 757.0-Al5 is approximately

b) (1.17 x 10 3 ft2 ) (25 ft) = 2.93 x 104 ft3 .

The areas for both rooms were calculated using dimensions from Ref. 53 and a building height of 25 ft was provided in
Ref. 52, Appendix A.

The volume of the revised auxiliary building is either:

a) 3.5 x 106 ft3- [1.13 x 104 ft3 + 2.73 x 104 ft3] = 3.46 x 106 ft3 including room 757.0-A15.

b) 3.5 x 106 ft3 - [1.13 x 104 ft3 + 2.73 x 104 W + 2.93 x 104 fo = 3.43 X 106 ft3 not including 757.0-A15.
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The volume of the revised ABSCE boundary is either:

a) (3.46+ 1.27+0.396+0.051)x 106 ft3 = 5.18 x 106 ft3 including room 757.0-A15.

b) (3.43 + 1.27 + 0.396 + 0.051) x 106 ft3 = 5.15 x 106 ft3 not including 757.0-A15.

The new total enclosed volume of the ABSCE is as much as 1.73 x 106 ft3 less than the original which contained two
containments and two annuli (Ref. 52, Section 7.1).

The applied effective auxiliary building volume of 1.62 x 0 ftW (see Assumptions & Data section, pg 11) is
conservatively bounding for both the auxiliary building volume of 3.5 x 106 ft3 and the smallest possible auxiliary building
volume of 3.43 x 106 ft3 resulting from DCN 52283-A. Thus, the offsite doses calculated are still appropriate for use
while the ABSCE boundary is modified.

This Appendix added by Revision 19.



Appendix G
Evaluation of the EGTS Flow Rates (8000+10% vs. 8000-10%)

This appendix is to compare the EGTS flow of 8000+10%=8800 cfm total flow to 8000-10%=7200 cfm total flow. The main
text contains the 7200 cfm case. The 8800 cfm case utilizes the following flow profiles from TI-ANL-166 (ref.19)

Table 3
EGTS Performance with Annulus Initially at 0" H20 (ref. 19: TI-ANL-166) 2 train EGTS 8800 cfm

Time Interval Time Interval Recirculation Rate Exhaust Rate

[sec] [sec] [hours] [hours] [cfmn] [cfhl] [cfm] [cfh]

0 30 0 0.0083 0 0.00E+00 0 0.OOE+00
30 39 0.0083 0.0108 8800 5.28E+05 0 0.OOE+00
39 40 0.0108 0.0111 8033.96 4.82E+05 766.04 4.60E+04

40 41 0.0111 0.0114 5750.1 3.45E+05 3049.9 1.83E+05
41 42 0.0114 0.0117 3189.48 1.91E+05 5610.52 3.37E+05
42 43 0.0117 0.0119 886.35 5.32E+04 7913.65 4.75E+05
43 71 0.0119 0.0197 0 0.00E+00 8800 5.28E+05
71 80 0.0197 0.0222 5647 3.39E+05 3153 1.89E+05

80 81 0.0222 0.0225 5820 3.49E+05 2980 1.79E+05
81 82 0.0225 0.0228 5804.2 3.48E+05 2995.8 1.80E+05
82 102 0.0228 0.0283 5664 3.40E+05 3136 1.88E+05
102 132 0.0283 0.0367 5416 3.25E+05 3384 2.03E+05
132 165 0.0367 0.0458 5259 3.16E+05 3541 2.12E+05
165 169 0.0458 0.0469 5219 3.13E+05 3581. 2.15E+05
169 210 0.0469 0.0583 5259 3.16E+05 3541 2.12E+05
210 307 0.0583 0.0853 5550 3.33E+05 3250 1.95E+05
307 498 0.0853 0.1383 6301 3.78E+05 2499 1.50E+05
498 602 0.1383 0.1672 6986 4.19E+05 1814 1.09E+05
602 603 0.1672 0.1675 7168.4 4.30E+05 1631.6 9.79E+04
603 850 0.1675 0.2361 4597 2.76E+05 1534 9.20E+04
850 1100 0.2361 0.3056 4694 2.82E+05 1437 8.62E+04
1100 1350 0.3056 0.3750 4791 2.87E+05 1340 8.04E+04
1350 1600 0.3750 0.4444 4888 2.93E+05 1243 7.46E+04

1600 1850 0.4444 0.5139 4985 2.99E+05 1146 6.88E+04
1850 2100 0.5139 0.5833 5082 3.05E+05 1049 6.29E+04
2100 7200 0.5833 2.0000 5174 3.10E+05 957 5.74E+04
7200 30 days 2.0000 30days 3584 2.15E+05 694 4.16E+04
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Results

2 train 7200 cfm

2-Hr EAB
2 hr op

TPC 3% action

Gamma 2.133

Beta 1.213
Inhalation (ICRP-30) 28.55
TEDE 3.061

30-Day LPZ
2 hr op

TPC 3% action

Gamma 1.662
Beta 1.856
Inhalation (ICRP-30) 9.038

TEDE 1.594

2 train 8800 cfm
2-Hr EAB

TPC 3% 2 hr op action

Gamma 2.13

Beta 1.211
Inhalation (ICRP-30) 28.54

TEDE 3.058

30-Day LPZ

TPC 3% 2 hr op action

Gamma 1.662
Beta 1.856

Inhalation (ICRP-30) 9.036

TEDE 1.593

Discussion

As can be seen the 7200 cfm EGTS case is slightly higher than the 8800 cfm case. This is primarily due to the increased time to
establish a negative pressure in the annulus and increased time to pump it down.



Appendix H
Evaluation of Operator Action Time (1 Hour vs. 2 Hour)

This appendix is to evaluate the operator action time. As noted in Appendix F, the failure to perform an operator action could
result in significant increases in offsite doses. This appendix evaluates a reasonable time frame for operator action. The main
text uses a 1 hour time operator action. The 7200 cfm EGTS STP model is modified to have an operator action time at 2 hours
instead of 1. The results (rem) were:

2-Hr EAB

TPC 3% 2 hr op action

Gamma 2.133
Beta 1.213
Inhalation (ICRP-30) 28.55
TEDE 3.061

30-Day LPZ
TPC 3% 2 hr op action

Gamma 1.662
Beta 1.856
Inhalation (ICRP-30) 9.038

TEDE 1.594

2-Hr EAB

TPC 3% 1 hr op action

Gamma 2.156
Beta 1.227
Inhalation (ICRP-30) 28.57
TEDE 3.078

30-Day LPZ

TPC 3% 1 hr op action

Gamma 1.668
Beta 1.860
Inhalation (ICRP-30) 9.045

TEDE 1.598

Discussion:

The difference between an operator action of 1 hour or 2 hours is very small (about 1% maximum). The 1 hour action will result in
slightly higher doses, therefore it should be used as the design basis of the plant. The window for operator action should be between
1 and 2 hours.
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Appendix I - Evaluation of singe EGTS train operation with 250 cfm exhaust

Calculation WBNNAL3-028 R4 determined the offsite and control room doses due to a single EGTS train (one train has a
single failure) with a Technical Specification annulus leakage of 250 cfm steady state at -0.5" H20. The following is the
pertinent parts of the calculation that still apply to this analysis.

Assumptions

2. It is assumed that the annulus is at atmospheric pressure (0 inches H20) at the start of the LOCA.
Technical Justification: This is the basis for this calculation.

Special Requirements/Limiting Conditions

There are no special requirements or limiting conditions in this calculation.

Calculations

The isotope releases are determined by STP. Except for the initial containment leakage and the EGTS recirculation and
exhaust flows, the model is the same as the final ABSCE STP model found in TI-RPS-197. The EGTS flows are taken from TI-
ANL-166 and are shown in Table 1. Since the annulus starts out at positive pressure (>0.25" H20), the containment leakage
that normally goes to the annulus will instead go directly to the environment. The TI-RPS-197 flow split is 75% to the annulus
and 25% to the Auxiliary Building. Since the ABGTS has not started up (until 4 minutes), the entire leakage goes to the
environment. The containment flow split- is therefore modeled as "F 26 0 1.0". This condition lasts for 114 seconds post LOCA.
After 114 seconds, the annulus differential pressure falls below -0.25" (see TI-ANL-166). The containment flow split is reset to
the 75% split to the annulus (and 25% split to the environment) at this time. The LPZ doses are calculated by using the
computer code FENCDOSE. The activity released to the environment during the time intervals 0-2 hours, 2-8 hours, 8-24
hours, 24-96 hours, and 96-720 hours is taken directly from the STP results. The dispersion coefficients (X/Q) are taken from
TI-RPS-197.

The control room operator doses are determined by COROD utilizing the STP results as input. The COROD model
comes from TI-RPS-198, with the recirculation rates corrected.
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Table 1
EGTS Flow Rates

Time Interval Recirculation Rate Exhaust Rate
[sec] [sec] [hours] [hours] [cfm] [cfh] [cfm] [cfh]
0 30 0 0.0083 0.00 0.00E+00 0.00 O.00E+00

30 39 0.0083 0.0108 3600.00 2.16E+05 0.00 O.00E+00
39 40 0.0108 0.0111 3286.62 1.97E+05 313.38 1.88E+04
40 41 0.0111 0.0114 2352.31 1.41E+05 1247.69 7.49E+04
41 42 0.0114 0.0117 1304.79 7.83E+04 2295.21 1.38E+05
42 43 0.0117 0.0119 362.60 2.18E+04 3237.40 1.94E+05
43 190 0.0119 0.0528 0.00 0.OOE+00 3600.00 2.16E+05
190 191 0.0528 0.0531 537.28 3.22E+04 3062.72 1.84E+05

191 192 0.0531 0.0533 733.23 4:40E+04 2866.77 1.72E+05
192 193 0.0533 0.0536 735.14 4.41E+04 2864.86 1.72E+05
193 194 0.0536 0.0539 737.51 4.43E+04 2862.49 1.72E+05
194 199 0.0539 0.0553 745.23 4.47E+04 2854.77 1.71E+05
199 207 0.0553 0.0575 764.12 4.58E+04 2835.89 1.70E+05
207 215 0.0575 0.0597 790.80 4.74E+04 2809.20 1.69E+05
215 225 0.0597 0.0625 825.45 4.95E+04 2774.56 1.66E+05
225 245 0.0625 0.0681 892.72 5.36E+04 2707.29 1.62E+05
245 265 0.0681 0.0736 992.80 5.96E+04 2607.20 1.56E+05
265 285 0.0736 0.0792 1102.40 6.61E+04 2497.61 1.50E+05
285 305 0,0792 0.0847 1217.05 7.30E+04 2382.95 1.43E+05
305 446 0.0847 0.1239 1664.05 9.98E+04 1935.96 1.16E+05
446 601 0.1239 0.1669 2356.72 1.41E+05 1243.29 7.46E+04
601 602 0.1669 0.1672 2661.35 1.60E+05 938.65 5.63E+04
602 1700 0.1672 0.4722 3600.00 2.16E+05 0.00 0.OOE+00.
1700 1701 0.4722 0.4725 3508.13 2.10E+05 91.87 5.51E+03
1701 1702 0.4725 0.4728 3423.44 2.05E+05 176.56 1.06E+04
1702 1703 0.4728 0.4731 3410.73 2.05E+05 189.27 1.14E+04
1703 1704 0.4731 0.4733 3408.66 2.05E+05 191.34 1.15E+04
1704 1705 0.4733 0.4736 3408.17 2.04E+05 191.83 1.15E+04
1705 1706 0.4736 0.4739 3407.91 2.04E+05 192.09 1.15E+04
1706 1855 0.4739 0.5153 3395.23 2.04E+05 204.77 1.23E+04
1855 2100 0.5153 0.5833 3372.37 2.02E+05 227.64 1.37E+04
2100 30days* 0.5833 720 3350.00 2.01E+05 250.00 1.50E+04

*required to maintain annulus pressure when assuming 250 cfm annulus inleakage
Note: The annulus exhaust rates from TI-ANL-166 are based on total EGTS flow of 3600 cfm (=4000-10%). This is
conservative as it minimizes cleanup of the annulus environment via EGTS filters
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Figure 1: WBN LOCA
Annulus Differential Pressure and EGTS Exhaust Rates

Annulus Leakage = 250 cim, Initial Annulus Pressure = 0 Inches H20, -01.45" setpoint
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Results
Offsite Doses (rem):

2-hr EAB
Standard TPC TPC

Core 100% H3 Rel. 3% H3 Rel. Limit
gamma 1.899 1.963 1.963 25

beta 1.082 1.087 1.086 300
Thyroid (ICRP-30) 38.43 36.7 36.7 300

TEDE 3.433 3.407 3.388 25

30-day LPZ
Standard TPC TPC

Core 100% H3 Rel. 3% H3 Rel. Limit
gamma 1.398 1.397 1.397 25

beta 1.677 1.635 1.622 300
Thyroid (ICRP-30) 11.09 10.6 10.6 300

TEDE 1.515 1.705 1.499 25

Discussion and Conclusion

The offsite doses calculated are below the 1OCFR100 limits of 25 rem gamma, 300 rem beta, 300 rem thyroid and 25 rem
TEDE. The control room operator doses are below the 1OCFR50 App.A GDC 19 limits of 5 rem gamma, 30 rem beta, 30 rem
thyroid, and 5 rem TEDE. The doses determined in the main text (EGTS PCO control loop single failure case) bound except
for the thyroid and 2-hr EAB TEDE doses.



Appendix J: Unit 2 PCO Control Loop Single Failure

The Unit 2 PCO Control Loop Single Failure evaluation only used the bounding Unit 1 models (7200 cfm EGTS flow, I
hr operator action). The models were the same except for the EGTS flows (case 3-2 taken from TI-ANL-166, ref. 19).

Table 3a
EGTS Performance with Annulus Initially at 0" H20 (ref.19: TI-ANL-166) 2 train EGTS 7200 cfm for Unit 2 and 1 hour

operator action

Time Interval Time Interval Recirculation Rate Exhaust Rate

[sec] [sec] [hours] [hours] [cfm] [ceb] [cfm] [cfh]

0 30 0 0.0083 0 0.00E+00 0 0.00E+00
30 39 0.0083 0.0108 7200 4.32E+05 0 0.00E+00
39 40 0.0108 0.0111 6573.24 3.94E+05 626.76 3.76E+04
40 41 0.0111 0.0114 4704.62 2.82E+05 2495.38 1.50E+05
41 42 0.0114 0.0117 2609.58 1.57E+05 4590.42 2.75E+05
42 43 0.0117 0.0119 725.2 4.35E+04 6474.8 3.88E+05
43 71 0.0119 0.0197 0 0.00E+00 7200 4.32E+05
71 78 0.0197 0.0217 0 0.OOE+00 7200 4.32E+05
78 79 0.0217 0.0219 1062 6.37E+04 6138 3.68E+05
79 80 0.0219 0.0222 4775 2.87E+05 2425 1.46E+05

80 102 0.0222 0.0283 4337 2.60E+05 2863 1.72E+05
102 132 0.0283 0.0367 4188 2.51E+05 3012 1.81E+05
132 165 0.0367 0.0458 3922 2.35E+05 3278 1.97E+05
165 170 0.0458 0.0472 3762 2.26E+05 3438 2.06E+05
170 210 0.0472 0.0583 3719 2.23E+05 3481 2.09E÷05
210 307 0.0583 0.0853 3760 2.26E+05 3440 2.06E+05

307 498 0.0853 0.1383 4050 2.43E+05 3150 1.89E+05
498 602 0.1383 0.1672 4797 2.88E+05 2403 1.44E+05
602 603 0.1672 - 0.1675 5232 3.14E+05 1968 1.18E+05

603 850 0.1675 0.2361 5137 3.08E+05 1432 8.59E+04
850 1100 0.2361 0.3056 5237 3.14E+05 1332 7.99E+04
1100 1350 0.3056 0.3750 5337 3.20E+05 1232 7.39E+04
1350 1600 0.3750 0.4444 5437 3.26E+05 1132 6.79E+04
1600 1850 0.4444 0.5139 5537 3.32E+05 1032 6.19E+04
1850 2100 0.5139 0.5833 5637 3.38E+05 932 5.59E+04
2100 3600 0.5833 1.0000 5737 3.44E+05 832 4.99E+04
3600 30 days 1.0000 30days 3455 2.07E+05 604 3.62E+04

After 603 sec, total flow is 5737+832= 6596 cfrn for 2 trains and 3455+604=4059 cfm for 1 train
based on steady state flow calculation reference 58. This reduces the recirculation cleanup and increases effective releases.
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The following is the EGTS performance curve from TI-ANL-166 (ref.19) With Initial Annulus Pressure at 0" H20 for
Unit 2:

Annulus Differential Pressure and EGTS Exhaust Rates,
Initial Pressure =0 Inches H20, -1.45" Setpoint

Unit 2

3 8000

2-- 2-7000

---- 6000%

S-4 ~ - - 14000
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< -3 - - - 2 0 0 0 , LOU,

-4-- Z 1000
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Time (sec)

- Annulus Differential Pressure - EGTS Ehaust Rate I

This is the EGTS profile as modeled for Unit 2. The above curve is modified at 602 sec to have constant flows (see assumptions 22
and 23):

Annulus Differential Pressure and EGTS Exhaust Rates, Initial
Pressure =0 Inches H20, Modified For Maximum Single Failure

Impact, Unit 2
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Results
The results are as follows (rem):

Unit 2 LOCA with PCO Control Loop Single Failure
2-Hr EAB

10CFR100
conv core 1 hr op action Limit

Gamma 2.019 25
Beta 1.187 300
Inhalation (ICRP-30) 29.88 300

TEDE 3.047 25

TPC 100%
Gamma 2.095 25
Beta 1.192 300
Inhalation (ICRP-30) 28.54 300
TEDE 3.055 25

TPC 3%

Gamma 2.095 25
Beta 1.191 300
Inhalation (ICRP-30) 28.54 300
TEDE 3.033 25

30-Day LPZ
conv core 1 hr op action 1 hr op action

Gamma 1.629 25
Beta 1.898 300
Inhalation (ICRP-30) 9.404 300
TEDE 1.577 25

TPC 100%

Gamma 1.630 25
Beta 1.847 300
Inhalation (ICRP-30) 8.980 300
TEDE 1.785 25

TPC 3%
Gamma 1.630 25
Beta 1.834 300
Inhalation (ICRP-30) 8.980 300
TEDE 1.568 25

Discussion and Conclusion

The Unit 2 LOCA with a PCO control loop single failure does not exceed the IOCFR 100 limits. The dose consequences of
the Unit 2 LOCA with PCO control loop single failure are bounded by the Unit 1 LOCA with PCO control loop single failure.
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WK*117 S
(CALCULATIONS FOR ICE WEIGAT OF 20125 X 10. PWXNDM)

RZFRENCE TABLE -(5.5-7).

ICE C0NDEN4SM ITO)TNf BUM4AI EYFTCIENCY(l)

TI-RPS-1 97

Time Interval
Post LOCU (Hourst

0.0 to 0.156
0.156 to 0.267
0.267 to 0.323
0.323 t~o 0.489~
0.489 to 0.615
0.615 to 0.768

0.768 to 0.824
O.824 to 720

16dine Remova2

0.96

0.76
0.73
0.71

0.60,

0.58

0.0

Thee I condenzer removal effi'cencles giv~en In the above, table are used
for the conservative RegLatory Guide , .4 analyses. The inlet steam-air
mixture comdng. into the ice condenser is greater .tan 90 percent steam by
voltAne initially due to the delaying of the operatioh of the deck, fans.Without the delay of operation of the deck fans the amount of steam, by volume
in, the inlet mixture initially would be much lower and the ice condenser iodine
removal efficiencies would be reduced.



jIaSu ,,onNo.o TI-SR197 Rev: 21 Plant: WBN I Page

Subject: Offsite Doses Due to a Regulatory Guide 1.4 Loss of ,Prepared: Date:
Coolant Accident Checked: Date:

JAk 2 7 19985.
Jantnviry 27, 1995

T"33 950137 962
Waliter L. EBMiot, 1053 A-WBN

WATTS BAR NUCLEAR PLAVT (WBN) FINAL SAFETY AUNAILYSIS REPORT (FSAR) UPDATE-
DISPFRSLON METEOROLOGY FOR ACCTDENT ANALYSIS

This repaces th- flinua.ry 24, 1995, tRIMS T33 950124 950) memorandum to correct ind'oratiom that
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'ýO"ranc4es P. Weatherford
Team Leader
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cc(Artacthmenis):
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Anachment I

Almosphe-iv Dispersion Facton x/Q, gedrn, f'or Design Basis Accident Analysvi Ba$ed on. OnTsite
Meteoroiogiffd Data for WattS Bar NtKcClar PIant

A. Based on Metorojog4&al Data from I974-18 (Section B o,,- Table 2.3-66 in W-BN" FSAR)

PeriodI Exclusion Boundary Low Population Zon•

0-2 0.604f-3 0,t45E- 3

2-8 0.677E-4

8-24 0D4.63E-4

24-A96 0.2O3E-4

96-726 O.623E-5

B. •asod on Meteorological Dat from 1974-93

Exclumion Boundary Low Population Zome
Period (it6iim

0-2 0.607E-3 0,141E-3

2-8 0.668E4

.024 A59E-4

24-96 0.204E.4

96-:720 0.635E-5

11-7/95



-Jlation No. TI-RPS-197
Subject: Offsite Doses Due to a Regulatory Guide 1.4 Loss of

Coolant Accident

D~in ~toroog -Onsite 10-mecter Wind Data. 5 th Percentik Value,, of Irnverie Wriiij Spoccd
(tu Iu) DislfibtijOns far Control Room Dose C-41hifibtisfWor Wtts Bar NUClear Plant

A. January 1974tbriihDeccinbcr
WBN PSAR)

Plume, Secton

89.75-1 57.25 1.82

154,75-.222~25 0.o6

1988 Wind Speed and Direcion Dam (Section B of Table 2.3-67 ill

87hal~

0.760

0.574

Avernamn~pZennd_

0,626

0.497

0.576 0.416

0,463

0.316

0.264

0.266

B. Januamy 1974 through D~ecember 199:0Wind Speed and Divaci~icnDatta

Plume S~ctors

8$975-157..25

132,25-199.75

454.75-2 25._5

192, 25-239.1T5

1.97

1.29

0 $91•

1.04

0.706

03.713

Avg ikyk'
w -hur

01862

0,626

0.5116

0.6~10

(-607

0•434

0,436

0,435

04:56

0,312

0,4.00

iJ2'2795
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Attachment C

T33 9501101 822
WAT-1)49M0 4

West~inghouse
Eiectri.C CDrMOTaiNn

Energ.y SyTe.nlE

NTDNSRLA-OPL~5-9"12
Janiuary 1iD 1995

Manage i of Engin cing
Warms Bar Nuclear Power, plant
Tainiessee Vozly Auathority.
10B-I.A, P.O. Box 2000
Sprin~g City, TN M6~.1

40* rtw p t,-

Aftztion: SteVe Robertson

TENNESSEE VALLEY AUT110111Tr'
WAFFS BAR UNITS ;!k 2

Iceý Cond if I odir'e. -ROMoVA Effi6enQV-

In fesponse to your r~equest, the Arcmcri zd'rsc*Le applicabiiiry of the subject table to the
removal of both el~wemetal iodine adpanicul ate l ine.

If you have DAY qtzctions, plow~ Coinsta the undersigned,.

*Very truly yours,

L\Ttbbp

AuAchnentu

Mr. S, L- Robt-wrij, IL

I, W, Irons, Maruqer
TVA Wxut Bar Project

Nsy I ý fflýt.OTVA"M
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14 441.W 4tt

Attachmant To WAT-0O9902

ICE CONDENSER IODINE REMOVAL EFFICIENCY

Purpose

The ice :condenser 4od.ine removal efficiencies provided In the FSAR (Table 5.57,

arrachedi •were used in the LBLOCA offsite d0se calculation: for bothn elemental and

particula:e iodine removal. However, these etfltfenclas are applicable only to

elemental iodine, TVA has asked if tlhe use of the referenced efficiencies for both

elemenpta and particulate removal I1 conservative in light of the overall iOdiflB

removal €onservaetinm that exists in the dose calculation.

Evaluation

FollOwing a LBLOCA, iodine may be removed from the. containment atmosphers by

the icecondenser, containment sprays, and by deposition or Timpaction-on internal

coni8lnthenl surfaces. O1 ihOs , only iodine removal by the .c6 4O6,%delor iS

currently assumed in the TVA Iodine reiasa/OffS!t dose calculatIlon, The table

Tuat follows compares the overall elemental and partioiuate iodine removal

coefflkients (hr1) approxImatod for only thhe Ice condenser and with the combined

effects of the ice condenaer and containmei•t spray and the ovetall

decontamination factor (DF).

alementWlA elemental DF particulate A particulate DF
Ice6 only 1.2 11= 2 a:=!

ice3 and spray 15 100, to 200 6

1 The overall Iodine removal coefficient is the numeric average of the Initial

and final coefflclent.

2. The eWemental and particulate DFs are based on 49 min of iodine removal.

3. Ice and spray Iodine remmoval is consisten; with current Standard RevIew Plan

recommendations, The ice condenser elemental iodine removal efficiency is a

constant 30%. The particulate iodine removal efficiency is 0.



[j ,lation No. TI-RPS-197 Rev: 21 Plant: WBN IPage: 56
Subject: Offsite Doses Due to a Regulatory Guide 1.4 Loss of Prepared: Date:

Coolant Accident Checked: Date:

Results

Both the lambdas and DFs for Iodine removal by only the ice condenser are less

than the corresponding values for the combined effect of Ice and spray removal of

iodine,

Conclusion

TVA's use of the FSAR ice condenser iodine removal coefficient8 for both

elemental and particulate iodine is conservative.
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CALUCLATE LEAK RATEE:

ACTUAL LE.:KACG Z -P--r
-V-510~:

U rA-

LC

T i Tf 4 ;4001

11. AVER~AGE LEAKAGE RA'-r

2. VOLUME WITH.IN TZEST BOUNDARY

3.. INITIAL PRE SSUPLE WI1THIN TEST aOUNDARY,
LB/FT SQ. ASS (SEE CONVERSION BE-LOW)

4. FINAL PRESSU RE: WITMIN TEST 30UNDARY.,
L..B/?T SQ. ABS, (SEE CON4VERSION4 BELOW)

S. AaSOLMUE T MPERYTUP-.AT START OP.
TEST, DEGREES RANXINE (SEE CONVERSIO*N

&6 ABSOLUTE TEMPERATURE AT EM.l OF
TEST, DEC-REES RAIJKINS, (SEE CONVERSION
SZLOW)

I, LAPSFED TlyNE BETWEEN START'OýF TET PI)
AN7,Z END % P2 (1- SEC.~ 0-0167 MIN.)

IRATURE: TEST STA.RTr -T.Y14, T

(Q)

(V)
--,. 2M C -F

(?f) Ž1DcLx. L A/v T,

(Ti) R

[T fl R

rEND tT)-t!.8 F

F 460

= er 46.3 8R

PRESSURE: TEST.ST~~RT G ~. TEST END (P2)9 N.G

( jW.G. Q 7355 cS He) x 7 0,72 -Zl 4 3 ot5tB/FTO

:?REPARED By. ML-. ~A DTE qz -Z --

Cp-=CKED By; ~~AM.~ J DA'rS -3- 1 AS
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r --- ~-~a

D %

:ERA.Z-TUAL LZMACKA RAT,

CALiCULATE LEAK RATE-

T~i T 1

-AV',rRGE- tIEAKAG4 rtATE

2. VOjI'IE WITH1IN TEST BOUNDAR.Y

:.N:TIArj PESSURE WITIRXN TSST BOILMNARY,

.15/FT SQ. ABS (SEE CONVERSIO'N BELOW1

4. IT~AL, PRESSU1RE WITHIN TEST ' BOUNDA-RY,
B/TSO. !B SEE COINERSION~ BZELOW)

5. ASSOIMITM TZEMPER.ATUPR AT.SAR OF
TESr, DEGREES VPXUKINE (SEE. C5INVErRSION
BELow)

G. AXSO2JUTE TEMPEP.LhTUE AT` END OF
'TEsr-, DEGRES RANflINTE (SEZ cownza$:0:4
BELOW)

7. L~APSE71 TIrM ZETWEEN START OF TEST (P'::.
AND END (P2). ý'I SEC.-. 6,61.7 MIN.)

{s3) ___ ____ ___ crm

(P i Ira5 L B eF

(pf) T~~~2 LB/z.;7

i T3 f. Jcbs)

TEM'•PERjATURE TEST'i START (TI 1-T1-C)

r -F + 450
Tf = F + 4 6::0

TEST EWD -T.2)1 j F

- ~ R

.PR ESSUR.E :. TEST START (?1)J~~ W.G. TEST END (P2)~~W~

EA.R~~f~~ETER At~ mg)a~

1 w. WG~ ~C2S 3 3§ I~) 72 ~zj~L/

W.G. -C7?365 + 2 ýO ~Itr) 70 *7 2 Zq5LB 13F T~

PRE P;RE--: B Y -DA TE - -

CH--ECKE& By,, 0ATE3
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1981 ABGTS TESTING 1994 ABGTS TESTING

TEST 0-30-AB-LT-07 TEST ..94-17190-00

BOUNDARY: OUTLET Ul FLT. HOUSE BOUNDARY: OUTLET Ul FLT. HOUSE

TO FAN AA DISCH. FLX TO FAN AA SUCT. FLG.

ALLOWABLE LEAKAGE 3.4 CFM ALLOWABLE LEAKAGE .91 CFM

ACTUAL LEAKAGE 37.3 CFM ACTUAL LEAKAGE 5.39 CFM

TEST 0-30-AB-LT-02 TEST 94-17190-01

BOUNDARY: FAN AA INLET FLEX TO BOUNDARY FAN AA DISCH FLG TO

REACTOR SHIELD WALL DAMPER I-FCO-30-146A

ALLOWABLE LEAKAGE 3.1 CFM ALLOWABLE LEAKAGE .81 CFM

.ACTUAL LEAKAGE 12.62 CFM ACTUAL LEAKAGE 7.15 CFM
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nOST* 7E -. - !EGATIVE
T-"r, 1,. 0. - .

ATTAC~~t~T C OF. IF'

CACUfL.XZE LEAR RATrE-

Ff v

II. AVERACE LEAKAG~E RMTE

2. vOLUJNE WITFIIN TE~ST B3OUNlDARY

3. tN.ITI.AL PRESSURE WITHfl TZS'Ir BoLiribAy~,
t8!jFT SQ. ABS (SEE CONVERSION BELOW4)

~.FINAL PRESSURE WITflA)4 TEST BOVIDARA',
LB/Pr SQ. ABS (SEE CONVERSION BELOW)

5. ABSOLUTE TEMPERATURE AT, S TAPT OF
TZl~?, DEGRZES RAIIKINE (SrE CONVERS'iom

6. ABSOLUTE TE2MPMRTLRE. AT B1D. OQF
TrEST, DEGREES RAXN (SEZ C>NIVERSION
BELOW)

7. LATPSED TTME BETWEEN START OF TEST (P1)
AND END (Pn). (I. SC,-~ OC!G) MIN-)

7EMPERATURE: TEST' START (M1) F TEST

(Q)

fk V)

SC-•M

FT•

(Ti.) R3c,:

'S~ 40,0

END M).2 &3b F

Ti~~ 6_ _ F 40 R

'f5 F 0 + 460

.PRESSURE: T'EST START (Plj 5. w G. A-EST END (P2) .3'~wc
BAROMETE R READING.~~ 7 '

fW.G. X~ .0715 4- __ aIOi. 70.72 ___

CHEC:<ED By: oZU&~0j ATE_______
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I., F, p- 151
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ATT 3P4' t

CALCVLAhTB LEAF, RATE:

v
Ti Tf Atf. • DO125).

1. AVZR.AE LEAKA7GE RATE ý.Q ) SCFM
2i VOLUME WITHIN TEST BOUNDARY

3. Ih1ITIALPRFSSURE wiTHIN TEST BOUJNDARY,
LSIFT SQ. ABS: (S~E ,COIVERSION BZLOWI

4. FIN~AL PRESSUR~E WITiiIN.TEST BOUNDARY,
La/?T SQ. A.BS: (SEE C0NvE'nIQN BELOQW)

5. ABSOLUTE TEMPERATUrRE AT START OF
TEST.) D~EGREES, RANKINE (SEE CONlVERSIO.N

6. A4BSOLUTE TMPERATURE AT END OF
'TEST, DEGREES RA1XT RE. (SEE &ONVERSION1
BELO.w)

7. LAPSED TIKE BETWrZN STAR.T OF TEST (Pl)
AND. EN~D (P2). ',1 SEC,- O.02:67 M4I0.)

(v0) 5(0-Ci scpx

(Pff Z~l4~,b LBIFV2

(Ti) _S~8 OR

(fc) R;tq

TEMPERATURE: TEST STrART (T1K1). r

Ti 1~ F +I 460

TEST END (T2)DQ'IA_

7f= F~ F+ 460 .=

PRESSURE; TEST START (PI) ~ ~WG EMTE~ (LP2) w. q.c

PAA~OETER REA+DINC (B1) Z.~
pi Q .073.5 +. H9) X 70,12Ž~~ a/T

Pf 3. W. G. X 0735 +~ A Hq) x 70.72 :=-

P-REPARED BY: DATE_____

CHECIKED. BY: _____________DATE
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1981 ABGTS TESTING [ 995 ABGTS TESTING

TEST 0-30-AB'LT-08 TEST 94-17127-00

BOUNDARY: OUTLET U2 FLT. HOUSE BoUNDARy: OUT LET U2 FLT, fOUSE
TO FAN BB OUTLET TO FAN BB INLET

ALLOWABLE LEAKAGE: 2.9 ALLOWABLE LEAKAGE: .82Z ClFM

ACTUAL LEAkKAGE: 33.9 ACTUAL LEAKAGE: 3.73 CFM

TEST 0-30-AB-LT-04 TEST 94-17127-01

BOUNDAJRY! U2 FAN BB INLET FLG BOUNDART: U2 PAN BB DISCH FLG
TO INSIDE SHIEL-D TO INSIDE SHIELD
WALL WALL

ALLOWABLE LEAKAGE- 3.4 CFM ALLOWABLE LEAKAGE: .95 CFM

ACTUAL LEAKAGE: 1.10 CF 1 ACTUAL LEAKAGE: 5. I CFM

lrjoa AUI..A~ TOTAL LSJJ LISTED AI~Uvk HAVE BEEN4
PREVIOUSLY ACCEPTED ON NCR-3285R



Attachment 15
(Located on Attached OSM)

Met files used in the ARCON96 X/Q calculations

Metwbnpl 976.dat
Metwbnpl 977.dat
Metwbnpl 978.dat
Metwbnpl 979.dat
Metwbnpl 980.dat
Metwbnpl 981.dat
Metwbnpl 982.dat
Metwbnpl 983.dat
Metwbnpl 984.dat
Metwbnpl 985.dat
Metwbnpl 986.dat
Metwbnpl 987.dat
Metwbnpl 988.dat
Metwbnpl 989.dat
Metwbnpl 990.dat
Metwbnpl 991.dat
Metwbnpl 992.dat
Metwbnpl 993.dat
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1976 TVA Report

Impingement at Watts Bar Steam Plant



IMPINGEMIENT AT WATTS BAR STEAM PLANT

Watts Bar Steam Plant, TVA's first fuel-burning electric power plant, is

located on the right bank of the Tennessee River (Tennessee River Mile 529.2)

near the upper end of Chickamauga Reservoir about 1,036 meters downstream of

Watts Bar Dam (Figures 1 and 2). The four-unit plant, rated at 240,000 kW

total capacity with a 280,000 gpm condenser cooling water requirement, became

fully operational in April 1945. Although the plant operated on base load during

much of its early history, it currently operates as a peaking plant.

Physical Data

Pumping Station - The intake screen house for the circulating water supply

system is continuous with the upstream face of the service bay at the Watts

Bar hydroplant and contains six intake openings at 900 to the axis of the dam.

Each of the six 18.3m2 intake openings is equipped with a steel trashrack

6.3 meters high by 2.9 meters wide. The trashrack bars are 12.70 cm wide by •,

0.95 cm thick and are spaced 7.52 cm on centers. Following the trashracks, the

water passes through the vertical traveling screens. These are made of 0.61 by

1.83 meter screen panels interlocked and attached to chains operating.between

sprockets at the bottom and drive sprockets supported on the intake deck. These

panels are made of 12-gauge galvanized wire with 0.95-cm (3/8 inch) mesh

openings.

Circulating water for the condensers is supplied by gravity from the Watts Bar

Reservoir through a conduit system approximately 1,036 meters long. The circulating

water supply system is designed to produce a maximum flow through from condensers

of 17.67 cubic meters per second (624 cfs) when the Watts Bar Reservoir is at

elevation 733 (ft) and the tailwater at the steam plant discharge is at elevation
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699, a gross head of 10.36 meters. With this flow through the six screens,

there is a calculated velocity throug-the trashracks of 25.60 cm/sec (.83 fps).

Biological Data

1. Sampling methods

Samples were collected weekly between August 8, 1974, and May 29, 1975,

as follows: at the beginning of the sample period (1,100 hours, Wednesday),

all traveling screens were simultaneously rotated and washed clean of fish

and debris. Twenty-four hours later, the screens were washed individually,

and the impinged fish were collected in a catch basket installed in the screen

was sluiceway. All individuals were separated by species into 25 m length

categories and counted. Total weights (grams) for each length cl~As were

recorded.

2. Results

Below are listed (Table 1) the total number of each of the 19 species

collected from the 33 samples taken at Watts Bar Steam Plant during the

sampling period August 8, 1974 through May 29, 1975. Seventy-three percent

of the total 2,130 fish collec-ted.-ertshad. The remaining 16 nonshad species

which totaled 575 individuals were impinged at an average rate of 17.4 fish

per sample.

Since sampling was done on a fixed schedule, independent of plant operation,

the average number of screens counted per twenty-four hour sample is assumed to

approximate the average number of screens in operation per day throughout the

entire sampling period. In addition, the average number of fish collected per

sample through the 10-month sampling period is assumed to approximate the average

daily impingement for that period. Since Watts Bar is a peaking plant there

were several sampling dates on which the plant was not in operation. The percent
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of time the plant was not operating on the sampling days (30.3%) is assumed

to approximate the percent of time the plant did not operate during the entire

10-month sampling period. Extrapolating the average impingement counts per

sample for the number of days the plant presumably operated during the 10-month

period August 1974 - May 1975 and will operate during June and July 1975 yields

the estimated annual-numbers (Table 2) and biomass (Table 3) impinged.

Figure 3 depicts the total number of fish impinged during each of the thirty-

three 24-hour samples. The greatest number of fish for a single sample (438)

occurred on March 27, 1975, in which 79.9 percent were threadfin shad.
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Table 1. Total Number of Each Species Impinged on the Intake Screens of
'Watts Bar Steam Plant in 33 Samples Collected Between August 8,

1974, and Hay 29, 1975

Scientific Name Common Name Total Number

Alosa chrysochloris'

Dorosoma cepedianum

D. petenense

Hiodon tergisus

Notropis antherinoides

N. whipplei

Pimephales vigilax

Ictiobus bubalus

Ictalurus furcatus

I. punctatus

?ylodictis olivaris

Morone chrysops

M. mississippiensis

M. saxitilis

Lepomis macrochirus

Micropterus dolomieui

Pomoxis annularis

Apoldinotus grunniens

Percina caprodes

Total

Skipjack Herring

Gizzard Shad

Threadfin shad

Mooneye

Emerald Shiner

Steelcolor Shiner

Bullhead Minnow

Smallmouth Buffalo

Blue Catfish

Channel Catfish

Flathead Catfish

White Bass

Yellow Bass

Striped bass

Bluegill

Smallmouth Bass

White Crappie

Freshwater drum

Logperch

187

36

1,333

13

1

3

1

1

8

17

3

25

1

235

5

19

232

9

2,130
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Table 2. Estimated Annual Number of Fish Impinged at
Watts Bar Steam Plant (Plant Operating 69.7 Percent
r)T .he Time)

Species Tocal, Number

Clupeidae 11,995

Bluegill 1,812

All other species 2,613

Total 16,421

A
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Table 3. Estimated Annual Biomass (kg) of Fish Impinged at
Watts Bar Steam Plant (Plant Operating 69.7 Percent
of the Time)

Species Biomass (kg)

Clupeidae 355.43

Bluegill 25.47

Alilother species 87.21

Total 468.11
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Discussion and Conclusion

Only five of the samples contained more than 100 fish during the sampling

period (August 8, 1974, to May 29, 1975). Ofthe 16 non-shad species collected

only bluegill (7.1 per sample) and drum (7.0 per sample) were impinged at an

average rate exceeding one individual per 24 hours.

Because Watts Bar.is a peaking plant and is of comparatively low generating

capacity, its eooling water requirement is low resulting in a low total annual

volume of water passed through the plant. These factors undoubtedly account

for the low impingement at this plant. Based on the results of this study,

we conclude that the impingement of fish at Watts Bar Steam Plant does not

constitute an adverse enYironmental impact to the fish population of Watts Bar

Reservoir.

JAH:MCL
6/6/75



I

C'4
M 001-

4
t~~I to- *b,

-n. -MpI**a. 4~G

r ~N- U -

I I -* L 
ni,

-1. .1.1.1.1.11 0-11.



'I.-

ION
&b

I:
.4

.1

.Jt
p

W-

r

.liIi
EL

:FY.
inh.

-w I.

U

: "tQ, "•"

T...



*NU
P1
B

I
Li

I
N
C
E
D

300

/00.

I i;,

JI ~

(
i
I

/

II

" Spec

\A\l\ ,1.1]I 2 R~AR



Attachment 17

Table 3-7

Total Numbers of Each Native Mussel Species
Collected During Preoperational (1983-1994)
and Operational (1996-1997) Surveys Near

Watts Bar Nuclear Plant



Table 3-7. Total numbers of each native mussel species collected during preoperational (1983-1994) and operational (1996-1997)
surveys near Watts Bar Nuclear Plant.

_ e -- ,iratofal Oeational
1913 1913 194 1914 1915 1915 1986 1986 1981 1990 1992 1994 1996 1997 Totals Times

_ _ _ _ _aFall Fal - Fall Fall Found
- 754 836 779 984 738 929 734 765 970 524 424 583 594 489 10103 14

_ _ _ _ _ _ 264 275 220 156 113 177 110 169 224 139 82 95 94 101 2219 14
____________uber ___ * 88 70 73 62 60 66 55 76 93 90 68 64 38 47 950 14

99 75 85 53 53 85 31 41 8(] 79 48 65 30 24 848 14
HUsM IK 14 29 18 29 34 43 41 27 55 45 16 10 35 12 408 14

nhi ot 24 29 24 25 8 27 19 18 23 28 14 I 15s 8 273 14
__b____________ 18 33 19 11 17 25 23 24 49 10 13 13 11 5 -271 14

18 10_ 5 4 3 7 9 7 29 20 5 7 7 1 132 14

M BOB= 14 24 I1 13 6 10 7 7 8 8 8 4 2 2 124 14
rio nI M 6 12 5 5 4 15 8 13 18 9 9 7 4 1 116 14

Oiguaria M Me 14 6 8 3 7 5 9 3 7 11 6 11 6 3 99 14
U ._ .... . 6 3 4 10 3 S8 10 7 2 3 1 2 1 68 14

3 7 6 2 1 7 6 2 12 4 6 2 4 62 13
Lagodea &"1 1 3 4 2 3 2 6 3 12 3 1, 2 50 13
Mmums afflaft 3 2 2 - 4 7 8 3 5 1 35 9

"ons rM 2 1 I I 4 5 1 9 3 4 2 1 _ 34--2
!anM109s ONt 3 1 1 4 -5 4 1 2 3 1 26 11

Eli•dlm4 2 1 1 2 2 1 :3 1 is 18 0

2 -I 2 2 1 1 9 6
2 1a 2 11 1 1 5 4

i __m____ I__ _ 1 1 ..... 2 1 - 5 4
2O 99 M 2 - -, -1 1 4 3

emrm3 1 4 2
_o_ - - -um - 1 2 2

-usOMMia* 2* - • 2 1
- - 2 2

1 I - -- 1 1 1
113mmsmon LomM lnl

Total Mussels 13411 1422 1270 1368 10631 1427 1075 1180 161C 991 708 880, 846 697. 15878

Number of Species CoHected 2 22 1 20 19t 201 201_ 11 201 221 22 161 171 14 30

114

,a .



Attachment 18

Appendix A-2

Results of 14 Native Mussel Surveys at 12 Sites
in the Vicinity of Watts Bar Nuclear Plant,

1983-1997
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Appendix A-2. Results of 14 native mussel surveys at 12 sites in the vicinity of Watts Bar Nuclear Plant, 1983-1997.

September 13-14,1983 Bed Bed Bed Survey
species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 Total Total Percent

Mi g= 163 71 78 102 414 21 65 12 34 132 53 43 69 43 208 754 56.23
Pe coatum 17 41 16 16 90 17 82 7 3 109 12 18 20 15 65 264 19.69

putid 8 3 6 15 32 4 22 14 5 45 6 5 9 2 22 99 7.38
Cvdvonaas tubercu 8 5 21 11 45 3 7 4 4 18 5 8 8 4 25 88 6.56
Elli _lin___ 2 3 2 8 15 1 4 2 1 8 0 1 0 0 1 24 1.79

&inble PiuHcata 0 0 1 0 1 0 5 5 5 15 0 1 1 0 2 18 1.34
Anadonta g 0 0 0 0 0 4 1 3 6 14 0 0 1 3 4 18 1.34
Oaais M&lM 1 0 0 0 1 0 4 6 2 12 0 1 0 0 1 14 1.04
Potanilus alaW 2 1 3 0 6 3 0 1 3 7 0 0 1 0 1 14 1.04
Ouam n!r 1 0 5 2 8 2 0 2 0 4 1 1 0 0 2 14 1.04
LimMia mra I 1 0 1 3 0 0 0 1 1 0 1 1 0 2 6 0.45
TIigoja veuy 0 0 0 0 0 2 1 0 2 5 0 0 1 0 1 6 0.45
E lifigdtnl 1 0 1 1 3 0 0 0 0 0 0 0 0 1 1 4 0.30
Actnonaias mija 1 0 0 0 1 0 1 0 0 1 0 1 0 0 1 3 0.22
jamsilis A 0 0 0 0 0 0 1 0 0 1 0 1 1 0 2 3 0.22

____g& ovata 1 0 1 0 2 0 0 0 0 0 0 0 1 0 1 3 0.22

QM 0 0 1 0 1 0 0 0 0 0 0 0 i 0 1 2 0.15
Fucnia sbmbkh 0 0 0 1 1 0 0 0 0 0 0 0 1 0 1 2 0.15
Meglnaias 0 0 0 0 0 0 1 1 0 2 0 0 0 0 0 2 0.15
Dro ams 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0.07

Lem fliwI.! 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0.07
PoeurbMigan1n 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0.07
GrandTotal 206 125 136 158 625 58 194 57 66 375 77 81 115 68 341 1341 100.00

Species Count 12 7 12 10 171 10 12 11 11 16 5 11 ~ I iIR 7

7 12 10 171 10 12 11 11 16 5 11 13 6 I stl 22

171



Appendix A-2. (Continued)

November 1-2,1983 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 1 Total Total Percent

Eli cridnm 0 145 100 102 347 21 52 26 72 171 54 108 91 65 318 836 58.79
Pleurobemaatum 32 13 13 24 82 9 24 22 2 57 8 51 46 31 136 275 19.34

_MW___ 6 0 6 10 22 4 8 6 0 18 12 7 1 15 35 75 5.27
Cyloaiasbtbul 5 4 14 15 38 1 8 5 0 14 1 4 4 9 18 70 4.92
Amblenmalicata 2 0 3 1 6 6 6 10 2 24 0 1 0 2 3 33 2.32
El 1 2 4 6 13 1 1 0 3 5 1 7 0 3 11 29 2.04
Potamilus A1mn 1 1 3 0 5 7 0 6 7 20 1 1 1 1 4 29 2.04
Qadml metancvra 5 2 1 2 10 1 2 0 0 3 2 5 1 3 11 24 1.69

0 0 0 0 0 7 0 2 3 12 0 0 0 0 0 12 0.84
Anoonta g 0 0 0 0 0 4 0 1 3 8 0 1 1 0 2 10 0.70
LmMIl .. 0 1 1 0 2 0 0 0 0 0 1 I 1 2 5 7 0.49
Oblia reflema 0 0 0 0 0 1 1 2 2 6 0 0 0 0 0 6 0.42

Rtde * 0 0 1 1 2 0 0 0 0 0 0 0 0 1 1 3 0.21
Limma rem 0 1 0 0 1 0 1 0 0 1 0 0 1 0 1 3 0.21
Actinonaias 1 0 0 0 I 0 0 0 0 0 0 0 0 1 1 2 0.14
[iQ 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 2 0.14
Plehobasus cwhvu 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 2 0.14

•MMI• • 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0.07
Lan M 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0.07
Megonaias 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0.07
P__umim= plenum 0 1 0 0 I 0 0 0 0 0 0 0 0 0 0 1 0.07
Grand Total 53 172 146 161 532 65 104 80 94 343 81 186 147 133 547 1422 100.00
Species Count 8 11 10 8 15 13 10 9 8 15 9 10 9 11 141 21
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Appendix A-2. (Continued)

July 11-12, 1984 Bed Bed Bed Survey

Species 520.0 520.3 520.6 520.8s Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.S 528.9 1'Total Total Percent
Eft1 c des 110 63 15 44 232 9 33 21 18 SI 11 88 195 172 466 779 61.34
Pleu 33 27 24 23 107 4 7 1 0 12 3 18 55 25 101 220 17.32
Ouadrua mmt 4 0 13 10 27 8 2 6 4 20 5 13 9 11 38 85 6.69

Cloias tu 0 4 33 25 62 0 0 2 0 2 0 3 6 0 9 73 5.75
ENlipaineoata 1 2 7 3 13 2 1 0 1 4 1 4 2 0 7 24 1.89

A mnbeomi= 0 0 4 0 4 4 1 7 0 12 1 1 1 0 3 19 1.50
PotamiaiuIME 0 2 3 2 7 2 1 0 6 9 0 1 1 0 2 18 1.42

0 2 2 2 6 0 0 1 0 1 0 2 2 0 4 11 0.87
Ob"imu reflexa 0 0 1 0 1 1 0 5 1 7 0 0 0 0 0 8 0.63
lamgd& a 0 1 0 0 1 1 1 0 0 2 0 0 2 1 3 6 0.47

0 0 0 0 0 1 2 2 0 5 0 0 0 0 0 5 0.39
0 0 1 0 1 3 0 0 0 3 0 I 0 0 1 5 0.39
0 0 0 0 0 0 1 0 2 3 0 1 0 0 1 4 0.31

OR 2 0 0 0 2 0 0 0 0 0 0 0 2 0 2 4 0.31

A_____i__ 0 0 0 0 0 0 0 0 0 0 1 1 0 0 2 2 0.16
P~wrobanm o 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 0.16
Pl___obng lee 0 0 2 0 2 0 0 0 0 0 0 0 0 0 0 2 0.16

Ell dtat 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0.08

Lmmilis oaa 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 l 0.08

Mfhsc iolar 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1i 0.08

Ir_____Total 151 101 106 109 467 35 49 45 32 161 23 133 275 211 642 1270 100.00
•Qnr~jeS rminnt 6 7 12 71 151 10 9 8 6 13 7 11 10 5 151 20
W

6_ 7 . . . 71 11 0 9 . .
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Appendix A-2. (Continued)

November 1-2, 1984 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.81 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 Total Total Percent

Ellio crajde 128 58 92 102 380 41 60 36 67 204 18 31 200 151 400 984 71.93
12 13 25 20 70 3 27 0 1 31 3 12 25 15 55 156 11.40

Cy¢!mim tubenlata 2 11 20 10 43 1 3 1 0 5 1 0 11 2 14 62 4.53
Quadrula pustuo 3 7 7 9 26 0 7 1 1 9 1 0 10 7 18 53 3.87
potmils alatus 1 0 2 4 7 4 0 2 8 14 3 4 1 0 8 29 2.12
Ellr -• ats 0 1 6 3 10 2 2 0 4 8 1 1 4 1 7 25 1.83
Onadnla meancvr 0 4 1 3 8 0 0 0 0 0 1 0 4 0 5 13 0.95
Amblema g 0 1 0 1 2 1 1 0 2 4 2 0 2 1 5 11 0.80
U M 0 0 1 2 3 0 0 0 0 0 0 5 1 1 7 10 0.73

0 0 0 0 0 2 0 1 0 3 1 1 0 0 2 5 0.37
Boo k 0 0 0 0 0 2 0 0 I 3 0 0 0 1 1 4 0.29

LamI i ona 0 0 0 0 0 0 0 1 0 1 0 3 0 0 3 4 0.29
Oblurefa 0 0 0 0 0 0 1 1 0 2 0 0 0 1 1 3 0.22
Alxinta iiljg 0 0 1 0 1 0 1 0 0 1 0 0 0 0 0 2 0.15

0 0 0 0 0 0 0 1 0 1 0 0 1 0 1 2 0.15
0 0 0 0 0 0 1 0 1 2 0 0 0 0 0 2 0.15
0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0.07

]j_. j 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0.07
Megalonaas nervosa 0 0 0 0 01 0 1 0 0 1 0 0 0 0 0 1 0.07
Grand Total 146 96 156 154 552 56 104 44 85 289 31 57 259 180 527 1368 100.00
Snece~ie Count S S 10 9 12 8 10 8 8I 15 9 7 10 91 141 19

Lnce Cont5-I1--- 9 10 8 1 Is 9 1-
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Appendix A-2. (Continued)

July 3 1-August 1, 1985 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 Total Total Percent

Ellipio gnsiden 39 41 35 88 203 38 25 8 24 95 44 91 150 155 440 738 69.43
P 1 13 5 17 36 2 18 2 1 23 5 11 13 25 54 113 10.63
Cvdonaias tubercl 3 1 17 13 34 0 5 1 1 7 0 5 11 3 19 60 5.64
Ouarapustulosa 0 0 1 6 7 0 11 5 2 18 2 4 15 7 28 53 4.99
pEtamilaux WI 0 0 0 3 3 3 0 5 17 25 0 0 5 1 6 34 3.20
Amb plicata 0 0 0 0 0 0 2 7 0 9 2 0 5 1 8 17 1.60
Ellivsri 0 0 3 1 4 0 2 0 0 2 0 0 2 0 2 8 0.75

A mdns 0 0 0 0 0 I 0 0 0 1 0 1 I 0 2 3 0.28
Obfima a eda 0 0 0 0 0 0 2 4 0 6 0 0 0 1 1 7 0.66

T i rrua 0 0 0 0 0 2 0 2 0 4 0 0 0 0 0 4 0.38
1 1 2 2 6 0 0 0 0 0 0 0 0 0 0 6 0.56

LmADsi_ "" n ta 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0.09
et Bik 0 0 0 0 0 0 0 0 2 2 0 0 1 0 1 3 0.28

recta 0 0 0 0 0 0 0 0 0 0 1 1 1 0 3 3 0.28
mmakneo 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0.09

Actinms li 0 0 0 1 1 0 0 0 0 0 0 0 3 0 3 4 0.38

IM ovatOda 1 0 0 0 1 0 0 0 0 0 2 0 2 0 4 5 0.47

QMproguaiteia 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0.09
PleuIRbena niu 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0.09
Lasmnig• .€omlnata 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0.09

GrandTotal 45 56 64 131 296 46 66 34 47 193 56 113 211 194 574 1063 100.00
Soecies count 5 4 7 8 10 5 8 8 61 121 6 6 14 8 161 20
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Appendix A-2. (Continued)

October 16-17,1985 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.81 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 1Total Total Percent

E ag idum 79 128 73 47 327 23 32 29 32 116 8 70 182 226 486 929 65.10
PIN qolatm 22 17 10 18 67 2 26 3 9 40 0 18 31 21 70 177 12.40
Ouada p 2 7 1 9 19 6 5 6 8 25 0 14 16 11 41 85 5.96
Ceonai tub-eu 3 7 6 24 40 0 2 1 1 4 2 9 10 1 22 66 4.63
Potamil AWN 1 1 5 5 12 7 3 14 0 24 0 3 2 2 7 43 3.01
ED 2 0 0 1 3 2 4 2 3 11 0 3 4 6 13 27 1.89
Ambie g& it 1 1 1 0 3 2 1 3 5 II 0 3 5 3 11 25 1.75

Twm~rusa 0 0 0 I 1 8 1 2 2 13 1 0 0 0 1 15 1.05
0 0 1 4 5 2 1 0 0 3 0 0 0 2 2 10 0.70

UWWRa 0 1 2 1 4 0 0 1 0 1 0 0 2 1 3 8 0.56
Actonaias humemfin 2 0 2 0 4 0 0 0 0 0 0 1 2 0 3 7 0.49

Aoo m 0 0 0 0 0 4 0 0 1 5 0 1 0 1 2 7 0.49
LnMil a 0 1 1 0 2 0 0 0 0 0 0 1 4 0 5 7 0.49
Ob n 1 0 0 0 1 1 0 1 0 2 1 0 1 0 2 5 0.35
Lan 0rat 0 0 0 0 0 0 2 0 0 2 0 0 2 0 2 4 0.28
M29 aias 0 1 0 1 2 0 0 0 0 0 0 0 0 2 2 4 0.28
Pl nib 0 1 0 0 1 0 0 0 0 0 0 1 1 0 2 3 0.21
M 0 0 1 0 1 0 1 0 0 1 0 0 0 0 0 2 0.14

am& 0 0 0 0 0 0 0 1 1 2 0 0 0 0 0 2 0.14
_________o__.,_e1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0.07

GrandTotal 114 165 103 111 493 57 78 63 62 260 12 124 262 276 674 1427 100.00
Svecies Count 10 10 11 10 17 10 11 11 9 15 4 11 13 111 171 20
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Appendix A-2. (Continued)

July 9-10, 1986 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 Total Total Percent

gpcaidem 100 56 38 30 224 28 23 47 44 142 86 86 34 162 368 734 68.28
PlM 7 30 7 11 55 2 1 3 2 8 15 16 4 12 47 110 10.23
.51oaas 1 2 6 14 23 2 2 4 0 8 9 7 2 6 24 55 5.12

rula 1 0 0 2 3 1 4 5 2 12 7 6 1 2 16 31 2.88
Potanilms alanu 2 1 0 1 4 3 6 5 9 23 1 1 4 S 14 41 3.81
AmM 1 0 0 2 3 1 5 7 1 14 4 2 0 0 6 23 2.14

1 0 1 3 5 0 2 4 0 6 1 2 0 5 8 19 1.77
0 0 0 0 0 1 2 1 0 4 0 0 1 4 5 9 0.84

0bli reia1!exa 0 0 0 0 0 2 2 4 0 8 0 0 0 I 1 9 0.84
0 0 0 0 0 2 4 1 1 8 0 0 0 0 0 8 0.74
0 0 1 3 4 0 1 0 0 1 1 0 1 0 2 7 0.65

lmnM'lis a 1 2 0 0 3 0 0 0 1 1 1 1 0 0 2 6 0.56
fizz& 0 0 0 0 0 0 4 1 0 5 0 0 1 0 1 6 0.56
raft 1 0 2 0 3 0 0 0 1 1 0 2 1 1 4 8 0.74

Mamaim1 1 1 0 3 0 1 1 0 2 0 0 0 0 0 5 0.47
0 0 0 0 0 0 0 0 0 0 0 0 1 0 i 1 0.09

E0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 2 0.19

lmm______a en __mM _ 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0.09
GrandTotal 116 92 56 67 331 42 57 84 61 244 126 123 50 201 500 1075 100.00
I•nPimc rminmt 10 6 7 9 12 9 13 13 8 16 10 9 10 151 18
W

'I0. 6 7- - 16 __________
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Appendix A-2. (Continued)

October 16-17, 1986 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 1Total Total Percent

gumia gramden 97 29 73 61 260 14 30 20 28 92 13 100 132 168 413 765 64.83
PI o ratum 6 18 21 9 54 3 28 1 1 33 1 22 34 25 82 169 14.32
Cvskaias tbercula 0 5 28 16 49 0 2 7 0 9 3 1 13 1 18 76 6.44
Omia m~tl 3 0 0 11 14 0 1 6 1 8 4 4 10 1 19 41 3.47
Potamilus alatus 0 1 3 3 7 3 4 4 4 15 5 0 0 0 5 27 2.29
Amblo a 1o 1 1 2 1 6 6 0 13 3 0 4 2 9 24 2.03

2 1 3 4 10 0 0 0 1 1 0 2 3 2 7 18 1.53
Ttigggi verru 0 0 0 0 0 5 2 1 4 12 0 1 0 0 1 13 1.10
. reta 0 1 2 1 4 0 0 0 1 1 0 3 2 0 5 10 0.85
Actinoniam limentina 0 1 1 2 4 0 0 0 0 0 0 2 2 0 4 8 0.68

0 2 0 0 2 2 1 0 1 4 0 0 1 0 1 7 0.59
1 0 1 3 5 0 0 0 0 0 0 1 1 0 2 7 0.59

a0 0 0 0 0 0 1 0 0 1 0 0 2 0 2 3 0.25
0"lmia 0 0 0 0 0 0 1 1 0 2 0 1 0 0 1 3 0.25
LmgiamDW pAm 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 2 0.17

La mmi 0 1 0 0 1 0 1 0 0 1 0 0 0 0 0 2 0.17
Plembenxi ofamn 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 2 0.17

ndtaimbecillis 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0.08
m m 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0.08
Mea___aias nervoa 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0.08

u3randTotal 109 59 134 113 415 28 77 46 41 192 29 139 204 201 573 11801 100.00
nei eu.... . .... .5 9 10 12 15 6 11 8 81 13 6 11 11 1 171 24

Lnce con 5 9 10 12 1

178

I .1 .41



.9

Appendix A-2. (Continued)

Juy 12 & 14, 1988 Bed Bed Bed Sunrey
Species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 ITotal Total Percent

Ell crasuiden 71 43 43 79 236 14 28 25 20 87 76 80 248 243 647 970 60.25
Pleu 8 22 18 20 68 10 28 6 0 44 16 22 38 36 112 224 13.91
Qclm te 1 14 19 22 56 1 1 3 3 8 4 4 17 4 29 93 5.78
Q MM 0 2 1 2 5 1 3 9. 8 21 11 9 25 9 54 80 4.97
Pobaul aw 0 2 5 3 10 5 4 9 12 30 9 3 0 3 15 55 3.42

1ugg& 1 4 4 3 12 4 0 10 9 23 10 1 3 0 14 49 3.04
2 1 2 4 9 0 4 0 0 4 3 3 3 1 10 23 1.43

i 0 1 2 0 3 9 1 4 5 19 2 0 1 4 7 29 1.80
fenma 0 0 0 0 0 1 0 3 3 7 0 0 0 0 0 7 0.43

0 0 1 2 3 4 5 0 4 13 0 1 0 1 2 18 1.12
______ 0 2 3 1 6 0 0 0 0 0 0 0 2 0 2 8 0.50

os M 0 0 0 0 0 1 0 1 0 2 4 1 3 2 10 12 0.75
o 0 0 0 0 1 1 1 6 9 2 1 0 0 3 12 0.75

Limmia 9.4ta1 0 1 0 2 0 0 0 0 0 0 1 3 1 5 7 0.43
•ead rai s 0 1 1 2 4 0 0 0 0 0 4 0 1 0 5 9 0.56

Ai li 0 0 0 2 2 0 0 0 1 1 0 0 0 0 0 3 0.19
[aMss ovata 0 1 0 0 1 0 0 1 0 1 0 1 0 0 1 3 0.19
Ef 0 0 1 0 1 0 0 0 0 0 0 0 2 0 2 3 0.19
PlegIobegna oi 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 0.12

imbecillis 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0.06
Anodontaobicula 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0.06
Pleumbem. _midam 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0.06
Grand Total 84 93 101 140 418 51 76 72 72 271 142 127 346 306 921 1610 100.00
Species Count 6 11 13 11 15 11 10 I1 I11 16 12 12 12 11 181 22
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Appendix A-2. (Continued)

July 24-25. 1990 Bed Bed Bed Survey
species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 1 Total Total I Percent

Elio cratidens 79 21 37 58 195 23 17 13 27 85 25 67 84 68 244 524 52.88
Pleurobe r-datum 11 2 12 9 34 3 13 8 0 24 9 33 19 20 81 139 14.03

1conaim tu 11 26 20 14 71 1 2 2 0 5 6 4 4 0 14 90 9.08
2 4 8 3 17 0 9 10 7 26 9 9 13 5 36 79 7.97

Patanilus aln 2 2 5 4 13 8 2 8 10 28 1 0 2 1 4 45 4.54
Eaicata 0 1 0 4 5 0 1 2 1 4 0 1 0 0 1 10 1.01
l lineolat 4 1 8 3 16 3 0 0 0 3 3 3 2 1 9 28 2.83

Anodoaft 0 0 1 1 5 4 3 5 17 0 1 1 0 2 20 2.02
an= 0 1 0 1 2 0 1 2 3 6 0 0 2 1 3 11 1.11
Tvrr 0 1 0 0 1 2 3 0 2 7 1 0 0 0 1 9 0.91

1uadmla I 1 0 0 2 1 1 0 0 2 0 1 3 0 4 8 0.81
hMsilim 0 0 0 0 0 0 0 0 1 1 0 1 2 0 3 4 0.40

&Bbd 0 0 2 0 2 3 1 1 0 5 0 0 1 0 1 8 0.81
M GM 0 0 0 0 0 0 0 1 0 1 0 0 0 1 1 2 0.20

1egdoAaias 1 0 1 0 2 0 0 0 0 0 0 0 0 1 1 3 0.30
Actnonaias 0 2 0 0 2 1 0 0 0 1 1 0 I 0 2 5 0.50
L ovata 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0.10
Efto dilaam 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0.10
Pleu 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0.10
Anodmf imbecif 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0.10
Angdfta swborbdata 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0.10
Ptwmwbw fasiolari 0 0 0 0 0 0 0 0 1 0 0 1 1 0.10
Grand Total 111 62 93 98 364 50 54 56 56 216 55 122 135 99 411 991 100.00
Snecies count 8 11 8 10 151 10 II 11 8 16 8 11 13 9 20 22

a. I~L
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Appendix A-2. (Continued)

Summer 1992 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 Total Total I Percent

Elligoicrassidens 82 15 6 7 110 19 8 13 2 42 6 49 118 99 272 424 59.89
Pleumbema codatm 1! 9 2 4 26 3 7 4 13 27 6 6 8 9 29 82 11.58
Cvlonaias tuberculata 9 18 12 5 44 2 4 6 0 12 1 2 6 3 12 68 9.60
Ouadma Mustulosa 3 8 2 1 14 0 8 4 4 16 1 1 14 2 18 48 6.78
Potamilus • 2 2 0 2 6 1 0 1 3 5 0 3 1 1 5 16 2.26
Amblenu RhLaa 1 0 0 1 2 1 1 2 2 6 1 1 3 0 5 13 1.84

7 1 0 0 8 3 0 0 0 3 0 0 2 1 3 14 1.98
gAon madis 0 0 0 1 1 1 I 0 2 4 0 0 0 0 0 5 0.71

Obli_ i refl 0 1 0 0 1 0 I 1 2 4 0 0 0 1 1 6 0.85

rb a veucosa 1 0 0 1 2 0 2 4 1 7 0 0 0 0 0 9 1.27
Quadrul 0 0 2 0 2 0 2 1 0 3 0 0 2 1 3 8 1.13
Lonwsilis A 0 0 0 0 0 0 0 1 1 2 0 2 2 0 4 6 0.85

" = 2 0 0 0 2 0 0 0 0 0 0 0 1 0 1 3 0.42
Meaonaias 0 0 0 1 1 0 0 2 1 3 0 0 0 0 0 4 0.56
Actingmias 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0.14
P______- _ __ _ 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0.14

Gand Total 118 54 25 23 220 31 34 39 31 135 15 64 157 117 353 708 100.00
Kne•Count 9 7 6 9 14 S 9 11 10 14 5 7 10 8 II 16

-ni Con 9 7 6 9 14 -9 -10
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Appendix A-2. (Continued)

Summer 1994 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.81 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 1Total T Perct

cULtO maw= 85 31 52 29 197 24 50 11 25 110 23 56 75 122 276 583 66.25
Pl cordatum 14 3 7 11 35 1 13 2 3 19 8 6 12 15 41 95 10.80

0 1 1 4 6 I 6 11 12 30 1 14 3 11 29 65 7.39
C3cloias tbecu 6 16 13 11 46 1 2 3 2 8 0 6 1 3 10 64 7.27
Ambl R 0 1 0 1 2 3 2 4 2 11 0 0 0 0 0 13 1.48
Eli_ 1 0 4 2 7 0 0 0 I 1 0 2 0 1 3 11 1.25
Obliquau araef 0 0 0 0 0 0 1 7 3 11 0 0 0 0 0 I1 1.25
Potamihu alatus 0 1 0 1 2 2 1 1 1 5 1 1 0 1 3 10 1.14
Aogdonta mni 0 0 0 0 0 2 0 1 4 7 0 0 0 0 0 7 0.80

vemux• 0 0 0 0 0 0 1 4 5 0 0 1 1 2 7 0.80
0 1 1 1 3 0 0 0 0 0 0 0 0 1 1 4 0.45

Lme 0 0 0 0 0 0 1 1 0 2 0 1 0 0 1 3 0.34
Laft iis 0 0 0 0 0 0 0 0 1 I 0 0 0 1 1 2 0.23
Mgalonaias 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 2 0.23

oi BA 0 0 0 0 0 0 0 1 0 I 0 0 0 0 0 1 0.11
Plewba.s m 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0.11
PLembemmaovifirme 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0.11
Grand Total 106 54 78 61 299 34 77 43 58 212 33 87 92 157 369 880 100.00
Species Count 4 7 6 9 9 7 9 Il 11 14 4 8 5 10 12 17
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Appendix A-2. (Continued)

July 22-23, 1996 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.81 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 Total TotalI Percent

Uliinfsi idens 88 22 76 26 212 10 54 27 23 114 24 71 73 100 268 594 70.21
Pl owdatta 6 4 8 9 27 0 12 7 1 20 9 10 7 21 47 94 11.11
Qyclonaias tubacula 5 6 5 2 18 0 3 4 0 7 3 6 1 3 13 38 4.49
pogilus 0 0 2 1 3 8 6 9 5 28 0 0 1 3 4 35 4.14

Qgadiulampustuiosa 0 0 0 1 1 1 1 3 4 9 8 10 0 2 20 30 3,55
lia 0 0 1 1 2 1 3 0 0 4 0 4 4 1 9 15 1.77

Amble icat 0 0 0 2 2 1 4 1 0 6 1 2 0 0 3 ii 1.30

MR& 0 0 0 0 0 3 0 2 1 6 0 0 0 1 1 7 0.83
Obli o fl a 0 0 0 0 0 0 0 6 0 6 0 0 0 0 0 6 0.71

1Mnsil i a 1 0 0 0 1 0 1 1 0 2 0 0 1 0 1 4 0.47
0 0 0 0 0 1 1 0 1 3 0 0 1 0 1 4 0.47

rt 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 2 0.24
0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 2 0.24

.•_p..O 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0.12
0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0.12

101t40 ftgi 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0.12
-Maw_ loa_,,m_ 1 0 0 0 0 0 0 1 0 01 1 0 0 0 0 0 1 0.12
G0rand Total 1 100 33 92 43 268 25 86 61 35 207 47 104 89 131 371 846 100.00
Snecies Count 4 4 5 8 10 7 10 10 6 13 7 7 8 I 14 17
-- I ~
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Appendix A-I. (Continued)

July 7-8, 1997 Bed Bed Bed Survey
Species 520.0 520.3 520.6 520.8 Total 526.0 526.3 526.5 526.8 Total 528.2 528.5 528.8 528.9 Total Total Percent

Elgo m-sidens 24 13 51 35 123 45 33 17 14 109 20 66 126 45 257 489 70.16
Pleu cordatum 4 4 9 II 28 2 16 0 0 18 3 33 7 12 55 101 14.49

1vLonaia tubenat 1 16 9 5 31 1 2 0 0 3 2 7 4 0 13 47 6.74
uad m 0 5 2 2 9 1 0 2 3 6 1 7 1 0 9 24 3.44

Pomilus ala_ 0 0 1 I 2 0 1 4 1 6 4 0 0 0 4 12 1.72
lliI_ 1 0 2 2 5 0 0 0 1 1 1 0 1 0 2 8 1.15

Amb pliata 0 0 0 0 0 0 0 3 1 4 0 0 1 0 1 5 0.72
ON ELM_ 0 0 0 I 1 0 0 0 2 2 0 0 0 0 0 3 0.43
Legxla & 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 2 0.29
Ouadrula 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1 2 0.29

Sloa 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0.14
Lmmi'lis oat 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0.14
Jjgj.grect 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0.14
Tjtog, o nv o 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0.14
Grand Total 30 38 74 57 199 49 53 26 26 154 32 114 141 57 344 6971 100.00
Species Count 4 4 6 7 4 5 4 9 12 7 5 7 2 101 14
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Appendix A-2. (Continued)

TRM 520-521 Length Height Thickness
and Year 1983 N Mean Min Max Mean Min Max Mean Min Max
A.dnaiam ligamtna 2 104.30 102.6 106.0 76.50 72.9 80.1 49.50 46.8 52.2
Amblema i 7 85.33 74.4 96.1 64.81 56.8 72.3 40.49 36.1 48.7

lomaias tuhruhm 72 75.80 62.1 92.6 65.60 52.1 80.2 38.20 32.4 44.1
Qymeniaagoa 1 51.60 51.6 51.6 49.70 49.7 49.7 36.00 36.0 36.0
D rams 1 60.10 60.1 60.1 58.30 58.3 58.3 32.80 32.8 32.8
l ~iR aia • 20 78.94 56.8 94.5 61.21 44.6 72.0 37.78 30.1 48.8
Ejjfi cmssidMes 102 101.28 87.5 125.5 63.90 54.0 80.5 40.59 21.0 50.3
.•ip.dil 3 106.37 102.3 113.3 45.70 42.2 48.8 33.40 30.9 34.7
lmsilis 2 91.40 83.7 99.1 67.05 61.4 72.7 44.75 43.4 46.1
Lamofliovata 3 122.47 122.0 123.2 84.40 74.7 92.3 65.87 62.0 69.4

ft 2 71.20 59.6 82.8 41.35 34.6 48.1 23.10 20.1 26.1
Lig E=a e 3 150.60 145.1 154.9 59.70 56.6 63.4 45.93 42.5 48.6
OWigarijamf 1 48.30 48.3 48.3 24.10 24.1 24.1 24.60 24.6 24.6
Plan 102 90.57 72.1 108.8 72.31 60.6 84.8 45.72 31.4 59.8

1 58.10 58.1 58.1 52.90 52.9 52.9 36.40 36.4 36.4
Potamihu a 11 122.31 46.9 156.9 88.34 71.1 104.9 35.58 30.6 40.9
Ouadrl 16 73.55 63.5 85.3 58.82 52.3 68.0 43.65 38.3 49.2
,2wft st-ul 38 52.02 43.7 61.7 49.89 40.5 59.6 31.92 26.3 36.9
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Appendix A-2. (Continued)

TM5051Length Height Thickness
and_ Year 1984 N Mean Min Max Mean Min Max Mean Min Max
Amblen fig"m 6 96.08 80.5 107.3 72.63 62.6 80.4 42.58 34.6 46.6

imb1 52.50 52.5 52.5 24.70 24.7 24.7 14.30 14.3 14.3
101 74.39 59.1 92.2 63.86 52.2 76.5 37.48 29.5 44.9

1mSaia 1 52.90 52.9 52.9 51.40 51.4 51.4 36.40 36.4 36.4
E~iM& iaoa 23 77.57 56.6 102.2 58.68 44.0 74.2 35.53 26.3 42.0

E__ rAsides 101 104.82 89.2 122.7 66.24 56.3 78.4 41.70 24.4 60.9
FJlintigdilatai 1 100.10 100.1 100.1 42.20 42.2 42.2 28.00 28.0 28.0
Lamoilib abr 1 90.60 90.6 90.6 60.70 60.7 60.7 48.10 48.1 48.1

1komma1 102.10 102.1 102.1 72.90 72.9 72.9 56.50 56.5 56.5
U 5 149.30 140.9 155.9 57.52 50.5 60.3 46.68 40.0 49.7
Mo migafle 1 36.50 36.5 36.5 32.90 32.9 32.9 22.90 22.9 22.9

PleuobeamgmnaM 100 90.46 62.1 112.9 71.74 44.7 86.7 44.20 32.8 52.8
__ 2 60.10 51.3 68.9 57.70 49.4 66.0 44.00 39.4 48.6

iPomiw lala• 14 126.87 96.7 160.0 90.56 74.4 101.0 36.16 30.0 42.5
E•sbgciilM olaris 1 94.40 94.4 94.4 56.70 56.7 56.7 34.80 34.8 34.8
Ouadru 14 74.78 64.5 82.8 59.29 52.6 66.6 40.09 32.4 50.6

polo 53 53.28 40.0 74.1 50.63 39.5 64.1 31.69 22.0 40.1
Tdm __ _mm_, 1 76.70 76.7 76.7 42.70 42.7 42.7 19.70 19.7 19.7
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Appendix A-2. (Continued)

TRM 520-521 Length Height Thickness
and Year 1985 N Mean Miin Max Mean Min Max Mean Min Max

Actinonaim liim 5 105.42 97.4 112.3 75.42 70.6 78.9 52.78 50.2 54.9

Amblema VjiqO 3 94.77 92.1 97.9 69.83 69.1 70.3 39.80 36.6 42.8
C clonaias bercua 72 75.62 60.5 86.6 65.14 54.7 74.5 36.95 30.6 43.1

X_ 1 57.70 57.7 57.7 55.60 55.6 55.6 44.10 44.1 44.1
ii 1_ 7 79,13 62.3 92.5 61.27 46.9 69.9 34.84 32.0 36.2

Ef.ljg& rasidms 101 104.43 90.1 122.5 65.82 54.1 88.5 41.43 29.5 50.9

Euip-tiodONAI 1 96.80 96.8 96.8 44.20 44.2 44.2 29.80 29.8 29.8

LaMsiiis bkm 2 96.45 82.3 110.6 71.65 69.8 73.5 51.95 43.5 60.4

Lansilis g k 1 121.20 121.2 121.2 86.50 86.5 86.5 62.30 62.3 62.3
ma 4 158.93 142.2 170.2 59.88 57.2 60.8 45.15 41.3 48.5

Me ep.•__. 2 165.15 160.1 170.2 109.35 102.3 116.4 54.45 52.4 56.5
ON1mau a a 1 46.60 46.6 46.6 36.10 36.1 36.1 23.40 23.4 23.4

Pkumrbema cardatu88 91.57 70.4 108.5 73.40 58.2 89.5 43.91 30.2 52.7
Pleu 0*- = 1 72.90 72.9 72.9 56.50 56.5 56.5 40.20 40.2 40.2

PIerobeMA nth 1 80.70 80.7 80.7 64.30 64.3 64.3 44.50 44.5 44.5

Potfl~us WAULS15 128.51 98.0 150.7 87.92 76.5 106.7 36.53 30.9 40.7

Ouadni"amenera 11 75.45 67.3 88.2 60.21 56.1 70.3 40.83 36.8 46.2

Quadwla iustQloa 26 54.20 46.3 72.8 51.48 44.7 64.3 31.89 25.7 37.4
T__d__o__iaauc _ 1 104.10 104.1 104.1 52.80 52.8 52.8 36.10 36.1 36.1

187



Appendix A-2. (Continued)

TRM 520-521 Length Height Thickness
and Year 1986 N Mean Min Max Mean Min Max Mean Min Max
Acwnonins li 4 94.93 91.3 97.5 68.15 65.3 71.6 46.03 40.3 53.8
Ambl g&9t5 102.18 90.3 112.9 72.96 66.4 78.2 44.38 39.3 52.1
Anodont mg&x 2 123.05 119.4 126.7 70.00 63.3 76.7 47.05 43.4 50.7
Anodoft imbecillis 1 39.20 39.2 39.2 17.40 17.4 17.4 7.10 7.1 7.1
cwvdaan •tubealdata 72 72.03 56.9 85.1 61.53 47.6 76.6 34.82 23.7 44.9
El 15 73.42 51.8 86.9 54.71 39.2 65.3 30.81 22.6 42.0
MOO i mao-a m 100 105.59 87.2 151.8 64.88 55.9 82.5 40.83 31.1 51.4
Ef ia 1 109.40 109.4 109.4 45.50 45.5 45.5 39.90 39.9 39.9
lMMI i 4 98.43 86.1 104.7 72.45 66.3 80.7 50.15 48.3 52.2
Lmwsioi t OEM 1 139.10 139.1 139.1 90.30 90.3 90.3 55.90 55.9 55.9

1•dom 1 122.10 122.1 122.1 69.90 69.9 69.9 25.50 25.5 25.5
L wn t 7 133.40 107.7 150.2 51.84 45.0 55.9 40.80 33.1 48.6

M eloim 3 148.97 146.9 150.3 102.27 97.6 109.3 57.37 53.9 63.2
Pleu 94 88.69 54.9 109.6 70.34 49.7 88.5 42.39 25.2 54.6
Po lu _ a__• 11 127.29 93.4 144.9 84.49 67.9 95.8 32.73 26.8 40.0
Oludrla av9 69.98 54.9 80.9 54.79 42.4 64.3 37.06 31.0 42.4
Ouadna 17 48.40 38.2 55.9 45.26" 37.2 52.8 27.30 20.5 35.7
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Appendix A-2. (Continued)

TRM 520-521 Length Height Thickmess
and Year 1988 N Mean Min Max Mean Min Max Mean Min Max
As m lis 2 93.00 90.9 95.1 71.65 71.3 72.0 49.35 47.6 51.1
AmbleamaiLi.a 12 97.95 73.2 115.3 72.45 53.0 86.1 43.01 33.3 52.1
Anod tggnG• 3 101.60 81.7 119.9 59.83 53.6 65.3 44.00 34.5 50.4
£Cvc1naiaubekulam 50 75.88 64.3 88.6 64.96 55.2 75.2 38.08 32.2 44.9
EIliaia ta 9 79.49 65.1 100.0 59.98 47.5 70.6 37.53 32.7 50.3
si ass uidms 52 104.08 92.4 124.5 66.17 60.1 84.9 42.50 34.1 50.7
ERiW dilatata 1 96.80 96.8 96.8 45.40 45.4 45.4 26.90 26.9 26.9

_AM __ISovata 1 110.70 110.7 110.7 76.90 76.9 76.9 61.80 61.8 61.8
LiW lmma 2 156.05 144.4 167.7 57.45 54.2 60.7 48.65 44.4 52.9
Mmnai•nervosa 4 155.25 144.2 170.2 109.25 100.8 117.2 59.88 53.3 65.6
Pleu m cordAm 52 91.03 68.5 110.1 73.16 54.9 83.6 46.47 38.2 54.8
MAW= ailbush 10 132.07 114.9 151.0 96.46 76.3 113.4 39.75 34.4 48.3
Oudm 6 80.70 66.7 92.1 63.15 54.2 70.1 43.43 38.4 47.3
QOadma pustulosa 5 57.08 52.2 68.3 52.20 46.9 61.3 34.66 31.3 37.3
Tritou, oni rms 3 101.07 91.8 109.4 55.10 50.5 57.4 27.93 23.2 34.0

TRM 520-521 Lngth Height Thickness
and Year 1990 N Mean Min Max Mean Min Max Mean Min Max

t 2 97.35 96.0 98.7 72.15 71.4 72.9 49.60 47.6 51.6
Ambe pahicata 5 100.30 76.6 120.1 71.08 54.5 87.2 41.74 33.6 47.2
Anodonta gadms 1 136.30 136.3 136.3 76.70 76.7 76.7 51.00 51.0 51.0
Anodonaimbecillis 1 52.00 52.0 52.0 24.80 24.8 24.8 14.30 14.3 14.3
Cyclonaiastuberuata 50 77.43 62.0 111.0 65.32 52.1 92.1 37.12 28.0 46.5
E1linsaiata 16 85.20 64.2 94.8 63.94 51.6 71.3 37.67 32.1 44.6
99Wj cassidam 50 109.49 87.5 130.1 68.71 62.4 79.9 42.94 36.3 50.2
in ftdagfil 2 100.15 89.9 110.4 67.65 62.7 72.6 37.85 36.5 39.2
Meaaonaiasnervosa 2 164.85 155.6 174.1 115.65 110.7 120.6 56.20 56.2 56.2
Obl'm i eflexa 2 45.40 44.5 46.3 36.80 36.7 36.9 26.60 25.4 27.8
Pleuroeacordatum 34 91.89 75.6 110.1 71.37 59.5 82.4 42.27 32.9 52.0
Po-tanfl'us ___.as 13 141.24 131.6 152.9 105.18 83.3 120.9 55.30 37.2 139.8
Quadru metanevra 2 73.35 65.2 81.5 53.60 48.1 59.1 39.40 35.5 43.3

uadmla Pstuloa 17 52.47 45.7 64.1 49.12 42.8 55.7 31.34 25.3 37.5
Trito-onia eMu osa 1 94.00 94.0 94.0 52.20 52.2 52.2 32.50 32.5 32.5
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Appendix A-2. (Continued)

TRM 520-21 Length Hight Thicknmes
and Year 199M N Mean Miin Max Mean Min Max Mean Min Max
Ac liam tia 1 94.30 94.8 94.8 65.40 65.4 65.4 49.60 49.6 49.6
Amblenmi•, 2 119.45 114.2 124.7 85.55 84.7 86.4 51.95 49.1 54.8

O mwis 1 131,50 131.5 131.5 84.90 84.9 84.9 57.20 57.2 57.2
Clomaii tuberculata 44 78.27 63.2 89.0 65.77- 53.4 87.1 37.92 30.8 44.7

i 86.17 69.6 95.5 65.55 49.7 75.1 38.46 31.3 44.8
Biwassmiden's 43 104.55 88.4 116.5 65.75 55.6 74.3 42.35 27.2 51.7

EM 2 153.05 148.0 158.1 59.65 56.9 62.4 48.50 47.3 49.7
ml s o 1 132.10 182.1 182.1 116.20 116.2 116.2 58.40 58.4 58.4

MOM 1 52.70 52.7 52.7 41.60 41.6 41.6 29.80 29.8 29.8
26 89.13 64.7 104.0 70.92 60.9 82.9 43.46 37.5 51.2

Pabunilus las 6 141.35 124.8 155.3 105.82 98.1 114.8 42.15 35.2 45.4
2 82.65 82.5 82.8 62.55 61.7 63.4 42.80 42.0' 43.6

14 52.09 45.3 57.4 48.60 40.2 54.9 31.74 25.2 37.9
Triton, 3miaverm _sa 2 108.60 100.9 116.3 60.15 59.4 60.9 33.45 31.3 35.6

TRM 520-521 Length Height Thikmess
and Year 1994 N Mean Min Max Mean Min Max Mean Mn Max
Amleaplic ta 2 97.85 84.7 111.0 65.95 59.2 72.7 43.10 35.0 51.2
Qye-min 46 77.77 66.2 91.1 65.59 58.4 74.3 38.82 32.9 48.9

7 82.13 76.1 89.6 63.57 57.7 69.0 37.46 32.9 42.1
EDitirassidea 65 108.95 96.8 128.7 68.19 61.3 88.6 43.51 36.6 50.4
Mewli a 1 180.20 180.2 180.2 119.70 119.7 119.7 69.00 69.0 69.0
Plebemcordatum 35 90.84 59.8 107.7 72.35 58.1 86.8 45.37 35.5 53.0
PotamiluslAWN 2 129.80 128.3 131.3 103.60 99.6 107.6 38.90 38.5 39.3
Quadilameta 3 71.60 68.4 75.5 56.63 54.4 59.5 40.67 39.9 42.2
Ouadmla lm~osa 6 55.28 52.1 57.3 51.02 46.6 54.5 32.85 28.9 35.1
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Appendix A-2. (Continued)

TRM 520-521 Length Wight Thickns
and Year 1996 N Mean Min Max Mean Min Max Mean Min Max

Ambhln-qm cata 2 101.80 78.2 125.4 68.60 52.4 84.9 36.70 26.7 46.7
Ovdouaias w cul 18 79.90 73.0 91.3 67.10 58.4 75.6 39.30 34.6 45.3
Ellipsaria 1 2 79.50 69.7 89.3 59.90 48.0 71.9 37.60 30.8 44.3
El rt asidem 61 108.80 97.8 127.2 66.30 56.9 7S.2 43.50 34.2 50.2
Ellipfi l MM 1 95.40 95.4 95.4 41.00 41.0 41.0 29.70 29.7 29.7
Limpsilis Am 1 99.40 99.4 99.4 73.10 73.1 73.1 55.30 55.3 55.3

L rsiMiiecta 1 160.00 160.0 160.0 61.10 61.1 61.1 49.40 49.4 49.4

Pleuobei m at 27 94.50 82.8 107.7 72.50 67.2 79.2 46.20 39.0 53.0
Potaumlus aWo 3 117.10 93.2 133.0 70.40 60.1 79.9 36.80 28.9 45.5
OuadMila 1nisuls I 56.60 56.6 56.6 54.90 54.9 54.9 34.50 34.5 34.5

TRM 52M21 Length Height Thickness
and Year I997 N Mean Min Max Mean Min Max Mean Mini Max

tsbermlata 31 73.50 67.0 91.4 65.40 56.5 73.7 41.60 35.6 49.8

E _liD ri _ 5 83.10 56.4 105.5 61.00 45.9 71.6 41.60 33.8 52.6
Elhwo CMNiMs 52 107.70 92.2 120.8 64.90 53.7 73.1 44.40 34.7 51.1

1bli&MOa 1 50.60 50.6 50.6 34.70 34.7 34.7 33.90 33.9 33.9

Pleumbana mrdatum 28 93.40 83.1 117.2 71.70 60.2 92.3 47.50 41.7 52.8

Potamilus Jambi 2 113.60 105.7 121.4 70.00 63.3 76.6 36.00 33.3 38.8
Ouadfl hustuIosa 9 56.60 49.7 65.2 51.50 45.2 57.9 36.00 30.9 45.6
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Appendix A-2. (Continued)

TRM 520-521 Length Height Thicmess
and Years 1983-1997 N MeaMin Max Mean Min Max Mean Min Max
iAn_•'__iiga1entin 16 99.43 90.9 112.3 72.23 65.3 80.1 49.66 40.3 54.9
Antblmalba 44 97.36 73.2 125A 71.11 52.4 87.2 42.46 26.7 54.8

7 116.96 81.7 136.3 68.73 53.6 84.9 47.76 34.5 57.2
imbedllis 3 47.90 39.2 52.5 22.30 17.4 24.8 11.90 7.1 14.3

ychonaiatub a 556 75.83 56.9 111.0 64.66 47.6 92.1 37.61 23.7 49.8
v e t a 3 54.07 51.6 57.7 52.23 49.7 55.6 38.83 36.0 44.1

Dm•. drma 1 60.10 60.1 60.1 58.30 58.3 58.3 32.80 32.8 32.8
MR 112 79.78 51.8 105.5 60.54 39.2 75.1 36.80 22.6 52.6
E o sidea 727 105.54 87.2 151.8 65.89 53.7 88.6 42.08 21.0 60.9

_ Mlt_ a 8 102.20 95.4 113.3 44.42 41.0 48.8 31.81 26.9 39.9
[a1milis 0 10 95.94 82.3 110.6 70.10 60.7 80.7 49.74 43.4 60.4
LanMilsovata 7 120.07 102.1 139.1 82.83 72.9 92.3 62.01 55.9 69.4

1ost 1 122.10 122.1 122.1 69.90 69.9 69.9 25.50 25.5 25.5
Loft 4 85.67 59.6 110.4 54.50 34.6 72.6 30.48 20.1 39.2

recta 24 147.75 107.7 170.2 56.85 45.0 63.4 45.05 33.1 52.9
MAW 13 160.78 144.2 182.1 109.98 97.6 120.6 58.48 52.4 69.0
Oliri _ fexa 7 46.50 36.5 52.7 34.72 24.1 41.6 26.83 22.9 33.9

l e odatum 586 90.78 54.9 117.2 72.00 44.7 92.3 44.50 25.2 59.8
1 72.90 72.9 72.9 56.50 56.5 56.5 40.20 40.2 40.2

Men 3 59.43 51.3 68.9 56.10 49.4 66.0 41.47 36.4 48.6
Pleu mbmm 1 80.70 80.7 80.7 64.30 64.3 64.3 44.50 44.5 44.5
Potlus alatus 87 129.80 46.9 160.0 92.11 60.1 120.9 39.49 26.8 139.8

h ncu fasciolaris 1 94.40 94.4 94.4 56.70 56.7 56.7 34.80 34.8 34.8
63 74.52 54.9 92.1 58.85 42.4 70.3 41.10 31.0 50.6

9al 186 52.89 38.2 74.1 49.94 37.2 64.3 31.68 20.5 45.6
Tritdkgoniav rmmsa 8 99.40 76.7 116.3 54.16 42.7 60.9 29.87 19.7 36.1
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Appendix A-2. (Continued)

TRM 526-527 Langth Height Thickness
and Year 1983 N Mean Min Max Mean Min Max Mean Min Max

AtionaiMisun f ina 1 105.50 105.5 105.5 70.30 70.3 70.3 53.60 53.6 53.6
Amblc a.g 41 98.06 76.5 121.1 73.71 56.6 99.7 46.80 34.8 56.9

AnodotagB]wgi 22 124.84 101.6 154.6 68.28 55.3 89.6 53.76 39.6 67.9

Qvlonas tlbe 32 82.55 66.4 94.7 70.40 60.8 78.1 40.98 34.2 49.8
Ellipagli lata 13 90.57 71.1 96.5 71.33 61.5 78.6 42.22 36.6 50.9

W ocnmsdens 104 112.07 93.1 134.2 69.83 59.4 79.1 44.82 36.3 52.5
d1iatata I 1 102.20 102.2 102.2 46.30 46.3 46.3 31.20 31.2 31.2

Lampsilia•r ak 1 103.10 103.1 103.1 84.40 84.4 84.4 58.20 58.2 58.2

iLemodm fta 1 112.40 112.4 112.4 66.40 66.4 66.4 32.70 32.7 32.7

L_.is ggc 2 162.50 160.0 165.0 66.05 63.8 68.3 55.35 54.0 56.7

Meaonai 3 173.83 164.4 180.6 117.43 111.7 120.7 60.50 57.2 63.0

Oblimm 18 54.35 45.1 64.1 44.40 35.3 51.5 34.88 25.5 41.4

Pl2hobam W 2 91.80 89.3 94.3 64.55 62.8 66.3 45.00 43.6 46.4
P e 94 98.39 81.1 129.1 78.17 62.2 99.5 49.67 39.0 62.9

Potamilus alau 27 142.29 96.6 162.8 104.00 79.3 120.9 38.95 24.1 46.5
7 84.54 75.1 92.2 64.21 60.1 71.1 47.81 44.0 50.9

R o 63 57.01 46.2 66.0 55.09 46.3 66.0 35.49 28.2 43.8

Tto __ni•dM ermcoa 17 110.26 96.0 128.7 58.53 54.3 64.1 36.48 30.1 42.7
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Appendix A-2. (Couhnued)

TRM 526-527 Length Height Thickness
and Year 1984 N Mean Min Max Mean Min Max Mean Min Max
A ea____ 16 100.54 84.8 120.1 73.24 62.3 88.0 44.96 38.9 52.4
Ano MRi 8 127.31 104.3 144.3 68.77 56.6 74.1 50.76 42.1 54.6
Anonaimil 1 54.70 54.7 54.7 23.20 23.2 23.2 16.90 16.9 16.9
_ylnais 7 80.50 66.6 92.6 70.53 60.5 80.9 37.67 31.5 43.1
Ei__ _ 12 90.98 62.7 109.7 70.40 50.4 86.0 40.49 31.3 50.2
Euipocrassde 100 111.95 96.9 130.8 70.98 60.5 82.4 44.64 38.2 53.1
Lamps 3 98.63 96.4 100.2 70.80 66.1 74.8 57.07 54.7 60.2
Lamsilis oM 1 139.80 139.8 139.8 92.60 92.6 92.6 68.80 68.8 68.8
Lep~tdfag• Lhs5 109.62 104.5 118.1 65.02 62.1 68.4 35.10 30.9 38.4
Medlo1ais 1 180.00 180.0 180.0 130.20 130.2 130.2 63.00 63.0 63.0
Ob'imdarmfle 9 55.80 49.2 64.0 43.27 36.1 523 34.44 26.3 39.8
Pleubern cordauml 31 98.37 82.0 119.1 77.38 69.3 99.8 47.24 40.6 58.7
Potamih atu 23 153.90 132.3 182.1 105.20 80.5 134.5 41.12 36.8 46.5

Iudu a 1 79.10 79.1 79.1 64.60 64.6 64.6 54.90 54.9 54.9
Qum& MR 29 59.12 50.2 66.8 55.92 49.5 61.7 34.46 29.4 40.8
Tt _gonemwm _ 6 118.87 94.2 134.9 61.53 56.1 66.8 38.98 29.3 44.8
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Appendix A-2. (Continued)

TRM 526-527 Length Height Thickness
and Year 1985 N Mean Min Ma Mean Min Max Mean Min Max
Amb0 Wi1 2 00.06 84.1 119.5 71.56 58.2 84.8 43.86 36.1 56.7

an & 6 122.98 108.7 142.6 72.18 62.9 80.4 50.47 41.9 58.7
___onaias tube aa 82.09 73.5 91.5 70.28 62.1 76.6 39.97 35.6 42.7
Mypa___ 13 89.20 80.9 100.4 69.52 62.3 76.9 39.52 34.9 46.8

Ell cmssiden. 105 111.88 90.7 134.8 70.36 60.1 82.9 43.96 34.2 53.7
E.I • 100.80 100.8 100.8 44.20 44.2 44.2 34.80 34.8 34.8

2mmisoa 127.20 120.8 133.6 81.15 76.1 86.2 63.05 61.5 64.6
Le mxea 4 103.30 86.9 114.7 61.30 55.4 66.8 34.38 30.2 39.8

U !iSO1 170.10 170.1 170.1 72.40 72.4 72.4 50.10 50.1 50.1
M-es1onaia 190.80 190.8 190.8 121.10 121.1 121.1 57.10 57.1 57.1

8i Nexa 57.25 52.4 66.9 43.74 40.1 50.8 33.39 30.1 36.6
Pleurabe5a codatm 103.59 83.6 160.2 81.47 66.5 134.9 46.31 34.3 54.4
PotamilusWon 49 143.15 104.7 170.2 103.43 81.6 125.6 40.52 28.4 49.6
Ouad3a 3 85.90 80.6 88.9 67.27 64.7 70.3 43.80 40.2 50.3

43dla Egtla 60.61 46.3 72.3 57.34 32.1 68.1 36.61 28.9 44.2
_t__n__M_ Osa 1 17 125.20 92.3 148.8 61.35 40.6 70.0 40.43 34.1 48.7
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Appendix A-2. (Continued)

TRM 526-527 Length Height Thickness
and Year 1986 N Mean Min Max Mean Min Max Mean Min Max
Amb RIa.0 27 97.68 66.7 121.4 69.54 50.6 84.9 44.09 26.8 57.4
Anolontit M& 8 125.85 80.9 147.8 70.95 50.7 82.0 52.32 35.1 63.2
Cwmonin turmmlaa 17 79.26 63.2 96.7 67.04 55.9 80.2 39.89 33.1 51.0
Elliads ri_ 7 96.04 83.6 112.3 70.80 61.5 78.2 43.99 34.1 52.5
Efligbi crassidem 105 113.05 92.3 145.2 68.73 59.1 87.1 43.35 35.1 54.1
E1 di 1 107.10 107.1 107.1 50.00 50.0 50.0 35.40 35.4 35.4
Lailis 1 114.80 114.8 114.8 77.70 77.7 77.7 57.20 57.2 57.2
Lmmilisovata 1 132.90 132.9 132.9 91.30 91.3 91.3 72.60 72.6 72.6

Ltoea 6 100.25 80.1 112.1 57.62 46.6 67.5 31.87 25.3 36.0
2 158.55 153.1 164.0 67.00 66.4 67.6 49.75 48.8 50.7

M-ewlana-neoam= 2 145.80 124.6 167.0 103.25 87.2 119.3 58.35 57.0 59.7
bi i ea 10 55.84 46.6 66.7 44.39 34.1 52.4 34.92 25.7 41.2

PleU CMa*aum 38 96.12 75.7 117.9 75.20 63.2 83.5 47.08 42.4 56.3
Pottmiltmalatus38 142.16 79.8 174.0 90.65 56.7 112.8 40.22 26.7 57.9

Odlme-na 1 81.40 81.4 81.4 70.40 70.4 70.4 55.30 55.3 55.3
rmug 20 57.10 42.4 67.0 54.51 42.4 66.1 33.57 25.7 40.0

Udl i 3msam 20 111.93 87.1 133.0 56.05 47.6 66.7 33.90 24.7 42.9
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Appendix A-2. (Continued)

TRM 526-527 Length Height Thickness
and Year 1988 N Mean Min Max Mean Min Max Mean Min Max

Ai iaimen1in 1 107.60 107.6 107.6 76.80 76.8 76.8 55.40 55A4 55.4
Amblemaf 22 105.73 64.8 117.6 77.38 51.1 89.3 49.21 34.8 56.9

Andngma• i 19 131.44 101.0 155.1 72.65 56.1 89.9 55.26 43.5 71.2
Akondn imbecillis 1 54.00 54.0 54.0 24.10 24.1 24.1 16.20 16.2 16.2
C,,Ionaias Mub! uaa 8 82.56 63.4 94.7 71.49 60.7 78.1 41.26 31.3 45.0

Ellipwialunoata 4 88.22 81.7 94.3 68.20 61.5 72.1 40.80 38.4 42.3

E crssW 51 113.30 100,1 129.2 70.47 44.2 79.3 45.82 39.9 55.3
Lani.silis Am 2 96.10 93.4 98.8 69.75 69.5 70.0 57.50 51.4 63.6

1m Wova4 1 139.90 139.9 139.9 90.40 90.4 90.4 77.30 77.3 77.3

L flia 9 98.76 70A 126.3 61.44 44.9 76.0 32.27 23.8 39.8
Ob " _igm!a iea 7 54.84 44.2 62.7 43.20 36.2 49.6 32.27 24.4 36.0

Pl bema9dtM 31 100.33 83.4 113.9 79.15 70.3 89.2 49.45 43.1 54.5

P m bma• 1 88.30 81.3 18.3 69.50 69.5 69.5 46.70 46.7 46.7

Potarml. 29 147.89 110.3 187.7 109.59 86.7 131.2 41.57 31.0 50.3

Qna mntlosa 21 58.90 52.6 64.0 55.89 46.6 64.1 36.14 30.0 40.6
._ito n uisr . 13 114.88 96.3 140.8 64.74 50.1 ..76.3 41.53 29.7 50.7
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Appendix A-2. (Continued)

TRM 526-527 Length Height Thidmess
and Year 1990 N Mean Min Ma Mean Mi Max Mean Min Max
Acfamslia 1 115.40 115.4 115.4 82.60 82.6 82.6 58.30 58.3 58.3
Ablemapfi.. 4 102.48 87.2 112.4 73.68 66.7 80.7 48.68 43.4 50.9

amok 17 136.27 108.7 159.1 76.23 61.5 99.9 56.54 44.4 68.8
d suboiu 1 126.20 126.2 126.2 96.40 96.4 96.4 48.30 48.3 48.3

Cvclonaias tuberma 5 80.92 73.5 86.7 69.12 64.2 72.2 39.28 35.8 43.2
3 87.13 64.7 101.6 67.33 53.1 76.9 41.37 39.5 42.3

E o ssidm 50 115.95 104.0 149.3 71.21 61.4 82.1 45.56 38.3 51.0
lmoli ab 1 98.10 98.1 98.1 83.70 83.7 83.7 62.10 62.1 62.1

&M& 5 111.74 101.8 130.1 69.30 61.0 89.5 36.24 32.8 40.0
Lwokagta 1 173.10 173.1 173.1 73.50 73.5 73.5 59.90 59.9 59.9
Ob Ed= 6 57.62 43.5 64.6 45.73 39.6 49.9 36.08 29.9 45.1
P 24 102.52 90.2 120.7 78.21 69.0 90.6 48.51 41.7 52.8
Potahilusl 28 146.09 120.1 169.1 108.90 88.4 126.3 40.99 33.1 47.7
Quadl 2 84.35 77.9 90.8 66.20 62.3 70.1 50.65 49.9 51.4
OuRAM OItulo 26 60.05 50.1 74.4 55.38 44.9 66.9 35.37 28.0 42.1
M_ ve__uMa" 7 105.43 78.1 130.1 56.16 43.4 65.9 35.67 26.6 42.5
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Appendix A-2. (Continued)

TRM 526-527 Length Height Thickness
and Year 992 N Mean Min Max Mean Min Max Mean Min Max
Arnblnavoicata 6 99.72 94.7 105.1 73.83 65.5 82.1 47.28 44.7 51.6
Anodo ans 14 129.70 122.0 136.8 73.85 67.3 79.2 58.88 54.0 65.1
Cvlnas tubrc a 812 84.87 75.5 92.4 70.85 64.1 75.4 40.52. 36.5 43.2
Elliaia!ineola 3 95.83 94.6 96.7 73.90 71.1 77.2 41.23 36.1 44.5
MI ctassideas 42 113.78 100.1 126.7 71.49 63.2 81.6 45.96 39.1 52.3
Lammilis r 2 107.55 99.8 115.3 72.35 66.3 78A 52.55 52.2 52.9
Meacmam e 3 170.43 155.9 183.2 122.43 112.2 128.2 61.77 53.1 69.3
Ob='m flaexa 4 57.75 52.0 61.5 44.05 40.9 47.9 33.78 30.9 36.7
Pl edhcsst •p.__. 1 91.40 91.4 91.4 64.80 64.8 64.8 50.30 50.3 50.3
P e cordabim 27 103.31 82.5 127.9 78.67 68.5 90.7 45.82 39.5 49.7
Potaluilus iam- 5 142.44 116.6 161.2 106.72 94.0 116.9 40.20 35.1 47.4
Ouakua 3 79.53 75.7 87.2 61.43 58.3 66.5 44.37 40.9 48.2

16 58.32 51.5 64.7 54.97 50.1 62.7 35.34 30.3 44.8
_TURio_, 39ia M 7 105.57 77.0 127.3 58.67 43.1 66.7 37.10 21.7 48.3

TRM 526-527 Length Height Thicknes
and Year 1994 N Mean Min Max Mean Min Max Mean Min Max
Amblemapliq 11 108.42 97.6 119.1 78.67 72.2 89.7 49.41 45.2 54.7

d M- 7 135.29 121.4 142.7 79.13 66.7 85.1 57.84 47.6 64.6
wlonaias tul t 98 79.01 72.0 85.1 68.94 63.7 73.5 38.94 34.8 41.6

1iaraJn I 96.10 96.1 96.1 76,70 76.7 76.7 42.30 42.3 42.3
Eflipf !!I1 85 116.05 96.5 129.8 72.99 62.5 82.4 46.66 39.4 52.9
LMR~ilis br.•p 1 101.20 101.2 101.2 86.10 86.1 86.1 65.40 65.4 65.4
LetlafrIia~b 2 117.15 112.2 122.1 74.05 71.2 76.9 39.70 39.4 40.0
L EMgmia 1 161.40 161.4 161.4 73.30 73.3 73.3 61.20 61.2 61.2

bLQi _ria iflma 11 57.30 52.8 69.5 45.68 41.4 51.7 35.04 29.6 42.7
Pehb~a, oyhim 1 88.60 88.6 88.6 59.40 59.4 59.4 46.20 46.2 46.2
Pleurobema co u 19 103.80 83.1 116.5 79.25 69.1 90.1 48.48 37.4 57.6
Potanilus Watn 5 153.00 131.9 168.6 117.24 109.4 128.5 43.88 38.4 46.5

Quad mga ulsa 30 57.93 49.5 66.0 54.34 45.7 64.1 35.61 27.1 49.9
ria ro 5 113.86 95.8 127.7 56.80 52.4 60.6 36.54 30.7 39.9
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Appendix A-2. (Continued)

TRM 526-527 Length Height Thickness
and Year 1996 N Mean Min Max Mean Min Max Mean Min Max
Amb &o 6 103.30 84.0 117.1 73.70 59.1 86.5 49.20 41.0 57.3

gftndis 6 144.90 130.6 160.0 84.20 71.9 102.4 58.50 52.1 64.2
Qwlonmmtbm~uta 7 84.50 75.5 87.9 69.80 67.8 71.5 42.30 40.0 46.5
ED 4 94.40 89.0 100.9 71.10 66.5 75.6 43.30 42.0 44.4

_i__mssidan 29 118.20 101.4 151.1 73.10 63.5 82.5 48.40 42.3 56.9
•unmii Ab"2 115.70 109.1 122.4 84.30 83.0 85.5 63.00 59.1 66.9
Mgeoaiyasero 1 180.00 180.0 180.0 123.60 123.6 123.6 66.00 66.0 66.0
Obli _refle 6 56.10 51.8 59.6 43.90 39.8 50.1 36.40 33.4 40.3

20 102.60 77.1 120.9 79.30 65.2 91.2 50.20 41.2 56.0
Pot"OisAtn= 28 148.90 125.9 180.0 83.90 70.8 97.3 41.30 32.2 51.5
Oanda 1 77.80 77.8 77.8 61.00 61.0 61.0 51.60 51.6 51.6

l 9 59.60 50.6 68.6 55.40 48.9 60.0 38.10 31.3 47.7
31 101.60 88.5 127.5 54.20 49.4 60.8 35.50 29.6 40.3

TM 526-527 Lmgth Heght Thicmness
and Year 1997 N Mean Min Max Mean Min Max Mean Min Max
Ambl ga 4 100.60 73.5 123.0 71.90 57.0 78.9 47.40 35.1 53.2

am,& 1 147.00 147.0 147.0 81.00 81.0 81.0 63.40 63.4 63.4
L'v3 mias 3 86.20 75.3 96.8 71.10 60.4 78.8 42.70 37.8 49.4
Ell 1i1 85.10 85.1 85.1 71.60 71.6 71.6 41.50 41.5 41.5

__i_._ 5ssids0 115.60 96.7 131.5 71.50 58.8 80.5 46.90 39.6 59.8
2 92.20 69.3 115.0 56.10 40.5 71.7 26.90 21.5 37.3

Ob " eea 55.80 54.2 57.4 45.70 44.6 46.7 34.80 33.0 36.6
Pleurbe wordatum 18 103.20 93.5 112.6 77.60 70.5 83.9 52.40 43.8 57.3
piatuniluSAlWt6 154.00 142.4 166.9 87.10 78.4 95.8 43.20 39.7 48.9

1uadmla 1 85.00 85.0 85.0 65.70 65.7 65.7 45.40 45.4 45.4
Ouadml6 mglo 60.50 53.7 65.3 55.80 51.6 58.9 37.20 31.9 42.0
TritmmiaveLCMa 1 109.60 109.6 109.6 52.80 52.8 52.8 38.30 38.3 38.3
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Appendix A-2. (Continued)

TRM 526-527 Length Height Thickness
and Years 1983-1997 N Mean Min M Mean Min Max Mean Min Max

Am as3 109.50 105.5 115.4 76.57 70.3 82.6 55.77 53.6 58.3
Anbla Rlcata 137 100.74 64.8 123.0 73.92 50.6 99.7 46.47 26.8 57.4
Anodonta9MR& 98 130.67 80.9 160.0 73.11 50.7 102.4 54.85 35.1 71.2

imbeilis 2 54.35 54.0 54.7 23.65 23.2 24.1 16.55 16.2 16.9
od booicuiata 1 126.20 126.2 126.2 96.40 96.4 96.4 48.30 48.3 48.3

C1oai1•0 82.01 63.2 96.8 69.81 55.9 80.9 40.37 31.3 51.0
Eir RM 61 91.17 62.7 112.3 70.50 50.4 86.0 41.38 31.3 52.5

[•.l.ggrasidens 721 113.59 90.7 151.1 70.76 44.2 87.1 45.15 34.2 59.8

MOO 3 103.37 100.8 107.1 46.83 44.2 50.0 33.80 31.2 35.4
LMps' b 1t3 103.98 93.4 122.4 76.00 66.1 86.1 58.47 51.4 65.4
.Lmmailisata 5 133.40 120.8 139.9 87.32 76.1 92.6 68.96 61.5 77.3

foafl 34 104.16 69.3 130.1 63.01 40.5 89.5 33.58 21.5 40.0
Li__••_ 7 163.81 153.1 173.1 69.33 63.8 73.5 54.49 48.8 61.2

M-elomaianervosa I1 170.47 124.6 190.8 118.27 87.2 130.2 60.87 53.1 69.3
OblimmjArla •.•__81 56.00 44.2 69.5 44.35 34.1 52.4 34.63 24.4 45.1

4 90.90 88.6 94.3 63.33 59.4 66.3 46.63 43.6 50.3

Pleurbemco 354 100.51 75.7 160.2 78.49 62.2 134.9 48.39 34.3 62.9
Pleumbema mbmm 1 88.30 88.3 88.3 69.50 69.5 69.5 46.70 46.7 46.7

Poamifualatus 238 145.99 79.8 187.7 91.15 56.7 134.5 40.76 24.1 57.9
Ouadla 19 83.16 75.1 92.2 64.72 58.3 71.1 47.77 40.2 55.3

OtKdm t 263 58.64 42.4 74A 55.53 32.1 68.1 35.59 25.7 49.9
aTdimoeo*niave _____o-a 96 113.63 77.0 148.8 59.09 40.6 76.3 37.46 21.7 50.7
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Appendix A-2. (Continued)

TRM 528-529 Leagth Heght Thickness
and Year 1983 N Mean Min Max Mean Min Max Mean Min Max

2 102.95 92.5 113.4 72.95 69.3 76.6 53.40 48.3 58.5
AMe .. ca_ 5 103.20 84.7 132.3 75.74 64.1 94.6 40.42 30.4 51.3

gmdis 6 111.01 83.0 128.0 63.24 46.1 72.3 46.23 35.4 54.9
1 tubecats 43 82.19 66.8 96.5 69.89 57.3 79.9 40.56 32.6 46.6

Ciprgeaiat 2 56.45 52.9 60.0 51.14 50.9 51.4 38.71 36.8 40.6
EllosariaiinenI 12 90.16 66.4 108.8 67.22 52.4 76.8 42.40 36.6 51.3
EfitRassiden 105 110.49 86.8 134.6 68.14 54.4 89.9 43.39 34.9 56.1
EiHWo difladat 1 95.30 95.3 95.3 44.10 44,1 44.1 30.50 30.5 30,5
Fn siasukrouna 1 66.09 66.1 66.1 53.56 53.6 53.6 36.58 36.6 36.6
lams& ab t7 94.00 70.5 106.4 70.46 59.4 80.4 51.68 39.8 60.1
LW va1t 132.30 132.3 132.3 91.64 91.6 91.6 76.30 76.3 76.3
Lo ftou.•nlka 1 81.70 81.7 81.7 481.0 48.2 48.2 29.50 29.5 29.5

ret 3 155.31 145.8 160.1 62.95 60.3 65.1 51.84 50.6 53,8
OblQiaua no= 1 49.00 49.0 49.0 39.70 39,7 39.7 34.30 34.3 34.3
Pl bm rdatmn 105 97.39 73.3 114.2 76.61 59.3 86.7 49.44 32.3 61.2
Potanilus all=5 126.89 110.3 141.8 88.62 69.1 119.8 39.26 34.5 44.1
Ouadu 13 75.86 46.9 92.6 59.96 42.2 74.4 42.98 26.2 .54.7
Quadula Rto 57 57.27 44.8 69.9 54.45 42.1 66.9 35.05 28.8 43.5
T"dt "onauccma 1 106.72 106.7 106.7 62.81 62.8 62.8 32.64' 32.6 32.6
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Appendix A-2. (Continued)

TRM 528-529 Length Heg Thickness
and Year 1984 N Mean Min Max Mean Min Max Mean Min Max
Actinonaias igmentina 2 109.55 99.4 119.7 81.00 74.0 88.0 53.25 53.1 53.4
Amblma plicata 8 95.05 73.6 113.8 71.76 59.5 84.3 37.02 26.S 48.4
Anodontagrand 1 102.70 102.7 102.7 56.90 56.9 56.9 39.60 39.6 39.6
Cyclonaias tuberculata 23 82.19 69.4 99.1 69.40 60.3 79.1 39.06 33.5 46.3
Ellipsaria lineolata 14 84.82 63.6 108.7 63.59 50.1 78.3 39.51 34.1 46.3
Eliiptio crassidens 101 112.00 94.7 129.8 69.07 58.0 78.5 43.58 36.0 54.5
Efliptio dilataa 1 92.60 92.6 92.6 43.70 43.7 43.7 21.50 21.5 21.5
Lampsilis abrupta 4 96.70 86.8 106.8 68.78 64.6 74.0 57.80 52.9 62.4
Lampsilis ovata 3 132.67 118.5 142.7 88.90 82.0 102.7 70.83 63.5 76.7
Leptodea fiagilis 1 119.90 119.9 119.9 66.50 66.5 66.5 40.80 40.8 40.8
Ligumia recta 9 162.78 146.6 185.2 60.77 56.1 66.6 51.30 44.0 54.9
Obliquaria rflexa 1 51.20 51.2 51.2 40.20 40.2 40.2 30.80 30.8 30.8
Pleurobema cordatum 103 98.58 76.1 132.6 77.42 52.1 90.6 47.97 34.2 79.9
Pleumbema ovifonme 2 69.80 63.5 76.1 55.70 50.6 60.8 40.35 40.0 40.7
Potamilus alatus 10 139.25 110.2 163.2 91.64 72.5 102.3 40.80 34.3 44.8
Quadrula metanevra 9 84.71 72.5 94.8 67.19 56.9 76.1 46.33 39.7 50.9
Quadula pustulosa 56 58.80 46.4 72.0 55.34 44.4 64.8 34.54 20.2 40.9
Tritosonia verrucosa 3 104.83 84.6 121.4 59.37 49.5 64.4 29.40 24.3 32.4
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Appendix A-2. (Continued)

TRM 528-529 Length Height Thickness
and Year 1985 N Mean Min Max Mean Min Max Mean Mm Max
Actinoaim 6 104.13 92.7 113.4 72.30 66.8 80.3 50.88 46.6 54.6
Amblea l 19 108.21 76.3 132.5 79.99 62.9 94.9 42.61 30.5 54.4
AMA oot wý.4 123.38 107.9 130.1 65.80 60.9 69.6 46.20 40.7 50.1
C voaias 1ubeca 41 82.26 70.5 94.6 68.68 59.5 78.4 38.85 32.0 44.9

15 90.71 70.1 98.4 68.05 52.2 76.1 40.40 36.4 44.7
_il rassiden 100 114.33 99.1 130.5 69.92 20.1 84.7 44.20 36.1 52.4

Lmwiis 6 103.77 92.6 113.3 75.07 64.4 81.1 56.83 50.6 64.4
Lung&iovaft 6 128.43 114.0 142.0 34.58 70.0 103.4 62.65 57.3 70.2

1iwmm o 1 180.20 180.2 180.2 114.30 114.3 114.3 40.30 40.3 40.3
L1a ! 88.20 88.2 88.2 50.20 50.2 50.2 28.60 28.6 28.6
U 6 168.92 154.4 180.3 64.07 60.2 72.4 53.33 49.9 60.4
Meloaiam m 2 173.70 172.2 175.2 118.25 116.8 119.7 66.15 60.9 71.4

"a 3 54.67 50.5 58.8 43.13 40.2 46.8 33.50 30.9 36.7
Pebm g" 105 96.94 76.3 112.2 76.82 60.6 89.9 46.09 34.1 59.1
Plemrbema Ri 1 84.60 84.6 84.6 70.20 70.2 70.2 50.60 50.6 50.6
P e rubrum 2 91.60 90.4 92.8 73.20 71.6 74.8 50.60 49.8 51.4
PotAwihm alats 13 140.13 102.6 155.2 102.73 80.6 119.5 41.25 30.6 46.8

2 80.70 76.9 84.5 63.45 62.8 64.1 48.90 43.6 54.2
Maim 69 57.78 48.5 80.5 54.68 44.8 68.8 34.83 26.3 42.8

T" _ntoniayermc_ m m 1 136.10 136.1 136.1 72.00 72.0 72.0 34.00 34.0 34.0
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Appendix A-2. (Continued)

TRM 528-529 Length Height Thickness
and Year 1986 N Mean Miin Max Mean Min Max Mean Min Max

Aliiuneni a HM4 103.52 88.2 116.3 71.28 63.2 75.7 48.63 43.4 52.8
Amblena Rp 15 113.97 80.9 137.4 79.28 58.0 94.9 43.03 27.8 55.3
Anodnagndis 6 117.00 102.2 135.2 64.53 57.0 79.4 46.35 37.2 56.7

= ata 42 81.98 68.4 94.3 69.32 57.0 79.3 39.83 33.0 48.1
Eliviaoimi f ta 15 89.69 63.9 110.8 66.99 50.1 78.8 41.21 35.1 53.3

ci.qcrassidens 99 112.84 93.4 136.2 68.64 53.8 85.2 42.61 31.0 55.5
Ellipno 1 111.20 111.2 111.2 52.60 52.6 52.6 42.20 42.2 42.2

Lammilis • 3 98.33 90.3 108.6 72.07 66.4 76.2 53.30 50.7 56.7
Lmoilis ovata 1 152.20 152.2 152.2 101.40 101.4 101.4 72.00 72.0 72.0
!Lgw t.A 3 90.10 79.4 111.1 51.33 47.3 59.1 29.23 26.7 33.1
Li ga rem 9 155.47 135.3 173.1 58.03 48.0 64.5 50.77 44.5 55.9
MO 9 en1 175.60 175.6 175.6 117.90 117.9 117.9 58.00 58.0 58.0
0blia rexa 2 51.45 50.7 52.2 36.15 32.0 40.3 25.75 21.6 29.9

PIeueacdaum 99 95.61 74.4 116.0 74.47 57.4 84.8 46.86 36.2 61.9
Pleurobena ovifone 2 68.90 68.4 69.4 50.70 48.6 52.8 35.60 33.0 38.2
Potamilusabata 19 141.82 112.8 164.1 90.17 72.9 123.6 41.89 30.9 79.6

Quadrl a manvra 4 83.83 75.7 91.2 68.80 61.1 84.2 50.20 46.4 54.1
Oudl 35 56.95 46.5 71.6 53.18 43.4 64.2 33.65 24.7 42.1

..Itono eurum , 1 78.80 78.8 78.8 41.40 41.4 41.4 26.70 26.7 26.7
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Appendix A-2. (Continued)

TRM 528-529 Length Height Thickness
and Year 1988 N Mean Min Max Mean Min Max Mean Min Max
Ambl pnlicata 14 101.22 82.3 119.8 74.19 63.5 89.8 44.59 32.1 52.0
Anodontawndi 7 125.20 109.7 136.1 66.87 57.6 81.3 52.64 48.4 58.7
Anodntasuborbiilata 1 107.80 107.8 107.8 79.20 79.2 79.2 38.70 38.7 38.7
C omia tubmlata 29 83.77 67.2 97.5 69.95 58.9 97.7 41.00 36.1 49.3
Ell_ i 1 10 93.77 83.5 102.8 69.20 62.1 77.4 41.00 36.1 44.5
Fi_.j. Moidw 351 112.93 99.6 136.4 69.48 61.3 76.2 44.49 36.3 54.6

El__ • 2 103.25 95.6 110.9 45.45 40.8 50.1 29.15 27.5 30.8
Lgakpsil 10 101.72 86.8 119.8 72.11 62.7 79.8 57.43 51.9 60.9
Lnmidlis ovala 1 140.50 140.5 140.5 87.70 87.7 87.7 58.00 58.0 58.0
L fUilik 3 102.97 98.2 106.4 60.70 56.7 63.0 31.67 28.8 34.0
Liawiar 5 161.96 146.6 175.1 64.36 62.0 68.7 53.08 50.2 55.1
Me 5 164.90 155.1 170.8 118.14 110.4 126.6 61.18 53.6 68.7

labam 50 99.99 86.1 119.1 78.51 69.2 87.5 48.33 39.4 58.6
Pe1 eMOaMifonu 2 72.20 70.2 74.2 55.00 54.0 56.0 40.70 40.7 40.7
Potazuilusalata 15 139.96 118.6 155.2 107.58 90.1 120.9 40.10 34.8 49.3

2 91.25 90.7 91.8 67.40 67.2 67.6 52.10 50.6 53.6
Q la 51 58.83 36.1 81.1 55.00 40.7 98.4 35.02 26.2 43.1
T"dwaa _____ 2 115.75 98.3 133.2 56.80 51.4 62.2 43.55 26.7 60.4
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Appendix A-2. (Continued)

TRM 528-529 Lent Height Thickness
and Year 1990 N Mean Min Max Mean Min Max Mean Min Max

Acfinonaias limunntina 2 120.90 120.8 121.0 81.30 80.1 82.5 60.95 60.1 61.9
Am ie m 1 110.20 110.2 110.2 75.70 75.7 75.7 38.50 38.5 38.5

Anodn dia 2 127.75 126.4 129.1 74.10 69.2 79.0 52.95 46.8 59.1

CwlniM ftdbe at 14 87.13 76.3 94.9 73.68 66.8 S3.3 40.56 34.1 49.6
Eli_1 9 85.23 72.7 102.3 64.28 53.2 74.6 41.13 36.2 47.4
E--i 60 119.35 104.6 134.7 72.48 61.1 82.7 46.00 38.2 51.6

E• • 1 94.60 94.6 94.6 46.90 46.9 46.9 28.60 28.6 28.6

liS 3 108.57 101.0 120.6 83.23 81.8 86.0 62.17 55.7 67.7

Lzmakliovt 1 121.70 121.7 121.7 78.10 78.1 78.1 68.30 68.3 68.3
1l b 1 124.70 124.7 124.7 69.60 69.6 69.6 39.70 39.7 39.7

Li_, ireqa 1 172.10 172.1 172.1 68.30 68.3 68.3 58.70 58.7 58.7
1 170.10 170.1 170.1 118.40 118.4 118.4 57.10 57.1 57.1

O "biu raelaga 3 56.40 54.8 58.0 42.90 40.3 46.4 30.37 28.5 31.7

Pleu CMu"• 74 98.21 85.4 116.8 76.30 67.2 90.1 47.50 39.6 56.9
Pleumbea, ifonne 1 72.80 72.8 72.8 56.00 56.0 56.0 41.70 41.7 41.7
PotamWi watum 4 124.70 83.2 147.6 101.20 72.6 116.9 36.65 21.5 43.5

Pt'cyhobndufascimolan 1 116.80 116.8 116.8 61.40 61.4 61.4 44.70 44.7 44.7

Qiudwmameavr 4 89.70 85.3 100.7 66.98 60.2 71.5 48.43 46.3 51.8
Omadma lga 35 58.17 44.1 82.8 54.31 43.3 67.4 34.77 25.2 45.4
Trfitoania.._ermm a 11 136.30 136.3 136.3 70.90 70.9 70.9 34.70 34.7 34.7
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Appendix A-2. (Continued)

TRM 528-529 Length Height Thickness
and Year 1992 N Mean Min Max Mean Min Max Mean Min Max
Amblempa •5 106.76 89.9 118.2 78.08 68.4 88.8 39.76 24.9 50.4

lonai tubecul 12 82.04 70.3 97.1 70.42 59.6 79.4 39.90 29.5 44.5
Ellia ineolata 3 96.67 90.8 99.6 68.43 67.9 69.1 40.80 39.6 42.2

mssidmm 52 117.40 99.7 136.6 71.86 63.2 83.3 45.77 39.2 53.3
Lammii ta 4 109.50 96.8 116.3 75.78 68.8 83.4 55.78 50.7 59.8

U inka1 165.70 165.7 165.7 60.70 60.7 60.7 59.90 59.9 59.9
mr 1 59.30 59.3 59.3 42.90 42.9 42.9 28.90 28.9 28.9

Pleurobeina ordatur 29 102.50 86.8 119.8 78.50 72.0 94.2 49.27 39.3 59.8
PotaN[ Blom_ 5 145.50 139.3 150.1 103.32 90.6 109.4 42.50 39.0 46.8

3 75.00 61.9 84.7 61.57 60.7 62.0 44.23 37.4 47.7
10uadmla~tulosa 18 57.97 52.2 66.9 53.86 47.6 59.7 33.30 28.2 40.3

TRM 528-529 Legth Height Thicdmoss
and Year 1994 N Mean Min Max Mean Min Max Mean Min Max
Cvclonaias tulben 10 81.57 58.4 91.2 67.30 50.3 72.9 39.50 28.3 46.9
E l 3 97.83 94.0 100.2 71.60 69.5 73.1 46.57 44.4 48.6

mssidem 66 115.95 104.6 129.2 71.54 62.5 84.7 45.53 39.2 50.8
Lan ii amR 1 108.90 108.9 108.9 82.30 82.3 82.3 65.90 65.9 65.9

_ t wus 1 118.70 118.7 118.7 70.50 70.5 70.5 39.40 39.4 39.4
Melmnaia na 1 168.70 168.7 168.7 119.20 119.2 119.2 58.70 58.7 58.7
Pl cordatur 41 100.75 84.4 110.7 77.52 68.1 86.3 47.35 34.3 62.7
P ovifon1 1 71.90 71.9 71.9 59.80 59.8 59.8 41.70 41.7 41.7
Potaws Alan• 3 158.20 145.7 172.3 119.43 108.8 128.6 45.40 43.6 46.5

1uadtia 1 81.90 81.9 81.9 60.20 60.2 60.2 39.30 39.3 39.3
OuadruML~ut 29 58.69 46.2 66.6 54.43 43.8 64.8 35.44 29.8 42.5
Trito&oniaverMMos1 2 119.95 99.6 140.3 64.15 58.7 69.6 36.90 31.8 42.0
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Appendix A-2. (Continued)

TRM 528-529 Length Height Thickness
and Year 1996 N Mean Min Max Mean Min Max Mean Min Max

Ambl &wmata 3 109.90 100.4 122.5 76.50 72.1 79.0 46.30 38.0 52.3
1da• 1 118.10 118.1 118.1 67.70 67.7 67.7 47.40 47.4 47.4

xyclmiaja tuberculaza 13 86.50 75.3 94.9 71.90 65.1 80.8 42.50 35.5 47.7
I rliam 9 94.00 72.6 107.5 68.30 49.7 80.7 44.70 34.5 50.7

Efto.erassidem 50 114.90 88.9 131.3 68.90 53.5 85.7 46.30 39A 61.7

amgi'is Am 1 110.10 110.1 110.1 75.70 75.7 75.7 60.30 60.3 60.3
lAona 1 118.40 118.4 118.4 60.60 60.6 60.6 35.20 35.2 35.2
~.ifia 1 126.20 126.2 126.2 71.30 71.3 71.3 40.70 40.7 40.7

Lia!viamrea 1 155.00 155.0 155.0 61.90 61.9 61.9 49.50 49.5 49.5

ft ba con 46 100.80 85.3 112.5 78.90 65.4 90.5 49.60 38.3 59.6
potmilsalatus 4 145.90 135.5 154.1 110.60 86.7 131.7 44.20 39.2 46.8

Ouadula memaemu 1 86.10 86.1 86.1 66.10 66.1 66.1 47.70 47.7 47.7
phd sgul 19 61.60 53.0 77.3 56.00 49.6 62.5 " 38.20 31.1 49.5

rritmonjiarmmoa 1 134.10 134.1 134.1 61.30 61.3 61.3 31.60 31.6 31.6
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Appendix A-2. (Continued)

TRM 528-529 Length Height Thickness
and Year 1997 N Mean Min Max Mean Min Max Mean Min Max
Ambe p 1 77.60 77.6 77.6 57.10 57.1 57.1 31.50 31.5 31.5
Cyqmnia tumrul 13 87.40 79.3 96.2 72.70 65.4 78.8 44.10 38.5 51.9

Eliiaria1 2 77.00 69.4 84.6 57.70 54.3 61.0 38.80 35.5 42.2
Ellipc_•_d_ 50 116.10 101.7 134.5 68.40 59.1 83.4 45.80 33.5 65.0

Lmmiliso23aa 1 115.30 115.3 115.3 74.10 74.1 74.1 69.50 69.5 69.5
Lmmtiarct 1 160.00 160.0 160.0 71.50 71.5 71.5 59.60 59.6 59.6
P 36 99.50 87.1 107.9 77.30 68.7 88.4 50.50 42.9 57.1
vodnluws wtms 4 151.50 122.0 168.8 85.00 74.6 92.9 44.90 42.4 46.6
Ouadml metane 1 91.00 91.0 91.0 63.50 63.5 63.5 46.40 46.4 46.4
Luadndag mmtu9 60.50 49.2 67.3 55.60 48.7 60.7 35.80 28.4 41.8
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Appendix A-2. (Continued)

5L=ngh Heih Thickness
and Years 1983-1997 N Mean Min Max Mean Min Max Mean Min Max

Actinonaisslia t 16 106.61 88.2 121.0 74.34 63.2 88.0 52.19 43.4 61.8
Amblem p71 105.77 73.6 137.4 76.80 57.1 94.9 42.13 24.9 55.3

odt ia 27 119.14 83.0 136.1 65.58 46.1 81.3 48.21 35.4 59.1

mb micula 1 107.80 107.8 107.8 79.20 79.2 79.2 38.70 38.7 38.7

Qvioais tuberculata 240 83.12 58.4 99.1 69.95 50.3 97.7 40.27 28.3 51.9

Cbp!ogenia!.ta 2 56.45 .52.9 60.0 51.14 50.9 51.4 38.71 36.8 40.6
El i 92 89.83 63.6 110.8 66.77 50.1 80.7 41.39 34.1 53.3
M.i!.ocrasside 734 114.11 86.8 136.6 69.70 20.1 89.9 44.44 31.0 65.0

_llatata 6 100.03 92.6 111.2 46.37 40.8 52.6 30.18 21.5 42.2

Fu s ubmmia 1 66.09 66.1 66.1 53.56 53.6 53.6 36.58 36.6 36.6
LAnilis A 39 101.59 70.5 120.6 73.51 59.4 16.0 56.51 39.8 67.7

LIMifatOta 14 130.76 114.0 152.2 86.23 70.0 103.4 66.60 57.3 76.7

La*igznft• mDlnata 1 180.20 180.2 180.2 114.30 114.3 114.3 40.30 40.3 40.3
Ia.lni 1 118.40 118.4 118.4 60.60 60.6 60.6 35.20 35.2 35.2

Leotodea fia-i 12 103.22 79.4 126.2 59.36 47.3 71.3 33.45 26.7 40.8
Li net 36 161.29 135.3 185.2 61.85 48.0 74.1 52.42 44.0 60.4

M"Oavm 10 168.63 155.1 175.6 118.27 110.4 126.6 61.20 53.6 71.4

abliamaia -refe 11 54.15 49.0 59.3 41.20 32.0 46.8 30.65 21.6 36.7

e ordatur 688 98.28 73.3 132.6 76.89 52.1 94.2 47.97 32.3 79.9

Peurobema f 8 70.81 63.5 76.1 54.82 48.6 60.8 39.59 33.0 41.7
Pleu 1 84.60 84.6 84.6 70.20 70.2 70.2 50.60 50.6 50.6

Pleumbenm r 2 91.60 90.4 92.8 73.20 71.6 74.8 50.60 49.8 51.4

Pot saml~atus 82 140.65 83.2 172.3 98.58 69.1 131.7 41.34 21.5 79.6

fPthbmbanchsftciolaris 1 116.80 116.8 116.8 61.40 61.4 61.4 44.70 44.7 44.7

Qrl3drametntvr 40 81.77 46.9 100.7 64.09 42.2 84.2 45.96 26.2 54.7

Qmudmia PmutloIW 378 58.29 36.1 82.8 54.64 40.7 98.4 34.90 20.2 49.5
________u_ __s____a 1 22 114.82 78.8 140.3 60.70 41.4 72.0 34.06 24.3 60.4
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Appendix A-2. (Continued)

Three Bed Composite Length Heigt Thicnmess
and Year 1983 N Mean Min Max Mean Min Max Mean Min Max
Aciaaa 5 104.00 92.5 113.4 73.84 69.3 80.1 51.88 46.8 58.5
A mi uuIntBE 53 96.86 74.4 132.3 72.73 56.6 99.7 45.37 30.4 56.9
Anodontda s 28 121.88 83.0 154.6 67.20 46.1 89.6 52.15 35.4 67.9
QCkl14 tuberc7 4 79.14 62.1 96.5 67.90 52.1 80.2 39.50 32.4 49.8
CM 3 54.83 51.6 60.0 50.66 49.7 51.4 37.81 36.0 40.6
Dromns drom_ 1 60.10 60.1 60.1 58.30 58.3 58.3 32.80 32.8 32.8
Ell 45 85.29 56.8 108.8 65.74 44.6 78.6 40.30 30.1 51.3
Elli-daioassidew 311 107.96 86.8 134.6 67.29 54.0 89.9 42.93 21.0 56.1

Sli tat 5 103.32 95.3 113.3 45.50 42.2 48.8 32.38 30.5 34.7
sub 1 66.09 66.1 66.1 53.56 53.6 53.6 36.58 36.6 36.6

LaMs0lis 10 94.39 70.5 106.4 71.17 59.4 84.4 50.94 39.8 60.1
LaMil ovata[4 124.93 122.0 132.3 86.21 74.7 92.3 68.48 62.0 76.3

fBai.4 84.13 59.6 112.4 49.33 34.6 66.4 27.10 20.1 32.7
Li M =t8 155.34 145.1 165.0 62.50 56.6 68.3 50.50 42.5 56.7
Mentoaias 3 173.83 164.4 180.6 117.43 111.7 120.7 60.50 57.2 63.0
Ob fen= 20 53.78 45.1 64.1 43.15 24.1 51.5 34.33 24.6 41.4
Pledbbml cv2hvus2 91.80 89.3 94.3 64.55 62.8 66.3 45.00 43.6 46.4
PleurobemnL"m 301 95.39 72.1 129.1 75.65 59.3 99.5 48.25 31.4 62.9
Pi= reM. 1 58.10 58.1 58.1 52.90 52.9 52.9 36.40 36.4 36.4

43 135.39 46.9 162.8 98.20 69.1 120.9 38.12 24.1 46.5
36 76.52 46.9 92.6 60.28 42.2 74.4 44.22 26.2 54.7

158 55.91 43.7 69.9 53.61 40.5 66.9 34.47 26.3 43.8
Trid vEl_ 18 110.06 96.0 128.7 58.77 54.3 64.1 36.27 30.1 42.7
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Appendix A-2. (Continued)

Three fled Composite Langth HegtThickness
and Year 1984 N Mean Mi Max Mean Min Max Mean Min Max
A!wma nnna 2 109.55 99.4 119.7 81.00 74.0 83.0 53.25 53.1 53.4
Ambea _li 30 98.18 73.6 120.1 72.73 59.5 88.0 42.37 26.8 52.4
A .nod gAnd9 124.58 102.7 144.3 67.46 56.6 74.1 49.52 39.6 54.6
Anodonta i-mbellis 53.60 52.5 54.7 23.95 23.2 24.7 15.60 14.3 16.9
C~clomatube=l 131 76.09 59.1 99.1 65.19 52.2 80.9 37.77 29.5 46.3
QMr goas 1 52.90 52.9 52.9 51.40 51.4 51.4 36.40 36.4 36.4
Effi a 49 82.92 56.6 109.7 62.95 44.0 86.0 37.88 26.3 50.2

Efik msies302 .109.58 89.2 130.8 68.75 56.3 82.4 43.30 24.4 60.9
Effi 2 96.35 92.6 100.1 42.95 42.2 43.7 24.75 21.5 28.0

w= b8 96.66. 86.8 106.8 68.52 60.7 74.8 56.31 48.1 62.4
LUltoaa5 127.98 102.1 142.7 86.44 72.9 102.7 67.56 56.5 76.7

figk6 111.33 104.5 119.9 65.27 62.1 68.4 36.05 30.9 40.8
Lkw!i a= ] 14 157.96 140.9 185.2 59.61 50.5 66.6 49.65 40.0 54.9
Me-alonaas 1 180.00 180.0 180.0 130.20 130.2 130.2 63.00 63.0 63.0

bigaaefu11 53.63 36.5 64.0 42.05 32.9 52.3 33.06 22.9 39.8
Pley Mbenmordatum 234 95.08 62.1 132.6 74.99 44.7 99.8 46.26 32.8 79.9
Pleurob2ma 2 69.80 63.5 76.1 55.70 50.6 60.8 40.35 40.0 40.7
Pleumbena Lmm _2 60.10 51.3 68.9 57.70 49.4 66.0 44.00 39.4 48.6
Potamilus alau I 47 142.73 96.7 182.1 97.96 72.5 134.5 39.57 30.0 46.5

fIivmn fscior 1 94.40 94.4 94.4 56.70 56.7 56.7 34.80 34.8 34.8
24 78.68 64.5 94.8 62.47 52.6 76.1 43.05 32.4 54.9

Q0ald utlaD 138 56.75 40.0 74.1 53.65 39.5 64.8 33.43 20.2 40.9
IdItQ Mia I _101 110.44 76.7 134.9 59.00 42.7 66.8 34.18 19.7 44.8
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Appendix A-2. (Continued)

Three Bed Composite Length Height ThiMcness
and Year 1985 N Mean Min Max Mean Min Max Mean Min Max
Aghmaias pmt 11 104.72 92.7 113.4 73.72 66.8 80.3 51.75 46.6 54.9

9l0a 42 103.37 76.3 132.5 75.25 58.2 94.9 43.01 30.5 56.7
Ad nt ._ 10 123.14 107.9 142.6 69.63 60.9 80.4 48.76 40.7 58.7

cclnaiat 124 78.39 60.5 94.6 66.76 54.7 78.4 37.85 30.6 44.9
CYR Stegria 1 57.70 57.7 57.7 55.60 55.6 55.6 44.10 44.1 44.1
EDailinwatsa 35 87.83 62.3 100.4 67.24 46.9 76.9 38.96 32.0 46.8
___ __ioadens 306 110.22 90.1 134.8 68.72 20.1 88.5 43.21 29.5 53.7
Efdig t 2 98.80 96.8 100.8 44.20 44.2 44.2 32.30 29.8 34.8

LMil 8 101.94 82.3 113.3 74.21 64.4 81.1 55.61 43.5 64.4
LanIMiis ovata 9 127.36 114.0 142.0 84.03 70.0 103.4 62.70 57.3 70.2

1 180.20 180.2 180.2 114.30 114.3 114.3 40.30 40.3 40.3
ftA" 5 100.28 86.9 114.7 59.08 50.2 66.8 33.22 28.6 39.8

W•M t 119111 165.39 142.2 180.3 63.30 57.2 72.4 50.06 41.3 60.4
ag 5 173.70 160.1 190.8 115.26 102.3 121.1 59.66 52.4 71.4

Obi efM 12 55.72 46.6 66.9 42.95 36.1 50.8 32.58 23.4 36.7
Plemeanilaan 245 96.42 70.4 160.2 76.58 58.2 134.9 45.35 30.2 59.1
Plmn mn fr W 1 72.90 72.9 72.9 56.50 56.5 56.5 40.20 40.2 40.2
P e 1 1 84.60 84.6 84.6 70.20 70.2 70.2 50.60 50.6 50.6
Plm'or-bem b 3 87.97 80.7 92.8 70.23 64.3 74.8 48.57 44.5 51.4
PoUamilala 77 139.79 98.0 170.2 100.29 76.5 125.6 39.87 28.4 49.6
Qnam aa 16 78.07 67.3 88.9 61.94 56.1 70.3 42.39 36.8 54.2

138 57.98 46.3 80.5 54.91 32.1 68.8 34.83 25.7 44.2
TI avkegslA 19 124.66 92.3 148.8 61.46 40.6 72.0. 39.86 34.0 48.7
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Appendix A-2. (Continued)

Three Bed Composite Length Height Thickness
and Year 1986 N Mean Min Max Mean Min Max Mean Min Max

Actinonaias liganentina 8 99.23 88.2 116.3 69.71 63.2 75.7 47.32 40.3 53.8
Amblemaplicata 47 103.36 66.7 137.4 73.01 50.6 94.9 43.79 26.8 57.4
Anodontagrandis 16 122.18 80.9 147.8 68.42 50.7 82.0 49.42 35.1 63.2

Anodonta imbecillis 1 39.20 39.2 39.2 17.40 17.4 17.4 7.10 7.1 7.1
Cyclonaias tuberculata 131 76.16 56.9 96.7 64.74 47.6 80.2 37.08 23.7 51.0
Ellipsana lineolata 37 84.30 51.8 112.3 62.73 39.2 78.8 37.52 22.6 53.3
Elliptiocrassidens 304 110.53 87.2 151.8 67.43 53.8 87.1 42.28 31.0 55.5

Elliptiodilatata 3 109.23 107.1 111.2 49.37 45.5 52.6 39.17 35.4 42.2

Lampsili& abupta 8 100.44 86.1 114.8 72.96 66.3 80.7 52.21 48.3 57.2

Larmpsilis ovata 3 141.40 132.9 152.2 94.33 90.3 101.4 66.83 55.9 72.6
Lasmigonacostata 1 122.10 122.1 122.1 69.90 69.9 69.9 25.50 25.5 25.5

Leptodeaftagilis 9 96.87 79.4 112.1 55.52 46.6 67.5 30.99 25.3 36.0
Ligumia recta 18 147.23 107.7 173.1 56.62 45.0 67.6 46.78 33.1 55.9
Megalonaias nervosa 6 152.35 124.6 175.6 105.20 87.2 119.3 57.80 53.9 63.2

Obliquaria reflexa 12 55.11 46.6 66.7 43.02 32.0 52.4 33.39 21.6 41.2

Pleufobem cordatum 231 92.87 54.9 117.9 72.90 49.7 88.5 45.07 25.2 61.9
Pleurobena oviforme 2 68.90 68.4 69.4 50.70 48.6 52.8 35.60 33.0 38.2
Poamnilus alatus 68 139.66 79.8 174.0 89.52 56.7 123.6 39.47 26.7 79.6

Quadrulametanevm 14 74.75 54.9 91.2 59.91 42.4 84.2 42.11 31.0 55.3
Quadula pustulosa 72 54.97 38.2 71.6 51.68 37.2 66.1 32.13 20.5 42.1

Tritogoniaverricosa 21 110.36 78.8 133.01 55.36 41.4 66.7 33.56 24.7 42.9
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Appendix A-2. (Continued)

Three Bed Composite Length Height ThicUkess
and Year 1988 N Mean Min Max Mean Min Max Mean Min Max
Actintaina 3 97.87 90.9 107.6 73.37 71.3 76.8 51.37 47.6 55.4
Ambl__L__ • 48 102.47 64.8 119.8 75.22 51.1 89.8 46.31 32.1 56.9
AMnoaurdi• 29 126.85 81.7 155.1 69.93 53.6 89.9 53.46 34.5 71.2

imbedll 1 54.00 54.0 54.0 24.10 24.1 24.1 16.20 16.2 16.2
A d orbiua 1 107.80 107.8 107.8 79.20 79.2 79.2 38.70 38.7 38.7

.wlo@W tube ta 87 79.12 63.4 97.5 67.22 55.2 97.7 39.34 31.3 49.3
El 23 87.22 65.1 102.8 65.42 47.5 77.4 39.61 32.7 50.3
Ellh~tirasidens 154 110.06 92.4 136A 68.69 44.2 84.9 44.26 34.1 55.3
Eigo d 3 101.10 95.6 110.9 45.43 40.8 50.1 28.40 26.9 30.8
Lwylb a7.u 12 100.78 86.8 119.8 71.72 62.7 79.8 57.44 51.4 63.6
Lawsiln •3 130.37 110.7 140.5 85.00 76.9 90.4 65.70 58.0 77.3

fti 12 99.81 70.4 126.3 61.26 44.9 76.0 32.12 23.8 39.8
L rm 7 160.27 144.4 175.1 62.39 54.2 68.7 51.81 44.4 55.1
Mesmlw e9 160.61 144.2 170.8 114.19 100.8 126.6 60.60 53.3 68.7
Obli MR= 7 54.84 44.2 62.7 43.20 36.2 49.6 32.27 24.4 36.0
Pe 133 96.57 68.5 119.1 76.57 54.9 89.2 47.87 38.2 58.6
p ovifonne 2 72.20 70.2 74.2 55.00 54.0 56.0 40.70 40.7 40.7

1 88.30 88.3 88.3 69.50 69.5 69.5 46.70 46.7 46.7
Poaiusaf nt 54 142.76 110.3 187.7 106.60 76.3 131.2 40.82 31.0 50.3

8 83.34 66.7 92.1 64.21 54.2 70.1 45.60 38.4 53.6
Mla 77 58.73 36.1 81.1 55.06 40.7 98.4 35.31 26.2 43.1

TrM_ _"moivem_ __ 18 112.68 91.8 140.8 62.25 50.1 76.3 39.49 23.2 60.4
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Appendix A-2. (Continued)

Three Bed Composite Length Height Thickness
and Year 1990 N Mean Min Max Mean Min Max Mean Min Max

Aliomntm 5 110.38 96.0 121.0 77.90 71.4 82.6 55.88 47.6 61.8
Amlema pi.ta 10 102.16 76.6 120.1 72.58 54.5 87.2 44.19 33.6 50.9

As 20 135.42 108.7 159.1 76.04 61.5 99.9 55.90 44.4 68.8
Anodon imbecillis 1 52.00 52.0 52.0 24.80 24.8 24.8 14.30 14.3 14.3

sborbiult 1 126.20 126.2 126.2 96.40 96.4 96.4 48.30 48.3 48.3
yclonaias tbercul 69 79.65 62.0 111.0 67.29 52.1 92.1 37.97 28.0 49.6

El lineolata 28 85.42 64.2 102.3 64.41 51.6 76.9 39.18 32.1 47.4
E_.ipfio crassidews 160 115.21 87.5 149.3 70.91 61.1 82.7 44.91 36.3 51.6
ERi99 1 94.60 94.6 94.6 46.90 46.9 46.9 28.60 28.6 28.6
JAMP tis, ab4 105.95 98.1 120.6 83.35 81.8 86.0 62.15 55.7 67.7
l.ilovata 1 121.70 121.7 121.7 78.10 78.1 78.1 68.30 68.3 68.3

efI! kagiLLS 8 110.46 89.9 130.1 68.93 61.0 89.5 37.08 32.8 40.0
.umiarecta 2 172.60 172.1 173.1 70.90 68.3 73.5 59.30 58.7 59.9

Megmonaiasnervosa 3 166.60 155.6 174.1 116.57 110.7 120.6 56.50 56.2 57.1
Obflaaia reflexa 11 55.06 44.5 64.6 43.34 36.7 49.9 32.80 25.4 45.1
Pleuro • 132 97.37 75.6 120.7 75.38 59.5 90.6 46.34 32.9 56.9

e 1 72.80 72.8 72.8 56.00 56.0 56.0 41.70 4.1.7 41.7
Potamilus alatus 45 142.78 83.2 169.1 107.14 72.6 126.3 44.74 21.5 139.8
Ptychobrancnus fal 1 116.80 116.8 116.8 61.40 61.4 61.4 44.70 44.7 44.7
OaMa 8 84.28 65.2 100.7 63.44 48.1 71.5 46.72 35.5 51.8

M od 78 57.56 44.1 82.8 53.53 42.8 67.4 34.22 25.2 45.4
___tr&r___ 9 107.59 78.1 136.3 57.36 43.4 70.9 35.21 26.6 42.5
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Appendix A-2. (Continued)

Three Bed Composite Lamgth Height Thickness
and Year 1992 N Mean Min Max Mean Min Max Mean Min Max
Acdnonaias 1 94.80 94.8 94.8 65.40 65.4 65.4 49.60 49.6 49.6
Amblemalicata 13 105.46 89.9 124.7 77.27 65.5 88.8 45.11 24.9 54.8

Baodo n &di] 5 130.06 122.0 136.8 76.06 67.3 84.9 58.54 54.0 65.1
c tbeu 68 80.10 63.2 97.1 67.49 53.4 87.1 38.73 29.5 44.7
Ell fin 14 90.49 69.6 99.6 67.96 49.7 77.2 39.56 31.3 44.8

crassin 137 112.26 88.4 136.6 69.83 55.6 83.3 44.75 27.2 53.3
L 6 108.85 96.8 116.3 74.63 66.3 83.4 54.70 50.7 59.8

iM _ia recta 3 157.27 148.0 165.7 60.00 56.9 62.4 52.30 47.3 59.9
M na rs 4 173.35 155.9 183.2 120.88 112.2 123.2 60.93 53.1 69.3
aw6•ea 6 57.17 52.0 61.5 43.45 40.9 47.9 32.30 28.9 36.7

1 MIlm 1 91.40 91.4 91.4 64.80 64.8 64.8 50.30 50.3 50.3
Pe 82 98.53 64.7 127.9 76.15 60.9 94.2 46.29 37.5 59.8
PotAln 16 142.99 116.6 161.2 105.32 90.6 116.9 41.65 35.1 47.4
Ow8d 8 78.61 61.9 87.2 61.76 58.3 66.5 43.92 37.4 48.2

M Dim 48 56.37 45.3 66.9 52.70 40.2 62.7 33.52 25.2 44.8
Trtdtý-MMM1 9 106.24 77.0 127.3 59.00 43.1 66.7 36.29 21.7 48.3
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Appendix A-2. (Continued)

Three Bed Composite Length Height Thickness
and Year 1994 N Mean Min Max Mean Min Max Mean Min Max
Ambe _ pLc_ 13 106.79 84.7 119.1 76.72 59.2 89.7 48.44 35.0 54.7
Anoo•agm&_ 7 135.29 121.4 142.7 79.13 66.7 85.1 57.84 47.6 64.6

CvcMwlaai rp.'1gt 64 78.52 58.4 91.2 66.28 50.3 74.3 38.94 28.3 48.9
E _lip __i__ 11 87.68 76.1 100.2 66.95 57.7 76.7 40.38 32.9 48.6

FJ cnmaides 216 113.88 96.5 129.8 71.10 61.3 88.6 45.37 36.6 52.9
LAMil abM 2 105.05 101.2 108.9 84.20 82.3 86.1 65.65 65.4 65.9

AfS& 3 117.67 112.2 122.1 72.87 70.5 76.9 39.60 39.4 40.0
1e. t 1 161.40 161.4 161.4 73.30 73.3 73.3 61.20 61.2 61.2

M nervosa 2 174.45 168.7 180.2 119.45 119.2 119.7 63.85 58.7 69.0
Obl' reflem 11 57.30 52.8 69.5 45.68 41.4 51.7 35.04 29.6 42.7

PlthobabasynWhy 1 88.60 88.6 88.6 59.40 59.4 59.4 46.20 46.2 46.2

Men 95 97.71 59.8 116.5 75.96 58.1 90.1 46.85 34.3 62.7

Pieu OM 1 71.90 71.9 71.9 59.80 59.8 59.8 41.70 41.7 41.7
PotamilsalWa 10 149.92 128.3 172.3 115.17 99.6 128.6 43.34 38.4 46.5

4 74.18 68.4 81.9 57.53 54.4 60.2 40.33 39.3 42.2
O uadrMmptlos 65 58.02 46.2 66.6 54.08 43.8 64.8 35.28 27.1 49.9

Aagan yermha 7 115.60 95.8 140.3 58.90 52.4 69.6 36.64 30.7 42.0
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Appendix A-2. (Continued)

Three Bed Composite Length Height Thickness
and Year 1996 N Mean Min Max Mean Min Max Mean Min Max
Ambl&n&ap..__ 11 104.90 78.2 125.4 73.50 52.4 86.5 46.10 26.7 57.3

n oadonadi 7 141.10 118.1 160.0 81.80 67.7 102.4 56.90 47.4 64.2
Cvmhnia tuberka 38 83.00 73.0 94.9 69.20 58.4 80.3 40.90 34.6 47.7
BUR 15 92.20 69.7 107.5 67.90 48.0 80.7 43.40 30.8 50.7
E•liuoassido m 140 112.90 88.9 151.1 68.60 53.5 85.7 45.50 34.2 61.7
E1 95.40 95.4 95.4 41.00 41.0 41.0 29.70 29.7 29.7
LAmpAiiumn 4 110.20 99.4 122.4 79.30 73.1 85.5 60.40 55.3 66.9

1 118.40 118.4 118.4 60.60 60.6 60.6 35.20 35.2 35.2
L,1oWeA 1 126.20 126.2 126.2 71.30 71.3 71.3 40.70 40.7 40.7
Lis rea 2 157.50 155.0 160.0 61.50 61.1 61.9 49.40 49.4 49.5
Mmagmma o 1 180.00 180.0 180.0 123.60 123.6 123.6 66.00 66.0 66.0

ma lex 6 56.10 51.8 59.6 43.90 39.8 50.1 36.40 33.4 40.3
Pleuobema crdum 93 99.40 77.1 120.9 77.20 65.2 91.2 48.70 38.3 59.6
Poamnusm abi35 145.90 98.2 180.0 85.80 60.1 131.7 41.30 28.9 51.5

__ala _ 2 81.90 77.8 86.1 63.50 61.0 66.1 49.60 47.7 51.6
d , lmo L 29 60.80 50.6 77.3 55.80 48.9 62.5 38.10 31.1 49.5

Tto•onitvenuma 4 109.70 88.5 134.1 56.00 49.4 .61.3 34.50 29.6 40.3

Three Bed Composite Length Height Thickness
and Year 1997 N Mean Min Max Mean Min Max Mean Min Max
Amblm •MaR 5 96.00 73.5 123.0 68.90 57.0 78.9 44.20 31.5 53.2

1Ml•1 147.00 147.0 147.0 31.00 81.0 81.0 63.40 63.4 63.4
Qyefloi lataJm 47 31.50 67.0 96.8 67.80 56.5 78.8 42.40 35.6 51.9
Eft linr ] 8 81.80 56.4 105.5 61.50 45.9 71.6 40.90 33.8 52.6
____ idm 152 113.10 92.2 134.5 68.20 53.7 83.4 45.70 33.5 65.0
Laii!soavata 1 115.30 115.3 115.3 74.10 74.1 74.1 69.50 69.5 69.5
Lefoe Iin . 2 92.20 69.3 115.0 56.10 40.5 71.7 26.90 21.5 37.3
Lignmirecta 1 160.00 160.0 160.0 71.50 71.5 71.5 59.60 59.6 59.6
ON iauareflea 3 54.10 50.6 57.4 42.00 34.7 46.7 34.50 33.0 36.6
PlUe3 cordatum 2 98.20 83.1 117.2 75.50 60.2 92.3 49.90 41.7 57.3
poil!s Abw 12 146.40 105.7 168.8 83.50 63.3 95.8 42.60 33.3 48.9
Omuldaitetaneyra 2 88.00 85.0 91.0 64.60 63.5 65.7 45.90 45.4 46.4
Qmjmn W I 24 59.00 49.2 67.3 54.10 45.2 60.7 36.20 28.4 45.6
Tdftona ercos 1 109.60 109.6 109.6 52.80 52.8 52,8 38.30 38.3 38.3
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Appendix A-2. (Continued)

Three Bed Composite Length Height Thikness
and Years 1983-1997 N Mean Min Max Mean Min Max Mean Min Max
Actinonails 1 35 103.57 88.2 121.0 73.57 63.2 88.0 51.34 40.3 61.8
Amblemavli cca 272 101.52 64.8 137.4 73.97 50.6 99.7 44.66 24.9 57.4
A!&nod132ndi1 127.57 80.9 160.0 71.34 46.1 102.4 53.12 34.5 71.2
Anmnta ijis 5 50.48 39.2 54.7 22.84 17.4 24.8 13.76 7.1 16.9
Anodonta mibicula 2 117.00 107.8 126.2 87.80 79.2 96.4 43.50 38.7 48.3
•c~lonaia9 tubenula97 79.30 56.9 111.0 67.36 47.6 97.7 39.04 23.7 51.9
CvroPW 5 55.02 51.6 60.0 51.80 49.7 55.6 38.78 36.0 44.1
Droma dromas 1 60.10 60.1 60.1 58.30 58.3 58.3 32.80 32.8 32.8
uEll i nel 265 85.90 51.8 112.3 64.99 39.2 86.0 39.27 22.6 53.3

El.ipig crassjd 2182 111.08 86.8 151.8 68.76 20.1 89.9 43.88 21.0 65.0
EliigidiAMat 17 101.64 92.6 113.3 45.54 40.8 52.6 31.59 21.5 42.2
Fu sub d1 66.09 66.1 66.1 53.56 53.6 53.6 36.58 36.6 36.6
LaMsili _ 62 101.11 70.5 122.4 73.62 59.4 86.1 55.83 39.8 67.7
Lw~a6isva 128.39 102.1 152.2 85.52 70.0 103.4 65.83 55.9 77.3
Lasmi co 1 180.20 180.2 180.2 114.30 114.3 114.3 40.30 40.3 40.3
Lasmign 2 120.25 118.4 122.1 65.25 60.6 69.9 30.35 25.5 35.2

5f0ails 102.46 59.6 130.1 61.45 34.6 89.5 33.30 20.1 40.8
Ljij En 67 156.70 107.7 185.2 60.84 45.0 73.5 49.99 33.1 61.2
Mema3onaias nervo 166.23 124.6 190.8 115.10 87.2 130.2 60.06 52.4 71.4
Obliau om _•_99 55.12 36.5 69.5 43.32 24.1 52.4 33.63 21.6 45.1
Plethobasu. Mys 4 90.90 88.6 94.3 63.33 59.4 66.3 46.63 43.6 50.3
pleurbemacardatm 1628 96.06 54.9 160.2 75.48 44.7 134.9 46.52 25.2 79.9
Pleurobena 9~fone 71.04 63.5 76.1 55.01 48.6 60.8 39.66 33.0 41.7
Ple4mbana u 65.73 51.3 84.6 59.63 49.4 70.2 43.75 36.4 50.6
Pleurobema nbrum 4 88.05 80.7 92.8 70.05 64.3 74.8 48.10 44.5 51.4
Pota4ilus abtus 141.46 46.9 187.7 98.42 56.7 134.5 40.60 21.5 139.8
Ptbghobranchus ciolans 2 105.60 94.4 116.8 59.05 56.7 61.4 39.75 34.8 44.7
O12adrule122 78.24 46.9 100.7 61.48 42.2 84.2 43.73 26.2 55.3
OuaddralptIlsa 827 57.18 36.1 82.8 53.87 32.1 98.4 34.39 20.2 49.9
Tritouonia 3Mjoa 116 112.77 76.7 148.8 58.92 40.6 76.3 36.59 19.7 60.4
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Enclosure 2

List of Regulatory Commitments

Tennessee Valley Authority
Watts Bar Nuclear Plant - Unit 2, Docket No. 50-391

TVA will provide a response to the following Request for Additional Information on or
before April 23, 2010:

H-16 The figure included in Appendix B of the 2007 TVA EIS shows water flow
rates for plant systems with one unit in operation. Provide an update of this
figure showing the flow rates for the system with WNB Unit 1 and 2 in
operation. Provide an update to the table on page 3-3 of 1978 EIS to
include values that include the flow rates needed for both units in operation.

The first two buildings are in the Unit 1 FSAR; TVA will include all three buildings (the
Old Steam Generator Storage Facility, Radwaste Pad, and Decon Building) in one of
the next updates to the Unit 2 FSAR.

Identify (preferably on a diagram) and provide a reference for principal
RP- 1o release points for gaseous and liquid radioactive materials to the

environment.

Identify and provide a reference for direct radiation sources within or onsite
out-of-plant as solid waste (e.g., independent fuel storage)..

E2-1




