
FO- -
FO NQ~~IRA--T E I'

e9O1o699OO
PDR DQ~~ OOOO90A ~PIOR :.



WESTINGHOUSE CLASS 3

WCAP-11627

B26 '87 1014 351
UPFLOW CONVERSION

SAFETY EVALUATION REPORT

WATTS BAR UNITS 1 & 2

September, 1987

Westinghouse Electric Corporation

Energy Systems

P. 0. Box 355

Pittsburgh, Pennsylvania 15230 O 9 1987
PROJECT: WBN DATE

CONTRACT: 71C62-54114-1 FILE: N3M-2-2
DRAWING NO. W Pi
SHEET REV. p UNIT a

ISSUED FOR ECNs 702256 7Z2240

OATE 0CT11 987D AT EC 0 I 9 lfff7

ans'd by Itr # f 6<
0946v: 1 D/1 00587



TABLE OF CONTENTS

SECTION TITLE PAGE

1.0 SUMMARY 1-1

2.0 INTRODUCTION 2-1

3.0 LICENSING APPROACH AND SCOPE 3-1

4.0 DOWNFLOW CONFIGURATION 4-1

5.0 UPFLOW CONFIGURATION 5-1

6.0 UPFLOW MODIFICATION 6-1

7.0 UPFLOW DESIGN BASIS AND EVALUATIONS 7-1

7.1 Fuel Assembly 7-1

7.2 Reactor Internals 7-3

7.3 Core Barrel Plug Design Functional Requirements 7-4

8.0 ACCIDENT EVALUATION/ANALYSES 8-1

8.1 Loss-of-Coolant (LOCA) 8-1

8.2 Containment Integrity 8-23
8.3 SGTR and Hot Leg Switchover 8-24
8.4 Non-LOCA 8-25

9.0 CONCLUSION 9-1

10.0 REFERENCES 10-1

10.1 FSAR Sections Reviewed 10-1

10.2 Technical Specification Reviewed 10-1
10.3 Field Change Notices 10-2

10.4 Transmittal Letter (this WCAP & FSAR & T.S. Revisions) 10-2

0946v:1 D/100687

-

i



LIST OF FIGURES

FIGURES TITLE PAGE

4-1 Downflow Configuration Flow Path 4-3

5-1 Upflow Configuration Flow Path 5-2

6-1 Core Barrel Plug 6-2

0946v: 1 D/1 00587 i i



LIST OF TABLES

TABLE TITLE PAGE

8.1 Input Parameters Used in the LOCA Analyses 8-15

8.2 Safety Injection Pumped Flow 8-16

8.3 Safety Injection Flow For Small Break Analysis 8-17

8.4 Containment Pressure During Reflood 8-18

8.5 Large Break LOCA Results 8-19

8.6 Large Break LOCA Time Sequence of Events 8-20

8.7 Small Break LOCA Results 8-21

8.8 Small Break LOCA Time Sequence of Events 8-22

0946v: 1 D/1 00587 iii



1.0 SUMMARY

This Safety Evaluation Report demonstrates that no unreviewed safety concern

is involved in converting the reactor vessel downflow design to an upflow

design.

This upflow conversion consists of changes to the reactor vessel components,

which are to plug the core barrel inlet flow holes and to provide holes in the
top former plate. This changes the flow path from being downflow between the

core barrel and baffle plate to upflow and has the effect of increasing the
core bypass flow from 7.5 to 9.0%. Changing the flow path reduces the

pressure differential across the baffle plates eliminating the jetting of

coolant between the joints between the baffle plates.

The evaluation for this change included the reactor internals, the fuel

assembly integrity, the core barrel plug and the appropriate LOCA, non-LOCA

and SGTR postulated accidents. The FSAR & Technical Specification revisions

resulting from this safety evaluation have been transmitted separately (see

references).
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2.0 INTRODUCTION W

In an effort to reduce the potential for fuel/fuel assembly damage,

Westinghouse has developed a program to reverse the reactor coolant flow

pattern in the core barrel and barrel region of the reactor vessel. A

reversal of coolant flow in this region will significantly reduce cross-flow

jetting through a decrease in the differential pressure across the baffle

plate. Significant evidence exists identifying cross flow jetting as a

contributor in fuel/fuel assembly damage at the periphery of the core. As a

result, the Tennessee Valley Authority (TVA) has decided to pursue this

program at their Watts Bar Nuclear Power Station for both Units 1 and 2.
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3.0 LICENSING APPROACH AND SCOPE

The conversion of the Watts Bar Nuclear Units from a reactor vessel downflow
configuration to a reactor vessel upflow configuration represents a change to
the plant. Typically, a change of this type would be evaluated in accordance
with Section 50.59, Chapter 10 of the Code of Federal Regulations
(10 CFR 50.59). This section of the CFR is directed at evaluating changes to
plants which possess an operating license. However, to date, the Watts Bar
Units have not yet received their operating licenses. Nonetheless, it is felt
that adherance to 10 CFR 50.59 criteria will provide the greatest measure of
assurance that the upflow conversion will not challenge the safety of the
Units when operation is approved.

The scope of this safety evaluation is confined to a brief description of the
existing reactor vessel configuration with respect to coolant flow paths, the
intended upflow design modification, and finally a thorough presentation and
evaluation of the affected Watts Bar reactor vessel lower internals and fuel
system Final Safety Analysis Report (FSAR) design and licensing bases.
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4.0 DOWNFLOW CONFIGURATION

The Watts Bar reactor vessel lower internals assembly consists of a core

barrel into which baffle plates are installed, supported by interconnecting

former plates. A lower core support structure is provided at the bottom of

the core barrel. Thermal neutron panels hang from and surround the periphery

of the core barrel. The components which comprise the lower internals

assembly are precision machined with the baffle and former plates being

installed into the core barrel by bolting.

In addition to supporting the core, another function of the reactor vessel

lower internals assembly is to direct coolant flows within the vessel. While

it directs the primary flow through the core, the internals assembly also

establishes secondary coolant flow paths for cooling the upper regions of the

reactor vessel and for cooling the lower internals structural components.

Some of the parameters influencing the mechanical design of the lower

internals assembly are the pressure and temperature differentials across its

component parts and the flow rate required to remove the heat which is

generated within the structural components due to radiation (e.g., gamma

heating). The configuration of the lower internals provides for flow into the

baffle-barrel region to ensure adequate cooling capability. The configuration

also maintains the thermal gradients within and between the various structural

components (resulting from gamma heating and core coolant temperature changes)

within acceptable limits.

The Watts Bar reactor vessel lower internals configuration which incorporates

downward coolant flow in the region between the core barrel and the baffle

plates, is conceptually depicted in Figure 4-1. In this configuration, the

coolant flow exits the reactor vessel inlet nozzle and passes the thermal

neutron panel, turns and flows up through the core region. A portion of the

downflow stream is diverted to cool the barrel-baffle region. This diverted

flow passes through holes in the core barrel at an elevation between the top

two former plates and flows downward through holes in the lower former

plates. After passing through the lower core plate, it combines with the main
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coolant stream flowing up to the core region. The distribution of the

hydraulic pressure differentials in the downflow configuration is such as to

cause any leakage through the baffle joints to flow into the core region and

results in a relatively high pressure differential across the baffle plates at

the upper level of the core region.
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5.0 UPFLOW CONFIGURATION

Westinghouse has developed and qualified a program for field modifying the
reactor vessel lower internals assembly to reduce the potential for fuel rod
damage resulting from baffle joint jetting. With this modification, the
coolant downflow path in the baffle-barrel region, as shown in Figure 4-1, is
converted to an upflow path as shown in Figure 5-1. The objective of this
conversion is to reduce the hydraulic pressure differentials which exist
across the baffle joints in the downflow configuration. Reducing these
pressure differentials, via the upflow conversion, results in a substantial
reduction of the coolant jetting through the baffle joints and results in
improved fuel rod reliability.
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6.0 UPFLOW MODIFICATION

The modification of Watts Bar Units from downflow to upflow is, conceptually,
relatively simple. The hardware changes consist of plugging the existing flow
holes in the core barrel and machining new holes in the top former plate. The
tooling for machining the former plate holes has been designed to preclude any
machining chips from falling down below the top former plate. The core barrel
holes will be plugged by shrink fitting plugs into the core barrel holes and
then welding them into the barrel as shown in Figure 6.1.

The Westinghouse Nuclear Technology Systems Division ASME Quality Assurance
Program Manual WCAP-10224 will be used to control the reactor internals upflow
modification. This program will assure compliance with applicable
requirements of the United States Nuclear Regulatory Commission (USNRC)
related to control and quality assurance including the requirements set forth
in 10CFR50, Appendix B, Quality Assurance Criteria for Nuclear Power Plants.
In addition, this program has been approved by the American Society of
Mechanical Engineers for ASME Code Work.
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7.0 UPFLOW DESIGN BASES AND EVALUATIONS

In order to satisfy the general performance and safety criteria, specific fuel

system and reactor internals design bases are established and documented in

the FSAR.. Certain of these design bases are potentially affected by the
modification to upflow, and are therefore presented and evaluated in the
following subsections of this report. In addition, the design functional

requirements for the core barrel plug are presented and discussed.

7.1 Fuel Assembly

7.1.1 Fuel Assembly Structural Integrity

Design Basis

The fuel assemblies are designed to perform satisfactorily throughout their

lifetime. The combined effects of design basis loads, as specified in FSAR,

are considered in the design of the fuel rods and fuel assembly to assure the
fuel assembly structural integrity. This assurance is necessary to ensure

that the core geometry remains coolable and the reactor core can be safely

shutdown.

Design Evaluation

The following discussions summarizes an evaluation performed for both Watts
Bar Units concerning upflow modifications made to the reactor internals system.

The upflow modification has no direct impact on the reactor core system under
the earthquake loading condition. Therefore, the fuel assembly structural
integrity during a seismic event is not affected by the upflow modifications.

The potential effects due to the Loss Of Coolant Accident (LOCA) contribution,

as a result of upflow modifications, have been evaluated. The evaluation has
demonstrated that the impact of the change in the forces from downflow to
upflow are insignificant.
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Thus, the modifications associated with the upflow conversion do not increase

the seismic or LOCA induced loads significantly compared to that of the

downflow design so as to adversely affect the fuel assembly components.

Therefore, the fuel assembly structural integrity and coolable geometry are

maintained during a LOCA.

7.1.2 Fuel Assembly/Fuel Rod Response to Flow Induced Vibration

Design Basis

The fuel assembly and its associated structural components are designed to

accommodate the effects of flow induced vibrations normally encountered during

reactor operation without any resultant fuel failures.

Design Evaluation

The upflow modifications will reduce the crossflow from the baffle joint gap

while maintaining fuel rod structural integrity.

7.1.3 Thermal Design Flow/Core Bypass Flow

Design Basis

A minimum of 91 percent of the thermal flow rate will pass through the fuel

rod region of the core and will be effective for fuel rod cooling. The

remaining 9 percent core bypass flow; which is comprised of Rod Cluster

Control (RCC) guide thimble cooling flow, head cooling flow, baffle/barrel

leakage, fuel assembly/baffle cavity leakage, and leakage to the vessel outlet

nozzle; is not considered effective for heat removal.

Design Evaluation

The major portion of the core bypass flow that is affected by the internals

modification is the baffle/barrel region core bypass flow value. For the
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downflow flow path in the baffle-barrel region, only the flow leaking through

the baffle joints is considered bypass since the rest of the flow turns after
passing through the lower core plate and then passes through the core region.
However, for the converted upflow flow path in the baffle-barrel region, all
the baffle/barrel region flow is assumed to be bypass.

7.2 Reactor Internals

7.2.1 Reactor Internals Thermal/Hydraulic Requirements

Design Basis

The reactor internals in conjunction with the fuel assemblies shall direct

reactor coolant through the core to achieve acceptable flow distribution and
to restrict bypass flow so that the heat transfer performance requirements are
met for all modes of operation. In addition, required cooling for the
pressure vessel head shall be provided so that the temperature differences
between the vessel flange and head do not result in leakage from the flange
during reactor operation.

Design Evaluation

The portion of flow required for cooling of the pressure vessel head is
unaffected by the conversion to upflow. Also, since the flow through the
baffle/barrel region increases as a result of the upflow modification,
coolability of the baffle/barrel region is enhanced.

7.2.2 Reactor Internals Structural Response to Seismic and LOCA Loads-

Design Basis

The core internals are designed to withstand mechanical loads arising from the
Safe Shutdown Earthquake (SSE), 1/2 SSE, and pipe ruptures and have mechanical
provisions sufficient to adequately support the core and internals, and
sufficient to assure that the core is intact with acceptable heat transfer

7-30946v:1 D/1 00587



geometry following transients arising from abnormal operating conditions.

Following the Design Basis Accident (DBA), the plant shall be capable of being

shutdown and cooled in an orderly fashion so that fuel/clad temperature is

kept within specified limits. This implies that the deformation of certain

critical reactor internals must be kept sufficiently small to allow core

cooling.

Design Evaluation

The conversion of the reactor internals to the upflow configuration has no

significant impact on the seismic response of the reactor internals. An

evaluation of the impact of blowdown loads on the upflow reactor internals

resulting from a LOCA has been performed for Watts Bar. The evaluation

demonstrated that the impact of the change in the forces from downflow to

upflow are insignificant.

7.3 Core Barrel Plug Design Functional Requirements

Requirement

The plug must provide continued sealing (100 percent preferred, but some

leakage may occur provided that the total core bypass flow is not exceeded).

Discussion

Each operating condition which the plug may encounter has been categorized

and in accordance with the definitions provided in Subarticle NG-3113 of the

ASME Boiler and Pressure Vessel (B&PV) Code, Section III, Division I, 1986

Edition. Analyses have determined through calculated positive margins of

safety that the weld will retain the plug, even in the unlikely event that the

interference pressure is lost. Nonetheless, frictional forces were determined

to assure that sufficient interference pressure exists. Finally, the yield of

the core barrel material as a result of the interference pressure was

considered with a positive margin of safety reported.
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Requirement

The plug design must meet ASME Boiler and Pressure Vessel Code, Section III,
Division 1, Subsection NG, 1986 Edition for all service loadings.

Discussion

The plug and weld attachment have been categorized in compliance with the
requirements for the acceptability of internal structures as given in
Subarticle NG-1120 of the ASME B&PV Code, Section III, Division 1, 1986
Edition. Specifically, the plug has been defined, with respect to design, as
an internal structure. However, for the purpose of analysis, the plug has
been defined as a support structure and appropriately analyzed to the rules of
Subarticle NG-3200 of the ASME B&PV Code. Margin of safety values have been
calculated to demonstrate that component stress intensity limits are equal to
or less than the stress intensity limits allowed by the ASME B&PV Code. In
all cases positive margins of safety have been assured either analytically or
experimentally. It can therefore be concluded that the upflow conversion plug
and its attached weld meet the applicable requirements of the 1986 Edition of
the ASME B&PV Code.

Requirement

The plug and weld must be designed to accommodate radiation and corrosion
effects on the materials.

Discussion

The material properties of the 304 austenitic stainless steel and 308 weld
metal used in the fabrication and welding of the plugs are well documented
both experimentally and in the field. Consequently, compatability with the
general operating environment of the RCS is not considered to be an issue.
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8.0 ACCIDENT EVALUATIONS/ANALYSES

8.1 Loss-Of-Coolant Accidents

In support of the implementation of the upflow barrel/baffle conversion

program at the Watts Bar nuclear plants, the worst case large and small break

ECCS LOCA analyses were performed. The results of these analyses are

presented in this section.

8.1.1 Identification of Causes and Frequency Classification

A Loss-of-Coolant Accident (LOCA) is the result of a pipe rupture of the RCS

pressure boundary. For the analyses reported here, a major pipe break (large

break) is defined as a rupture with a total cross-sectional area equal to or

greater than 1.0 square foot (ft2). This event is considered an ANS

Condition IV event, a limiting fault, in that it is not expected to occur

during the lifetime of the plant but is postulated as a conservative design

basis.

A minor pipe break (small break), as considered in this section, is defined as

a rupture of the reactor coolant pressure boundary with a total

cross-sectional area less than 1.0 ft2 in which the normally operating

charging system flow is not sufficient to sustain pressurizer level and

pressure. This is considered a Condition III event, in that it is an

infrequent fault which may occur during the life of the plant.

The Acceptance Criteria for the LOCA are described in 10CFR50.46 (Reference 1)

as follows:

1. The calculated peak fuel element clad temperature is below-the requirement

of 2200'F.

2. The amount of fuel element cladding that reacts chemically with water or

steam does not exceed 1 percent of the total amount of Zircaloy in the

reactor.
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3. The clad temperature transient is terminated at a time when the core

geometry is still amenable to cooling. The localized cladding oxidation
limit of 17 percent is not exceeded during or after quenching.

4. The core remains amenable to cooling during and after the break.

5. The core temperature is reduced and decay heat is removed for an extended
period of time. This is required to remove the heat-from the long lived
radioactivity remaining in the core.

These criteria were established to provide significant margin in Emergency
Core Cooling System (ECCS) performance following a LOCA.

2In all cases, small breaks (less than 1.0 ft ) yield results with more
margin to the Acceptance Criteria limits than large breaks.

8.1.2 Sequence of Events and Systems Operations

Should a major break occur, depressurization of the RCS results in a pressure
decrease in the pressurizer. The reactor trip signal subsequently occurs when
the pressurizer low pressure trip setpoint is reached. A safety injection
signal is generated when the appropriate setpoint is reached. These
countermeasures will limit the consequences of the accident in two ways:

a. Reactor trip and borated water injection complement void formation in the
core and cause a rapid reduction of nuclear power to a residual level
corresponding to the delayed fission and fission product decay heat.
However, no credit is taken during the LOCA blowdown for negative
reactivity due to boron content of the injection water. In addition, the
insertion of control rods to shut down the reactor is neglected in the
large break analysis.

b. Injection of borated water provides the fluid medium for heat transfer
from the core and prevents excessive clad temperatures.
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Description of a Large Break LOCA Transient

Before the break occurs, the unit is in an equilibrium condition, i.e., the

heat generated in the core is being removed via the secondary system. During

blowdown, heat from fission product decay, hot internals, and the vessel

continues to be transferred to the reactor coolant. At the beginning of the

blowdown phase, the entire RCS contains subcooled liquid which transfers heat

from the core by forced convection with some fully developed nucleate

boiling. Thereafter, the core heat transfer is based on local conditions with

transition boiling, film boiling, and forced convection to steam as the major

heat transfer mechanisms.

The heat transfer between the RCS and the secondary system may be in either

direction depending on the relative temperatures. In the case of continued

heat addition to the secondary, secondary system pressure increases and the

atmospheric relief and/or main steam safety valves may actuate to limit the

pressure. Makeup water to the secondary side is automatically provided by the

Auxiliary Feedwater System. The safety injection signal actuates a feedwater

isolation signal which isolates normal feedwater flow by closing the main

feedwater isolation valves and also initiates auxiliary feedwater flow by

starting the auxiliary feedwater pumps. The secondary flow aids in the

reduction of RCS pressure.

When the RCS depressurizes to approximately 600 psia, the cold leg

accumulators begin to inject borated water into the reactor coolant loops.

Since the loss of offsite power is assumed, the reactor coolant pumps are

assumed to trip at the time of reactor trip during the accident. The effects

of pump coastdown are included in the blowdown analyses.

The blowdown phase of the transient ends after the RCS pressure (initially

assumed at a nominal 2280 psia) falls to a value approaching that of the

containment atmosphere. Prior to or at the end of the blowdown, the

mechanisms that are responsible for the bypassing of emergency core cooling
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water injected into the RCS are calculated not to be effective. At this time
(called end-of-bypass) refill of the reactor vessel lower plenum begins.
Refill is complete when emergency core cooling water has filled the lower
plenum of the reactor vessel which is bounded by the bottom of the fuel rods
(called bottom of core recovery time).

The reflood phase of the transient is defined as the time period lasting from
the end-of-refill until the reactor vessel has been filled with water to the
extent that the clad temperature rise has been terminated. From the later
stage of blowdown and then the beginning-of-reflood, the safety injection
accumulator tanks rapidly discharge borated cooling water into the RCS,
contributing to the filling of the reactor vessel downcomer. The downcomer
water elevation head provides the driving force required for the reflooding of
the reactor core. The centrifugal charging, safety injection, and RHR pumps
aid in the filling of the downcomer and subsequently supply water to maintain
a full downcomer and complete the reflooding process.

Continued operation of the ECCS pumps supplies water during long term
cooling. Core temperatures have been reduced to long-term steady state levels
associated with dissipation of residual- heat generation. After the water
level of the refueling water storage tank reaches a minimum allowable value,
coolant for long-term cooling of the core is obtained by switching to the cold
leg recirculation phase of operation in which spilled borated water is drawn
from the containment sump by the residual heat removal pumps and returned to
the RCS cold legs.

Description of Small Break LOCA Transient

Ruptures of small cross section will cause leakage of the coolant at a rate
which can be accommodated by the charging pumps. These pumps would maintain
an operational water level in the pressurizer permitting the operator to
execute an orderly shutdown. The coolant which would be released to the
containment contains the fission products existing at equilibrium.
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The maximum break size for which the normal makeup system can maintain the

pressurizer level is obtained by comparing the calculated flow from the

Reactor Coolant System through the postulated break against the charging pump

makeup flow at normal Reactor Coolant System pressure, i.e., 2250 psia. A

makeup flow rate from one charging pump is adequate to sustain pressurizer

level at 2250 psia for a break through a 0.375 inch diameter hole. This break

results in a loss of approximately 17.25 lb/sec.

Should a larger break occur, depressurization of the Reactor Coolant System

causes fluid to flow into the loops from the pressurizer resulting in a

pressure and level decrease in the pressurizer. Reactor trip occurs when the

low pressurizer pressure trip setpoint is reached. During the earlier part of

the small break transient, the effect of the break flow is not strong enough

to overcome the flow maintained by the reactor coolant pumps through the core

as they are coasting down following reactor trip. Therefore, upward flow

through the core is maintained. The ECCS is actuated when the appropriate

setpoint is reached.

Before the break occurs the plant is in an equilibrium condition, i.e., the

heat generated in the core is being removed via the secondary system. During

blowdown, heat from fission product decay, hot internals, and the vessel

continues to be transferred to the Reactor Coolant System. The heat transfer

between the Reactor Coolant System and the secondary system may be in either

direction depending on the relative temperatures. In the case of continued

heat addition to the secondary, secondary system pressure increases and steam

relief via the atmospheric relief and/or safety valves may occur. Makeup to

the secondary side is automatically provided by the auxiliary feedwater

pumps. The safety injection signal isolates normal feedwater flow by closing

the main feedwater isolation valves and initiates auxiliary feedwater flow by

starting the auxiliary feedwater pumps. The secondary flow-aids in the

reduction of Reactor Coolant System pressure.

When the RCS depressurizes to approximately 600 psia, the cold leg

accumulators begin to inject borated water into the reactor coolant loops.
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The vessel mixture level starts to move up to cover the fuel before the
accumulator injection for most breaks. For all breaks, the accumulator
injection provides enough water supply to bring the mixture level up to the
upper plenum region where it is maintained. Due to the loss of offsite power
assumption, the reactor coolant pumps are assumed to be tripped at the time of
reactor trip during the accident and the effects of pump coastdown are
included in the blowdown analyses.

8.1.3 Method of Analysis

The requirements of an acceptable ECCS evaluation model are presented in
Appendix K of 1OCFR50 (Reference 1). The requirements of Appendix K regarding
specific model features were met by selecting models which provide a
significant overall conservatism in the analysis. The assumptions made
pertain to the conditions of the reactor and associated safety system
equipment at the time that the LOCA occurs and include such items as the core
peaking factors, the containment pressure, and the performance of the ECCS.
Decay heat generated throughout the transient is also conservatively
calculated as required by Appendix K of 10 CFR 50.

Large Break LOCA Evaluation Model

The analysis of a large break LOCA transient is divided into three phases: 1)
blowdown, 2) refill, and 3) reflood. There are three distinct transients
analyzed in each phase: 1) the thermal-hydraulic transient in the RCS, 2) the
pressure and temperature transient within the containment, and 3) the fuel and
clad temperature transient of the hottest fuel rod in the core. Based on
these considerations, a system of interrelated computer codes has been
developed for the analysis of the LOCA.

The description of the various aspects of the LOCA analysis methodology is
given in References 2, 7, 8, 13, 14, and 16. These documents describe the
major phenomena modeled, the interfaces among the computer codes, and the-
features of the codes which ensure compliance with the Acceptance Criteria.
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The SATAN-VI, WREFLOOD, LOTIC-2, and LOCTA-IV codes which are used in the LOCA

analysis, are described in detail in References 3 through 6. Modifications to

these codes are specified in References 7 through 9. The BART code is

described in References 13 and 14. The BASH and LOCBART codes are described

in Reference 16, These codes are used to assess the core heat transfer

geometry and to determine if the core remains amenable to cooling throughout

the blowdown, refill, and reflood phases of the LOCA. The SATAN-VI computer

code analyzes the thermal-hydraulic transient in the RCS during blowdown and

the WREFLOOD and BASH computer codes are used to calculate this transient

during the refill and reflood phases of the accident. The BART computer code

is used to calculate the fluid and heat transfer conditions in the core during

reflood. The LOTIC-2 computer code is used to calculate the containment

pressure transient during all three phases of the LOCA analysis. Similarly,

the LOCBART computer code is used to compute the thermal transient of the

hottest fuel rod during the three phases.

The large break analysis was performed with the approved December, 1981

version of the Evaluation Model (Reference 8), with the approved version of

BASH (Reference 16).

SATAN-VI is used to calculate the RCS pressure, enthalpy, density, and the

mass and energy flow rates in the RCS, as well as steam generator energy

transfer between the primary and secondary systems as a function of time

during the blowdown phase of the LOCA. SATAN-VI also calculates the

accumulator water mass and internal pressure and the pipe break mass and

energy flow rates that are assumed to be vented to the containment during

blowdown. At the end of the blowdown and refill phases, these data are

transferred to the WREFLOOD code. Also at the end-of-blowdown, the mass and

energy release rates during blowdown are transferred to the LOTIC-2 code for

use in the determination of the containment pressure response during these

phases of the LOCA. Additional SATAN-VI output data from the end-of-blowdown,

including the core pressure, and the core power decay transient, are input to

the LOCBART code.
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With input from the SATAN-VI Code, WREFLOOD uses a system thermal-hydraulic

model to determine the core flooding rate (i.e., the rate at which coolant
enters the bottom of the core), the coolant pressure and temperature, and the
quench front height during the refill phase of the LOCA. WREFLOOD also
calculates the mass and energy flow addition to the containment through the

break.

The LOTIC-2 code is a mathematical model of the containment. LOTIC-2 is run
using mass and energy releases to the containment provided by SATAN and
WREFLOOD. LOTIC-2 is described in detail in Reference 5. Calculated

pressures from LOTIC-2 are presented in Table 8.4. The LOTIC-2 calculated

containment pressures are then input to the BASH code.

BASH is an integral part of the ECCS evaluation model which provides a
realistic thermal-hydraulic simulation of the reactor core and RCS during the
reflood phase of a LOCA. Instantaneous values of accumulator conditions and
safety injection flow at the time of completion of lower plenum refill are
provided to BASH by WREFLOOD. A more detailed description of the BASH code is
available in Reference 16. The BASH code provides a sophisticated treatment
of steam/water flow phenomena in the reactor coolant system during core
reflood. A more dynamic interaction between the core thermal-hydraulics and
system behavior is expected, and recent experiments have borne this out. In
the BASH code reflood model, BART provides the entrainment rate for a given
flooding rate, and then a system model determines loop flows and pressure

drops in response to the calculated core exit flow. An updated inlet flow is
used to calculate a new entrainment rate. This system produces a more dynamic
flooding transient, which reflects the close coupling between core
thermal-hydraulics and loop behavior.

The LOCBART code is a coupling of LOCTA-IV and BART. The LOCTA-IV code is a
computer program that evaluates fuel, cladding and coolant temperatures during
a LOCA. A more complete description than is presented here can be found in
Reference 6. In the LOCTA detailed fuel rod model, for the calculation of
local heat transfer coefficients, the empirical FLECHT correlation is replaced
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by the BART code. BART employs rigorous mechanistic models to generate heat

transfer coefficients appropriate to the actual flow and heat transfer regimes

experienced by the LOCTA fuel rods. This is considered a more dynamic

realistic approach than relying on a static empirical correlation.

Small Break LOCA Evaluation Model

The small-break analysis was performed with the approved Westinghouse ECCS

Small Break Evaluation Model (References 6, 11, and 15).

The NOTRUMP and LOCTA-IV computer codes are used in the analysis of

loss-of-coolant accidents due to small breaks in the Reactor Coolant System.

The NOTRUMP computer code is a state-of-the-art one-dimensional general

network code consisting of a number of advanced features. Among these

features are the calculation of thermal non-equilibrium in all fluid volumes,

flow regime-dependent drift flux calculations with counter-current flow

limitations, mixture level tracking logic in multiple-stacked fluid nodes, and

regime-dependent heat transfer correlations. The NOTRUMP small break LOCA

emergency core cooling system (ECCS) evaluation model was developed to

determine the RCS response to design basis small break LOCAs and to address

the NRC concerns expressed in NUREG-0611, "Generic Evaluation of Feedwater

Transients and Small Break Loss-of-Coolant Accidents in Westinghouse Designed

Operating Plants."

In NOTRUMP, the RCS is nodalized into volumes interconnected by flowpaths.

The broken loop is modeled explicitly with the intact loops lumped into a

second loop. The transient behavior of the system is determined from the

governing conservation equations of mass, energy and momentum applied

throughout the system. A detailed description of NOTRUMP is given in

References 11 and 15.

The use of NOTRUMP in the analysis involves, among other things, the

representation of the reactor core as heated control volumes with an

associated bubble rise model to permit a transient mixture height

calculation. The multinode capability of the program enables an explicit and
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detailed spatial representation of various system components. In particular,
it enables a proper calculation of the behavior of the loop seal during a
loss-of-coolant transient.

Cladding thermal analyses are performed with the LOCTA-IV (Reference 6) code
which uses the RCS pressure, fuel rod power history, steam flow past the
uncovered part of the core, and mixture height history from the NOTRUMP
hydraulic calculations, as input.

8.1.4 Input Parameters and Initial Conditions

ECCS flow rate to the Reactor Coolant System as a function of the system
pressure is used as part of the input. The ECCS was assumed to be delivering
to the RCS 30 seconds after the generation of a safety injection signal. This
includes the assumption of a 15 second delay in the startup of the diesel
generator and a 2 second sensor response time delay.

For these analyses, the ECCS delivery considers pumped injection flow which is
depicted in Table 8.2 for large break and Table 8.3 for small break as a
function of RCS pressure. These tables represent injection flow from the
centrifugal charging (CCP), safety injection (SI) and RHR pumps. The 30
second delay includes time required for sensor response, diesel startup, and
loading of the CCP, SI and RHR pumps onto the emergency buses.

Both the large and small break LOCA analyses are performed using 102% of the
reactor core design thermal power.

Large Break Input Parameters and Initial Conditions

Table 8.1 lists important input parameters and initial conditions used in the
large break analyses. Both maximum and minimum safeguards ECCS flow delivery
have been assumed in these analyses.
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Small Break Input Parameters and Initial Conditions

Table 8.1 lists important input parameters and initial conditions used in the

small break analyses.

The power shape used for the small break analysis maximizes local power in the

upper regions of the reactor core, with the peak occurring at the 9.5 foot

core elevation. This is limiting for the small break analysis because of the

core uncovery process for small breaks. As the core uncovers, the cladding in

the upper elevations of the core heats up and is sensitive to the local power

at that elevation. The cladding temperatures in the lower elevation of the

core, below the two-phase mixture height, remain low. The peak clad

temperature occurs above 9.5 feet for all small breaks.

8.1.5 Results

Large Break Results

Based on the results of the LOCA sensitivity studies (Reference 12), the

limiting large break was found to be the double ended cold leg guillotine

break (DECLG). Therefore, only the DECLG break is considered in the large

break ECCS performance analysis. Calculations were performed for the 0.6

break discharge coefficient assuming an upflow barrel/baffle region for both

minimum and maximum safeguards conditions. The results of these calculations

are summarized in Tables 8.5 and 8.6.

The peak cladding temperature calculated for a large break is 21260F, which is

less than the Acceptance Criteria limit of 2200'F of 1OCFR50.46. The maximum

local metal-water reaction is 9.4078 percent, which is well below the

embrittlement limit of 17 percent as required by 10CFR50.46. The total core

metal-water reaction is less than 0.3 percent for all breaks, as compared with

the 1 percent criterion of 10CFR50.46, and the clad temperature transient is

terminated at a time when the core geometry is still amenable to cooling. As

a result, the core temperature will continue to drop and the ability to remove
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decay heat generated in the fuel for an extended period of time will be

provided.

Small Break Results

As noted previously, the calculated peak clad temperature resulting from a
small break LOCA is less than that calculated for a large break. The results
of these analyses are summarized in Tables 8.7 and 8.8. Calculations were
performed for the 4-inch diameter cold leg break assuming an upflow
barrel/baffle region for minimum safeguards conditions.

The calculated peak cladding temperature for the small break analyzed is
1446.10F. The maximum local metal-water reaction is 0.320%, which is well
below the value observed in large breaks. Further, the total core metal-water
reaction is less than 0.3% for the case analyzed and the clad temperature
transients turn around at a time when the core geometry is still amenable to
cooling. As a result, the core temperature will continue to drop and the
ability to remove decay heat generated in the fuel for an extended period of
time will be provided. These results are all well below Acceptance Criteria
limits of 10 CFR 50.46 and are not limiting when compared to the results
presented for large breaks.
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TABLE 8.1

Input Parameters Used in the LOCA Analyses

Parameter

Reactor Core Design Thermal Power* (Mwt)

Total Peaking Factor (FQT)

Fuel Assembly Array

Nominal Cold Leg Accjmulator
Water Volume (ft /accumulator)

Nominal Cold Leg AcSumulator
Tank Volume (ft /accumulator)

Minimum Cold Leg Accumulator
Gas Pressure (psia)

Pumped Safety Injection Flow

Steam Generator Initial Pressure (psia)

Steam Generator Tube
Plugging Level (%)

Initial Flow In Each Loop (lb/sec)

Vessel Inlet Temperature (0F)

Vessel Outlet Temperature (0F)

Reactor Coolant Pressure (psia)

Large Break

3411.0

2.40

17 X 17

1050

1350

600

See Table
8.2

987.0

10

9569.45

561.50

623.10

2280.00

Small Break

3411.0

2.40

17 X 17

1050

1350

600

See Table
8.3

987.0

10

9569.45

561.50

623.10

2280.00

* Two percent is added to this power to accQunt for calorimetric error.

Reactor coolant pump heat is not modeled in the LOCA analyses.
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TABLE 8.2

Safety Injection Pumped Flow*

Assumed for Breaks Greater Than or Equal

MINIMUM SAFEGUARDS:

Pressure
(psia)

MAXIMUM SAFEGUARDS:

Pressure
(psia)

to 10 Inches

* Sum of the Centrifugal Charging,
pump flows.

Safety Injection and Residual Heat Removal
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14.7
34.7
54.7
74. 7
94.7

114.7
134.7

SI Flow
(lb/sec)

455.52
380.01
302.00
226.40
174.50
111.79
55.10

14.7
34. 7
54. 7
74.7
94.7

114.7
134.7

SI Flow
(lb/sec)

982.42
902.96
819.75
731.40
635.70
528.50
82.30
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Pressure (Psia)

214.7

314.7

414.7

514.7

614.7

714.7

814.7

914.7

1014.7

1114.7

1214.7

1314.7

1414.7

1514.7

1614.7

1914.7

TABLE 8.3

Safety Injection Flow For Small Break Analysis*

SI Flow (lb/sec) Per Loop

96.97

92.21

87.12

81.96

76.60

71.04

65.26

59.14

52.67

45.72

38.10

29.09

17.29

10.59

7.68

0.00

* Sum of the Centrifugal Charging and Safety Injection pump flows.
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TABLE 8.4

Containment Pressure During Reflood (Psia)

Minimum Safeguards

CD = 0.6
Time DECLG

40.3 16.30

46.9 16.27

57.0 16.46

59.7 16.46

73.0 16.71

85.0 16.67

124.0 16.32

172.0 16.03

260.0 15.93

351.0 15.97

Maximum Safeguards

CD = 0.6
Time DECLG

40.2 16.21

44.1 16.16

47.3 16.16

62.5 16.51

108.0 15.81

132.0 15.52

160.0 15.29

200.0 15.13

248.0 15.06

351.0 15.06
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TABLE 8.5

Large Break LOCA Results

Fuel Cladding Data

Minimum Safeguards

CD = 0.6, MIN SI
DECLG

CD = 0.6, MAX SI
DECLG

RESULTS

Peak Clad Temperature (0F)

Peak Clad Temperature Location (ft)

Local Zr/H20 Reaction (maximum %)

Local Zr/H20 Reaction Location for

maximum reaction (ft)

Total Zr/H20 Reaction, (%)

Hot Rod Burst Location, (ft)
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2126

6.75

9.0478

6.75

50.30

6.00

2125

6.75

9.3177

6.75

50.30

6.00
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TABLE 8.6

Large Break LOCA Time Sequence of Events

Minimum Safeguards

CD = 0.6, MIN SI CD = 0.6, MAX SI
DECLG DECLG

Time (sec) (sec)

Break 0.0 0.0

Reactor Trip Signal 0.506 0.506

SI-Signal 2,907 2.907

Intact Loop Accumulator Injection 14.70 14.70

Pump Injection 32.907 32.907

End of Bypass 30.782 30.782

End of Blowdown 30.782 30.782

BOC Time 45.398 44.848

Intact Loop Acc Empty 61.768 63.998

Hot Rod Burst Time 50.26 50.25

Peak Clad Temperature (PCT) Time 239.70 240.25
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TABLE 8.7

Small Break LOCA Results

Fuel Cladding Data

4 in

RESULTS

Peak Clad Temperature (0F) 1446.1

Peak Clad Temperature Location (ft) 12

Local Zr/H20 Reaction (maximum %) 0.32

Local Zr/H 0 Reaction, Location for 12
maximum reaction (ft)

Total Zr/H20 Reaction, (%) <0.3

Hot Rod Burst Time, (sec) N/A

Hot Rod Burst Location, (ft) N/A
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TABLE 8.8

Small Break LOCA Time Sequence of Events

4 in
(Sec)

Break 0.0

Reactor Trip Signal 4.735

Safety Injection Signal 12.915

Safety Injection Begins 42.915

Loop Seal Venting Begins 298

Top of Core Uncovered 643

Cold Leg Accumulator Injection 847

Peak Clad Temperature Occurs 935.5

Top of Core Covered 1440
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8.2 Containment Integrity

(Long term containment pressure analysis, short term blowdown - TMD short term

analysis, long term mass and energy analysis, containment analysis for steam

line break and maximum reverse pressure differential analysis -- FSAR Chapter

6.2)

The containment analyses are described in the FSAR Sections 6.2.1.3.3,

6.2.1.3.4, 6.2.1.3.6, 6.2.1.3.10 and 6.2.1.3.11. These sections consider the

Long Term Containment Pressure, Short Term Blowdown - TMD Short term, Long

Term Mass and Energy, Steamline Break Inside Containment and Maximum Reverse

Pressure Differential Analyses.

Upflow conversion will potentially affect the rate of release of the mass and

energy into the containment. The impact on the analyses due to upflow

conversion are discussed below.

For the Short Term Blowdown - TMD Short Term Analyses, upflow conversion has

no adverse impact. The critical factors affecting short term mass and energy

release analyses are the Thermal Design Parameters. Available information for

Watts Bar, indicate that for upflow conversion the changes in Thermal Design

Parameters are insignificant and therefore will not affect the limiting break

results. In addition, the subcompartment analysis is run for only a short

duration of the LOCA blowdown transient (< 3 seconds), during which upflow

conversion has negligible impact.

Upflow conversion has a negligible impact on the mass and energy release

associated with the Steamline Break Inside Containment and Maximum Reverse

Pressure Differential Analyses. Hence, there is no impact on these analyses.

(Reference evaluations: for Containment Analysis for Steam Line Break,

Steamline Break Inside Containment - FSAR Section 6.2.1.3.10; Maximum Reverse

Pressure Differential, Major Reactor Coolant System Pipe Rupture - Loss of

Coolant Accident - FSAR Section 15.4.1)
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Upflow conversion will have a small effect on the reflood portion of the long

term LOCA mass and energy release transient. Generic sensitivity analyses

have shown that upflow conversion results in an earlier initiation of reflood,

a faster refilling of the downcomer, and a slightly longer reflood period.

This will result in a small pressure increase during the relative short

portion of the transient for Watts Bar. However, the peak containment

pressure occurs following ice bed meltout, which occurs at approximately 2990

seconds. The small reflood effect which occurs during the time from the end

of blowdown till about 195 seconds, has a negligible impact on the pressure

response at 2990 (ice bed meltout), in the transient. Consequently, upflow

conversion has a negligible impact on the Long Term LOCA Containment Integrity

Analysis.

For the reasons discussed above the related effects of upflow conversion would

not have any additional impact on the FSAR containment analyses results for

Watts Bar.

8.3 SGTR and Hot Leg Switchover

8.3.2 Steam Generator Tube Rupture - FSAR Chapter 15.4.3

The steam generator tube rupture accident is analyzed to ensure that offsite

radiation doses remain below 10CFR100 limits. The primary thermal and

hydraulic parameters affecting this conclusion are the extent of fuel failure

that occurs during the event (or whether DNB occurs), the primary to secondary
flow through the ruptured tube, and the mass released to the atmosphere from

the generator with the ruptured tube. The DNB evaluation for an SGTR for

Watts Bar is bounded by the analysis for inadvertent opening of a pressurizer

safety and relief valve presented in the FSAR. Since the evaluation of the

inadvertent opening of a pressurizer safety or relief valve indicates that DNB

would not occur, it is concluded that DNB would not occur for an SGTR. The

primary to secondary break flow and the mass released to the atmosphere are

primarily dependent upon the RCS and secondary system thermal and hydraulic

parameters. Since the upflow conversion will only result in a negligible

change in the RCS thermal and hydraulic parameters, there will be no impact on

the SGTR analysis in the Watts Bar FSAR.
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8.3.2 Hot Leg Switchover to Prevent Potential Boron Precipitation - FSAR

Chapter 6.3.2

Post-LOCA hot leg recirculation switchover time is determined for inclusion in

emergency procedures to ensure no boron precipitation in the reactor vessel

following boiling in the core. This time is dependent on power level, and the

RCS, RWST and accumulator water volumes and boron concentrations. Since the

upflow conversion does not affect the power level or the maximum boron

concentrations or volumes assumed for the RCS, RWST and accumulators, there is

no impact on the post-LOCA hot leg switchover time for Watts Bar.

8.4 Non-LOCA

The main non-LOCA safety analysis parameters that are changed by the

conversion of the Watts Bar plants to upflow configurations are 1) the core

bypass flow fraction, which is being increased by 1.5% (from 7.5% to 9.0%),

and 2) the reactor vessel component pressure drops.

8.4.1 Increase In Core Bypass Flow

Converting the Watts Bar plants to upflow configurations does not change the

plant Thermal Design Flow (TDF); however, it does cause the core bypass flow

(i.e., the fraction of the total Thermal Design Flow which does not go through

the core) to increase by 1.5%. As a result of the core bypass flow fraction

increasing from the present value of 7.5% to 9.0%, the flow through the

reactor core will be reduced. In terms of the "effective flow" which is

available for removal of heat from the core, the 1.5% increase in core bypass

flow results in a 1.62% reduction in core flow. The impact of this

"effective" reduction in core flow on each of the licensing basis non-LOCA

analyses has been evaluated and the results are summarized below.

The 1.62% reduction in core flow impacts the safety analyses in the following

areas:
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1. Core Limits

2. Safety Analysis Acceptance Criteria

a. DNB Acceptance Criteria

b. Non-DNB Acceptance Criteria

8.4.2 Core Limits

The impact of the increase in core bypass flow on the Watts Bar core limits

has been analyzed and new core limits have been generated. Through the

application of 1.9% generic DNB margin, the original core limits have been

shown to remain limiting except in the vicinity of 80% power for a system

pressure of 2400 psia. Due to this slight change in the core limits, an

analysis has been performed to determine whether the current Overtemperature

Delta-T/Overpower Delta-T (OTDT/OPDT) setpoints are impacted. The results of

this analysis confirmed the adequacy of the current setpoints.

8.4.3 DNB Acceptance Criteria

An evaluation has also been performed which verifies that the allocation of

the 1.9% generic margin covers the effect of the increase in core bypass flow

(i.e., the 1.62% "effective" core flow reduction) on those FSAR non-LOCA

safety analyses for which DNB is the limiting acceptance criteria which must

be met. As a result, the following FSAR non-LOCA accidents have been

determined to be insignificantly affected by the conversion to upflow:

FSAR Section Accident Analysis Title

15.2.1 Rod Withdrawal From Subcritical
15.2.2 Rod Withdrawal At Power
15.2.3 Dropped Rod, Statically Misaligned Rod

15.2.5 Partial Loss of Flow

15.2.6 Startup of an Inactive Loop
15.2.10 Feedwater Malfunction

15.2.11 Excessive Load Increase
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Accident Analysis Title

15.2.12 RCS Depressurization

15.2.13 Main Steam System Depressurization

15.3.4 Complete Loss of Flow

15.4.2.1 Major Rupture of Main Steam Line

For the remaining Watts Bar FSAR non-LOCA transients, the acceptance criteria

which must be met are either not DNB related or DNB is not the limiting

criterion which must be met. The following list summarizes the non-LOCA

safety analyses which remain to be addressed and the applicable non-DNB

acceptance criteria:

FSAR Section

15.2.4

15.2.7

15.2.8

&
15.2.9

15.2. 14

15. 4.2.2

15.4.4

Accident Title

Boron Dilution

Loss of Load/Turbine

Trip

Loss of Normal

Feedwater/Station

Blackout

Inadvertent Operation

of ECCS

Feedline Break

RCP Locked Rotor

Westinghouse Acceptance Criteria

Minimum time until loss of shutdown

Peak RCS Pressure < 110% design

Pressurizer does not fill

Pressurizer does not fill

Peak RCS Pressure < 110% design

Core remains covered with water

Peak RCS Pressure < 110% design

Peak Clad Temperature < 2700 F
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FSAR Section Accident Title Westinghouse Acceptance Criteria

15.4.6 RCCA Ejection Peak RCS pressure < 110% design

Peak Clad Temperature < 2700 F

Peak Fuel Pellet Enthalpy < 200cal/g

Fuel Melting < 10%

Evaluations have been performed in order to determine the effect that the

1.62% "effective" reduction in core flow would have on each of the accidents

listed above. For these evaluations, the 1.62% reduction in core flow was

conservatively treated as a 1.62% reduction in the total RCS flow. These

evaluations have shown that the applicable non-DNB criteria continue to be met

for all events but one and that the conclusions presented in the FSAR remain

valid. The one exception was the Loss of Normal Feedwater (LONF) event. The

evaluation performed for this accident demonstrated that with a reduced RCS

flow the pressurizer could fill, thereby violating the applicable acceptance

criteria. As a result, the LONF transient was reanalyzed following the

current analysis methodology which includes use of the LOFTRAN code and the

1979 ANS 5.1 Decay Heat rates with applied uncertainties equal to 2 standard

deviations. (Note: the original analysis used the BLACKOUT code and the 1971

ANS Decay Heat + 20% for uncertainties). The results from this reanalysis of

the LONF event with 9.0% core bypass showed that all acceptance criteria were

satisfied.

In addition to the transients listed in the preceding, the effect that the

upflow conversion would have on the mass/energy releases which result from

steamline breaks both inside and outside containment was also evaluated. The

results from this evaluation showed that the current release data would remain

limiting; thus the mass/energy releases listed in the Watts Bar FSAR remain

applicable.

8.4.4 Reactor Vessel Component Pressure Drops

The reactor vessel pressure drop components for the proposed upflow

configuration of the Watts Bar plants were compared with the downflow pressure

0946v:1 D/1 00587 8-28



I

drops which are currently modeled in the non-LOCA safety analyses. This

comparison showed that the changes in both the component and overall reactor

vessel pressure drops were quite small. In fact, the pressure drop changes

due to upflow conversion were found to equal only a very small fraction of the

total, primary loop pressure drop. Such fractional changes in the loop

pressure drop are known to have a negligible effect on the non-LOCA

transients. As a result, it has been determined that the changes in pressure

drop which are caused by converting to an upflow configuration will have an

insignificant impact on the non-LOCA safety analyses.

8.4.5 Conclusion

Based upon the evaluations/analyses results which are summarized above, it can

be concluded that the conversion of the Watts Bar Units to upflow

configurations with 9.0% core bypass flow fractions will only impact the core

limits and Loss of Normal Feedwater event. The FSAR conclusions remain valid

for all of the other non-LOCA events evaluated. Analyses performed on the new

core limits and a reanalysis of the LONF event have shown that all applicable

criteria continue to be satisfied; therefore, the Upflow Conversion of the

Watts Bar plants is acceptable if the changes specified above are made to the

non-LOCA licensing basis documentation.
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9.0 CONCLUSION

This safety evaluation has been prepared utilizing the criteria of 10 CFR

50.59 in addressing the reactor vessel upflow configuration scheduled for

Units 1 and 2 at the Watts Bar Nuclear Power Station. It has been determined

that Section 50.59 of the CFR provides the most exhaustive requirements for

verifying plant safety in this particular instance. In summary, it has been

demonstrated that the various reactor vessel lower internals and fuel system

design and licensing bases remain valid and plant safety uncompromised.

Consequently, the upflow modification will have no safety related implications

or consequences once an operating license has been granted.
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10.0 REFERENCES

The FSAR sections and Technical Specification section reviewed by this safety

evaluation are identified below. The appropriate FSAR revisions and Technical

Specification revisions have been provided to TVA separately.

10.1 FSAR Sections Reviewed

6.2 Containment Integrity

6.3.2 Hot Leg Switchover to Prevent Potential boron Precipitation

15.1 Non-LOCA Condition I - Normal and Operational Transients

15.2.8 Non-LOCA Loss of Normal Feedwater

15.3 Small Break LOCA

15.4 Large Break LOCA/SGTR

10.2 Technical Specifications Reviewed

2.1.1

2.2.1

3.2.2

3.2.3

3.2.5

3.3.1

3.3.2

3.5.1.1

3.5.1.2

3.6.1.5

3.6.5.1

Reactor Core Safety Limits

Limiting Safety System Settings, Reactor Trip System

Instrumentation Setpoints

Heat Flux Hot Channel Factor - FQ(Z)

RCS Flow Rate and Nuclear Enthalpy Rise Hot Channel F

DNB Parameters

Reactor Trip System Instrumentation

Engineered Safety Features Actuation System Instrumer

Accumulators Cold Leg Injection

Upper Head Injection

Air Temperature

Ice Condenser Ice Bed

.actor

itation
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10.3 Field Change Notices

Unit 1: WATM-10773, Rev. B

Unit 2: WATM-10742, Rev. B

10.4 Transmittal Letters

1. This Safety Evaluation Report: WAT-D-7524

2. FSAR and Technical Specification Revisions: WAT-D-7525
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