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EXECUTIVE SUMMARY

There are no unisolable lines attached to the Watts Bar, Unit 1, Reactor Coolant System that are
subject to valve leakage-induced thermal fatigue failure. This document was prepared in reponse
to a United States Nuclear Regulatory Commission (USNRC) request for additional information
regarding the Auxiliary Pressurizer Spray line, the Excess Lctdown line, and the Residual Heat
Removal supply line.
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Section 1

INTRODUCTION

The following report contains information provided in response to the United States Nuclear

Regulatory Commission (USNRC) evaluation (1) of the Watts Bar response (2) to USNRC

Bulletin 88-08 (3). The information provided in this document demonstrates that there are no
unisolable lines attached to the Watts Bar Unit 1 Reactor Coolant System (RCS) that are subject
to valve leakage-induced thermal fatigue failure.
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Section 2

TECHNICAL DISCUSSION

2.1 AUXILIARY PRESSURIZER SPRAY LINE

The unisolable portion of the Auxiliary Pressurizer (PZR) Spray line is not susceptible to damage
from inleakage-induced thermal stratification cycling for any or all of the following reasons:

* The check valve is located in an area containing cold watcr that is not significantly heated
by the RCS.

* There is insufficient cold water upstream of the valve to cause excessive thermal cycling.

Technical discussion of these considerations is presented below.

2.1.1 Check Valve Location

The Auxiliary PZR Spray line is attached to the normal PZR Spray line and, generally, is not in
service. The Auxiliary PZR Spray line is isolated from the RCS by a check valve and a normally
closed globe valve. During power operation the 6-inch diameter normal PZR spray line is supplied
with 2 gpm flow from the RCS cold leg (4a). The velocity (0.03-feet per second) in the PZR spray
line is low enough that the PZR spray line may be considered to be essentially stagnant during
normal operating conditions. The only times that the PZR spray line would experience design flow
rate are: (1) following an event in which the PZR heater controls fail, resulting in an RCS
overpressure, or (2) during RCS depressurization following reactor shutdown. Neither of these
events would occur with sufficient frequency or would be of sufficient duration to result in thermal
cycling of the unisolable portion of the Auxiliary PZR Spray line. Additionally, the only event that
could result in design pressurizer spray flow at power requires the postulation of multiple failures.
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The required multiple failures are in the Pressurizer heater controls and the normally closed

isolation valve.

Because the PZR Spray line is normally stagnant, the only mode of heat transfer to the Auxiliary

PZR Spray line is through conduction. Heat transfer calculations were performed to determine the

temperature profile of the Auxiliary PZR Spray line (5). The heat transfer calculations showed that

the temperature of the water in the Auxiliary PZR Spray line immediately downstream of the check

valve disc is only 60F above the cold water supply upstream of the check valve. This temperature

difference is too small to result in either stratification or significant stresses.

2.1.2 Water Supply Temperature

The Auxiliary PZR Spray line is supplied by the Regenerative Heat Exchanger (RHX). The

discharge temperature of the RHX is 514'F (41). The PZR Spray line to which the Auxiliary PZR

Spray line is attached operates at 5580F (4a). This small temperature difference is insufficient to

cause excessive thermal stresses. There is a small, normally stagnant volume of water between the

RHX and the normally closed Auxiliary PZR Spray line check valve. Most of this water will be at

approximately ambient (115'F) (6) temperature if there is no valve leakage. If leakage should occur

in the closed globe valve, the flow that will pass through the check valve will be at ambient

temperature. However, when the limited supply of ambient temperature water in the line is

exhausted, the water passing through the check valve will be at the RHX discharge temperature,

precluding the potential for thermal stratification.

2.2 EXCESS LETDOWN LINE

Unisolable portions of the excess letdown line are not susceptible to the inleakage cyclic thermal

stratification damage scenario described in Supplement 3 of USNRC Bulletin 88-08 (3) for any or

all of the following reasons:

* The occurrence of the postulated event requires the occurrence of multiple failures.

* The design of the valve and its operator precludes the occurrence of cyclic leakage,
regardless of the number of failures that might occur.
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2.2.1 Multiple Failure Requirements

The normally closed block valve has double packing (7) and there are two normally closed valves
located downstream of the valve (8). These valves also have double packing(7, 12). The valves have
no stem-leakoff connections (2). The occurrence of the postulated leakage would require multiple
failures. A leak path through the packing would require three failures: one at the valve seat and
one in each of the two stem packings. A leak path through the second and third valves would also
require three failures, namely the failure of all three valves to seal at their discs and seats. The
postulation of multiple failures is neither required nor credible.

2.2.2 Valve and Operator Design

Even in the incredible event that multiple failures should occur, the valve design precludes the
occurrence of cyclic stratification.

The letdown line valves are globe valves with air operators (7, -). An air operator mechanism exerts
a continual closing force on the valve disc.

Cyclic leakage due to thermal expansion and contraction in a valve in which the disc is seated by a
force is not possible. Such leakage can only occur in a position seated valve that is slightly open
under cold conditions and closed under hot conditions, as was the scenario for the event cited in
Supplement 3 to Ref. (3). This scenario cannot exist in the excess letdown line valves.

Leakage can only occur in a valve upon which a closing force is acting if there is nonuniform contact
between the disc and the seat of the valve. The nonuniform contact can be caused by a groove or
channel through which the fluid may leak or by a ridge or high spot that prevents contact of the
remainder of the disc with the seat. If such a condition exists, it will exist at all thermal conditions.
Thus, heating or cooling will not seal the leak.

It should also be noted that the postulation of seat warpage presented in Ref. (1) is not a credible
postulation for this scenario. The valves are designed for operation at 650TF (7), which is well in
excess of the RCS temperatures of 558TF (4a), and will not warp in this service. Even if the valves
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were improperly designed, the postulated thermal stresses required to cause warpage can only exist

if the valve is located in a high temperature environment. If the valve is in a high temperature

environment, the scenario of alternating hot and cold fluid streams on the upstream side of the valve

cannot occur, because the temperature immediately upstream of the valve will always be hot. Thus,

the very mechanism that has been postulated to cause the valve damage precludes thermal cycling.

Even if seat warpage could occur, it could not create a distortion of the valve such that cyclic leakage

would occur. If the valve, which is under a constant closing force, were distorted to the point of

causing leakage. it would leak at all times and not be scaled by changing thermal conditions.

2.3 RESIDUAL HEAT REMOVAL LINE

Unisolable portions of the residual heat removal (RHR) line are not susceptible to the inleakage

cyclic thermal stratification damage scenario described in Supplement 3 of USNRC Bulletin 88-08

(3) for any or all of the following reasons:

* The occurrence of the postulated event requires the occurrence of multiple failures.

* The design of the valve and its operator precludes theoccurrence of cyclic thermal
stratification, regardless of the number of failures that might occur.

2.3.1 Multiple Failure Requirements

The normally closed valves have double packing (10) and there is a second set of normally closed

valves, which also have double packing (10), located downstream of each valve. The valves have no

stem leakoff connections (11). The occurrence of the postulated leakage would require multiple

failures. A leak path through the packing of a valve would require three failures: one at the valve

disc and one in each of the two stem packings. A leak path through the second set of valves would

require two failures, namely at the discs of each valve. The postulation of multiple failures is

neither required nor credible.
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2.3.2 Valve and Operator Design

Even in the incredible event that multiple failures should occur, the valve design precludes the

occurrence of cyclic stratification. In the current Watts Bar design, the RHR valves are closed by

the torque setting of their Limitorque operators. The operators exert a continual closing force on

the valve disc.

Cyclic leakage due to thermal expansion and contraction in a valve in which the disc is seated by a

force is not possible. The cyclic leakage, which was cited in Supplement 3 to USNRC Bulletin 88-08

(3), can only occur in a position seated valve that is slightly open under cold conditions and closed

under hot conditions.

Leakage can only occur in a valve upon which a closing force is acting if there is nonuniform contact

between the disc and the seat of the valve. The nonuniform contact can be caused by a groove or

channel through which the fluid may leak or by a ridge or high spot that prevents contact of the

remainder of the disc with the seat. If such a condition exists, it will exist at all thermal conditions,

and heating or cooling will not seal the leak. Thus, closure by torque setting, which is the current

Watts Bar design, will prevent the cycling described in Supplement 3 to Ref. (3).

There is no reason to reject the use of torque setting in this application. Assurance that the valve

will remain seated and will open on demand is being demonstrated as part of the Watts Bar response

to Generic Letter 89-10. Conformance to the requirements of Generic Letter 89-10 should be

evaluated as part of the evaluation of the Generic Letter 89-10 program, rather than as part of the

evaluation of the USNRC Bulletin 88-08 program. The Design Change Notice that enhanced the

valve stem packing also requires that valves which perform a nuclear safety function be stroke tested

to ensure valve operability is maintained (12). Watts Bar has also addressed thermal binding and

bonnet pressurization of disc valves as part of the conformance to Significant Operating Experience

Report (SOER) 84-7(13).
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Section 3

CONCLUSIONS

There are no unisolable lines attached to the Watts Bar, Unit 1., Reactor Coolant System that are

subject to valve leakage-induced thermal fatigue failure.

The design of the Watts Bar, Unit 1, Reactor Coolant System and attached lines are in conformance

with all requirements of NRC Bulletin 88-08.
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