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ABSTRACT

This EG&G Idaho, Inc., report reviews the technical specifications to
establish the redundancy and the diversity of systems available for the
removal of decay heat at the Kewaunee Nuclear Power Plant.

FOREWORD

This report is supplied as part of the “Selected Operating Reactors
Issues" being conducted for the U.S. Nuclear Regulatory Commission, Office
of Nuclear Reactor Regulation, Division of Licensing, by EG& Idaho, Inc.,

Reliability and Statistics Branch.

The U.S. Nuclear Pegulatory Commission funded the work under the
authorization, B&R 20 19 01 06, FIN No. Ab5429.

Selected Operating Reactors Issues
FIN No. A6429
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TECHNICAL SPECIFICATIONS #0R

REDUNDANT DECAY HEAT REMOVAL CAPABILITY

KEWAUNEE NUCLEAR POWER PLANT

1.0 INTRODUCTION

A number of events have occurred at cperating Pressurized Water Reactor
(PWR) facilities where decay heat removal capability has been seriously
degraded due to inadequate administrative controls during shutdown modes o{
operaticn. OCne of these events, described in IE Information Notice 80-20,
occurred at thg Davis-Besse Station, Unit No. 1, on April 19, 1980. 1In IE
Bulletin 80-12¢ dated May 2, 1980, licensees were requested to immediately
implement administrative controls which would ensure that proper means are
available to provide redundant methods of decay heat removal. While the
function of the bulletin was to effect immediate action with regard to this
problem, the NRC considered it necessary that an amendment be made to each
license to provide for permanent long term assurance that redundancy in
decay heat remgval capability will be maintained. By the letter dated
June 11, 1980,7 all PWR licensees were requested to propose technical
specification changes that provide for redundancy in decay heat removal
capability in all modes of operation; to use the NRC model technical speci-
fications to provide an acceptable solution to the concern; to include an
appropriate safety analysis as a basis; and to submit the proposed techni-
cal specification changes along with the bases by October 11, 1980.

Wisconsin Public Services Corporation (!PS) responded to the NRC
request for amended technical specifications Sor the Kewaunee Nuclear
Power Plant with a letter dated July 13, 1981." This referred to an
earligr requested amendment to technical specifications daged June 15,
1979.° WPS replied to IE Bulletin 80-12 on June 20, 1980.° WPS
indicated that the existing and previously proposed technical specifi-
cations satisfied the NRC requirements of assuring decay heat removal for
every mode of reactor operation.

2.0 REVIEW CRITERIA

The review criteria for this task are contained in the June 11, 1980,
letter from the NRC to all PWR licensees. The NRC provided the model tech-
nical specifications’ which identify the normal required redundant coolant
systems and the required actions when redundant systems are not available
for a typical four loop plant (Appendix A). The general review criteria
are:

1. Two independent methods for decay heat removal are required in
the unit's technical specifications for each operating mode.

2. Periodic surveillance requirements should insure the operability
of the systems.

7

The specific sections of the Standard Technical Specifications’ for a

Westinghouse unit that apply to this task are as follows:



3/4.4 Reactor Coolant System
3/4.4.1 Reactor Coolant Loops and Coolant Circulation

Startup and Power Operation (Modes 1 & 2)

3.4.).1 Limiting Conditions for Operation
4.4.1.1 Surveillance Requirement

Hot Standby (Mode 3)

3.4.1.2 Limiting Conditions for Operation
4.4.1.2.1 Surveillance Requirement
§.8.1.2.2 Surveillance Reguirement

Shutdown (Modes 4 & 5)

Limiting Conditions for Operation
1 Surveillance Requirement
2 Surveillance Requirement
.3 Surveillance Requirement
4 Surveillance Requirement

Refueling Operations (Mode 6)

3.9.8.1 Limiting Condition for Operation
3.9.8.2 Limiting Condition for Operation
4,9.8.1 Surveillance Requirement
4,9.8.2 Surveillance Requirement

3.0 DISCUSSION AND EVALUATION

The Kewaunee Nuclear Power Plant is a two primary coolant loop Westing-
house PWR unit. The exist'no technical specifications for this unit vary
from the NRC model developed from Westinghouse standard technical specifica-
tions (for a four loop unit). The following discussion reviews the differ-
ences between the two different technical specifications (Standard and
Kewauriee). Kewaunee uses slightly different nomenclature for operating
modes. The nomenclature for the standard operating modes will be used in
the following discussion.

3.1 Startup and Power Operation--Modes 1 and 2

The standard technical specifications require that both reactor coolant
loops and all cnolant pumps be in operation. If these conditions are not
met, the reactor is to be in hot standby (Mode 3) within 1 hour. The stan-
dard technical specifications require verification that the required reactor
coolant loops are in operation at least once per 12 hours.

The Kewaunee technical specifications, Section 3.la,5'8° require the use
of both reactor coolant pumps in the operating (power operation) mode of
operation. There is no requirement that both reactor coolant loops be
operational; however, both steam generators are required to te on line at
greater than 10% of rated reactor power, and one steam generator is required



whenever the reactor coolant temperature is greater than 350°F., Kewaunee's
operating mode does not require two complete reactor coolant loops between

2 and 10% of rated reactor power. Kewaunee's hot standby (startup) mode of
operation does not require both reactor coolant pumps or reactor coolant
loops. However, a reactor trip will occur on either 1) iow reactor coolant
flow in either loop or reactor coolant pump breaker open or 2) power supply
voltage or frequegcy Tow or 3) low-low steam generator water level (Sec-
tion 2.3a.4 & 5).7 This enforces the surveillance requirements and the
component requirements of the standard technical specifications, even though
the Timiting conditions of operation are discrepant.

3.2 Hot Standby--Mode 3

The standard technical specifications require two coolant ioops, com-
posed of a steam generator and a coolant pump, to be operable and at least
one of the coolant loops to be in operation during this operating mode.?
If the two coolant loops are not operable and cannot be restored to operable
status in 72 hours, the standard technical specifications require the unit
to be in hot shutdown (Mode 4 & 5) in 12 hours. With no reactor coolant
loop in operation the licensee is to suspend all operations involving a
reduction in boron concentration in the coolant system and to initiate
corrective action to return the inoperable coolant loop te operation. The
standard technical specifications require verification that at least one
cooclant pump is operable once per seven days and at least one cooling loop
is in operation at least once per 12 hours.

The Kewaunee technical specifications require only one steam generator
to be operable during the hot standby (hot shutdown) mode of operation. It
does not require any steam generator to be sperating. This does not conform
with standard technical specifications. There is no requirement that any
reactor coolant pump be operating if there is no change being made in the
boron concentratio: of the reactor coolant. If the boron concentration ic
changing, one reactor cnolant pump is required to be operating. This agrees
with the standard technical specifications. There is no requirement to
verify operation of a reactor coolant loop or to verify the operable statu:
of the non-operating pumps or of the steam generators, or to return a loop
to operation if neither loop is operating. This assessment can be tempered
by the ability of the Kewaunee reactor to operate at up to 10% power under
natural circulation; however, the avaiiability, operation and surveillance
of the steam generators is not required in the Kewaunee technical
specifications.

a. ATl reactor coolant pumns may be de-energized for up to 1 hour provided
(1) no operations are permitted that wouid cause dilution of the reactor
coolant system beron concentration, and (2) core outlet (emperature is
maintained at least 10°F below saturation temperature.



3.3 Shutdown--Modes 4 & 52

The standard technical specifications for the shutdown modes require
at Teast two loops that are capable of removing decay neat to be operable.
Either two reactor coolant loops (including at least one of their asscciated
coolant pumps and their associated steam generatcrs) ur the tgo residual
heat removal loops or one loop of each type must be operable.” The tech-
nical specifications also require one of the above loops to be operating.®
If this criteria is not mect and immediate corrective action does not restore
the loop(s) to operable or operational status, the reactor is to be in cold
shutdown within 20 hours and reduction of boron concentration operations
are to be suspended (if no loop is in operation).

The Kewaunee technical specifications""la’b rejuire only one steam gen-
erator to be operable when the average reactor coolant temperature is above
350°F, This would apply to the hot shutdown (intermediate shutdown) mode of
operation. It does not apply to the cold shutdown mode of operation. It
does not require the steam generator to be operating in either mode. It
does not establish that a redundant heat removal system is available. This
does not conform with standard technical specifications. A reactor coolant
pump or a residual heat removal pump is required to be in operation when a
reduction in the boron concentration of the reactor coolant is being made.
It does not verify that a complete sysiem for the removal of decay heat is
operating nor that a redundant decay heat removal system is available.

This does net conform with the standard technical specifications.

3.4 Refurling--Mode 6

The standard technical specifications require at least one shutdown
cooling loop to be in operation. This is to be verified every 12 hours.
With less than one shutdown cooling loop in operation, an increase in decay
h.eat load is not permitted, nor is a reduction of boron concentration in
the reactor coolant permitted. An exception is permitted for certain core
alterations, where the shutdown coolant loop may be removed from operation
for one hour out of an eight hour period. All containment atmosphere to

a. A reactor coolant pump shall not be started with one or more of the RCS
cold leg temperatures less than or equal to (275°F) unless: (1) the pres-
surizer water volume is less than (___) cubic feet or (2) the secondary
water temperature of each steam generator is less than (__)°F above each of
the RCS cold leg temperatures.

b. The normal or emergency power source may be inoperable in MODE 5.

c. All reactor coolant pumps and residual heat removal pumps may be
de-energized for up to 1 hour provided: (1) no operations are permitted
that would cause dilution of the reactor coolant system boron
concentration, and (2) core outlet temperature is maintained at least 10°F
below saturation temperature.



outside atmosphere peretrations (purge and vent valves) must be closed
within four hours of the loss of the required shutdown couling loop. In
this mode, both shutdown cooling loops are to be determined to be operable
whenever the water level above the top of the reactor pressura vessel
rlange is less than 23 feet, with immediate corrective action required if
one loop is not operable.

The Kewaunee technical speci.‘ications8C require at least one residual
heat removal pump to be operable for this mode of operation. It does not
require at least one residual heat removal loop to be operating. This is
not in conformance with the standard technical specifications. The water
level above the vessel flange is required to be maintained above 23 feet.
The Kewaunee technical specification do not provide surveillance to ensure
proper operation, but they do restrict refueling operation, prevent increas-
ing of core reactivity and initiate corrective action.

4,0 CONCLUSICN

WPS has not proposed modificaticns to techncial specifications. The
existing technical specifications for the Kewaunee Nuclear Power Plant do
not ensure redundancy in decay heat removal capacity for all modes of reac-
tor operation, nor do they provide surveilliance to insure continued
availability of the redundant systems.
5.0 REFERENCES
.  NRC IE Information Notice 80-20, May 8, 1980.
2. NRC IE Bulletin 80-12, May 9, 1980.

3. NRC Letter, D. G. Eisenhut, To All Operating Pressurized Water Reac-
tors (PWRs), dated June 11, 1980.

4. WPS letter, E. R. Mathews to D. G. Eisenhut, NRC, July 13, 1981,
NRC-81-113.

5. WPS letter, E. R. Mathews to Division of Operating Reactors, NRC,
“Letter to Mr. A. Schwencer from Mr. E. W. James transmitting Proposed
Technical Specification Amendment No. 35," June 15, 1979,
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7. Standard Technical Specifications for Westinghouse Pressurized Water
Reactors, NUREG-0452, Rev. 3, Fall 1980.
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APPENDIX A

MODEL TECHNICAL SPECIFICATIONS FOR REDUNDANT DECAY
HEAT REMOVAL FOR WESTINGHOUSE PRESSURIZED WATER REACTORS (PWRs)



3/4.4 REACTOR COOLANT SYSTEM

3/4.4.1 REACTOR COOLANT LOOPS AND COOLANT CIRCULATION

STARTUP AND POWER OPERATION

LIMITING CONDITION FOR OPERATION

3.4,1.1 A1l reactor cooiant loops shall be in operation.
APPLICABILITY: MODES 1 and 2.*
ACTION:

With less than the above required reactor coolant loops in operation, be in
at least HOT STANDBY within 1 hour.

SURVE ILLANCE REQUIREMENT

4.4,1.1 The above required reactor coolant loops shall be verified to be
in operation and circulating reactor coolant at least once per 12 hours.

* See Special Test Exception 3.10.4.




REACTOR COOLANT SYSTEM
HOT STANDBY

LIMITING CONDITION FOR OPERATION

3.4,1.2 a. At least two of the reactor coolant loops listed below shall
be OPERABLE:

1. Reactor Coolant Loop (A) and its associated steam
generator and reactor coolant pump,

2. Reactor Coolant Loop (B) and its associated steam
generator and reactor coolant pump,

3. Reactor Coolant Loop (C) and its associated steam
generator and reactor coolant pump,

4, Reactor Coolant Loop (D) and its associated steam
generator and reactor coolant pump.

b. At least one of the above coolant loops shall be in
operation.*

APPLICABILITY: MODE 3

ACTICN:

a. With less than the above required reactor coolant loops OPERABLE,

restore the required loops to OPERABLE status within 72 hours or
be in HOT SHUTDOWN within the next 12 hours.

* All reactor coolant pumps may be de-energized for up to | hour provided

(1) no operations are permitted that would cause dilution of the reactor
coolant system boron concentration, and (2) core outlet temperature is
maintained at least 109F below saturation temperature.

10



REACTOR COOLANT SYSTEM

b. With no reactor coo'ant loop in operation, suspend al® operations
1nvolv1ng a reduction in boron concentration of the keactor
Y

Coolant System and immediately initiate corrective action to
return the required coolant loop to operation.

y SURVE ILLANCE REQUIREMENT

’ 4.4,1.2.1 At least the above required reactor coolant pumps, if not in

operation, shall be determined to be OPERABLE once per 7 days by verifying
correct breaker alignments and indicated power availability.

4.4,1.2.2 At least one cooling loop shall be verified to be in operation
and circulating reactor coolant at least once per 12 hours.

n



REACTOR COOLANT SYSTEM
SHUTDOWN

LIMITING CONDITION FOR OPERATION

3.4,1.3 a. At least two of the coolant loops listed below shall be
OPERABLE :

1. Reactor Coolant Loop (A) and its associated steam gen-
erator and reactor coolant pump,*

2. Reactor Coolant Loop (B) and its associated steam gen-
erator and reactor coolant pump,*

3. Reactor Coolant Loop (C) and its associated steam gen-
erator and reactor coolant pump,*

4. Reactor Coolant Loop (D) and its associated steam gen-
erator and reactor coolant pump,*

5. Residual Heat Removal Loop (A),**
6. Residual Heat Removal Loop (B).**

b. At least one of the above coolant loops shall be in
operation, ***

* A reactor coolant pump shall not be started with one or more of the
RCS cold leg temperatures less than or equal to (275)%F unless 1) the
pressurizer water volume is less than cubic feet or 2) the secondary
water temperature of each steam generator is less than OF above each
of the RCS cold leg temperatures.

** The normal or emergency power source may be inoperable in MODE 5.

*** Al] reactor coolant pumps and decay heat removal pumps may be
de-energized for up to 1 hour provided 1) no operations are permitted that
would cause dilution of the reactor conlant system boron concentration, and

2) core outlet temperature is maintained at least 109 below saturation
temperature.

12



REACTOR COOLANT SYSTEM
APPLICABILITY: MODES 4 aid 5.
ACTION:

a. With less than the above required loops OPERABLE, immediately
'nitiate corrective action to return the required loops to

OPERABLE status as soon as possible; be in COLD SHUTDOWN
within 20 hours.

b. With no coolant loop in operation, suspend all cperations
involving a reduction in boron concentration of the Reactor
Coclant gystem and immediately initiate corrective action to
return the required coolant loop to operation.

SURVE ILLANCE REQUIREMENT

4.4.1.3.1 The required residual heat removal loop(s) shall be determined
OPERABLE per Specification 4.0.5.

4.4.1.3.2 The required reactor coolant pump(s), if not in operation, shall
be determined to be OPERABLE once per 7 days by verifying correct breaker
alignments and indicated power availability.

4.4.1.3.3 The required steam generator(s) shall be determined OPERABLE by
verifying secondary side level to be greater than or equal to ( )% at
least once per 1Z hours.

4.4,1.3.4 At least one coolant loop shall be verified to be in operation
and circulating reactor coolant at least once per 12 hours.

13



REFUELING OPERATIONS

3/4.9.8 RESIDUAL HEAT REMOVAL AND COOLANT CIRCULATION
ALL WATER LEVELS

LIMITING CONDITION FOR OPERATION

3.9.8.1 At least one residual heat removal (RHR) loop shall be in
operation.

APPLICABILITY: MODE 6
ACTION:

a. With less than one residual heat removal loop in operation,
except as provided in b. below, suspend all operations involving
an increase in the reactor decay heat load or a reduction in
boron concentration of the Reactor Coolant System. Close all
containment penetrations providing direct access from the con-
tainment atmosphere to the outside atmosphere within 4 hours.

b. The residual heat removal loop may be removed from operation for
up to 1 hour per 8 hour period during the performance of CORE
ALTERATIONS in the vicinity of the reactor pressure vessel (hot)
legs.

c. The provisions of Specification 3.0.3 are not applicable.

SURVE ILLANCE REQUIREMENT

4.9.8.1 At least one residual heat removal loop shall be verified to be in
operation and circulating reactor coclant at a flow rate of greater than or
equal to (2800) gpm at least once per 4 hours.

14



REFUELING OPERATIONS
LOW WATER LEVEL

LIMITING CONDITION FOR OPERATION

3.9.8.2 Two independent Residual Heat Removal (RHR) loops shall be
OPERABLE.*

APPLICABILITY: MODE 6 when the water level above the top of the irradiated

fuel assemblies seated within the reactor pressure vessel is
less than 23 feet.

ACTION:

a. MWith less than the required RHR loops OPERABLE, immediately
initiate corrective action to return the required RHR loops to
OPERABLE status as soon as possible.

b. The provisions of Specification 3.0.3 are not applicable.
SURVE ILLANCE REQUIREMENT

4.9.8,2 The required Residual Heat Removal lodps shall be determined
OPERABLE per Specification 4.0.5.

* The normal or emergency power source may be inoperable for each RHR loop.

15



3/4.4 REACTOR COOLANT SYSTEM

BASES

3/4.4.1 REACTOR COOLANT LOOPS AND COOLANT CIRCULATION

The plant is designed to operate with all reactor coolant loops in
operation, and maintain DNBR above 1.30 during all normal operations and
anticipated transients. In MODES 1 and 2 with one reactor coolant loop not
in operation this specification requires that the plant be in at least HOT
STANDBY within 1 hour,

In MODE 3, a single reactor coolant loop provides sufficient heat
removal capability for removing decay heat; however, single failure cor-
sicerations require that two loops be OPERABLE.

In MODES 4 and 5, a single reactor coolant loop or RHR loop provides
sufficient heat removal capability for removing decay heat; but single
failure considerations require that at least two loops be OPERABLE. Tnus,
if the reactor coolant loops are not OPERABLE, this specification requires
two RHR loops to be OPERABLE.

The operation of one Reactor Coolant Pump or one RHR pump provides
adequate flow to ensure mixing, prevent stratification and produce gradual
reactivity changes during boron concentration reductions in the Reactor
Coolant System. The reactivity change rate associated with boron reduction
will, therefore, be within the capability of operator recognition and
control.

The restrictions on starting a Reactor Coolant Pump with one or more
RCS cold legs less than or equal to (275)9F are provided to prevent RCS
pressure transients, caused by enerqgy additions from the secondary system,
which could exceed the 1imits of Appendix G to 10 CFR Part 50. The RCS
will be protected against overpressure transients and will not exceed the
limits of Appendix G by either (1) restricting the water volume in the
pressurizor and thereby providing a volume for the primary coolant to
expand into, or (2) by restricting starting of the RCPs to when the secon-
dary water temperature of each steam generator is less than ( )°F above
each of the RCS cold l¢g temperatures.

16



REFUELING OPERAT IONS

BASES

3/4.9.8 RESIDUAL HEAT REMOVAL AND COOLANT CIRCULATION

The requirement that at least one residual heat removal (RHR) loop be
in operation ensures that (1) sufficient cooling capacity is availablie to
remove decay heat and maintain the water in the reactor pressure vessel
below 140 F as required during the REFUELING MODE, and (2) sufficient cool-
ant circulation is maintained through the reactor core to minimize the
effect of a boron dilution incident and prevent boron stratification.

The requirement to have two RHR loops OPERABLE when there is less than
23 feet of water above the core ensures that a single failure of the oper-
ating RHR loop will not result in a complete loss of residual heat removal
capability. With the reactor vessel head removed anJ 23 feet of water
above the core, a large heat sink is available for core cooling. Thus, in
the event of a failure of the operating RHR loop, adaquate time is provided
to initiate emergency procedures to cool the core.



