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NSD-NRC-97-5168
DCP/NRC0901

Docket No.: STN-52-003

June 5,1997

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555

ATTENTION: T. R. QUAY

SUBJECT: RAI 440.17 RESPONSE REVISION 2 FOR RCS PRESSURE BOUNDARY
LEAKAGE

Dear Mr. Quay:

During a June 4 telecon with Messrs. Iluffman and Young of the NRC and Messrs. Winters and
Lindgren and Robin Nydes of Westinghouse, Westinghouse took the action to revise the response to
RAI 440.17 to reflect the Technical Specifications (Tech Specs) 3.4.8 and 3.4.10 LCO changes
resulting from Revision 1 of this RAI response. Enclosed are three copies of Revision 2 to the
response to NRC Request for Additional Information 440.17 for your review.

Tins response addresses the following open item tracking system items for DSER chapter 5.2.5 as
noted below:

172 & 174 Westinghouse action was to provide the required information in the Tech Specs. The
Westinghouse status is changed to Action-N for NRC to confirm acceptability of the
attached markups. Upon NRC concurrence, the status for Westinghouse and NRC will
be changed to Confirm-W with an action to confirm these changes are incorporated
into the final Tech Specs being provided in SSAR Revision 14.

177 The Westinghouse action to provide a revision to the RAI 440.17 response is
accomplished by this letter. De status is now Action-N for NRC to confinn
acceptability of the revised response. Upon NRC concurrence, the NRC status will be
changed to Resolved (since implementation of the Tech Spec changes will be
confirmed by completion of items 172 and 174).
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NRC is requested to review this RAI response and provide Westinghouse with status feedback. If you
have any questions regarding this transmittal or the AP600 Technical Specifications, please contact
Robin Nydes at 412-374-4125.

A
ilrian A. iclntyre, Manager
Advanced Plant Safety and Licensing

jml

Enclosure

cc: William C. Iluffman, NRC (w/ Enclosure)
Ronald M. Young, NRC (w/ Enclosure)
Angela T. Chu, NRC (w/ Enclosure)
Nicholas J. Liparuto, Westinghouse (w/o Enclosure)
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Question 410.17 Revision 2

Position C.9 of RG 1.45 states that the technical specifications should address the availability of various
types ofinstruments for RCPB leakage to ensure adequar: coverage at all times. Describe how the AP600
design will meet this regulatory position (Section 5.2.5).

Response:

SSAR Chapter 16, Technical Specification 3.4.10 defines the operability requirements for RCS leakage
detection instrumentation. This instrumentation,used to identify reactor coolant pressure boundary leakage.
is designed so that its operability may be detennined at all times. Should a detector fail (signal outside
its calibrated range or self-detect trouble), the plant instrumentation system will alarm in the main control
room that the specific leak detection display is questionable. The alarm prompts the operators to observe
other sensors providing leak detection information. Technical Specification 3.4.10 requires instruments
of diverse monitoring methods to be operable to provide a high degree of confidence that small leaks are i

detected in time to allow actions to place the plant in a safe condition when RCS leakage indicates j
possible reactor coolant pressure boundary degradation .

The primary methods of detecting leaks during stable plant operating conditions 'are sump level changes
and reactor coolant inventory (pressurizer level) changes. The primary methods for detecting leaks during
varying system conditions such as makeup and letdown operations and power transients are sump level
changes and N13/F18 detection.

Table 410.17-1 summarizes the validity of the diverse methods of detecting RCPB leakage.

SSAR Revision: Revisions to SSAR Section 5.2.5 and Chapter 16 are attached. Revision 2 of this RAI
response is submitted to provide the complete markupfor SSAR Chapter 16; the Revision 1 markup |

Included only the BASES changes for Technical Specification 3.4.10 whereas the LCO changes are
included in this revision.

l

| 410.17-1
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A
Table 410.17-1

Validity of RCPB Leak Detection Methods

* Y # ## " #
% RATED AVERAGE

RFACTIVITY TilERMAL RCS

MODES TITLE CONDITION POWER (a) TEMPERATURE Sump Level RCS Inventory

(K ) ( F) (d),(e) N13/T18 (g)o

1 Power Operation > 0.99 >5 NA Valid Valid (f) Valid

2 Startup > 0.99 <5 NA Valid invalid Valid

3 llot Standby < 0.99 NA > 420 Valid invalid Valid

4 Safe Shutdown (b) < 0.99 NA 420 > T,,, > 200 Valid Invalid Valid

5 Cold Shutdown (b) < 0.99 NA < 200 NA NA NA

6 Refueling (C) NA NA NA NA NA NA

(a) Excludmg decay heat.

(b) All reactor vessel head closure bolts fully tensioned.

(c) One or more reactor vessel head closure bolts 'ess than fully tensioned.

(d) Sump level change detection of leaks not valid during extremely cold outside conditions when frost forms on interior of containment vessel.

(e) Leak detection method not valid during containment atmosphere purge operations or within 2 hours of end of purge.

(t) Power > 20%
(g) RCS at steady state; i.e. no temp. change, no pressure change, no makeup or letdown.

410.17-2
WestinghouseRev.2
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5.2.5 Detection of Leakage Through Reactor Coolant Pressure Boundary

The reactor coolant pressure boundary (RCPB) leakage detection monitoring provides a means of
detecting and to the extent practical, identifying the source and quantifying the reactor coolant leakage.
The detection monitors perform the detection and monitoring function in conformance with the
requirements of General Design Criteria 2 and 30 and the recommendations of Regulatory Guide 1.45.
Leakage detection monitoring is also maintained in support of the use of leak before-break criteria for
high-energy pipe in containment. See subsection 3.6.3 for the application of leak-before-break criteria.

Leakage detection monitoring is accomplished using instrumentation and other components of several
systems. Diverse measurement methods including level, flow, and radioactivity measurements are used ;

'

for leak detection. The equipment classification for each of the systems and components used for leak
detection is generally determined by the requirements and functions of the system in which it is located.
There is no requirement that leak detection and monitoring components be safety-related. See Figure 5.2-
1 for the leak detection approach. The descriptions of the instrumentation and components used for leak
detection and monitoring include information on the system.*

To satisfy position I of Regulatory Guide 1.45, reactor coolant pressure boundary leakage is classified
as either identified or unidentified leakage. As defined in SSAR Chapter 16.1, Technical Specification
Section 1.1, identified leakage includes:

Leakage such as seal or valve packing seal leaks that are captured and conducted to collection*

systems or a sump or collecting tank

RCS leakage through a steam generator to the Secondary System or through the PRHR heat*

exchanger to the IRWST.

Leakage into the containment atmosphere from sources that are specifically located and known not+

to interfere with the operation ofleakage detection systems or pressure boundary leakage. (Up to
10 gpm of identified leakage is considered allowable by Technical Specification 3.4.8 because
leakage is from known sources that do not interfere with detection of unidentified leakage and is
well within the capability of the RCS Makeup System.)

Other leakage is unidentified leakage.

410.17 3
T Westinghouse Rev.2
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5.2.5.1 Collection and Monitoring of Identified Leakage

identified leakage other than intersystem leakage is collected in the reactor coolant drain tank. The
reactor coolant drain tank is a closed tank located in the reactor cavity in the containment. The tank vent
is piped to the gaseous radwaste system to prevent release of radioactive gas to the containment
atmosphere. For positions I and 7 of Regulatory Guide I A5, the liquid level in the reactor coolant drain
tank and total flow pumped out of the reactor coolant drain tank are used to calculate the identified
leakage rate. These parameters are available in the main control room. The reactor coolant drain tank,
pumps, and sensors are part of the liquid radwaste system. The following sections outline the various
sources of identi6ed leakage other than intersystem leakage.

.

5.2.5.1.1 Valve Stem Leakoff Collection

Vahe stem leakoff connections are not provided in the AP600.

5.2.5.1.2 Reactor llead Seal

The reactor vessel flange and head flange are sealed by two concentric seals. Seal leakage is detected
by two leak-off connections: one between the inner and outer seal, and one outside the outer seal. These
lines are combined in a header before being routed to the reactor coolant drain tank. An isolation valve
is installed in the common line. During normal plant operation, the leak-oft valves are aligned so that
leakage across the inner seal drains to the reactor coolant drain tank.

A surface-mounted resistance temperature detector installed on the bottom of the common reaca vessel
seal leak pipe provides an indication and high temperature alarm signal in the main control room
indicating the possibility of a reactor pressure vessel head seal leak. The temperature detector and drain
line downstream of the isolation valve are part of the liquid radwaste system.

The reactor coolant pump closure Gange is sealed with a welded canopy seal and does not require leak-off
collection provisions.

Leakage from other flanges is discussed in subsection 5.2.5.3, Collection and Monitoring of Unidentified
Leakage.

5.2.5.I.3 Pressurizer Safety Relief and Automatic Depressurization Vahes

Temperature is sensed downstream of each pressurizer safety relief valve and each automatic
depressurization valve mounted on the pressurizer by a resistance temperature detector on the discharge
piping just downstream of each valve. Iligh temperature indications (alarms in the main control room)
identify a reduction of coolant inventory as a result of seat leakage through one of the valves. These
detectors are part of the reactor coolant system. This leakage is drained to the reactor coolant drain tank
during normal plant operation and vented to containment atmosphere or the in-containment tefueling water

:
!
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storage tank during accident conditions. This identified leakage is measured by the change in level of
i the reactor coolant drain tank.
!
'

5.2.5.1.4 Reactor Coolant Pump Drain

Leakage from the reactor coolant pump drain is directed to the reactor coolant drain tank. This identified,

| leakage is measured by the change in level in the reactor coolant drain tank.

I 5.2.5.1.5 Other Leakage Sources
;.

7

in the course of plant operation, various minor leaks of the reactor coolant pressure boundary may be
detected by operating personnel. If these leaks can be subsequently observed, quantified, and routed to
the containment sump, this leakage will be considered identified leakage.

5.2.5.2 Intersystem Leakage Detection

Substantial intersystem leakage from the reactor coolant pressure boundary to other systems is not
expected. However, possible leakage points across passive barriers or valves and their detection methods
are considered. In accordance with position 4 of Regulatory Guide 1.45, auxiliary systems connected to
the reactor coolant pressure boundary incorporate design and administrative provisions that limit leakage.
Leakage is detected by increasing auxiliary system level, temperature, flow, or pressure, by lifting the
relief valves or increasing the values of monitored radiation in the auxiliary system.

The normal residual heat removal system and the chemical and volume con *rol system, which are
,

connected to the reactor coolant system, have potential for leakage past closed valves. For additional |

information on the control of reactor coolant leakage into these systems, see subsections 5.4.7 and 9.3.6 |

and the intersystem LOCA discussion in subsection 1.9.5.1.
l

5.2.5.2.1 Steam Generator Tubes

An important potential identified leakage path for reactor coolant is through the steam generator tubes into
the secondary side of the steam generator. Identified leakage from the steam generator primary side is
detected by one, or a combination, of the following: ;

|High condenser air removal discharge radioactivity, as monitored and alarmed by the turbine islande

vent discharge radiation monitor

Steam generator secondary side radioactivity, as monitored and alarmed by the steam generatora

blowdown radiation monitor

Secondary side radioactivity, as monitored and alarmed by the main steam line radiation monitors.

I
f

| 410.17-5
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Radioactivity, boric acid, or conductivity in condensate as indicated by laboratory analysis,

.

!
,

Details on the radiation monitors are provided in Section 11.5, Radiation Monitoring.

5.2.5.2.2 Component Cooling Water System

Leakage from the reactor coolant system to the component cooling water system is detected by the
component cooling water system radiation monitor, by increasing surge tank level, by high flow
downstream of selected components, or by some combination of the preceding. Refer to Section 11.5,
Radiation Monitoring, and subsection 9.2.2, Component Cooling Water System.

5.2.5.3 Collection and Monitoring of Unidentified Leakage

To detect unidentified leakage inside containment, in accordance with position 3 of Regulatory Guide
1.45, the following diverse methods may be utilized to quantify and assist in locating the leakage:

Containment Sump Level*

Reactor Coolant System Inventory Balance.

Containment Atmosphere Radiation*

Other methods that can be employed to supplement the above methods include-

Containment Atmosphere Pressure, Temperature, and Humidity.

Visual Inspection*

The reactor coolant system is an all-welded system, except for the connections on the pressurizer safety
valves, reactor vessel head. pressurizer and steam generator manways, and reactor vessel head vent, which
are flanged. During normal operation, variations in airborne radioactivity, containment pressure,
temperature, or specific humidity above the normal level signify a possible increase in unidentified
leakage rates and alert the plant operators that corrective action may be required. Similarly, increases in
containment sump level signify an increase in unidentified leakage. The following sections outline the
methods used to collect and monitor unidentified leakage.

5.2.5.3.1 Containment Sump Level Monitor

Leakage from the reactor coolant pressure boundary and other components not otherwise identified inside
'the containment will condense and flow by gravity via the floor drains and other drains to the containment
sump.

A leak in the primary system would result in reactor coolant flowing into the containment sump. Leakage
is indicated by an increase in the sump level. The containment sump level is monitored by two seismic
Category I level sensors in accordance with position 6 of Regulatory Guide 1.45. The level sensors are
powered from a safety-related Class IE electrical source. These sensors remain functional when subjected

410.17-6
WestinghouseRev.2
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to a safe shutdown earthquake in conformance with the guidance in Regulatory Guide 1.45. The
containment sump level and sump total flow sensors located on the discharge of the sump pump are part
of the liquid radw'ste system.

Failure of one of the level sensors will still allow the calculation of a 0.5 gpm in-leakage rate within 1,

| hour. The data display and processing system (DDS) computes the leakage rate and the plant control

l' system (PLS) provides an alarm in the main control room if the average change in leak rate for any given
'

measurement period exceeds 0.5 gpm for unidentified leakage. The minimum detectable leak is 0.03 gpm.

| Unidentified leakage is the total leakage minus the identified leakage. The leakage rate algorithm
subtracts the identified leakage directed to the sump.

!

To satisy positions 2 and 5 of Regulatory Guide 1.45, the measurement interval must be long enough to
permit the measurement loop to adequately detect the increase in level that wcold correspond to 0.5 gpm
leak rate, and yet short enough to ensure that such a leak rate is detected within an hour. The
measurement interval is less than or equal to I hour.

When the sump level increases to the high level setpoint, one of the sump pumps automatically starts to
| pump the accumulated liquid to the waste holdup tanks in the liquid radwaste system. The sump

discharge flow is integrated and available for display in the control room in accordance with position 7
of Regulatory Guide 1.45.

Procedures to identify the leakage source upon a change in the unidentified leakage rate into the sump

| include the following:

'

Check for changes in containment atmosphere radiation monitor indications,*

Check for changes in containment humidity, pressure, and temperature,*

i
,

'

Check makeup rate to the reactor coolant system for abnormal increases,*

Check for changes in water levels and other parameters in systems which could leak water into thea

containment, and ;

Review records for maintenance operations which may have discharged water into the containment.*

I
t

|

|
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5.2.5.3.2 Reactor Coolant System Inventory Balance

Reactor coolant system inventory monitoring provides an indication of system leakage. Net level change
in the pressurizer is indicative of system leakage. Monitoring net makeup from the chemical and volume ,

Icontrol system and net collected leakage provides an important method of obtaining information to
establish a water inventory balance. An abnormal increase in makeup water requirements or a significant
change in the water inventory balance can indicate increased system leakage.

The react'r coolant system inventory balance is a quantitative inventory or mass balance calculation. This
approach allows determination of both the type a~d magnitude of leakage. Steady-state operation is
required to perform a proper inventory balance calculation. Steady-state is defined as stable reactor
coolant system pressure, temperature, power level, pressurizer level, and reactor coolant drain tank and
in-containment refueling water storage tank levels. The reactor coolant inventory balance is done on a
periodic basis and when other indication and detection methods indicate a change in the leak rate.

The mass balance involves isolating the reactor coolant system to the extent possible and observing the
change in inventory which occurs over a known time period. This involves isolating the systems-

connected to the reactor coolant system. System inventory is determined by observing the level in the
pressurizer. Compensation is provided for changes in plant conditions which affect water density. The
change in the inventory determines the total reactor coolant system leak rate. Identified leakages are
monitored (using the reactor coolant drain tank) to calculate a leakage rate and by monitoring the
intersystem leakage. The unidentified leakage rate is then calculated by subtracting the identified leakage
rate from the total reactor coolant system leakage rate. The minimum detectable leak is 0.1 gpm.

Since the pressurizer inventory is controlled during normal plant operation through the level control
system, the level in the pressurizer will be reasonably constant even ifleakage exists. The mass contained
in the pressurizer may fluctuate sufficiently, however, to have a significant effect on the calculated leak
rate. The pressurizer mass calculation includes both the steam and water mass contributions.

Changes in the reactor coolant system mass inventory are a result of changes in liquid density. Liquid
density is a strong function of temperature and a lesser function of pressure. A range of temperatures j

exists throughout the reactor coolant system all of which may vary over time. A simplified, but !

acceptably accurate, model for determining mass changes is to assume all of the reactor coolant system
is at T j%,.

|

The inventory balance calculation is done by the data display and processing system with additional input
from sensors in the protection and safety monitoring system, chemical and volume control system, and I

~

liquid radwaste system. The use of components and sensors in systems required for plant operation
provides conformance with the regulatory guidance of position 6 in Regulatory Guide 1.45 that leak
detection should be provided following seismic events that do not require plant shutdown.

!

|
' 410.17 8
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5.2.5.3.3 Containment Atmosphere Radioactivity Monitor

Leakage from the reactor coolant pressure boundary will result in an increase in the radioactivity levels
inside containment. The containment atmosphere is continuously monitored for airborne gaseous
radioactivity. Air flow through the monitor is provided by the suction created by a vacuum pump.
Gaseous and Nn/Fn concentration monitors indicate radiation concentrations in the containment
atmosphere.

'M gr '- e' nn rpend r2p!d!y ic r~'~ cee!rt prrrure '^"ndr; ' 17;e. No and F are k ay

neutron activation products which is are proportional to power levels. Md!! ^ 2!!" "u En 2 re!:t!+
9 ~'h2!fnre 2ng y gequg y , :n .mn eqe:!!bntm r2pid!y. An increase in activity inside containmenta

would therefore indicate a leakage from the reactor coolant pressure boundary. Based on the concentration-

of N /Fn and the power level, reactor coolant pressure boundary leakage can be estimated.n

h44 s re ':'r:n; q m- hr 2 E!;;h ce~;"' t'y 'r ''e er'e r eper2 ting 2! 2 pe" r r2nge h!;hru a
'han 20 pe e-' The N13 and F18 monitor is seismic Category I. Conformance with the position 6
guidancekf Regulatory Guide 1.45 that leak detection should be provided following seismic events that
do not require plant shutdown is provided by the seismic Category I classification. Safety-related Class
1E power is not required since loss of power to the radiation monitor is not consistent with continuing
operation following an earthquake. ^'e'e 20 per-t pe" r 'e-' :- ^ e ' cur. 2 te4 'e~ 'h1n 0 5 gpr
an be de'n'ei Oper2 ting npa-~ '" rd!c''ed t'e 2rer2;e 'eng te 'e42;e (' c~ nmp!:ng !^~ u
g!!r,33 ig7 g 7.,3 . m.,,:c j tetygg .2 ne cc.,t2!.,m y,s e.g.,, .ne .., , ~ gg e ., . 7,e.,, .g get ere ie

h '" e r ni 2r:d 0 2 gpm e x!a cem~-t 2tig :n : 7- by 2t grt 75 pe. gt ggy 2n p:,angrn ie

gpm imt,ge w_t g gu.,3 ,.'d 2!~ r' ' O pr~ '' fr 2 ' r "" '; 0.3 gp~ 'r oge 9e'' -rerr ' eni t

me g mm :,:m:,;. g 3 u,gg m,:, ~ ap,u: cayn ,:,n:- ,n r ,n

Radioactivity concentration indication and alarms for loss of sample flow, high radiation, and loss of
indication are provioed. Sample collection connections permit sample collection for laboratory analysis.
The radiation monitor can be calibrated during power operation.

5.2.5.3.4 Containment Pressure, Temperature and llumidity Monitors

Reactor coolant pressure boundary leakage increases containment pressure, temperature, and humidity,
values available to the operator through the plant control system. Atfullpower the minimum detectable
leak is 0.1 gpm when the radionuclide concentration in containment reaches equdibrium. The N n and
Fu monitor can detect a 0.5 gym leak when the plant is above 20% power and the concentration of
radiogas in containment is at equilibrium.

An increase in containment pressure is an indication of increased leakage or a high energy line break.
Containment pressure is monitored by redundant Class IE pressure transmitters. For additional discussion
see subsection 6.2.2, Passive Containment Cooling System.

410.17-9<

T Westinghouse Rev.2!



.- - . . .. .

.

|
1

. .

*

NRC REQUEST FOR ADDITIONAL INFORMATION l

1

1

The containment average temperature is monitored using temperature instrumentation at the inlet to the
containment fan cooler as an indication of increased leakage or a high energy line break. This
instrumentation as well as temperature instruments within specific areas including steam generator areas,
pressurizer area, and containment compartments are part of the containment recirculation cooling system.

An increase in the containment average temperature combined with an increase in containment pressure
indicate increased leakage or a high energy line break. The individual compartment area temperatures
can assist in identifying the location of the leak.

Containment humidity is monitored using temperature-compensated humidity detectors which determine
the water-vapor content of the containment atmosphere. An increase in the containment atmosphere
humidity indicates release of water vapor within the containment. The containment humidity monitors
are part of the containment leak rate test system.

111e humidity monitors supplement the containment sump level monitors and are most sensitive under
conditions when there is no condensation. A rapid increase of humidity over the ambient value by more
than 10 percent is indication of a probable leak.

Containment pressure, temperature and humidity can assist in identifying and locating a leak. They are
not relied on to quantify a leak.

)

i

I

|

|
,

|
'
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RCS Operational LEAKAGE
3.4.8

3.4 REACTOR COOLANT #YSTEM (RCS)-

3.4.8 RCS Operational LEAKAGE

LCO 3.4.8 RCS operational LEAKAGE shall be limited to:

a. No pressure boundary LEAKAGE

b. 0.5 gpa unidentified LEAKAGE,

c. 10 gpe identified LEAKAGE from the RCS,

d. 1000 gallons per day total primary to secondary LEAXAGE
through both steam generators (SGs),

e. 500 gallons per day primary to secondary LEAKAGE
through any one SG, and

f. 500 gallons per day primary to IRWST LEAKAGE through
the passive residual heat removal heat exchanger
(PRHRHX).

APPLICABILITY: MODES 1, 2. 3, and 4. *

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

p :r75 3.e./J
A. RCS LEAKAGE not within A.1 Reduce LEAKAGE to 4 hours A,/

limits for reasons other within limits.
than pressure boundary
LEAKAGE.

/*
B. Required Action and 8.1 Be in MODE 3. / hours

associated Completion
Time not met. A,N.!Q,

QR. B.2 Be in MODE 5. hours

Pressure boundary
LEAKAGE exists.

.

'1
1

.{

h AP60-, _, _0 3.4-12 08/96 Amendment 0

410.17-11
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RCS Operational LEAXAGE
3.4.8

SURVEILLANCE REQUIREMENTS
i

SURVEILLANCE FREQUENCY

SR 3.4.8.1 ................-N0TE------- - - ----- - -----NOTE-----
Not required to be perfomed in MODE 3 Only required
and 4 until 12 hours of steady state to be performed
operation. during steady
........................................ state

operation.
|

..............

Perform a RCS water inventory balance. 72 hours

SR 3.4.8.2 Verify steam generator tube integrity is in accordance
in accordance with the Steam Generator with the Steam
Tube Surveillance Program. Generator Tube

Surveillance
Program

.

I

1

|
|

|
,

l

|

|

h AP600 3.4 13 08/96 Amendment 0
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RCS Operational LEAKAGE
B 3.4.8

8 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.8 RCS Operational LEAKAGE

BASES

BACKGROUND Components that contain or transport the coolant to or from
the reactor core comprise the RCS. Component joints are
made by welding, bolting, rolling, or pressure loading, and
valves isolate connecting systems from the RCS.

During plant life, the joint and valve interfaces can
produce varying amounts of reactor coolant LEAKAGE, through
either normal operational wear or mechanical deterioration.
The purpose of the RCS Operational LEAXAGE LCO is to limit
system operation in the presence of LEAKAGE from these
scurces to amounts that do not compromise safety. This LCO*
specifies the types and amounts of LEAKAGE.

10 CFR 50, Appendix A, GDC 30 (Ref. 1), requires means for
detecting and, to the extend practical, identifying the
source of reactor coolant LEAKAGE. Regulatory Guide 1.45
(Ref. 2) describes acceptable methods for selecting leakage
detection systems.

The safety significance of RCS LEAKAGE varies widely
depending on its source, rate, and duration. Therefore,
detecting and monitoring RCS LEAKAGE into the containment
area is necessary. Quickly separating the identified
LEAKAGE from the unidentified LEAKAGE is necessary to
provide quantitative information to the operators, allowing
them to take corrective action should a leak occur that is
detrimental to the safety of the facility and the public.

A limited amount of LEAKAGE inside containment is expected
from auxiliary systems that cannot be made 1007,leaktight.
LEAKAGE from these systems should be detected, located, and
isolated from the containment atmosphere, if possible, to
not interfere with RCS LEAKAGE detection.

|This LCO deals with protection of the reactor coolant I

pressure boundary (RCPB) from degradation and the core from
inadequate cooling, in addition to preventing the accident
analyses radiation release assumptions from being exceeded.
The consequences of violating this LCO include the
possibili'ty of a loss of coolant accident (LOCA),

(continued)
1
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RCS Operational LEAKAGE
B 3.4.8

BASES (continued)

APPLICABLE Except for primary to secondary LEAKAGE, the safety analyses
SAFETY ANALYSES do not address operational LEAKAGE. However, other

operational LEAKAGE is related to the safety analyses for
LOCA. The amount of LEAKAGE can affect the probability of
such an event. The safety analysis for an event resulting
in steam discharge to the atmosphere assumes a 1000 gpd
primary to secondary LEAKAGE as the initial condition.

Primary to secondary LEAKAGE is a factor in the dose
releases outside containment resulting from a steam line-

break (SLB) accident. To a lesser extent, other accidents
or transients involve secondary steam release to the
atmosphere, such as a steam generator tube rupture ($GTR).
The leak contaminates the secondary fluid.

The design basis radiological consequences The SSAR (Ref. 3) analyses for the accidents involving
secondary side releases assume 500 gpd primary to secondary

,

resulting frorn a postulated St.B accident tEAKAGE in each generator as an initial condition. The 6p
and SGTR are provided in Sections 151.5 M ','n" N "'"' '"9 "" ***''"*'""E''

r

and 15.6.3 of the AP600 SSAR (Ref. 3).
The RCS operational LEAKAGE satisfies Criterion 2 of the NRC
Policy Statement.

LCO RCS operation LEAKAGE shall be limited to:

a. Pressure Boundary LEAKAGE

No pressure boundary LEAKAGE is allowed, being indicative
of material deterioration. LEAKAGE of this type is
unacceptable as the leak itself could cause further
deterioration, resulting in higher LEAKAGE. Violation of
this LCO could result in continued degradation of the
RCPB. LEAKAGE past seals and gaskets are not pressure
boundary LEAKAGE.

b. Unidentified LEAKAGE

0.5 gpm of unidentified LEAKAGE is allowed as a
g. f.3 /n g sonable minimum detectable amount that the containment

at radioactivity monitoring and containment sump level
mon toring equipment, can detect within a reasonable time
period. This leak rate supports leak before break (LSB)
criteria. Violation of this LCO could result in
continued degradation of the RCPB, if the LEAKAGE is from
the pressure boundary.

(continued)
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RCS Operational LEAKAGE
8 3.4.8

BASES

LCO c. Identified LEAKAGE
(continued)

Up to 10 gpm of identified LEAKAGE is considered
allowable because LEAKAGE is from known sources that do
not interfere with detection of unidentified LEAKAGE and
is well within the capability of the RCS Hakeup System.
Identified LEAKAGE includes LEAKAGE to the containment
from specifically known and located sources, but does not
include pressure boundary LEAKAGE. Violation of this LCO
could result in continued degradation of a component or
system.

d. Primary to Secondary LEAKAGE throuch Both Steam
Generators (SGs)

Total primary to secondary LEAKAGE through both SGs
amounting to 1000 gpd produces acceptable offsite doses
in the Steam Line Break (SL8) accident analysis.
Violation of this LCO could exceed the offsite dose
limits for this wecident. Primary to secondary LEAKAGE

'must be included in the total allowable limit for
identified LEAKAGE.

e. Prf mary-to-Secondary LEAKAGE throuah One SG

The 500 gpd limit from one SG is based on the assumption
that a single crack leaking this amount would not
propagate to a SGTR under the stress conditions of a LOCA
or a main steam line rupture,

f. Primary to IRWST LEAKAGE throuah the PRHR Heat Exchanaer
E V.

The 500 gpd limit from the PRHR HX s based on the
assumption that a single crack leading this amount would
not lead to a PRHR tube rupture under the stress
condition of an RCS pressure increase event, if leaked
through many cracks, the cracks are very small, and the
above assumption is conservative. This is conservative
because the thicknes; of the PRHR HX tubes is
approximately 60% greater than the thickness of the SG
tubes. Further1nore, a PRHR HX tube rupture would result
in an isolable leak and would not lead to a direct
release of radioactivity to the atmosphere.

(continued)
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RCS Operational LEAKAGE
B 3.4.8

BASES (continued)

APPLICABILITY In MODES 1. 2, 3, and 4, the potential for RCPB LEAKAGE is
greatest when the RCS is pressurized.

In MODES 5 and 6, LEAKAGE limits are not required because
the reactor coolant pressure is far lower, resulting in
lower stresses and reduced potentials for LEAKAGE.

ACTIONS Aj 4f

Unidentified LEAKAGE, identified LEAKAGE, or primary to
secondary LEAKAGE in excess of the LCO limits must be
reduced to within limits within 8' hours. This Completion
Time is based on risk considerations and allows time
to verify leakage rates and either identify unidentified
LEAKAGE or reduce LEAKAGE to within limits before the
reactor must be shut down This action is necessary to
prevent further deterioration of the RCPB.

B.1 and 8.2

If any pressure boundary LEAKAGE exists, or if unidentified
LEAKAGE, identified LEAKAGE, or primary to secondary LEAKAGE
cannot be reduced to within limits within 8 hours, the
reactor must be brought to lower pressure conditions to
reduce the severity of the LEAKAGE and its potential
consequences. It should be ncted that leakage past seal;
and gaskets is not pressure boundary LEAKAGE. The reacto.-
must be brought to M00E 3 within g, hours and to MODE 5
within $ hours. This action redules the LEAKAGE and also
reduces t e factors which tend to' degrade the pressure
boundary

The allowed Completion Times are reasonable, based on
operating experience, to reach the required plant conditions
from full power conditions in an orderly manner and without
ACTIONS challenging plant systems. In MODE 5, the pressure
stresses acting on the RCPB are much lower, and further
deterioration is much less likely,

SURVEILLANCE SR 3.4.8.1
REQUIREMENTS

Verifying RCS LEAKAGE within the LCO limits ensures the
integrity of the RCPB is maintained. Pressure boundary
LEAKAGE would at first appear as unidentified LEAKAGE and |
can only be positively identified by inspection. '

(continued) |
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RCS Operational LEAKAG:
B 3.4. I

BASES

SURVE!LLANCE SR 3.4.8.1 (cc-tinued)
REQUIREMENTS

Unidentified LEAKAGE and identified LEAKAGE are determined
by performance of a RCS water inventory balance. Primary to

.

secondary LEAKAGE is also measured by performance of an RCS
water inventory balance in conjunction with effluent
monitoring within the secondary steam and feedwater systems.

The RCS water inventory balance must be met with the reactor
at steady state operating conditions and near operating
pressure. Therefore, this SR is not required to be
performed in MODES 3 and 4 until 12 hours of steady state
operation near operating pressure have been established.

Steady state operation is required to perform a proper
inventory balance; calculations during maneuvering are not
useful and a Note requires the Surveillance to be met when
steady state is established. For RCS operational LEAKAGE
determination by inventory balance, steady state is defined
as stable RCS pressure, temperature, power level,
pressurizer and makeup tank levels, ajndakeup 4*d 1etdown.3w'"+ d eA
An early warning of pressure boundary LEAKAGE or
unidentified LEAKAGE is provided by the a_utomatic systamous3/MF
that monitor the containment atmosphere' radioactivity and
the containment sump level. ItshouldSenotedthatLEAKAGE
past seals and gaskets is not pressure boundary LEAKAGE. *

These LEAKAGE detection systems are specified in LCO 3.4.10
"RCS LEAKAGE Detection Instrumentation."

p/seC l-;'
The 72 hour Frequency is a reasonable interval to trend
LEAKAGE and recognizes the importance of eariy leakage
detection in the prevention of accidents. A Note under the
Frequency column states that this SR is required to be
performed during steady state operation.

SR 3.4.8.2

This SR provides the means necessary to determine SG
OPERABILITY in an operational MODE. The requirement to
demonstrate SG tube integrity in accordance with the Steam
Generator Tube Surveillance Program emphasizes the
importance of SG tube integrity, even though this
Surveillance cannot be performed at normal operating
conditions.

~

(continued)
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RCS Operational LEAKAGE

8 3.4.8
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!

BASES

|

REFERENCES 1. 10 CFR 50, Appendix A GDC 30.

2. Regulatory Guide 1.45, May 1973.

3. AP600 $$AR, Chapter 15, " Accident Analysis."

|

|
,

1
1

|-

AP600
BASES 3.4.8

INSERT | l

The containment atmosphere N13/F18 radioactivity leakage
measurement is valid only for plant power > 20% RTP.

The containment atmosphere N13/F18 radioactivity leakage
measurement during H00E 1 is not valid while containment purge

,

occurs or within 2 hours after the end of containment purge. 1

The containment sump level change method of detecting leaks during
MODES 1, 2, 3 and 4 is not valid while containment purge occurs
or within 2 hours after the end of containment purge.

The containment sump level change method of detecting leaks during
MODES 1. 2. 3, and 4 is not valid during extremely cold outside
ambient conditions when frost is forming in the interior of the
containment vessel.

h AP600 8 3.4-37 08/96 Amendment 0
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RCS Leakage Detect 6 :nstrumentation
3.4.10

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.10 RCS Leakage Detection Instrumentation

LCO 3.4.10 The following RCS leakage detection instrumentation shall be
OPERABLE:

a. One containment sump level channel;

b. One containment atmosphere radioactivity monitor
(gaseous N13/F18).

.

A/o7E
APPLICABILITY: MODES 1, 2, 3, and 4. 7NK "t 3/7/8 ca mew *Mr eww#ME

p te44/o4cnven paa,M ,s w r asq staa
To aa ergudLE ou pace o s.oon

ACTIONS 47f y 24 % .

CON 0! TION REQUIRED ACTION COMPLETION TIME

A. Required containment --- ~------NOTE --------- - srs 3.v.sssump channel LCO 3.0.4 is not applicable. 4. 2.inoperable. --- --~-- ------- - - - -- -

A.1 Perform SR 3.4.8.1 (RCS Once per
inventory balance). 24 hours I'

|
5

|
A.2 Restore containment sump 3o Mvs

channel to OPERABLE 466-*HMees
status.

(continued)
-

- port -

!ME4%ts,+1au n peos By ofBAddLE sump 42Jgt
|WM *1EA/T3 c4J S E Rfs!GER10 sN e?FFJc-riJf, if
L E AMM E.1,1 )Rtf.itgge F~tw t& khan <g Tw& Ss.*ra'$ucao

05 A1 RE >t'EL77bA) 70 7WC tRM 39 rNG CW'SMW
9% 4u'!TBA., sn yg ,sq .
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RCS Leakage Detection Instrumentation
3.4.10

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

B. Required containment --- - -------NOTE---- ----- --

atmosphere LCO 3.0.4 is not applicable. .gg 3,ggradioactivity monitor - --- ----- -----------------

inoperable. g

B.1.1 Analyze grab samples of Once per
containment atmosphere. 24 hours

9.8

B.1.2 Perform SR 3.4.8.1. Once per
24 hours

0.N.9

30 MP3
B.2 Restore containment ''? '^u

atmosphere
radioactivity monitor
to OPERABLE status.

(|', . l
C. Required Action and C.1 Be in MODE 3. E hours '

associated Completion
s

Time not met. M!D

C.2 Be in MODE /. M hours
- A m - - ., _, .,

h AP600 3.4-16 08/96 Amendment 0
.
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RCS Leakage Detection Instrumentation
3.4.10

SURVEILLANCE REQUIRENENTS
!

SURVEILLANCE FREQUENCY

/ Z. 5 7*>
SR 3.4.10.1 Perform a CHANNEL CHECK of required 24 hours sg33,/f./

containment atmosphere radioactivity
monitor,

i

CdT"
SR 3.4.10.2 Perform an GMANNE4-GPfMH6N4t-Yf'.ri of 92 days

required containment atmosphere
radioactivity monitor.

SR 3.4.10.3 Perform a CHANNEL CAllBRATION of 24 months
required containment sump monitor.

SR 3.4.10.4 Perform a CHANNEL CAllBRATION of '24 months
required containment atmosphere
radioactivity monitor.

. -

i

. .

I h AP600 3.4-17 08/96 Amendment 0
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RCS Leakage Detection Instrumentation

,

| 8 3.4.10
|

8 3.4 REACTORCOOLANTSYSTEM(RCS)

B 3.4.10 RCS Leakage Detection Instrumentation

BASES
.

BACKGROUND GDC 30 of Appendix A to 10CFR50 (Ref.1) requires means for
detecting, and, to the extent practical, identifying the
source of RC5 LEAKAGE, Regulatory Guide 1.45 (Ref. 2)
describes acceptable methods for selecting LEAKAGE detection
systems.

LEAKAGE detection systems must have the capability to detect
significant reactor coolant pressure boundary (RCPB)
degradation as soon after occurrence as practical to
minimize the potential for propagation to a gross failure.
Thus, an early indication or warning signal is necessary to
permit proper evaluation of all unidentified LEAKAGE.

Industry practice has shown that water flow changes of
0.5 gpm can be readily detected in contained volumes by
monitoring changes in water level, in flow rate, or in the
operating frequency of a pump. The containment sump used to
collect unidentified LEAKAGE, is instrumented to alarm for
increases of 0.5 gpm in the normal flow rates. This
sensitivity is acceptable for detecting increases in,
unidentified LEAKAGE.

Reactor coolant radioactivity used for The reactor coolant contains radioactivity that, when
.

leak detection is the decay of N13/F18. released to the containment, can be detected .by radiation
_ monitoring inst ymentation, fRe~icT,Br cooTa r/dfoac iv Mggggy | levis. ell e N $dring in Mial' reactor st ftup an for a
,few weeks thereafter, until activated corrpsibo productsw .rg

-

!have' been formed and fission products appear from fu'el iI elbm
Ment claddin 'contaminat. ion or cladding defedi.1 TheuHTon of 34ts proportional to~the reactor power

-

#g
1evel. M13 nas a short half life and comes to equilibrium

F18 has a longer half life and is the __ @ Instrument sensitivities for gaseous monitoring
are practical for these LEAKAGE detection systems. The

dominant source used for leak detection. Radiation Monitoring System includes monitoring N13/F18 ,

gaseous activities to provide leak detection. j

(continued)
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| RCS Leakage Detection Instrumentation
B 3.4.10

BASES (continued)

|

APPLICABLE The need to evaluate the severity of an alarm or an
SAFETY ANALYSES indication is important to the operators, and the ability to

compare and verify with indications from other systems is
necessary, The system response times and sensitivities are
described in the SSAR (Ref. 2).

The safety significance of RCS LEAKAGE varies widely
depending on its source, rate, and duration. Therefore,
detecting and monitoring RCS LEAKAGE into the containment
area is necessary. Quickly separating the identified
LEAKAGE from the unidentified LEAKAGE provides quantitative
information to the operators, allowing them to take
corrective action should a leak occur.

RCS LEAKAGE detection instrumentation satisfies Criterion 1
of the NRC Policy Statement.

.

LCO One method of protecting against large RCS LEAKAGE derives
from the ability of instruments to rapidly detect extremely
small leaks. This LCO requires instruments of diverse
monitoring principles to be OPERABLE to provide a high
degree of confidence that small leaks are detected in time
to allow actions to place the plant in a safe condition,
when RCS LEAKAGE indicates possible RCPB degradation.

LEifL
The LCO is satisfied when monitors of diverse me surement
means are available. Thus, the containment sump onitor, in
combination with an N13/F18 gaseous activity monitor
provides an acceptable minimum.j

APPLICABILITY Because of elevated RCS temperature and pressure in MODES 1,
2, 3. and 4, RCS LEAKAGE detection instrumentation is
required to be OPERABLE.

In MODE 5 or 6, the temperature is 1 200*F and pressure is
maintained low or at atmospheric pressure. Since
the temperatures and pressures are lower than those for
MODES 1, 2, 3, and 4, the likelihood of leakage
and crack propagation are much smaller. Therefore, the
requirements of this LCO are not applicable in MODES 5
and 6.

IA256 kT 6 &

(continued)
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BASES 3.4.10

INSERTS PAGE 3.4 42

*

A. Containment sump level monitoring is performed by two
redundant seismically qualified level instruments. T/2 4.ed
pcrre cashes rder tir 1 4xeca os /*Nrwen
ftw trA:M, we vssm/, meMutronis r**dE
R9 09864dLE. % *f LEV 6L Ou e%f*R tu1** 5 WILL h'Tv

C L. htLu e .

B. Sump level monitoring is a valid method for H0 DES 1. 2, 3.
and 4. Containment atmosphere N13/F18 monitoring is valid
only in H00E 1 with reactor power > 20% RTP. RCS inventory
monitoring via the pressurizer level changes is valid in
H0 DES 1. 2, 3. and 4 only when RCS ccnditions are stable,
i.e., temperature constant. pressure constant, no makeup and
no letdown.

The containment atmosphere N13/F18 radioactivity leakage
measurement during H00E 1 is not valid while containment
purge occurs or within 2 hours after the end of containment
purge.

The containment sump level change method of detecting leaks
during H00ES 1. 2. 3. and 4 is not valid while containment
purge occurs or within 2 hours after the end of containment
purge.

The containment sump level change method of detecting leaks
during H0 DES 1, 2. 3, and 4 is not valid during extremely
cold outside ambient conditions when frost is forming in the
interior of the containment vessel.

410.1F24
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! RCS Leakage Detection Instrumentation
i B 3.4.10

BASES (continued)

ACTIONS A.] and A.2 p.p a_.

With the required containment sump channel inoperable, no
other form of sampling can provide the equivalent
information; however, the containment atmosphere A//3/F/d
radioactivity monitor will provide indications of changes in
LEAKAGE. Together with the atmosphere monitor, the periodic

| surveillance for RCS inventory balance, SR 3.4.8.1, must be
performed at an increased frequency of 24 hours to provide
information that is adequate to detect LEAKAGE.

Restoration of the sump channel to OPERABLE status is
required to regain the function in a Completion Time of

sc rerst664eus after the monitor's failure. This time is
acceptable, considering the frequency and adequacy of
the RCS inventory balance required by Action A.I.

Required Action A.1 is modified by a Note that indicates
that the provisions of LCO 3.0.4 are not applicable. As a
result, a MODE change is allowed when the containment sump
channel is inoperable. This allowance is provided because
other instrumentation is available to monitor RCS Leakage.

8.1.1. B.1.2. and B.2

With one gaseous N13/F18 containment atmosphere
radioactivity-monitoring instrumentation channel inoperable,
alternative action is required. Either grab samples of the
containment atmosphere must be taken and analyzed or RCS
inventory balanced, in accordance with SR 3.4.8.1, must be
performed to provide alternate periodic information.

With a sample obtained and analyzed or an RCS inventory
balance performed every 24 hours, the reactor may be an RCS
operated for up to 158 h = : to allow restoration of the
radioactivity monitor, y pg

The 24 hours interval for grab samples or RCS inventory
balance provides periodic information that is adequate to
detect LEAKAGE. The !SS M ... Completion Time recognizes at
least one other form f leak detection is available.

! -- J o Cvf 4

(continued)
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A
RCS Leakage Detection Instrumentation

B 3.4.10

BASES

ACTIONS B l.l. B.I.2, an W (continued)

Required Action B.1 and Eequired Action B.2 are modified by
a Note that indicates that the provisions of LCO 3.0.4 are

|
not applicable. As a result, a MODE change is allowed when
the gaseous N13/F18 containment atmosphere radioactivity

! monitor channel is inoperable. This allowance is provided
because other instrumentation is available to monitor for
RCS LEAKAGE.

5C.1 and C,2 g
If a Required Action of Candition A or B cannot be met

ed C' i-letion Time, the reactor must be
within the requi[A wt.o re the probability and consequences ofbrought to MODE
an event are minimized. To achieve this St tus, the plant
mu brought to at least MODE 3 within hours to MODE A S

3 G ~ withi hours. The allowed Completion Times are
reasona le based on operating experience, to r9ach the
required plant conditions from full power cono;.tions in an
orderly manner without challenging plant systems.

/ y,3[16SURVEILLANCE SR 3.4.10.1
REQUIREMENTS SR 3.4.10.1 requires the performance of a CHANNEL CHECK of

the containment atmosphere radioactivity monitor. The check
gives reasonable confidenc|e that the channel is operating
properly. The Frequency of f hours is based on instrumentreliability and risk and is. reasonable for detecting off
normal conditions. L-I, ,

w

SR 3.4.10,2 g/3/r/B

SR 3.4.10.? requires the performance of CHANNEL
OPERATIONAL TEST (C0T) on the atmosphere radioactivity
monitor. The test ensures that the moni or can perform its
function in the desired manner. The test verifles the alare
setpoint and relative accuracy of the instrument string.
The Frequency of 92 days considers risks and instrument
reliability, and operating experience has shown that it is
proper for detecting degradation.

(continued)
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RCS Leakage Detection Instrumentation |
B 3.4.10

BASES

SURVE!LLANCE SR 3.4,10.3 and SR 3.4.lM
REQUIREMENTS

(continued) These 5% require the performance of a CHANNEL CAllBRATION
for each of the RCS Leakage detection instrumentation I

.

channels. The calibration verifies the accuracy of the
instrument string, including the instruments located inside
containment. The Frequency of 24 months is a typical
refueling cycle and considers channel reliability.
Again, operating experience has proven that this Frequency
is acceptable.

REFERENCES 1. 10 CFR 50, Appendix A, Section IV, GDC 30.

2. Regulatory Guide 1.45, " Reactor Coolant Pressure Boundary
LEAKAGE Detection Systems." U.S. Nuclear Regulatory
Commission.

3. AP600 SSAR Chapter 15, ' Accident Analysis."

.

..

!
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Question 410.17 Revision 2

Position C.9 of RG 1.45 states that the technical specifications should address the availability of various
types ofinstruments for RCPB leakage to ensure adequate coverage at all times. Describe how the AP600
design will meet this regulatory position (Section 5.2.5).

Response:

SSAR Chapter 16, Technical Specification 3.4.10 dednes the operability requirements for RCS leakage
detection instrumentation. This instrumentation.used to identify reactor coolant pressure boundary leakage,
is designed so that its operability may be determined at all times. Should a detector fail (signal outside
its calibrated range or self detect trouble), the plant instrumentation system will alarm in the main control
room that the specific leak detection display is questionable. The alarm prompts the operators to observe
other sensors providing leak detection information. Technical Specification 3.4.10 requires instruments
of diverse monitoring methods to be operable to provide a high degree of confidence that small leaks are
detected in time to allow actions to place the plant in a safe condition when RCS leakage indicates
possible reactor coolant pressure boundary degradation .

The primary methods of detecting leaks during stable plant operating conditions a'e sump level changesr
and reactor coolant inventory (pressurizer level) changes. The primary methods for detecting leaks during
varying system conditions such as makeup and letdown operations and power transients are sump level
changes and N13/F18 detection.

'

Table 410.17-1 summarizes the validity of the diverse methods of detecting RCPB leakage.

SSAR Revision: Revisions to SSAR Section 5.2.5 and Chapter 16 are attached. Revision 2 of this RAI
response is submitted to provide the complete markupfor SSAR Chapter 16; the Revision 1 markup
included only the BASES changesfor Technical Specification 3.4.10 whereas the LCO changes are
included in this revision.

.
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Table 410.17-1

Validity of RCPB Leak Detection Methods

* I I '** **** " #
% RATED AVERAGE

REACTIVITY TilERMAL RCS
MODES TITLE CONDITION POWER (a) TEMPEPATURE Sump Level RCS Inventory

(lQ) ( F) (d),(e) N13/F18 (g)

1 Power Operation > 0.99 >5 NA Valid Valid (O Valid

2 Startup > 0.99 <5 NA Valid Invalid Valid

3 Ilot Standby < 0.99 NA > 420 Valid Invalid Valid

4 Safe Shutdown (b) < 0.99 NA 420 > T,,, > 200 Valid Invalid Valid

5 Cold Shutdown (b) < 0.99 NA < 200 NA NA NA

6 Refueling (C) NA NA NA NA NA NA

(a) Excludmg decay heat.

(b) All reactor vessel head closure bolts fully tensioned.

(c) One or more reactor vessel head closure bolts less than fully tensioned.

(d) Sump level change detection of leaks not valid during extremely cold outside conditions when frost forrns on interior of containment sessel.
(e) Leak detection method not valid during containment atmosphere purge operations or within 2 hours of end of purge.

(O Power > 20%
(g) RCS at ceady state; i.e. no temp. change, no pressure change, no makeup or letdown.

410.17-2 3 MighollseRev.2
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5.2.5 Detection of Leakage Through Reactor Coolant Pressure Boundary
1

The reactor coolant pressure boundary (RCPB) leakage detection monitoring provides a means of
detecting and to the extent practical, identifying the source and quantifying the reactor coolant leakage.
The detection monitors perform the detection and monitoring function in conformance with the
requdements of General Design Criteria 2 and 30 and the recommendations of Regulatory Guide 1.45.
Leakage detection monitoring is also maintained in support of the use of leak-before-break criteria for
high-energy pipe in containment. See subsection 3.6.3 for the application of leak-before-break criteria.

Leakage detection monitoring is accomplished using instrumentation and other components of several
systems. Diverse measurement methods including level, flow, and radioactivity measurements are used
for leak detection. The equipment classi6 cation for each of the systems and components used for leak
detection is generally determined by the requirements and functions of the system in which it is located.
There is no requirement that leak detection and monitoring components be safety-related. See Figure 5.2-
I for the leak detection approach. The descriptions of the instrumentation and components used for leak
detection and monitoring include information on the system.-

To satisfy position I of Regulatory Guide 1.45, reactor coolant pressure boundary leakage is classified
as either identined or unidentined leakage. As denned in SSAR Chapter 16.1, Technical Specification
Section 1.1, identified leakage includes:

Leakage such as seal or valve packing seal leaks that are captured and conducted to collection*

systems or a sump or collecting tank

RCS leakage through a steam generator to the Secondary System or through the PRHR heat*

exchanger to the IRWST.

Leakage into the conteinmen' atmosphere from sources that are speciEcally located and known not*

to interfere with the g e i of leakage detection systems or pressure boundary leakage. (Up to
10 gpm of identified leakage is considered allowable by Technical Specification 3.4.8 because
leakage is from known sources that do not interfere with detection of unidentined leakage and is
well within the capability of the RCS Makeup System.)

Other leakage is unidentined leakage.

410.17 3
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5.2.5.1 Collection and Monitoring of Identified Leakage

Identined leakage other than intersystem leakage is collected in the reactor coolant drain tank. The
reactor coolant drain tank is a closed tank located in the reactor cavity in the containment. The tank vent
is piped to the gaseous ralwaste system to prevent release of radioactive gas to the containment
atmosphere. For positions I and 7 o Regulatory Guide i AS, the liquid level in the reactor coolant drain
tank and total now pumped out of the reactor coolant drain tank are used to calculate the identified
leakage rate. These parameters are available in the main control room. The reactor coolant drain tank,
pumps. and sensors are part of the liquid radwaste system. The following sections outline the various
sources of identined leakage other than intersystem leakage.

.

5.2.5.1.1 Valve Stem Leakoff Collection

Valve stem leakoff connections are not provided in the AP600.

5.2.5.1.2 Reactor tiend Seal

The reactor vessel Gange and head flange are sealed by two concentric seals. Seal leakage is detected
by two leak-off connections: one between the inner and outer seal, and one outside the outer seal. These
lines are combined in a hecder before being routed to the reactor coolant drain tank. An isolation valve
is installed in the common line. During normal plant operation, the leak-off valves are aligned so that
leakage across the inner seal drains to the reactor coolant drain tank.

A surface-mounted resistance temperature detector installed on the bottom of the common reactor vessel
seal leak pipe provides an indication and high temperature alarm signal in the main control room
indicating the possibility of a reactor pressure vessel head seal leak. The temperature detector and drain
line downstream of the isolation valve are part of the liquid radwaste system.

The reactor coolant pump closure flange is sealed with a welded canopy seal and does not require leak-off
collection provisions.

Leakage from other Danges is discussed in subsection 5.2.5.3, Collection and Monitoring of Unidentified
Leakage.

5.2.5.1.3 Pressurizer Safety Relief and Automatic Depressurization Valves

Temperature is sensed downstream of each pressurizer safety relief valve and each automatic
depressurization valve mounted on the pressurizer by a resistance temperature detector on the discharge
piping just downstream of each valve. High temperature indications (alarms in the main control room)
identify a reduction of coolant inventory as s resul; of seat leakage through one of the valves. These
detectors are part of the reactor coolant system. This leakage is drained to the reactor coolant drain tank
during normal plant operation and vented to containment atmosphere or the in-containment refueling water
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storage tank during accident conditions. This identified leakage is measured by the change in level of |
the reactor coolant drain tank.

'

5.2.5.1.4 Reactor Coolant Pump Drain

Leakage from the reactor coolant pump drain is directed to the reactor coolant drain tank. This identified
leakage is measured by the change in level in the reactor coolant drain tank.

5.2.5.1.5 Other Leakage Sources

In the course of plant operation, various minor leaks of the reactor coolant pressure boundary may be
detected by operating personnel. If these leaks can be subsequently observed, quantified, and routed to
the containment sump, this leakage will be considered identified leakage.

5.2.5.2 Intersystem Leakage Detection

Substantial intersystem leakage from the reactor coolant pressure boundary to other systems is not
expected. However, possible leakage points across passive barriers or valves and their detection methods
are considered. In accordance with position 4 of Regulatory Guide 1.45, auxiliary systems connected to
the reactor coolant pressure boundary incorporate design and administrative provisions that limit leakage.
Leakage is detected by increasing auxiliary system level, temperature, flow, or pressure, by lifting the
relief valves or increasing the values of monitored radiation in the auxiliary system.

The normal residual heat removal system and the chemical and volume control system, which are
connected to the reactor coolant system, have potential for leakage past closed valves. For additional !

information on the control of reactor coolant leakage into these systems. see subsections 5.4,7 and 9.3.6
and the intersystem LOCA discussion in subsection 1.9.5.1.

~

5.2.5.2.1 Steam Generator Tubes

An important potential identified leakage path for reactor coolant is through the steam generator tubes into
the secondary side of the steam generator. Identified leakage from the steam generator primary side is
detected by one, or a combination, of the following.

,

|

High condenser air removal discharge radioactivity, as monitored and alarmed by the turbine island=

vent discharge radiation monitor

Steam generator secondary side radioactivity, as monitored and alarmed by the steam generator*

blowdown radiation monitor

Secondary side radioactivity, as monitored and alarmed by the main steam line radiation monitors.

410.17-5
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&
Radioactivity, boric acid, or conductivity in condensate as indicated by laboratory analysis.

Details on the radiation monitors are provided in Section Il.5, Radiation Monitoring.

5.2.5.2.2 Component Cooling Water System

Leakage from the reactor coolant system to the component cooling water system is detected by the
component cooling water system radiation monitor, by increasing surge tank level, by high now
downstream of selected components, or by some combination of the preceding. Refer to Section 11.5,
Radiation Monitoring, and subsection 9.2.2, Component Cooling Water System.

5.2.5.3 Collection and Monitoring of Unidentified Leakage

'
To detect unidenti6ed leakage inside containment, in accordance with position 3 of Regulatory Guide
1.45, the following diverse methods may be utilized to quantify and assist in locating the leakage:

Containment Sump Level*

Reactor Coolant System Inventory Balance+

Containment Atmosphere Radiation*

Other methods that can be employed to supplement the above methods include:-

Containment Atmosphere Pressure, Temperature, and Humidity.

Visual Inspection.

The reactor coolant system is an all-welded system, except for the connections on the pressurizer safety
'

valves, reactor vessel head, pressurizer and steam generator manways, and reactor vessel head vent, w hich
are flanged. During normal operation, variations in airborne radioactivity, containment pressure,
temperature, or specific humidity above the normal level signify a possible increase in unidentified
leakage rates and alert the plant operators that corrective action may be required. Similarly, increases in
containment sump level signify an increase in unidentified leakage. The following sections outline the
methods used to collect and monitor unidentified leakage.

5.2.5.3.1 Containment Sump Level Monitor

Leakage from the reactor coolant pressure boundary and other components not otherwise identified inside
the containment will condense and flow by gravity via the floor drains and other drains to the containment
sump.

A leak in the primary system would result in reactor coolant flowing into the containment sump. Leakage
is indicated by an increase in the sump level. The containment sump level is monitored by two seismic
Category I level sensors in accordance with position 6 of Regulatory Guide 1.45. The level sensors are
powered from a safety-related Class IE electrical source. These sensors remain functional when subjected

410.17-6
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to a safe shutdown earthquake in conformance with the guidance in Regulatory Guide 1.45. The
containment sump level and sump total now sensors located on the discharge of the sump pump are part
of the liquid radwaste system.

Failure of one of the level sensors will still allow the calculation of a 0.5 gpm in-leakage rate within I
hour. The data display and processing system (DDS) computes the leakage rate and the plant control
system (PLS) provides an alarm in the main control room if the average change in leak rate for any given

'

measurement period exceeds 0.5 gpm for unidentified leakage. The minimum detectable leak is 0.03 gpm.
Unidentified leakage is the total leakage minus the identified leakage. The leakage rate algorithm
subtracts the identified leakage directed to the sump.

To satisy positions 2 and 5 of Regulatory Guide 1.45, the measurement interval must be long enough to
permit the measurement loop to adequately detect the increase in level that would correspond to 0.5 gpm
leak rate, and yet short enough to ensure that such a leak rate is detected within an hour. The
measurement interval is less than or equal to I hour.

When the sump level increases to the high level setpoint, one of the sump pumps automatically starts to
pump the accumulated liquid to the waste holdup tanks in the liquid radwaste system. The sump
discharge now is integrated and available for display in the control room in accordance with position 7
of Regulatory Guide 1.45.

1

Procedures to identify the leakage source upon a change in the unidentified leakage rate into the sump I

include the following: i

*

Check for changes in containment atmosphere radiation monitor indicatets,a
1

!

Check for changes in containment humidity, pressure, and temperature,*

Check makeup rate to the reactor coolant system for abnormal increases,a

|
Check for changes in water levels and other parameters in systems which could leak water into the |*

containment, and |

|
1

Review records for maintenance operations which may have discharged water into the containment.*

410.17-7
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l5.2.5.3.2 Reactor Coolant System in5entory Halance

Reactor coolant system inventory monitoring provides an indication of system leakage. Net level change ;
in the pressurizer is indicative of system leakage. Monitoring net makeup from the chemical and volume 1

control system and net collected leakage provides an important method of obtaining information to
establish a water inventory balance. An abnormal increase in makeup water requirements or a significant
change in the water inventory balance can indicate increased system leakage.

The reactor coolant system inventory balance is a quantitative inventory or mass balance calcelation. This
approach allows determination of both the type and magnitude of leakage. Steady state operation is
required to perforrn a proper inventory balance calculation. Steady-state is defined as stable reactor
coolant system pressure, temperature, power level, pressurizer level, and reactor coolant drain tank and
in-containment refueling water storage tank levels. The reactor coolant inventory balance is done on a
periodic basis and when other indication and detection methods indicate a change in the leak rate.

The mass balance involves isolating the reactor coolant system to the extent oossible and observing the

change ,in inventory which occurs over a known time period. This involves isolating the systems'

connected to the reactor coolant system. System inventory is determined by observing the level in the
pressurizer. Compensation is provided for changes in plant conditions which affect water density. The
change in the inventory determines the total reactor coolant systein leak rate. Identified leakages are
monitored (using the reactor coolant drain tank) to calculate a leakage rate and by monitoring the
intersystem leakage. The unidentified leakage rate is then calculated by subtracting the identified leakage
rate from the total reactor coolant system leakage rate. The minimum detectable leak is 0./ gpm.

Since the pressurizer inventory is controlled during normal plant operation through the level control
system, the level in the pressurizer will be reasonably constant even if leakage exists. The mass contained
in the pressurizer may fluctuate sufficiently, however, to have a significant effect on the calculated leak
rate. The pressurizer mass calculation includes both the steam and water mass contributions.

Changes in the reactor coolant system mass inventory are a result of changes in liquid density. Liquid
density is a strong function of temperature and a lesser function of pressure. A range of temperatures
exists throughout the reactor coolant system all of which may vary over time. A simplified, but
acceptably accurate, model for determining mass changes is to assume all of the reactor coolant system
is at Tw_,,.

The inventory balance calculation is done by the data display and processing system vith additional input
from sensors in the protection and safety monitoring system, chemical and volume control system, and
liquid radwaste system. The use of components and sensors in systems required for plant operation
provides conformance with the regulatory guidance of position 6 in Regulatory Guide 1.45 that leak
detection should be provided following seismic events that do not require plant shutdown.

W Westingt100seRev.2 -
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5.2.5.3.3 Containment Atmosphere Radioactivity Monitor

Leakage from the reactor coolant pressure boundary will result in an increase in the radioactivity levels
inside containment. The containment atmosphere is continuously monitored for airborne gaseous
radioactivity. Air How through the monitor is provided by the suction created by a vacuum pump.
Gaseous and Nn/Fu concentration monitors indicate radiation concentrations in the containment
atmosphere.

" e ;;r ''- a cr epend 2p!d!y te r~'^ cee!rt pr~ "e b~Hn ''tage. No and Fy are k,a
neutron activation products which is are proportional to power levels. ^ dd;"r2"y, "a h r 2 re'M!re!r
,um n ,i r i; r, y.g y~ m 7._.i;. q..;i:n. .. r:pid!y. An increase in activity inside containmentai _, n

would therefore indicate a leakage from the reactor coolant pressure boundary. Based on the concentration.

of Nn/Fu and the power level, reactor coolant pressure boundary leakage can be estimated.
.

mg..m : _:y . ._, n ,, , n :g , _ _ :,: . : . . n .ne. ,-,_ _ _ ,,: g g ,pg..e..,.,ge n:g .g e n

" - 20 p- e-' The N13 and F18 monitor is seismic Category I. Conformance with the position 6
guidancekf Regulatory Guide 1.45 that leak detection should be provided following seismic events that
do not require plant shutdown is provided by the seismic Category I classification. Safety-related Class
IE power is not required since loss of power to the radiation monitor is not consistent with continuing
operation following an earthquake. A be.e 20 per--i pe" e- 'e'e' : c e 'rr, 2 !ed '~: ''-- 0.5 gpr
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,
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Radioactivity concentration indication and alarms for loss of sample Dow, high radiation, and loss of
indication are provided. Sample collection connections permit sample collection for laboratory analysis.
The radiation monitor can be calibrated during power operation.

5.2.5.3.4 Containment Pressure, Temperature and llumidity Monitors

Reactor coolant pressure bounday leakage increases containment pressure, temperature, and humidity,
values available to the operator through the plant control system. Atfullpower the minimum detectable
leak is 0.1 gym when the radionuclide concentration in containment reaches equilibrium. The Na and
Fu monitor can detect a 0.3 gym leak when the plant is above 20% power and the concentration of
radiogas in containment us at equilibrium.

An increase in containment pressure is an indication of increased leakage or a high energy line break.
Containment pressure is monitored by redundant Class IE pressure transmitters. For additional discussion
see subsection 6.2.2, Passive Containment Cooling System.

,

|
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The containment average temperature is momtored using temperature instrumentation at the inlet to the
containment fan cooler as an indication of increased leakage or a high energy line break. This
instrumentation as well as temperature instruments within specific areas including steam generator areas,
pressurizer area, and containment compartments are part of the containment recirculation cooling system. |

An increase in the containment average temperature combined with an increase in containment pressure
iridicate increased leakage or a high energy line break. The individual compartment area temperatures
can assist in identifying the location of the leak.

|Containment humidity is monitored using temperature-compensated humidity detectors which determine
the water-vapor content of the containment atmosphere. An increase in the containment atmosphere ;

humidity indicates release of water vapor within the containment. The containment humidity monitors
are part of the containment leak rate test system.

The humidity monitors supplement the containment sump icvel monitors and are most sensitive under |
conditions when there is no condet.sation. A rapid increase of humidity over the ambient value by more |
than 10 percent is indication of a probable leak.

Containment pressure, temperature and humidity can assist in identifying and locating a leak. They are
not relied on to quantify a leak.

410.17-10
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RCS operational LEAKAGE
3.4.8

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.8 RCS Operational LEAKAGE

LCO 3.4.8 RCS operational LEAKAGE shall be limited to:

a. No pressure boundary LEAKAGE

b. 0.5 gpm unidentified LEAKAGE,

c. 10 gpa identified LEAKAGE from the RCS,

d. 1000 gallons per day total primary to secondary LEAKAGE
through both steam generators (SGs),

e. 500 gallons per day primary to seconoary LEAKAGE
through any one SG, and

f. 500 gallons per day primary to IRWST LEAKAGE through
the passive residual heat removal heat exchanger
(PRHR HX).

APPLICABILITY: MODES 1, 2, 3, and 4. '

ACTIONS

CON 0! TION REQUIRED ACTION COMPLETION TIME

e 5T5 3,e /J'

A. RCS LEAKAGE not within A.1 Reduce LEAKAGE to / hours /),p
limits for reasons other within limits.
than pressure boundary
LEAKAGE.

h
B. Required Action and B.1 Be in MODE 3. / hours

associated Completion
Time not met. A!Q

O B.2 Be in MODE 5. hoursJ
Pressure boundary
LEAKAGE. exists.

-

h AP600 3.4 12 08/96 Amendment 0
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RCS Operational LEAKAGE
3.4.8

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.4.8.1 -......--........N0TC..--...--.---- - -- - .--NOTE------ Not reouired to be performed in M00E 3 Only reautred
and 4 until 12 hours of steady stats to be performed
operation, during steady
........................................ state

operation.
..............

Perform a RCS water inventory balance. 72 hours

SR 3.4.8.2 Verify steam generator tube integrity is In accordance
in accordance with the Steam Generator with the Steam
Tube Surveillance Program. Genitrator Tube |

Surve111.9ce
JProgram

l

1

1

1

h AP600
-

3.4-13 08/96 Amendment 0- , . 1
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RCS Operational LEAKAGE
B 3.4.8

8 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.8 RCS Operational LEAKAGE

BASES

BACKGROUND Components that contain or transport the coolant to or from
the reactor core comprise the RCS, Component joints are
made by welding, bolting, rolling, or pressure loading, and
valves isolate connecting systems from the RCS,

During plant life, the joint and valve interfaces can
produce varying amounts of reactor coolant LEAKAGE, through
either normal operational wear or mechanical deterioration.
The purpose of the RCS Operational LEAKAGE LCO is to limit
system operation in the presence of LEAKAGE from these
sources to amounts that do not compromise safety. This LCO,

specifies the types and amounts of LEAKAGE.

10 CFR 50, Appendix A, CDC 30 (Ref.1), requires means for
detecting and, to the extend practical, identifying the
source of reactor coolant LEAKAGE. Regulatory Guide 1.45
(Ref. 2) describes acceptable methods for selecting leakage
detection systems.

The safety significance of RCS LEAKAGE varies widely
depending on its source, rate, and duration. Therefore,
detecting and monitoring RCS LEAKAGE into the containment
area is necessary. Quickly separating the identified
LEAKAGE from the unidentified LEAKAGE is necessary to
provide quantitative information to the operators, allowing
them to take corrective action should a leak occur that is
detrimental to the safety of the facility and the public.

A limited amount of LEAKAGE inside containment is expected
from auxiliary systems that cannot be made 100% leaktight.
LEAKAGE from these systems should be detected, located, and
isolated from the containment atmosphere, if possible, to
not interfere with RCS LEAKAGE detection.

This LCO deals with protection of the reactor coolant
pressure boundary (RCPB) from degradation and the core from
inadequate cooling, in addition to preventing the accident

I analyses radiation release assumptions from being exceeded.
The consequences of violating this LCO include the
possibility of a loss of coolant accident (LOCA).

| (continued)

h AP600
.m =

B 3.4-32 08/96 Amendment 0m = em
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RCS Operational LEAKAGE
B 3.4.8

BASES (continued)

APPLICABLE Except for primary to secondary LEAKAGE, the safety analyses
SAFETY ANALYSES do not address operational LEAKAGE. However, other

operational LEAKAGE is related to the safety analyses for
LOCA. The amount of LEAKAGE can affect the probability of
such an event. The safety analysis for an event resulting
in steam discharge to the atmosphere assumes a 1000 gpd
primary to secondary LEAKAGE as the initial condition.

Primary to secondary LEAKAGE is a factor in the dose
releases outside containment resulting from a steam line,

break (SLB) accident. To a lesser extent, other accidents
or transients involve secondary steam release to the
atmosphere, such as a steam generator tube rupture (SGTR).
The leak contaminates the secondary fluid.

The SSAR (Ref. 3) analyses for the accidents involving
The design basis radiological consequences secondary side releases assume 500 gpd primary to secondary
resulting from a postulated SLB accident __JEAKAGEineachgeneratorasaninitialcondition. The den
and SGTR are provided in Sections 15.1.5 .Dfr nNnsu ing rm e acci en s an np rted eu

and 15.6,3 of the AP600 SSAR (Ref. 3).
The RCS operational LEAKAGE satisfies Criterion 2 of the NRC
Policy Statement.

LCO RCS operation LEAKAGE shall be limited to:

a. Pressure Boundary LEAKAGE

No pressure boundary LEAKAGE is allowed, being indicative
of material deterioration. LEAKAGE of this type is
unacceptable as the leak itself could cause further
deterioration, resulting in higher LEAKAGE. Violation of
this LCO could result in continued riegradation of the
RCPB. LEAKAGE past seals and gaskets are not pressure
boundary LEAKAGE.

b. Unidentified LEAKAGE

0.5 gpm of unidentified LEAKAGE is allowed as a
y,3 / rig - reasonable minimum detectable amount that the containment

air, radioactivity monitoring and containment sump level
monitoring equipment, can detect within a reasonable time
period. This leak rate supports leak before break (LBB)
criteria. Violation of this LCO could result in
continued degradation of the RCPB, if the LEAKAGE is from
the pressure boundary.

(continued)

h AP600 B 3.4 33 08/96 Amendment 0
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RCS Operational LEAKAGE
B 3.4.8

BASES

LCO c. Identified LEAKAGE
(continued)

Up to 10 gpm of identified LEA U GE is considered
allowable because LEAKAGE is from known sources that do
not interfere with detection of unidentified LEAKAGE and
is well within the capability of the RCS Makeup System.
Identified LEAKAGE includes LEAKAGE to the containment
from specifically known and located sources, but does not
include pressure boundary LEAKAGE. Violation of this LCO
could result in continued degradation of a component or
system.

d, Primary to Secondary LEAKAGE throuah Both Steam
Generators (SGs)

Total primary to secondary LEAKAGE through both SGs
amounting to 1000 gpd produces acceptable offsite doses
in the Steam Line Break (SLB) accident analysis.
Violation of this LCO could exceed the offsite dose
limits for this accident. Primary to secondary LEAKAGE
must be included in the total allowable limit for
identified LEAKAGE.

e. Primary-to-Secondary LEAKAGE throuah One SG

The 500 gpd limit from one SG is based on the assumption
that a single crack leaking this amount would not

|
propagate to a SGTR under the stress conditions of a LOCA |
or a main steam line rupture,

f. Primary to IRWST LEAKAGE throuah the PRHR Heat Exchanaer
M Y.

The 500 gpd limit from the PRHR HX s based on the |a.ssumption that a single crack leavJng this amount would
not lead to a PRHR tube rupture under the stress
condition of an RCS pressure increase event. If leaked
through many cracks, the tracks are very small, and the
above assumption is conservative. Thi.s is conservative
because the thickness of the PRHR HX tubes is
approximately 60% greater than the thickness of the SG
tubes. Furthermore, a PRHR HX tube ructure would result
in an isolable leak and would not lead to a direct
release of radioactivity to the atmosphere.

(continued)

h AP600
wa, _ _ _ --
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RCS Operational LEAKAGE
B 3.4.8

BASES (continued)

APPLICABILITY In MODES 1, 2, 3, and 4, the potential for RCPB LEAKAGE is
1

greatest when the RCS is pressurized.

In MODES 5 and 6. LEAKAGE limits are not required because |
the reactor coolant pressure is far lower, resulting in )lower stresses and reduced potentials for LEAKAGE.

ACTIONS A_d ye,

Unidentified LEAKAGE, identified LEAKAGE, or primary to
secondary LEAKAGE in excess of th9 LCO limits must be
reduced to within limits within,8; hours. This Completion
Time is based on risk considerations and allows time
to verify leakage rates and either identify unidentified
LEAKAGE or reduce LEAKAGE to within limits before the
reactor must be shut down. This action is nec.essary to
prevent further deterioration of the RCPB.

B.1 and 8.2

If any pressure boundary LEAKAGE exists, or if unidentified
LEAKAGE, identified LEAKAGE, or primary to secondary LEAKAGE
cannot be reduced to within limits within 8 hours, the
reactor must be brought to lower pressure conditions to
reduce the severity of the LEAKAGE and its potential
consequences. It should be noted that leakage past seals *
and gaskets is not pressure boundary LEAKAGE. The reactor

-

must be brought to MODE 3 within g, hours and to MODE 5
within (if hours. This action redutes the LEAKAGE and also
reduces t e factors which tend to..' degrade the pressure
boundary.

.The allowed Completion Times are reasonable, based on
operating experience, to reach the required plant conditions
from full power conditions in an orderly manner and without
ACTIONS challenging plant systems. In MODE 5, the pressure
stresses acting on the RCPB are much lower, and further
deterioration is much less likely.

SURVEILLANCE SR 3.4.8.1
REQUIREMENTS

Verifying RCS LEAKAGE within the LCO limits ensures the
integrity of the RCP8 is maintained. Pressure boundary
LEAKAGE would at first appear as unidentified LEAKAGE and
can only be positively identified by inspection.

(continued)
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RCS Operational LEAKAGE
B 3.4.8

BASES

SURVEILLANCE SR 3.4.8.1 (continued)
REQUIREMENTS

Unidentified LEAKAGE and identified LEAKAGE are determined.

by performance of a RCS water inventory balance. Primary to
secondary LEAKAGE is also measured by performance of an RCS
water inventory balance in conjunction with effluent
monitoring within the secondary steam and feedwater systems.

The RCS water inventory balance must be met with the reactor
at steady state operating conditions and near operating
pressure. Therefore, this SR is not required to be
performed in MODES 3 and 4 until 12 hours of steady state
operation near operating pressure have been established.

Steady state operation is required to perform a proper
inventory balance; calculations during maneuvering are not
useful and a Note requires the Surveillance to be met when
steady state is established. For RCS operational LEAKAGE
determination by inventory balance, steady state is defined
as stable RCS pressure, temperature, power level,
pressurizerandmakeuptanklevels,andpakeupandletdown,3wer* M ex
An early warning of pressure boundary LEAKAGE or
unidentified LEAKAGE is provided by the automatic systata3/68
thatmonitorthecontainmentatmospherefradioactivityand
the containment sump level. It should ue noted that LEAKAGE
past seals and gaskets is not pressure boundary LEAKAGE. *

These LEAKAGE detection systems are specified in LCO 3.4.10
"RCS LEAKAGE Detn tion Instrumentation."

(NS W | "
The 72 hour Frequency is a reasonable interval to trend
LEAKAGE and recognizes the importance of early leakage
detection in the prevention of accidents. A Note under the
Frequency column states that this SR is required to be
performed during steady state operation.

SR 3.4.8.2

This SR provides the means necessary to determine SG
OPERABIL11Y in an operational MODE. The requirement to
demonstrate SG tube integrity in accordance with the Steam
Generator Tube Surveillance Program emphasizes the
importance of SG tube integrity, even though this
Surveillance cannot be performed at normal operating
conditions.

(continued)
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RCS Operational LEAKAGE
,

B 3.4.8 |
|

BASES
i

REFERENCES 1. 10 CFR 50, Appendix A GDC 30,

2. Regulatory Guide 1.45, May 1973.

3. AP600 SSAR, Chapter 15, " Accident Analysis." j

l

!

l
1

.

'P600A

BASES 3.4.8 |

[NSERT|

The containment atmosphere N13/F18 radioactivity leakage
measurement is valid only for plant power > 20% RTP.

The containment atmosphere N13/F18 radioactivity leakage
measurement during H00E 1 is not valid while containment purge
occurs or within 2 hours after the end of containment purge.

The containment sump level change method of detecting leaks during
MODES 1. 2. 3. and 4 is not valid while containment purge occurs
or within 2 hours after the end of containment purge.

The containment sump level change method of detecting leaks during
H0 DES 1, 2. 3. and 4 is not valid during extresaly cold outside
ambient conditions when frost is forming in the interior of the
containment vessel,

h AP600 B 3.4 37 08/96 Amendment 0
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RCS Leakage Detection Instrumentation
3.4.10

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.10 RCS Leakage Detection Instrumentation

LCO 3.4.10 The following RCS leakage detection instrumentation shall be
OPERABLE:

a. One containment sump level channel;

b. One containment atmosphere radioactivity monitor
(gaseous N13/F18).

N --

a/a 7E

*

APPLICABILITY: MODES 1, 2, 3, and 4 7NE "' 3/7/8 c euwwe'8Wr *ta***fEs

y podeoecnvary sewe7=<. ,s pw #E4 4s4
n a n. usuale sa ><ece a wors

ACTIONS MP 20% -
__

4

CONDITION REQUIRED ACTION COMPLETION TIME
'

A. Required containment ------ --NOTE ------- ---- frs 3.ts5sump channel LCO 3.0.4 is not applicable. 4. 2.1noperab1e. ------- ---- - - -- - --

A.! Perform SR 3.4.8.1 (RCS Once per
inventory balance). 24 hours

8.!!Q

A.2 Restore containment sump 3o Mv5
channel to OPERABLE 15e "a
status.

(continued)
|

- - -

I f _-- para - -

|
rMt4%ts.enga n odoc By CPE*fadLE Su"AAEJELso

' /Mu mesan cos,) se ess/pagse sNE99fer>JE, if
A E44% E. u Mrstmas 50*< uko,e,a,q rus su.**r sucs

A S 3 1 R E M 2 e71a.a.) 10 7We tRM B'r TNe tw.H.**W
Sek GuTreA snre.+1.

_
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A
RCS Leakage Detection Instrumentation

3.4.10

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

B. Required containment -- ----- -- NOTE----------- -

atmosphere LCO 3.0.4 is not applicable. g 3,y,f5radioactivity monitor - --- --------------- ------

inoperable.

B.1.1 Analyze grab samples of Once per
containment atmosphere. 24 hours

93

B.1.2 Perform SR 3.4.8.1. Once per
24 hours

852
30 My3

B.2 Restore :ontainment ' M '^ u "
atmosphere
radioactivity monitor
to OPERABLE status.

C. Reautred Action and C.) Be in MODE 3. hours
associated Completion
Time not met. A_NQN

S 36
C.2 Be in MODE /. M hours

- m .-m _- _~ -, , .

|

|

|

h AP600
.

3.4-16 08/96 Amendment 0
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RCS Leakage Detection Instrumentation
3.4.10

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

/ 2.- SM i
SR 3.4.10.1 Perform a CHANNEL CHECK of required 24 hours sg3,4,fS,1 |containment atmosphere radioactivity

monitor, |
i

C67
SR 3.4.10.2 Perfonn an C':""':L 0^:^47:Zta 7:1T of 92 days

required containment atmosphere
radioactivity monitor.

SR 3.4.10.3 Perform a CHANNEL CALIBRATION of 24 months
required containment sump monitor.

SR 3.4.10.4 Perform a CHANNEL CALIBRATION of 24 months
required containment atmosphere
radioactivity monitor.

.
-

1

.
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RCS Leakage Detection Instrumentation
B 3.4.10

1

1

8 3.4 REACTOR COOLANT SYSTEM (RCS)
'

B 3.4.10 RCS Leakage Detection instrumentation
1

l

BASES
.

IBACKGROUND CDC 30 of Appendix A to 10CfR50 (Ref.1) requires means for
i

detecting. and, to the extent practical, identifying the
source of RCS LEAKAGE. Regulatory Guide 1.45 (Ref. 2)
describes acceptable methods for selecting LEAKAGE detection
systems.

LEAKAGE detection systems must have the capability to detect
significant reactor coolant pressure boundary (RCPB)
degradation as soon after occurrence as practical to
minimize the potential for propagation to a gross failure.
Thus, an early indication or warning signal is necessary to
permit proper evaluation of all unidentified LEAKAGE.

Industry practice has shown that water flow changes of
0.5 gpm can be readily detected in contained volumes by
monitoring changes in water level, in flow rate, or in the
operating frequency of a pump. The containment sump used to
collect unidentified LEAKAGE, is instrumented to alarm for
increases of 0.5 gpm in the normal flow rates. This
sensitivity is acceptable for detecting increases in
unidentified LEAKAGE.

.
Reactor coolant radioactivity used for The reactor coolant contains radioactivity that, when
leak detection is the decay of N13/F18. released to the containment, can be detected.by radiation

monitoring ingruntentation. Deacr cooTa rldfoac vt(yl ,

[lessis afil be hw 4dring inMial' reactor st ftup an jg,.pgg- or a
,few weeks thereafter, until activated corrpsion produc 5 ;w.u .

|elbment cladding contaminat,lon or cladding def.ecf1J The
have'been formed and fission products appear from fuel i

^^#0 F IS uRTon of N13415 proport16nal to' the reactor power
levei. M13 nas a short half life and comes to equilibrium
quich Instrument sensitivities for gaseous monitoringF18 has a longer half life and is the are practical for these LEAKAGE detection systems. The

dominant source used for leak detection. Radiation Monitoring System includes monitoring N13/F18
gaseous activities to provide leak detection.

)

(continued)
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|
| RCS Leakage Detection Instrumentation

B 3.4.10

BASES (continued)

|
'

APPLICABLE The need to evaluate the severity of an alarm or an
SAFETY ANALYSES indication is important to the operators, and the ability to

compare and verify with indications from other systems is
necessary. The system response times and sensitivities are
described in the SSAR (Ref. 2).

The safety significance of RCS LEAKAGE varies widely
depending on its source, rate, and duratinn. Therefore,
detecting and monitoring RCS LEAKAGE into the containment
area is necessary. Quickly separating the identified
LEAKAGE from the unidentified LEAKAGE provides quantitative
information to the operators, allowing them to take
corrective action should a leak occur.

RCS LEAKAGE detection instrumentation satisfies criterion 1
of the NRC Policy Statement.

.

LCO One method of protecting against large RCS LEAKAGE derives
from the ability of instruments to rapidly detect extremely
small leaks. This LCO requires instruments of diverse
monitoring principles to be OPERABLE to provide a high
degree of confidence that small leaks are detected in time
to allow actions to place the plant in a safe condition,
when RCS LEAKAGE indicates possible RCPB degradation.

, jic E L,
The LCO is satisfied when monitors of diverse me$sureret
means are available. Thus, the containment sump' monitor, e
combination with an N13/F18 gaseous activity monitor
provides an acceptable minimum.j

APPLICABILITY Because of elesated RCS tem;rature and pressure in MODES 1,
2, 3, and 4, RC3 LEAKAGE ds.tu tion instrumentation is
required to be cPERABLE.

In MODE 5 or 6 the temperature is 1 200'F and pressure is
maintained low or at atmospheric pressure. Since
the temperatures and pressures are lower than those for
MODES 1, 2, 3, and 4, the likelihood of leakage
and crack propagation are much smaller. Therefore, the
requirements of this LCO are not applicable in MODES 5
and 6.

last M 6 ~~1*

(continued)
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AP600
BASES 3.4.10

INSERTS PAGE 3.4 42 l

*

A. Containment sump level monitoring is performed by two
iredundant seismically qualif ted level instruments. v2 ue ;

pcr7e cuMoFaes r,Mr if tr4 chca os newswee
rio,., trud, we vssH, .mf*MewcMS eMdE
24 e#5(Asta. %W Lev &L . MuTKs s.44wr
S t. MLeo,

1

B. Sump level monitoring is a valid method for MODES 1, 2, 3, I

and 4. Containment atmosphere N13/F18 monitoring is valid
only in H00E 1 with reactor power > 20% RTP. RCS inventory
monitoring via the pressurizer level changes is valid in
H0 DES 1, 2, 3, and 4 only when RCS conditions are stable,
i.e., temperature constant, pressure constant, no makeup and ;
no letdown.

The containment atmosphere N13/F18 radioactivity leakage
measurement during H00E 1 is not valid while containr..ent
purge occurs or within 2 hours after the end of containment
purge.

|
The containment sump level change method of detecting leaks |

I during MODES 1, 2, 3, and 4 is not valid while containment I

purge occurs or within 2 hours after the end of containmant
purge.

The containment sump level change method of detecting leaks
during MODES 1, 2, 3, and 4 is not valid during extremely
cold outside afnbient conditions when frost is forming in the

,

interior of the containment vessel. I

1

l

l ,

| 1
1

;
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RCS Leakage Detection Instrumentation
B 3.4.10

|

| BASES (continued)
_

ACTIONS A.1 and A.2 p.n .

With the required containment sump. channel inoper&M e, no
other form of sampling can provide the equivalent
information; however, the containment atmosphere Nf 3/F/6
radioactivity monitor will provide indications of changes in
LEAKAGE. Together with the atmosphere monitor, the periodic
surveillance for RCS inventory balance, SR 3.4.8.1, must be
performed at an increased frequency of 24 hours to provide
information that is adequate to detect LEAKAGE.

Restoration of the sump channel to OPERABLE status is
required to regain the function in a Completion Time of

oc ctf*>t6644uca af ter the monitor's f ailure. This time is
acceptable, considering the frequency and adequacy of
the RCS inventory balance required by Action A.I.

Required Action A.1 is modified by a Note that indicates
that the provisions of LCO 3.0.4 are not applicable. As a
result, a MODE change is allowed when the containment sump
channel is inoperable. This allowance is provided because
other instrumentation is available to monitor RCS Leakage.

8.1.1. B.1.2. and 8.2

With one gaseous N13/F18 containment atmosphere
radioactivity-monitoring instrumentation channel inoperable,
alternative action is required. Either grab samples of the
containment atmosphere must be taken and analyzed or RCS
inventory balanced, in accordance with SR 3.4.8.1, must be
performed to provide alternate periodic information.

With a sample obtained and analyzed or an RCS inventory
Dalance performed every 24 hours, the reactor may be an RCS
operated for up to M" 5:r: to allow restoration of the
radioactivity monitor. Ly pm
The 24 hours interval for grab samples or RCS inventory
balance provides periodic information that is adequate to
detect LEAKAGE. The evre Completion Time recognizes at
least one other form f leak detection is available.

- 30 C+1

(continued)

h AP600 B 3.4 43 08/96 Amendment 0|
a, e.eemem

410.17-25
W Westilighouse Rev.2

'

"
:
|

-



. .

NRC REQUEST FOR ADDITIONAL INFORMATION

...g

_

RCS Leakage Detection Instrumentation
L 3.4.10

BASES

ACTIONS B.1.1. B.1.2. and 8.2 (continued)

Required Action 8.1 and Required Action B.2 are modified by
a Note that indicates that the provisions of LCO 3.0.4 are
not applicable. As a result, a MODE change is allowed when
the gaseous N13/ FIB containment atmosphere radioactivity
monitor channel is inoperable. This allowance is provided
because other instrumentation is available to monitor for
RCS LEAKAGE.

.6C.1 and C.2

If a Required Action of Condition A or 8 cannot be met
withintherequifedCompletionTime,thereactormustbe
brought to MODE / where the probability and consequences of
an event are minimized. To achieve this st

brought to at least MODE 3 within E,jtus, the planthours to MODE A Smu
3G 'withi hours. The allowed Completion Times are

reasona le, based on operating experience, to reach the
required plant conditions from full power conditions in an
orderly manner without challenging plant systems.

/ p,3[16SURVEILLANCE SR 3.4.10.1
REQUIREMENTS

SR 3.4.10.1 requires the performance of a CHANNEL CHECK of

givesreasonableconfidenc|ethatthechannelisoperating
the containment atmosphere radioactivity monitor. The check

,

properly. The Frequency of f hours is based on instrumentreliability and risk and is reasonable for detecting off
normal conditions. , .

SR 3.4.10.2 g / 3 /j:~/8p
SR 3.t.10.2 requires the performance of CHANNEL
OPERATIONAL TEST (C0T) on the atmosphere radioactivity
monitor. The test ensures that the moni or can perform its
function in the desired manner. The test verifies the alarm
setpoint and relative accuracy of the instrument string.
The Frequency of 92 days considers risks and instrument
rei bbility, and operating experience has shown that it is
proper for detecting degradation.

.

(continued)
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RCS Leakage Detection Instrumentation
B 3.4.10

1
'

BASES

,

SURVEILLANCE SR 3.4.10.3 and SR 3.4.10.4
REQUIREMENTS

(continued) These SRs require the performance of a CHANNEL CALIBRATION
for each of the RCS Leakage detection instrumentation.

channels. The calibration verifies the accuracy of the
instrument string, including the instruments located inside
containment. The Frequency of 24 months is a typical
refueling cycle and considers channel reliability.
Again, operating experience has proven that this Frequency
is acceptable.

REFERENCES 1. 10 CFR 50, Appendix A, Section IV, GDC 30,

2. Regulatory Guide 1.45, " Reactor Coolant Pressure Boundary
LEAKAGE Detection Systems," U.S. Nuclear Regulatory
Comi ssion.

3. AP600 SSAR Chapter 15. " Accident Analysis."

.

h AP600 B 3.4 45 08/96 Amendment 0

410.17-27
W Westinghouse Rev.2

1



.. . .. . . - - - . ~ ._ .__ - ._ _

I

. .

i
NRC REQUEST FOR ADDITIONAL INFORMATION

i

i EF =H
m

Question 410.17 Revision 2 )
!

| Position C.9 of RG 1.45 states that the technical specifications should address the availability of various
types ofinstruments for RCPB leakage to ensure adequate coverage at all times. Describe how the AP600
design will meet this regulatory position (Section 5.2.5).

i >

!

Response:

SSAR Chapter 16, Technical Specification 3.4.10 defines the operability requirements for RCS leakage
detection instrumentation. This instrumentation,used to identify reactor coolant pressure boundary leakage,
is designed so that its operability may be determined at all times. Should a detector fail (signal outside
its calibrated range or self-detect trouble), the plant instrumentation system will alarm in the main control
room that the specific leak detection display is questionable. The alarm prompts the operators to observe
other sensors providing leak detection information. Technical Specification 3.4.10 requires instruments
of diverse monitoring methods to be operable to provide a high degree of confidence that small leaks are
detected in time to allow actions to place the plant in a safe condition when RCS leakage indicates
possible reactor coolant pressure boundary degradation .

The primary methods of detecting leaks during stable plant operating conditions are sump level changes
and reactor coolant inventory (pressurizer level) changes. The primary methods for detecting leaks during
varying system conditions such as makeup and letdown operations and power transients are sump level
changes and N13/F18 detection.

Table 410.17-1 summarizes the validity of the diverse methods of detecting RCPB leakage.

SSAR Revision: Revisions to SSAR Section 5.2.5 and Chapter 16 are attached. Revision 2 of this RAI
response is submitted to provide the complete markupfor SSAR Chapter 16; the Revision 1 markup
included only the BASES changesfor Technical Specification 3.4.10 whereas the LCO changes are
included in this revision.

i

l
,
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A
Table 410.171

Validity of RCPB Leak Detection Methods

"' Y ## ##* " #
% RATED AVERAGE

REACTIVITY TilERMAL RCS
MOI)ES TITLE CONDITION POWER (a) TEMPERATURE Sump Level RCS Inventory

(lQ) ( F) (d),(e) N13/F18 (g)

1 Power Operation > 0.99 >5 NA Valid Valid (O Valid

2 Startup > 0.99 <5 NA Valid Invalid Valid

3 llot Standby < 0.99 NA > 420 Valid Invalid Valid

4 Safe Shutdown (b) < 0.99 NA 420 > T,,, > 200 Valid Invalid Valid

5 Cold Shutdown (b) < 0.99 NA < 200 NA NA NA

6 Refueling (C) NA NA NA NA NA NA

(a) Exc udmg decay heat.

(b) All reactor vessel head closure bolts fully tensioned.

(c) One or more reactor vessel head closure bolts less than fully tensioned.

(d) Sump level change detection ofleaks not valid during extremely cold outside conditions when frost forms on interior of containment vessel.
(e) Leak detection method not valid during containment atmosphere purge operations or within 2 hours of end of purge.

(f) Power > 20%
(g) RCS at steady state; i.e. no temp. change, no pressure change, no makeup or letdown.

410.17-2
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5.2.5 Detection of Leakage Through Reactor Coolant Pressure Boundary

The reactor coolant pressure boundary (RCPB) leakage detection monitoring provides a means of
detecting and to the extent practical, identifying the source and quantifying the reactor coolant leakage.
The detection monitors perfonn the detection and monitoring function in conformance with the
requirements of General Design Criteria 2 and 30 and the recommendations of Regulatory Guide 1.45.
Leakage detection monitoring is also maintained in support of the use of leak-before-break criteria for
high-energy pipe in containment. See subsection 3.6.3 for the application of leak-before-break criteria.

Leakage detection monitoring is accomplished using instrumentation and other components of several
systems. Diverse measurement methods including level, flow, and radioactivity measurements are used
for leak detection. The equipment classification for each of the systems and components used for leak
detection is generally determined by the requirements and functions of the system in which it is located.
There is no requirement that leak detection and monitoring components be safety-related. See Figure 5.2-
I for the leak detection approach. The descriptions of the instrumentation and components used for leak
detection and monitoring include information on the system.

To satisfy position I of Regulatory Guide 1.45, reactor coolant pressure boundary leakage is classi6ed
as either identiSed or unidentined leakage. As defined in SSAR Chapter 16.1, Technical Speci6 cation
Section 1.1, identified leakage includes:

Leakage such as seal or valve packing seal leaks that are captured and conducted to collection.

systems or a sump or collecting tank

RCS leakage through a steam generator to the Secondery Systen or through the PRHR heat*

*

exchanger to the IRWST.

Leakage into the containment atmosphere from sources that are specifically located and known not.

to interfere with the operation of leakage detection systems or pressure boundary leakage. (Up to
10 gpm of identined leakage is considered allowable by Technical Speci6 cation 3.4.8 because
leakage is from known sources that do not interfere with detection of unidentified leakage and is
well within the capability of the RCS Makeup System.)

Other leakage is unidentif ed leakage.

.

|
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|
5.2.5.1 Collection and Monitoring of Identified Leakage

| Identified leakage other than intersystem leakage is collected in the reactor coolant drain tank. The
l reactor coolant drain tank is a closed tank located in the reactor cavity in the containment. The tank vent

is piped to the gaseous radwaste system to prevent release of radioactive gas to the containment
atmosphere. For positions 1 and 7 of Regulatory Guide 1.45, the liquid level in the reactor coolant drain,,

tank and total flow pumped out of the reactor coolant drain tank are used to calculate the identified
| leakage rate. These parameters are available in the main control room. The reactor coolant drain tank,
| pumps, and sensors are part of the liquid radwaste system. The following sections outline the various )sources of identified leakage other than intersystem leakage.

5.2.5.1.1 Valve Stem Leakoff Collection

Valve stem leakoff connections are not provided in the AP600. )

5.2.5.1.2 Reactor Head Seal

The reactor vessel flange and head flange are sealed by two concentric seals. Seal leakage is detected
by two leak-off connections: one between the inner and outer seal, and one outside the outer seal. These ;
lines are combined in a header before being routed to the reactor coolant drain tank. An isolation valve

i

is installed in the common line. During nonnal plant operation, the leak-off valves are aligned so that '

leakage across the inner seal drains to the reactor coolant drain tank.

A surface-mounted resistance temperature detector installed on the bottom of the common reactor vessel
seal leak pipe provides an indication and high temperature alarm signal in the main control room
indicating the possibility of a reactor pressure vessel head seal leak. The temperature detector and drain
line downstream of the isolation valve are part of the liquid radwaste system.

i

I
The reactor coolant pump closure flange is sealed with a welded canopy seal and does not require leak-off |
collection provisions.

'

Leakage from other flanges is discussed in subsection 5.2.5.3, Collection and Monitoring of Unidentified
Leakage.

5.2.5.1.3 Pressurizer Safety Relief and Automatie Depressurization Valves

Temperature is sensed downstream of each pressurizer safety relief valve and each automatic
depressurization valve mounted on the pressurizer by a resistance temperature detector on the discharge
piping just downstream of each valve. High temperature indications (alarms in the main control room)!

! identify a reduction of coolant inventory as a result of seat leakage through one of the valves. These

| detectors are part of the reacter coolant system. This leakage is drained to the reactor coolant drain tank
| during normal plant operation and vented to containment atmosphere or the in-containment refueling water
:

410.17-4
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storage tank during accident conditions. This identined leakage is measured by the change in level of
' the reactor coolant drain tank.

5.2.5.1.4 Reactor Coolant Pump Drain

Leakage from the reactor coolant pump drain is directed to the reactor coolant drain tank. This identified
leakage is measured by the change in level in the reactor coolant drain tank.

5.2.5.1.5 Other Leakage Sources

In the course of plant operation, various minor leaks of the reactor coolant pressure boundary may be
detected by operating personnel. If these leaks can be sut,sequently observed, quantined, and routed to
the containment sump, this leakage will be considered identified leakage.

5.2.5.2 Intersystem Leakage Detection

Substantial intersystem leakage from the reactor coolant pressure boundary to other systems is not,

expected. However, posrible leakage points across passive barriers or valves and their detection methods
are considered. In accordance with position 4 of Regulatory Guide 1.45, auxiliary systems connected to
the reactor coolant pres',ure boundary incorporate design and administrative provisions that limit leakage. ;

Leakage is detected by increasing auxiliary system level, temperature, now, or pressure, by lifting the
relief valves or increasing the values of monitored radiation in the auxiliary system.

The normal residual heat removal system and the chemical and volume contrc>l system, which are
connected to the reactor coolant system, have potential for leakage past closed valves. For additional
information on the control of reactor coolant leakage into these systems, see subsections 5.4.7 and 9.3.6
and the intersystem LOCA discussion in subsection 1.9.5.1.

5.2.5.2.1 Steam Generator Tubes

An important potential identified leakage path for reactor coolant is through the steam generator tubes into
the secondary side of the steam generator. Identined leakage from the steam generator primary side is
detected by one, or a combination, of the following:

High condenser air removal discharge radioactivity, as monitored and alarmed by the turbine island*

vent discharge radiation monitor

1

Steam generator secondary side radioactivity, as monitored and alarmed by the steam generator I=

blowdown radiation monitor

Secondary side radioactivity, as monitored and alarmed by the main steam line radiation monitors*

410.17-5
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Radioactivity, boric acid, or conductivity in condensate as indicated by laboratory analysis*

Details on the radiation monitors are provided in Section 11.5, Radiation Monitoring.

5.2.5.2.2 Component Cooling Water System

Leakage from the reactor coolant system to the component cooling water system is detected by the
component cooling water system radiation monitor, by increasing surge tank level, by high flow
downstream of selected components, or by some combination of the preceding. Refer to Section 11.5,
Radiation Monitoring, and subsection 9.2.2, Component Cooling Water System.

5.2,5.3 Collection and Monitoring of Unidentified Leakage

To detect unidentified leakage inside containment, in accordance with position 3 of Regulatory Guide
I AS, the following divers: methods may be utilized to quantify and assist in locating the leakage:

Containment Sump Level*

Reactor Coolant System Inventory Balance*

Containment Atmosphere Radiation*

Other methods that can be employed to supplement the above methods include:

Containment Atmosphere Pressure, Temperature, and Humidity*

Visual Inspection*

The reactor coolant system is an all welded system, except for the connections on the pressurizer safety
valves, reactor vessel head, pressurizer and steam generator manways, and reactor vessel head vent, w hich
are flanged. During normal operation, variations in airborne radioactivity, containment pressure,
temperature, or specific humidity above the normal level signify a possible increase in unidentified
leakage rams and alert the plant operators that corrective action may be required. Similarly, increases in
containment sump level signify an increase in unidentified leakage. The following sections outline the
methods used to collect and monitor unidentified leakage.

5.2.5.3.1 Containment Sump Level Monitor

Leakage from the reactor coolant pressure boundary and other components not otherwise identified inside
the containment will condense and flow by gravity via the floor drains and other drains to the containment
sump.

A leak in the primary system would result in reactor coolant flowing mto the containment sump. Leakage
is indicated by an increase in the sump level. The containment sump level is monitored by'two seismic )
Category I level sensors in accordance with position 6 of Regulatory Guide I AS. The level sensors are l

powered from a safety-related Class IE electrical source. These sensors remain functional when subjected

i

410.17-6
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to a safe shutdown earthquake in conformance with the guidance in Regulatory Guide 1.45. The
containment sump level and sump tota' flow sensors located on the discharge of the sump pump are part
of the liquid radwaste system.

1
IFailure of one of the level sensors will still allow the calculation of a 0.5 gpm in-leakage rate within i

hour. The data display and processing system (DDS) computes the leakage rate and the plant control
system (PLS) provides an alarm in the main control room if the average change in leak rate for any given
measurement period exceeds 0.5 gpm for unidentified leakage. The minimum detectable leak is 0.03 gpm.
Unidentified leakage is the total leakage minus the identified leakage. The leakage rate algorithm l

subtracts the identified leakage directed to the sump. |

To satisy positions 2 and 5 of Regulatory Guide 1.45, the measurement interval must be long enough to
permit the measurement loop to adequately detect the increase in level that would correspond to 0.5 gpm
leak rate, and yet short enough to ensure that such a leak rate is detected within an hour. The
measurement interval is less than or equal to I hour.

When the sump level increases to the high level setpoint, one of the sump pumps automatically starts to
pump the accumulated liquid to the waste holdup tanks in the liquid radwaste system. The sump
discharge flow is integrated and available for display in the control room in accordance with position 7
of Regulatory Guide 1.45.

Procedures to identify the leakage source upon a change in the unidentified leakage rate into the sump
include the following:

? Check for changes in containment atmosphere radiation monitor indications,

Check for changes in containment humidity, pressure, and temperature,a

.

Check makeup rate to the reactor coolant system for abnormal increases,.

Check for changes in water levels and other parameters in systems which could leak water into the.

contninment, and

Review records for maintenance operations which may have discharged water into the containment.a

410.17-7
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5.2.5.3.2 Reactor Coolant System Inventory Balance

Reactor coolant system inventory monitoring provides an indication of system leakage. Net level change
in the pressurizer is indicative of system leakage. Monitoring net makeup from the chemical and volume
control system and net collected leakage provides an important method of obtaining information to
establish a water inventory balance. An abnormal increase in makeup water requirements or a signiGcant
change in the water insentory balance can indicate increased system leakage.

The reactor coolant system inventory balance is a quantitative inventory or mass balance calculation. This
approach allows determination of both the type and magnitude of leakage. Steady-state operation is
required to perform a proper inventory balance calculation. Steady-state is denned as stable reactor
coolant system pressure, temperature, power level, pressurizer level, and reactor coolant drain tank and
in-containment refueling water storage tank levels. The reactor coolant inventory balance is done on a
periodic basis and when other indication and detection methods indicate a change in the leak rate.

The mass balance involves isolating the reactor coolant system to the extent possible and observing the
change in inventory which occurs over a known time period. This involves isolating the systems
connected to the reactor coolant system. System inventory is determined by observing the level in the
pressurizer. Compensation is provided for changes in plant conditions which affect water density. The
change in the inventory determines the total reactor coolant system leak rate. Identified leakages are
monitored (using the reactor coolant drain tank) to calculate a leakage rate and by monitoring the
intersystem leakage. The unidentified leakage rate is then calculated by subtracting the identified leakage
rate from the total reactor coolant system leakage rate. The minimum detectable leak is 0./ gpm.

Since the pressurizer inventory is controlled during normal plant operation through the level control
system, the level in the pressurizer will be reasonably constant even ifleakage exists. The mass contained
in the pressurizer may fluctuate sufficiently, however, to have a significant effect on the calculated leak
rate. The pressurizer mass calculation includes both the steam and water mass contributions.

Changes in the reactor coolant system mass inventory are a result of changes in liquid density. Liquid
density is a strong function of temperature and a lesser function of pressure. A range of temperatures
exists throughout the reactor coolant system all of which may vary over time. A simplified, but
acceptably accurate, model for determining mass changes is to assume all of the reactor coolant system
is at Tu,,y..

The inventory balance calculation is done by the data display and processing system with additional input
from sensors in the protection and safety monitoring system, chemical and volume control system, and
liquid radwaste system. The use of components and sensors in systems required for plant operation
provides conformance with the regulatory guidance of position 6 in Regulatory Guide 1.45 that leak
detection should be provided following seismic events that do not require plant shutdown.
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5.2.5.3.3 Containment Atmosphere Radioactivity Monitor

Leakage from the reactor coolant pressure boundary will result in an increase in the radioactivity levels
inside containment. The containment atmosphere is continuously monitored for airborne gaseous
radioactivity. Air flow through the monitor is provided by the suction created by a vacuum pump.
Gaseous ar.d N /Fn concentration monitors indicate radiation concentrations in the containmentn
atmosphere.

.

"e gr -Er" ' cr mpend rapid!y ' ' er'~ cee!rt precture beundr' 'e42ge. Nn and Fu are is a
neutron activation products which is are proportional to power levels. ^.dd!!:en2!!" M hr 2 re!2t!"e'yu
A -'h2!fnee rg ceneezygm.i7 an .gru equ :n.!yn, r2p!d!y. An increase in activity inside containmenta

would therefore indicate a leakage from the reactor coolant pressure boundary. Based on the concentration
of Nn/Fn and the power level, reactor coolant pressure boundary leakage can be estimated."

h4Ag'e":'~;ng q 'e 'n 2 high e"::"";'y "'e" ''e *er'~ : epr2t!"; 2! 2 pe" e rrge h!;he-
'hr 20pe:-' The N13 and F/8 monitor is seismic Category 1. Conformance with the position 6
guidancekf Regulatory Guide 1.45 that leak detection should be provided following seismic events that
do not require plant shutdown is provided by the seismic Category I classification. Safety-related Class
lE power is not required since loss of power to the radiation monitor is not consistent with continuing
operation following an earthquake. A be e 20 pe N"! p2 * e 'e' e' H en: ' cur,2 !c9 'e:: ''r 0 5 gg-
cr be de'e:'ei Oper2!!"; ety -e 'n !nd!~'ed :'e n r2;e 'c";; 'e- '*"7p (e.g , nmp!:,,g i md g

c^"-'ei'ede rg gn;3gm.m j i a 7;gtgone cg-tg-memn a m onrr e g e .e r,~ ceg!r, q ,mm rygge
be'" ee" 0 ' '".d Oj gp~ "eMg Ce"'e^te2!!c" ' I" I" " e r e by 2! e2:! 2 5 prC""! 2be"e 2". "''I d";I

9 ' gp '*",'ge 59;reund rd R r' !0 pr:"", r- , g . amg 93 gpm ggy;;; pg.n :- ~ , ; 373
i

n , ;,n :., Le mm :a. :,, gr .ng y g gm:,y m7m,w h -.e

Radioactivity concentration indication and alarms for loss of sample flow, high radiation, and loss of
indication are provided. Sample collection connections permit sample collection for laboratory analysis.
The radiation monitor can be calibrated during power operation.

,

|

1

5.2.5.3.4 Containment Pressure, Temperature and llumidity Monitors |
|

Reactor coolant pressure boundary leakage increases containment pressure, temperature, and humidity,
values available to the operator through the plant control system. Arfullpower the minimum detectable
leak is 0.1 gpm when the radionuclide concentration in containment reaches equilibrium. The Nn and
Fu monitor can detect a 0.5 gym leak when the plant is above 20% power and the concentration of
radiogas in containment is at equilibrium.

An increase in containment pressure is an indication of increased leakage or a high energy line break.
Containment pressure is monitored by redundant Class lE pressure transmitters. For additional discussion
see subsection 6.2.2, Passive Containment Cooling System.

410.17-9
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A
The containment average temperature is monitored using temperature instrumentation at the inlet to the 1

containment fan cooler as an indication of increased leakage or a high energy line break This
instrumentation as well as temperature instruments within specific areas including steam generator areas,

| pressurizer area, and containment compartments are part of the contamment rectreulation cooling system. i
1 '

An increase in the containment average temperature combined with an increase in containment pressure

( indicate increased leakage or a high energy line break. The individual compartment area temperatures
can assist in identifying the location of the leak.

Containment humidity is monitored using temperature-compensated humidity detectors which determine
the water-vapor content of the containment atmosphere. An increase in the containment atmosphere
humidity indicates release of water vapor within the containment. The containment humidity monitors
are part of the containment leak rate test system.

The humidity monitors supplement the containment sump level monitors and are most sensitive under
conditions when there is no condensation. A rapid increase of humidity over the ambient value by more
than 10 percent is indication of a probable leak.

*

Containment pressure, temperature and humidity can assist in identifying and locating a leak. They are
not relied on to quantify a leak.

1

I

1

|

|

|
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RCS Operational LEA U GE
3.4.8

3.4 REACTOR COOLANT SYSTEM (RCS) |

3.4.8 RCS Operational LEAU GE
j

LCO 3.4.8 RCS operational LEA UGE shall be limited to:

a. No pressure boundary LEA U GE

b. 0.5 gpm unidentified LEAUGE,

c. 10 gpm identified LEAKAGE from the RCS,
.

d. 1000 gallons per day total primary to secondary LEA U GE
through both steam generators (SGs),

e. 500 gallons per day primary to secondary LEAR _8.0E
through any one SG, and

f. 500 gallons per day primary to IRWST LEAKAGE through
the passive residual heat removal heat exchanger
(PRHR HX).

APPLICABILITY: MODES 1, 2, 3, and 4.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

y :r753.e,/J
A. RCS LEAKAGE not within A.1 Reduce LEAKAGE to 4 hours A,)

limits for reasons other within limits.
than pressure t'oundary
LEAKAGE.

i

B. Required Action and B.1 Be in M002 3. ghours
associated Completion
Time not met. MQ

OR B.2 Be in M00E 5. hours

Pressure boundary
LEAKAGE exists.

-

|

|

h AP600
m, __: --

3.4 12 08/96 Amendment 0
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RCS Operational LEAKAGE
3.4.8

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.4.8.1 --------- ---- - NOTE----.- -- -- - -- -----NOTE- --

Not required to be performed in MODE 3 Only required
and 4 until 12 hours of steady state to be performed
operation. during steady
........................................ state

operation.
..............

Perform a RCS water inventory balance. 72 hours

SR 3.4.8.2 Verify steam generator tube integrity is in accordance
in accordance with the Steam Generator with the Steam
Tube Surveillance Program. Generator T.'ba--

Surveillancu
Program

b AP600 3.4-13 08/96 Amendment 0i

l
l

!
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RCS Operational LEAKAGE
B 3.4.8

,

'

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.8 RCS Operational LEAKAGE

BASES

BACKGROUND Components that contain or transport the coolant to or from
the reactor core comprise the RCS. Component joints are

,

made by welding, bolting, rolling, or pressure loading, and
valves isolate connecting systems from the RCS.

i

'

During plant life, the joint and valve interfaces can
produce varying amounts of reactor coolant LEAKAGE, through
either normal operational wear or mechanical deterioration.
The purpose of the RCS Operational LEAKAGE LCO is to limit
system operation in the presence of LEAKAGE from these
sources to amounts that do not compromise safety. This LCO,

'

specifies the types and amounts of LEAKAGE.
i

l' 10 CFR 50, Appendix A, GDC 30 (Ref. 1), requires means for I
detecting and, to the extend practical, identifying the '

| source of reactor coolant LEAKAGE. Regulatory Guide 1.45
(Ref. 2) describes acceptable methods for selecting leakage
detection systems,

l

| The safety significance of RCS LEAKAGE varies widely
| depending on its source, rate, and duration. Therefore,
'

detecting and monitoring RCS LEAKAGE into the containment
area is necessary. Quickly separating the identified
L{AKAGE from the unidentified LEAKAGE is necessary to

!* provide quantitative information to the operators, allowing
them to take corrective action should a leak occur that is
detrimental to the safety of the facility and the public.

| A limited amount of LEAKAGE inside containment is expected
| from auxiliary systems that cannot be made 100% leaktight.

LEAKAGE from these systems should be detected, located, and I
; isolated from the containment atmosphere, if possible, to

|t not interfere with RCS LEAKAGE detection. |

|This LCO deals with protection of the reactor coolant I

pressure boundary (RCPB) from degradation and the core from )
inadequate cooling, in addition to preventing the accident I

analyses radiation re' ease assumptions from being exceeded.
The consequences of violating this LCO include the,

possibility of a loss of coolant accident (LOCA).

I
|

(continued)
|

|

! h AP60.0r
B 3.4 32 08/96 Amendment 0m

i
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| RCS Operational LEAKAGE l
B 3.4.8

BASES (continued)

APPLICABLE Except for primary to secondary LEAKAGE, the safety analyses
SAFETY ANALYSES do not address operational LEAKAGE. However, other

>

operational LEAKAGE is related to the safety analyses for
LOCA. The amount of LEAKAGE can affect the probability of.

such an event. The safety analysis for an event resulting
in steam discharge to the atmosphere assumes a 1000 gpd
primary to secondary LEAKAGE as the initial condition.

Primary to secondary LEAKAGE is a factor in the dose
releases outside containment resulting from a steam line
break (SLB) accident. To a lesser extent, other accidents I

or transients involve secondary steam release to the
atmosphere, such as a steam generator tube rupture (SGTR).
The leak contaminates the secondary fluid.

The $$AR (Ref. 3) analyses for the accidents involving
The design basis radiological consequences secondary side releases assume 500 gpd primary to secondary
resuhing from a postulated SLB accident , LEAKAGE in each generator as an initial condition. T6 Ms
and SGTR are provided in Sections 15.1.5 -".ensequences-resulting from the accidents are reported in--.a g er,ne w
and 15.6.3 of the AP600 SSAR (Ref. 3).

,

Policy Statement.

LCO RCS operation LEAKAGE shall be limited to:
.

a. Pressure Boundary LEAKAGE

No pressure boundary LEAKAGE is allowed, being indicative
of material deterioration. LEAKAGE of this type is
unacceptable as the leak itself could cause further

Ideterioration, resulting in higher LEAKAGE. Violation of
this LCO could result in continued degradation of the
RCPB. LEAKAGE past seals and gaskets are not pressure
coundary LEAKAGE.

b. Unidentified LEAKAGE

0.5 gpm of unidentified LEAKAGE is allowed as a
g,4 /ng - reasonable minimum detectable amount that toe containment

ai radioactivity monitoring and containment sump level
mon toring equipment, can detect within a reasonable time
period. This leak rate supports leak before break (LBB)
critaria. Violation of this LCO could result in
continued degradation of the RCPB, if the LEAKAGE is from
the pressure boundary.

(continued)

@ AP60--.0-=. 8 3.4 33 08/96 Amendment 0j
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RCS Operational LEAKAGE
B 3.4.8 |

BASES l

I

1
LCO c. Identified LEAKAGE '

(continued)
Up to 10 gpm of identified LEAKAGE is considered
allowable because LEAKAGE is from known sources that do |not interfere with detection of unidentified LEAKAGE and ;is well within the capability of the RCS Makeup System.
Identified LEAKAGE includes LEAKAGE to the containment

;

ifrom specifically known and located sources, but does not '

include pressure boundary LEAKAGE. Violation of this LCO !could result in continued degradation of a component or
|system,
l

d. Primary to Secondary LEAKAGE throuch Both Steam |
Generators (SGs) I

1Total primary to secondary LEAKAGE through both SGs i*

amounting to 1000 gpd produces acceptable offsite doses I
in the Steam Line Break (SLB) accident analysis. !
Violation of this LCO could exceed the offsite dose Ilimits for this accident. Primary to secondary LEAKAGE

!
must be included in the total allowable limit fo*
identified LEAKAGE. |

i
1

e. Primary-to Secondary LEAKAGE throuch One SG

The 500 gpd limit from one SG is based on the assumption
that a single crack leaking this amount would not
propagate to a SGTR under the stress conditions of a LOCA
or a main steam line rupture,

f. Primary to IRWST LEAKAGE throuch the pRHR Heat Exchancer
El %

The 500 gpd limit from the PRHR HX s based on the |
a.ssumption that a single crack leavJng this amount would
not lead to a PRHR tube rupture under t'7 stress
condition of an RCS pressure increase eh'it. If leaked
through many cracks, the cracks are vory small, and the
above assumption is conservative. This is conservative
because the thickness of the PRHR HX tubes is
approximately 60% greater than the thickness of the SG
tubes. Furthermore, a PRHR HX tube rupture would result
in an isolable leak and would not lead to a direct
release of radioactivity to the atmosphere.

(continued)

h AP600 8 3.4 34 '08/96 Amendment 0m-mme =
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RCS Operational LEAKAGE
B 3.4.8

BASES (continued)

APPLICABILITY In MODES 1, 2, 3, and 4, the potential for RCPB LEAKAGE is
greatest when the RCS is pressurized.

In MODES 5 and 6, LEAKAGE limits are not required because
the reactor coolant pressure is far lower, resulting in
lower stresses and reduced potentials for LEAKAGE.

ACTIONS AJ f/7-

Unidentified LEAKAGE, identified LEAKAGE, or primary to
secondary LEAKAGE in excess of the LCO limits must be
reducedtowithinlimitswithinB; hours. This Completion.

Time is based on risk considerations and allows time
to verify leakage rates and either identify unidentified
LEAKAGE or reduce LEAKAGE to within limits before the
reactor must be shut down. This action is necessary to
prevent further deterioration of the RCPB.

8.1 and B.2

If any pressure boundary LEAKAGE exists, or if unidentified
LEAKAGE, identified LEAKAGE, or primary to secondary LEA MGE
cannot be reduced to within limits within 8 hours, the
reactor must be brought to lower pressure conditions to
reduce the severity of the LEAKAGE and its potential
consequences. It should be noted that leakage past seals'
and gaskets is not pressure boundary LEAKAGE. The reactor
must be brought to MODE 3 within g hours and to MODE 5
within $s hours. This action redu es the LEAKAGE and also
reduces t a factors which tend to, degrade the pressure
boundary

The allowed Completion Times are reasonable, based on
operating experience, to reach the required plant conditions
from full power conditions in an orderly manner and without
ACTIONS challenging plant systems. In MODE 5, the pressure
stresses acting on the RCPB are much lower, and further
deterioration is much less likely.

SURVEILLANCE SR 3.4.8.1
REQUIREMENTS

Verifying RCS LEAKAGE within the LCO limits ensures the
integrity of the RCPB is maintained. Pressure boundary
LEAKAGE would at first appear as unidentified LEAKAGE and
can only be positively identified by inspection.

(continued)

_, _ ,0h AP60 _ . 8 3.4 35 08/96 Amendment 0;
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RCS Operational LEAKAGE
B 3.4.8

BASES

SURVEILLANCE SF 3.4.8.1 (continued)
REQUIREMENTS

Unidentified LEAKAGE and identified LEAKAGE are determined
by performance of a RCS water inventory balance. Primary to
secondary LEAKAGE is also measured by performance of an RCS
water inventory balance in conjunction with effluent
monitoring within the secondary steam and feedwater systems.

The RCS water inventory balance must be met with the reactor
at steady state operating conditions and near operating
pressure. Therefore, this SR is not required to be
performed in MODES 3 and 4 until 12 hours of steady state
operation near operating pressure have been established.

Steady state operation is required to perform a proper
inventory balance; calculations during maneuvering are not
useful and a Note requires the Surveillance to be met when
steady state is established. For RCS operational LEAKAGE
determination by inventory balance, steady state is defined
as stable RCS pressure, temperature, power level,
pressurizer and makeup tank levels, a jndakeup and letdown.sW 8v0 eA
An early warning o' pressure boundary LEAKAGE or
unidentified LEAKAGE is provided by the automatic systemovs3#/8

,that monitor the containment atmosphere' radioactivity and
|the containment sump level. ItshouldSenotedthatLEAKAGE

past seals and gaskets is not pressure boundary LEAKAGE.
These LEAKAGE detection systems are specified in LCO 3.4.10,
"RCS LEAKAGE Detection Instrumentation."

(HSBCT l&
The 72 hour Frequency is a reasonable interval to trend
LEAKAGE and recognizes the importance of early leakage

|detection in the prevention of accidents. A Note under the '

Frequency column states that this SR is required to be
performed during steady state operation.

SR 3.4.8.2

This SR provides the means necessary to determine SG
OPERABILITY in an operational MODE. The requirement to
demonstrate SG tube integrity in accordance with the Steam
Generator Tube Surveillance Program emphasizes the
importance of SG tube integrity, even though this
Surveillance cannot be performed at normal operating
conditions.

(continued) |
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RCS Operational LEAKAGE I

B 3.4.8 |

|
BASES

.

REFERENCES 1. 10 CFR 50, Appendix A GDC 30.

2. Regulatory Guide 1.45, May 1973.

3. AP600 SSAR, Chapter 15, " Accident Analysis." I

1

|
.

!

|
AP600 |8ASES 3.4.8 1

|
4

'

INSERT |

The containment atmosphere N13/F18 radioactivity leakage
measurement is valid only for plant power > 201 RTP.

The containment atmosphere N13/F18 radioactivity leakage,

measurement during MODE 1 is not valid while containment purge '

occurs or within 2 hours after the end of containment purge.

The contair ant sump level change method of detecting leaks during
MODES 1, 2. ;. and 4 is not valid while containment purge occurs
or within 2 hours after the end of containment purge.

The containment sump level change method of detecting leaks during
N0 DES 1, 2. 3. and 4 is not valid during extremely cold outside
ambient conditions when frost is forming in the interior of the
containment vessel.

|

|

h AP600 B 3.4 37 08/96 Amendment 0
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RCS Leakage Detection Instrumentation
3.4.10

!

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.10 RCS Leakage Detection Instrumentation

LCO 3.4.10 The following RCS leakage detection instrumentation shall be
OPERABLE:*

a. One containment sump level channel;

b. One containment atmosphere radioactivity monitor
(gaseous N13/F18).

4/o rt
APPLICABILITY: MODES 1, 2, 3, and 4, 7NE ^/'3/7/8 cearn+a,waarraswMs

y It'eeschentoT4 onworst os m RWootad
7m S A effledLE ou poet a word

ACTIONS err y 2a % .

CONDITION REQUIRED ACTION COMPLETION TIME

A. Required containment - ----------NOTE-- --- --- --- srs 3.c5
sump channel LCO 3.0.4 is not applicable. 4. 2.
1noperab1e. --- --------- ------ ---------

A.1 Perform SR 3.4.8.1 (RCS Once per
inventory balance). 24 hours

*
AN,,Q

A.2 Restore containment sump 30 Mv5
channel to OPERABLE Me ' . . . .
status.

(continued)
-

- Nord - -

rMt4%temas.pn p40s By of' M edLL' 3=mP 4 N HL
/Wr%vHawn cosJ 82 ess/pagse sN6FFacrdE ifp

\

4 24444 E. t r Mfnwres fo*< ti'&4osam rwa su.**s'suu
OI 8 Y kn *VIC71 AA) 70 7#2 /RM Jt 7ME dW,p.eeM
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RCS Leakage Detection Instrumentation |

3.4.10

ACTIONS (continued)
I

CONDITION REQUIRED ACTION COMPLETION TIME

|
8. Required containment - -----------NOTE------ - ----

| atmosphere LCO 3.0.4 is not applicable, g 3,gjgradioactivity monitor -- -------- -- -- --------- -

inoperable. 8' E

8.1.1 Analyze grab samples of Once per
containment atmosphere. 24 hours

9.8 |

B.1.2 Perform SR 3.4.8.1. Once per
24 hours

-

MQ
30 MP3

B.2 Restore containment ''? '^u r
atmosphere
radioactivity monitor
to OPERABLE status.

C. Required Action and C.1 8e in MODE 3. hours
associated Completion i

i

Time not met. A.N_Q
'

C.2 Be in M00E t. # hours
_ ^ -m _ _ m - , ,

, AP600 3.4 16 08/96 Amendment 0|
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RCS Leaka9e Detection Instrumentation
3.4.10

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

j Z. 5 7*>
SR 3.4.10.1 Perform a CHANNEL CHECK of required 24 hours S g3.eg/S,|

containment atmosphere radioactivity
monitor.

CdT.

SR 3.4.10.2 Perform an C"'??::t "P:ra!:^,;;AL !;'ri of 92 days
required containment atmosphere
radioactivity monitor.

SR 3.4.10.3 Perform a CHAhNEL CALIBRATION of 24 months
required containment sump monitor.

SR 3.4.10.4 Perform a CHNWR CALIBRATION of 24 months
required contain c t atmosphere
radioactivity monitt,.

.
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RCS Leakage Detection Instrumentation
B 3.4.10

i B 3.4 REACTOR COOLANT SYSTEM (RCS);
i

B 3.4.10 RCS Leakage Detection Instrumentation

BASES

BACKGROUND GDC 30 of Appendix A to 10CFR50 (Ref.1) requires means for
detecting, and, to the extent practical, identifying the
source of RCS LEAKAGE. Regulatory Guide 1.45 (Ref. 2)
describes acceptable methods for selecting LEAKAGE detection
systems.

LEAKAGE detection systems must have the capability to detect
significant reactor coolant pressure boundary (RCPB)
degradation as soon after occurrence as practical to
minimize the potential for propagation to a gross failure.
Thus, an early indication or warning signal is necessary to
permit proper evaluation of all unidentified LEAKAGE.

Industry practice has shown that water flow changes of
0.5 gpm can be readily detected in contained volumes by
monitoring changes in water level, in flow rate, or in the
operating frequency of a pump. The containment sump used to
collect unidentified LEAKAGE, is instrumented to alarm for
increases of 0.5 gpm in the normal flow rates. This
sensitivity is acceptable for detecting increases in
unidentified LEAKAGE.

Reactor coolant radioactivity used for The reactor coolant contains radioactivity that, when

leak detection is the decay of N13/F18. released to the containment, can be detected by(dio_d_lationra
monitoring inst ion..JReactZr cooia ri ac i~vhy 'l

|levgiswilfew weeks thereaf e$1 ring inMial' reactor st Itup ang,uu:r or a
r, until activated corrpsibo productseu

|el'ement claddin 'contaminatJon or cladding _defechf fhe
,

have been formed and fission products appear from fu'el i
.

MuctTori df 3jis proportional t' ~ the reactor power !
*0 g o l

level. M13 nas a short half life and comes to equilibrium
F18 has a longer half life and is the quickb Instrument sensitivities for gaseous monitoring

are practical for these LEAKAGE detection systems. The
dominant source used for leak detection. Radiation Monitoring System includes monitoring N13/F18

gaseous activities to provide leak detection.

(continued)
i

h AP600 .- -
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RCS Leakage Detection Instrumentation
B 3.4.10

BASES (continued)

APPLICABLE The need to evaluate the severity of an alarm or an
SAFETY ANALYSES indication is important to the operators, and the ability to

compare and verify with indications from other systems is
necessary. The system response times and sensitivities are
described in the SSAR (Ref. 2).

The safety significance of RCS LEAKAGE varies widely
depending on its source, rate, and duration. Therefore,
detecting and monitoring RCS LEAKAGE into the containment
area is necessary. Quickly separating the identified
LEAKAGE from the unidentified LEAKAGE provides quantitative
information to the operators, allowing them to take
corrective action should a leak occur.

RCS LEAKAGE detection instrumentation satisfies Criterion 1
of the NRC Policy Statement.

LCO One method of protecting against large RCS LEAKAGE derives
from the ability of instruments to rapidly detect extremely
small leaks. This LCO requires instruments of diverse
monitoring principles to be OPERABLE to provide a high
degree of confidence that small leaks are detected in time
to allow actions to place the plant in a safe condition,

.

when RCS LEAKAGE indicates possible RCPB degradation, j
L E s'E L. <

The LCO is satisfied when monitors of diverse me surement
means are available. Thus, the containment sump onttor, in

' combination with an N13/F18 gaseous activity monitor
provides an acceptable minimum.j

APPLICABILITY Because of elevated RCS temperature and pressure in MODES 1. I
2, 3, and 4, RCS LEAKAGE detection instrumentation is '

required to be OPERABLE.

In MODE 5 or 6, the temperature is i 200'F and pressure is
maintained low or at atmospheric pressure. Since
the temperatures and pressures are lower than those for
MODES 1, 2, 3, and 4, the likelihood of leakage
and crack propagation are much smaller. Therefore, the
requirements of this LCO are not applicable in MODES 5
and 6.

/A)SE ,216 M

(continued)
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AP600
BASES 3.4.10

.

INSERTS PK2E 3.4 42

A. Containment sump level monitoring is performed by two
redundant seismically qualified level instruments, wa u o
pore cams rar if Afwat 's ntEv'Enso
Tsu, trA:m we sssmA .~E*suttornis rMdE
2*r Cf66MLE. %"/ L&v'O L. aur *visiW,.jd s WILL h4Ts

K L 4tL* 0 -

8. Sump level monitoring is a valid method for MODES 1. 2. 3.
and 4. Containment atmosphere N13/F18 monitoring is valid
only in H0DE 1 with reactor power > 201 RTP. RCS inventory
monitoring via the pressurizer level changes is valid in
H00ES 1, 2, 3. and 4 only when RCS conditions are stable.
i.e.. temperature constant, pressure constant, no makeup and
no letdown.

The containment atmosphere N13/F18 radioactivity leakage
measurement during H00E 1 is not valid while containment
purge occurs or within 2 hours after the end of containment *

purge.

The containment sump level change method of detecting leaks
during H00ES 1. 2. 3. and 4 is not valid while containtrent
purge occurs or within 2 hours after the end of containment j
purge.

1

1The containment sump level change method of detecting leaks -

during H00ES 1. 2. 3. and 4 is not valid during extremely
cold outside ambient conditions when frost is fo* u s t in the
interior of the containment vessel.

l
|
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RCS Leakage Detection Instrumentation
i 8 3.4.10

|
|

BASES (continued)

ACTIONS A.1 and A.2 p.m
With the required containment sump. channel inoperable, no
other form of sampling can provide the equivalent
information; however, the containment atmosphere N/3/F/6
radioactivity monitor will provide indications of changes in
LEAKAGE. Together with the atmosphere monitor, the periodic
surveillance for RCS inventory balance, SR 3.4.8.1, must be

|performed at an increased frequency of 24 hours to provide
information that is adequate to detect LEAKAGE. )'
Restoration of the sump channel to OPERABLE status is
required to regain the function in a Completion Time of

|cc NIStM4eun after the monitor's failure. This time is '

acceptable, considering the frequency and adequacy of
the RCS inventory balance required by Action A.I.,

Required Action A.) is modified by a Note that indicates
that the provisions of LCO 3.0.4 are not applicable. As a
result, a MODE change is allowed when the containment sump
channel is inoperable. This allowance is provided because
other instrumentation is available to monitor RCS Leakage.

8.1.1. 8.1.2. and 8.2

With one gaseous N13/F18 containment atmosphere
radioactivity-monitoring instrumentation channel inoperable,
alternative action is required. Ef ther grab samples of the
containment atmosphere must be taken and analyzed or RCS
inventory balanced, in accordance with SR 3.4.8.1, must be
performed to provide alternate periodic information.

With a sample obtained and analyzed or an RCS inventory
balance performed every 24 hours, the reactor may be an RCS
operated for up to ISS her: to allow restoration of the
radioactivity monitor. y pgg

The 24 hours interval for grab samples or RCS inventory
balance provides periodic information that is adequate to
detect LEAKAGE. The 153 b re Completion Time recognizes at
least one other fo f leak detection is available.

- 30 C%

(continued)
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RCS Leakage Detection Instrumentation
B 3.4.10

BASES

ACTIONS 8.1.1. B.I.2 and 8.2 (continued)

Required Action 8.1 and Required Action B.2 are modified by
a Note that indicates that the provisions of LCO 3.0.4 are
not applicable. As a result, a M00E change is allowed when
the gaseous N13/F18 containment atmosphere radioactivity
monitor channel is inoperable. This allowance is provided
because other instrumentation is available to monitor for
RCS LEAXAGE.

C.1 and C.2 *b
g

If a Required Action of Condition A or B cannot be met
withintherequifedCompletionTime,thereactormustbe
brought to MODE A where the probability .and consequences of
an event are minimized. To achieve this stbroughttoatleastMODE3within#jtus,theplanthours to MODE A Smu 43G withi hours. The allowed Completion Times are
reasona le, based on operating experience, to reach the
required plant conditions from full power conditions in an
orderly manner without challenging plant systems.

f/6SURVEILLANCE SR 3.4.101
REQUIREMENTS / y,3/

SR 3.4.10.1 requires the performance of a CHANNEL CHECK of

givesreasonableconfidenc|ethatthechannelisoperating
the containment atmospherc radioactivity monitor. The check

properly. The Frequency ofp hours is based on instrument
reliability and risk and is. reasonable for detecting off
normal conditions. .

SR 3.4.10.2 g / 3/r/Sp
SR 3.4.10.2 requires the performance of CHANNEL
OPERATIONAL TEST (C0T) on the atmosphere radioactivity
monitor. The test ensures that the moni or can perform its
function in the desired manner. The test verifies the alarm
setpoint and relative accuracy of the instrument string.
The Frequency of 92 days considers risks and instrument
reliability, and operating experience has shown that it is
proper for detecting degradation.

(continued)
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RCS Leakage Detection Instrumentation
B 3.4.10

I
BASES

SURVE!LLANCE $R 3.4.10.3 and SR 3.4.10.4
REQUIREMENTS

(continued) These SRs require the performance of a CHANNEL CALIBRATION
for each of the RCS Leakage detection instrumentation
channels. The calibration verifies the accuracy of the,

'

instrument string, including the instruments located inside
containment. The Frequency of 24 months is a typical
refueling cycle and considers channel reliability.
Again, operating experience has proven that this Frequency
is acceptable.

' REFERENCES 1. 10 CFR 50, Appendix A. Section IV, GDC 30.
1

2. Regulatory Guide 1.45, ' Reactor Coolant Pressure Boundary
LEAKAGE Detection Systems," U.S. Nuclear Regulatory
Commission.

3. AP600 SSAR Chapter 15, ' Accident Analysis."

.
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