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Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Attention: Mr. Jeffrey A. Ciocco
Docket No. 52-021

MHI Ref: UAP-HF-13114

Subject: MHI's Revised Response to US-APWR DCD RAI No. 902-6318 Revision 0 (SRP
15.4.6)

References: 1) "Request for Additional Information No. 902-6318 Revision 0, SRP Section:
15.04.06 - Inadvertent Decrease in Boron Concentration in the Reactor
Coolant (PWR) - Application Section: 15.4.6", dated February 22, 2012.
(ML1 20530734)

2) Letter MHI Ref: UAP-HF-12059, "MHI's Response to US-APWR DCD RAI
No. 902-6318 Revision 0 (SRP 15.4.6)," dated March 7, 2012.
(ML12069A083)

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") the document entitled "MHI's Revised Response to US-APWR
DCD RAI No. 902-6318 Revision 0 (SRP 15.4.6)".

Enclosed is the revised response to the RAI contained within Reference 1. The response was
previously submitted in Reference 2. The response has been revised to address editorial
comments to the DCD that were requested by the NRC during conference calls on April 18,
2013 and May 16, 2013.

Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
Nuclear Energy Systems, Inc., if the NRC has questions concerning any aspect of this submittal.
His contact information is provided below.
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Yoshiki Ogata
Executive Vice President
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

05/28/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 902-6318 REVISION 0

SRP SECTION: 15.04.06 - INADVERTENT DECREASE IN BORON
CONCENTRATION IN THE REACTOR COOLANT (PWR)

APPLICATION SECTION: 15.4.6

DATE OF RAI ISSUE: 02/22/2012

QUESTION NO.: 15.04.06-10

In response to RAI 682-5367, Question 15.4.6-6, MHI provided revised Technical
Specifications 3.4.6-8 wording dealing with the potential for boron dilution during Modes 4 and
5, no RCPs running, and Mode 6. The LCOs were modified to state that all sources of
unborated water shall be isolated, but under T.S. Required Actions "planned dilution" is
allowed. Clarify how a dilution can occur with all unborated water sources isolated and
whether the intent of the revised T.S. wording is to allow for RCS dilutions in these modes.

ANSWER:

MHI modified the Technical Specifications (TS) to isolate all sources of unborated water to
prevent a boron dilution with no RCPs running in Modes 4 and 5. However, the TS
modification allowed an exception to this requirement for the purpose of performing planned
and procedurally controlled operations that may dilute the boron concentration. One of the
reasons for this is that a small amount of chemical addition, such as hydrazine and LiOH, is
performed through the CVCS during plant startup from cold conditions. This planned dilution
is done for water chemistry (pH and oxygen control) purposes. The detailed descriptions of
these actions are provided in US-APWR DCD Sections 9.3.4.2.3.2 and 9.3.4.2.4.

As indicated in the DCD Mark-up Ch.16 B3.4 included in the response to RAI 682-5367, the
TS allows an exception to the requirement to isolate all sources of unborated water for the
purpose of performing these planned and procedurally controlled operations, but requires that
the isolation status be immediately restored (within 15 minutes) following the planned activity.
Note that TS LCO 3.9.2 requires isolation of all sources of unborated water without this
exception in Mode 6.

On conference calls with the NRC on April 18, 2013 and May 16, 2013, the NRC staff
indicated that the wording of the DCD Mark-up for Ch.16 3.4.8 (and repeated in 3.4.6 and
3.4.7) was confusing. The NRC requested that MHI modify the wording for clarity. This
was understood to be an editorial request and not a technical comment. Therefore, MHI has
modified the TS LCOs 3.4.6, 3.4.7, and 3.4.8, and the associated BASES, as indicated in the
attached DCD Mark-up (see "Impact on DCD" section below).

15.04.06-1



The changes described above are editorial in nature and do not impact the conclusion that the
revised TS prevents a boron dilution AOO from occurring in Modes 4 and 5 with no RCPs
running while still allowing the plant staff to perform necessary water chemistry operations in a
procedurally controlled manner.

Impact on DCD

DCD Chapter 16 LCOs 3.4.6, 3.4.7, and 3.4.8, and the associated BASES, will be revised as
indicated in Attachment 1.

Impact on R-COLA

There are impacts on R-COLA Part 4 to incorporate the changes to DCD Chapter 16,
Technical Specifications.

Impact on PRA

There is no impact on the PRA.

Impact on Technical/Topical Report

There is no impact on a Technical/Topical Report.

This completes MHI's response to the NRC's question.

15.04.06-2



lAttachment I RCS Loops - MODE 4
3.4.6

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.6 RCS Loops - MODE 4

LCO 3.4.6 Two RCS loops shall be OPERABLE and one RCS loop shall be in
operation.

OR

Three Residual Heat Removal (RHR) loops shall be OPERABLE and two
RHR loops shall be in operation and all sources of unborated water shall DCD -15.4.6-

be isolated. i1

1. All reactor coolant pumps (RCPs) and CS/RHR pumps may be
removed from operation for < 1 hour per 8 hour period provided:

a. No operations are permitted that would cause introduction
of coolant into the RCS with boron concentration less than
required to meet the SDM of LCO 3.1.1; and

b. Core outlet temperature is maintained at least 1 0°F below
saturation temperature.

2. No RCP shall be started with any RCS cold leg temperature < the
Low Temperature Overpressure Protection (LTOP) arming
temperature specified in the PTLR unless the secondary side water
temperature of each steam generator (SG) is < 50'F above each of
the RCS cold leg temperatures.

3. Except as prohibited in Note 1 above, an isolation valve for an
unborated water source may be opened when in a planned dilution
or makeup activity.

DCD_15.4.6-
10 Sol

APPLICABILITY: MODE 4.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One required loop A.1 Initiate action to restore a Immediately
inoperable, second loop to OPERABLE

status.

AND

US-APWR 3A-.6-1 RA4001;*AR 2



RCS Loops - MODE 4
3.4.6

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

A.2 ---------- NOTE-------
Only required if two RHR
loops are OPERABLE.

Be in MODE 5. 24 hours

B. Two or more required B.1 Suspend operations that Immediately
loops inoperable, would cause introduction of

coolant into the RCS with
OR boron concentration less

than required to meet SDM of
Required loop(s) not in LCO 3.1.1.
operation.

AND

B.2 Initiate action to restore one Immediately

loop to OPERABLE status
and operation.

C. -------- NOTE -------- C.1 Initiate actions to secure Immediately
Separate Condition valve in closed position-
entry is allowed for ... ept durin•g plannod.
each unborated water dilution Or makoup
source isolation valve.

-----------------------Following a planncd dilutio
or makoup, icolato all

----------- NOTE ...... .Of In• bor atod WAtr
Required Action C.2 by i"nitiaing a.tion to ..... o
must be completed the :al'-oc clcod within 16
whenever Condition C
is entered.

AND

One or more isolation C.2 Perform SR 3.1.1.1 (SDM 4 hours
valves for an unborated verification)
water source not
secured in closed
position.

DCD_1 5.4.6-
6
DCD_ 5.4.6-
10 S0l

DCD 15.4.6-
10S01

US-APWR 3.4.6-2 ~e~eR4
US-APWR 3.4.6-2 Reyir,*eR 3



RCS Loops - MODE 5, Loops Filled
3.4.7

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.7 RCS Loops - MODE 5, Loops Filled

LCO 3.4.7 Two residual heat removal (CS/RHR) loops shall be OPERABLE and in
operation, and all sources of unborated water shall be isolated and either: DCD5.4.6-

6
a. One additional RHR loop shall be OPERABLE or

b. The secondary side water level of at least two steam generators

(SGs) shall be > 13%.

---------------------NOTES-----------

1. The CS/RHR pumps of the loops in operation may be removed
from operation for < 1 hour per 8 hour period provided:

a. No operations are permitted that would cause introduction
of coolant into the RCS with boron concentration less than
required to meet the SDM of LCO 3.1.1; and

b. Core outlet temperature is maintained at least 1 0°F below
saturation temperature.

2. One required RHR loop may be inoperable for up to 2 hours for
surveillance testing provided that the other two RHR loops are
OPERABLE and in operation.

I DCDl 5.4.6-10 S01

3. No reactor coolant pump shall be started with one or more RCS
cold leg temperatures < the Low Temperature Overpressure
Protection (LTOP) arming temperature specified in the PTLR
unless the secondary side water temperature of each SG is < 50°F
above each of the RCS cold leg temperatures.

4. All RHR loops may be removed from operation during planned
heatup to MODE 4 when at least one RCS loop is in operation. The
requirement for isolation of the unborated water sources is
removed as soon as one RCP is in operation.

5. Except as prohibited in Note 1 above, an isolation valve for an
unborated water source may be opened when in a planned dilution
or makeup activity.

DCD_15.4.6-
6

DCD_15.4.6-
10 Sol

APPLICABILITY: MODE 5 with RCS Loops Filled.

US-APWR 3.4.7-1 Reyos*en 3



RCS Loops - MODE 5, Loops Filled
3.4.7

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

C. -------- NOTE -------- C.1 Initiate actions to secure Immediately
Separate Condition valve in closed position-
entry is allowed for e...pt during plann.d
each unborated water dIluto, or .k..P.
source isolation valve.

-----------------------Follewing a plannod dilutio
or makeup, isolate all courcc

-NOTE o----------,f ,unb.at .d Watr bY,
Required Action C.2 "nitiaing action to ecur. th'e
must be completed "alyoc . l.o•d within 15
whenever Condition C minutes.
is entered.

AND

One or more isolation C.2 Perform SR 3.1.1.1 (SDM 4 hours
valves for an unborated verification)
water source not
secured in closed
position.

DCD_15.4.6-
6
DCD_15.4.6-
10 Sol

DCD_ 5.4.6-
10 S0l

US-APWR 3.4.7-3



RCS Loops - MODE 5, Loops Not Filled
3.4.8

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.8 RCS Loops - MODE 5, Loops Not Filled

LCO 3.4.8 Three residual heat removal (RHR) loops shall be OPERABLE and two
RHR loops shall be in operation, and low-pressure letdown line isolation
valve shall be OPERABLE and all sources of unborated water shall be
isolated.

DCDI 5.4.6-

16
L IiVTI~'-- -------------------------- IJI. I ------------------------------------------,iv ,•v

One CS/RHR pump may be removed from operation for
< 15 minutes when switching from one loop to another provided:

a. The core outlet temperature is maintained > 10°F below
saturation temperature,

b. No operations are permitted that would cause introduction
of coolant into the RCS with boron concentration less than
required to meet the SDM of LCO 3.1.1; and

c. No draining operations to further reduce the RCS water
volume are permitted.

2. One required RHR loop may be inoperable for < 2 hours for
surveillance testing provided that the other two RHR loops are
OPERABLE and in operation.

3. Except as prohibited in Note 1 above, an isolation valve for an
unborated water source may be oo~ened when in a olanned dilution

DCD_15.4.6-
10 Sol

or makeup activity.

APPLICABILITY: MODE 5 with RCS loops not filled.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One required RHR loop A.1 Initiate action to restore RHR Immediately
inoperable, loop to OPERABLE status.

B. One low-pressure B.1 Initiate action to restore Immediately
letdown isolation valve low-pressure letdown line
inoperable, isolation valve to OPERABLE

status.

US-APWR 3.4.8-1 ~e~4~eR4
UIS-APWR 3-4-8-1 RPYWAR a



RCS Loops - MODE 5, Loops Not Filled
3.4.8

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Less than two required C.1 Suspend operations that Immediately
RHR loops would cause introduction of
OPERABLE. coolant into the RCS with

boron concentration less
OR than required to meet SDM of

LCO 3.1.1.
Less than two
Required RHR loops in AND
operation. C.2 Initiate action to restore two Immediately

RHR loops to OPERABLE
status and operation.

D. -------- NOTE ----------- D._1 Initiate actions to secure Immediately
Separate Condition valve in closed position-
entry is allowed for .... pt duriRng plann.
each unborated water dilution or makcup
source isolation valve.

------------------------Following a plannod dilutiong
or makeup, isolatc all

-NOTE ......... u of unb"ratod wat..r"
Required Action D.2 by initiaig action t• o • euro
must be completed thc ,alye, . lo.ed with.in 15
whenever Condition D m!4et:
is entered.

AND

One or more isolation D.2 Perform SR 3.1.1.1 (SDM 4 hours
valves for an unborated verification)
water source not
secured in closed
position.

DCD_15.4.6-
6
DCD_1 5.4.6-
10 S0l

DCD_15.4.6-
10S01

US-APWR 3.4.8-2 ~ev~eR4
US-APWR 3.4.8-2 Reyisieen



RCS Loops - MODE 4
B 3.4.6

BASES

APPLICABLE In MODE 4, RCS circulation is considered in the determination of the time
SAFETY available for mitigation of the accidental boron dilution event. The
ANALYSES prevention of an accidental boron dilution event is ensured by requiring that

all sources of unborated water be isolated from the RCS when RCS
circulation is not provided by at least one operating RCP.RCS and RHR-
leeps pFovido thisce i•1latieR.

RCS Loops - MODE 4 satisfies Criterion 4 of 10 CFR 50.36(c)(2)(ii).

LCO The purpose of this LCO is to require that at least two RCS loops or three
RHR loops are OPERABLE in MODE 4 and that one of the RCS loops or
two of the RHR loops are in operation. Any one RCS loop or two RHR loops
in operation provides enough flow to remove the decay heat from the core
with forced circulation. An additional loop is required to be OPERABLE to
provide redundancy for heat removal. Hewover-, cncrcA.tony with the
Chapter 163.4.6 Safety Aalysi• (RfeFeR,• 1) ass, 'm"pI'n .' .'qI that
un.borfato-d• wat.. courc...b. icotfrom hoS RCS when , ony RUHR pumps
aro used to provide ferccd circulation.

Additionally, this LCO requires that all sources of unborated water be
isolated from the RCS to prevent an inadvertent boron dilution event in
MODE 4 with no running RCPs (Reference 1). However, planned dilution
and makeup operations are sometimes required during MODE 4 with no
RCPs running to compensate for transient conditions which result in a
continuous change in the RCS mass (see discussion of Note 3 below).

Note 1 permits all RCPs or CS/RHR pumps to be removed from operation
for < 1 hour per 8 hour period. The purpose of the Note is to permit tests
that are designed to validate various accident analyses values. One of the
tests performed during the startup testing program is the validation of rod
drop times during cold conditions, both with and without flow. The no flow
test may be performed in MODE 3, 4, or 5 and requires that the pumps be
stopped for a short period of time. The Note permits the stopping of the
pumps in order to perform this test and validate the assumed analysis
values. If changes are made to the RCS that would cause a change to the
flow characteristics of the RCS, the input values must be revalidated by
conducting the test again. The 1 hour time period is adequate to perform
the test, and operating experience has shown that boron stratification is not
a problem during this short period with no forced flow.

DCD_1 5.4.6-
6

DCD_15.4.6-
6

DCD_1 5.4.6-
10 S01

US-APWR B 3.4.6-2 Reyisien 3



RCS Loops - MODE 4
B 3.4.6

BASES

LCO (continued)

Utilization of Note 1 is permitted provided the following conditions are met
along with any other conditions imposed by initial startup test procedures:

a. No operations are permitted that would dilute the RCS boron
concentration with coolant with boron concentrations less than
required to meet SDM of LCO 3.1.1, therefore maintaining the
margin to criticality. Boron reduction with coolant at boron
concentrations less than required to assure SDM is maintained is
prohibited because a uniform concentration distribution throughout
the RCS cannot be ensured when in natural circulation and

b. Core outlet temperature is maintained at least 1 0°F below saturation
temperature, so that no vapor bubble may form and possibly cause a
natural circulation flow obstruction.

Note 2 requires that the secondary side water temperature of each SG be
< 50°F above each of the RCS cold leg temperatures before the start of an
RCP with any RCS cold leg temperature < Low Temperature Overpressure
Protection (LTOP) arming temperature specified in the PTLR. This restraint
is to prevent a low temperature overpressure event due to a thermal
transient when an RCP is started.

Note 3 permits the opening of isolation valves for unborated water sources DCD_15.4.6-
for when in a planned and procedurally controlled dilution or makeup activity 10 s0

provided that this activity is not prohibited by Note 1. Planned dilution and
makeup operations are sometimes required to compensate for transient
conditions which result in a continuous change in the RCS mass.
Procedures should minimize to the extent practicable the time unborated
water sources are not isolated during the conduct of these operations. Once
such an operation is complete the exception no longer applies and action to
close the valves must be initiated immediately. It is expected that any
unborated water isolation valve used in the planned activity will be secured
in the closed position within 15 minutes following the planned activity.

US-APWR 
B 3.4.6-3

US-APWR B 3.4.6-3



RCS Loops - MODE 4
B 3.4.6

BASES

ACTIONS (continued)

B.1 and B.2

If two or more required loops are inoperable or a required loop(s) are not in
operation, except during conditions permitted by Note 1 in the LCO section,
all operations involving introduction of coolant into the RCS with boron
concentration less than required to meet the minimum SDM of LCO 3.1.1
must be suspended and action to restore one RCS or RHR loop to
OPERABLE status and operation must be initiated. The required margin to
criticality must not be reduced in this type of operation. Suspending the
introduction of coolant into the RCS of coolant with boron concentration less
than required to meet the minimum SDM of LCO 3.1.1 is required to assure
continued safe operation. With coolant added without forced circulation,
unmixed coolant could be introduced to the core, however coolant added
with boron concentration meeting the minimum SDM maintains acceptable
margin to subcritical operations. The immediate Completion Times reflect
the importance of maintaining operation for decay heat removal. The action
to restore must be continued until the required loop(s) are restored to
OPERABLE status and operation.
C.1 DCD_15.4.6-

6

ACTION C has boon .. d•:fi•: by two Notes. The first Note allows separate DCD_15.4.6-

Condition entry for each unborated water source isolation valve. The second 10Sol

Note requires that Required Action C.2 be completed whenever Condition C
is entered.

Preventing inadvertent dilution of the reactor coolant boron concentration
when there is insufficient RCS mixing is dependent on maintaining the
unborated water isolation valves secured closed when there are no RCPs
operating. Securing the valves in the closed position ensures that the valves
cannot be inadvertently opened. Plannod dilut,: n and ., akoup .. •pationc
arc sometimeG roquircd tI copnaOFo transient sonditionc whic-h rocul-t
in a eantfn; cnu ;hangi tho RCSG mac. This ACTION al'• wsI •,• pti;n to

the r.quiro m..t. to . lat- -Al! our.. .of unborated water for the purpoco of
porforMing theso pla~nnd and prOcodurally contrallcd epefratienc, but
roquircc that the isolation status 19o Euiokly roctorod (Within 15 minOUtoc)
following the pl.n.,d a.."cti. The Completion Time of immediately requires
an operator to initiate actions to close an open valve and secure the
isolation valve in the closed position in a timely manner. Once actions are
initiated, they must be continued until the valves are secured in the closed
position.

DCD_15.4.6-
10 S01

US-APWR B 3.4.6-6



RCS Loops - MODE 4
B 3.4.6

BASES

SURVEILLANCE REQUIREMENTS (continued)

SR 3.4.6.3

Verification that each required pump is OPERABLE ensures that an
additional RCS or CS/RHR pump can be placed in operation, if needed, to
maintain decay heat removal and reactor coolant circulation. Verification is
performed by verifying proper breaker alignment and power available to each
required pump. Alternatively, verification that a pump is in operation also
verifies proper breaker alignment and power availability. [The Frequency of
7 days is considered reasonable in view of other administrative controls
available and has been shown to be acceptable by operating experience.
OR The Surveillance Frequency is based on operating experience,
equipment reliability, and plant risk and is controlled under the Surveillance
Frequency Control Program.]

This SR is modified by a Note that states the SR is not required to be
performed until 24 hours after a required pump is not in operation.
SR 3.4.6.4 DCD_15.4.6-

6

e04fyVerification that unborated water sources are isolated from the RCS DCD_15.4.6-

when operating with RHR loops in service and no RCPs running ensures that 10 Sol
an inadvertent boron dilution cannot occur under plant conditions that do not
provide adequate boron mixing. [The Frequency of 7 days is reasonable
considering the location of some of the valves and the fact that once secured
closed the valves cannot be inadvertently repositioned. OR The Surveillance
Frequency is based on operating experience, equipment reliability, and plant
risk and is controlled under the Surveillance Frequency Control Program.1

This SR is modified by a Note that state that the SR is not required to be
performed if any RCP is in operation.

US-APWR B 3.4.6-8 ~e~eR-a
UIS-APWR B 3.4.6-8 RP9A 2~|l~



RCS Loops - MODE 5, Loops Filled
B 3.4.7

BASES

BACKGROUND (continued)

perform the support function. The Essential Chilled Water System is a
support system and provides chilled water to the air handling unit cooling
coil. The Essential Service Water System supports operation of the essential
chiller. For each RHR loop required to be OPERABLE, the associated train of
Safeguards Component Area HVAC System, including its associated train of
the Essential Chilled Water System and Essential Service Water System,
must be in operation, or available to operate on demand, and capable of
performing its related support function.

APPLICABLE In MODE 5, RCS circulation is considered in the determination of the time
SAFETY available for mitigation of the accidental boron dilution event. The RHR-leepo-
ANALYSES provido this, circu!tio,.prevention of an accidental boron dilution event is

ensured by requiring that all sources of unborated water be isolated from the
RCS when RCS circulation is only provided by the RHR pumps.

RCS Loops - MODE 5 (Loops Filled) satisfies Criterion 4 of
10 CFR 50.36(c)(2)(ii).

LCO The purpose of this LCO is to require that at least two of the RHR loops be
OPERABLE and in operation with an additional RHR loop OPERABLE or two
SGs with secondary side water level a 13%. Two RHR loops provide
sufficient forced circulation to perform the safety functions of the reactor
coolant under these conditions. An additional RHR loop is required to be
OPERABLE to meet single failure considerations. However, if the standby
RHR loop is not OPERABLE, an acceptable alternate method is two SGs
with their secondary side water levels a 13%. Should one of the operating
RHR loops fail, the SGs could be used to remove the decay heat via natural
circulation.

Additionally. this LCO requires that all sources of unborated water be isolated
from the RCS to prevent an inadvertent boron dilution event in MODE 5.
However, planned dilution and makeup operations are sometimes required
during MODE 5 to compensate for transient conditions which result in a
continuous change in the RCS mass (see discussion of Note 5 below).-This-
LCO allews oeoeption to tho requirement to isolato -ll cueof unboratted
water for the purpoce of porfeFFming these plannod and proccdurally
Sentrllod opoatie, but roquirac that the isolation ctatus be immediately
roctorod following the planned actiens-.

Note 1 permits all CS/RHR pumps to be removed from operation < 1 hour
per 8 hour period. The purpose of the Note is to permit tests designed to
validate various accident analyses values. One of the tests performed during
the startup testing program is the validation of rod drop times during cold
conditions, both with and without flow. The no flow test may be performed in
MODE 3, 4, or 5 and requires that the pumps be stopped for a short period of
time. The Note permits stopping of the pumps in order to perform this test

DCD_09.02.
02-87

PCP_1 5.4.6-
6

DGD_15.4.6-
6

DCD_15.4.6-
10 Sol

US-APWR B 3.4.7-2



RCS Loops - MODE 5, Loops Filled
B 3.4.7

BASES

LCO (continued)

and validate the assumed analysis values. If changes are made to the RCS
that would cause a change to the flow characteristics of the RCS, the input
values must be revalidated by conducting the test again. The 1 hour time
period is adequate to perform the test, and operating experience has shown
that boron stratification is not likely during this short period with no forced
flow.

Utilization of Note 1 is permitted provided the following conditions are met,
along with any other conditions imposed by initial startup test procedures:

a. No operations are permitted that would dilute the RCS boron
concentration with coolant with boron concentrations less than
required to meet SDM of LCO 3.1.1, therefore maintaining the margin
to criticality. Boron reduction with coolant at boron concentrations
less than required to assure SDM is maintained is prohibited because
a uniform concentration distribution throughout the RCS cannot be
ensured when in natural circulation and

b. Core outlet temperature is maintained at least 10°F below saturation
temperature, so that no vapor bubble may form and possibly cause a
natural circulation flow obstruction.

Note 2 allows one RHR loop to be inoperable for a period of up to 2 hours,
provided that the other two required RHR loops isare OPERABLE and in DCD_15.4.6-

operation. This permits periodic surveillance tests to be performed on the 10 sol

inoperable loop during the only time when such testing is safe and possible.

Note 3 requires that the secondary side water temperature of each SG be
< 50°F above each of the RCS cold leg temperatures before the start of a
reactor coolant pump (RCP) with an RCS cold leg temperature - Low
Temperature Overpressure Protection (LTOP) arming temperature specified
in the PTLR. This restriction is to prevent a low temperature overpressure
event due to a thermal transient when an RCP is started.

US-APWR 
B 3.4.7-3

US-APWR B 3.4.7-3



RCS Loops - MODE 5, Loops Filled
B 3.4.7

BASES

LCO (continued)

Note 4 provides for an orderly transition from MODE 5 to MODE 4 during a
planned heatup by permitting removal of RHR loops from operation when at
least one RCS loop is in operation. This Note provides for the transition to
MODE 4 where an RCS loop is permitted to be in operation and replaces the
RCS circulation function provided by the RHR loops. The requirement for
isolation of the unborated water sources is removed as soon as one RCP is
in operation.

Note 5 permits the opening of isolation valves for unborated water sources
for when in a planned and procedurally controlled dilution or makeup activity
provided that this activity is not prohibited by Note 1. Planned dilution and
makeup operations are sometimes required to compensate for transient
conditions which result in a continuous change in the RCS mass. Procedures
should minimize to the extent practicable the time unborated water sources
are not isolated during the conduct of these operations. Once such an
operation is complete the exception no longer applies and action to close the
valves must be initiated immediately. It is expected that any unborated water
isolation valve used in the planned activity will be secured in the closed
position within 15 minutes following the planned activity.

CS/RHR pumps are OPERABLE if they are capable of being powered and
are able to provide flow if required. A SG can perform as a heat sink via
natural circulation when it has an adequate water level and is OPERABLE.-
Management of aas voids is important to RHR System OPERABILITY.

DCD_15.4.6-
6

DCD_1 5.4.6-
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DCD_05.04.
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APPLICABILITY In MODE 5 with RCS loops filled, this LCO requires forced circulation of the
reactor coolant to remove decay heat from the coro and to provido pFreoe
beFeR ,,,g-f ,. Two loops of RHR provides sufficient circulation for these
purposes. However, one additional RHR loop is required to be OPERABLE,
or the secondary side water level of at least two SGs is required to be > 13%.
Two loops of RHR do not provide sufficient circulation to provide proper
boron mixing. Therefore, the LCO requires that the valves used to isolate
unborated water sources be secured in the closed position when no RCPs
are running.

6CD_15.4.6-

DC6 _ 5.

Operation in other MODES is covered by:

LCO 3.4.4,
LCO 3.4.5,
LCO 3.4.6,
LCO 3.4.8,
LCO 3.9.5,

LCO 3.9.6,

"RCS Loops - MODES 1 and 2;"
"RCS Loops - MODE 3;"
"RCS Loops - MODE 4;"
"RCS Loops - MODE 5, Loops Not Filled;"
"Residual Heat Removal (RHR) and Coolant Circulation -High
Water Level" (MODE 6)," and
"Residual Heat Removal (RHR) and Coolant Circulation - Low
Water Level" (MODE 6)."

US-APWR B 3.4.7-4 Re~eR-a
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RCS Loops - MODE 5, Loops Filled
B 3.4.7

BASES

ACTIONS A.1 and A.2

If two RHR loops are OPERABLE and in operation and either the required
SGs have secondary side water levels < 13%, or one required RHR loop is
inoperable, redundancy for heat removal is lost. Action must be initiated
immediately to restore a third RHR loop to OPERABLE status or to restore
the required SG secondary side water levels. Either Required Action will
restore redundant heat removal paths. The immediate Completion Time
reflects the importance of maintaining the availability of two paths for heat
removal.

B.1 and B.2

If less than two RHR loops are in operation, except during conditions
permitted by Note 1, or if less than two loops are OPERABLE, all operations
involving introduction of coolant into the RCS with boron concentration less
than required to meet the minimum SDM of LCO 3.1.1 must be suspended
and action to restore two RHR loops to OPERABLE status and operation
must be initiated. Suspending the introduction of coolant into the RCS of
coolant with boron concentration less than required to meet the minimum
SDM of LCO 3.1.1 is required to assure continued safe operation. With
coolant added without forced circulation, unmixed coolant could be
introduced to the core, however coolant added with boron concentration
meeting the minimum SDM maintains acceptable margin to subcritical
operations. The immediate Completion Times reflect the importance of
maintaining operation for heat removal.

C.1 DCD_15.4.6-

6

ACTION C has boon modifiod by two Notes. The first Note allows separate DCD_15.4.6-

Condition entry for each unborated water source isolation valve. The second 10 s0l

Note requires that Required Action C.2 be completed whenever Condition C
is entered.

Preventing inadvertent dilution of the reactor coolant boron concentration
when there is insufficient RCS mixing is dependent on maintaining the
unborated water isolation valves secured closed when there are no RCPs
operating. Securing the valves in the closed position ensures that the valves
cannot be inadvertently opened. Planned dilution and makeup .p. ,tio.... .
Aro, c-moti-moc roquirod to comAponcato for tranciont eonditioe% Which Fo8l
in a ecntinuouc chango i the RCS mass. This ACTIOQN allows oemeption lo
the roquwiromont to icolato all coUrccc ef unboratod water for tho purpoco of-
peofe~ing thoco plannod and procodurallY 69nr4ollod oporatineR, but
roquieroc that the icolation 6tatur, be quickly roctored (within 16 mninutcc)
following tho planned a.cti'ity. The Completion Time of immediately requires
an operator to initiate actions to close an open valve and secure the
isolation valve in the closed position in a timely manner. Once actions are

DCD_15.4.6-
10 S0l
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RCS Loops - MODE 5, Loops Filled
B 3.4.7

BASES

SURVEILLANCE REQUIREMENTS (continued)

SR 3.4.7.3

Verification that each required CS/RHR pump is OPERABLE ensures that an
additional pump can be placed in operation, if needed, to maintain decay
heat removal and reactor coolant circulation. Verification is performed by
verifying proper breaker alignment and power available to each required
CS/RHR pump. Alternatively, verification that a pump is in operation also
verifies proper breaker alignment and power availability. If secondary side
water level is ; 13% in at least two SGs, this Surveillance is not needed.
[The Frequency of 7 days is considered reasonable in view of other
administrative controls available and has been shown to be acceptable by
operating experience. OR The Surveillance Frequency is based on
operating experience, equipment reliability, and plant risk and is controlled
under the Surveillance Frequency Control Program.]

This SR is modified by a Note that states the SR is not required to be
performed until 24 hours after a required pump is not in operation.

SIR 3.4.7.4 DCD_15.4.6-

6

er-ifyVerification that unborated water sources are isolated from the RCS DCD_15.4.6-

when operating with RHR loops in service and no RCPs running ensures that 10 soI

an inadvertent boron dilution cannot occur under plant conditions that do not
provide adequate boron mixing. [The Frequency of 7 days is reasonable
considering the location of some of the valves and the fact that once secured
closed the valves cannot be inadvertently repositioned. OR The Surveillance
Frequency is based on operating experience, equipment reliability, and plant
risk and is controlled under the Surveillance Frequency Control Program.]

This SR is modified by a Note that state that the SR is not required to be
performed if any RCP is in operation.

US-APWR 
B 3.4.7-7

US-APWR B 3.4.7-7 Reywagien3



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

APPLICABLE In MODE 5, RCS circulation is considered in the determination of the time
SAFETY available for mitigation of the accidental boron dilution event. The RHR 4l0W DCD_15.4.6-

ANALYSES provido thic cir'ulation. Tho flow provided by two RHR loops is adequate for 6

heat removal and fer boron mixing. The prevention of an accidental boron
dilution event is ensured by requiring that all sources of unborated water be
isolated from the RCS when RCS circulation is not provided by at least one
operating RCP.

RCS loops in MODE 5 (loops not filled) satisfies Criterion 4 of
10 CFR 50.36(c)(2)(ii).

LCO The purpose of this LCO is to require that at least three RHR loops be
OPERABLE and two of these loops be in operation. An OPERABLE loop is
one that has the capability of transferring heat from the reactor coolant at a
controlled rate. Heat cannot be removed via the RHR System unless forced
flow is used. A minimum of two running CS/RHR pumps meets the LCO
requirement for two loops in operation. An additional RHR loop is required to
be OPERABLE to meet single failure considerations.

Additionally, this LCO requires that all sources of unborated water be isolated DCDI_15.4.6-
from the RCS to Drevent an inadvertent boron dilution event in MODE 5. 6

However, planned dilution and makeup operations are sometimes required
during MODE 5 to compensate for transient conditions which result in a
continuous chanae in the RCS mass (see discussion of Note 3 below).-Thl- DCD_15.4.6-
LCOG allows oxooption to the roquirement to icolate all scourcoc of Unboratod
wator for tho purpoce of porform~ig these planned and pracedurally
controllod oporatines, but roquirac that the icolation statuG beim daol
restorod follBowig the planncd actienc.

The LCO requires the low-pressure letdown line isolation valves to be
OPERABLE to mitigate the effects associated with loss of RCS inventory.

Note 1 permits one CS/RHR pump to be removed from operation for
< 15 minutes when switching from one loop to another. The circumstances
for stopping one CS/RHR pump is to be limited to situations when the outage
time is short and core outlet temperature is maintained > 100F below
saturation temperature. The Note prohibits boron dilution with coolant at
boron concentrations less than required to assure SDM of LCO 3.1.1 is
maintained or draining operations when RHR forced flow is stopped.

Note 2 allows one RHR loop to be inoperable for a period of < 2 hours,
provided that the other two required loops are OPERABLE and in operation.
This permits periodic surveillance tests to be performed on the inoperable
loop during the only time when these tests are safe and possible.

10 S0l

US-APWR 
B 3.4.8-2

US-APWR B 3.4.8-2



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

LCO (continued)

Note 3 permits the opening of isolation valves for unborated water sources
for when in a planned and procedurally controlled dilution or makeup activity
provided that this activity is not prohibited by Note 1. Planned dilution and
makeun onerations are sometimes renuired to comoensate for transient
conditions which result in a continuous chanae in the RCS mass. Procedures
should minimize to the extent practicable the time unborated water sources
are not isolated during the conduct of these operations. Once such an
operation is comolete the exception no longer applies and action to close the
valves must be initiated immediately. It is exoected that any unborated water

DCD_15.4.6-
10 S0l

SDCD_05.04.
07-11

isolation valve used in the planned activity will be secured in the closed
position within 15 minutes following the planned activity.

An OPERABLE RHR loop is comprised of an OPERABLE CS/RHR pump
capable of providing forced flow to an OPERABLE CS/RHR heat exchanger.
CS/RHR pumps are OPERABLE if they are capable of being powered and
are able to provide flow if required. Management of gas voids is important to
RHR System OPERABILITY.

APPLICABILITY In MODE 5 with loops not filled, this LCO requires core heat removal and
coolant circulation by the RHR System. However, the RHR system does not
provide sufficient RCS circulation to ensure proper boron mixing. Therefore.
the LCO reguires that the valves used to isolate unborated water sources be
secured in the closed position.

DCD_1 5.4.6-
6

Operation in other MODES is covered by:

LCO 3.4.4,
LCO 3.4.5,
LCO 3.4.6,
LCO 3.4.7,
LCO 3.9.5,

LCO 3.9.6,

"RCS Loops - MODES 1 and 2,"
"RCS Loops - MODE 3,"
"RCS Loops - MODE 4,"
"RCS Loops - MODE 5, Loops Filled,"
"Residual Heat Removal (RHR) and Coolant Circulation -
High Water Level (MODE 6)," and
"Residual Heat Removal (RHR) and Coolant Circulation - Low
Water Level (MODE 6)."

US-APWR B 3.4.8-3 Reyosien 3



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

ACTIONS (continued)

D..1

ACTION D has boon modified by -two Notes. The first Note allows separate
Condition entry for each unborated water source isolation valve. The
second Note requires that Required Action D.2 be completed whenever
Condition D is entered.

Preventing inadvertent dilution of the reactor coolant boron concentration
when there is insufficient RCS mixing is dependent on maintaining the
unborated water isolation valves secured closed when there are no RCPs
operating. Securing the valves in the closed position ensures that the valves
cannot be inadvertently opened. Plannod dilution and makeup eperatinc,
Weo comotimoc roquirod to componcato for transient eonditionc Which Fosult-inR a cntinuouc ehango in the RCS mass. This ACTION allowc e~eeptieo to
tho roquiromont to isclato all courcacG cf unboratod Wator for the purpoco Of-
p""•o"ming thoce plannd and preoeodually eont•rllod p•' atie.s, but
roquiroc that thc isolation etatucbc quickly rectorod (within 16 mninutoc)
following the planned a.ct"ity. The Completion Time of immediately requires
an operator to initiate actions to close an open valve and secure the
isolation valve in the closed position in a timely manner. Once actions are
initiated, they must be continued until the valves are secured in the closed
position.

DCD_15.4.6-
6

DCD_ 5.4.6-
10 So0

DCD_1 5.4.6-
10 SOl

D.2

D ue . .. to .. ... . . . ... -'1nia of...... ..d l.t...t. ...ron........... ...... ....... to

coolant. SR 3.1.1.1 (verification of boron concentration) must be performed
whenever Condition C is entered to demonstrate that the required boron
concentration exists. The Completion Time of 4 hours is sufficient to obtain
and analyze a reactor coolant sample for boron concentration.

US-APWR B 3.4.8-5 Revosoen 3



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

SURVEILLANCE REQUIREMENTS (continued)

SR 3.4.8.3

SR 3.4.8.3 requires a complete cycle of each low-pressure letdown isolation
valve. This requirements mean confirmation of OPERABILITY of
Instrumentation and its control (Setpoints, Channel Checks, Channel
Calibrations) and valve. Operating a low-pressure letdown isolation valve
through one complete cycle ensures that the low-pressure letdown isolation
valve can be automatically actuated to mitigate the effects from loss of RCS
inventory. [The Frequency of 24 months is based on engineering judgment,
taking into consideration the conditions required to perform the
Surveillance, and is intended to be consistent with expected fuel cycle
length. This equipment is not at risk of imminent damage as it is designed to
remain functional and in good condition while in operation, thus significant
degradation due to a longer surveillance interval should not be of major
concern. The design reliability is, therefore, maintained by taking these
considerations into account based on sound engineering judgment. OR The
Surveillance Frequency is based on operating experience, equipment
reliability, and plant risk and is controlled under the Surveillance Frequency
Control Program.]

SR 3.4.8.4 DCD_15.4.6-
6

VeO Verification that unborated water sources are isolated from the RCS DCD_15.4.6-

when operating with RHR loops in service and no RCPs running ensures 10 S01

that an inadvertent boron dilution cannot occur under plant conditions that
do not provide adequate boron mixing. [The Freguency of 7 days is
reasonable considering the location of some of the valves and the fact that
once secured closed the valves cannot be inadvertently repositioned. OR
The Surveillance Frequency is based on operating experience, eauipment
reliability, and plant risk and is controlled under the Surveillance Frequency
Control Program.]

This SR is modified by a Note that state that the SR is not required to be
performed if any RCP is in operation.
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