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MITSUBISHI HEAVY INDUSTRIES, LTD.

16-5, KONAN 2-CHOME, MINATO-KU
TOKYO, JAPAN

April 15, 2011

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-11104

Subject: MHI's Responses to US-APWR DCD RAI No. 682-5367 Revision 0 and RAI No.
708-5455 Revision 2 (SRP 15.04.06)

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") the documents entitled "MHI's Response to US-APWR DCD
RAI No. 682-5367 Revision 0 and RAI No. 708-5455 Revision 2 (SRP 15.04.06)".

The material in Enclosure 1 provides MHI's response to the NRC's "Request for Additional
Information (RAI) 682-5367," dated January 20, 2011. The material in Enclosure 2 provides
MHI's response to the NRC's "Request for Additional Information (RAI) 708-5455," dated March
1,2011.

Please contact Dr. C. Keith Paulson, Senior Technical Manager, Mitsubishi Nuclear Energy
Systems, Inc., if the NRC has questions concerning any aspect of this submittal. His contact
information is provided below.

Sincerely,

Yoshiki Ogata
General Manager-APWR Promoting Department
Mitsubishi Heavy Industries, Ltd.

Enclosures:

1. Response to Request for Additional Information No. 682-5367 Revision 0
(non-proprietary)

2. Response to Request for Additional Information No. 708-5455 Revision 2
(non-proprietary)



CC: J. A. Ciocco
C. K. Paulson

Contact Information

C. Keith Paulson, Senior Technical Manager
Mitsubishi Nuclear Energy Systems, Inc.
300 Oxford Drive, Suite 301
Monroeville, PA 15146
E-mail: ckpaulson@mnes-us.com
Telephone: (412) 373-6466
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

4/1512011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 682-5367 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: 1120/2011

QUESTION NO.: 15.4.6-6

NRC remains concerned with the lack of analysis of the Boron Dilution event in Modes 4 and 5
with no Reactor Coolant Pumps (RCPs) running. The concern is especially relevant given the
very low margins that exist between the alarm setpoint and criticality for a Boron Dilution event in
Modes 4 and 5 with RCPs running. Obviously, with a substantially reduced mixing volume, it is
expected that the US-APVVR would not meet the acceptance criteria if no RCPs were running in
these modes.
Include in Section 15.4.6 a COL item that requires that the COL applicant either provide analysis
or detailed justification for a lack of analysis for the boron dilution event in Modes 4 and 5 with no
RCPs running.

ANSWER:

As previously described in MHI's response to RAI No. 311-2347 Question 15.4.6-4 (MHI letter
UAP-HF-09303), the mass equilibrium equations utilized to evaluate the minimum time margin for
a boron dilution event are based on the assumption that at least one RCP is operating and
providing forced flow and corresponding mixing to the assumed RCS volume. DCD Subsections
15.4.6.2 and 15.4.6.3.3.1 currently refer to "strict administrative controls" credited to prevent boron
dilution during Modes 4 and 5 with no RCPs running. These administrative controls are the basis
for not including a quantitative analysis of these conditions in the DCD. MHI will revise TS LCO
3.4.6, LCO 3.4.7, and LCO 3.4.8 to document the administrative controls to isolate all sources of
unborated water under conditions of inadequate mixing to prevent the possibility of a boron dilution
event in Modes 4 and 5 with no RCPs running. In addition, DCD Subsection 15.4.6 will be
revised to refer to the Technical Specifications rather than the more general description of
.administrative controls".

Impact on DCD

DCD Subsection 15.4.6.2, Sequence of Events and Systems Operation, will be revised as follows.

The potential for boron dilutions during refueling (Mode 6) or during shutdown operation with no
reactor coolant pumps (RCPs) running (Modes 4 & 5) does not exist due to strict administrative
controls as described in Section 15.4.6.3.3.1. Therefore, no quantitative analysis is
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performed.

DCD Subsection 15.4.6.3.3.1, Inadvertent Dilution during Modes 4 and 5 (no RCPs running) and
Mode 6, will be revised as follows:

For Modes 4 and 5 with no RCPs running (including mid-loop operation), inadvertent boron
dilution is ale-prevented by administrative control the Technical Specifications, except for
operation under the procedures controlling planned dilution and makeup.

DCD Chapter 16, Technical Specifications, LCO 3.4.6, LCO 3.4.7, and LCO 3.4.8 will be revised
as indicated in Attachments 1, 2, and 3, respectively, to document the administrative controls used
to isolate all sources of unborated water under conditions of inadequate mixing to prevent the
possibility of a boron dilution event in Modes 4 and 5 with no RCPs running.

Impact on R-COLA

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

Impact on S-COLA

There are no impacts on the S-COLA.

Impact on PRA

There is no impact on the PRA.

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

15.4.6-6-2



Attachment 1

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
be isolated.

I•. I #'%"It" r-- •'•- -----------------------------------~ ! -------------------------------------------
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 10°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 5 50°F above each of
the RCS cold leg temperatures.

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 3.4.6-1 Revision X3



Attachment 1

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
Required loop(s) not in of 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 entry valve in closed position
is allowed for each except during planned
unborated water source dilution or makeup.
isolation valve.
--------------------- - Following a planned dilution

or makeup, isolate all
-NOTE sources of unborated water

Required Action C.2 by initiating action to secure
must be completed the valves closed within 15
whenever Condition C is minutes.
entered.

AND

One or more valves not C.2 Perform SR 3.1.1.1 (SDM 4 hours
secured in closed verification).
position.

US-APWR 3.4.6-2 Revision X3



Attachment 1

RCS Loops - MODE 4
3.4.6

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.4.6.1 Verify required RHR or RCS loops are in operation. [12 hours
If no RCS loops are in operation, perform
SR 3.4.6.4. OR

In accordance
with the
Surveillance
Frequency
Control Program]

S R 3.4.6.2 Verify SG secondary side water levels are 2:13% for [12 hours
required RCS loops.

OR

In accordance
with the
Surveillance
Frequency
Control Program]

S R 3.4.6.3 --------------------------- --- NOTE ------------------------------
Not required to be performed until 24 hours after a
required pump is not in operation.
-------------------------------------------- -------- ------------

Verify correct breaker alignment and indicated [7 days
power are available to each required pump.

OR

In accordance
with the
Surveillance
Frequency
Control Program]

US-APWR 3.4.6-3 Revision X3



S Attachment 1

RCS Loops - MODE 4
3.4.6

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY

SR 3.4.6.4 --------- NOTE-- ---------------
Not required to be performed unless no RCPs are in
operation.

Verify each valve that isolates unborated water [7 days
sources is secured in the closed position.

OR

In accordance
with the
Surveillance
Frequency
Control Program]

US-APWR 3.4.6-4 Revision X3



Attachment 1

RCS Loops - MODE 4
B 3.4.6

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.6 RCS Loops - MODE 4

BASES

BACKGROUND In MODE 4, the primary function of the reactor coolant is the removal of
decay heat and the transfer of this heat to either the steam generator
(SG) secondary side coolant or the component cooling water via the
residual heat removal (CS/RHR) heat exchangers. The secondary
function of the reactor coolant is to act as a carrier for soluble neutron
poison, boric acid.

The reactor coolant is circulated through four RCS loops connected in
parallel to the reactor vessel, each loop containing an SG, a reactor
coolant pump (RCP), and appropriate flow, pressure, level, and
temperature instrumentation for control, protection, and indication. The
RCPs circulate the coolant through the reactor vessel and SGs at a
sufficient rate to ensure proper heat transfer and to prevent boric acid
stratification.

In MODE 4, either RCPs or RHR loops can be used to provide forced
circulation. The intent of this LCO is to provide forced flow from at least
one RCP or two RHR loop for decay heat removal and transport. The
flow provided by one RCP loop or RHR loop is adequate for decay heat
removal. The other intent of this LCO is to require that additional paths
be available to provide redundancy for decay heat removal.

Additionally, forced coolant circulation Provided by at least one RCP
ensures that the concentration of soluble boron in the reactor coolant is
homogeneous. However, when no RCPs are operating, all isolation
valves for reactor makeup water sources containing unborated water that
are connected to the Reactor Coolant System (RCS) must be secured
closed to prevent unplanned boron dilution of the reactor coolant. This
will ensure that an inadvertent boron dilution event does not occur under
reduced flow conditions where unborated water could stratify in the RCS.

APPLICABLE
SAFETY
ANALYSES

In MODE 4, RCS circulation is considered in the determination of the time
available for mitigation of the accidental boron dilution event. The RGS
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.and RHR loops
proideths iutOn.

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

US-APWR 
B 3.4.6-1 Revision X3

US-APWR B 3.4.6-1 Revision X(3



Attachment 1

RCS Loops - MODE 4
B 3.4.6

BASES

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. However,
consistency with the Chapter 15.4.6 Safety Analyses (Reference 1)
assumptions requires that unborated water sources be isolated from the
RCS when only RHR pumps are used to provide forced circulation.

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.

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.

US-APWR 
B 3.4.6-2 Revision X3

US-APWR B 3.4.6-2 Revision X3



Attachment 1

RCS Loops - MODE 4
B 3.4.6

BASES

LCO (continued)
An OPERABLE RCS loop comprises an OPERABLE RCP and an
OPERABLE SG, which has the minimum water level specified in
SR 3.4.6.2.

Similarly for the RHR System, an OPERABLE RHR loop comprises an
OPERABLE CS/RHR pump capable of providing forced flow to an
OPERABLE CS/RHR heat exchanger. RCPs and CS/RHR pumps are
OPERABLE if they are capable of being powered and are able to provide
forced flow if required.

APPLICABILITY In MODE 4, this LCO ensures forced circulation of the reactor coolant to
remove decay heat from the core and to provide proper boron mixing.
One loop of RCS or two loops of RHR provides sufficient circulation for
thesetpupethe removal of decay heat from the core. However, 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. Hewever--aAdditional loops consisting of RCS and
RHR loops are required to be OPERABLE to meet single failure
considerations.

Operation in other MODES is covered by:

LCO 3.4.4, "RCS Loops - MODES 1 and 2,"
LCO 3.4.5, "RCS Loops - MODE 3,"
LCO 3.4.7, "RCS Loops - MODE 5, Loops Filled,"
LCO 3.4.8, "RCS Loops - MODE 5, Loops Not Filled,"
LCO 3.9.5, "Residual Heat Removal (RHR) and Coolant Circulation -

High Water Level" (MODE 6), and
LCO 3.9.6, "Residual Heat Removal (RHR) and Coolant Circulation -

Low Water Level" (MODE 6).

ACTIONS A..1

If one required loop is inoperable, redundancy for heat removal is lost.
Action must be initiated to restore a second RCS or RHR loop to
OPERABLE status. The immediate Completion Time reflects the
importance of maintaining the availability of two paths for heat removal.

A.2

If restoration is not accomplished and two RHR loops are OPERABLE,
the unit must be brought to MODE 5 within 24 hours. Bringing the unit to
MODE 5 is a conservative action with regard to decay heat removal. With
only two RHR loops OPERABLE, redundancy for decay heat removal is

US-APWR B 3.4.6-3 Revision X.3



nAttachment 1

RCS Loops - MODE 4
B 3.4.6

lost and, in the event of a loss of the remaining RHR loop, it would be
safer to initiate that loss from MODE 5 rather than MODE 4. The

BASES

ACTIONS (continued)

Completion Time of 24 hours is a reasonable time, based on operating
experience, to reach MODE 5 from MODE 4 in an orderly manner and
without challenging plant systems.

This Required Action is modified by a Note which indicates that the unit
must be placed in MODE 5 only if two RHR loops are OPERABLE. With
no RHR loop OPERABLE, the unit is in a condition with only limited
cooldown capabilities. Therefore, the actions are to be concentrated on
the restoration of a RHR loop, rather than a cooldown of extended
duration.

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

ACTION C has been 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 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

US-APWR B 3.4.6-4 Revision X_3



Attachment I

RCS Loops - MODE 4
B 3.4.6

operations are sometimes required to compensate for transient conditions
which result in a continuous change in the RCS mass. This ACTION

BASES

ACTIONS (continued)

allows 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 quickly
restored (within 15 minutes) following the Planned activity. 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.

C.2

Due to the potential of having diluted the boron concentration of the
reactor 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.

SURVEILLANCE SR 3.4.6.1
REQUIREMENTS

This SR requires verification that the required RCS or RHR loop is in
operation. Verification includes flow rate, temperature, or pump status
monitoring, which help ensure that forced flow is providing heat removal.
In the event that no RCPs are operating to provide sufficient mixin-q
conditions to satisfy the Chapter 15 Safety Analysis assumption the
operator is instructed to perform SR 3.4.6.4 to isolate all sources of
unborated water to prevent an inadvertent dilution. [The Frequency of
12 hours is sufficient considering other indications and alarms available to
the operator in the control room to monitor RCS and RHR loop
performance. OR The Surveillance Frequency is based on operating
experience, equipment reliability, and plant risk and is controlled under
the Surveillance Frequency Control Program.]

S R 3.4.6.2

SR 3.4.6.2 requires verification of SG OPERABILITY. SG OPERABILITY
is verified by ensuring that the secondary side narrow range water level is
ý: 13%. If the SG secondary side narrow range water level is < 13%, the
tubes may become uncovered and the associated loop may not be
capable of providing the heat sink necessary for removal of decay heat.
[The 12 hour Frequency is considered adequate in view of other

US-APWR B 3.4.6-5 Revision X3



Attachment 1

RCS Loops - MODE 4
B 3.4.6

indications available in the control room to alert the operator to the loss of
SG level. OR The Surveillance Frequency is based on operating

prin; , e;quipment reliability, and plant risk and is co-ntrorlledl u-ndr
tho Sure;llan•ce FrequecY Co#,nrol Prorram.]

US-APWR 
B 3.4.6-6 Revision X3

US-APWR B 3.4.6-6 Revision X.3



iAttachment I

RCS Loops - MODE 4
B 3.4.6

BASES

SURVEILLANCE REQUIREMENTS (continued)

experience, equipment reliability, and plant risk and is controlled under
the Surveillance Frequency Control Proqram.1

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

Verify that unborated water sources are isolated from the RCS when
operating with RHR loops in service and no RCPs running ensures that
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.

REFERENCES 1. Subsection 15.4.6.Nene.

US-APWR B 3.4.6-7 Revision X3



I Attachment 2

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:

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 RHR loops are
OPERABLE and in operation.

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.

APPLICABILITY: MODE 5 with RCS Loops Filled.

US-APWR 3.4.7-1 Revision X3



I Attachment 2

RCS Loops - MODE 5, Loops Filled
3.4.7

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. One required RHR loop A.1 Initiate action to restore a Immediately
inoperable, third RHR loop to

OPERABLE status
OR OR

One or more required A.2 Initiate action to restore Immediately
SGs with secondary side required SGs secondary
water level not within side water level to within
limit limit.

AND

Two RHR loops
OPERABLE and in
Operation.

B. Less than two RHR B.1 Suspend operations that Immediately
loops OPERABLE or in would cause introduction of
operation, coolant into the RCS with

boron concentration less
than required to meet SDM
of LCO 3.1.1.

AND

B.2 Initiate action to restore two Immediately
RHR loops to OPERABLE
status and operation.

US-APWR 3.4.7-2 Revision X3



I Attachment 2

RCS Loops - MODE 5, Loops Filled
3.4.7

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. NOTE -------- C.I Initiate actions to secure Immediately
Separate Condition entry valve in closed position
is allowed for each except during planned
unborated water source dilution or makeup.
isolation valve.

Following a planned dilution
or makeup, isolate all

-NOTE sources of unborated water
Required Action C.2 by initiating action to secure
must be completed the valves closed within 15
whenever Condition C is minutes.
entered.

AND

One or more valves not C.2 Perform SR 3.1.1.1 (SDM 4 hours
secured in closed verification).
position.

US-APWR 3.4.7-3 Revision X3



IAttachment 2U

RCS Loops - MODE 5, Loops Filled
3.4.7

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.4.7.1 Verify required RHR loops are in operation. [12 hours

OR

In accordance
with the
Surveillance
Frequency
Control Program]

SR 3.4.7.2 Verify SG secondary side water level is > 13% in [12 hours
required SGs.

OR

In accordance
with the
Surveillance
Frequency
Control Program]

SR 3.4.7.3 --------------------- NOTE---------------
Not required to be performed until 24 hours after a
required pump is not in operation.

Verify correct breaker alignment and indicated [7 days
power are available to each required CS/RHR
pump. OR

In accordance
with the
Surveillance
Frequency
Control Program]

US-APWR 3.4.7-4 Revision X3



I Attachment 2
RCS Loops - MODE 5, Loops Filled

3.4.7

SURVEILLANCE FREQUENCY

SR 3.4.7.4 ----------- NOTE-------
Not required to be performed unless no RCPs are in
operation.

Verify each valve that isolates unborated water [7 days
sources is secured in the closed position.

OR

In accordance
with the
Surveillance
Frequency
Control Proqrami

US-APWR 3.4.7-5 Revision X3



Attachment 2

RCS Loops - MODE 5, Loops Filled
B 3.4.7

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.7 RCS Loops - MODE 5, Loops Filled

BASES

BACKGROUND In MODE 5 with the RCS loops filled, the primary function of the reactor
coolant is the removal of decay heat and transfer this heat either to the
steam generator (SG) secondary side coolant via natural circulation
(Ref. 1) or the component cooling water via the residual heat removal
(CS/RHR) heat exchangers. While the principal means for decay heat
removal is via the RHR System, the SGs via natural circulation (Ref. 1)
are specified as a backup means for redundancy. Even though the SGs
cannot produce steam in this MODE, they are capable of being a heat
sink due to their large contained volume of secondary water. As long as
the SG secondary side water is at a lower temperature than the reactor
coolant, heat transfer will occur. The rate of heat transfer is directly
proportional to the temperature difference. The secondary function of the
reactor coolant is to act as a carrier for soluble neutron poison, boric acid.

In MODE 5 with RCS loops filled, the reactor coolant is circulated by
means of four RHR loops connected to the RCS, each loop containing a
CS/RHR heat exchanger, a CS/RHR pump, and appropriate flow and
temperature instrumentation for control, protection, and indication. Twe
C•uRHR PuMPS c&iratom tho IwAIfVtor through the RCS at a sufficIInt Fate to
prevent boric ac-id stratific-aton.

The number of loops in operation can vary to suit the operational needs.
The intent of this LCO is to provide forced flow from at least two RHR
loops for decay heat removal and transport. The flow provided by two
RHR loops is adequate for decay heat removal. The other intent of this
LCO is to require that a third path be available to provide redundancy for
heat removal.

The LCO provides for redundant paths of decay heat removal capability.
The first two paths can be RHR loops that must be OPERABLE and in
operation. The third path can be another OPERABLE RHR loop or
maintaining two SGs with secondary side water levels ? 13% to provide
an alternate method for decay heat removal via natural circulation (Ref. 1).

The RHR pumps do not provide sufficient circulation of water through the
RCS to ensure that the concentration of soluble boron in the reactor
coolant is homogeneous. Therefore, all isolation valves for reactor
makeup water sources containing unborated water that are connected to
the RCS must be secured closed to prevent unplanned boron dilution of
the reactor coolant.

US-APWR B 3.4.7-1 Revision X3
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B 3.4.7

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 R.4
ANALYSESlo .ps provido this circu ,,,lation.' 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).

BASES

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 > 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 2 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. This
LCO allows 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 following the planned actions.

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 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:

US-APWR B 3.4.7-2 Revision X3
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B 3.4.7

BASES

LCO (continued)

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 allows one RHR loop to be inoperable for a period of up to 2 hours,
provided that the other RHR loop is OPERABLE and in operation. This
permits periodic surveillance tests to be performed on the 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.

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.

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.

US-APWR 
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B 3.4.7

BASES

APPLICABILITY In MODE 5 with RCS loops filled, this LCO requires forced circulation of
the reactor coolant to remove decay heat from the core-andtoe- vide
proper boren mixing. Two loops of RHR provides sufficient circulation for
thiese 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 mixin-g. Therefore, the LCO requires
that the valves used to isolate unborated water sources be secured in the
closed position when no RCPs are running.

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 
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BASES

ACTIONS A.land 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

ACTION C has been 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 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
operations are sometimes required to compensate for transient conditions
which result in a continuous change in the RCS mass. This ACTION
allows 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 quickly
restored (within 15 minutes) following the planned activity. The
Completion Time of immediately reluires an operator to initiate actions to

US-APWR 
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BASES

ACTIONS (continued)

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.

C.2

Due to the potential of having diluted the boron concentration of the
reactor 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.

SURVEILLANCE SR 3.4.7.1
REQUIREMENTS

This SR requires verification every 12 hours that the required loops are in
operation. Verification includes flow rate, temperature, or pump status
monitoring, which help ensure that forced flow is providing heat removal.
[The Frequency of 12 hours is sufficient considering other indications and
alarms available to the operator in the control room to monitor RHR loop
performance. OR The Surveillance Frequency is based on operating
experience, equipment reliability, and plant risk and is controlled under
the Surveillance Frequency Control Program.]

S R 3.4.7.2

Verifying that at least two SGs are OPERABLE by ensuring their
secondary side narrow range water levels are ý, 13% ensures an alternate
decay heat removal method via natural circulation in the event that the
second RHR loop is not OPERABLE. If two RHR loops are OPERABLE,
this Surveillance is not needed. [The 12 hour Frequency is considered
adequate in view of other indications available in the control room to alert
the operator to the loss of SG level. OR The Surveillance Frequency is
based on operating experience, equipment reliability, and plant risk and is
controlled under the Surveillance Frequency Control Program.]
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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.

SR 3.4.7.4

Verify that unborated water sources are isolated from the RCS when
operating with RHR loops in service and no RCPs running ensures that
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.

REFERENCES 1. NRC Information Notice 95-35, "Degraded Ability of Steam
Generators to Remove Decay Heat by Natural Circulation."
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3.4.8

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.8

LCO 3.4.8

RCS Loops - MODE 5, Loops Not Filled

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

-------------- -------- NOTES------------------
1. 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 > 100F 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.

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 Immediately
inoperable. RHR 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 Revision X3
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ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C. Less than two required C.1 Suspend operations that Immediately
RHR loops OPERABLE. would cause introduction of

coolant into the RCS with
OR boron concentration less

than required to meet SDM
Less than two Required of LCO 3.1.1.
RHR loops in operation.

AND

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 entry valve in closed position
is allowed for each except during planned
unborated water source dilution or makeup.
isolation valve.

-.--..-------------.-.-...--- Following a planned dilution
or makeup, isolate all

-NOTE sources of unborated water
Required Action D.2 by initiating action to secure
must be completed the valves closed within 15
whenever Condition D is minutes.
entered.

AND

One or more valves not D.2 Perform SR 3.1.1.1 (SDM 4 hours
secured in closed verification).
position.

US-APWR 3.4.8-2 Revision X3
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3.4.8

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.4.8.1 Verify required RHR loops are in operation. [12 hours

OR

In accordance
with the
Surveillance
Frequency
Control Program]

US-APWR 3.4.8-3 Revision X3
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SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY

SR 3.4.8.2 - ------------------ NOTE ---------------
Not required to be performed until 24 hours after a
required pump is not in operation.

Verify correct breaker alignment and indicated [7 days
power are available to each required CS/RHR
pump. OR

In accordance
with the
Surveillance
Frequency
Control Program]

SR 3.4.8.3 Perform a complete cycle of each low-pressure [24 months
letdown isolation valve.

OR

In accordance
with the
Surveillance
Frequency
Control Program]

SR 3.4.8.4 ------ NOTE-------
Not required to be performed unless no RCPs are in
operation.

Verify each valve that isolates unborated water [7 days
sources is secured in the closed position.

OR

In accordance
with the
Surveillance
Frequency
Control Proqrami

US-APWR 3.4.8-4 Revision X3
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B 3.4.8

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.8 RCS Loops - MODE 5, Loops Not Filled

BASES

BACKGROUND In MODE 5 with the RCS loops not filled, the primary function of the
reactor coolant is the removal of decay heat generated in the fuel, and the
transfer of this heat to the component cooling water via the residual heat
removal (CS/RHR) heat exchangers. The steam generators (SGs) are
not available as a heat sink when the loops are not filled. The secondary
function of the reactor coolant is to act as a carrier for the soluble neutron
poison, boric acid.

In MODE 5 with the RCS loops not filled, only CS/RHR pumps can be
used for coolant circulation. The number of pumps in operation can vary
to suit the operational needs. The intent of this LCO is to provide forced
flow from at least two CS/RHR pumps for decay heat removal and
transport and to require that three paths be available to provide
redundancy for heat removal.

The RHR pumps do not provide sufficient circulation of water through the
RCS to ensure that the-concentration of soluble boron in the reactor
coolant is homogeneous. Therefore, all isolation valves for reactor
makeup water sources containing unborated water that are connected to
the RCS must be secured closed to prevent unplanned boron dilution of
the reactor coolant.

In MODE 5 with the RCS loops not filled, low-pressure letdown line
isolation valves are automatically closed upon detection of RCS loop
lowlevel signal to prevent loss of RCS inventory. The function is effective
to prevent core damage during plant shutdown, based on probabilistic risk
assessment.

APPLICABLE
SAFETY

ANALYSES

In MODE 5, RCS circulation is considered in the determination of the time
available for mitigation of the accidental boron dilution event. The
4R4Rflow

loops provide this circul-aticn. The flow provided by two RHR loops is
adequate for heat removal and for 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

US-APWR 
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B 3.4.8

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.

BASES

LCO (continued)

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. This
LCO allows 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 following the planned actions.

The LCO requires the low-pressure letdown isolation valves to be
OPERABLE to mitigate the effects associated with a 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 > 10°F 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.

US-APWR 
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BASES

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.

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.

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 requires that the valves used to isolate unborated
water sources be secured in the closed position.

Operation in other MODES is covered by:

LCO 3.4.4, "RCS Loops - MODES 1 and 2,"
LCO 3.4.5, "RCS Loops - MODE 3,"
LCO 3.4.6, "RCS Loops - MODE 4,"
LCO 3.4.7, "RCS Loops - MODE 5, Loops Filled,"
LCO 3.9.5, "Residual Heat Removal (RHR) and Coolant Circulation -

High Water Level (MODE 6)," and
LCO 3.9.6, "Residual Heat Removal (RHR) and Coolant Circulation -

Low Water Level (MODE 6)."
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BASES

ACTIONS A. I

If one required RHR loop is inoperable, redundancy for RHR is lost.
Action must be initiated to restore a third loop to OPERABLE status. The
immediate Completion Time reflects the importance of maintaining the
availability of three paths for heat removal.

B. 1

If one low-pressure letdown isolation valve is inoperable, the automatic
isolation function to prevent loss of RCS inventory is lost. Action must be
initiated to restore the valve to OPERABLE status. The immediate
Completion Time reflects the importance of maintaining the availability of
three paths for heat removal.

CA and C.2

If less than two required loops are OPERABLE or less than two required
loops in operation, except during conditions permitted by Note 1, 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 must be initiated immediately to restore
two RHR loops to OPERABLE status and operation. The required margin
to criticality must not be reduced in this type of operation. Suspending
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1ASES

ACTIONS (continued)

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 Time reflects the importance of maintaining
operation for heat removal. The action to restore must continue until two
loops are restored to OPERABLE status and operation.

D. 1

ACTION D has been 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.

Preventinq 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
operations are sometimes required to compensate for transient conditions
which result in a continuous change in the RCS mass. This ACTION
allows 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 quickly

BASES

ACTIONS (continued)

restored (within 15 minutes) following the Planned activity. 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.

D.2

Due to the potential of having diluted the boron concentration of the
reactor 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
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sufficient to obtain and analyze a reactor coolant sample for boron
concentration.

SURVEILLANCE SR 3.4.8.1
REQUIREMENTS

This SR requires verification every 12 hours that the required loops are in
operation. Verification includes flow rate, temperature, or pump status
monitoring, which help ensure that forced flow is providing heat removal.
[The Frequency of 12 hours is sufficient considering other indications and
alarms available to the operator in the control room to monitor RHR loop
performance. OR The Surveillance Frequency is based on operating
experience, equipment reliability, and plant risk and is controlled under
the Surveillance Frequency Control Program.]

S R 3.4.8.2

Verification that each required CS/RHR pump is OPERABLE ensures that
an additional pump can be placed in operation, if needed, to maintain
decay heatremoval and reactor coolant circulation. Verification is
performed by verifying proper breaker alignment and power available to
each required pump. Alternatively, verification that a CS/RHR 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.
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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

Verify that unborated water sources are isolated from the RCS when
operating with RHR loops in service and no RCPs running ensures that
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.

REFERENCES None.
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4/1512011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.:

SRP SECTION:

NO. 682-5367 REVISION 0

15.04.06 - INADVERTENT DECREASE IN
CONCENTRATION IN THE REACTOR COOLANT (PWR)

BORON

APPLICATION SECTION: 15.4.6

DATE OF RAI ISSUE: 1/20/2011

QUESTION NO.: 15.4.6-7

Provide the explicit basis for the initial and critical boron concentrations used in the boron dilution
analysis as presented in Table 15.4.6-1 of the DCD. These values may change depending on a
specific core design; how does MHI ensure that the values presented bound all future core
designs? Are these parameters to check within the reload safety methodology?

ANSWER:

The calculations for boron dilution events are done at the beginning-of-cycle (0 GWd/t and no Xe)
only. At end-of-cycle conditions, the RCS boron concentration is very low and given the same
dilution flow rate, it takes a much longer time to add the same positive reactivity as in
beginning-of-cycle conditions. The boron concentrations for each Mode used in the DCD
analysis are summarized in Table 15.4.6-7.1 below.

Table 15.4.6-7.1 Boron Concentration Assumptions
MODE 1 1,n2 3 4 5

Control Rod Configuration Auto Manual ARI-13 ARI4 ARI5

Critical Boron Concentration (ppm) 1600 1600 1600 1850 1950

Initial Boron Concentration (ppm) 2150 2050 2250 2600 2550

For the cases where the reactor is at power and start-up cases (Modes 1 and 2), the initial boron
concentrations are based on the assumption that the control rods are inserted to the insertion
limits of their respective Mode. As for the critical boron concentrations, they are based on the
assumption that the reactor is critical with all RCCAs fully inserted except for the most reactive
single RCCA at hot zero power (HZP). The critical boron concentration shown in
Table 15.4.6-7.1 were obtained by adding a 100 ppm calculational uncertainty for conservatism.

For the cases where the reactor is in hot standby or shut down (Modes 3, 4, & 5), the initial RCS
boron concentration is determined in such a way that the time from the high source range neutron
flux alarm to criticality meets the acceptance criteria. In this methodology, the high source range
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neutron flux alarm is used to calculate the initial RCS boron concentration, regardless of whether
that alarm is the basis for the operator action times.

The core operating limits report (COLR) required by the Technical Specifications provides the
shutdown margin using a methodology referred to as variable shutdown margin (V-SDM). The
V-SDM is a function of the critical boron concentration and is calculated from the boron
concentration difference (the provided initial concentration minus the critical concentration) by
multiplying by the boron worth. To develop the COLR, the maximum design boron worth is used
to ensure a conservatively large SDM. The critical boron concentrations are evaluated in the
same manner as above at the temperature of their respective Mode. During actual plant
operation, the V-SDM for the applicable Mode from the COLR is converted back to a boron
concentration difference by dividing by the design minimum boron worth. This ensures a
conservatively large boron concentration difference. Then the required RCS boron concentration
is determined by adding this boron concentration to the critical boron concentration. Note that
the operating plant may choose to take into account the actual core conditions (xenon levels, etc.)
when converting the V-SDM back to the required RCS boron concentration such that the required
RCS boron concentration is not unreasonably high.

Although the DCD analysis is intended to bound more than the first operating cycle, the Mitsubishi
Reload Evaluation Methodology report, MUAP-07026-P, describes how key accident analysis
inputs will be confirmed and evaluated for each operating cycle. The Table 3-4 event matrix in
that report identifies the maximum critical boron concentration for Modes 1 through 6, the
difference in boron concentration from initial condition to critical, boron worth vs. concentration,
and available shutdown margin as safety analysis input parameters that must be evaluated for
each operating cycle for the DCD Section 15.4.6 Boron Dilution analysis. Evaluating reload
cores to assure the analysis of record remains bounding is the responsibility of the operating plant
owner.

Impact on DCD

There is no impact on the DCD.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on S-COLA

There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

4115/2011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 682-5367 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: 1/20/2011

QUESTION NO.: 15.4.6-8

Provide a quantification of the conservatism and uncertainty in the parameters used in the boron
dilution evaluation and the resulting impact of the available time presented in Table 15.4.6-1 of the
DCD. Include in this list the following parameters, supplemented by others if appropriate: dilution
flow, setpoint for high source range neutron flux at shutdown alarm, RCS volume, dilution flow
density, and initial critical boron concentration. Also include the overall, mode-specific
conservatism based on a combination of the uncertainties in the conservative direction. Provide
the basis for the uncertainty used for each of the relevant parameters. This is particularly
important for higher modes of operation, where the margin to the SRP acceptance criteria is the
least.

ANSWER:

The limiting unisolated dilution flow rate to the RCS is assumed to be 265 gpm. This corresponds
to a conservatively selected (i.e., maximum) high flow rate setpoint and the associated automatic
closure of the isolation valve. The normal dilution flow rate deviation setpoint is 250 gpm plus
15 gpm instrument uncertainty.

The high source range neutron flux at shutdown alarm will initiate when the count rate exceeds the
setpoint (nominal setpoint is 0.5 decades above background, but the DCD analysis assumes 0.8
decades above background considering 0.3 decades as the uncertainty). Note that this uncertainty
(0.3 decades) does not include the uncertainty of the radial power distribution and downcomer
temperature since these effects are negligible for a boron dilution event. The uncertainty of the
high source range neutron flux reactor trip provided in MUAP-09022-P/NP (RI), US-APWR
Instrument Setpoint Methodology, considers the impact of changes in the radial power distribution
due to control rod withdrawal and downcomer temperature and therefore the value of the
uncertainty is different. It also should be noted that the initial boron concentration determined
based on this assumption of the uncertainty provides sufficient operator action time between the
alarms assumed to prompt operator action and criticality. A detailed discussion of MHIs variable
shutdown margin (V-SDM) methodology, which is used to determine the initial boron concentration,
is provided in Response to RAI No. 708-5455 Revision 2 (MHI letter UAP-HF-11 104, Enclosure
2).
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The active RCS volume is the volume of water that is diluted during the transient. This volume
includes the reactor vessel, hot and cold legs, RCPs, and SG tubes. It does not include the
reactor vessel head, core bypass region, CVCS, RHR system, pressurizer, pressurizer surge line,
or the pressurizer spray line. Thermal expansion is not considered in the DCD analysis since
using a minimum RCS volume is conservative. The resulting active RCS volume assumed in the
DCD analysis is 12,370 ft3. As indicated below, the RCS volume, including the core bypass,
upper head, SG tubes, pressurizer surge line and pressurizer water volume at hot zero power
(lowest volume) is 15,000 ft3.

The DCD analysis assumes a dilution flow density of 999.9 kg/m 3 for all modes of operation. This
density corresponds to 32°F and 14.7 psia. In reality, the dilution fluid is heated by the letdown
flow through the regenerative heat exchanger. The temperature of the dilution flow increases
almost to the letdown temperature, which in Modes 3, 4, and 5 is the same as the RCS
temperature. Thus, the best estimate margin or uncertainty is calculated as the density at 32 0F
minus the corresponding density at each RCS temperature.

RCS density is assumed to be the density at the highest allowable Technical Specification
temperature for each Mode. Therefore, uncertainty in RCS density is not considered.

The critical boron concentrations for Modes 1 and 2 were obtained by adding a 100 ppm
calculational uncertainty for conservatism. The use of the MHI V-SDM methodology ensures the
time between the high source range neutron flux alarm and criticality meets the acceptance criteria
based on the critical boron concentration for Modes 3, 4, and 5. Therefore, no additional
independent uncertainty is considered for either the initial or critical boron concentration in Modes
3, 4, and 5.

The impact of the conservatisms and uncertainties discussed above are quantitatively evaluated
and summarized in Table 15.4.6-8.1 below.

Table 15.4.6-8.1 Evaluation of Impact of Conservatism and Uncertainty on DCD Results
Mode Best-Estimate Uncertainty Best-Estimate Impact DCD

M Result Result
1 A 77.3 min 73.0 min

1M, 2 64.9 min 61.2 min

Dilution Flow (gpm) 3 250 15 6% 17.1 min 16.1 min

4 20.5 min 19.3 min
5 16.9 min 16.0 min

Setpoint for High Source 3 0.5 decades 0.3 93.6% 31.3 min 16.1 min
Range Neutron Flux at 4 above decades 93.7% 37.5 min 19.3 min
Shutdown Alarm*' 5 background 95.0% 31.2 min 16.0 min

1A 88.5 min 73.0 min

1M, 2 74.2 min 61.2 min

RCS Volume (ft3) 3 15,000 2630 21.2% 19.6 min 16.1 min

4 23.4 mn 19.3 min
__ 5 19.4 main 16.0 min

Dilution Flow Density 1A 97.3 min 73.0 min(kg/m3) 1M, 2 749.7 250.2 33.3% 81.6 3in 61.2 min

3 742.9 257.0 34.5% 21.7 min 16.1 min
4 890.5 109.4 12.2% 21.7 min 19.3 min
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Mode Best-Estimate Uncertainty Best-Estimate Impact DCD/ Result Result

5 963.0 36.9 3.8% 16.6 min 16.0 min
Critical Boron 1 A 1500 1600 21.8% 88.9 min 73.0 min
Concentration (ppm) 1M, 2 1500 1600 26.0% 77.1 min 61.2 min

Notes: A Mode 1 in automatic rod control.
M Mode 1 in manual rod control.

*1 The high source range neutron flux alarm is not applicable for Modes 1 and 2.

A comparison of the DCD results to an actual best-estimate calculation is shown for all Modes in
Table 15.4.6-8.2 below. The table shows that the best-estimate result for Modes 1 and 2 is
approximately two hours and the best-estimate result for Modes 3, 4, and 5 is approximately 40-55
minutes. These times are much larger than the DCD Rev. 3 results considering conservative
assumptions and uncertainty. Therefore, although the times in DCD Table 15.4.6-1 appear close
to the required times, Table 15.4.6-8.2 clearly indicates that the DCD results are very conservative.
It is important to note that per the response to RAI No. 708-5455 Question 15.4.6-9 (MHI letter
UAP-HF-11104, Enclosure 2), MHI no longer credits the high source range neutron flux alarm as
the licensing basis prompting alarm for the boron dilution event. As a result in this change in
methodology, DCD Table 15.4.6-1 was revised and now more clearly shows the margin between
the available and required minimum operator action times in Modes 3, 4, and 5.

Table 15.4.6-8.2 Combined Impact of Conservatism and Uncertainty on DCD Results
DCD Rev. 3

Mode Best-Estimate Impact / Result Result
Result

1A 108.8% 152.5 min 73.0 min

1M, 2 116.0% 132.3 min 61.2 min
3 235.0% 54.2 min 16.1 min

4 179.5% 54.1 min 19.3 min

5 160.2% 41.6 min 16.0 min
A . - - ±

ies: M iVMoOe 1 in automatic rod control
Mode 1 in manual rod control

Based on the above discussion, MHI concludes that the use of conservatively selected inputs in
the DCD analysis adequately bounds the uncertainties associated with the analysis inputs and
ensures that the resulting time margin is conservative.

Impact on DCD

There is no impact on the DCD.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on S-COLA

There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.
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This completes MHI's response to the NRC's question.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

4/1512011

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 708-5455 REVISION 2

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

APPLICATION SECTION: 15.4.6

DATE OF RAI ISSUE: 3/1/2011

QUESTION NO.: 15.4.6-9

NRC would like additional justification of Equation (7) presented in response to RAI 15.4.6-5
(Reference 1). Equation (7) is given as the following:

N_a/NO = (keff_O - 1)/((keffa - 1) = 1OAO.8
where N_0 is the initial neutron population, Na is the neutron population when the source range
high neutron flux alarm activates, keff_0 is the initial effective multiplication factor of the reactor
system at the beginning of the dilution event, and keffa is the effective multiplication factor when
the alarm setpoint is reached. The alarm is calibrated to activate when the neutron population
reaches 0.8 decades above the initial neutron population.

Equation (7) is apparently based on the equilibrium neutron level N in a subcritical system:
N = S/(1 - keff)

where S is the source strength and keff is the effective multiplication factor. This equation
describes the steady-state neutron population in a subcritical system with a fixed source of
neutrons S. The concern with the use of this equation within Equation (7) is that Equation (7)
neglects the lag time between when a positive reactivity insertion is made and when the system
stabilizes to a new equilibrium neutron level. In other words: suppose a subcritical system with
effective multiplication constant keff_0 and an external neutron source S has reached equilibrium.
The steady-state neutron population within such a system is given by:

N_O=S/(1-keff 0)
Then, a discrete reactivity addition of deltak is introduced to the system. After a finite period of
time deltat, the system will settle to a new equilibrium population Nnew:

N_new = S / (1 - (keff_O + delta k))
As the system approaches criticality, this lag time deltat corresponding to the time between when
the discrete reactivity insertion deltak is made and when the system settles into the new
equilibrium neutron population can grow quite large. Therefore, removing effect of this lag time (as
is apparently done in Equation (7)) would not be an accurate description of the neutron population
as a function of the effective multiplication factor. In fact, by this logic, Equation (7) could be
substantially non-conservative; the effective multiplication factor could be far closer to criticality
than the source-range high flux alarm would indicate.

This concern is highlighted for the operating fleet in the most recent Transactions of the
American Nuclear Society (Reference 2).
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In light of these concerns, NRC requests that MHI further justify the use of Equation (7) for
describing the relationship between the source-range high flux alarm setpoint and the system
effective multiplication factor.

References:
[1] UAP-HF-11006, "MHI's Revised Response to US-APWR DCD RAI No. 311-2347 Revision 1

(SRP 15.04.06)," January 14, 2011 (ML110190096).
[2] Bojduj, William, "Source Range Detector Response During Boron Dilution Accident at

Shutdown," Transactions of the American Nuclear Society, Volume 103, No. 1, pp 517-518,
November 2010.

ANSWER:

The inadvertent boron dilution event is evaluated to determine the time available for the operator
to detect the reactivity addition and take appropriate corrective actions. In Modes 1 and 2, a fixed
initial boron concentration is used to calculate the available time for operator action. In Modes 3,
4, and 5, the initial boron concentration is calculated from an assumed operator action time using
MHI's variable shutdown margin (V-SDM) methodology. The operator action time corresponds to
the time between a prompting alarm and the loss of SDM.

As noted in the revised response to RAI No. 311-2347 Question 15.4.6-5 (MHI letter
UAP-HF-11006 dated January 14, 2011), the DCD Revision 2 evaluation of the boron dilution
event credits the high source range neutron flux alarm as the prompting alarm. In the US-APWR
design, the setpoint is set to 0.5 decades above background. Since the background count rate is
continuously changing following the shutdown of the reactor, this setpoint is adjusted frequently.
This is different from the methodology provided in Reference 2 that assumes a fixed setpoint for
the source range high flux at shutdown alarm. In addition, the MHI methodology assumes 0.8
decades above background as the analytical limit for the boron dilution event analysis.

The US-APWR design also includes the reactor makeup water flow rate deviation alarm, the boric
acid flow rate deviation alarm, and the high primary makeup water flow rate alarm, at least one of
which would occur at the time of event initiation, as described in the revised response to RAI No.
311-2347 Question 15.4.6-5. The design also includes a high VCT level alarm that is expected to
occur sometime following event initiation and prior to the loss of shutdown margin. In addition,
the following indications are continuously available in the main control room to aid the operator in
the detection of the occurrence of a dilution event.

* Reactor makeup flow rate (boric acid flow plus primary makeup flow) indication
* Primary makeup flow rate indication
* Boric acid flow rate indication
* Charging flow rate indication
* Volume control tank level indication
* Source range neutron flux monitor
* Audible count rate meter

Although the initial boron concentration for each Mode calculated using MHI's V-SDM
methodology is defined such that the initial concentration provides more than 15 minutes between
the high source range neutron flux at shutdown alarm and criticality, this methodology also
provides sufficient operator action time margin using any of the other alarms or indicators
described above. Even if the time margin from the high source range neutron flux at shutdown
alarm may not satisfy the required time margin under specific conditions as discussed in
Reference 2, the time margin from the other alarms and indicators will satisfy the requirement.
The detailed quantitative evaluation of the time margin is provided in the response to RAI No.
682-5367 Question 15.4.6-8 (MHI letter UAP-H F-11104, Enclosure 1).
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However, for clarity MHI will revise the DCD Section 15.4.6 analysis to credit one or more of these
other alarms and not the high source range neutron flux alarm as the prompting alarm for operator
action (see the "Impact on DCD" section below).

Note that MHI will continue to use the V-SDM methodology and it will continue to be based upon
an idealized model of the high source range neutron flux at shutdown alarm. The initial and
critical boron concentrations determined from the V-SDM method will then be used as inputs for
the analysis in DCD Section 15.4.6 which will confirm the required available time for operator
actions based on the other alarms described above.

Impact on DCD

DCD Subsection 15.4.6, DCD Table 15.4.6-1, and DCD Table 7.5-5 will be revised as indicated in
the markup provided in Attachment 1.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on S-COLA

There is no impact on the S-COLA.

Impact on PRA

There is no impact on the PRA.

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

The twelfth paragraph of DCD Subsection 15.4.6.2, Sequence of Events and Systems Operation, will be
revised as follows:

For the case where the event is initiated from subcritical conditions, the high source range neutron
flux reactor trip signal isone or more of the following alarms are assumed to provide protection from
this transient:

" Reactor makeup water flow rate deviation
" Boric acid flow rate deviation
" High primary makeup water flow rate
* High source range neutron flux at shutdown
* High VCT level
* Pressurizer high level

The entire second paragraph of DCD Subsection 15.4.6.3.2, Input Parameters and Initial Conditions, will
be replaced with the text indicated below.

For the cases where the reactor is in hot standby or shut down (Modes 3, 4, & 5), the analysis
assumes the transient starts with all RCCAs fully isserted (except the highest reactiVity worth RC
fully withdrawn) and the i Rnt bobron cncoentration s prVided to ensure s at least 15 mcinutes
frm the high source range neuitrn flux alarm to the criticality. The orge operatirg limits report
(COLR) providos the d iiff rential boron concentration (the preqided initial conentration minus the

critical concentration) as the Technical Specification required shutdown margin Which Ri fuiored
aicritical r concentration.ab The recti ity insedtion caused by the boron dilution tould cauie a
reduction in shutdown mfaiin, leading to criticality.

For the cases where the reactor is in hot standby or shut down (Modes 3. 4. & 5). the reactivity
insertion caused by a boron dilution could cause a reduction in shutdown margin, leading to criticality.
In these cases. the analysis assumes the transient starts with all RCCAs fully inserted (except the
highest reactivity worth RCCA fully withdrawn) and the initial boron concentration is the concentration
that will result in the Technical Specification reguired shutdown margin. The core operating limits
report (COLR) provides the differential boron concentration (the reguired initial concentration minus
the critical concentration) as the Technical Specification required shutdown margin. The required
initial concentration (Table 15.4.6-1. Cl) is defined as the boron concentration that would require an
additional 15 minutes of dilution after the actuation of the high source range neutron flux alarm (under
idealized response conditions) in order to reach the critical boron concentration (Table 15.4.6-1. C2).

The last bullet of the second paragraph of DCD Subsection 15.4.6.3.2, Input Parameters and Initial
Conditions, will be revised as follows.

* The analytical limit for the high source range neutron flux alarm (shutdown cases) is assumed to
be 0.8 decades above background for the purpose of determining the required initial boron
concentration.

* For the purpose of determining the available operator action time the analysis assumes one or
more of the following alarms prompt the operator to take actions to mitigate the event: reactor
makeup water flow rate deviation alarm, the boric acid flow rate deviation alarm, and the high
primary makeup water flow rate alarm.

The fourth paragraph of DOD Subsection 15.4.6.3.3.2, Inadvertent Dilution during Power, Startup, Hot
Standby, and Shutdown, will be revised as follows.

For the shutdown and hot standby cases, the available time for the operator to diagnose the
inadvertent decrease in boron concentration and take corrective action following a
neutron flux at shutdown)rompting alarm is at least -6,88.4 -minutes prior to criticality. Although not
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[Attachment 1

credited in this analysis, the available time between the expected high source range neutron flux at
shutdown alarm and criticality is at least 16 minutes. Since the period of time available for operator
actions is in excess of the minimum required time of 15 minutes it is acceptable.

DCD Table 15.4.6-1 will be revised as indicated on the next page.
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ttachment 1

Table 15.4.6-1
Summary of Analysis Input Parameters and Results Boron Dilution Analysis

Initial Boron Critical Boron Dilution Dilution Available Other Alarms,
Mode Title Concentration, Concentration, Flow Volume Credited Alarm Time Available

Cl [ppm] C2 [ppm] [gpm] [ft3] [min] Time [mini

1 Power 2150 1600 265 12,370 Rod Insertion 73.0 --

(Automatic) Operation Limit

High power range
1 Power neutron flux

(Manual) Operation 2050 1600 265 12,370 (high/low setpoint) 61.2

2 Start-up Over temperature
AT

3 Hot 2250 1600 265 12,370 High SourcF range 46488.4 High source
Standby neut-en range neutron

flu*Dilution"l flux. 16.1

4 Hot 2600 1850 265 12,370 High Source range 4-9-.105.8 High source
Shutdown ReutFon range neutron

fluxDilution.l flux, 19.3

5 Cold 2550 1950 265 12,370 High ' ource range 46-.090.2 High source
Shutdown fieutFeR range neutron

ftuwDilution"l flux 16.0

6 Refueling See Text

NOTE:
*1 A "Dilution Alarm" is one or more of the following alarms which would occur at the time of event initiation: reactor makeup water
flow rate deviation alarm, the boric acid flow rate deviation alarm, and the high primary makeup water flow rate alarm.
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lAttachment 1

DCD Table 7.5-5 will be revised as follows:

Table 7.5-5 List of Accidents and Credited Manual Actions

Accident Alarm Credited Manual Action
Inadvertent Decrease in - Control Rod Insertion Limit Closure of Charging Flow Isolation
Boron Concentration in RCS Alarm Valve or Closure of Primary Makeup
(Subsection 15.4.6) - High Source Range Neu•ton Water Control Valve or Stop of

Rl-xAlarmOne or more of the Primary Makeup Water Pump
following:

" Reactor Makeup Water
Flow Rate Deviation
Alarm

" Boric Acid Flow Rate
Deviation Alarm

" High Primary Makeup
Water Flow Rate Alarm

CVCS Malfunction that High Pressurizer Water Level Closure of Charging Line Isolation
Increases Reactor Coolant Alarm Valve or Charging Line Containment
Inventory (Subsection 15.5.2) Isolation Valve
Radiological Consequences - Main Steam Line Radiation - Manual reactor trip
of a SG Tube Failure (N-1 6) Alarm - Isolation of Affected SG
(Subsection 15.6.3) - Low Pressurizer Water - Cooldown of Primary Coolant

Level against Programmed System by using Main Steam
Water Level Alarm Depressurization Valve

- Equilibrium of Pressure between
Primary and Secondary Coolant
System by using Safety
Depressurization Valve
- Stop of Injection from ECCS

Rod Ejection Accidents Containment High Range -Manual CN Spray System Operation
(Subsection 15.4.8) Area Radiation Alarm -Manual Annulus Emergency Exhaust

System Operation
Failure of Small Lines Low Volume Control Tank RCS Sample Lines or CVCS Letdown
Carrying Primary Coolant Water Level Alarm Line Isolation
Outside CN (Subsection
15.6.2)
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