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TOKYO, JAPAN

June 13, 2013

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-13129

Subject: MHI's Second Revised Response to US-APWR DCD RAI No.669-5219
Revision 2 (SRP 19)

References: 1) "Request for Additional Information No.669-5219 Revision 2, SRP
Section: 19 - Probabilistic Risk Assessment and Severe Accident
Evaluation, Application Section: 19," dated November 29, 2010.

2) Letter MHI Ref: UAP-HF-1 0345 from Y. Ogata to U.S. NRC "MHI's
Responses to US-APWR DCD RAI No. 669-5219 Revision 2 (SRP 19.0)",
dated December 27, 2010.

3) Letter MHI Ref: UAP-HF-12023 from Y. Ogata to U.S. NRC "Revised
Responses to US-APWR DCD RAI No. 669-5219 Revision 2 (SRP 19.0)",
dated February 8, 2012.

4) "Summary of the March 28, 2013 Meeting with MHI to Discuss Remaining
Issues Associated with DCD Chapter 19", dated April 25, 2013.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") the document entitled "Second Revised Response to
Request for Additional Information No.669-5219 Revision 2, Question 19-494".

Enclosed is the response to one RAI question contained within Reference 1. This question
was responded to previously in References 2 and 3. The response was revised to reflect
discussion with the NRC in the meeting held on March 28, 2013 (Reference 4).

Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
Nuclear Energy Systems, Inc. if the NRC has questions concerning any aspect of the
submittal. His contact information is below.

Sincerely,

9•
Yoshiki Ogata,
Executive Vice President
Mitsubishi Nuclear Energy Systems, Inc.
On behalf of Mitsubishi Heavy Industries, LTD.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

06/1312013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No.52-021

RAI No.: No.4669-5219 Revision 2

SRP Section: 19 - PROBABILISTIC RISK ASSESSMENT AND SEVERE ACCIDENT
EVALUATION

Application Section: 19

Date of RAI Issue: 1112912010

QUESTION NO.: 19-494

The staff has reviewed MHI's response to RAI 19-442. Based on the US-APWR shutdown risk
results on page 19.1-146 of the DCD, the shutdown CDF equals the shutdown LRF frequency. No
credit was given for containment closure in the risk assessment. In their response to RAI 19-442,
MHI reported that the USAPWR shutdown CDF removing all equipment not required by TS to be
2.1 E-5 per reactor year. This result means that the LRF removing all equipment not required by
Technical Specifications (TS) to be 2.1 E-5 per reactor year which exceeds the Commission's safety
goals for new reactors. The staff concludes that voluntary initiatives must be implemented by the
COL applicant for the USAPWR design to meet the Commission's safety goals. The staff is
requesting MHI to consider adding shutdown TS in accordance with Criterion 4 of 10CFR50.36
(c)(2)(ii) so that this design meets the Commission's safety goals for new reactors without voluntary
initiatives or justify in the DCD why these actions are not necessary.

ANSWER:

MHI provided a revised response to this RAI in letter UAP-HF-12023, dated 2/8/2012. This
response is issued as a supplement to the 2/8/2012 response.

In the response provided on 2/8/2012, MHI concluded that the NRC staff position taken in this RAI:

1. Is not supported by the NRC Safety Goal policy statement nor any NRC guidance related
to the policy statement, such as SRP Chapter 19,

2. Is contrary to the direction provided by the Commission in SRM for SECY 97-168 which
directed the staff to allow continued reliance on industry voluntary efforts to manage
shutdown risk, and

3. Is not supported by NRC approved STS which does not include an LCO for the safety
injection system in Modes 5 and 6, and provides Bases statements supporting MHI's
position to use voluntary administrative controls for shutdown risk management.

Subsequent to the MHI 2/8/2012 RAI response, NRC issued a letter to MHI dated 2/28/2013
(ML13008A124) requesting that MHI revise the response to this RAI (and RAI 161-1812, Question
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16-117) to include TS for safety injection system (SIS) and containment closure when the refueling
cavity is not flooded. NRC stated that Generic Letter 88-17 provides the regulatory basis for the
NRC staff's conclusion that TS are appropriate in this case.

While MHI does not agree with the NRC's regulatory basis for this request, MHI will revise TS LCOs
3.4.8, RCS Loops - MODE 5, Loops Not Filled and 3.9.6, Residual Heat Removal (RHR) and
Coolant Circulation - Low Water Level (and the associated Bases) to add requirements for SIS and
containment closure (containment closure requirements already exist in LCO 3.9.6 Actions).

Note that the proposed TS LCOs 3.4.8 and 3.9.6 include a required action for containment closure
within four hours. During a public meeting on March 28, 2013 (ML13073A560), the NRC
requested additional information on the bases of this four hour time. The justification for the four
hour time was provided in MHI's response to RAI 1020-7081 Q19-584, submitted by MHI letter
UAP-HF-13124 dated June 7, 2013.

Impact on DCD

Chapter 16: TS LCOs 3.4.8 and 3.9.6 (and the associated Bases) will be revised, as shown in

Attachment 1.

Chapter 19: Table 19.1-119 sheet 34 will be revised, as shown in Attachment 2.

Impact on R-COLA

Part 2 FSAR: Chapter 19 Table 19.1-119R will need to be revised to be consistent with the DCD
markup (Attachment 2).

Part 4 Technical Specifications: TS LCOs 3.4.8 and 3.9.6 (and the associated Bases) will need to be
revised to be consistent with the DCD markup (Attachment 1).

Impact on PRA

There is no impact on the PRA.

Impact on Technical I Topical Reports

There is no impact on the Technical / Topical Reports.

19.494-2



lAttachment 1 1

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, with:

DCD_15.4.6-
6

a. One OPERABLE safety injection (Sl) pum., and

b. Required injection water volume from OPERABLE RWSP and
refueling cavity.

- ------------------------- 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 > 10'F below
saturation temperature,

DCD_1 9-494
S02

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 oeened when in a elanned dilution

DCD 15.4.6-
10 SOl

... .. .. .. ... .. .. .. w a e sourc -- r be. ... . .. W e e .. .. .. .. .. .in a|ad d l to

or makeup activity. I
--------------------------------------------------------------------------------------------------

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.

US-APWR 3.4.8-1 Rey*sneiq 3



RCS Loops - MODE 5, Loops Not Filled
3.4.8

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

E. No SI pump is E.1 Initiate action to restore Immediately
OPERABLE. OPERABILITY of SI pump.

OR AND

RWSP and refueling E.2 Initiate actions to suspend Immediately
cavity water volume is activities that may cause a
not within limits, reduction in RCS water

volume.
OR

AND
RWSP boron
concentration is not E.3 Restore RWSP and refueling Immediately
within limits, cavity water volume to within

limits.

AND

E.4 Restore RWSP boron Immediately

concentration to within limits.

F. No RHR loop is in F..1 Close the equipment hatch 4 hours

operation. and secure with ffour] bolts.

AND

F.2 Close one door in each air 4 hours
lock.

AND

F.3.1 Close each penetration 4 hours
providing direct access from
the containment atmosphere
to the outside atmosphere
with a manual or automatic
isolation valve, blind flange,
or equivalent.

OR

F.3.2 Verify each penetration is 4 hours
capable of being closed by
an OPERABLE Containment
Purge and Exhaust Isolation
System.

DCD_19-494
S02

DCD_19-494
S02

US-APWR 3.4.8-3 Reymsmen 3



RCS Loops - MODE 5, Loops Not Filled
3.4.8

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY
i

SIR 3.4.8.4 -------------------------- NOTE -------------------- DCD_15.4.6-
6Not required to be performed unless no RCPs are

in operation.

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

[7 days

OR

In accordance with
the Surveillance
Frequency Control
Proaram]

S R 3.4.8.5 Verify RHR loop locations susceptible to gas [31 days
accumulation are sufficiently filled with water.

OR

In accordance with
the Surveillance
Frequency Control
Proaram]

SR 3.4.8.6 Verify the RWSP borated water volume (including [7 days
water available in the refueling cavity) is

> 79,920 ft3 (597,800 gallons). OR

In accordance with
the Surveillance
Frequency Control
Proqram]

SR 3.4.8.7 Verify that the RWSP boron concentration is [7 days
> 4000 ppm and < 4200 ppm.

OR

In accordance with
the Surveillance
Frequency Control
Program]

DCD_05.04.
07-11

DCD 19-494
S02

DCD_19-494
S02

US-APWR 
3.4.8-5

US-APWR 3.4.8-5



RCS Loops - MODE 5, Loops Not Filled
3.4.8

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY

S R 3.4.8.8 Verify the correct breaker alignment and indicated F7 days
power is available to the required SI pump.

OR

In accordance with
the Surveillance
Frequency Control
Program]

DCD_19-494
S02

SIR 3.4.8.9 Verify that one SI pump is capable of supplying
develooed head at the test flow noint areater than

In accordance with
the Inservice
Testing Programor equal to the required developed head following

a manual start.

DCD_19-494
S02

US-APWR 3.4.8-6 ~e44eieR4
US-APWR 3.4.8-6 f ey • m*nv 3



RHR and Coolant Circulation - Low Water Level
3.9.6

3.9 REFUELING OPERATIONS

3.9.6

LCO 3.9.6

Residual Heat Removal (RHR) and Coolant Circulation - Low Water Level

Three RHR loops shall be OPERABLE, and two RHR loops shall be in
operation, and low-pressure letdown line isolation valve shall be
OPERABLE-. with:

a. One OPERABLE safety injection (SI) pump, and

b. Required iniection water volume from OPERABLE RWSP and
refueling cavity.

DCD_ 9-494
S02

D CD-l 9-494
S02

SI.fNl 1 r -- r'---------------------------- P L r-•,, -------------------------------------------

1. All CS/RHR pumps may be removed from operation for < 15
minutes when switching from one train to another provided:

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

b. No operations are permitted that would cause introduction of
coolant into the Reactor Coolant System (RCS) with boron
concentration less than that required to meet the minimum
required boron concentration of LCO 3.9.1, and

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

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.

APPLICABILITY: MODE 6 with the water level < 23 ft above the top of reactor vessel flange.

ACTIONS

CONDITION REQUIRED ACTION COMPLETION TIME

A. Less than the required A. 1 Initiate action to restore Immediately
number of RHR loops required RHR loops to
OPERABLE. OPERABLE status.

OR

US-APWR 
3.9.6-1

US-APWR 3.9.6-1



RHR and Coolant Circulation - Low Water Level
3.9.6

ACTIONS (continued)

CONDITION REQUIRED ACTION COMPLETION TIME

C.5.1 Close each penetrations 4 hours
providing direct access from
the containment atmosphere
to the outside atmosphere
with a manual or automatic
isolation valve, blind flange,
or equivalent.

OR

C.5.2 Verify each penetration is 4 hours

capable of being closed by
an OPERABLE Containment
Purge and Exhaust Isolation
System.

D. No SI pump is D.1 Initiate action to restore Immediately

OPERABLE. OPERABILITY of SI pump.

OR AND

RWSP and refueling D.2 Initiate actions to suspend Immediately
cavity water volume is activities that may cause a
not within limits, reduction in RCS water

volume.
OR

AND
RWSP boron
concentration is not D.3 Restore RWSP and refueling Immediately
within limits. cavity water volume to within

limits.

AND

D.4 Restore RWSP boron Immediately
concentration to within limits.

DCD_19-494
S02

US-APWR 3.9.6-3 ~e~eR4
US-APWR 3.9.6-3 Reyesffien 3



RHR and Coolant Circulation - Low Water Level
3.9.6

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.9.6.1 Verify two RHR loops are in operation and [12 hours
circulating reactor coolant at a flow rate of
> 2645 gpm per pump. OR

In accordance with
the Surveillance
Frequency Control
Program]

SR 3.9.6.2 Verify correct breaker alignment and indicated [7 days
power available to the required CS/RHR pump
that is not in operation. OR

In accordance with
the Surveillance
Frequency Control
Program]

SR 3.9.6.3 Perform a complete cycle of each low-pressure [24 months
letdown line isolation valve.

OR

In accordance with
the Surveillance
Frequency Control
Program]

SR 3.9.6.4 Verify RHR loop locations susceptible to aas [31 days
accumulation are sufficiently filled with water.

OR

In accordance with
the Surveillance
Frequency Control
Program]

IDCD_1 9-494
S02

DCD 05.04.
07-11

US-~APWR 3.9.6-4 ~e~eR4
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RHR and Coolant Circulation - Low Water Level
3.9.6

SURVEILLANCE REQUIREMENTS (continued)

SURVEILLANCE FREQUENCY

SR 3.9.6.5 Verify the RWSP borated water volume (including [7 days
water available in the refueling cavity) is _> 79,920

ft! (597,800 gallons). OR

In accordance with
the Surveillance
Frequency Control
Program]

SR 3.9.6.6 Verify that the RWSP boron concentration is [7 days
_> 4000 ppm and < 4200 ppm.

OR

In accordance with
the Surveillance
Frequency Control
Program]

SR 3.9.6.7 Verify the correct breaker alignment and indicated 7 days
power is available to the required SI pump.

OR

In accordance with
the Surveillance
Frequency Control
Program]

SR 3.9.6.8 Verify that one SI pumo is capable of supplying In accordance with
developed head at the test flow point greater than the Inservice
or equal to the required developed head following Testing Program
a manual start.

DCD 19-494
S02

DCD 19-494
S02

DCD_19-494
S02

DOCD19-494
S02

US-APWR 3.9.6-5



RCS Loops - MODE 5, Loops Not Filled
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 CS/RHR pumps do not provide sufficient circulation of water through the DCD_19-494
RCS to ensure that the concentration of soluble boron in the reactor coolant S02

DCD_1 5.4.6-
is homogeneous. Therefore, all isolation valves for reactor makeup water 6
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.

In Mode 5 with the RCS not filled, one additional source of injection water DCD_19-494
(beyond a CS/RHR pump) will reduce the calculated core damage freguency. S02

One safety iniection (SI) pump can provide this injection source. A water
source is also reguired.

The Safeguards Component Area HVAC System is a support system that DCD_09.02.
provides temperature control for the CS/RHR Pump Room and CS/RHR 02-87

Heat Exchanqer Room, and includes electric heating coils, cooling coils,
fans, ductwork, dampers, and instrumentation and controls necessary to
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.

US-APWR B 3.4.8-1 ~e~eR4
US-APWR B 3.4.8-1 Rev'sGeA 3



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

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 44R -eep-
providc this irc'ulation. Thc flow provided by two RHR loops is adequate for
heat removal and for bororn 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).

The need for one SI pump is based on the PRA insight that maintaining at
least one RCS injection function operable results in a reduction in core
damage risk during shutdown conditions (Mode 5) with the RCS partially
filled.

DCD_15.4.6-
6

DCD_19-494
S02

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
from the RCS to prevent an inadvertent boron dilution event in MODE 5.
I-WI^•AIO.1,er nlan nnr4 Aih "+ir n anrl mnie, ,n e% ýrnfirr n crem~ +im er, e^;I irml

during MODE 5 to compensate for transient conditions which result in a
continuous change in the RCS mass (see discussion of Note 3 below).-T-e-

COalle;O.c oxcoption to the roquiromont to icolate all 696urcoc of Unboratod
watcr for the purpozz of perfGFrming these plannod and procodurally
controllod eperatfienz, but rcqUircs that the iselation status bo immediately
rcctorcd following the plannod actionc.

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

DCD_15.4.6-
6

DCD 15.4.6-
10 S0l

The LCO also reguires that one SI pump be OPERABLE such that in
response to a manual operator start the pump can provide sufficient water to
mitigate a drain-down event while in Mode 5 with the RCS partially filled. The
LCO requires that a source of water (i.e., reactor water storage pit (RWSP)
and water available from the refueling cavity) be available and contain the
necessary volume of water. The capability to provide iniection water is
important to achieve defense-in-depth during Mode 5 with the RCS partially
filled. The ability of the pump to provide flow to the RCS while partially filled

DCD 19-494
S02

US-APWR B 3.4.8-2 ~e~e~4
US-APWR B 3.4.8-2 Reveseen 3



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

LCO (continued)

(and at near atmospheric pressure) and have electrical power are the criteria
necessary to be OPERABLE in Mode 5. No pump automatic start features
are reauired to be OPERABLE in Mode 5 as these capabilities were not
credited in the PRA.

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.

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.

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
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.

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.

DCD_1 9-494
S02

DCD_15.4.6-
10 S0l

DCD_05.04.
07-11

US-APWR B 3.4.8-3 ~e~eR-3
US-APWR B 3.4.8-3 Rev-suen3



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

ACTIONS (continued)

E.1. E.2, E.3, E.4 DCD_19-494
S02

In the event that no SI pump is available to inject water into the RCS, the
RWSP does not contain sufficient water volume (SR 3.4.8.6). or boron
concentration is not within limits (SR 3.4.8.7) to mitigate a RCS drain-down
event in Mode 5 while the RCS is partially filled, then actions must be
initiated immediately to restore this capability. The PRA indicates that the
availability of an injection water source reduces the core damage frequency.
Additionally, until such capability is restored, any activity that could result in
lowering RCS water volume must be suspended. The immediate
COMPLETION TIME reflects the importance of maintaining water injection
capability while the RCS is in a partially filled condition.

F.1, F.2. F.3.1 and F.3.2

If no RHR loop is in operation, the following actions must be taken:

a. The eguipment hatch must be closed and secured with [four] bolts,

b. One door in each air lock must be closed, and

c. Each penetration providing direct access from the containment
atmosphere to the outside atmosphere must be either closed by a
manual or automatic isolation valve, blind flange, or equivalent, or
verified to be capable of being closed by an OPERABLE Containment
Purge and Exhaust Isolation System.

With RHR loop requirements not met, the potential exists during an RCS
drain down event for the coolant to boil and release radioactive gas to the
containment atmosphere. Performing the actions stated above ensures that
all containment penetrations are either closed or can be closed so that the
dose limits are not exceeded. The Completion Time of 4 hours allows fixing
of most RHR pump problems and is reasonable, based on the availability of
the standby RHR loop and one SI train for iniection water, and on the low
probability of the coolant boiling in that time.

US-APWR 
B 3.4.8-7

US-APWR B 3.4.8-7



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

SURVEILLANCE REQUIREMENTS (continued)

[The 31 day Frequency takes into consideration the gradual nature of gas DCD_05.04.

accumulation in the RHR System piping and the procedural controls 07-11

governing system operation.

OR

The Surveillance Frequency is controlled under the Surveillance Frequency
Control Program. The Surveillance Frequency may vary by location
susceptible to gas accumulation. 1
SR 3.4.8.6 DCD_1 9-494

S02

Verification that the RWSP contains a borated water volume (including

water available in the refueling cavity) > 79,920 ft! (597,800 gallons)
ensures that the pump will have a sufficient inventory of water to mitigate
the Mode 5 RCS drain-down event assumed in the probabilistic risk
assessment (PRA). [Since the RWSP volume (including the water available
in the refueling cavity) is normally stable, is protected by an alarm, and in
view of other administrative controls available, a 7 day Frequency is
appropriate and has been shown to be acceptable through 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.]

SR 3.4.8.7

The boron concentration of the RWSP should be verified to be within the
required limits. This SR ensures that the reactor will remain subcritical
following a RCS drain down event. [Since the RWSP volume (including the
water available in the refueling cavity) is normally stable, a 7 day sampling
Frequency to verify boron concentration is appropriate and has been shown
to be acceptable through 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.1

US-APWR B 3.4.8-11



RCS Loops - MODE 5, Loops Not Filled
B 3.4.8

BASES

SURVEILLANCE REQUIREMENTS (continued)

SR 3.4.8.8 OCD_19-494
S02

Verification that the breaker alignment is correct and indicated power is
available to the required SI pump ensures that the pump motor will be
available to drive the pump upon manual start. [The Frequency of 7 days is
considered reasonable in view of other administrative controls available and
has been shown to be acceptable by operatinq experience. OR The
Surveillance Frequency is based on operating experience, equipment
reliability, and plant risk and is controlled under the Surveillance Frequency
Control Program.1

SR 3.4.8.9

Periodic surveillance testing of an SI pump to detect gross degradation
caused by impeller structural damage or other hydraulic component
problems is required by the ASME Code. This type of testing may be
accomplished by measuring the pump developed head at only one point of
the pump characteristic curve. This verifies both that the measured
oerformance is within an acceptable tolerance of the original pump baseline
performance and that the performance at the test flow is greater than or
equal to the performance assumed in the plant PRA for a drain-down event
in Mode 5 with a partially filled RCS. SRs are specified in the Inservice
Testing Program of the ASME Code. The ASME Code provides the
activities and Frequencies necessary to satisfy the requirements.

REFERENCES None.

US-APWR 
B 3.4.8-12

US-APWIR B 3.4.8-12



RHR and Coolant Circulation - Low Water Level
B 3.9.6

B 3.9 REFUELING OPERATIONS

B 3.9.6 Residual Heat Removal (RHR) and Coolant Circulation - Low Water Level

BASES

BACKGROUND The purpose of the RHR System in MODE 6 is to remove decay heat and
sensible heat from the Reactor Coolant System (RCS), as required by
GDC 34, to provide mixing of borated coolant, and to prevent boron
stratification (Ref. 1). Heat is removed from the RCS by circulating reactor
coolant through the Containment Spray (CS)/RHR heat exchangers where
the heat is transferred to the Component Cooling Water System. The
coolant is then returned to the RCS via the RCS cold leg(s). Operation of the
RHR System for normal cooldown decay heat removal is manually
accomplished from the control room. The heat removal rate is adjusted by
controlling the flow of reactor coolant through the CS/RHR heat exchanger(s)
and the bypass lines. Mixing of the reactor coolant is maintained by this
continuous circulation of reactor coolant through the RHR System.

In MODE 6 Low Water Level, low-pressure letdown line isolation valves are
automatically closed upon detection of RCS loop low-level signal to prevent
loss of RCS inventory.

The function is effective to prevent core damage during plant shutdown,
based on probabilistic risk assessment.

In Mode 6 with low water level (<23 feet above the vessel flange), one DCD_19-494
additional source of iniection water (beyond a CS/RHR pump) will reduce the S02

calculated core damage frequency. One safety injection (SI) pump can
provide this injection source. A water source is also required.

The Safeguards Component Area HVAC System is a support system that DCD_09.02.
provides temperature control for the CS/RHR Pump Room and CS/RHR 02-87

Heat Exchanger Room, and includes electric heating coils, cooling coils,
fans, ductwork, dampers, and instrumentation and controls necessary to
perform the support function. The Essential Chilled Water System is a
support system and provides chilled water to the air handling unit coolinq
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
performinq its related support function.

US-APWR B 3.9.6-1 ~e~eR4
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RHR and Coolant Circulation - Low Water Level
B 3.9.6

BASES

APPLICABLE
SAFETY
ANALYSES

While there is no explicit analysis assumptions for the decay heat removal
function of the RHR System in MODE 6, if the reactor coolant temperature is
not maintained below 2000 F, boiling of the reactor coolant could result. This
could lead to a loss of refueling cavity water level. Additionally, boiling of the
reactor coolant could lead to a reduction in boron concentration in the coolant
due to the boron plating out on components near the areas of the boiling
activity. The loss of reactor coolant and the reduction of boron concentration
in the reactor coolant will eventually challenge the integrity of the fuel
cladding, which is a fission product barrier. Three trains of the RHR System
are required to be OPERABLE, and two trains in operation, in order to
prevent this challenge.

RHR and Coolant Circulation - Low Water Level satisfies Criterion 4 of
10 CFR 50.36(c)(2)(ii).

The need for one SI pump is based on the PRA insight that maintaining at
least one RCS injection function operable results in a reduction in core
damage risk during shutdown conditions (Mode 6) with water level <23 feet
above the top of the reactor vessel flanqe.

DOCD19-494
S02

LCO In MODE 6, with the water level < 23 ft above the top of the reactor vessel
flange, three RHR loops must be OPERABLE. Additionally, two loops of
RHR must be in operation in order to provide:

a. Removal of decay heat,

b. Mixing of borated coolant to minimize the possibility of criticality, and

c. Indication of reactor coolant temperature.

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

The LCO also requires that one SI pump be OPERABLE such that in
response to a manual operator start the pump can provide sufficient water to
mitigate a drain-down event while in Mode 6 with water level <23 feet above
the top of the reactor vessel flange. The LCO requires that a source of water
(i.e.. reactor water storage pit (RWSP) and water available from the refueling
cavity) be available and contain the necessary volume of water. The
capability to provide iniection water is important to achieve defense-in-depth
during Mode 6 with water level <23 feet above the top of the reactor vessel
flange. The ability of the pump to provide flow to the RCS while partially filled
(and at near atmospheric pressure) and have electrical power are the criteria
necessary to be OPERABLE in Mode 6. No pump automatic start features
are required to be OPERABLE in Mode 6 as these capabilities were not
credited in the PRA.

DCD_ 9-494
S02
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RHR and Coolant Circulation - Low Water Level
B 3.9.6

BASES

LCO (continued)

This LCO is modified by two Notes. Note 1 permits the CS/RHR pumps to be
removed from operation for < 15 minutes when switching from one train to
another. The circumstances for stopping all CS/RHR pumps are to be limited
to situations when the outage time is short and the core outlet temperature is
maintained > 10 degrees F below saturation temperature. The Note prohibits
boron dilution 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
the other loops are OPERABLE and in operation. Prior to declaring the loop
inoperable, consideration should be given to the existing plant configuration.
This consideration should include that the core time to boil is short, there is
no draining operation to further reduce RCS water level and that the
capability exists to inject borated water into the reactor vessel. This permits
surveillance tests to be performed on the inoperable loop during a time when
these tests are safe and possible.

An OPERABLE RHR loop consists of af CS/RHR pump, a heat exchanger,
valves, piping, instruments and controls to ensure an OPERABLE flow path
and to determine the low end temperature. The flow path starts in one of the
RCS hot legs and is returned to the RCS cold legs. Management of qas voids
is important to RHR System OPERABILITY.

All CS/RHR pumps may be aligned to the Refueling Water Storage Pit to
support filling or draining the refueling cavity or for performance of required
testing.

I DCD_19-494
S02

I DCD_19-494
S02

I DCD1 9-494
S02

DCD_05.04.
07-11

DCD_19-494
S02

APPLICABILITY Three RHR loops are required to be OPERABLE, and two RHR loops must
be in operation in MODE 6, with the water level < 23 ft above the top of the
reactor vessel flange, to provide decay heat removal and mixing of the
borated coolant. Requirements for the RHR System in other MODES are
covered by LCOs in Section 3.4, Reactor Coolant System (RCS), and
Section 3.5, Emergency Core Cooling Systems (ECCS). RHR loop
requirements in MODE 6 with the water level > 23 ft are located in
LCO 3.9.5, "Residual Heat Removal (RHR) and Coolant Circulation - High
Water Level."

In MODE 6 Low Water Level, low-pressure letdown line isolation valves are
automatically closed upon detection of RCS loop low-level signal to prevent
loss of RCS inventory.

The function is effective to prevent core damage during plant shutdown,
based on probabilistic risk assessment.

US-APWR B 3.9.6-3 ~e~eR-a
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RHR and Coolant Circulation - Low Water Level
B 3.9.6

BASES

ACTIONS (continued)

ACTIONS C.3, C.4, C.5.1. and C.5.2

If no RHR is in operation, the following actions must be taken:

a. The equipment hatch must be closed and secured with [four] bolts,

b. One door in each air lock must be closed, and

c. Each penetration providing direct access from the containment
atmosphere to the outside atmosphere must be either closed by a
manual or automatic isolation valve, blind flange, or equivalent, or
verified to be capable of being closed by an OPERABLE Containment
Purge and Exhaust Isolation System.

With RHR loop requirements not met, the potential exists for the coolant to
boil and release radioactive gas to the containment atmosphere. Performing
the actions stated above ensures that all containment penetrations are either
closed or can be closed so that the dose limits are not exceeded.

The Completion Time of 4 hours allows fixing of most RHR problems and is
reasonable, based on the availability of the standby RHR loop and one SI I DCD_19-494
train for injection water, and on the low probability of the coolant boiling in So02
that time.

D.1, D.2, D.3, and D.4 DCD_19-494

S02

In the event that no SI pump is available to inject water into the RCS, the
RWSP does not contain sufficient water volume (SR 3.9.6.5). or boron
concentration is not within limits (SR 3.9.6.6) to mitigate a RCS drain-down
event in Mode 6 with <23 feet above the top of the reactor vessel flange, then
actions must be initiated immediately to restore this capability. The PRA
indicates that the availability of an injection water source reduces the core
damage frequency. Additionally, until such capability is restored, any activity
that could result in lowering RCS water volume must be suspended. The
immediate COMPLETION TIME reflects the importance of maintaining water
injection capability while the RCS is in a low water level condition.

US-APWR B 3.9.6-5 ~e44e~4
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RHR and Coolant Circulation - Low Water Level
B 3.9.6

BASES

SURVEILLANCE SR 3.9.6.1
REQUIREMENTS

This Surveillance demonstrates that two RHR loops are in operation and
circulating reactor coolant. The flow rate is determined by the flow rate
necessary to provide sufficient decay heat removal capability and to prevent
thermal and boron stratification in the core. In addition, during operation of
the RHR loops with the water level in the vicinity of the reactor vessel
nozzles, the CS/RHR pump suction requirements must be met. [The
Frequency of 12 hours is sufficient, considering the flow, temperature, pump
control, and alarm indications available to the operator for monitoring the
RHR System in the control room. 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 3.9.6.2

Verification that the required pump is OPERABLE ensures that an additional
RCS or CS/RHR pump can be placed in operation, if needed, to maintain DCD 19-494

decay heat removal and reactor coolant circulation. Verification is performed S02

by verifying proper breaker alignment and power available to the required
pump. [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.]

SR 3.9.6.3

SR 3.9.6.3 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.]

US-APWR B 3.9.6-6 Reynswen 3



RHR and Coolant Circulation - Low Water Level
B 3.9.6

BASES

SURVEILLANCE REQUIREMENTS (continued)

[ The 31 day Freauency takes into consideration the gradual nature of gas DCD_05.04.

accumulation in the RHR System piping and the procedural controls 07-11

governing system operation.

OR

The Surveillance Frequency is controlled under the Surveillance Frequency
Control Program. The Surveillance Frequency may vary by location
susceptible to gas accumulation. 1

SR 3.9.6.5 DCD_19-494

S02

Verification that the RWSP contains a borated water volume (including water

available in the refueling cavity) > 79,920 ft0 (597,800 gallons) ensures that
the pump will have a sufficient inventory of water to mitigate the Mode 6 RCS
drain-down event assumed in the probabilistic risk assessment (PRA). [Since
the RWSP volume (combined with the available water volume in the refueling
cavity) is normally stable, is protected by an alarm, and in view of other
administrative controls available, a 7 day Freguency is appropriate and has
been shown to be acceptable through operating experience. OR The
Surveillance Freguency is based on operating experience, eguipment
reliability, and plant risk and is controlled under the Surveillance Frequency
Control Program.]

SR 3.9.6.6

The boron concentration of the RWSP should be verified to be within the
reguired limits. This SIR ensures that the reactor will remain subcritical
following a RCS drain down event. [Since the RWSP volume (combined with
the available water volume in the refueling cavity) is normally stable, a 7 day
sampling Frequency to verify boron concentration is appropriate and has
been shown to be acceptable through operating experience. OR The
Surveillance Frequency is based on operating experience, equipment
reliability, and plant risk and is controlled under the Surveillance Freauency
Control Program.]

US-APWR B 3.9.6-8 Re~4~eR4
US-APWIR B 3.9.6-8 Rey*6*en 3



RHR and Coolant Circulation - Low Water Level
B 3.9.6

BASES

SURVEILLANCE REQUIREMENTS (continued)

SR 3.9.6.7 DCD_19-494
S02

Verification that the breaker alignment is correct and indicated power is
available to the required SI pump ensures that the pump motor will be
available to drive the pump upon manual start. [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 Freauency
Control Program.]

SR 3.9.6.8

Periodic surveillance testina of an SI pump to detect gross degradation
caused by impeller structural damage or other hydraulic component
problems is required by the ASME Code. This type of testing may be
accomplished by measuring the pump developed head at only one point of
the pump characteristic curve. This verifies both that the measured
performance is within an acceptable tolerance of the original pump baseline
performance and that the performance at the test flow is greater than or
equal to the performance assumed in the plant PRA for a drain-down event
in Mode 6 with <23 ft. SRs are specified in the Inservice Testing Program of
the ASME Code. The ASME Code provides the activities and Frequencies
necessary to satisfy the requirements.
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]Attachment 2

US-APWR Design Control Document19. PROBABILISTIC RISK ASSESSMENT
AND SEVERE ACCIDENT EVALUATION

Table 19.1-119 Key Insights and Assumptions (Sheet 34 of 49)

Key Insights and Assumptions Dispositions

19. Surge line flooding may occur if decay heat removal function is lost
during plant operating states where the pressurizer manway is the
only vapor release pass from the RCS. Water held up in the
pressurizer can erroneous readings of water level indicators
measured with reference to the pressurizer. This phenomenon can
also prevent gravity injection from the SFP Measures to prevent
accident evolution caused by surge line flooding are important.
Adoption of both measures listed below can reduce risk from surge
line flooding event.
- Installation of an temporary RCP water level sensor that

measure the MCP water level with reference to pressure at the
reactor vessel head vent line and cross over leg when the RCS
is vented at a high elevation.

- Operational procedures to perform continuous RCS injections
when loss of RHR occurs under conditions where the
pressurizer manway is the only vapor release pass from the
RCS.

The temporary water level will satisfy the following specifications.
- Water level can be read outside the containment vessel (CV) in

order to be effective during events which involve harsh
environment in the CV

- Tygon tubing monometer will not be used
- Instrumentation piping diameter will be sufficient enough to

prevent delay in response

20. Two types of instruments are provided in US-APWR design to
measure the temperature representative of the core exit whenever
the reactor vessel head is located on top of the reactor vessel. The
first one is core exit thermocouples located inside the RV. The
second is resistance temperature detectors in the reactor coolant
hot leg. These two independent instruments will be available
whenever the RCS is in a mid-loop condition and the reactor vessel
head is located on top of the reactor vessel.

21. A,,dmFniStrati'c oontrFl to cnzurc thc availability 4T echnical
Specification controls to ensure the OPERABILITY of a train of the
SIS and associated water source (i.e., RWSP and refueling cavity)
as an RCS make-up function during cold shutdown in reduced
inventory conditions and during refueling with water level <23 ft
above the too of reactor vessel flange.

22. Operating procedural controls to ensure the availability of the
refueling cavity level instrument and alarm while the refueling cavity
is flooded.

23. Operating procedural controls to ensure the availability of at least
one safety-related pump, e.g., a CS/RHR pump, to provide makeup
to the refueling cavity when the cavity is flooded.
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