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MITSUBISHI HEAVY INDUSTRIES, LTD.
16-5, KONAN 2-CHOME, MINATO-KU
TOKYO, JAPAN
June 5, 2012
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-12132
Subject:

MHI's Response to US-APWR DCD RAI No. 920-6391 Revision 0 (SRP
09.02.05)

Reference: 1) "Request for Additional Information No. 920-6391 Revision 0, SRP Section
09.02.05 - Ultimate Heat Sink: 9.2.5", dated April 11, 2012.
With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Response to Request for Additional
Information No. 920-6391 Revision 0."
Enclosed is the response to a question contained within Reference 1.
Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
Nuclear Energy Systems, Inc. ifthe NRC has questions concerning any aspect of this
submittal. His contact information is provided below.
Sincerely,

Yoshiki Ogata,
Director-APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
Enclosure:
1. Response to Request for Additional Information No. 920-6391 Revision 0

CC: J. A. Ciocco
J. Tapia
Contact Information
Joseph Tapia, General Manager of Licensing Department
Mitsubishi Nuclear Energy Systems, Inc.
1001 19th Street North, Suite 710
Arlington, VA 22209
E-mail: joseph tapia@mnes-us.com
Telephone: (703) 908 - 8055
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QUESTION NO.: 09.02.05-11
DCD Revision 3, which is supplemented by the Markup for US-APWR DCD Revision 4
Section 9.2 (dated October 14, 2011) states:
Section 9.2.5.1: Dissipate the maximum total heat load from the ESWS under normal and
accident condition, including that of a LOCA or safe shutdown scenario with LOOP under the
worst combination of adverse environmental conditions, even freezing, and cool the unit for a
minimum of 30 days (or minimum of 36 days for cooling pond) in accordance with Regulatory
Guide 1.27 without makeup water. The decay heat is estimated using ANSI/ANS 5.1, "Decay
Heat Power for Light Water Reactors" (Ref. 9.2.10-6).
The UHS is designed with inventory sufficient to provide cooling for at least 30 days (or at
least 36 days for cooling pond in accordance with Regulatory Guide 1.27) following an
accident, with no makeup water. The COL Applicant is to decide the cooling period in
accordance with the site specific UHS. The most severe meteorological condition is based
upon 30 years maximum historical conditions of dry and wet bulb temperatures. The water
inventory also assures the available NPSH at the lowest expected water level for the ESW
pumps at the end of the 30-day emergency cooling period. Section 9.2.1.2.2.2: Two 100%
capacity parallel strainers powered from Class 1E power source are located in each ESWP
discharge line to prevent the CCW heat exchanger from clogging. Periodic inspection,
monitoring, maintenance, performance and functional testing (including the heat transfer
capability of the CCW heat exchangers consistent with GL 89-13) are performed to minimize
the effect of potential CCW heat exchanger fouling. These activities will ensure that the actual
fouling factor will not exceed the design fouling factor for at least the duration required for
UHS capacity of 30 days or minimum of 36 days for a cooling pond.
Section 9.2.1.2.2.3: To prevent potential CCW heat exchanger fouling, periodic inspection,
monitoring, maintenance, performance and functional testing (including the heat transfer
capability of the CCW heat exchangers consistent with GL 89-13) will be provided as
discussed in Subsections 9.2.1.3 and 9.2.1.4. Further, adequate fouling factor margins in
accordance with the manufacturer's standards and the system water chemistry will be
required in the design specifications. Periodic inspection, monitoring and maintenance will
ensure that the actual fouling is within design fouling factor margins to accomodate heat
transfer for a minimum of the UHS design of 30 days or 36 days for a cooling pond.
*During on the Advisory Committee on Reactor Safeguards (ACRS) meetings on March
22-23, 2012, it was discussed that is not the intent of RG 1.27 to require a different duration

9.2.5-1

for the UHS capacity if a cooling pond is used. The 36 day discussion in RG 1.27 is related to
an analysis of 36 day of meteorological data ifa cooling pond is to be used. Therefore, the
applicant should consider alternative wording. Note: these are just a few examples, and the
applicant should perform an extended review of their Tier 1 and Tier 2 application and make
the necessary corrections.
ANSWER:
MHI agrees with the RAI that there is no intent to provide a different UHS capacity if a
cooling pond were used. The US-APWR complies with Regulatory Guide 1.27. MHI has
reviewed DCD Revision 3 (as well as the R-COLA and S-COLA) to identify changes that
may be needed to clarify compliance with RG 1.27.
RG 1.27 Revision 2 states:
"As another example, consider a cooling pond as the sink where the pond temperature
may reach a maximum in 5 days following a shutdown. This maximum temperature
should coincide with the most severe combination of controlling meteorological
parameters for a 1-day period. Therefore, three critical time periods should be
considered: 5 days, 1 day, and 30 days (to ensure the availability of a 30-day cooling
supply. These three periods need not occur contiguously. They may be combined,
however, in the indicated order to produce a synthetic 36-day period which may be used
as the design basis for the pond. Alternatively, the worst 36-consecutive-day period from
historical climatological data may be used as the design basis. "
As indicated above, RG 1.27 refers to analyzing 36 days of meteorological conditions for
a cooling pond-type UHS. This meteorological analysis does not affect the criterion for
UHS capacity of 30 days without makeup.
DCD Tier 2 will be revised to clarify that the UHS capacity is 30 days without makeup.
The discussion implying a 36 day UHS capacity for a cooling pond will be deleted.

Impact on DCD
See attached mark-up for DCD Subsections 9.2.1.2.2.2, 9.2.1.2.2.3, 9.2.5.1, 9.2.5.3, and
Table 9.2.5-2.
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 NRC's question.
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The mode of cooling of the ESWP motors is air cooled. DCD Subsection 9.4.5 describes DCD_09.02.
01-32
the design detail of the ESW pump area ventilation system requiring the heating,
yv.nt.la.ings4e-speeifie and air conditioningwill be dotorminod by tho G-6 Applican.
9.2.1.2.2.2

Strainers

Two 100% capacity parallel strainers powered from Class 1E power source are located in
each ESWP discharge line to Drevent the CCW heat exchanger from clogging. Periodic
inspection, monitoring, maintenance, performance and functional testing (including the
heat transfer capability of the COW heat exchangers consistent with GL 89-13) are
performed to minimize the effect of potential CCW heat exchanger fouling. These
activities will ensure that the actual fouling factor will not exceed the design fouling factor
for at least the duration required for UHS capacity of 30 days. The strainers are the
automatic self-cleaning type: each has a backwash line with an isolation valve of MOV573 or MOV-574 as shown in Figure 9.2.1-1 with their valve ID marking. The COL
Applicant is to determine the backwash line discharge location in accordance with the
type of the UHS used. The backwash line valves are powered by a Class 1E DC source
so that they will be operable during Loss of Offsite Power. The strainers have exhaust
valves which are Dart of the strainers, the valve symbol is shown but a unique valve ID is
not identified in Figure 9.2.1-1. Also, the strainers have manual isolation valves, VLV-506
and 507, on ESW inlet piping and have manual isolation valves, VLV-508 and 509, on
ESW outlet piping respectively as shown in Figure 9.2.1-1 with their valve IDmarking. An
automatic vent valve is also installed to sweep out air introduced into the piping system by
the vacuum breakers that are installed to prevent water hammer. Inside the strainer there
is a cylilndrical screen with a rotating brush; the brush sweeps the inner surface of the
cylindrical screen when the strainer receives start signal. The strainers including their
associated components such as exhaust valve or rotating brush motor are Dowered from
class 1E source.
Strainers operating modes are Non-Backwash Operating, Backwash Operating or Out-ofService. The strainer is available when in either Non-backwash Operating or Backwash
Operating modes. The details of each operating mode is as follows:
Non-Backwash Operating:
" The associated inlet manual isolation valve of VLV-506 or VLV-507 is opened.
" The associated outlet manual isolation valve of VLV-508 or VLV-509 is opened.
" The full flow from ESW pump flows to CCW heat exchanger and essential chiller unit
through the strainer.
" The exhaust valve is closed.
" The inner brush is not rotated by the drive unit.
•

The associated backwash isolation valve of MOV-573 or MOV-574 is closed.

Backwash Operating:

Tier 2
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To prevent potential CCW heat exchanger fouling, periodic inspection, monitoring,
DCD_09.02.
maintenance, performance and functional testing (including the heat transfer capability of 01-52
the CCW heat exchangers consistent with GL 89-13) will be provided as discussed in
Subsections 9.2.1.3 and 9.2.1.4. Further, adequate fouling factor margins in accordance
with the manufacturer's standards and the system water chemistry will be required in the
design specifications. Periodic inspection, monitoring and maintenance will ensure that
the actual fouling is within design fouling factor margins to accomodate heat transfer for a
DCD_09.02.
minimum of the UHS design of 30 days.
05-11

The design of CCW heat exchanaers will incorporate specific features regarding industry DCDO09.02.
operating experience as discussed in EPRI TR 1013470 to minimize leakage from plate- 02-81
type heat exchangers and potential blockage of the heat exchanger flow passages (Ref.
9.1.7-27).
9.2.1.2.2.4

Essential Chiller Units

Four 50% capacity chiller units, one per train, are provided. A detailed description of the
essential chiller units is given in Subsection 9.2.7.
9.2.1.2.2.5

Piping

Carbon steel piping designed, fabricated, installed and tested in accordance with ASME
Section III, Class 3 requirements, is used for the safety-related portion of the ESWS.
Piping is arranged to permit access for inspection. The essential service water pipe tunnel
(ESWPT), including the ESW piping from this tunnel to the ESW pump intake and
discharge structures and the UHS, is site specific but the existence and function of which
are required in the standard design. The COL Applicant is to locate the pipes entering and
exiting the pipe tunnel based on the location of the UHSRS, as required. [[The piping
located in trenches will be externally lined carbon steel and the lining material
specification will vary according to the site soil chemistry. The rest of the ESWS piping will
be carbon steel or internally lined carbon steel depending on ESWS water chemistry
requirements. Cathodic protection will be provided for buried piping. Access manholes
will be provided as required for periodic inspection.]] The piping will be inspected per
ASME Section Xl, article IWA 5244 requirements.
9.2.1.2.2.6

Valves

The water in the ESWS does not normally contain radioactivity and, therefore, special
provisions against leakage to the atmosphere are not necessary. Isolation valves are
provided upstream and downstream of each component to facilitate its removal from
service.
A motor operated valve is provided at the discharge of each pump. The starting logic of
the ESWP interlocks the motor operated valve with the pump operation. The closed
discharge valve opens after starting the ESWP. This feature minimizes transient effects
that may occur as the water sweeps out air that may be present in the system. If the
motive power of the valve is lost, the valve maintains its current position.

Tier 22
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" [[Instrumentation is provided for indication and for automatic potable water system
pump start if the jockey pump fails to maintain system pressure.]]
" [[Instrumentation necessary for proper operation of all three pumps to satisfy the
system distribution flow rates and to maintain an acceptable system pressure is
provided.]]
9.2.5

Ultimate Heat Sink

The ultimate heat sink (UHS) consists of an assured source of water with associated
safety-related structures designed to dissipate the heat rejected from the ESWS during
normal and accident conditions. UHS peak heat loads and long term heat loads are
shown in Tables 9.2.5-1 and 9.2.5-2, respectively. The UHS system is safety-related and
designed to meet the requirements of Regulatory Guide 1.27 (Ref. 9.2.11-2).
9.2.5.1

Design Bases

The UHS is a site-specific interface with the ESWS. The design information provided in
this subsection establishes interface requirements applicable to the UHS design and to
be provided by the COL Applicant based on specific site characteristics including
meteorological data.
The UHS designed in accordance with GDC 44 to:
" Dissipate the maximum total heat load from the ESWS under normal and accident
condition, including that of a LOCA or safe shutdown scenario with LOOP under
the worst combination of adverse environmental conditions, even freezing, and
cool the unit for a minimum of 30 days (OF mini'mu of 36 days 16F caling. p.ond)in DCDO09.02.
accordance with Regulatory Guide 1.27 without makeup water. The decay heat is 0511
estimated using ANSI/ANS 5.1, "Decay Heat Power for Light Water Reactors"
(Ref. 9.2.10-6).
" Provide suitable component redundancy such that the system's safety functions
can be performed in the event of a single active component failure, coincident with
an accident such as a LOCA and safe shutdown with LOOP under extreme
meteorological conditions, using either offsite power or onsite emergency power
sources.
" Provide the capability to isolate components, systems or piping such that safety
functions are not compromised.
The UHS is designed for a single nuclear power unit and is not shared between units
(GDC 5). The UHS is designed to accommodate the effects of and to be compatible with
the environmental conditions associated with normal operation, maintenance, testing and
postulated accidents, including LOCA. These environmental effects include dynamic
effects that may result from equipment failures or external events (GDC 4).
The UHS is designed to withstand the effects of natural phenomena such as
earthquakes, tornadoes, hurricanes, floods, tsunami and seiches without loss of
capability to perform its safety functions (GDC 2). As indicated in Table 3.2-4, the ultimate

Tier 2
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heat sink related structures (UHSRS) are Seismic Category I structures selected based
on site-specific conditions and site-specific meteorological data.
The UHS is designed to permit appropriate periodic inspection of important components
to assure the integrity and capability of the system. The UHS design permits inservice
inspection of safety-related piping and components (GDC 45).
The UHS is designed to permit appropriate periodic pressure and functional testing per
GDC 46 to assure the following:
" Structural and leaktight integrity of safety-related UHS components.
*

Operability and performance of UHS components with active safety functions.

" UHS system operability, and under conditions as close to design as possible,
performance of the full operational sequence that brings the UHS into operation
for reactor shutdown and LOCA, including operation of appropriate portions of the
PSMS and transfer between normal and emergency power sources.
Other UHS design bases to meet the safety-related functional requirements are provided
below:
" The UHS is designed in accordance with the requirements of Regulatory Guide
1.27.
" The maximum UHS water temperature to ESWS is 95 OF.
" The safety-related components of the UHS are designed to withstand design
loadings.
*

Provision is provided to protect the UHS essential structures and components
against adverse environmental conditions such as freezing.

" The UHS is designed with inventory sufficient to provide cooling for at least 30
DCDO9.02.
days (or St loas..36 days for......g pond in accordance with Regulatory Guide
05-11
decide
to
is
Applicant
1.27) following an accident, with no makeup water. The COL
the cooling period in accordance with the site specific UHS. The most severe
meteorological condition is based upon 30 years maximum historical conditions of
dry and wet bulb temperatures. The water inventory also assures the available
NPSH at the lowest expected water level for the ESW pumps at the end of the
30-day emergency cooling period.
•

The safety-related structures and components of the UHS are designed to
equipment Class 3 and seismic category I requirements to remain functional
during and following an SSE.

" The UHS is designed to satisfy the requirements of 10 CFR 52.79(a)(45) and 10
CFR 20.1406 for the minimization of radioactive contamination.

Tier 22
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3.5, Missile Protection

*

3.7, Seismic Design

*

3.8, Design of Category I Structures

Site-specific UHS design features to address limiting hydrology-related events are
addressed as required by DCD Section 2.4, Hydrologic Engineering (specifically
Subsections 2.4.8, 2.4.11 and 2.4.14). The UHS is sufficiently sized to accept the heat
rejected (Table 9.2.5-1) from the ESWS.
The heat loads for LOCA and safe shutdown conditions with LOOP for up to 3630 days I DCD_09.02.
are provided in Table 9.2.5-2. These heat loads establish the basis for minimum allowable 05-11
UHS cooling water inventory and maximum temperature limits, to maintain the ESW
supply water temperature less than or equal to 95 OF under design basis heat load
conditions. At the minimum water following UHS operation in the limiting scenario in Table
9.2.5-2, ESW pump NPSH requirements are met without assuming UHS inventory makeup from external sources, in accordance with RG 1.27. Technical Specifications by the
COL Applicant (COL 16.1_3.7.9 (1)) prescribe operating limits for minimum UHS usable
water capacity and maximum UHS initial water temperature.
Table 9.2.5-4 on Failure Modes and Effects Analysis (FMEA) of the UHS concludes that
no single failure, coincident with one train being unavailable due to maintenance and a
loss of offsite power compromises the safety functions.
9.2.5.4

Inspection and Testing Requirements

The COL Applicant will provide test and inspection details based on type of UHS to be
provided. These details will include inspection and testing requirements necessary to
demonstrate that fouling and degradation mechanisms are adequately managed to
maintain acceptable UHS performance and integrity.
The UHS supports ESWS operation and is therefore tested as part of the ESWS
preoperational test described in Subsection 14.2.12.1.34. As indicated in Subsection
14.2.12, the COL Applicant is responsible for testing outside the scope of the certified
design.
Periodic inspections and tests of UHS and ESWS components and subsystems are
performed to verify proper operation and system operability. This includes ASME Section
Xl requirements as discussed in Section 6.6.
The COL Applicant is to develop maintenance and test procedures to monitor debris build
up and flush out debris.
The COL Applicant is to develop (if required by the type of UHS selected) inspection and
testing requirements necessary to demonstrate that fouling and degradation mechanisms
are adequately managed to maintain acceptable UHS performance and integrity.

9.2-52
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Table 9.2.5-2

UHS Heat Load for LOCA and Safe Shutdown with LOOP
(Sheet 2 of 2)
LOCA
(4 trains
operation)

LOCA
(2 trains
operation)

Safe shutdown
(4 trains
operation)

Safe shutdown
(2 trains
operation)

(x 106 Btu/hl4
trains)

(x 106 Btulhl2
trains)

(x 106 Btu/hl4
trains)

(x 106 Btu/hl2
trains)

9 days

127

106

126

109

10 days

125

104

124

107

11 days

123

102

123

106

12 days

122

100

122

105

13 days

121

99

121

104

14 days

120

98

120

102

15 days

119

98

118

101

16 days

118

97

117

100

17 days

117

96

116

99

18 days

117

95

116

98

19 days

116

94

115

98

20 days

115

93

114

97

21 days

114

93

114

96

22 days

113

92

113

96

23 days

112

91

112

95

24 days

112

90

112

95

25 days

112

90

111

94

26 days

111

90

111

94

27 days

111

90

110

93

28 days

111

89

110

93

29 days

111

89

110

93

30 days

110

88

109

92

34 days

440

32 dwye

400

88

408

94

400

87

408

04

408

94

8-7

408

94

go

40;

go0i

Time after
incident

34-days

400

36 days

408

6-ee408
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