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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

December 17, 2009

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

Attention: Mr. JeffreyA. Ciocco Docket No. 52-021
MHI Ref: UAP-HF-09559

Subject: MHI's Ist Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology for
US-APWR" on 11/1712009

Reference: 1) "REQUEST FOR ADDITIONAL INFORMATION ON TOPICAL REPORT
MUAP-07013-P, ' SMALL BREAK LOCA METHODOLOGY FOR
US-APWR'," dated on November 17, 2009.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") an official document entitled 'MHI's 1St Response to the
NRC's Request for Additional Information on Topical Report MUAP-07013-P (RO) "Small
Break LOCA Methodology for US-APWR" on 11/17/2009'. In the enclosed document, MHI
provides the 10 (ten) out of 17 (seventeen) items requested in Reference 1. The remaining
responses to the RAI in Reference 1 will be transmitted to the NRC by separate
correspondence on January 16, 2009 (60 days after the issuance of the formal RAI), as
agreed by NRC and MHI.

As indicated in the enclosed materials, this document contains information that MHI considers
proprietary, and therefore should be withheld from public disclosure pursuant to 10 C.F.R.
§ 2.390 (a)(4) as trade secrets and commercial or financial information which is privileged or
confidential. A non-proprietary version of the document is also being submitted in this
package (Enclosure 3). Any proprietary information that is written inside a bracket in the
proprietary-version is replaced by the designation "[ ]" without any text, in the
non-proprietary-version.

This letter includes a copy of proprietary version (Enclosure 2), a copy of non-proprietary
version (Enclosure 3), and the Affidavit of Yoshiki Ogata (Enclosure 1) which identifies the
bases of MHI request that all materials designated as "Proprietary" in Enclosure 2 be withheld
from public disclosure pursuant to 10 C.F.R. § 2.390 (a)(4).

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. Affidavit of Yoshiki Ogata

2. MHI's 1t Response to the NRC's Request for Additional Information on Topical Report
MUAP-07013-P (RO) "Small Break LOCA Methodology for US-APWR" on 11/17/2009
(proprietary)

3. MHI's 1 st Response to the NRC's Request for Additional Information on Topical Report
MUAP-07013-P (RO) "Small Break LOCA Methodology for US-APWR" on 11/17/2009
(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: ck-paulson@mnes-us.com
Telephone: (412) 373 - 6466



ENCLOSURE 1
Docket No.52-021

MHI Ref: UAP-HF-09559

MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Yoshiki Ogata, being duly sworn according to law, depose and state as follows:

1. I am General Manager, APWR Promoting Department, of Mitsubishi Heavy Industries, Ltd
("MHI"), and have been delegated the function of reviewing MHI's US-APWR
documentation to determine whether it contains information that should be withheld from
disclosure pursuant to 10 C.F.R. § 2.390 (a)(4) as trade secrets and commercial or
financial information which is privileged or confidential.

2. In accordance with my responsibilities, I have reviewed the enclosed MHI's 1 st
Response to the NRC's Request for Additional Information on Topical Report
MUAP-07013-P (RO) 'Small Break LOCA Methodology for US-APWR' on 11/17/2009"
and have determined that portions of the report contain proprietary information that
should be withheld from public disclosure. Those pages containing proprietary
information are identified with the label "Proprietary" on the top of the page and the
proprietary information has been bracketed with an open and closed bracket as shown
here "[ ]". The first page of the technicalreport indicates that all information identified as
"Proprietary" should be withheld from public disclosure pursuant to 10 C.F.R. § 2.390
(a)(4).

3. The information in the report identified as proprietary by MHI has in the past been, and
will continue to be, held in confidence by MHI and its disclosure outside the company is
limited to regulatory bodies, customers and potential customers, and their agents,
suppliers, and licensees, and others with a legitimate need for the information, and is
always subject to suitable measures to protect it from unauthorized use or disclosure.

4. The basis for holding the referenced information confidential is that it describes the
unique codes and files developed by MHI for the fuel of the US-APWR and also contains
information provided to MHI under license from the Japanese Government. These codes
and files were developed at significant cost to MHI, since they required the performance
of detailed calculations, analyses, and testing extending over several years. The
referenced information is not available in public sources and could not be gathered
readily from other publicly available information. MHI knows of no way the information
could be lawfully acquired by organizations or individuals outside of MHI and the
Japanese Government.

5. The referenced information is being furnished to the Nuclear Regulatory Commission
("NRC") in confidence and solely for the purpose of supporting the NRC staffs review of
MHI's Application for certification of its US-APWR Standard Plant Design.

6. Public disclosure of the referenced information would assist competitors of MHI in their
design of new nuclear power plants without the costs or risks associated with the design
of new fuel systems and components. Disclosure of the information identified as
proprietary would therefore have negative impacts on the competitive position of MHI in



the U.S. nuclear plant market.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein
are true and correct to the best of my knowledge, information and belief.

Executed on this 1 7 th day of December, 2009.

Yoshiki Ogata
General Manager- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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MHI's 1st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 4-18
(Related RAIs 4-1 and 4-13)
[

I

RESPONSE
I

I

Mitsubishi Heavy Industries, LTD.



MHI's 1 st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.1.4-10

The results shown in Figure RAI-8.1.4-9.1 indicate some pressure dependency in the
range from 3 to 15 bar. As stated in the response, the important pressure range for use of
this CCFL correlation is around 80 bar. This indicates that there could be considerable
uncertainty in using this correlation at 80 bar based on the comparison to data at 3 and 15
bar. Describe how this uncertainty is addressed in the SBLOCA methodology.

RESPONSE

The effect of pressure was recently reported in NURETH-13 by the Dresden group (Ref.
1). The hot leg geometry is simulated using a rectangular duct of 5cm in width and 25cm
in height. High pressure steam-water experiments were conducted under 15bar, 30bar
and 50bar. The CCFL data under different pressures were correlated reasonably well with
Ku. However, it is recognized that the Ku for water down-flow rate at a steam flow rate
tends to increase with pressure. [

] (Ref. 2) This tendency
means that the UPTF correlation derived below 15bar gives conservative results under
higher pressure because more water accumulates around the SG inlet plenum when
using the UPTF correlation than would be expected under higher pressure. The additional
water accumulation around the SG inlet plenum causes a lower liquid level in the core
during the loop seal clearing period, which increases the likelihood of core dryout.

Since the CCFL correlation strongly depends on flow-path geometry, the Ku relationship
by the Dresden group using the rectangular geometry can not be applied directly to the
US-APWR. However, the qualitative tendency of the effect of pressure on the liquid
down-flow is considered to be relevant to the US-APWR. Therefore, the use of the CCFL
correlation derived from the UPTF data is considered to be conservative in the M-RELAP5
SBLOCA analyses.

References:
1. C. Vallee et al., "Counter-current Flow Limitation Experiments in a Model of the Hot

Leg of a Pressurized Water Reactor - Comparison between Low Pressure Air/Water
Experiments and High Pressure Steam/Water Experiments," The 13 h Int. Topical
Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-13), N13P1107, Sep.
2009.

2. Mitsubishi Heavy Industries, Ltd., Small Break LOCA Methodology for US-APWR,
MUAP-07013-P (RO), July 2007.

Mitsubishi Heavy Industries, LTD.
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MHI's 1st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.3.1-1

In Section 8.3.1-4 it is stated that "The bypass path between the downcomer and upper
head becomes an alternative steam flow path connecting the cold leg and the hot leg
during the loop seal clearing period. Thus, the flow resistance of the path affects the core
mixture level depression."

Also in Section 8.3.1-5 it is stated that "A leak path between hot leg nozzles and the
downcomer upper region becomes a steam flow path connecting the cold leg and the hot
leg during the loop seal clearing period. Thus, the flow resistance of the path affects the
core mixture level depression."

As both of these flow paths can act to release steam from above the core during the loop
seal clearing period, please explain how the uncertainty in the flow path area and the
subsequent steam flow are treated in the SBLOCA methodology.

RESPONSE

The bypass path between the downcomer and upper head, which is called the spray
nozzle, is explicitly modeled in the US-APWR SBLOCA methodology. On the other hand,
a leak path between the hot leg nozzles and downcomer upper region is not modeled,
because that the flowrate through the path is negligibly small. In addition, ignoring the
bypass path between the hot leg nozzles and downcomer causes more steam flow into
the hot legs, leading to a larger core level depression and to a higher PCT during the loop
clearing seal phase.

] The'steam
bypassing through the spray nozzle primarily affects the core liquid level depression
during the loop seal phase. In the US-APWR SBLOCAs, however, the top of the spray
nozzle is covered with sufficient coolant during the loop seal phase, which impedes steam
flowing from the upper head to the downcomer as described in MHI's response to
REQUEST 7-1 (Ref. 1). Therefore, the steam flow resistance at the spray nozzle is not
sensitive to the PCT occurring during the loop seal phase, and then, an additional
conservatism is not necessary for the steam flow resistance at the spray nozzle.

Reference:
1. Mitsubishi Heavy Industries, Ltd., MHI's Partial Responses to the NRC's Requests for

Additional Information on Topical Report MUAP-07013-P (RO) "Small Break LOCA
Methodology for US-APWR", UAP-HF-09002, January 2009.

Mitsubishi Heavy Industries, LTD.
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MHIs 1st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.3.1-5

Section 8.3.1.2 states that the 3-D flow distribution can be determined by simulating the
3-D flow and heat transfer. US APWR DCD FSAR Section 15.6.5.3.1 describes the
SBLOCA Evaluation Model as being one-dimensional.

Clarify the application of 3-D modeling in the SBLOCA Evaluation Model.

RESPONSE
I

Mitsubishi Heavy Industries, LTD.
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MHI's 1 st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.3.1-6

Section 8.3.1.5 states that the M-RELAP5 mixture level tracking model can be used to
refine the calculated mixture level in the upper plenum. Table 6.2.1-4 indicates that the
mixture level tracking model is not utilized in the upper head and plenum regions of the
SBLOCA Evaluation Model.

Clarify whether the mixture level tracking model is used in the calculation of reactor vessel
upper plenum mixture level in the SBLOCA Evaluation Model.

RESPONSE

The mixture level tracking model is not used in calculating the reactor vessel upper
plenum mixture level for the US-APWR SBLOCA safety analysis. The corresponding
description is just an introduction for one of the M-RELAP5 functions and capabilities. MHI
judged that the description probably confuses the exact status in the US-APWR SBLOCA
evaluation model, and therefore, MHI will revise the corresponding portion from Section
8.3.1.5 of the topical report as follows:

25. Mixture Level:
The M-RELAP5 two-fluid nonequilibrium field equations track the liquid and vapor
separately, allowing the formation of the appropriate liquid and mixture levels in the upper
plenum. Although M-RELAP5 has a level tracking model that can determine the location
of a mixture level within a control volume, the model is not used in the US-APWR
SBLOCA calculations because an adequate representation of the void fraction distribution
can be obtained using an appropriate number of control volumes. Tho tw.o phase --..... ,
and thus tho height of the mixtur lv n h Ippo mlenu, are dotormined from3 tho

rocltig mxtuo l'~e ca be rofinod ucing the M REL.-A.PO itr o.o rcigmd
Tho mituele: rakn-g modol is applied thraugh usoeipu w0-hen a aerlVel icl
formoed by gravity.

Mitsubishi Heavy Industries, LTD.
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MHI's Is Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.3.1-7

Section 8.3.1.7 states that the M-RELAP5 mixture level tracking model can be used to
refine the calculated mixture level in the pressurizer. Table 6.2.1-4 indicates that the
mixture level tracking model is not utilized in the pressurizer component of the SBLOCA
Evaluation Model.

Clarify the application of the M-RELAP5 mixture level tracking model to the pressurizer
and pressurizer surge line volumes, including, if applicable, the conditions under which the
model is applied and its effect on the calculated pressurizer mixture level.

RESPONSE

Similarly to the response to REQUEST 8.3.1-6, the mixture level tracking model is not
used in the calculation of the pressurizer and pressurizer surge line volumes. The mixture
level tracking model is not necessary to calculate the mixture level of the pressurizer
because the two-fluid field equations provide a reasonable representation of the mixture
level during the pressurizer out surge, particularly for the limiting SBLOCA cases with
7.5-in and 1-ft2 break sizes.

MHI will revise Section 8.3.1.7 of the topical report as follows:

33. Mixture Level:
The M-RELAP5 two-fluid nonequilibrium field equations track the liquid and vapor
separately, allowing the formation of the appropriate liquid and mixture levels in the
pressurizer. Although M-RELAP5 has a level tracking model that can determine the
location of a mixture level within a control volume, the model is not used in the US-APWR
SBLOCA calculations because an adequate representation of the void fraction distribution
can be obtained using an appropriate number of control volumes. The two pho.. r..... ,
.ndthu ..t he HI.o th•. m.,i th. pr-" ...... , are dotorminod. from th.

rocltng ixurelool anbo efneducng the M RE16.P512 mixture lei.e trc ingmdol
Th mxtreleeltrckngmodolli applied through ucar inu hnawter aeli

fomed by; graffit';.

Mitsubishi Heavy Industries, LTD.
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MHI's 1st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.3.1-8
[

I

RESPONSE
I

I

Mitsubishi Heavy Industries, LTD.
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MHI's 1 st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.3.1-9

Section 8.3.1.9 states that the calculated loop seal mixture level can be refined using the
M-RELAP5 mixture level tracking model. Table 6.2.1-4, however, does not indicate that
the mixture level tracking model is used in the crossover leg.

Clarify whether the mixture level tracking model is used in the calculation of loop seal
mixture level in the SBLOCA Evaluation Model. Explain why the mixture level tracking
model is / is not used to refine the loop seal mixture level calculation.

RESPONSE

Similarly to the response to REQUEST 8.3.1-6, the mixture level tracking model is not
used in calculating the loop seal mixture level. The water head, in the loop seal is
important rather than the mixture level in evaluating the core liquid depression during the
loop seal phase, which affects the PCT behavior.

MHI will revise Section 8.3.1.9 of the topical report as follows.

45. Loop Seal Formation and Clearance (Entrainment/Flow regime/interfacial
drag/Flow resistance):
A loop seal forms when the two phase natural circulation loop flow is not sufficient to carry
the steam down through the pump suction piping. The M-RELAP5 two-fluid nonequilibrium
field equations track the liquid and vapor separately, allowing the formation of the
appropriate liquid and mixture levels in the loop seal. Accurate predictions of the water
head and the void distribution are required in evaluating the loop seal behavior. Accurate
predictions of both can be accomplished by dividing the region into an appropriate of
control volumes. The two phae regione, and thuc the height of the md•u'; Io•-c in tho

loop coal, arm d-o;tormined. from the nd wall mass, mAn9tum a•nd onorg
trancforF co.t.u.v mdelc. The rocullting mflixtue lvlcnb oio cn h

MRL.125 mixture l1_8l tracking Modol. .1ho mituro eovo. tracking moedel-4i applied
throuigh ucor input when s waefoelic omed by gaiy

After the loop seal forms, the core mixture level depression is calculated according to the
pressure balance between the head in the crossover leg and the head in the downcomer
mixture. The loop seal clears when the liquid level in the crossover leg becomes lower,
because the vapor flows into the lowermost part of the crossover leg and the liquid is
carried by vapor to the pump side. The field equations of M-RELAP5 consider the
momentum exchange between liquid and vapor phases based on interfacial friction and
describe the carry over of liquid by high velocity vapor flow. In addition, interfacial friction
is calculated appropriately for horizontal stratified flow regime or annular mist flow regime,
which is determined by flow regime map. Therefore, the field equations are capable to
simulate the loop seal clearing. After the loop seal clearing, the head in the crossover
leg is lost and the core mixture level increased through the pressure adjustment described
by the field equations.

The loop seal formation and clearance is ranked as high in the PIRT. The modeling
capability of M-RELAP5 has been validated by analyzing ROSA-IV/LSTF small break
(5%) LOCA test as an lET.

Mitsubishi Heavy Industries, LTD.
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MHI's 1st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.3.1-10

Section 8.3.1.13 states that the calculated vessel downcomer and lower plenum mixture
level can be refined using the M-RELAP5 mixture level tracking model. Table 6.2.1-4,
however, does not indicate that the mixture level tracking model is used in the downcomer
and lower plenum vessel components.

Clarify whether the mixture level tracking model is used in the calculation of downcomer

and lower plenum mixture level in the SBLOCA Evaluation Model.

RESPONSE

Similarly to the response to REQUEST 8.3.1-6, the mixture level tracking model is not
used in calculating the downcomer and lower plenum mixture level. MHI will revise
Section 8.3.1.13 of the topical report as follows.

60. Mixture Level/Void Distribution:
The M-RELAP5 two-fluid nonequilibrium field equations track the liquid and vapor
separately, allowing the formation of the appropriate liquid and mixture levels in the
downcomer and lower plenum. Although M-RELAP5 has a level tracking model that can
determine the location of a mixture level within a control volume, the model is not used in
the US-APWR SBLOCA calculations because an adequate representation of the void
fraction distribution can be obtained using an appropriate number of control volumes. ;4.h
timo phase rogienc, and thuca the height of the mixtr lao into oncmrad wo
plonumj Wreoorio fro tho i=4c06a8 -ned 'Nall macc6, momnfletumW ad nog

trnfranctitutivoa modolac T h- roculting Fnixtur .oo a o aio Cing tin
PA RELA-.P26 mixtro levol tracking modol. The mix-turo- loo trckn moo icaplo
through ucor input Whon a -pator lo'.'o ic formod bag grav-t.

The flashing or condensation in the downcomer region is determined from the interface
and wall heat and mass transfer models. Even if flashing does not occur in the
downcomer or lower plenum, void generated in the hot legs is carried to the downcomer
by convective or natural circulation.

The mixture level is ranked as high in the PIRT. The applicability of M-RELAP5 has been
validated by analyzing ROSA-IV/LSTF small break (5%) LOCA test as an lET.

Mitsubishi Heavy Industries, LTD.
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MHI's 1st Response to the NRC's Request for Additional Information on
Topical Report MUAP-07013-P (RO) "Small Break LOCA Methodology
for US-APWR" on 11/17/2009 UAP-HF-09559-NP (R0)

REQUEST 8.3.1-11

In Section 8.3.1.13, item 63, it is stated that the 1-D model is considered to give a
conservative evaluation compared to the 3-D model because the liquid in the downcomer
easily flows out to the break in the model.

Justify this statement based on the code assessment results or other published materials.

RESPONSE

The 1-D downcomer model is considered to provide a conservative calculation because it
neglects the turning losses associated with flow in the azimuthal direction. Therefore,
liquid is expected to get to the break easier in a 1-D downcomer model than in a 3-D
model.

The appropriateness of the modeling of the US-APWR has been validated through the
code assessment analysis using Integral Effects Test data. The downcomer modeling was
specifically validated in the ROSA/LSTF SB-CL-18 test analysis, where the
one-dimensional hydraulic model was employed similar to that used in modeling the
US-APWR.

MHi will revise Section 8.3.1.13 of the topical report as follows.

63. 3-D Flow:
Bo e V o thfield oguatien-fMRL.6homliioninlfudmdl oio

. D modolc, 3 D-r2 s con be Wt addition, a M-RELAP5 has a multidimensional
component that can simulate 3-D flow. In addition, a pseudo 3-D effect can be simulated
using parallel 1-D channels that are connected by cross-flow junctions. However, the
1-D model is adopted for the downcomer in the US-APWR SBLOCA analyses because
the experimental validation using the ROSA/LSTF test data showed that the 1-D modeling
is well suited to the SBLOCA analysis, including an ability to predict the downcomer liquid
level.

Mitsubishi Heavy Industries, LTD.
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