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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

March 19, 2009

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-09102

Subject: MHI's Response to US-APWR DCD RAI No. 126-1558 Revision 0

Reference: 1) "Request forAdditional Information No. 126-1558 Revision 0, SRP Section:
06.02.01, Application Section: 6.2.1" dated December16, 2008.

2) Letter MHI Ref: UAP-HF-09022 from Y. Ogata (MHI) to U.S. NRC, "MHI's
Response to US-APWR DCD RAI No. 126-1558 Revision 0" dated January
29, 2009

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. 126-1558 Revision 0."

Enclosed are the responses to RAls contained within Reference 1. Of these RAls, 06.02.01-2
was answered in Reference 2, and 06.02.01-6 is not answered within this package. The
response to RAI 06.02.01-6 will be submitted by 22nd April since additional analyses are
necessary.

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 with the
information identified as proprietary redacted and replaced by the designation "[ ]".

This letter includes a copy of the proprietary version (Enclosure 2), a copy of the
non-proprietary version (Enclosure 3), and the Affidavit of Yoshiki Ogata (Enclosure 1) which
identifies the reasons MHI respectfully requests 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 the submittals. His contact
information is below.

Sincerely,

Yoshiki Ogata
General Manager-APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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Enclosure:

1 - Affidavit of Yoshiki Ogata

2 - Response to Request forAdditional Information No. 126-1558 Revision 0 (proprietary)

3 - Response to Request for Additional Information No. 126-1558 Revision 0 (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-09102

MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Yoshiki Ogata, 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
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.

2. In accordance with my responsibilities, I have reviewed the enclosed document entitled
"Response to Request for Additional Information No. 126-1558 Revision 0" dated March
2009, and have determined that portions of the document 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 document 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 identified as proprietary in the enclosed document 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 design of the safety analysis developed by MHI and not used in the exact form by
any of MHI's competitors. This information was developed at significant cost to MHI,
since it required the performance of research and development and the performance of
detailed hardware design and software development extending over several years.

5. The referenced information is being furnished to the Nuclear Regulatory Commission
("NRC") in confidence and solely for the purpose of information to the NRC staff.

6. The referenced information is not available in public sources and could not be gathered
readily from other publicly available information. Other than through the provisions in
paragraph 3 above, MHI knows of no way the information could be lawfully acquired by
organizations or individuals outside of MHI.

7. Public disclosure of the referenced information would assist competitors of MHI in their
design of new nuclear power plants without incurring the costs or risks associated with
the design and testing of the subject systems. Therefore, disclosure of the information
contained in the referenced document would have the following negative impacts on the



competitive position of MHI in the U.S. nuclear plant market:

A. Loss of competitive advantage due to the costs associated with development of
the unique plant design of the safety analysis. Providing public access to such

• information permits competitors to duplicate or mimic the methodology without
incurring the associated costs.

B. Loss of competitive advantage of the US-APWR created by benefits of enhanced
plant safety analysis costs.

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 19th day of March, 2009.
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Yoshiki Ogata,
General Manager-APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

3/19/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 126-1558 REVISION 0

SRP SECTION: 06.02.01 - CONTAINMENT FUNCTIONAL DESIGN

APPLICATION SECTION: 6.2.1

DATE OF RAI ISSUE: 12/16/2008

QUESTION NO. : 06.02.01-3

DCD, page 6.2-8, top states that the water in the RWSP is modeled as a pool at the bottom of
containment, with "appropriate assumptions on the heat and mass transfer at the pool." However,
staff cannot find details of these assumptions, and sensitivities to these assumptions, in the DCD.
Please provide details of these assumptions, including discussion on its basis and how sensitive
results are to these assumptions.

ANSWER:

The RWSP in the US-APWR is located nearly at the bottom of the containment and it has a
horseshoe-shaped water surface area, as shown in Figures 1 and 2. The assumption for the heat
and mass transfer at the pool surface is described in the second paragraph in page 6.2-10 of DCD
as follows:

"The liquid vapor interface area is used to calculate the heat and mass transfer between the vapor
and the liquid phase. In the single volume containment model, it is set to zero to isolate the
relatively cool water in the RWSP from the remainder of containment. This prevents the energy in
the vapor phase from being transferred to the RWSP water resulting in higher peak containment
temperature and pressure."

This assumption provides higher peak containment pressure for both of loss-of-coolant accident
(LOCA) and main steam line break (MSLB) because the containment vapor temperature exceeds
the RWSP liquid temperature until the calculated peak pressure appears (see Figures 3 and 4).

In order to ascertain that the presented assumption is conservative for the peak containment
pressure and temperature, sensitivity studies were performed. For all calculations presented in
this RAI response, the result of the limiting case and sensitivity studies for LOCA are modified by
following changes:

(1) The released mass and energy was revised as shown in topical report MUAP-07012-P and
MUAP-07012-NP Revision 2 "LOCA Mass and Energy Release Analysis Code Applicability
Report for US-APWR".
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(2) Subcooled spillage during reflood is released as continuous liquid flow to conservatively
minimize steam condensation in the containment.

The conditions and results are presented in Tables 1 and 2 for LOCA and MSLB, respectively. It is
clear that ignoring the heat and mass transfer at the RWSP water surface provides conservative
results for peak pressure (see Figures 5 and 6). Figure 5 also shows that the assumption has
negligible effect on the containment pressure at 24 hours for the LOCA event.

06.02.01-3-2



Table I Conditions and Results of Sensitivity nalysis for LOCA

Limiting Case Sensitivity Case

Interface Area, ft2  0 3
Peak Containment Pressure, 74.2(59.5)

psia (psig)

Peak Containment Vapor 284
Temperature, OF

Table 2 Conditions and Results of Sensitivity Analysis for MSLB

Limiting Case Sensitivity Case
(for Temperature)

Interface Area, ft2 0 [ 3

Peak Containment Pressure, 62.8 (48.1)
psia (psig)

Peak Containment Vapor 355
Temperature, OF
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Figure 1 US-APWR RWSP Location

Figure 2 US-APWR Liquid/Vapor Interfacial Area in Containment Vessel
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for MSLB Limiting Case
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Figure 5 Comparison of Containment Pressure for LOCA

Figure 6 Comparison of Containment Pressure for MSLB
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Impact on DCD

There is no impact on the DCD

Impact on COLA

There is no impact on the COLA

Impact on PRA

There is no impact on the PRA
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

3/1912009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 126-1558 REVISION 0

SRP SECTION: 06.02.01 - CONTAINMENT FUNCTIONAL DESIGN

APPLICATION SECTION: 6.2.1

DATE OF RAI ISSUE: 1211612008

QUESTION NO. : 06.02.01-4

Provide details regarding modeling of the solid structures in the GOTHIC model, including rational
for grouping various structures of different materials, as described in the DCD. In addition, please
provide an assessment of how much error in the calculations this method of subdivision introduces
into the results.

ANSWER:

Various structures in the containment are modeled as passive heat sinks which absorb the energy
released by postulated pipe ruptures such as loss-of-coolant accident (LOCA) and main steam
line break (MSLB). The modeled passive heat sinks are underestimated in size for conservatism.
They are categorized into groups according to the following rational.

I. Each group consists of structures made of similar materials.

II. Structures of same material are summarized into one or several categories by their thickness.
Categorized passive heat sink has effective thickness defined as

Y tA
tef =g I igroup

iEgroup

where t is the thickness and A is the surface area for each material identified as i in this group.

Thus, the combined structure surface area and volume are conserved for each group of passive
heat sinks.

06.02.01-4-1



In the maximum containment pressure analysis, for example, structures made of carbon steel are
categorized into four groups with different range of the thickness as follows, (and shown Table
6.2.1-9 in the DCD).

- Thickness over 2 inch, group (8)

- Thickness between 1.2 and 2 inch, group (9)

- Thickness between 0.4 and 1.2 inch, group (10)

- Thickness between 0.08 and 0.4 inch, group (11)

111. Structures with layers of the different materials, for example, steel lined concrete, are also
group following I and 11 above. An air gap is taken into account as a solid material that has a
small conductivity and a large thickness for conservatism.

IV. Surface coatings are included except for the structures which are obviously not painted like
stainless steel. Their thermal properties and thickness are set with intentional bias to work as a
thermal resistance between containment vapor phase and structures.

A sensitivity study regarding limiting case for postulated LOCA was performed to estimate the
uncertainty induced by the selected categorization according to structure's thickness for groups
(110) and (11). For these two groups, finer subdivision was done as shown in Tables 1 and 2,
respectively. The comparisons of the resulted peak containment pressure and temperature are
presented in Table 3 and Figure 1. The transient of the containment pressure before the peak is
slightly affected by the change of this assumption. However, the effect for the peak containment
pressure and temperature is negligible. This is because the temperature profile in the material of a
high conductivity with thin thickness is relatively flat and equilibrates to the containment vapor
temperature before the peak for the limiting case. The sensitivity study indicates that further
refinement of the structure size categories is not necessary for peak pressure and temperature
analysis.

For all calculations presented in this RAI response, the result of the limiting case and sensitivity
studies for LOCA are modified by following changes:

(1) The released mass and energy was revised as shown in topical report MUAP-07012-P and
MUAP-07012-NP Revision 2 "LOCA Mass and Energy Release Analysis Code Applicability
Report for US-APWR".

(2) Subcooled spillage during reflood is released as continuous liquid flow to conservatively
minimize steam condensation in the containment.
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Table I Comparison of Passive Heat Sink Categorization
by Structure Thickness for Group (10), Carbon Steel

Limitincg Case Sensitivity Study

Thickness Range, Surface Area, Thickness Range, Surface Area,
inch ft2  inch ft2

0.4-0.5 103644

0.4 - 1.2 122288 0.5 - 0.8 17201

0.8-1.2 1443

Table 2 Comparison of Passive Heat Sink Categorization

by Structure Thickness for Group (11), Carbon Steel

Limitin Case Sensitivity Study

Thickness Range, Surface Area, Thickness Range, Surface Area,
inch ft2  inch ft2

0.08-0.12 90430

0.08-0.4 225084 0.12-0.2 24807

0.2-0.4 109847

Table 3 Results Comparison

Limiting Case Sensitivity Study
Peak Containment Pressure, 74.2 (59.5) 1

psia (psig)

Peak Containment Vapor 284
Temperature, OF I
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Figure I Comparison of Containment Pressure
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Impact on DCD

There is no impact on the DCD

Impact on COLA

There is no impact on the COLA

Impact on PRA

There is no impact on the PRA
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

3/19/2009

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 126-1558 REVISION 0

SRP SECTION: 06.02.01 - CONTAINMENT FUNCTIONAL DESIGN

APPLICATION SECTION: 6.2.1

DATE OF RAI ISSUE: 12/16/2008

QUESTION NO.: 06.02.01 -5

A statement is made that since evaporation rates are reasonably predicted by GOTHIC models,
condensation rates should be as well. Please justify this statement, and justify the droplet
condensation coefficients used in this analysis, including discussion on the sensitivity to this
parameter.

ANSWER:

GOTHIC uses a general approach for calculating the heat and mass transfer between the phases
that includes the specific case of condensation and heat transfer to the containment sprays. The
methodology is consistent with generally accepted methods for heat and mass transfer as
discussed in [1]. It is documented in [2] and is summarized below.

The heat transfer rate from the drop surface to the vapor phase (steam/air mixture in the
containment) is given by

q , = H,,d Ad (Td, - Tý

where Hvd is the heat transfer coefficient for heat transfer on the vapor side of the drop surface, Ad

is the drop surface area, Tds is the surface temperature of the drop and Tv is the temperature of the
vapor phase.

Similarly, the heat transfer rate from the drop surface to the drop interior is given by

qd = Had Ad (Td, - Td )

where Hdd is the heat transfer coefficient for heat transfer on the drop side of the drop surface and
Td is the temperature of the drops.

The mass transfer (evaporation or condensation) at the drop surface is given by

06.02.01-5-1



rd = H,.dAdMw (Cd -C)
(1 -- Cd.)

where Hind is the mass transfer coefficient, M, is the molecular weight of water, Cds is the steam
concentration (mole fraction) at the drop surface and c, is the steam concentration in the vapor
phase.

It is assumed that at the drop surface the vapor phase is saturated with steam at the drop surface
temperature so that

Cds- - t(Td)

P

where P is the total pressure (sum of air and steam partial pressures) in the vapor phase.

A heat balance for the drop surface gives

q, + qd = -Fdhfg (Td)

where hfg is the heat of vaporization.

With the heat and mass transfer coefficient given by appropriate correlations, and the drop
temperature, vapor temperature and steam concentration in the vapor phase known from the
solution of the multiphase mass and energy balances, the above set of equations can be solved
simultaneously for the drop surface temperature, heat transfer rates and the mass transfer rate.

For the vapor side of the drop surface, the heat transfer coefficient used in GOTHIC is [3]

NUd Hkd OT( 2 + 0.7 4 Re Pr)

For the drop side of the drop surface, the heat transfer coefficient used in GOTHIC is [5]

Nu dd -Hddd = (NU6 + NU6 )Y6
kd

With

Nudl = 2 + 0.53RaI4 and Nud, = 0.098Ra0 345

In the above correlations, k is the phase thermal conductivity, d is the drop diameter, Re is the
Reynolds number based on the drop velocity relative to the vapor velocity, drop diameter and
vapor viscosity, Pr is the vapor phase Prandtl number and Ra is the Raleigh number based on the
drop properties and drop to drop surface temperature difference. ®r accounts for the effect of
high mass transfer rates on the heat transfer rate as described in [1].

The mass transfer coefficient is obtained from the heat transfer coefficient using a heat and mass
transfer analogy, giving

Numd = Hmdd = Oe,(2 + 0.74ReA ScA3)
Dsv

Where Ds, is the mass diffusion coefficient for steam in a steam gas mixture, Sc is the vapor phase
Schmidt number and accounts for the effect of high mass transfer rates on the heat transfer rate
as described in [1].

06.02.01-5-2



As outlined above, the heat and mass transfer model for the drop/vapor interface is general in that
it applies to both condensation and vaporization processes. The formulation and implementation in
GOTHIC has been validated by comparison with data from experiments for drop evaporation [4].
Since the formulation of the model is independent of whether there is vaporization or condensation,
it is reasonable to expect that the model works for condensation as well as for vaporization.

As shown above, the heat transfer coefficient on the vapor and liquid sides of the drop surface are
the basis for the overall heat transfer rate and condensation on the containment sprays. For drops
in an air/steam mixture, the heat transfer coefficient for the drop side of the surface is large relative
to that for the vapor side of the surface due to the relatively high liquid conductivity. Therefore, the
overall heat transfer rate and condensation rate is controlled primarily by the vapor side heat
transfer coefficient.

In lumped parameter models, GOTHIC assumes that the drop velocity is equal to the terminal
velocity which is a function of the vapor phase properties and the drop diameter. From the above
equations, it can be seen that the overall heat and mass transfer is controlled primarily by the drop
diameter which influences the terminal velocity, heat transfer coefficients and drop surface area.
Therefore, the overall sensitivity of the containment sprays to uncertainties in the heat transfer
coefficient and other parameters can be examined by investigating the sensitivity to the specified
spray diameter. The table below shows the results for the peak containment pressure for LOCA
using typical 1000 micron (0.04 inch) drops for the nominal case and for cases with the drop
diameter doubled and halved. As expected, larger containment spray drop diameter results in a
slightly higher containment peak pressure due to lower heat and mass transfer.

For all calculations presented in this RAI response, the result of the limiting case and sensitivity
studies for LOCA are modified by following changes:

(1) The released mass and energy was revised as shown in topical report MUAP-07012-P and
MUAP-07012-NP Revision 2 "LOCA Mass and Energy Release Analysis Code Applicability
Report for US-APWR".

(2) Subcooled spillage during reflood is released as continuous liquid flow to conservatively
minimize steam condensation in the containment.

Table I Resulted Peak Containment Pressure by Sensitivity Study
of Containment Sp ay Droplet Diameter

Nominal Case Sensitivity Case 1 Sensitivity Case 2

Containment Spray 0.04* 0.08 0.02
Drop Diameter, inch

Calculated Peak
Containment 74.2(59.5)

1 Pressure, psia (psig) I

*Note: The nominal value used for the maximum containment pressure analysis includes a margin
to Sauter mean diameter, 880 micron as previously discussed in the response to RAI 84-796
06.2.02-06.
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Impact on DCD

There is no impact on the DCD

Impact on COLA

There is no impact on the COLA

Impact on PRA

There is no impact on the PRA
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