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MITSUBISHI HEAVY INDUSTRIES, LTD.

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

TOKYO, JAPAN

May 23, 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-13061

Subject: Transmittal of US-APWR Containment Racks Technical Reports
(MUAP-13011, MUAP-13012, and MUAP-13013) and Related RAI 906-6332
Response Revision

References: 1) MHI letter UAP-HF-12103, "MHI's Response to US-APWR DCD RAI No.
895-6172 Revision 3 (SRP 12.03-12.04)", dated April 25, 2012.
(ML121170454)

2) MHI letter UAP-HF-12109, "MHI's Response to US-APWR DCD RAI No.
906-6332 Revision 0 (SRP 09.01.02)", dated April 27, 2012.
(ML1 2122A038)

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") three new technical reports regarding the containment racks
for the US-APWR. The technical reports are MUAP-1 3011 Revision 0 "Criticality Analysis for
US-APWR Containment Racks", MUAP-1 3012 Revision 0 "Mechanical Analysis for
US-APWR Containment Racks", and MUAP-13013 Revision 0 "Thermal-Hydraulic Analysis
for US-APWR Containment Racks". The reports are being submitted electronically on
compact discs (CDs).

MHI committed to submitting the technical reports to provide additional details of the
containment racks as part of the original responses to RAls 895-6172 and 906-6332
(References 1 and 2). Enclosed are the technical reports that fulfill this commitment. In
addition, MHI has revised the response to RAI 906-6332 to include additional Design Control
Document ("DCD") markups that indicate how the new technical reports will be incorporated
into the DCD. The revised RAI 906-6332 response is also enclosed.

As indicated in the enclosed materials, these reports contain 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. In addition, these reports include certain information, designated pursuant to
the Commission guidance as sensitive unclassified non-safeguards information, referred to
as security-related information ("SRI"), that is to be withheld from public disclosure under 10
C.F.R § 2.390. The information that is proprietary and/or SRI is identified in brackets.
Accordingly, the technical reports are being submitted in two versions, on separate CDs. In
the non-proprietary, non-SRI versions of the reports, the proprietary information is redacted
and replaced by the designation "[ ]" and the SRI is redacted and replaced by the
designation "[Security-Related Information - Withheld under 10 CFR 2.390]".



This letter includes a copy of the non-proprietary version of the revised RAI 906-6332
response (Enclosure 2), the technical reports containing proprietary and/or SRI content on CD

1 (Enclosure 3), the technical reports not containing proprietary or SRI content on CD 2
(Enclosure 4), and the Affidavit of Yoshiki Ogata (Enclosure 1) which identifies the reasons

MHI respectfully requests that all materials designated as "Proprietary" in Enclosure 3 be

withheld from public disclosure pursuant to 10 C.F.R. § 2.390 (a)(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 this

submittal. His contact information is provided below.

Sincerely,

Yoshiki Ogata,
Executive Vice President
Mitsubishi Nuclear Energy Systems, Inc.
On behalf of Mitsubishi Heavy Industries, LTD.

Enclosures:

1. Affidavit of Yoshiki Ogata
2. Revised Response to Request for Additional Information No. 906-6332

(Non-proprietary)
3. CD 1: US-APWR Containment Racks Technical Reports MUAP-13011, MUAP-13012,

and MUAP-1 3013, dated May 2013 (Versions containing Proprietary and/or SRI

content)
4. CD 2: US-APWR Containment Racks Technical Reports MUAP-13011, MUAP-13012,

and MUAP-13013, dated May 2013 (Versions not containing Proprietary or SRI
content)

The files contained on the CDs are listed in Attachments 1 and 2 hereto.

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: josephtapia@mnes-us.com
Telephone: (703) 908 - 8055
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Enclosure 1

MITSUBISHI HEAVY INDUSTRIES, LTD.
AFFIDAVIT

I, Yoshiki Ogata, state as follows:

1. I am Executive Vice President of Mitsubishi Nuclear Energy Systems, Inc., and have
been delegated the function of reviewing MITSUBISHI HEAVY INDUSTRIES, LTD's
("MHI") 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 documents entitled
MUAP-13011 Revision 0 "Criticality Analysis for US-APWR Containment Racks",
MUAP-1 3012 Revision 0 "Mechanical Analysis for US-APWR Containment Racks", and
MUAP-1 3013 Revision 0 "Thermal-Hydraulic Analysis for US-APWR Containment Racks",
all dated May 2013, and have determined that portions of the documents 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 information and analysis methodology, 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 detailed design for its software and hardware 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 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 methodology related to the analysis.

B. Loss of competitive advantage of the US-APWR created by benefits of the

analysis methodology.

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 23rd day of May, 2013.

Yoshiki Ogata,

Executive Vice President
Mitsubishi Nuclear Energy Systems, Inc.
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UAP-HF-13061
Docket Number 52-021

Revised Response to Request for Additional Information

No. 906-6332

May 2013

(Non-Proprietary)



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

05/23/2013

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 906-6332 REVISION 0

SRP SECTION: 09.01.02 - NEW AND SPENT FUEL STORAGE

APPLICATION SECTION: 09.01.02

DATE OF RAI ISSUE: 3/5/2012

QUESTION NO.: 09.01.02-26

The applicant's response to RAI 524-4020 Revision 1, dated 14 September 2010; Question
2.03-12.04-35 Item 1 stated that the Refueling Cavity has two fuel racks that are capable of
temporarily storing a total of six fuel bundles in the Refueling Cavity. In their response, the
applicant referred to Figure I "Locations of the Containment Racks" that was provided as part
of the RAI response.
In RAI 895-6172, Questions 12.03-12.04-40 to 47, the staff requested the applicant to
address aspects of the fuel rack design and description as it relates to the Chapter 12 review.
As that RAI identifies, the description and evaluation of the fuel racks in the refueling cavity
are missing throughout the DCD. To address this omission from the DCD in a
comprehensive manner, the staff requests the applicant to describe and evaluate, as
applicable, the fuel racks in all relevant sections of the DCD. As a minimum, the applicant
should address SRP 9.1.2 and interfacing SRP sections as they apply to fuel racks. Two
examples of missing information beyond that already discussed in RAI 895-6172 are
provided below.
1. One example of missing information includes the structural design of the racks.
In Subsection 3.8.4.4.3 of the US-APWR DCD, "Other Seismic Category I Structures", (page
3.8-65) it states

"Design and analysis of the spent fuel pit, the spent fuel racks, and the fuel handling
system is in accordance with Appendix D of NUREG-0800, SRP 3.8.4 (Reference 3.8-
40). Additional general information is provided by ANSI/ANS-57.7 (Reference 3.8-33).
Subsection 9.1.2 describes the design bases and layout of the spent fuel pit, the spent
fuel racks, and the fuel handling system."

Further, in the 3rd paragraph in Subsection 3.8.3. of the DCD, "Loads and Load
Combinations", (page 3.8.36) it states:

"Subcompartment pressure loads are the result of postulated high-energy pipe ruptures.
In determining an appropriate equivalent static load for Yr, Yj, and Ym, elasto-plastic
behavior is acceptable with appropriate ductility ratios, provided excessive deflections do
not result in loss of function of any safety-related system."

The DCD does not provide any detailed description of the structural design of the spent
racks in the refueling cavity of the prestressed concrete containment vessel (PCCV), nor
does it contain any discussion of the analyses of the effects of the seismic and other loads
for which these racks must be designed. The Applicant is requested to provide a detailed
description of the fuel racks, including drawings that show clearly the details of the
connection of these racks to the steel concrete (SC) module wall steel faceplates. In addition,

9.1.2-1



the Applicant is requested to provide the specific seismic loads imposed on these racks and
their support to the containment internal structure (CIS) walls, the approach used in the
analyses of such seismic loads, and the results of these analyses. This description should
also address any possible effects the accident loads, such as pressure and temperature, and
the seismic loads may have on the structural stability and deformation (vertical and lateral) of
the fuel racks and their impact on the stored fuels inside the racks, and on the structural
connections to the SC module walls.
2. A second example of missing information is the compatibility and chemical stability of the
materials wetted by the water in fuel storage locations and an evaluation of potential
mechanisms that may alter the dispersion of any strong fixed neutron absobers.

ANSWER:

In the response to RAI 895-6172, submitted by MHI Ref. UAP-HF-12103 dated April 25,
2012, revisions were made to DCD Tier 2 Section 9.1 subsections, tables, and a figure
(9.1.4-2, Section View of Light Load Handling System) in order to support descriptions of the
containment racks. That response also added two new figures (9.1.2-3, Location of
Containment Racks, and 9.1.2-4, Arrangement of Containment Racks).

The previous version of this response, submitted by MHI Ref. UAP-HF-12109 dated April 27,
2012, committed to providing three new technical reports for the Containment Racks in
March 2013. The three new technical reports for the Containment Racks have been created
and are being submitted along with this revised RAI response. The technical reports are:
MIJAP-1 3011 "Criticality Analysis for US-APWR Containment Racks", MUAP-1 3012
"Mechanical Analysis for US-APWR Containment Racks", and MUAP-1 3013 "Thermal-
Hydraulic Analysis for US-APWR Containment Racks" and are all dated May 2013.

In addition, this revised response includes additional DCD markups related to the new
technical reports and thus not previously provided. DCD Subsections 9.1.1 and 9.1.2 have
been revised to reflect the design and analyses assumptions and results from the technical
reports. The three technical reports are also included in the list of references in Subsection
9.1.7 and the list of technical reports in Chapter 1 Table 1.6-2. Some editorial errors in
Section 9.1 and Table 9.1.2-3 have also been corrected.

This RAI question identifies two specific examples of possible missing information.
(1) The first example was that the structural design of the containment racks was not

addressed. Section 3.8.4.4.3 was indicated as a place where the description of the
containment racks was missing. However, the description in 3.8.4.4.3 was related to
the spent fuel pit and related storage racks. The containment racks are located in
the reactor cavity. Therefore, the description of the containment racks was previously
added to Section 3.8.3.1.7, with a reference to Section 9.1, in the response to RAI
895-6172. The detailed structural design information for the containment racks
requested by this RAI is found in the new technical report MUAP-1 3012, which is
submitted along with this response and is being incorporated by reference in Section
9.1 as shown in the DCD markup attached with this response (see Impact on DCID
below).

(2) The second example was that information regarding the compatibility and chemical
stability of the materials for the containment racks. The containment racks, similar to
the new fuel racks, are made of stainless steel and do not contain any neutron
absorbers. This description was previously added to Subsection 9.1.1 in the
response to RAI 895-6172. Therefore, there are no concerns regarding compatibility
and chemical stability.

9.1.2-2



Impact on DCD

See Attachment 1 for DCD markup.

Impact on R-COLA

There is no impact on the R-COLA.

Impact on PRA

There is no impact on the PRA.

Impact on Technical / Topical Reports

The following new technical reports are being submitted as enclosures along with this

revised RAI response:

* MUAP-1 3011 "Criticality Analysis for US-APWR Containment Racks", Revision 0,
dated May 2013,

" MUAP-1 3012 "Mechanical Analysis for US-APWR Containment Racks", Revision 0,
dated May 2013, and

* MUAP-1 3013 "Thermal-Hydraulic Analysis for US-APWR Containment Racks,"
Revision 0, dated May 2013.

6

There are no impacts on other existing technical or topical reports as a result of this RAI
response revision.

9.1.2-3



lAttachment 1

US-APWR Design Control Document1. INTRODUCTION AND GENERAL
DESCRIPTION OF THE PLANT

Table 1.6-2 Material Referenced as Technical Reports (Sheet 6 of 6a

Renort Number! ile DCD Section Numberw

MUAP-12002-P Sliding Evaluation and Results, Revision C),May- 3.7.2
MUAP-12002-NP 20421, January 2013

MUAP-12006 SC Wall Fabrication. Construction and Inspection. 183
Revision 0. February 2013

MUAP-13001-P US-APWR Criticality Evaluation Following Small 15.6.5
MUAP-13001-NP Break LOCAs

MUAP-13002 US-APWR Evaluation and Design Enhancement to 1.9.3.4.8.4
Incoroorate Lessons Learned from TEPCO's
Fukushima Daiichi Nuclear Power Station Accident.
Revision 0. March 2013

MUAP-13011-P Criticality Analysis for US-APWR Containment 9.1.1
MUAP-13011-NP Racks, Revision 0. May 2013

MUAP-13012-P Mechanical Analysis for US-APWR Containment 9.1.2

MUAP-13012-NP Racks. Revision 0. May 20131

MUAP-13013-P Thermal-Hydraulic Analysis for US-APWR 9.1.2

MUAP-13013-NP Containment Racks, Revision 0. May 2013

NOTE()I: -P(oroorietarv). -NP(non-oroorietarvy
(2): If actual section number is indicated as x.v.z.a.b. a x.y.z level is used for the DCD Section

Number. (ex. When actual section number is 6.3.2.1.2, only 6.3.2 is used in Table.

MIC-03-01-0
0002
MIC-03-01-0
0002 S1
MIC-03-01-0
0022
MIC-03-03-0
0057

DCD_15.6.5-
101

MIC-03-01-0
0021

DCD_09.01.
02-26 SO1

DCD_09.01.
02-26 S01

DCD_09.01.
02-26 SOI

MIC-03-01-0
0022

Tier 2 1.6-9 ReynsoeR 3



9. AUXILIARY SYSTEMS US-APWR Design Control Document

" Under the new fuel assumption, the fuel assembly is assumed to have a
maximum enrichment of 5 weight percent which is pursuant to 10 CFR 50.68 (b)
item (7).

" Fuel assembly fabrication tolerances are considered.

" Moderator is at the temperature (density) within the design limits that yields the
largest reactivity. Full density of unborated water is assumed to be 62.43 Ibm/ft3.A
moderator density range of 0 to 100 percent of full density is considered for the
new fuel storage rack.

" Credit is taken for the neutron absorption in the rack structural material and
neutron poison, such as boron for the spent fuel storage racks. The new fuel DCD_12.03-

storage rack cell .eRsstsand containment rack cell consist of stainless steel- 12.04-40
DCD 12.03-

without boron, and boron is not credited in the criticality analysis assumptions for 12.104-42
these racks.-aRd" the~he spent fuel storage rack cell consists of stainless steel
with boron. Metamic is selected as neutronpe&,eR absorber material in the spent DCD 09.01.
fuel racks. The steel plate thickness and boron content are conservatively set to a 02-26 SO1

minimum. Performance effectiveness of the neutron absorber materials in the
racks is taken into consideration.

" The rack cell array is either assumed to be infinite in the lateral direction or is
assumed to be surrounded by a conservatively chosen reflector, whichever is
appropriate for the design:

New fuel storage rack

" A finite rack cell array and the surrounding concrete reflectors are used in the
calculations.

Containment Racks

" A finite rack cell array with the surrounding water reflectors is used in the
calculations.

Spent fuel storage rack

" Basically, an infinite rack array in the lateral direction is used in the calculations.
However, in the sensitivity study for determining uncertainty, the analysis model
depends on the type of tolerance.

" Uncertainties are appropriately determined either by using worst-case conditions
or by performing sensitivity studies. The uncertainties considered are material
composition, fabrication tolerances of the fuel and rack, and the fuel location
within the rack cell, as follows:

- Steel plate thickness and its boron content are directly set to minimum so as to
maximize Keff.

DCD_12.03-
12.04-40
DCD_12.03-
12.04-42

Tier 2 9.1-4 Re~e~n4
Tier 2 9.1-4 ReaineR 2



9. AUXILIARY SYSTEMS US-APWR Design Control Document

- Other uncertainties are considered less effective and independent and are
therefore statistically combined with the analysis code bias uncertainty.

The criticality evaluation is performed in accordance with Section 5.1 of ANSI/ANS-8.17-
2004. Section 5 describes the following relationships.

kp < kc-Akp-Akc-Akm,

If the various uncertainties are independent,

kp < kc-(Akp2+Akc2 )1/2-Akm.

where:

kp is the calculated Keff

kc is the mean Keff derived from the code validation

Akp is an allowance; calculation, tolerances

Akc is a bias uncertainty derived from the code validation

Akm is an arbitrary margin to ensure the subcriticality of kp.

DCD 12.03-
9.1.1.3.4 Criticality analysis for new fuelE storae racks.-ed spent fuel storage 12.04-40

racks and containment racks DCD_12.03-
12.04-42

Criticality analysis for new fuel storage racks,-afd spent fuel storage racks and DCD_09.01.
containment racks is provided in the technical reports (Refs.9.1.7-6 and 9.1.7-31.). 02-26 S01

9.1.2 New and Spent Fuel Storage

9.1.2.1 Design Bases

Subsection 9.1.1.1 provides the design bases for the new and spent fuel storage facilities_. DCD1 2.03-
and containment racks, including quantities of fuel to be stored and the configuration of 12.04-40

the storage facilities.

Storage racks for new fuel are designed of austenitic stainless steel with consideration for
corrosion resistance. New fuel pit criticality, including flooding with a low density worst
case moderator, is discussed in detail in Subsection 9.1.1.

The new fuel is protected from a heavy load drop accident by the limitation of travel of the
heavy load handling crane preventing it from traveling over the new fuel pit. The heavy
load handling crane is described in detail in Subsection 9.1.5. Failure modes of the fuel
handling machine are described in Subsection 9.1.4. Drain facilities are provided to
prevent the new fuel pit from flooding. New fuel pit nuclear safety and criticality issues are
discussed in Subsection 9.1.1.

Tier 2 
9.1-5

Tier 2 9.1-5



9. AUXILIARY SYSTEMS US-APWR Design Control Document

The structure of the new fuel storage pit supports the weight of the new fuel rack at the
floor level. The new fuel storage rack, as shown in Figure 9.1.2-1, consists of individual
vertical cells interconnected to each other at several elevations. The rack module is not
anchored to the pit floor. The new fuel storage pit is covered by solid lids and an access
platform. For each cell, the lids are normally closed and prevent misloading of a new fuel
assembly in the space between the cells. The access platform provides passage between
racks for inspection of the new fuel. Both the lids and access platform are designed not to
fall or collapse in the event of the SSE.

The new fuel storage pit is provided with a drain system, which is connected to the R/B
sump to prevent the new fuel pit from being flooded by an unanticipated release of water.
The design of the drain piping system includes a check valve to prevent backflow into the
new fuel pit storage area through the drain system. The new fuel rack storage cells are
each designed with an opening at the bottom of each of the four sides, which can drain
such unanticipated release of water. These openings are sized the same as the openings
at the botoom of the spent fuel storage rack cells.

Center-to-center spacing of the new fuel rack array is 16.9 inches as shown in Figure
9.1.2-1, which provides a minimum separation between adjacent fuel assemblies. This
design is sufficient to maintain a subcritical array even in the event of the new fuel storage
pit being flooded with unborated water, fire extinguishing aerosols or during any design
basis event. Additionally the design of the rack is such that a fuel assembly cannot be
inserted into a location other than a location designed to receive an assembly, and an
assembly cannot be inserted into a full location. Surfaces that come into contact with the
fuel assemblies are made of annealed austenitic stainless steel, and are smooth
(426 k250 W in.) in accordance with the requirement of ANSI/ANS-57.2. DCD_09.01.

02-26 SOl

9.1.2.2.2 Spent fEuel e.torage DCD_02-03
S01

The SFP, including its integrally attached liner, is designed as seismic category I and is
located within the seismic category I reactor building fuel handling area. The spent fuel
storage pit and its liner are designed for loads and load combinations addressed in DCD
Subsection 3.8.4.3 and Table 3.8.4-3. Applicable loads include but are not limited to
dead, live, hydrostatic, hydrodynamic, seismic, normal operating, accident thermal, and
spent fuel assembly drop loads. The spent fuel storage pit and its liner are designed to
maintain their structural integrity and remain leak tight under all applicable design loads
and load combinations. The walls of the SFP are an integral part of the seismic category I
reactor building structure. The facility is protected from the effects of natural phenomena
such as earthquakes (Section 3.7), wind, andhurricanes. tornados (Section 3.3), floods DCD_02-03

(Section 3.4), and external missiles (Section 3.5). The facility is designed to maintain its S01

structural integrity following a SSE and to perform its intended function following a
postulated event such as a fire. Refer to Subsection 1.2.4.1 for further discussions of the
reactor building fuel handling area.

The SFP is approximately 47 feet deep, made of reinforced concrete lined with stainless
steel plate. The SFP normal water level is approximately 1 ft -2 in. below the operating
floor with approximately 400,000 gallons of borated water. This water level allows a spent
fuel assembly to be transferred with at least 133 inches of water shielding above the top
of the fuel assembly for personell protection. The SFP is lined with stainless steel. The
liner surface will have a 2B or higher finish, selected to minimize accumulation of

Tier 2 9.1-7 PAHAGkH:1-4



9. AUXILIARY SYSTEMS US-APWR Design Control Document

.ut.d. the bu.ldingp.rovide control of the release of potentially radioactive airborne DCD 09.04.
materials by maintaining exhaust airflow greater than supply airflow in this area. 103-18

The spent fuel racks are composed of individual vertical cells, and several tiers of grid
structures which interconnect each cell to rigidly maintain the cell array configuration.
Each rack module is vertically supported by a base plate with 5 legs on the pit floor
without anchoring. Additionally, each rack cell is vertically supported by a base plate on
the pit floor without anchoring. The grid structures are designed such that a fuel assembly
cannot be inserted between the cells.

Moderate density racks containing a neutron absorber material are provided in the SFP.
Center-to-center spacing of the rack array is 11.1 inches to maintain the required degree
of subcriticality as shown in Figure 9.1.2-2.

Materials used in rack construction are compatible with the SFP environment, and
surfaces that come into contact with the fuel assemblies are made of annealed austenitic
stainless steel, and are smooth (250 W in.4-6AA) in accordance with the requirement of DCD_09.01.

ANSI/ANS-57.2. Structural materials are corrosion resistant and will not contaminate the 02-26 S01

fuel assemblies or pit environment. Metamic is selected the neutron absorber material.
Following program for monitoring the effectiveness of neutron poison by incorporating
basic tests assures that the subcriticality requirements of the stored fuel array are
maintained.

Purpose of Surveillance Program

The purpose of the surveillance program is to characterize certain properties of the
Metamic with the objective of providing data necessary to assess the capability of the
Metamic panels in the racks to continue to perform their intended function. The
surveillance program is also capable of detecting the onset of any significant degradation
with ample time to take such corrective action as may be necessary.

The Metamic surveillance program depends primarily on representative coupon samples
to monitor performance of the absorber material without disrupting the integrity of the
storage system. The principal parameters to be measured are the thickness (to monitor
for swelling) and Boron-1 0 loading (to monitor for the continued presence of boron in the
Metamic).

Coupon Surveillance Program

Coupon Description

The coupon measurement program includes coupons suspended on a mounting (called a
tree), placed in a designated cell, and surrounded by spent fuel. Coupons are removed
from the array on a prescribed schedule and certain physical measurements from which
the stability and integrity of the Metamic in the fuel storage racks may be inferred.

The coupon surveillance program uses a tree with a total of 10 test coupons. In mounting
the coupons on the tree, the coupons are positioned axially within the central eight feet
(approximate) of the active fuel zone where the gamma flux is expected to be reasonably
uniform.

Tier 2 9.1-9 ReV6668A 3
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* An increase in thickness at any point should not exceed 10% of the initial
thickness at that point.

(2) Neutron attenuation measurements are a precise instrumental method of
chemical analysis for Boron- IC content using a nondestructive technique in which
the percentage of thermal neutrons transmitted through the panel is measured
and compared with predetermined calibration data. Boron-l is the nuclide of
principal interest since it is the isotope responsible for neutron absorption in the
Metamic panel.

Changes in excess of either of these two criteria requires investigation and engineering
evaluation, which may include early retrieval and measurement of one or more of the
remaining coupons to provide corroborative evidence that the indicated changes are real.
If the deviation is determined to be real, an engineering evaluation shall be performed to
identify further testing or any corrective action that may be necessary.

The remaining measurement parameters serve a supporting role and should be
examined for early indications of the potential onset of Metamic degradation that would
suggest a need for further attention and possibly a change in measurement schedule.
These include 1) visual or photographic evidence of unusual surface pitting, corrosion or
edge deterioration, or 2) unaccountable weight loss in excess of the measurement
accuracy.

Design of the spent fuel storage facility is in accordance with Regulatory Guide 1.13.

The SFP is also provided with an array of 12 storage spaces for damaged fuel assembly
containers. These racks do not contain the neutron absorber and the center-to-center
spacing of this array is 24 inches.

No overhead crane, except the light load fuel handling machine, pass over the SFP. The
fuel handling machine is designed to withstand seismic category I loads to preclude its fall
or collapse due to an SSE.

9.1.2.2.3 Containment Racks DCD_12.03-
12.04-40

Two containment racks are installed in the refueling cavity on the north and west walls DCD_12.03-

(Figure 9.1.2-3) to temporarily store six new or irradiated fuel assemblies. The 12.04-42

containment rack design is identical to the new fuel storage racks. This design is
considered conservative because the center-to-center spacing provides minimum
separation to maintain a subcritical array. Additionally, surfaces that come into contact
with the fuel assemblies are made of annealed austentic stainless steel, and are smooth
(250 u in.4-3AA) in accordance with the requirement of ANSI/ANS-57.2. DCD_09.01.

02-26 S0

9.1.2.2.4 New Fuel Storage Rack,-ae Spent Fuel Storage Rack..and_
Containment Rack Design

The fuel storage facilities, including the fuel transfer canal, the cask pit, the cask DCD_03.02.

washdown pit. the spent fuel pit gates and the fuel inspection pit, are designed to meet 02-25

the guidelines of ANS 57.2 (Ref. 9.1.7-7) and ANS 57.3 (Ref. 9.1.7-9). Structural design D 09.01.

and stress analysis of the new aRdfuel storage racks, spent fuel storage racks and I02-26-S01
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containment racks are evaluated in accordance with the seismic category I requirements DCD 09.01.

of Regulatory Guide 1.29. 02-26 so1

The dynamic and stress analyses are performed and described in the technical reports DCD - 09.01.

(Refs. 9.1.7-8 and 9.1.7-32). Loads and load combinations considered in the structural 0226S51

design and stress analysis are shown in Table 9.1.2-2 based on SRP Section 3.8.4,
Appendix D.

Uplift force analysis is also performed for new e4dfuel racks, spent fuel racks and DCD 09.01.

containment racks design, and described in the technical reports (Refs. 9.1.7-8 and 0226s01
9.1.7-32). Each rack is evaluated for withstanding a maximum uplift force of 4,400 pounds
based on the lifting capacity of the suspension hoist and the fuel handling machine.
Structural analysis is performed to verify that resultant stress in the critical part of the rack
is within acceptable stress limits and deformation of the rack array is limited to maintain a
subcritical array.

Fuel assembly drop analysis is performed for each fuel rack to maintain a subcritical
array. Drop weight is determined from the maximum weight handled for each rack and
drop height is determined from the higher value of 2 ft or the design height for handling
fuel above each rack. The analysis is also provided in the technical reports (Refs. 9.1.7-8- DcD-09.01.

and 9.1.7-32) 10226S51

9.1.2.3 Safety Evaluation

9.1.2.3.1 New Fuel Storaae Racks and Containment Racks DCD_12.03-
12.04-40

The new fuel rack and containment racks, bewif~- are seismic category I structures-4e
designed to withstand normal and postulated dead loads, live loads, loads resulting from
thermal effects, and loads caused by the SSE event.

The new fuel rack is located in the new fuel storage pit, which has a cover to protect the
new fuel from debris. No leadsc aro rufd;-" toLoads will not be carried over the new fuel
storage pit while the cover is in place. The cover is designed such that it will not fall and
damage the fuel or fuel rack during a seismic event. Administrative controls are utilized
when the cover is removed for new fuel transfer operations to limit the potential for
dropped object damage.

The containment racks are located on the north and west walls of the refueling cavity
within the PCCV.

The racksge-le also designed with adequate energy absorption capabilities to withstand
the impact of a dropped fuel assembly from the maximum lift height of the suspension
hoist of the spent fuel cask handling crane as discussed in Subsection 9.1.2.3.3.
Handling equipment (spent fuel cask handling crane) capable of carrying loads heavier
than fuel components is prevented from carrying heavy loads over the fuel storage area.
The fuel storage rack can withstand an uplift force greater than or equal to the uplift
capability of the suspension hoist of the spent fuel cask handling crane (4,400 Ibs).

Materials used in rack construction are compatible with the storage pit and refueling
cavity environments, and surfaces that come into contact with the fuel assemblies are

I DCDI 2.03-
12.04-40

DCD_1 2.03-
12.04-40

DCD 12.03-
12.04-40

Tier 2 
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made of annealed austenitic stainless steel. Structural materials are corrosion resistant
and will not contaminate the fuel assemblies or pit or refueling cavity environments. DCD 12.03-

12.04-40

The new fuel assemblies are stored dry. The rack structure is designed to maintain a safe
geometric array for normal and postulated accident conditions. The rack structure
maintains the required degree of subcriticality for normal and postulated accident
conditions such as flooding with pure water and worst case moderator density.

A discussion of the methodology used in the criticality analysis is provided in Subsection
9.1.1.

The thermal-hydraulic analysis demonstrating the flow through the containment rack is DCD_09.01.

adequate for decay heat removal from the fuel assemblies is documented in the technical 02-26 So1

report (Ref. 9.1.7-33).

9.1.2.3.2 Spent Fuel Racks

The racks, being seismic category I structures (described in Section 3.2), are designed to
withstand normal and postulated dead loads, live loads, loads resulting from thermal
effects, and loads caused by the SSE event.

The racks are designed with adequate energy absorption capabilities to withstand the
impact of a dropped fuel assembly from the maximum lift height of the fuel handling
machine as discussed in Subsection 9.1.2.3.3. Handling equipment such as the cask
handling crane which is capable of carrying loads heavier than fuel components is
prevented by design from carrying loads over the spent fuel storage area. The fuel
storage racks can withstand an uplift force greater than or equal to the uplift capability of
the fuel handling machine (4,400 Ibs).

Materials used in rack construction are compatible with the storage pool environment,
and surfaces that come into contact with the fuel assemblies are made of annealed
austenitic stainless steel. Structural materials are corrosion resistant and will not
contaminate the fuel assemblies or pool environment. Neutron absorber material used in
the rack design has been qualified for the storage environment.

Design of the spent fuel storage facility is in accordance with Regulatory Guide 1.13. A
discussion of the methodology used in the criticality analysis is provided in Subsection
9.1.1. The thermal-hydraulic analysis demonstrating the flow through the spent fuel rack
is adequate for decay heat removal from the spent fuel assemblies during anticipated
operating conditions is provided in the technical report (Ref. 9.1.7-26).

9.1.2.3.3 Fuel Assembly Drop Analysis

Each new and spent fuel storaae rack and containment rack a-eji evaluated for DCD_12.03-

withstanding a postulated drop of a fuel assembly and its associated handling tool or rod 12-04940

cluster control assembly to maintain a subcritical array assuming the maximum weight 02-26 S01

handled on each rack and the maximum drop height as described in Table 9.1.2-3.

Tier 2 9.1-13 Tie 29.113Revisin
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9.1.7-31 Criticality Analysis for US-APWR Containment Racks, MUAP-1 3011. May DCD._09.01.

2013. 02-26 S01

9.1.7-32 Mechanical Analysis for US-APWR Containment Racks, MUAP-13012, May
2013.

9.1.7-33 Thermal-Hydraulic Analysis for US-APWR Containment Racks. MUAP-1 3013.
May 2013.
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Table 9.1.2-3 Light Load Drop Condition for New and Spent Fuel RAek§Itoraeg
Racks and Containment Racks I

Drop object Drop Drop Drop height
weight Situation above rack top

Straight 3.0 feet above rack
a fuel assembly top

plus new fuel 2,000 lbs Incline
handling tool 3.0 feet above rack

Case-2N Straight bottom with empty cell

Straight
Case-IS a fuel assembly 2 feet above rack top

plus spent fuel 2,450 lbs Incline
handling tool S 2 feet above rack

Case-2S Straight bottom with empty cell

Straight 3.0 feet above rack
Case-iC a fuel assembly

Dlus .e.....4- Incline
hhe,•Rd trod 2,450 lbs
cluster control Straight 3.0 feet above rack

Case-2C assembly ibottom with empty cell

DCD_12.03-
12.04-40

DCD_ 2.03-
12.04-40

DCD_09.01.
02-26 S01
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