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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number:
Revision: 1

RAI-TR44-01

Question: (Revision 0)

Section 2.8.5 indicates that both drop scenarios are from 36 inches above the top of the
AP1 000 New Fuel Storage Rack. Describe the fuel handling operation that leads to this drop
height.

New Question: (Revision 1)

During the June 2010 fuel rack technical audit, the NRC has questioned how the following
limitation (that the fuel handling process precludes a fuel assembly from being dropped above
the top of the New Fuel Storage Rack) is established in the DCD.

Westinghouse Response: (Revision 0) (Superseded by Revision 1)
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Westinghouse New Response: (Revision 1)

Westinghouse concludes that the current design of the single failure proof hoist protects and
safeguards new fuel in the new fuel storage pit during handling using administrative controls,
safety interlocks, fail safe design features, and/or component redundancy.

During normal fuel handling operations, the single failure proof hoist maximum height limit is
controlled by design. This hoist is required to operate over a large range of elevations and
locations as specified in DCD Rev 17, Section 9.1.4.3.3, "Fuel Handling Machine" (FHM) which
discusses safety interlocks, fail safe design features, and component redundancy to assure safe
handling of fuel assemblies and other components within the auxiliary building fuel handling
area. Operations that could endanger the operator or damage the fuel are prevented by
mechanical or failure tolerant electrical interlocks or by redundant electrical interlocks and are
explicitly designated for clarity using an asterisk (*).

Specifically, Section 9.1.4.3.3, Part A, and Paragraph *2, requires that the hoist be raised to the
maximum "up" limit before traversing to other locations in the fuel handling area:

* Westinghouse
RAI-TR44-01 R1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

"When the hoist load weighing system detects a load greater than the spent fuel assembly
handling tool, the machine cannot traverse unless the hoist is at the up limit. For new fuel
handling, the load is greater than the new fuel handling tool."

With the single failure proof hoist at the maximum "up" limit, the bottom of a new fuel assembly
has, at a maximum, seven feet of clearance over the top of the new fuel storage rack. Dropping
a load from this height is a non-credible scenario for the following reasons:

a. The new fuel handling tool (NFHT) incorporates thesame design features as the
spent fuel handling tool (SFHT) such that the gripper assembly is designed to
prevent opening while the weight of the fuel assembly and control component is
suspended from the grippers.

b. The hoist is single failure proof, designed to NUREG-0554, with inherent
redundancy

Safety is assured by redundancy and equipment design.

References: (Superseded by Revision 1)

1. APP %4. GR 9026, Rovision 0, "'low Fuol Sterogo Rook StruoturnliSoicmio~ Anolycisr"
(To-'hnico-l Rp.ort_ .Humb.•.or 11d)

2. 4PP P992 ZOC 001, 14ov4ieRo 0, "Anolycic of APQO FolStong 9861% Subjootod to Fuoel

Design Control Document (DCD) Revision:
None

PRA Revision:

None

Technical Report (TR) Revision:

TR Changes: (Revision 1)

The changes associated with the revised approach to handle new fuel assembly drop accidents
are reflected in changes to Section 2.8.5 of the attached draft version of non-proprietary
calculation APP-GW-GLR-026, Revision 4, July 2010, New Fuel Storage Rack
Structural/Seismic Analysis, (Technical Report Number 44, TR44)

RAI-TR44-01 R1S Westinghouse Page 2 of 2



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number:
Revision: 2

RAI-TR44-006

Question: (Revision 0)

A vertical movement of 2 inches of a fuel assembly is defined as the criticality limit in Section
2.8.5, and the impact analysis shows that quite a number of fuel assemblies will have more
than 2 inches displacement. It appears that a rack design with only a 2 inches space between
the bottom of the baseplate and the top of the floor would eliminate this risk. Please explain
why the design has a space larger than 2 inches.

Staff Assessment (Revision 1): Response similar to response for spent fuel racks. See RAI-
TR54-1 0.

As a result of the October 8-12, 2007 audit, confirmatory pending submittal of supplemental

response and the application of the same resolution as noted in TR54-10, to the new fuel rack.

New Question: (Revision 2)

Evaluate New Fuel Rack (NFR) mechanical accident calculation conclusions due to dropping a
fuel assembly (and associated handling tool) over the top of the New Fuel Rack and impacting
the baseplate directly over a pedestal location or justify why this evaluation is not necessary.

Westinghouse Response:

I

Response: (Revision 0 and 1) (Superseded by Revision 2)
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(9) Westinghouse
RAI-TR44-006 R2
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APIO00 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)
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Westinghouse Response: (Revision 2)

The current design and criticality analysis information for the new fuel racks is located in
Reference 1 and Reference 3.

Based on considerations and responses noted in OI-SRP9.1.4-SBPA-03 R3A regarding fuel
handling hoist operations and drop scenarios involving the new fuel and new fuel pit, the only
hoist capable of moving new fuel above the operating floor is a single failure proof hoist
designed to criteria in NUREG-0554. Drops from a single failure proof hoist are not credible and
do not require further analysis. Westinghouse has taken this position for the postulated new
fuel drop accident scenario.

Because a new fuel assembly drop into the new fuel pit and onto the new fuel racks is not
credible, it is unnecessary to evaluate other drop scenarios for the new fuel storage rack.
Based on the non-credible nature of the new fuel assembly drop accident, the next revision of
TR44 will remove all detailed discussions, tables, and figures that reference applicability of the
new fuel pit drop accident scenarios.

References:

1. APP-GW-GLR-026, Revision 4, July 2010, "New Fuel Storage Rack Structural/Seismic
Analysis," (Technical Report Number 44, TR44)

2.APP F92 ZOC 001, Rovsi@Ro 2s, "An~siyei of APIOQQO Fuol 64srnge Reeks Subjootod to
F-"l IDrop Aooidoent" (Superseded by Revision 2)

3. APP-GW-GLR-030 Revision 0, -May 2006, -"New Fuel Storage Rack Criticality Analysis,"
(Technical Report Number 67, TR67)

Design Control Document (DCD) Revision:

None

DCD Changes: (Revision 2)

A summary of proposed DCD changes associated with the discussion above is summarized
below with the DCD mark-up pages attached.

PRA Revision:
None

RAI-TR44-006 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Technical Report (TR) Revision:

TR Changes: (Revision 1) - (Superseded by Revision 2) DýELETI
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TR Changes: (Revision 2)
The next revision of TR44 will remove all detailed discussions, tables, and figures that reference
applicability of the new fuel assembly drop accident scenarios.

O Westinghouse
RAI-TR44-006 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Summary of DCD changes is outlined below and markup pages are attached:

DCD Rev. 17 DCD Rev. 17 DCD Change Summary Statement
Section or Table Page

Number
Tier 1, Section Pg. 2.1.1-1 Add note to clarify that a new fuel assembly drop accident is
2.1.1, Item 7 not required and is a non-credible event.

Tier 1, Table Pg. 2.1.1-3 DC- Add note to clarify new fuel assembly drop is not required
2.1.1-1, Item 7 and is a non-credible event.

ITA.iv - Delete drop analysis requirement for new fuel rack
AC.iv: - Delete drop report requirement for new fuel rack

9.1.1.2.1.A Pg. 9.1-3 Delete fourth bullet (applied load) for the new fuel assembly
drop accident since it is a non-credible event.

9.1.1.2.1.C Pg. 9.1-3 and Delete first two existing paragraphs. Replace with new
9.1-4 paragraph to clarify that a new fuel assembly drop accident is

a non-credible event.

9.1.1.3 Pg. 9.1-4 Delete first sentence in fifth paragraph; and replace with
statement that a new fuel assembly drop accident is a non-
credible event.

9.1.4.2.4 Pg. 9.1-31, Add sentence to reference NUREG-0554.
Item B

Table 9.1-1 Pg. 9.1-52 Add new note about non-applicability of the accidental load
drop combination for new fuel rack and clarify use of notes.

Table 14.3-2 14.3-26 Delete existing statement. Replace with new statement to
(pg. 10 of 17) clarify that a fuel assembly drop accident is a non-credible

event.

RAI-TR44-006 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

DCD changes to Tier 1. Section 2.1.1. Item 7

2.1.1 Fuel Handling and Refueling System

Design Description

The fuel handling and refueling system (FHS) transfers fuel assemblies and core components during fueling
operations and stores new and spent fuel assemblies in the new and spent fuel storage racks. The refueling machine
(RM) and the fuel transfer tube are operated during refueling mode. The fuel handling machine (FHM) is operated
during normal modes of plant operation, including startup, power operation, cooldown, shutdown and refueling.
The component locations of the FHS are as shown in Table 2.1.1-2.
1. The functional arrangement of the FHS is as described in the Design Description of this Section 2.1.1.

2. The FHS has the RM, the FHM, and the new and spent fuel storage racks.

3. The FHS preserves containment integrity by isolation of the fuel transfer tube penetrating
containment.

4. The RM and FHM/spent fuel handling tool (SFHT) gripper assemblies are designed to prevent
opening while the weight of the fuel assembly is suspended from the grippers.

5. The lift height of the RM mast and FHM hoist(s) masts is limited such that the minimum required
depth of water shielding is maintained.

6. The RM and FHM are designed to maintain their load carrying and structural integrity functions
during a safe shutdown earthquake.

7. The new and spent fuel storage racks maintain the effective neutron multiplication factor less than the
required limits during normal operation, design basis seismic events, and a design basis dropped spent
fuel assembly accidents. (Note: A postulated drop for a new fuel assembly accident is not required
since it is a non-credible event.)

Inspections, Tests, Analyses, and Acceptance Criteria

Table 2.1.1-1 specifies the inspections, tests, analyses, and associated acceptance criteria for the FHS.

OWestinghouse
RAI-TR44-006 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Table 2.1.1-1 (cont.)
Inspections, Tests, Analyses, and Acceptance Criteria

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

7. The new and spent fuel storage i) Analyses will be performed to i) The calculated effective neutron
racks maintain the effective neutron calculate the effective neutron multiplication factor for the new
multiplication factor less than the multiplication factor in the new and and spent fuel storage racks is less
required limits during normal spent fuel storage racks during than 0.95 under normal conditions.
operation, design basis seismic normal conditions.
events, and a design basis dropped ii) Inspection will be performed to ii) The new and spent fuel storagespent fuel assembly accidents. verify that the new and spent fuel racks are located on the nuclear(Note: A postulated drop for a new storage racks are located on the island.fuel assembly accident is not nuclear island.
required since it is a non-credible
event.) iii) Seismic analysis of the new iii) A report exists and concludes

and spent fuel storage racks will be that the new and spent fuel racks
performed. can withstand seismic design basis

dynamic loads and maintain the
calculated effective neutron
multiplication factor less than 0.95.

iv) Analysis of the new and spent iv) A report exists and concludes
fuel storage racks under design that the new and spent fuel racks
basis dropped fuel assembly loads can withstand design basis dropped
will be performed. fuel assembly loads and maintain

the calculated effective neutron
multiplication factor less than 0.95.

eftstinghouse

RAI-TR44-006 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

9.1.1.2.1 New Fuel Rack Design

A. Design and Analysis of the New Fuel Rack

The new fuel storage rack array center-to-center spacing of nominally 10.9 inches
provides a minimum separation between adjacent fuel assemblies sufficient with neutron
absorbing material to maintain a subcritical array. The seismic and stress analyses of the
new fuel rack consider the condition of full fuel assembly loadings. The rack is
evaluated for the safe shutdown earthquake condition against the seismic Category I
requirements. A stress analysis is performed to verify the acceptability of the critical
load components and paths under normal and faulted conditions. The rack rests on the
pit floor.

The dynamic response of the fuel rack assembly during a seismic event is the condition
which produces the governing loads and stresses on the structure. The new fuel storage
rack is designed to meet the seismic Category I requirements of Regulatory Guide 1.29.

Loads and Load Combinations

The applied loads to the new fuel rack are:

" Dead loads
* Live loads - effect of lifting the empty rack during installation
" Seismic forces of the safe shutdown earthquake
e'Fuci -assembly dr-1 p a.id•n.
* Fuel handling machine uplift while over the new fuel rack - postulated stuck fuel

assembly

Table 9.1-1 shows loads and load combinations considered in the analyses of the new
fuel rack.

The margins of safety for the rack in the multi-direction seismic event are produced
using loads obtained from the seismic analysis based on the simultaneous application of
three statistically independent, orthogonal accelerations.

B. Fuel Handling Machine Uplift Analysis

An analysis is performed to demonstrate that the rack can withstand a maximum uplift
load of 4000 pounds. This load is applied to a postulated stuck fuel assembly. Resultant
rack stresses are evaluated against the stress limits and are demonstrated to be
acceptable. It is demonstrated that there is no change in rack geometry of a magnitude
which causes the criticality criteria to be violated.

RAI-TR44-006 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

C. Fuel Assembly Drop Accident Analysis

During normal fuel handling operations, a single failure proof hoist designed to meet the
requirements of NUREG-0554 and is the only hoist capable of moving new fuel above
the operating floor. Per the design criteria contained in NUREG-0554, drops from a
single failure proof hoist are deemed non credible and do not require further analysis.
Because a new fuel assembly drop into the new fuel pit and onto the new fuel racks is
non credible, it is unnecessary to evaluate drop scenarios for the new fuel storage rack.

Inf the u..likely event of dropping a Pao! assembly, a..idental def-omati-on of the racak is

determfinked- and- elaed in the or-iticality analysis to demoeftrate that it does not ca-use
the r-itieality erlter~ien to be violated. The aaalysis consider-s enly the ease of a dropped
new fuel aeembly.

For- the anaaycis of a dfcpped fuel assembly, twe accidenft eonditiens afe pestalatcd. The
first accident eenditien eonservatively assumes thAt the weight of a fuwl assemfbly, control
red assembly, and handling tee! (202:7 petnds total) impactf the top of the fuiel rack froem
a drop height of 3 feet above the top ef the r-ack. Beth a straight drep and an inalined drop
afre nlue inf t-he MazecceAMEnAfft. CUALoulatiefs are performflpfed- to d-emon-astrfat-e t-hat the imp~act

cnryis absorbed by the dropped fuol assembly, the rack cells, and the r-ack base plate

The second accident condition assumnes that the droeppcd assembly, controel rod assembly,
and handling tool (2027 pounds) falls straight through an empty cell and imfpacts the r-ack
base plate frem a drep height of 3 feet above the top of the rack. An anaelysis is perfermed
that demonestr-atcs the impact ener-g' is absorbed by the fuel assembly and the r-ack base
plate. The r-esulting ralck ddeforam-ationis are evaluated in the cr-iticality analysis to
dcmonesteAte that the er-iticality criter-ia are not violated.

O Westinghouse
RAI-TR44-006 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

9.1.1.3 Safety Evaluation

The rack, being a seismic Category I structure, is designed to withstand normal and postulated dead loads, live
loads, loads resulting from thermal effects, and loads caused by the safe shutdown earthquake event.

The design of the rack is such that KIff remains less than or equal to 0.95 with new fuel of the maximum design basis
enrichment. For a postulated accident condition of flooding of the new fuel storage area with unborated water, Keff
does not exceed 0.98.

The criticality evaluation considers the inherent neutron absorbing effect of the materials of construction, including
fixed neutron absorbing "poison" material.

The new fuel rack is located in the new fuel storage pit, which has a cover to protect the new fuel from debris. No
loads are required to 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.

Based on the conservative design and operation of the single failure proof FHM hoist and associated lifting tools to
handle unirradiated new fuel assemblies, dropping a new fuel assembly is unlikely and is not considered a credible
accident. The rack is also 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. Handling equipment (cask
handling crane) capable of carrying loads heavier than fuel components is prevented from traveling over the fuel
storage area. The fuel storage rack can withstand an uplift force of 4000 pounds.

Materials used in rack construction are compatible with the storage pit 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 storage pit environment. Neutron absorbing "poison"
material used in the rack design has been qualified for the storage environment. Venting of the neutron absorbing
material is considered in the detailed design of the storage rack.

Westinghouse
RAI-TR44-006 R2

Pace 10 of 14



AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

9.1.4.2.4 Component Description

A. Fuel Transfer Tube
The fuel transfer tube penetrates the containment and spent fuel area and provides a
passageway for the conveyor car during refueling. During reactor operation, the fuel
transfer tube is sealed at the containment end and acts as part of the containment
pressure boundary. See subsection 3.8.2.1.5 for discussion of the fuel transfer
penetration.

B. Fuel Handling Machine
The fuel handling machine performs fuel handling operations in the new and spent fuel handling
area. It also provides a means of tool support and operator access for long tools used in various
services and handling functions. The fuel handling machine is equipped with two 2-ton hoists, one
of which is single failure proof and is designed according to NUREG-0554.

* Westinghouse
RAI-TR44-006 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Table 9.1-1

LOADS AND LOAD COMBINATIONS FOR FUEL RACKS

Load Combination Service Level

D+L Level A (Note 1, Note 2)
D+L+ToT

D + L + Ta Level B (Note 2)
D + L + To + Pf

D + L + Ta + E' Level D (Note 2)

D + L + Fd The functional capability of the fuel racks
should be demonstrated. (Note 3)

Notes:
1. There is no operating basis earthquake (OBE) for the AP 1000 plant.

2. The fuel racks are freestanding; thus, there is minimal or no restraint against free thermal expansion at the base
of the rack. As a result, thermal loads applied to the rack (To and Ta) produce only local (secondary) stresses.

3. This load combination is not required for a new fuel rack since a load drop is not a credible accident with a
single failure proof hoist.

Abbreviations are those used in NUREG-0800, Section 3.8.4 (including Appendix D) of the Standard Review
Plan (SRP):

D = Dead weight induced loads (including fuel assembly weight)
L = Live load (not applicable to fuel racks since there are no moving objects in the rack load path)
Fd = Force caused by the accidental drop of the heaviest load from the maximum possible height
Pf = Upward force on the racks caused by postulated stuck fuel assembly
E' = Safe shutdown earthquake (SSE)
To = Differential temperature induced loads based on the most critical transient or steady-state condition under

normal operation or shutdown conditions
Ta = Differential temperature induced loads based on the postulated abnormal design conditions

O Westinghouse
RAI-TR44-006 R2
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Response to Request For Additional Information (RAI)

Table 14.3-2 (Sheet 10 of 17)

DESIGN BASIS ACCIDENT ANALYSIS

Reference Design Feature Value

Section 7.4.3.1 If temporary evacuation of the main control room is required because of some
abnormal main control room condition, the operators can establish and maintain
safe shutdown conditions for the plant from outside the main control room
through the use of controls and monitoring located at the remote shutdown
workstation.

Section 7.4.3.1.1 The remote shutdown workstation equipment is similar to the operator
workstations in the main control room and is designed to the same standards.
One remote shutdown workstation is provided.

Section 7.4.3.1.3 The remote shutdown workstation achieves and maintains safe shutdown
conditions from full power conditions and maintains safe shutdown conditions
thereafter.

Section 7.5.4 The protection and safety monitoring system provides signal conditioning,
communications, and display functions for Category 1 variables and for
Category 2 variables that are energized from the Class 1 E uninterruptible power
supply system.

Section 7.6.1.1 An interlock is provided for the normally closed motor-operated normal
residual heat removal system inner and outer suction isolation valves. Each
valve is interlocked so that it cannot be opened unless the reactor coolant
system pressure is below a preset pressure.

Section 8.2.2 Following a turbine trip during power operation, the reverse-power relay will > 15
be blocked for a minimum time period (sec).

Section 8.3.2.1.2 The non-Class 1E dc and UPS system (EDS) consists of the electric power
supply and distribution equipment that provides dc and uninterruptible ac
power to nonsafety-related loads.

Section 9.1.1.2.1 .C Per the design criteria contained in NUREG-0554, drops from a single failure
proof hoist are deemed non credible and do not require further analysis.
Because a new fuel assembly drop into the new fuel pit and onto the new fuel
racks is non credible, it is unnecessary to evaluate drop scenarios for the new
fuel storage rack.ln the unlikely event of a dropping of an unirradiated fuel
assembly, aeeidental deformatien of the fuel rack is determined and evaluated
in the cr-iticality analysis to demonstrate that it does net eause eriticalit
eriter-ion to be viollatedd.

O Westinghouse
RAI-TR44-006 R2
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Section 9.1.3.5 The spent fuel pool is designed such that a water level is maintained above the
spent fuel assemblies for at least 7 days following a loss of the spent fuel
cooling system using only on-site makeup water sources (See Table 9.1-4).

RAI-TR44-006 R2
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Response to Request For Additional Information (RAI)

RAI Response Number:
Revision: 2

RAI-SRP9.1.2-SEB1-02

Question: (Revision 0, 1)

Section 2.8.1.4 "Impact Loads" was not revised in TR-44 Rev. 1, even though shims between
the new fuel rack and the fuel pit wall apparently are no longer used. Shims are still mentioned
in Rev. 1. Quoting from Section 2.8.1.4, "The maximum impact load from the set of shims that
close the north-south gaps at the top of the rack is summarized in Table 2-8." The staff
requests Westinghouse to clarify this, and revise Section 2.8.1.4 accordingly.

The staff also notes that the maximum rack-to-wall impact load in Table 2-8 increased from
112,000# in Rev. 0 to 154,000# in Rev. 1. The staff requests Westinghouse to explain why the
impact load increased, and describe how the design of the new fuel rack and the new fuel pit
wall were evaluated for the significant increase (35%) in the impact load, in addition to other
concurrent loadings. Also identify where this is/will be described in the AP1 000 DCD.

New Question: (Revision 2)

Following the Revision 1 response to this RAI and during the June 2010 audit; the NRC sought
clarification about the basis (i.e. COF values) and location of wall impacts (if any). They
requested that the RAI and TR44 technical reports be reflected to clearly show this information.

Westinghouse Response:

(Revision 0) (Superseded by Revision 2)

Tho4 ch~imc ha8-8 1-o9- 49mi-io from RhOW n ow fuo& rac S dog ad @anl';cia. All montionc o
tho ack o wal cimc chouid- be dicrogardod. TR11 44Rev 1, Seotion 2...1cold bo rood,

AIGo n@49 th8t pa~go 6 Of 1@ unintontonall'; oontinuoc to iniaothttocim r tlliouo
in tho dOciOn @nd ORl'cc 4146Y tOF@ aRO&nt Th14 folloWin cntnc page hl a
thrFough firct paragraph) chould bo delotod, "The maok to .w.1 (north4 and couth4 cido) ip

cpingpr! at the t9p wro roduoud to 4oot olo h@ shimc that rOF in plaoo, whish abcOrb
th -mpc load and tnmithrtohopool Wall."

Thoro roF 2 rOconcR Why 4148 load1 inR@FSSd. "ho 0 44irt 4148 tha48h floor racponco cpootra fOr th49

load ic tho olimiation ftocicfrmtdcg and analyc. Inr T A 414 R. , hono fo
rook WOO ohimmFodI againot 4149 oFRbcc OR 4tho N04orth an I souh wA.A.A of th- na1 fuOW valt Tr"
oonfm@Wration producdW maiu impaKot- load of 1142,000 lb botwoonR 'he top of 4h@ nO w ful
raok Ond 41h. corbol atoIoain fto hm. ThRow docign olimiato h hmca ho

of th % nowfo! rask, as ala 4-"- or.6bol o tho 41 ort an ksouh -- Al of" ._ ho no .u-Iaut

fWestinghouse
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^.c-.ar.-^u-t, tha minimu .... ar.n..o ba^,oo no.. fuol-' r..^ k and' th.a wa .... of tha now fuol ' vault, ic

almect ~ ~ -86 6 nhc.Prth ooe nlygic, whenR tho oofiOnof fr1otiOn botvWOn thO rook
podoctalc n t...@ Io_^ acu_ to bo .... (•h4 .h -. c an. .... ,io boun ) .... d v49..u1 for a o.@loRn
andI drFY 6tool On 6tool into4ao), tho rooki clidoc alogR tho8 floor and imfPaotc tho 01o41h an O uth9W4

Although th oimc nlyc-ico the nOW fIo rac .o~dr Ihrs d@Irntoefc co
ff .i^^o , ( •.2, 0.6, Gnd 0." . - ,ho4 - -c-mo - -n- - -4- o•nr d t di -i th no,,lycic

Of tho opont fAo rkcDotwoon tho Gupport po-docSl ad hoflorlior tho roalit';i ha h
oooffioiont Of f8ORio Will bo grOater than 0.6 GinOG th OW now fuolpt, uRniko Vh8 OPOnt fuol peel, i
not 988619od With Waor. Por h Arkc' R&tandK1 ar Handboo- for MocAnicalG9 Enanor Ront
Eiditio), 11ho 6tatic Fofiin offSto o tOOl On SteOO (drY) i6c_#i:R 4 WRf bA~o 071anid 0.78.
T-hOroforo, cinOO Vho c0ci nyic, rahowiq na rook1 to Well FImpaOtc Wh4on thO coeffiient o
frcto i. ogu- t9oI 4Or groatorf than 0.,Rh ow fuof pit waiic aOF not analyged for any rack to wall

Tho6 ROW fuel rack4 bao plao,1 which ic machioL-d' frM a .%": 0'c! ctainlocc, ctoo plate

examlooccu~ngtha the im~pact sproads @ovr a 10" horiotal IBacOPWaO Width, the8 "Fimpatod
aFre Of$ tro ba laoic1" )(44' - 7.6 sq. in. Ucing@ the Loyal A be6arig ctrecc limit of 0,0 Sy
parF AGSE ~ucoiNPH, tho imac opaoiy af the baceplsta i 71.5 eel. inx(0.9 M 25,000 96i)
- 168,7609 lbf. Tha bacoplato of the rack ic @onceva0tivolIY docinoRd BOncid@ORin the GtatomentO
abo%,e which4 inicato8 that in reaiO thnW ful rOOk Will nOt im~pact the nOW fuel Pit Walic.

Westinghouse Response (Revision 1) (Superseded by Revision 2)

Wectinghouco- ic r@vcn thiG O ropono to- inlde juctifleation in TR AA toopanwh h .

for inomtonadcninu-ity;1 however0, only44 the A outOofR th9.6 anI 0.9 C FWR rucOhOud be6
eanoidoed to b plaucblo. I;@@ the "feIio 1. Upae"-eio fth -hn-lFlpr

14o4icion cOctOn for detaic

New Response: (Revision 2)

This response is provided to update information to be consistent with the current design and
analysis. It supersedes RAI Revision 0 and 1 responses and TR changes with clarifications
overviewed below.

Westinghouse has reevaluated the range of appropriate friction values. To ensure that the
interface between the New Fuel Storage Rack and the New Fuel Pit floor is accurately and

GWestinghouse

RAI-SRP9.1.2-SEB1-02 R2
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conservatively represented; Westinghouse has concluded that that the appropriate credible
lower-bound COF is presented in Run Number 5 (case for COF=0.24). This will eliminate
confusion regarding what is included in the design basis. Details are included in Reference 2.

Additionally, Run Number 1 evaluation (case for COF = 0.2) has been demonstrated to be non-
credible as noted above. It will be maintained in the supporting calculations; but for clarity will
be eliminated from the tables in the next revision of APP-GW-GLR-026.

Reference(s):

1) Marks' Standard Handbook for Mechanical Engineers, 1 0 th Edition, Theodore
Baumeister, 1996.

2) APP-GW-GLR-026, Revision 3, May 2010, "New Fuel Storage Rack Structural/Seismic
Analysis," (Technical Report Number 44, TR44).

Design Control Document (DCD) Revision:
None

PRA Revision:

None

Technical Report (TR) Revision:

TR Changes: (Revision 0) (Superseded by Revision 2)

Tho follewing eh6OnGoc chould be ma8de to T.R 11; howovorF, thoco0 ohangoS do not nococcitfito a
cubeoguon "- -ubmitta of TR &- to. tho 1 NR9orrvi

.Th mIAxiu i4"so load fro tho:- co o h ht 0,oco the nRth" couth @ap6 at the top of
tho arackic cmmaprizod inTal28"

Tho 1- foln 4 nonc SRRon ORp@ge 6 of 16 (hal1f Wa'; through fircit paragraph) chould bo 61oloto6,
140o rack to_ 4.all (north and cauth4 cido) imp86t SpFr@n SaPS at tho6 top 8%o roducod to 9or t

rF9968t 046 chimre that aro in PISS@, Whiph 8abeFRb tho 0FImpoot61 loadad tFrSAncit thomR 4 the pool
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TR Changes: (Revision 1) (Superseded by Revision 2)

Th "Inorac Coficon o 6r8otio@" cooton undor R oin2.2.. f -4 y 1' r f .'1 i

Coofipiot of rition (COF) ':aluoc aro 8ccgnod St aaoh inofcWhioh ro .8c th raliioc ot
-4--1~~, 4- MI 0ff S

throughout tho6 anal'cis ic 0.,6 and the limiting 'A0811 aro bacd On 9wtPorimonta- d"I oltoS t
cpont Wuol r86461 Whigh rOF boundod bRY the V8au1 10.2 Qand - .8 (Rfro92)

Although the soicmio analysis of the now fuol raok hoban, 1-9-omplotod @@aondoFrin the GQF
..... Of 0.2, 90., and 0.8, 1ho .Ou.. f14 0ho 0 @ ooo rioý A n. c..i1orod orodb.lo and nro

inoludod1_ f omation onlY. The Gcoo1i•ciQot Qf';_.;o wi..ll ba 0-6 Or gr8o@oo c•ina Uh6 now4 fi

pit, unliko tho spent tuo! pool, "ac not fnoodod with watorF. orsRfrno2 h cai ofiin
of fr'ctian for drY' c -on cto i^ ..... n 71 and 0.78; tharoforo only th" r..ulto fram tho 0.6

and 0.8 run .OR ro RSndorod pluciblo.

28. Marko' &tandard HAn-dboo9k'8forL. .ooan Eninor.1~Eiin Todr omitr
4Qg'T-

TR Changes: (Revision 2)

The next revision of TR44 (attached) clarifies what run numbers apply to the design basis and
the details about credible lower-bound coefficient of friction effects. The report will eliminate
reference to the non-credible case for Run Number 1 (coefficient of friction COF=0.2). The
revised TR44 entries to clarify these specific topics are shown on the attached pages in bold
and underlined.

O Westinghouse
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Page 4 of 4



F-3.4.1-2 Rev. 0

AP1000 RECORD OF CHANGES
AP1000 DOCUMENT NO. APP-GW-GLR-026

ALTERNATE DOC. NO. N/A

DESIGN AGENT ORGANIZATION Westinghouse Electric Co. LLC

TITLE New Fuel Storage Rack Structural/Seismic Analysis

REVISION 4

CHANGE PARAGRAPH ENGINEER
NUMBER NUMBER

1

2

3

4

5

6

7

Entire Document

TOC

List of Tables

List of Figures

Section 1.0

Section 2.2.1

Section 2.2.2.1

CHANGE DESCRIPTION AND REASON APPROVAL/DATE

General format changes throughout document. Header SMS/See EDMS
and footer revised.

Updated page numbers and section titles. SMS/See EDMS

Updated page numbers. SMS/See EDMS

Updated page numbers; deleted Figures 2-6 through SMS/See EDMS
2 -10. Figure 2-11 renumbered as Figure 2-7.

Revised to include Revision 4 explanation. Deleted SMS/See EDMS
references to calculations that were no longer
applicable.

Revised value to "8%"; Added: ",as documented in SMS/See EDMS
Reference 3."

Removed references to 0.2 COF case. Updated SMS/See EDMS
information regarding Run number 5 for a COF of 0.24.
Added reference to Table 2-6.

Revised to reflect Run number 1 (0.2 COF) being SMS/See EDMS
superseded by Run number 5 (0.24 COF). Fully loaded
and partially loaded Run numbers specified.

Revised paragraph to add: "(Run number 1 has been SMS/See EDMS
superseded by Run number 5)."

Updated Run numbers to reflect maximum load SMS/See EDMS
calculated for Pedestal vertical forces.

Rack-to-Wall Impacts section revised for clarity. SMS/See EDMS

Run numbers updated to reflect maximum calculated SMS/See EDMS
forces.

Force per rack pedestal updated to 263,000. SMS/See EDMS

Revised to reflect position that drop accident scenarios SMS/See EDMS
are not credible due to utilization of single failure proof
hoist.

8

9

10

11

12

13

14

Section 2.2.3

Section 2.7.2

Section 2.8.1.2

Section 2.8.1.4

Section 2.8.2.3

Section 2.8.3

Section 2.8.5



F-3.4.1-2 Rev. 0

AP1000 RECORD OF CHANGES
AP1000 DOCUMENT NO. APP-GW-GLR-026 REVISION 4

ALTERNATE DOC. NO. N/A

DESIGN AGENT ORGANIZATION Westinghouse Electric Co. LLC

TITLE New Fuel Storage Rack Structural/Seismic Analysis

CHANGE PARAGRAPH ENGINEER
NUMBER NUMBER CHANGE DESCRIPTION AND REASON APPROVAL/DATE

15 Section 2.9 Conclusions updated to reflect use of single failure SMS/See EDMS

16

17

18

19

20

21

22

23

24

25

Table 2-2

Table 2-3

Table 2-6

Table 2-9

Table 2-10

Table 2-12

proof hoist in handling fuel.

Updated to reflect Run number 1 being superseded by SMS/See EDMS
Run number 5.

Updated notes to clarify loading combinations. SMS/See EDMS

Updated to fix calculation error and to reflect Run SMS/See EDMS
number 1 being superseded by Run number 5.

Updated to reflect Run number 1 being superseded by SMS/See EDMS
Run number 5.

Note 1 updated by adding: "Values are not specific to SMS/See EDMS

any one run but integrated from multiple runs."

Run Number column added. SMS/See EDMS

Table 2-14

Figures 2-6 through 2-
10

Run Number column added.

Deleted.

SMS/See EDMS

SMS/See EDMS

SMS/See EDMS

SMS/See EDMS

Figure 2-11

Section 4.0

Renumbered as Figure 2-7.

Reference 2 updated. Reference 28 deleted.
References 39 and 40 added.

APP-GW-GLR-026 Revision 4
Page 2 of 55



July 2010

AP1000 Standard Combined License Technical Report

New Fuel Storage Rack Structural/Seismic Analysis

Westinghouse Electric Company LLC
P.O. Box 355

Pittsburgh, PA 15230-0355

© 2010 Westinghouse Electric Company LLC
All Rights Reserved

I

APP-GW-GLR-026 Revision 4
Page 3 of 55



AP 1000 Standard
Westinghouse Non-Proprietary Class 3 COLA Technical Report

TABLE OF CONTENTS

LIST OF TAB LES ........................................................................................................................................ 5

LIST OF FIGURES ...................................................................................................................................... 7

1 INTRODUCTION ........................................................................................................................... 9
2 TECHN ICAL BA CKGROUN D ................................................................................................ 10

2.1 DESIGN ............................................................................................................................ 10
2.1.1 API1000 New Fuel Storage Rack and Vault Description .............................. 10

2.2 M ETH ODOLOGY ....................................................................................................... 11
2.2.1 Acceleration Tim e Histories ........................................................................ 11
2.2.2 M odeling M ethodology ............................................................................... 12
2.2.3 Sim ulation and Solution M ethodology ........................................................ 15
2.2.4 Conservatism s Inherent in M ethodology ...................................................... 16

2.3 KINEMATIC AND STRESS ACCEPTANCE CRITERIA .......................................... 16
2.3.1 Introduction .................................................................................................. 16
2.3.2 Kinem atic Criteria ...................................................................................... 17
2.3.3 Stress Lim it Criteria ..................................................................................... 17
2.3.4 Stress Limits for Various Conditions Per ASME Code ................................ 17
2.3.5 Dim ensionless Stress Factors ...................................................................... 20

2.4 ASSUM PTION S .......................................................................................................... 20
2.5 IN PUT DATA ................................................................................................................... 21

2.5.1 Rack Data .................................................................................................... 21
2.5.2 Structural D am ping ..................................................................................... 21
2.5.3 M aterial Data .............................................................................................. 21

2.6 COM PUTER CODES ................................................................................................... 21
2.7 AN ALYSES ...................................................................................................................... 21

2.7.1 Acceptance Criteria ..................................................................................... 21
2.7.2 Dynamic Sim ulations .................................................................................. 22

2.8 RESULTS OF AN ALY SES ......................................................................................... 22
2.8.1 Tim e History Sim ulation Results .................................................................. 22
2.8.2 Rack Structural Evaluation ........................................................................... 23
2.8.3 Dead Load Evaluation .................................................................................. 25
2.8.4 Local Stress Considerations ......................................................................... 26
2.8.5 Fuel Assem bly Drop Accidents ................................................................... 26
2.8.6 Stuck Fuel Assem bly Evaluation ................................................................. 28

2.9 CON CLU SION S ......................................................................................................... 28
3 REGULATORY IM PACT .......................................................................................................... 52
4 RE FERE NCES .............................................................................................................................. 53
LIST OF TABLES ....................................................................................................................................... L

LIST OF FIGURES P ......................................................................................................................................

1 iNTPRODUCTION ..................................................... 1
2 T;TECHN. I CAL BA.CKGPROUN,*D ........................................... 2

APP-GW-GLR-026 Revision 4
Page 4 of 55



AP 1000 Standard
COLA Technical ReportWestinghouse Non-Proprietary Class 3

2 .1 D E SIG N .............................................................................................................................. 2

2.1.1 APlOGO Now Futel Stor-age Rack nd Vautlt Dcscr-iption ..................
2.2 M ETH O D O LO G Y ............................................................................................................. 3

2.2.1 Ac e le rion T.i. Me H isou trion esh... . ................................................................ 3
2.2.2 Modeling Methdoloe gy..................... ............................................ 4
2.2.3 S nim latic i ..................................................................... 7
2.2.1 ConserLatisms rhoeraent in Mothodology........................................................8.

2.3 D nNEMATIC AND STRESS ACCEPTANCE CRITER.. A .................................................. 8
2.3.1 IntrodcIS tion ........................................................................................................ 1

22.5 3 2N U D A T A P i ................ ............................................................................................... 13

2.32 A K Incmati Cr-iteria 9
2 . . R t ............................................. ............................................. 9.
2.3.1 Str-esis Limfits forf Varfious Conffd-ition-s Per ASME Code ....................9
2..3..5 D i onsion .less Stress Factors ........................................................................... 12

2.14 AS U M PTION Se ... .................................................................................................... 12
2.5 IN P U T EP DATACO D....................................................................................................... 13

2.5.1 R ack D ata. ......................................................................................................... 13
2.5.2 tA c t am ping ....................................................................................... 13
2.5 .3 fao ia D a ta .... ........................................ ........................................... 13

2. 6 COE -M PUTER CO DES ...... .......................................... ............................................. 13
2.7 ANALYSES ....................... ..... .. .................... ...... .................................... 13

2.7.1 A.ptan o C.t.a. .......................................................................................... 13
2.7.2t 0 .. ÷.÷ t .. , ....Dyn..a.mic.Sim ulations. ................................................... 14

2.8 R ESU LTS O F A N A LY SES .............................................. ................................................ 2
2.8.1i Timo History Simlaio Results ................................................. 14
2. 8.2 Raok Swutmoffal Evaluation .......................................................... 15
2.8.3 Dad Load Evaluation ........................................ 17
2. 8.1 LocREal Str...ss Considor-ation.s. .............................................................................. 18
2.8.5 Hypothetical Fuel Asseombly Drop Accidonts...................................... 18
2.8.6 Stucak Fuel Assembly Evaluation.................................................... 20

2.9 CONCLU SIO N S ........................................................20
3 REGULATORY IMPACT.................................................................................142
4 REFEREN CES 1............................................................... 3

Table 2-1

Table 2-2

Table 2-3

LIST OF TABLES

AP1000 New Fuel Storage Rack Storage Cell Description .......................................... 30

S im ulation L isting ............................................................................................................. 30

Loading Combinations for AP 1000 New Fuel Storage Rack ..................................... 31

APP-GW-GLR-026 Revision 4
Page 5 of 55



AP 1000 Standard
Westinghouse Non-Proprietary Class 3 COLA Technical Report

Table 2-4 AP1000 New Fuel Storage Rack Module and Fuel Data ............................................. 32

Table 2-5 Material Data (ASME - Section II, Part D) ................................................................. 33

Table 2-6 R esults Sum m ary ........................................................................................................... 34

Table 2-7 Deleted (combined with Table 2-6) .............................................................................. 35

Table 2-8 Deleted (combined with Table 2-6) ............................................................................. 35

Table 2-9 Maximum Pedestal and Cell Wall Stress Factors .......................................................... 35

Table 2-10 Baseplate-to-Cell Weld Maximum Stresses ............................................................... 36

Table 2-11 Deleted (combined with Table 2-10) ........................................................................... 36

Table 2-12 Baseplate-to-Pedestal Weld Maximum Stresses ........................................................ 36

Table 2-13 Cell-to-Cell Weld Maximum Stresses ............................................................................ 36

Table 2-14 Pedestal Thread Shear Stress ....................................................................................... 37

Table 2-15 Computer Codes Used for Analysis ............................................................................. 38

Table 2-16 Degrees of Freedom for Single Rack Dynamic Model ................................................. 39

Table 2-17 Results from Stuck Fuel Assembly Evaluation ............................................................ 39

I

APP-GW-GLR-026 Revision 4 1
Page 6 of 55



AP1000 Standard
COLA Technical ReportWestinghouse Non-Proprietary Class 3

Figure 2-1

Figure 2-1

Figure 2-2

Figure 2-3

Figure 2-4

Figure 2-5

Figure 2-6

Figure 2-7

LIST OF FIGURES

Configuration of New Fuel Storage Rack (Sheet I of 2) ............................................ 40

Configuration of New Fuel Storage Rack (Sheet 2 of 2) ............................................ 41

Schematic Diagram of Dynamic Model for DYNARACK ......................................... 42

Rack-to-Pit W all Impact Springs ................................................................................. 43

Fuel-to-Rack Impact Springs at Level of Rattling Mass ............................................... 44

Two-Dimensional View of Spring-Mass Simulation ................................................... 45

Rack Degrees-of-Freedom for X-Y Plane Bending with Shear and Bending Spring ....... 46

Partially Loaded Layout Configuration for Run Number 4 .......................................... 51

Figure 2 1 Contiguratient Otew Fuel ,tge Kak (Sheet 1423, .. ,.).......................

Figure 2 1 Configuratien of.New Fuel Storage R (Sheet 2 ...................R.(et...........................3:7

Figu.re 2 2 Sehemac Diagram of DynamiT Model fefr D NARAGK .. ......... ............ 38

Figure 2 3 Rack to Pit W ell Impaet ..... .Sp.ing. .9.. e. ....................................................................ing 3-9

Figure 2 4 Fuel to Rack impat Springs at Level f Rattling Mass................................................... 0

Figure 2 5 Two Dimensional Mfew of Spring Mass Simua..tion...........................

Figure 2 6 Rack Degrees of Freedom for- X 3Y Plafne- Bend-ing with Shear and Bending Spring . 1...2

Figure 2 7 1LS DYN1A- Mo4--del I f Dropped Fuel Assem bly...............................................143

Figfe 2 1 LS DNA Model of Tep and Botm- fe.... Fuel Storeage Rac k..........) 41

Figue 2 9 Deleted . . ........................................................ 5

Fig-e 2 10 Deleted ...................................................... 6

Figure 2 11 Partially Loaded Layout onfiguao for Run Number- 1 1.. 47

FigWre 2 ! Configuration of New Fuel Storage Rack (Sheet of 2). ..................... 30

Figure 2 1 Configuration of Nem Fuel Storage Raek (Sheet 2 of 2).....................31

Figure 2 2 Schematic Diagr-am of Dynamic Model for. DYN4R-A-C.K........................................3A2,

Figure 2 -3 R-ack to Pit4 Wall Impact Fpnn'gs ................................................................... 33

Figure 2 4 Fuel to Rack impact Spr-ings at Level of Ratting Mass .......................................... 34

Figurfe 2 5 Two Difnensional View of Spring Mass Sifmuleati .............n.................................. 35

Figure 2 6 Rack Degr-ee-s of F-r-eeadom f~er- X V Plane Bending with Shear and Bending Spr-ing 36......

Figure 2 7 L8 DYNA Model of Dropped Fuel Assembly..................................................... 37

Figure 2 8 LS DYNA Madel of Top and Bottom oUY 1000 New Fuel Storage Rack...................... 38

APP-GW-GLR-026 Revision 4
Page 7 of 55



Figur-e 2 9]

Figure 2 10

Figure 2 11

Ba:

Westinghouse Non-Proprietary Class 3

fromf Droep on AR21000 New Fuel Stor-age Rack ...........

;eplatc Dpafefo-aio-in Resulting from Fuell Assembly Droep

#ially Loaded La'yout Configurtio-in for- Run Number- 4I.

...........

ente B

...........

API1000 Standard
COLA Technical Report

."39................................ 3 9

aseplate..............140

... 1

APP-GW-GLR-026 Revision 4
Page 8 of 55



AP1000 Standard
Westinghouse Non-Proprietary Class 3 COLA Technical Report

1 INTRODUCTION

This report summarizes the structural/seismic analysis of the AP 1000 New Fuel Storage Rack. Revision
one specifically addresses three items: changes to the design; reanalysis of the new fuel rack for the
envelope of hard rock and soil conditions as documented in Reference 24; and supplemental information
added as a result of U.S. Nuclear Regulatory Commission (NRC) Requests for Additional Information
(RAIs). Revision two incorporates finalized responses to additional NRC RAIs. Revision three
reconciles the existing seismic analysis of the AP 1000 New Fuel Storage Rack with the updated seismic
input that is associated with the shield building enhancement and the correction of the SASSI model.
Revision three also incorporates general administrative changes to address additional comments from the
NRC and to clarify the report. Revision four incorporates finalized responses to NRC RAls and audit
comments. Also, Table 2-6, and Table 2-9 to Table 2-14 were updated to reflect corrections made to
existing seismic analysis. The Section 2.8.5 discussion of new fuel assembly drop accidents and
associated tables and figures were revised to clarify the design basis that credits use of the single failure
proof hoist and load path equipment to eliminate explicit postulated dropping of a new fuel assembly. The
AP 1000 New Fuel Storage Rack is used to temporarily store fresh fuel assemblies until they are loaded
into the reactor core. The requirements for this analysis are identified in the AP 1000 Design Control
Document (DCD), subsection 9.1.1.2.1 (Reference 1). The completion of this analysis is identified as
Combined Operating License (COL) Information Item 9.1-1 (Final Safety Evaluation Report
[Reference 2] Action Item 9.1.6-1) in DCD subsection 9.1.6 to be completed by the Combined License
applicant.

COL Information Item 9.1-1: "Perform a confirmatory structural dynamic and stress
analysis for the new fuel rack, as described in AP 1000 DCD subsection 9.1.1.2.1."

This COLA Technical Report addresses COL Information Item 9.1-1. The calculations "AP 1000 New
Fuel Storage Rack Structural/Seismic Analysis" (Reference 3) and "Analyse ^ of AP 1000 Fuel Steagec
Ra.ks Subjected to Fuel Dro.p Ae.idents" (Refer.ence 2.) are is available for U. S. NRC audit.

A summary of the criticality analysis for the AP 1000 New Fuel Storage Rack is presented in AP 1000
Standard Combined License Technical Report, "New Fuel Storage Rack Criticality Analysis"
(Reference 4).
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2 TECHNICAL BACKGROUND

This report considers the structural adequacy of the proposed AP 1000 New Fuel Storage Rack under
postulated loading conditions. Analyses and evaluations follow the NRC Standard Review Plan 3.8.4,
Revision 1 (Reference 6). Although the licensing basis for the AP1000 design invokes NRC SRP 3.8.4,
Revision 1, an evaluation has been performed to confirm that the stress analysis of the new fuel rack also
satisfies the applicable provisions of NRC SRP 3.8.4, Revision 2 (Reference 25). The dynamic analyses
use a time-history simulation code used in numerous previous fuel rack licensing efforts in the United
States and abroad. This report provides a discussion of the method of analyses, modeling assumptions,
key evaluations, and results obtained to establish the margins of safety. The objective of this report is to
develop the loads on the AP 1000 New Fuel Storage Rack and confirm that the loads do not pose a threat
to the stored fuel assemblies.

2.1 DESIGN

2.1.1 AP1000 New Fuel Storage Rack and Vault Description

The configuration of the AP 1000 New Fuel Storage Rack is shown in Figure 2-1 and an overview of the
construction and materials used in the AP 1000 New Fuel Storage Rack is presented in Tables 2-1, 2-4,
and 2-5.

The AP 1000 New Fuel Storage Rack is freestanding and sits inside a concrete room (vault) in the
Auxiliary Building. It consists of aan 8x9 array of storage cells, which provides 72 total storage
locations. A vault lid is provided for security, and for Foreign Material Exclusion (FME).

The individual storage cells of the AP 1000 New Fuel Storage Rack are centered on a nominal pitch of
10.9 inches. Each storage cell consists of an inner stainless steel box, which has a nominal inside
dimension of 8.8 inches and is 0.075 inches thick. Metamic® poison panels are attached to the outside
surfaces of all storage cells except for the outside cell walls directly facing the north and south walls of
the vault. No poison panels are required on these outside cell faces since there is only a small amount of
space between the rack and storage vault concrete such that a fuel assembly cannot be inadvertently
placed in this area. However, poison panels are placed on the outside cell faces in the east and west
directions (see Figure 2-1 for the orientation of the rack within the pit) to mitigate the effects of an
inadvertent placement of a fuel assembly outside of the rack, but within the vault on these two sides if the
vault lid is ever removed. Each Metamic poison panel is held in place and is centered on the surface of
the stainless steel box by an outer stainless steel sheathing panel. There is a small void space between the
sheathing and the Metamic panel. The Metamic poison panels are nominally 7.5 inches wide by 0.106
inches thick. The external sheathing panels are 0.075 inches thick, and the internal sheathing panels are
0.035 inches thick.

Each storage cell is nominally 199.5 inches long, and it rests on top of a base plate whose top is 5 inches
above the new fuel vault floor. Note that each Metamic poison panel is 172 inches long, overlapping the
168-inch active fuel length. The Metamic poison material is a mixture of B 4C, nominally 31.0 weight
percent, and aluminum, nominally 69.0 weight-percent.
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2.2 METHODOLOGY

2.2.1 Acceleration Time Histories

The response of a freestanding rack module to seismic inputs is highly nonlinear, and it involves a

complex combination of motions (sliding, rocking, twisting, and turning), resulting in impacts and

frictional effects. Linear methods, such as modal analysis and response spectrum techniques, cannot
accurately replicate the response of such a highly nonlinear structure to seismic excitation. An accurate
simulation is obtained only by direct integration of the nonlinear equations of motion using actual vault
slab acceleration time-histories as the forcing function. Therefore, the initial step in AP 1000 New Fuel
Storage Rack qualification is to develop synthetic time-histories for three orthogonal directions that
comply with the guidelines of the U.S. NRC Standard Review Plan 3.7. 1, Revision 2 (Reference 7). The
synthetic time-histories must meet the criteria of statistical independence, envelope the target design
response spectra, and envelope the target Power Spectral Density function associated with the target
response spectra.

The design basis AP 1000 Nuclear Island Floor Response Spectra (FRS) were developed by Westinghouse
in Reference 30 (which provides technical input for Reference 24), and these spectra envelope the hard
rock and soil cases. The specific FRS for the AP1000 New Fuel Storage Rack was selected by
Westinghouse from the data contained in Reference 30 and was transmitted to Holtec International in
Reference 18. The synthetic time-histories for the "New Fuel" FRS (which is the name given to the
specific FRS that was determined by Westinghouse to be applicable for the seismic analysis of the
AP 1000 New Fuel Storage Rack) were generated by Holtec International and form the basis of the
seismic analysis performed in Reference 3. The ASB 116.5 C. ROOM FRS contained in Reference 30
represent the standard grouping of enveloped response spectra for the Auxiliary and Shield Building
(ASB) at Elevation 116.5 feet near the Control Room area for a range of soil/rock conditions. Reference
3 0 also contains additional data points at Elevation 116.5 feet; therefore, the ASB locations nearest the
four comers of the New Fuel Vault at Elevation 116.5 feet were grouped and enveloped to develop the
"New Fuel" FRS. The floor of the New Fuel Vault is at a slightly higher elevation (Elevation 118'-2.5")
but the dynamic response is essentially the same as at Elevation 116.5 feet.

The acceleration time histories for the "New Fuel" Floor Response Spectra (FRS) noted above are used as
the input motion for the seismic analysis of the new fuel rack and form the design and licensing basis.
Three orthogonal components are input and solved simultaneously together with a constant 1-g gravity
acceleration. The generation of these acceleration time histories is documented in Reference 3 1.

Updated seismic input for the AP 1000 New Fuel Storage Rack, which incorporates the shield building
design enhancements as well as the correction of the SASSI model, was made available in May 2010 via
Reference 33 (which is based on the data contained in Reference 32, which provides technical input for
Reference 36) and was transmitted to Holtec International in Reference 35. This new input has been
evaluated and shown to generally result in similar or lower loads on the New Fuel Storage Rack when
compared to the current design and licensing basis seismic input. There is one instance where the
maximum load that resulted from the most severe case of all simulations increased by approximately
844%, but the majority of the results decreased substantially, as summarized in Table 2-6. For all cases
where the maximum loads increased it has been shown that the design maintains an acceptable margin of
safety, as documented in Reference 3. Because the results using the seismic input based on Reference 33
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are either less severe than those based on Reference 30 or have been evaluated and shown to remain
acceptable, the current seismic input as discussed in the preceding paragraphs (the input based on
Reference 30) will remain the design and licensing basis for the AP 1000 New Fuel Storage Rack.

2.2.2 Modeling Methodology

2.2.2.1 General Considerations

Once a set of input excitations is obtained, a dynamic representation is developed. Reliable assessment of
the stress field and kinematic behavior of a rack module calls for a conservative dynamic model
incorporating all key attributes of the actual structure. This means that the dynamic model must have the
ability to execute concurrent sliding, rocking, bending, twisting, and other motion forms compatible with
the free-standing installation of the module. Additionally, the model must possess the capability to effect
momentum transfers that occur due to rattling of fuel assemblies inside storage cells and the capability to
simulate lift-off and subsequent impact of support pedestals with the rack bearing pad or pit floor. Since
the AP 1000 New Fuel Storage Rack is not placed in water, there is no contribution from water mass in the
interstitial spaces around the rack module and within the storage cells. The Coulomb friction coefficients
at the pedestal to bearing pad and pit floor interfaces may lie in a rather wide range, depending on the
design of those interfaces, and the model must be able to reflect their effect. Finally, the analysis must
consider that the AP 1000 New Fuel Storage Rack may be fully or partially loaded with fuel assemblies or
may be entirely empty. In short, there are a large number of parameters with potential influence on the
rack motion. A comprehensive structural evaluation must be able to incorporate all of these effects, in a
finite number of analyses, without sacrificing conservatism.

The three-dimensional (3-D) dynamic model of a single fuel rack was introduced by Holtec International
in 1980 and has been used in many re-rack projects since that time. These re-rack projects include Turkey
Point, St. Lucie, and Diablo Canyon. The details of this classical methodology are presented in Reference
9. The 3-D model of a typical rack handles the array of variables as follows:

Interface Coefficient of Friction

Coefficient of friction (COF) values are assigned at each interface, which reflect the realities of
stainless steel-to-stainless steel (pedestal to bearing pad) and stainless steel-to-concrete (bearing
bad pad to pit floor) contact. The mean value of coefficient of friction is 0.5, and the limiting
values are based on experimental data, which are bounded by the values 0.2404 and 0.8
(Reference 20).

Although the seismic analysis of the AP 1000 New Fuel Storage Rack considers three different
coefficients of friction, (040.24 (Run 5), 0.5 (Run 2), and 0.8 (Run 3), which are the same
eon d-itions; eons id Lr.Pd u n deLr wat een d itions ifn the analy-sis Af theta API2 000 Spent Fuel Storage
Raeks) respectively; between the support pedestals, bearing pad, and the pit floor, the reality is

that the coefficient of friction will be greater than 0.244 since the new fuel pit, unlike the spent
fuel pool, is not flooded with water. Per Reference 29, the static coefficient of friction for steel
on steel (dry) is between 0.74 and 0.78, and per Reference 34 the static coefficient of friction
when enveloped by two standard deviations ranges between 0.244 and 0.724. For completeness,
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the significant results from all evaluations for the simulations using the COF values from 0.24 to
0.8 are summarized in Table 2-6.

This rep•• t ee•ns.1ativ1ly includes th .....u.ts of the 0.2 coeffii•en. t of fri'tin ca•a in the design
basis for- all evaluiations with the e~eeptien of for- the evaluation of the rack displaeement and
acscciated rack to wall impact. For- these specific evaluations a simutlation theatuscs a 0.24
eeeffieient of friction was added and is consid-eried- the design basis in placc of the 0.2 ccefficient
of friction sifmulation. Note, however-, that for- completeness the significant resulIts fromf all
evaluatiens for- the simulations using both 0.2 and 0.24 as the eceffieient of friction are

* Impact Phenomena

Compression-only spring elements, with gap capability, are used to provide for opening and
closing of interfaces, such as the pedestal-to-bearing pad interface, the fuel assembly-to-cell wall
interface, and the rack-to-pit wall potential contact locations.

* Fuel Loading Scenarios

The dynamic analyses performed for the AP 1000 New Fuel Storage Rack assume that all fuel
assemblies within the rack rattle in unison throughout the seismic event, which exaggerates the
contribution of impact against the cell wall. In this analysis the fuel assemblies are considered to
move perfectly in-phase (that is, the fuel assembly rattling attenuation factor equals one for all
simulations).

* Fluid Coupling

Since the AP 1000 New Fuel Storage Rack is installed in a dry enclosure, no fluid coupling effects
are modeled in the dynamic simulations.

2.2.2.2 Specific Modeling Details for a Single Rack

The rack analysis is performed using a 3-D multi-degree of freedom model. For the dynamic analysis, the
rack, plus contained rattling fuel, is modeled as a 22 Degree of Freedom (DOF) system. The rack cellular
structure elasticity is modeled by a 3-D beam having 12 DOF (three translation and three rotational DOF
at each end so that two-plane bending, tension/compression, and twist of the rack are accommodated). An
additional two horizontal DOFs are ascribed to each of five rattling fuel masses, which are located at
heights OH, 0.25H, 0.5H, 0.75H, and H, where H is the height of a storage cell above the baseplate.
While the horizontal motion of the rattling fuel mass is associated with five separate masses, the totality
of the fuel mass is associated with the vertical motion and it is assumed that there is no fuel rattling in the
vertical direction. In other words, the vertical displacement of the fuel is coupled with the vertical
displacement of the rack (that is, degree of freedom "P3" in Figure 2-2) by lumping the entire stored fuel
mass (in the vertical direction only) with the vertical rack mass at the baseplate level.
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The beam model for the rack is assumed supported, at the base level, on four pedestals modeled with

non-linear elements; these elements are properly located with respect to the centerline of the rack beam,
and allow for arbitrary rocking and sliding motions. The horizontal rattling fuel masses transfer load to

the new fuel rack through compression-only gap spring elements, oriented to allow impacts of each of the

five rattling fuel masses with the rack cell in either or both horizontal directions at any instant in time.

Figure 2-2 illustrates the typical dynamic rack model with the degrees of freedom shown for both the

AP1000 New Fuel Storage Rack and for the rattling fuel mass. Table 2-16 defines the nodal DOFs for the

dynamic model of a single rack as depicted in Figure 2-2. In order to simulate this behavior, the stored

fuel mass is distributed among the five lumped mass nodes, for the rack, as follows:

% of total stored fuel mass
0 Top of rack (Node 2) 12.5%
0 3/4 height (Node 3) 25%
0 1/2 height (Node 4) 25%
a 1/4 height (Node 5) 25%
0 Bottom of rack (Node 1) 12.5%

The stifffiess of pedestal springs that simulate rack pedestal to the floor compression-only contact is

modeled using contact and friction elements at the locations of the pedestals between pedestal and floor.

Four contact springs (one at each comer location) and eight friction elements (two per pedestal) are

included in each 22 DOF rack model.

Also shown in Figure 2-2 is a detail of the model of a typical support with a vertical compression-only

gap element and two orthogonal elements modeling frictional behavior. These friction elements resist

lateral loads, at each instant in time, up to a limiting value set by the current value of the normal force

times the coefficient of friction. Figures 2-3 through 2-5 show schematic diagrams of the various (linear

and non-linear) elements that are used in the dynamic model of the AP1000 New Fuel Storage Rack.

Figure 2-3 shows the location of the compression-only gap elements that are used to simulate the rack-to-

wall contact at every instant in time. Figure 2-4 shows the four compression-only gap elements at each

rattling mass locationý which serve to simulate rack-to-fuel assembly impact in any orientation at each

instant in time. Figure 2-5 shows a two-dimensional elevation schematic depicting the five fuel masses

and their associated gap/impact elements, the typical pedestal friction and gap impact elements. This

figure combines many of the features shown in Figures 2-3 and 2-4, and it provides an overall illustration

of the dynamic model used for the AP 1000 New Fuel Storage Rack.

Finally, Figure 2-6 provides a schematic diagram of the coordinates and the beam springs used to simulate

the elastic bending behavior and shear deformation of the rack cellular structure in two-plane bending.

Not shown are the linear springs modeling the extension, compression, and twisting behavior of the

cellular structure.

Mass Matrix

Since there is no water in the AP 1000 New Fuel Storage Rack enclosure, the mass matrix involves only

the structural masses associated with the dynamic model.
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Stiffness Matrix

The spring efiwvesstiffness associated with the elastic elements that model the behavior of the
assemblage of cells within a rack are based on the representation developed in Reference 10. Tension-
compression behavior and twisting behavior are each modeled by a single spring with linear or angular
extension involving the appropriate coordinates at each end of the rack beam model. For simulation of
the beam bending stiffness, a model is used consistent with the techniques of the reference based on a
bending spring and a shear spring for each plane of bending, which connects the degrees of freedom
associated with beam bending at each end of the rack. Impact and friction behavior is included using the
piecewise linear formulations similarly taken from the reference.

2.2.3 Simulation and Solution Methodology

Recognizing that the analytical work effort must deal with be4theestress and displacement criteria, the
sequence of model development and analysis steps that are undertaken for each simulation are
summarized in the following:

a. Prepare a 3-D dynamic model of the AP 1000 New Fuel Storage Rack module.

b. Perform dynamic analyses and archive results for post-processing appropriate displacement and
load outputs from the dynamic model.

c. Perform stress analysis of high stress areas for rack dynamic runs. Demonstrate compliance with
American Society for Mechanical Engineers (ASME) Code Section III, subsection NF
(Reference 11) limits on stress and displacement. The high stress areas are associated with the
pedestal-to-baseplate connection. In addition, some local evaluations are performed for the
bounding case to ensure that the fuel remains protected under all impact loads.

For the transient analyses performed in part b described above, a step-by-step solution in time, which uses a
central difference algorithm, is used to obtain a solution. The solver computer algorithm, implemented in
the Holtec Proprietary Code MR216 (a.k.a. DYNARACK), is given in Reference 10, and the
documentation of MR216 is presented in Reference 12.

Using the 22-DOF rack structural model in each DYNARACK simulation, equations of motion
corresponding to each degree-of-freedom are obtained using Lagrange's formulation of the dynamic
equations of motion (Reference 10). The system kinetic energy includes contributions from the structural
masses defined by the 22-DOF model.

Results are archived at appropriate time intervals for permanent record and for subsequent
post-processing for structural integrity evaluations as follows:

All generalized nodal displacement coordinate values in order to later determine the motion of the
rack

* All load values for linear springs representing beam elasticity
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All load values for compression-only gap springs representing pedestals, rack-to-fuel impact, and
rack-to-pit wall impacts

* All load values for friction springs at the pedestal/bearing pad interface

Simulation Descriptions

The AP1000 New Fuel Storage Rack is subject to the "New Fuel" Floor Response Spectra provided in
Reference 18. Four runs are performed to bound possible coefficient of friction (COF) values and to
determine impact on rack fuel loading and are summarized in Table 2-2. Note: An-additional run was
performed with the rack fully loaded and using a coefficient of friction of 0.24. This run, Run number 5,
fepleeessupersedes Run number I as the reference design basis.for the mfax*imum rack displacement and
rack te wall impaet cvAhuatimws

Run numbers 2, 3, and 51 th,-eugh 4 in Table 2-2 are the base set of runs, which bound the possible
coefficients of friction at the interface between the rack support pedestals, bearing pads, and the pit floor.
The base runs evaluate the rack in the fully loaded condition and consider the coefficient of friction as
0-, 0.5, and-0.8, and 0.24 for Run numbers , 2, .and 32, 3, and 5, respectively. (Note: E*eept-fei he
f-llewing diff.. -en.es, Run number 4 is identical to Run number 3 except it considers the most limiting
partial fuel loading condition, as shown in Figure 2-11.), and Run number 5 is identical to Run nu"ber P:

" Run number- 4 eensiders the fnost limiting partial fuel loading condition, as shewn in Figurc 2 11.

" Run number 5 considcr-s a moere credible lower- bounding coefficient of friction value eof .214.

2.2.4 Conservatisms Inherent in Methodology

The following items are built-in conservatisms:

All fuel rattling mass at each level is assumed to move as a unit thus maximizing impact force
and rack response.

Although not consider-ed craedible, the r-esults froma the 0.2 coefficient of friction case have been
maintained and were earried through the evalouations; ".'hen they were the mse-t livmiting case, with
the exception of for- the rack displacemenat -and- ra 8 t"alim ctvauios

2.3 KINEMATIC AND STRESS ACCEPTANCE CRITERIA

2.3.1 Introduction

The AP1000 New Fuel Storage Rack is designed as seismic Category I. The U.S. NRC Standard Review
Plan 3.8.4 (Reference 6) states that the ASME Code Section III, subsection NF (Reference 11), as
applicable for Class 3 Components, is an appropriate vehicle for design. The stress analysis of the new
fuel rack also satisfies all of the applicable provisions in NRC Regulatory Guide 1.124, Revision 1
(Reference 26) for components designed by the linear elastic analysis method. In addition, an evaluation
has been performed to confirm that the stress analysis of the new fuel rack also satisfies the applicable

APP-GW-GLR-026 Revision 4
Page 16 of 55



AP 1000 Standard
COLA Technical ReportWestinghouse Non-Proprietary Class 3

provisions of NRC Regulatory Guide 1. 124, Revision 2 (Reference 27). In the following sections, the
ASME limits are set down.

2.3.2 Kinematic Criteria

The AP 1000 New Fuel Storage Rack should not exhibit rotations to cause the rack to overtum (in the
east-west direction) (that is, ensure that the rack does not slide off the bearing pads, or exhibit a rotation
sufficient to bring the center of mass over the comer pedestal).

2.3.3 Stress Limit Criteria

For thoroughness, the Standard Review Plan (Reference 6) load combinations were used. Stress limits
must not be exceeded under the required load combinations. The loading combinations shown in
Table 2-3 are applicable for freestanding racks that are steel structures. (Note that there is no operating
basis earthquake [013E] event defined for the A-P 1000; therefore, loading conditions associated with an
OBE event are not considered.)

2.3.4 Stress Limits for Various Conditions Per ASME Code

Stress limits for Normal Conditions are derived from the ASME Code, Section 111, Subsection NE
Parameters and terminology are in accordance with the ASME Code. The AP 1000 New Fuel Storage
Rack is freestanding; thus, there is minimal or no restraint against free thermal expansion at the base of
the rack. Moreover, thermal stresses are secondary, which strictly speaking, have no stipulated stress
limits in Class 3 structures or components when acting in concert with seismic loadings. Thermal loads
applied to the rack are, therefore, not included in the stress combinations involving seismic loadings.

Material properties for analysis and stress evaluation are provided in Table 2-5.

2.3.4.1 Normal Conditions (Level A)

Normal conditions are as follows:

Tension

Allowable stress in tension on a net section is:

F, = 0.6 Sy

where Sy is the material yield strength at temperature. (F, is equivalent to primary membrane
stress.)

Shear

Allowable stress in shear on a net section is:

F, = 0.4 Sy
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Compression'

Allowable stress in compression (Fa) on a net section of Austenitic material is:

Fa = Sy(.47 - kl/444r)

where kl/r < 120 for all sections, and

= unsupported length of component.

k - length coefficient which gives influence of boundary conditions, for example:
k = 1 (simple support both ends)
k = 2 (cantilever beam)
k = 0.5 (clamped at both ends)

Note: Evaluations conservatively use k = 2 for all conditions.

r = radius of gyration of component = c/2.45 for a thin wall box section of mean side width c.

* Bendin2

Allowable bending stress (Fb) at the outermost fiber of a net section due to flexure about one
plane of symmetry is:

Fb = 0.60 Sy

* Combined Bending and Comnression

Combined bending and compression on a net section satisfies:

fa/Fa + Cxfbx/DxFbx + Cmyfby/DyFby < 1.0

where:

fa = Direct compressive stress in the section

fbx = Maximum bending stress for bending about x-axis

fby = Maximum bending stress for bending about y-axis
Crx = 0.85
Cmy = 0.85

Dx = 1 - (fa/F'ex)
Dy = 1 - (fa/F'ey)

F'ex,e = (2 E)/(2.15 (kl/r),y2)

and subscripts x and y reflect the particular bending plane.

* Combined Flexure and Axial Loads
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Combined flexure and tension/compression on a net section satisfies:

(fa/0.6 Sy) + (fbx/Fbx) + (fby/Fby) <1.0

* Welds

Allowable maximum shear stress (F,) on the net section of a weld is:

F, = 0.3 Su

where S, is the material ultimate strength at temperature. For the area in contact with the base
metal, the shear stress on the gross section is limited to O.4 Sy.

2.3.4.2 Upset Conditions (Level B)

Although the ASME Code allows an increase in allowables above those appropriate for normal
conditions, any evaluations performed herein conservatively use the normal condition allowables.

2.3.4.3 Faulted (Abnormal) Conditions (Level D)

Section F-1334 (ASME Section III, Appendix F [Reference 14]), states that limits for the Level D
condition are the smaller of 2 or 1.167Su/Sy times the corresponding limits for the Level A condition if
S, > 1.2Sy, or 1.4 if S, < 1.2Sy except for requirements specifically listed below. Su and Sy are the
properties of 304 stainless steel at the specified rack design temperature. Examination of material
properties for 304 stainless steel demonstrates that 1.2 times the yield strength is less than the ultimate

strength. Since 1.167 * (75,000/30,000) = 2.92, the multiplier of 2.0 controls.

Exceptions to the above general multiplier are the following:

* Stresses in shear in the base metal shall not exceed the lesser of 0.7 2 Sy or 0.42S,. In the case of
the austenitic stainless material used here, 0.72Sy governs.

* Axial compression loads shall be limited to 2/3 of the calculated buckling load.

* Combined Axial Compression and Bending - The equations for Level A conditions shall apply
except that:

Fa = 0.667 x Buckling Load/Gross Section Area,

and Fex,ey may be increased by the factor 1.65.

* For welds, the Level D allowable maximum weld stress is not specified in Appendix F of the
ASME Code. An appropriate limit for weld throat is conservatively set here as:

Fw= (0.3 Su) x factor
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where: factor = (Level D shear stress limit)/(Level A shear stress limit) = 0. 72 x Sy / 0.4 x Sy= 1.8

therefore; F,= (0.3 Su) x (1.8) = 0.54 Su

2.3.5 Dimensionless Stress Factors

In accordance with the methodology of the ASME Code, Section NF, where both individual and
combined stresses must remain below certain values, the stress results are presented in dimensionless
form. Dimensionless stress factors are defined as the ratio of the actual developed stress to the specified
limiting value. The limiting value of each stress factor is 1.0 based on an evaluation that uses the
allowable strength appropriate to Level A or Level D loading as discussed above.

R, Ratio of direct tensile or compressive stress on a net section to its allowable value
(note pedestals only resist compression)

R2 = Ratio of gross shear on a net section in the x-direction to its allowable value

R3 = Ratio of maximum bending stress due to bending about the x-axis to its allowable

value for the section

R4 = Ratio of maximum bending stress due to bending about the y-axis to its allowable
value for the section

R5 Combined flexure and compression factor (as defined in subsection 2.3.4.1)

R6  Combined flexure and tension (or compression) factor (as defined in

subsection 2.3.4.1)

R7 = Ratio of gross shear on a net section in the y-direction to its allowable value

At any location where stress factors are reported, the actual stress at that location may be recovered by
multiplying the reported stress factor R by the allowable stress for that quantity. For example, if a
reported Level A combined tension and two plane bending stress factor is R6 = 0.85, and the allowable
strength value is 0.6Sy, then the actual combined stress at that location is Stress = R6 x (0.6Sy) = 0.51 Sy.

Note that a conservative yield strength value of 25,000 psi for the rack material was used to evaluate-the
dimensionless stress factors in the DYNARACK model; therefore, when calculating the actual combined
stress using the dimensionless stress factors it is appropriate to use Sy = 25,000 psi.

2.4 ASSUMPTIONS

The following assumptions are used in the analysis:

* Fluid damping is neglected as there is no water in the AP 1000 New Fuel Storage Rack.
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The total effect of n individual fuel assemblies rattling inside the storage cells in a horizontal

plane is modeled as one lumped mass at each of five levels in the fuel rack. Thus, the effect of

chaotic fuel mass movement is conservatively ignored.

For the AP 1000 New Fuel Storage Rack, there is no temperature differential and no hot cell.

2.5 INPUT DATA

2.5.1 Rack Data

Table 2-4 contains information regarding the AP1000 New Fuel Storage Rack Module and Fuel Data that

are used in the analysis. Information is taken from the new fuel rack drawings (Reference 8) (unless

noted otherwise).

2.5.2 Structural Damping

Associated with every stifffiess element is a damping element with a coefficient consistent with 4% of

critical linear viscous damping. This is consistent with the "New Fuel" design basis Floor Response

Spectra set for the A-P 1000 New Fuel Storage Rack provided in Reference 18 and the Westinghouse

AP 1000 Seismic Design Criteria provided in Reference 21.

2.5.3 Material Data

The necessary material data is shown in Table 2-5. This information is taken from ASME Code

Section 11, Part D (Reference 13). The values listed correspond to a temperature of 1 00'F, which is

appropriate since new fuel does not release heat.

2.6 COMPUTER CODES

Computer codes used in this analysis are presented in Table 2-15.

2.7 ANALYSES

2.7.1 Acceptance Criteria

The dimensionless stress factors, discussed in subsection 2.3.5, must be less than 1.0. In addition:

The compressive loads on the cell walls shall be shown to remain below two thirds of the critical
buckling load (i.e., a minimum safety factor of 1.5 against buckling is maintained).

Welds and base metal stresses must remain below the allowable stress limits corresponding to the

material and load conditions, as discussed in greater detail in following sections.
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2.7.2 Dynamic Simulations

As discussed earlier, four simulations are performed (Run number 1 has been superseded by Run number
5))with an additional fifth run, which r-eplao.. Run number. I in ..e.Rin inctanzcs).- The simulations
consider the "New Fuel" Floor Response Spectra.

2.8 RESULTS OF ANALYSES

The following subsections contain the results obtained from the post-processor DYNAPOST
(Reference 15) for the AP 1000 New Fuel Storage Rack under the "New Fuel Floor" Response Spectra.

2.8.1 Time History Simulation Results

Table 2-6 presents the results for major parameters of interest for the new rack for each simulation. Run
numbers are as listed in Table 2-2.

2.8.1.1 Rack Displacements

The post-processor results summarized in Table 2-6 provide the maximum absolute displacements at the
top and bottom comers in the east-west and north-south directions, relative to the pit floor.

2.8.1.2 Pedestal Vertical Forces

Rfl- mibe-4Run numbers 2 and 3 provides the maximum vertical load on any pedestal. The results
from thesethis runsfu* may be used to assess the structural integrity of the pit floor under the seismic
event (included in Table 2-6).

2.8.1.3 Pedestal Friction Forces

Run number 3 provides the maximum shear loads; the value is used as an input loading to evaluate the
baseplate-to-pedestal weld stress (see Table 2-12).

2.8.1.4 Impact Loads

The impact loads, such as fuel-to-cell wall and rack-to-wall impacts, are discussed below. Due to the
design and construction of the AP 1000 New Fuel Storage Rack (fuel assemblies are separated by two cell
walls and an air gap), fuel-to-fuel impacts are unable to occur.

Fuel-to-Cell Wall Impact Loads

The maximum fuel-to-cell wall impact load, at any elevation in the rack, occurs during Run number 4.

The most significant load on the fuel assembly arises from rattling during the seismic event. For the five-
lumped mass model (with 25% at the 1/4 points and 12.5% at the ends), the maximum g-load that the rack
imparts onto the fuel assembly can be computed as:
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4F
a = 4F = 4.63g

W

where:

a = maximum lateral acceleration in g's (a=63)
F = maximum fuel-to-cell wall impact force (=1,992 lbf)
w = weight of one fuel assembly (conservatively taken to be 1,720 lbs)

The maximum lateral acceleration is an order of magnitude less than the impact decelerations that fuel
assemblies are typically qualified for in cask transport applications. Thus, the stored fuel assemblies
inside the AP 1000 New Fuel Storage Rack are capable of withstanding the maximum fuel-to-cell wall
impact load.

Rack-to-Wall Impacts

The solver summary result files from MR2 16 (Reference 12) in all of the simulations were manually
scanned to determine the maximum impact on each side of the rack. The total rack-to-wall impact at any
one time instant is derived from the output data and calculated for all four simulations. The maximum
impact loads from the pit walls onto the rack are summarized in Table 2-6.

As discussed in Section 2.2.2. 1, a mor-e appropriate lecwcr bound eoefficient of frietion is 0.2411, a-Rd an
additional sim.ulation (Rn n. mbr. 5) was perf•o. . ed- usingNone of the simulations a cccffieient of
frictien of 0.21. The more realistic Run number 5 did net result in any-rack-to-wall impacts with the gaps
set to their nominal sizes (6.875 inches at the top and 5.875 inches at the baseplate), or when the gaps
were afe-reduced to their lower limits (6 inches at the top and 5 inches at the baseplate). Since the seismic
analysis shows no rack-to-wall impacts ,henu n numb er. 1 is ign.r.ed and replaced with Run . u...r 5,
the rack te wAll imfpacsts ifivol;ing the a 00 e Fuel Storage Rack arce not cr-edible, and-the new fuel
pit walls are not required to be analyzed for any rack-to-wall impacts.

2.8.2 Rack Structural Evaluation

2.8.2.1 Rack Stress Factors

With time history results available for pedestal normal and lateral interface forces, the limiting bending
moment and shear force at the baseplate-to-pedestal interface may be computed as a function of time. In
particular, maximum values for the previously defined stress factors can be determined for every pedestal
in the AP1000 New Fuel Storage Rack. The maximum stress factor from each simulation is reported in
Table 2-6. Using this information, the structural integrity of the pedestal can be assessed. The net section
maximum (in time) bending moments and shear forces can also be determined at the bottom of the
cellular structure. Based on these, the maximum stress in the limiting rack cell (box) can be evaluated.

The summary of the maximum stress factors for the AP 1000 New Fuel Storage Rack, for each of the

simulations detailed in Table 2-2, is provided in Table 2-9. The table reports the pedestal stress factors as
well as the stress factors for the cellular cross-section just above the baseplate. The cell area just above
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the baseplate is the most heavily loaded net section in the rack structure, so satisfaction of the stress factor
criteria at this location ensures that the overall structural criteria set forth in subsection 2.3.3 are met.

An adjustment factor accounting for the ASME Code slenderness ratio has been calculated. The adjusted
factors are identified with * in Table 2-9.

All stress factors, as defined in Section 2.3.5, are less than the required limit of 1.0 for the new fuel rack
for the governing faulted condition examined. Therefore, the AP 1000 New Fuel Storage Rack is able to
maintain its structural integrity under the worst loading conditions.

2.8.2.2 Weld Stresses

Weld locations in the AP1000 New Fuel Storage Rack that are subjected to significant seismic loading are
at the bottom of the rack at the baseplate-to-cell connection, at the top of the pedestal support at the
baseplate connection, and at the cell-to-cell connections. Bounding values of resultant loads are used to
qualify the connections.

a. Baseplate-to-Rack Cell Welds

Reference 11 (ASME Code Section III, subsection NF) permits, for Level A or B conditions, an
allowable weld stress r = .3 Su. Conservatively assuming that the weld strength is the same as the
lower base metal ultimate strength, the allowable stress is given by c = .3 * (75,000) = 22,500 psi.
As stated in subsection 2.3.4.3, the allowable for welds for Level D is 0.54 Su, giving an
allowable of 40,500 psi.

Weld stresses are determined through the use of a simple conversion (ratio) factor (based on area
ratios) applied to the corresponding stress factor in the adjacent rack material. This conversion
factor is developed from the differences in base material thickness and length versus weld throat
dimension and length:

0.075*(8.8+0.075) = 2.1516

0.0625 * 0.7071 * 7.0

where:

0.075 is the cell wall thickness
8.8+0.075 is the mean box dimension
0.0625*0.7071 is the box-baseplate fillet weld throat size
7.0 is the length of the weld

The highest predicted cell to baseplate weld stress is calculated based on the highest R6 value for
the rack cell region tension stress factor and R2 and R7 values for the rack cell region shear stress
factors (refer to subsection 2.3.5 for definition of these factors). These cell wall stress factors are
converted into weld stress values as follows:

{[R6 * (1.2)]2 + [R2 * (0.72)]2 + [R7 * (0.72)]2}112 * Sy * Ratio =
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{[0.308* (1.2)]2 + [0.035 * (0.72)]2 + [0.032 * (0.72)]2}1/2 * (25,000) * 2.1516 = 19,965 psi

The above calculation is conservative because the maximum stress factors used do not all occur at
the same time instant.

Table 2-10 shows that the maximum baseplate-to-rack cell weld stresses and corresponding cell
base metal shear stresses are acceptable and have safety factors greater than 1.

b. Baseplate-to-Pedestal Welds

The rack weld between baseplate and support pedestal is checked using conservatively imposed
loads in a separate finite element model. Table 2-12 summarizes the result, showing a safety
factor greater than 1.

c. Cell-to-Cell Welds

Cell-to-cell connections are by a series of connecting welds along the cell height. Stresses in
storage cell-to-cell welds develop due to fuel assembly impacts with the cell wall. These weld
stresses are conservatively calculated by assuming that fuel assemblies in adjacent cells are
moving out of phase with one another so that impact loads in two adjacent cells are in opposite
directions; this tends to separate the two cells from each other at the weld. The cell-to-cell welds
calculation used the maximum stress factor from all of the runs. Both the weld stress and the cell
base metal shear stress results are reported in Table 2-13, and show safety factors greater than 1.

2.8.2.3 Pedestal Thread Shear Stress

Tables 2-14 provides the limiting pedestal thread shear stress under faulted conditions. The maximum
average shear stress in the engagement region is calculated based on the vertical load, with the maximum
occurring in Rt-nuffber4Run numbers 2 and 3. This computed stress is applicable to both the male and
female pedestal threads.

The allowable shear stress for Level D conditions is the lesser of: 0.72 Sy = 21,600 psi or 0.42 Su=
31,500 psi. Therefore, the former criterion controls the allowable pedestal thread base metal shear stress.
The result is detailed in Table 2-14, which shows a safety factor greater than 1.

2.8.3 Dead Load Evaluation

The dead load condition is not a governing condition for the API1000 New Fuel Storage Rack since the
general level of loading is far less than the safe shutdown earthquake (SSE) load condition. To illustrate
this, it is shown below that the maximum pedestal load is relatively low and that further stress evaluations
are unnecessary.
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Level A Maximum Pedestal Load Lbf

Dry Weight of 9x8 Rack 24,750

Dry Weight of 72 Intact Fuel Assemblies 140,688

Total Dry Weight 165,438

Load per Pedestal 41,360

This load will induce low stress levels in the neighborhood of the pedestal, compared with the load levels
that exist under the SSE load condition (that is, on the order of 2-70400N263,000 per rack pedestal). There
are no primary shear loads on the pedestal and since the Level A loads are well less than 20% of the
Level D loads, while the Level A limits are greater than 50% of the Level D limits, the SSE load condition
bounds the dead load condition and no further evaluation is necessary for dead load only.

2.8.4 Local Stress Considerations

This subsection presents evaluations for the possibility of cell wall buckling. No secondary stresses due
to temperature differences are produced since for the AP 1000 New Fuel Storage Rack there is no
temperature differential or hot cell.

An ANSYS analysis was performed to evaluate the buckling capacity of the AP 1000 New Fuel Storage
Rack cells at the base of the rack. The cell wall acts alone in compression for a length of about 6.23
inches up to the point where the neutron absorber sheathing is attached. Above this level the sheathing
provides additional strength against buckling; therefore, the analysis focuses on the lower 6.23 inches of
the cell wall.

The maximum compressive stress in the outermost cell under seismic loading is:

a = (1.2) (25,000) (R6, which is 0.308) = 9,240 psi

For conservatism, a compressive force equivalent to 9,500 psi is applied to the ANSYS finite element
model. This force is then increased by a factor of 1.5 to ensure that the acceptance criteria in Section
2.7.1 is met.

The ANSYS analysis demonstrated that the AP 1000 New Fuel Storage Rack cells remain in a stable
configuration under 1.5 times the conservative compressive stress discussed above that results from the
maximum seismic load without any gross yielding of the storage cell wall, which satisfies the ASME
Code requirements for Level D conditions.

2.8.5 Hypethetieal-Fuel Assembly Drop Accidents

During normal fuel handling operations, a single failure proof hoist designed to meet the requirements of
NUREG-0554 (Reference 39) -is the only hoist capable of moving new fuel above the operating floor. Per
the design criteria contained in Reference 39, drops from a single failure proof hoist are deemed non
credible and do not require further analysis. Because a new fuel assembly drop into the new fuel pit and
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onto the new fuel racks is non credible, it is unnecessary to evaluate drop scenarios for the new fuel
storage rack.

T40,
Af

A• fuelA- assembly drop accident analyses have been perform.. ed in a• . . r....danec . ith +,

erance 28. The objective of the analssi
~eet*e~ S1 1";11-

Rete---- I man1 mar-e E1ocuentffm in Ret toases e extent
. q q

4iparmanent demage to the rack,

1) A drop of a fuel assemblyv 'ith a Gonr40l Fed assemfbly PIUS a haftdlinig t061 (conervtS'iv'ely
Moe-elede-ias a total weight ot AI27.6 pounds) trom 36 inches abave the top of te API210U ew
Fuel Stor-age Rack-If ;004h subsqun imAct en the edge off a cell; and-

2) A drop of a feel assembly with a eefntral roed assembly plus a handling tee! from 3 6 inches
above the top of the raek straight do%% through an emp~ty cell with impact en the rack baseplate
(away fromf the rack pedestal.

Both anayses ame performed using the dynamic simulation code LS DYNA (Refer-ence 22). The
impact velocity between the dropped fuael assembly and the r-ack was conservatively eealulated
using the law, ef the conisernatiefn of energy. A finite element maedel of one quarter- of the AP 100
New Fuel Storage Rack plus a single fuel assembly is medeled usingapporathl and scuid
body, elements available in LS DYNA. Thc fuel assemably model, which is shown in Figurfe 2 7,
eonsists of four parts: a rigid bottoma end fitting, an elastic beam representing the fuael roeds,a
lumped mass at the tap end of the beam r-epr-esenting the handing teal and central red assembly,
and a thint rigid sel thait demfies t-he enivelopifig size and shape of t.he fulasml.The mass-
and croess sectional area properties cf the elastic beam are based on the enitir-e array of fuel r-ed-s
(cladding material only). The fueil Fmass is lumped with the bottom end fitting. Approepriate nean
linear maereial propert 'ies have been assigned te the r-ack companents te pefrmit yieldingan
pemnanent deformfiationI teA occur--I. Figure 2 8 shows the details; ofthe -fin-ite element model in the
ar-ea wher-etheipcsour

For the drap to the top othAlO New Fuel Storage Rack, the fuel assembly is assuimed to strike the
edge of an exte-riorF cell- at a speed corresponding to a 36 inch drop in air- and to remain vericial as it is
br-ought to a stop by the r-esisting maember-s of the rack. The objective is to demonstrate that the extenit at
permanenit damage te the impacted rack dees not erxtend to the beginning of the active fuel r-egion. Fer
the AP 1000 fuel, the top of the active fuel begins approeximately 23.27 inches below the tep of the rack.

For- the drop through an empty cell to the baseplate, the impact is assuffmed- to occ-ur njear the center. of the
rack. As the baseplatc af the rack i-s conected to the cells by welding, a portion of the wvelding is
expected to fail during the impact. TPhe eniergy froma the falling fuel assembly is absor-bed by weljd failure
plus defrmt~ion of the baseplate towar-d the floor-. The fuel assemblies surrounding the imp~acted cell
will11 foe1-llow the baseplate deformation and the objective is to determnine hew manEy fuel assemblies

A-
,sptaee •a mn sumetene to hinng teeir active mef regien oel-w me uni.t el- me a..e..r.g maite:lal

ched- to each r-ack eell wall. In the case of the AP2 1000 New Fuel Storage Rack, a 2 inch verti
iovement af a fuael assemably, relative to the cell wall, does not r-equiran ne criticality evaluatien,
eeauise t-heo neuotron absorber-ht-F mfaterfiial extenids twoN' incghes below the acrtive fuel region Prior. to &any

1

baseplate deformaion.
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The results from- the aFnalyses arc shown in Figurfes 2 9 and 2 10:

is i-ited to -A depth of 12.75 inic-hes- a.s shown in Figure 2 9. The-re-e-e, the active fuel region
remflainfS, -suffof unded by an undamfaged cell wall anid no fufther- criticality evaluatian is required.

0 ForF the, drfop to the baseplate of the r-ack, Figure 2 10 ishcwls th-at only the drepped fulel assembly
is moeved downward more than 2 inches and exposes active fuael on all fouir sides. An additional
98 f-1 ful.. ass1emblieS • my drop a suW'4•cait distaae^ to expose a-tive fel on n.... etor three sides. The
consequtences-to r-eactivity of this event are discuissed in subsection 2.4.2 of Refer-ence

2.8.6 Stuck Fuel Assembly Evaluation

A nearly empty rack with one comer cell occupied is subject to an upward load of 4,000 lbf, which is
assumed to be caused by the fuel sticking while being removed. The ramification of the loading is two-
fold:

1. The upward load creates a force and a moment at the base of the rack;

2. The loading induces a local tension in the cell wall and shear stresses in the adjacent welds.

Strength of materials calculations have been performed to determine the maximum stress in the rack cell
structure due to a postulated stuck fuel assembly. The results are summarized in Table 2-17, and show
safety factors greater than 1.

2.9 CONCLUSIONS

From the results of the single-rack analyses, the following conclusions are made regarding the design and
layout of the AP 1000 New Fuel Storage Rack.

0 All rack cell wall and pedestal stress factors are significantly below the allowable stress factor
limit of 1.0.

* The worst-case compressive loads on the rack cellular structure during a seismic event are less
than two thirds the critical buckling load.

a All weld stresses are below the allowable limits.

0 There are no rack-to-wall impacts under realistic pit conditions. (i.e., when the coefficient cf
friction is gr-eater thanl or equal to 0.21).

-- A stuck fuel assembly results in stress conditions within the allowable limits.
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Fuel assembly drop accidents deemed non-credible due to the hoist associated in moving new fuel
utilizing single failure proof design criteria.

Twofuel assembly drops were analyzed. The drop on to the top ofsthpe NewA, Fuel Storage Rack does not

~eq i a . r•itieality e..alua1tion; The d .Ep of a fRel assemfbly straight through an empty cell has been
AVA-Mato- M __P__r.A44rA . RA_ NVAIR -11M AGARMA-W.

It is therefore considered demonstrated that the design of the AP 1000 New Fuel Storage Rack meets the
requirements for structural integrity for the postulated Level A and Level D conditions defined.
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Table 2-1 AP1000 New Fuel Storage Rack Storage Cell Description

(All dimensions are nominal and in inches; tolerances are not shown because they are Westinghouse
Proprietary Information.)

Parameter Nominal Dimension (in) or Material

Cell Center-to-Center Pitch 10.9

Cell Inner Dimension (Width) 8.8

Inter-Cell Flux Trap Gap 1.644

Cell Length 199.5

Cell Wall Thickness 0.075

Neutron Absorber Dimensions (L x W x t) 172 x 7.5 x 0.106

Distance from Top of Rack Baseplate to Bottom of 6.23
Neutron Absorber

Neutron Absorber Sheathing Thickness
Internal Walls 0.035
Periphery Walls 0.075

Table 2-2 Simulation Listing

Run Number Coefficient of Friction Loading Configuration

1(2) 04See Note 2 Fully beadedSee Note 2

2 0.5 Fully Loaded

3 0.8 Fully Loaded

4 0.8 Partially Loaded)1 )

5(2) 0.24 Fully Loaded

Note:

1. See Figure 2-11 for the partially loaded layout configuration.

2. Run numaber 5 repla~ee Run number. I for- the amximurn displaeement and- rak tz al impact c;'aluatiens, ethzrfvise Run
nu.ber- 1 ....... ativ.ly fe... the design basis and Rn n...nb. _ is inrluded fcr infermmtizfRun number 5 information
and inputs are the reference design basis and supersedes Run number I information.

i
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Table 2-3 Loading Combinations for AP1000 New Fuel Storage Rack

Loading Combination Service Level

D+L Level A (Note 1, Note 2)
D + L + To

D + L + Ta Level B (Note 2)
D + L + T, +Pf

D + L + Ta +E' Level D (Note 2)

D + L + Fd The functional capability of the fuel rack should be demonstrated.

(Note 3)

Notes:

I. There is no operating basis earthquake (OBE) for the AP 1000 plant.

2. The AP1000 New Fuel Storage Rack is freestanding; thus, there is minimal or no restraint against free thermal
expansion at the base of the rack. As a result, thermal loads applied to the rack (To and T.) produce only local
(secondary) stresses.

3. This load combination is not required for an AP1000 new fuel rack since a load drop is not a credible accident with a
single failure proof hoist.

Abbreviations are those used in Reference 6:

D = Dead weight induced loads (including fuel assembly weight)
L = Live load (not applicable to fuel racks since there are no moving objects in the rack load path)

Fd = Force caused by the accidental drop of the heaviest load from the maximum possible height

Pf = Upward force on the rack caused by postulated stuck fuel assembly

E' = Safe Shutdown Earthquake (SSE)

T -= Differential temperature induced loads based on the most critical transient or steady state condition under normal
operation or shutdown conditions

Ta = Differential temperature induced loads based on the postulated abnormal design conditions
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Table 2-4 AP1000 New Fuel Storage Rack Module and Fuel Data

Geometric Parameter Nominal Dimension (in) Unless Noted

Rack Module Data

Pedestal Type (fixed or adjustable) Adjustable

Pedestal Height (female + male) 2.75

Female Pedestal Dimensions (L x W x t) 11.0 x 11.0 x 2.25

Male Pedestal Diameter 4.5

Bearing Pad Dimensions (L x W x t) 18.0 x 18.0 x 1.5

Total Module Height 204.5

Baseplate Thickness 0.75

Baseplate Lateral Extension (beyond cell envelope) 1.0

Fuel Data

Minimum Dry Fuel Weight (excluding Control Components) (lb) 1,720 (Reference 37)

Maximum Dry Fuel Weight (including Control Components) (lb) 1,954 (References 37 and 19)

Minimum Nominal Fuel Assembly Size 8.404(l) (References 37 and 38)

Maximum Nominal Fuel Assembly Size 8.426 (Reference 38)

Rack Details

Rack Array Size Weight (lb)

New Fuel Rack 9 x 8 24,750

Note:

1. The minimum nominal fuel assembly size excludes the IFM grids, which are located between the normal grid straps.
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Table 2-5 Material Data (ASME - Section II, Part D)

Young's Modulus Yield Strength Ultimate Strength
E SY Su

Material (psi) (psi) (psi)

Rack Material Data (100°F)

SA-240, Type 304 28.1 x 106 30,000(') 75,000

Support Material Data (100F)

SA-240, Type 304 28.1 x 106 30,000(1) 75,000
(Female pedestal)

SA-564, Type 630 28.3 x 106 115,000 140,000
(Hardened at 11000 F)
(Male pedestal)

Note:

1. As discussed in section 2.3.5, DYNARACK conservatively uses 25,000 psi as the yield strength for the SA-240, Type 304
material; therefore, it is appropriate to use Sy = 25,000 psi when calculating the actual combined stress at a location using
the dimensionless stress factors. This is done in sections 2.8.2.2 and 2.8.4.

1
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Table 2-6 Results Summary__)

Run No. Run No. Run No. Run No. Run No.
Parameter 1 2 3 4 5

See Note 0.177
Max. Stress Factor 20.302 0.302 0.308 (0.18004 0.280

(0.10) (0.310) (0.311) 4-9) (0.293)

See Note 263,000 263000 162,000 252,000
Max. Vertical Load (Ibf) 22-7-0W (283,000) (284,000) (164000 (256,000)

, (25 ,0000

See Note 88,400 147,000 95,400 51,900
Max. Shear Load (X or Y) (Ibf) 248,300 (92,000) (112,000) (96,2004- (59,600)(2040 ,) ,000) (

See Note 1,667 1,722 1,992 1,285
Max. Fuel-to-Cell Wall Impact (Ibf) 24-3 (1,171) (1,297) (1,383-0 (1,338)

(117) (129)0-.) (,38

See Note
Max. Baseplate Displacement°) (N-S) (in) 2.-&"M 0.38 0.08 0.50 4.92(2)(-3 (0.22) (0.12) (0.452:4-6) (2.55)

See Note

Max. Top DisplacementSee (N-S) (in) 26N3ot 2.08 2.07 3.21 5.54(2)
(---244-) (2.16) (2.32) (1.8324.--5) (3.79)

See Note
Max. Baseplate DisplacementO) (E-W) (in) 22-7.- 0.21 0.10 0.25 2.20(2)

(3-7) (0.19) (0.06) (0.3346) (2.37)

See Note
Max. Top DisplacementO) (E-W) (in) 24_"" 2.12 1.79 1.77 2.86(2)(2.82) (2.25) (1.78-2:04) (3.57)

See Note
24S4,6004 0 0 0 0(2)

Max. Rack-to-Wall Impact(3 X4) (lbf) (0) (0) (0) (0)

1 (0) 1 1

I
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Notes:
1. For information, the results from the simulations using the new seismic input that was made available in May

2010 via Reference 33 are included in this table in parenthesis after the results from the design basis runs that
use the seismic input that was transmitted to Holtec International via Reference 18. A comparison of the
overall maximum loads that resulted from the most severe case of all simulations using each set of seismic
input is as follows:

Max. Max. Max. Max. Max. Fuel- Max. Max. Top of Max. Rack-
Seismic Input Stress Pedestal Vertical Shear to-Cell Wall Baseplate Rack to-Wall

Factor Stress Factor Load Load Impact Displacement Displacement Impact
Design Basis 2  0.308 0.159 147,000 1,992 4.92 5.54 0
(Ref. 18 & 30) 263,000
Updated Data(Rf 3&3) 0.311 0.137 284,000 112,000 1,338 2.55S-6 3.79 0(Ref. 33 & 35)1111111

% Difference + 1.0 -4-"314 1+5•%4+ 8 ---2-;.-24 --3-8-33 -2-44-48 1 444-&32 0

2. Run number 5 information and inputs are the reference design basis and supersedes Run number 1
information.PRun nfumber 5 replaees PRun nfumber 1 for the mai.omum displaeement and rack te wall impact

3. The evalufAiens arc performed using the neminal raek and pit dimensions; therefore, the rack impacts the wall
at the top ef the raek if the dislaeefmcnt ef the top ef the rack is 6.8:75" or. greater.

4ý-The evaluations are performed using the nominal rack and pit dimensions; therefore, the rack impacts the wall
at the rack baseplate if the displacement of the baseplate is 5.875" or greater.

4. The evaluations are performed using the nominal rack and pit dimensions; therefore, the rack impacts the wall
at the top of the rack if the displacement of the top of the rack is 6.875" or greater.

Table 2-7 Deleted (combined with Table 2-6)

Table 2-8 Deleted (combined with Table 2-6)

Table 2-9 Maximum Pedestal and Cell Wall Stress Factors

Run No. Pedestal Stress Factor Cell Wall Stress Factor

O1-3-8Superseded by
Run number 5 .. 1 ,,Superseded by Run number 5... . 0.773)) ...

0.302

0.3022x3= 0.390*

3 0.159 0.308
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0.308 x 0.77 = 0.398 *

0.177

4 0.098 0.177x × ) =0.229*
S ,0.773)

0.280

5 0.126 0.280 x = 0.362 *
, ,0.773 J

Note:

• Adjustment factor accounting for ASME Code Slenderness Ratio

Table 2-10 Baseplate-to-Cell Weld Maximum Stresses•1 )

Stress Type Stress (psi) Allowable Stress (psi) Safety Factor

Weld Stress 19,965 40,500 2.03

Cell Base Metal Shear Stress 14,117 21,600 1.53

Note:

1. The shear stress in the baseplate base metal is not specifically evaluated due to the robustness of the
baseplate. Values are not specific to any one run but integrated from multiple runs.

Table 2-11 Deleted (combined with Table 2-10)

Table 2-12 Baseplate-to-Pedestal Weld Maximum Stresses°')

Run Number Weld Stress (psi) Allowable Stress (psi) Safety Factor

3 13,379 40,500 3.03

Note:

1. The shear stress in the base metal for the baseplate and the pedestal is not specifically evaluated due to the
robustness of these items.

Table 2-13 Cell-to-Cell Weld Maximum Stresses

Stress Type Stress (psi) Allowable Stress (psi) Safety Factor

Weld Stress 17,787 40,500 2.28

Cell Base Metal Shear Stress 12,577 21,600 1.72
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Table 2-14 Pedestal Thread Shear Stress

Run NumberBase
Metal Shear Strcy Base Metal Shear

(psi) Stress (psi) Allowable Stress (psi) Safety Factor

2 and 3 19,149 21,600 1.13
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Table 2-15 Computer Codes Used for Analysis

Code Version Description

GENEQ 1.3 Generates artificial time histories from input response spectra set..

CORRE 1.3 Uses results from GENEQ and demonstrates required statistical
independence of time histories.

PSDI 1.0 Uses results from GENEQ and compares regenerated Power Spectral
Densities with target.

WORKING 2004 Is a Rigid Body Dynamics code used to improve baseline correction.
MODEL

VMCHANGE 4.0 For a dry pool, develops a zero matrix of size = (number of racks x
22 DOF per rack).

MULTI1 1.55 Incorporates appropriate non-zero values due to structural effects that are
put in appropriate locations in the output matrix from VMCHANGE to
form the final mass matrix for the analysis. The appropriate non-zero right-
hand sides are also developed.

MASSINV 2.1 Calculates the inverse of the mass matrix.

MSREFINE 2.1 Refines the inverse of the mass matrix.

PREDYNA1 1.5 Generates various input lines for the input file required to run the dynamic
solver.

PD 16 2.1 Generates rack-to-fuel compression-only impact springs, rack-to-ground
impact springs, and rack elastic deflection springs for each rack being
analyzed and creates the appropriate lines of input for the solver.

SPG16 3.0 Generates compression-only rack-to-rack impact springs for the specific
rack configuration in the pool for the solver.

MR216 2.0 Is a solver for the dynamic analysis of the racks; uses an input file from the
cumulative output from PREDYNA, PD 16, and SPG 16, together with the
mass matrix, right-hand side matrix, and the final time histories from
GENEQ.

DYNAPOST 2.0 Post-Processor for MR216; generates safety factors, maximum pedestal
forces, and maximum rack movements.

ANSYS 9.0 Is a general purpose commercial FEA code.

LS-DYNA 970 General purpose commercial FEA code optimized for shock and impact
analyses.

I
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Table 2-16 Degrees of Freedom for Single Rack Dynamic Model

Location (Node) Displacement Rotation
Ux Uy Uz Ox Oy 0z

1 Pi P2 P3 q4 q 5  q6

2 P7 P8 P9 qio qli q12

Node I is assumed to be attached to the rack at the bottom most point.

Node 2 is assumed to be attached to the rack at the top most point.

Refer to Figure 2-2 for node identification.

2 P13 P14

3* P15 P16

4* P17 P18

5* P19 P20

1 P21 P22

where the relative displacement variables qi are defined as:

pi = qi(t) +Ux(t)i= 1,7,13,15,17,19,21

= qi(t) + Uy(t)i = 2,8,14,16,18,20,22

= qi(t) + Uz(t)i = 3,9

= qi(t)i = 4,5,6,10,11,12

pi denotes absolute displacement (or rotation) with respect to inertial space

qj denotes relative displacement (or rotation) with respect to the pit floor

* denotes fuel mass nodes

U(t) are the three known earthquake displacements

Table 2-17 Results from Stuck Fuel Assembly Evaluation

Item Calculated Stress (psi) Allowable Stress (psi) Safety Factor

Cell Wall Tensile Stress 4,046 18,000 4.45

Cell-to-Cell Weld Shear Stress 15,085 22,500 1.49

Cell Base Metal Shear Stress 10,667 12,000 1.12
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OAFS ARE MEASURED FROM OUTER
FACE OF RAC K CELLS JUST RELOW
LEAD-IN FLARES AT RACK TOP
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Figure 2-1 Configuration of New Fuel Storage Rack (Sheet 1 of 2)
r
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TYP•)- • 3/4' THICK BASEPLATE

2-1/4" THICK FEMALE
PEDESTAL

\ "MALE PEDESTAL

1-1/2' THICK BEARING PAD

Figure 2-1 Configuration of New Fuel Storage Rack (Sheet 2 of 2)
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xj
M'- INPACT
SPRINGS
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Figure 2-2 Schematic Diagram of Dynamic Model for DYNARACK
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.4

TYPICAL TOP
IMPACT ELEMENT

STRUCTURE

774
TYPICAL BOTTOM
IMPACT ELEMENT

Figure 2-3 Rack-to-Pit Wall Impact Springs

I
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Figure 2-4 Fuel-to-Rack Impact Springs at Level of Rattling Mass
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Figure 2-5 Two-Dimensional View of Spring-Mass Simulation
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Ksy KEX

RACK DEGREES-OF-FREEDOM FOR Y-Z PLANE BENDING
YMTH SHEAR AND BENDING SPRING

L7

KSX Kay

Figure 2-6 Rack Degrees-of-Freedom for X-Y Plane Bending with Shear and Bending Spring .

I
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NEW FUEL SHALLOW DROP - NFSF RACK
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NEW FUEL ASSELMBLY DEEP DROP SCENARIO 1
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Figure 2-447 Partially Loaded Layout Configuration for Run Number 4
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3 REGULATORY IMPACT

The structure/seismic analysis of the AP 1000 New Fuel Storage Rack is addressed in subsection 9.1.1.2.1,
"New Fuel Rack Design," of the NRC Final Safety Evaluation Report (Reference 2). The completion of

the structural/seismic analysis for the AP 1000 New Fuel Storage Rack is identified in the Final Safety
Evaluation Report as COL Action Item 9.1.6-1.

There are no DCD changes presented in this report that represent an adverse change to the design
functions of the AP 1000 New Fuel Storage Rack, or to how design functions are performed or controlled.
The structural/seismic analysis of the AP 1000 New Fuel Storage Rack is consistent with the description
of the analysis in subsection 9.1.1.2.1, "New Fuel Rack Design," of the DCD. There are no DCD changes
that involve revising or replacing a DCD-described evaluation methodology, or a test or experiment. Nor
are there any DCD changes that require a license amendment per the criteria of VIII.B.5.b. of Appendix D
to 10 CFR Part 52.

There are no DCD changes that involve design features used to mitigate severe accidents. Therefore, a
license amendment based on the criteria of VIII.B.5.c of Appendix D to 10 CFR Part 52 is not required.

The closure of the COL Information Item will not alter barriers or alarms that control access to protected
areas of the plant. The closure of the COL Information Item will not alter requirements for security
personnel. Therefore, the closure of the COL Information Item does not have an adverse impact on the
security assessment of the AP 1000.
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP 9.1.2-SEB1-06
Revision: 2

Question:

Section 2.8.1.4 "Rack-to-Rack and Rack-to-Wall Impacts" was revised in TR 54 Rev. 2 to state:
"Rack-to-wall impacts occur twice - in Run 5 rack Al impacts the west wall at a force of 45,690
lb and in Run 4 rack B4 impacts the north wall at a force of 67,800 lb."

Since the revised analyses now indicate that impacts occur between the racks and the pool
walls, the staff requests Westinghouse to describe in detail how these additional impact loads
have been considered in the design of the fuel pool structure (including the liner) and the design
of the fuel racks, and also to identify where this is/will be described in the AP1 000 DCD.

Additional Question: (Revision 2)

Specific questions are clarified as follows:

1. Indicate how the tri-axial state of stress in the impacted faceplate has been addressed in
determining the minimum required plate thickness when considering the impact load in addition
to other concurrent loadings.

2. Provide the design basis loads (for the governing load combination that includes seismic
loads) for the location evaluated on Wall L2. This will provide a comparison between the "Rack
impact load" and the "design basis loads"; and confirm that the impact load is insignificant.

Westinghouse Response: (Revision 0)

Consideration of Impact on Spent Fuel Racks

The maximum rack-to-wall impact force on the spent fuel racks of 67,800 lbs (and also as
increased to 81,580 lbs as a result of the re-evaluation of the fuel attenuation factor per
RAI-SRP9.1.2-SEB1-05) is bounded by the maximum rack-to-rack impact, which is 269,700 lbs
as discussed in Section 2.8.1.4 of TR54 (this value decreased to 260,600 lbs in the
RAI-SRP9.1.2-SEB1-05 re-evaluation).

The spent fuel racks have been analyzed to show that the force required to buckle the cell walls
at the top of the rack is greater than the calculated maximum impact force (260,600 lbs in the
updated analysis, or 269,700 without considering the RAI-SRP-9.1.2-SEBI-05 changes) by
more than factor of 1.5. Specifically, the Westinghouse/Holtec proprietary version of the
calculation concludes that the Safety Factor is 1.66 (in the old version, and updated to 1.72 in
the reanalysis), and therefore will not buckle under the maximum calculated impact loads,
including the maximum rack-to-wall impacts.

RAI-SRP9.1P.2-SEBa-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

In conclusion, the effect on the spent fuel racks due to their impact with the spent fuel pool walls
is bounded by the impact that the spent fuel racks have with other spent fuel racks, and this
larger impact was considered in TR54 when evaluating the structural integrity of the spent fuel
racks and shown to result in a safety factor greater than 1.5.

An additional analysis was performed to evaluate the impact of the resultant spent fuel rack
loads imparted on the spent fuel pool structure during a seismic event. The analysis considers
the updated maximum impact load of 81,580 lbs from the RAI-SRP-9.1.2-SEB1-05 response.

The conclusion of the analysis is that the rack impact load is much, lower than other
conventional loads that were previously considered and do not result in a significant impact.
The required steel thickness of the liner to account for accident conditions changed from 0.465"
to 0.467" and remains below the 0.5" design plate thickness.

The details of the evaluation of the impacts on the spent fuel pool structure are documented in
Reference 1. No DCD changes are proposed, as this level of detail is not typically provided in
the DCD.

Westinghouse Additional Response: (Revision 1)

After the submittal of the Revision 0 response to this RAI, and following the August 2009 NRC
audit and subsequent discussions, Westinghouse is redesigning the Spent Fuel Racks to
improve their resistance to buckling.

The following design changes are being implemented. Specific details will be included in the
supporting documentation to be provided at the end of November, 2009:

* The cell wall thickness of the Region 1 and Region 2 racks as well asthe 5 defective
cells is being increased from 0.075" to 0.090".

" The upper supports (bumper bars) on the Region 2 racks are being increased in
thickness from 0.25" to 0.50" and in length from 12" to 15". And identical bumper
bars (0.50" thick and 15" long) are being added to the Region 1 racks as well as the
defective cells.

" Localized reinforcement is being added near the top of the Region 2 cell walls.
0.105" thick plates (about 8.5" wide by 20" long) are being added above each
Metamic® poison panel to stiffen this area of the rack structure where the highest
impact loads occur.

" The placement of the racks within the spent fuel pool is being modified to account for
the aforementioned changes and to optimize the gaps such that the impacts (both
rack-to-rack and rack-to-wall) are minimized. The slightly modified pool layout is
shown in the markup of DCD Figure 9.1-4 on the following page.
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Response to Request For Additional Information (RAI)

ALL GAPS ARE NOMINAL AND
MEASURED AT THE TOP OF THE RACKS
FROM THE EXTERIOR CELL WALL.
BELOW THE LEAD-IN FLARE, IF PRESENT.

1.5" TYP.

Figure 9.1-4

Spent Fuel Storage Pool Layout (889 Storage Locations)

As a result of the design changes listed above, the Spent Fuel Racks are able to maintain at
least a 1.5 factor of safety against buckling near the top of the racks, consistent with the
requirements of the ASME Code for Level D conditions. An LS-DYNA analysis was used to
evaluate the buckling capacity near the top of the rack structure. The detailed results of the
analysis will be contained in Revision 3 of TR-54, which will be available at the end of
November.

As a result of the redesign of the Spent Fuel Racks, the impact load from the racks to the spent
fuel pool walls/liner has increased (in the Revision 0 response the load evaluated was 81,580
Ibs; the loads have now increased to less than 363,600 Ibs). An additional analysis, as
documented in Reference 2, was performed and it demonstrated the SFP liner, as currently
designed, is able to withstand the additional loads without a significant impact (1.5% increase in
required wall thickness). The required wall thickness increases from 0.465" to 0.472" (it was
0.467" in the Revision 0 response), but remains below the actual plate thickness of 0.500
inches. Therefore the impact on the spent fuel pool wall/liner is acceptable.

References:

ISWestinghouse
RAI-SRP9.1.2-SEB1-06 R2
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Response to Request For Additional Information (RAI)

1. Westinghouse Proprietary Letter OBY/DCP0434, "Impact Evaluation due to Spent Fuel
Rack Reaction during a Seismic Event", 5/29/09

2. Westinghouse Proprietary Letter OBYDCP_000469, "Impact Evaluation due to Spent
Fuel Rack Reaction during a Seismic Event (Revise of OBY/DCP0434)", 11/2/09

Design Control Document (DCD) Revision:

DCD Changes: (Revision 1)

The following DCD changes are required as a result of the Spent Fuel Rack design changes.

*The first paragraph under item A in Section 9.1.2.2.1 of Rev. 17 of the DCD should be modified as follows:
o 10.9 should be changed to 10.93
o 9.03 should be changed to 9.04

The spent fuel pool rack layout contains both Region 1 rack modules with a center-to-center
spacing of nominally 44.. 10.93 inches and Region 2 rack modules with a center-to-center
spacing of nominally 9-43 9.04 inches. Both of these rack module configurations provide
adequate separation between adjacent fuel assemblies with neutron absorbing material to
maintain a subcritical array.

*The twelfth paragraph under item A in Section 9.1.2.2.1 of Rev. 17 of the DCD should be modified as follows:
o The last sentence that says, "The racks rest on the pool floor and are evaluated to determine that under

loading conditions they do not impact each other nor do they impact the pool walls", should be changed to
read, "The racks rest on the pool floor and are evaluated to determine that under loading conditions the rack-
to-rack and rack-to-wall impacts are acceptable on both the racks and the pool walls".

The seismic and stress analyses of the spent fuel racks consider the various conditions of full,
partially filled, and empty fuel assembly loadings. The racks are evaluated for the safe shutdown
earthquake condition and seismic Category I requirements. A detailed stress analysis is performed
to verify the acceptability of the critical load components and paths under normal and faulted
conditions. The racks rest on the pool floor and are evaluated to determine that under loading
conditions they do net impact each othr nor- do they impact the pool walls the rack-to-rack and
rack-to-wall impacts are acceptable on both the racks and the pool walls.

RAI-SRP9.11.2-SE13iP-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

*Figure 9.1-2 (Sheet 1 of 2) of Rev. 17 of the DCD should be modified as follows:
o The 4.4" dimension should be deleted, as it can be calculated from the other 2 dimensions provided, and it is

inconsistent with the format of Figure 9.1-3.
o 8x10.9CTC=87.2" SQUARE should be changed to 8 x 10.93 CTC = 87.4" SQUARE
o 8' -0.2" SQUARE should be changed to 8'- 0.8" SQUARE

0 0

0 or - s4- -

8"'- 0.3" SQUtA.IE

Figure 9.1-2 (Sheet I of 2)

Rezion 1 Spent Fuel Storage Rack Layout

M MWestinghouse
RAI-SRP9.1.2-SEBI-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

*Figure 9.1-2 (Sheet 2 of 2) of Rev. 17 of the DCD should be modified as follows:
o 10.9" TYP. should be changed to 10.93" TYP.

Figmue 9.1-2 (Sheet 2 of 2)

Region I Spent Fuel Storage Rack Cross Section

* Westinghouse

RAI-SRP9.1.2-SEB1-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

*Figure 9.1-3 (Sheet 1 of 2) of Rev. 17 of the DCD should be modified as follows:
o 10 x 9.03 CTC=90.3" should be changed to 10 x 9.04 CTC = 90.4"
o 8' - 3.3" should be changed to 8'- 4"
o 11 x 9.03 CTC=99.3" should be changed to 11 x 9.04 CTC = 99.4"
o 9'- 0.3" should be changed to 9'- 1"

-e-

~~~ - -f --K ,.m -M T

Figure 9.1-3 (Sheet I of 2)

Region 2 Spent Fuel Storage Rack Layout

RAI-SRP9.1.2-SEB1-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response'to Request For Additional Information (RAI)

*Figure 9.1-3 (Sheet 2 of 2) of Rev. 17 of the DCD should be modified as follows:
o 9.03" TYP. should be changed to 9.04" TYP.

9.04"

3/4' THICK BASEPLATE

2-1/4' THICK FEMALE PEDEISTAL

MALE PEDESTAL

1-1/2' THTCK BEARING PAD

Figure 9.1-3 (Sheet 2 of 2)

Region 2 Spent Fuel Storage Rack Cross Section

(o Westinghouse
RAI-SRP9.1.2-SEB1-06 R2
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

*Figure 9.1-4 and Technical Specification Figure 4.3-1 of Rev. 17 of the DCD should both be modified as follows:
o Details are included in the marked-up figure.
o (Note that a previous Westinghouse approved design change modified this figure to change the 34" tool

storage area and corresponding 3.2" gap to Rack Al to 33" with a 4.2" gap.) These dimensions are now
changed to make the tool storage area width 32" and the gap to Rack Al distance 4.9".

ALL GAPS ARE NOMINAL AND
MEASURED AT THE TOP OF THE RACKS
FROM THE EXTERIOR CELL WALL

BELOW THE LEAD-IN FLARE, IF PRESENT.

1.5" TYR.

Figure 9 1-4

Spent Fuel Storage Pool Layout (889 Storage Locations)

O Westinghouse
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Additional Response: (Revision 2)

1. The spent fuel pool walls were idealized in the analysis model NI05 as made up of shell
elements. Since the principal stress sigma 3 is zero for shell elements, the NI05 analysis
results did not include sigma 3 in the analysis results; however, the other two principal stresses
were available. This is generally the way civil structures are evaluated.

As provided in the loads information below (question 2 of this response), the rack impact load is
quite insignificant compared to the original design basis loads for this Wall L-2. The analysis
done for civil structures is adequate.

2. The most significant design basis load is the seismic load.

At the Wall L-2 location, the seismic spectral acceleration in the E-W direction, for 5% damping,
is 4.5g. The total weight of this wall is approximately 950 kip. Therefore, the wall may
experience a seismic load of approximately 4275 kip.

Two rack impact analyses were performed; for impact loads of 83 kip and 363 kip. These loads
are quite insignificant compared to the seismic load. The plate thickness was shown to be
adequate to withstand this impact load. The information provided is supported by calculations
that are available for review.

PRA Revision: None.

Technical Report (TR) Revision:

TR Changes: (Revision 1)

The results of the spent fuel rack design change will be included in Revision 3 of TR-54,
available at the end of November, 2009.

TR Changes: (Revision 2)

The results of the spent fuel rack design changes and impacts have been included in APP-GW-
GLR-026, Revision 3, November 2009 (TR44).

* Westinghouse
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