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July 7, 2008

ATTN: Document Control Desk Serial No. 08-0211
U. S. Nuclear Regulatory Commission LIC/GR/RO
Washington, DC 20555-0001 Docket No.: 50-305

License No.: DPR-43

DOMINION ENERGY KEWAUNEE, INC.

KEWAUNEE POWER STATION

LICENSE AMENDMENT REQUEST 239 — REQUEST FOR REVIEW AND
APPROVAL OF SEISMIC ANALYSIS METHODOLOGY FOR AUXILIARY BUILDING
CRANE

Pursuant to 10 CFR 50.90 Dominion Energy Kewaunee, Inc. (DEK) requests Nuclear
Regulatory Commission (NRC) approval of a proposed license amendment request
(LAR) for the Kewaunee Power Station (KPS). The proposed amendment would allow
the use of a methodology to determine the seismic loads on the recently upgraded
Auxiliary Building (AB) crane. The AB crane has recently been upgraded to a single-
failure-proof design through replacement of the crane trolley and modification of the
existing crane bridge. The proposed new methodology is not currently described in the
KPS Updated Safety Analysis Report (USAR) or the codes of reference applicable to
the upgraded AB crane.

Specifically, DEK requests NRC approval to use a nonlinear analysis method to
determine the response of the AB crane structure during a design basis seismic event.
This nonlinear analysis method includes consideration of the crane trolley and bridge
drive wheels rolling under seismic loads. The consideration of wheel rolling, which
makes the analysis nonlinear, occurs when the seismic load exceeds the trolley and
bridge drive wheel brake resisting force. The proposed nonlinear analysis method
constitutes a departure from a method of evaluation as described in the KPS USAR
because the method is not described in the USAR or in applicable NRC-endorsed
guidance. Use of the proposed nonlinear analysis method would be limited to the AB
crane seismic analysis.

Additional information and documents to support this LAR are provided as attachments
to this letter. Attachment 1 provides a detailed description of the proposed amendment,
background and technical analysis, and a no significant hazards consideration
determination, and an environmental review consideration. Attachment 2 provides
marked-up USAR pages showing proposed changes. Attachment 3 provides a
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depiction of the crane mathematical model used in the nonlinear analysis. Also
enclosed are non-proprietary general arrangement drawings of the upgraded KPS AB
crane brldge and trolley (enclosure 1) and the calculation documenting the development
of the seismic time histories used in the nonlinear analysis (enclosure 2).

The AB crane modification and functional testing have been successfully completed and
the crane has been turned-over to Operations for limited use, pending approval of this
LAR. The AB crane is currently available for use under administrative controls that
restrict the lifted load to no more than 50 tons on the main hoist. The modified AB crane
has been seismically analyzed using the current linear analysis method to confirm its
structural adequacy with a load of up to 50 tons suspended from the main hoist.

As previously discussed with the NRC staff, this LAR will consist of two letters. This
letter constitutes the first letter, and describes the approach, inputs, assumptions, and
modeling used in the nonlinear analysis to develop the seismic response of the crane
structure. It is this methodology for which NRC approval is requested. The second
letter, scheduled for August 8, 2008, will be confirmatory in nature, providing the resulits
of the AB crane seismic analyses using the nonlinear method. This two-letter approach
is necessary to allow sufficient time for the NRC staff review of this amendment request.
The proposed amendment needs to be approved in order to begin using the crane to lift
and handle spent fuel storage casks in the summer of 2009.

The KPS Facility Safety Review Committee has approved the proposed amendment
and a copy of this request has been provided to the State of Wisconsin in accordance
with 10 CFR 50.91(b).

DEK requests approval of the proposed amendment by April 30, 2009 in order to
support the dry spent fuel storage loading schedule and to allow restoration of full core
offload capability in the KPS spent fuel pool. Upon NRC staff approval of this
amendment request, the KPS USAR will be revised, similar to that shown in attachment
2, pursuant to 10 CFR 50.71(e).
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If you have any questions or require any additional information, please contact Mr.
Gerald Riste at (920) 388 8424,

Very truly yours,

G0l 7

Gerald T. Bischof
Vice President-Nuclear Engineering ,_

COMMONWEALTH OF VIRGINIA ) -

)
COUNTY OF HENRICO )

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid today by Gerald T. Bischof, who is the Vice President—
Nuclear Engineering of Dominion Energy Kewaunee, Inc. He has affirmed before me
that he is duly authorized to execute and file the foregoing document in behalf of that
Company, and the statements in the document are true to the best of his knowledge
and belief.

Acknowledged before me this 7 % | day of Q/,u.@(/x __,2008. |

My Commission Expires: _ (L%“gz 3/, 2008 .

My Commission Expires Aug 31, 2008

MARGARETY B. BENNETT
M‘%A&f/ é /6144(/177 Notary Public 354302 §
Notary blic ‘ _ Commonweal?h of Virginia -
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Attachments:

1,
2
3.

Evaluation of License Amendment Request 239
USAR Mark-up Pages for License Amendment Request 239 (Information Only)
KPS AB Crane Seismic Analysis Mathematical Model

Enclosures:

1.
2.

General Arrangement Drawings of Upgraded Auxiliary Building Crane

ABS Consulting Calculation No. 1886592-C-001, “Generation of Artificial Seismic
Time Histories for the Fuel Cask Bridge Crane at Kewaunee Power Station,”
Revision 1

Commitments made by this letter:

1

DEK will submit the results of the analyses pe‘rformed using the nonlinear seismic
analysis methodology described in this LAR.

DEK will perform a “push” test to provide empirical data documenting the force
required to induce crane trolley and bridge drive wheel rolling with the brakes
applied. The results of the test will be provided to the NRC.

DEK will have an independent peer review performed of the nonlinear structural
model and outputs of the nonlinear analysis to confirm the methodology is
appropriate for the application and provide a summary of the review to the NRC.
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EVALUATION OF LICENSE AMENDMENT REQUEST 239
Request for Review and Approval of Seismic Analysis Methodology Regarding
Auxiliary Building Crane

1.0 DESCRIPTION

This submittal is a request to amend Operating License No. DPR-43 for the Kewaunee
Power Station (KPS). KPS has implemented modifications to the Auxiliary Building (AB)
crane that have made the crane a single-failure-proof design. In accordance with 10
CFR 50.90 and 10 CFR 50.59, Nuclear Regulatory Commission (NRC) staff review and
approval is required for the proposed changes to the design and licensing basis as
described in the KPS Updated Safety Analysis Report (USAR). Specifically, Dominion
Energy Kewaunee, Inc. (DEK) proposes to revise the KPS USAR to allow the use of a
nonlinear analysis methodology for determining the seismic response of the upgraded
"AB crane.

This nonlinear analysis methodology is not part of the KPS current licensing basis or in
NRC-approved guidance for such analyses. KPS plans to use the AB crane for spent
fuel cask loading operations in the spent fuel pool. A separate license amendment
request (LAR) 227 (reference 12) was previously submitted to the NRC to- modify- and
relocate a Technical Specification (TS) pertaining to handling of heavy. loads in and
around the spent fuel pools. LAR 227 is currently under review by the NRC staff.
Approval .of both LAR 227 -and this LAR are needed to allow use of the upgraded AB
crane for spent fuel cask loading operations. The following provides a description,
purpose, and detailed justification for the proposed amendment; an evaluation of no
significant hazards consideration; and an environmental impact evaluation.

As previously discussed with the NRC staff, this LAR will consist of two letters. This
letter is the first of the two and describes the approach, inputs, assumptions, and
modeling used in the nonlinear analysis to develop the seismic response of the crane
structure. It is this methodology for which NRC approval is requested. The second
letter will be confirmatory in nature, providing the results of the AB crane seismic’
analyses using the nonlinear method.

20  PROPOSED CHANGE

The purpose of this amendment request is to modify the KPS design and licensing basis
to allow the use of a nonlinear analysis methodology to determine the response of the
modified AB crane to a design basis seismic event. This methodology would consider
the AB crane bridge and trolley free to roll if seismic forces overcome the brake resisting
forces acting on their respective drive wheels. A modification has recently been
completed to replace the existing non-single-failure-proof crane trolley with a single-
failure-proof design. The load rating of the crane main hoist remains unchanged at 125
tons and the auxiliary hoist load rating has been increased from 10 tons to 15 tons.

/
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AIthough the AB crane brldge was not replaced, rt is being re- analyzed because the
new brrdge-and-trolley combination is different than the orrgrnal ‘

The upgraded AB crane meets applicable NRC and industry guidance for single-failure-
. proof-cranes provided in NUREG-0612 (reference 1) and NUREG-0554 (reference 2).
However, the seismic analysis of the upgraded AB crane requires the use of a nonlinear
analysis methodology not previously approved for this application at KPS. The scope of
this amendment request is limited to the nonlinear analysis method proposed for use in
determrmng the selsmlc response of the crane support: structure.

- The proposed nonlinear analysls methodology considers rolling of the-trolley and bridge
drive wheels as described in detail later in this attachment. The nonlinear analysis
methodology will be used to simulate drive wheel rolling when calculating the seismic
response of the crane and support structure. A capacity check of the crane trolley using
‘the loads created by these forces and displacements will be performed in accordance
with current NRC-endorsed codes and standards. The capacity check for the AB crane
bridge and crane support structure will be performed in accordance with the applicable
codes and standards in the KPS current licensing basis. Therefore, NRC approval is
not requested for the capacity check work. More specific discussion. of the licensing
basis and applicable codes and standards for the crane is provided in Sections 3.0 and

- 4.1. Following NRC approval of this amendment request, the KPS USAR will be

modified in accordance with 10 CFR 50.71(e) to include appropriate changes to reflect
the new methodology. Attachment 2 provides information only mark-ups of the
proposed USAR changes. ‘ '

3.0 BACKGROUND

DEK intends to operate an Independent Spent Fuel Storage Installation (ISFSI) at the
KPS site starting in mid-2009 under the general license provisions of 10 CFR 72,
Subpart K. DEK will be using the Transnuclear, Inc. Standard NUHOMS dry spent fuel
storage system in accordance with 10 CFR 72 Certificate of Compliance 1004. The
Standard NUHOMS System requires the use of a transfer cask weighing up to 125 tons
during cask loading operations in the AB. The KPS AB crane will be used to lift and
move transfer casks between the cask loading area of the spent fuel pool and the truck
bay. The original AB crane was a 125-ton capacity, non-single-failure-proof, Whiting -
Corporation bridge and trolley design of late-1960s vintage. To facilitate its use in dry
spent fuel storage system loading operations, the AB crane has been upgraded to a
single-failure-proof design by replacing the trolley with a single-failure-proof design and
modifying the existing bridge. The design rated load (DRL) and maximum critical load
(MCL) for the AB crane remains unchanged at 125 tons for the main host. The auxiliary
hoist DRL has been increased from 10 tons to 15 tons. The AB crane requires re-
analysis of its ability to withstand a design basis seismic event due to a 20-ton increase
in trolley weight and differences in the design and arrangement of the new trolley
.compared to the orrgrnal trolley. «
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The KPS AB crane is designated Service Class A in accordance with Crane
Manufacturer's Association of America Standard 70 (CMAA 70) (reference 7), Section
2.2. The AB crane has a Class I* nuclear safety design classification in accordance
with KPS USAR Appendix B, Section B.2.1. Components designated as Class |* are
designed to Class | Design Basis Earthquake (DBE) loading and treated as Class lll in
all other respects’. In short, the Class I* designation means that under all credible
operating conditions and failure modes, the AB crane must not experience uncontrolled
lowering of the load, and the trolley and bridge wheels must remain on their respective
rails under a seismic event. It is not required that the crane remain operational.

In order to comply with the requirements for a single-failure-proof crane, the AB crane
must be able to withstand the loads induced by the safe shutdown earthquake (SSE)
with full rated load suspended from the crane hook. In NUREG-0800, Section 9.1.5
(reference 6), the NRC staff endorsed ASME NOG-1-2004, “Rules for Construction of
Overhead and Gantry Cranes (Top Running Brldge Multiple Girder),” (reference 5) as
an-acceptable methodology for performing seismic analyses of crane systems. ASME
NOG-1-2004 allows the use of either linear response spectrum seismic analysis or
linear time history seismic analysis.

For the linear analysis methods, the crane mathematical model for seismic analysis of
cranes is set forth in ASME NOG-1-2004, Figure 4154.3-1. This model imposes
restraints at the interface between the bridge and trolley drive wheels and their -
- respective rails. However, in reality the drive wheels are driven and stopped by suitably
. designed motors, drive shaft gearing, and drive shaft brakes. [f the braking systems
have less capacity than the -applied seismic loads, then the drive wheels will roll with a
‘constant brake resisting force. The rolling of the trolley drive wheels and/or the bridge
drive wheels constitutes a nonlinear behavior of the crane system during a seismic
event. The methodology used to capture this nonllnear behawor during ‘the seismic
event is the subject of this LAR.

The methods used to calculate other requnred |oads (dead and live loads), comblne
seismic loads with the other loads, and the acceptance criteria used in the structural
capacity checks will be in accordance with applicable industry standards that have been
endorsed by the NRC or are part of the KPS current licensing basis.

Two basic tasks are required to perform the nonlinear seismic analysis of the AB crane
system. The first required task is development of the nonlinear element in the
mathematical model that simulates the limited resistance of the braking system on the
trolley and bridge drive wheel shafts. This nonlinear model element allows movement -

! As stated in KPS USAR, Section B.2.1, Class | structures and components are those whose failure might cause or
increase the severity of a loss-of-coolant accident or result in an uncontrolled release of substantial amounts of
radioactivity, and those structures and components vital to safe shutdown and isolation of the reactor. Class il
structures and components are not directly related to reactor operation or containment.
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of the trolley and/or bridge along the rails after known level of force (the breakaway
force) on the brakes is achieved. A push test will be conducted to validate the forces in
the model associated with the wheel-rolling phenomenon.

The second required task is generation of artificial seismic time histories at the top of
the AB crane rail for the SSE. The DBE for the upgraded AB crane design is the SSE.
The artificial seismic time histories represent the accelerations at the AB crane rail over
the duration of the design basis earthquake. There are special requirements for the
development of seismic time histories used in nonlinear analyses. These special
requirements are above and beyond those typically used for linear time history
analyses. These special requirements primarily pertain to the uncertainty associated
~ with nonlinear analyses. The seismic time histories used in the nonlinear analysis of the
KPS AB crane were prepared in accordance with “Option |I” described in NUREG-0800,
Section 3.7.1 (reference 9). .

In summary, DEK is requesting review and approval of the nonlinear seismic analysis
methodology to be used for the seismic analysis of the AB crane. The specific
nonlinear behavior considered in the proposed methodology is the rolling of the trolley
and bridge drive wheels along their respective rails when the applied seismic load
exceeds the brake resisting force. This submittal proposes to eliminate the overly
conservative assumption that the AB crane trolley. and bridge drive wheel brakes have
an unlimited capability to resist seismic-induced forces by using a nonlinear seismic
analysis methodology to represent the limited capacity of the drive wheel brakes.

4.0 TECHNICAL ANALYSIS
4.1 Applicable Codes and Standards

The AB crane is described in KPS USAR Section 9.5.2.12, “Auxiliary Building Crane.”
- The original crane was non-safety-related and non-single-failure-proof. It was designed
and procured as a commercial grade item during initial plant construction in accordance
with EOC| Standard 61; ANSI B30.2.0, 1967 Edition; and Pioneer Service and
Engineering Company - Specification for Powerhouse Overhead Electric Traveling
Cranes.

KPS Safety Design Classification I* for the AB crane ensures that the seismic design of
the crane is such that a DBE will not result in an uncontrolled lowering of the lifted load
and the bridge and trolley wheels will not leave their rails with a load suspended, up to
and including the 125-ton rated load of the crane. The crane upgrade project has
enhanced the design of the AB crane by replacing the existing trolley with a single-
failure-proof trolley constructed in accordance with the guidance in NUREG-0554.

NUREG-0554 is the governing NRC guidance document for the design of single-failure-
proof cranes for nuclear power plant service, including upgrades of existing cranes. In
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general, NUREG-0554 either provides specific guidance or invokes the guidance in
CMAA-70 for design work. CMAA-70 is a commercial crane code and does not provide
guidance in all areas necessary for nuclear plant service. ASME NOG-1 provides
guidance for cranes in nuclear plant service. »

The choice of governing codes and standards for the KPS crane upgrade project was
based on replacing the trolley and using the existing bridge. The design phase of the
project was initiated and the applicable codes governing the upgraded crane’s design
were selected prior to the NRC’s March 2007 endorsement of NOG-1-2004 in Standard
Review Plan 9.1.5, Revision 1. Therefore, the primary design code used for the KPS
AB crane upgrade was CMAA-70 rather than ASME NOG-1-2004. However, in areas
where detailed guidance is not provided in NUREG-0554 or CMAA-70, such as for the
seismic analysis, the guidance in ASME NOG-1-2004 was used. In summary, the NRC
has endorsed the principal codes and standards used in the project.

4.2 Upgraded AB Crane Seismic Analysis

This section describes the response spectra, damping, time histories, computer models,
crane/hoist load combinations, and analysis work that are being ‘used to perform the
seismic analyses of the crane. These analyses will produce the seismic-induced forces
~and displacements on the AB crane and its support structure. These seismic-induced
forces and displacements, when combined with the appropriate dead and live load
combinations, will be used to compute the loads used for the structural capacity checks
of those components for the seismic load condition.

4.2.1 Background and General Overview of Approach

The KPS AB crane is designated Class |* as stated in the KPS USAR, Appendix B,
Table B.2-1. In accordance with USAR, Section B.2.1, Class |* components are
designed to Class | DBE dynamic loading and are treated as Class lll in all other
respects. This includes the trolley, bridge, and AB crane support system. In general,
the response spectra for seismic analysis performed for the Kewaunee plant are
documented in a report developed by John A. Blume and Associates for Pioneer
Service and Engineering Company in 1971 (reference 8), hereafter referred to as the
“Blume Report.” The Blume Report, however, does not include horizontal response
‘spectra for a mass point at the location of the AB crane rails. Therefore, new horizontal
response spectra and horizontal and vertical time histories were developed for this
analysis, as discussed in the sections that follow.

In performing the seismic analysis of the crane, a nonlinear time history analysis
methodology is being used. This analysis uses a computer model of the crane in
representative trolley and bridge positions and hook load configurations consistent with
ASME NOG-1-2004. The nonlinear time history analysis of the upgraded AB crane is
- being performed using the SAP 2000 computer program, Version 11. A peer review of
the seismic inputs for the nonlinear analysis has been performed by an independent
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~ consultant, Dr. Robert Kennedy of RPK Structural Mechanics Consulting. Dr. Kennedy
will also perform a peer review of the nonlinear structural model and the outputs of the
nonlinear analysis. /

An overview of the AB crane seismic analysis is provided below as a series of tasks:

o Task 1: Develop horizontal DBE amplified response spectra at the AB crane rail
using the Blume Report as the design input. Vertical response spectra are taken
directly from the Blume Report.

o Task 2: Develop artificial seismic time histories at the AB crane rail that are
suitable for nonlinear seismic time history analysis.

o Task 3: Develop the crane structural computer model that simulates the
nonlinear behavior of the bridge and trolley drive wheel brake system.

» Task 4: Conduct the nonlinear seismic analysis of the crane structure to obtain
forces and displacements to be used in combination with other load cases for
capacity checks.

4.2.2 Modeling the Behavior of the Braking System

The mathematical model used in the nonlinear seismic analysis of the AB crane is
consistent with Figure 4154.3-1 of NOG-1-2004. See attachment 3 for a depiction of
the KPS AB crane seismic analysis mathematical model. The restraint conditions at the
nodes are consistent with Table 4154.3-1 of NOG-1-2004, with one exception. The one
exception is that the nodes representing the trolley and bridge drive wheels are free to
move in the direction parallel to their rails after the drive wheel brake force in that
direction has been exceeded. Using NOG-1-2004, Figure 4154.3-1 as a reference, the
modeling exception applies to bridge wheel Nodes A and C in the “Y” direction and
trolley wheel nodes E and F in the “X” direction. ‘

Nodes A, C, E, and F in the mathematical model of the AB crane are restrained in the
directions paraliel to the rail until the seismic forces in that direction overcome the drive
wheel brake force. When the brake forces are exceeded, the wheels are allowed to
‘translate in the dynamic model. This phenomenon represents the nonlinear nature of .
the analysis. A push test will be conducted to validate the brake resisting forces used in
the nonlinear analysis. The push test will be performed for both the trolley and the
bridge girder.

- 4.2.3 DBE Response Spectra and Damping (Task 1)
New horizontal response spectra at the AB crane rails were developed for use in the

seismic analyses. Vertical response spectra were taken directly from the Blume Report.
A separate response spectrum was developed for each horizontal direction of seismic
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input (i.e., north-south and east-west). Two percent damping was used in all three
spectra in-accordance with the criteria for steel structures in the KPS USAR. Horizontal
response spectra were developed for the frequency range of 0.1 to 40 Hertz in
accordance with NUREG-0800, Section 3.7.1 (reference 9) and Regulatory Gwde 1.122
(reference 10).

424 DBE Acceleration Time Histories at, the Crane Rails (Task 2)

The overall approach and acceptance criteria used to generate the needed acceleration
time histories is consistent with the basic guidance described in NUREG-0800, Section
3.7.1, Revision 3. This section of the Standard Review Plan (SRP) is mainly focused on
the development of the design ground motion time histories for the seismic analysis of
structures. Thus, it is used herein with the understanding that some of the guidelines
may not be directly applicable for seismic time history generation where the target
motion has already been amplified and filtered by the dynamic characteristics of the
“supporting Auxiliary Building structure. However, the intent of SRP 3.7.1, Revision 3 is

met. . :

Because the analysis of the crane structure is a nonlinear time history seismic analysis,
five sets of artificial time histories, each containing three directional components, were
- developed. This is consistent with SRP 3.7.1, Section 11.1.B, Option II,"and meets the
intent of paragraph 3.3.2 of ASCE/SEI 43-05, “Seismic Design Criteria for Structures,
Systems, and Components in Nuclear Facilities,” (reference 13). Each of the fifteen
artificial time histories generated uses an actual recorded earthquake motion as the
starting seed. The seed records were selected from available recorded earthquake
ground motions obtained from the U.S. Geological Survey database. The criteria used
for selecting the earthquake seed records was based on the earthquake magnitude;
duration and the required low and high frequency content characteristics.

SRP 3.7.1, Sectlon 11.1.B, Option I, “Multlple Sets of Time Histories,” was used as
guidance for the acceptance criteria for the generation of the artificial time history sets.
In addition to the criteria stated in the SRP, each time history developed was baseline
_corrected (except for one, see enclosure 2, sheet D14) for peak acceleration at high and
low frequency consistent with RG 1.122 (reference 10). The statistical independence of
the three acceleration components from each of the five sets was validated by
calculating the correlation coefficients. The absolute value of the correlation coefficients
are all less than 0.16, consistent with the acceptance criteria in SRP 3.7.1, Section
I1.1.B.. The strong motion duration meets or exceeds the guidance contained in Section
2.3 of ASCE 4-98, “Seismic Analysis of Safety-Related Nuclear Structures,” (reference
14). :

Enclosure 2 provides a detailed description of the methodology that was used to
generate the artificial time histories that will be used for the nonlinear analysis of the AB
crane. The report also contains plots.of all fifteen generated time history accelerations,
velocities and displacements. In addition, plots are provided for comparison of the -
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calculated two percent damped response spectra to the target spectra for each
direction.

4.2.5 Crane Configurations for Analysis

Table 4.2.5-1 below lists the crane configurations to be analyzed. These configurations
were chosen in accordance with the guidance in NOG-1-2004. The trolley is assumed
to be at the mid-span, quarter-span, and end-span trolley locations to encompass the
entire travel path.

Table 4.2.5-1
Seismic Analysis Crane Configurations
Case Trolley Main Hoist Auxiliary Hoist
No. Position Load (tons) Block Load (tons) Block
01 mid-span 125 Raised 0 Raised
02 quarter-span 125 0 Raised 0 Raised
03 end-span 125 ' Raised 0 Raised
04 mid-span 0 "~ Raised 0 Raised
05 quarter-span 0 Raised 0 Raised
06 end-span 0 Raised 0 Raised
07 mid-span 125 Lowered 0 Raised
08 quarter-span 125 Lowered 0 Raised
09 end-span 125 Lowered 0 Raised
10 mid-span 0 Raised 15 Raised
11 guarter-span 0 Raised 15 Raised
12 end-span 0 Raised 15 Raised
13 mid-span 0 Raised 15 Lowered
14 quarter-span 0 Raised 15 - Lowered
15 end-span 0 Raised 15 Lowered

Each of the configurations above will be analyzed for the five different time history sets
(.e., a north-south, east-west, and vertical time history in each set).

4.2,6 Seismic Model (Task 3)

A three-dimensional (3-D) crane model was developed for use with the SAP 2000,
Version 11 computer program, including the bridge girders, bridge end trucks, bridge
end ties, trolley structure, wire ropes, and lifted loads. The stiffness and weight.
properties of the crane components are consistent with the as-built crane. The crane
model attributes include: :

1. Fundamental crane systems, structures, and components:
a. Crane bridge, consisting of girders, end trucks and end ties.
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b. A simplified trolley assembly, representing the frequency of the trolley in
three directions. .

2. Simplified pendulum lifted load. The wire rope is modeled as an elastic link
element hinged at the top connection to the trolley with the weight of the lower
block and lifted load modeled at the bottom. The lower block and wire rope
models will be tuned to model the vertical elastic stiffness and the two horizontal
direction pendulum frequencies.

3. Trolley travel limits and pre-set nodal points for establishing trolley end, quarter-
span, and mid-span locations.

4. Restraint conditions in accordance with ASME NOG-1-2004, Section 4154,
except that nonlinear resistance elements will be modeled at the interface
between the bridge and trolley drive wheels and their respective rails to model

~ the rolling phenomenon.

The finite element model of the crane that was used for the nonlinear seismic analysis is
consistent with the guidance in Sections 4154.1 through 4154.4 of ASME NOG-1-2004.
The exception taken from NOG-1-2004 involves modeling of the restraint conditions at
the drive wheels for both the trolley and the bridge girder. NOG-1-2004, Table 4154.3-1
requires that these nodes be modeled as restrained in all three translational directions.
For the bridge girder, the restrained boundary condition in the transverse direction (Y
direction as shown in Figure 4154.3-1 of ASME NOG-1-2004) was replaced with a
nonlinear element. This .nonlinear element restrains movement in the transverse
direction until the maximum brake force is reached. After the maximum brake force is
exceeded, the nonlinear element allows the bridge drive wheels to roll with a constant
brake resisting force. In a similar manner, the restrained boundary condition for the
trolley drive wheels in the transverse direction (X direction as shown in Figure 4154.3-1
of ASME NOG-1-2004) was replaced with a nonlinear element. The nonlinear element
restrains the trolley from movement in the transverse direction until the maximum trolley
brake force is achieved. Thereafter, the trolley is allowed to roll with a constant brake
resisting force. :

Attachment 3 shows an SAP 2000 model depicting the eight-wheel crane having the
" trolley at mid-span with the main hoist hook lowered and the auxiliary hook in the raised
position. The figure is provided for information purposes to show the level of detail used
in the model of the AB crane for the nonlinear analysis. Other similar models have the
trolley located at the quarter-span and at the end of the bridge and have different hook
positions. Greater analysis detail, including geometry, weights, member properties,
trolley and bridge wheel boundary/interface conditions, and descriptions of the non-
linear elements associated with drive wheel rolling will be included in the detailed
seismic analysis package.
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4.2.7 Analysis Outputs (Task 4)

The seismic-induced forces and displacements on the AB crane will be the outputs of .
the nonlinear analyses. The results of each seismic analysis set will be added together
(e.g., element forces, nodal point motions), and then the summed values averaged.

The averaged seismic analysis results will then be combined with the corresponding
dead load and live load non-time history analysis results in accordance with the NOG-1-
2004 combinations and used in the structural capacity checks of the trolley, bridge, and
AB crane support structure. ‘

4.2.8 Summary

The nonlinear seismic analysis for the AB crane structure is being performed in
accordance with applicable industry codes and standards. The seismic input time
histories were developed consistent with SRP 3.7.1 for nonlinear analysis. The basic
mathematical model of the crane is consistent with the guidance in ASME NOG-1-2004
with the exception of the nonlinear boundary conditions. A push test of the crane trolley
and bridge will be performed to validate the nonllnear boundary condition in the
structural model. »

Based on the above, the nonlinear analysis methodology used to determine the seismic
response of the upgraded Kewaunee AB crane is acceptable because:

* Seismic time history inputs used in the analysis were developed in accordance
- with the applicable requirements of SPR 3.7.1 '

e The nonlinearity is limited to the interface between the drive wheels and the
-rails. The behavior of the nonlinear element will be validated by testing

/e The analysis methods used to solve the nonlinear problem are well established
- and have been benchmarked to demonstrate that they converge to the correct
squtlon

5.0 REGULATORY SAFETY ANALYSIS
5.1  No Significant Hazards Consideration

Dominion Energy Kewaunee, Inc.. (DEK) proposes to modify the Kewaunee Power
Station (KPS) licensing basis by adding a new method for the seismic analysis of the
KPS Auxiliary Building (AB) crane. This new method of analysis is a nonlinear seismic
analysis of the crane that considers trolley and bridge drive wheel rolling after the brake
resisting force is exceeded. The proposed new methodology is otherwise consistent
with the recommended methods for seismic analysis of cranes in ASME NOG-1-2004,

which is silent regarding consideration of rolling. The proposed methodology is
_ consistent with NRC and industry guidance for such analyses.
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DEK has evaluated whether or not a significant hazards consideration is involved with -
the proposed amendment by focusing on the three standards set forth in 10 CFR 50.92,
“Issuance of Amendment,” as discussed below:

1.

2.

Does the proposed amendment involve a significan't increase in the
probability or consequences of an accident previously evaluated?

Response: No.

This amendment request pertains solely to a nonlinear seismic-analysis method
supporting the upgrade of the KPS AB crane from a non-single-failure-proof
design to a single-failure proof-design. Specifically, the existing AB crane trolley
has been replaced with a state-of-the-art design that is single-failure-proof. The
AB crane does not interface with. operating plant equipment. The crane will
continue to be able to withstand a design basis seismic event without an .

. uncontrolled lowering of the load. The probability of a Ioad drop is not |ncreased

by the proposed change in methodology.

The seismic analysis methodology proposed for use recognizes the inherent
propensity for structures not fixed to one another (e.g., steel wheels on steel
rails) to roll if sufficient lateral force is applied. This seismic analysis method is

~ proposed for use solely on the AB crane upgrade and not for any other plant

structures, systems, or components. The recognition of wheel rolling between
the AB crane trolley and bridge and their respective rails reflects the true nature
of the installed equipment and its response to horizontal forces generated by a
seismic event. :

Therefore, the proposed amendment does not involve a S|gn|f|cant increase’in
the probablllty or consequences of an accident prewously evaluated.

Does the proposed amendment create the possnblllty of a new or dlfferent'
kind of accident from any accident previously evaluated’?

Response: No.

This amendment request pertains to an analysis method supporting the upgrade
of an existing plant component. Specifically, the existing AB crane trolley has .
been replaced with a state-of-the-art design that is single-failure-proof. - The AB
crane does not interface with operating plant equipment. This seismic analysis
‘methodology is proposed for use solely on the AB crane upgrade and not for any
other plant structures, systems, or components.

The design rated load of the AB crane main hoist remains the Same at 125 tons.
This load bounds the design and supporting analysis. The auxiliary hook design
rated load has been increased from 10 tons to 15 tons. The proposed
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amendment does not change the currently acceptable heavy load handling
practices in use at KPS. The number and types of lifts made using this crane in
support of KPS plant operations will not significantly change from those
contemplated during original plant licensing. Furthermore, the basic operations
of the crane (i.e., hoisting and horizontal travel) remain the same.

Therefore, the proposed amendment does not create a new or different kind of
accident from any accident previously evaluated. '

Does the proposed amendment involve 'a significant reduction in a margin
of safety?

Response: No.

Although the proposed new methodology supports the upgrade of the KPS AB
crane from a non-single-failure-proof to a single-failure-proof design, the margin
of safety under consideration in this evaluation is based on that contained within
the safety analysis (seismic analysis).

The purpose of this methodology is to determine the design loads (forces and
moments), accelerations, and displacements on the AB crane and building
support structure. These loads will subsequently be used to perform the
structural analysis of these components to confirm that the design meets all
applicable acceptance criteria using previously approved industry codes and
standards for such analyses, including ASME NOG-1-2004 and CMAA-70
(2004). If the stresses computed in the structural components as a result of a
seismic event are less than the limits contained in these codes, the structural
integrity of the crane is maintained and a suspended load will remain suspended
during a seismic event. Meeting these code limits maintains an acceptable
margin of safety for the individual components and the crane as a whole.

Therefore, the proposed amendment does not involve a significant reduction in a
margin of safety.

Applicable Regulatory Requirements/Criteria

The U.S. Atomic Energy Commission (AEC) issued their Safety Evaluation (SE) of
Kewaunee on July 24, 1972 with supplements dated December 18, 1972 and May 10,
1973. Section 3.1, “Conformance with AEC General Design Criteria,” of the AEC’s SE
described the conclusions the AEC reached associated with the General Design Criteria
in effect at the time. The AEC SE stated:

“The Kewaunee plant was designed and constructed to meet the intent of
AEC’s General Design Criteria, as originally proposed in July 1967.
Construction of the plant was about 50% complete and the Final Safety
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Analysis Report (Amendment 7) had been filed with the Commission
before publication of the revised General Design Criteria in February 1971 .
and the present version of the criteria in July 1971. As a result, we did not
require the applicant to reanalyze the plant or resubmit the FSAR.
However, our technical review did assess the plant against the General
Design Criteria now in effect and we are satisfied that the plant design
generally conforms to the intent of these criteria.”

As such, the appropriate General Design Criteria KPS is licensed to, per the Final
Safety Analysis Report (Amendment 7), which has now been updated and is entitled the
Updated Safety Analysis Report (USAR), are listed below.

5.3 Kewaunee Design Criteria

1. Criterion 2 — Performance Standards |

Those systems and components of reactor facilities which are essential to the
prevention of accidents which could affect the public health and safety or to
mitigation of their consequences shall be designed, fabricated, and erected to
performance standards that will enable the facility to withstand without loss of
the capability to protect the public. The additional forces that might be imposed
by natural phenomena include those such as earthquakes, tornadoes, flooding
conditions, winds, ice, and other local site effects. The design bases so
established shall reflect: :

a) appropriate consideration of the most severe of these natural phenomena
that have been recorded for the site and surrounding area, and

b) an appropriate margin for withstanding forces greater than those recorded
to reflect uncertainties about the historical data and their suitability as the
basis for design. | '

54 Conclusion

In conclusion, based on the considerations discussed above, (1) there is reasonable
assurance that the health and safety of the public will not be endangered by operation in
the proposed manner, (2) such activities will be conducted in compliance with the
Commission’s regulations, and (3) the issuance of the amendment will not be inimical to
the common defense and security or to the health and safety of the public.
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6.0 ENVIRONMENTAL CONSIDERATION

A review has determined that the proposed amendment would change a requirement
with respect to installation or use of a facility component located within the restricted
area, as defined in 10 CFR 20, or would change an inspection or surveillance
requirement. However, the proposed amendment does not involve (i) a significant
hazards consideration, (ii) a significant change in the types or a significant increase in
the amount of any effluent that may be released offsite, or (iii) a significant increase in
the individual or cumulative occupational radiation exposure. Accordingly, the proposed
amendment meets the eligibility criterion for categorical exclusion set forth in 10 CFR
51.22(c)(9). Therefore, pursuant to 10 CFR 51.22(b), no environmental impact
statement or environmental assessment need be prepared in connection with the
proposed amendment.
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B.8 PROTECTION AGAINST CRANE TOPPLING AND CONTROL OF HEAVY
LOADS

The Auxiliary Building crane and the Turbine Building crane are located in areas where they are
subject to possible'damage from tornado and earthquake. These crane bridges and trolleys are .
protected against tipping, derailment, and uncontrolled movements that could possibly create -
damage.

To assure stability of the crane, the br-idge and trolley are equipped with fixed, fitted rail yokes
that allow free rolling movement but prevent the wheels from being lifted or derailed. The bridge
and trolley wheels are equipped with electrically activated, spring set brakes. Upon loss of power
or when the crane or trolley are not under operator control, the springs activate the brakes,
locking the wheels firmly in place to prevent rolling out of position. The positive wheel stops
and bumpers provided to prevent over-travel of the trolley and bridge will prevent the trolley and
bridge from leaving the rails, even in the unlrkely event of brake failure.

As a result of Generic Task A-36, “Control of Heavy Loads Near Spent Fuel,” the NRC issued
NUREG-0612, “Control of Heavy Loads at Nuclear Power Plants.” NUREG-0612 was to be
implemented in two phases. Phase I addressed Section 5.1 of NUREG-0612 and established
seven basic guidelines for all nuclear power plants, which detailed provisions for the handling of
heavy loads in the area of the reactor vessel near stored spent fuel, in other areas where an
accidental load drop could damage equipment required for safe shutdown or decay heat removal.
Phase I (Sections 5.1.2 through 5.1.6) was intended to cover the need for electrical
interlocks/mechanical stops, or alternatively, single failure-proof cranes or load drop analyées.

In Reference 15 the NRC concluded that satisfaction of the Phase I guidelines would'provide'
adequate assurance that, due to improvements in heavy load handling procedures and training,
and crane and handling tool inspection and testing, the potential for a load drop is extremely
small. Reference 15 also included a cost-benefit analysis for Phase Il of NUREG-0612 which
concluded that, because of the reduced potential of a load handling accident provided by Phase I,
the high cost of implementing Phase II could not be Just1f1ed by the comparatively small
associated increase in plant safety.

Therefore, since Kewaunee has satisfied the requirements of Phase I and since Phase II
compliance is no longer required, the NRC has determined that Kewaunee has adequately
addressed NUREG-0612 and has significantly reduced the probability of a heavy load handling
~ accident to an acceptably small value (see NRC SER in Reference 16).\
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The Auxiliary Building (AB) crane was upgraded in support of dry spent fuel storage cask
loading operations. This upgrade involved the replacement of the original trolley with a single-
failure-proof design, replacement of the trolley controls, and an upgrade to the existing AB crane
bridge. The upgrade of the AB crane meets the guidance in Section 5.1.6 of NUREG-0612,
“Control of Heavy Loads at Nuclear Power Plants,” and NUREG-0554, “Single Failure Proof
Cranes for Nuclear Power Plants,” as applicable.

Design Criteria for Upgraded Auxiliary Building Crane

The AB crane is designated as Class I* per Table B.2-1 and therefore is designed to meet Class I
seismic standards. The crane is designed to stay on its rails and not allow an uncontrolled
lowering of the load as a result of a seismic event. It is not required to be operational during or
after a seismic event. The AB crane is also designed to withstand the crane design basis accident
events described in NUREG-0554: two-blocking, load hang-up, and wire rope failure.

Because the replacement AB crane trolley is a new component and the crane bridge is an existing
component, the construction codes applicable to the two are not identical. The construction codes

for the trolley and bridge are as follows:

AB Crane Trolley Codes and Standards

Construction is in accordance with NUREG-0554 and, where NUREG-0554 does not offer
specific guidance (e.g., normal condition load combinations and stress acceptance criteria),
construction is in accordance with Crane Manufacturers Association of America Specification 70
(CMAA-70), 2004 Edition is used. ASME NOG-1-2004 is used where CMAA-70 does not offer
specific construction guidance, such as for seismic design and faulted conditions. Seismic load
combinations and stress analysis acceptance criteria, as well as guidance used to address two
blocking, load hang-up, and wire rope failure are, therefore, taken from ASME NOG-1-2004.

AB Crane Bridge Codes and Standards

Construction is in accordance with NUREG-0554 and Electrical Overhead Crane Institute
Standard 61 (EOCI-61). CMAA-70 (2004) and ASME NOG-1-2004 are used, in that hierarchy,
where NUREG-0554, and EOCI-61 do not offer specific construction guidance such as for
seismic design and faulted conditions. Seismic load combinations and stress analysis acceptance
criteria, therefore, taken from ASME NOG-1-2004. .

Upgraded AB Crane Seismic Response Spectra, Damping, and Accelerations

The seismic analysis of the AB crane considers trolley and bridge drive wheel rolling when the
seismic forces exceed the drive wheel brake resisting force. This nonlinear boundary condition
required seismic time history inputs to be developed consistent with SRP 3.7.1, Revision 3,
Option II. With the exception of the nonlinear boundary condition at the trolley and bridge drive
wheels, the seismic analysis of the upgraded AB crane is consistent with ASME NOG-1-2004.
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The Blume Report, which forms the basis for seismic analyses at the Kewaunee Power Station,
does not include horizontal response spectra data for a mass point at the location of the AB
crane rail, appropriate for use in analyzing the upgraded crane. Therefore, a lumped-mass stick
model of the Auxiliary Building steel structure was used to generate additional horizontal
response spectra applicable for use at the AB crane rail. A 2 percent damping for the Safe
Shutdown Earthquake condition was applzed to both the vertical and horizontal response spectra
at the crane rail elevation.

A set of 5 time histories consisting of two horizontal and one vertical time history were
developed from the crane rail response spectra. The time histories were developed in
accordance with the requirements of the NRC Standard Review Plan, Section 7.3.1. The time
histories were used in conjunction with a 3-D model of the crane to perform the non-linear
seismic analysis.
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Software Update Review | [[] Error notices; describe:
X Other; describe: Not available
4 | Nuclear Safety Related X NO .
Software [JYES Hardware identification # used for execution:
Non-QA
5 | Input Listing(s) [ Input listing(s) attached:
X Not attached; identify File/Disc ID: N/A
(See discussion in Section 3.1)
6 | Output Data [J Output results attached:
X Not attached; identify File/Disc ID: N/A. .
(See discussion in Section 3.1)
7 | Output identifier(s)* N/A  (See discussion in Section 3.1)
*e.g., run date/time; use for reference, as appropriate, within body of calculation ; .
8 | Comments COMMERCIALLY AVAILABLE SOFTWARE - Not Verified/Validated in
accordance with the ABS Consulting Nuclear Quality Assurance manual
(NQAM) and Procedure RCD-NQP-00-P03 (Ref. 10 and 11 respectively). Refer
to discussion in Section 3.1 for use of results generated by this software.
9 | Keywords** Not Applicable.
**For use in describing software features used in this calculation; use common terms based on software user
manual.
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T | Used (Code/Version) Dplot version 2.1.4.9
Software Supplier HydeSoft Computing, LLC
Software Update Review | [] Error notices; describe:
X Other; describe: Not available
4 | Nuclear Safety Related X NO
Software ] YES Hardware identification # used for execution:
Non-QA
5 | Input Listing(s) [ Input listing(s) attached:

X Not attached:; identify File/Disc ID:  N/A
(See discussion in Section 3.1)

6 | Output Data [ Output results attached:

X Not attached; identify File/Disc ID:  N/A. ‘
(See discussion in Section 3.1)

7 | Outputidentifier(s)" N/A  (See discussion in Section 3.1)

*e.g., run date/time; use for reference, as appropriate, within body of calcuiation

8§ | Comments COMMERCIALLY AVAILABLE SOFTWARE - Not Verified/Validated in

' accordance with the ABS Consulting Nuclear Quality Assurance manual
(NQAM) and Procedure RCD-NQP-00-P03 (Ref. 10 and 11 respectively). Refer
to discussion in Section 3.1 for use of results generated by this software.

9 | Keywords** Not Applicable.

**For use in describing software features used in this calculation; use common terms based on software user
manual.
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Calculation Summary Page

Calculation Objective

The purpose of this calculation is to develop artificial acceleration time histories representing
the response of the Kewaunee auxiliary building at the base of the fuel cask bridge crane rails.
Since these time histories are to be used as input for a non-linear time history analysis of the
crane system, a set of five time histories are developed with each set consisting of two
horizontal and one vertical time histories.

Conclusions

The required fifteen time histories are developed and evaluated in this calculation to show that
they meet the requirements specified in the Standard Review Plan section 7.3.1 [5] which is
used as a guide for the development effort.

Assumptions

Assumptions, where utilized, are justified within the text and body of this calculation. No
assumptions require verification to validate the conclusions and results of this calculation.
Refer to Section 2.0 for more detailed listing of input and assumptions considered in the
calculation. ‘ ' '

Design Input Documents

Refer to Sections 2 and 6 for a complete listing of design inputs and references used in this
calculation. Refer to Attachment B for a copy of ACECO’s Design Information Transmittal to

ABS Consulting that provides the target spectra data.
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1 Introduction

American Crane and Equipment Corporation (ACECO) is to perform a non-linear time
history analysis, as part of the seismic qualification, of the 125/15 Ton Single Failure
Proof Fuel Cask Bridge crane located in the auxiliary building of the Kewaunee Power
Station. The seismic input to be used for the analysis was defined by Dominion as the‘
2% damped acceleration response spectra (ARS) at the base of the crane rails [11°.
These curves, consisting of two horizontal (NS and EW) and one vertical, incorporate
the amplification and filtering effect of the site Design Basis Earthquake (DBE) through
the supporting structure(s). However, since the crane analysis is to consist of a non-
linear time history analysis, the input to the analysis needs to be in the form of '
acceleration time histories. Thus, this calculation develops the required -acceleration
time histories such that their 2% damped ARS curves match the de5|gn target ARS
curves provided by. Dominion in [1].

The methodology and acceptance criteria used in the development of the time hlstorles
are described in Section 3 and are based on the requirements of the U.S. Nuclear
Regulatory Commission (NRC) Standard Review Plan (SRP) Section 3.7.1 [5] which is
used as a guide for this effort.

® Numbers identified in brackets [] refer to the associated reference number listed in Section 6.
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2 Inputs and Assumptions

. Some calculations herein are done using the commercially available Microsoft Excel
and Mathcad computer software. The significant numbers of digits shown in the
results are rounded off values. Values calculated by these software are
independently verified and specifically described in this calculation.

The target ARS curves for the motion defined at the crane rails are obtamed from [1]
and modified as described in Section 4.1.

3. This calculation develops five sets of acceleration time histories, with a duration of

20 seconds for each time history, to be used for the non-linear seismic analysis of
the subject crane. The required number of sets and the duration of each time history
have been deemed acceptable for the non-linear analysis and no further justification
is provided herein.

4. The acceleration response spectra calculated from the determined time histories are

compared to the provided/modified response spectra using a damping value of 2%.
This damping value has been deemed acceptable and no furtherjustlflcatlon is
provided herein.

5. The fifteen selected earthquake record seeds used in this calculation were obtained

from the UC Berkeley (public) web site at this address:
hitp://peer.berkeley.edu/smcat
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3 Methodology

31 ©  Overall Time History Generation Approach

The overall approach and acceptance criteria used to generate the needed acceleration
time histories follows the basic requirements described in the U.S. NRC SRP Section
3.7.1 [5]. Note that this Section of the SRP discusses mostly the development of design
ground motion time histories for the seismic analysis of the structures. Thus, it is used
herein as a guide with the understanding that some of the guidelines may not be directly
applicable for the time history generation at hand where the target motion has already
been amplified and filtered by the dynamic characteristics of the supporting auxiliary
building.

Since the crane analysis will be a non-linear time history analysis, five sets of time
histories, each containing three directional components, are developed here in.

Each of the fifteen generated acceleration time histories uses a real earthquake record
as a starting seed. The seed earthquake records chosen for this task are identified
below in Section 4.2. The development of the needed acceleration time histories and
iterations used on the seed records are based on a state-of-the-art improved method of.
matching response spectra using wavelets described in [7]. This methodology is
programmed into a computer software named RspMatch2005. This software has not
been Verified and Validated (V&V) in accordance with the requirements of the ABS
Consulting Nuclear Quality Assurance Manual (NQAM) [10] and QA Procedure RCD-
NQP-00-P03 [11]. As such this software is considered a commercially available non
V&YV software. However, the final time history records developed with this software are
verified to meet all the criteria requirements, described in Section 3.2, using in-house
ABS Consulting QA software (using RSPEC* and RSPLT) and publicly available
standard packages such as Excel where the algorithms and equations are explicitly
displayed and verified by the checker.

The commercially available plotting software DPLOT is also used for displaying some of
the data in this calculation. This software package has not been Verified and Validated
in accordance with the requirements of [10] and [11]. As such, the time history data

* Note that only the acceleration response spectrum calculation option in RSPEC has been QA verified in [2].
Therefore, the displacement response spectra calculated using RSPEC is thus identified For Information Only in
Attachment C.
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displayed with this software is provided For Information Only. These plots, contained in
Attachment C, are so marked (For Information Only), and thus specific V&V of the
DPLOT software is not required. However, when comparing the calculated spectra of
the developed time histories to the target spectra, the in-house ABS Consulting

. software package RSPLT is utilized. This software package has been V&V in
accordance with the ABS NQAM [10] and ABS RCD-NQP-00-P03 procedure for

- software [11]. The overall analysis approach is depicted in the Figure 3.1 flowchart.

Thus, based on the above discussion, none of the input or output files from
RspMatch2005 or Dplot are identified or listed in this calculation.
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Figure 3.1: Calculation Methodology Flowchart
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3.2 Criteria for the Generation of Artificial TH's

As discussed above, the SRP 3.7.1 [5] is used as a guide for the acceptance criteria of
the generated artificial time histories. Since multiple sets of time histories are being
generated, the requirements of “Option 2,” on page 3.7.1-12 of [5] are used. Thus
based on the SRP requirements, the following are the criteria needed to be met for each
of the five sets of time histories:

1. For each of the five sets, each of the three directional acceleration time histories
must be shown to be statistically independent from the others. Statistical
independence between two time histories is shown when the absolute value of
their correlation coefficient does not exceed 0.16.

2. Each set of three directional time histories shall be selected from real recorded
historical earthquake time histories (NS, EW & vertical). The amplitude of these
records may be scaled but the phasing of Fourier components must be
maintained. Each time history should be defined at intervals of 0.01 sec, with a
minimum of 6 seconds of strong motion and a total duration of at least 20
seconds. A target objective of 6 to 10 seconds of strong motion duration with at
least 11 seconds of vibratory duration followed by trailing zeros will be used for
this criterion. .

3. Spectral accelerations at 2% damping shall be computed at a minimum of 100
frequency points per decade, uniformly spaced over the log frequency scale from
0.1Hz to 40Hz (i.e. a total of 240 frequency points). Comparison of the
calculated absolute acceleration response spectrum to the target spectrum shall
be performed at each computed frequency point. Note that the range up to 40
Hz is used since the target spectra are provided up to 40 Hz and the response
past this frequency is of little interest in seismic analysis. .

4. The absolute acceleration response spectrum for each individual time history
need not envelop the associated target response spectrum. However, the set of
five time histories (for each direction) is acceptable if the average calculated
response spectrum generated from these time histories meets the two
enveloping criteria defined below.

5. The following two enveloping criteria shall be met:

e The computed average 2% damped acceleration response spectrum shall
not fall more than 10% below the corresponding target spectrum at any
one frequency. To prevent spectral values in large frequency windows
from falling below the target spectrum, the frequency window for the
comparison is not larger than +10% centered on the frequency point of
interest. This corresponds to spectral values at no more than 9 adjacent
frequency points defined in 3 above from falling below the target
response spectrum.

e The computed average 2% damped acceleration response spectrum shall
not exceed the target response spectrum by more than 30% (a factor of
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1.3) at any frequency in the frequency range of interest. If this level is

exceeded at any frequency range, the power spectrum density of the

acceleration time history needs to be computed and shown to not have
- significant gaps in energy at any frequency over this frequency range.

6. Each acceleration time history developed shall be baseline corrected and the
corresponding integrated velocity and displacement time histories shall be
plotted. ,

7. For each acceleration time history developed, the associated 2% damped
displacement response spectra shall also be calculated and plotted.
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4 Calculation Details

41 Modification of Target Spectra

The target spectra provided in [1] are quite conservative in the low frequency region
below 1 Hz. Furthermore, these curves do not go down to the 0.1 Hz value needed for
the anticipated extremely low frequency response of the loaded hook and rope of the
crane. Thus, the following corrections are made to each of the three target spectra.

Reduce Conservatism below 1 Hz:

Per Reg. Guide 1.122 [6], peak broadening of floor response spectra is required around
the structural frequencies. The broadening effect is generally eliminated in the region of
the lower tail of the curve. This is indicated in Figure 1 of the Reg. Guide. The target
curves provided in [1] carry the broadening way below 1 Hz.

Thus, to aid in the non-linear analysis in the low frequency range, the target curves are
modified such that the unbroadened curves provided in [1] are used below 1 Hz. A
smooth transition region between the broadened and unbroadened portions of the
curves is also provided such that no abrupt change in the ARS results.

Extrapolate Down to 0.1 Hz: Per Reg Guide 1.60 [8], the ground motion is normally
defined with constant displacement from 0.25 Hz to 0.1 Hz for all three directions.

~ Thus, considering the ARS at the crane rail in this low frequency region to have the
same shape as that defined in the Reg Guide, we get the following values at 0.1 Hz:

EW: a=0.021g at 0.2 Hz as discussed above
d=a/w?=514"at0.2 Hz |
Therefore, use & = 5.14" also at 0.1 Hz and
a =0 w?=0.0053g at 0.1 Hz

NS: a =0.047g at 0.25 Hz as discussed above
5=a/w?=7.36"at0.25 Hz
Therefore, use & = 7.36” also at 0.1 Hz & 0.2 Hz
a =03 w?=0.0075g at 0.1 Hz
a=03w?=0.0301g at 0.2 Hz

Vert: a = 0.062g at 0.5 Hz as discussed above
Per [8], the amplification of the 2% damped spectral acceleration between
0.25Hz and 0.5Hz is approximately: 0.7g / 0.38g = 1.84, therefore,
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a=0.062g/1.84 = 0.034g at 0.25Hz
5=a/w?=5.32"2at0.25 Hz

Therefore, use 6 = 5.32" also at 0.1 Hz and
a =03 w?=0.0054g at 0.1 Hz

Combined Modifications: The total combined modifications, based on the above
discussions, result in the 2% damped target spectral acceleration values provided in
Table 4.1 for the low frequency range below 1 Hz. The modified target response
spectrum curves are compared to the original target curves in Figure 4.1 and Figure 4.2.

Table 4.1: Modified Target Response Spectrum Curves in Low Frequency

2% Damped EW 2% Damped NS 2% Damped Vert

Freq (Hz) | Accel (g) | Freq (Hz) | Accel (g) | Freq (Hz) | Accel (g)

0.10 0.0053 0.10 0.0075 0.10 0.0054

0.20 0.021 0.20 0.030 0.5 +0.062
0.40 0.045 0.25 0.047 0.597 0.084
0.60 0.103 0.5 0.166 0.8 0.133
0.80 0.205 0.75 0.39 1.00 0.17
1.02 0.507 0.85 | 0.883

1.000 1.955

Note that the target spectral acceleration values for frequencies higher than 1 Hz are as
provided in Attachment B under the “Broadened” columns of ET-CEM-8-0004 [1].
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4.2

Description of Seed Earthquake Records

The development of the needed acceleration time histories starts with the selection of
appropriate seed earthquake records. The seed records have been selected from
available recorded real earthquake ground motion acceleration time histories obtained
from the US Geological Survey database located at the UC Berkeley PEER center
website (http://peer.berkeley.edu/smcat). The criteria used for selecting the seed
records are based on the earthquake characteristics (i.e. high magnitude Mw), the
duration requirements described in Section 3.2, and the needed low and high frequency
content characteristics of the earthquake. After several iteration trials, the five sets of
earthquake signals identified in Table 4.2 were selected, with each set containing three
directional components. Note that to accommodate the needed frequency contents and
the statistical independence requirement of each of the three directions, the directional
components within each set of the seed records need not be from the same measured
earthquake recording station. The earthquakes from which the seed records were
selected are also described in Table 4.2 while the composition of the five sets of time |
histories used for this project is provided in Table 4.3. The seed record time hlstorles
are plotted in Attachment D.

Table 4.2: Description of Selected 'Earthquaké Seed Records

Earthquake Description -__Recording Station ‘ Record ID

EQ Site Closest

Name Mag. | Location Date Name Condition Dlstance N-S E-w Vert

(M,) (USGS) (Km)

Kobe 6.9 Japan 1/16/95 Kakogawa

26.4 =~ | KAKOOO | -

Duzce 71 Turkey | 11/12/99 Sakarya

49.9 - - SKR-UP

Kern County 7.4 . us 7/21/52 Courthouse

Santa Barbara 87.0 ’ - SBA042 -

Taft Lincoln School 41.0 TAF021 - TAF-UP

Landers 8.3 us 6/29/92 Silent Valley

51.7 ~ - - SIL-UP

Borrego
Mountain Borrego Mt

Borrego Mt 46.0 -- - A-ELC-UP

6.8 us 4/9/68

217.4 A-PEL090 — A-PEL-UP

tCape Mendocino| 7.1 us 4/25/92 |Shelter Cove Airp

SHLO00
33.8 B SHL090 B

T [O{O|> || T |WiO

Livermore 58 Us 1/24/80

Sewage

' Treatment Plant 373 A-STPOS3 | - o

Morgan Hili 6.2 us 4/24/84 | Hollister City Hall

HCHO001
HCH271

(ol e

32.5 HCH271 -

4.3

Generation of Required Time Histories

The actual earthquake acceleration seed records are first corrected to prdvide a time
step interval of 0.01 second. Each seed record is then systematically modified to match

" the associated modified target response spectrum using the state-of-the-art improved

wavelet method of matching response spectra described in [7]. This process is-
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implemented using the software RspMatch2005. The resulting acceleration time history
is then adjusted through a low pass filter and the end noise in the record is
subsequently eliminated. Trailing zeros are finally added, when needed, to achieve a

* total duration of 20 seconds. This modified record is then base line corrected and the
end result is finally plotted in Attachment C. The associated velocity and displacement
time histories (calculated using DPLOT) are also provided in Attachment C along with
the 2% damped acceleration and displacement response spectra (calculated usmg
RSPEC) for each of the fifteen generated time hlstorles

4.4 Check of Acceptance Criteria

Statistical Independence: The correlation coefficients of the three acceleration
components (EW, NS, & vert) from each of the five time history sets are calculated and
shown to be statistically independent. The correlation coefficient between two time
histories is defined as the ratio of the covariance of the two series over the product of

~ the standard deviations.. Thus, the coefficient for two time history data series (x; and y;)
is calculated in Excel using the following equation:

i( f_;xyi_;) |

Correl Coef ==L v Where xand y are the sample means of the series.

b2

i=l1 i=l

For series with large number of data points, the above equation is identical to the -
covariance of the two series divided by the product of the standard deviation of each.
The calculated correlation coefficient for the three directions associated with each of the
five time history sets are provided in Table 4.3.. As can be seen, the absolute value of
all correlation coefficients is less than 0.16 and thus all three (3) signals in each of the
five (5) data sets are considered statistically independent per the criteria of Section 3.2.

Time Durations: Each of the fifteen acceleration time histories had been initially
reviewed for the total duration and the various time requirements of each signal. As can
be seen from Table 4.3 and the figures in Attachment C, all time histories meet the total
duration requirement of at least 20 seconds. The rise time, decay time and steady state
are visually verified by reviewing the time histories of AttachmentC. -

The strong motion duration is defined in the SRP [5] as the duration where the Arias
Intensity rises from 5% to 75%. The Arias Intensity is proportional to the cumulative
sum of the square of the acceleration value at each time step. This duration, denoted
as Ts.75, is provided in Table 4.3. The duration associated with an alternate calculation,
based on the rise time from 5% to 95% is also provided in the table. This is further

- discussed in Section 5. :
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Comparison of Response Spectra: The 2% damped acceleration response spectra
(ARS) curves are calculated using RSPEC. The spectra are calculated at 240
frequencies using a uniform logarithmic increment between 0.1 Hz and 40 Hz. These
curves are plotted using RSPLT and provided in Attachment C.

The average of the five ARS curves, in each of the three directions, is then calculated.

. The resulting three curves, in each of the three directions, are plotted using RSPLT and
compared to each of the associated modified target acceleration spectrum described in
Section 4.1. The resulting comparison curves are provided in Figure 4.3, Figure 4.4 and
Figure 4.5. Data used in generating these averaged ARS are tabulated in Attachment
C. The target spectra data are obtained from ACECO’s DIT included in Attachment B.

A visual comparison of the curves shows that in each case, the generated acceleration
response spectra (ARS) generally follow the target ARS. A more detailed comparison
of the curves in the peak region is provided in Figure 4.6, Figure 4.7 and Figure 4.8 for
the EW, NS and Vertical directions, respectively. Note that all of the generated ARS
points are within +30%/-10% of the target ARS values and no more than 9 consecutive
points of the generated ARS fall below the target ARS.

Table 4.3: Composition of the Five Artificial TH Data Sets and -
Associated Record Properties

Seed Record Final Recordl Final Record Calculated Correlation
Al'tinli:ial Target Seed Strg:?al:ilgrt‘ion Vibratory Strong Motion Duration . Coefficient
Set# Direction| Record Tos Duration Ts.75 Ts.o5 birection Value
: ' (sec) (sec) (sec) (sec)
E/W KAKO000 8.2 . 15 - 7.19 9.57 E/W & N/S 0.035
1. N/S HCHOQO01 - 13.2 20 6.53 12.34 E/W & Vert | 0.151
Vert JA-ELC-UP 13.8 14 7.81 10.21 N/S & Vert 0.038
E/W SBAQ42 12.4 18 10.03 14.46. E/W & N/S 0.040
2 N/S HCH271 11.1 18 7.04 - 9.62 E/W & Vert | 0.041
Vert TAF-UP |- 141 " 16 7.47 11.33 N/S & Vert 0.078
E/W SHL00O0 13.6 . 16 10.34 11.03 E/MW & N/S 0.065
3 N/S . | TAF021 10.7 14 6.28 9.68 E/W & Vert | 0.128
Vert SKR-UP 17.4 17 7.19 8.89 N/S & Vert 0.045
: E/W HCH271 11.1 16 10.05 - 11.52 E/W & N/S | -0.007
4 N/S JA-STP093 14.6 18 7.15 -11.23 E/W & Vert | -0.100
Vert SIL-UP 19.7 17 7.89 12.04 N/S & Vert 0.003
E/W SHL0O90 14.8 15 7.90 . 9.37 . E/W & N/S | -0.034
5 N/S |A-PEL0O90 17.5 14 6.00 .7.99 E/W & Vert | 0.031
Vert |A-PEL-UP 30.6 - 17 6.00 8.31 N/S & Vert 0.050

Note: 1. The original seed record had a total duration of 50 secs.
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Figi.lre 4.3:

Comparison of the Average Calculated 2% Damped Response Spectra
to the Modified Target Spectrum — EW Direction
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Figure 4.4: Comparison of the Average Calculated 2% Damped Response Spectra
to the Modified Target Spectrum - NS Direction
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Figure 4.5: Comparison of the Average Calculated 2% Darriped Response Spectra
to the Modified Target Spectrum - Vertical Direction ‘
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Figure 4.6:

Kewaunee Power Station - Auix Bldg Crane. Rail Elevation”
‘Comparison of Achiéved Average ARS. and Broadened Target Spectra
2% Dampmg - East/West Direction
(For Information. Onlw
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Figure 4.7: -

Kewaunee Power Stition - Aux Bldg Crane Rall Elevation’
comparlson of Achiéved Average ARS and. Broadened Target Spectra
2% Damping - North/South Dlrectlon
{For Information Only)
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Figure 4.8:

Kewaunee Power ‘Station - ~Aux Bldg Crane Rail Elevation
Comparlson of Achleved Averag ,,A ot _vand Broadened Target Spectra:
2% Damplng Vertlcal Dlrectlon

" {ForInformation Only)
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5

Analysis of Results

The five sets of acceleration time histories, needed for the non-linear analysis of the
125/15 Ton Single Failure Proof Fuel Cask Bridge crane located in the auxiliary building
of the Kewaunee Power Station, are provided in the attached CD and plotted in
Attachment C. The three-direction acceleration time histories, in each of the five sets,
have been shown in Table 4.3 to be statistically independent with the absolute value of all
correlation coefficients below 0.16. :

The various duration requirements associated with each signal were reviewed and
evaluated. As can be seen from the time histories in Attachment C, all acceleration time
histories meet the minimum duration requirement of 20 seconds with at least 11 seconds
of vibratory motion. The requirement of at least 6 seconds of strong motion duration is
shown to have been met as indicated by the Ts.7s parameter tabulated in Table 4.3.
Furthermore, since numerous other alternatives have been suggested for the definition of
the strong motion duration, one alternate definition is the time required for the Arias
Intensity to rise from 5% to 95% [9], designated by Ts.9s. Based on this alternate
definition, the developed signals have at least 7.99 seconds of strong motion duration.

The average of the 2% damped ARS curves is compared to the target spectra in Figure
4.3 to Figure 4.8 for each of the three directions. The ARS curves are calculated using
240 frequencies uniformly spaced on a logarithmic scale between 0.1 Hz and 40 Hz. An
analysis of these comparisons concludes the following:

1. None of the calculated average spectral values fall more than 10% below the
target response spectra. -

2. No more than 9 consecutive points are found in any one curve where the
calculated average spectral value falls below the target value per the
requirement of Section 3.2.

3. None of the calculated average spectral values, at the peak of the curves,
exceed the target curve by more than 30%.

4. At a few locations, the calculated average spectral values exceed the target
value by as much as 40% on the right side of the peak. Even though the
maximum value of 30% specified in [5] is slightly exceeded at a few locations, it
can be seen from the curves provided that the processed acceleration signals
are adequate and contain enough energy in the frequency region of interest -
such that there is no need to calculate the Power Spectral Density curves for
these signals.
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Based on the above evaluations, it is concluded that the fifteen acceleration time
histories provided in Attachment C meet the intent of the SRP [5] requirements and are
considered adequate for the non-linear analysis of the Kewaunee Auxiliary Bundlng
Fuel Cask Bridge Crane.
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ATTACHMENT A

Log of Computer Software Runs

This attachment contains a log of the QA computer runs executed for this calculation.
Associated input and output files are located on the attached CD, in the directories and
subdirectories identified in the following tables.
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Target ARS Directory
' Pgm/Module Input File Output File
Name Name |Date/Time Name Date/Time

RSPLTH.LOG | 4/14/08 10:47AM
TARGET_H.PS | 4/14/08 10:47AM
RSPLTV.LOG | 4/14/08 10:57AM
TARGET V.PS | 4/14/08 10:57AM

rsplth.in | 4/14/08 10:07AM
RSPLT

rspitv.in | 4/14/08 10.55AM

Artificial Records Directory
Data Set 1 subdirectory

Subdirectory | Pgm/Module Input File Output File
Name Name Name |Date/Time Name Date/Time

) ) ACCIEW.LOG | 5/20/08 2:54PM

RSPEC rspecain | 5/20/08 2:49PM 1 EEIEWARS | 5/20/08 2.54PM

oecd i | 5/22/08 Boaam |_DISTEW.LOG | 5/22/08 8:24AM

EW pecd. : DISIEWARS | 5/22/08 8.24AM
) _ RSPLTALOG | 5/20/08 3:56PM

RSPLT rspitain | 5/20/08 1:56PM =55 E\ s | 5/20/08 3:56PM
) , RSPLTD.LOG | 5/22/08 8:24AM _

rspitd.in | 5/22/08 8:22AM 555 "E\y pS 1 5/22/08 8:24AM

) , ACCINS.LOG | 5/23/08 12.16PM

RSPEC rspecain | 5/23/08 12.14PM = == NS ARS | 5/23/08 12:16PM

spocd.in | 5/23/08 12:45pM |_DISINS.LOG | 6/23/08 12:25PM

NS ' : DISINSARS | 5/23/08 12:25PM
) , RSPLTALOG | 5/23/08 12:17PM

RSPLT rspita.in | 5/20/08 1:56PM —=5u5"NS pS | 5/23/08 12.17PM

) ) RSPLTD.LOG | 5/23/08 12:26PM

rpitd.in | 5/22/08 9:43AM =5 ie5"NSFS | 5/23/08 12.26PM

- . ACC1UP.LOG | 5/20/08 2:54PM

RSPEC rspeca.in | 5/20/08 2:50PM I P ARS | 5/20/08 2.54PM

pocd.in | 5/22/08 o50AM |_DISTUP.LOG | 5/22/08 10:02AM

Vertical : ' DISTUP.ARS | 5/22/08 10.02AM
- _ RSPLTA.LOG | 5/20/08 3:57PM

- rspltain | 5/20108 1:55PM [~ o e 5 5008 5.67PM

) , RSPLTD.LOG | 5/22/08 10:03AM

rspltd.in | 5/22/08 10:02AM 555" 15p B | 5/22/08 10:03AM
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Artificial Records Directory
Data Set 2 subdirectory

Subdirectory | Pgm/Module Input File vOut ut File
Name Name “Name |Date/Time Name Date/Time
N sosssin | saamn 1020 | DSIEWLOC |72 o n
sorai | 57200 waom | PTOLOS 7208 o
N sosesin | seams 1oz | DSSLO0 | sazins o
covain | seans_1ozom | RPLTDLOS | 5220s Tosone
sovain | saamn 1osom | SSPLIDLOS |5z osany
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Artificial Records Directory
Data Set 3 subdirectory

Subdirectory | Pgm/Module Input File Output File
Name Name Name |Date/Time Name Date/Time
) , ACC3EW.LOG | 5/20/08 3.09PM
RSPEC rspeca.in | 5/20/08 2:51PM = E e EWARS | 5/20/08 3.09PM
" [repecdin | 522108 10-52AM |_DISSEW.LOG | 5/22/08 10:53AM
EW : ‘ DIS3EW.ARS | 5/22/08 10:53AM
) _ RSPLTA.LOG | 5/20/08 4:08PM
RSPLT rsplta.in 5/20/08 1:59PM COMP EW.PS 5/20/08 _ 4.08PM
) , RSPLTD.LOG | 5/22/08 10:53AM
rspitd.in | 5/22/08 10:52AM 5o F\VBS [ 5/22/08 10.53AM
: . ACC3NSLOG | 5/20/08. 3:10PM
RSPEC rspeca.in | 5/20/08 2:51PM 1= = EoNS ARS | 5/20/08 3:10PM
oecdin | 5/22/08 11-02AM |_DISINSLOG | 5/22/08 11:03AM
NS peca. ' DIS3NS.ARS | 5/22/08 11:03AM
) , | RSPLTALOG | 5/20/08 4:09PM
RSPLT rspita.in | 5/20/08 2:00PM I—=Ry5"NS PS | 5/20/08 4.09PM
: ) , RSPLTD.LOG | 5/22/08 11:08AM
rspitd.in | 5/22/08 11:08AM =555 N5 Ps | 5/22/08 11.08AM
) , ACC3UP.LOG | 5/20/08 3.10PM
RSPEC rspeca.in | 5/20/08 2:51PM i =R P ARS | 5/20/08 3.10PM
specdin | 5/22/08 11-12AM | DISSUP.LOG | 6/22/08 11:13AM
Vertical : : DIS3UP.ARS | 5/22/08 11:13AM
spltain | 520008 2:01PM |_RSPLTALOG |  5/20/08 4:10PM
RSPLT : S COMP_VER | 5/20/08 4:10PM
spltdin |15/2208 11.13AM |_RSPLTD.LOG | 6/22/08 11:14AM
' : DISP_UP.PS | 5/22/08 11:14AM
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Artificial Records Directory
Data Set 4 subdirectory
Subdirectory | Pgm/Module Input File Output File
Name Name Name |Date/Time Name Date/Time
, ) _ ACC4EW.LOG | 5/20/08 3.10PM
RSPEC rspeca.in | 5/20/08 2:51PM =i i EWWARS | 520008 3. 10PM
) , DISAEW.LOG | 5/22/08 11.20AM
v rspecd.in | 5/22/08 11:19AM | =R EWARS | 5/22/08 11:20AM
. , RSPLTALOG | 5/20/08 411PM
RSPLT rsplta.in | 52008 2:02PM == S 5" E\W BS | 5/20/08 4 11PM
ondin | 5/22/08 11.19AM |_RSPLTD.LOG | 5/22/08 11:20AM
pitad. ' DISP_EW.PS | 5/22/08 11:20AM
) ACC4NS.LOG | 5/23/08 12:47PM
. /08 12:46PM
RSPEC rspeca.in | 5/23/08 12:46 ACC4NS.ARS | 5/23/08 12:47PM
. , DIS4ANS.LOG | 5/23/08 12:47PM
NS rspecd.in | 5/23/08 12:46PM 5 NSARS | 5/23/08 12.47PM
) , RSPLTA.LOG | 5/23/08 12:48PM
RSPLT rspita.in | 5/20/08 2:05PM = auENS 58 1 5/23/08 12.48PM
otdin | 5/22/08 1126Am |_RSPLTD.LOG | 5/23/08 12:48PM
rspitd. : DISP_NS.PS | 5/23/08 12:48PM
. . ACC4UP.LOG | 5/20/08 3.11PM
RSPEC rspecain | 5/20/08 2:52PM I R UP ARS | 5/20/08 3.11PM
rspecd.in | 5/22/08 11.30AM | _DISAUPLOG | 6/22/08 11.37AM
Vertical : ' DIS4UP.ARS | 5/22/08 11:37AM
) , RSPLTALOG | 5/22/08 11:32AM
- rspltain | /2208 11:32AM | mmraam e s e
) , RSPLTD.LOG | 5/22/08 11.37AM
rspitd.in | 5/22/08 AUIAM 5, e5"35"55 T 5/22108 11:37AM
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Artificial Records Directory
Data Set 5 subdirectory

Subdirectory | Pgm/Module Input Filé ] . Output File
Name "Name Name |Date/Time Name Date/Time
y . | ACCSEW.LOG | 5/20/08 3.12PM
RSPEC rspecain | 5/20/08 2:52PM 11— E S e EWARS | 5/20/08 3 12PM
specd.in | 522108 11.43AM | DISSEW.LOG | 5/22/08 11:45AM
Ew : T DISSEW.ARS | 5/22/08 11:45AM
| ) ) RSPLTALOG | 5/20/08 4:14PM
RSPLT rsplta.in | 52008 2.06PM == EWPS | 5/20/08 4.14PM
" oidin | 522108 11.45AM |_RSPLIDLOG | 6/22/08 11:45AM
pia. : DISP_ EW.PS | 5/22/08 11:45AM
) . ACC5NS.LOG | 5/20/08 3.12PM
RSPEC. rspeca.in | 5/20/08 2:52PM | =rENS ARS | 5/20/08 3:12PM
oecdin | 5/22/08 '11.49AM | _DISSNS.LOG | 5/22/08 11:51AM
NS peca. : DIS5NSARS | 5/22/08 11:51AM
S , RSPLTA.LOG | 5/20/08 4:15PM
RSPLT rsplta.in 5/20/08 2:07PM COMP NS PS 520/08 4 15PM
ot | 522108 11-51aM |_RSPLID.LOG | 5/22/08 11:51AM
pia. ' DISP_ NS.PS | 5/22/08 11:51AM
) . ACC5UP.LOG | 5/20/08 3:.12PM
RSPEC rspeca.in | 5/20/08 2:52PM | = Er 5 ARS | 5/20/08 3-12PM
| specdin | 5/22/08 11:56AM |_DISBUP.LOG | 5/72/08 11.57AM
Vertical ' : DIS5UP ARS | 5/22/08 11:57AM
: rspltain | 52008 2:08PM | _RSPLTALOG | 5/20/08 4:16PM
RSPLT : ' COMP VER | 5/20/08 4.16PM
— _ RSPLTD.LOG | 5/22/08 11.58AM
rspltd.in | 5/22/08 11:57AM =5 ic5"1p ps [ 5/22/08 11.58AM

A6
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Artificial Records Directory

Pgm/Module Input File Output File
Name Name |Date/Time Name Date/Time
RSPLT.LOG 5/23/08 1:18PM
. ) COMPEAVE PS | 5/23/08 1:18PM
RSPLT lrspylt.ln 4/29/08 4:08PM COMPNAVE PS | 5/23/08 1-18PM
COMPVAVE.PS | 5/23/08 1:18PM
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ATTACHMENT B

Design Input Data

ACECO Design Information Transmittal
DIT No. DCR-3629-11 25-Mar=-08

(included on following pages)
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Kewaunee :
Modification Pracess Design Information Transmittal (DIT)
From: David Lohman, Dominion
To: Jami Rubendall, ACECO
Mod or Tracking Number: DCR 3629 Date: 03/25/08 DIT No: ?1CR-3629-
Mod Title:  Upgrade Auxiliary Building Crane to Single Failure Proof
. Unit 1 X Unit2 ] Quality
Plant: Kewaunee Common [] Classification: _ 22

SUBJECT:Design Basis Earthquake Response Spectra

Check if applicable:
[L] This DIT confirms information previously transmitted orally on by
[ ] This information is preliminary. See explanation below.
SOURCE OF INFORMATION (Source documents should be uniquely identified)
Engineering Transmittal ET-CEM-08-0004 Rev. 0

DESCRIPTION OF INFORMATION (Write the information being transmitted or list each document being
transmitted)

DBE Response spectra at the crane rail for use in the non-linear seismic evaluation of the crane

DISTRIBUTION (Recipients should receive all attachments unless otherwise indicated. All attachments are
uncontrolled unless otherwise indicated)

Electronic Distribution to Jami Rubendall, ACECO

PREPARED BY (The Preparer and Approver may be the same person.)

Lori Christensen Nuc Tech Spec Il ffl&t &M 3 / 25 /O &

Preparer Name Position Signature Date

APPROVED BY (The cognizant Engineering Supervisor has release authority. Consult the Design Interface
Agreement or local procedures to determine who else has releas gjﬁnty )

Dawid LoL\wcm Y ‘-f/.?_/?ot'/b/

Approver Name Position Signature Date

A copy of the DIT (along with any attachments not on file) should be sent to the modification file.

Page 1 of 1
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ﬂ% Engineering Transmittal
A bomini

ominion-
1. Transmittai Number: 2. Revision: | 3. Station(s) | 4. Unit(s):
ET-CEM-08-0004 0 X Kewaunee Unit1 [Junit2 [JISFSI
5. Title: . 8. Quality Classification:
Seismic Amplified Response Spectra for the Analysis of Aux Building Crane SR
7. ET Type 8. Required Actions? 9. SNSOC Approval Req.?
[1 Implementing X Non-lmplementing [JYes X No [1Yes X No

Prepared By / Affiliation: (Print) Sig N Date:

Divakar Bhargava / Corporate Engineering Mechanics : 3-24-0f
Reviewed By / Affiliation: {Print) Slgnature J Date:

Daniel J. Vasquez / Corporate Engineering Mechanics : >< 2 '3&1 /o?
Programs / Other Reviewer / Affiliation: (Print) Signature: Date: 7
Supervisor Approval / Afﬁliaﬁbn: (Print) ) Signature: Date:

John D. MACCRIMMON / Supervisor — Corporate Civil W’/ /

Engineering _ 3 23[ ép
Design Control Engineer (DCE) Approval / Site: (Print) Signature: - Date:

' N/A
Project Engineer Approval / Affiliation: (Print) Signature: Date:
N/A
Manager Operations Approval / Site: (Print) Signature: Date:
' N/A
Manager Site Engineering Appraval / Site: (Print) Signature: Date:
N/A .
SNSOC Approval / Site: (Print) Signature: Date:
N/A

1. E] Actlwty Checklist Included as attachment
12. [] Safety Review included as attachment

13. [] 50.59/72.48 Screen included as attachment
14.[ ] PRC & PRCS included as Attachment: O
15.[_] CDS included as Attachment: O

XXX

CDRR is NOT required. | )
O requested to initiate CDRR upon receipt of this ET.

" [T] CDRR will be required at a later date. The affected DCE(s) will be notified folIowung to
initiate CORR. :

No. * Description

1. Source Document Email Request (1 pages)
2. Amplified Response Spectra and digitized data for Kewaunee Aux. Bldg Crane rail level (8 pages)
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18. Distribution {Original is transmitted to Records. Copies shall be sent to Primary Recipient and others identified bejow.)

Primary Recipient(s): \ David C. Lohman — Kewaunee Power Station

Copy To? Other Recipient / Department or Location Copy To? .Other Recipient / Department or Location
X Daniel J. Vasquez / IN3NW System Engineer ’
X - |Divakar Bhargava / INSNW X Records Management {(Copy)

Affected CDS Points-of-Contact

X Eric W. May / IN3NW

Site DCE

Nuclear Training (Simulator)

Affected organization

Program Owners

X John D. MacCrimmon / IN3NW

Source Document

- Email Request from D. Lohman to D. Bhargava / J. Machmmon dated 3/12/08, “Crane Selsmlc

Evaluatlon (Attachment 1)

Record of Revision

Original Issue.

Purpose & Applicability

The purpose of this ET is to provide design basis earthquake (DBE) amplified response spectra
for the seismic analysis of 125/15 Ton Single Failure Proof Aux Building Crane.

This ET is provided as information only. It is categorized as a nonQimpIementing ET. Any
configuration change must be implemented by an approved change process (such as DCP,
IEER, implementing ET, procedure change, etc.) that may reference or use the information in

this ET, as appropriate.

References

1. Report JAB- PS;OS “Earthquake Analysis of the Reactor-Auxiliary-Turbine Building”,
Pioneer Services & Engineering Co./John A, Blume & Assocnates Engineers, dated

February 16, 1971.

- 2. Calculation KPS-70155344-S01, Rev. 1, July 30, 2007, “Development of Response
spectra at Aux. Building Crane Rall Level”, Prepared by AES.

3. Calculation KPS-70155344-S01, Rev. 1, Addendum A, March 20, 2008, "Deveiopment
of Response spectra at Aux. Building Crane Rail Level".

4. Calculation KPS-70155344-S01, Rev. 1, Addendum B “Development of Response
spectra at Aux. Building Crane Rail Level”.

5. Standard Review Plan 3.7.1, Rev. 2 (NUREG 0800)

Design Inputs

1. Ampilified response spectra {ARS) for the Kewaunee Auxiliary Bundlng were developed

in References 1 and 2.
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ET CEM-08-0004, Revision 0
Page 3 of 3

2. Reference 3, which provides updated shear areas for the stick model of the Aux Building
for seismic analysis in the E-W direction. '

3. Reference 4, which develops response spectrum at the Crane rail elevation for the E-W
direction for the updated shear areas developed in Reference 3. Reference 4 also
envelops/peak-broadens spectra in the N-S (from Reference 2) and vertical directions
(from Reference 1).

Discussion

Design Basis Earthquake (DBE) amplified response spectra curves are provided in Attachment
2 of this ET for each of the three orthogonal directions to support the analysis of the Kewaunee
Aux. Building Crane. Digitized data for these curves are also provided. These spectra are at
the Crane rail location, elevation 679'-11” and are peak-broadened +-15%. They are at 2%
spectral damping which is considered appropriate for the crane analysis and is consistent with
Kewaunee Station’s licensing basis. The development of these spectra meets the guidance
provided in Reference 5.

The E-W spectrum is obtained from reference 4 which used dynamic time-history analysis (four
cases) with an updated model of the Aux. Building obtained from Reference 3. Reference 4
also peak- broadened the vertical response spectrum, which was obtained from reference 1.
Additionally, in the N-S direction, the un-broadened spectrum was obtained from Reference 2
for two cases: crane at mid-span and crane at any location. These two cases were peak- .
broadened +- 15% in Reference 4 again and were enveloped. The resulting N-S spectrum is
provided in Attachment 2. It is noted that the peak broadening may be slightly conservative and
may over-predict responses in the low frequency range for some of the orientations. If needed,
the users may, at their discretion, refine the response spectrum broadening in the low frequency
range provided the guidance of NRC RG 1.122 is met.

Conclusion

The peak-broadened ARS curves and digitized data for seismic analysis of the Kewaunee Aux.
Building Crane are transmitted via this ET in Attachment 2.

Precautions and Limitations

None.

Recommendations

None.

Required Actions

None.
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ET CEM-08-0004, Revision 0
Attachment 1, Page 1 of 1

David C

Lohman/Generation/4/Dom

03/12/2008 08:21 AM

To Divakar Bhargava/Generation/6/Dom@VANCPOWER, John

Maccrimmon/Generation/6/Dom@VANCPOWER

CcC

bce

Subject Crane Seismic Evaluation

History: This message has been replied to.

John and Divakar, the requisition for ACECO to do the seismic analysvs has been approved and they are
starting work. Are we still on track to provide them the Response Spectra by 3/247? John, the PO will list

you as the technical contact for this activity and me the station point of contact
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Acceleration (g)

KEWAUNEE POWER STATION
AUX BUILDING CRANE RAIL ELEVATION
EAST-WEST DIRECTION

# EW-UnBroad-2%-DBE

- EW DBE 2Avg Broad

+ Max Envelope

100

Frequency (Hz}

EW-UNBROAD-2%-DBE AUX BUILDING - CRANE ELEV- 679-11" EAST-WEST UNBROADENED 2% EQUIPMENT DAMPING KEWAUNEE POWER STATION
EW_DBE_2AVG BROAD AUX BUILDING - CRANE ELEV 673-11" EAST~WEST BROADENED 2% EQUIPMENT DAMPING KEWAUNEE POWER STATION

s P, 3
Page l o

A

'8

1 JO L-€ 98ed -  Judwyoeny
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ET-CEM-08-0804, Revision { Attachment 2

KEWAUNEE POWER STATION
AUX BUILDING CRANE RAIL ELEVATION
NORTH~SOUTH DIRECTION

» NS DBE MID BROAD

- NS DBE OTHER BROAD
+ NS-MID-UnBroad-2%-DB
L ¥ NS-OTHER-UnBroad-2%-

- Max Envelope

Acceleration (g)

100

Frequency (Hz)

NS_DBE_MTID BROAD AUX BUILDING CRANE ELEV 679'-11" (CRANE AT MID SPAN) MNORTH-SOUTH BROADENED 2% EQUIPMENT DAMPING
NS_DBE_OTHER_BROAD AUX BUILDING - CRANE ELEV 679'-11" (CRANE AT OTHER LOC) NORTH-SOUTH BROADENED 2% EQUIPMENT DAMPING
NS~MID-UNBROAD-2%-DB AUX BUILDING - CRANE ELEV 673'-11" (CRANE AT MID SPAN) NORTH-SOUTH UNBROADENED 2% EQUIPMENT DAMPING
NS-OTHER-UNBROAD-2%~ AUX BUILDING - CRANE ELEV 679'~11" (CRANE AT OTHER LOC) NORTH-SOUTH UNBROADENED 2% EQUIPMENT DAMPING

0¥ 100-D-76S9881 deD) Sunnsuo) SV
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ET-CEM-08-0004, Revision 0 Attachment 2

Acceleration (g)

KEWAUNEE POWER STATION
AUX BUILDING CRANE RAIL ELEVATION
VERTICAL DIRECTION '

» VERT-UnBroad-2%-DBE
- vert 2% DBE Broaden

- Max Envelope

Frequency (Hz)

VERT-UNBROAD-2%-DBE AUX BUILDING ~ CRANE ELEV 679~11" VERTICAL UNBROADENED 2% EQUIPMENT DAMPING KEWAUNEE POWER STATION
VERT_2%_DBE_BROADEN AUX BUILDING - CRANE ELEV 679-11" VERTICAL BROADENED 2% EQUIPMENT DAMPING KEWAUNEE POWER STATION

$1 JO 6-g 256 - g wawyoeny

0¥ 100-D-76S988]1 d1eD) Sunnsuo) SV



ET-CEM-08-0004, Revision 0 - Attachment 2

Structure: KPS Aux Building - Crane Elevation 679-11"
EQ Type: Design Basis Earthquake
Damping: 2% Equipment Damping

Direction: -V

oo Vertical
ROADENED. .

eq(H2) ] Ereq (H2) [ Accet().
0.170 0.500 0.082
0.340 0.045 0.506 0.084
0510 | 0.103 0.513 | 0.085
0.680 0.205 0.519 0.087
0.850 0.344 0.526 0.089
1,020 | 0.507 0533 | 0090

0.541 0.093
0.556 0.094

1.180 1.003
1.360 2.439

1.530 3.513 0.563 0.085
1.700 3.513 0.571 0.097
1.767 3.513 0.580 0.089
1.870 4.650 0.588 0.102
2.070 4.650 0.597 0.104
2.300 4.650 0.606 0.106
2.530 4.650 0.615 0.107

0.625 0.110
0.635 0.113

2.760 4.155
2.990 1.995

3.220 1.385 0.656 0.116
3.450 1.073 0.667 0.118
3.680 0.934 0.678 0.121
3.810 0.833 0.690 0.123

0.702 0.125
0.714 0.127
0.727 0.128
0.741 0.132

4.140 0.778
4.370 0.732
4.600 0.697
4.760 0.680

4.830 0.673 0.755 0.134
4.930 0.664 0.769 0.136
5.060 0.652 0.784 0.138
5.100 0.649 0.800 0.141
5.270 0.640 0.816 0.143
5.290 0.639 0.833 0.144

5.440 0.628
5.520 0.623
5.610 0.618
5.739 0.612

0.851 0.146
0.870 0.150
0.889 0.153
0.909 0.156

5.750 0.613 0.930 0.160
- 5.780 0.617 0.952 0.163
5.885 0.667 0.976 0.167
5.950 0.697 1.000 0.170
5.980 0.697 1.026 0.173
6.210 0.697 1.063 +| 0.178
6.275 0.697 1.081 0.185

6.440 0.697 1.111 0.194

0¥ T00-D-T6S98K]T o1e)) Sunnsuo) SV
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ET-CEM-08-0004, Revision

Structure:
EQ Type:
Damping:
- Direction:

KPS Aux Building - Crane Elevation 679™-11"
Design Basis Earthquake

Attachment ‘2

Page 5 of §

R
req{Hz) | Acceli{g)
10.750 1.112
11.000 1.111
11.250 1.110
11.500 1.108
11.750 1.106
12.000 1.106
12.250 1.106
12.750 1.103
13.250 1.100
13.500 1.100
13.750 1.098
14.000 1.098
14.250 1.097
14.500 1.096
14.750 1.096
15.000 1.096
15.250 1.094
156.750 1.094
16.000 1.093
16.250 1.092
16.750 1.092
17.000 1.092
17.250 1.090
18.000 1.090
18.500 1.088
19.750 1.088
20.000 1.087
20.250 1.086
21.750 1.086
22.250 1.084
25.250 1.084
25.500 1.083
25.750 1.082
30.250 1.082
30.500 1.082
30.750 1.080
40.000 1.080

- Envélop of 2 Conditions:

Crane at Mid-Span
Any Other Location

&Cranaat

R Vértical
| BROADENED
Freq-(Hz) | Accel (g)
1143 | 0.205
1176 | 0222
1212 | 0239
1250 | 0.264
1290 | 0.296
1333 | 0335
1.379_ | 0.380
1429 | 0432
1.481 0.483
1,538 | 0543
1600 | 0617
1.667 | 0.688
1739 | 0739
1818 | 0750
1.905 | 0.750
2.000_] 0.750
2.049 | 0750
2105 | 0750
2180 | 0.750
2.222 | 0.750
2.353 | 0.750
2.500 | 0.731
2667 | 0640
2.857 | 0.548
3.077 | 0467
3333 | 0.390
3.638 | 0.333
4.000 | 0.275
4.444 | 0.274
5.000 | 0.186
5714 | 0.161
6.667 | 0.139
8000 | 0.124
10.000 | 0.113
13.333 | 0.106
20.000 | 0.104
40.000 |- 0.104

13O 11-g 93ed - g JUSWYOENY
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ET-CEM-08-0004, Revision 0

Structure:
EQ Type:
Damping:
Direction:

KPS Aux Building - Crane Elevation 679'-11" -
Design Basis Earthquake

Attachment 2

X o oven 5 nnd
Page & ol

North-South

12,650 0.520
13,110 0.520
13.340 0.519
13,430 0.519
13,570 0.518
13.600 0.518
13,770 0.517
13,800 0.517
13,040 0.516
14.004 0.516
14,030 0.516
14.110 0.518
14.260 0.516
14,280 0.516
14.431 0.516
14.450 0.516
14.620 0.517
14.720 0.517
14,950 0.517
15.130 0.517
15,180 0.517
15,300 0.517
16.410 0.517
15.640 0.517
15.870 0.517
16.100 0.517
17.020 0.517
17.250 0.517 -
17,340 0.517
17,480 0.5617
17.510 0.517
17.680 0.517
17,710 0.517

- 17.850 0.517
17,940 0.517
18.020 0.517
18,170 0517
19.780 0.517
20.010 0.515
20.240 0.510
20.449 0.508
20.470 0.508
20.700

0.508

‘Vertical

BROADENED .

Freq {Hz) | Accel {g)

&

€

1 30 T1-d 93¢ - g Juswyoeny
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ET-CEM-08-0004, Revision 0 , Attachment 2 Page 7 of 8

Structure: KPS Aux Building - Crane Elevation 679-11"
EQType: Design Basis Earthquake

Damping: 2% Equipment Damping
Direction: W

s ‘Vertical
DENED. . ¢
Aceel {g)

| BRO;
Freq (H

21.160 0.506

21.390 0.505
21.620 0.505
21.850 0.504
22,080 0.504
22.310 0.504
22.540 0.504
22.770 0.504
23.000 0.504
23.230 0.504
23.460 0.504
24.380 0.504
24.610 0.504
24.840 0.504~
25.070 | . 0.504
25.300 0.504
25.530 0.504
25.760 0.503
25.990 0.503
26.220 0.503
26.450 0.503
26.680 0.503
26.910 0.503
27.140 0.503
27.370 0.503
27.600 0.803
27.830 0.503
28.060 0.503
28.200 0.503 -
28.520 0.603
28.750 0.503
28.980 0.503
29.210 0.503
29.440 0.503
29.670 0.503
29.900 0.502
30.130 0.502
- 30.360 0.502
. 30.590 0.502
30.820 0.502
31.050 0.502
31.280° | " 0.502

0¥ 100-D-76S988]1 deD) Sunnsuo) SqV
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ET-CEM-08-0004, Revision § o _ Atfachmen% 2 : - Page B of 8

Structure: KPS Aux Butlding - Crane Elevation 679'-11"
EQ Type: Desngn Basis Earthquake

Dampirg:
Direction:

North-South - Vertical

BROADENED
Freq:(Hz) [ Accel (g)

"BROADENED *
Freq (Hz) [ Accel (g):

34.270 0.502
34.500 0.502
34.730 0.502
34.960 0.502
35.180 0.502
35.420 0.502
35.650 0.502
35.880 0.502
36,110 9.502
36.340 0.502

m «e ~
e

36.570 0.502
36.800 0.502

37.030 0.501

37.260 0.501

37.490 0.501

37.720 0.501

37.950 0.501 : )

38.180 0.501 . . , : ]
38.410 0.501 | ' . .
38.640 0.501

38.870 0.501

39.100 0.501
39.330 0.501

39.560 0-501
-39.790 0.501
40.000 0.501

0¥ 100-D-76S98]1 ofe) unmsuo) SV -
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| i} Attachment C
<2 ABS Consulting |

Rev 1  Sheet No. c1
Job No. 1886592 Job ACECO - Kewaunee Aux Bldg Bridge Crane By M.C.Ozbey Date 5/22/08
Calc. No. 1886592-C-001 Subj Generation of Artificial Seismic Time Histories Checked W.Sawruk Date 5/23/08

Plots of Generated
Time Histories & Response Spectra
and

Tabulation of Generated ARS Data

This attachment contains plots of the fifteen generated acceleration time histories.
Digitized data for these curves are provided in ASCII text format files included on the
enclosed CD. All acceleration values are in units of ‘g’. All curves are digitized at 0.01
seconds interval for 2000 time steps with the first value starting at t = 0 second.

Also, included in this attachment are plots of the associated velocity and displacerﬁent
time histories as well as the associated 2% damped acceleration and displacement
response spectra. Note that all the plots shown in this attachment are “For Information

* Only” since they were developed and plotted using non-QA software (See Section 3.1
for discussion).

Spectral values are calculated at 240 frequencies equally spaced logarithmically
between 0.1Hz and 40 Hz. These frequency values are listed on sheet C2. Also listed
immediately following the spectral frequencies are tabulations of the averaged
acceleration response spectra (ARS) for each of the three directional components (EW,
NS and vertical). These averaged spectral accelerations, together with the spectral
frequencies comprise the data used to generate the ARS provided in Figure 4.3, Figure
4.4 and Figure 4.5 located in Section 4.4.
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i ABS Consulting

Rev 1 SheetNo. C2
Job No. * 1886592 Job ACECO - Kewaunee Aux Bldg Bridge Crane By - ' M.C.Ozbey Date 5/22/08 _

Calc. No. 1886592-C-001 Subj Generation of Artificial Seismic Time Histories Checked W.Sawruk Date 5/23/08

List of Spectral Frequency values (in Hz) used for calculating all response

spectra. _ '

0.1 0.1025 0.1051 0.1078 0.1105
0.1134 0.1162 0.1192 0.1222 ° 0.1253
0.1285 0.1318 0.1351 . 0.1385 0.142
0.1456 0.1493 0.1531" 0.157 0.161
0.1651" 0.1693 0.1736 - 0.178 0.1825
0.1871 0.1919 0.1968 0.2018 0.2069
0.2121 . 0.2175 0.223 0.2287 0.2345
0.2405 0.2466 0.2528 0.2592 0.2658"
0.2726 0.2795 0.2866 0.2939 0.3013

. 0.309 0.3168 0.3249 0.3331 0.3416
0.3502 0.3591 0.3682 0.3776 0.3872
©0.397 0.4071 0.4174 0.428 0.4389
0.45 0.4614 0.4732 0.4852 0.4975
0.5101 0.5231 0.5363 0.55 0.5639
0.5782 0.5929 0.608 0.6234 0.6392
0.6555 0.6721 0.6892 0.7067 0.7246
0.743 0.7619 0.7812 0.801 0.8214
0.8422 0.8636 0.8855 0.908 - 0.931
0.9547 0.9789 1.0038 1.0292 1.0554
1.0822 1.1096 1.1378 1.1667 1.1963
1.2267 1.2578 1.2897 1.3225 1.3561
1.3905 1.4258 1.462 1.4991 1.5371
1.5762 1.6162 1.6572 1.6993 1.7424
1.7866 ° 1.832 1.8785 1.9262 1.9751
2.0252 2.0766 2.1294 2.1834 2.2388
2.2957. 2.354 2.4137 2.475 2.5378
2.6022 2.6683 2.736 2.8055 2.8767
2.9497 3.0246 3.1014 3.1801 3.2609
3.3436 3.4285 3.5156 3.6048 3.6963
3.7901 3.8864 3.985 4.0862 4.1899
4.2963 4.4053 4.5172 4.6318 4.7494
4.87 4.9936 5.1204 5.2504 -5.3837
5.5203 5.6605 5.8042 5.9515 6.1026 -
6.2575 - 6.4164 6.5792 6.7463 6.9175
7.0931 7.2732 7.4578 7.6471 7.8413
8.0403 8.2444 8.4537 - 8.6683 8.8884
9.114 9.3454 9.5826 9.8259 10.075
10.331 10.593 10.862 11.138 11.421
11.711 12.008 12.313 12.625 12.946
13.275 13.611 13.957 14.311° 14.675
15.047 15.429 15.821 16.223 - 16.634
17.057 17.49 17.934 18.389 18.856
19.334 - 19.825 20.328 20.845 ©  .21.374 .
21.916 22.473 23.043 23.628 . 24.228 "
24.843 25.474 26.12 26.783 27.463
28.16 28.875 29.608 30.36 31.131
31.921 . 32.731 33.562 34.414 35.288

I
o

36.184 37.102 38.044 39.01




Calc. No. 1886592-C-001 Subj Generation of ArtiﬁdialA.Seismic Time Histories

1886592

Job ACECO - Kewaunee Aux Bldg Bridge Crane

ABS Consulting

Job No.

Rev

By

Attachment C

1 Sheet No. C3

M.C.Ozbey Date 5/22/08

Checked W.Sawruk Date 5/23/08

EW Averaged ARS:

OO INJIJJORRFRPORBRRMWOWWNRPOASRNNNRRPPR,IOORWOBWNDRERLOIO

.508060E-03
.123240E-03
.371420E-03
.306448E-02
.785080E-02
.433500E-02
.026660E-02
.797220E-02
.979060E-02
.169180E-02
.299620E-02
.937520E-02
.524740E~-02
.104814E-01
.155420E-01
.808660E-01
.195760E-01
.537700E-01
.541840E-01
.012220E-01
.167680E+00
.532560E+00
.500820E+00
.824980E+00
.383520E+00
.679420E+00
.459180E+00
.299300E+00
.328200E+00
.026460E+00
.429620E-01
.675620E-01
.050920E-01
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.500340E-02
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.984120E-01
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.239340E-01
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.428800E-01
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.0841408-02
.550640E-02
.277020E-02
.291600E-02
.155900E-02
.345040E-02
.429220E-02
.451280E-02
.504740E-02
.179928E-01
.203180B-01
.257960E-01
.122480E-01
.256220E-01
.290440E-01
.037320E-01
.846180E+00
.959160E+00
.411840E+00
.659480F+00
.663700E+00
.219540E+00
.181980E+00
.599940E+00
.148794E+00
.108540E-01
.308200E-01
.365980E-01
.925580E-01
.275320E-01
.204160E-01
.828460E-01
.465100E-01
.487880E-01
.417560E-01
.354740E-01
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.179480E+00
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.396160E-01
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.333740E-01
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.309200E-01
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.048440E+00
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.801880E-01
.276620E-01
.476000E-01
.243240E-01
.279340E-01
.662620E-01
.489280E-01
.483340E-01
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.457340E-03
.310100E-02
.794460E-02
.449140E-02
.428660E-02
.364040E-02
.173620E-02
.541180E-02
.558600E-02
.926220E-02
.167760E-01
.536240E-01
.829920E-01
.093600E-01
.470160E-01
.046080E-01
.385860E-01
.851740E-01
.618500E+00
.477040E+00
.731240E+00
.390600E+00
.610520E+00
.486380E+00
.741140E+00
.720980E+00
.323320E+00
.814980E+00
.950620E+00
.710080E+00
.560540E+00
.546120E+00
.447140E+00
.489780E+00
.435320E+00
.420560E+00
.401940E+00
.392000E+00
.392600E+00
.390720E+00
.394260E+00
.375060E+00
.364000E+00
.406060E+00
.343380E+00
.336420E+00
.331340E+00
.329020E+00
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.008580E-02
.398320E-02
.905600E-02
.625260E-02
.592420E-02
.583760E-02
.231580E-02
.616000E-02
.915120E-02
.599800E-02
.207860E-01
.618340E-01
.899440E-01
.383180E-01
.765100E-01
.016460E-01
.931860E-01
.392540E-01
.807260E+00
.904460E+00
.289100E+00
.593180E+00
.399640E+00
.163580E+00
.013200E+00
.592560E+00
.003400E+00
.416300E+00
.913620E+00
.676640E+00
.602360E+00
.509080E+00
.458480E+00
.485400E+00
.444800E+00
.391140E+00
.429160E+00
.378300E+00
.380920E+00
.383320E+00
.394900E+00
.369540E+00
.378740E+00
.403820E+00
.341800E+00
.334180E+00
.331640E+00
.329620E+00
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.076194E-02
.491100E-02
.020320E-02
.802320E-02
.842000E-02
.819220E-02
.371140E-02
.737760E-02
.342100E-02
.008554E-01
.207070E-01
.656920E-01
.926680E-01
.701860E-01
.125060E-01
.058480E-01
.596720E-01
.055264E+00
.080140E+00

.525360E+00
.421100E+00
.628400E+00
.495380E+00
.129160E+00
.337300E+00
.627740E+00
.830420E+00
.224180E+00
.798500E+00
.635300E+00
.528060E+00
.525620E+00
.428600E+00
.496700E+00
.456980E+00
.401040E+00
.420800E+00
.385160E+00
.375160E+00
.383100E+00
.387880E+00
.362600E+00
.389180E+00
.391480E+00
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.333240E+00
.331060E+00
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.148928E-02
.587740E-02
.137900E-02
.001840E-02
.025780E-02
.998480E-02
.491320E-02
.945160E-02
.907360E-02
.034024E-01
.317134E-01
.683700E-01
.967240E-01
.956240E-01
.655980E-01
.996000E-01
.536300E-01
.210780E+00
.516680E+00
.220320E+00
.496580E+00
.477480E+00
.436800E+00
.152940E+00
.732000E+00
.671160E+00
.505240E+00
.054140E+00
.803760E+00
.677400E+00
.535120E+00
.454160E+00
.422740E+00
.494660E+00
.434280E+00
.396060E+00
.404280E+00
.389920E+00
.377260E+00
.392180E+00
.384260E+00
.347220E+00
.396300E+00
.371060E+00
.335980E+00
.333320E+00
.329720E+00
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.432440E-01
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.430220E+00
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.641740E+00
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.427420E+00
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.904800E-03
.500100E-03
.146740E-02
.446180E-02
.518336E-02
.751818E-02
.415360E-02
.107160E-02
.624000E-02
.560300E-02
.877260E-02
.555860E-02
.936580E-02
.681000E-02
.648080E-02
.531680E-02
.241460E-01
.429480E-01
.624220E-01
.814480E-01
.516780E-01
.871160E-01
.936580E-01
.770540E-01
.425320E-01
.151580E-01
.770940E-01
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.815480E-01
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.706060E-02
.062400E-02
.844320E-02
.125840E-02
.748200E-02
.253060E-01
.466620E-01
.673000E-01
.948920E-01
.684720E-01
.243580E-01
.357380E-01
.326480E-01
.417820E-01
.380620E-01
.280980E-01
.791440E-01
.420580E-01
.796440E-01
.264680E-01
.819580E-01
.612200E-01
.743720E-01
.838560E-01
.379720E-01
.460940E-01
.310940E-01
.321880E-01
.282500E-01
.279040E-01
.272220E-01
.267920E-01
.265180E-01
.262660E-01
.261200E-01
.260180E-01
.259320E-01
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.951460E-03
.718640E-03
.266600E-02
.516084E-02
.538970E-02
.989940E-02
.660840E-02
.306380E-02
.663820E-02
.739640E-02
.352480E-02
.676880E-02
.408980E-02
.104980E-02
.993640E-02
.048430E-01
.270260E-01
.487300E-01
.697960E-01
.041540E-01
.925180E-01
.569120E-01
.784360E-01
.363000E-01
.132680E-01
.404520E-01
.586920E-01
.422540E-01
.299500E-01
.685000E-01
.194680E~01
.874580E-01
.648280E-01
.497440E-01
.718860E-01
.481200E-01
.403960E-01
.324900E-01
.310540E-01
.277420E-01
.275900E-01
.271240E-01
.266440E-01
.264240E-01
.262360E-01
.260980E-01
.260020E-01
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RPRRRRPRRPPRPRRPPRPRPONWOUNNNNOWNRREP RO NUTWWWNNRR R P

.468120E-03
.035116E-02
.327840E-02
.522934E-02
.590662E-02
.149760E-02
.848220E-02
.395100E-02
.656260E-02
.936860E-02
.391300E-02
.489480E-02
.955640E-02
.441360E-02
.359040E-02
.129280E-01
.329220E-01
.529580E-01
.765240E-01
.098400E-01
.225920E-01
.023180E-01
.069940E-01
.271120E-01
.644520E-01
.205380E-01
.357000E-01
.947400E-01
.272000E-01
.761680E-01
.136960E-01
.929700E-01
.763760E-01
.417440E-01
.524520E-01
.496700E-01
.307980E-01
.331900E-01
.288320E-01
.281780E-01
.272580E-01
.268000E-01
.265180E-01
.264180E-01
.262000E-01
.260860E-01
.259820E-01
.259040E-01
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.961700E-03
.095282E-02
.392500E-02
.518764E-02
.658206E-02
.298560E-02
.995120E-02
.527060E-02
.626600E-02
.430080E-02
.305240E-02
.222360E-02
.386460E-02
.505260E-02
.509020E-02
.181280E-01
.367480E-01
.592500E-01
.760900E-01
.328580E-01
.561920E-01
.378960E-01
.329180E-01
.340080E-01
.267740E-01
.154360E-01
.403020E-01
.959400E-01
.198280E-01
.667700E-01
.054940E-01
.791460E-01
.794900E-01
.608860E-01
.346420E-01
.438240E-01
.282120E-01
.327400E-01
.277400E-01
.281060E-01
.273300E-01
.267540E-01
.265920E-01
.263780E-01
.261740E-01
.260640E-01
.259660E-01
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ACECO/Kewsunee Aux Bldg Bridge Crane
Artificial Seismic Time History Generation
Dita Set 1 - Record KAK000 EW (For Inforiation Only).

Final Generated Time History — Data Set 1 EW Direction -
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Final Generated Time History — Data Set 1 NS Direction

ACECO/Kewaunee Aux Bldg Bridge Crane
Artificial Seismic Time History Generation
Data Set 1 -’ Récord HCH001 NS (For Information Only)
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ATTACHMENT D

Plots of Seed Time Histories

This attachment contains plots of the fifteen seed acceleration time histories obtained
from (http://peer.berkeley.edu/smcat). The associated velocity and displacement time
histories are calculated using DPLOT without any corrections being applied. Note that
all the plots shown in this attachment are “For Information Only” since they were plotted
using non-QA software (See Section 3.1 for discussion).
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Seed Time History Data Set #2 — EW Direction

ACEﬂC'Q'/K'e,Awa_I_mcg Auvall'qlngri,(_lge'(frane
Seed Earthqnake Time History Generation
Record SBA-042 (For Information Only).

0.1
. : ] ) . | -Acceleration (g9) | . .

é %% .
i 8 LEEL
. 8 - i > B .
g " g MM ALahe At ford
g Gl N R ey
[ R g . : .
Tlg' ‘0‘:02 ! 1
< ! i

0 5 100 15 20 25 30 35 40 45 50 55 60 65 70 - 75 80

Tifwe (seconds)

ACECO/Kewaunce Aux Bldg Bridge Crane
Seed Earthquake Time History Generation
"Record SBA-042 (For Information Only)

Velocity (infsec)

Velocity (in/set)

0 5 10 15 20 .25 .30 35 400 45! 50 55 60 ‘65 70 75 80,
Time (seconds).

ACECO/Kewaunee Anx Bldg Bridge Crane
Seed EarthquakeTime History Generation
Record SBA-042 (For Information Only)

1 1 Disglacement (i)
T 06 |t e b
~,-E,\ :
& P
& -
2 | 1 I
A 0.6
-i

0 5 10 15 200 25 30 35 40 45 50 55 60 657 70 75 80
-Ti;i\e (gecunqi)




<ZABS Consulting

Rev
Job No. 1886592 Job ACECO - Kewaunee Aux Bldg Bridge Crane By
Calc. No. 1886592-C-001 Subj Generation of Artificial Seismic Time Histories Checked

Attachment D
1  Sheet No. D6
M.C.Ozbey Date 5/22/08

W.Sawruk Dat_e 5/23/08

Seed Time History Data Set #2 — NS Direction

ACECO/Kewaunee Aux Bldg Bridge Crane
Seed Earthquake Time History 'Generaﬁm}
Record HCH271 (For Information Only)-

.0.08

Acce'ltel('g\.t'inn‘'(_g'':s)E

Atceleration (gs) |

:0.08

Velocity (inlsec)

D'igplacmne;lt_'(inq}lesf

3 6 .9 ‘-12_‘ 15 18 21 24 . 27
Tiine (seconds)

ACECO/Kewaunee Aux Bldg Bridge Crane
‘Seed Earthiquake Time History Generation
"Record HCH271 (For Information Only)

30

Velogity (in/sec)

3 6% 9 12 15! 18 21 -24, 27
Time (seconds)’

ACECO/Kewaunce: Aux Bldg Bridge Crane
‘Seed EarthquakeTime History Generation
Record HCH271 (For Information Oiily)

30.

Displacement (in)»l

A

LN o Mo

W
\,\\ RV R,

3 6 9, 12 15 18 21, 24 27
'T:'il_ne (se'corgd:s')

30
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Seed Time History Data Set #2 — Vert Direction

ACECO/Ixewalmec Anx Bldg Bmlge Cr ane
Seed Emﬂ\qgake I“une History Generation
Record TAF-UP (For Information.Only)

0075“ . E . — Acceleration (g's)
3 o) 2] R folid i
g L e
e-N 1 Tt
g 0025 b et | Hhaed
T 2 : : N
< I
201075 |-
-0.125 e ,
‘0 5 10 15 200 25 30 35 .40 45 50° 35
Tune (semmls)
ACECO!Kewaunee Aux Bldg Bndge Cr ane
. Seed Earthquake. Time Hjstmy Generation.
Record TAF-UP (For Informatior Only) ’
25 I . | - Weldcity (in/sec)
I I l | ] 1 v T S .
H (1 NN | T 5 R S| I
& 05 i
= -05 '
> B N 1y i1 D (] o | R, S v
3 i
=25 -
o 5. 15 20 25 30 35 40 .45 50 55
' .Time.(seconds)
ACECO/Kewamnee Aux Bldg Bridge Crane
Seed EarthquakeTime }ﬁstnry Generation .
Record TAF-UP. (For Information Only) -
5 .
=
=5
&
=
.EZ
5.
&
B
A
Djsp_lacement(in)l
0 5 .10 15 20 25 30 35, A0 45 50 55

) Iﬁhe ((setund§')
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Seed Time History Data Set #3 — EW Direction’

ACECO/Kewaunee Aux Bldg Bridge Crane
Seed Earthquake Time History Generation
Recoid:SHLOOD (For Information Only)

025
- Atceleration (gs)
015
3: g g
= 005 vl o gk b4
g % " ;
8 . gy
e .
8 5
13 '005 i - A : r i
< . i 1 I"
015 :
025 :
0 5 10 15 20 .25 30 35 .40
Time (seconds)
ACECO/Kewaunee Aux Bldg Bridge:Crane
Seed Eartliquake Time History. Generation
“Record SHLOOO; (For Informatioi Ouly)
; V.eblbufityn(ip/_sec)]i
2
g 1 ‘
& )
R
= -1
2
l_'3_; !
0 5 10 15 20 25 30 .35 40
Time (seconds);
ACECO/Kewaunee Aux Bldg Bridge Crane
Seed EarthquakeTime }'ﬁstory:G eneration
‘Recard SHLOOO (For Infoymation Only)
1
-Displacement (i)
08
g
E 0.6
E 04
§ i
,2
&
A
0.2
0 5 10 15 20 25 30 35 .40

"Time (seconds)

* Note: The seed acceleration data obtained from the referenced site did not include the required
signal correction for this time history and thus the displacement time history is not base line corrected.
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Seed Time History Data Set #3 — NS Direction

ACECO/Kewaunee Aux Bldg Bridge Crane
Seed Earthquake Time History Generation
‘Record TAF021 (For Information,Only)

015
| Acceleration (g's)
0:1 i
& 005 il i : -
o, 1 ¥ . R B
=. J N N ' ‘- o
g2’ P P L
& 005 |-—HIHl HiH
g
< -0.1 {
2015
0zb—
0 5010 15 20 25 30 35 “40 45 - 50 55,
Txme (seconds)
ACECO/Kewaunee Aux Blig Bridge Crane
Seed Earthquake Time History. Generation
Record TAF021 (For Information Only)
6 - -
| | Velgcity (in/sec)
41 |
N | |
&
s .
3
!
i
6 ; .
0 5 210” ‘15 20 25 30. 35 40 45! 50° 55’
Time (seconds).
ACECO/Kewaunee Aux Bldg Bridge:Crane
-Seed Earthquake Time History Generation
Recorid TAF021 (For Information Only)
“—— Displacemesit () I A |
7 [\\
- [ -
=y : ! .
£ \’\ : AN\
2. | .
g : VM\ / / \/ \ /~
A/ ERENY
B
9 1
0 5 107 15 20 25 30 35 ) 40 45 50 55"

. Time (seconds)
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Seed Time History Data Set #3 — Vert Direction

ACECO/Kewaunee Aux Bldg Bridge Crane
Seed Earthquake. Time History Generation
Record SKR-UP (For Information Only)-

0.0125
' Py . I Acceleration (gs)
0.0075 i -t i
2 00025 - by
500
g N
B 0:0025 B
g . :
> | ]
-0.0075 RS |
.'.
-0.0125. » — .
0 5 10 a5 20 25 30 35 40 45 S0 55 €0
“Tife (seconds) :
ACECO/Kewaunee Aux Bldg Bridge Crane
Seed Earthquake Time History Generation
Record SKR-UP (For Infoimation Only)
_/, -
0o t Veloiity Gnfses)
T 03
5 \
£ 03 Lt
-] .
g
g ¥
09 U
15 ‘

0 5 10 15 20 25 30 35 40 45 50 55 60
Time (seconds)

ACECO/Kewauneé Aux Blngl‘l(lge Crane
Seed EarthquakeTime History Generation.
Record SKR-UP (For Information Only)

Displacement (in)

Displacemert (inches)
o
h
I

Ty '\\ [N e

0 5 1 15 20 25, 30 35 40 45 50 55 60
Time (seconds)
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Seed Time History Data Set #4 — EW Direction

ACECO/Kewaunee Aux Bldg Bridge Crane
Seed Earthqnake Time History Generation

0.08
Atceleration(g's).

w004 | o I - .,
"‘3: - il R filR | . £ :
= . . A
g0 L LI TRRIIS ,,;wcﬂv V’A'JM?;\
£ s PN LA AL A

0.04 | iy l

<0.08

0 3 6 % 12 15 18 21 24 27 30

Timme {seconds)

ACECO/Kewamnee Aux Bldg Bridge Crane-
Seed Eartliquake Time History Generation
‘Record HCH2 71 (For Information Only)

2

&

[*3

S

b

S

0 3 6 9 12 15 18 21 24 27 30
: Time (seconds).
ACECO/Kewaunee Aux Bldg Bridge Crane
Seeﬂ'EmﬂlquakeTﬁne‘}ﬁstoryv Generation
Record HCH271 (For Information Only)-
i5 . ‘
]._Displacoemém‘(m) l

1 e
E 05 -

E

g

&

I

A 4

150 '
0 3 6 9 12 15 18 21 24 27 30

Time: (secbnds)

-
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Seed Time History Data Set #4 — NS Direction

A"CE:CO/Km_{auncvey Aux Bldg Bridge' Crane
Seed Earthqnake Time History Generation
'Regord A-STP093 (For Information Only)

0.06
Atceleration ()
0.04
:'é
g
8
®.
&
[
w
=t .
0.4 :
0 ) 5. 10 157 20° 25 ‘30 35
Time (‘sec‘n‘ntl(s)
ACECO/Kewaunee Anx Bldg Bridge Crane
Seed Eartlignake Time History.Generation
Record'A-STP093 (For Information Only).
3¢
) ) Velocity (in/sec) I
2 : '
B I
L=
2
”ﬂl
-
2
3k . -
0 5 10; 15 20 25 30 35
Time (seconds);
ACECO/Kewaunee: Aux Bldg Bridge Crane
‘Seed Eaxﬂlquakel‘ime‘ﬁistory_ Generation
‘Record A-STP093 (For Information Oiily)
0.6

V7
v

Di;p lacement :(inc;‘tles):
S
w

-0.8
"Displacement (in)
1.2 o

0 5, 10 15 20¢ 25; 30. 35

Time (seconds)
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Seed Time History Data Set #4 — Vert Direction

ACECO/Kewaunee Aux Bldg Brigge Crane
Seed Earthquake Time History Generation
Record SIL-UP (For Information Orily)

0.04
’ " Afceleration (g's)
= 002 O TR KRN —
e .
8, : " 3
_E.
T N i
- . )
00z PR i
i i
004 |
v 5 10 15 200 25 30 35 40 -45 ~50. 55,
Time (seconds)
ACECO/Kewaunee Aux Bldg Bridge Crane
Seed Earthquake Time History Generation-
‘Récord SIL-UP. (For Information Only)
15 - 7 ‘
’ Velocity (if/sec) l
. i Ve |
1 .
T .05
:E‘v 0 .......
N :
&
= -0.5 l
-1
qsl—
0 5 10 15 200 25 30 .35 40 45 '50. 55

_Time (sefon(is)

ACECO/Kewaunee Aux Bldg Bridge Crane
Seed EarthquakeTime History Generation
‘Record SIL-UP. (For Information Only)

A W A /\“/\ N \ i
AP A 0 NI VIR
_Z: Vmsplacememt (m)J V M i .........

o 5 1 15 20 25 30 35 400 45 50 55
Time (seconds)
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Seed Time History Data Set #5 — EW Direction”

ACECO/Kewaunee Aux Bldg Bridge ,'Crane,
Seed‘]farth_ql_xake Time History Generation
Recoid SHLO90 (For Information Onily)

0.2
Accelération (g's)

- 01 § e
_’ﬂ
) . | ol
& iy }
_5
g 0 &
g
-E. = . o - Rt Mt S 1 i
8 ! d . J
R | T :

0.2 |

0 5 10 15 20 25 30 35 40
Time (seconds)

ACECO/Kewaunee Aux Bidg Bridge Crane
Seed Earthquake: Time History Generation.
Record SHLO90. (For Information Orily) -

25
Vélocity (in/sec) |
15
- .
Kl
&
_g B ee— L B
dl» :
- | '
-1.5
25
0. S 10 15 20 25 30. 35 49
Timie (seconds)
«ACEC'O/Kew_aunee. Aux Bidg Bridge Crane
Seed EarthquakeTime History Generation.
Record SHLOSO (For Infoimation Only)
2
Displacément (in) i . !
<. 08 g
g
g
B
A
-0.2: -
0 5 10 15 20 25 30 35 40

Tiine (seconds)

* Note: The seed acceleration data obtained from the referenced site did not include the required
signal correction for this time history and thus the displacement time history is not base line corrected.




Attachment D

*ABS Consulting

Rev 1 Sheet No. D15
Job No. 1886592 Job ACECO - Kewaunee Aux Bldg Bridge Crane By M.C.Ozbey Date 5/22/08
Calc. No. 1886592-C-001 Subj Generation of Artificial Seismic Time Histories Checked W.Sawruk Date 5/23/08

Seed Time History Data Set #5 — NS Direction

ACECO/Kewaunee Aux Bldg Bridge Crane
Seed Earthquake Time History Generation

Record A-PEL090 (For Lifsiwiatiori Oiily)
0.012 Acceleration (g5) |
Jar 0006
§ Jocd 4 i
Sihadl| A S
g Nl . ! 'F i ': i l‘ﬂ
-0:006 é A ?
0,012 -
[0} 5 10 15 20 25 30 L3 40 45 50 55,
Tithie (seconds)
ACECQ?Kew_aunee Aux Bldg Bridge Crane
Seed Earthquake: Time History Generation-
Record A-PEL0S0: (For Information Only).
0.9

“Velosity (i/seq) |

U:6 | \

Velocity (in/sec)

i
1

0 5 10 15 20 25 30" 35 40 .45, 50 55
Time (seconds)
ACECO/Kewaunee Aux Bldg Bridge Crane
Seed EarthquakeTime History Generation
‘Record A-PEL090 (For Information Only)
06 '
: Displacément (ir) |
_ 0
B
502 W
.‘éw o
g
& 02
g
0.4
Y ! .
0 5 10 15 20 25 30 .35 40, 45 ‘50 55

Tiiie (seconds)
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Seed Time History Data Set #5 — Vert Direction

ACECO/Kewaunee Aux Bldg Bridge- Crane
Seed Earthquake Time History Generation
Record A-FEL"UP (For Infoimation Only)

b.604 -

"Acelération (g's) l

0,002 4

-6.002 ‘ : 1 ,l_ ¥

Acceler g{ﬁpnv(g_'_sji

-0.004

0 510 15 200 25 30 35 40 45 S0 55
“Time (seconds)

ACECO/Kewaunee Aux Biig Bridge Crane
Seed Earthquake. Time History Generation-
‘Record A-PEL-UP. (For Information Only)

o6 |
Vélocity (in/sec) | |
b 5
e g
(3 .
£ S Y SN £ | EO :
- O ¥ ‘
1‘5 . 0 Vi J\V A mﬁ/ 1 | (S DY O U N | SUORR § SN N OF ol Y ENES PO - o]
VA
.02 \ LS 1 -
; h'{ V |
04
0 5 10 15 200 25 30 35 40 45 50 55
Tinie: (seconds) ’
ACECO/Kewaunee Aux Blidg Bridge Crane
Seed EarthquakeTime History Generation.
‘Record A-PEL-UP (For Information Only)
06 . 3

Displacément i) | i |

04

\V

0 5 10 15 20 25 30 35 40 45. 50 55

Time (seconds)

Displacement (inches)

'04
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NQP-02 Review Guidelines
Review Checklist
Document Number: 1886592-C-001
Review Scope: Entire Calculation

Review Method: ¢ X Design Reviev™: Alternate Calculation I Test

Criteria : Checker

1 Were the inputs correctly selected and incorporated into design? Yes
Are assumptions necessary to perform the design activity adequately described and

2. reasonable? Where necessary, are the assumptions identified for subsequent re- Yes
verifications when the detailed design activities are completed?

3. Are the appropriate quality and quality assurance requirements specified? Yes

4 "|Are the applicable codes, standards and regulatory requirements including issue and Yes

' addenda properly identified and are their requirements for design met?

5. Have applicable construction and operating experience been considered? Yes

6. Have the design interface requirements been satisfied? Yes

7. Was an appropriate design method used? . Yes

8. Is the output reasonable compared to inputs? Yes

9. Are the specified parts, equipment, and processes suitable for the required application? |N/A

Are the specified materials compatible with each other and the design environmental
10. s ) L N/A
conditions to which the material will be exposed?

11. |Have adequate maintenance features and requirements been specified? N/A

12 Are accessibility and other design provisions adequate for performance of needed

. ; N/A
maintenance and repair?
Has adequate accessibility been provided to perform the in-service inspection expected
13. . ! . N/A
to be required during the plant life?
14 Has the design properly considered radiation exposure to the public and plant N/A
" |personnel? '
Are the acceptance criteria incorporated in the design documents sufficient to allow
15. e . . : . - Yes
verification that design requirements have been satisfactorily accomplished?
16 Have adequate pre-operational and subsequent periodic test requirements been N/A
" |appropriately specified?
17. |Are adequate handling, storage, cleaning and shipping requirements specified? N/A
18. |Are adequate identification requirements specified? N/A
19 Are requirements for record preparation review, approval,. retention, etc., adequately Yes
" |specified?

Checker shall initial indicating review and mark N/A where not applicable

Review Completed by: | Date:  27-May-08

Paul Streeter
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