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References: 1) NMC letter to U.S. NRC, “License Amendment Request for
Contingent Installation of a Temporary Spent Fuel Storage Rack,”
(L-MT-06-013), dated March 7, 2006.

2) NMC letter to U.S. NRC, “Supplement to a License Amendment
Request for Contingent Installation of a Temporary Fuel Storage
Rack in the Spent Fuel Pool (TAC No. MD0302),” (L-MT-06-044),
dated May 30, 2006.

On March 7, 2006, the Nuclear Management Company, LLC (NMC) submitted a license
amendment request for the Monticello Nuclear Generating Plant (MNGP) (Reference 1)
to revise the licensing basis to allow temporary installation of a Programmed and
Remote (PaR) Systems Corporation 8x8 (64 cell) high-density fuel storage rack in the
spent fuel pool (SFP) to maintain full core off-load (FCOL) capability. On May 30, 2006,
the NMC submitted the associated criticality evaluation and supporting analyses
(Reference 2) as a supplement to the license amendment request.

On June 9 and July 6, 2006, the U.S. Nuclear Regulatory Commission (NRC) requested
additional structural information following the Standard Review Plan Section 3.8.4,
Appendix D, format during teleconferences with the NMC. Enclosure 1 provides the
requested PaR fuel storage rack module structural design related information in the
accordance with Appendix D. Enclosure 2 provides copies of several figures and
drawings referred to within Enclosure 1.
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On April 26, 2006, the NRC provided three requests for additional information (RAI)
related to the thermal-hydraulic and criticality aspects of the March 7, 2006, license
amendment request. The May 30, 2006, license amendment request supplement
answered two of the three RAIs. The response to the remaining RAI is provided in
Enclosure 3.

Enclosure 4 provides a non-proprietary copy of sections of the PaR Report on the
high-density fuel storage rack module design that have not been previously submitted.

This letter makes no new commitments or changes to any other existing commitments.
| declare under penalty of perjury that the foregoing is true and correct.

Executed on September 7 , 2006.

—
J-.

hn T. Conway
Site Vice President, Monticello Nuclear Generating Plant
Nuclear Management Company, LLC

Enclosures: (4)

cc.  Administrator, Region Ili, USNRC
Project Manager, Monticello, USNRC
Resident Inspector, Monticello, USNRC
Minnesota Department of Commerce
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ENCLOSURE 1

STRUCTURAL RAI INFORMATION RESPONSE

SUMMARY

On March 7, 2006, the Nuclear Management Company, LLC (NMC) submitted a
license amendment request (LAR) (Reference 1) to revise the Monticello Nuclear
Generating Plant (MNGP) licensing basis to allow temporary installation of a
Programmed and Remote (PaR) Systems Corporation 8x8 (64 cell) high-density
fuel storage rack module in the spent fuel pool to maintain full core off-load
capability. On May 30, 2006, the NMC submitted the associated criticality
evaluation and supporting analyses (Reference 2) for the temporary PaR fuel
storage rack module.

On June 9 and July 6, 2006, the U.S. Nuclear Regulatory Commission (NRC)
requested additional information in accordance with the guidance of Standard
Review Plan (SRP) Section 3.8.4, Appendix D, “Technical Position on Spent Fuel
Pool Racks,” (Reference 3) format during teleconferences with the NMC.

SRP [Standard Review Plan] Section 3.8.4, Appendix D, identifies the
information that the NRC staff reviews with respect to the structural integrity
of a spent fuel rack. He [the NRC reviewer] suggests that you provide
information specific to the rack in line with the guidance there.

This RAI response provides the requested structural information and associated
PaR and NMC documents. The MNGP was designed and constructed prior to
issuance of the SRP, and consequently not designed to meet the SRP guidance.
To facilitate staff review, however, applicable structural design information is
provided following the SRP, Appendix D format.

BACKGROUND

The temporary 8x8 PaR fuel storage rack module to be used at the MNGP (if
required) was originally slated to be installed in the Duane Arnold Energy Center
(DAEC) spent fuel pool. This fuel storage rack module was not installed and has
been made available to the NMC, to be installed if necessary, in the MNGP spent
fuel pool (SFP) in the event a full core off-load (FCOL) becomes necessary prior
to operation of the MNGP Independent Spent Fuel Storage Installation (ISFSI).

REVIEW USING SRP SECTION 3.8.4, APPENDIX D

The PaR Systems Corporation developed a “Fuel Storage System Design
Report,” (Reference 4) (contained on compact disc as Enclosure 4), hereafter
referred to as the PaR Report, covering various design topics for the high-density
spent fuel storage rack module sizes procured by DAEC. This report is
applicable to the temporary 8x8 PaR fuel storage rack module to be installed at
the MNGP (if required in the event of a FCOL). A copy of portions of this PaR
Report have been provided to the NMC for application at the MNGP.
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Enclosure 2 provides copies of several figures and drawings that are referred to
within this enclosure. Enclosure 4 provides a listing of the applicable sections of
the PaR Report. It identifies the PaR Report sections submitted in the

March 7, 2006, LAR; those submitted in the May 30, 2006, supplement; and
those sections provided in this submittal.

SRP Section 3.8.4, Appendix D provides the current requirements and criteria for
the NRC review of SFP fuel racks and associated structures. To facilitate NRC
staff review, structural design information is summarized below. Specific
references to the PaR Report are provided throughout this response describing
how SRP Section 3.8.4, Appendix D, criteria are met.

(1) Description of the Spent Fuel Pool and Racks
(@)  Support of the Spent Fuel Racks

The temporary PaR 8 x 8 high-density fuel storage rack is
constructed of bolted anodized aluminum with a Boral neutron
absorber in an aluminum matrix core clad with 1100 series
aluminum at alternating cell locations. The high-density spent fuel
storage rack module was manufactured by the PaR Systems
Corporation. The module consists of an 8 by 8 array of tubes. The
absorber material is sealed within two concentric square aluminum
tubes. The rack is approximately 4.5 feet-square by 14 feet high.
Nominal fuel element center-to-center spacing is 6.625 inches. A
more detailed description of the PaR fuel storage rack modules is
provided in Section 3.2, “Rack Description,” of the PaR Report
(pages 3.0-2 and 3.0-3).

Note: The PaR Report includes the following fuel storage rack
module sizes: 8x8, 8x10, 8x11, 10x11, and 11x11 (see PaR
Report, Section 3.1, “General,” page 3.0-1).

The 8x8 fuel storage rack module to be installed at MNGP, and the
other module sizes, are a free standing design, constrained by
friction only, and are designed to be unrestrained by additional
seismic supports in the pool. (PaR Report, Installation Description,
page 3.0-3.)

The maximum fuel storage rack module displacement was
determined to be 1.05 inch (PaR Report, Section 5.4, “Dynamic
Time History Analysis of Spent Fuel Racks,” page 5.4-14). The
analysis to determine the maximum displacement was performed
as described in Section 5.4 of the PaR report for a single 8x11 fuel
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storage rack module for DAEC. (See PaR Report, Section 5.4,
page 5.4-5.) This configuration bounds the potential lifting and
sliding of all the fuel storage rack module sizes discussed in the
PaR report, including the 8x8 fuel storage rack module to be
utilized, if required, at the MNGP.

The temporary 8x8 fuel storage rack module (if installed) will be
placed on the cask pad in the SFP at the MNGP. Based on the
maximum displacement analysis discussed previously, with the
maximum displacement of 1.05 inches, there will not be any
interface concerns between the temporary 8x8 fuel storage rack
module and the existing spent fuel storage rack modules or the
pool walls due to the immediate spacing, which will be greater than
6 inches.

There is no impact on the spent fuel pool liner since the temporary
PaR 8X8 fuel storage rack module installation will be on the cask
pad and will be located a distance greater than the maximum
displacement of 1.05 inches from the cask pad edge to assure the
fuel storage rack module will remain on the cask pad. The location
of the fuel storage rack module will be procedurally controlled
during installation to ensure it is correctly located on the cask pad.
A description of interfaces between the 8x8 fuel storage rack
module and the cask pad is provided in Section (3) of this
enclosure.

The location of the temporary 8x8 PaR fuel storage rack module in
relation to the existing fuel storage rack modules in the SFP is
shown on the mark-up of MNGP Drawing No. NX-7865-15-36,
entitled High Density Fuel Storage System Installation
Arrangement, and is provided in Enclosure 2.

(b)  Fuel Handling

The fuel handling drop accidents are not changed due to the
addition of the temporary 8x8 PaR fuel storage rack module in the
fuel pool. Section (4) of this enclosure discusses the evaluation of
a fuel assembly drop on the PaR fuel storage rack module designs.

(2) Applicable Codes, Standards, and Specifications
The PaR fuel storage rack module is constructed from aluminum materials
(except as indicated in the table below). The materials used for the PaR

fuel storage rack modules construction are compatible with the SFP
environment (i.e., negligible corrosion impact). Section 5.0.2 of the PaR
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report, “Material Properties,” (page 5.0-3) lists the following fuel storage
rack module components and their respective material or material alloy.

Top and Bottom Casting A356-T51

Side Panels 6061-T6

Angle Connectors 6061-T6

Cavity Weldment 5052-H32

Bolts 2024-T4

Rivets 5052 Body

ABS Plastic Cycolac Grade T
Bearing Plate on Foot 304 Stainless
Tread Foot 6061-T6

“‘Allowable stresses were based on the Specification for Aluminum
Structures — Aluminum Construction Manual” (PaR Report Table 5.5.4-1,
“‘Normal Limits of Stress,” page 5.5-20).

Seismic and Impact Loads

A Safe Shutdown Earthquake (SSE) time history was generated for the
dynamic time history analysis of the fuel storage rack modules. The
response spectrum for this generated time history and the DAEC
response spectrum for the horizontal and vertical directions were plotted
on Figures A and B in the PaR Report (Section 5.4, “Dynamic Time
History Analysis of Spent Fuel Racks,” pages 5.4-8 and 5.4-9
respectively). The response spectra for the MNGP spent fuel pool has
been overlaid on these two figures and the figures renamed as Figures AA
and BB in Enclosure 2. The time history response spectrum that was
used in the PaR analysis was plotted at a 6 percent damping value. The
response spectrum for the MNGP was performed and is plotted ata 5
percent damping value. As shown on Figures AA and BB (provided in
Enclosure 2) the 6 percent damping response spectra used in the analysis
envelopes the MNGP 5 percent response spectra in the frequencies of
interest. If a 6 percent damping curve was available it would lower the
acceleration values, therefore, using a 5 percent damping curve for
comparison is conservative. The MNGP response spectrum curves for
the spent fuel pool were generated consistent with the guidance of
Regulatory Guide 1.60, “Design Response Spectra for Seismic Design of
Nuclear Power Plants.”

As shown in Figures AA and BB in Enclosure 2, the time history response
spectrum used in the PaR analysis bounds the MNGP response spectrum
in the frequency range of interest (i.e., the frequency range of the 8x8 fuel
storage rack module). The first natural horizontal frequency of the fuel
storage rack module analyzed by PaR was 8 hz (0.125 second period)
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(see PaR Report, Section 5.3, “Model Description, Formulation and
Assumptions for the Seismic Analysis of BWR Spent Fuel Racks,” page
5.3-4). As shown on the plot, at this frequency of interest, the MNGP
response spectrum is well below the time history response spectrum used
in the PaR analysis. The first natural vertical frequency of the fuel storage
rack module analyzed by PaR was 14 hz (0.07 second period) (see PaR
Report, Section 5.3, page 5.3-4). Also, as shown on the plot, at this
frequency of interest, the MNGP response spectrum is well below the time
history response spectrum used in the PaR analysis. Accordingly, it is
concluded that the seismic evaluations in the PaR Report are bounding for
the MNGP. Therefore, the PaR 8x8 fuel storage rack module will
withstand the MNGP SSE loads.

Consistent with Regulatory Guide 1.92, “Combining Modal Responses and
Spatial Components in Seismic Response Analysis,” the seismic
responses are combined by the square root sum of the squares (SRSS)
for the three orthogonal directions.

The SRSS is:
SRSS = [(XZ)? + (YZ)*]"?

The following assumptions were made relative to rack submergence in the
SFP. It was assumed that all water entrapped within the fuel storage rack
module envelope was included in the horizontal mass of the model. No
sloshing effects were included due to the pool water moving with the pool
walls due to the elevation of the rack modules. No increase in effective
mass was used because the damping forces generated in the pumping of
the confined water from the wall rack module gap is much greater than
that added by external water mass effects. (See PaR Report, Section 5.3,
page 5.3-6).

The PaR fuel storage rack modules discussed in the report are designed
for Boiling Water Reactor (BWR) fuel assemblies. BWR fuel assemblies
have a standard cross-sectional dimension, and hence the fuel
assemblies modeled are consistent with those to be stored. The fuel
assemblies were modeled as loose elements, free to impact on the fuel
storage rack module structure through gap elements on both sides of the
fuel assembly with a nominal initial clearance (gap) of 3/8 inch each side
when inserted in the storage cavity. This gap is applicable to the MNGP
due to the standard sizing of the BWR fuel assembly design. This
approach conservatively assumed that all fuel assemblies impacted at the
same time. It was also assumed that all fuel bundles were channeled (i.e.,
a fuel assembly) to result in the largest impact load to the fuel storage rack
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module structure (PaR Report, Section 4.3, “Seismic Model Description,
Formulation and Assumptions,” page 4.0-3a).

The dynamic analysis included interaction between the fuel assembly and
the storage cavity with the use of gap elements. Interface elements
allowed the fuel storage rack module to slide and/or rock (PaR Report,
Section 5.4, page 5.4-5).

Loads and Load combinations

The results of a dropped fuel bundle analysis and a verification test
confirming the accuracy of the results are discussed in the following
Sections of the PaR report.

e Section 5.6 - Equivalent Static Loads for Fuel Impact Conditions
e Section 5.7 - Dropped Fuel Bundle Analysis
e Section 6.3 - Simulated Dropped Fuel Bundle Test

Three fuel drop conditions were evaluated: (See PaR Report, Section 5.6,
“Equivalent Static Loads for Fuel Impact Conditions;” page 5.6-3.)

1. 18 inch fuel drop on the corner of the top grid castings

2. 18 inch drop in the middle of the top casting

3. A fuel drop the full length of the storage cavity in the fuel storage
rack module impacting on the bottom grid.

The buoyant weight used for the fuel bundle in the PaR analysis was
670 Ibs which corresponds to a dry weight of 745 Ibs (PaR Report,
Appendix A.1, “Beam Section Properties, Module Dead Weight Estimate
and Seismic Mass Input,” page A.1-25). The maximum dry weight of a
fuel assembly in the MNGP inventory is approximately 675 Ibs which
results in a buoyant weight slightly less than that used in the PaR
evaluation.

A finite element model of a fuel storage rack module was used for the
analysis of the three drop conditions (see PaR Report, Section 5.7,
“Dropped Fuel Bundle Analysis;” page 5.7-1). The analysis showed that,
except for localized stresses, the computed stresses were less than the
allowable stresses. The analysis showed that the fuel bundle drop caused
localized effects, and some components directly beneath the load showed
localized stress concentrations, but results in no overstress condition
thereby ensuring structural integrity of the fuel storage rack module.
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A drop test was also performed which simulated an 18 inch drop on the
top casting of the fuel storage rack module. The test results showed slight
local deformation at the impact location. (See PaR Report, Section 6.3,
“Simulated Dropped Fuel Bundle Test,” page 6.3-4).

The addition of the 8x8 fuel storage rack module to the MNGP SFP
structure has negligible effect on the overall floor loading. The existing
fully loaded MNGP fuel storage rack floor loading is 2.1 ksf. The addition
of one fully loaded 8x8 fuel storage rack module will not result in a floor
loading over the design capacity of 2.7 ksf. Additionally the approximately
10,000 Ib temporary 8x8 fuel storage rack module will be located on the
cask pad in the SFP which has been evaluated for a 200,400 Ib cask load.

The pool slab load imparted from an 8x11 fuel storage rack module
rocking action is an equivalent static load of 75,083 |Ib. (See PaR Report,
Section 4.4, “Dynamic Time History Analysis,” pages 4.0-4 and 4.0-4a.)
The analysis results for the 8x11 fuel storage rack module bounds the 8x8
fuel storage rack module proposed for temporary installation at the MNGP
due to the larger mass of the 8x11 fuel storage rack module. The 8x8 fuel
storage rack module will be located on the cask pad in the MNGP SFP.

The allowable cask pad loading of 200,400 Ib bounds the equivalent static
impact load of 75,083 Ibs that would be exerted by the PaR 8x11 fuel
storage rack module (used in the analysis) if it were installed. The PaR
8x8 fuel storage rack module, to be installed at the MNGP in the event a
FCOL is required, weights less than 8x11 fuel storage rack module and
hence would have a smaller impact load. The location of the fuel storage
rack module will be controlled during the installation process to ensure
proper placement on the cask pad in the SFP.

Load combinations used in the module rack analysis are: (See PaR
Report, Section 4.7, “Dropped Fuel Bundle Analysis,” page 4.0-9).

D+L
D+L+E
D+L+To
D+L+To+E
D+L+T,+E
D+L+DF
D+L+T,+E'
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Where,
D = Dead load, buoyant rack weight
L = Live load, buoyant fuel weight
To = Operating thermal loads
Ta = Accident thermal loads
E = OBE Seismic loads including impact of fuel and modules
E' = SSE Seismic loads including impact of fuel and modules
DF = Dropped fuel bundle loads

The thermal loads resulting from combined expansion of the racks are
negligible for the free standing design. However, load combinations
containing To or T, material yield strengths were taken at 212°F, which for
the aluminum alloys used in the fuel storage rack modules amounts to a
reduction in yield of 5 percent, (PaR Report, Section 4.7.1, “Summary,”
page 4.0-8).

Design and Analysis Procedures

An ANSYS computer model was used for a time history analysis from
which the horizontal and vertical forces were determined. These forces
were then applied to a SAP IV finite element model to determine stresses.
Figure 3 in Section 5.3 of the PaR Report shows the mathematical model
used for the single storage rack module time history analysis and Figure 4
shows the mathematical model for the double fuel storage rack module
time history analysis (PaR Report Section 5.3, pages 5.3-11 and 5.3-12).
A 3/8 inch clearance (gap) between the fuel assembly and the can was
assumed at nodes 1 and 2, and 3 and 4 (PaR Report Section 5.3, pages
5.3-4 and 5.3-5). This model conservatively assumes that all fuel
assemblies move in phase and move together at all times. Each fuel
storage rack module leg is modeled as spring that can maintain or break
physical contact and slide to each other. A 6 percent structural damping
was used for both models (PaR Report Section 5.3, page 5.3-5).

All water entrapped within the fuel storage rack modules envelope was
included in the horizontal mass of the model (PaR Report Section 5.3,
page 5.3-6). No sloshing effects were included due to the pool water
moving with the pool walls at the elevation of the fuel storage rack
modules. No increase in effective mass was used because damping
forces generated in “pumping” the confined water from the wall — rack gap
is much greater than added external water mass effects (PaR Report
Section 5.3, page 5.3-6). No lateral restraint is provided by the SFP walls
for the free standing fuel storage rack module design. Consequently,
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there is no load interface between the fuel storage rack module and the
SFP walls.

Structural Acceptance Criteria

The normal allowables are based on the “Specification for Aluminum
Structures — Aluminum Construction Manual,” (PaR Report Section 5.5,
pages 5.5-20 and 5.5-21). The acceptance criteria for the load
combinations are (see PaR Report Section 2, page 2.0-2):

Load Combinations Factored Allowable
D+L S
D+L+E S
D+L+To 1.5S
D+L+To+E 1.5S
D+L+T,+E 1.6S
D+L+DF 1.6S
D+L+T,+E' 2.0S*
Where,
S = Normal allowable stresses
D = Dead load, buoyant rack weight
L = Live load, buoyant fuel weight
To = Operating thermal loads
Ta = Accident thermal loads
E = OBE Seismic loads including impact of fuel and modules
E' = SSE Seismic loads including impact of fuel and modules
DF =  Dropped fuel bundle loads

PaR Report, on page 5.5-17 the factored allowable is S < 1.6.

All results are within allowable criteria identified above. Based on the
seismic input discussed previously in Section (3), which bounds the
MNGP seismic criteria, the results stated in Section 5.5 of the PaR Report
are also bounding for an installation of the PaR 8x8 fuel storage rack
module at the MNGP. The seismic models used in the PaR Report are for
the PaR 8x11 and the 11x11 fuel storage rack module sizes which are
conservative with respect to induced loads for the smaller, PaR 8x8 fuel
storage rack module intended for use at the MNGP (if required).

The maximum fuel storage rack module displacement was determined to

be 1.05 inch (PaR Report Section 5.4, page 5.4-14). This provides a
factor of safety of 5.7 to the minimum clearance distance of 6 inch to the
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nearest adjacent object in the SFP at MNGP. No significant rocking or
liftoff was noted in the PaR evaluation (i.e., only pure rigid body sliding
occurred). A low coefficient of friction of 0.2 was used for this evaluation
which was based on testing of the PaR fuel storage rack modules.
Testing included dry and wet conditions with two surface finishes. The
results generally varied from a coefficient of friction of 0.23 to 0.29 for all
conditions. Because the measured values discussed in the PaR Report
do not show the effects of long term contact stress and corrosion, they
were considered conservative. To arrive at a value of 0.2 for the
coefficient of friction, the minimum measured value was reduced by
approximately 15 percent to account for measurement uncertainties (PaR
Report, Section 6.1, page 6.1-6).

The MNGP SFP has been previously modified to increase the original
analyzed capacity from 740 to 2237 fuel assemblies by the installation of
13 High Density Fuel Storage System (HDFSS) modules, which replaced
most of the General Electric (GE) low-density fuel racks. An evaluation
(see Reference 5) of the SFP structural capacity was performed for the
additional loads resulting from the replacement of the existing low-density
fuel racks with the HDFSS modules. The evaluation demonstrated that
the existing SFP structure was capable of supporting the increased
loadings. The evaluation used a 2.7 ksi load assuming the HDFSS fuel
storage rack modules were installed over the entire MNGP SFP floor area,
which envelopes the proposed installation of the PaR 8x8 fuel storage
rack module on the reinforced cask pad area within the MNGP.

Materials, Quality Control, and Special Construction Techniques

The PaR 8x8 temporary fuel storage rack module is constructed from
aluminum with material property values based on “Aluminum Standards
and Data”, 1974-1975 published by the Aluminum Association (PaR
Report, Section 5.0, page 5.0-3).

Existing MNGP procedures cover the handling of heavy loads, including
the installation/removal of the temporary 8x8 PaR fuel storage rack
module. These procedures provide controls for load handling, exclusion
areas, equipment required, inspection and acceptance criteria before load
movement, and steps / sequences to be followed during load movement,
as well as defining safe load paths and special precautions. The design
modification process identifies and prescribes any additional controls that
are necessary for an installation.
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ENCLOSURE 2

FIGURES / DRAWINGS REFERRED TO WITHIN ENCLOSURE 1

The following figures and drawing are enclosed.

FIGURE / DRAWING

TITLE

MNGP Drawing No.
EC 934-7865-15-36

High Density Fuel Storage System Installation
Arrangement With PaR 8x8 Fuel Storage Rack Module
Location Identified (on cask pad)

Figure AA

Artificial Horizontal Time History Response Spectrum
At 6% Damping Compared to lowa Spec. M-303
Response Spectrum Overlaid With The Monticello
Horizontal Time History Response Spectrum At 5%
Damping.

Figure BB

Artificial Vertical Time History Response Spectrum At
6% Damping Compared to lowa Spec. M-303
Response Spectrum Overlaid With The Monticello
Vertical Time History Response Spectrum At 5%
Damping.
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ENCLOSURE 3

THERMAL / HYDRAULIC RAI RESPONSE

SUMMARY

On March 7, 2006, the Nuclear Management Company, LLC (NMC) submitted a
license amendment request (LAR) (Reference 1) to revise the Monticello Nuclear
Generating Plant (MNGP) licensing basis to allow temporary installation of a
Programmed and Remote (PaR) Systems Corporation 8x8 (64 cell) high-density
fuel storage rack module in the spent fuel pool to maintain full core off-load
capability. On May 30, 2006, the NMC submitted the associated criticality
evaluation and supporting analyses (Reference 2) for the temporary PaR fuel
storage rack module.

The U.S. Nuclear Regulatory Commission (NRC) provided three requests for
additional (RAIl) information in a teleconference with the NMC on April 26, 2006.
Two of the three RAIs were answered in Reference 2. The remaining RAl is
restated below.!"

(2) Please compare in table form, with an attendant discussion, the current
SFP licensing basis analysis to the supporting analysis of the SFP with
the installation of the additional 8X8 high-density spent fuel storage rack.
The information should include, but not be limited to, number of fuel
assemblies and their distribution, the distribution of heat load, type of
calculation, method of calculation of peak and average values, bulk
temperature, clad temperature, Boral temperature, time-to-boiling, etc.

The response to this RAl is provided within the remainder of this enclosure.
CALCULATIONAL METHODS

A summary description of the Spent Fuel Pool Cooling and Demineralizer
System consists and heat loads is provided Section A below. Section B
discusses the calculational methods and results.

A. Spent Fuel Pool Cooling and Demineralizer System Description

The Spent Fuel Pool Cooling and Demineralizer System consists of two
circulating pumps (450 gpm each), two heat exchangers, two
filter/demineralizers, piping, valves and the associated instrumentation.
The system is designed to maintain a maximum SFP temperature less
than 140°F. The pumps take suction from the skimmer surge tank which
receives water from the top of the SFP. Water is continuously circulated

1

Table 2 at the end of this enclosure lists the three April 26, 2006, RAIs and their
disposition. On August 24, 2006, additional draft thermal-hydraulic RAls were received
and are in review. Answers to these requests will be provided at a later date.
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to the heat exchangers and filter/demineralizers before discharging the
water through diffusers at the bottom of the SFP.

The removal of heat for an emergency heat load can be accomplished by
the use of either the Spent Fuel Pool Cooling and Demineralizer System,
or the Residual Heat Removal System. During refueling outages, full core
offloads are allowed because heat loads are explicitly calculated and
compared to cooling capabilities prior to any fuel movement that would
increase the SFP heat load.

Currently, the maximum normal heat load is calculated to be 5.6x10°
Btu/hour at 96 hours after shutdown. The current emergency heat load is
calculated as 20.0x10° Btu/hour assuming a full core discharge 30 days
after a return to power operations from a refueling outage and is
completed within 150 hours after shutdown.

If SFP cooling capability is lost the time to achieve bulk pool boiling is
greater than 10.3 hours, providing sufficient time to establish the required
makeup rate of 43 gpm (the maximum evaporation rate after bulk boiling
commences).

Calculation Methods / Distribution of Heat Load

The calculations used to determine the decay heat used in the evaluation
were based on the criteria in ANSI/ANS-5.1-1994, “Decay Heat Power in
Light Water Reactors,” (Reference 3) applying a one-sided 95 percent
confidence level and an assumed power level of 1880 MWt. The fuel
assembly batch power fractions assumed were based on the actual
MNGP fuel bundle assembly cycle loading plans. Decay heat due to
activation of fuel bundle structural components was included in the
analysis in accordance with General Electric Services Information Letter
636, “Additional Terms Included in Reactor Decay Heat Calculations,”
(Reference 4).

Other key parameters included in the calculation were the incorporation of
a nominal operating cycle length of 24 months and a maximum river water
temperature of 90°F.

Installation of the proposed temporary PaR 8x8 fuel storage rack module
results in the addition of an additional 64 spent fuel storage locations
(cells) that would be filled in the event of an emergency full core offload
(resulting in a total of 2,301 locations). Conservatively, a total of 2,358
spent fuel storage locations (cells) were assumed filled upon completion of
the full core offload scenario, which is greater than the pool capacity
following installation of the temporary PaR 8x8 fuel storage rack module.
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The results of the calculations (with the above considerations) to enable
the installation of the proposed temporary PaR 8x8 fuel storage rack
module resulted in the following:

Maximum Normal Heat Load

° 7.3x10° Btu/hour at 96 hours after shutdown
° 5.6x10° Btu/hour at 216 hours from shutdown

Emergency Heat Load

e  24.7x10° Btu/hour

The SFP heat loads are explicitly calculated and compared to the fuel pool
cooling capabilities prior to any fuel movement. This ensures that the
actual SFP heat load remains within the fuel pool cooling capability by
delaying, if necessary, a FCOL until the SFP cooling capacity is sufficient
to remove the decay heat (consistent with current NRC guidance). With
respect to pool boiling, the effect of the additional heat load can be
conservatively approximated by multiplying the current time to boiling of
10.3 hours times the heat load ratio. This results in a revised minimum
time to boiling of approximately 8.3 hours. A time period of 8.3 hours
provides more than sufficient time to establish the required makeup rate.
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ENCLOSURE 3

THERMAL / HYDRAULIC RAI RESPONSE

Table 1 - Current Versus Proposed LAR Bases and Results

Current Normal LAR Normal Current LAR
Bases/Results Heat Load Heat Load Emergency Emergency
Heat Load Heat Load
Bases
Methodology ANSI/ANS 5.1- ANSI/ANS 5.1- | ANSI/ANS ANSI/ANS 5.1-
1994(Note 7) 1994(Note 7) 5'1_1994(N0te 7) 1994(Note 7)
'(Dir?",‘\’/levrv't'(ﬁgffé)) 1880 1880 1880 1880
SFP Capacity 2,237 2,358Mote 1 2,237 2,358MNote 1
Operating
I
Egﬁge;hmote 2 18 24 18 24
(in months)
Nominal Fuel
Assembly 141/ RFO 152 / RFO 141/ RFO 152 / RFO
Discharge
Maximum
Mississippi o o ° o
River 90°F 90°F 90°F 90°F
Temp.(Note 3)
GE SIL 636 No Yes No Yes
Decay Heat
Maximum
SFP Bulk 140°F 140°F 140°F 140°F
Temperature
Results
Maximum Heat 5.6x10° @
Load 5.6x10° 216 hours™° 4 20.0x10° 24.7x10°
(in Btu/hour) @ 96 hours™** | 7.3x10° (Note 5) (Note 5)
@ 96 hours
Heat Removal 6
Capability 265'3;/(:1?
(in Btu/hour)
Minimum Time
to Boiling 10.3 (Note®) 8.3
(in hours)
Notes:

1. The LAR requests an increase from 2,237 to 2,301 to accommodate a
FCOL. For conservatism, the MNGP evaluation assumed total of 2,358
occupied storage locations.
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2. MNGP has implemented a 2 year fuel cycle program.

3. Maximum source water temperature.

4. Discharge time is delayed such that the heat load does not exceed
5.6x10° Btu/hour for normal discharges.

5. FCOL 30 days after last refueling discharge, completed 150 hours after
shutdown.

6. Based on postulated bulk boiling conditions (loss of SFP cooling), the
temperature of the fuel will not exceed 350°F. This is an acceptable
temperature from the standpoint of fuel element integrity.

7. The MNGP uses the methodology described in ANSI/ANS-5.1-1994
(Decay Heat Power In Light Water Reactors) to calculate decay heat
loads on a per-bundle or batch basis. The MNGP computer program
derives the power history for each fuel bundle by multiplying the bundle
Beginning-of-Cycle weight by the cycle exposure to determine the total
bundle energy for a specific cycle of operation. A user specified power
history can be defined to calculate the decay heat load of individual fuel
batches. Individual fuel bundle decay heat at specified times, as well as
total decay heat for the fuel bundles in the SFP, reactor, or for all bundles
on site are program options. An uncertainty confidence interval of 1.65
times the ANSI/ANS-5.1 uncertainty was chosen consistent with MNGP
Updated Safety Analysis Report assumptions.

8. The MNGP licensed thermal power level is 1775 MWH, the 1880 MWt
analysis level was chosen for conservatism.

This program methodology has been verified by comparison of output to
that contained in ANSI/ANS-5.1-1994 test cases. U.S. NRC Information
Notice 96-039 (Reference 5) discussed issues associated with improper
implementation of the ANSI/ANS-5.1 decay heat standard. The
information notice was assessed by the NMC and reviewed for decay heat
calculation impact. The review concluded that the issues identified in the
IN have been properly accounted for in the MNGP program (i.e., the
MNGP methodology properly implements the standard).

SFP and Fuel Assembly Component Maximum Temperatures

In support of the SFP re-racking during which the existing High Density
Fuel Storage System (HDFSS) was installed at the MNGP in 1977, a full
core discharge (normal cooling available) was evaluated which filled the
last 484 storage locations. A maximum heat load of 27.2x10° Btu/hour
was calculated using the ORIGEN Code with the total SFP capacity of
2,237 storage locations filled by normal discharges and the full core
offload. For these conditions the maximum water temperature for the SFP
was determined to be less than 115°F, the maximum cladding
temperature was 120.3°F, and the maximum Boral temperature in the
storage tubes was determined to be 104.3°F. The emergency heat
determined as part of the evaluation for the installation of the temporary
PaR 8x8 fuel storage rack module is less than the HDFSS maximum heat
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load, and the associated temperatures previously determined remain
reasonable.

The MNGP safety-grade RHR System is available to provide backup
cooling of the SFP providing assurance that a total loss of pool cooling will
not occur. However, assuming a total loss of SFP cooling does occur, the
minimum time required to reach boiling under these conditions is

8.3 hours. This time period is well within the time necessary to establish a
make up water source which will maintain SFP water inventory.
Neglecting the preceding, under bulk boiling conditions the temperature of
the fuel as determined by the analyses for the installation of the HDFSS
will not exceed 350°F, which is acceptable from a fuel element integrity
maintenance standpoint.

The present heat removal systems at the MNGP have adequate capacity
to maintain the pool temperature within the current MNGP design basis.
In the event of a loss of SFP cooling, the RHR System backup capacity
exceeds that required to maintain the SFP bulk pool temperature below
140°F.
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Table 2 - Requests for Additional Information Status

The NRC issued three requests for additional information (RAIs) in a teleconference
with the NMC on April 26, 2006. Two of the RAIs were answered in the supplement to
the license amendment request (Reference 2). The three RAls and their dispositions
are restated below:

(1)

Are there any limitations on the use of the PaR fuel rack in your LAR (i.e., only

during a FCOL, by burnup, etc.)? Please state the limiting conditions explicitly.

Response provided in NMC letter dated May 30, 2006 (Reference 2).

Please compare in table form, with an attendant discussion, the current SFP
licensing basis analysis to the supporting analysis of the SFP with the installation
of the additional 8X8 high-density spent fuel storage rack. The information
should include, but not be limited to, number of fuel assemblies and their
distribution, the distribution of heat load, type of calculation, method of calculation
of peak and average values, bulk temperature, clad temperature, Boral
temperature, time-to-boiling, etc.

Provided in this letter.

Please compare in table form, with an attendant discussion, the current SFP
licensing basis analysis to the supporting analysis of the SFP with the installation
of the additional 8X8 high-density spent fuel storage rack. The information
should include but not be limited to: number of fuel assemblies and their
distribution, the distribution of burnup and enrichment, type of neutronic
calculation to determine keff, (i.e., codes, cross sections, validation, etc.)
estimation of uncertainty, maximum worth of the installed and fueled 8X8 high-
density storage rack, etc.

Response provided in NMC letter dated May 30, 2006 (Reference 2).
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PaR SYSTEMS DESIGN REPORT SECTION INDEX

This enclosure provides a non-proprietary copy of applicable sections of the PaR
design report produced originally for the Duane Arnold Energy Center providing
information on the design and analyses supporting the PaR high-density spent fuel
storage rack module design.

Previously Provided

PaR Applicable Sections of the Provided
Report PaR Systems Report on the LAR 1) | Supplement This
Section High-Density Rack Design E(';‘a‘;ez) Encl. X? | Submittal®
1.0 INTRODUCTION X

2.0 DESIGN BASIS X
3.0 SYSTEM DESIGN X

3.1 General X

3.2 Rack Description X

3.3 Installation Description X

4.0 SUMMARY AND CONCLUSIONS X
OF DESIGN REPORT
5.0 DETAILS OF THE DESIGN X
ANALYSIS
5.1 Nuclear Criticality Safety Analysis X
5.3 Model Description, Formulation X
and Assumptions for the Seismic (1-25)
Analysis of BWR Spent Fuel
Racks
5.4 Dynamic Time History Analysis of X
Spent Fuel Racks, Duane Arnold (26-93)
5.5 Module Stress Analysis X
(94-134)
5.6 Equivalent Static Loads for Fuel X
Impact Conditions (135-150)
5.7 Dropped Fuel Bundle Analysis X
(151-159)

5.9 Pool and Rack Interface Loads X

5.10 Poison Can Analysis X

5.11 Module Lifting Frame Analysis X

5.12 Module Shipping Skid Analysis X

6.0 DESIGN TEST REPORTS
6.1 Simulated Minimum Coefficient of X
Friction Test
6.2 Bolt Clearance Test Report X
6.3 Simulated Dropped Fuel Bundle x®

Test
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Previously Provided

PaR Applicable Sections of the LAR Provided
Report PaR Systems Report on the Encl. 3 Supplement This
Section High-Density Rack Design (229'98) Encl. X? | Submittal®

A. APPENDIX
A.1 | Beam Section Properties, Module X®)
Dead Weight Estimate and
Seismic Mass Input
A2 Tables of Allowable Stresses for xX®
Aluminum Structures
A.3 Module Isometric X
A4 Beam Section Properties and X
Allowable Stresses
Notes:

(1) NMC letter to the U.S. NRC, “License Amendment Request for Contingent Installation of
a Temporary Spent Fuel Storage Rack,” (L-MT-06-013) dated March 7, 2006.

(2) NMC letter to the U.S. NRC, “Supplement to a License Amendment Request for
Contingent Installation of a Temporary Fuel Storage Rack in the Spent Fuel Pool (TAC
No. MD0302),” (L-MT-06-044), dated May 30, 2006.

(3) These PaR Report sections were previously transmitted in an e-mail from the NMC to
the NRC (Peter Tam), “FW: NRC e-mail Request, Dated 4/19 for Spent Fuel Storage
Rack,” dated April 19, 2006.
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INTRODUCTION

This report defines the complete design of the high denéity'
Spent Fuel Storage Modules to be installed at'ﬁhe Duane Arnold
Energy Center (DAEC). The Spent Fuel Modules are being de-
signed and fabricated in accordance with Iowa Electric Light &

Power (IELP) Spec. No. M-303 and under IELP Contract Order No.l1l3764.

The Spent Fuel Storage System is defined by assembly drawings,

details and parts lists as shown in Section 3.0 of this report.

The equipment includes the following major items:

1) Spent Fuel Module Assembly
2) Module Lifting Fixture
3) Module Level Adjusting Tool

The design analysis includes the following calculations and
tests:

Nuclear Criticality Safety Analysis _
Spent Fuel Pool Cooling and Spent Fuel Assembly
Heat Transfer Analysis
Seismic Model Description, Formulation and Assumptions
Time History Seismic Analysis
Module Stress Analysis
Equivalent Static Loads for Fuel Impact Conditions
Dropped Fuel Bundle Analysis
Module Bolt and Rivet Joint Connection Analysis
Pool and Rack Interface Loads

Poison Can Analysis
Module Shipping Skid Analy51s

Dose Rate Calculations

Simulateéd Minimum Coefficient of Friction Test
Bolt Clearance Test Report

Simulated Dropped Fuel Bundle Test
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DESIGN BASIS

The design is bkased on PaR document entitled, "Design and
Fabricatioﬁ Criteria For BWR Spent Fuel Racks:, Serial No.
PARSP/3091. This dbcument established criteria fér the spen£
fuel :acks based on | (IELP) Specification No. M-303,
latest industry and federal StandardélNRC Guidelines, and the
PaR design and fabrication procedures. Criteria for the follow-
ing topics are covered in this document.

Storage Rack Struéture Geometry

Structure Materials

Structural Loads and Stresses for the Fuel Racks Criticality
Thermal Hydraulics
Quality Assurance

The Design Criteria also delineates the following design data.

Fuel Data
Pool Cooling System and Heat Load Data
Seismic Response Spectrums
The Loading Combinations and Factored allowables are given in

Table 4-2 of the Duane Arnold NRC submittal for the racks and

are reprinted here in Table 2-1.



TABLE 2-1

LOADING COMBINATIONS AND FACTORED ALLOWABLES

Load Combinations Factored Allowable

1. D+ L S

2. D+L+E : ' S

3. D+L+To ' | 1.5s8

4. D+L+To+E | 1.5sS

5. D+L+Ta+E ‘ 1.65

6. D+L+DF . 1.68

7. D+L+Ta+El ) _ 2.08

S = Normal allowable stresses

D = Dead load, buoyant rack weight

L = Live load, buoyant fuel weight

To = Operating thermal loads

Ta = Accident thermal loads

E = OBE Seismic loads including impact of fuel
and modules :

El = SSE Seismic loads including impact of fuel and
modules

DF = Dropped fuel buﬁdle loads



SYSTEM DESCRIPTION

General

The egquipment is defined by the following listed installations

and assembly drawings, their related parts list and detail

drawings.

I-21602-E
A-22556-E
D-22044-C
D—22045-C'
AD-21949-01-D

A-22766-E

Y

Spent Fuel Pool Installation
Module Spent Fuel Typical
Channel Storage Location

Channel Storage Location

‘Level Adjusting Tool

Module Lifting Fixture

The existing GE ( 2x10) BWR Storage Racks will be replaced by

"high density" aluminum modules providing a maximum stcrage

capacity of 2050 fuel bundles. The cavities are on nominal

" 6.625" center~-to-center spacing and are fabricated in the

following module sizes:

Module Size

0
1
10 x 11
11 x 11

8 x
8 x
8 x

)

Quantity Cavities
1 64
2 160
g 792
5 550
4 484

Total Cavities 2050



~The bottom surfice of the top casting has a mating tavered

Rack Description

The high density poisdn BWR spent fuel racks are an all anodized
aluminum construction, with a fuel spacing of 6.625" center-

to-center.

The poison material is a 5.250" wide piece of boral 146" long

‘inch on ths top and

e
pot

which overlaps the active fuel len

4-
[

(e}

bottom. There is a single piece of boral between fuel elements.
The boral is isolated from the pool water by being scal welded
between two concentric square tubces, hereafter callcd poison

Cans.

The poison cans are positioned into every other sicrage

J

locaticn of the module to provide the raguired bora! ioometry.

N

They are supported in the wodule by top and bottom ¢ositings.

The top casting is 12" deep with 5.90 % .05 openingé. Into
the top surface of the bottom casting there are cast pockets

in every other opening which loosely captures the poison can.

}

pocket which tightlybpositions the top of the poison can.
“he bottom castings héve'cast holes which are.machined to‘
5npport'tha-hottom fitting of thekfue} assembly. Thz top;
casting ptovides lateral support at the upper fuel flitting

levation.

fhe tep and bottom castings are positioned by bolted 1/2¢
prlates that run th2 full lenqgth of the wodule on all ~~ur

siddes.  The cornmr of the plates are riveted and dowsled

3.0-2



together with angle connections.

"In the four corners of the bottom casting, leveling screws

allow for 1 1/2" level adjustment. The bottom bearing pad
pivots on the leveling screw so that the full pad area is in

contact with the floor, regardless of existing floor flatness

and possible rocking modes from seismic. These £feet can be remotely

adjusted by a long handled tool (AD-21949-01-D) which is inserted
down through the length of the cavity and engages into a mating
sguare hole in the foot. The bottom of the pad bears against

the pool liner, is 6" diameter- 304 stainless; and is bolted

" to the upper aluminum threaded portion with a plastic insulator

sandwiched between. This sandwich prevents galvanic corrosion
between these dissimilar metals. The plastic is volumetrically

S
>

trapped in a pocket to preclude any creep during the 40 year

design life.

Installation Description

Drawing I-21602-E, shows the new module arrangement with their
feet'locations relative to existing swing bolts,‘and existing
modules. The racks are of a free‘standing design (constrained
only by friction),'and_therefore, are unrestrained by additional

seismic supports in the pool.

These rack sizes were chosen so that the support feet would
be approximately in the centers of the existing swing bolt

pétterns.



The edges of all peripheral modules have clearances to walls
and header pipes o0f 6.652" and 3" to swing bolts. These
clearances provide ample cooling and sufficient space to

preclude any rack impacts to these due to calculated seismic

drift of the racks.

At the bottom casting elevation there are WO 3/4 inch bosses
on each internal rack sides of the side sheets. Alternating
sides of the racks have these bosses either inboard or outbhoard.
The boss patterns are then arranged so that each rack horiz-
ontally interlocks together with approximately 1/4" of clear-
ance. Under seismic excitation these bosses provide that all
the modules move as a group. The bosses also aid in proper
module to module positicning during installaﬁion. The modules
are a line-to-line fit at the top casting elevation.

Sheet 2 of thé installation drawing shows the cavity location
system. Bosses on the top casting maintain a .75" clearance

from the ocutside sheet of one rack to the next.
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Spent Pool Cooling & Fuel Assembly Heat Transfer

The maximum decay heat load is 1.82 (107) Btu/hr, which occu:s
. * |
when the spent fuel pool contains 2084 fuel assemblies including

a full core unload completed 181 hours after shutdown.

Under full core unload conditions, the bulk water temperafure
cannot be maintained below the desired maximum value of 156 r
by the spent fuel pool cOoling system alone. It is therefore
necessary to connect the residual heat removal system to the
spent fuel pool. When this is done the pool temperature can

be maintained well below lSOaF.

Under normal fuel storage conditions, the maximum bulk water
temperature that occurs when the spent fuel pool has external
means of cooling is 142°F. This temperature occurs when the
pool is cooled by one pump and one heat exchanger of the spent

fuel pool cooling system.

An analysis was made of the natural circulation cooling of
maximum power spent fuel assemblies in the most restrictive
natural circulation flow loop in the spent fuel pool. The
analysis included the 7x7, the 8x8, and the retrofit 8x8 fuel
assembly types. The maximum coolant temperature at the outlet
of any fuel assembly type was calculated to be 172.2°F while
the maximum clad temperature was calculated to be 189.5fF.
Under these conditions there is no boiling in any fuel assembly.
*NOTE: Heat load calculations are conservatively based on

2084 total assemblies, whereas total cavities in-

stalled at DAEC will be 2050. The reduction of these

34 cavities was derived after the thermal analyses were

started by IELP hecause of reactor gate interferences.
4.0-2



If all external means of cooling for the spent fuel pool are
lost, the bulk water Eemperature will rise until it reaches
saturation (212°F). The time required for this to occur is

at least 6 hours.

Once saturation is reached, the water will boil and the level
of the pool will fall unless makeup water is added at a rate

of 33.6 gallons per minute.

An analysis was made of the natural circulation cooliﬁg of
maximum power spent fuel assemblies under loss of cooling
conditions. The analysis included the 7x7, the 8x8, and

the retrofit 8x8 fuel assembly types. The results indicate
that net boiling occurs in the upper third of the active fuel.

The maximum void fraction at the outlet of any fuel assembly

" type was calculated to be 0.860, while the maximum clad

temperature was calculated to be 260.1 F.

Seismic Model Description, Formulation and Assumptiocns

In this Section the development of the seismic design approach
is presented. The seismic qualifiéations are done via a time
history analytical solution of a simplified model. The loads
computéd from this analysis are used as 1input into a detail

static model to determine member and plate stresses.
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Various dynamic effects were accounted for in the simplified
model which included the following:
1. Members of the simplified model were sized to simulate
overazll flexibility characteristics of the detail rack

structure.

2. The fuel bundles were modeled as locse elements free to
impact on the rack structure thru a 3/8" gap which is the
clearance of the fuel aséembly inside the storage caviﬁy.
This idealization conservatively assumed that allbfuel
bundles impacted at the same instant. Also it assumed that all
assemblies wére channeled, so as to provide the largest

impact load onto the rack structure due to this stiffer section.

3. Added water mass effects were included due to rack submergence.

No increase in damping was used due to the water.

4.0-3a



Dynamic Time History Analysis

Using the ANSYC computer code, a plaﬁar analysis was. done

of two raéks (10x11l) and (8x11l) side by side in the lo and

8 cavity plane. These racks had the potential to 1lift up,
interact’(bang together at top or bottom), and slide. Simpli-
fied rack models were used as determined in the previous
section. Masses of the structure, fuel, and water were
applied at'the'proper location. The racks were subjected to

a simultaneous vertical énd horizontal SSE time histories that
were cbﬁservative based on Iowa Specification response spectrums.

The following friction conditions were used:

1) .8 coefficient of friction Full of Fuel
2) .2 coefficient of friction Empty of Fuel
Condition 1) was considered for producing the largest loads.

Nodal load sets when maximums occured at various times thrcugh-
out the earthguake were extracted, and are summarized in Section
5.4. A static analysis of the detailed SAP IV model using

these loads was done in Section 5.5.

Under this high coefficient of friction,/p\, very little
lateral displacement was noted. The motion was confined
primarily.to flexible body rocking with a tétal vertical lift-
off of approximatley 1". Thg rack to rack impact load was

calculated at 120,000 #.

The following table summarizes the per foot impact lcad and
equivalent static nodal load at the foot for some of the

rack sizes.
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8 x 11 v 10 x 11

Peak Impact Load 1976004 250985%
Equivalent Static Load 750834 © 94823%

Condition 2) was analyzed to determine the largest credible-rack
displacement relative to pool floor. Displacement of 1.05" was
calculated, for this condition. No significant rocking or 1lift
off was noted.for these conditions; i.e., only pure rigid body
sliding occurred. A .1 _«« was used to simulate a .2 .C for an
empty rack. This was determined by taking the ratio of the horiz-
ontal to vertica mass for the empty rack divided by the same ratio
for the full rack times .2 _«+ . For Example: The total
horizontal mass divided by the vertical mass for full and

empty racks respectively which are taken from the mass summary

on page 5.3-6 are:

FULL RACK = 1062/881 = 1.205

EMPTY RACK = [136 + 181 + (745-672)] / 136 = 2.86

Therefore the effective coefficient of friction for the empty

rack based on the full rack mass is:

(1.205/2.86) .2 n & 1R

4.0-4a



The following chart summarizes the minimum nominal clearances
for the spent fuel racks from various items in the poocl. These
clearances are then divided by the calculated displacement of

1.05" for SSE to define a factor of safety for each item.

Desctiption Minimum Nominal . Factor of sSafety’
Clearance
Spent Fuel Walls £.56 + .00" 5.49
. - -75" .
Channel Storage Rack 2.313 - .oo" 2.2
. + .25" .

Reactor Gate Storage Brackets 5.68 + .00" 4.68
- .75"

Other Wall Mounted Objects 5.39 + .00" 4.42
— .7511

Existing Floor Swing Bolts 5.00 Min. _ 4.76
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Module Stress Analysis

The equilibrium force seﬁs at .8 _««, as determined in the previous
section were used as input loads for the 3-D detailed finite
element SAP IV model for 1lx11 and 8x1l1 racks. These force sets
includé the dead,‘live, and seismic loading at that time instant
when a particular ncdal force is-maximum- Because only a planar
time history analysis was done, an equivalent éet of loads was
applied orthoginally to account for the seismic loads in the other
horizontal direction. These resultént loads were then combined

on a square root sum df the. square (SRSS) method. This resultant

is very conservative because it doubles up on the vertical loading.

The results of the SAP IV analysisAshow that the stresses from all

load cases are less than the allowable limits for the SSE condition.
Equivalent Static Loads For Fuel Impact Conditions

The impact energy losses of the inertia resistance of module and
collapsing of the bottom tripod on the fuel bundle fitting were
guantified for the 18" vertical drop to determine the net impact

energy.

Using the SAP IV model, spring rates were determined at various
impact ldcations on the module. A static impact load was then
determined for each of these locationé by eguating the elastic
structural strain energy with the net impact energy. (Drop

conditions 1 & 2).



For an unimpeded fuel drop through an empty cavity, the static
load to shear out the bottom fuel support was determined. (Drop

condition 3).

Condition 4)is-an accident condition of a jamméd fuel bundle in
a storage cavity. Here the totzl load is limited to the .crane

capacity.

The following presents the static loads for the various drcp

and accident conditions.

Condition Description Load
1 18" drop, middle of 11x11 ' 48.24 Kips
2 18" drop, corner of llxll 59.30 Kips
3 Drop thru an empty cavity 39.1 Kips
4 Jammed fuel bundle uplift 4.6 Kips

Dropped Fuel Bundle Analysis

An analysis of dead and live loading (rack and fuel weight) was
first conducted on the SAP IV detail model. It was shown for
this loading that all rack members are within 1.0 times the

necrmal allowable values.



Equivalent static loads for different dropped fuel bundle cases
were determined in Section 5.6. For conditions 1 and 2 these loads
were applied to the SAP IV finite element model of the module and
combined with rack and fuel loading. Stresses fpr each member

were tHan tabulated and compared against its allowable. All

members were below 1.6 times normal allowables for drop conditions

1l and 2.

For condition 3 a stress znalysis Qf a concentrated 100 kips
load applied in the centers of the bottom casting of the largest
rack (l1x1l) in conjunction with the rack and fuel loading was
performed. It was then determined that this concentrated load
needed to be factored_down to 47.34 kips to maintzin all member
stresses within acceptable limits of 1.6 times the normal allow-
ables. This load is 1.21 times greater than the calculated
shear out load of thé fuel support of 39.1 kips of Section 5.6,

and therefore is acceptable.

An analysis was not done for condition 4, jarmmed fuel bundle.
The resulting stresses for this condition are assumed to be

4/48.4 = ,082 of condition 1 stresses.
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Rev. No. 2
3-28-78

The following table summarizes the loading combinations aﬂd
factored allowable limits of Table 2-1 compared to the}célculated
stress intéraction of rack members for the vafious combinatioﬂs.
These values are calculated in Sections 5.5 and 5.7 of this
report. The analysis computed specific values for combinations
of equations 3,6, and 7. Values for the rémainihg equations

were computed from extrapolation of these previdus‘values.

The extrapolation is based on the following:

1) Thermal loads resulting from combined expansion of the.
racks is negligible for the free standing design. However
load combinations containing To or Ta material yield
strengths are taken at 212 degrees F which for the alum-
inum alloys used amounts to a reduction in yields of 5%.

2) IELP Spec. M-303 defines SSE accelerations as twice
those of OBRE. '

* The interaction is defined as the following ratio,
(computed stress/ normal allowable stress). For
casting beam members the combined bending and axial
stress interaction is f£_/F_ + f _/F. . The total sum is
the factor allowable limit of Table 2-1 for various
load combinations, i.e., for load combinations 1,2,
and 3, this sum must be less than 1.0. For load
combination number 7 the side panels were evaluated
for shear buckling using the following interaction
for combined axial and shear stress = fa/l.6 Fa +

(fv/l-G FV)2 =< 1.0. For plate buckling the factored
allowables were limited to 1.6 times normal allowables.

RS N



Rev. No. 2
3-28-78

Largest Calculated

Factored Side ‘
Equation No. Loading Combination Allowable Plates  Casting- .
Lomit S
. ~ 7 *
1 ‘D + L 1.0 .219( )_<.484’
* *
2 D+ L +E 1.0 <1.0 < 1.0
3 D+ L + To 1.0 .226 .509
: . * *
4 D+ L + To + E 1.5 <1.5 <_ 1.5
. ’ * *
5 D+ L Ta + E 1.6 <1.6 < 1.6
6 D + L + DF
Condition 1 .299(8) .633(2>
L (9) (3)
Condition 2 .726 .51
Condition 3 6 L3810 4 5 (4)
* *
Condition 4 . < .024 .052
7 D+ L + Ta + El 2.0 .708(6) 1.618(5)
1. See Table 5.7.3-2 6. See Table 5.5.4-46 (for shear buckling
2. See Table 5.7.3-3 7. See Table 5.7.3-6
3. See Table 5.7.3-4 8. See Table 5.7.3-7
4. See Table 5.7.3-5 9. See Table 5.7.3-8
and Page 5.6-16
5. See Table 5.7.4-4 10.See Table 5.7.3-9
Extrapolated values
4.8 Module Bolt and Rivet Joint Connection Analysis

From the plane stress output of the SAP IV analysis, force dis-

tribution along the sides and edges of the 1/2" side panels were

determined for the seismic load cases and dropped fuel bundle

conditions.

inum standards for each of the lcad cases.

4.

0-9

Bolt and rivet patterns were then sized per alum-
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Pool and Rack Interface Loads

The dead plus SSE seismic vertical floor load for the facks

and fuel is calculated to be 989#/cavity. Fof 2050 total
cavities and a pool of 20' x 40  this amounts to a-totai
vertical uniform floor loading of 2535 psf, which is acceptablé
compared to the 3200 psf allowabie given in Bechtel réport
entitled "Evaluation of Spent Fuel Pool Seismic Response

Spectrum and Floor Structure", dated September 1977.

The total horizontal shear on the floor in each direction is

669%/cavity or 1,371,450% total.

The bearing stress under each foot is calculated to be 4393 psi,
and its associated punching shear stress is calculated at 76.8 psi.
The stresses in the threaded foot and ABS plastic insulators are

shown to be within acceptable limits.
Poison Can Analysis

The poison cans are not considered to be primary structural
elements. ' However, because alr is trapped between the con-
centric tubes, the inner and outer tubes must be able to
withstand the hydrostatic loading associated at the rack
depth in the spent fuel gool. The loading due to intern;l air
pressure from external heating, for example, pool boiling, is
conservatively ignored since it opposes the hydrostatic
pressuresrand amounts to less than 4 psi. at 212°F pool water
temperature compared to the 13 psi. hydrostatic loading. A
one-inch wide cross section of the can was represented as a

beam model and analyzed using the computer program "SAGS",

4.0-10
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Static Analysis of General Structuresravailable thru

Structural Dynamics Research Corporation, 5729 Dragon’

Way, Cincinnati, Ohio.
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Stresses at the corners and weld seam location of the can

were shown to be withih normal allowable limits.

Lifting Frame and Lifting Eye Analysis

The Lifting Frame is shown on drawing AD-22766-E. This 2 point
1ift fixture is comprised of a main cross tube Wwith air
actuated lift doés at the.endé. The stroke of the‘lift dogs

is such that it is capable of engaging racks ranging from 8 to 11
cavities wide. The 1ift dogs engage in méting machihes holes

in the top casting of the rack.

All members on the lifting frame and the casting lifting eye

were designed with a safety factor greater than 3:1 on the

.minimum yield of the material.

Module Shipping Skid Analysis

A long hand analysis of the shipping skid was conducted for
racks oriented horizontally, vertically, and in tilted
positions for an upending condition. The analysis showed that

all members and interface bolts have a safety factor greater

‘than 3:1 on minimum vield.
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Minimum Coefficient of Friction Test

To verify the minimum coefficient of friction for loading
geometry, environments, and pressure as found on feet assemblies
of spent fuel modules sliding on the floor liner plates of

spent fuel pools, simulated friction tests were conducted.

These tests were done under ideal conditions with no con-

"siderations given to long term contact effects and corrosion

effects. Therefore, they represent the minimum friction

forces and do not attempt to define their maximums.

For nominal contact pressures , minimum coefficient of friction

measured were .23 - .29 for all conditions.

A coefficient of friction of .2 based on these tests was used

" in the seismic time history analysis to determine maximum

module relative displacement. This value is 15% below a
minimum measured value of .23 to account for measurement

uncertainties.

Bolt Clearance Test Report

The purpose of this test was to aetermine ultimate shear load
capacity of bolted joints of 2 bolts with different body clear-
ances, seating torques and hole misalignment. The values were
then compared'against identical bolt patterns with a dowel

pin press fitted in the middle of,thé bolt pattern. This test
was done primarily to demonstrate:equal load sharing ability of

the 3/4" bolts and 1" dowel pins used on the rack side sheets

bolted to the bottom castings.

4.0-12
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Conditions tested were:
1) The plates bolted together with two 3/4-10 boltvtorqﬁedw’
to 600 in-# with body hole of .015" clearance. Body
hole pattern was .015" less than the mating hole pattern:
so that it is a line to line fit on outside edges of the

bolts. Theoretically all the load would be on the first

bolt in this case.

2) Same as (1) except body ﬁole clearance, .005" and hole
patterns in line.

3)  Same as (2) except a 1" dowel with a.0003-.0007" press fit
was added to the middle of the bolt pattern, and body
hole clearance of .015".

4) Same as (2) except finger tight.

The minimum ultimate shear stress for conditions 1,2, and
4, is 38.18 ksi, and 36.29 ksi for condition 3 where a 1"
dowel pin waS'preSs fitted in the middle of the hole pattern.
This corresponds toc a 5% reduction to the strength due to

unegual load sharing.
Simulated Dropped Fuel Bundle Test

In this test, a 10x7 top castingAwas supported on‘the corners
of wooden blocks that were approximately the same stiffness
as the side sheets.. 2An 1100# concrete block was dropped on
the middle of the casting, an eguivalent distance to obtain
the same net impacf energy aé determined in Section 5;6.

Load cells were located at the corners of the casting and

were summed to obtain the total impact force time history.
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Peak valués of 25,000% were measurédy corresponding to the
18" bundle drop. 'Sevéral drops were made, and in all cases
there was no loss 1n casting integrity. Because of un-
certainties in stiﬁfness and damping of the wooden supports,
the conservative calculated impact loads in Section 5.6 were

used in lieu of the measured values.
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DETAILS OF DESIGN ANALYSES

This section contains the detail design analyses as listed

below with their respective subsection number.

5.1 . Nuclear Criticality Safety Analysis

5.2 Spent Fuel Cooling and Spent Fuel Assembly
Heat Transfer Analysis

5.3 Model Description, Formulation and Assumptions
For The Seismic Analysis of BWR Spent Fuel Racks

5.4 Time History Seismic Analysis

5.5 Module Stress Analysis

5.6 Equivalent Static Loads for Fuel.fmpact Conditions
5.7 Dropped Fuel Bundle Stress Analysis

5.8 .Module Bolt and Rivet Joint Connection Analysis

5.9 Pool ana Rack Interface Loads

©5.10 Poison Can‘Analysis

5.11 Module Lifting Frame Analysis

5.12 Module Shipping Skid Analysis
Structural Calculation Nomenclature

The nomenclature used in the calculaticons is the same as used
in the AISC Manual of Steel Construction Specification for
the Design, Fabrication and Erection of Structural Steel

for Buildings, and Section NF Appendix XVII ASME.

A = (Cross-sectional area, subscripts uséd for -
identification

E = Modulus of elasticity

Fa = Allowable stress, axial compression

Fb-,z Allowable stress, bending
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Allowable stress, bearing

Ft = Allowable stress, tension

FV = Allowable stress, shear

Fy = Yield strength

Fu = Tensile strength '

I = Moment of inertia

J = Polar moment of inertia

K = Effective length factor (columns)

M = Bending moment

P = Applied load

R = Reaction load

S = Section modulus

v = Shear load

W = Weight

a,b,etc. = General dimensions, distance between loads,etc.

c = Distance from neutral axis to extreme fibre
of beam

b = Beam or flange width

d = Depth of beam, diameter of round member

£ = Computed stress, same subscripts used as for F

1 = Length, in inches

r - = Radius of gyration

t = Thickness

W = Distributed load, lb/in,

Seismic Calculations

Fl

]

i

Allowable stress, "design" seismic loading. Same
subsripts used as for F. .

Calculated stress,"design" seismic loading
vertical seismic accel.

horizontal seismic accel.



5.0.2 Material Properties
All rack materials are specififed in PaR Document PARSP/3091

and are reprinted here in the following cart. All aluminum

material property values based on: Aluminum standards and

Data, 1974-1975 published by the Aluminum Association

{(Reference 9)

: _ . F_ Min. Yield
Description Alloy . - Finish Y at 212O F

Top & Bottom Casting A356-T51 ~Partial machined,

Sand Cst sand-blasted and 16,000 psi
g- Duranodic {(grey)
’ {anodized)
1/2" Side Panels 6061-T6 Duranodic Anodize 32,000 psi
(black)
Angle Connectors 6061-T6 Duranodic Anodize 32,000 psi
(black) '
Cavity Weldment 5052-H32 Sulfuric Anodize 23,000 psi
{(clear)
Bolts 2024-T4 Sulfuric Anodize 42,000 psi
) ' {(black)
Rivets 5052 Body Sulfuric Anodize
(black)
ABS Plastic Cycolac Grade T
Bearing Plate 304 Stainless Machined 25,000 psi
On Foot
Thread Foot 6061-T6 Hard Anodize 35,000 psi
. (black)
Other material properties for aluminum are:
Modulus of Elasticity "E" = 10.2 (106) psi @ 100 degrees F

Modulus of Rigidity "G"

3.8 (10°) psi

Density .098 lb/in3

5.0-3



Other material properties used for 304 stainless are:

Modulus of Elasticity "E" 27.7 (106) psi @ 200 degrees F.

Modulus of Rigidity "G" 10.6 (106) psi

Density .28 lb/in.3
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POOL AND RACK INTERFACE LOADS
The seismic analysis description is given in Section 5.3 .
The broadened envelope response spectra and time histories
or results of the time history analysis are given in Section

5.4.

The maximum floor load,calculated as shown in spring K_ on

£
Figure 4, Section 5.3 wés 647875%#, given from Figure 2, Séction

5.4." An 8x1ll and 10x1l rack were utilized in this analysis.for

a total rack dead weight of 148,274% ( 27— 750#/cavity).

The aead weight of the water and concrete floor Within this two

rack area of 65.9 ft.2 was assumed‘to be 212,656# for a dead

weight of 3%0,930#. Therefore, just the seismic load in the floor
expressed as a fraction of total dead load iS’Ei;(647,875/360,930z] =
0.79. Since there are 21 total racks or 10 1/2 such pairs com-

bining this maximum by an SSRS method the total seismic load on

"a per unit basis is:
M10.5/10.5 (.79) = .244 (Total Dead Load)

Therefore, the combined dead plus seismic loading is 1.24 (Total
Dead Load). The per cavity load contribution of the fuel and
racks is 1.24 (750%4) = 930#/cavity. For the entire pool (2050
cavities) the total load is 1,960,500. Depending on the com-
plexity floor model this load can be distributed just over the

rack area or the entire pool area.
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Since a planar model was used, the above loads are the resultant
.of a combined 2 direétion (one horizontal and one Verticai)
seismic. If a three direction seismic is’required in the pool
floor analysis these‘loads'should be scaled up. The base. accel-
erations are shown in Figure A ana B of Section 5.4 are .5 and |
.28 g fespectively, Therefore the ratio of 3 direction RMS £o

2 direction RMS is given byi

——“
/\/ng + .52 4+ 282
N.s% + g2

The combined dead plus seismic loading for 3 direction now becomes:

= 1.33

.24 (1.33) + 1 = 1.32

This value yields a total per cavity load of 989# or a total load
of 2,028,300%. Since the spent fuel pool is 20' x 40' or 800 ft.2

total area, the total uniform vertical seismic loading is 2535 psf.

The maximum sum of all the horizontal leg forces of Figure 5-c is
132,650%. On a per cavity basis this is 669#. This load should

be applied in both E-W and N-S directions.

The maximum bearing'stress under the rack feet is calcualted to

be 4393 psi.

These loads should be used for both OBE and SSE.

Rt s WIS
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BY SLGUEL I 0ATELISCY T/ suslecT. Q0L ANALTSIY. (CON/L)......  SHEETNO.......... e
CHKD. BY....yfk:_;DATE._I/.?;.;{.L:‘

..... D+l +.DF. (3 COND.) ' JoB NO.. 309/
\

J

FOQT. ANALYSKS = D +L +DFE :
FOR THE Il A1l RACK ,- D+L = 22690 % qor

DrL+DF = 226%0% + 4850 = 34750%0or (Comn, 1)
g *
= 226907 + $9,300" = 84,9907 07 (conn, 2)

= 226907 + ;‘1\—‘—9’ = 52465% g7 (COND 5)
: l
CHECK BEARING STRESS | |
ON CONCRETE : ﬁ'P= (DT/: )Z; gf)?_ = =1462 'PSI; .EF“ = ,332_i(co~b,l)
o E o = 34mpsiy . = 784 (CoND2)
: = /346 PSI 3 - = 310 (COMD.3>
CHETK BEARING STRESS | =
oN AM, rEmi-sei.:  §p= S = 7671 psiy 2= 225 ceonn.)
| o . = 18,)00 Psi;  .—. 532 (CoND.2)
,_.k - = 7167 P5/5': 211 (C‘-ﬁNh 3)
CHECK BEARING STRESS > ’ < f ot
ON PLASTIC - ‘(‘P=;5.Af(é‘~125DT§_ = /05 Ps/; F_:E = .297 (£0N1>,/>A
= 3787P$I‘9 = .70/ (COI\JD.2.>
= 1500PsI5 =.278 CCOND 3)
CHECK AXIN. STRESS D
ON FOOT THREAD : ﬂ 4;/—4’%%’;’_ 3130 PSi; ‘—} = 165 (o]
e e =..7384 £s/5.. . = ,388 (CoND2

= 2924 PS/;Q"’“"';—" .154-(coND3

. - - m R

-~ _‘j-\‘.-.'-r,l

.
..fy_"’
- &
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FOOT AwALYSIS: D +L e
FOR THE I X1 RACK , D +L = 7507, (1) = 28690 oo

o
BEARING STRESS OW CONCRETE £, = (127/23 2’3?5, e = 955 S/
. 7 4 . t o I
_ (K E =4403Fs
Sse =.217
BEARING STRESS ON ALUM, HEMI-SPHERE '
£ = 22,6907 . 5609 pS] (< 234,000FS
4.5 N* <p “t .
‘ /,r: {47
S
BEARING STRESS ON PLASTIC .= %,_ = 1048 ps| (<F =5400 P
- TR Rpl =
CHECK FOOT THREAD STRESSES 3 ; " P, =194
AXIAL STRESS ON 00T THD §,.= —==L0T - 2044 PS|C<F 109,

REF. FORMULAS /AN SECQTION 4.3 AND 74BLE 3.3.25 OF
SPECIFICATIONS FOR. AUMINUM STRUCTURES , THE ALUMINUM
ASSOC/ATION INC,) SECTION [, APRIL [976.
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SECTION 5.10

FUEL STROAGE SYSTEM DESIGN REPORT
DUANE ENERGY CENTER UNIT NO. 1

Iowa Electric Light and Power Company
Cedar Rapids, Iowa.

CONTRACT NO. 13764

PaR Job: 3091

Design Calculations

POISON CAN ANALYSIS

PREPARED BY&M/{ fL— pare  |— lo=T7%

CHECK.ED BZ@QF,‘ / M DATE__ | /—23 -75

REVISION NO. DATE
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! . CAr] MATERIAL  SoGawsa ALuf

' Ty 73 KSL ' ! Ty = 3IKST

@ o Pkt F;w"ZsKsI.
Tl RewsRey o

GE* O “6 I R PO Sy 5 ..TS (V-sr &

] ot MOVJ SIRESS (wr:LD ARFECT 20K 1

- BookST  F = o2& LSL
| STRES5ES WERE BASED on \S Vi LoAMNG % PeksT § e b
Fhom THE ComPUTER  QUTPUTT SRTS.  THE LARGEST  STRESS
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ETATIC AMALYEZIEZ OF GEMERAL ETRUCTURES

ETRUCTURAL DYMAMICET REZEARCH CORPORATIOM

CAM

+++ PLAMAR FRAME RMALYIIS +ee

FORE EMD, RFT EMD ﬁHTERIHL ZECTIOM ROTATIONM
IFAM  LEMGTH JOINT JOINT CODE ZODE RHILE TEMP.

1 Te 05 10 1 1 1
£ 2.53 2 & 1 1
4 2.5 2 4 1 1
v T e A T ! 1
3 D05 =] 3 1 1

CURVED =PAME . . _
| FORE EMD. AFT EMD MAT. =ZECT. O,

c S0.00 1 = 1 1 .3
3 44,35 4 = 1 1 .
& 45, 04 3 =) 1 1 .3
= 0. 00 v = 1 1 .
14 oS0, 00 B in 1 1 .3

JOINT COORDIMATES
JIIMT i ' z

1 kT . o
c Q0 CRET
2 Y FodaT
4 L 00 S 000
S 274 B osd
= < FET 2. 237
v 2. 00 £ A3
2 B, FET &. 000
3 £ D37 . PIF
10 & 000 L 00

MHATERIAL FROFPERTIES '
CODE E POIZEOM S DEMSITY THERMAL COEFFICIENT- YIELD

1 11.00E+0& . .447 L O00E+00 . DDOE+ DD 2, ANDE+DS
CROZS-SECTION FROPERTIES
: MOMEMT OF SHERR
COLE ARER IMERTIA  RATIO

1 1.000E+00  1.&00E-04 1,20
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Maroes DEC Sy 1377 1&:44 o : F

ETATIC AMALYZIE OF GEMERAL STRUCTURESZ
CHM :

ZTRESE RECOYERY “ALUE=
o COMEIMED FOIMT 1.~ POIMT =4 _
JIE ITREESE L B CeEs FCEFFD Oy () FCEFF?

1 1 1.000 1.DBO i.000

ZFECIFIED REZTRRIMTE
SOINMT  DIRECTION WHLUE

1

20
= )

CLOADIMG MO. 1:

-

DISTRIEBUTED LORDIME -~ FIMAL
zFAM  DIR  COORDIMATE YHLUE ZFAM IMC.

1 hE MEMEEFR 1.500E+01 10 1

TOTRL RFFLIED FORCESD: _
Fody = S,ZBTE-0S FYr = Z.147E-05 Fi{Z) = « JOOE+OD
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ETATIC AMALYEIE

ETRUCTURARL DYMAMICS

+++ LORDIMG MO. 1:

JOINT DISFLACEMENTS
JOINT SR i

IE-03

2. A95E-03

1 2,780 A =
c ~T.o21E-102 . B40E-0S
A -3, I2EE-02 2. I2EE-0S
4. -7 47TIE-NZ F,234E-0S
) —2.22TE-10C -1.30ZE-03
) —2.TTF2E-113 F.VTRE-0Z
v =2, TSYE-113 3.774E-ﬁ“
= L OONE+OND C.3ARE-NS
3 .DUQE+QD CHOGE+0D

—

~3.7STE-03  -3.74TE-03

IDIHT REACT IOME

JOINT F ey

= 2. r25E-049 LOO0E+QD
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ITAHL 3. 309E-04 TeoelE-05
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Dy}
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. DO0E+D10
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4 T -S.20E+01 -2 1%E-02  2.S4E+01 4
=S 4 =-5.20E+01 J.E80E+01 ~2.28E+DT b
= 5 =&, TeE+OL 4. &FE-0I2 -32.F4E+01 )
ra 2 =S.20E+01 -3ZL,S0E+01 -2.28E+0L T
= T ~=S.Z20E+01 BL.ES0E+31 -2 2&E+DY S
=) 2 =-5,20E+01 ~Z.20E+01 -2.22E+01 3
10 S =5, 20E+01 Z.E0E+01 -2.28E+1 10

‘ .00') b

———— ——— - o o —
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SECTION 5.11

FUEL STORAGE SYSTEM DESIGN REPORT
DUANE ARNOLD ENERGY CENTER UNIT NO. 1

Iowa Electric Light and Power Company
Cedar Rapids, Iowa

CONTRACT NO. 13764

PaR Job: 3091

Design Calculations

MODULE LIFTING FRAME AND CASTING LIFTING EYE ANALYSIS

PREPARED BY /%/’/’q’,e //%/L/LZ/ patE. [/~ 2-T77 |

CHECKED BY (:llg%%iﬂ ﬂ/h—-\\ DATE L= >3 -Tg5

REVISION NO. DATE
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REV. NO. DATE DESCRIPTION CHK'D BY - APPRV'D BY DATE
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INTRODUCTION

The following calculations check the stresses in the iifting
frame members and welds described by PaR fixture drawing
AD-225§6—E. The calculated stresses are compared to the yield
strength Fy of the material and are shown to havé a factbr

of Safety F.S. on yield greater than 3.0. Nomenclature used
is generally in accordance with A.I.S.C. Manual of Steel.

14
Construction; 7th Edition, 1973.

.5.,11-3



BY J—lo TDATE!MW. .S/ ts SUBJECTH LS L U2 Sl STE 0008 50D SHEETD NO .= OF /laae =

CHKD. BY- V}/ZLDATE /17/75 e e e Jos No.IQI) . 1OWA .

GENERAL FIXTURE ARRANGEMENT : SEE PaAR DRAWING A -2255&-£.
THE SAME F/XTURE /S WUSED FOR L/FT//VG IN THE 8 CAV. DIRECTION AND
THE 1] CAY. DIRECTION.

! : b Lo
: ] )

SEE SH.S FOR .. ,
VIEW A~ A:,.. o 42.25 ": | S—— :
AR A . .
r"537 r-- " iy . —-—--
Pl 7
e @ -—--1_41
Tl s ) feizsodeerd 250 ; | More:RETRACTED -
14'63\l ) 5| > - o Pos., ARE W/ LIFTIN
* 7 . -.50.50" RETRACTED POSITION EARS CENTERED /N
737 ' , 55. 625"MAX. EXTENDED OUTER CAVIT/ES.
MIN, 1N 8 GaV. DIRECT/ON . .
3 70 375 REFRACTED POSITION — ]
75.507" MAX. EXTENDED (74. 375"5How~) : | P
: IN NI CAV. DIRECTION - - . R et
74.375° MIN. EXTENDED SHOWN -~ :

DETERMINE MAX. LOAD P PER LIFTING FIXTURE AR (FOR 1"l MODULE>
APPROX. WT. PER CAVITY IS 136¥.(SEE NOTE. Bsz.ow) I
p = 136% (n)(n) " ‘

= 8228% Per LFTING £4 | T |

DETERMINE MAX. TRAVEL BETWEE/V f?ETR 8 CAv. AND EXTEND, // CAV CONDITIONS'

SO ll-soqo - .~.'-§.'<
72.200 - = 12.500"

NOTE : 136%/cay. USED IS CONSERVATIVE AS CALC. W7 /S //3#’/@\/

NOTE: CAVITY ARRANGEMENT 1S 6.625 € T0 £ WITH 5.900" HOLES.
N IS THE NUMBER OF CAVITJES BEINC CONSIDEEE-D

o s

2.125 .'507 ; TR .
3.3f753' l L '4 S o ‘ - : z :
i . 23%? ' : o - i : .
_ 7B | o
1 /é, | . /
| | e 6625(/\1 ) —
sl 5900 —

"5.11-4



By Q. (GOELISHpATe /04777  suslsecTMODULE LIFTING FIXTURE. AMALLSIS  SHEETNO... 3. OF.. . ...
Jos N0.303) _10WA

J.
CH Kp._av.él.,,.\.-.—n. DATE..‘IZ_K:/..’.?!L

........................

LIFTING DOG ANALYSIS : SEE P3aR DRAWING
MATERIAL : /018 CRS , [, =70,000 PS.

T S B AN A
' ).468' ' /

4 | |
-.-,.Sn* --'- %‘-—’—2.438 ‘ | . ; ' :A‘ o L

—- _ /5.888 " -

secnon| P M (N-LB)| A W) 5=2050w%) |5, = B (4B)| 5 - 2 L g ()| Bl

@ (8228|7816 |2.202| .538 | 3737 | 14508 | 64020 | 4.4%
(@ |8228|17846 |3.657| 1.486 | 2250 | 120/0 | 66400 |S5.53
3 |8228(130,726 |8.296| 7.648 992 17093 | 684/3 |4.00

PN}

Fy = sswmq YIELD COMBINED SHEAR AND TENSION.
(SEE PARA. /6.3 A.LS.C. MANUAL, P5 23)

= Fg » /.6 {v
. ! ) . ..'s:..._.
FACTOR OF . SAFETY ON YIELD = —%‘—“ : -
: b Pl

5.11-5.



ey LRI N0ATe /0227277 susseeT MODULE. LIFTING FINTIEE. (BLYS SHEET NO ... OF ....."... -
CHKD. BY '/AM.DATE.-J%--’::/.TZ?} ___________________________________ Jo8 No... 392/ / .Q.\.’."A__-

MAIN CROSS TUBE ANALYSIS @ :
CHECK BENDING STRESS /N 10" x 10" % 3/8 SQUARE TUBE , A= 13.8 wa,
S =417 /A/3 % = 36,000 Psi. | L
o A:64se# S

L » £
4'5223* | | | 'L 8228

.00l

FEN P L

MOMENT AT £ = 8228" (37.012") = 304,539 INLB

M . 304,535 N
§ =g = SWIBNE - 7303 ps) ; .

| = 36009 o ' CL . [ *?
Fg S. 0 , = S———-— = L . L ) ;
\ N YIELD ., 7303 4.93 | |

f i
: i
H i . ¢ o
. ; e TaL.
: ! '
: t . Y 0
H H o
t
i
. »
H
! -
i
i
0
i

5.11-6 u . i
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BY 3. QUHLISH paATE/Q:-31:77 suslecT MIDULE LIETING FIXTUES ANBLYSIS  SHEET NO ...D .. .OF ... e T
CHKD. B_Y( llt .-DATE.-._‘ A - T Jos NO.3Q2/ . IOWA

R
DOGHOUSE PLATE AND WELD S7RESS ANALYSIS

IR - rl.687'_' {‘-625"7‘{?
1: . i } . * .
" . 3 ' " 9.50 BETW.
A e e 10,0 5@ A’S OF
D: - T;/Be ..... . %éws
- b R
{850 MT6. PLATE
Feo- ' ; )
’4-1‘3763—— . B NiE =<4 WELDS . |
. . : F), = 30,000 PS) EOR DOGHOUSE
de TAD MU ag e s i
ST SET o ~
e - o e T
1
STRESS. ANALYSIS FOR_DOGHOUSE PLATES. | A
R fio (14687 + < 625)(7.75) 4 e e
"I‘PLATGS - 2 = 358 73 N AR
| £ T LY i T 7’7',’{' g ) ! ; :f"‘f "-1 ~
b T . 358. 73 /N“' I ’

< - 8228%
"V T (625t 1487)7.75

= 460 P

TOTAL {-‘t = ﬂu J;w = 4662. PSI (<F¢ = 18,000 Psx)

- Boooo -
PSS, = 4662 T, 6.43

CHECK 3/3 WELD AROUND DOG HOUSE | MTG. PLATE = | ol
Tues = ?_[3/5:(3:50)3+ 9.50(3/3) ,_.,._%(9_50)(307)(550‘] =244.6 m% | ..
8.50 .
& = 8228(19.7631— )a.so -
$an 52281' - 862 Ps]

EICK +8.50)( 3/g)(.707)

e =farter 3 7728 PsI (<F =24,000 ps)) 5 F.5, = 53320 =3.10 .
: 5.11-7



BY (3, QOBLLSHDATE. /O Y-// susJECT. MopuLE . Lll':///‘/@ HUIXTURS  ANALTIID SHEETNO ... Y OF. ..l ™

" CHKD. BY* } .‘.DAT&..J/_&/.‘T;?; ____________________________________________________________________________ JOB NO. 30°’ /_QWA.--..:
-..--.‘.--.,..Z.j ......................................................
(HECK DOGHQUSE PLATE WELDS : USE 3" WELDS . z

WELD NA L/INES ARE SHOWN .,

" n3 : o
= 4(;/ )(775 224N

= Q%%ﬁ-.L =3o.03 INZ

Togy = S (To+ad) =wheake 4 = (3")(2.75 N707) = 2. 055 /N
;.4[‘5/(;/ ﬂ+2,oss(e.154, +3.593%+5, 749) = /03.98 IN*,
Swa.g = 103:28 w* '

i ©.0007 /7‘33 /N ‘ . :
REE : _ SRR I IS
'?n,&=§’3~' = 5?-28#(6 00 6253 ’5_3'“) — 2/88 Psi
o =L . 17.33 /N :
s = _u:_ =  ‘_*<;8/8%.)2(§j5> : 708 Ps|
ror/é; STRESS Sy + Frrbpa T {-v = 9373 psi (<F=2_4,o<:>o PSI>
f/——.s._f-'—?—-%%—%‘—’- = 2.56

5.11-g - o ‘ ' =




BY.JSORLISH DATE/U ST/, SUBJECTNMIOIULA LIELINGA JIX L URE ANALY.DIN SHEETNO .../ ___OF ...

CHKD. axj}f«.:r.—:oxra.y_ {4%29_ ____________________________________________________________________________ JoB NO.FQ7/ _IowWA

o} -

j\—'——<4) )-8 SCREWS ;

A=.605] INZ
- Ry'=30,000'Ps1 7

AD-2Q0977-B
LIFTING EYE
F = 35,000 PSi

b4

i
s
|

2.0 TYP—] |

AD-22223 -C sl gl
BRACKET Pl—ér.z\ _# €0 '

A B ' 6.0 ;5456’-*.7”‘0‘7"'AL-:"’ N
BEAM MODEL ASSUMPTMNWD!STRIBUTED LoAD R
FOR I.5"PLATE— o

ASSUMED LOAD - - Y S y - . R
D‘S e, .s-_f;'.’ g } ...t_ R : ',.,’ caoroalt
SH&R:JEEJT'ON 822§ S 82.?.8i e f,,_;ﬁ

5.11-9



By 2. FQBLISH paTe/0-3/77 suaJECT/WJbUU: LIETING. FIXTURE ANMLISIS  SHEETNO ... 8. OF s

CHKD. BY. II- DATE.. l/ //'13 ................ ------------------------ Jos No. 392/ [foWA...__

VakREE

LOAD HOQOK ANALYSIS (CONTINUED)

CHECK BENDING IN AD- 20980~ C PLATE AT LOCATION @ =
' i

. " | Ll
- M _ 822 (375) _ ‘, , |
: | 35000 PS|  _ -
F.S. ON YIELD 5285 Fsi = 3.40
CHECK TeWNSILE STRESS IN. /’ 8 SCREWS : _ - : c ’
16456* | 4 R
= =. 800 !
Qt, 4 (.c051i8?) 6 Q . | : ‘ z
: \
30000 Ps!
F. = 4_4 :

. S. ON Y;Et.b “Caoo s 4.41 ;
CHECK BENDING, STRESS ON HOOK A7 cocarioN O :- . . | .
fo= 5 = R = szesrs

=% | |
: 35000 PS]  _ ;
F.S. ON YIELD 8228 751 —. 4.25 )
CHECK TENSILE STRESS IN HOOK AT LOCATION ® :
- P . 82287 p A
.“Ct A T 207059 .-....\..-.__2742 S g
35000 PS| | !
F.S. ON YIELD = 12.76 |
Y ~ 2742.PS1
CHECK STRESS ON 4" HOOK WELD : ,
. _ _6458* _ o |
:%t - 2(.3/8‘/)(60) - 36 57 PS, ,
F.S. ov YiELD 33292 PS! .. ,9 55 L e

3657 Ps) .. . . . : i

5.11-10-



— ) . DATE. / J22. e ea o301 TOWA

MODULE CTAST/NG LIFT/ING EYE ANALYSIS:

SEE PaR DRAW/NG D-22829-D , DETAILA 1725 |
‘ l-o__z 50—.1 - o ’1 '*'375"
_ o R ' i N ] o R
I \ s 50 S” : = ! \ I " r - I{t
[\ , wmmoF : [ /.625 ‘_ "
. |LIFTING | - | | REF : 2.125
|\ Yt | IDos I i ' ' l o
. \ i
(. ) . - - . A . 4 -
" g228%
T~
—=~z,o"-,1.725-- B
CHECK BENDING AND SHEAR STRESSES A7 LOCATION (D) : Ll
AS‘SUME AN AVERAGE HEIGHT AND WIDTH OF SECTION. .- ..
" M [
. AVG HeleuT L 625‘2 +*2.185° - ;875" _ '=
- .375 . w g e _iA BRI
ava winTH L2253 @ =662t b mw
AVG. AREA (1.875'X1.662") = 3.537 /N2
. " N2
SECTION MODULUS S = ('?’626(/’875) =.974 IN?
= M = 3696 PS
S 974W3 369_Pt |
. P _ _mze8% . _ A R
S - a(3537m9 /463 P e
CASTING 356 -T5/ , K, = 16,000 PSI o
FOR SHEAR AND asmea Fay = R =165, =14139Ps|
14139 PSI _
FS. ON YIELD 3554 FS; 3.82 |
'REF, PARA, 1.6.3 ALS.C. MANUAL, R 5-23 .

- 5.11-12
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- 3460 LEXINGTON AVE. NO., ST. PAUL, MINNESOTA 55112
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JANUARY 1978

SECTION 5.12
FUEL STORAGE SYSTEM DESIGN REPORT

PaR Job No. 3091

For

DUANE ARNOLD, UNIT NO. 1 (IOWwWA)

DESIGN CALCULATIONS

MODULE SHIPPING SKID

P#EPARED BY /. gK%??ZéZZQZ{' | DATE /-/S-75

CHECKED BY | “-/\» patE | =115
P UK |

REVISION NO. | DATE

5.12-1



INTRODUCTION

An analysis of the shipping skid was conducted for racks
oiientated horizonﬁaily, vertically, and in tilted pbsitions
which occur for upending and shipping conditions. The
computer program "SAGS" (Static Analysis of General
Structures) was used to analyze a bracket on the skid. This
program is available thru the Structural Dynamic Research

Corporation SDRC, 5729 Dragon Way, Cincinnati, Ohio.

This analysis showed that all members and interface bolts

have a safety factor greater than 3:1 on yield.

5.12-3



F —

~ CHKD. BY_X/}f/‘.f':..DATE Hinfoa, L/\D C3V 78D KER ) . JOB NO.. SIS o

MODULE SHIPPING SKID ANALYSIS FOR FOUR PQINT LIFT

»

157 LONG LIFTING CABLES ARE USE.D 70 LIF7' P =13, OOO#'

NOTE. DRY MoDULE Mnss = 13 *,ay, -6,500

pex. Al
:_f?:l_ '\’;VT ~,/5(/o)(n) 12,93 O#

vSE P = 13,000%

I
) 4 siNe
4SINS ‘ .
'.P_ ~— ) — , /81,875 REF Pose
REF.
| I4 TAN® e}:: 60° TYR (REF) | | | | /(’/5
g % - P, — e crri—— . " o— e .
2.00-5 : /’ . H 'T
Z V\P . : euPEN . \'
dH by (2)1.000 DIA, HoLEs (TYR) i
| : /> ',
| //— | | | ]
4" vl : £ . P!
TUBE | C.G. MODOLE » . ANGLE
. : - AND Sk ID |
l | -
B : o
- - —— -]
\ ’ | . : ' B N
| NOTE: ALL MEMBERS WILL BE DES/GAED
e : , 2+ WITH. A GREATER THAN 831 FS.ONVYIELD,
A = [875( 1 SINCE THE /?LLO(.UﬂBLE FOoR TENSION
4 TAN® IS EQUAL TO . F . THIS CORRESPONDS
Isme = 3750 * ALLOWABLE .SrRESS |
..4‘?_ = 3250%

ASSUME Rpganep = 130007 AND 8 peupep = 25 (SHOWN)
| - o ‘ AND 12 ° INTO PAPER,
. 5.12-4




CHKD. ayﬂ_a_\_.ams.l/xgn_a_. o MADZE S IO NEE e 108 NOLANLTL

CHECK RIP OUT SHEAR STRESS /N 4"x4" TUBE ('/4"WA/.L),F;=3éooo
* | | |
o .
4 375 3750

A .
2.00" N IGoeoiasey /878 P
T , . , _ (Fr=14400 Psi)
g - 14,400 -
§1 F.5.= —jg95 = 7.68
s’fé’égfbé | CHECK BEARING STRESS
| S Ve el . € = 3750%
P 2(l.oo")(.250")

—~— 2.00"

= 7500 PS&|

224 (<Fs =32400 PSI
Q0
7560 ~4.32

CHEQK SHEAR STRESS OM 1.00" DiA. SCREW : F, = 85,000 PSI, F,=39000 PSI

F.S. =

¢ = 3750 %
T 2(M)0.09?

- 34000 _
F.S. = 5355 14.24

CHECK RIP QUT SHEAR STRESS /N 3"x3"x V4" ANGLE TaB; TAR THK. is V2"
SHEAR STFESS ON SCREW IS TWO TIMES ABOVE, OR 5/40PS (<F2/2,000¢

= 2390 Psl  ((<FK-=34,000 Ps/)

*
. 37507 __ #
' ' F, =36000 PS| * 3250
1 1.50 !
6100"21 ’ :
t 1875 F
N /.00 DiA, ALUM. SCREW
3’50000 &
3,50 £, = 3750 - 2500 Ps|

2 {1.50").500")  (<F,-=14,400 PSI)

@x 8% = s | span "SRR 5
. ‘ Lo = = w500 PS|
- 2.750 _ T (l.0ao")(,500" ‘
- *=g50c = 158 | p - 22100 _4)32 (< Fp = 32400Ps/

1.0 : 7500 10
CHECK SHEAR STRESS ON /4" WELD SHoWN ABOVE : D=4 FOR J,"WELD.

REF A.1.5.C. MANUAL 7+ €d, TABLE XIV | R 4-68. :

ALLOWABLE LOAD P ='Cc,'DJ\ (FOR 3250™ LoAD CONTRIBUTION)
WHERE C, = /.O FOoR £70 ROD ,AND C = .64 FROM TABLE XiV.

S P .¢40.0)(4)(6.0) = /5.36 KIPS

' /5.36 70N DUE
F.S. ON ALLOWABLE 1228 = 4,73 (COpIRIELTOL DOS,

Q ‘ BASED oa 2/000F5] ALLC
CORRESPONDING STRESS IS = 4440p3) :
5.12-5 73 ,




.........................................................................................

CHKD. arg, ....... woATe! 8 Me. (AP RD/ 98D . REF) oo OB &_o..J.Q'?.l.-..-._.'.------_‘.

WELD SHEAR s7RESS (CONT/NUED) *

CHECE SHEAR STRESS camm;sorm,u DUE 70 /575’*5//5,4;1 1 O0AD.

USE TABLE XV, P 4-69, WHERE @ = %2 =.25 4np k.= Z15 = 4sg

P=CC,DR = .95 (1.0)(4)(6.0) = 22.8 KPS

CorRRESPoNDING STRESS $523(21,000 PSI) = 1725 Ps/

TOTAL RESULTAAT SH&'AR STRESS QN WELD IS

l_(444o)2 +(,725)J = 47&5 Ps/ (<F;.= 24,000 PS/)
£ = 21000

~ ANALYSIS OF SHEAR STRESS ON SUPPORT PLATE WELDS : S&5 SHEETF3B -2
A TP _ 3250 PLATES 4he 4.0 5Q.
4 _ REFER 70 CoOMPOTER FRINTOOT LOADS
AT JOINT | (SEE SHEET 3E) =
. TENSILE LOADS ARE F(X)= 1636
AND FCY)= 2631 #, SR
17_( ' MOMENT M = 2096 IN-LB
N '
SEE SHEET 3B FoR SECT/ION A-A
P COADS OSED /N COMPUTER ANALYSIS ARE BSOQ
“WH SHI&HE& THAN 7HOSE QOSED /A Mobve & SKID
X ANALYS|S OF 3280™) HRE THEREFORE CORSERVATIVE,
MODULE SHIPFPING SKID. ANALYSIS FOR UPE/\)DMJG CONDITION .

CHECK SHEAR AND TENSILE STRESSES oA 1.0 -8, SCREW ,.A,.=.60S] IN®
THIS SCREW SECURES MODULE 70 7HE SHIPPING SRID

AND SCREW STLESSES FOL UPEAND/NG CONDITION BELoW

WILL BE GREATER THAN FoR FOU& Pa/NT LIFTING couF/GU,eAr/a,v

2750% &500% <«

-
4

E/;‘ | 2§ ®REF. '
-~ -~ [ s890% K= _;’ng),_ = 3500 Ps|

r.o"-8 SCREW WITH 8647 " MINOR D/A.

b

Fy = 85,000 PSi

| A COMBINED SHEAR 57?55.> éu’ *62
CHECK NO.OF EAJGASED THDS.REQD |
IN ALUM.CASTING WITH §890% _ [3500 +<i_3_>] = G000 PS|
TENSILE LOAD , A, = 4(/e,ooo)
=4,4oor->s; 3 FS. =3 MIN. (< F.=34000Ps

58 : S 3 '
[_ 8447 )(&_2_ +1=9. ,3 THDS, F.5.=_64.?Oo'030‘ 2567
L 04004 - (MIN) _

/.50" ENGASEMENT 1S AVAILABLE
~OR 12 T//A’EADS _
' - 5.12-6



DT ™ e O WP W W IOS ) e -—— - —— .

fan soarte.. ',/*/"‘ (AD=23 198 - REF,> ...... Jos NO...39.?_[_...-.:_..-.;_.

CHKD. BY,,j ........................................ -

ANALYSIS OF SHEAR STRESS OM SUPPORT PLATE WELDS:(CONTINUED)

| 4.0"——-—1/‘—74-17-—
Vo PLATE .666" (BETWEEN WELD N.A.S)
_ T
A-A : o L. 2
: g _2(a0 () " i ,é(,é’)
. | I‘UGH = ——’—-2————" + 2 (4-0 )(.707)(.25 x———-—a
= .0l0 + .157 = ./67 WY
= =67 MY = 501 N3
S‘d.)&l& ] .33311 | !

€ = 2096 /N-LB
Tb .50 INZ .

b ‘
= 6302 + (2437 = 29 PsI
2 (4.0")(.707)(.25") "

= 4/84 Ps|

Sre

TOTAL SHEAR STRESS £, = Sug + Sre

6375 PS]
(< Fr=21,000 Pst)

I

= 4184 P£S| + 2/°2/ PSI

$5.12-F



ETATIC AMALYEZIEZ OF SEMERAL STRUCTURES

STRUCTURRL DYMAMICS REZEARCH CDEPURHTIﬁH
ERACKET

o PLHNHF FRAME AMALYZ I’ e

FORE EMD AFT EMD HMATERIARL  ZECTIONM ROTATION

ZFAM LENGTH JOIWT . JOIMT . cOonE ZODE AMGLE TEMF.

1)

.33
L- “1
4,010

1 1
1 - 1
1 1

1)

o L0

O3 Ny
03 [

F 8

JOIMT COORDIMATES
JOINMT wo W b

1 L0 1.250
2 1.390 L ESS
= B B L Lhnn
4 L0 -1.2%50

MRTERIAL FROFERTIEZ
CODE E FOIZEOM"Z DEMIITY THERMAL COEFFICIEMT  YIELD

1 0. 00E+ 08 L3549 . HOOE+OD L DOOE+ON S.A00E+4

CROZEZ-ZECTIONM PROFERTIES
: MOMEMT OF EZHERR
ZODE HEEFA IMNERTIAR =~ RRATIO

1 1. 000E+00 S.UUUE s 1.20

ZTREZS RECOVERY WRALLUET
COMEINED FOIMT 1.3 FOIMT 2-4
CODE  3TREZS oy CCE REFF) o0 Co2> R <EFF)

i (] 1. 000 1.000 1.000

ZFECIFIED REZTRAINTE
JOINT  DIRECTIONM WARLUE

1 123456
4 . 12345

"5.12-8
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ZTATIC AMALYEZIE OF SEMERAL STRUCTURES

ETRUCTURAL DYMAMICEZ REZEARRCH CORPORATIONM
- : : ERACKT

ese LOADIMG MO. 1:

JOINMT DISPLACEMENMTS
CJOINT ' i B FOTRTIOM

L HONE+TN L ONESTD
-;.hltE—H- ~1.022E-0E —1
-1,5392E-0% =7.304E-104g S.EITE-03
 JOABE+OD L MROE+IN L DONE+DOD

Ja L3N e

: JOIMT RERCTIONE
JOINT F s F iy MOMENT

i -1.BIRE+03 C.EITE+OZ c.FRE+DE
4 1,835 = S.eSSE+OZ 4,234E+02

]
—
fu
m
+
2,
[
(W)
L
4
m

+
o

FORE EMD FORCEZ ' RFT EMD FORLCES
ZFAM JT. RA=EIAL ZHERAF - MOMENT AT RSIAL ZHERF MOMEMT

2 T -1 3BE+03 1L SEE+DD
1.82E+03  1.3IZE+032 -5, 38E+02
i S =3.14E+02 4,32E+02

lT

1 h.__E+n 1.33E+03 Z.10E+D3
z SEE+OZ . =1, 32E+NS =1 S8E+D3

)

1.83E+03v I.14E+02 3. EEE+0E 4 -

0 -

. 5.12-10
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JOBNO...2L D e

MODULE SRIPPING SKID AMALYSIS FoR UPENDING éoublr/ou,(CONﬂ#

ASSUME AMNGLE TAB™ AND SCREW MUST TAKE LOAD —g- = 7000 .
® £ *
6 ° » 00
500 25 _ 2750 ~ -6_5—- l /R .
i ISiO i | V‘ 27 RER
I ! —..T 1 m — t
B | P N\, 6,004 ' 5890 %

)'V,—A - L NOTE: o0o¥ RESULTANT LOAD
D=4 /4 \ VECTOR ALSO /S AT 129 ANGLE
o 1.00" DA, SCREW INTO PAPER , IE., 1380%

w1 SAE GEADE 3 (REF)
A= 2.750"w] b . |

| —~ 3500”7 a = 2222 = _583

' Taf S o 5750
: P = -=—56 “G00 = /458

RER A.).5.C, MANVAL, 7T EL) TABLE XV , R 4-&8.
ALLOWABLE LOAD P = ce, bt (ForR 2950% 204D QONT RIBUT/ON )

WHERE C, = /.0 FOR £70 ROD AND C=.64¢ F,POM TABLE XIV.

15.36 CoNTRIBUTION DYE TO 2750
0 g =
£.S. OW ALLowABLE 5.58 (BASE_D oN 2,000 Ps} ALLOWABLE,

L P .64 (1.0)(4)(6.0) = /5.3 KIPS | o |
* LoaD
2.75
=3760 Ps/

.CORRESPOND/NG STEESS /S 25Z§8QO

: ' v ' 3
CHECK SHEAR STLESS CoNTRIBOT/ON DUE TO 5890 SHEAR LOAD.
2.75

USE TARLE XV P4~ 69 WHERE < =é—?—; =.25 ﬂ:\lb-k e 7-.4'58

P=CC,DA = 95 (/.o)(4)(6.o) = 22.8 KIPS .
CORRESPONDING STRESS géé%%(al,ooo Ps)) = 5425 Ps| .

CHECK SHEAR STRESS Comf?/aur/oﬂ DUE TO LOAD COMPONENT 12°INTO FPAPER 2

-3_§9:,_f745 (1380 - ,oos PS|

- &.00"(, 707)(/4”)

RESVLTANT SHEﬁﬁ STRESS ON WELD /5
[(3760)2 + (5425)% + 1005)%° =

- 2/0900
Fs.= Zors - T 3.4

FOR 512! FS oN U/,T/MHTE STREANGTH OF L/F7/NG CABLE
USE CABLE WITH ULTIMATE STRENGTH Fo 2 -
o = 5[822%°] = 33,230%

€675 PSI (£F.=2/,000Psi)

cos /2
5.12-11




8y Q. QOBLISHOATE /(8770  SUBJECT. LTUNMMIST UL AL S A A e e -

---------------- AD-23198-D REF.) :I-OS No... 3R/ . .

MODULE SHIPPING SKID ANALYSIS FOR UPENDING CONDITION . (CONT.)

CHECK SHEAR STRESS ON LOO" DI1A. SCREW:
3 . .
Cr = 6509 = 8275 Psi (<A-= 34,000 PS/)

("4)(l.00)% Y
: g5 = 33000 =
. F.S. 827‘5 4.10

CHECK RIPOOT SHEAR STRESS on V2" TaB =

- é500~ = < F = jd4
S 7 2 (1.50°)(.500") 4330_ pst ( = /4400 ps/>

14,4 00 |
FS, = =
'?s' 4_330 3032

5.12-12
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FRICTION TEST REPORT

FOR YANKEE ATOMIC COMPANY

.PURPOSE

To verify the minimum-coefficient of friction for loading geometry,
envi;onments, and pressure as found on feet assemblies of spent
fuel modules sliding on the floor liner plates 6f spenﬁ fuel

pools.

The friction ValueS'were;used in module design to.determine
maximum module-displacemenﬁs after a seismic event. These tests
were done under ideal conditions with no considerations given

to long term contact effects and corrosion effects. Therefore,
théy represent the minimum frictioﬁ forces and do not attempt

to define theilr maximums.

TEST SET-UP & DESCRIPTION

Picture 1 delineates the test set-up. Two 6" diameter‘x 1/2"
thick 304 S.S. pads were bélted onto a middle sandwich plate.
-Theée pads. are identical to the foot assembly pad as used on
the module. The middle pad sandwich plate is connected to a
3" diameter hydfaulic cylinder actuated by a hand pump. The
pad assembly is in turn sandwiche& between two stationary 1"
thick 304 5.5. plates with standard hot rolled finish to simulate
the pool liner. GSee picture 2). The compleﬁe'friction test
assembly is located in the bottom of a shallow tub, capable of
holding enough water such that the pad assembly can be totélly
submerged. The stationary plates are vertically loaded with a

5" diameter bench press.




’

‘The pad assembly is then slid between the sandwich by means

"of the other hydraulic cylinder. Both éylinders have pressure

gages to measure the vertical and horizontal pulling force.

TEST PROCEDURE

For normal loads of 50001t0'40,000# incremenfs, measure the

 horizontal static and kinetic sliding force under the following

conditions}

1) Pad éssembly with 32 micro-inch surface finsih
é) Dry
b) Wet {water)

2) Pad assembly with'250'micro—inch surface finish

a) Wet

Note:  because two sliding surfaces are used , the horizontal

force is divided by two to obtain the sliding force by one

. surface. This force is then divided by the normal force

to obtain the coefficient of friction.

6.1-3




4.0

RESULTS OF MEASURED DATA

TABLE I

Static Coefficient of Friction

Kinetic Coefficient of Friction
ggigzl Dry%;’_ Wet%%’ Wetaég’ Dryxia/_ Weteg’ Wet%igf
5,000 .19 .14 .09 - .14 .13 .07
10,006 .25 .27 .22 .21 .23 .20
15,000 | .26 .26 .25 .24 .24 .23
20,000 | .27 .25 .24 .25 .23 .22
25,000 | .25 24 .23 .24 .23 .23
30,000 | .29 .25 .23 24 .25 .23
35,000 .24 | .23
40,000 .23 .23




SUMMARY

Table I preseﬁts the coefficient of friction for the
various conditions measured. The‘live and dead weight of
four legged 10 x 10 module assembly is approximately 22,000
lbs. per pad. For normal pad forces between 15,000 to
30,000 1lbs, the variation of measured frictibn coefficient

is .23 - .29 for all conditions.

The following observatiéns are made in reviewing the data.

1) For.normal fo;ces above‘l0,000# coefficieﬁts are
fairly constant for a given conidition. Coefficients
are always substantially lowér for normal forces below
10,0004 .

2) Wet values were 0-1% lower than dry values.

3) Kinetic values were 0-2% lower than static values.

v4)ﬂWet values for' 250 micro-inch finishes were 0-2%

lower than smoother pad surfaces with 32 micro-finishes. .

Very little difference was measured for kinetic and static
friction, which may be attributed to the small pad velocities

maintained with the hand pump on the actuating cylinder.



CONCLUSIONS

For nominal contact pressures minimum coefficient of friction
meaéured were .23 -.29 for all conditions._\Because theée
measured values do not show the effects of long term contéct
stress and corrosion, we believe these values represent the
absolute minimum.

A coefficient of friction of .2 based on thesé tests was

used in the seismic tiﬁe'history analysis to determine maximum
module relative displacement. This value is 15% below a min-
imum measured value of .23 tovaccount for measurement un-

certanties.



PICTURES

7.0

PICTURE 1

-

PICTURE 2

6.1-7
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TEST REPORT/BOLT CLEARANCE

~ PURPOSE: To determine the deflection and ultimate load capacity
of bolted joints with differenﬁ body clearances, seating torques
and hole misalignmént. Thé values were then compared against
identical bolt patterns with a dowel pin press fitted in the

middle of the bolt pattern.

TEST SET UP & PROCEDURE: Figure 2 delineates the test set;up.

- Here a typical two bolt'pattern was mocked up_aﬁd lQaded'in a
‘5" diameter bore bench préss. The top surface Qf ;he plates

was measured with a dial indicator. The plates were loaded in
100 psi increments of the bench and deflection measﬁrements were

taken at each load.
Four different conditions were tested:

i) The plates bolted together with two 3/4-10 bolt torqued
to 600 in-# with body hole of .015" clearance. Body hole
pattern .015" lessAthe mating hole pattern sb that it is
a line to line fit pn'outside edges of the bolts- note
theoretically all the loéd would be of'the'}st‘bolt, in
this.case. |

2) Same as (1) except body hole cleafance .005" and hole
pattérns in line.

3) Same as (2) except a 1" dowel w;th'a .0003-7" press fiﬁ
was added to the middle of an inline bolt pattern, and body
;hole clearance of .015. The testing for this case was done by
_?win ?ity Testing. T@e test report is found iﬁ back of this repo:

6.2-2




4) ' Same as (2) except bolts are only finger tight.

All materials were aluminum. ‘Bolts were Standard 3/4-10-UC x 1 1/2"
'Hex Heads, ailoy 2024-T4. Bolt threads were in the.shear. |

RESULTS: Table one summarizes the deflection -vs- load results for

four cases. (Figure 3 presents thege same results in a graphical form),
for conditions 1,2, and 4. Figure 1 and Table 2 preseﬂts results for
case 3.

On Figure 3, the results for trials 1;2, and 4 are épproximately lineaf up
to approximately 22 Kips. After the load the slope incfeaseé; This
effect is accountéd for by Parallegramming of the bench press and should
be ignored. '

CONCLUSIONS: For Trials 1,2, and 4 bolt ciearances, hole misalignment

and seating torque had virtually no effect on ultimate failure load.

The failure load for ﬁhese three cases were 25.15 ksi. The total'effective
shear area of the two 3/4 bolts is .668 inz. The failure shear strength

is then 25.51/.668 = 38.18 ksi.

For locad case 3 the tétal shear area of the two bolts plus the 1" dowel
pin is 1.453 in2. The failure shear strength is then 52.75/1.453 =
36.29 ksi. This results in a 5% reduction in the shear strength due to

the dowel pin: and bolts not sharing the load propecrtionately.
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TABLE ONE

DEFLECTION OF BOLTED JOINTS

Load Deflection
Kips Sl 52 . S4
5.89 .023 ' .029 .026
7.85 .028. - .035 .029
9.81 . .032 | .040 .032
11.77 .035 : ' .044 - .035
13.74 .038 ©.049 ©.038
15.7 . .04l 052 .042
17.66 .045 _ .058 . 045
19.63 . 050" _ .064 .049
21.59 .055 071 .053
23.55 .064 . .081 - .058
25.51 | .074  Failure .065
27.48 " Failure Failure
29.44 |
31.4 |
33.36 ~
35.32
37.29
KEY
Sl =~.015'Body Clearance- Two Bglts Torqued 600 in-#/and hole
- Misalignment of .015"
Sé = .005" Holes in Line~ Two Bolts Torqued 600 in-#
S3 = .015 Holes in Line- Two Bolts ?ofqged 600 in-# and .
: ' 1" dowel pin with .0003-7 press fit
84 = .005 Clearance- Two Bolts Finger Tight
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Cwiin Ccity testing
and enQINeRNNG lABoratony, INc.

662 CROMWELL AVENUE
ST. PAUL. MN 55114
PHONE. 672/645-3601

reporT ofF:  LOAD-DEFLECTION TEST OF SHEAR BLOCK

 PROJECT: | : o | pate: December 23, 1976

REPORTED TO: Programmed & Remote Systems Corp FURNISHED BY:
- 899 W Highway 96 :
St Paul, MN 55112
Attn: Mr Al Sturm

COPIES TO:

LABORATORY No. ~ 14-2500

GENERAL:

On December 2, 1976, we received a shear block for load test. The shear block consisted of

a 6 1/4" x 2" x 1" aluminum plate placed alongside a 6" x 2" x 1/2" aluminum plate and

bolted together with two 3/4" diameter by 1 7/8" long aluminum bolts. A 1" diameter aluminum
shear pin was also connected to the two aluminum plates midway between the two threaded
bolts. - .

A load-deflection test was conducted on the shear b]ock'by applying a downward force to the
6" x 2" x 1/2" aluminum plate while oriented in a vertical position. Deflection measurements
were recorded at regular load intervals using a dial-indicator.

' D-DEFLECTION TEST RESULTS: Table 2
Compressive Compressive -
. Load, 1b Deflection, in.
0 0

1,000 0.0015
2,000 0.0025
3,000 0.0040
4,000 0.0055
5,000 " 0.0065
6,000 ©0.0080
7,000 0.0095
8,000 0.0110
9,000 0.0120
10,000 0.0135
11,000 0.0145
12,000 0.0160
13,000 0.0170
14,000 0.0185
15,000 0.0200
16,000 £ 0.0215
17,000 ©0.0230
18,000 . 0.0245
19,000 0.0260

AS A MUTUAL PROTECTION TO CLIZNTS. THE PUBLIC AND OURSELVED, ALL REFORTS ARL SUBMITTED A3 THE CONFIDENTIAL PROPELRYY OF CLIZENTS, AND AUTHOR-
IZATION FOR PUBLICATION OF ITATEMENTS. CONCLUSIONS OR EXTRAGCTS FAOM OR REGAROING OUR REFPOATS IS RESERVED PEINOING QUR WRITTEN APPROVAL.
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UM ciow cesting

anog engmneerng iaboracory, inc.
' 662 CROMWELL AVENUE
. ST. PAUL, MN 55114

PHONE  612/645-3601

- REPORT OF: LOAD-DEFLECTION TEST OF SHEAR BLOCK

pate: December 23, 1976
LABORATORY No. 14-2500 ' PAGE: 2

LOAD-DEFLECTION TEST RESULTS:  (Cont.)

Compressive Compreassive
Load, 1b Deflection, in.
20,000 0.0270
21,000 0.0285
22,000 0.0300
23,000 - . 0.0310
24,000 0.0325
25,000 0.0335
26,000 0.0350
.27 ,000. 0.0360
28,000 0.0375
29,000 - 0.0385
30,000 0.0400
31,000 0.0410
32,000 - 0.0425
33,000 0.0440
34,000 0.0450
35,000 0.0465
36,000 0.0480
37,000 "0.0495
38,000 0.0510
39,000 0.0530
40,000 0.0545
41,000 0.0555
42,000 0.0575
43,000 0.0595
44,000 0.0615
45,000 0.0645
46,000 0.0675
47,000 0.0705
48,000 0.0735
49,000 0.0770
50,000 0.0815
51,000 . A 0.0860
52,000 _ 0.0905

52,750* . o 0.0980

A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES. ALL REPOMTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF CLIENTS, AND AUTHOR. °
. w4ATION FOR PUBLICATION OF STATEMENTS, COMCLUSIONS OR EXTRACTS FROM OR REGAROING OUR REPORTS 158 RESERVED PENDING OUR WRITTIN APPROVAL.
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— Cwim city testing

ana enginesnng labaoratory, inc.

662 CROMWELL AVENUE
ST. PAUL. MN 55114
PHONE 612/645-3601

f ot

- REPORT OF: LOAD-DEFLECTiON TEST OF SHEAR BLOCK

DATE: [ecember 23, 1976
LABORATORY No. _14-2500 PAGE: 3

LOAD-DEFLECTION TEST RESULTS: (Cont.)

* Shear fractures occurred in the two threaded bolts and the 1" diameter shear pin.

The load-deflection tést results suggested that the shear block started to yield at approxi-
mately 36,000 1b. The load-deflection curve for the shear block is shown in Figure #1.

REMARKS: - ..

This test was conducted under your Purchase Order Number L-12319-1.

The shear block is being returned. to you under separate cover. -

A MUTUAL PROTECTION TO CLIENTS, THE PUBLIC AND OURSELVES. ALL REPORTS ARE SUBMITTED AS THE CONFPIOENTIAL PROPERTY OF CLIENTS, AND AUTHOR- °
1IZATION FOR PUBLICATION OF STATEMENTS, CONCLUSIONS OR EXTRACTS FROM Of REGARDING OUR u}'ﬁnvs 19 RESERVED PENDING QUR WRITTEN APPROVAL.

4 . Twin, City/éﬂ/ng/?J Enfﬂri%onﬁ%lnc.
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DROP TEST REPORT

PURPOSE

To determine impact loads and verify top casting integrity

resulting from a 18" fuel drop.

BACKGROUND

In Section 5.2 of the design report, a net impact energy for
the 18" drop was calculated as 7802 in.-lb.. The spring rate
at the corners of the module at the top casting were calcu-

lated at 1121 Kip/In.

In this test, a 10 x 7 top casting was used. It was supported
on the four corners by load cells resting on wooden blocks.

See Picture 1.

The wooden blocks were used so that the spring rate of the
supports in the test approximately match that of the support-

ing structure of the module.

The bearing on the blocks was a 2.5" square plate or 6.25 in.z.

Two 4 x 4 blocks were stacked giving a total wood depth of
7". The Spring rate "K" for the wooden supports is given by

the following equation:

6.3-2



K = AEQv

Where A = 6.25 in.>2

E 1.5 (106) psi for wood
L= 7"
Solving yields
K = 6.25 (1.5)(10%)/7 = 1330 xip/In.

This spring rate is slightly higher than the calculated value

of 1121 Kips/In., so‘it will tend to give slightly higher loads.

TEST SET UP

As mentioned previously, Pictureé 1 and 2 delineate the test

_ setup. The 10 x 7 casting was supported at the cofners by load
cells in series with wooden blocks to match the structural
~stiffness. Note: In the actual assembly, the top casting

is supported along its entire periphery by the 1/2" side
paneis. So thet bending stresses in the casting will be
slightly higher for the tested geometry. A 2'x 2'x 2', 1100%
concrete block with a 7" square x 2" LCS impact nose anchored
to it under side was used to simulate the dropped fuel bundle.
A four angle guiding structure surrounded the block for safety
reasons. Metal binding tape conhected the block lifting eye to
an overhead crane hook. After the block was lifted to the
desired drop height, the metal tape was cut and impact time
histories were recorded using a light beam oseillograph._ The
oscillograph and load cells were supplied and monitored by

Test Technology of Minneapolis, Minnesota. Equipment des-



2.0

cription and calibration record are on file at PaR.

To obtain a 7802 In.-Lb. impact energy for the 1100# block,
the proper drop height is, 4 = 7802/1100 = 7.09".

PROCEDURE

Drop block 3.5" above casting, record force impact time his-
tories, and note any visual damage. Repeat for a 7.09" drop
Repeat once again for a 3.5" and 7.09" drop noting repeat-

ability of results.

RESULTS

Plots 1 and 2 present the measured impact time histories for

the 3.5" and 7.09" drop. The repetitious runs agree very

. closely and are not presented. These plots are the sum of all

4 load cells or the total impact force. Plot number 1 had a
peak impact force of 17,000% and plot number 2 had a peak
force of 25,000#.

. Picture 3 and 4 depict the set up prior to the 3.5" and 7.09"

drop. After all testing, only slight local deformations less

1/16" deep were noted at the impact interface.



CONCLUSIONS

For an elastic impact, the impact force "F" can be shown

to be:

(1) F = 2EK
Where:
E = impact energy

K

spring rate
For a constant spring rate and mass, the following propor-

tionally can be shown to exist:

(2) F, /'dl

o}

Where = drop height‘

For the 3.5" drop the measured force "F", is 17,000%. The

predicted force "FZ", using equation (2) for the 7.09" drop

"would be:

F, = 17,000

2 = 24,195%

- Which is very close to the measured value of 25,000%.

Measurements éf impact forces for a drop condition on the
corners of the module were not taken, however, an indication

of the value of this force can be madé by assuming a constant.
impact energy and applying the foilowing proportionality exist-

ing in equation (l)i



Where K = structural spring rate

In Section 5.2, the spring rate due to a unit load in the
middle of the module top was calculated as 822 Kips/In. The
spring rate at the corners of-the module was calculated to
be 1121 Kip/In.. Using the measured 25,000# impact force
for a drop in the miadle, the approximate impact forée for

a drop in .the corners is:

F, _ 25,000 A/2121

1 = | 822 = 29,1814
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Picture #1

Test-Setup Side View

Picture #

Test-Setup Aerial View
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CHKD. axﬁ&@h:-ons.‘.‘[_‘j./fn.. TOP. GRID._OUTER. SECTION. ... o8 Nno.. 309 IOWA...

DETERMINE MOMENT OF INERTIA L OF ToOF /')?ID OUTER SECTION =

USEVTHE FOLLOW/AIH/;f;Pio_X;MATE CONFIGURAT/ON,®+@+® @+ @ @

237 — l—‘-l.SOO*-

1
Lstvo @1 | ]
| | ,
| : -

T
4,000 l @
| of
2.062 }
! |
43 _@DF___ |—F | | 7
I _ )
187 = |- ] %2
11.500 ol vy
REF :
7.500




_.
amnts wrce
. o T
. - m—
B

.....................................................

DETERMINE I AND S)’ FOR TOP GRID QUTER SEQTION.

ny
secrion| size (b xd) |DiSTancE Y] AREA A (ND M;Ay(m3) I, =AyZ=my (INY)| I, (N4)
1N 237" x 1.500"] 10.500"] 178 | 859 19.625 .022
2 3//,500'x4.000"| 9.500' | 6.000 |57.000 541.500 8.000
.3 O|.237"x2.062"| 8969" | .488 | 4.377 39.256 73 .
4 0O|.187°% 438" | 7.719" | .082 633 4.886 | ool
5 O1{.812"x7.000"| 3.750" | 6.0%0 |22.838 | 85.¢&4) 28.547
-6 h [.328"x2400"| 700" |-.344 |-.241 | - .169 - .084

- .
TOTAL: 12494 | 86.475 690.739 36.659
_ _ M2
Ly= Iy +I3 - 7
b | _ (86476)° _ 4
= 690.739 + 367659 , 2494 = /28.863 N
M 86.474 n”
= —t = =7/ =
Fra. T TA 12.494 &.72l
. |
= Y = 128.843 = | / ]N3
Syom = X, 28863 8.6/8

A l-¢

et e
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sussecT SECTION PROPERTY CALCULATIONS.

CHKD. Egy.,)L-m«»oATs_'y"?/W ToP GRID OUTER SECTION

SHEET NO

DETERMINE T, AND Sy FOR TOP GRID OUTER SECT/ON.

OF
joB NO.3O09 e

SECTION| SIZE (b xd) |DISTANCE X| AREA A UND| M= AX (N3) | T = AxB =M (INY){ Ts (IN*)
i & |237 %5007 - us8"| .78 | .028 . 004 .00!
2 O|.500'xa000"| .987 | 6.000 | 5.922 | 5.845 1125
3 ol.237°x2.062"| ©.118"| .488 | .058 .007 .002
4 o|.67"x 43| L1437 082 | .02 002 .000 |
s O |.gi2" x7500"| .456 | 6.090 | 2.777 1.266 .335
- b |.328"%2000"| .159"| —.344 | -.055 ~.009 -.002
- _
 TQTAL: 12.494 | 8.742 | 7.115 |, 48!
) M 2
I=Iy tI3- —a
| (8.742)% |
= 72015 + |, e A = 4
l. 461 12.494 2.459 IN
L My . _8.742 | p
7 A " Ta.4s4 = -790
- Inx. _ 2.4 |
Sxmin 22 = 2.371 IN3

Cmar 11,737 - .700

PETERMINE  TORSIONAL MOMENT OF /AMERTIA T FOR 70P GRID OUTER SECTION.
USE CASE /18 METHOD DESCRIBED /N FORMULAS FOR STAESS ,ésm\ud :
_ BY R ROARK # W.C.YOUNG, 7A8LE 20, P.29%, Sth&d, 1975.

3 :
J = ’3!“Ut WHERE U = LENGTH OF MEDIAN LINE
€' = AUERASE THICKNESS OF SECTION

/2.434)3

: ;’31‘(11.500)(-“75'55 = 4.916 IN*

T ANy
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-, crko. svhin oarelii/n. TOP._GRID.INNER SECTIOA ... JosnN0..303| .

DETERMINE MOMENT OF INEFTIA T OF 70P GRID INNER SECT/ON 1
USE THE FOLLOWING APPROXIMATE CONFIGURATION @ 2_@ @ @

725
237 TYP

A i r @ .
ISOO ; | 4
3.562 ‘ ]
2.062
] | ] | Y TYP
A :
' .OSO*"“; Y2
n.500 REF
|
YN.A_
5.338 @
7.938 _ !
. ‘ Y,
L
2.100 @y
: ]
1 1 4 R, {1
,J }
—.228
- .625
e
- }"‘_’XN.A .
;....- '___X3 ‘ '
— ] e X4

i

ot
-
o

it el

DRGNS Eird A




» sy G.GOBCISH varcll=7-77 sougcfsmGU PROFERTY CALCU(ATIOASS, SHEET NO LLOFL L
CHKD. a? r—~ paTE Vs /1 70P GRID INNER SECT/ION . 108N S0

DETERMINE I“}’ AND Sy FOR TOP GRID /INNER SECTION.

secrion] sizE (b % d) |DisTance ¥ A-REAA(INZ) M= AY (IND) ] Ty =Ay:=My (INY| To (:~4)‘
-1 A | .237'x1.500] i1.000" [2(.178) |2(1.958]-2(21.538)  |2(022)
2 O|.725"x3562| 5.719" | 2.582 |25.095 | 243.893 2.730
3 0.625'x7.938| 3.969" | 4.96/ |i19.690 | 7g.150 zs.csa"
-4 N |.228"x2000| 700" | -,239 | -a67 | o -.117 - | -.059
ToTAL: 6.948 |40.702 |278.850 28.679

- ME
Ihy-I)' +I3- A

2
278.850 + 28.679 - %’gﬁ’—% = 69.093 IN*

My _ 40.702

Yua = A ° “Go4g - ~-B58
- Iy o 69.093 3
SYMIN CMAK K 5-858 - ’/.795 IN

A 1-7
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ety Iy LA A s T

CHKD. my’/‘/‘ﬂ DATE!/’/.'.?J"

DETERMINE L, AND Sx FOR TOP GRID INNER SECTI/ON.

e i

7‘oP émo /u»ez SECT/o/u

-

B .

:JO; &0.309..1...........-...

secrion| size (b x d) [D1STance X] AREA AN M AX (1N) | Ty =AXE =M (IN9)] To (M%)
y " , -.0l4 - .00l
- b | .237'xis00) e [2(178) |-10is | -lo7a  |-2(0oi)
2 O|.725"%3562| .3g2 | 2.582 | .935 338 NIE;
3 =/(.625'27838| 362 | 4.96/ | 1.796 650 162
-4 b |.228'x2.100| .599 | -.239 | -.143 | -.086 —.00!
*
TOTAL : 6.948 | 2.459 .827 272
IT..= I, + _%f '
mT I T he TR
. 2.459)2 ’
= 2827 +'.2'72. (6 9i98 = .229 ,N4
. My 2.459
XMA. - A 60948 = .354 ’
I !
S - —L - a22.9 » — 3
N cmax T 725-.354 616 1N

DETERMINE TORSIONAL MOMENT OF /ANERTIA T FOR TOP GRID INNER SECTION,
USE CASE /18 HETHOD DESCRIBED /A FORMULAS FoR STRESS £ STRAIN

BY R.N, ROARK § W.C, YOUNG, 7AB8LE 20, P.294, 58 &,

J=3Ue’

= %( I.500

6.248)\°
\//.500,

WHERE U = LENGTH OF MEDIAN LINE

/975

& = AVERAGE THIKKNESS OF SECTION

A l-¢

= ,845 /IN*
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DETERMINE MOMENT OF INERTIA I OF BOTTOM GRID OUTER SECTION =
USE THE FOLLOWING APPROXIMATE CONFIGURATION, (@)~ (D + B)+ @)

-1].000
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CHKD. aﬂ?f’v oATa,_!!/_(f/'I') 80.7'7'0114' GRID OUTER SECTION Jos NO.F 03] )

DETERMINE I, AND Sy FOR BOT70M GRID OUTER SECTION,

SecTion| S12E Cb xd) |DisTance y| areq 4 (83 M;A)’(Hl:‘) Iy SAYZ=my (IN9)| T, (IN¥)
-1 D | .090'x3.500] 5.833" | -.|58 -92!1 | -5373 -.107
2 010005750 4.125" | 5.750 23.779 | 97.840 15.842
3 d|2.812'x 750" 3.125"| 2.109 | 6.59] 1 20.596 .099
4 ) 51671250 .625"| .e45| 403 | .252 .084

TOTAL: 8.346 [29.792 | 113.3/5 /5.9/8

MF
A

. 2 '
113318+ is9ig - G20 . 50 887 Nt

Lny= I, + Iq -

=My _ 29792
YN.A. -

AT T Tgmie ¢ 3570
- Iny _ 22.887
S}'avm{ == /

Smax  “3.570° = ©.41| IN’3

Al-io



108N0. 399 o

DETERMINE MOMEANT OF /NERTIA I OF BOT7TOM GRID /NNER SECTION *
USE THE FOLLOWING APPROXIMATE CONFIGURAT/ON, @ 2@+2@ @ @

1.000
090 TYP—— = |

I

}
? .y
] me |
f
|
: :3.500 @ Y 4 @
i - REF ; |
i i
| 7.000 ' |
{ . | )
| QL .
750 ®@- -3 f |
1 . o ~ y
| 2802 TP 2 |,
Y
2.750 ‘ NA
REF !@
' I @: \ i ! Y3
i l [.250 : * v Ya- ‘ :
| ! j SR 7;5 : ;
; .484-«] LL | \~ | |
| | -={=.137 | REE ToP OF
\ f+———6.625 REF. :BOTT'OM CASTING
| | AJ | |
: ' ! !
. ""‘X3 ; I
st Xy !
X g ———m |
Ko —— |
XNA, i'
- X4 -1 :
- X, _.l ' i
XS - '

A.l-1)




8T uuuo Foir =

CHKD. BD/ 104 DATE ”/"/“’ BOTTOM GIQID /AJNER SA:C?'/ON

?

-( L

Joa-ﬁo._3_09/...-..:.-1.....-.,

DETERMINE Iny AND 5}, FOR BOTTOM GR\D INNER SECT/ON.

SECTION| SI1ZE Cbxd) DISTANCE Y| AREA ANBIM =4y (N3 | I, =AyZ=pmy N[ T, ON¥)
ri

-1 N [.090"x 35007 5.833" |2(/58) |2(921) |-2(5.373) ~2(.107)
2 O{1.000"x.000] 3.500" | 7.000 |24.500 | 85.750 28,583

300 |2.812"x 756 | 3.125" [2@.109) [26.591) |2(20.596) | 2(.099)
-4\ | a37"x2356] 917" |- .88 | ~.172

- .027 -,079
-5 0| .484"x 250 .625"|- .605 | -.378 | - .236 - .079
e
TOTAL: 0,109 | 35290 | 115.933 28.409
- MZ
- (35.290 |
= 115.933 + 28,409 - -—/BT%')- = 21,147 IN*
L =M _ 3529 _ -
)"V.A. A - 10. /09 - 30431
S = _ﬁL_ = é.l.l4-7 - |
Cymw T g 7.000 - 3491 6.027 N3

A l-/2



m(:.Gbs
CHKD. .8y

ISH AR HS/~/7 s
b '\«DATE\.!/_!P'/”

TRTRI KIS DS

7 e

Fali<s of B Wi SR NPS INNRULR s WL FEY 3 4

Bo770M GRID OUTER SECT/OAN .

TSHEL NG

Jos N0.3 039/ ...

DETERMINE I, AND Sy FOR BOTTOM GRID OUTER SECTION,

-

LURQF L

secrion] SizE (b xd) [DiSTANCE Y| ARER 4 (WD MSAX (IN) Iy 3 AXE =X (IN9)] T4 (IN#)
-1 D\ | .090'x3.500] .970 | -.i58 | =153 | -.49 ~.000
2 O[1.000x57507  .500 |.5.750 | 2.875 | 1.438 479
3 [D|2.812'x 750" 2.406 |.2.109 | 5.074 | 12.209 1.390
4 O] .5/6"x1.250| .258 | .645| .I66 -043 014
-K-. '
TOTAL: 8.346 | 7.962 13.541 }.883
. M2
- . — ——
lnx— Ix + Is A . -
- | . (7.%62)%  _ 4
13.54] + 1,883 3-34c = 7.828 IN
- Me . 7962 _ :
Xa~ A T T834e = 754
I |
S - nx 7-828 ) N - 3
COXMIN T g 3.812 - 954 — 2.732 IN

DETERMINE TORSIGNAL MOMENT OF INERTIA FOR BoOrvoM GRID OUTER SECT/ON.

USE CASE /8 METHOD DESCRIBED /N EFQRMUAS FOR _STHESS § STRAIN
BY R, ROARK k W.C,YOUNG, 748LE 20, R 294, sth&l,, 1975,
T =5UE3  \WHERE U = LENGTH OF MEDIAN LINE

L = AVERAGE THICAAESS OF SECT/ION

:3'*(7000)( 7 344’)

- +
Sog) = 3.955 N

A l-13
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oy G. GOBLJSH Il 1E1N1-77 7
CHKD. BY ) lr~DATE .'.'/’.5/"\7

}

....Lq

st )Eet QETTTONCGFEAG LA j- e i
Bo77oM @/ew INNER Secr/olu

I gr e

IRFSYR

Jos Nb._3 09/

DETERMINE I,y AND Sy FOR BOT7OM GR\D’INNER SECTION.

Ix ‘AXZ =MX (INY)

SECTION. sxzs(_bxd) DISTANCE X| AREA Akwl) M= AY (183) T, (N%)
; | 2.842 -.4 - 1,276
1o & |.030'xz.500] 3885 |2(is8) |Tidda | Taser |2(:000)
2 ©|/.000"xz000]| 3.312 7.000 |[23.184 76.785 583
2 0 fooe's 75| 1298 b109) [2365 | 182|263
-4\ | .137"x23750| 3.767 | —.188 |-.708 | - 2.668 ~ 000
|5 & | L484"x 250] 3.054 | - .605 |-1.848 | - 5.643 - .02
*. .
TO7AL: 10.109 |33.553 | 126.55] 3.351
| ' - M2
- - —h
- .. (33.553) _
=126.551 £ 335177 T500g = 18.536 N4
‘ - M 33.553 '
- L% - 22922 - !
XV.A. A {0.109 - 3.3'9}
I
Iny 18.53¢
SXM'" Crmar 6.625-3.319 5.607 IN*

DETERMINE TORSIONAL MOMENT OF /NERTIA I FOR aorroM GRID /Amek SECTION.,
USE CASE /8 METHOD DESCRIBED /M
BY R ROARK § W.C.YOUNG, 748LE 20, £ 294, 58 &d, /975

J = 3Ul‘3 WHERE U S LENGTH OF MEDIAN LINE

L Z = AUERAGE 77H/CKAJESS OF SECT/ON
{
3(

/10,109
2000 Za0s)”

= 7.028 /N*

A=Y



'9+.G, GOBLISHoaTe l1-7-77 SUEJECT.S.ég.TZQM_KﬁOﬂéfQilES) WE/GHTS  SHEETNO ... OF .
CHKD. svﬁlﬁ.&kzoArs.ﬂ_O/_w/.n.__ .BAT70M GR\D OUTER SECT/ON.~.. Joeno. 398/

DETERMINE MOMENT QF /NERTIA I OF BOTTOM GRID OUTER SECTIOIN :
USE THE FOLLOWING AFPPROXIMATE CORNER CONFIGURATION , T

@-O~+ @ @ +@F . | =
—»-I—*oso

3.500
REF

3.750]

7.000 | 750 =55 | 1 7.@
- _._’ ——————t———
TT @

-»!.OOQ«— ‘ RER 70P OF BoTTOM CASTING

Cee Al e g



sy Q. 30BLISH oarell=7-77
CHKD. av)’ ~—~patE .\,y!?-'f/”:

.CORNER ..

SUBJECT QLEC//ON FRA W] LALWLGANTIVND

Bo77oM GRID QUT7ER SECT/ON =

" SHEET NO WOF e

Jos No. T 09/_'.‘_' ................

DETERMINE L,, AND Sy FOR BOT70M GRID OUTER secrion (CORNER).

secrion]| S1z2E (b x d) |DiSTance Y| AREA 4 (WD) M,:,qy(mB) Iy = AYE=my (IND] T, (NF)
-1 D | .090'%3.500] 5.833" | =.158 | =921 | -5.373 -.107
2 0I1|1000x5750| 4.125" | 5,750 |23.7/9 | 97.840 | 15842
3 O |1.000'%x.750"| 3.125" | .750 | 2.344 7.325 .035
-4 I\ |.500™.500" 2.917" | -.125 | ~365 | ~1.064 - | ~.002
5 0 |.516"% 1.250] 625" | .e45 | 403 .252 .084

707AL: | 6862 |25.180 | 98.980 | Is.852

Lpy= Iy + Lg - %’E‘
(25.189)°

= 98.980 + I5.852 = “C4éz

25./80_

M ]
= =% = = 3.670
Yua” "A 6.862 3@
S, = EM . _22.434 _
Y= e, 3.670

A =16

= 22.434 N*?

6.113 IN3




DY JAARIQ4 1O AT W/ /7 1

- DATEL/t T/ 7

CHKD. av)

PN T S Oy R AP T

.CQRNER .

Bo77OM GAID CUTER SECTION =

; Vel e

ivred

SHEET N RO}

Jos NoO. 309/

| DETERMINE In, AND Sy FoR BarroM SRID 0UTER SECTION CCORNER)

secTion] s128 (b x d) |DiSTaNcE X AREAA(/NZ) M =AY (I8) I s AXE =MX (INY)] T, (IN#)
-1 D |.090'x3.500] .970 | -.158 | .53 | ~ .149 -.000
2 O|1000x5350] .500 | 5.750 | 2.875 | 1.438 479
3 O 1o0d'x 750°| 1.500 | 750 | 125 | 1.688 062
4 D |.500'%.5007 1.833 | -,125 | -.229 | -.420 | -.o002
5 03 |.516'x1.250] .258 | ..645 | .i66 .043 .014
*0
TO7AL: | 6.862 | 3.784 2.600 .553
M
Ly Ix * Iﬁ A »
= 2.600 + .553 - %—?gz)a— = 1.066 IN*
=M 3.784‘
= LK = =elST -
Wa”"A" = “ggea = .551"
= dnx  _  l.0cs
sx:mu N - = ,736.IN3

" 2.000- .55

DETERMINE ToRSIONAL MOMENT OF INERTIA T FOR BoTreM GRID OUTER SECTION ~CORNER.

USE CASE /8 METHOD DESCRIBED /IN FORMULAS FOR STRESS £ S7THKAJIN

BY R ROARK # W.C YOUNG, 7ABLE 20, A294, St EL, /975,
‘ - .
T = ':~_TUZ‘53 WHERE U = LENGTH OF MEDIAN LINE
: 2 = AVERAGE 7H/CKNESS OF SECTION
) /¢. 3 '
= 3(7.000) '-g--ﬁg-%g—) = 2.198



ey G G0BLIsHoaTelln7277  sussectSECTION PROSERTIES, WEIGHTS — SHEETNO ... -.OF...L.‘. .....

CHKD. B ,-1./.‘:::1:;\75.'7 3. BOT70M GRID INNER. S&CTION. 7. Jos No. 3Q9... -
BRSNS | SRRSO LORNER ... e

DETERMINE MOMENT OF /NERTIA I OF BOTTOM GRID /NNER SECTION 3
USE THE FOLLOWING APPROXIMATE CORNER CONFIGURATION,

® - 2®+2@ 2@--©F

1.000 o
.090 TYP:}‘— - |

r }
A . l . . ' '
| l®
3.500 ' @F -
REF o ;
. ° . ) i!v ' . 3
7000 | | - Y
W * ) ) T
gt 5?0 il
I,
: ] 500 = L 2 @ Y
-1,000}< '3
2.750 .
REF T | j@ RS
1 eso| ol [ %
] ) B D __L Y4 Y 1
- | T '
484~ ———J -
—f -, 137

REF. ToP OF
BOTTOM CASTING

—1X3 :
|
.-x". s

gy S LA g | . Pt T v A N AR “:'7‘35' P AR TA T
%ﬁﬁi}%ﬁa@;jf‘?’” | I A 1= A I -.';.-'E RINTAEN O J 4%,



" ay@, GOBL ISHoAe V=777

sugsecT SECTIIN PROPERTY CALCUCATIONS
CHKD. BY ﬁ"\"'\oma .’.‘./'5,":'*

Bo77omM GRID INNER SECT/ON = .

SHEET NO LLOF L
108 N0.309 .

DETERMINE Ty,

size (hxd)

CORNER ..

AND Sy FOR BOT7oM GRID /NNER SECTION CCORMER).

SECTIoN D1STANCE Y| AREA AND | MzAY (N | T, =ArZ=my (INO| T, (N¥)
-1 D [.030"x3.500] 5.833” [2(/58) [-2( 921) |-2(5.373)  |-2(:107)
2 ©/.000'%7.000] 3.500" | 7,000 |24.500 | 85.750 28.583
2 3 |.000 x 750" 3.125" |2(.750) [2(2.344) 2(7.325) 2(.035)
-4 0 | .500"% 500 2.917" |-2(i25) |-2(365) |-2(1.064) - | -2(.002)
-5 N [.137"x2750] 917" |-.88 | -.72 | ~.027 ~.079
-6 O |.484"x1250| 625" |—.605 |-.378 | -.236 -.079
TOTAL: 7.14| |26.066| 87.263 28.277
M2
Loy Iy + Iq - 2 '
y> Iyt I3 T 7A ,
_ (26.066) 4
= 87,263 + 28.277 — Y = 20.394 INT
.My _ 26.066 - 3 cen”
7y e VY 3.650
_ I 20.394 L. '
= Loz o = 3

All-19




~ -

DETERMINE I, AND Sy

T AT

[N

'CHKD. mj%&- pATE "/ o

L / IV P RN R
Bo770M GRID INNER SECT/OMN = .

CORNER.. .. ... ...

- eiaen

e ne.309 .

FOR BoTToM GRID /NNER SECTION (CORNER),

SECTION snzstxcl) visTANCE X| AREA A0AD M zaX (8 | Ty 2 AXZT=MX ONYI T, (/8F)
”" ‘ " ’~030 - “.’63 -
-1 D [.030'x3.5007 |-996 |-2(158) | Ziah | Z1eis -2(000)
2 O [1.000%7.000| .|.500 | 7.000 | /0500 15.750 .583
3 O |1.000 %7507 _-509 375 -
1ooa x750" ,-323 12(750)| 1353 | 4ieem 2(-062)
- g SIS T-y B -.02! - '
40 |.500'x.500| ,-187 |-2(1es) | 2:98h | T1:32% -2(.002)
-5 N |./37'x2750] 1.954 | -./88 | =367 | ~.718 -.000
-6 01 | 484" x1250| 1242 | —.605 | —.75 | =.933 -.0I2
TAL: | |
TO7AL: 7.141 | 10783 | 17.188 691
e
- o I
I Ix+ I3 T 7A
) 10.783)%
=17, . L = 4
7088 +.69). = S0 1.597 IN®
', = Mk _ 10.783 _ o
XV.A. A 7.,41 - ’OSlO
- Iny . _1.597 SO
XmiN T Cprax =—— = L0O57 IN3

1.S10

DETERMINE TORSIONAL MOMENT OF I/NERT/A T FOR 70P GRID JANER SECTION — CORNER.
USE CASE /8 METHOD PESCRIBED /A :
BY R4, ROARK § W.C, YoUNG, 748LE 20, L.294, SH.E4, /775,

J = '.%"Uts WHERE (é

= %‘(7.000

/7. (4] \3
7.000

A.l-20

S FOR S7KRES

= LENGTH OF MED/IAN LINE
= 4'(/5&’/!66‘ THICKNESS OF SECTION

= 2.477 w4

S /




| av.C’Z:CK)BL.!SHéhé.?I:!ﬁ:ﬁ susJF_CTsSECT-/ONP‘%DI‘E?E’FE,S;WQGHZS " SHEET NO ..o OF orommeeee
cHko. Byhinapate i3 /27  _TOP. GRID.AMASHINING. ... JoBNo..3 09l
J D-22829-D REF, D-22424-E REE. |
ESTIMATE WEIGHT OF TOP GRID MACHINING (FOR II X Il MODULE )
DENSITY FOR ALUMINUM P =.098%/y3 . WEIGHT = ¢ x VOL.
G2y S ON3) ()
\TEM| QTY DESCRIPTION AREA |SENSTH IroTar voL. |ToTaL W,
IA| 4 | TOP GRID OUTER SECTION . | 12.494|73875 | 3692 362
18| 4 | .875"5Q. X 4.000"CORNER SETISH - 766 | 4.000Q 12 oy
2A| 20| TOP GRID INNER SECTION " | 6.948|73.875 | 10266 | 1006
-2B| 100]|LESS ,f--—gj-f-z.eo3"me.m. INTERSECTION| 6,948 | .603 | - 419 - 41
| TOTAL: 1355/ | 1328

APPROXIMATE PER CAVITY WEIGHT OF TJOP GRID IS

1328 _ #
1328 = y0.9
(”)(“) 8 AWTY .

AL -2




By . GOBLISH DATEN-NIT.  suslecT SECTIAN. PROPEDTIES. . WEIGHTS.

cHko. avt .l!:\f.».oATE..y.!S/JP..

]

BOTTOM GEID. MACHINING. ..o
D=22431-D REE, D-22429-E REE..

ESTIMATE WEIGHT OF BOTTOM GRID MACHINING (FOR I\ X ]I MODULE)
DENSITY FOR ALUMINUM P =.098 */y3 . WEIGHT = § XVOL.

(IN3) (#)

< (N?)  _CN)
1TEM| QTY DESCRIPTION AREA  |LENGTH lmnrt) VoL [TOTAL WT
_ OR THK- N . )
IA | 2 | BOTTOM GR\D QUTER SECTION | 8.346 |73.875| 1233 | 121
1B " -« " " 8.346 |7.875| 1200 1y
S1C | 4 |LESS 2.812"SQ. x 750" INTERSATION| 7,907 | 750 | — 24 |- 2
24 | 20 | BOTTOM GRID INNER SECTION |10.109 |71.875 | 14532 | 1424,
-28 | 100 |LESS 122103 =) 444 Ava TH. mierseion 10109 | 1444 |~ 1460 |- [43
-3 |/2/ |LESS 3.625"DIA.HOLE OPENINGS |/0.32] | .750 |- 937 |- 92
F4A | 4 |[LESS MISSING PLATE MNEAR FOOT | 3.500 | 5.625 |- 79 - 8
48 | 4 |3.000" x 7.625"sQ. FooT 58.140 | 3.000| 698 &8
4¢ | 4 |{3.000" X 6.000" DjA, FooT 28.274| 3.000 339 33
-4D| 4 | LESS 3.625 DIA FOOT HOLE |10.32113.750|- 155 |- Js
-4E| 4 | LESS 4.625" DIA HOLE OPENING | /6.800] 2.250 |- 151 - IS
]
TOTAL : 15196 | 1488

APPROXIMATE PER CAVITY WEIGHT OF BOTTOM GRID /S

_l4g8*  _ #,0
- 12.30 CAYITY

andn

A =22



' V £
WEIGHT SUMMARY  FOR Il Xl SPENT FUEL MODULE . DENSITY P =.098 4//3.

*+
—_— = 13.0
| .(”)(“) /CAVITY
g L
..........,: e et o e o S e rwnlx“:fgj T TTE v ST MG | AR

. APPROXIMATE MODULE WEIGHT PER CAVITY IS

on?y QN nB) (#)
ITEM| QTY DESCRIPTION AREA |YEN'STH IToma voL,|TorAL Wr
I | 6] |INNER TUBE - 6.4-06 50 x /3 'WALL| 3.060 |157.750| 2944¢ | 2886
(D-22655 - C REF)
" " .
2 | 61 |OUTER TUBE ~7.093"5Q.% /g WALL|3.283 |153.687| 20778 | 3ale
(D-22656-C REF) - .
| 3 | 244/ BORAL SHEET -5.250 WIDE XIS TH| .5604 [152.000| 22400 | 2195
(D-2265%-B REE) t
4 | | | TOP GRID MACHINING 1355/ 1328
(SEE SHEET ) :
5] 1 | BOTTOM GRID MACHINING 15196 488
: (SEE SHEET D
© | 4 |SIDE PANEL - 72.875" x ,500 TH.| 36.437 | 163375 24540 | 2405
- | (D=-22660-C RER) : ,
7 | 4 |SIDE ANGLE - 3.00" x 3.00x.250M 1.344 |i155.125] 834 g2
| (D-22663-C REE) '
8| 4| FOoT A4SSEMBLY - 170
9 HARDWARE 125
TOTALS




8y (2, QO8LISHpaTE 1477 sus.:ac*r.W..E!_GﬂZ._:._.E/}[IRAPPED..WA.T_E.&.-  SHEETNO ... OF oo, _
CWMATE.D%L%I? ______ : 108N0. 303

W/
ESTIMATE WEIGH] OF MODULE ENTRAPPED WATER : REF Il xll MODULE.

TYPICAL CAVITY DETAIL IS SHOWMN. REFER TO PR Dws 4-22556G-£,
SH. 2, CAVITY DETAIL, AND TO G.E. DWG. B29E293.

41257 Y"Ooo R OUTER TUBE LENGTH 153.687"
: m——————— DUTSIDE AREA = 49.452 INZ )
i S INNER TUBE LENGTH /S7,750
I \_3,2 R CUTSIDE AREA =40.874 N2
INSIDE AREA 237814 INZ
6.156 5Q 1l Lo P a
(INSIDE) ' e g '
7.093 sQ. THERE ARE (64) )2 D14, Robs
(oUTSIDE) | - ' PER FUEL ASSY.
} 2 5 APPROX. LENGTH /60.00
_ \ O E——— )
Vp = TOTAL VOLUME OF // xI| MODULE CUBE 860924
73.875 3Q. X /5775 HIGH
LESS VOLUME BOT7T70M GRID MACHINIAG - I5]9é
(SEE SHEET A.l-22)
LESS VOLUME TOP GRID MACHINING - /3551
Vaaex (SEE SHEETA.I-24)
LESS_VOLUME OF &1 CANS | -109864

é/ ETOTAL OUTSIBE ALEA OUTER TUBE -TOTAL /AJS'IDé'AgEA)/53.687
+ (OUTSIDE AREA OF INNER TUBE ~ FOTAL INSDE AtEAX157,75' -/53 @7}]

Veuer = LESS YOLUME OF FUEL ASSY RODS —24328S
121 (64)("4)(.500)2 (160,00) -

TOTAL RESULTANT VOL.OF ENTRAPPED WATER 3 479028 W3

PER CAVITY ENTRAPFED WATER VOLUME AND WE/GHT /5

v o= EZ0E = 3959 su3
W=e v = .0363503(3959/0°) =i43 &‘””EZV
VIATER .
Veaey = 138,64 /usl-ﬁm DISPLACED WATER BY RACK ='3(8,f’)’(—-/,(—',‘)’-3~6) =42 %
WET WEIGHT oF RACK = 137 =9/ 2% = 71.8%2,,
WET WEIGHT oF FUEL = 7¥5 =(- n)sf.) X.03é) = 672.%

A-1.24



AT;.ID?[L/:I"’ SUMW‘RY ............. 108 NG....3 09 .

The’ following summarizes the various mass inputs/per cavity

Dry Module Mass - 113% A Wet Module Mass 72%
Dry Fuel Mass 745% . Wet Fuel Mass 672¢#
Added Water Mass 143# ——
' ' Total Vert. 744%/Cavity

Total Horizontal - 1001l#/Cavity Mass

Mass
Dry Module Mass . 113%
Dry Fuel Mass 7454%

Total Vertical Mass 858%

Note: These masses are less than the values used for the
seismic and dropped bundle stress analysis that
are given in Page 5.3-6 !

Horizonatl Mass = 1001 = ,981 ?
1062 o

Vertical Mass 858 = .95 '
880

Wet Weight 744 = .992

! | 750

T S o ! [ _ : ) ] oo o
I-: l,..; ' L |p’~ N b ! . B | . 1 A. l—- 25 . . __;._%_..,‘:‘,g I3 },.l
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- 3460 LEXINGTON AVE. NO., ST. PAUL, MINNESOTA 55112
AREA CODE 612 484-7261 TELEX #29-7473

APPENDIX A.2

FUEL STORAGE SYSTEM DESIGN REPORT

PaR Job No. 3091

DUANE ARNOLD ENERGY CENTER UNIT NO.1

Iowa Electric Light and Power Company
Cedar Rapids, Iowa

CONTRACT NO. 13764

TABLES OF ALLOWABLE STRESSES FOR ALUMINUM STRUCTURES




REVISION RECORD

REV. NO. DATE DESCRIPTION CHK'D BY APPRV'D BY DATE




mechanical connections
For intermediate joints of continuous angles, the

cffective net arca shall be the gross sectional area
less deductions for holes.

5.1.8 Grip of Rivets and Bolls. If the grip (total thick-
ness of metal being fastencd) of rivets or bolts carry-
ing calculated stress excecds four and one-half times
the diameter, the allowable load per rivet or bolt
shall be reduced. The reduced allowable load shall
be the normal allowable load divided by [V2+G/(9D)]
in which G is the grip and D is the nominal diameter
of the rivet or bolit. If the grip of the rivet exceeds
six times the diameter, special care shall be taken lo
insure that holes will be filled completely.

~

5.1.9 Spacing of Rivets and Bolts. Minimum distance
of rivet centers shall be 3 times the nominal rivet
diameter: minimum distance of boit centers shall he
212 times the nominal bolt diameter. In built-up com-
pression members the pitch in the direction of stress
shall be such that the allowable stress on the individual
outside sheets and shapes. treated as columns having
a length cqual to the rivet or bolt pitch exceeds the
calculated stress. The gage at right angles to the direc-
tion of stress shall be such that the allowable stress
in the outside sheets, calculated from Secction.3.4.9
exceeds the calculated stress.. In this case the width b

YL}

in Section 3.4.9 may be taken as 0.8s where “s” is

" the gage in inches.

TABLE 5.1.1a
ALLOWABLE BEARING STRESSES
FOR BUILDING TYPE STRUCTURES
{Fsy From Table 3.3.1a Divided By 1.65 Factor of Safety or F,, Divided By 1.2 X 1.95) '

Allowable Allowable
Alloy " Bearing Alloy Bearing
And Stress* And Stress*®
Temper ksi Temper ksi
T 5 & O I SRS 11.0 S050-T13 2 it et e e etemecerienete e e rae s eanans 16

2 5 1 L T PRSP PSPPSR 12.5 N = L PRSPPI 19
2004-T6 SHCEL o vvrsiririreasinraneaans 53 S052-1132 ettt ettt eane e eneeas 24

STEST Plale o e e 54 SH 3 e e e e e 27

ST, TOSTOTGSIT Fxtrusions ..o oo vew e s, 49

-T6, T651 Rolled Bar..ooovvvereiieiiiiiincecennnns 53 SO83AIHIE PR 2':

Drawn Tube A SHI32E (0188 10 1.500)% e ierevreeeeen. 32

. ) SH321 (1.501 10 3.000) e rceieieirrrcaies 30

Alclad : B R T OO PPN 35

2014-T6 Sheet (up to 0.039) % irriiieriricevnennenne. 3304 B L 3 TP UOURN 40
>

“T6, T651 Sheet, Plate....oovreciniveiinininss 532 SOBGTET Ll oo ees s eeeaeees 22
3003-H I 2 it e ctercee e e e e eranes 11.5 CHT12 (0188 10 0.499)% 1 eeveeeieecvienernenene

B E 1 . S U 15 -H 112 (0.500 10 3.000)*

B & I TR PSUPRN 19 CH e e see s en s eans

HI B et ceera e eeneen 21 N R SO RN USROS
Alelad : LT ST 5 1 N DO U SP TP RP PPN
3003-TT 2., et er e e aae 1 L B O

2 £ 1 I TSRS PPP PP 14.5 o E s I U S SRR SUPN

B B L S PP PPN 18 B3 & I 2 SO 30

B i 19 5456-H T i ceeceieaeiesenneas e e esenaseeees
I 10107 28 B B e USSP OPRUPOO 22 SHT T2 e ea

S T SO OO Leveerreenereeearnarearassrarnee 24 <H321 (0188 to 1.250)*

B I L SO PPR R NRPOPPPRI 27 1321 (1.251 1o 1.50my* ... k
Alelad ::;zl (1.501 to 3.000)*..ccniieeeiiiccciiriineenaes 2(;
3004-H32 . it e 21 -}HZ"& """""""""""""""""""""""""""" ;1_2

B T S reenrreerrerteesreeneneanaan 23 e

B 3 B I T RSO OU ST OU PR UPPORPIY 24 6061-Th, T651 Sheet & Plate ... ..o ven.... 35

B E 1 1 TSR SO UU PR RPN 27 -T6, T651, T6S10, T6511 Other Products .. 34
SO05-THI2iiuiieernieeseeeeeeeeeeeeeeaesseteeeeeenssssaeeens 131.5 6063-TS (up 10 (LSO0Y* c.ouiiinniieecir e naen 16
' B L I L ] ST5{0ver 0.500)% ..o 14.5

o 1 I T T SO U ORN 12 R YU SO 24

SH3d e 14.5

* Thickness in inches to which the allowable stress applies. Where not listed, bearing stress applics to all thicknesses.
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mechanical connections

FABLE 5.1.1b
ALLOWABLE STRESSES FOR RIVETS
FOR BUILDING TYPE STRUCTURES

Allowablc
Minimum Shear
i Expected Siress on
Designation Designation Shear Effective
Before After Strength Arca
Driving Driving Procedure - Driving - ksi ksi
1100-H 14 Cold, as received 1100-F 9.5 . -4
2017-T4 .. Cold, as received 2017-T3 L o 14.5
2117-T4 1+ Cold, as received 2117-T3 29 12
5056-1132 Cold, as reccived 5056-H321 26 i1
6053-Ta1 Cold, as reczived 6053-Té61 .20 8.5
6061-T4 Hot, 990° to 1,050°F 6061-T43 , 21 9
6061-T6 Cold, as received 6061-T6 . 26 185

t Also applies to 6061-1T6 Pins.

* Minimum expected shear strength divided by 2.34, See Table 3.3.3.

ALLOWABLE STRESSES FOR BOLTS
. FOR BUILDING TYPE STRUCTURES

Allow’lbie
Minimum Shear Allowable .
Expected | Stress on Tensile
Alloy Shear Effective Stress on
And Strength Arca Root Area
Temper ksi ksi ksi
2024-T4 37 16 26
6061-T6 27 12 18
7075-T73 40 17 28

*Values apply to either turned boits or unfinished bolts in holes not

more than Yis in. oversized.

5.1.10 Stitch Rivets and Bolts. Where two or more web
plates are in. contact, there shall be stitch rivets or
bolts to make them act in unison. In compression
members, the pitch and gage of such nivets or bolts
shall be determined as outlined in Section 5.1.9. In
tension members, the maximum pitch or gagé of such
rivets or bolts shall not exceed a distance, in inches,
equal to {3 + 200 in which ¢ is the lhxckness of the
outside plates, in inches.

5.1.11 Edge Distance of Rivets or Bolts. The distance
from the center of rivet o. bolt under computed stress
1o the edge of the shect or shape toward which the
pressire is directed shall be twice the nominal diam-
cter of the rivet or bolt. When a shorter edge distance
is used, the allowable bearing stress as shown in Table
5.1.1a shall be reduced by the ratio: actual cdge dis-
tance/twice rivet or bolt diameter {Sec Scction 3.4.5).
The edge distance shall not be less than 1.5 times the
rivet or bolt diameter to shcared, sawed, rolied or
planed edges.

5.1.12 Blind Rivets. Blind rivets may bc uscd onl
““when the grip lengths and rivet-hole tolerances
as recomnended by the respective manufacturers

5.1.13 Hollow-Fnd Rivets. If hollow-end rivets witl
solid cross sections for a portion of the length arc uscd
the strength of these rivets may be taken equal to the
strength of solid rivets of the same material, provide
that the bottom of the cavily is at lcast 25 percent of
the rivet diameter from the plane of shear, as measure:
toward the hollow-end, and further provided that the
arc used in locations where they will not be subjecter
to appreciable tensile stresses.

5.1.14 Steel Rivets. Steel rivets shall not be used
“aluminum structures unless the aluminum is to b
joined to steel or where corrosion resistance of th
structure is not a requirement, or where the structure i
to be protected against corrosion (See Section 6.6.1)

&



formulas for constants

-~ TABLE 3.3.4b

. FORMULAS FOR BUCKLING CONSTANTS
For Products Whose Temper Designation Begins With -T5, -T6, -T7, -T8, or -T9

Type of Member

and Stress Intercept, ksi Slope, ksi Intersection
Compression in Columns . Foa _ 8.8, 1 - B
and Beam Flanges Q’ - F"”[l-+ (2250) } De = lO(E) Ce =041 D,
Compression in Flat - {Fey)a AL _ — a1 B
Plates - By F""[l+ 1.4 ] Dy —IO(E) _ C’—O'“D,
Compression in Round - I
Tubes Under Axial End 8, = Frv[l + i—‘g'i)-l s} D = al-é(l—}.')' ) C *
Load . ’ )
Compressive Bending - vus P
Stress in Solid Rec- By = 1.31—‘,,[1 + B’ ] Dy = (%" =
tangular Bars ) *
Compressive Bending ‘ Foyus lB B\ . ' B — B,\?
Stress in Round - By = I.SF.,[I + %.171 } Dy = —@/(—"') Co= (b.'b___Di)
Tubces ’ T . ‘
Shear Stress in e {(Foy)? _ /BN = 3,
Flat Plates B, = F"’[l +°33 ] b, = 1 )_( ) G, =0.41 D,
Crippling of Flat ky =0.35 =2.27
Plates in Compression '
Crippling of Flat k =0.50 =2.04

Plates in Bending

* C/ can be found from a plot of the curves of allowable stress based on efastic and inclastic buckling or by a trial and error solution.

TABLE 3.3.5

VALUES . OF COEFFICIENTS k, and k.*

Non-welded
or
Regions Farther Than

Regions Within 1.0 in.

1.0 in. From a Weld of a Weld
Alloy and Temper - ke k. k. ket
2014-T6, -T6S 1 E 1.25 I.1 - -
Alclad 2013.T6, -T651  1.25 11 - -
6061-Te6, -T6511 1O . I.1 1.0 1.0
6063-TS, -T6, -T83 1.0 11210 1.0
All Others Listed in :
Table 3.3.1 1.0 110 1.0 [.0
6351-T5 1.0 1.12 1.0 1.0

* These coeflicients are used in the formulas in Table 1.1.6.
I the weld yicld strength exceeds 0.9 of the parent metal yicld strength,

the allowable compressive stress within 1.0 in.
taken equal o the allowable stress for non-wel

of a weld shodld be
ded material.

t Values also apply to -T6510, -16511 extrusion tempers.

18

Methods of R
to 3.3.27

The allowable stresses in Specifications 1-6 and
for slenderness S 5, in Specifications 7-21 are ob-
tained by rounding off sircsses below § ksi to the
nearest 0.1 ksi: stresses between 5 and 15 ksi to the
nearest 0.5 ksi; and stresses over 15 ksi to the near-
est 1.0 ksi. To obtain allowable stresses for slender-
ness betwedn Sy and S, the constant is rounded
off to the nearcst 0.1 ksi. The coefficient of the
slenderness ratio ‘is rounded off according to the
rule: for numbers between 2 X }0* and 2 x 10,
round off to ncarest (1.1 X 107, where » is any posi-
tive or ncgalive integer. This same rule is.applied
to the cocflicients in the expressions for aliowable
stresses for slenderness = S,

Slenderness limits Sy and S; are based on the
rounded off expressions for allowable stress ob-
taincd as described above. Values of §; and $; be-
tween 10 and 250 are rounded off 10 the necarest
L0, Smialler values are rounded off to the nearest
0.1, and larger values to the nearest 10. If Sy is not
mare than § per cent farger than §,. the allowable
stress for slenderncss hetween S, and 5, is taken
ta be the same as the allowable stress for slender-
ness = Sy, In this ease there is no value for S, and
the value of 5, is recalculated by equating the allow-
able stress for sienderncss less than §; to the
allowable stress for slenderness 2 S, using
rounded off values.

ling Of Numbers in Tables 3.3.6-



T} 1)ype of Nress

T 1ype ot Alember nr L i pmone-d

Ne,

| 2]

I

TENSION, axial,
net section

Any tension member:

Fiyiny oc Fof(kanl)

TENSION IN

Rectanguiar tishes, structural

shapes bent about strong axis

10T

Fryiny o8 Frollka,)

General Formulas for
Determining Allowable

BEAMS .
. Round o i (ubes - {11 - s 28F G ke
extreme fiber, aund oreva O O 3 1-17F,yiny or 1.2 _' itk Stresses
net section . Rectanguia- bars, plates. | — =
shapes bent abaut weak axis 4 1.30F p/n, of 142F /{%m.)
On rivets and boits 5 Frgdnty 0 Frad(1.2m)
BEARING -
On fat surfaces and pins 6 Fad{1.50,) or Faf(1.8,) -
Allowsbie Stress, hie St Allowable Stres:.
.k; Sleadernes Auﬂ::ﬂ‘ ﬂ": sl Slenderners - kst
s s
Stenderness S S, Umit, 5 Between S, and* Sy Umit, 5, Slenderness Z 5,
COMPRESSION iy
Ml .
IN COLUMNS, Al columns 7 Ey L B (.- 04 Loe T
- axial, gross . Ln, TtTTTh PR T 4 n(Lir)*
section e
W,
Outstanding bl S %‘I_ 8 oy s B Lo, ~sap ,") Ly _rE_
flanges and legs I -+_ kon, Pl 7] - A TR ny{3.1841)"
| ’ 5.0, .
COMPRESSION ; . b -
Flat pls h = .,
IN COMPONENTS h":;‘ ':J“'Z e @ 9 £ y BT _’(,, 16D B) h_ kb LWVB,E
OF COLUMNS, e N/ in, T 2 AT A0 7™ 16D, PRTRYT)
supported ' 1.60,
gross dub
section ’ !
Cnrvet‘: f:‘lnlzsb‘ N . R N ; . . nFoy | = R ) wiE
supported on bo . ey , -l —_—E
paiA R 3 _(n - D, _) — = C, .
edges, walls of f ; | ®¢ 10 ko, i (_5_‘:'_'1. A '\/( 7 ‘ Mn.(ﬁ)(l + y_l::
round or oval tubes S ! )
Singte web beams ' ; b oias-F | 1 o E
bent about sicong —I—T -}- - pad pE SR L anitals 1) ---(R, - :E) 2 arac ——
axis 11 ny ry n, ny 1.2, y ‘ y (Lal1.20,)
e
a, R, A, : — R [7Be =8\ Same as Seeos
ATF. = 117F 4\’ 1 - f <
Round or oval tubes —@- - 12 ‘I"—'—' & - (B—'—-I- IL) 1 (ﬁn - I')..\/'R—.) 7. n' tign 10 (See
COMIRESSION n, t [N y 4 ;:n,, - D, 341
IN BEAMS, § i
extreme
fiker. gross . r—fj— — - — .
section Solid rectangular 13 1.3F, d \/l_‘= Bo- 13,1 ( A -2.30.2 \/1_-) d ‘/’_;0,, G "k
heams : = l :—_E ny Vd 2.30, el ] A P IFY) 5.9, (AN T s
Rectangular !uhes 11 14 Fry 15, (ﬂf--_ Foa\? l(B. ~1.60, z_-_T_:) 1a%; _mE
and box sections y 1, .60, " 1, iy 2.56m,(L3S.11,0
RES S b iE
(OM.' Rt SSIU.N, (hitstanding - by F h B.~-F 1 » b La, 1L,V EE
IN COMPONENTS Fi1s Fey LT Sl --(n,. - 5.1/).-) b bl Sry len
OF BEAMS, Ranges IaWa p PR RT % " ; (T 350b, ~(5.1hin
(eomponent
: ot vlaves wi v i
under um.rorm ‘ Flal plates with —fo - p b Bt . » b kB, PR
comprescion), hoth edges /—\—/— ]6 e § s SIS (/{, - 1_61),-) e Teh. it ;I;I—l.l
gross section supported i ! 1.6D, M ! r M.
Flat plates with i
< o —— . : b C mE
COMPRESSION D edee SRR -5 17 L2 A (m- J.SD--';) T mO3hI
IN COMPONENTS | T 1040 ’ i e ” '
OF BEAMS. Soe wrpane
{component 1-Eat plates with - \ . -
" » . 1IF, R Ba~ 1.3F 1 h ) ko, Ko\ RS
under bending both edges I E /-\_$<_ 18 =< o I AR =~ (A= 0.67D,- L B A
&7, ATh
in own spported n, 1 X31N n_( I) 0670, n {0LATAIT)
plane), T T Ty
e ot N lj“' A Y bV
. horizontal stiffener, T |4 1375, h By -3, 1 ) W AL
sect - ——— --—_— .Y -{A. =0, - - i
tection both edges ]: 'I" 19 e 7™ o500, n,(ﬂ 8.P0y i anm (0 20hi1)
supparted
Unstiffened r., y ' h) oG wk
» 2 - 2 2t -
SHEAR fat wehs I \l } T 20 n ,.,("' 130,70 P TS PRTRITIY
IN WEAS,
gross —_—ar LR by
section Stiffened flat wehs I {EB I-»ﬂj}_[- F.y . O ny 1 (” -1.25D "_) a_ G _rE__
- - 21 e i Y ) FoLs PRI LT
e 09t "/".°~7(°I/°2,!- l .
A.2-6 -
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Design Calculations
BEAM SECTION PROPERTIES
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ALLOWABLE STRESSES
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