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JAMSS D. SHIFFKR
VICE PRE51IIENT

NVCEEAR POWER GENERATION

September 17, 1986

PGandE Letter No.: DCL-86-273

Hr. Steven A. Varga, Director
PWR Project Directorate No. 3
Division of PWR Licensing-A
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re: Docket No. 50-275, OL-DPR-80
Diablo Canyon Unit 1

Spent Fuel Storage Racks

Dear Hr. Varga:

PGandE has implemented a change to the original spent fuel storage- racks- as
described in Chapter 9 of the FSAR Update. PGandE has reviewed this change in
accordance with 10 CFR 50.59, and the change does not involve an unrevi ewed
safety question or a change in the Technical Specifications. A summary of the
evaluation and additional information related to the evaluation are enclosed.
The original racks have been reinstalled in the Unit 1 spent fuel pool.

Kindly acknowledge receipt of this material on the enclosed copy of this
letter and return it in the enclosed addressed envelope.

Sincerely,

Enclosure

J. . Shiffer~ ~

cc: L. J. Chandler
J. B. Hartin
H. H. Hendonca
B. Norton
H. E. Schi erling
CPUC
Diablo Distribution
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1. 0 INTRODUCTION

PGandE has revised certain structural details of the low density spent fuel
storage racks (original racks) described in Chapter 9 of the FSAR Update.

PGandE reviewed this revision in accordance with 10 CFR 50.59, and determined

that the change does not involve an unreviewed safety question. This report
provides a complete and detailed description of the revision and the analysis

— performed, and provides additional information regarding the previously
performed safety evaluation of the reinstallation of the original racks.

2.0 BACKGROUND

The original racks were designed by PGandE using a standard Hestinghouse

design during the period of 1970-1974. The original racks were fabricated by

Lamco Industries Inc., and installed by PGandE in 1974. The NRC's review and

acceptance of the original racks are documented in the Safety Evaluation

Report, October 1974 (Ref. 1). These original racks were verified to meet

licensing criteria for the Hosgri earthquake in 1978. In October 1985, PGandE

requested a License Amendment (DCL-85-333) to allow use of high density spent

fuel racks (high density racks) for Diablo Canyon Units 1 and 2 (Ref. 2). The

NRC issued license amendments approving PGandE's request on Hay 30, 1986

(Ref. 3).

Following receipt of approval from the NRC and to support the scheduled

refueling outage of Diablo Canyon Unit 1, PGandE immedi ately proceeded to
install the high density racks. As part of this effort, the original racks

were removed from the spent fuel pool and stored at the plant site with a

protective covering. Some of the bolts used to anchor the original racks were

ground off flush with the fuel pool floor to permit the installation of the

high density racks. High density rack installation was completed in August

1986.



lt ~

r4,



On July 2, 1986, the U.S. Court of Appeals for the Ninth Circuit, issued a

stay pending review which stayed the NRC license amendments permitting the use

of the high-density racks. Since a possibility of a delayed decision from the
Court existed, PGandE prepared for reinstallation of the original racks.
Reinstallation of the original racks began on September 5, 1986. On

September ll, 1986 the Court issued an opinion setting aside the NRC's

issuance of license amendments authorizing PGandE to rerack the Units 1 and 2

spent fuel pools pending completion of licensing hearings. As a result of
this decision, PGandE proceeded to complete the reinstallation of the original
racks.

This report also contains answers to questions posed by the NRC and discussed
in the meeting of September 10, 1986 between PGandE and the NRC Staff. A list
of the questions, with reference to locations in this report where the
responses appear, is contained in Attachment l.

3.0 SYSTEM DESCRIPTION

The original fuel storage system consisted of eight racks located in the spent
fuel pool as shown in Figure 1. These racks are framed structures which hold
fuel assemblies in a vertical array, each containing either 30 or 35 fuel
storage cells. The smaller rack module consists of a 5 by 6 array and the
larger a 5 by 7 array. The fuel cells in each rack are formed by four corner
angles tied together by lacing bars. The racks are constructed of ASTM A240

Type 304 stainless steel. The original design for the attachment of these
racks to the floor utilized bolts which were fillet welded to embedded plates
(embeds) in the floor of the spent fuel pool (Figure 18). The details of the
racks are shown in Figure 2 through 6.

Minor changes have been made to the original racks to correct a lacing bar
damaged in rack removal, and also to provide a rack design which meets the
original design acceptance criteria when using a more conservative model to
determine rack stiffness than was used in the original analysis. These

changes are:
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A. The racks were attached to the plate embedded in the bottom of the spent
fuel pool by bolts which were fillet welded to the embedded plate. All
forces were transferred to the embed through these fillet welds

(Figure 18). Refer to Figures 7 through 9 for details of the revised
welded connections.

B. In lieu of adding weld metal to increase the strength of the connection
of diagonal bracing, a 2" x l-l/4" x 16" bar was welded to the bracing.
Refer to Figure 10 for the details of this bar and its attachment to the
bracing.

C. Held material was added at one gusset plate location on Rack 8 to restore
the rack to the original design. Refer to Figure ll for details.

D. One cell lacing bar was added on Rack No. 1 to repair damage which
occurred duri ng removal of the rack. Refer to Figure 12 for details.

The lighting and tool bracket installations do not require relocation due to
reinstallation of the original racks.

In summary, the rack and cell configuration remain unchanged. Detailed
discussion of these changes is provided in the following sections.

4.0 DESIGN AND ANALYSIS

4.1 Design Calculations

The design calculations for the original racks are based on criteria provided
in Section 9.1 of the FSAR Update (Ref. 4). These criteria are as follows:

"The spent fuel storage racks are designed in accordance with
Safety Guide 13 and the American Institute of Steel Construction
Specifications for the Design, Fabrication, and Erection of
Structural Steel for Buildings. The ASHE Boiler and Pressure
Vessel Code is used to determine allowable limits for materials
not addressed by the AISC Specification."

-3-





In addition, the racks are designed to withstand a vertical (uplift) force of

4,000 pounds in the unlikely event that an assembly would bind in the rack

while being lifted by the spent fuel bridge crane.

The original calculations for seismic qualification utilized a model in which

the individual cells contributed to the composite rack stiffness used to

determine inertia loads. This modeling technique resulted in a stiff rack

structure, with the fundamental frequency close to the rigid range.

Based on a review of the calculations for the original racks, PGandE concluded

that the model used in the analysis to determine stiffness might not yield
conservative inertia loads. Therefore, a new calculation was performed to

reflect a range of stiffness properties, giving more conservative inertia
loads..

4.2 Analysis Methodology

The original racks were reanalyzed using the same criteria and methodology as

was used. in the original analysis. However, a more conservative model for
determination of stiffness was used.

4.2.'1 Global Load Path

Lateral seismic forces on the original racks result mainly from the fuel

assembly, structure, and effective water masses. Since the fuel assemblies

are contained by the individual cells, a distributed load is imposed along the

length of each cell structure. These loads are transferred to the top and

bottom grid diaphragms which support each of the cells (see Figures 5 and 6).

At the top of the rack, forces are transferred to the lateral bracing system,

which provides a load path to the base anchorage. For conservatism, only

bracing in tension is considered to be effective in resisting lateral loads.
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Forces imposed on the bottom grid diaphragm are distributed directly to the
anchorage. The load paths are described in Figure 13.

Anchor bolt bearing plates, located at the corners of each rack, are welded to
embedded plates to anchor the racks to the spent fuel pool floor. These

embedded plates are attached to the spent fuel pool reinforced concrete using
welded, headed studs.

The revised anchorage from a bolted to welded configuration does not change

the global load path for the racks. However, the welded anchorage does change

the local load path to the embedded plate. The effects of these local changes

have been evaluated and found to be acceptable. This load path is identical
to that used in the original calculations with the exception of the local load
path to the embedded plate.

4.3 Mathematical Modeling

For seismic inertia load evaluation, two basic mathematical models were

developed to analyze the structural system of the racks:

~ Global rack model (Refer to Figure 17).

~ Individual cell model (Refer to Figure 16).

The global rack model is a three dimensional, beam and truss model

representing the lateral force-resisting system of a fuel rack. In contrast
to the original rack stiffness model, the individual cells were considered not
to contribute to the stiffness of the rack lateral force-resisting system.

The individual cell model is a three-dimensional, finite element, beam-type

model in which the corner members and lacing bars of a typical cell are
modeled with support at the top and bottom of the cell.





This modeling yielded system frequencies of 6 to 10 Hertz. These frequencies
result in conservative spectral accelerations since they are near the peak of
the applicable seismic spectra. For additional conservatism, the peak

spectral acceleration was used in the new analysis, which resulted in greater
loads than in the original analysis.

For member evaluation, equivalent static analysis was performed using the
mathematical models described above. Equivalent static analysis methodology

was used in the original analysis.

4.4 Structural Design Review

Members, connections, anchorages, and embedments were evaluated using the
results of the equivalent stati c analyses and the acceptance criteria
described in Section 4.1.

The original racks had been previously accepted with some local weld size
deviations from design requirements. The deviations were found acceptable
based on .the relatively low loads determined by the original analysis. Prior
to, reinstallation of the original racks, inspections of the racks were

performed by PGandE' engineering and quality control personnel to establish
the as-built configuration. The as-built, configuration was documented and

served as the basis for review and evaluation of loads associated with the
more conservative modeling technique. The evaluations for increased loads

resulted in minor changes which are described as follows:

A. The racks were anchored using welded connections instead of bolted
connections because of the increased seismic loading resulting from using

the more conservative model used to determine rack stiffness (described
in Section 4. 1). To facilitate installation of the welded connection,
all bolts were ground off, and the embed cavity around each bolt was

filled with weld metal and ground flush to achieve an uniform bearing

surface (Refer to Figure 9). The load paths due to the revised
configuration of the anchorage were evaluated and the results of this
evaluation are as follows:
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~ The welded connection does not change the global load path, since the
behavior of the rack module as a truss remains unchanged.

~ The welded anchorage changes the local load path on the embeds. The

effects of the revised load path were evaluated for 1) the anchor

bolt bearing plates at the corner of each rack, 2) the embedded

plates at the pool floor, and 3) the headed studs which anchor the

plate to the concrete floor.

In all cases, the anchorage components meet the acceptance criteria.

B. The intersecting connection of the diagonal cross-bracing was reinforced
by adding a welded connecting bar (Refer to Figure 10). The change

resulted from an as-built revi ew which found that a portion of the, weld

on the diagonal bracing intersection required by design was not
adequate. The as-installed weld met acceptance criteria based on loads

determined by the original calculation but not the new more conservative
calculation. This bar was installed to provide the strength equivalent
to that provided in the original design. This change was chosen for ease

of construction and to minimize potential for distortion.

C. An additional weld was specified at one gusset plate on Rack No. 8 (Refer
to Figure ll) for reasons similar to the discussion in Paragraph B. The

as-built review found that a portion of the weld required by design had

not been provided. The as-installed weld met acceptance criteria based

on loads generated by the original calculation but not the new more

conservative calculation.
V

D. One cell lacing bar was added to Rack No. 1 to repair damage to a lacing
bar which was damaged during removal of the racks (Refer to Figure 12).

The effects of the revised location of the lacing bar on the cell (local
buckling) have been evaluated.



1

't
l~



Table 1 summarizes capacity/demand ratios for the major structural elements

and all changes of the original racks. This table shows that the reinstalled
racks meet the acceptance criteria described in Section 4.1.

5.0 REINSTALLATION AND INSPECTION

Reinstallation and inspection of the original racks were performed as required
by approved procedures, appropriate codes, Hestinghouse fuel interface
specification requirements, and the PGandE Quality Assurance Manual for
Nuclear Power Plants. The original fabrication and installation of these
racks were performed under the PGandE quality assurance program.

The materials used for rack reinstallation are identical to those used in the
original fabrication and installation. The bar stock is A304 stainless steel
and the weld filler metal is E308-16 (stainless steel). These materials are
used extensively in spent fuel rack installations and they have been

demonstrated to be compatible with spent fuel pool environments.

To ensure rack cleanliness prior to reinstallation, iron-free sand blasting
and steam cleaning were performed. Cleanliness was verified by swab testing
for chlorides and fluorides. To preclude iron contamination during
reinstallation, only tools designated for use with stainless steel were

used'ollowingreinstallation, the original racks were washed down with
demineralized water and again swab tested to verify compliance to ANSI

N45.2.1, level C, and surface contamination acceptance criteria of less than

150 ug/dm Cl and 15 ug/dm F.

Helding and inspection were performed in accordance with the 1983 ASME Boiler
and Pressure Vessel Code, Section III and Subsection NF, rather than the 1968

version of ASME Code, Section IX and the inspection requirements contained in
PGandE Fabrication and Installation Specification 8795. This selection was

made to allow implementation of current welding and inspection requi rements

and controls. Use of the 1983 code provides clarification and improved

inspection acceptance criteria.
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Section III invokes Section IX for weld procedure and welder qualification.
The 1983 version of Section IX is more stringent than the 1968 version. The

1983 version requires the weld procedure to address essential, non-essential,
and where applicable supplementary essential variables, whereas the 1968

version required only essential variables to be addressed. The visual
inspection requirements of ASME Section III, Subsection NF, Class 3 component

supports are the same as the requirements of the specification for rack
fabrication and installation except for undercut requirements. The code

allows 1/32" undercut and the original specifi cation did not allow undercut.

The allowable 1/32" undercut is compatible with the design and analysis.
Rejection of minor undercut can lead to unnecessary repairs and excessive heat

input. Therefore, the current welding and inspection requirements are equal

to and in most cases they are an improvement from previous requirements.

To assure access to welds and to minimize distortion from the welding process,
the rack installation and welding sequences were established and controlled by

procedure . Mockups were used to establish the rack installation sequence,

and the welding sequence was established after consultation with welding
engineers. Held interpass temperatures were controlled to minimize heat

input. A straight edge was used on the embed plates before and after welding
the rack foot to the embed to verify that distortion had not occurred.
Heidi ng during installation has not caused any discernible distortion which

assures that no additional loads have been applied to the liner and liner
integrity is assured.

All fuel cells were tested using a dummy fuel assembly to assure that drag on

insertion and removal did not exceed the 50 lb. limit established by the fuel
manufacturer, Hestinghouse (Ref. 5).

All welding and testing activities were inspected and acceptance was

documented by an engineer or a quality control inspector as requi red by

approved procedures. The use of the methods described above ensured the

quality of rack fabrication and installation.
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6.0 FSAR CHANGES

The changes to the FSAR resulting from the revised calculations and as-builts
are minor. Figure 9.1-2 of the FSAR will be changed by revising the note to
indicate attachment by welding instead of bolting. In the next FSAR Update in

accordance with 10 CFR 50.71(e), the note making reference to a one-inch

diameter bolt will be revised to reflect the welded anchorage. Figures 14 and

15 show the proposed change.

7.0 SAFETY EVALUATION

The changes described above do not involve any revisions to the existing
Technical Specifications of the Unit 1 operating license, and do not involve

any unreviewed safety question as defined in 10 CFR 50.59. Therefore, no

prior NRC approval was needed to implement these changes. In particular,
PGandE performed a safety evaluation of the rack reinstallation design change

focusing on the three standards set forth in 10 CFR 50.59 as quoted below:

"A proposed change, test, or experiment shall be deemed to
involve an unreviewed safety question (i) if the probability of
occurrence or the consequences of an accident or malfunction of
equipment important to safety previously evaluated in the
safety analysis report may be increased; or (ii) if a

possibility for an accident or malfunction of a different type
than any evaluated previously in the safety analysis report may
be created; or (iii) if the margin of safety as defined in the
basis for any technical specification is reduced."

The following evaluation is provided for the standards related to an

unreviewed safety question.

A. Does the change increase the probability of occurrence or the

consequences of an accident or malfunction of equipment important to

safety previously evaluated in the FSAR?

The reinstalled rack and cell configuration is the same as that in the

original FSAR analyses. The minor changes to the structural details
described do not increase the probability or consequences of accidents

previously evaluated in the FSAR for the following reasons:

-10-
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1. The strengthened rack bracing cross-connections and gusset weld and

lacing bar repair ensure that the racks meet the criteria for the DE,

DDE, and Hosgri seismic loadings.

2. Similarly, the change in method of anchorage to the floor (welding
vs. bolting) has been evaluated using original acceptance criteria,
and the change is shown to meet the criteria for the DE, DDE, and

Hosgri seismic loadings, and to maintain the integrity of the floor
embedments and pool liner under all loading conditions.

3. FSAR accident analyses have been reviewed with regard to the changes

in the rack bracing and anchorage system. The analyses are not

affected by the changes because the FSAR accident analyses are not

based on any specific anchorage or bracing methodology.

B. Does the change create a possibility for an accident or malfunction of a

different type than any evaluated previously in the FSAR?

Since these analyses show the racks meet FSAR criteria, these changes do

not create accidents or malfunctions different from those previously
evaluated in the FSAR. The addition of the bar and welds to selected
portions of the rack bracing, and the repai r of the damaged lacing bar on

Rack 1 ensure that the reinstalled racks meet original acceptance

criteria. Utilizing original analysis criteria and methodology, the

racks have been shown to meet the FSAR design criteria for the original
racks, including DE, DDE, and Hosgri seismic loading conditions.

Similarly, the change in rack anchorage to the floor has been analyzed.

These analyses show that the welded attachment meets the criteria for the

DE, DDE, and Hosgri loadings. The welded attachment was analyzed for its
effect on the embedments in the floor and the liner plate. These

analyses show that the use of welded attachments would not degrade the

integrity of the liner or embedments in the floor.

-11-
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The welded attachments have been shown to provide anchorage properties
equivalent to or better than the original bolting arrangement which

depended upon a fillet weld to the embed for load transfer; therefore
they would create no accidents or malfunctions different from those

previously evaluated in the FSAR.

C. Does- the change reduce the margin of safety as defined in the basis for
any technical specification?

The rei nstalled spent fuel racks are the same racks that were originally
installed in the spent fuel pool structure, with some minor changes

described in Section 3.0 of this report. The reinstallation of the racks

with the minor changes described above in Section 3.0, including the

anchorage from a bolted to a welded configuration, assure that the racks

are qualified to the criteria for the DE, DDE, and Hosgri sei smi c loading
conditions. Therefore, the change does not reduce the margin of safety
as defined in the basis for any technical specification.

— 12—
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TABLE 1

HO RI L AD MBIN TI Nl
APA ITY/DEMAND RATI

ELEMENT

LATERAL BRACING

Diagonals
~ Horizontals

APACITY
DEMAND

1.6
1.1

CORNER CELL

~ Longitudinal Element
~ Lacing

INTERIOR CELL

~ Longitudinal Element
~ Lacing (Includes added lacing)

ANCHORAGE

~ Anchor Bearing Plate
~ Bracket to Insert Plate Held
~ Insert Plate

1.2
2.2

1.3
1.1

1.1
1.1
1.1

1. The DE and DDE load combinations do not govern.
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ATTACHMENT 1

NR TAFF E TI N

~uestion

What is the status of installation of the
original racks?

What was done to remove the anchor bolts?

NRR would like to review the proposed FSAR
changes associated with reinstallation of
the original racks.

What does "essentially unchanged" mean as
used in the Mechanical design evaluation
(DCl-EM-35152)? We should be more specific;
what are the differences?

n P r r h/P

Transmi ttal 1 etter,
DCL-86-273

Sec. 2.0, p. 1

Sec. 4.4A, p. 6

Sec. 6.0, p. 10

Sec. 3.0, pp. 2 and 3

What is the basis for the 50 pound criterion
for drag load testing?

We indicated the original racks will be
cleaned before reinstallation; what
procedures will be used? (i.e., no iron,
etc.)

3ustify why there is no need to change the
design calculations for the racks; address
seismic adequacy. Are the earlier
conclusions still valid?

Sec. 5.0, p. 9

Sec. 5.0, p. 8

Sec. 4.1 through 4.4,
pp. 3 to 8

Discuss the engineering analysis to show how
the load transfer path may have changed from
bolting to welding. (State assumptions, etc. )

Discuss asymmetric loadings on the rack
modules.

Bracing weld reinforcement — Why did we make
the modification to the rack bracing? Did
we consider all the effects of the change?
(i.e., local considerations, temperature,
etc.)

DCN, Sheet 9 of 9 — What is the basis for
1983 version of ASME Code?

Sec. 4.2.1, pp. 4 and 5

Sec. 3.0, p. 2
Sec. 7.0A, p. 10

Sec. 4.4B, C and D,
pp. 7 and 8
Sec. 5.0, p. 9

Sec. 5.0, pp. 8 and 9
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ATTACHMENT 1

NRC TAFF E TI N (CONT'D)

~usti ns

Discuss the installation sequence for the
original racks welding access and sequence,
etc.

Re n P r r h/Pa e

Sec. 5.0, p. 9

12.

13.

Hhy were the anchor bolts not restored to
the original condition?

Are QC requirements and the materials the
same as initially reviewed by the Staff?
Hhat are the differences?

Sec. 4.4A, p. 6

Sec. 5.0, p. 8

14.

15.

16.

17.

18.

19.

20.

Clarify the details of the embedded plates
and the liner plate. Explain the load path
for seismic loads to the base slab.

Elaborate further on the statement that MLQS
foresees no problem with distortion,
warping, etc. with regard to welding to the
embedded plates. Hill welding affect the
leak-tightness of the liner?

Have the holddown brackets on the corner of
each rack been revised in any way from the
original design? If so, how? Are the load
paths different?

Here warping and distortion considered when
designing the rack bracing modification?

Do the new anchorage and other rack
modifications affect the seismic analysis
and qualification of the original racks? In
particular, the tension and compression
aspects arising from rack rocking should be
addressed.

Considering the limited access, how can we
be assured that the anchorage weldments will
be of good quality and able to transfer the
design loads?

Hhat type of analysis was originally
performed for the racks? Hhat was done
recently that caused the changes? How did
we consider the interaction of the eight
rack modules as part of the original
qualification of the racks? - 2-

Sec. 3.0, p. 2
Sec. 4.2.1, pp. 4 and 5

Sec. 5.0, p. 9
Sec. 7.0A and B, p. 11

Fig. 8

Sec. 3.0A, p. 3
Sec. 4.2.1, pp. 4 and 5
Sec. 4.0A, p. 7

Sec. 4.2.1 through 4.4B,
pp. 4 through 7
Sec. 5.0, p. 9

Sec. 4.4, p. 7,
Table 1

Sec. 4.2.1, pp. 4 and 5

Sec. 5.0, p. 9

Sec. 4.1, pp. 3
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ORIGINAL BOLTEO CONNECTION




