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ST HL-AE 2764
File No.: G20.02.01, M20.1
10CFR50

U. S. Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, DC 20555

South Texas Project Electric Generating Station
Units 1 and 2

Docket Nos. STN 50 498, STN 50-499
Revised Responses to NRC Questions Regarding the

Use of High Density Spent Fuel Racks

Reference (1): HL&P Letter to USNRC, G. E. Vaughn to Document Control Desk,
ST-HL AE-2417 dated March 8, 1988.

(2): H14P Letter to USNRC, ST HL-AE 2738; Summary of Meeting on
July 11 & 12, 1988 to discuss High Density Spent Fuel Racks.

(3): H14P Letter to USNRC, ST HL AE 2750; Summary of NRC Technical
Audit of U. S. Tool & Die, Inc. on July 20 to 21,1988.

On July 11 6 12, 1988, personnel from !!ouston Lighting 6 Power Company
(HL&P), Bechtel Energy Corporation (BEC) and U. S. Tool & Die, Inc. (UST&D)
met with rnembers of the NRC Staff to discuss the proposed license amendment
regarding expansion of the spent fuel pool storage capacity using high density
spent fuel racks that was submitted to the NRC via letter dated March 8, 1988
(reference 1). Minutes of the rneeting are documented in reference 2.

Co

ok As a result of the meeting, HL&P committed to provide additional
Q80- information for some of the questions discussed during the meeting. Attached
og (Attachment esi) are revised responses to questions 4, 5, 11, 12, 13 and 14,
$o The forces induced in the spent fuel pool walls due to the reduced ruk to-

wall distance have been addressed in Question Response 11 which was aM confirmatory itern in reference 3. Change bara have been used to indicate
go where the response has been revised. This information should close these
Co <I items.
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Also attached (Attachments # 2 & 3) is information from UST&D regarding
the additional forces on the rack walls due to the reduced rack to wall
distance at the north end of the spent fuel pool (Attachment #2), and
information on the 3 rack analysis (Attachment #3). Ateschments 4, 5 and 6
provide annotated revisions to the High Density Spent Fuel Racks Safety
Analysis Report, FSAR and Evaluation of No Significant Hazards Considerations
as a result of the information in Attachment #1.

If you should have any questions regarding this matter, please contact
Mr. A. W. Harrison at (512) 972 7298.

M /? 772Lt h + i
M. A. McBurnett
Manager,
Operations Support Licensing

HEP /hg

Attachments: (1) Revised Responses to NRC Questions 4, 5, 11, 12, 13, and
14 on Spent Fuel Racks.

(2) Calculation of Forces on Rack Walls due to
Reduced Rack To Wall Distance at North End of SFP

(3) Information on the 3-Rack Analysis.
(4) Annotated Revisions to the High Density Spent Fuel Racks

Safety Analysis Report
(5) Annotated Revisions to Section 3.7 of the Final Safety

Analysis Report.
(6) Annotated Revision to the Evaluation of No Significant

Hazards Consideraticas contained in Referenca 1.
(7) Figures 1 through 9 for questien 5 (Attachment al)
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cc:

Regional Administrator, Region IV Rufus S. Scott
Nuclear Regulatory Commission Associate General Counsel
611 Ryan Plaza Drive, Suite 1000 Housten Lighting & Power Company
Arlington, TX 76011 P 0. Box 1700

Houston,'.X 77001
*Ceorge Dick, Project Manager
U.S. Nuclear Regulatory Commission INPO
Washington, DC 20555 Records Center

1100 Circle 75 Parkway
Jack E. Bess Atlanta, GA 30339 3064
Resident Inspector / Operations
e/o U.S. Nuclear Regulatory Dr. Joseph M. Hendrie
Commission 50 Be11 port Lane

P. O. Box 910 Bellport, NY 11713
Bay City, TX 77414

Don L. Carrison
Resident Inspector / Construction
c/o U.S. Nuclear Regulatory
Commission

P. O. Box 910
Bay City, TX 77414

J. R. Newman, Esquire
Newman & Holt:inger, P.C.
1615 L Screet, N.W.
Washington, DC 20036

R. L. Range /R. P. Verret
Central Power & Light Company
P. O. Box 2121
Corpus Christi, TX 78403

R. John Miner (2 copies)
Chiif Operating Officer
City of Austin Electric Utility
721 Barton Springs Road
Austin, TX 78704

R. J. Costello/M. T. Hardt
City Public Service Board
P. O. Box 1771
San Antonio, TX 78296

(*) Attachment 1 through 7. All others Attachment 1 only.

Revised 06/15/88
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File No.: C20.02.01,- M20.1
Page 1 of 21

' SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50 498, STN 50 499
Revised Reeponses to NRC Questions

on Spent Fuel Racks

QUESTION #4:

Provide information on the effects of High Density Racks (HDR) on soil
bearing capacity and liquefaction potential.

!

RESPONSE #4:

During the July 11 & 12, 1988 meeting with the NRC Bechtel stated that l
the Fuel Handling Building (FHB) soil. bearing pressure under the spent
fuel pool (SFP) is insignificant 1y increased by 1.8 kips per square foot

4

(ksf) due to the additional weight of the high density spent fuel racks.
The revised total soil bearing pressure of 13 ksf (DL) and 22 ksf
(DL+SSE) are well within the respective allowable values of 21 ksf and 32
ksf. In addition, it was stated that the liquefaction potential is not

I affected by the slight increase in soil bearing pressure and that
i liquefaction is effectively controlled by assuring the denseness of the
| compacted backfill material rather than by limiting soil bearing
| pressures which are already within the allowable values.

In response to the NRC request for a more quantitativc treatment, the
reply per Items 1 and 2 is presented. Item 1 describes the original
evaluation of liquefaction for the STP, and points out that upon
reviewing the parameters considered in that evaluation, it is evident
that the slight increase in soil pressure will not reduce the established
factors of safety against liquefaction. Item 2 describes the specific
calculation of factors of safety against liquefaction performed to

iincorporate the changes in soil pressure resulting from the additional
weight of the high density racks.

Item 1

The liquefaction potential of the cohesionless soil layers at the plant i

site was evaluated during the geotechnical investigation for the project
and is described in Section 2.5.4.8 of the South Texas Project FSAR. The
evaluation was performed using the following two soil profiles as
representative of the subsurface conditions:

Case 1. The in situ soil profile in the plant area.
Case 2. The plant area soil profile with the top 40 feet of

existing soil replaced by structural sand backfill.

L4/NRC/bx
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File No.: G20.02.01, M20.1
Page 2 of 21

SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50-498, STN 50 499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION #4 (cont'd):

The Case 1 soil profile is representative of the area immediately outside
the area of construction. The Case 2 soil profile with the structural
sand backfill approximates the soil and loading conditions in the area
immediately surrounding the plant structures. The evaluation performed
using the Case 2 profile resulted in slightly higher factors of safety
due to the higher vertical effective stress produced by the backfill.
The results of the liquefaction evaluation are shown on Table 2.5.4 35 in
the South Texas Project FSAR.

The analyses did not consider the higher vertical effective stress
resulting from the structural loading of the plant buildings as an
additional factor contributing to the safety against liquefaction of the
plant area soils. Therefore, since no credit was taken for the

additional benetit of the buildings' soil bearing pressures to mitigate
liquefaction potential, moderate changes in bearing pressures due to
variations in building loads will not affect the calculated factors of
safety against liquefaction.

The FHB, approximately 88 feet by 190 feet, is a reinforced concrete
structure with foundations at different levels. Within the FHB, the
nominal foundation level in the fuel pool area is at approximately 64
feet below grade and rests on the natural cohesionless sands of soil
profile layer E, as shown on Figure 2.5.4-54 of the South Texas Project
FSAR. The addition of high density racks in the spent fuel pool
increases the bearing pressure for the portion of the mat foundation
underneath the pool by approximately 1.8 ksf. The vertical effective
stress applied to soil layer E from the total foundation load from the
spent fuel portion of the FHB is significantly higher than the effective
vertical stress of approximately 4.5 ksf applied to layer E by the
surrounding soils. This higher vertical stress would be expected to
produce at least as high a factor of safety against liquefaction beneath
the building as in the soil outside the building footprint. Similarly,
the 1.8 ksf increase in soil pressure attributed to high density racks
may augment, but will not reduce the calculated factor of safety against
liquefaction. Therefore it is determined that liquefaction is not a
potential occurrence in the plant area during the postulated SSE, and the
original determination remains valid and unaffected by the change in soil
bearing pressure under consideration.

L4/NRC/bx
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SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50-498, STN 50 499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION #4 (cont'd):

Item 2

A specific calcul tion of factors of safety against liquefaction was
performed to account for the changes in soll pressure resulting from the
additional weight of the high density fuel storage racks.

First the increase in soil pressure was determined by an upper bound
analysis considering bearing only on the portion of the basemat under the
spent fuel pool, without relying on load distribution to the rest of the
basemat. Next the potential reduction in soil pressure due to the
eccentricity of the added weight was investigated. It was determined
that the added eccentric weight was insignificant in creating uplift at
the far edge of the basemat away from the pool and that the minimum
factor of safety against liquefaction was not reduced. Therefore, the
additional analysis considers only the effect of higher vertical stress
due to building load variation on the factor of safety against
liquefaction. The analyses included the Reference (1) recommendations to
correct the cyclic stress ratio when high values of vertical stress
occur. The analyses showed no change in the minimum factor of safety due
to the loading increase of the high density fuel racks. The factors of
safety for the various cases considered are summarized in the attached
Table Q4 1.

Reference (1) Seed, H. Bolton: "Earthquake Resistant Design of Earth
Dams", Seismic Design of Embankments and Caverns,
ASCE, 1983.

I

I
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SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50-498, STN 50-499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION #4 (cont'd):

Table Q4-1

Summary of Liquefaction Factors of Safety for In Situ Soil

FACTOR OF SAFETY
CASE LOCATION ACAINST LIQUEFACTION

Generic for Site
Original Evaluation

Case 1 au depth of 65ft. 1.4
below grade

Case 2 at depth of 65ft. 1.5
below grade with the
top 40ft. of soil replaced
by backfill.

:

Specific analyses
for FHB

original loading at location of maximum soil
without High pressure:
Density Racks o at 1.5ft. below basemat 1.6

o at 12.5ft. below basemat 1.4

Increased loading at location of maximum soil
due to High pressure:
Density Racks o at 1.5ft. below basemat 1.5

o at 12.5ft. belov basemat 1.4
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SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50 498, STN 50 499
Revised Responses to NRC Questions-

on Spent Fuel Racks

QUESTION #5:

If one (1) synthetic time history is used in analysis of racks, indicate
whether the time history had a sufficient energy content at the natural
frequency range of the rack.

RESPONSE #5:

HL&P committed to perform a confirmatory calculation, developing the
power spectral density (PSD) function as outlined in the proposed draft
revision to Standard Review Plan (SRP) 3.7.1, pertaining to free-field
ground motion. The objective will be to demonstrate that the single time
history has sufficient energy content and is adequate based on acceptance
criteria applicable to in structure motion rather than ground motion as
specifically addressed in the proposed SRP revision.

Power Spectral Density (PSD) Function

The NRC introduced in proposed Revision 2 to the Standard Review Plan
(SRP) an additional requirement for the justification of artificial
time history records used as input motion in dynamic analyses. The
justification is based on the assessment of the energy content of the
input motion by means of the power spectral density (PSD) function
computed for each time history. For the specific case of time histories
developed to represent design response spectra corresponding to the RG
1.60 ground motion spectra, a target PSD is defined as a baseline for the
assessment of the computed PSDs. Accordingly, the target PSD as provided
in the proposed SRP, is directly applicable to the assessment of time
histories representing free field ground motion. Nevertheless, the
ground motion specific target PSD (unmodified) may be extended in use to
judge the energy content from PSDs computed for time histories
synthesized to represent in structure seismic response spectra. In those
cases, when PSDs of in structu/e motion are compared against the
ground motion target PSD, the cocnuted ";Ds may be below the target
within the frequency ran5e above 15 cps which is not of particular
importance for rigid structures founded on soil.

L4/NRC/bx ;
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SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50-498, STN 50-499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION a5 (cont'd):

In the South Texas Project (STP), for the nonlinear seismic analyses of
the high density spent fuel storage racks, four synthetic time history
records representing the seismic horizontal response of the spent fuel
pool floor were used: North South and East West directions for the
Operating Basis Earthquake (OBE) and the Safe Shutdown Earthquake (SSE).
In the vertical direction the seismic analysis of the racks was performed
by the equivalent static method. Accordingly, no vertical time histories
are involved, and in the following review of the STP ground motion and
pool-floor time histories, only the time histories for horizontal input
motion are addressed. Also, for simplicity, only the SSE motion is
discussed since the results are the same for the OBE.

For the STP the RG 1.60 spectra are used as the ground motion seismic
design spectra. The corresponding ground motion time histories are
developed for the soil-structure dynamic analyses used to obtain
in structure response, and their computed PSDs are thus directly
comparable to the target PSD. Figures 1 and 2 show the computed PSDs for
the horizontal SSE ground motion plotted using 3 point averaging and
11-point averaging which is often used to rectify oscillatory functions.
The computed PSD curves are above the target within the frequency rango
of imrortance for the excitation of the structure through soil structure
interaction and for the floor response within the structure. The
isolated minima below the target (at f-14 cps and 20 cps) are not
significant, and in fact vanish when the smoothened plot of Figure 2 is
considered. The smoothened plot based on 11 point averaging permits
better appreciation or the PSD features and indicates that the computed
PSD does not fall below the target until after the unimportant high
frequency range above 25 cps is reached. Therefore, it is concluded that
the computed PSDs for the STP ground motion time histories comply with
the target PSD as defined in the proposed SRP for ground motion based on
RG 1.60.

The PSDs computed for the floor input motions used in the time history
analyses of the spent fuel racks are shown in Figures 3 and 4 based on
3 point averaging and Figures 5 and 6 based on 11 point averaging. In
general, and particularly in the low frequency range of importance (2 to
4 cps), the computed PSDs exceed the target PSD as evidenced from both
sets of curves. At frequencies higher than about 12 cps, the PSD curves
based on 3 point averaging are characteristically below the target PSD.
However, that is not a significant indication of low energy content since
(1) as stated earlier, this condition is not unexpected when PSDs for
in structure motion are compared to the target PSD for ground motion, and

L4/NRC/bx
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SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50-498, SIN 50 499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION #5 (cont'd):

(2) the condition does not affect'the 2.5 to 3.0 eps frequency range that '

corresponds to the dominant and governing lateral response of the racks.
Moreover, that apparent underrepresentation of energy content becomes
less prominent and its initial frequency of occurrence is shifted upwards
(from 12 to 16 cps) when the smoothened 11-point average curves are
considered. Another observed characteristic of the PSDs is an apparent
low energy content in a narrow frequency band centered at 6.3 cps. This
behavior is attributed to the "valley" and "abrupt drop". exhibited by the
design basis spectra at the characteristic frequency of 6 cps (Figures 7,
8 and 9), and it is not related to the synthesization of the artificial
time histories. The condition is restricted to the narrow frequency band
of 5 to 6.5 cps, thus it is not a significant concern because the rack
modes in that frequency range have very low participation factors of
0.002 and 0.003 compared to the higher participation factors of 0.77 and
0.75 for the 2.5 to 3.0 cps modes that dominate the rack lateral seismic
response. In summary: (1) the "dips" in the PSD curves at 6.3 cps are
traceable to the design basis spectra and are not originated by a
deficiency in the synthetic time histories, (2) the amplitudes of the
design basis spectra have been demonstrated to be conservative by
comparison to more rigorous solutions, and (3) the time histories with
low PSD values in a narrow range at 6.3 cps are used exclusively in the
analyses of the racks which do not have dominant modes in that frequency
range. Therefore, it is concluded that the time histories used for the
rack analyses are adequate notwithstanding the PSD indications at 6.3
cps.

Design Basis vs. EHS/ Single step FEM Floor Response Spectra

The underrepresentation of the N S OBE and SSE spectral response within
the narrow frequency range of 5.0 to 6.5 cps is a recognized condition as
shown in Figures 8 and 9. The E W and the vertical directions are not
affected by this condition.

The total seismic 'aponse of the racks due to three component earthquake
is dominated by the E V direction, which produces substantially higher
responses than the N S contribution. Therefore, an increase in the N S
contribution will be proportionately lower when compared to the total
3 component response, particularly since the square root of the sum of
thw squares (SRSS) combination used for the total response tends to
diminish the relative importance of the non dominant components.
Moreover, increases in the N S response are not anticipated because the

L4/NRC/bx



_ _ _ . _. _ _

|

.

I

Attachment #1
.ST-HL AE 2764 ,

File No.: G20.02.01, M20.1 |
Page 8 of.21 |

!

SOUTH TEXAS PROJECT i

. Units 1 & 2
Docket Nos. STN 50 498, STN 50 499 |

"

Revised Responses to NRC Questions ;

on Spent Fuel Racks |
.,

-|
QUESTION #5 (cont'd): <
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slightly higher N S input corresponding to the rigorous (confirmatory) I
l spectra is restricted to the 5.0 to 6.5 cps frequency range which I

excludes the 2.5 3,0 cps frequencies of the dominant lateral modes of the -|
racks.
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SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50 498, STN 50 499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION #11:

Identify critical items in the pool structure due to the new rack loads
and discuss the margins available.

RESPONSE #11:

During the July 11 & 12, 1988 meeting with the NRC, Bechtel stated that
the seismic dynamic response of the Fuel Handling Building (FHB) is
dominated by the soil-structure interaction corresponding to an
essentially rigid body building supported by the relatively soft soil.
Therefore, it is appropriate to assess the added weight effect on the
seismic response by simply considering the incremental mass and
additional eccentricity with respect to the building as a whole. The
additional veight of the fuel storage racks amounts to a small percentage
of the building total weight and produces nodal point shifts of about 5%
of the building horizontal dimensions. Therefore, these resultant
changes were considered insignificant.

The NRC stated that a specific modification of the dynamic analysis model
is necessary, and that the flexibility of the pool floor slab must be
included. Bechtel stated that these concerns were going to be resolved
as follows:

A revised dynamic analysis (elastic half space soil structureo

interaction) will be performed incorporating the flexibility of
the spent fuel pool slab. For the purposes of the analysis,
the fuel pool and its supporting slab will be treated as a
subsystem for vertical response,

The analysis will include torsional response of the buildingo
related to the mass increment and nodal point eccentricities
due to the heavier fuel storage.

Upon establishing the adequacy of the original seismic response spectra,
addressing the above concerns as described in detail in the response to
Question 13, the existing calculation for the structural verification of
the spent fuel pool was reviewed. The calculation is based on the
original response spectra and justifies the adequacy of the existing pool
structure.

L4/NRC/bx

_____ _ __



_

.. .. . .

..
. ,

Attachment #1
ST-HL AE 2764
File No.: G20.02.01, M20.1
Page 10 of 21

SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50-498, STN 50-499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION # 11 RESPONSE (cont'd):

The calculation considers the heavier weight and higher seismic response
of the racks, combined with the previously defined thermal loading,
gravity loading.: hydrodynamic loading and seismic loading applicable to
the FHB. The flexural and shear loads in the governing elements of the
reinforced concrete structure are demonstrated to be within allowable
limits with adequate design margins as summarized in the attached Table
Q11-1. The design margins for the transverse shear in the spent fuel
pool floor slab are itemized for consolidated and unconsolidated fuel
storage. The shear check for consolidated fuel storage utilizes the
confirmatory basis response spectra described in the South Texas Project
FSAR, Section 3.7.2.4. Accordingly, FSAR Table 3.7-8 (Attachment 5) is
annotated to identify the use of the confirmatory basis spectra. It is
concluded that the existing structure is adequate to accommodate the
heavier high density fuel storage racks.

The loading induced on the walls of the spent fuel pool as a result of
the reduced rack to-wall distance has been addressed. The north wall is
checked since the minimum rack to wall distance is at that location.
Table Q11-1 includes the design margin for this case.

.
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SOUTH TEXAS PROJECT
Units 1 & 2

Docket Nos. STN 50-498, STN 50-499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION # 11 RESPONSE (cont'd):

TABLE Q11 1

CRITICAL ELEMENT DESIGN
DESCRIPTION / LOCATION TYPE OF LOADING MARGIN REMARKS

'

NOTE 2 NOTE 1

Floor Slab of Pool

Midspan, along E W Flexure Primary & thermal ,

direction (element #46) M(+) primary loads. 2.28 are additive
'

M(4) primary + thermal 1.54
loads.

Midspan, along N S Flexure Primary & thermal
direction (element #44) M(+) primary loads. 2.37 are additive

M(+) primary + thermal 1.89
loads.

Over the interior Flexure Thermal M(+) [support wall, along M(-) primary loads. 1.49 dominates and
|E V direction M(+) primary + thermal 6.76 eliminates primary '

(element #42) loads. M(-)

At the support edge Transverse shear. For unconsolidated
fuel storage:

,

,

1.03 SSE loading comb-
ination, based on
90 day tested
concrete strength:,

'

f', - 6.1 ksi.

:
1
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SOUTH TEXAS PROJECT
Units 1 & 2

Docket Fos. STN 50-498, STN 50 499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION # 11 RESPONSE (cont'd):

| TABLE Q11 1

, CRITICAL ELEMENT DESIGN
l DESCRIPTION / LOCATION TYPE OF LOADING MARGIN REMARKS

For consolidated fuel
storage: (see Note 3)

1.03 SSE Loading
combination, basedi

| on 90-day tested
' concrete strength:

f', - 6.1 ksil

East Wall of Pool

Base of wall at floor Vertical flexure Thermal M(+)
slab (clement #267) M(-) primary loads. 3.00 dominates and

M(+) primary + thermal 3.54 eliminates
loads, primary M(-)

Transverse shear 1.71 Thermal loads do
due to primary not result in
loads (governs). significant shear.

Lateral loads from
i racks are not
! imparted to East

or West walls. i

North Vall of Pool

Base of wall at floor Vertical flexure Lateral seismic
| slab M(-) primary loads. 8.40 load imparted
' M(+) primary + thermal 2.90 hydrodynamically

loads, by the racks on
the wall is
included. Thermal
M(+) dominates and
eliminates primary
M(-).

,
,

1
|
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Docket Nos. STN 50 498, STN 50 499
Revised Responses to NRC Questions

on Spent Fuel Racks

QUESTION # 11 RESPONSE (cont'd):

TABLE Q11;l

CRITICAL ELEMENT DESIGN
DESCRIPTION / LOCATION TYPE OF LOADING MARGIN REMARKS

Transverse shear 5.14 Thermal loads do
due to primary not result in
loads governs, significant shear.

Lateral loads from
racks are
included.

Notes:

1. The design margin is defined as the ratio of allowable load to calculated
design load. For ficxure the interaction with axial load is included,
and for shear the reduction in concrete shear capacity due to axial
tension is included.

2. The concrete element loads are determined from finite element analyses
performed originally for the case of unconsolidated fuel storage and
subseqv.ently adjusted to account for increase in primary loads due to the
heavier consolidated fuel storr .

3. The transverse shear check in the spent fuel pool slab for consolidated
fuel storage required the use of the confirmatory (rigorous) response
spectra in the generation of seismic loading.

:

i

4
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Docket Nos. STN 50 498, STN 50 499
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on Spent Fuel Racks

QUESTION =12

Describe methods of shear load transfer between th2 pool liner and the
concrete. Indicate shear stress / margin on liner and liner anchorage.

RESPONSE #12

During the July 11 & 12, 1988 meeting with the NRC, Bechtel stated that |the shear load transfer was considered to be effected by the friction of
the liner plate against the concrete.

The NRC requested a more rigorous analysis, disregarding the friction
consideration.

A supplementary calculation was performed in response to the request for
a more rigorous analysis of the shear load transfer between the pool
liner and the concrete. The calculation addresses the load transfer
incorporating reliance on the ifner plate anchorage instead of
exclusively relying on friction between the plate and the concreta.

The calculation is based on a finite element analysis of the liner plate
and its anchorage at the embedded plates and leak chases. The horizontal
shear load delivered to the liner plate by the rack pedestals
(considering the maximum loads obtained from non sliding case) La
transferred through membrane action of the liner plate into its
anchorages. The membrane action load transfer is achieved by relying
only on tension in plane stresses since the thin liner plate does not
have any in plane compression load capacity.

L4/NRC/bx
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I

QUESTION * 12 RESPONSE (cont'd):

|
t

,

The calculation considers the primary load transfer to be developed
through the attachment of the liner plate to the embeds in conjunction
with a nominal contribution through friccion based on a conservatively
low friction coefficient of 0.15 (compared to acceptable range of 0.4 to
0.7). On that basis, the stresses, loads and deformations of the liner
plate and its anchorages were determined from the finite element
analysis. The tension and shear stresses in the stainless steel plate,
the stresses in the weldments of the liner plate to the embedded plates
and the leak chases, and the loads in the anchor studs and welded bolt of
the embedded plates were verified to be within the allowable values for
the governing SSE loading combination. In addition, the out of plane
deformation that may develop in the liner plate in order to accommodate
the in plane compression imposed in the liner plate is verified to be
within the allowable ductility ratio. The compressive strain may result

I when the in plane displacement, which results from the membrane tension
loading of the plate, forces the plate against the embedments ahead of

,

I the rack pedestals where the horizontal load is delivered. The design
margins for the various elements and types of loading deceribed above are
summarized in the attached Table Q12 1.

Therefore, from the above verification of stresses, loads and
deformations, it is established that the liner plate maintains its
structural integrity and water tightness under the horizontal seismic
load delivered by the racks.

;

|

{

l
,

,

! ,
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QUESTION # 12 RESPONSE (cont'd)

Table Q12-1

STRUGTURAL DESIGN
ITEM TYPE OF LOADING MARGIN REMARKS

NOTE 1

Liner plate o in plane tension 1.15 Loads and displacements
stress due to membrane action

o in plane shear stress 1.19 developed to deliver
o flexure due to 2.70 horizontal shear load

out of plane to embeds,

deformation imposed
by membrane compression
strain

Welds
liner plate o stress in fillet welds 1.02 (same as noted above)
to embedded 2.2* (see Note 2)
plates

liner plate o stress in backside 1.05 1.7* (see Note 2)
to leakchase of penetration veld

over leakchase
embedded beam

Embedded plates
anchor studs o shear load 1.01 (same as noted above)

1.14* (see Note 2)

anchor bolt o snear load 1.27
(fillet weld of
bolt to plate)

Liner plate / o nominal contribution 2.70
concrete by friction (4 .15)

to resist horizontal
shear load

L4/NRC/bx
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QUESTION * 12 RESPONSE (cont'd):

Table 012 1 (cont'd) !
,

Notes:

1. Design margin is defined as the ratio of allowable load or stress to
calculated design load or stress corresponding to the governing SSE
loading combination.

2. Alternative design margins indicated by an asterisk (*) in the remarks
column are with respect to 0.9 times ultimate load instead of allowable
load (presented for reference when the design margin based on allowable
load is less than 1.1).

-

I
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QUESTION a13:

.

Provide quantitative changes to the FHB seismic model (stick model) due
to the increased mass at the pool floor elevation.

RESPONSE a13:

lThe seismic analysis verification of the Fuel Handling Building (FHB) was
qperformed incorporating the additional weight of the high-density spent

fuel storage racks (with consolidated fuel) to address the following
items:i

1. The shift in center of mass at the level of the spent fuel pool
floor due to the additional eccentrically positioned weight,
anu its potential effect on the torsional response and the
related horizontal translational response at the location of
the pool.

2. The vertica". flexibility of the floor slab of the spent fuel
pool, and its potential effect on the in-structure vertical
response spectra used for the analysis of the racks and the
verification of the spent fuel pool structure sithin the FHB.

The seisnic verification is based on dynamic analyses performed through1

lumped parameter models with soil structure interaction considered by the
elastic half space (EHS) method. The three dimensional lumped parameter
models (1) permit adequate accounting of the torsional response obtained
under horizontal input due to the eccentricities between centers of mass
and centern of resistance within the structure, and (2) account for
translational responses that include coupled contributions from the other
orthogonal directions of input and from the rotational (rocking and
torsional) responses. The adequacy and validity of the EHS analysis is
demonstrated by the comparable response spectra obtained from single step
finite elecent soil structure interaction analyses. The soil impedance
functions for the EMS analysis are based on the South Texas Project (STP)
Geotechnical Report (by Woodward Clyde) as described in Reference
3.7.2 i) of the STP FSAR. The ground input motions are applied at. the
foundation base without introducing any reduction due to the embedment of
the structure.

L4/NRC/br.
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QUESTION * 13 RESPONSE (cont'd):

The verification is based on a comparative study of floor response "

spectra obtained from the original model and the modified model that
includes the additional mass of the racks. For the comparison, the
response spectra computed for the operating basis earthquake (OBE) at 26
damping are used because any differences between response spectra would
be better appreciated from the OBE spectra which, due to their lower
damping, exhibit higher amplification than the SSE. However, if desired,
the SSE response is obtained by simply doubling the OBE response. This
is a conservative approach since the higher damping associated with the
SSE normally results in an SSE response that is lower than 2 times OBE.

The comparisons between original and modified models include th6
following:

1. Configuration of mathematical models

Changes in nodal point masses and locationso

Incorporation of subsystem nodal point flexibly connectedo
(in verticat degree of freedom) to floor master nodal
point.

2. Modal frequencies and system damping.

3. Acceleration response spectra at the spent fuel pool floor (El. '

21.92 ft.).

Review of the calculation indicates that there are no significant
differences in modal frequencies and system damping values between the
original and the modified analyses. The governing comparison of response
spectra also clearly indicates no significant difference in seismic
acceleration response. Therefore, it is established that the original
design b' sis spectra and corresponding time histories used for che
seismic analysis of the racks are adequate and need not be modified to
account for the building mass variation introduced by the heavier racks.

Upon review of the High Density Spent Fuel Racks Safety Analysis Report
(reference el in the cover letter) during the preparation fot response to
this question. HL&P determined that changes are appropriate for the
second paragraph of Section 6.2 and the Evaluation of No Significant
Hazards Considerations to clarify t'3 use of FHB floor response spectra.
See attached annotated revision to page 6 2 (Attachment e 4) and the
Evaluation of No Significant Hazards Considerations (At.achment e6).

L4/NRC/bx
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QUESTION m14:

How is the integrity of the liner at the floor slab accounted for at
point of impact of the rack support?

RESPONSE #14:

During the July 11 & 12, 1988 meeting with the NRC, BechtWt stated that
the through thickness stress induced in the liner plate by the vertical
impact loads is only 4.0 ksi, which is a very low value and indicates no
compromise of liner plate integrity.

As a result of the subject meeting, the NRC requested a more
comprehensive analysis.

A supplementary calculation was performed in response to the request for i

a more comprehensive analysis. The calculation addresses the following
items:

1. The total vertical load from a rack pedestal, which is the
maximum value including the impactive component obtained from
the non linear seismic analysis that involves light uplifting,
is applied to check the through-thickness compression stresses
in the plate and the bearing stresses on the concrete.

2. The effects of possible irregularities on the surface of the
concrete, postulated as a depression at the location where the
rack pedestals bear on the liner plate and force it against the
concrete, were considered. The resultant out of plane
deformation imposed on the ductile stainless steel liner plate
is demonstrated to be within the allowable ductility ratio.

3. The in plane strains derived from the curvature and from the
extreme fiber flexural strain of the pool floor slab are
imposed on the liner plate. As expectod, the curvature of the
6 ft. thick slab is inconsequential on the 1/4 in. thick plate.
The in plane deformation derived from the flexural strain is
considered as constrained between the embedded anchorage points
of the liner plate, and is demonstrated to be accommodated by
out-of plane deformations within the allowable ductility ratio.

The design margins for the various elements and types of loading
described above are summarized in the attached Table Q14 1.

L4/NRC/bx
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QUESTION #14 RESPONSE (cont'd):
I

Table Q14-1

STRUCTURAL DESIGN
ITEM TYPE OF LOADING MARGIN REMARKS

NOTE 1

:

Liner plate o through thickness 6.70
compression stress |

1

o flexure due to the 4./ 9
out of plane
deformation imposed

; at concrete surface

i depression '

I !

I o flexure due to the 7.10
out of plane -

deformation required I,

to accommodate the
flexural strain from I

floor concrete slab ,

) o stress imposed by >10 |
j curvature of floor
1 slab i

i '
"

Concrete slab o bearing stress 1.21 based on concrete i

at rack pedestals' tested strength
at 90 days

,

i
Notes: i

!

1. Design margin is defined as the ratio of allowable load or stress to,

I calculated design load or stress corresponding to the governing SSE
loading combination.

;

'l*

|
i

i

I
I'
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ATTACHMENT * 2

CALCUIATION OF FORCES ON RACK
VALLS DUE TO REDUCED
RACK-TO.VALL DISTANCE

AT THE NORTH END OF THE SFP

|
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USTbD presented a comparative study to the Staff on July 21, 1900 1

during the NRC technical audit of the UBTbD fact 11ttes of both '

the single lumped rotational inertia located at the base of the
' rack and the multiple mass distribution over the vertical height

of the rack. The multiple mass was distributed over six levels of
Ithe rack stick model. The individual mass of the fuel cell and

the fuel assembly was combined as a single mass at each level.
The analysis was performed using unconsolidated spent fuel. The
results of this study indicated an eight (8) percent increase in
loads for the multiple mass distribution method.

4

After the July 21, 1988 meeting, USTbD performed a subsequent
multiple mass distributton model separating the mass of the fuel
cell and the fuel at each level of the rack stick model. This
model contains 12 mass points, 2 at each level. This analysis
was performed using consolidated spent fuel. USTLD believes that
this method of modelling the mass distribullwil la muru
representative of the actual mass distribution. This analysis
resulted in a small decrease in the loads on the rack and a small
increase in the f actor of saf ety., For example, the rack pedestal
bottom plate f actor of saf ety was calculated as 1.97 using this
multiple mass distribution model. Previously, using the single
lumped rotational inertia located at the base of the rack, this
factor of safety was calculated as 1.86,

During the July 21, 1988 meeting it was our understanding that
!the staf f f ound the results of the multiple mass distribution

model acceptable. We believe that our subsequent analysis, which
more ewplicitly defines the mass distribution, provides even a
higher level of confidence in our original analysis using the

isingle lumped rotational inertia located at the base of the rack.
'
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ACTION f12,8 i

The NRC requested that UST&D review their analysis to ensure |
that gli possible situations of gap between the fuel assembly
and rack side have been addressed and that the "worst-case"
is considered. The results of this review will bo subsitted
to the NRC during the week of July 25, 1988.

<

RESPDNSEt '

In response to the NRC request additional fuel to rack
initial gap configurations runs were made to assure that the

,

"worst-case" was considered. Tlac results, shown below,
indicate that the difference in resulting loads are

,

>

4

negligible.
,

MAXIMUM TILTED
BASE CASE DISPLACEMe.NT DISPLACEMENT i

Fnax 405.8 KIPS 413 KIPS 404 AIPS
!Thmax 173 XIPS 178 XIPS 172 XIPS |
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BY M *I' DATE _d?/28[$$ SUBJECT 8I WN S Ed. . SHEET . [ OF

CHKD. BYMw DATE E IP / ff rNLdefeff_*'G_/v/ A PROJ. NO. /20f .
'

/je.rf/t Rark forwCM6 JGW///r/ M'

ACTION ()1

The NRC requested that UST&D provide the bases for concludingwhy the Region 2, 132-cell analysis bounds the other Region 2rack cell sizes with respect to the footing design. Thisinformation will be sub'Altted to the NRC during the week of
July 25, 1989.

.

> RESPONSE

The past UST&D rack design experiences have shown that the
rack with the greatest mass would transmit the largest loads
to the footings (p .destals) . In Region 2 of the South Texas
Project, 132-cell tack is the largest and the smallest is the
110-cell rack.

The seismic loads due to SSE events were generated by UST&D,
for Region 2, 110-cell rack, similar to the largest *.32-rack
analysis.

T}{E JtESULTS ARE SuuuARIzEn azimut

$RSS LOAD ON ONE PEDESTAL (FOOTING):

110-cFff.R&CE 132.cyt.f. gggg

VERTICAL 430300 LBS 441129 LBS
HORIZONTAL 128476 LBS 141937 LBS
VERTICAL LIFT-OFF 0.1869" 0.1310"

(E-W)

Conclusient The 132-cell rack in Region 2 bounds the other
(smaller) Region 2 racks, with respect to the footing design.

.
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q t t o - C E. L L P. 4 C '''- ' 10 " / ' Sd
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-

CONGO Lt D4 T ED F il C L"

G SET f41 MAXIMUM FORCES ON A FEDESTAL (LBS)
VERTICAL HORIZONTAL
(Fvr/2) (ThZ/2)

MS - Olt._ -. --- - -- -- ~

EW - OBE -. -- = --

V - Ont. -.

SRSS --

NS - SSE 133916 */3600 ;

EW - $$t 281166 105305
'

v - SSE 139870 o

o..SRSS 430300 t 28 4 76
@ cf.T s 4 A r.e t H 4 t t- c cT $ ?,, V A L u c.C.

SET #5: MOVEMENT AT BASE (inches)

ELASTIC
(NON-SLIDINC) SLIDING LIFTOFF
(DISPLACEMENT) (FRICTION) (VERTICAL)

,

NS - OBE

EW - OBE
|

NS - SSE O 3078 O 05f 4 4~ i

EW = SSE . Q . 2.9 2 4 O~t669" ,

I
MAXINUM FRICTION FORCES (LR) USING 0.2 FACTOR Nf4 '

NS - CBE

EW - Ott

NS - SSE

EW - SSE !,
|
i

REF: 110 - C. E L t P. 4 C. <
m- 409374 og,

P3 28F * 542.57 Le p3, 2
* SWT " 3556I7 L6 |p3, z

,



ATTACHMENT g ,3

- GHU D /OST,Q

h,I[$fsy _ _ L 1 _ O _ _C E L.t. _. PA c K
C ONS o Lt D A T CD MUEL

SET #1: MAXIMUM TORCES IN KIPS TAKEN FROM COMPUTER SUMMARY (NON-SLIDINO CASE)iwo
AT 5 UAP ELEMENTS PEDESTAL *

(PER COMPUTER) (1 o:: 2) (3 or 4) (5 or 6) (7 or 8) (9 or 10)
OUTPUT

(PER TICURE) (a or b) (c or d) (e or f) (g or h) (i or j) (vert) (hort).

FVt FhZDIRECTION 1 2 3 4 5 - *

!!TL_ , SSE . _ .. . . _ _ . . . . . . . _ . _ . _ .

EW - Ont._.
NS - ISE . 28 05 272F 19 28 3f 30 33 51 445 64 141 7 '.'

EW - SSE.____ ._ 24 55 2713 31 86 35 65 39>fo Ydo*f4 E LS -

o e4 E.

SET #2: TORCES ON INDIVIDUAL TUEL ASSE.MBLY (LIS) PEDESTAL (KIPS.

(TOT.\L F.A. = 110
NS - OBE . . . . - _ . . . .. . -

EW - 08E _ . _ . . _ _ . . . _ . . . _ _ . . _ ._.

NS - SSE_ .__ 265 248 266, 28S.- 305 232' %? 13'

Ew - SSE 223 254 a90 324 358 370 67 top

SET #3 MAXIMUM TORCES AT BASE OF RACK (LBS)

VERTICAL HORIZONTAL

TVT=(TVt- ) ThZ

NS - Olt . . _ _ . __ _ _ _ _ .

Ew - Ost ___ ..___ _ . . .. . _ . _ _. ..

V - Ost __ _ . _ _ _ _ _ .

SRSS _ _ _ _

NS - SSE ____. ____ . 2. 6 7 8 3 2. _. t 41200
EW - SSE ._ _562.332. ._ _2J 0 6 i o_ . .

. 6 V - SSE 2797.31. . o
-

co * SRSS __. 86o6oo 266952._ _ _ _ _ _ _ _ .

.

3

i

{

j * TORCES (TVt) ON TWO PEDESTALS INCLUDE THE ETTECT OF SU5MERCED WEIGHT (Ski) |
' 4..o

, je(# ejf&ddhh74 y3g, ,9 ,

'
1 1

*** "SD ~~ ( FVTgg[+-(Cvig[t(F T , ) "L -i' CM. .' - - -. _( - ( t a Fi
,

|1
. _-
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6 5/16 * .

5/16*
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d 3 Og; ~>x.Q P Bot.- Fues TJ m r
ob5:

II :: - ~s'

ssn6*
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=
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ST HL- 2
r .PAGEJ OF 7) U.S. TOOL & OIE. INC

Bi O'N DATE 07//M86 SUBJECT _R E G i o N 2 SECT, SHEET _Id_ OF N
CHKD.BY N DAT,;,$/ 110 - CELL A4cK PROJ. N O. _d.70f.__3 0

T l4 E 5NA L LEST AAC K I N REGI O N 2 8 6
1 t o - C E. L L RAC K P E.R USTD D vJ G. 8 1 0 9 - I-
C1i c E. L. L e X 1. O .C E. L L 5 )

EW NS

R, E F . t SEI SMi C C 4 L c L1 L A T I o N S, SEC T I oN 6,
5085Ecf I oN 62, "W E i G HT o f- MA 5 S E S"
1 10- CEL L, WE1 GHT Cr M 4 S_ 5_ _ E S
FuaL eox es ~~-~~

199 58 L_e x tio c G LLS : 19754 Le
CELL

Po isoN

i1 62 LS /c ELL x 110 C ELLS f267 LB-

bot oM PL 4Y u5*

1 o.1 S L s/ c e. L t. x 1fo c e t ts s 1 1 f 7 L8

PE.pEsTA Ls

(6 4 M d AS f 31.- C E LL p.A c.K ) 800 LS

600 44 e4 T F' o R C 6S

Lat e ctL
R 4 c .4 : 22 2.0 x 1 1 o C El.Ls s 2.4 4 2 ts '

Poison. 6 69 L_8 x 11 0 CELLS = 7 58 f. s
cc56

BoiT oM PL4f E st

1 156 L.B r (to cssLs = 138 LB.
cc66

lP E. o E 5 T . A L S
800 x 0 361 : 99 ts.

.

292. |
-

e
|

Co4So Li D4T ED F" U E L

w r. o F FUEL + C4 eJ 8 S f E R. + W4 T E A. IN SID E C44 S T E A. - ( pts. ctLL) |
: (6 2o Ls a 5 2 8 R*DS) + C f 5 0 LW) + ( 94 L B) = 3 617 6 telecLL* ' * * C c e*< s s e, s u. w m v a r t.u e : c

,

w r. of con 5cLePAftD FUEL M4 55 3 5 f 7 6 L s,_ a (t o c: ::
-

C, ELL

: 386936 LB

.
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



ATTACHMENT $ 3
ST HL AE 31W
PAGE IC10F M U.S. TOOL G OIE. INC |

DATE A7[!/ !
BY b M/88 SUBJECT _f f O - C ELL R 4 ?_K_ S E C T. __ SHEET _.d OF

CHKD. BY hI DATE [ W T- CF M 4 5_S E S PROJ. NO. . O.70 9- KO |

B U o Y A t4 T WE IGHT oF con sol I D4 T E D FUEL |

: SUBMERGED WEl GHT oF C4N i 67 & R.
2

= 8 53 x 11 6 x o36f 462 L s / CE LL-

: 462 Ls/c ELL x 1 t o c ett : 50820 L B.

I

gu M M4 RY ( W E. I G _ H T 5 OF MA 55 E S), R E G t oN 2. ,
_

11o-ceL L ,consot i D4 rep - _u E L (LB) ,

p
-

.

1 TEM DRY W T- B OO Y 447 WT SU B M E RG E D Wr
CDWT ) C BWT) (. s W T )

l,

R.4 c x. 19754 2442. 17312.

Poison 1267 758 509

Boit oM i i 1 7 1 3g 979
PL 4T ES

P E D E S T 4LS 8oG 99 70 1
(. 4 )

c o N so Lt D4 TED 386936 $0820 33611 6
FUEL

To T 4L W T- 409874 5 4 2. 5 7 355617 .

CLas) '

i

. l

|.

.

1

!

|

|

|
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ST HL AE al
e PAGE 15 0F U S TOOL G ole. INC.

DY--- d * b' OATE A.2h3[88. SUBJECT __ts10_D A L Ai_4 SS .ER_ SE CT. _ . _ SH E E T /b OF N
I DATE f 10 - C E LL EL4_C3 PROJ. NO._d 70 9 t 3 0CHKD. BY

R4 C K MODELLED Wl T H 6 - L U M P E. D M A 5 5 E S,
201 3125" RACK

M455 NODE M455 D i sf RI su Tl oN 110 - C E LL
C D A Y . W E I G H1) No DAL M4 0 60#

f R 4 c I4 O.1016a 19754 : 2oo7
p o iso N o.1 o 66 x 1267 = f 35

5sottou $ 1 (, 1117) : 1 f f 7
P E D E S TA LS - 1 ( 8 00) : 8OO

4-059

2 R4 cx o.18 3 3 x f 9 7 64 : 362f
P o i son o. 213 3 x 1267 2 _7_ o

3891

344 RAc. K 018 33 x 19 764 : 362f
po s s on 0 213 3 x 1267 : L 10

389I

5 R A C M. O.1853X 19154 c 36 2.1
Poison 0 2635 A 1267 : 321

3942

6 R 4 c :( c .16 5 2 x 19 754 3263
wA T E R. M A ss

(8 '90)*C 33.st2s)( o 561)(110 ) : 10478 'Aeovs vunL

13741 _
7 FUEL. o.1217 x 3 8 6 936 47o9o

'

B . 9,10 F u t t. . O. 2 f 96x 38 6936 : 8497/

11 FUEL O.1646 x 386936 : 63690

12. GUEL 0* 0549 x 386 936 21243-

*

1 ( L*) ( i.44 s s noo t f4 ) 'f3 R oTA ny Ig e nt:4
,

Ty*,' 43% 12- e w , u - ii,9.fs s too.6s s 3 46o2 E 8
Mo n oH. nS, L: ton 9 tS s 91 50 2 8 5 96 c: 8

1u4ss '..14 if T H R U 12 = 409873
E r e t u oi N c. W4 t e se. M A s s A e o v c ru st a f reocc6,
C'o W. \/ E A fl C 4 L M O fic4

K4 G x c L u c t.D v o R, VE R1I CA L Mo r t o ri I

|
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ATTACHMENT 43
ST.HL AE 1%Y
PAGE 16 OF.6Y U.S TOOL G OIE. INC

O'b OATE _Q1[.!U[88 SUBJECT WA L L c O_Q P L I N CL _ SECT. . SHEET. 8 OF [dBY

! FOR<-&S2 110 - C Ell A4 W .PROJ. NO. 6 */o Y 30CHKO.BY DATE

A, E F E R E M C E : 5EcT t oN 6, SU B G Ecfl CN 6 6 , Pj 7[14
Af g # : f 4 912 4 4 PER C. EL L

My 1492.2 44 (110) f64f466 Le:
a . ., n - _ . _ . . - -

My : W 4 T E.R. D I S P L A C E.D BY FUEL IN CANl STER,

( 8 5 3 )1 ( 176 )( 0 0361) (t to c a rt s) = 5O852. L B.e
_

: L W.H. [w L: 2. o f . 3 1 2 5 ", 9:.o36fM,7
W: H: 9 f 5"

( 20f. 3 f zS)( 9*l5)( 9 15)(. 0 3 61) ( 110 cuss):: g6Ci 29 Le:

'M O W4TER. IN c E LL IN A SSEN d E OF FUEL*

2

(8 90)2. ( . 0 3 6 I) ( 20f. 3 f 2 5 ) ( f ro c atu) = 6 3 3 2.f_, L e:

'
i

|
R4ck To W4LL COOPLI NG FORCE 5]

f. -@,*. b f = 0 0 5 61 C el in * \My =

12.S 201 3125"
( 0 36 )( 201 3 f 25)3 4 :

,

(h |
12. S. '

TWM = 2.4 5 4 4 C p) L B. P e g, c ELL.g
5

1

b: 91 50" W I D T li oF A 4 ci<,3 E A ST - WE ST Af o r' c N
'

b: 10065" s'Wf DT H oF I:2. A cw., f4 0 R T H - S O U T H . M e ect.'
S: M4 x. otstANcE B ET W E EN poot W4 tt 4 Ec>Ga of Rocv.

15" M4 x IM U M. lE4sT S :

!

33 7'2" M A xi M UMWEST 5 :

l

12 93" M 4 x.NORT H S :

150" max.so o r H S :
|
I=

HTDRODYN4 Ml C C00PLI NG FoacE5 C 4 L C S-_ _ - , _ . _ __
_ _ _ _ _ . _..

1

~ EAST CR4cx To Po0L W4LL)
~~

b: 9150", S: 15" M A t.

24544( 9150)My f497f6 LS [C a t t
: =

,5

-



ATTACHMENT ' I

ST.HL.AE 0681
'

PAGE 111 OF S4 U.S TOOL & DIE. INC

BY _[ * b DATE _Ol[!3[88 SUBJECT _ WALK _ COMPlulG___ SECT. SH E ET /d OF [d
!/! fa R C f5 a f f 0 - C E L L_f4dc_.K PROJ. NO. 670'/- 30C H KD. BY DATE

WEST b- 9i50", Ss 3372"

M H -24544(,94*50)" 6660i L6|c E LL=

33 12

NoRT H
b= f o 0 6 $" s: 12 93""

'

24544('00 65)1' = 191056 L S| c utty y :
_

12 93

js o u_7_H. 6 10065" S: 15 0"
# 2.4544 ( t o o . 6 5 ,\ = f64690 LB./cstttA =g

15.o

@ LE N G T H WEl GHT ED HYDAO DYMAMI C force
ON ONE RAc K. (4VEA4GE)

EAST-WEST Di RECT I oN
_ _ _ _ _ . _ _ . _ _ _ _ . . . . _ - -

R 41 R S' iN E45T- WE5T Di REC T 1 0 74 PER mow
4 R E. 2 = .1 1 O C E LL d 1- 12.1 CELL R 4 c w. 6 WH i cH
v/ d U LD CONT A. n BUTE i N C4 L cULA T I NG
RACK T O VJ4 L L CoUPL l N G. F0 ACES.

E #YW
110 ( 14 9 7 f B f 66601)M M. 69780 L B.= =

+ f 2.1 + 1 1 0) '[ G - VJ )
"

g(ii C
Q4CKS IN E*W D I A N . P Q Q. A0W

NoRT H- 50UT H DI RECT I oN
_ _

R4C KS I N NORTH- Sou7H piR6C1 1 ON 4WC
12f CE LL d 2.- 1 3 2 c c t. L R 4 u.c43- 1.1 o c. G. L L 1 -

,

PEA, A.o W .
Nyg s.

1 i O I. f 9 f a 6 6
@ ( 110 + 110'

-}- 16469O) 5 4 7 3 0 LB.Mg 2
~

::
~~

~ "d 5)+ 1 10 -t i 21 + 13 2. + 13 '2. ) ('
A 4 ci< s is s-s os aa. oca a.w

i

1
1



ATTACHMENTg3~
~

I-

E@iyhy [4\ us. Toot a r ur: an l

av _ d: 3 :_ Dare (2/H/67susarer .ac.G Lo_N. L.. _ sect. 6 _. sneer d '7 or M. !
CHKO. BY.N NA DATEl A[//[d ' .C 0d50 L t Q_A T ED _ _ F.u E L PROJ. NO. 6709

142,H E M A T icAL 5TI cK M o _D ,E_L_ F 0 3 ._.

s . A ,c K 2Of 3125,elT F0EL-DOOBLE DEN 5l
_ .'( . . . . . . : = u - - R

--

-
---

R4cK FUEL
-

EL 2 01 3 f 2 5"
2 0 f. 3 f 2{,,

q
= r- , ,y 33 3125"s.1655, 3

g de0736| ' j ,g ! y 201 3f25,

M '655 I T2r'c"a*m"4!: .
' 'f 8 6 sd' i 0 ir|'j_. g _16sjt_.

@ 'E A f$ 0 V f. 8'o f'

!R1 To Nobe 6st.f76 0 |

$ ? ; y f **.1....ost2Q',y}/j lrr ~i f a 33 I g 3
1

9,
'N / 3 i

'
.e

f 4 9" 80 .i k3 k - 'MS. * I 0 4I .f
' '

=

x.. .,; e i N d. it
m ~if853! j ;i q i; e,,

_:J .N _t . . m 'x
\ I

i12 20" , ,13 3,,3 __ _ W 3J 3_3 2194 ., , , _

g : _. // i .'|:

d''833I b '* 07
, s e ,, ;. @ aen _._, 9my[

- ~ WNg_ _ _ uet g i e
-

/N i. o ,

O D Q 5 | Tf'

N i isi i ! /: ~'8"'

38 9" _. g g _ _ ,y _ _ .31R_

? / \'? mv e m o.\
.

e ~1ia331 < 0 / t <-

% M N / W N |
. K a .

*

" rui d& '!*" @ h t.E o"..,y.= i w '# ' L _ "

5 EL O.0
.

po t rog p ut g.

b PEDES f4 L
.

p t a uP E 60
- . . .
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_

* F787ACV MNTX.3 /
_

,

LNE OF 91 [4_ U.S. Toot ci oir'. IN

BY _..(1*. $ *._ _ DATE .12[[6[d 7SL'8 JECT Li'LORO R.Yt1 A ret 1 C. SECT. .b . SH E E T hOF

// /[F) C O Q pLlN G G Q.EC ES PROJ. NO . 0 7 O iCHKO. BY dh DATE /

67 H Y D R O D Y t4 A M I C CouPLI NG FORCES _ _ F 0 P. '
. . - - - . . - . . . .

coNsoLI DATED FUEL, 13 2 - C E L L , |

. . - . - - -

L E N G T Hg 2 O f. 312 5[' _, R E G 1 O N, ,1,RACK
,, _

,

tw y f
t o 16 ( Mg + Mz ) 4.12 I 7 ( Mgyf + M , )F 1, f : -

F 2. 2 - - - - F 4,4

yw 7 YF f
18 3 3(M H +M 2 ) + 219 6( M g +M,)= -

Fs,s: 1833(M i +M2 ) * * 119 6( M H +M t )

F 6. 6 t 65 1 ( M a* )
'

F r, 7 1 Z 1 7 ( M s*# )

2196(Myvf)5 6. 8 - F io, t o =

F t t ,11 * 219 5 ( M i[# )
F 1, r = F 7,1 12 f 7 ( M g*# + M, )
F 2,8 : F 8,2 F3,9 : F 9, 3 =F 4, , o = F e o,4

= 2 1 9 6 ( M g*# + y ,f )
#

21 9 5 (. M a # # + M i)F s,ts : F ii. s = .

W4L L CoUPLI NG FORCES
_

H t Mr )1016(MFi.fs : - -

2 t s - - - F s , $ s . t 8 3 3 ( M y* + M ,# )F-

"
M ,1 )4 6 5 2 (. M y +F 6, vs : .

. .

_ - _ _ .



.PAGEla OFS4 U S. TOOL G OIE. INC

'b 07/fh[s8. SUBJECT.H.Y D Ro DY N AM f C._ SECT. .. SHEET /9 OFDATE NBY

CHKD. BY N DATE 8///S CO U P L I N G FO Rc Es pgoj, no. _670 9 .3C

HyonoDYN4Mi c coOPL I NG FoAC ES PoR'
con 50 Li DATED F U E. L , 1 10-CELL, E. A s T - W EST
R A C. W. 2.01*3125"3 R. E G I e N 2-
a. 4 c x co u e L_a_d_G S_

O 1o f 6 ( 6 918 o + 6 3 321)+ o f 217 ( 16 4 f4 68 4 S o 8 52)ff ,, t :

0 1 o 16 ( 13 3101) + o 1217C 16 913 2.0 ) z 19 4 7 8=
_

F2,2 - - F4,4
o 18 33 (, f 3 3101) + o 2196 ( 16 9 2.320) 39603,1:

_

9 5, 3 : O.1833 ( 13 31o1)4 0 2f 95(169 2 3 20) = 3 9 S g6 2.
_

F s , 6 = 0. t 6 5 2 (. 6 9.7 8 0 ). f152B_:

G d EI. L C O O PL i H GS
F -r , y so.12f7 (1644468) :199167.,

Fs,s---Fo,,o = 2.196 ( 16 41 4 6 6) 360466:
i

O' 7 4 9 5 (16 4 f 4 6 8 )F r f, it
p. 4 cx -F oEL co up_j.; _ a __ G_s ,.

-_360_30_2.,: :
^

1217 ( 16414 68 + 5 0 8 52) = , 2_O.. 5. 9 . 5 5F o,7 G r, s= '

.

s F 8, 2 FF 2,8 : F 9 L5 F 4,io F ,o,4:3, 9

0 2196((64 1468 + 5o852): : 37 1 633

F ,,, y c. 2195 ( f 6 414 6 8 + 5 0 8 5 2)Fs,,, -: 37f464:

R4 C x W4 L L CO U PL I NGS-

o 1016 (.69780 + 66929) = 1 3 8_9 oF 4, < s =
. _

F 2.,fs : F 3,is : F4,,s : F s,1 g

o .1 8 3 3 (6 9 1 8 0 +- 6 6 9 2. 9 ) : 25059e
- _ _ - -

,

o ' f 6 5 2 ( 6 9 't B o + 4 6 9 2 9 ) = 2 2. 5.8 4.F a. t s =
, - - .

.

, _ _ , _. - - -- -



Al i ALHMLN i ,p. 3
ST.HL.AE T (M
PAGE M OF 54

LJ.S. TOOL G OIE, INC

BY _ M. 8' OATE 0 7//d[88 SUBJECT _ HY O A 0 DlN4 M I C._ SECT. SHEET SO OF I
II 8 _C0OPL8NO f: 0 f>. C C S PROJ. NO. _2E! 'M I*/DATE 7CHKD. BY '

H Y p_,g o O Y N 4 M i c coUPLI NG FoAcCS .F o R 1 i J
cE .

- m -
N O A.T H -SOOTH DI R t. c r I ') elK i N- L,L . . A 4, c,n

. .-.
. . .

201312S", REGl oN 2LENdT,H :
_

R4 c e coU pLi NG FoAces
.

01o16( 54730 t 6 3 3 2 f ) + 1217 (164 f 4 66 + 5 0 6 51'G v, , :

= 0 101 6(118 0 51)+ 1217( f 6 9 2 3 2 0): 21 , 9 4 '/"

E 2,2 : F 33 : P 44
8 o. 5 f ) + . 2.1 9 6 ( 1 6 9 2 3 20) 3 9 3 2.7 2.= o. i a33( t 1

F 5,s = 0 1 8 3 3 (11 8 o 5 1 ) + . 2.19 S ( f 6 9 2 3 2 0) : 39;1o3.

P o,6 s o. f 6 5 2(5 4 7 3 0 ) = 904f

FUEL C o_U P Li NG F0 RCES
. . - - . . _ _ - _ . . . .

o. f 2.1 7 ( 1 6 4 1 4 6 8 )F 7,7 ,f 9 9 7 6 7: :

2 f 9 6 C 16 414 6 8 ) = 3,_6 0.4 6 6F a.a s 99,9 F,o,,, :

0 2.f95( 1641466)C t t.11 : 3_60302:

RACK- FUEL COUP Li NG FoAcE5

F e,v s F-r,f = 0 1217 (16 4 14 6 8 + 5 0 6 J 2 ) r 2.0 5 9 5 5

F 2. 8 : F s,2 : F 3,9 : F 9,3 : F4, t o : F,o,4

C 21 9 6 ( f 6 4. f 4 6 8 f 5 0 8 5 2.,): : 371 634|
1

9 5 .11 - F ,s s : 0 2.1 T 5( 1 6 4 1 4 6 8 + 5 0 8 S Z ) 3! 1464 |
|

G14 C K - VJ 4 L L CoUPLi NG GORC
, - . _ . = - -

ES-
. _ . . . .

\

|

E t, r5 0,1016 (54 7 3 0 +- 6 6 9 2. 9 ) : 123(, f |
-

F z, r5 : F s. t s : r4,is e r s ,,c

0 t 83 3 3 ( 5 4 ~7 3 o + 6 6 9 2 9 ): : 22.:00 i

F 6.rs : O. t 6 5 2. (. 54730+66929) 2.6 0 9 6:



^TTACHMEN 3
-

ST.HL AE-Q7
PAGE a OF SY U.S. TOOL G OIE, INC.

BY O' ' 8 ' DATE 0 7/fd/M SUBJECT _f f C - C G L L _ SECT. SHEET. 7/ OF

C H KO. BY DATE- / AAC'A P RC P ER T 1 ES PROJ. NO .dTO Y 3 0

MOMENT CF I N E. A T I._ ,A. _ _ . _O__ _F_ _ . R A c KS
_ _ . . .

_

PER ST1 CK /W O DE L 0F AA C K, 5NoWN I N
FiGUpE 6'1 OF SEc1 i oN 6, (C E i 5 Mi C),
EL EMENTS 1 THnu 5, REPREGEN f R 4 C V,

A c. T i NG AS 4 B E A M. FoR 1 10 -CEL L V\C ,

'

THE NO R fH- S o If *l7 DI R E. C. -r i ON l'S 10- c. E L L
~

L0NG 4 EAST -WEGT R4C K I S 1 1-CE L L L o t '. G -
(N=6 A4 0 ti e *J )

C. O H S I o U. R ONE R o VJ OF box ES C,-( rA A1 E t PlcAt
3

4 E.O O T Q,.

b1 Q*15" ( pit ek)

_ d |a

g) _ 9 0 7" __l
,

-

__

6 |
-

_ Ad
_ ad sox.steviOH_ _ _ . ,

As b) b[5de 3

(9 0 7 ) *'- (. 8 Crc):

LO NG IT U DlH AL B o x S E. C T I O N :. 3 055 sa*
(, s '( M M ET R i c 4 L G C. )t.

i1- C. t'. L L L E. N G T H .

1. Q = T. o +AD Ds Q son To Q Box
4 4

T., o bo bi el 1* 1 I iN L: 11- C C LLC-

12.

2(Acl E (. 1 * + 2 * + 3 *+ 4 + 5 * ) }I: 11 Io .+
11 ( 41 11) + 2. ( 3 0r5 4 9 f 8 * ( SS) 3 2 8 5 8 7 m'/amv =

usw
E o A., i10- CELL RAC IA

.T. N S 10 x 20 S 878 4
= 2.85870 i tt

- - . _ _ __

'

C. o N 5 l DER NS: ip CEL L LONG3c _

e

' 2. 3 * e d: 9 15" porc>l
2- jA: 3 . o.: 5 ed'ggj

,S|td~ s_c- -

. lt d . , . ;*:

id- CELL Lo HGt 10 D 4 AL sccts oN e < d/r :6,

Is 10 ( d ie f t ) + 2 ((3'0 8#)( 9'8 f)* C. C '/8)* * (3!8N + ( 8/2) + (7/'f+ (#/8)" 3 ) 21512.
'

z z 6 632-_i.n. y !eI. c w = <t am x 21 s r2. ,~4 =



Al I AUMMLN I
ST HL AE 37
PAGE.12 OF 4

U.S. TOOL G OIE, INC

d' N' OATE 07//d[SS. SUBJECT ffa- C E L L. SECT. SHEET _.2 2 OF IdBY

CHKD. BY _W CATE- 8 A. 4 C I A P A.C P E P T I E n PROJ NO. 670j- 30

RACK SHEAR 4 R E A;

SHEA R ARG4 A5&uMgO | H Tng pg R s c .g g a pt

Q F~ M0YI O M i. l . HALF b4 E 1 A L A REA
4- 3.O55 IN E, E: 4cH CE LL

F0 R 110 -CELL A4cK, SHE4 R 4RE4 (. 4 s ) *

4 3= 1 ( s.o ss i n * ) a (. 1 1 0 c e tts) : t6e in
*-

.g
- u

'

s u M M 4 p. Y,: R4 c x p R o p ti R T I Es
.

_ _ _ ,

= 2.8 5 8 7 0 in'T. a g
(c.s monow)

#
7. g 2.36632 IN-

( N.& Mo ti od)

A 168 14.2:
3

l

|
.

.

|.

|
|
,

1



r ATTRCHMENT & 3 ~~ ,'-
ST thM

'

U.S. TOOL G OIE. INC.

BY O' 8 ' OATE 0 7/f4[88. SUBJECT P m o P g 9. Tl 5 6 SECT. SHEET. bI 0F N
CHKO. BY DATE / C o N5o L6 O ATE D I~U E L PROJ. N O. 319fMA_

110 - C E L L RACK REGI ON 2.,

... - . ... . . . ..

4_ (. FUEL- C 4 N IS T C. P. )Mo M E N 7 0 i: 1NERf f

5H4 DED 4EE4 m E P R E S E. N T C . pu2L C4 NISTE.R.
9.o7" outs iotL

- e . o . m.av a r *l

(8 53)4
* -

- (8 36)4l :o
, 2, NNNN N N '- i

3413 #N AssEMsLY. \4
'\

y y }?'h? '

\ .A o R. 110-CELL F.0 E L s

\ |455EMSLY .

\~N\\N\ ,,,

'110(,34 13) IN 4-
T. Fo r t :.

n a . s c. q
= 37543 inj ' IN 5 ' o *~

c4 N I ST ER ]
|

5HE4R 4RE4, con 5oLI D4TED FUEL

( 8. S s ) * - ( S. 5 6 )'Ae = 2. 87 in* | voet cauts:c" Gan ec'):

A V C *.

( A s, ) = 1|2.( Ae )FUEL S H E A R. AREA paa cett

f to-CELL FUEL ASSEMsLY

A s,u, t t a c E.a7) = 15785 ga:

g

'

SUMM A RY : FUEL PRopent | ES.

T. : 3754 3 #
"

As : 1s 7 85 sa?
cosc

_ - _ _ _ _ - _ _ _ - _ _ _ _ _ _ _



ST HL AE 45[ 3 f

{z}\ U.S. TOOL & OIE. INC

* OATE kl/7[d7 SUBJECT ST|Ck mot 3EL SECT. 6 SAEET_ . . O F _. .*
B Y ._

#h! ' / O f' 2 A (~ K PROJ. NO. 070h.CHKO. BY WS DATE

A ; c4e dame.arO s004t v4ss

O staucru=4t =.i.es e n t s.

T u ,T or., mO ,

4
>

$ me.ouno4sT
.

wm sooc. us) eq g c4e etcuenT stoio cou tir4c
.

A@ A @.
( HYoRo o f N AMic

s
E A 42 I

N N E
+j .< ,b @"@ * e

t
c .,

.

b $# *

b .!
@ *

#T :@; L [.@
i

-.

,

_ ,. _
'3 1'

-
.

A@ A
'

d4 *
.e., :@: % -@_~6 , , -a 22 c _

$ * 8) { @(, x_ ,

!_ /1. 16. .._. -
,

, . . . .. /-

'
. .

g .
., . . . . .

_

k T!
.

w I

F I G. u a e 61 | }-

| 777///

!uass sonsh a.o v4n.y ia e.nur
O.

v e s. n c 4 t.
(. a 4 = 4 rueo c tot 4t. ewr >.

>.
. .

.



ATTACHMENT #-7
ST-HL AE.7964
PAGE M OF S'd

LJ.S. TOOL G OIE. INC

d'8 OATE_Q.1[14[dA SUBJECT dr A P S P PMCtS. SECT. _. SHEET. U O F .[ 2BY

C H KO. BY >'M / OATE P// /3'/ 110 - c. E L L 5:l4 C K PROJ. NO. 6.74 9 3 0

THE TOTAL FLExi Bi Ll TY B E T W E E r4 T H E.
FUEL d THE R4 c x M4SS 15 REPRES ENTED
BT T HE GAP S P A. I N G S. 7. N Fl GURE 61,
G4P 5PRI NGS E. L E M E N T S ARE IDEHT I F t t te
SY SYM80LG S THRU J' , F A M LEFT To
A,1 GHT AND BET WEEN R A C l( M4 5S NODES 1

THRu 5 $ FUEL MAS 5 NODES 7 TH au 1 1

g l=BENDi NG FLEX I Bi L I T_Y, _ _. Jk 'D *1
d 2. 3 ( ENDS rA o VI NG Wif HOOT R o T4 T104 )
P 12 El

con 61 DER 11- CEL L WI DE T:2A C K. ( G. - W )
.i 10- ctL L We D E. R A c. i4 ('. M-5)>

11-C E L L S ( E- W) 10 - c e LL s ( N -5 )cg
4-.

' F 5 5 p y F F F F F

Md
e G G OD <D @ G @ @-

& Do6S N07 D E F L G C T.ASSUML R0 W
no W @ Act Na oN 1 pLExtaLE ELEMcNT.- C6C

row * 4 C T i N G- ( e.LEM ENTS) A, o W # A c fl N G
g 9 g (c.tcMcr8% i

a f 2 f
3 1 3 2
4 3 4 3 |

5 4 5 4 |
'13 10 1: 10

= 10 = ?0 %A V E "- 4 G E
A 4 c. T o R. ,S

EAcH FLExI ELE =369" L o N G.s( b), t.:0 08c" !
eL r. u e a r

1= b t. : _3 6 9 x (0* 085) o.oo1688 'Ns,

1 2. 1 2.

(.2 8 E. 6 )( * o o 1 8 8 6)E. I. = : 5 288 E 4 i

l

d A [8 9o)3= = 0 0011 1 1 IN/LE-F 12. C C 2-) 12 l 5 268EA)
USi NG A A4cf o A. oF 2. O FRoM 4BoV E

2 0 (. * O o 1 1.1 1 ) : O . o o 2222.:

e

_ _ . - _ _ _ - _ _ . . _



ATTACHM 3
_.

ST HL AE.
PAGE 7) OF U.S TOOL G OiE. INC

DATE 0 ~// fd[88 SUBJECT _C2AP SEAtllG.6_. SECT. . . SHEET. 28 Or f d'I*BY

CH KD. DY Ma/ OATE s*Ah / 110 - C. E L L RdG PROJ. NO. 6.~/ O.Y- 3 0

GAP 5PRI NG F L E. x I Bt LI TT

E4ST -WEST D1 A G. C T I ON : 11 c e. L L 5
: 22. (. p4 RA L L E L )(t 1 2)N o. OF PI E. CE5 : x

[= 2 2 2 2. E -3 1OfOO3E-4=

'e 2. 2.

P = P
10

. ' . 8 = o.0001 0 1 : O- OOOO10 1
t O--p

1K. 2, _ : 9 9 O O ~7
~

,

0 0000401 U5E K : 99 00
2

_ - _ . _ _ . _ .

4 0 R. T H - 6 o U T H pi R E.C T I ON : 10 CE LL5

N O. O f: PI ECES : 2. o IN PAAA LL EL

[ - 2 2. 2 2 C- -3 = C. OOO ff f 1
P 2. 0

P P-

11

d = Oo01 1 11: O 00001oi_p 11

K. 2 : 99o1o
V5E t< 2 Q90oO-

= =: - -

- - -

.

I

_ _ _ . _ _ _ _ _ _



Ali ALHMENio 3
ST.HL.AE 27Gf.9PAGE .39 OF 5

U.S. TOOL Fo DIE. INC
BY d ' b' OATE N fd[88 SUBJECT C o NT 4 cf S P R !AGJ S ECT. SHEET O7 OF Id
C H KD. BY DATE 110- CELL R4CK PROJ. NO. 8 70 9- 30

R E F. FORMULA 5 F0 R STRES6 d, STR4 I t l,
"

4 12. FI FTH ED1 T I o M, Ro4 Rg &YoUN G
T4SLE 17, FoRMUL 45 F o R. ci R c U L A T.
R. I N G S.

CoMT AC T ST I F l' N ESS- FU E L T o RAc K
Dy : L HA NGG I N VERY \ CA L D| A M C 'f C l-

0F FucL R o p,

.- W E: 1 3 E. 6 C 7 I R C A L L O Y ) pt:

"j pust poos o. 374" @"

..bsf L , y g g, 16 g "s

L |I A| .i
.h.

2 6 t N= PfL L 6 | L IM4 L Idc>t.
* e

A v_ ~

*CL4b T N i c w. 4 C S S : O . 0 2 'l S'
- 5 Ecfl0N X-A C C H G l D E A, i '' S T P. I f >*

3
9 4 9 E-7 1<.C 1" 5T RIP ) T- 1A. O 225 =g

12. i"

F u tt. R o D
A.l N G S E CT.

WRc Asc 1 oy O. 149= -
E1

av - c . 14 9 R,5 -. o t 4 9 ( 3_74. )1 . -

-
2.Kt P L.E. 1. -- --.

(168)( f 3 E 6 )( 9 49 E-7 iN'' )PSL WJ

"
'' : - 4 7 01 E ~7 irJ / L ar ['''j! K. = 2 12 7 2. E.6 L_e

e
-

1. A s r. c u rs n la.
}.'blU# ,- 4 i< , , ,, g - N(,w.): N(Q) R ,,,,, - 4,,

2. 1 7.7 2. G 6 (.1io) - 4 67 9 8 E. 714 :
' :...

5' G4P SPulNGS

tot A L 5P Rt NG GT I FFME55

1. 1 + 1-

K Ki Kz use
K, K2 K. t t . e l t " ) i,

n o R.r s - c o u t a 4 67 9 8 E 7 990oo 9 8 'I ? O 1

'

EAnT- w e. s T 4 6798 57 99000 98790

(PUGL) (GAP G P P. I t J G \ ,

--CUMM4 RY OF con TA CT S PRi NGC- |
- - - . . . . . _ . . . . . . . - _ ___. _ -._ . 1

N O A. T H- 50 UT H 16-9879 O L B | r PJ
E.A S T - WE G T IA : 9 6 7 9 0 LB l: N

G A P '.
B.9o - 8 5 3 ) - O.i85"

?-



ATTACHMENT * 3
ST HL AE a%4
PACF.AT OF S4

U.S. TOOL G OIE. INC.

BY d ' b' DATE 07/fd/81 SUBJECT _AL C M 1h3T Li SECT. SHEET N OF [d
CHKO.BY '/"M /T DATE Pd//A'- H O R IT o N T 4 L_QCENG PROJ. NO. _6 7 0V . 3 0

PER Fl G URE 6I ,EL EMENT 11 1 S A
HORI 2. O N T A L REST R4 i NT BE7 v4 EEN T HE
R4C K AND THE P o o n. WA L L. I ti RAc4 oE
CoMPUT ER, THC VAL UE OF 5PRI NG ST t f F-
NESS I S ENTERED AG 4 Ix i M4T RI X.
( I' C - SINGLE VA LUE )

ELEMENT 1 1 FLExi St L1 Ty ( 110 - C E L L )

N p E V/ 1 1 - C E L. L S
I -.

/ / '. MoViMG E - W C W' 'Nf/E '

b |. ~|/. pjeg ej,, ria , " ( 4-Lesoc)
* '~~~~

j .// - u w --* l

u i 2 34 5 | N ' ^ $^y{ tJ fe s ( mc ousoam
,

..
'

s ,'h,/ 'h\
,

"'"'"); ,
3

8 *k 4 /
"

| 8f d z 83 44 Jr ( S- s euido)s

\
i % ' rLeniutt"

-- 8s iLQpso curuent:///' . //+

/ ! MOV t NG N S lNs*r.$
/ / g. .g. w -

h,)g)3\\ "6"'"""PLAN view ,

1 10- CELL g g ( , t e , . s p.
E t c ecart

TH E R4CK i S Moy | NG | N gogy g.soyy H
DI RECT I CN. THE 5NADED AREAS REP REGCM T

4- P E D E S T A L 5 U P P O R T S. A55UMi NG TH E CE L '. S
WHI CH A R.E IN Ll NE V/ f TH PEDESTAL SUPPcRT
Do NoT 8, E P4 D 8UT TH E 4 A o Vi 5 8ET W EENj

THE SUPP0RTS 4AE con $ t pERED TO D t2 F 0M 4

EACH C. E L L i 5 AEPAESEN T ED A S AN
EdU t VA L E.N T 5HEA R MEMSEP. ONE END o#
THE C E L' L Wl LL MoV E RELA TI VE TC T HC
0 TH ER WI T HOUT RoTA T I OM. THE CEL L'

FLGxI BI L t T1 iS 0BfA i NED (,FOR8:f N #LECP C'8''A3

US I NG FLEX 3, 5- onTR4 N CoMPUT ER PROGR 4 M.
F L C. x 3 C4 LC UL A f ES PLExi Bt Lt f Y MA T C iX
FoR 5YS T c- 41 5 HAV tNG SI N LE E s- F G C T
G' L C MCH 1 G AND oHE RE OuHDA N1 ( i. c T HEv
i$ Ho OEP L EcrI oN A T THE CuPp o V 1, f 5 ,, a s .', ')

- _ _ _ _ _ _ _ _ _ _ _ _



m -- ~.-
- - - - - - - - -

* ST HL AE y?
PAGE3e OF

U.S. TOOL G OIE. INC.
b'b' DATE 07/td[88 SUBJECT _E.L MM E 4 T 11 SECT. SHEET.8 I OF /dBY

CHKO.8Y '/1m'/D AT E #d/M FL EXl B8 L ITY L NS ) PROJ. NO. S7 09; 30

FLEX 3MATnt x DOE Y0 UNI T LOAD P E R. D Erta.
1iO CELL RAC K MoV iNG .E - W D1 ACc T I oN
10-CEL L p/lDTH P1 Y c 14 - 9 t5 ti .
REGt oM 2 Ft LE FLX3 1 1ONI*

07 16 88

aues sus 4

4 1 5

1 1 1

1 0 1

1

05 '

1 1 f. f. -1

2 0 1 ,

1

O. 1 i. 1 -1

3 2 1

0 o. 1 1 -1

4 2 1

Q. O. O. 1 -1

S 0 i

O. S
.

O. Q. O. O. -1
.



~ '

'' ATTACHMENT 43
?I'aY$olYy * *3 ' ]O R

CLC%;t1A7n:% CUC TO Utt: 7. LO AD F Cit D C r !.!! .
;.0 C:::.L 3 A T.E tt0'.* |4C E W L ! n t C'! ! 0t{

t 0- C C L L '.? * D71; F 7CI*9.15 !!4.

3T.0 * 0li T : 1 :. - TLX143;in

7/14/80
U A7 7. $ .'tOl4 / 3 AY ; Y r. Aili . 7/13/33
i '!!C (llCU R .11:14. 3 C C ) , 10.04.50

!!Utt:it.3 Of 1.OALG 13 1

litit C C T. O f A C CUllD Atl? 13 4

'(UtID 3 Of P L C X ' O L :: ; L T.11CliTS S 5

f t.CX . C ; f :TY llc 71LCD 00C 0

3000
0 1 . f. 3.0 .0 -a.0.

3000.

.0 1.0 1.0 1.0 -i 0

.0 .0 1.0 1.0 -1.0
.0 .0 .0 1.0 -1.0

'
.5000

.0 .0 .0 .0 -1.0

TL*X:3 L*TY MATA!X
.44 . ,1 .17 .04

*

.31 .74 .54 17
'7 .54 .94 .01 !.

.Os .17 .31 44

+

f 1.00 2.00 2.00 1.00 >

6.03 total STOI W

s,bsA q s se A G E. OKFLCC'0A '

S t. g, x 3 , E W . M o n c il -

|

\-

_ _ _ - ________ - -______ - __ _ ________________ __ . _ . - - --

l



_ -m

1 ~ATf4CHMENTf.3
ST.HL AE X74'r
PAGE ~310F 54 U.S. TOOL G OiE. ;NC.

sy- O. ' t - DATE 07/IIl88 SUBJECT _ ELE M E M T 11 SECT. SHEET _.7/._OF _Id
# !/!/8 FL E xi e L g1y CMoysWG GW) PROJ. NO. J2 0 2_ _31CHKO.BY M DA)E #

D[DE.F LEA 3 M A .T Rl X DU E T o y e4 i f loa C L Al

i1 0 CEL L R A C. M MoVI +J G E-W oiAccT I o ri
i0- CELL. WI DTH, PI TCH=915 i N.

REGI o e4 2 FI LE* FLx31 1OEL
07 16 68

5 1 6

1 i 1
'

1 O f

05
>

i. i. 1 i. i. -1

2 0 1

1

O. 1 1 1 1 -1

3 2. 1

0 c. 1 i. 1. 1

4 2. 1

O. O. O. 1 i. - 1 )

5 2. _ 1
|
|

10 o. o. O. 4 -1
,

6 o i *

'

0* S

O. o. O. O. c. -1

.



ATIACHMENT* 3

ST HL AE .27 6[. i 7 2 [fdPAGE .~n OF W

PLE;J !! AT A : % DUC TO Ul;7 LOAD /0CrLt4
.3 0::L L R A :*.r. !!O'<* ll; N . S D. R L C". 1 Oli
1 1 - C C L f. W i D** H . P I TCite '/ .5 114 .

It!:C I S!t : I I L O. . T L k '. 6 0 ::V
7/.4/00
D A*.':: s itO!di D Ai , i'C AR ; 7/13/00
T ilit illOUT . !! *!! . 3 CC ) 1. .J. O

llUllD::R Of *OADS 13 5.

tiUMC:*R OF R C DuriD Alit 3 '3 1

14 'J.'t L :: R Of T L .*. X U L :: :: L Cll::f r:*3 'G 4

CLCX D LITY ttCTitCD U0C0

3000
0 .0 1.0 1.0 1 0 -;.0.

1 0000
0 1.0 .0 1.0 1.0 -1.0
0 .0 1.0 1.0 1.0 - 1. 0

.0 .0 .0 1.0 1.0 -i.y

0 .0 .0 .0 1.0 -1.0
3000

.0 .0 . 0 .0 .0 1.0

T L E X 'll: L :TY fi ATE X
45 .35 .23 10 05
?, 0 1.05 75 45 15
25 .75 1.25 75 25

0 45 75 i.05 .35
.05 13 25 .05 4

f. 1.2* 2.70 0.25 2.73 4 .24

pL ex: BILI T T
yo TA L SYSTEMS.. ,,s .. . . ,

A v a n. A G E D E a L se ri o n : 11 t E s 2'26
,o.

e

i
|

|
\

|
,



"AiTACHMENT kj
-

ST.HL AE YM
'

.

PAGE 34 OF 54
LJ.S. TOOL C OIE. INC

BY d'8 D ATE O T/ 'd lld SUBJECT.Jij. 6 M E f4 T f1 SECT. SHEET _ O OF fd
CHKO.BY *M8 DATE 8 !/ IfY F L G x I f3 i L 8 '' Y f N O A r 4- SopdPROJ. NO. 82O_Y: 3O
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hydrodynamic mass matrix model for STP is based on a 1-inch rack-
to-rack gap. The base model is a 3 fjck mpdel (132-cell racks)
with the first Pack fillej wi'h ema=6 fdile+ fuel, the secondf ,

Irack half filled with cece5T1h!%Sd fuel, and the third rack
empty. Using a 0.2 coefficient of friction (i.e., sliding

occurs), the maximum relative motion between racks is 0.128
inches. Using a 0.8 coefficient of friction (i .e. , no sliding
occurs), the maximum relative motion between racks is 0.29
inches.

Since the hydrodynamic mass matrix mot., is based on a 1-inch
rack-to-rack gap, there ls o physical interaction of the racks.
As the racks are moved closwr together the hydrodynamic coupling
f orces increase resulting in smaller relative motion between i

racks. USTLD has perf ormed a similar analysis f or another rack
order uutng a 0.25 inch gap. The relative motion between the
racks was __2_e,1 inches. As in the STP analysis, there was no ,

physical interaction between the racks. The relative motion
between racks as discussed above f or a 1-inch gap and a 0.25-inch
gap demonstrates the increasing strength of the hydrodynamic
coupling as the rack-to-rack gap is decreased, preventing
physical interaction of the racks.

In addition, USTLD performed the hydrodynamic mass matrix model
with a 1-inch rack-to-rack gap for a 110-cell rack using a 0.2
coefficient of friction. The maximum relative motion between ;
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ACTION & 2A

UST&D will supply Bechtel with the hydrodynamic forces on the
rack for the reduced rack to wall distance (4 inches).
UST&D will provide the rationale or calculation describing
the impact on the seismic analysis due to the rack-to-wall
reduction (now 4 inches to North wall).
RESPONSE:
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of the FEB spent pool boundary.New Fuel Area Sridge Crane free carrying heavy leads within 15 feet

Project heavy leiada analysis (Raforence 4) excluded the Caccident analysis (Reference 1 Section 15.7.5) and South Tb refore, the spent fuel cask dropt

Handling Crane and New Fuel Area Bridge Crane free furthe
exas iask

consideration with respect to possible heavy loads which could dr

or fall into the spent fuel pool, l
rop !6.1.2

Description of spent Fuel Racks l

A description of the spent fuel racks, including their dfabrication is provided in Section 3.0, esign and
6.1.2.1 Fuel Handling

The storage of additional spent fuel assemblies in the sp
pool will not affect the analysis and consequences of the desient fuel i

basis fuel handling accidenta se presented in the South T |

Froject Unita 1 and 2 FSAR sections 15.7.4 and 15 7 5 or th
gn

iexas
Safety Evaluation Report, Section 15.7.

'

e NRC..

designed to withstand the design basis fael handlingh spent fuel racks are
i

resulting criticality and radiological consequences of a postulat daccident. N
fuel assembly drop are addressed in Sections 4 3 andrespectively. e

7.6.1.

6.2
SEISMIC AND IMPACT 14 ADS |

\

detern.ine the structural responses resulting from thThe objective of the seismic analysis of the spent f
'*

\
uel racks is to

applicati n of three orthogonal seismic excitationa
'

e simultaneous
analysis employed is tts_ time _hiat ry,JaethodMors not *Weg +ktm N = thod-o f ,

!

Seismic floor respense 's g y oT *e FH C. Anor% YM oe tr^*1. o g i^ali

been developed using th ectra'fot~the spent fuel pool f1ToFhave 1

3.7.2 of the South Texas methods described in Subsectiona 3.7.1 and
'

oftheoriginallumpedae[stt@c d N toject F$AR (Reference 1).-h, Ut fi
M P dj-M b ;e!!ad the incr(model of the Feel Mandling Su11 ding wereThe parameters

density spent fuel storage racDreaped mass corresponding to the new high
'

C :n ultin
then used to generate statisticospectre,ere'shown in Figures 6 6 through 611. g-floor responsetoen mea ns 7 These spectra were j

excitationsf eee for each of thig independent time history AMtYM,

at tu p og MoerGhe spent fuel racks have no conne...;;:
-

::R: : = 1fdirections Since

dynaatc analysis of the rocks, as described in Subsectieach other, the pool floor time histories are used as input tction with;;the pool walls or w to the
Fluid coupling is also considered as described with the exception 6.5.2.2.1.
the temporary dry storage of new fuel in Region 1 r on of

acks.

Deflection or movements of racks under earthquake loading i
limited by design such that the nuclear parameters outlined is
Section 4.0 are not exceeded,
discussed in Subsection 6.6.4 tapact loads have been considered as

n

~

or i h \Itt b "I d'' M' # ^

.gse eguah 4 d& d'A
j/ enc /R*T,ap w uteA 4er ik M5*

62 o=dysh Cd ibe CDCh'* I
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Table 3.7-8

Cases Where the Confirentery-Sasis Spectra are 17 sed for the Justification

of canyleted Seismic Anotysis. Designs and/or Quellfications
3

1. Seismic spastification of a tattery rack The confirentery-besis spectra at Et. 35 ft. of the NEAS mere used

for the seismic epsetification of an esisting desigri of a Class 1E,
125 wpc bettery rack (Sattery me. mot-1200).

|e 2. werification of th *M;4 fouruietien met Desigri The design-basis seismic anstysis of the Dieset Generator Building
(DGS) in the E-W direction esos originally based en fleed-base

mothematical medets escited with the free-field ground motion

amplified by a facter of 1.4 to acco m t for 553 (See Tabte 3.7-2).
This fined-base anstysis esos a rudimentary approximation for the 551,

'
and resulted in E-W acceleration responses that are very conservettwe $6
with respect to both the desip-basis two-step fem solutten adhich naos
perforand only ateng the N S direction, and the confirmatory-besis
setuttens atens the E-w and W-S directions. Sidseenpsontly, the

[ rere-period accelerations (ZPA's) of the conserwetive design-hosts .c
N anetysis atens the E W direction esere reduced by SOE in order to

reconcite the esisting design of the fansidation met for the SGs. The,

reduced value adapted for the E-W 2PA is justified by (1) ineig of
the same order of magnitude as the u-S ZPA determined from thee

desip-basis analysis by tese-ste FEN, and (2) being at toest 20E
higher than the 2P4 ettained f rom the E-W confirentery-besis spectra.
TheDefore, the confirentery-besis analyses esere used enty as part of
te justification for the lesser E-W 2PA used in the reconciliation of
the DES fansidotion met design, and have not tusen used in any other
eser for structurat design or seismic gestification in the 968

| gy
b -1-4a

I D * -4
The cef erentery-basis spectre at El. 60 f t. ef the NEAs are being } vi --r

3. Seismic spaaliftcation of the MEAS 480v used for the seismic spastification of an esisting design of the Class | >* C
motor Centrol Centers (mCCs) 1E, 400y MCC (3E171ENCE1C1, 1C2, 1C4).

ELz.,

.

4. Wr.{kat~ f of % n4c. Tk a . 4, ~ 69- %,yn% .+L|.n h.cf W M %
k N I'**" M 0 "' I'*A in""' "AG our d~h 4 % y d (.uk rec |,

" '

I twhul ie W {l6er sls L, u wu kt, q.+
61 derne r4 3 for & btb1NI coemld 3'A dorm<

e o I ,: a'
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f
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integrity is maintained.In addition, the thermal hydraulic analysis has shown that fuel claddi
the peak pool bulk water temperThe maximum fuel cladding temperature, assuming

ng
;

loading, would remain below 20$gture associated with the Case D pool| Hydraulic Report No. 8709 00 0098).F (refc Sncs U.S. Tool & Die, Inc. Thermal

been evaluated as described in FSAR section 9.1.3.3.4De dose consequences of a postulated loss of SFF cooling have previously
the increased inventory using the high density spent fuel racks

' As a result of

offsite doses as documented in FSAR Table 9.16 have increased s11ahtiv
,_the

(LFZ thyroid dose increased from 0.47 res to 0.$4 rea)
are still significantly below the 10CFR100 limits. However, they.

1

discussed in the referenced report.The consequences of (3) a seismic event, have been evaluated and are
i

Regulatory cuides and induasry standards.fabricat)d to meet the requirements of applicable portions of NRCThe new racks are designed and)i
<

;

spectra for the spent fuel pool have been develoThe seismic floor response
,

i -

-

described in STP FSAR sections 3.7.1 and 3.7.2. ped using the methods {
/

f [, h' p dfusted to-refl H Qthe increased mass correspondips to the new highoriginal lumped mass model of the Fuel Handling luilding (FMR) were
,

-

n e parameters of the ',*
: f
i

'#
density s
were then_ pent fuel storage rack ,.

-

usid co aenerate statisitcally_ independent M ae-The-resulting, floor response spectra
t '

t a t i ons ,yene -fo r-e a ch-o f-the-thre e-er thesena l- di ree t t ene _hi s t o ry_e x c i .
,

i

spent fuel racks have no connection with the pool walls or with eachSince thew

other, the poc1 floor time histories are used as input to the dynamicanalysis of the racks.
the referenced Saiety Analysis Report. Fluid coupling is also considered as described in,

>

)

been considered, particularly gap effects,n e interaction between the fuel assemblies and the spent fuel racks hasi

!

are of small assnitudes so there is no structural damage to the fueln e resulting 1spect loadsassemblies. ;

I
,

does not exceed the structural capacity of the fMS.The floor loading from the new racks filled with spent fuel assemblies
;

I,
i

!

ne seismic analysis was
i rack (the most limiting).perforised on an individual 132.ce11 Region 2 {

.

i

In addition, the seismic analysis is| i

considered applicable to each of the racks and was performed such that
the analysis is spplicable regardless of the instaued location in thei

i

pool and independent of the total number of racks in the $TP.
'

s

i

Therefore, the consequences of a seismic event will not increase fromi tpreviously evaluated events.4

! ,

The consequences of (4) a spent fuel cask drop have been evaluated and
!

{
are discussed in the referenced report.i

approximately 30 ft. spent fuel shipping cask is designed to sustain a free. fall in air ofIn accordance with 10CTR71, the!

! onto an unyielding surface fonowed by a specified
| ( puncture, fire, and innersion in water with the release of no more than a

specified small quantity of radioactivity. The design of the spent fuel
g

l \ (
$(n

, ; .

~ < ~

&dff ^Aft

/ ESC /RPT.rq f M 'b" #
'f yI9 MNf*.: MW< bG -

\ g' 4 m u b ,wym' 4 < N
ad-''

ada .au u> aw'f w ""y_'

%d;% A :L. M . ~

w i
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' PSD COMPARISON : E-W SSE
S FP FLOOR TH (AVE 11) VS TJRC TARGET GROUND
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