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# NewYorkPower dohnC.Brons
Authority Nuclear Generation

September 15, 1989

IPN-89-058
U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Mail Station P1-137
Washington, D.C. 20555
Subject: Indian Point 3 Nuclear Power Plant

Docket No. 50-286 :
Spent Fuel Pool Expansion (TAC No. 68233)

References: 1. Letter from Mr. J. C. Brons to the NRC, dated May 9, 1988, entitled:
“Proposed Technical Specifications Regarding Spent Fuel Pool Storage
Capacity Expansion.”

2. Letter from Mr. J. C. Brons to the NRC, dated December 20, 1988,
entitled: “Spent Fuel Pool Expansion (TAC No. 68233).”

Dear Sir:

The Authority met with the NRC on July 19, 1989, to discuss the proposed Indian Point 3 spent
fuel pool expansion. The specific issues discussed concerned the seismic and mechanical
analyses. The purpose of this letter is to provide clarifications and supplemental information to
References (1) and (2) as discussed during the July 19, 1989 meeting and subsequent telephone

.conversations.

Attachment | to this letter contains the information regarding the seismic and mechnical
analyses. Also included is information concerning the spent fuel pool wall adequacy to withstand
the rack hydrodynamic pressure during a seismic event. Attachment Il provides information
regarding the open items from the July 19, 1989, meeting and an August 1, 1989, telephone
conversation. Attachment lll provides the results of the 1% damping case for a single 132 cell
rack with regular (standard) fuel. Attachment IV contains a revised Table 4-3 of the Safety Analysis
Report which was Enclosure 1 of Reference (1). Included as Attachment V is a page of the
seismic report which was inadvertenly missing.
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Should you or your staff have any questions regarding this matter, please contact Mr. P.
Kokolakis of my staff.

Very truly yours,

A

A | e

7o+ John C. Brons
Executive Vice President

Nuclear Generation

cc: Resident Inspector’s Office
Indian Point Unit 3
U.S. Nuclear Regulatory Commission
P.O. Box 337
Buchanan, NY 10511

Joseph D. Neighbors, Sr. Proj. Mgr.
Project Directorate I-1

Division of Reactor Projects - 1/I1

U.S. Nuclear Regulatory Commission
Mail Stop 14B2

Washington, D.C. 20555

U.S. Nuclear Regulatory Commission
475 Allendale Road
King of Prussia, PA 19406

Donna Ross

Division of Policy Analysis & Planning
Empire State Plaza

Building Number 2 - 16th Floor -
Albany, NY 12223



ATTACHMENT | TO IPN-89-058

INFORMATION REGARDING THE SEISMIC AND
MECHANICAL ANALYSES AND SPENT FUEL POOL WALL

NEW YORK POWER AUTHORITY
INDIAN POINT 3 NUCLEAR POWER PLANT
DOCKET NO. 50-286
DPR - 64



REFERENCE DOCUMENTS

1. "MECHANICAL REPORT, SPENT FUEL STORAGE RACKS, INDIAN PQINT
UNIT 3", 8721-00-0125 Rev 2, November 1988.

2. "THERMAL-HYDRAULIC REPORT, SPENT FUEL STORAGE RACKS, INDIAN
POINT UNIT 3", 8721-00-0104 Rev 1, January 1988.

3. "SEISMIC ANALYSIS REPORT, SPENT FUEL STORAGE RACKS, INDIAN
POINT UNIT 3", 8721-00-0033 Rev 3, November 1988.

’

4. "FORMULAS FOR STRESS & STRAINY, R. Roark, 5th Edition

5. "EXPERIMENTAL AND FINITE ELEMENT EVALUATION OF SPENT FUEL
RACK DAMPING AND STIFFNESS", January 1988



Provide all supporting information to justify the increase
in concrete allowable bearing stress above 3000 psi. If
necessary, provide an alternate design for the floor plate
over the leak chase so that bearing stress falls conserva-
tively below the minimum allowable 3000 psi.

Due to the concern over use of a concrete bearing stress
above 3000 psi, UST&D has revised its calculation for
determining floor plate bearing stress. However, UST&D
restates its position that 3000 psi is overconservative
for:

a. 38" thick concrete slab
b. #8 rebar reinforcement
and c. concrete age over 28 days

Taking the above factors into account, a bearing stress
above 3000 psi may be calculated. See Reference 3.

The more conservative, revised bearing stress calculation
(using £ _1 = 3000 psi) results in a maximum factor of
safety eSual to 1.08. The following changes in the calcu-
lation were used:

1) A 450 spread to the bearing area used for
vertical load distribution

and 2) The wet weight of the fuel and rack is used
to calculate the factored loads. The pre-
vious Reference 2 analysis used the dry
weights.

The resulting maximum bearing stress was 3320 psi, and the
allowable stress is 3570 psi.



(2) Q: Provide in tabulated format all the computer seismic

results, loads, displacements for the rack configurations
run to date for NYPA.

R: See the Attached Tabulation



RUN NO.

DB/CONFIRM
RACK SIZE
FRICTION
MULT/SINGLE
DIRECTION
COMBINED
WET/DRY
FIGURE
REGION
CONSOL/NORM
TIME STEP
SYM/UNSYM
MULTI MASS
SSE/OBE
DAMPING

GAP

DISPLACEMENT

MAX.PED

FORCE ON 2 PED

MAX. HORIZ.
FORCE

A

IP3EWCI

DB
132
.8
S
EW
NO
WET
2.1
2
CON
.0005
SYM
YES
SSE
4

.289
289.
89.

B

IP3NSCI

C D E F G
IP3ONSCIF IP30EWCIF IP3EWCIF IP3NSCIF IP3NS
DB DB DB DB DB
132 132 132 132 132
.2 .2 .2 .2 .8

S S S S S

NS EW EW NS NS
NO NO NO NO NO
WET WET WET WET WET
2.1 2.1 2.1 2.1 2.1

2 2 2 2 2
CON CON CON CON NORM

. 0005 .0005 . 0005 .0005 . 0005
SYM SYM SYM SYM SYM
YES YES YES YES YES
OBE OBE SSE SSE SSE

4 4 4 4 4
.0114 .00126 .00348 .00306 .1928
238. 258. 295, 264. 191.

840



RUN NO.

DB/CONFIRM
RACK SIZE
FRICTION
MULT/SINGLE
DIRECTION
COMBINED"
WET/DRY
FIGURE
REGION
CONSOL/NORM
TIME STEP
SYM/UNSYM
MULTI MASS
SSE/OBE
DAMPING

GAP

DISPLACEMENT

MAX.PED

FORCE ON 2 PED

MAX. HORIZ.
FORCE

H I
IP3EVWI IP3NSIF
DB DB
132 132
08 '2
S S
EW NS
NO NO
WET WET
2.1 2.1
\2 2
NORM NORM
. 0005 . 0005
SYM SYM
YES YES
SSE SSE
.4 4
.295 .303
235. l63.
91. -

J

IP3EWIF

DB
132
.2
S
-EW
NO
WET
2.1
2
NORM
. 0005
SYM
YES
SSE
.4
155
172.

IP3NSRICI

K L M M
IP3NSIFO IP3EWIFO IP3EWRICI
DB DB DB DB
132 132 80 80
.2 .2 .8 .8
S S s S
NS EW EW NS
NO NO NO NO
WET WET WET WET
2.1 2.1 2.1 2.1
2 2 1 1
NORM NORM CONS CONS
. 0005 . 0005 . 0005 .0005%
SYM SYM SYM SYM
YES YES YES YES
OBE OBE SSE SSE
4 4 4 4
.1280 .117 .167 .138
162. 175. 206. 285.
_— _— 52.8 105.5

. |
.



RUN NO.

DB/CONFIRM
RACK SIZE
FRICTION
MULT/SINGLE
DIRECTION
COMBINED.
WET/DRY
FIGURE
REGION
CONSOL/NORM
TIME STEP
SYM/UNSYM
MULTI MASS’
SSE/OBE
DAMPING

GAP
DISPLACEMENT
MAX.PED

FORCE ON 2 PED

MAX. HORIZ.
FORCE

(0]

IP3EWR1CIF

DB
80
l2

.0878
218.

P

IP3NSRI1CIF

DB
80
.2

S

NS
NO
WET
2.1
1
CONS
.0005
SYM
YES
SSE
4

.0642
186.

Q R S T
IP3EWRI1I IP3NSR1I IP3EWR1IF IP3NSR1IF
DB DB DB DB
80 80 80 80
S S S S
EW NS EW NS
NO NO NO NO
WET WET WET WET
2.1 2.1 2.1 2.1
1 1 1 1
NORM NORM NORM CONS
.0005 .0005 . 0005 .0005
SYM SYM SYM SYM
YES YES YES YES
SSE SSE SSE SSE
4 -4 4 4
.161 .0938 .1197 <1454
197. 1680 148 . -
51. 71. —-—— 1218.



RUN NO.

DB/CONFIRM
RACK SIZE
FRICTION
MULT/SINGLE
DIRECTION
COMBINED.
WET/DRY
FIGURE
REGION
CONSOL/NORM/EMPTY
TIME STEP
SYM/UNSYM
MULTI MASS’
SSE/OBE
DAMPING
GAP
DISPLACEMENT
MAX.PED

FORCE ON 2 PED
MAX. HORIZ.

FORCE

U

IP3EWR1IFO

DB
80
.2
S
EW
NO
WET
2.1
1
NORM
.0005
SYM
YES
OBE
‘4
.0957
130. .

v L X Y Z
IP3NSR1IFO IP3NSIH IP3NSFE IP3BSIHF IP3NSE
" DB DB DB DB DB
80 132 132 132 132

.2 .8 .2 .2 .8

S S S S S

NS NS NS NS NS
NO NO NO NO NO
WET WET WET WET WET
2.1 2.1 2.1 2.1 2.1

1 2 2 2 2
NORM ~ ' NORM EMPTY NORM EMPTY
0005 .0005 .0005 .0005 . 0005
SYM UNSYM SYM UNSYM SYM
YES YES YES YES YES
OBE SSE SSE SSE SSE
.4 4 4 .4 4
.1060 .1190 .82 .076 .052
125. le61l. 19. 107. 83.

- 52. - -——- 23



RUN NO.

DB/CONFIRM
RACK SIZE
FRICTION
MULT/SINGLE
DIRECTION
COMBINED-
WET/DRY

FIGURE

* REGION
CONS/NORM/EMPTY
TIME STEP
SYM/UNSYM
MULTI MASS"
SSE/OBE
DAMPING

GAP

IMPACT GAP
DISPLACEMENT

MAX. PED
FORCE ON 2 PED

MAX. HORIZ.
‘FORCE

AA

IP3NSL3

CONF
132
M
NS
NO
WET
SEC5/P3
2

NORM
.0005
F-1/2-F

No
OBE
0.0
.25
.25

.039/
.027/

.039

AB

IP3IMPS

CONF
132
M
NS
NO
WET
SECS/P3
2
NORM
.0005
F-1/2-F
NO
SSE
0.0
1.5
1.5
.196/
.235/
.196

AC AD AE AF
RACK3280 RACK3280F RACK3280VF RACK3280V
DB DB CONF CONF
80 80 80 80
——— .2 .2 .8
M M M M
NS NS NS NS
-NO NO YES YES
WET WET WET WET
SEC6/P1 SEC6/P1 SEC6/P1 SEC6/P1
1l 1 1 1

C,N,E C,N,E C,N,E C,N,E
. 0005 .0005 .0005 .0005
Fc-Fn-E Fc-Fn-E Fc-Fn-E Fc-Fn-E
YES YES YES YES
SSE SSE SSE SSE
4 4 4 .4
1.5 1.5 1.5 1.5
1.5 1.5 .125 .125
INPUT INPUT .036/ .0698/
ERROR ERROR .038/ -.065/
.070 .056
FUEL FUEL 118/ 200/ 83.
PROP PROP 69.7/ 145/
11.9 40.
- 53./
-49.5/

42.4

. |

AG

IP3NSR1I1

CONF
80
.8

S
NS
YES
DRY
2.1 .
1
NORM
.0005
SYM
YES
SSE



(3) Q:

Mode

(oA BN G I = S VS 6 I Sy

Provide a computer run for determining the rack natural
frequency without the Kl spring in the computer model.
Compare rack motion to p%evious analysis.

The natural frequencies for conditions, (1) with the hor-
izontal base K 1 spring in the model and (2) without the
base K1 sprin%. The results of the computer runs are
attacheé and summarized below:

132-cell rack Run 1 - with K 1 spring
consolidated fuel Run 2 - withou% K spring
. . 11
NS excitation
Run 1 (9-29-88) Run 2 (4-10-89)
NATURAL MODEL NATURAL MODEL
FREQ (H2) PARTICIPATION FREQ (H2) PARTICIPATION
.050 «.176 .012 .007 .
.095 .191 .078 .202
2.935 . 765 .124 . 790
6.376 -.002 6.376 .000
15.078 -.014 14.922 -.001
15.974. -.033 15.494 -.001



(4) Q:

R:

Provide justification for use of 4% rack damping. Explain
use of damping for 1% and 4%.

UST&D has based the use of internal structural damping on
testing of the rack structure at the University of Akron.
The test report is Reference 5, is listed in the seismic
report as Reference (16) and is part of the public record
after the STP licensing in 1988. The report indicates
damping up to 18%, but only 4% was used for conservatism
in the Indian Point 3 seismic analysis.



Summarize the expected difference between 2D and 3D seis-
mic analysis. Which are more conservative and why?
SLIDING COMPARISON 2D VERSUS 3D

2D Reference IP3 Seismic Report (runs with 0.2 friction -
2D; nc vertical acceleration)

All deflections are in inches

IP3NSIF (8/17/87) MAX /\
IP3EWI (8/17/87) MAX /\

-0.303 at 4.76 sec
-0.155 at 2.21 sec

3D The following 3D run was for 15 sec real time with
vertical acceleration

IP33DF (4/24/89) MAX /\ (NS) = -0.110 at 1.763 sec
" MAX /\ (EW) = 0.1581 at 2.22 sec

The following were for 5 sec real time
IP33DF NS & VERTICAL INPUT ONLY

(4/24/89) MAX /\ (NS) = - 0.252 at 3.85 sec
IP33DF EW & VERTICAL INPUT ONLY

MAX /\ (EW) = .1912 at 4.94 sec
The following was for EW and NS (NO VERTICAL)

MAX /\ (NS)
MAX /\ (EW)

-.1117 at 4.76 sec
.1606 at 2.22 sec

Note that the times for the maximum displacements are the
same as for the 2D runs at the top. The EW displacement
is about the same and the NS less.

It is concluded that the 2D runs give satisfactory dis-
placements (actually somewhat greater than the 3D). The
vertical acceleration has relatively little effect on the
displacements.
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(5)

Continued:

LOAD COMPARISON 2D VERSUS 3D

The following are the pedestal loads for a 3D run repre-
senting 0.8 friction i.e. the base is restrained. The
maximum loads on the pedestals and the times at which
they occur are:

PEDESTAL MAX LOADS (KIPS) TIME
1 143.8 2.3335 sec.
2 164.0 2.136
3 128.8 2.198
4 129.7 2.415

The total horizontal loads (for all pedestals) are:

NS 83.2 KIPS 1.712 sec
EW 93.0 KIPS 2.64

The corresponding maximum forces from the 2D runs (using
SRSS) are:

VERTICAL (1 PEDESTAL) 136.4 KIPS

HORIZONTAL NS 84.1 KIPS
EwW 91.0 KIPS



Compute mechanical stresses with horizontal force acting
to the right and left and equal to zero, to determine if

our methodology of assuming horizontal force acting only
to the right is conservative.

(a) To determine the maximum fusion weld stresses, three

cases were considered in computer analysis, which
are attached.

Case I included horizontal force acting to the right,
at the base of pedestal.

Case II analysis used horizontal force, F, = 0 and

H

Case III input was horizontal force F, acting to the
left, at the base of pedestal footing.

(b) The maximum stresses for each case are summarized

below:
MAXIMUM CASE I CASE II CASE III.
STRESSES HORIZONTAL HORIZONTAL HORIZONTAL
FORCE TO FORCE = 0 FORCE TO
THE RIGHT ‘ THE LEFT
— -
SHEAR 11.53 KSI 6.82 KSI 9.67 KSI
(v MAX)
TENSILE 16.14 KSI 8.46 KSI 15.22 KSI
(6 MAX)

CONCLUSION: When horizontal force is applied to
the right and at the base of the pedestal, maximum
stresses are induced in the structure. (Case I)
The UST&D analysis has considered Case I stresses
in the qualification of fusion welds, because it is
more limiting than Case II or Case III.



Describe the fuel impact on the box wall and determine the
resulting loading distribution and stress.

The 80-cell rack with standard fuel is considered for this
analysis because of the maximum force on an individual
fuel assembly during and East-West seismic event. The
forces on an individual fuel assembly are computed in
Table No. 3, Section 3 of the seismic report, Reference 2.

From Westinghouse fuel assembly outline Dwg. 1607E93, the
grid impact dimensions were determined.

The summary of results is shown below:

FORCE ON INDIVIDUAL FUEL ASSEMBLY = 276 LB

LOAD PER GRID = 237 LB
THICKNESS OF BOX WALL = 0.085 IN.
MAX STRESS ON THE BOX WALL = 26.24 KSI
ALLOWABLE STRESS = 28.8 KSI

FACTOR OF SAFETY = 1.10



(8)

Document the thermal hot next to cold cell stress calcu-

lation or revise calculation to show individual weld
stresses.

The maximum fusion weld thermal stresses have been calcu-
lated for Region 1 racks and standard fuel, placed in the
cells 120-hours after reactor shutdown. The resulting
temperature rise in the hot cell is calculated to be 26 F.
With no fuel in the adjacent cell the water box tempera-
ture rise is calsulated to be 10°F. Therefore, a net
difference of 16 F exists between fuel cell and water box
at the top of the rack. The thermal shear stress in the
two top levels of fusion welds was calculated as 3857 psi.
This stress was conservatively combined with the primary
shear stress at the top of the racks for both Region 1 and
Region 2 using consolidated fuel loads. The results are
shown in Table I.

TABLE I
SHEAR STRESSES, psi
*safety
Region I r primary 7 thermal 7 total factor
Top of Rack 8,605 3,857 12,462 1.68
Bottom of Rack 10,000 0 10,000 2.1

SHEAR STRESSES, psi

tsafety

Region II z primary r thermal 4 total factor
Top of Rack . 7,715 3,857 11,572 1.81
Bottom of Rack ‘11,534 0 11,534 1.82

Adding the secondary shear thermal stresses to the primary
shear stresses reduces the fusion weld shear stress safety
factors from 2.1 to 1.68 for Region 1 and 1.82 to 1.81 for
Region 2. '

*NOTE: The allowable stress level was conservatively used
as 21,000 psi although for addition of thermal
stresses the allowable of 2Sy or 0.7Su (whichever
is smaller) could have been used.



‘ (9)

Q:

R:

Explain the selsm1E analysis results that show more
sliding for standard fuel than for consolidated fuel.

The summary of maximum movement at the base of the rack
(response to NRC Question II.3) indicated that the 132-
cell rack with standard fuel slid farther than the 132-
cell rack with consolidated fuel.

The aforementioned result is predlctable due to the
differences in the horizontal coupling between the rack
mass and the fuel mass when the two cases are compared.
There is no mechanical coupling between the fuel and the
rack. During accelerated motion the rack mass can
translate horizontally independent of the fuel mass until
the horizontal force overcomes the static friction force.
This motion is only hindered by:

A) The cloéing of the gap between the fuel and the cell
wall during translation.

B) The extent of the hydrodynamlc coupling between the -
rack and fuel.

Therefore, standard fuel may be expected to slide a _
greater distance because: (1) less fluid coupling exists
between the cell and the fuel and (2) the cell to fuel
gap is greater for standard fuel.

A parametric study has been performed to support the con-
clusion above in which the gap between the fuel and the ,
rack was varied for standard fuel while retaining the same
fluid matrix coefficients. The results shown below indi-
cate that the translation of the rack is reduced with
decreased gap size and with decreasec gap size the rack
and fuel impact more frequently, thus imposing greater
inertia and less travel for the rack-fuel system as
opposed to the rack translating alone.

432-CELL STANDARD FUEL E-W
MAXIMUM DISPLACEMENT AS A FUNCTION
QF CELL TO FUEL GAP

CELL TO FUEL

GAP S ENT
.21 .1545

.08 .0889

.01 .0634
.001 .000564



What are the maximum calculated hydrodynamic forces on
the pool wall and the rack side?

' The maximum hydrodynamic loading on the pool wall in the

vicinity of the rack was determined and is supported by
attached calculation. The design basis East-West single
132-rack math model was subjected to a SSE East-West
seismic excitation. The wall forces were determined at
the West wall. The rack to wall gap was 4.51".

Results: The hydrodynamic load acting on the (12 x
9.075" x 165") face of the pool wall is 1.1701 ES Kkips
which corresponds to an average pressure of 6.5 psi.

The maximum local rack stress due to hydrodynamic load-
ing was determined and are supported by the attached
calculation. The design basis East-West single 132-rack
math model was subject to a SSE East-West seismic exci-
tation. The wall.forces were determined at the West
wall. The rack to wall gap was 4.51". |

The following localized stresses were examined:

1) The local wall buckling acting on the first row of
cell walls.

2) Localized stress in the transverse outside wall.

The total load acting the face is 59.4 kips and corres-
ponds to a pressure of 3.3 psi.

Results: The column stress in the first row of éells
adjacent to the pressure boundary is 0.352 ksi. The
factor of safety against buckling is 8.25.

The maximum bending stress developed in the transverse
outside wall 18.8 ksi. The factor of safety is 1.91.



ATTACHMENT

SHEETS



. v

NSE 10 QUEST
RESPQ! QUESTION 1 US TOOL & DIE, NG

BY a-t . .. DATE Q4 -11-89 SUBJECT _NYPA EGilan 2 _ SECT. ___SHEET . ! oF ?
cHKD. BY PSS pate 4-12-8% PLATE BEARING PROJ.NO B 721
DETerm i NE CONCRE TE BEARI ng ST R E CSSEC

REF. UsTdD oDwWas.

8
PR EeEviousiy . 8
UsEP Fr A c ToRED (0 BE)

L
t ON 4.2, P3. 14

1 - 31 REYV O

T- 35 2 EV. O

Q AD Pu=: 273197 LE
A

(scec-~ » ME CH- REPORI)
AC T U 4L Fu toBE) = 4(368239},1.7(65656) : 254 w.ps
3 PYNAMmIC =T
‘swT. :
w Puz2sa wies (acrvan)
SMim o> ) 725
" - - - 7o :s-vci
' r
l N j PEDESTAL pLATE
“11- 50" biamerer—
o — — e
nd . \ , . b? ! 3a £ R
t. ’._z:L. ‘S--1 __:’Jf" GIIMS

gq._..t_la__.g'\“ 0 minge | o s LINER g
‘ "CONCRETE S I t‘g'“ﬁa |"“

55" THICK ' ,‘“u :
P .

s E-;c.!-r | 0N

" " i

458 x14'l2
x 14" vw
(BearInG 42)

- ;'5".‘

- ——- - — e —— - —— — el

- L
—~{ 3 34"k 14102 x 14" rriex

C BLAAING Ay )

T

P L AN
TY P E D PLATE

BEARING AREA A4¢,42.

IE'.] BLARING 4red A4 (',43)



RESPONSE TO QUESTIQN 1
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RESPONSE TO QUESTION 1
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"' By At opate 04189 SUBJECT REGION _2 __  _ SECT.. .. SHEET 2 OF

&y

CHKD. BY Y55 paTe_4-12-89

CONCRETE BEARING STRESSCSPROY.NO 6§72 T

FACTORED Loa D Pu

254 wips. (0BE)
BEARI NG ARE A A

764 n%

K
BEARING STRESS Fp: Pu. 254" . 3.32 us;
A 76 -4 7%

ALLOWABLE CONC RETE BEA4AR! NG 5S7TRE S5

{

= o R Fé © 3-0 KsL (cows) . P 0O0.70 (comnsevuative)
S AttowagLe - 0-85¢ ()2 = 1 19x3 KStL : 3.57 ws1.

Fp = 3. 32 wst. e S5g = 3.57 ws:

diiow. O K.

F.5.2 1-08.
FURTHERMOQE,

T HE CONCRETE sSLAB L s zg8 " THI C K.,

IT 15 REINFORCEQO WI TH #8 8ars @ 12" ¢fc,
TOP & PBOTTOM. CONCREeET C covey - 2

. PER Acl 349-85,sectianN 9.3 2()
<$ NMoYy be INCREASED LINEARLY To O-90
Pryovid &l . :
(lﬂ.—cl -Js) > O 70
hh

Wheve .= 38", d'=25" d..25" , F:za0 kst

)

SUMMARY:

Fp= 332 Ikksti.
Se=z 357 KsL.
5 = 1. 08 O K.



. ) 2
AVURAL UREQUENCILA

Gil a7g 1
N UG &2 384 B8 2
BUENALIZED MUUE JHLAFESD
«Uilk O¢ ita2ib-01
33370 -00 Q000 00
idiut o1 7027 o6
- eUiZE G0 1421C-61
I I T CeGUE 0o
- C24¢E 00 - LSILE 00
VOiIE SO 1922E-0:
VAT GG GGLOZ G
PR S I 1000E 01
- GOIJE &0 14226-01
VA58 60 GOUCS GO
D3236 00 - $730L w0
. COL3E GO i9423€6-01
- ATUID wo CO6GE GG
- CEi7E GG CT432E 00
- WGisE 00 1923C-01
3aNUC -0 GGOO0C 0o
83C78 G0 - 34%4C 00
PG99L 6i 0 - 140SETO0
883,50 60 30662 6O
Civ2E §0 C745E Q0
CUi3E U 6685L-0i
VOOLE Ua Un06T 06
- 7307E GC - CGO2E @0
20230 GO 306iL GO
- G428E 06 760098 6o
223I0E 9o L SQ4YE a0
PVOZE SO L3334k 00
- JEULE G0 G606 6O
J7CYE 90 -.8C04LL 0O
- NPL0L GO 7LETE Q0
J8LLS GG “TG66Z GO
- J344E oo CLOTSE QG
- IV 99 _1a00L i
- GNAn G0 Toa60s 6o
TiGZE 9G - J4YO0C wo
I 1306E-06
4“6 o003 .G0G0E 60
181t -u2 15C1E-62
JUGSE ob Shbooe oo
CLGHuL 0y DGOE G
dsacL 3¢ GO0OE au
MOLAL SAATICIPAY:OH

RESPONSE 1O QULSTION 3

<)

[}

3

Cs T

c

[ BN e

AT 1Y - . . . . 4 # N
ra et uL-0% -« 1060770

VACTONG ANLD
70317C
LTI

siiyeL

90936k
673372
<520t

. 184732C

(2
[V
G .
6.3746
1eé 507
.CU873E 00

75632 -6

CL73E VO

18478 Q0
.Ce73L o
30428 00

.LE7IE wo
IS6S 0o

.8873C 00
00

L6723 0o
787¢Z2-01

000 ot
433128 Lo
.$364LC GO
.6728C 006
€7225C 00
.100GE Gt
.LOS3IE 00
.?27232 00
74378 00
L0735 00
6822l 00
.4307Z2 0o

. 2852L-06
1273262

.0000E 0O
o600 00

03
9y
3¢
oG
04
04
01

149 922

153.72.
- . 2663L-02

CPFLECTIVE

L3aung

L 4034L

0o

LAl -01
00

. 2A487L--01

- OLIVE QO

.13720-01
L7705 w0

.20%20--01

BVER: Mo

]y

L Y6350

SAbeoE 01
-Loo0o0L 0.
273050 00

799501

-.Jd9%8C GO
-.544:C 00
-.352%32 GO
~.53%%3L 00
-. 18758 06
.4C16E-01
A4S UE 0O
.YL36) QO
S3%162 0o
-.341¢L-04

.2384L. 01

LOGoul b
L0GLT 0o
AR

15 4949
VU

-, 7?7328

(LB

G

0.

0

132
71?770 00
75938 00

4936 0o

4933 0O

189710 4o
.9458L 00
.1734L 00
. 088SE 00
.3004C 0y

. 3842E8=-01

LT72LL Qo
1000 D1

—_—
- . ¥474L 00

.8UY8L 00
233108 04¢
44447 00

.337%C-01
. 4778E 00

.3513C-01
(Y]

.2235C 0o
.3787£-01

100008 01
. 8430 GO

.6820-012
.8328E~-02

Gaduc 0o
.eho0c ao

24 744

v

[§]

¥

(4 vvy
Teeci wo
it uy

SNEUOL 00

2341 00
- 1878L vy
83038 vo
16630 G
3313L Vo
368°%L Vo

S9s832L 0y

100 oy
72574E 00
4570 Vo
.B830E DU
70060 GO
24228 0O
365N Qo

.7T387E 00

cewlll wo
.4730E GO
71420 vo

47335k 00

S1430 00
8424 00

.ud1L-02

-44678-02
uQoQurL Jo
VLOUE 00



0’0000‘_60.‘0000.s°.

RESPONSE TO QUESTION 3

¥ . o
3 v 0
v U ¥}
NMATURAL [RLUULNGILES
NRY VR 2.925
3u. 0.4 §T.374 86 373
LLORIALIZEL NODL SEAREES
- Z274E-03  -.i:47L--02
Gtu.C-G. .0GOGE OO
LOUGOL & B AVE R B Y
AIVE .62 ii0.E-03
R bocoL 0o -
- BLYSE 00 8% 50EC a0
- 3024E-G2 Lii2VL-03
L7002 006 GUOLE 00
L24492E GO Li000E 04
-.537G0L-03 i0B3aE-03
VO3AE DG 060GL U0 -
3323E GO .$72%L GO
- 55 ?28E-03  ~.i040E-02
- 7338 G _H003E 0O
CI6TE 00 L?2418E 00
- wiCl2E-03 - YYS3E-04
L 53G.7C-0. 06GGE 06 -
£033F 66 - 33C2E 00
L000E 63 - 202GE 00
-, 873528 00 LouGee 0L -
£7viE 00 L6¢CiiL 00
L 7A00E 00 L379SE-01
LGU0E 0. SGo00s 00
-.7262E 00 -~ .80iSL a0
4¢.2E 00 L27C5E 40
-.53782 00 .00008 00 -
.2.06E 00 .s04a%t 00
.22iCL 00 .S1%0F 00
-.%564432 Q0 .GGGOE G
3774E 00 L.C?SCE 00
. 3726CE-0. .?75S5E GO
784,72 00 GOGOLE 00 -
.. 7C23E 00 L66G7E 00
-.292iE Q0O .i000E 01
~-. 70322 0O .GCOOE 00
.?7i31E 00 ~-.3COVE 00
~.4137E-04 .3653%E-07
- 48633803 .00002 06 -
.i80YvE-G2 L158%E-02
.0000E 00 .a000C 00
.GGGOE 00 .»000E 02
.0GO0E 00 .0000E 00
MGOAL PALSICIDATION TACTONS
 A?2650E 00 L215.35L
2 . 49..28 06 28438
3 .7616¢C 00  .54%46L
& -.26276E-063  .3u3v:
5 . -.3%28L-0i -.24C0AL
P2 535008--04 -~.200822
7 i4¢C:E-33 .41469%C

0

Q.

0

¢.37¢
125.600
47278 00

78232 +~0.

.C702E 09
16308 00

uo
00

.$405¢C
.3047E

0o
G

.$709C
18300

0o
00

.1000L 01
.733.E--0:

.7306¢C
A295C

go
¢o

.73%7.C
.6944C

(Y]
¢o

L7835L0
.2991¢C

o
Cu

.C0%¢L
.1000E

0o
01

.83600
.6739CL

0o
0

L0623
.4295E

0o
(1]

.7005LC-03
L1297C-02

.ouo00C 00
.OQUOE 0O

AND UTFECTIVE VT3

05
03
0¢
01
035
0s$
02

.30170--02
32088 00

.i403C-0
.49027C LU

.23%7L-0:
.8020E OO

a2 n-0,
.A739L 00

.2.800-0.
31788 0o

. 9736LC-01

.A000C 0.

20000 04
2741308 00

L 7S5LE-01
L3SS0E 00

.84678 00
.3245E 00

85610 0o
.a%83C 0O
.47446L-01
.4628E 00

.$531L0 00
. 83108 oo

.3711L0-04
.2393E-01

.o000L QU
.0000E 00

0.

0.

G
s 0786 PR
93 777 170

-.3b4éL

(LBS)

973

(<4

L34
o7 0O
S 9S849%%L GO

(Y]
.4271E LU0

. a7370 Lo
-.543)E

0o

.1d02L Q00
.3854L WO

.3482C v
S4BL-01

.4944LC 00
1 000GE U

.8 7.0 QU
30940 00

.3093L0-01
.4477E 00

aS628 0U
L47735E U0

.2474C 00
L7773 Ou

.$90é6L-01
.QU023E-01

.1000L 0
.8830L 00

.4436L-02
L0283 7E-02

.Q000L v
.0000E Q0

4 .70¢

24

.73:501
.3445¢

93781
. 44551

.0004G1
.buout



RESPONSE TO QUESTION 6

By L. DATE 04-18-89 suéJecr_A

cHkp. BY WFS. pate_Y/22/f5

PDirronlay woaw 10 SECT.NRC SHEET 1

US TOOL & OIE, INC

oF £~

SUPPORY RAcK LICENSING PROGRMPROY. NO. _8721- 31

Purrose: COMPUTE MECHANILI C 4 L STRe sSES
FOR FUS I OoN WE LDS, wi t i
Hoek!t ZOoON 1 a4t FORCE AcCcT I NG YT o THE
RiagHT TO THE LEFT, AND EQuU 4 L To zewro,
To DETERMI!I NE i F THE ASSUMPfoou, Uus &b
"N T HE MECHANLI ¢ (5 QEPORT. 1 S
CONSERVAT,| yvE&. (e HFomrceceg Acrt i NG TOQ
T 4 E RIGHT PROpDPUCE S T H E MA x. S TRESS ES
132 -CELL RA4A C KK FoORCE C DO NF I G UAation
1.
+
‘..3‘ . .
‘:H—"\ —- Fu :-'-‘-
£ L 'y
Fv v
RIGHT Fu=0Q LEFT
_ (‘\“:M) (""-H)
CAs e I o ar
VER! £ CAT | ON:
PLANE C-¢C ( 3-CELL SECTVON) wi Tg
OBE~LOADS 1S CONStI DERED. S x COMPUTER,
RUNS WERE MADE FOR 3 A 80vVvVe CASES.
FOoR EACH CASE  LOADS ON E-W PLAGNE
AND N - 5§ P LANE H AV E BEEN ANALY 2 ED.
CASE I , HoRI ZONTA AL FORCE T o RIGHT
NORTITH-SOU T OBE LoOADS O N E- W PLANE
F4 = + 80210 LB 4
EAS T -WEST oB8e LOADS ON N-5 PLANE
Fu o= + 59420 LB, &
Toar, (SHEAR) = 11.53 KSL. } REFER NRC, SHECT 3
O max. C TENSILL) = (g, 14 st

ZERD

CASE I, HOR I ZONTA L FORCE EQUALS

ct-\=0}

’J
\aqax =

6.82 Kst

Crase s B 46 wst

NORTH -SOUTH OBE L0ADS ON Ew- PLANE
EAST- WEST OBE

LOADS ON Ns- pPLANE

! »r~ at ne -



RESPONSE TO QUESTIQN 6 US TOOL & DIE, INC

By . (-t _ oaTeO4]18]89 SUBJECT AppivioMal wagk TO SECT. _NRC SHEET 2  of = .
cHKD. BY WES paTe 1/22/5§ SUPPORT RACK LICENSING PROGRAMPROY. NO. B T21- 3 1

cAse OL, HoR:I 20NTAL For CE,.TOo LEFT

F X ~-80210 LB NORTH-5S0 UWTH 0

8
LoapDs O N E - W PLANE

F - 59420 (8 o EAST- WEST O0OBE L o AaDS
OnN N-~-S PL ANE.

T pmax. (SHE AR 9.6 7 Ksi REFER NRC

T SHEET 4

d max ( TENSILE) = 1 5.22 LSt

HO Ri1 ZOoONTAL FoO RCcCE ACT I NG

T O T HE iGHT
Wi LL PRO VI DE TH e .

MAX I MUM S TRESS ES.

’TMA; 21153 KST 7 T =9 67 kst > Tasar. = 682 kst
Fu—pp ‘-« EH £qt0
CASE L C ASE [ CASE IL.
T max T 1614 Wsu 7 Opman > 15 22 KsL OCpmax = 8-46 Kst
NOTE: COMPUTER RUNS ARrRce AT racCcHCD

PAGgeés C-1 THRY C-12



<
. ‘

Us TOOU & i 1 p

BY a-t. DATE 11-04 - 88 SuBJECT FUsSION. . WELD __  SECT. 4:! SHEET 37

- or
CHKD. BY 2/ K OAYE _s1/17/vd (OBE) STRESSES, PLANE _ C=C __PROJ.NO B1r1 <1

NRc - sHeey X /7 ©
RESPONSE TO QUESTION 6 2 :

SEC Tl OoN 4 1. INTERNAL RAcCK WELD @

~—

PLANE ¢- ¢ = (3-ce Ll segec 1 'ON), 132 c ¢
CONSOULIIDATED FUEL, RE GV ON 2.

NORTH-SOUTH OBE OBE _(04DS ON E-W pPLANE

L

oOBE _L 9_‘\_05' FVtans = 2680 30 8. REF SEISMIC LoA -
CASE 1. FhZns = 80210 g. TABLE 2 REviccy
RIGHT,
ﬁ_4'¥_i_M_U"y_.q__B__§ STRESSES PLANE_ C - C
Ciurur) Caurpyr) T

RCECF | FMTS FiLes : LPI132NCO.13 & IP132NCO.03
1P 132Eco.13 & IpP(132€6¢c0.03 (oruce. Leterine )

rr - Z z e
SHEAR Teowy + \ ( Ns + ( + ('—rvem)z
g 2 2 2
TENSILE d sur + \ (‘fus) <+ (ng)z + ((venv)
SHEAR (Ts) TENS I LE (o)
Tswrz 4041 Sz ( BoTrom) Oswr > 2078 PSL L YENSIoN Eoitom)
TN-5: 6284 Ps1 (Bortrom ) Pst Ons = 7091 pPsSL Ccomep. Barion )

T vear = (3:33)(Tsuye): (0-53¢2[3)(4041) & gur=Cgn 2/3) (dsur)
: 1428 PSI ( BoTtom )
OTHER DIRECTION(IP1Z2kco.13)

Tew = 1079 PsL.

[-¥33
= (o 5'5"-13)(2013 3= 734 (1en.imar)
OTHER DIRECTION: Jgw : 0

s

4041 + (6284)% +(1079)%4(1428)%

10575 pst (Botram,

¢

2078 + (7091)% 4 0 +(734)%
N

9207 Pst Ccomp. par

- < . 2 z _ | - )
(S:\\A;:R) \J({) + (’rs) ° \l(q_z??_-,)zf@OS"S)z T 11534 st

(RoTrOoMm)

SHEAR Tay.. = 11-53 g1 « 21-.-0Kks1 Attow. 0. K.

£S5. 182

I\A__AXOMUM TENSILE STRESS

.____- —— e e PSS

I mMax. =(f+ Toiar. ) =(4207 +11534): 16138 P31
2 r (comp. BOT)
o K.
Cmar. * 1614 wsr » 18.0 st

FS. - .12
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RESPONSE TO QUESTION 6

US. TOOL & DIE, INC
By  (2:t'__DATE 04:19-87 SuBJECT _ CAse IL SECT.NRC SHEET 4 of 5
CHko.8Y WIS oate f/11/55 Fu = O PROJ.NO. B721- 31
Fus: oA WwWe LD STRESYES, PLANE Cc-c,
122 CeLL RAcCK W/CoNSOL:DATED F UE L.
NORTH- soUT H O0BE LoAaAaDSsS O N E- W PLAaNE,
Wi TH HOR!I ZONTAL FoRCE Fi=0.
INPUT OBE LOADS: Fy: 268030 LB.
Fy - Q. LB
MA X1 MUM OBE STRESSES, pPLANE c-c
REF. FMTS FILE: TesT 3. & TEST 6.
. . 2 2 z
TsHeqr = Tewr +J ('VNS) + (.'r"w) + (’rum)
O tensite = Jswr +J 5 2 S ”.z'
CO’NS-) + (JEw) + (JVEnr)
g ose * % sse % (-53) : 0- 35333
SHEAR STRESSES (Ts) TENSI LE S57TRESSES
Tswr:=4041 Pst ¢ (B8o1) Eswr = 2078 PsSL ( TENSION Borroar)
TNS = 1841 pst & (8Bo1) NS * 946 pst ( vensiow Borrun )
Tveer = 0-35x 4041 PSL . +3S5313x 2078 Pst

T 1428 pPSL (Bor)

OTHER DIRECTION: TESTS. OTIHER DIRECT 10N ;
Tew=> 1118 pst
Tg: 404t +\(1&41)L+c”13)z +(1428)2 s
0 2078 + | (946)% + © + (734)2 :
\ ,

T max =
C SHEAR)

MA X1 MUM TENSI LE

dvear - (?35 * S )

@G G e

1"

dM‘l~ = (

g + frw,,') z (31;_75 + 6824)

T34 PSt (t1-cor}
Cew = O
€625 psL (nor)

3275 est (re)

€8 24 pst

846 2 ps1



RESPONSE TO QUESTION 6

BY ﬁﬂ,_..t__ome 04-18-89 SUBJECT ___ <

. CHKD. BY NF.J_ pate 1/22/f;

‘ US TOOL & DIE, ING

CASE_OL  SECT._NRC SHEET S oF g

10 THE LEET PROJ. NO. 8T721-31 _
FUSI1ON WELD STRESSES , PLAaNE c - <,
132 ce L RACK W[ CONSOLI DATED F UE.L
NORTH-So0UTH OBE LOADS o0 N E-W P L aNE
Wi T H HOoORI Zo NT A L FoRrRCE T o T HE LEF T
OBE& Loabps: ¥v : 268030 Le.

FH = -80210 L.

MAX1MUM OBE_STRESSES, PLANE C-c¢
QEF. FAATS FILE ¢ Tvestz. & TESTS.

"l‘su Ear frswr J ("Uu)? + (q'ew)z + (_’T'VE" )?.
JTENS"E - 65“1 + J(c—us)z f(d‘ew}z * C JVECY)

SHE AR (Ts) Gese -

2/3 9ss¢.

where Js5e:0:53. TenNsiLE (T)

Tswr® 4041 Psi (BOT)} Tswr = 2078 PS1 ( Teusion @or)
TNs * 2602 Ps1 (gor) ¢ OTns = B984 PsI Crension Bor)
Tvear * (1’_ x 0'53)('1'&4") Overt * (% 9)(Fswe ) -35(2078)
: 0-335 (4041)= 1428 PstLIBON) o * T34 Pst (T-8071)
OTHER DIRECIION: TESTE. OTHER DIRECHON: O g,y : 0 :
Tew: 2499 pst.
Ys : Aa041 ¢ J (2602)% 4 (2499)%4 (1428)% 7921 PsL ( eorrom)
g = 2078 + ‘l (av984)% +(0) +(7134)% 2 110 92 Ps1 (Tenson 8or)
T A1ax ‘J(f)z+(7s)z : l(1LQﬂ)z+ (7921)% = 9610 p=crL.
(sHeaR) 2 z T
MA X I MU M TENSILL___STRCSS
T naax = ( 92'+’1,M41) =( 11092 +961O>=15216 Pl
z o ———————ta



RESPONSE TO QUESTION 6

PhUSHAN EML S NN
: (NOLAMN EGING 3. REGION 2. FILE. IDP1Z2NCG. 13
HORWH HOUJE GUl LOUADS ON T-W DPLANE cAse I
© 132-UELL WALK. CONSGLIiLATED TULL HORIZONTAL _y
5-CLLl SECVLON (PLANE €-0) RIGHT
LLITED i1-04-C¢C
GAZU-MON/DAY/YZAR) . 4/ §/37 Ns-o08&€

CLHECHOUR MiN.SKEC) . 11.51.40
HG . CCLLS PIdCH LENGTH HEIGHT PED . HEIGHT PED.OFISET WEIGHT 3UH. WELGHT
il. $.90723 $¢.C 165.7 11.630 .00 4235062 368289 .

LYNAMIC FOQCLE CALCULATIONS
CVERTIUCAL FORCE  NET VER. FORCLC HOR. TORCEL MOM. O INCRT.
263030 . 43806 . 60210. 34137237

ACCLLERAYIUNS. HOR.(+R1T) VERT.(+UP) ROT. (+CCW)
73.2¢8 78.862 L2232

NUNBER OF CELLS IN SECTION:

©
©

SECTION HMALY. 277. MOM. O IMERTIA: 701478

HONMENY ARMS. VERT. 0 PED. EOTYOM $4.47; HOR. TO PLD. 13.61 TO rACL 13

. VEMUTICAL ACCELERATION OF CG OF SECTION. (+UD) 40.5¢

FORCES ON SECTION AT PEDESTAL. HORIZONTAL VERTICAL

00210 83886
FOKCES ON FACE. AXIAL{+LLEFT) SHLARC+DOWN) MOMLNT( +CW)
381335 71773 4761812

BENDING SWKESALO(Mc/1) TOP. 4€41. LOTTOM: -4841.DIRCCT ODTRESS(P/AW) : -2251

STNESSES. (Me/l+l/AY)Y TOP. 2390. HOTTOM: -72071. SHEAR(¢DOWN)._ 274
SHLCAR ELOW AT BOTTOM §4F%. OSHEAR STRLSS(+DOWN) 3%18.

SUdMeRGED WZ(GHT CALCULATIONS

NET VERTICTAL FORCE: ZUEMERGED WLCIGHT ‘
134143 3432487 .

S5W O ACCELLKATIUNS. VERT(-UDP) -168.1°% RO&(#CCW)  ~2.6%2
. VIRTICAL FORCES ON SUCTION. PIDESTAL  3UB. WEIGHT

184145, 100442,

VOUTICAL ACCELERATION OF CC OF SECTIOM: (+UDP) -70.45



RESPONSE TO QUESTION 6

-2
SHEAR PORTEC+LOWH, . 104740, MOMENT (+CW) . ~2042722.
LoHOCHG S0aesbiMe/ 1) 00, -2070. BHOTTOM. 2070, SHZAR(+DOWN) 4041

NO. CLLLD wC TGRQUL FACE. 3.00/12.00

DEUTICNH MASS. 74 SECTION MOM. OF INERT. : 853434.2

TORGQUL UN FPACE(«CW) . €47625. SHLCARS: HOK.(+LLI'D) 20033. VLRT. (+DOWN) 20
SCCLHTRLCITY. -0 TURQUE ABOUT CENTROID(+CW) : 047625 .

SHEAR SUTRESSES. HOR. 1451, VERT. 1211. RCSULT. 1890.

D

5TN255 SUNMARY

BOTTOMU Tor
OYHAMIC LGAD T s
TLNS I LE ~70%1. 2550.
SHEARCPDGVWIND 4234, 27497,
’rﬂ‘
SUBMERGED WL iGHT
TENSILE 2070 -2078.
SHEAR(+DOUWN) 4041 . 4041 .

TURGUYE AND VERTICAL FOHCE FWOM MOTION [N OTHZR DIRECTIOM
SHEAR STRESSES. HOR. 1451, vILnT. 1211. RLSULT. 1890.



RESPONSE TO QUESTION 6
oG AM [0S
D LUAN BGINY 3. REGION 2. FILE.IP132LCO I3
CASU-WILHY U3C LOALS ON MOOATH-SOUTH DLANZ
ljZ-CELL KRACK. CONSOLIDATED ruceL

C"3 TEST 4.

OTHEK Litcc el

CAse 71

HoRktzar)rat
5-CCLL SECTION (PLANZ C-C) 2iGiHT
LHITED 13-09--C8¢PN;

DATSCHMOU/ DAY IYZAR) . 47 S5/89 EW-.o0dec

TIMECHOGUR . MIN.SEC) . 13, ¢.49%
MO CLLLS PICCH LENCGTH UEIGHT PED HTIGHT CED OFFSET WEIGHT 5Ub WEIGHT

il .07 10¢.% 14697 11.¢630 .00 423062. jéezss

UYIAMIC TONCE CALCULATIONS

VERTICAL FORCE  NET VLR. FOURCL HOR. FORCC MOM. oI INCRT.

2528306 . 60738 . 57%7420. 3508882
ACCELLEATIONS . HOR.(+RT) VERT.(+UP) NOT. (<« CCW)
54.27 §2.78 .5218

NUMEBEEK OF CELLS IN SECTION. 3.0
SZCTION MALYS. 276, MOM. OV IMZHTIA: $§43038. ,
MOMENT ARM3. VLK. TO PED. BOTTOM $4.47,. HOR. TO PLD. 13.61 TO CACC
VERJSICAL ACCELERATIOM OF GG OF SZCTION. («UD) 41 .48

FORCED ON SLECTION AT PEDESTAL. RORIZONTAL VERTICAL

$7420. $373¢ .
FORCES ON FACE. AZIAL(+LCTT) SHLCANC+DOVN) MOMENT (+CW)
4158S. $7382. 3%61219 .
BENDING 3WRLASLEA(Mc/1) TOF: 3320. BOTTOM: ~3320.DIRCCT STRESS(P/AW) -
STHISGLES. (Mae/i«P/AVW) TOP. 1743. BOTTOM: ~4897. SHEAR(+DOWN) :
SHUEAR CLOV AT BOTTOM 610. SHEAR STRESE(+DOWN) 2072.
SUUMERCED WEl1GHT CALCULATIONS
REY VERTITAL CORCE. SUBMERGED WEIGHT
134149, 383237
SUT ALCELERATIONS. VLRT(-UR) -168.1% ROT(+CCW) -2.7%¢
VERTICAL SONLZES ON SZCTION: 'EDZ5TAL  SUD. WEIGHT
164145 92072.

VORI ICAL ACCTLERATION OF CG oOF SEZCTIOM: (euUD) -34.

—»

13.



RESPONSE TO QUESTION 6 <-4

~HEAR UORCEC-DUVNG . 1064055 . MOMLNT (+C\ . -21635%0.

GLNUINMG SITESS(Meriy ToOP. -2G17. BOTTOM. 2017, SHEARC+DOYMN) . 3784

RU. CELLS V0 TORQUE FACE. 3.00/11.00

SCCTUION MADS. 29 SECTION MOM. OF IMZRT. - 978153 .2
TOGRUUE ON LACLi#CGW) | 925173, SHEARS. HON. («LECrT) 13505. VACRT.(oDO\IN) 15,
SCCLNTRRICIvY. -0 TORQUE ABUUT CENTROID(+CW) - 425173 .
SHEAR STRLJISES. HUR. ?777. VERT. 74% . nLcsuLr. 1079

DTRLSS SUMHMARY

EOTTON Tor
DYUANIT LOAD
TLHNSILE -18¢%7. 1743
SHCARC+DOWN 4102 4031,

SUEMORGED WEIGHT
TUMSILE ' 2017. -2017.
SHEAR(+DOWN) 3701. 37¢1.

LURGUL AND VERTICAL FOACE I'RCM MOTION IN OTHER DIRECTION
SHLAR LTRE3SES. HOR. ?777. VELRT. 749 . RLESULT. 1079

e

’_r-EV\/

OTHCR ©DI1Qection

—d



v
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RESPONSE TO QUESTION 6

C-S TEoT T,
ERCCRAN EMLD

(ML UALD FGINY S REGION 2. TILE.IP132NCO. 15 caAase TI
MO SUJUVA UBT LGADS ON -y DLANEC

+22- CELL RATK. CONSOLIDATLD ['UCL Horiz.
3-CCLL SECTION (DPLANZ C-C Force - O
EDITED 11-04-08

DATSCMOU/DAY/YZARY . 47 3739 Ns-oee.

TINECHOUR . MIN.3EC) . 12. 4. ¢

HG . CELLS DITLH LENGTH HII

il $.07y $¥¢.C 165.7 11.630 .00 4230612 . 3¢€289.
DYNMANMIC TORCYE CALCULATIONS
VERTICAL FORCE NET VER. TFORCC HOR. FORCL MOM. O INCRT.
288030 . 33038 0. 3413737

ACCELERATIONS. HOR. (+RT) VERT.(+UD) ROT. (+CCW)

.00 76 .82 -1.2285
NUMBLR OF CLCLLS IN SECTION. 3.0
SUCTION MASS. 177. MOM. Of INZRTIA. 70149¢.

MUOMENT ARM3. VERT. TO PRED. BOTTOM $4.47, HOR. TO PCD. 13.61 TO FACC
VIRTICAL ACCCLIRATION OF CG OF SECTION. («UD) 121.14

4

FORTES ON AECTION AT FECESTAL: HORIZONTAL : VLRTICAL

Q. 8388¢.
FOUCES OM FACE. AXIAL(+LEFTT) SHEAR(+DOWN) MOMENT («CW)
Q. 47713. -731004.
JEMHDING STRESSEG(Mer L) TODR. -748. NOTTOM. 946 DIRECT STRESS(D/AV) -
STRLISE3. (Mu/l+F/A\) TOP- -$46. BOTTIOM: $46. SHCARC+DOWN) .
Se ARl TLOW AT BOTTOM 0. SHIAR STRI33(+DOWN) 0.

SUBMEKCED WEIGHT CALCULATIONS

MIT VIRVICAL FORCS. SUBMENGED WZIGHT

149149 362¢°9.
SHATIONS . VIRT (LU -188.12 ROT(+CCW) -2.872
FURCLS ON SECTION. PLDUSTAL Sup. WLIGHT

: 184145 100442 .

VERTICAL ACCELERATION O €G Or SCCTION, (+UD) -70.43%

GHT PEND.HZIGHT PED.OFFSET WLIGHT SUd. WEIGHT

13.

184



RESPONSE TO QUESTION 6

c-6
SUTAL TORTEC-DOVH)Y . 104740 MOMENT (« CW) ; -2043732.
C BLENDING STRLIS(MC/ L) TOF . ~207¢. BOTV'OM. 207¢. SHLARC+DOVIO 4041 .

MU, CZLLS T0 TONQUEZ raco. 3.00/712.00

SECTION MASS. 274. SLCTION MOM. Qr INLRT. : 833434.2

SURGULS OM CACC(+CW . ~1048734. SUEARS: HOR. (+LLET) 0. VERT. (+DOWN; 209
ECCLINTRICLITY. -0 TURGWUE ADOUT CLNTROID(+CW)Y: -1046734. :
SHEAR HTRTHLES. HoR. 837. VERT. 1308. RESULT. 1351,

S5VRE33 ASUMMARY

30T ron TOU _
CASE I
UYMANM(C LGAD Sws
TLNSILE $4¢. -546 . Fu = O.
SHEAR{+DOWNY 1041, 1341 . :
Tus Neg-0o8e¢.

SUBMERGED WEGHT
TeMOILE 2078 . -2073.

SHEAR{+DOWN; 4043 . 40491 .

TOUWGUL AND VERTICAL TORCEZ FHOM MOTION IN OTHER DIRECTION
SHLAR STRESDEDS. HOR. €37. VLRT. 1306, RCSULT. 1351,



: RESPONSE TO QUESTION 6 <-7

CRIGKRANL TS

TECar...
' VLG ANG FOINT 5. KREGION 2, FPILE 1P132LCO. 13 CAse T
cALL=WE0T OUE LOADS ON MORTH-SOUTH FLAME -
. i3z- LLLL RACK. CUNSOLIDATED CULL Fy = O
5-C0LL DRCVION (PLAME C-C)
BLUITED 11-04--C8(tkM EW-0BE, OUs,,
LAVE «MON/UGAY/YREAR) | a4/ 5/37 Di@ecrivd
TIMECHOUKR . MIN.SLCY. 153.13:43

HO . CELLDS PIVCH LUNGTH HEIGHT DPED.HEIGHT PED.OFISET WEIGHT 3UN. WZIGHT
1. ?.0723 108.% i1485.7 11.630 .00 4230612 3s8289 .

DYHAMIC FORCE CALCULATIOMS

"VERTICAL FOKCE NET VER. UORCE HOR. FORCC MOM. OT INCRT.
2523380 $§08736. 0.

L 330868562
ACCLLEHATIGNS . HOR. (+RT) VERT.(+UP) ROT.(+CCW) v
.00 $2.73 -1.0435
NUMBER OF CELLS IN SECTION: .0 :
SECVION MASS. 274. MOM. OF INCRTIA. $43030.

MOMLNT ARMO . VERT. IO FED. BOTTOM 94.47. HOR. TO PCD. 13.61 TO [I'ACC 13

‘ VERWSTCAL ACCELSRATION OF CC OF SIZCTION. (+UD) 105.3°9

FOKCES ON OSECTIUN AT PLDLSTAL. HORIZONTAL VECRTICAL

0. 68738 . -
FONCES ON FACE. AKIAL(+LEFT) SHEAR(+DOWN) MOMENT (+CW)
0. 3sac7. ~-807¢01.
JENMOING STTRESSEGLG(Me/1) TOD., =753, BOTTOM. 753 .DIRECT 3TRE3S(D/AW) . ¢
STHRENSED . (Mc/1l+P/AV) TOP: -753. BOT'TOM. 733. SHCAR(+DOWN) : 14)
SHZAR FLOW AT BOTTOM U. SUHEAR STRE33(+DOWM) 0.
SULHEKRGED WEIGHT CALCULATIONS
MET VERTICAL FORCE. SUDMINGED WEIGHT
1011435 360209 .
3WE ACCLLURATIONS. VEWT(.U) -158.17 ROT(+CCW) -2.77¢4
. VERTVICAL FORCES ON SECTION: PEDCSTAL SUDB. WLIGHT

134148, 72072.

VERTICAL ACCELLRATION OF CG OF SCCTION, (+ul) -34.02



RESPONSE TO QUESTION 6 C- 8

SHTAR P ORCSOLLOVNY . 106339, MOMINT (+C\]) . ~-21833590.

" BENDING STRU3L(Mel L top. -2017. BOTTOM: 2017. SHLCAR(+DOWN) . 3781,

MO  CELLYS 20 ‘tonraQug race. 3.00/11.00

SECTIGN MALGS. 299 . SCCTION MOM. Of INLRT. . $7C1853 .2
POHGUL ON TACECeCW) . ~8350802. SHEAR3: HOR.(+LETT) 0. VERT. (+DOWN) 1§¢
ECCENTRICLIWY. -0 TURQUL ADOUT CLNTROIDC+CW): ~830602.
SHIAR STHESSEN . HON. 393, VEQT. 745. RESULT. 1118.
_ i
STRESS SUMMARY
BOTTOM TOP

DYMAMIC LGAL

TENSILE 753. -7353.
SHEARC »OOWNHD 1411 . 1411 .

SUBMEKGED WEIGHT

TEMSILE 2017, 2017,
SHEARI+DOVN) 3701 s701.
TONGUS AND VERGICAL VORLE TROM MOTION IN OTHER DIRECTION
SHEAR STRE3HES. HOR. $$¢. VELRT. 945. RCSULT. 1118,
/—d
lew
OTHER DIRECTION
| Fia = O

c ot TC.



RESPONSE TO QUESTION 6 <-9

. Tesvr, .
CROUKAM EMYS

iNULAN FOUINYT 3. REGION 2. [ILL.IP132ZNCO I3 case 7T
HOTH 30UTH ODL LOADS ON Z-\W DLAMEZ

132 CELL RACK. CONZOLIDATCD FUCL Fi4 To LEFT
5-CELL SELVION (PLANE C-C) -
EUITEL 11-04-88 NS- OBe
UDAVECMON/GAY /YEAR) . 4/ /39

TIME{HOUK MiN.SFC). 12. 1. 9

MO, CCLLS PITCH LENGTH HEIGHT PCD.HEICHT PED.OFF3ET WEIGHT 3UB.
i1, ¥.072% $¥.C 165.7 11.¢630 .00 - 9230412 3é828¢% .

DYNAMIC FGACE CALCULATIONS
VEORTICAL FORCE HNLT VER. TORCC HOR. rORCC MOM. Or INCRT.
263030 03006 -80210. 3413737.

LEeFs

ACCELERATIONS . HOUR. (+RT) VERT. (+UP) ROT. (+CCW)

-73.28 7§.82 -3.4482
RUNELR QF CELLS IN SECTION. .0
SUCTION MASS. 277. MOM. OF INLRTIA. 70149,

MOMENT ARMS. VERT. 10 FCD. BOTTOUM 94.47; HOR. TU PLCD. 13.61 TO rAcCe
VEUTICAL AUCCELERATION OF CC GFf SECTION; (+Up) 201.71

FORCES N SECTION AY PEDESTAL: HORIZONTAL VEILRTICAL

-80210. 0388¢.
FORCED QN FACL. AXIAL(+LEFT) SHLARC+DOWVN) MOMENT ( « C\1)
-33323%. 238813, -8823823.
EENDING STREZXGLS(Mc/1) TOP: -6734. COTTOM: 6734 .DIRCCT SThCSS(PIAW):
STALSSES . (Mc/1eD/AW) TOD. -4403. DBOTTOM: 8784. 3HEAR(+DOWN) .
SHEAR FLOW AT BOTITOM ~%47%. SHEAR STREES(+DOVN) -3318§.

SUSMERGED WEIGHT CALCULATIONS

NET VERTICAL FORCE. SUBMERGCD WLIGHT

1364145, 3638239
SVWE O ACCELLKATLIONS . VERT(+UD) =168.1% ROT(+CCW) -2.692
VLATICAL TORLES ON SZCTION. PEDESTAL SUD. WEIGCHT

104145, 100442 .

VITICAL ACCTLERATION O C¢G oOF SECTION, (eUMm) -70.43

WELGHY

i

22

3.

1



RESPONSE TO QUESTIQN 6 c-10

SHEAK FPORTLI<UDOWN) . 104740 . MOMLWI(+CV) | ~-2043732.

DUNDS NG 500006y 10D, -2078. 3OoTTOM. 2073. 3UMZIARC+DUWN, .

NHO. CELLS TO TORQUE FACE. 3.00/712.00 '

SCCT TGN HASS . 174 . LSEUCTION MOM. OF INERT.: 0353434.2

TORQUE UN FACEC(+CW) . -2%41093. SHCARS. HOR. (+LCCT) ~20053. VLRT. (+DOWN)
celeniniclyy. -0 TORQUL ABOUT CENTROID(+CW). 2941093

SHEAR STREJSODESD . HOR. 3125. VERT. 210%. RCSVLT. 3623.

STULOG SUMMARY

BUTTUM TGP —
cAase UL
SYUANIC LOAD O ws To (2 §+.
VENSLLL 8voa. ~34403.
SULARCALUWHG 2607, 713, NS-O0BE
Tws

SUEMLRGED WEIGHT
CENGILE 2078. ~2078.
SHEARC+DOWN) 4041 4041 .

TORGUE ANU VERTICAL FORCE FROM MOTION IN OTHZR DIRECTION
SHEAK STRESDJEN. HOR. 2125, VLAT. 2205. RCsuLT. 3e25.

Q04§

20



‘ | Py e
) RESPONSE TO QUESTIQN 6 c-t o
ChGGRANT BIIT S

(HGLAN FOLNT 3. REGION 2. FILE.ID1320CO. 13 )
COLALT MIST GBS LOADS ON NORTH-SOUTH PLANG cas€ I
_ 132-CLLL RACK. CONSOLIDATED [UEL
3CULL 5uCTiOM (PLANZ C-0) Fqy To LEFY
EDITLL i1-04-88 kM _ 4
CATL OGN/ GAY/YEAR) . 4/ S/49 Co s
TIMECHOUR MiN.SEC). 13.11 .37 othinv DiRC T
Ew-JdC ¢
. CULLS PiVEH LENGTH WEIGHT PEID.MEIGHT PLD.OFFSET WEIGHT 3UB. WEIGHT
12, $.872 10C8.% 16%.7  11.630 .00 423062 168285 .

OYMANIC ORTE CALCULATIONS
VIRTICAL FORCE  NET VER. FORCC HOR. CORCLE MOM. oOr INCRT.

232330 §0734 . -5%420. 3588582
e———
L.EF?
ACCLLERAGTIGNS . HOK. («RT) VLRT. (+UD) ROT. (+CCW)
~544.27 §2.7¢8 -2.800¢
HUNMBEL OF CELLD IN SECTION. 3.0
SECTION MASY. 274. MOM. OF INCRTIA: $43038.

MCHMENT ARM3. VEKT. 10 PLD. BOTTOM $4.47. HOR. TO PLCD. 13.61 TO TACLC 13,

‘ VERTICAL ACCCZLTRATION OF CG OF SECTIOM. (+UP) 162 .31

FORCES ON SLCTION AT PEDESTAL: HORIZONTAL VECRTICAL

-3%2420. §873¢.
[ORKCES ON FACL. AXIALC«LLFT) SHLCAR(+DOWN) MOMCNT(+C\)
-443565 . 22392. 3178423
BLHDING ATRL3IZES(Me/I) TOP. -482¢6. DOTTOM: 482¢( . DIRCCT STRLSS(P/AW) . 1577
LTRELOHES . M/ L+P/7AW) TOD. -3247. HOTTOM: $403. SHEAR(+DOVWN) : 79y
SHEAR FPLOW AT BOTTOM -610. SHLCAR STRCSE(+DOWN) -2072.

SUUNMERGED WEiGHT CALTULATIONS

NET VERTICAL FORCE. SUUMERGED WEIGHT
134145 363239

SUYT ARCCLELERATIONS. VERT(.UD) -168.19 ROT(+CCW) -2.796
Vit CAL TOMCESL ON SECTION. QEDESTAL 303, WEIGHT

184145, $2072.

VORWAICAL ACCEZLERATION OF CGC OF SECTION: («UD') ~54.02
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RESPONSE TO QUESTION 6 C-12

SHEAR FORCEBO+DOWNS . 10605 . MOMELRNI(+CW) ; -216345%90.

GCMOING STRLSn{Me/ i TOD. -2017. ULOTTOM. 2017. SHEAR(+DOWIN) 3781 .

HO. CLLL3 70O TORJUE FACE. 3.00/11.00

CHICTION MASS 279 SLCTIOM MOM. OF INERT. . 778153 .2
TORAQUE ON FACLC+CU) . -212637¢. SHEARS: KON . (+LETT) -13508. VERT . (+DOWN) 15«
cCTiHiMmietTyY -0 TORQUE ABOUT CENTROID(+CW) . ~2126378 .
SUHEAR SWVKEASLS . HOUOR. 1§23, VLAT. 1333, nrLsuLT. 2499 .

STHULLS SUMMARY

LEQTTOM TOr
UYHMAMIC LOAD
TLNSILE 0403, -3249¢% .
SHZARVSLUOWN, ~1279. 71792 .

SUBITERGED WE(GHT
relvaLe 2017 -2017.
SHEAR U+ LOWN S7C1. 3781

TURGJE AND VERVICAL TORCE TROM MOTION IN OTHIR DINECTION

SHEAR STHKESLIEND. HOR. 1$753. VLERT. 1533. RCSULT. _2_4_9_9_
Tew ,
Otrn Drggctior
C oe I
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RESPONSE TO QUESTION 7

NYPA - NRC
By Q- T DATE 11-02-88 SUBJECT Imeact gerween

CHKD. BY 20 DATE _$-~/7-2 Y

FUEL ASSEMBLY £ ceci waut
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?_'76Le$( & GAP sPRINGS
7 Gai10S
W 237 LB/ GRrRID.
FOR MAXxIMUM STRESSES , ASSUME
RECTANGULAR PLATE Wit ALy
EDGES SIMPLY SUPPORTED 4§
UNIFORM LOAD DISTRIBUTED OVER
CENTRAL RECTANGULAR AREA.
REF: NMECHANICAL RepPORT 8721-00-0125
REF # 8 (Ro4RK, TABLE 26, FLAT pLaATES
WITH STRAIGHT BOUNDARIES & CONSTANT
THICKNESS, CcAse {c, Page 387. )
Max. & = B W ; W= 237 LB
t - 0.085" (ceuw)
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26°19
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!

ag\a’ -7

SECT. NYPASHEET 1

[
\

Mt
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o
O
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19
26.19."
LENGTI-I:

Us TOOL & OIE, INC.

oF _1_

--PROJ.NO. B8721- 3¢

D U4 L
C (sse)

T I NG

93, sH71 1o0r1,

P,
THE
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1.5“

WALL ON THEG

EDGE BOX, 2-walts
ON OrWews

=

‘. S”
a,

@ .y

2:97

« 0:.91 ‘ g’.:
b

TABLE , F: 0 80 =

RECTANGULAR PLATE .

0.-80x 237 "% 246.24 kst
(0-08s% w)

MAx O : ALL EDGES
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SImMpPLY

0: 26-24 ks1r £ 0-60 Sy= 28-6 ksL, LeveL D CTaBLE 7 A1 Atinw cvsscs)



RESPONSE TO QUESTION 8 Page 1 of 4

INTRODUCTION

Thermal stresses in cell walls will be developed when rack
cells with hot fuel in them are adjacent to rack cells that are
empty. The axial éexpansion of hot cell walls will be restrained
by the cold cell walls causing a shear stress to be developed in
the fusion welds holding the two walls together. Since the tem-
perature distribution in the hot cells is approximately linear
with elevation, the axial thermal shear stress distribution will
also be linear, zero at the bottom of the rack and maximum at the
top of the rack.

TEMPERATURE DISTRIBUTION

From the thermal analysis, Reference 1 UST&D report "Thermal
Hydraulic Report - Spent Fuel Storage Racks Indian Point Unit No.
3 - 8721-0-0104 Rev 1" the max&mum temperature rise in a fuel
cell with regular fuel is 26.0 F for Reqiog 1 racks. The
adjacent water box temperature rise is 20. F. (See Figure Below)

20°F 20°F
20F|  26F v 2% |u%
i*‘f FU€L Ho-r:u‘L
2'F - 20'F

Hot fuel next to hot fuel, Region 1
relative temperatures at top of rack.
Note, at bottom of rack the relative
temperature is zero.

Its estimated that with an empty cell next to a hot cell,
the relative temperature distribution at the exit will be as

shown below. »o°F I w

wfl  16F  |ioe]  ofF WF

“ HoT RleL coLl
ceL-
20 % | 10°F

Hot fuel cell next to.cold cell. Region
1l relative temperatures at top of rack.



RESPONSE TO QUESTION 8 Page 2 ot 4

The maximum temperature difference occurs between the hot
cell and the adjacent water box and is

AT .. = 26°F - 10°F = 16°F

at the top of the rack.

STRESS

The axial thermal expansion between the last two levels of

fusion welds, between the hot wall and adjacent water box, will
be:

“Top Leve 1
T=2F L. Amm.‘D\sTm BREeTWwESD (AST
HorWaLL Two LEVELS af Fusion) LOELD DS
NEewr To P LeveL

’

b( b( thermal
Thermal Expansion JAN =L N T = expansion
of Hot Wall LHOT WALL HOT coefficient
Thermal Expansion /\ L =La /AN T
of Cold Wall COLD WALL 0( COLD
Relative free AL = A Lygp a4 Leowp waLL
expansion _

AL=LoK (ATyor = A Teopp)

Since the two walls are fastened together by the fusion
welds, the net change in length will be 1/2 /\ L .

The compressive stress in the hot wall will be balanced by
the tension developed in the colder wall.

€ = 12 L STRAIN IN WALL
L

Qr =€k STRESS IN WALL

G.T =1/2 XE (A Tyop = A Teopp)




RESPONSE 10 QUESTION 8 ' : Page 3 of 4

The stress in the cell wall will be balanced by a shear
stress in two top fusion welds.

GT (AREA WALL) 7 (AREA FUSION WELDS)

2
(o (bt) = ( 2 r 4 )
”Tr 4
WHERE b = WALL WIDTH
t = WALL THICKNESS
d = DIAMETER FUSION WELDS
HENCE oy = &‘ mz
A T/.a
2
THUS
2 = V2K E (A Ty - AT Pt
/2
~ o= -
‘ - P oA BTy -A Tc)ﬁ'/%z

This shear stress in the fusion welds is maximum at the top
of the rack and zero at the bottom of the rack and linear in

between.
MAGNITUDE OF THERMAL STRESS
o’ = 9x10 ~° in/in oF x 27.5x10% 1P/, 2 (26°F-10°F} x,9"x.085"
T (.5) “in
A = 3857 psi AT TOP OF RACK
A = 0 psi AT BOTTOM OF RACK

NOTE: This thermal stress is strictly for Region 1 with regular
fuel. However, it will also be conservatively used for
Region 1 & 2 with consolidated fuel.



RESPONSE TO QUESTION 8 Page 4 of 4

COMBINING WITH PRIMARY STRESSES

the thermal stresses.

ZJALL = 21,00

TABLE I
REGION I (OBE) SECTION C-C - CONSOLIDATED
7 primary ¢/ thermal 4’ total
Top of Rack 8,605 * 3,857 12,462
Bottom of Rack 10,000 0] 10,000

REGION I (OBE) SECTION C-C - CONSOLIDATED

¢ primary 2’ thermal ¢/ total
Top of Rack 7,715%%* 3,857 11,572
Bottom of Rack 11,534 0 11,534

FROM SECTION 4.1 - Page 54a MECHANICAL REPORT

The primary stresses for Region 1 & 2 will be combined with

0 psi

safety
factor

1.68
2.1

safety
factor

* Top of Rack
/ 2 2 2 .
?' = 3,306 + 2/3 \/ (6.43E3)” + (1.318E3)” + (1.75E3)" = 7836 psi
/ , (7208}
f= 7,108): TMAX = (7836) " + 2. = 8605 psi
FROM SECTION 4.1 - Page 32c MECHANICAL REPORT
** Top of Rack )
'
¥ = 4,041 + \/(27o59)2 + (1079)2 + (1428)2 = 7338 psi
I
f= 2,078 + \/(2590)2 + (7347“r = 4770 psi
2 5__'7_19_1'5 .
ZMAX = \/(7338)° + 2 = 7715 psi
CONCLUSIONS
Adding the secondary thermal stresses to the primary

stresses reduces the shear safety factors for the fusion welds
from 2.1 to 1.68 for Region 1 and 1.82 to 1.81 for Region 2.



RESPONSE TO QUESTION 10 (1)
\ US TOOL & DIE. INC.
‘ oy 2/ oate 22240 %ussect N 5FA - NI SECT. SHEET /. OF_Z
' cHKD. BY 25 pate _Y27/5¢ L Io0pyuminy ¢ (0801n6 OF 0L WALLPROS. NoO. _ 272/ 1o
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RESPONSE TO QUESTION 10 (1)
US TOOL & DIE, INC.

‘ BY /20 OaTE _2/irs sussect. A IPF - arC SECT._____SHEET____ 2 of 2
T CHKD. BY #2.) oATE_ZJ_’A"L LLGHOL PN L0901y 5 2 F Al WAPROY. NO. 5727 - 7o
Fr 126 .-'f,é = T 22/%C F 255287 = fogs7.
6/ ' /O SO

5//6.../'- = s 2*';0/5 = Ay e

£ 15,/7-- = Fr21r0 £ (2re2prt 288 7%6) = & 50,7
70 Jo

S X £, = 690 7 ¢

STESH ] (SEE ArrAcHFzJ_éurPa/-)
TRE KON OIwIUC L ORE S Fib o SR
S22y Zo75 k50 ) AACE OF S HE Foold w oL o, 5

S s20/ET Kipop WHICH ORTESAOvS e [0 Rpefice
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