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Abstract

The thermal-hydraulic analysis for the new high density vu.s.
Tool & Die racks for Indian Point Unit No. 3 considers:

(1)  the decay heat for the spent fuel pool and the resulting
pool temperatures, (2) the spent fuel pool heat-up rate

and time until pool boiling following a loss of spent fuel pool
cooling, (3) the natural circulation cooling of spent fuel
and (4) the gamma heating and natural circulation-cooling in
the fuel aésembly water boxes.



3.0 Introduction

‘II" 3.1

The scope of the analysis covers Technical Specification
(Section 8) and revisions of the New York Power Authority
Specification FHS-01, Rev. 0 and includes the following:

a. Computation of decay heat loads for the spent fuel
pool in accordance with the NRC's SRP 9.1.3 and
SRP 9.2.5, Branch Technical Position ASB 9-2.

b. Temperature changes and heat-up rates for the

loss of spent fuel pool cooling accident under
normal refueling and full core off-load conditions.

c. Recirculation flow characteristics in the hottest
and average stored spent fuel assemblies to determine
local coolant temperature changes and peak clad

temperatures. A local path (path 1) and an under-
‘ rack path (path 2) are examined.

d. Investigation of gamma heating in the water boxes of
Region 1 containing a fuel assembly to assure adeguate
coolant flow exists and determination of the

temperature distributions in the water box , ard poison
wall. '

3.2 Methods and Assumptions used in the Thermal-Hydraulic Analysis

The methods used for analyzing the thermal-hydraulic aspects
of the spent fuel pool involve relatively uncomplicated
correlations for friction factors, loss coefficients, and

analysis unnecessary. Further simplifying but conservative
assumptions reduce the mathematical complexity to the point

where hand calculations or programmable calculators are all
that are required.

l heat transfer coefficients that make a detailed computer



The design criteria used for the thermal-hydraulic analysis

of the spent fuel pool for Indian Point Unit 3 are in accord-
ance with the NRC "OT Position for Review and Acceptance of
Spent Fuel Storage and Handling Applications", issued April

14, 1987. Additional conditions are given by Specification
FHS-01, Rev. 0 for the Spent Fuel Storage Racks, NYPA's

August 25, 1987 letter from C. Tessmer to J. Rhoden and

NYPA's November 2, 1987 letter from C. Tessmer to F.E. Witsch.

Based on the NRC Position Paper, the specifications and the
two letters, the following are established as design bases
or requirements:

a. Decay heat loads for a pool are to be determined in
accordance with the NRC Branch Technical Position
ASB 9-2, "Residual Decay Energy for Light Water
Reactors for Long-Term Cooling", Section 9.2.5
of the Standard Review Plan. Pool decay heat loads
and temperatures are to be computed for the following
six cases:

TIME AFTER REACTOR SHIUTDOWN

POOL MAX FOR REFUELING BATCH OR FULL
CASE FUEL LOAD TpooL,°F CORE ADDITION TO THE POOL
SPECIFICATION
1 Regular Fuel 140 120 hours
Normal 150 120 hours
Refueling ‘
2 Regular Fuel 200 162 hours
Core Off-Load
3 Maximum 140 120 hours
Consolidated 150 120 hours
Normal _
Refueling
4 Maximum 200 162 hours
Consolidated

Core Off-Load



b. To ensure that adequate time exists for an alternate
cooling method to be implemented in the event of a
loss uf spent fuel pool cooling capability accident,
the heat-up rate is calculated and the time required
for pool boiling to occur is determined.

c. Coolant flow rates, temperature increases, and peak
clad temperatures are to be determined for worst case
conditions (i.e. high pressure drops and low heat
transfer conditions for fuel assemblies, high bundle

decay heat, etc) to verify that boiling shall not
occur.

d. The effect of gamma heating in the cell box and inter-

cell spaces between fuel assemblies of Region 1 is to

be analyzed to assure that gamma heating shall not cause
boiling in these positions. Adequate flow must be
established to preclude the possibility of trapping air
or steam anywhere in the fuel racks.

e. Coolant flow paths and sparger locations affecting the
analysis shall be identified. '

As noted in the design bases, conservative assumptions are
employed for evaluations of all coolant and clad tempera-~
tures. Some additional assumptions used for the thermal
and hydraulic analysis of the spent fuel pool are as
follows:

a, The thermal inertias of the concrete walls and the
coolant and piping outside the pool boundaries are
neglected in the transient heat-up analysis.

b. The pool surface is not assumed to mix to a lower
pool bulk temperature in the heat-up analysis
following the loss of spent fuel pool cooling
accident. The time calculated to boil is based on
the pool maximum bulk temperature and not a lower
pool average temperature.
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All decay energy is assumed to be absorbed in the

fuel and surrounding coolant for the hot assembly
natural circulation analysis. (In reality, some gamma
radiation will be absorbed in the adjacent cell boxes
and poison).

The gamma decay heat absorbed in the Region 1 cell
box wall is taken to be proportional to the mass
densities of the materials in the spent fuel pool.
(In reality, most of the gamma radiation never leaves
the fuel assembly due to strong uranium attenuation.)
Gamma heating proportional to the mass fraction is
roughly equivalent to the assumption of uniform gamma
flux in the repeating unit cell.

A circulation flow path (path 2) from the South wall
or downcomer to a position along the North wall is
assumed for the hottest assembly. This derates the
flow to the hottest assembly since flow down the
three remaining walls is also possible.

The average hot assembly generates 1.84x105

BTU/HR
based on refueling 120 hours after reactor shutdown.
A conservative sinusoidal axial power distribution
was assumed where the clad hot spot temperature

rise factor is about 1.57 times the average tempera-

ture rise.

To conservatively predict the flow rates to the hot
assembly the dominant pressure drops are over esti-
mated by factors of 1.5 for the fuel assembly pressure
loss and 2.0 for the under rack pressure losses.

Material properties (e.g. thermal conductivities,
densities, and specific heats) are generally assumed
to be independent of temperature and are evaluated
at some specified (aVerage; inlet, or surface) tem-
perature.



The major areas of concern in the thermal-hydraulic analysis
are to verify that the clad and coolant temperatures do not
become high enough to cause'boiling. In the event of the
loss of spent fuel pool cooling accident, the heat-up

rate must be slow enough to allow an alternate coolant
system to be connected and operating before pool boiling
occurs.



4.0 Detailed Analysis and Results

4.1

In this section, we present an analysis overview for the
calculation summaries that follow. Decay heat fractions
are computed according to NRC Branch Technical Position
ASB&i.standards and are presented in Section 4.2. Total
heat loads for the normal refueling and full core
off-load conditions for intact fuel storage (Case 1 &

2) and consolidated fuel storage (Cases 3 & 4) are then
calculated. The thermal inertia of the spent fuel pool
(SFP) is computed in Section 4.3. Heat-up rates and the
time taken for the pool water to reach 212°F following

a loss of spent fuel pool cooling accident are found.
Make-up rates at pool boiling are also determined in
this section.

Section 4.4 contains the natural circulation cooling
analyses. A local recirculation path (path 1) and a more
complete under-rack path (path 2) are considered. Clad
and coolant temperature distributions are determined for
these worst case analyses. In Section 4.5 Region 1 gamma
heating of the cell box walls and poison "Slabs" adjacent
to the hottest assembly is investigated. The temperature
distributions in the stainless steel cell wall, poison
cell box interface are determined in Section 4.6.

Decay Heat Loads for the Spent Fuel Pool

The NRC Branch Technical Position ASB 9-2 is used to com-
pute the decay heat fractions for the Indian Point Unit
3 spent fuel pool (SFP). For cooling times greater than
107 sec. (116 days), ASB 9-2 does not specify a fission
product decay uncertainty factor, but SRP Section 9.1.3
recommends a value of 0.1 for times > 107 secs. and is

used here.

Based on ASB 9-2 and the six cases outlined in the design
bases, the decay heat fractions and the SFP decay heat



loads are as follows:

LMAX KERBRRFTER

N
CASE pooL,°p  SHUTDOWN* OF PA'S ffOTAL, BTU/HR
1 140 324 1152% 13.99x10§
150 145 1152# 17.48x10
200 267 1345 35.00x10° A
140 648 2304* 13.99x102
150 246 2304* 17.48x10
4 200 341 2497 35.00x10°

*REQUIRED TO MAINTAIN 140°F, 150°F and 200°F
POOL TEMPERATURES

**ROOM NEEDED FOR FULL CORE OFF-LOAD (193 cells)

The racks will provide storage for 1345 fuel assemblies.
Allowing for the full core off-load capacity, 15
refueling discharges (or 25 years of spent fuel) can be
safely accommodated before spent fuel relocation
becomes necessary.

As applied here, a 25% margin of conservatism is expected
through the use of ASB 9-2 and the pool histories;used.
This margin includes for uncertainties of approximately
10% (for curve fitting), 5% (for fission yields), and

10% (for PU239
duce additional credits). Plus instant refueling is

uncertainties that are likely to intro-

assumed as against some refueling rate which would
lower the maximum thermal load in the pool.

Pool Thermal Inertia and Heat-Up Rates

In this analysis, the spent fuel pool (SFP) heat-up rate
and time until pool boiling following the loss of spent
fuel pool cooling accident is considered. The SFP
thermal inertia for Indian Point Unit 3 is found. A
full pool of consolidated fuel is assumed. For the
initial license application intact fuel storage would -
only be used thus this approach is conservative. For
simplicity (and also conservatism) we take cp = 60
BTU/ft3/°F for water. Materials that possess some
thermal inertia that are neglected included primary

and secondary water pipi?g exterior to the



liner plates, and the concrete walls of the spent fuel

pool as well as the pool water fuel transfer canal.
The total SFP thermal inertia under these simplifvinag .
but conservative assumptions are:

Ip = 2.39x 106 BTU/OF

In the heat-up analysis, the initial pool temperature is taken
to be THI& - the inlet HX temperature. Pool mixing to =&

lower pool temperature is neglected. Following the loss

of SFP cooling, “the pool heat-up rates, times to reach

212°F, boil-off rates, and water level changes at boiling

are determined. These are tabulated below:

TABLE 4.3

RESULTS OF HEAT-UP ANALYSIS FOLLOWING THE
LOSS OF SPENT FUEL POOL COOLING
INDIAN POINT - UNIT 3

- -

: i AT! )t M h
CASE  T888.0r BU/HR *F/ur  E8ShToer  La¥um Bn  rh/ug
1 140 13.99x102 5.84 12.3 14,422  29.9 .25

150 17.48x10 7.30 10.6 18,020 37.4 .31

2 200 35.00x10%  14.¢ 0.82 36,082  74.9 .63

3 140 13.99x102 5.84 12.3 14,422 29,9 .25

’ 150 17.48x10 7.30 10.6 18,020 37.4 .31

4 200 35.00x10% 14,6 0.82 36,082  74.9 .63
DEFINITIONS:

FZ TOTAL SFP DECAY HEAT LOAD, BTU/HR
AT - HEAT-UP RATE FOLLOWING LOSS OF SPENT FUEL POOL COOLING, °F/HR

t- TIME To REACH 21°F FROM Tyrne HRS |

M - BOIL-OFF RATE @ 212°F, 14.7 psia, LB/HR

‘Gl - MAKE-UP RATE (€ 60 LB/FT3 WATER) , GPM

h'- POOL HEIGHT REDUCTION RATE, FT/HR

11
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7.

For the local path (path 1) the fuel assembly inlet
temperature is taken to be the hottest pool bulk
temperature. For path (path 2) the inlet temperature
is the average for the pool.

For the under-rack flow path (path 2), the assumed
losses include:

a. South wall friction losses
b. 90° turn losses at South wall pool floor interaction
€. Under-rack friction losses
d. Expansion and contraction Io:ses at the rack supports
e. 1Inlet to rack cell losses

t. Fuel bundle losses
g. Branching - Momentum losses

Plow branching/momentum losses are typically small
(and recoverable) in comparison to the total losses
and are neglected.

The derived driving pressure (caused by water density
variations) is given by

APg = 8 %Q@;.)

vhere 1
B= - ;- g—-l (2) is the thermal coefficient
of expansion for the water-
only a mild function of
pressure.
L is the heated (active) length (12 f£t) and q is the
decay heat rate. Fluid properties are evaluated_at

125°F, a lov temperature for the core off-load case.

A 125°F, A= 2.6 x 10-¢ °p~1 anad at 150°F, 8=

3.1 x 10-4°p=1, The driving pressure is then derated
by approximately 20%.

14



A summary of significant results that apply to all six
cases (for the purpose of determining peak coolant and
clad temperatures) are as follows. These results bracket
the temperatures to be expected in the pool. ' V

TABLE 4.4-1
RESULTS RELATED TO PEAK COOLANT
AND CLAD TEMPERATURES

Pathl - path2
Volume flow rate in ft?/sec .0362 .0318
the hottest assembly (GPM) 16.2 14.2
Total pressure drop = APd - %%; 2.20 2.50
Coolant AT - °F | 22.9 26.0
Position of clad hot spot - ft 7.75 7.16
Difference ‘Tcladmax - TIN".F 37.2 38.8

Following assumption 5, the peak clad ana coolant tenperaturés
Tcladmax and TOUT are as tabulated below:

TABLE 4.4-2
PEAK CLAD AND COOLANT TEMPERATURES

Path _ t ‘ .

cases | TRAX or | Tour!"F) [Tcradmax!"? Tour!'F) [Tcradmax'‘F)
1 140 162.9 177.2 159.6 172.5
150 172.9 187.2 168.1 180.9
200 22.9 237.2 210.1 222.9
3 140 162.9 177.2 159.6 172.5
150 172.9 187.2 168.1 180.9
4 200 222.9 237.2 210.1 222.9

NOTE: Tgat ¥ 241.8°F at_top of racks (~26 psia)

T s 245°F at peak clad T (-27 psia)

sat

All cases are significantly subcooled and void
fractions are negligible.

15




Since the actual flow paths will be complicated combinations of

local and under-rack paths, the temperatures will not exceed

those indicated. The indicated temperatures are much lower than
the 700-800°F which is the lower bound for low temperature sensi-

tization of austenitic stainless steel.

4.5 Gamma Heating of the Reqgion 1 Fuel Box Walls,Poison & Water Rox

In this analysis, gamma heating of the Region 1 fuel box walls,

poison and water box is investigated.

Fission product decay accounts for virtually all residual
heat in the spent fuel pool with minimum cooling times
ts = 5 days. At this time, a realistic but upper limit on
the gamma fraction is 0.62, based on reference Pl, the
primary reference for the NRC position standard ASB 9-2,
Reference Nl. |

A typical 1 MeV electron will travel approximately 0.016"
in the UO2 fuel. Thus, allfB " electrons will be stopped
in the fuel or surrounding clad and coolant. A typical,
but higher than average, 1 MeV gamma ray has a mean free
path of approximately 0.56" in the UO; fuel - comparable
to the pellet diameter .373". Therefore, the fuel will
not stop all the gamma radiation emitted by the decaying
fission products. It will then be conservative to assume
the following when estimating the energy deposition in the
fuel box, poison, and water box:

1. The fuel box is located within an infinite array of

hottest assemblies - each generating 1.84 x 105 BTU/hr,
62% of which is gamma. This is based on decay heat level

120 Bours After Reactor Shutdown.

2. The gamma energy absorbed in a unit cell comprised of

one fuel assembly, one fuel box, and four Poison "Slabs"

is proportional to a given material's mass fraction.

This is roughly equivalent to the assumption of uniform

7-flux since v/p is approximately constant for all
materials at a given gamma energy.

16
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3. Water in the water box must remove gamma heat due to
energy depositions in the water box wall, and the water
box itself.

The flow rate in the water box is determined by equating
the driving head to the loss head. The coolant temper-
ature corresponding to this flow rate is then computed
and is less than the boiling temperature of the coolant.

Poison Temperatures and Stainless Steel Temperatures

In this calculation, Region 1 temperature distributions in
the poison are determined. Heat source terms (due to gamma
irradiation) follow the same conservative assumptions

used in Section 4.5. The maximum temperature of the

poison is seen to be less than the boiling temperature’

of the coolant hence no boiling will occur in this region.
Region 2 temperatures will be lower than Region 1 because
of lower power fuel assemblies. |

The temperature gradient in the stainless steel across the
fuel box interface is modeled using a steady-state, 1-D,
heat conduction equation. The maximum temperature difference
is limited to less than 2.5°F and is of a magnitude which
should produce negligible thermal strésses in the stainless

- steel walls of the rack for both Region 1 and Region 2.

17



5.0

Conclusions

The detailed thermal-hydraulic analyses described in Section

~ 4 address the concerns, intent and desian bases of the

NRC's Position Paper "OT Position for Review and Acceptance of
Spent Fuel Storage and Handling Applications” and the New York
Power Authority Specification FHS-01, Rev. 0.

Based on these analyses, our professional staff has concluded
that the spent fuel pool for Indian Point Unit 3 can be
adequately cooled in accordance with the suggested regulatory
standards of the Nuclear Regulatory Commission and comply with
specifications outlined by New York Power Authority for spent
fuel racks described in this report and loaded with spent fuel
as indicated in this report.

18
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Appendices

This section contains the four detailed thermal-hydraulic analyses
attached as appendices. They are as follows:

Calc. 8721-01 --- "Decay Heat Loads for the Spent Fuel Pool"

Calc. 8721-02 --- "Pool Thermal Inertia and Heat-Up Rates"

Calc. 8721-03 =--- "Natural Circulation Cooling of the Spent
Fuel" '

Calc. 8721-04 --- "Gamma Heating of the Region 1 Fuel Box
Walls, Poison "Slabs", Water Box".

19
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US. TOOL & DIE, iINC

ov_ RE oarelkrZ, 8] sussecr N YD 2000 /33 sec. sweeT__Z  of /7

CHKD. BY #24_ patE 1 /2% /37 Zecoy Hear (g rom: Heprr, proys.no SF7/-¢

SE3T CASL FOR PROGRAM VIRITICATION
EDITED SEPT ). 1907
DATLCHON/DAY/IYCAR) . 94 i137
TIMC(HOUR . M.N: SEC) : 14:1¢6: 5

INITIAL IOWER w . 100E 01 (ATU/HRIFA)
100% OPERATING DAYS =1.000 TIMES RESIDENT TIME

OATCH eF/A TO T3 £F HE G
' " tDAYS) (DAYS) (rD/PO) (BTU/HR)
a-nanuannnn-aulnnltllaaa-lttul-lla-nllnlnnn-nn-ntnl-n----ta-
1 1 666 .64 1.00 .4832C-02 .1339C-02 -3971E-02
2 ) 866 .68 2.00 .4038E-02 -8B484E-03 .4886L-02
3 )} 66C.6¢ $.00 .3027c-02 -350¢E-03 .33708E-02
4 ) 688.68 10.00 .2447E-02 -8034C-04 .2828C-02
] 1 666.¢¢ 20.00 .:911E-02 -4222E-05 .1915C-02
6 i 668 .68 23.00 .1724c-02 .9677E-04 .1725E-02
? ) 66C.¢¢ 50.00 1179L-02 . 6132E-09 .1179E-02

.0000C+¢ BTU/UR
TOTAL NO. O F/A3 STORED = 4

FORTRAN ASB 9-2
PROGRAM, FIGURE
Q 9.2.5-11,12,13 % DIFFERENCE
BATCH (BTU/HR) (BTU/HR)

1 5.971 x 10-3 5.9 x 10-3 + 1.2
2 4.886 x 10-3 4.8 x 10-3 + 1.7
3 3.378 x 10-3 3.4 x 10-3 - .7
4 2.528 x 10-3 2.65 x 10-3 - 5.0
5 1.915 x 10-3 1.95 x 10-3 - 2.1
6 1.725 x 10-3 1.73 x 10-3 - .3
7 1.179 x 10-3 1.20 x 10-3 - 1.8
TOTAL 21,582 x 10-3 21.63 x 10-3 - .22
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US. TOOL & DIE, INC.
SHEET__ 2 _ _of /7

PROJ.NO. B 7C/~0/

- LeTAY LEAT PROGRAM FOR STINT FUEL RACKS
C LS5'TID 26 MARCH 1786

iS00

REAL iT5.:TO

DIKENS:ON AN(ZIZ.SAN(&I),ITO(QQ).ITS(COD.NFA(CO).ITITLE(QI)
DATA AN ¢ %3, 65.3.;0.3,07.3.33,1 19.0 4¢2,0 328,

9 170.9 085%,0 1147

DATA CAN/y 772,0.3774,0 06743,0.006214,0 0004739,4 01£-5,

-3 J4eE-s,8 716L-7,1.034L-7,2 959E-8,7 S8SE-;0/

DCLETE “TORO2 DA"

CALL FOPLN¢2,"TORY2 DA )
CALL FOPLN(¢,“CONES .DA")
FORMAT(S3¢)

FORMAT(* *s5¢0)

DO 1500 J:1,3
READ(6,20i) ITITLE(T)
VRITE(2,203) JTITLE()

© GEZT TiME AND OATE

o

22

il0

" TIMI(HOUR M:N SEC)

FORMAT1h ,°

CaLt rcnuv:xnon,xnnv.xvzxn»
CALL rchHE(lHOUR.lHIN.ISEC)
WRITL(2,309) !HON,IDAY.lY:AR.!HOUR.INIH,ls:c
FORMAT* DATE(MON/DAY/YLAR) . 12040520112
T2 32120
SUNF-0 0
WRITE‘10,202)
FORMAT(® ENTER BATCH NO. AND DA R e )
RIAD FRIE C11)NJAT, IDARS
READ EREE(G)FAPOW,REST
READ TRELE(s) tITOCI) , 11 ,NBAT)
READ FRCE(¢) (ITSC1), !s) ,NBAT
READ rnztcc»«nru(t).x-l.nahrt
vatrttz.x:o)rurow.nssr
INITIAL POVLR «='E10.3,° *BTUHRI/TAY ", 1,
100% OPLRATING CAY3 a",F$ 3, TIKL: RESIDENT TIME', !)
WRITL(2,100.
FORMATCIR ,ti1440°
HE Q' ’
‘PD/PO (BTU/HR) '/

" BATCH oF/a <0 TS fr
{DAYS) (LAYS

:llll.ll'l.llll'!ll.llll.l...ll‘ll.lll..lllllll.')

TEA:0
DO 4 JKu( NBAT

. TOA:TEANFA(JIK)

ATS-ITS(JIK +iDARS
TS=ATE®B4400



US. TOOL & DIE. INC
SHEET 4 OF /7

BY'&LDATSML sussect VI 7w 0 (5-3 secr.

CHKD. BY _#/8 DaTE ///2%4 7

PROJ. NO. B 7E/-0.,

ATO+iTO(JK;
TO::ATO% 84400 *REST
TSPTU-TSeTO
SUMi=d 9
SUM2:0 ¢
CO 5 Jasi, 1
SUHlaSUHlOAN‘J"th(-SAN(J)'TS’
SUH11SUH30AN(J)'C!P‘OSQN(J)'TSPTO)

8 CONTINUE
AK:1 1t
IT!TS LT. 1000 JAKe) 2
rDl’o-NrMJKH(AK'SUHI-!»UH?)INO‘
COEFx(1-LXP(-¢ VIE-4¢TO) ) e (EXP(y¢ FIE-42T5))
PU21%+0 0022800 70cocE :
COEF2e(1EXP(-) GIE-62TO) 0 XP () 4IC-42TS)
FN239:0 d0217900 7‘(1.007'CGEF3-0.°07'C0:f)
PDPOHthrA(JK)i(P02390PN23')
POVIRS[APOV'(PD?OOPDPO"‘)
UR!TI(I,!OI)JK,NfI(JK).ITO.ATS.PDPO.PDPOHt.?OUER

i0i TORMAT(IX,12,4X,13,2X,¢7 3,21,17 1.3011. 0
SUNP: SUNP.POVER ’
3 CONTINVE

SUMP:SUMP /| Feg
WRITE(1,102)8UuMP

.02 foﬁﬂ‘f(' ll"ill.ll.'ll.llll'.l..'.llllllllll.l
AIETITTTRrR TOTAL DECAY MEAT ¢ F9Y 4, 'Les BTU/NR
| VRITE (2,100)7FA
103 FORMAT (* TOTAL NO. OF 7/A5 STORZD «'13)
3top
TN
NOTE: Q - TOTAL POWER FROM REFUELING,

NBAT ~ NUMBER REFUELINGS
DARS - DAYS AFTER REACTOR SHHTDOWN
FAPOW - FUEL ASSEMBLY POWER,pye

ftesntsnenngrs
‘)

BTU
"R

REST - FRACTION OF RESIDENT TIME FOR FUEL

IN REACTOR, 1.0= 100%

NFA - NUMBER FUEL ASSEMBLIES PER REFUELING

To - TIME FUEL ASSEMBLY OPERATES
REACTOR, DAYS

Tg = TIME FROM REACTOR SHUTDOWN,
FB - FISSION DECAY POWER
HE - HEAVY ELEMENT DECAY POWER

AT POWER IN
DAYS



av@_onrem sussect ALY/ 4 Tro P7= 3 geer.

US. TOOL & DIE, INC
sHeet_ 2 of /7

CHKD. BY_274_oATE /2977 Devsy ffesr PROJ. NO. 272/ -0/
chase £ KEGULAR KFUE b ~ plo@nrids Letoe1rrok -

Cnre LerYsiing ) TG A=ceninll kS , EVeny 20mitmrs

SN pEF ( s/ ),
THere v pe I34S ceer= gupse ARE, OF osicw,
(98 ANE PEZewies Fo2 CodE —OFc-p¢7 )
THRT LERVES /BOE - 198 = 52 HFolss e
Lor riee ,

THE 1IURIBEL pE SELHLIIES GOl 1D 128"

= MEE = [5/5 Kecgerics
A

SICE  TRIE ALCIIBE i OF LE LA s
At T704) PPE7 /.5’/ [P PESLI)RLLLT e ¢ '4,';:-‘
P70 020 A FrME L 5T BE Le L rasss T £ s L

THE ProlL 1 THe mpur T e Cemisiior s

AROGCEr7? 1S RB#S Foleow'z !

Erivy  pmcee PR TINIEOCT OF LLAe72)

Licrdesv:  Timb, o CEEIIEI T
/ S8 VAT~ 85/2
2 7é /052 7704
g 76 /050 7296
< 7é P XA7) écss8
<3 7¢ JO5D ¢o8o
e 76 /020 SE7¢
7 76 /@52 264
8 7¢ /050 425¢
© 76 S50 3648
/o 76 f050 3odo
/7 7¢ VAV 2432
/Z 7¢ /250 /54
)3 74 /05D /’2/6
/4 76 JRED 0B

//'-‘; 7‘ /'&43 C



US. TOOL & DIE, INC

8Y AT DATE '?4/54?7 SUBJECT /V}/// 2ol -3 SECT. sweeT___ G or /7
CHKD. BY _#4% DATE _2//2¢ /27 Crcps Her T PROJ. No. 872/ -0/

THE 7mvmE BeTen LEALTDR SUUTDow £o@ (A z -

CLEFUELINIG 2D 20 povwse S~ & pove,

Coce = LT iterr feer — Cowe Ouc- logr

THS OFSE S i SAME ol pirsimise s
S e I Excerr Faie sper sspitiia
LEZ s occons Bb LAYS RBezoses
THE cowe OFL Lopr mdNes pURCE. Arce
T Core LS -cos D /5 /52/.///.5 N S
EACTo X SHuTDOM A THet ppor0r fro i

77/7.? (ﬂ:f‘ /:S ! Aé’f" ’?.é &QU/&MQ/]' &FA//) OFe f A
RWER SHOULD, BE aro LowER TAHAInd /600EFPH = 686 DArS LRely B Arraf,

I L L e
Ehron Leeer e 've Tome, M¥YS  Losr Reruvims SHr
Do) Tmie , pAY”

/ &8 [O052 85448

2 76 /7055 7940

3 76 /a5 7332

4 A Jase C72¢

Ky 76 /852 _ YA

¢ 7% /7052 5508

7 76 53 4900

8 pA 7052 4792

S 76 /esv 3¢c84

/° b A /050 207

7/ vé SR% 2468

re 76 /250 /Béo

/3 7 /85D 1252
/4 A /e 644
15 A oy, 36 AT s .
/e 76 7050 o

7 76 PANA O. i Y

/8 4r ‘ (YA o



US. TOOL & DIE, INC.
‘ BY_ S5 pate 74/-542 suBsecT AH 220 -3 gecer. sHEeT__ 7 _or_/7
CHKD. BY 27/ DATE ,//29//’7 DE(/? ¥’ /’é;‘)?"

PROJ.NO. B 7.2 /-0/

Cace » Conscerpprep Alee ~ roempe feryeisi s
M

For Corse®yarrcni?  ,r core Be AT 28 A2

TRA? T THE ool oA/ BE OO TE L

FILLETD tosTH CoMToc, pgrer e ce ez
LO0m 02 OAE COrRE OFL-LogD, /%m/,

r(}/
e AT oo

v TAHFEE AN LIRS O

Loel Coree. Rfo7 RE  geidre #7208 Lo 2

CONSOCIO@ 770 nd SBe-C.90 S Vi AV TP B

ITERT [PEL  FDEENIVLLY W e FoO MPEH,

. THE LOUMRBEI- O L ZE LY LIS JlE e
T Sl T pect (LR

QEE - DR r2 poree L&

p34:>- - /9 3) o 2 Fu/el AScenivitips /%07 Crol X

Ve LLEL poTeiiirsict '%Zf/(/e trag
= 50,3/ Leriwis<

Y

o

oA O e"

/44%74// SINCE T AUIRLIL. CL SEEET s 7S

)5 o7 A4 ewreie A/umeez' O, 3B/ Lexrutimiys s

O 24 foee gscamriiet coil RBe  Fooetd

7D TNHE [IRSTT e FUELIO (— 7o COr /28 ¢ s

FliL THE oot (CETS OrJE Cok€e OAE-Lod Fo,

¥ Zrs ASSUmED THRT Cor)=ot1653:0.) e Be w2

FOEL ASSEN)BAIES 1007 prrse QRECL .,



US. TOOL & DIE, INC.

‘ BY&DATEM sussect AW X Zv0F3-3  seer. sneer_ 8 or /7

CHKD. BY 22/ _ paTe _»/2%/77 ey Ao 7 PROJ.NO. 5.0/ =0/
T | |
BRred  Moméen Crz ippr s Tornie Our or & 977¢
el Feseriilies Timl~ pavs &2 (fer ekosimg-
/ SHvr Lo wir 77 OH4ve
/ /60 /o850 176%%
2 7¢ /652 1706724
J 7¢ /052 /64/6
< b (A y X /5 808
Y 7 1955 /5200
¢ 76 /653 14592
Y 7 Lo 13984
8 7 ‘ - fa /3376
b 76 V) 12768
/¢ 7¢ /02% , /2 /6o
/! 7 | 7052 /1552
/2 7 | 2 /0944
/2 7¢ 7050 /0236
/4 % ' /05D 972
/5 LA /0D 7120
. A y 2 o 852
/7 76 V=2 o4
/8 VA /as0 7594
/% 7¢ 205 ' PAAYS
-~ b2 1oz 6980
2/ YA Jos 5477
pe % /052 d5¢4
23 7¢ seso 4255
24 7 /682 Bryc
5 76 _ Vi S
26 A /a5 L5
27 76 /050 /Bes
28 7¢ JtSo /21¢
29 y.A /050 Gas
2o A /050 ' o
2204 ¥

IRYs FErEr RRescrvi. SHUTDOWAN = /204Rs = <7y
‘ AAST EEFLELIr ] 5 AL refy,

¥ pNore ! THic 12 Ap) uriai o i e psr Zor ¢
CORH) Sl T pELL 2262 gieit e NoT AT
CONZoL it 078 o Ui 7 10 LA TEL,



US. TOOL & DIE, INC
. Bvﬁ_onrem sussect AV R L0 Ar=3  geer sweet_ 2 oF /7

CHKD. BY _ %200 DATE _o2% 5/ Loy MHerr PROJ. NO. B72 /0.
Cohce ¢ Corssey 1CRTED Frlet — (ol OFF-too0
Barer - Mmeen Fee Creeirm s JimeOvr e s £érseg
e Tine, OFys less DRRS Dapre
/ /%0 D 17668
2 76 /02 1706 o
3 76 /X! /6 &2
4 7 /2 /5BA
= 7% A5 573
(A Y A /oD /4625
- 7 1082 /4020
& y A /o2 /8472
5 7% A% /2804
Jo Y4 y.27) /2 /94
/! 7¢ S050 //Z85
)2 7% /050 /0 980
/3 7 /785 _ /0372
; )& 7% /050 9764
. e 76 /45 9/5¢
/6 7 /220 ' §574¢
r 76 /052 79 4o
Vi 7 /052 7332
74 76 /650 6724
7% 76 /052 £1/6
2/ 4 Y 221 S50
2 7 /050 4900
73 7é _ /850 4292
24 7 /050 3¢ 84
20 % /050 3076
2% 7 /050 24¢¢
77 7 /052 /8¢o
z /4 : /0D /1257
yo 7 /05 o &44
30 76 /050 J6
3/ 76 /050 (o]
2 74 PPAA o .

23 4/ cés o

‘ 2497 *

% Nore ¢ 7415 /S A LPsR - R0, 1,457' e £
NOEN A REEUVELMIES (IO 1707 BE Corlsol s o
ONTIC THREE: CL fpue yER7E QUT #F BEACTD 7. o




US. TOOL & DIE, INC.

BY Z-_ ) DATE ?£/5£27 susJect_ Vs Zao ﬁ"j SECT. sueer_/0 ofF /7
CHKD. BY _4 ‘8 DATE __ 12 2%77 Derry e rm PROJ.NO. (S72/~0/

Chse & Conwzoc/oprer Aree Coke Ofc /i
T s Cotme— ‘/:; THE == prriem T f /‘73/‘(/3‘-')
EXCe L7 Lol CONE P o,
A0 | Cove eprmtog D Occostz  SE2 i o
Py HEAC 10K Splorlotors) The fezr
NCEmMmAt &Lyt occersd Tb Livs

BEFore HEACIDRZ. SitorLocir/,

7 He CORIIEI. prorPlr PO OOTRPUT o2

TirezE F opce s gae  Spro o) rPErs
T Ao Y G __/f_ ) e 07 THE OCUrPer rore—

el Lot 1l KEZULrsE F7eE TABUL 7& D

DECHY HepT Fo& Seinr Liee Y 7P

Cise Correi270.) 7o T s /56;{_5’_{“ ) {j ’1_‘!/ e
y Ny RZ e o 14 ~Rboug Foet /8. 58 x1°
2 Cote CFF-loAD <Fugvmfue LOES ¥ /0 é
> \omet /Fz‘?/( 4 M)g.-@;jff/wo Z2/.03 x« G
4 Coéer | CFF—(0fr0 «Cor)Sovmmms 5,32 X0 &

FoEL



US. TOOL & DIE, INC.

v 55 onejf/zz/g7 sussect_ VIS Twio /-3 SECT. sweer_ 7/ _OF /7
‘ CHKD. BY_%.#C pate_2-/2 47 DEcHy Hegdr : PROJ. NO._F72 /-0 /

NEW YORX FOWCH AUTHORITY INDIAN POINT-23
CASE 1 MORIMAL RETULLING

LO.TED JULY 23, 1987

DATL (MUM, DAY/ YCAR) : r1i72/87

TIMEC(HOUR MIN:SEC) : 9:83:17

INITIAL POWER - ~53S5E 08 (BTU/NHR/TA)
3100% OPCRATING DAYS #1.000 TIMLS RESIDENT TIME

BATCH eT/A TO TS Fr HE - Q
] (DAYS) (DAYS) (PD/PO) (ETU/HR)
u--uu---u-n--n-:---nauanaua---nt---nnul-----auua-atnnauan-nn
i 8C 1050.00 6517.00 .477%E-02 .0000E 00 .2356E 06
2 76 1050.00 7?7909.00 -4298C-02 -0000E 00 .2298C 03
3 76 1050.00 7?730:1.00 -4470E-02 .0000E 00 -2391E 06
L 76 1050.00 &£693.00 -4882E-02 .0000E 00 .2483E 0
) 76 1050.00 408S5.00 -4C41E-02 .0000E o0 .2389C 06
$ 75 10350.00 S477.00 .5037L-02 .0000C o0 .289SE 06
? 7¢ i0%0.00 4Q86%.00 .9242E-02 -0000LC 00 .2004E 06
3 76 1050.00 4261.00 .5456E-02 -0000E 00 .2918E 0
? 76 1050.00 3¢s3.00 -S680E-02 .0000F 00 .3038E 0¢
10 76 10%0.00 2304S5.00 -8922E-02 .0000F 00 31808 04
it 7¢ 1050.00 2437.00 .€215E-02 -0000E 00 .3324E o0¢
12 76 10%0.00 382%.00 -6714E-02 _0000F 00 .3891C 06
13 76 1050.00 1221.00 .8154E-02 .0000E 00 .4362E 06
{4 76 10S80.00 612.00 .1430E-01. -0000L 00 .7648E 04
13 76 1050.00 $.00 .2349%E 00 -2663C-01 -1399E 08

a-a-t--a-nl---ua-nu-alaa-ulnaautu:nna-aun-t-n-t-t-nalnnu-utn
TOTAL DECAY MEAT o 10.5792E46 BTU/HR
© - TOTAL MO. OF F/AS STORLD =« 1152



=)

8y

CHKD. BY __*/4¢ OATE -/ 2%/4

NEVW YORK POWER AUTHORIT
COAL OIr--LUAD

CAST ¢
EDITED JUuLY 23, 19

87

DATT (MOM/LAY/YEAR) :
TIMLCHOUR:MIN:SEC) :

INITIAL poOwLR
i00% OPERATING

oare 77387 suesecr AW Z _Zar0 (-3 SECT.

US. TOOL & DIE, INC

_sHeeT_/Z _ of /7
PROJ. NO. _S7% /=01

LLECIS ffenrr

Y INDIAN POINT-3

AEGULAR rurL

9117187
10:13:23

.535€E o0

(UTU/HR/IFA)

DAYS «21.000 TiMCs RESIDENT TIML

JATCH er/a TO TS rr e Q
L (DAYS) (DAYS) (rD/rPO) (BTU/HR)
-un--nnu--:unn-nnan----n----a-a:n-aaannna-uaa--nunnq:-a--a-u
1 €C 1050.00 8554.7S . 4767E-02 .0000E 00 2350E 0¢
76 1050.00 7946.75 -4285L-02 .0000E 00 2292E 0
3 76 1030.00 7330.7s% .4459%E-02 .0000LC 00 23C5C 0¢
4 76 1050.00 4£730.7s .4840Cc-02 .0000E 00 2402E 03
H 76 1050.00 ¢4122.75s .4029L-02 .Q000c o0 2503L 04
6 76 10350.00 S514.75% .502%5E-02 -0000L 00 2608L 04
? 76 1050.00 4900.75  .$229E-02 .0000LC o0 23797 0¢
8 76 1080.00 4278.75 .S$442E-02 .0000rC o0 2911 0
s - 76 1050.00 3690.75 . S¢6¢E-02 .0000E 00 3031 o0¢
10 76 1050.00 3002.7s .5904LC-02 -0000E 00 3189L 0
11 76 1050.00 2474.75 .6193C-02 .0000C o0 3313E o0¢
12 78 1050.00 18$6.7S -8889E-02 .0000E o0 ISS?7E 0¢
13 76 1050.00 125¢c.73 .8000E-02 .0000E 00 4279E 0¢
14 76 10%50.00 650.75 .138SCc-01 .0000E 00 7246E 0¢
13 76 1050.00 42.75%5 .1027E o0 .3939E-0¢ S491E 07
16 76 1030.00 6.7%  .2142F 00 -1871E-01 1231E 08
17 76 66¢.00 €.75 .2094E 00 .1591C-01 1205C o¢
18 41 888 .00 $.75  .1129f¢ o0 .8304E-~02 6501 07

TOTAL DECAY HEAT
TUTAL NO. OF F/AS STORED
AUTHORITY [NDIAN POINT-3

NEV YORK proOwELn

“ 40.8799C+§ BTU/HR

1345

CASE 2 CORE OrrI-LOAD REGULAR rvcL

EDITED JULY 23,
53.4%C06.1.0

1050..1050..,1050.
1050..10S80..1050.
£548..7940..,7332.
3J076.,2463.,1840.
eL.,7¢. .7¢.

128

?

-1050.
.1050.
6724 .
1282
e?76.,7¢6.,76.

.1050..1050..1050..1050..1030.
«1050..688.,.886.
.6116..5308..4900.,4292..3604..
+684.,36.,0.0,0.0.0.0
.76..76.76.76..76..7‘..76.,76.,76..76.,76.,41.

-1030.,1050.,



av_&é_one%zilj
CHKD. BY_? 77 pate _///24/F

SUBJECT N Lrw -3 SECT.
LEcaY Hear

US. TOOL & DIE, INC

NLW YORK POVLR AUTHORITY INDIAN POINT-3

CASCT 3 MOMMAL
CD.TED JuULY 23,

RLZTULLING CONSOLIDATED FUEL
1907

DATE(MON/DAY/YUAR) :
TIME(HOUR MIN:.SEC) .

INITIAL POWER
100% OFPERATING

DATCH
L ]

oL /A

SHEET Aj

or /7

. —_
PROJ.NO._ S 72 /=~

91.7187
10:43: 2
= .S3ISE 00 (OTU/HR/TA)
DAYS :.1.000 TIMES RLSIDENT TIME
TN TS rr HE Q
(DAYS) (DAYS) (e’D/PO) CETU/HR)
lIltlltl!llllll!l!lllllll‘llllllll!I!ll!ll!lillﬂlll!Ill!llll
3 100 1050.00 s=saxxsxs .2900E-02 .go00L 00 .1398C 0¢
2 76 31050.00 wmmawanmx .2383E-02 -0000E 00 .1284% 06
3 76 1050.00 ==amxamnn .2459E-02 .0000E 00 .131SE 06
q 76 1030.00 =xxwanx  25$9L.02 .0000E 0O .1389L 04
S 76 1050.00 wammamx | 24463C-02 .0000C 00 .1424E 04
A 785 10S0.00 waxmwmmn .2773E-02 .0000F 00 .1482F 06
? 76 105S0.00 =m=amanmanx .2C84E-02 .0000E 00 .1342C 0¢
9 76 1050.00 exawanx .3001E-02 .0000L o0 .1608LE 0§
¢ 726 1050.00 =mwamwman .3123E-02 .0000E 0O .1870E 0¢
10 78 1050.00 =xmanan .32S0E-D2 .0000E 00 .1738L 06
11 76 1050.00 =xamxaw .3382E-02 .0000FL 00 .1809L 0¢
12 76 1050.00 wamaxxmx  3519C.Q2 .0000E 00 .313B83E 0¢
13 76 1050.00 =mmwann .3663C-02 .0000C 00 .1989E 0¢
. 14 76 1050.00 9733.00 .J811E-02 .0000C 0O .2039Z 04
15 76 1050.00 9125.00 .3966E-02 .0000C 00 .2122E 0¢
16 78 1050.00 8S17.00 .41208E-02 .0000F 0O .2208E 04
17 76 1050.00 7%09.00 .4295C-02 .0000L o0 .32%8E 0¢
18 78 1050.00 7301.00 .4470C-02 .0000F 00 .2391L 04
19 76 1050.00 6693.00 .44S2C-02 .0000C 00 .3480E 0¢
20 76 1050.00 4$005.00 .4041E-D2 .U000E 00 .2%89E 04
23 7¢ 1050.00 S$477.00 .5037C-02 .0000L 00 .269S5C 0¢
22 76 10S0.00 4859.00 .5242E-02 .0000F 00 .2804L 0
23 76 1050.00 42(1.00 .S54S¢E-02 .0000E 00 .2910F 04
24 76 1080.00 236%53.00 .5$80L-02 .0000E 0O .3038C 0
r43 7¢ 1050.00 3045.00 .S$922C-02 .g0o00LC 00 .3168L 06
2 76 1050.00 2437.00 .6215E-02 .0000C o0 .3324C 0¢
27 76 1050.00 1829.00 .6714E-02 .0000E 0O .3891E 04
23 78 1050.00 1221.00 .B81S4C-02 .0000E 00 .4362C 04
29 76 1050.00 613.00 .1430E-01 .0000E 00 .7648E 0¢
30 76 10S80.00 $.00 .2349E 00 .28663LC-01 .1399C o8

-nuai-annann-unlaau-naanaatnlnaualaan-lnt
TOGTAL DECAY HEAT

21.0283C«6 BTU/HR

TOTAL HO. OF F/AS STORED » 2304
NIV YORK POWZR AUTHORITY INDIAN POINT-3
CASC 3 NORMAL REFUELING CONSOLIDATED FUCL

CLITLD JULY 23.

93.4%L046.1.0

1287

1050..1050.,1050.
1050.,1050..1050.
1050..1050..3050.
1050..1050.,1050.

-1050.
«1080.
.1080.
«1030.

«1050.
.1050.
1030,
4080,

«1050..1080.,30%0.,
«1080..,1050.,1050.,
»1050.,1080.,1050.,

«1080.,

17652 .,17026 . .1¢491€.,15€00.,15200.,164592. ,13904.,1337¢.,

12?68.,12160..11552.110701..10333..9720..9120.,
0512..7904.,7296..6400..6000..3‘72‘.C0‘4..4256..
3643..3040‘r2432..1024..1216..605.,0.0

100.,76..74..76..76..76.76,76.,76..76.,76..76.;76..76..76.

76..76..76..76..76..16.,76..76..76..76.,76.,76..76..76.,76.



US. TOOL & DIE, INC

BY_ /S5 pare foifz. sussecr MR oo o3 SECT. sweer_/L o /7
CHKD. BY_*7/4_pate ¢//21/77 LECAYY 9T PROJ.NO._& TZ/~¢

NEW YORK {CUVER AUTHOR.ITY INDIAN PO.NT-2
CASE 4 COMIOLIDATIS TYULL ouRt ITT-LOAD
BATCH «F/A To TH Fr ne G
s tDAY3) (DAYD) (ro/FO) {BTU/HR)

I!Il!!‘l!lll‘ﬂﬁllllll!ll!lII!!!!RI!I!!tllk'!llllllll'l‘ll!ll

i 100 1050 00 mwwx=xanx -2%80C-02 .0000L 00 -13%4L 0¢
2 76 050 00 memwmaww .2357E-02 0000 0O L261E U

3 76 1050.00 wwxzxwrn .2452%E-02 .0000E o0 -1312E 0¢

4 76 i050. 00 wwxnwax .2852C-02 -.0000E% 0O .1365T 04

S 74 1050.00 =xwwnan .265¢T~02 .0000E 00 1421 0¢
o 76 2050.00 wxaxwaxwx .2784C-02 -Q000E 00 -18792C 04
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‘ Question IV.1

Why the fuel assembly drop height is 20" instead of 36" normally used for
such analysis?

Response to Question IV,1
It was determined that it would not be possible to raise a fuel assembly
higher than approximately 19 inches over an installed maximum density

rack. This determination was based on:

(a) Actual measurements with the manipulator crane in the full up
position and a fuel assembly suspended from the fuel handling tool.

(b) The installed rack being at the minimum elevation permitted by the
adjustable screw pedestals.

The 20 inch drop height used in the analysis is therefore a bounding
condition.
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Question IV, 2

Since the analysis performed for a straight drop of a fuel assembly
through an individual cell shows that the weld between the bottom plate
and cell wall fails, provide calculations to demonstrate (a) the integrity
of the pool liner to accommodate the dropped fuel assembly, and (b) the
integrity of the fuel assembly under the impact.

Response to Question IV, 2
(a)

The residual striking energy of the missile (fuel assembly) is much less
than the strain-energy of the target (0.25" thick liner plate supported
continuously on concrete). Confirmatory calculations were performed for
the drop of the fuel assembly through water alone and showed that the
liner plate thickness would not be penetrated. The Ballastic Research
Laboratory formula for steel target thickness was used. This confirms
that the integrity of the pool liner would be maintained if a fuel
assembly is dropped on it.

{b)

Section 14.2.1 of the Indian Point 3 FSAR addresses fuel handling
accidents, including analysis of dropping a fuel assembly vertically onto
a rigid surface. This analysis indicated that the buckling load on the
fuel rods was below the critical buckling load and stresses in the
cladding were below yield. The loads induced by dropping a fuel assembly
vertically through an individual rack storage cell would be less than the
cas analyzed for the FSAR due to the kinetic energy absorbed by the cell
bottom plate. The results of the previous FSAR fuel drop analysis,
therefore, remain valid.

19



Question IV.3

Provide the basis or source for the buckling stress equation used for the
fuel drop analysis. Also provide Reference #13 which developed the
buckling coefficient Ke.

Response to Question IV.3

Attached please find a copy of Reference #13 as requested. The buckling
stress equation used for the fuel drop analysis was derived from the
classical theory of buckling of thin plates as may be found in "Theory of
Elastic Stability" by S.P. Timoshenko and J.M. Gere. The adaptation of
the classical theory for the present application is described in detail in
the reference provided, under the chapter titled "Theoretical Buckling
Predictions, Test Observations and Correlations."

20
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COVER SHEET:

SP..«F FUEL STORAGE .ACKS
FUEL BOX CRUSH TESTS
MAXIMUM DENSITY RACK DESIGN
TYPICAL PWR FUEL

REPORT AND CALCULATION 907F17

Conforming to WAL QA-8-75-100, No. Q-6 Section 4.0.

TRACEABLE DESIGN INPUT: ITLS Report No. 27852 (Attached).

PURPOSE: Determine fuel rack response to impact or external loading

conditions based on box crush test results for two MDR box
sactions.,

ASSUMPTIONS:

.jrzaz_:xcss:

CONCLUSIONS:

PREPARED BY:
REVIEWED BY:

This report

Quasi-static compression tests on corner and fully loaded
MDR box sections can be used to access the extent of damage
in the actual rack array. In particular, some of the box
crush test results must be predictable and the four requxre-
ments listed on page 2 should be justified.

Den Hartog, Faupel, Shanley, and Roark listed on page 24.

The box crush test buckling forces are theoretically pre-
dictable within estimated undertainties and the four
requirements of page 2 are justified. The actual rack array
will buckle near allowable yield limits. The extent of
vertical deformation in the rack array can be estimated con-
servatively high using a specific absorbed energy estimate of
1250 ft-1lbs per inch deformation per square inch contact area.
Lateral damage to boxes adjacent to the impacted one(s)will
typically be small in comparison.

s applic-' e to all PWR - MDR designs.
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’ SPENT FUEL STORAGE RACKS

FUEL BOX CRUSH TESTS
MAXIMUM DENSITY RACK DESIGN
TYPICAL PWR FUEL

INTRODUCTION AND SUMMARY

The typical Wachter spent fuel storage Lox for a PWR
maximum density rack (MDR) design measures 9" square
and is fabricated from 1/8" thick (.120 - .125") 304
stainless steel gheet. To agsess the extent of damage
resulting from external impact loadings (e.q., fuel,
cask, or gate drop accidents), two MDR box sections
approxiﬁately 155" in length were fabricated and com-
pressed quasi-statically at deformation rates ranging
from 25 to 200 mils/minute. '

’ _ The first box was corner loaded over one quandrant

" and deformed 4" - equivalent to a total absorbed energy
of 6000 ft-1bs. The second box was fully loaded in
compression and deformed 3" - equivalent to a total
-absorbed energy of 11,000 ft-1lbs.

The forces required for buckling are in good agreemént
with theoretical Predictions and are nearly independent of
the box length. Apart from inflections not exceeding
308, the absorbed eénergy versus deflection curves are

linear, defining an average force 60 to 65§ of the ..
buckling force.

TEST CONSIDERATIONS AND CONDITIONS

It is desired to have a relatively simple test that
' Provides information on & variety of external loading

-l-
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and impact conditions. Although testing of partial

‘rack arrays could yield a considerable amount of infor-

mation, a large number of arrays would need to be
constructed and tested to cover uncertaintics and vari-
eties of accident loading conditions. In addition,
tonnage capacities and test bed areas limit both the
applied forces and the number of fuel boxes that can
be tested. |

It is recognized that for any Postulated accident,
the potential energy prior to impact is known or
easily calculated. This energy is approximately mgh,
where m is the mass of the impacting missile, g the
acceleration due to gravity, and h is the height of
the drop. Neglecting the bouyancy due to the water
in the fuel pPool, the rack must absorb this energy‘
Plus an additional mgS where § is the vertical defor-
mation. Since 6 is generally much smaller than h, it
could be neglected as a first approximation and then
determined with one iteration. ’

In order for the crush test results on single boxes to
be used to estimate the extent of external loading
damage in the actual rack array, some of the crush
test tésultl must be theoretically predictable.

It is also desirable that the fo;lowing be established:

l. The extent of damage is locally limited.

2. The absorbed eénergy is a known and simple (semj-
empirical) function of axial deformation, ;

3. The test results and the actual rack array behavior
are not strongly length dependent.

4. The test results can be used for accurate (or con-

Servatively high) estimates of the actual rack
array deformation.

-2~
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’_: A sketch of the two box modules used in *he crush tests
is illdstrated in Pigures 1(a) and l1(b). Prior to
testing, both boxes measured 15k" in length with an
average wall thickness of 0.122", The average out-
side face to face width was 9.206", The absolute
uncertainties in these three dimerisions are 0.5%, 1.2%,
and 0. 3%, respectively. Each box was fabricated from
two 304 stainless steel Plates (approximately +8% long)
bent into half square -C-shapes. The mating ends were
Seam welded over the entire box length. The inside
corner radius ranged from 1/1¢ to 1/8". A 1/2" thick
base plate 8. 9" Square was made to fit freely into the
lower end of each box to Prevent the sides from collap-
8ing at the base during the compression tests,

F

# :‘ he 1SS
0
deflection o goam 2. !
(deformation) elds :
R [}
5* thick
base plate
(free fit)
F F
(a) Corne: Loaded ‘ (b) Fully Loaded
FIGURE 1
BOX AND LOAD CONPIGURATIONS FOR
, ' COMPRESSIVE CRUSH TESTS

-3-
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. The first box was corner loaded in compression over
h one quandrant at the top of the box, approximately

4.5" along two adjacent sides. The base was fully
supported in the direction of the applied force and
constrained from bending laterally by the presence
of the 1/2° thick plate. This box was axially de-
formed 4.0" over the loaded corner. The second box
was supported at the base in a similar manner but
fully loaded at the top. The contact area being four
times larger for this box necessitated using a test machine
with a larger tonnage capacity (up to 60 tons). This
box was compressed 3.1". Deformation rates for both
tests ranged from 25 to 200 mils/minute depending
upon the frequency at which the force-deflection (or
deformation) measurements were taken.

Both tests were conducted during the mofning of Dec. 7,
. 1979 at Industrial Testing Laboratory Services, Inc.,
RIDC Park, Pittsburgh, PA 15238 under the supervision
of Dr. G. T. Horne (ITLS). A Wachter Associates, Inc.
(WAI) representative (E. R. Frantz) witnessed the test
and independently recorded force-deflection data. The
ITLS test reports are attached as an appendix to this
report. The WAI data is given on the following two
Pages. The tabulated energies (E = fFd§) were determined
by numerically integrating the force-déflection (defor-
mation) datn_following the trapazoidal method approxi-
mation. Plots of Pvs § ang g vs § for
both tests are given on the three pages following.
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THEORETICAL BUCKLING PREDICTIONS, TEST OBSERVATIONS,
AND_CORRELATIONS

The exact physical behavior of the corner located box is
difficult to justify accurately since its locally limited
bdckling lacks well-defined boundary conditions. Since
the buckling behavior of the fully loaded box is better
understood theoretically, the test results for it will be
discussed first.

From the force-deformation curve for the fully loaded

box, buckling is evident at a crush force of 80,000 1lbs.
With A, = 4tb = 4(.122) (9.206-.122) = 4.43 in?, the
corresponding buckling stress is 18,000 psi. This stress
is approximately 40% of the yield stress*. This buckling
stress or force is best explained by treating the test
box as four thin plates, simply supported (i.e., fixed

in position but free to rotate) at the edges. More
complete treatments of the buckling theory to be presented

can be found in reference 1 (pp. 301-305) and 2 (PP. S42-
546).

The deflection of a thin plate of width b and height h,

simply supported at the edges y = 0 and y = b and loaded
in compression and simply supported (pinned) at x = 0
and x = h will deform according to

stx =) Ay etnlS wio (2
m,n

* Room temperature yield strengths for the 304 stainless
steel sheet used for fuel box tabrication range from 40,000
to 50,000 psi. An average S y = 45,000 psi is assumed when
comparing the crush test results to theoretical predictions.
Due to cold working, ‘these yield strengths exceed the
ASME I1I1I nininun_sy = 30,000 psi (at 100 F).
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Q where u(x,y) ‘s the deflection 48 measured normal
to the plate surface. The mode numbers m and n, sub-
ject to th- given boundary conditions, are restricted
to the set of integers, with m, n =0 giving a trivial
solution. This m, n half-gsine wave expansion, subject
to u =0 on the Plate edges, forms & complete set of
the r. )rmal modes.

For h > b, the modes n = $tl, m & ¢ h/b dominate and a
Plate with h>>b will buckle in approximately square
Plates »f dimensions b x b. The fully loaded box with
b® 9 |I' und h = 15.5" can be expected to (and did)
buckle predominately in the n = l, m = 2 mode since
h/b = 15.5/9.1 = 1,70 x 2, a sketch of this buckling
mode “; illustrated in Figure 2.

-——
L JE S

(a) FPace View (b) Cross-8ection View
FIGURE 2 "

Thene}l, m=32 buckling mode charactcrizing

the buckling behavior of the fully loadedq fuel

Q box modyle,
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, The stress required to buckle in the n=1, m mode is
given by

) . (2)

s . X _n?y (
crit i3TT::7T

t
b
where
mb h |?
Ky = (_h - (2a)

Y is Young's modulus (= 28x10° psi), and & is Poisson's
ratio (= 0.3). The variation of K, with the height to
width ratio h/b is shown in Pigure 3. At h/b = 1.70
and m=2, x. = 4.1 and the m=2 mode of buckling is more
likely than the m=1 mode (with Ky = 5.2). It should
be noted that the smallest Kp = ¢.0 when m = h/b. For
h > b, the largest xm occurs between h/b = 1 to 2. The
m=1, m=2 critical stresses are equal (and largest)

. when h/b = 2 (=1.414) and K) = K, = 9/2 (=4.5). Thus,

N for h >b, the largest variation in scrit will be 13%.

i

Y

! 2 J
A/
FIGURE 3

Variation of K_ with height
to width ratio h/b.

= =12~
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For the fully loaded MDR box, the critical butkling
stress predicted by equation (2) is

4.1)n? (28x10° .122)?2 ..
Scric = 12[1-(.9 %) 9.1

equivalent to a load of Acscrit = (4.43) (18,600) = 82,400
lbs. These predictions agree with the test results within
less than 4V. Uncertainties in comparing the test results
to theoretical predictions exceed this uncertainty. 1In
the force predictions, for example, the accuracy sith
which the buckling crush force can be establigshed from

the F vs & curve is -~ 5/80 -~ 6%. The combined uncertainty

’ _
in Acscrit -~ K‘t Y/b is of order

: b
SRR IR L
80 108 agreement would be good and 4% exceptional.

The n=1, m=2 mode of buckling was observed in the fully
loaded test module. As buckling continued, a limit of
101,700 1bs. was reached at & = 0.120 inch deflection.
After reaching this limit, the full sine wave (m=2)
shape became distorted with the two peaks tending to
move toward the inflection at x = h/2. Plastic flow
of this type (i.e. P a decreasing function of §) con-
tinued until & = 2 jnches when the metal "curl over"
became limiting. The force then became an increasing
fraction of ¢ Up to the test limit § = 3.1 inches.
When the test was completed, the two faces without
seam welds had bulged out to 12" at the top of the

box approximately 2/3 up from the base and in to ¢"
near the mid-plane. The sides with seam welds bulged
out to 11" at the base approximately 3/8 up from the
base and in to 5" near the mid-plane of the box.

-13-
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FIGURE 4
Fully Loaded Box Configurations
After Testing

The absorbed energy versus axial deformation curve for
the fully loaded box is approximately linear. Apart
from variations not exceeding 35%, E/6 = 4000 ft-lbs/in,
the maximum percent errors occuring at small 6 (..25 to
-5 inch). Por § > 1.5 inches, the proportional relation
correlates within 10%. This straight line defines an
average force Favg = (4000) (12) = 48,000 1bs and Favglr
48/80 = 0.60 defines the average force in terms of the
buckling force.

The n=1, m=2 mode of buckling was observed on this fully
loaded test module and the buckling Stress was predictable
within 4% by an expression of the form

scrlt - ‘c bd ‘%)z
where

K= Kr'

c (1=

(3)

(3a)
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For h > b, the limiting Km = 4 anq does not exceed
9/2(4.5) assuming the plate.edges are simply supportead.
Thus, with x. = 4 and ¥ = 0.3, the limiting Kc is

K, > 3.62

for simply supported edges (free to rotate).

An expression of the form given by eq (3) holds for other
boundary conditions. PFigure 5 (taken from reference 3,

P. 611) illustrates ‘c as a function of h/b for fixed edges,
simply supported edges, and one free-one supported edges.

|
|
NN
. .~ . )
Qo T
~— \ \ L
’ ol A N\ L7 - p 2
x s NUZA, > = -3¢z = Ax
. L Simple supports (a) ol =1 .IZ(I—D‘)
‘\‘ | (v=o0.3)
AN .
\‘ r-Wod.nbu.mM(c)'
\
1 m"-ﬂ
~
.0 1 .;:-h--;llll
a Loe
PIGURE 5 —

Buckling coefficients for flat Plates
under end compression
(Loaded ends simply supported)

In the corner loaded box, the effective x is difficult
to determine accurately:since the load 1. eccentric and
' not directed over the full section area.
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If the unloaded portion offers some support against
rotation, then K, will likely fall within the range
3.62 to 6.3 where the latter signifies fixed edges.
The buckling stress will then fall between

2 ' 2
(3.6) 28x10%) [5122) < < (6.3 (20x10%) 5122

or

18,000 < S, < 32,000 psi

- and since A, ® bt ® 4.43/4 = 1.11 in?, the test buckling

force should fall between
20,000 1lbs < Fb < 35,000 lbs.

The observed proportional limit was approximately 27,500
lbs, approximately half way between these theoretical
limits, defining an effective K. = 5.0 for the corner
loaded box.

As the box buckled, the loaded side with a seam weld
deflected inward at the top of the box and the side
without deflected outward. Although the seam welded
sides in the fully loaded box also deflected inward

at the top, there is no reason to suspect that_this

trend will always occur. In the fully loaded box, neither
Sean weld has failed. 1In the corner loaded box, the

seam weld tore when § s 1 inch, far beyond the deflection
§ 5 0.2 inch at the peak compressive force.

The P vs § curve for the corner loaded box goes through
two relative maxima and one mininum. At the second
maximum, P & 22,000 lbs- and & 5 2.0 inches. The minimum

-]16=
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at § 3 1 inch is F = 10,500 lbs, approximately half as
large. This variation was caused by the metal folding
over or bending (which required little force to cause
deflection) followed by a compressive loading on the
flattened folds (which required larger forces). The
force at this second relative maximum (3 22,000 lbs) was
approximately 75% of the peak crush force (s 34,000 lbs
at § s 0.20 inch).

It is postulated that the second maxima exhibits charac-
teristics of column‘bucklinq due to the eccentric loading
since the final box configuration shows a net outward
deformation superimposed on the inward-outward plate
buckling deformation. The familar secant formula for
column buckling (see e.g. Ref. 2, P. 510 or Ref. 4, p.
261) is used to predict this stress denoted sc.

5, = sc[ 1+ (g-%) sec(%ﬁg)] |

where e is the equivalent eccentricity, ¢ is the distance
from the central axis to the position of peak stress,

and r is the section radius of gyration. For the princi-
Pal axes of the square section of side b with thickness
t<<b, r = b/\f6. Taking e = ¢ = b/2, the eccentric ratio -
ec/r? = 3/2, With 8. % 20,000 psi, Y s 28 x 10° psi

h =15.5", and r s b/\/6 = 9.#VE-- 3.7 in, sec ‘%;ﬂv[éé)'
Y

sec (.056) = 1.00; the critical stress éc s (2/5) §_, = .
(.4) (45,000) = 20,000 psi. The corresponding force is
(20,000) (1.11) = 22,000 lbs, in agreement with the

force near the second maxima. (This precise agreement,
however, was not expected.) '

-17-
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The total axial deformation of the corner loaded box was
4.0 inches, equivalent to an absorbed energy of 5950 ft-1bs.
A plan view of the top of this box in Pigure 6 shows that
most of this energy Val.leOtbGd in deformin- the loaded
corner with the adjacent unloaded corners literally bending
inward approximately 2". The corner opposite the applied
load remained fixed, deflecting less than 1/16" towara

the loaded corner. The local lateral deformation dva to
buckling was approximately 1%" inward and outward frecn
either face, confined Primarily to the upper 6" or 7" of
the box lengtﬁ.

Seam Weld
(2 sides)

Original Box
Perimeter '
9.2" sq. (outside)

Loaded Corner

FIGURE ¢
Top View Sketch of the
- Corner Loaded Box

Despite the exrratic behavior of the corner loaded box,
the energy curve is very linear with axial deformation.

The line E/§ = 1450 ft-1bs/in is accurate within 10%

over the entire range of §, defining an average force

-18-
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Favg = (1450) (12) = 17,400 1lbs.
For this corner loaded box, r‘vg/rb = 17,400/27500
= 0.63 is the ratio between the average force and
the buckling force. (For the fully loaded box, this
ratio was found to be 0.60).

Assuming column-like failure accounts for the secondary
peaks in the P vs § curves, the average force (E/$§)
should be roughly proportional to the yield stress.
The buckling stress, however, is proportional to
(t?/b?) provided the length h > b. Thus, it is
postulated that

where Pb is the buckling force,.P.vg is the absorbed
énergy per unit length (or average force), and the
constant C is proportional to the ratio SY/Y. PFor
additional data in establishing the validity (or
usefulness) of the correlation in eq (5), the ITLS
tests on four corner loaded conventional PWR poison
and non-poison fuel dtorage boxes are used. A tabu-
lation of this data is given in Table I on the

following page.

- (5)
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Box Type' ITLS § |Scheme {(in) |(1bs) | (1bs)|F — |c x 100
MDR PWR 27852-1 | Corner 4 17400 ]127500).633 {.1137
b =9.1" - 8 0000]. .10

t = 0.122" 27852-1 Full 3 48000 | 80000 FOO 78
Conventional PWR 24406-1 | Corner 0.9 [12000 114000]/.857 |.09102
Poison or Non-Poison [24406-2 |Corner 0.9 |11000 112000]/.917 |.09695
b =28,5" 26791-1 |Corner 4 10100 §13000{.777 |.1004

t =0.092" 26791-2 ]Corner?® 4 12000 [14500(.826 |.1074

+ All boxes 15-16" in length

* With C-channel supports

TABLE 1

Energy, Buckling, and Correlation
Data for Box Crush Tests

The data for C correlates well.
standard deviation uncertainty, C = .103 x 10-3 (¢ 8%),
or roughly C = 0.10 x 10~ 3 (& 20%).to cover the full

range of uncertainties in the test data and graphical

interpretation.

Fig. S) is known and the average force is not.

In terms of a one

This correlation may be useful when
the effective buckling coefficient (xc in eq (3) from °

If the thickness to width ratio t/b becomes too large,
the eq (5) correlation will likely break-down since
the predicted buckling stress would exceed the yield
stress. 1In the next section, the test results for
single box crush tests will be used to analyze the

actual rack array.

On the basis of the single box,
buckling stresses comparable to or less than the allowable

Yield stress are estimated making buckling more likely
if actual yield stresses are used. Eowever, forces
transmitted to adjacent boxes are implicitly neglected
making the extent of actual rack deformation conser-
vatively over-estimated.

-20-
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APPLICATIONS FOR ACCIDENTAL LOADINGS

A typical MDR fuel rack for PWR spent fuel consists of
an array of 100 to 200 boxes, 1/2 to 3/4 of which may
house fuel. Pairs of spot welds at S to 8 axial loca-
tions attach faces of neighboring boxes together.

The first and last pairs of spot welds are approximately
2" from the top and bottom of the 13' long box, respec-
tively. The remaining pairs distribute over the box
length weighted near the base where stresses are
highest. Additional strength is offered by continuous
fusion welds around the top and bottom edges of each
box interface.

Forces required for plate-like buckling in the upper two
inches of the box (between the fusion weld and top pair
of spot welds) are excessive since the effective h/b
ratio is small. It is more likely that yield would
occur there unless the force can be transmitted to

~other sets of spot welds. Since these sets of pairs

are separated by distances h > b, buckling in an inter-
rack position may be possible. The boundary conditions
here, however, are different than those of the fully
loaded test module and weld attached walls are more
likely to deflect away from each other instead of
moving together as a slab with effective thickness 2t.
Referring to Pigure 7, the following estimation will
establish the reason for this.
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(1) Plates daflect awvay (2) Plates deflect together
FPigure 7

Comparison of Buckling Between

‘ Pairs of Spot Welds

e To deflect away, the.corners at y = 0 and b must be fixed
since adjoining walls do not allow for rotations (the
slope of u must vanish at the corners). With this
boundary condition,

2 2
S 6.3Y(§) = (6.3) (28x10°%) (—;l%) = 32,000 psi < s,

In Figure 7(2), simply supported edges may be appropriate.
With ‘c s 3.6,

2 2
5, -3.52(%) = (3.6) (28x10°) (%}) = 72,500 psi > 5,,5,

Thus, Figure 7(1) may be physically possible (8; <s) but

FPigure 7(2) will not be. Note that 8, is comparable to

the allowed yield stress (ASME III, for 304 83 at 100°F
Q allows sy = 30,000); however, the actual yield stress is

-22-
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near 45,000 psi, so buckling may occur before yield.
Drawing a distinction here is inconclusive but also
insignificant.

In the actual rack array, boxes adjacent to the impacted
box as well as the impacting missile will absorb some
energy, 8o using the single-box erush test results will
lead to over-estimations of the actual deformation.

The extent of lateral damage to boxes near the impacted
box will be small since the corner opposite to the
corner loaded test box deformed insignificantly (less
than 1/16" when § = 4¢"). Conservative and locally
limited over-estimations of axial deformation will
result then if 'avg/rb = 0.6 for the MDR boxes is assumed.
The corner loaded box will be the most limiting one with
K. ® 5. (Inter-rack or side boxes with fixed boundaries

c
have xc > 6.) Under these assumptions,

) 4 2 _
avg _ 6 [2122)%_ _E
—SAc 0.6 A_b (0.6) (5) (28x10 )(——9.1) 15,000 psi T
[«

or
E/6A, = 1250 ft-1bs/inch deformation/sq. inch contact.area.

This relation may be used to conservatively estimate the
axial deformation § given the energy absorbed,(.. mgh)
and the'inpact area Ac. For example, a 2000 1b fuel
assembly dropped vertically upon the rack from a height
of 2 feet above the rack will penetrate a side or corner
position in the rack (with Ac = 1.11 in?) no more than
(2) (2000) /(1250) (1.11) = 3 inches. Por an inter-rack
Position, the penetration will not exceed 1.$ inches
(edge loading) or 0.8 inch (intersection loading).

-23-
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' INDUSTRIAL TESTING LABORATORY SERVICES CORP.
. 633 ALPHA DRIVE - R.I.D.C. PARK

.‘\ . ‘l PITTSBURGH, PA. 152308 PHONE 412-781-1080
é¢c: TFK
. EpFv—"
_ TEST REPORT
PURCHASE ORDER NO. 1381 : DATE December 18, 1979
T0: Wachter Associates, Inc. ITLS REPORT NO. 27852
5408 Wm. Flynn Highway
ADCRESS Gibsonia, PA 15044

RECEIVED

DEC 20 1979

ATTENTION Mr. E. R. Frantz/J. F. Klingener

REPORT OF: Crush Tests of Submitted Box Sections.

WACHTER ASS |
RESULTS OCIATES, imic.

We received two (2) 9" square x 15%" long, 1/8" wall hollow sections.

We loaded the first longitudinally over two 4%" long legs of one corner,

the other end of the box containing a restraining plate; loading was

between parallel flats. We made measurements of load (in lbf) vs deflection
(in mils). The loading device was a UTM (S/N 40900, calibrated 10 March 1973

Start SO 1lbf (i.e., zero deflection).

’

Deflection Load 4 Deflection Load
. (mils) (1bf) (mils) (1bf)
10 90 " 270 24200
30 150 280 23650
40 190 290 23100
50 250 300 22700
55 370 310 22350
60 560 320 21900
70 2280 330 21500
80 5240 340 21200
90 9000 350 20850
100 13500+ v360 20500v
110 17750 370 20100
120 22250 v”380 19800V
130 26400 390 19400V
140 291300 _ 400 19000 v
150 31200 430 , 18650
160 32150 ‘ 460 17900
180 33000 490 17300
190 33450 520 16700
200 33500 (local max.) v 540 16100
210 30500 v560 15300
220 29750 600 14600
230 27250 650 13600
240 26250 700 © 12850
250 25500 750 12250
) 260 24850 : 800 ‘ 11800
(continued next column) (continued next page)

TTYHIS REPOAY IS CONPIOENTIAL AND IS POR THE SRCLUSIVRE USE OF THE PARTY TO WHOM IT IS ADORESSED AND YHE CONTENTS
THERCOPF MAY -’7 S& DISCLOSED TE STHERS WITHOUY GUR WRITTEN APPROVAL.™



Aaichter Assoc:iates, Inc.
ITLS Report Nc. 27852

LA

Page 2
Deflection Load Deflection Load
Q (mils) (1bf) (mils) (1bf)
850 11300 ) 2100 22200 (local max.
800 11050 2200 22200
95Q 10800 2300 22100
1000 10500 (local min.) 2400 ’ 21750
1100 11800 2500 21350
1200 14200 2600 20800
1300 16400 2809 1975¢C
1400 18600 3000 18500
1500 19800 3200 17250
1600 20700 3400 16550
1700 21400 : 3600 15700
1800 21800 3800 14750
1900 22000 4000 13800

2000 22100
(continued next column)

We loaded the second box over the full cross sectional area; again there
was a restraining plate inside the bottom. The loading device here was
another UTM (S/N 044-2002, calibrated 10 March 1979).

Start 800 1bf (i.e., zero deflection)

Deflection Load _ Deflection Load

(mils) (1bf) (mils) (1bf)
S 1600 130 101000
10 2300 140 - 98400
15 3500 150 97100
20 ' 4800 170 93500
25 6100 200 88100
30 9200 225 84100
35 13900 250 80800
40 19000 275 77900
45 26900 300 75500
S0 37100 ' 350 71200
55 48500 400 67600
: 60 60500 450 64500
! 6S 71700 500 61500
: , 170 80000 _ 600 56000
75 85700 700 51500
80 89900 800 47900
85 93100 900 45000
90 96500 1000 42400
95 98700 - 1100 40600
100 99900 1200 38800
vl1ll0 100800 1300 37000
v1ls 101400 1400 35300

3 120 101700 (local max.) 1500 33700
Q : (continued next column) 1600 32200
i

(continued next page)
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f Page 3
T Deflection Load
=~ (mils) (1bf)
1700 : 30900
1800 29800
1900 28900
2000 28300
27800 (local minimum)
2100 29000
2200 30400
2300 ' 32900
2400 . 34200
2500 35200
2600 36100
2700 37200
2800 38200
.2900 39400
; 3000 40200
! 3100 41000

Crushed boxes were taken by Wachter Associates.
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Question V.1

Describe the sequence for the proposed modifications and fuel assembly
storage arrangements. If this results in a partial loading of a rack or
series of racks, then demonstrate the seismic adequacy for this
arrangement in terms of stability of the rack(s).

Response to Question V.1

Described below is the proposed installation sequence for the new maximum
density racks. During several steps when the existing racks are partially
loaded and may not represent a seismically stable configuration, temporary
seismic restraints will be installed. Revisions to the proposed
installation during the actual installation may be necessary. However, at
this time, the following is the Authority'’'s planned installation/removal
sequence.

INDIAN POINT 3 SPENT FUEL STORAGE RACKS
RACK HANDLING AND INSTALIATION INSTRUCTIONS

1. The maximum density spent fuel storage racks are to be installed in
sequence with removal of the existing racks as delineated in these
installation instructions. Figure 1 shows the existing rack array
and stored fuel arrangement. Figure 2 through 23 shows the sequence
of existing rack removal, UST&D rack installation and fuel movement.

2. Remove existing racks in this sequence, A-4, A-3, A-}, A-2 and A-5.
See Figure 2. Install temporary seismic restraints on Racks A-7 and
B-3.

3. Install UST&D Rack #1, locating it from the North and East wall.

However, in the North-South direction the rack must line-up with the
crane rails. See Figure 3.

4. Install the two floor plate combinations (See Figure 3), Group 1 and
2, from the South face of Rack #1 and from the East wall if the East
wall lines up with the crane rails. If the wall and rails do not
line up, compensation must be made for the difference. . The racks
must be lined up with the crane rails.

5. Move fuel from Rack A-6 to Rack #l as shown on Figure 4.
6. Remove Rack A-6. See Figure 5.
7. Install UST&D Rack #2 in contact with Rack #l1 at the bottom spacer

blocks and the same distance from the East wall as Rack #l.
However, the East face of Rack #2 must line up with the East face of-
Rack #1. See Figure 6.

8. Move fuel from Rack A-7 to UST&D Rack #1 as shown on Figure 7.

9. Remove temporary seismic restraints on Rack A-7 and remove the

rack. See Figure 8.

21



Response to V.1 (Continued)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Install UST&D Rack #3 in contact with Rack #2 at the bottom spacer
blocks and the same distance from the East wall as Rack #2.

However, the East face of Rack #3 must line up with the East face of
Racks #1 and #2. See Figure 9.

Install the two floor plate combinations (See Figure 9), (Group 3
and 4), located from Rack #3 and the East wall. If the wall and the
crane rails do not line up, compensation must be made for the
difference.

Install UST&D Rack #4 in contact with Rack #3 at the bottom spacer
blocks and located from the East wall. See Figure 10. If the wall
and crane rails do not line up, compensation must be made for the
difference. :

Move fuel from Racks B-1, B-2 and B-3 to Racks #1, #2, #3 and #4 as
shown on Figure 11.

Install Rack #6 in contact with Rack #3 at the bottom spacer blocks
and in contact with the cell in the last row on the West face of
Rack #4, as shown on Figure 12,

Install the two floor plate combinations, Group 6 and 7, located as
shown from Rack #4 and #6. Install the single floor plate
combination, Group 5, located as shown from Rack #2 and #6. See
Figure 12.

Install Rack #5 in contact with Rack #2 at the bottom spacer blocks
and in contact with Rack #6. See Figure 13.

Move fuel from Racks B-1, B-2 and B-3 to Racks #1, #2, #3 and #5 as
shown on Figure 14,

Install temporary seismic restraints on Racks B-4 and B-5 and remove
seismic restraints on B-3.

Remove racks B-1, B-2 and B-3. See Figure 15.

Install Rack #7 in contact with Racks #4 and #6, as shown on Figure
16.

Move fuel from Racks B-4 and B-5 to Racks #3, #4 and #6 as shown on
Figure 17.

Remove temporary seismic restraints from Rack B-4 and B-5 and remove
racks., See Figure 18.

Install two floor plate combinations, Group 6 and Group 10, located

as shown from Rack #7. Install the single floor plate Group 9,
located as shown from Rack #6 and #7. See Figure 19.

22



Response to Question V.1 (Continued)

. 24, Install Rack #9 in contact with Rack #6 and the cell in last row on
the West face of Rack #7 as shown on Figure 20. 1Install Rack #10 in
contact with Rack #7 and #9, as shown on Figure 20.

25. Install two floor plate combinations, Group 8 and Group 11 as shown,
located from Rack #5 and #9. See Figure 20.

26. Install Rack #8 in contact with Rack #5 and #9. See Figure 21.

27. Install two floor plate combinations, Group 12 and 13 as showﬁ,
located from Racks #8 and #9. See Figure 22.

28. Install Rack #12 in contact with Rack #9 and the cell in the last

row on the West face of Rack #10 as shown on Figure 23. 1Install
Rack #11 in contact with Rack #8 and #12 as also shown on Figure 23.

23
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Question V.2

Provide details of the proposed installation procedure indicating how the
elevations of the racks and designated gaps between the racks will be
maintained and monitored.

Response to Question V.2

The detailed procedure for installing the new maximum density racks has
not been developed pending selection of an installation contractor. An
installation schedule, which will be used for bidding the installation
contract, has been developed which provides the rack installation and
removal sequence (see Response to Question V.I).

As stated in Attachment II of the Authority’'s May 9, 1988 letter, the
racks are designed to be installed with essentially no gaps between
racks. Each rack will be contacting the adjacent rack. The rack
locations in the spent fuel pool are shown on UST&D drawing 8721-1, Rev.
3. The water space shown between Region 1 racks is maintained by spacers
welded on the base of the racks and all Region 2 racks are installed
nominally with no gaps between racks other than normal manufacturing
tolerances.

Each rack is supported and leveled on four screw pedestals which bear
directly on the pool floor. Where pedestals fall on pool liner plate
welds, spreader plates will be used to bridge these welds.

The rack will be leveled within the pool using the racks adjustable

pedestals and monitored using surveying instruments. Elevations between
racks will be maintained within 1/2" total.
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Question V.3

Provide a description of plant safety procedures as related to the spent
fuel pool in case of:

a.
b.
c.

fuel drop accident

a seismic event (OBE exceedance)

loss of water from the pool detected by leak chases or by low
water level in the pool.

Response to Question V.3

a.

Fuel drop accidents are covered under Site Procedure ONOP-RP-2
("Irradiated Fuel Damage in Fuel Storage Building"). It
addresses the indications to the Control Room Operators that
would immediately indicate any associated rise in radiation
fields and the protective actions that would occur as a result
of these alarms. It then addresses the subsequent actions that
may need to be taken in order to minimize the air and water
activity levels in the Fuel Storage Building. Finally, it
specifies the circumstances to consider in the evaluation of
the damaged fuel assembly.

The operation, startup and shutdown of the seismic monitoring
equipment is covered under Site Procedure SOP-S-1 ("Seismic
Monitoring Equipment"). 1In the event of the occurrence of a
seismic event exceeding the OBE, Site Procedure ONOP-S-1
("Seismic Monitoring Equipment Actuation") provides the.
necessary operator response, depending upon the magnitude .and
location of the seismic event. This may include bringing the
reactor to hot shutdown. The condition of the fuel and Spent
Fuel Pit is covered under:

" ... after a detailed engineering survey of the plant
structures and components, an engineering task force will
either (1) recommend to the Superintendent of Power that the
plant can be returned to power, or (2) specify procedures and
analytical work considered necessary before the plant can be
returned to power."

Loss of water level in the Spent Fuel Pit is signaled in the
Control Room by a pool water level alarm. This event is
treated the same as if it were a loss of water level in the
Reactor Cavity during refueling operations. The associated
plant procedure, ONOP-RP-3, addresses Procedure SOP-SFP-1
("Spent Fuel Pit Cooling and Purification System Operation") in
order to provide borated make-up to the Spent Fuel Pit using

various methods, e.g. through the Refueling Water Storage Tank

or through the CVCS blender. Procedure SOP-SFP-1 also covers
operation of the leak detection system in the Spent Fuel Pit.

All ONOP’s (Off-Normal Operating Procedures) address activation

of the Site Emergency Plan as appropriate for the events they
cover. .
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PROPRIETARY INFORMATION

NOTICE

THE ATTACHED DOCUMENT MAY CONTAIN “PRO-
PRIETARY INFORMATION” AND SHOULD BE
HANDLED AS NRC “OFFICIAL USE ONLY" INFOR-
MATION. IT SHOULD NOT BE DISCUSSED OR
MADE AVAILABLE TO ANY PERSON NOT REQUIR-
ING SUCH INFORMATION IN THE CONDUCT OF OF-
FICIAL BUSINESS AND SHOULD BE STORED,
TRANSFERRED, AND DISPOSED OF BY EACH RECI-
PIENT IN A MANNER WHICH WILL ASSURE THAT
ITS CONTENTS ARE NOT MADE AVAILABLE TO
UNAUTHORIZED PERSONS.
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