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INTRODUCTION

THE ZFPENT FUEL 3TURAGE RECKE ARE CLASSIFIED Az CATEGORY

I PER NRC REGULATCRY GUIDE ¢ 2% THEIR PRIMARY FUNCTICN 15 TO
MAINTAIN 3TUREL fUEL ASSEMBLIESZ [N A SUBCRITICAL ARRAY WHILE
PROTECTING THEM Facy HECHANIZAL DAMAGE DURING ALL CREDiIBLE
STURAGE COUMDIT:ONG EIZ MECHANICAL AMALYS:!Z FRESENTS
AMNALYTICAL PROCT - STRUSTURAL INTIGR:ITY

THE AMALYZi5 FOLLOW3 MRC GUIOANCE A3 DELIMEATCD IN THE
PCEL1ITiI0H PAPZR '"RLVIEV AND ACCEFTANCE OF SFENT FULL STORAGE
AND HANDLING AFFLICATIONE" ,DATED APR!L 19,1978 AND

MCDIFIED JANUARY i8 (373 THE DESIGN CALCULATIONS ARL BASED
ON 3SUBSECTIUN NF OF ASME EQILER ANC FREZSURE VESZEL CODE,
SECTICN I1: AND AFPCND X D OF THE ETANDARL acvicw PLAN
{SRFY»3 8 4 THE FERMIZSIBLE WELD STRESZE: ARE TAKEN

FROMN TABLE NF-3324 SCe’=i,1983 EDITION TAiS 13 THE SAME AS
TABLE NF-3292-i, 1977 EDITION, REFERRELD 10 I THE POSITION
PAPER AND IN NF-3321 THIS TADLE NO LONGER EXI8TS IN

THE i$83 EDITION

THE LOAD COUMBINATIONE USED IN THIS ANALYS!S5 ARE OMLY
SUBMERGED DEADVEIGHT PLUS SRSS COMBINATIONS OF CBE AND SSE
LOADS THESE LOAD COMEINATIONS ARE THE RMS VALUES TAKEN
DIRECTLY FROM THE SEISMIC ANALYSIS (REF.2) THE RACKS ARL
NOT SUBJECTED TO LIVE LOADS NOR TO THERMAL LOADS THUS THE
LOAD COMEINATIONS, D+L+To(OR Ta)+E AND D+L+Ta+E' BECOME
D+E AND D+E' .

ANALYSES ARE PERFORMEL FOR TWO STORAGE ARRANGEMEINTS,

TME REFERRED TO AS "STANDARD" WHEREIN ONI FULL LSSEMBLY
(i79% FUEL RODS) 1S STORED IN EACH CELL iIN REGION 2, THE
OTHER REFCRRED TC AS "CONSOLIDATED" WHEREIN 7THE FULL RODs
FROM TWO ASSEMELIES ‘358 FUEL RODS) IN A CAMNISTER ARL
STORED IM EACH CELL 1IN REGIon 2

THE INTERFACE BETWEEN THE RACKS AMD BAZES iZ THE CRUCIFORM
BOTTOM PLATE AT THC RACK CORNERS WHICH ZPAN THRCE J0XC3

iN EACH DIRECTIOM THUS THE FLANE AT THE THIRD ROW

LOCATIGN. AS SHOWN oM TIiGURES 2 2 AND 2 3, HE THE THRIE-BOX
CCRNER SQUARE ARC THE WELD FLANES ANALYZLCOD

FLCOR LOADS FOR REGIOM 2 ARE TRANSFERRED THROUGH THT BASE

TO THE 41" X 11" FLOOR FLATES BECAUSE OF TIHE INCREAZED

STORAGE IN REGION I SHIMS AXEL IMSTALLED BETWELN THE BAS3L

CORNER AND EACH FLOOR FLATE TO FROVIDE GREATER LOAD TRANZFER

AREA THAN THE PRESENT JACKSCREWSe IN RLCGION 1, HOWEVCR,

SINCE NO CHANGE IN STORAGE IS5 EEING MADE THERE IS NO

CHANGE INMN BASE TO rLOOR PLQEE; 1. ¢. THE JACKSCREWS REMA LN,

NOR=WRE THE REGION i RACKS EEING MOVED FROM THEIR FRESENT

LOCATIONS WITH THE JACKSCREWS CENTERED OM THL 11" X 11" FLOOR

PLATES THERE IS ENOUGH S8GE DISTANCEITO TA¥E CARE OF ANY

REGION 2 INDUCED SLIDING 104
W W7 (719
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THERE ARE NO CALCULATIONS FOR VWALL LCADS BECAUSE, AS FREE-
STANDING RACKS AND BASES DUE TO REMOVAL OF THE LALL SEISMIC
RSSTRAINTSX THERE ARE REEATIVELY LARCE DIMENSIONS BETWECLN

N

THE RACKS D WALLS AND CONSEQUENTLY SMALL HYDRODYNAMIC
FORCES

A POSTULATED DROF ACCIDENT OF A FUEL ASSEMBLY STRAIGHT
DOWN INTO A STORAGE CELL IS INCLUDED BECAUSE IT WAS MNOT
ADDRESSED IN THE ORIGINAL REPORT
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-2 1| EGUIPMENT DESCRIPTION 0!

SIX OF THE NINE PREZENTLY INSTALLED RACKS ARE MODIFILD FOR
100% STORAGE DENSITY. AND DESiCNATED AS REGCICN 2 FOR
STORAGE OF DEPLETED FUEL AND/OR CONSOLIDATED PIN STORACGE,
IN CANISTERS OM A 2 | RATIO THE REMAININCG THREE RACKS,
UNMODIFIED, ARE DESIGNATED RECION 1 FOR STORAGE OF
UNIRRADIATED OR FRISHLY DISCHARGED FUEL AT 5S0% STORAGE
DENSITY

ALL SIX RACKS IN REGION 2 ARE THE SAME SIZE, 140 STORAGE
CELLS MODIFICATION CONSISTS Of REMOVING THE FRESENT BOLT
CONNECTIONS BETWEEN RACKS AND EASES AND THE WALL SEISMIC
RESTRAINTS ,RESULTING IN A FREZ-STANDING ARRAY, THE WALL
SEISMIC RESTRAINTS ARE ALSO REMOVED FROM REGION 1,
ADDITIONALLY A FULL-LEMNGTH RIGHT ANCLE POISON IMNSLRT S
WELDED IN EACH REGION 2 CELL, AS SHOWN ON THE CRCESCS-SECTION,
FIGURE 2 2 OF THE SEISMIC AMNALYSIS (REF .2) AND THE
LONGITUDINAL SECTION, FIGURE 2 4 OF THE SEISMIC

ANALYSIS (REr 2}

A SKETCH OF RACK, EASE, SHIMEZ, AND FLOOR FLATEZ g
REPRESENTED IM FICURE 2. : TiC SHIMS ARE ADDID BITVIZIH
THE BASE AND FLOOR PLATES IN ORDER TO PROVIDE MORE
LOAD CARRYING AREA THAN THE FRESEMT JACKSCREVS

2 2 LOADS FROM THE SEISMIC ANALYS1E (REF 2)

TABULATION OF LOADS TROM THE SEISMIC ANALYS!S ARC
INCLUDED AS PAGES 3 AND 4 THE LOAD COMEINATIONS OF
D+E (OBE)> AND D+L‘' (SSE) ARE THE RMS VALUES LISTEL ot
SET #3, MAXIMUM VERTICAL LOADS ARE THOSE COCCURRING ONM
2 OF THE 4 RACK CORMERS AT RETURN IMFACT FOLLOWING
LIFT-0FFy SET #4 IS HALF OF SET #3 OR THE LOAD ON

A SINCLE CORNER,
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SUMMARY OF RESULTES FOR 140 CELL RACK STANDARD riILE RGEUM 1A
e S SET 1 MAX FORCED (R1PB)ncsvvnnvininmimnnn el
AT GAP ELEMENTH SUPPORT
DIR EVT 1 2 3 4 S Fvt Fhs
NS OBE 31 4q 53 2 33.3 é4.4 83 5 273 .2 120.0
EW OBE 0.0 55 ¢ 2.4 93.3 23- 3 3%3 3 136 2
NS ESE 8.9 62 0 98 3 77 ? 2.6 8087 251 .8
EWw SSE 16 6 66 S 115 8 83 $ 103 3 381 ¢ 164 2
~~==<~8ET #2 - LOADS ON INDIVIDUAL F/A'S (LBS) AND SUPPORTS (KIPS)ew-
N5 OBE 224 380 381 460 S9¢ 138 9 85 ¢
EwW OBE 0. 397. 517 523 523 196 7 78 1
NS S3t 64 443 702 3% 697 202 4 115 8
EW SSE 119. 475, 827. 599 738 190 8 82 1
-SET #3 - MAz FORCES AT SUPPORT (LBS) -SET #85- MOVEMENT AT BASE ( INS)
Fvert Fhoriz ELASTIC SLIDING LIFTOFF
NS OBL 62,510 170,000 wccccccacanas C 019 C 0gc¢ 0 009
EW CBE 183,110 136,200 . cvvnccnncnaca 0 04¢ 0 0es 0 048
V7T OBE 53,728 00,000
RMS 511,123 230,865
NS 85t 196,%2:0 835,300 wecicnnonensms 0 Cze 0 308 0 0%50
EW SSE 173,410 168,300 -snconcivccen 0 04e 0.%13 0 047
VT SstC 53,728 00,00¢C
RMS ¥75.723 283,878
~SET #4 - MaAx FORCES ON SUPPORT (LBS) -~
NS OBE 31,755 85,000
EVWV OBE 92.5353 78,100 DWT = 233,400 LBS
BWT = 2%.,410 LBS
VT OBE 26,864 00,000 SWT = 208,190 LBS
RMS 205,567 115,432 FRICTION FORCES
® 0 2 FACTOR (LBS)
NS S8st 5,288 115,7%0 NSEOBE = 44,640
EWOBE = 82,210
EW SSE 86,708 82,150 MNMSSSE = 9,760
EWESE = 101,600
VT S5 2¢ ,B64 00 .0cCc¢C
RMS 237,862 14.,939



SUMMARY OF RESULTS FOR 140 CELL RACK - CONSOLIDATED FILE RGSUM 2a
Sesccccrcccnn- seex=BET Bl - MAX FORCES (KIPS)ewaweuoo_. L
AT GAP ELEMENT# SUPPORT
DIR EVT 1 2 3 4 S Fvt Fhz
NS OBE 2.0 0.0 100 0 98 ¢ 159 3 312 4 160 2
EW ORE 0.0 S3 6 178 3 176 0 180 1 405 2 153 0
NS SSE 14 .8 214 9 225 6 217 5 250 7 455 7 239 .3
EW SSE 0 0 148 9 249 3 223 2 235.0 312 1 184 7
----- SET #2 - LOADS ON INDIVIDUAL F/a'sS ‘LES) AND SUFFORTS (KIPS)-caa
NS OBE 00 00 714 703 i138 156 2 80 1
EW OBE 00 383 1274 1247 1286 202 ¢ 76 S
NS SSE 10¢ 1538 1611 1554 £ 797 227 9 3ty .2
EW S55E 00 1060 1781 1594 1679 256 1 92 4
~SET #3 - MAX. FORCES AT SUPPORT (LES) -8SET 45- MOVEMENTS AT BASE (INS)
Fvert Fhoriz ELASTIC SLIDING LIFTOFF
NS OBE * 00 160,200 wmcoemnao o __ 0 018 C o028 0.000
EW OBE 64,140 133,000 ccecccmaoa .. 0 045 0 024 0.015
VT OBE 89,470 . 00.00¢
RMS 451,146 221,524
NS SSE 114,640 PRV, 000  vendinnnnnine 27027 0 094 0 017
EWw sSsg 171,040 184, 00 ~cccmmnoo.. -=-=0.054 0 128 0 072
VT SSE 8%.,470. 00,000
RMS 565,564 302,289
~SET #4 - Max FORCES ON SUPPORT (LBS)~-
NS OBE 0o 80,100
HYT - 397,400 LBS
EW OBE 32,070 76,500 DVT = 389,000 LBS
BWT = 47,940 LBS.
VT OBE 4,735 00,000 SWT = 341,060 LBS
RMS 225,573 110,762 FRICTION FORCES
® 0 2 FACTOR (LBS)
NS SSE $7,320 119,650 NSCBE = 49,640
EWOBE = 51,630
EW SSE 83,520 92,350 MSSSE = 48,210
EWSSE = 68,210
VT SSE 44,735 00,000
RMS 282,782 151,144 * BECAUSE OF NO LIFTOFF .

PROJECT 83¢5
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THE STRESSES ARE SUMMARIZED IN TABLE 3 | FOR
A, SHEAR IN WELDS NO 1,2 § 3 SHOWN OF FIGURES 3 | AND 1 2
é,SHEAR QUT OF THE CORMER § BUXLS (SHADED AREA.TIC 3 1)
€ BUCKLING OF THE EOX WALLS
O(FLOOR LOADS UNDER THE 14 1n X 11 1n BASL PLATEL
THE STRESSES IN WELDS NO 1, 2 & 3 ARE UETERMINED BY CALCULATING
THE RMS VALUES OF THE SHLAR LOAD, VERTICAL AND HORIZONTAL TO

CET THE NS, EW, VT AND SWT LOADS THL FORCE !N THE WELD 1S
CALCULATED BY,

— P e —
F = sztVrns e Few + Fwt

THE SHEAR OUT OF THE CORNER, THE BUCKLING LOAD OM THE PLATE
AND THE FLOOR LOAD ARE DETERMINED BY USING THE RMS VALUES FOR
THE INDIVIDUAL SUFPPORTS GIVEN IN SECTION & 2

THE MAXIMUM STRESSES IN WELDS 1,2, & 3 ARE,

STD RACK, E-W PLANE, OBE, 1(9.970 psi, WELD #2
. " N-S PLANE, SSE, 21,700 psi, WELD #2

CON RACK, E-W PLANE, OBE, 16,940 psi, WELD #2
” e E-W PLANE, SSE, 23,340 psi, WELD #1

THE MAXIMUM SHEAROUT STRESSES IN THE CORNERS ARE

STD RACK, OBE, 11,940 psi
i SSE, 13,800 psi

CON RACK, OBE, 13,110 pei
e ; SSE, 16,430 psi

THE MAXIMUM FLOOR LOADS IN THE 11 in. X 11 in EASE PLATE ARE

STD OBE , 1700 ps:
” SSE. 1965 ps:
CON OBE , 1860 ps1
” 88E., 2340 psi

THE ALLOWABLE WELD OBE SHEAR STRESS 1S 24,000 ps: (REF
SECT NF 3000, TABLE NF-23292 1-1)

(5]

THE ALLOWABLE WELD SSE SHEAR STRESS 1§ 28,40C psi
(1 &6 OBE (REF. 7, SRP 3 8 4 S(b)))

THE CRITICAL BUCKLING STRESS IS 19,140 psi (SECT 6 19)
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FLOOR LOADS
THE SiX MODIFIED RAZKS ARE IN REGION %2 UEINC THE
SUBMERGED WEIGHT FOR THE RACK THE TOTAL FLOOR LOADS ARE
STANDARD RACK 1,249,000 LBS

CONSOLIDATED RACK 2,046,360 LB:S

THE BEARING STRESS ON THE CONCRETE UNDER THE
I1 IN X 11 IN X 3/4 IN SUPFORT PLATES ARE

LOADS IN STANDARD RACK CONSOLIDATE RACK
POUNDS OBE SSE CBE SS5E
FLOOR LOAD 205,567 237,842 225,573 282,782
BEARING 1700 1965 1864 2337

STRESS
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SECTION 7.0

FLOOR LOADS DEVELOPED FROM SEISMIC EVENTS
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SECTION 8 ¢

EXTERNAL LOADINGS




SECTION @ FAGE 2 OF 2
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STRAIGHT DROP OF A FUEL ASSEMBLY THROUGH AN INDIVIDUAL CELL

THE FUEL BUNDLE DROP CONSIDERED I3 A STRAICHT DROP INTO
A FUEL SPACE. THE FROBMBILITY oOF THIS 1S5 MOREL REMOTL
THAN ANY OTHER ACCIDENT IT 1S MOST LIKELY THA1 THE
FUEL BUNDLE WILL STRIKE THE TOP OF THE FUEL BCX AND

BE DEFLECTED 80 THAT THE ENERGY IS DISSIPATED IN
DEFORMATION OF THE BOX OR FUEL BUNDLE ITSELF

THIS FOSTULATED DROP ACCIDENT WOULD CAUSE THE FUEL
ASSEMBLY TO IMPACT THE BOTTOM PLATE IN THL CELL. THE
CLEARANCE BETWEEN FUEL DIMENSIONS AND BOX DIMENSIONS ARE
QUITE CLOSE;, THUS THE FUEL ASSEMBLY WOULD EECOME A LECAKY
FISTON AND THE FUEL BOX WOULD BECOME A LEAKY CYLINDER

OF ITS DESCENT THUS IT 1€ UNKNOWN AES TO THE AMOUNT OF
ENERCY IMPARTELD TO THE BOTTOM PLATE THE CAPACITY OF THE
0 090" WELDS WHICH ATTACH THE BOTTOM FLATE TO THE CELL
ARE ESTIMATED TO BE PLASTICALLY DEFORMED TO FAILURE IF
LOADED HIGH ENOUGH THIS FAILURE LOAD ESTIMATE 1S BASED ON
30,000 psi ULTIMATE SHEAR S3TRENGTH AND A TYPICAL PLASTIC
DEFORMATION OF 20% THE AREA IN SHEAR (S

0.090" » 4¢(8 25")e2 97 in
ENERCY=30,000 PSi x (20% x 0 090") x 2.97 in =1604 in-lbs

COMPARING THIS VALULZ TO THE ENERGCY AVAILABLE FRAOM THE
STRAIGHT DROP ON THE RACK, WHICH 1S 43,500 In-Ib WHEN THE
FUEL ASSEMELY IS CONEIDERED AS A RIGID BODY FOR A 30" DRoOP,
THE BOTTUM PLATE WELDS WOULD FAIL

TH1S ACCIDENT WOULD RENDER OMC STORAGE LOCATION
UNUSABLE HOWEVER, THE FTHYSICAL CONFICURATION OF TUE
SPENT FUEL STORAGE CELLS WILL NOT BE CHANGLD , THEREFGORE ,
THE SUB-CRITICAL ARRAY OF THE RACK WILL BE MAINTAINED

A




