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INTRODUCTION.

THE STENT FUEL STORAGE R A C);S ARE CLASSIFIED AS CATEGORY
1 PER NRC REGULATDHY GUIDE I 29 THEIR PRIMARY FUNCTIO!1 IS TO
MAINTAIN STORED IUEL ASSEMELIES III A SUBCRITICAL ARRAY VHILE
PROTE CT I!!G THEN FRCil IIE CH ANI C AL DAMAGE DURING ALL CRED13LESTORAGE CCM D I T I GIC TM;2 11E C l! A N I C A L ANALYSIS FRESENTS

,

ANALYTICAL PROOF UF STR'JOTURAL I!1 T E G R I T Y

THE AII A L Y S I S FOLLOVS NRC GUIDAllCE AS D E L IIIE ATE D IN Til E
POS I TI Oil PAPER "RLVIEV AND ACCEPTANCE OF STENT FUEL STORAGE
AND H ANDL IllG AFFLICATIO!IS", DATED APRIL 14,1978 AND
t!ODIFIED JANUARY 10 17'77 THE D E S I G!! CALCULATIONS ARE DASED
ON SUESECTION 14F OF ASME EOILER ANC FRESSURE VESSEL CODE,
SECTICH III AND AFFENDIX D OF THE STA!!D ARD REVIEV PLAN(SRF)3.8.4.

THE FERMISSICLE VELD STRESSES ARE TAKEN
FRON TABLE HP-3324.5(4)-1,1983 C D I T I Oll . THIS IS THE SAME AS
TABLE NF-3292-1, 1977 EDITIOll, REFERRED TO Ill THE POS IT I Off
PAPER AllD I!! NF-3 3 21 Tlll S TADLE F10 LONGER EXISTS INTHE 1983 EDITION.

THE LOAD COMBINATIONS USED I!4 TH I S ANALYSIS ARE O!!LY
SUEMERGED DEADWEIGHT PLUS SRSS COMBINATIONS OF ODE A14D SSE
LOADS. THESE LOAD COMBINATIONS ARE THE RMS VALUES TAKEN
DIRECTLY FROM THE SEISMIC ANALYSIS (REF.2) THE RACKS ARE
NOT SUBJECTED TO LIVE LOADS MOR TO THER!IAL LOADS. THUS THE
LOAD COMBINATIONS, D+L+To(OR Ta)+E AND D+L+Ta+E' BECOMRD+E AND D+E'

ANALYSES ARE PERFORMED FOR TWO STORAGE AR R ANG EME!1TS ,
ONE REFERRED TO AS " ST A!!D A R D " WHEREIN ONE FUEL ASSEM3LY
(179 FUEL RODS) IS STORED IN EACH CELL I t{ REGIOli 2, THE
OTHER REFERRED TC AS " CONSOLIDATED" WilERE IN THE FUEL RODS
FROM TWO ASSEMBLIES f358 FUEL RODS) Ili A C A!!I STE 9 ARE
STORED IM EACH CELL IN R E G I O!! 2

THE INTERFACE BETVEEN THE RACKS AtlD EASES IS TII E CRUCIFORM
BOTTOM PLATE AT THE RACK COR!!ERS WHICH SPAN THREE SOXES
IN EACH D I R E CT I O!! THUS THE PLANE AT THE Ti!I RD ROW
LOCATION, AS SHOVN OM FIGURES 2.2 A!1D 2 3, Af!D THE T!!REE-DOX
CORNER SOUARE ARE THE WELD FLANES A N A L Y :I E D .

FLOOR LOADS FOR R E G I O!! 2 ARE TRAt!SFERRED THROUGH THE BASETO THE 11" X 11" FLOOR FLATES. BECAUSE OF Tit t It4 CREASEDSTORAGE IN REGION SHIMS ARE INSTALLED DETWEE!! THE BASE
CORNER AND EACH FLOOR PLATE TO FROVIDE GREATER LOAD TRANSTER
AREA THAN THE PRESENT JACY. SCREWS. IN REGION I, HOWEVER,
SINCE NO Cl!A N G E IN STORAGE IS EEING MADE TitERE IS ItO
C H A tl G E It! BASE TO FLOOR PLA i.e. THE JACKSCREWS R E M A 1 !1 ,RACKS,JFp)GNDfPWRE THE REGION 1 EEI! MOVED FROM THEIR F R E S EllT
LOCATIONS WITH THE JACKSCREWS CENTERED ON THE 11" X 11" FLOOR
PLATES. THERE IS ENOUGH SOGE DISTANCEITO TAKE CARE OF ANYREGION 2 INDUCED SLIDING.
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b.RGr!.2

THERE ARE NO CALCULATIONS FOR VALL LOADS DECAUSE AS PREE-STANDING RACKS AND BASES DUE TO REMOVAL OF THE BALL SEISMICRESTRAINTS
THERE ARE RE ATIVELY LARGE DIMENSIONS BETVEENTHE RACKS

ND VALLS AND CONSEQUENTLY SMALL HYDRODYNAMICFORCES.

A POSTULATED DROP ACCIDENT OF A FUEL ASSEMBLY STRAICHT
.

'

DOVN INTO A STORAGE CELL IS INCLUDED BECAUSE IT VAS !!OT
ADDRESSED IN THE ORIGINAL REPORT-.

J
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.

*,2.I EQUIPMENT DESCRIPTION
ffh

SIX OF THE NINE P R E S EllTL Y INSTALLED RACKS ARE MODIFIED FOR
'

100% STORAGE DENSITY, AND DESIGNATED AS REGIO!4 2 FOR
STORAGE OF DEPLETED FUEL AND/OR CONSOLIDATED PIN STORAGE,
IN. CANISTERS ON A 2I RATIO. THE REMAINING THREE RACKS,

, >

UNMODIFIED, ARE DESIGNATED REGIOlt I FOR STORAGE OF
UNIRRADIATED OR FRESHLY D I S Cli A RG ED FUEL AT 50% STORACEDENSITY.

ALL SIX RACKS IN REGION 2 ARE THE SAME SIZE, 140 STORAGE
CELLS

MODIFICATION CONSISTS OF REMOVIftG THE PRESE!!T BOLT
,

CONNECTIONS BETVEEN RACKS AND BASES AND THE VALL SEISMIC
RESTRAINTS,RESULTING Ili A FREE-STANDIt{G ARRAYe THE VALL
SEISMIC RESTRAINTS ARE ALSO REMOVED FROM REGION I,

ADDITIONALLY A FULL-LEffGTH RIGHT ANGLE POISO!! I TIS E RT IS
VELDED IN EACH REGION 2 CELL, AS SHOVN ON THE CROSS-SECTIOtl,
FIGURE 2.3 OF THE SEISMIC A!1 A L YS I S (REF.2) AND THE
LONGITUDINAL SECTION, FIGURE 2.4 OF THE SEISMIC
ANALYSIS (REF. 2)

A SKETCH OF RACK, EASE, SHIME, AND FLOOR PLATES IS
REPRESENTED IN FIGURE 2.1 T !E SHIMS ARE ADDED D ETVE E!4'

.THE BASE AND FLOOR PLATES IN ORDER TO PROVIDE MORE
LOAD CARRYING AREA THAN THE F R CS EFIT J AC KS CR EWS .

2.2. LOADS FROM THE SEISMIC ANALYSIS (REF.2)

TABULATION OF LOADS FROM THE SEISMIC ANALYSIS ARE; I!4CLUDED AS PAGES 3 AND 4. THE LOAD COM E ll{AT I O!IS OFD+E (OBE) AND D+E' (SSE) ARE THE RMS VALUES LISTEDafSET #3 MAXIMUM VERTICAL LOADS ARE THOSE OCCURRING Off
2 OF THE 4 RACK CORtIERS AT RETURN IMPACT FOLLOVING
LITT-OFF, SET #4 IS HALF OF SET #3 OR THE~ LOAD Otl
A SINGLE CORNER,

t

k



PROJECT 8369
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SUMMARY OF RESULTS FOR 140 CELL RACK - STANDARD, FILE RGSUM.1A
-------------------SET al MAX. FORCES-

(KIPS)----------------------AT GAP ELEMENT 4DIR EVT 1 2 3 4 5
SUPPORT
Fvt rht

NS OBE 31.4 53.2 53.3 64.4 83.5 271.7 170.0
EV OBE 0.0 55.6 72.4 73.2 73.2

,

393.3 156.2
NS SSE. 8.9 62.0 98.3 77.7 97.6 404.7 231.5
EV'SSE 16.6 66.5 115.8 83.9 103.3 381.6 164.2

-----SET #2
LOADS ON INDIVIDUAL F/A*S (LBS) AND SUPPORTS (KIPS)---

-

NS OBE 224. 380. 381. 460. 596 135.9 85.0
EV OBE 0. 397. 517. 523. 523. 196.7 78.1
NS SSE 64. _443. 702. 555. 697. 202.4 115.8
EV SSE 119 475. 827 599. 738. 190.8 82.1

-SET #3 - MAX. FORCES AT SUPPORT (LBS)
-SET #5- MOVEMENT AT BASE (INS)Fvwrt Thoriz

NS OBE 63,510. ELASTIC SLIDING LIFTOFF170,000.-------------0.019 0.080 0.009
EV OBE 185,110.

156,200.-------------0.046 0.088 0.048
VT OBE 53,728 00,000.

RMS. 411,133. 230,865.

NS SSE 196,510.
231,500.-------------0.026 0.308 0 050

EV SSE 173,410.
164,300.e------------0.048 0.513 0 067

VT SSE 53,728. 00,000.

RMS 475,723. 283,878,

-SET #4 MAX. FORCES ON SUPPORT (LBS)--
-

NS OBE 31,755. 85,000.

EV OBE 92,555 78,100
DVT 233,600. LBS.=

BVT = 25,410. LBS.VT OBE 26,864. 00,000. SVT = 208,190. LBS.
RMS 205,567. 115,432.

FRICTION FORCES
9 0.2 FACTOR (LBS)NS SSE 98,255. 115,750
NSOBE 41,640.=

EVOBEEV SSE 86,705. 82,150. 82,210.=

MSSSE 59,760=

EWSSEVT SSE 26,864 00.000
101,600.=

RMS 237,862. 141,939.

|

|
1
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SUMMARY OF RESULTS FOR 140 CELL RACK
CONSOLIDATED. FILE RGSUM.2A

-

-------------------SET 51 - MAX. FORCES (KIPS)--------------------AT GAP ELEMENT #DIR EVT 1 .2 3 4 5
SUPPORT,

Fvt Thz
NS OBE 3.0 0.0 100.0 98.4 159.3 312.4 160.2
EV OBE 0.0 53.6 178.3 176.0 180.1.

405.2 153.0.

.

NS SSE 14.8 214.9 225.6 217.5 250.7 455 7 239.3
EV SSE 0.0 148.4 249.3 223.2 235.0

.

512 1 184 7
-----SET

#2 - LOADS ON INDIVIDUAL F/A'S (LBS) AND SUFFORTS(KIFS)----NS-OBE 00. 00. 714. 703. 1138. 156 2 00 1
EV OBE 00. 383. 1274 1 2 ',7 . 1286.

202.6 76.5
NS SSE 106. 1535. 1611 1554. 1791 227.9 119.7
EV SSE 00. 1060. 1781 1594. 1679 254.1 92.4

-SET #3 - MAX. FORCES AT SUPPORT (LBS)
-SET #5- MOVEMENTS AT BASE (INS)Fvert Fhoriz'

ELASTIC SLIDINC LIFTOFFNS OBE = 00. 160,200
.

-------------0.018 0.028 0.000
EV OBE 64,140. 153,000.-------------0.045 0.024 0.015
VT OBE 89,470. 00,000.

RMS 451,146. 221,524.>

NS SSE 114,640. 239,300.-------------0.027 0.094 0.017
EV SSE 171,040.

184,'00.-------------0.054 0.128 0.072
VT SSE 89,470. 00,000.

,

RMS 545,564. 302,289.
.

-SET #4 - MAX. FORCES ON SUPPORT (LBS)--NS OBE 00. 80,100.
4

EV OBE 32,070 76,500
HVT 397,400. LBS.e

; DWT 389,000. LBS.e

VT OBE 44,735. 00,000. BVT = 47,940. LBS.
SVT 341,060. LBS.=

j RMS 225,573. 110,762.
FRICTION FORCES

NS SSE 57,320. @ 0.2 FACTOR (LBS)
.

119,650.
NSOBE 49,640=

EV SSE 85,520. 92,350.
.

EVOBE 51,630.=

MSSSE 68,210.=

VT SSE 44,735. 00,000. EWSSE 68,210.=

RMS- 282,782. 151,144.
,

BECAUSE OF NO LIFTOFF.
*

_. . . . _ _ _ . . . - - ~ . . - _ _ _ _ - -- ... _ _.
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SECTION 3.0
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SUMMARY OF STRESSES
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THE STRESSES ARE SUMMARIZED IN TABLE 3.1 FOR.

6L, S H E A R IN VELDS NO. 1,2 & 3 SHOVN OF FIGURES 3.1 AllD 3.2,

k SHEAR OUT OF THE CORNER 9 BOXES (SHADED AREA, FIG. 3 1)

6. BUCKLING OF THE BOX VALLS
.

IC, FLOOR LOADC UNDER THE 11 in. X 11 in. BASE PLATE

THE STRESSES IN VELDS NO. 1, 2 & 3 ARE DETERMINED BY CALCULATI!4G
THE RMS VALUES OF THE SHEAR LOAD, VERTICAL AND HORIZO!1TAL TO
GET THE NS, EV, VT AND SVT LOADS. THE FORCE IN THE VELD IS
CALCULATED BY,

-* 2 *r - SVT 1 rns . r.w . rvt
THE SHEAR OUT OF THE CORNER, THE BUC K L Il1G LOAD O!! THE PLATE
AND THE FLOOR LOAD ARE DETERMINED BY USING THE RMS VALUES FOR
THE INDIVIDUAL SUPPORTS CIVEN IN SECTION # 2.

THE MAXIMUM STRESSES IN VELDS 1,2, 8 3 ARE;

STD. RACK, E-V PLANE, OBE, 19,970 psi, VELD #2
" " N-S PLANE, SSE, 21,700 psi, VELD #2

CON. RACK, E-V PLANE, OBE, 16,940 psi, VELD s2
" " E-V PLANE, SSE, 23,340 psi, VELD #1

THE MAXIMUM SHEAROUT STRESSES IN THE CORNERS ARE

STD RACK, OBE, 11,940 psi
" ' SSE, 13,800 psi

CON RACK, OBE, 13,110 psi
" " SSE, 16,430 psi

THE MAXIMUM FLOOR LOADS IN THE 11 in. X 11 in. BASE PLATE ARE:
,

STD. OBE, 1700 pst
" SSE, 1965 pst

,

!
CON. OBE, 1860 psi

j" SSE, 2340 psi I

> ,

'

THE ALLOVABLE VELD OBE SHEAR STRESS IS 24,000 psi (REF. 3, j {SECT. NF 3000, TABLE NT-3292.1-1)
'

; THE ALLOVABLE VELD SSE SHEAR STRESS IS 38,400 psi
(1.6 OBE (REF. 7, SRP 3.8.4.5(b)))

THE CRITICAL BUCKLING STRESS IS 19,140 psi (SECT. 6.19)

. - _ _ _ . -- . _ , , . . _ _, _. _ . _ - -. ~ - - - __ _.-
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FLOOR LOADS

THE SIX MODIFIED RACKS ARE Ill REGION #2. USING THE
SUBMERGED WEIGHT FOR THE RACK THE TOTAL FLOOR LOADS ARE:' '

.

[ STANDARD RACK.

1,249,000 LBS.

CONSOLIDATED RACK 2,046,360 LBS,

THE BEARING STRESS ON THE CONCRETE UNDER THE
11 IN. X 11 IN. X 3/4 IN. SUPPORT PLATES ARE:

LOADS IN STANDARD RACK CONSOLIDATE RACK, POUNDS- OBE SSE OBE SSE

FLOOR LOAD 205,567 237,862 225,573 282,782

BEARING 1700 1965 1864 2337STRESS

,

c

9
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i8.1
STRAIGHT DROP OF A FUEL' ASSEMBLY THROUGH All INDIVIDUAL CELL

.

.

!

THE FUEL BUNDLE DROF CONSIDERED IS A STRAIGHT DROF INTO
A FUEL SPACE. THE PROBABILITY OF THIS IS MORE REMOTETHAN ANY OTHER ACCIDENT IT IS MOST LIKELY THAT THE
FUEL BUNDLE VILL STRIKE THE TOP OF THE FUEL DOX AND*

BE DEFLECTED SO THAT THE ENERGY IS DISSIPATED IN
DEFORMATION OF THE BOX OR FUEL DUNDLE ITSELF

- ,

THIS FOSTULATED DROP ACCIDENT WOULD CAUSE THE FUEL
ASSEMBLY TO IMPACT THE BOTTOM PLATE IN THE CELL. THE
CLEARANCE BETVEEN FUEL DIMEf4SIONS AND BOX DIMEtISIONS ARE
QUITE CLOSE; THUS THE FUEL ASSEMBLY VOULD BECOME A LEAKY
FISTON AND THE FUEL BOX VOULD BECOME A LEAKY CYLINDER.
THE HYDRAULIC FORCES GENERATED WHEN THE FUEL ASSEMBLY
INITIALLY ENTERS THE FUEL BOX ARE QUITE LARGE AND SERVE
TO RETARD THE FUFL ASSEMBLY DURING THE NEXT 13.25 FEET
OF ITS DESCENT. THUS IT IS UNKNOWN AS TO THE AMOUNT OF
ENERGY IMPARTED TO THE BOTTOM PLATE. THE CAPACITY OF THE
0.090" VELDS VHICH ATTACH THE BOTTOM PLATE TO THE CELL
ARE ESTIMATED TO BE PLASTICALLY DEFORMED TO FAILURE IF
LOADED HIGH ENOUGH. THIS FAILURE LOAD ESTIMATE IS BASED ON
30,000 psi ULTIMATE SHEAR STRENCTH AND A TYPICAL PLASTIC
DEFORMATION OF 20%. THE AREA IN SIIEAR IS

0.090" x 4(8.25")=2.97 in.
ENERGY =30,000 psi x (20% x 0.090") x 2.97 in. =1604 in-Ibs

COMPARING THIS VALUE TO THE EllERGY AVAILABLE FROM THE
STRAIGHT DROF ON THE RACK, Wit I C H IS 43,500 in-lb VIIEN THE
FUEL ASSEMELY IS COI4SIDERED AS A RIGID BODY FOR A 30" DROP,
THE BOTTOM PLATE VELDS VOULD FAIL.

THIS ACCIDENT VOULD REtIDER Of!E STORAGE LOCATION
UNUSABLE. HOVEVER, THE Fl(YSICAL COttFIGUR ATIO!! OF T!!E
SPENT FUEL STORAGE CELLS VILL NOT BE CHANGED,THEREFORE,
THE SUB-CRITICAL ARRAY OF THE RACK VILL BE M A lll T A l llE D .

.
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