3 - APPLIWWIX P-1

JBE OETLCT O JHAS CALCLLATVEN /J'. TC LTS

/'t.. Fd (/r}/ﬂ

//‘ T LG R ED Jr/’e,cwfx L BETIVEEY A

AJJ£//£Z/£'.S' s 7'//,5' J////’/"'/.»Vé COS/TAIES ST AT -

FTASYED FOLLL /Al E A4 30 Fec] DLFOP OF /e

60/1/7—, SESR N TS u/)[

D

— STESYL 20 A COCL L7008

LTHIS  CON SR YT 0™ At 5 onEgas

- - re &'
TN TS S AL LTS,

SVOICATAS TEaT Foi A 0002 of T LA G

CCN T2/ TR /g7 SILL, THE /o/’ /5-4, AELLEEL Y

-

lf’/'/° 4 ;ﬁ/? 67-0/?[ 7./5,'-'- /&/ r/(r/of{//l./( J/@ 8PS A2 /,,;'—/’/«'u:,_u‘:',7

C‘,‘.‘/ 77/1. J‘f,é‘/‘)/'.-/: ,—.,-/ :/ : ‘C“..-/_ (;(:/{-.! z(/.,’?'/'} /7 /‘? 1-/’___5"1,,/ l.;" L2 /',‘ ,’Y ; l/ .' :

4 - O’ T

FPEAST C LEFLACT 0 OF ST/5° 09 Tors LuorigorTrie wirle Ao

AL SAR DR

AN A LGS0 L Ol SELNLETICNS EET TN FULL iy

sl crs.
0/: g Z //{/Q L4 t'y/ Cd/'/‘ /'i‘ rd ,.f/ -~ 't.',...f. 6.;;.'.;}6,’."}.’.'-/‘./ .(.r/l; ;o'.(.; 8 ;'s';/'-: (',7‘.,-.’/.’. 4,'-

-
Pl p T

et e A (" PR "’//f/ J“‘- [P
9305170157 930510
FDR  ADOCK 07109
‘..'j ‘--r.l LV B "0":"I.‘ ,4‘ ’,-'.:- '/'/ ",-.’, 1. i c ngg



MIUSTION TMGINECSRING, iNg.. S ULATION KO.

C
. . NUZLEZAR DIVISION . DWG. NO,
v . CONTRACT MO 2 - ° SHECT J? GF
. i suBJECT ‘/".- L "“A/"_L"';' R R A — DATE ;'/'."" R PY.‘_-L’_-‘./
el & i e D22 0 cHEex pate eyl

Z. 2‘/'7/:"’7' ///4 ST Y L Lve s

FOR A 307 snwes FuwE //*:///Jc)"' rLLocsr7y /S5

< Vzgan <= WZ,\:B_‘(.'-‘U' X303, <= S<L7%zc.
X /200 J¥s

FOEL Assimicl) W7, = /20%_? 57 = 88 iy

'. . - e 2.—‘ ‘.’ o /’,— z - -
z;_//(:‘“:7' Evrp sy = £myis f01200 .“..,‘_.37) 243720 su-phs

FOEL ASSo/2 02 W

. , T, S EREY ABIOSREL LV B,
LN 1N JTIAL T FACT THE IA/8RTIA LOAL £ ioois TE
IOF FULL ASSLIVELY /S REACTED B THE LossT oy c/c

BRACKLTS Loz T -, 147 LA SA4CER f/’//7/./6///' St

GractiE7
<G/ //
o~ 7/ X/ Lot T

U .__r"—"‘
- [ 871% Sy
; !_ F H—fure AsSy
' 262" ’ J |
i#:q-,,rx% 2787 F ,;Q
¥ % 7 //
-... }""'_60 b’___)'l‘:’
a._._!_.....lt‘
Bot7 raR LOAS @+ N



HRGS VL LY DA TACOT
.\..rk\\.\\.\y\ \.¢ \...G.W .\\v\.«.\.ﬁt\ﬁ\ 20N s .\CW\ .\.\.\ .h, \\\.M\\:\h\ .\ .L\..m‘nv\

. LAp/ | L3
s\.\s?wt mm&z\.\.\.b.\k ..‘.wuumw..\ .n.\

.Wh ey J\L\\\N.\J n\um\u\ \.\\.hp\\.. ).ﬁ\ - \N.\.\” V\QQ.UMQM M-%

S0 SLToL s yerHS os o sroz sHL Tors
SDIDDF 2 DIDEEHEY B SLIIG FHL SO SHLINAILE ypLET
DILNIKD FHL LPWL FIANITTY 3T 1T 2r FES s qk .
CpL ~ T M\\\\%u\ PNEANT QL 5T ALSATILS T L \Y\@
.\vH\..\Qu A u«m\K cs5d [ TTY wosy .\.ﬂﬁ\ o0 W...n. = SL2X2. =
YIRPNLT FOTHE TLENILT O W iS5’ 000 FF A 2O
h\\\,. & 2\\\. L 7oL .\\m.\\\-\\\\ S0 Lo FAAL ._.,\\\\N 70
NO2LS F77LT WOFXYD 2/ 0D TN \M\\.\ kK\\k ACH L
&/ 7L0 .um\.\.%..ﬂm VA, LT70F LPXNIVYE S/k N FHEL O ppYoLLy

BVOS S AV PPIADYS OL FTSUNT St D YDLIVS OV Yy

U7 A7 \.\ [ VANIIHD B Y N VY T P VN T e
/7T AR =7 \.."\..\.\ 3iva AT T e g o3rans —
40 ~ 13au4s T T 'ON ADVUINOD ﬁ
‘ON ‘oMma NOISIAIA HVATIONN .

‘M oPORYTY vD . *DNL ‘ONPMIEMD, NCI1LSNaINOD



]

COMBUSTION ‘GINEERINMG, INC. €4 ILATION NO.

. .' NUCLEAR DIVISION DWG, NO :
3 CONTRACT NO. " 57/ SHEP " ___ <& oF
— ' . SURIECT oneu v Lo it A e prar s L pATE. D e ay <" le /P
y - . R T
ULV L pt Tasadr s Aesns vorr CHECK DATE ,") NSARE: N I3

LW DETERMNING THE ENEREY ABIORCED B¥ THE LaACHES
IT IS ASSOITEY THAT7 THE ELACKET ACTS 45 A Livcs 2
SPRING LP Fo THE £ GAL REPLIRELTO SHLEGF THE L2277,

THZ EFNEREY ALSCRSGEDL BY Twe Eclic /S /:'//m,e AD IS

NEELS CT LD

. e

L =28x/0 6/).! /




\.W.,\\.No.w\n.\m..#..“.\...\.\lN - P\ L I

htf

fys ¢01Y L0 = . 7
7 Lol |
ZE e ;0 Coxs M%.w I .\w\
\..Q\‘rQMNQ. = 22 = .le.uil 27
r 7} Q\\\-N NV‘%\ k4
Ol>)n7 %+ = £ Al 2 ATl : 2 - LO LT
72 G T siar THLE 5L \Gr T 7 ~v(w\ e
- .
p- X557/ =
: DI E .m A SIADEY Cr . 1< @
aqld\..r(!v asisg b r-v. .x ¥ .@kr
PIRCE (il \l:\. IS T B S Y
(g ) (7 7
M- .
- o en 2 - 2 £
RV R N T F o7y TR VIE
.h\.\tﬁ\ T T
. 2 %7 o vy =T .‘lldw; 4
2 sl T MA\\%. = MV-\.\»\»\N. D CINY = *\ L7 T Y
. o- ..\b\.m.N.N\ ’
CSiIy OIXZE D = M
4 3 .
\M ¢ Lx,om6z xT
Q4 _ z/ ’ ,w
= k. " rd
(G qmuul
(-1 m \
\k -
hétd £ in% u\m..ﬁ, Q%:M
—— Eorp T - ——
/ id L7 AT e ..
R .
/
Wlllf ,n:.IN;.lel\ > BWVANIIHD T T T a o Lere l ) Tl —
J775io7 AB 0L /iy 3iva AT VT S TS, Aoarans
40 K3 ‘BIHS o e ON LDVuINOD . P/

‘oM "BMa . NOISIAIG ¥VATONAN
*ON NOWVSA. /O ‘ON! 'OSNIUZINIDN . NOILSNOQWnGD




CO;\ SUSTIONM IGINELRING, INZ. C/  ULATION NO.

NUCLEAR DIVISION .- Dwa. NO
' CONTRACT No, _ 2. 4 (0 SHEET & oF
j SURIECT LR0LEE0 it Ao il DATE AV v ‘Q‘—fz\
~— (12120207 &  Tap T 4S50 Ay vy e —  CHECK DATE ! ."./ ’.",/7’} uy \I ﬂ )

e A= 2000/0: (e p. 3)
" £
"5.« i

-\ <

ENERCY ABSORELY By BPACKES, £: L4z 7= & KC»,’{—)

. 2
2 r BN
s L LS. L 220 - S 149 =
A 2 gorxs0° 330 1% /JJ.

For & ERACKETS £ = $X330:2 2670 14-/bs

Jo APPRUXIAMATE THE pisd/i'c ENEREY A[’.N"".-_?J-“_'_’P
? L BV THE FUEL O IIFEELTINE THE BRACHKF TS Sl
APAKY QETWELN BRACHETS WI1TH A LI035 CI032 Jives;

L OCALLY & /S AL 0D

Y F Y7 Sa— |
) ju;./‘"‘f\%x)”: U= b smZE where w £Z

R 5 ' . - -
4 :3‘.’_(_._._ /.fe?_d‘_g/-.r: =0
T GV A
)

3
/té,):/é'/{’r -+ ,.‘./:'_{_L - 3‘0!2 Somp KX
c [
o -~ oY A 7Y
e —— - P A ‘ - = /



. COMBUSTION TNGINEERING, INC, CA’ “ULATION No.

NUCLE. .? DIVISION DW.s. NO
CONTRACT NO. 2 V57 0 . SHEET 2 oF
J SUBSECT_L2R2 A0 0 [y A s o pssos b2 DATE 2LiLL7 D BY (ZU&
N SYLPELI G OO v Thf b st Aosut i) cHEeK pate /" Mgy (8

L e 2 ) .
\\\&\w ET \t%\wo (C ) hu\ el b.,\N»VNaN\.bn\\k
’ 2 . \Nh .

r” o 4
M2l 208000 Fy
o S/ 577 - \vNN |

Frort RefF 2 - Case. 723666 TS0 C Ly & Lsennist G540

L Fer g\\\\\\ VI A \C.k ( S 20x/0 m\d\ ALl LARCE PELIFCTS:
ht \\lr\\ TR A \ \ﬂ.\




COMBUSTION GINEERIMG, INC. ~ uLATioN NO,

NUCLEAR DIVISION s DWG. NO
N CONTRACTNO. 2770 SHEF™ =2 oF
sunieeT LN En I Ll As e gV DATE 2 L2 ey Ll
S . 1y - ) . ! i_)
SUI oYL o J g il i ey ss300s ¢ CHECK paic__ " /4 RN
. ~7 7
o= = bt [ £Lc 2000x/4 \#
/°3 F IR~ &

szz ASLLIEZY 18 A‘&A.r 7/¢

ENEREY ABSCRELL B FOEL Assy =
£

, .
‘5: s _/_’_Zz;zo/,( - A 24, 2’ -l J/'}’ ) J/
6 2.7 ’ 2520 e zZr

- / :)-'4[ ?\ WA ./ \ / 20"’0 4 ’// __Z\ g
- -t - '-’—-— P o= / ”-
2[-2(/2"1_/(& /?y —ZX)C/"/C'; N 7 2 _/)'\Q J;/Jy J /é

a : For & crmis

é;’f: = &t Sy

LEWeRCy FECAIINE NFTER BRACIET ECET fRACTI0E
= 43/, 700 =330 =8 = 432,360 n-/bs SO

o Bracrt7s CFOLL 9B 53 pory LITTLE frir ey

L. Z/picl7 OF FOoFL ASsEr s _)/ O S£/25 5857077 LLOES

Lps THE FREVIOUS SECTION 17 /s SHoun FHAT TinE

BRACKLFTS EFUt e ABZToRS A4 ir GLICILLE AZou] OF FiYL

(AR

T AVANERELL FAIREY DOAE PSR orr of vz

LA CALT ECLTS. THIL THE FULL ASSI A2y WLl g, T



COMEBUSTICN  (GINECSRINMG, INC. €/ ULATION KNo.

) NUCLEAR DIVISION . DWG. NO,
3 ' CONTRACT NO., . " 727 SHERT ) or
' _ subJecT Do diier Evirs yoee = Sy Lo 22t £ paTE // /;— A i 4
N COLTTAPIL LT s 2 VYL CHECK DATE ' ?/"?l SORRYRIV A

77 HE SL z_%k»f/cye BEOCAS WITH A Lo ,'m;:" AA’dé/l'f c/m
STNET7C 'fzf/c",f el Jwece ZuyE SELIRS TN FLOCAS AL
_kzzx,’/ gLy /?./% 1l TS CNEREC) W/INL BE QALSCL LD ///.
THE FOEL ASEEEY PRIARILY Y PLasrsc crmar

THE (177538 T VoLocr7 ) /S

2/"‘:5’{, 76

—— e e
KEAT

2 5267 e

RN

? /éze IPTPALT 4 77 FALS zx?(c CrTY TS VLI T T
- THE LAA R c~‘,¢>'/,o.r LYl PROLIDE SIEAM ) CN ST Lf Tir 07 L
IFAR REL/ 7 L 7?/”‘" 4 »"//U‘ L o r 0/‘,-":’.& Tred 7 T

FOFL Loops peT gwns :/,’.}.5-'/.-'.—,’.:' / ./..l LTSS S AL L e

S7RoVCTCRE.

.. -

THE 2.4 ,Jé CEET LLLEAR [T 0 8L BE7ter re/ ST O LrCo S

TER THE CATA A CCNITALNER /S ~ LDt A JHE TUSL E D

———

LT/ OAS v 05 1/}4/44 I D STCE Pp L DO (LA F s pema sy

LAEREY D007 A3y EF ASGcoocp otr A sog CIE AL L HCo sg

- - ‘ 2
— £ 3./ I '-)"-’ A '..C.'.:J/ﬁ)((.:"g---\ £20:7 7 2 RS W AP AV
7 : - e .



) COMBUSTION  ISINERRING, NG, C  1ILATION No.
NUCLEAR DIVISION DW¢e. NO .
N . CONTRACT NO, .22 251 4 SHEELT 20 or
) suaJeeT 10l e Ao v g DATE f”/""' L By i Zr
N~ RUAS LN R R R R PR T CHECK DATE' s 20 sy AN

FVEL RGP

A 5 & C e
5 Sty - jy-z ————
~ wfdts 2 A S~
T R S .
< P s pa0eTER SLEC A

-

As$0r810 € PitSTIC HINEES FORSY 47 LCCATIONS 1, &4 C
O THE 708t CTonie For s RCLD THE JWIERMAL Wk T

/5 4/,2" é} /28 /\/7, /S T E ;(//‘_'/!.l ',.z“//‘.“-.-;'.lc /-}/_/././,‘4-‘07.

L3

- ——

AT LACH HlAgE, FLR O JES SUFL /PCO CRCSS LtLCrio

- - 1.7/ SAPS -
_ . ATy = O L2 — Reg V295
3
2T E hort ; * ) DL o rLes

4

ALrrmovess Tres Fxrwrrsice 15 geross LY ONLY HEPLirnt s
FOR FURIEETEY PLALILE 97 TE204 L 5 A TOANC P XS T
STRAIN JPrcpb Vil 77 74 ¢ CAIIDLCE D UL /D 2.0 TA /S CALS

O WILW CFTHE ALK SAMIE W TR E Clr L e Ll

CALLCULATICN. [JC SCAPIWIRT CCr Opyri . Jo @ T8 1701

-

Vi BV RV N 2 S PR & 6}‘ Hared f8 JAAS NV 4 et _a e

- -

123220 727 1000, a7 T Vs, G ss CTLs N o L



2 A,

< st

5703 K327 7 25mdins o2

L
LI J »

M.\N.N. I R

>
\/...n“ ”

\ -\e\wﬂ.\.n\;\

\‘-y\l’ .

\.
[

\U.\

Sl EI22 5 7L .\\.,.,\. r Y
gpz=) SO AITVT et Sy
LLExp <o b
—— - - L]
SISt f g
r 4
r « ..\\\. - % sm\\\

Y¥IOT Fpr Tl AL D R‘m\

PIT I AN Lo

o D m s &R 50/ .no\\..K T2 YT R0 /7 .\s_\\—\r\ I ?
RS RIS L e K3 PR .“a e lc..sll. s..:.?...nco 7 ..N\\J\N _\..n. iy \\u\ \\\&K
ro st SLE T - &J\) GO - “

h d . Jl\. . \ v “u ~o - \:\ .
. . \ g \
{ m
\ﬂrx\)»bﬂm% = .Nc nu.\Q. 0
’ 023 ¢ 2% ‘

TIPS TN 15 00D D& 0007 ¢ Pere 2o W

SH 07 fr07¢A

DO PN Q5 NeoR7 P2DD @Q.\ Dp IR s A2y yoi

IXE0 2 oL e 0= \\u\\ ORI = £ APy k0¥
\TOY 770 S -0912
R L/ . 3EVAHOIHD S KT I le g S red it i
LTI Aa T T ——aiva — AT IOy T T 7 Loarans ﬂ
40 77 —lzavs o & ON LSVUINOD ,
ON '®ma NOISIAlG a7 190N
"ON NOLLVIN. ¥D "ONI ‘ONINZIINID!. . NOILSAOQWOD

o



COMBUSTION L MGINEERING, INC, Cs  ULATION NO.

. NUCLEAR DIVISION a DWG. NO
> . CONTRACT NO. .0~ ' sHecT._ 77 oF
— - sUBJECTJ)'f‘ ApAT " ,':'-"/( /,‘_;_-[_.-,L.-.,y DATE 2/ e Gy LT
SR PO Lo "0 R D M4y g vere cHECK ;M_; PR oy I

/7 /7

77/6 /‘M»*’//‘/W/ PlaST/C LPLEFALLCT /o ¢/~ SaE VAL R ALCTS

7L | o
f264 2 3550 3Z2 2 5T/,

THuS THE NI SPASINE BETWELA AL fpriisit 1S

G 7479 ;5’3/.‘)" = 2o

-0
-

'é’y SIS AL / .:/ S THE CLEAR DIST 4.VEE RETIA AL

B LN

’ SELRPATCHR BLCCAS REQeI2/ 2 7O Sl T s 5

N

AT/ SEA P 7O B T s LA ASSENTL L )5 SF S,

. ) . ,
J”o.q." s 6 'f /'/y -6 - /'//q//:/ - éf = 3‘1.‘1"‘; '(:;A:

‘v

VA \/“" LIZZEEID 3 )2y,
D5 '




- R

T i | i 471,
i \, |
la - ——— o—— —— .- |w. l'—'L.' — _WL - cmin - e e _.l II_
’ 2 - .fv (4 - | — A i -
" _lw - [} r J .
fe g R - H m.- _ _J ] - R -
- ! m——— — an— — i - .oy p— ® a— ’ - — - .
I —— — — - -
~ L :r bl 4 _ LY L./.J |
LI § S — =l iz e S L I .r||' I S § W S, nh.ll-_l.lll
—————— ' v F .
U v U U i ¥ 3
et . _. e M 5 Qo
e -ty - com [} e g - 2 —
; ST - £ .Mm T ’
¥ D]
— - -e - talpe oyt
- ' ...4\.\4 \\\(. \u<1< \\..\u. 1 \Q\.\- b \Jw\(ql sh\l)
2207 == g
3LV AT3ND T T - 4 ) h
- - arans . :
(Yoo .\. “.v aiva \~\~ KN z !.u\. o.u. ..4.\. N ..s.\..N \\P.W ' N .. t.? os.\\& . LD L
/ -

0 \I\ 13HS ON JOVHINOD
Nie ¢ C. :

— - ‘ON "OMa ‘ . . S

SRR AR L A | Y YIRYILY T




-\) . 3.71.22 Package Nesrrintion
’ A. Package
(1) Gross Height of Lnaded Shipping Containar is 760 1hs.
(2) Model Number - 92/C |
(3) The shipping container is made of carbon steel and
is described in the documents listed in 71.22 A (z),
except that the two assemblies are separated hy
1/4 inzh thick 6 inch wide carhon steel spacer
blocks and ths overall length is increased to
216 1/2*inches, as shown in sketches #P-11 and
P-12, |
- {4) Receptacles
The containment vessel for the two (2) fuel
bundies is the 43 in. diameter outer shell of
the shipping conteiner.
(5) The pressure relesse valves and lifting devices are
also shown in the referenced drawings. There a-e
% 1 no sampling ports.
B. Contents of tha Packzge

W\atd

Each shipping contain.» shall house twe fuel

bundles. The most reaztive of these bundles

have enrichrents of 3.5 /o U235. Each fuei bundle

shall be encesed in 3 plastic bag.

The radiocactive constituents are unirradiated

uranium dioxide fuel pellets, enriched to a max:mum
. : of 3.5 w/o U 235. The maximum radioactivity fur

~ each fuel bundle is 0.7 curies, The maximum for
each lcaded fuel container is 1.4 curies, with rhe
maximum radioactivity for & shipment of eight ()

License No. SNM-1067, Docket 70-1100 Revision: Date: 2/n3/7;
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containers or sixteen (16) fuel bundles being
~ eleven (11} curies,

The maximum amount of uranium dioxide ceramic rellets
in each shipping container is 2100 Tbs., i.e., 1050
ibs., per fuel bundie.

Paragraphs a {3) and a (4) are not applicable.
Paragraph b (6) it not applicable.
3.71.23 Package Evaluation
(a) The package satisfies the standards specified in

the applicable paragraphs in Sub-part C, as discussad

below:

71.31 - General Standerds for All Packaging

a. There will be nc significant chemical, galvanic

or other reacticn among the packaging conpone ts
' or between the packaging components and the
a package contents. The'shipping container is
made of carbon steel and the contents are
zircaloy clad fuel hundles wrapped in polyeth:lene
bags,
b. The Shipping contairer is equipped with a positive
closure which will prevent inadvertent openina,
¢. Lifting Devices:
(1) Same as 71.23 of this section.
3.71.24 Procedural Controls .
Prior to each shipmznt, the container shall bo inspected to
assure that: :
(a) The container has not been significantly damaced.
(b) The closure of the package and any sealing gaskets
are present and are free from defects.

(c) The internal gauge pressure of the container will
not excead, during tae anticipated period of

License No. SNM-1057. Docket 70-1100 Revision: Date: &/22/71
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3.71.33

3.71.34

transrort, the maximum normal gnerating pressuro,
Criticality Standzids for istile Miterial Packaeuns

The package is 3o designed and constructed, and its contents
are so limited that it would be sub-critical if it is assumad
that water leaks into the containment vessel, and
(1) Water modaration of the contents occurs to the '
most resctive credible extent consistent with the
chemical and physical form of the centents, and
(2) The containment vessel is fully reflected on all sides
by water,
Nuclear safety calculations were performed and show a k off

of 0.91 for the above conditicns. Physics constants for
the variocus regions of the assembly were obtained from the
same codes as were used in previous safety calculations.
Please refer to Amendment Ho. €, as amended, to the subject
iLicense,

lLvaluation of a Single Package

(a) The effect of the transpc -t environment of the
safety of any single packzce as described in 71.34
of this section, applies for normal conditions
: of transport.

The effect on the loadad container of conditions iikely te

occur in an accident is as described in 71.34 (2) of this

section, except that an additicnal study was undertaken

10 demonstrate that the six inch separation hatween asserb’ies

will be retained. This study enclosed as Appendix P-1]

confirms that the scparation is not reduced by the 30 foot drop.

/ License No. SNM-1067, Docket 70-1100 Favision: Date: 2/r3/71
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~ 3.71.37 Evaluation of an Arrav Gf Pachages of Fissile Matarial
(a) The effect of the *ransport envirmient on the

nuclear safety of an array of packanes was
evaluated by assuming:

(1) That two (2) damaged shipping containers hecame
abutted top-to-top under water, thus invelving
four {4) fuel asremblies in close proximity.

It was further atsumed that separation between
pairs of assembl‘es would be provided only by
the collapsed steel walls and the top restraining
- Structure of the strongbacks of the two (2)
shipping containers. It was postuiated that tais
separation between pairs of bundles could never
be less than 12 inches, because in the undanagad
condition the separation is mcre than twice that,
and the 30 foot c¢rop tests have shown that the
? . containment shell dc~s not collapse, the burdles
R remain in the same rzlative position with respnct
to the top of the container, and the 6 inch
separation remairs intact between the two (2)
bundles in each container. Any other alignment
of the shipping containers, or abutment, othesr
than top-to-top should resuit in z l2ss reactive
situation, because of the steel structure within
the lower sections of the shipping container and
the runners that provide a base for each container,
Nuclear safety calculations were performed and showed
-k off to be < 0,97,

License No. SNM-1067, Docket 70-1100 Revision: Date: o/:3/71
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3.71.40

(2) That two (2} daraged shippinn containers
becarme ahutti d side-to-side under water, and
the stronchicks shifted siduravs so that the
outerost bundles are € inches apart and
separated by the two (2) steel shells, (each
is 1/8 inch thick), and the two (2) steel
stronghack ecges (each is 1/4 inch thick).
Nuclear safety calculations were performed
and shown k.. to be < 0.92.

The nuclear safety calculations for the ac:ident
conditions are presented in Reference C.
specific Standards for a Fissile Class III Shipment
This container shall be used as a Fissile Class III Shipmen:
and Meets the criteria of 71.40 (2). HNuciear safety analyses
performed p%evious]y, for Amandment Mo. 8 as amended to the
subject License, showed that tne loaded containers are sub-
critical when stored three (3) high in an array that is
infinitely long and infinitely wide. This assures that the
undamaged shipment ¢f tws high, ¢ - wide and two tong would be

subcritical with an icentical shi; “ant in contact with it, «nd
the two shipments clesely refleciz< on all sides by water.

“he analysis presented as part of the requiremerts of
paragraph 71.37 shows that thes shipment would be sub-critical,
“f subjected to the hypothetical zccident conditions shetiffed
tn 71.40 (b).

License No. SHM-1067, Docket 70-1100 Revision: Date: 2/23/71
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BWFC BUCKLING LOAD ANALYSIS

The following analysis was conducted to verify that the
failure load of the shipping container spacer assemblies
exceeds the fuel assembly critical buckling 1load. The
analysis is also documented in BWNT document ID 32-1224342-00,
"51032-2 Container Spacer."

1.0 PURPOSE

The purpose of this analysis is to verify that the failure
load of MK-B and MK-BW shipping container spacer assemblies
exceeds fuel assembly critical buckling load.

2.0 SUMMARY

An extremely conservative buckling and compression failure
analysis was performed on the MK-B spacer. This represents a
worst case analysis for both spacers since the MK-B spacer is
taller and the MK-B fuel assembly has a higher critical
buckling load.

The critical buckling load for the MK-B fuel assembly is 3584
pounds (Ref. Doc. B&W 32~1176304-00). To determine the
buckling load of the MK-B spacer, each support was modeled as
a column with pinned ends. Each support is actually a
composite member. To provide a more conservative analysis,
the smallest member of the composite was considered to carry
the full load. The critical buckling load for each support is
32,800 pounds. With four supports, this translates to a
buckling load in excess of 131,200 pounds.

The compressive failure load was calculated to be 15,000
pounds for each support. This translates to a spacer
compressive failure load in excess of 60,000 pounds.

3.0 CALCULATIONS
The MK-B spacer was modeled as four (4) supports made of 1/2

schedule 40 stainless steel round tubing. The following
support properties were used:

Modulus of Elasticity (E) = 28,000 ksi o

Tensile Strength (S,) = 60,000 psi 2

Wall Thickness (t) = 0.109 inches

Inside Diameter (d) = 0.622 inches

Outside Diameter (D) = 0.840 inches

Support Length (L) = 12 inches (conservatively long)
Area (A) = 0.250 in?



m-D*/64 - m-a*/64
7+0.840%*/64 - w+0.622%/64
0.0244 - 0.0073

0.0171 in*

Moment of Inertia (I)

Each support was modeled as a column with pinned ends. The
following equation was used for the critical buckling load:

= 7*+E-I/L? @
= 9.870-28e6+0.0171/144
= 32,800 pounds per support

Critical Buckling Load: P,

For the entire spacer the buckling load is in excess of
131,200 pounds.

The compressive failure load was calculated using the same
member as analyzed for buckling. The following equation was
used:
Critical Compressive Load: P, A-S,
0.250+60,000

15,000 pounds per
support

o

For the entire spdcer the critical compressive load is in
excess of 60,000 pounds. :

4.0 CONCLUSION

It is impossible for the spacer to fail before the fuel
assembly buckles. This conclusion can be drawn by visually
comparing the fuel assembly to the spacer. The minimum load to
cause failure of the MK-B shipping container spacer assembly
is in excess of 60,000 pounds. This is well over the 3584
pound critical buckling load of the fuel assembly.

These calculations shall also serve to verify the performance
of the MK-BW spacer. This spacer is more heavily constructed
than the MK-B spacer and is required to carry less load.

5.0 REFERENCES

(1) Gere & Timoshenko, Mechanics of Materials, PWS, Boston,
1984, page 744.

(2) Gere, p746.

(3) Gere, p557.



MODEL  51032-2  SHIPPING CONTAINER SIDE DROP  ANALYSIS
1.0 PURPOSE

The purpose of this analysis is to determine if the required
separation between fuel assemblies in the Shipping Container Model
No. 51032-2(Ref. 1) is maintained following a 30 foot drop of the
container on its side. The analysis method found in Appendix P-1
of References 2 and 3 will be followed.

2.0 SUMMARY

This conservative analysis indicates that for a 30 foot drop of the
shipping container on its side, the top fuel assembly could
fracture the positioning brackets and impact onto the separating
blocks, assuming no impact energy is absorbed by the brackets or
the fuel assembly itself. The maximum "clear" distance between
separation blocks required to maintain a 6 inch minimum separation
between fuel assemblies is 11.4 inches.

3.0 IMPACT VELOCITY AND ENERGY
For a 30 foot drop, the Impact Velocity is,

v = (2gh)¥? = ((2) (386 in/sec?) (30 ft) (12 in/ft))!?

v = 527 in/sec
Fuel Assembly Weight (maximum for licensing) = 1650 lbs. (Ref.2)
Impact Energy = % mv? = %(1650/386) (527)% = 593,592 in-lbs.
4.0 ENERGY ABSORBED BY BRACKET AND FUEL
It was found, in the corresponding section of the analysis in
Appendix P-1 of Reference 2, that the amount of available energy
absorbed by the brackets and the fuel assembly during the fracture
of the bracket bolts is negligible. Therefore, for conservatism,
it will be assumed, in the calculation of the maximum separator

block spacing, that the energy absorbed by the bracket and fuel is
zZero.

5.0 IMPACT OF FUEL ASSEMBLY ON SEPARATOR BLOCKS
5.1 Separator Block Spacing

In accordance with the assumption in section 4.0, the
fuel assembly would impact the 6"x8"x9"long separator
blocks with a large amount of kinetic energy. Since the
separator blocks are relatively rigid, this energy will
be absorbed in the fuel assembly primarily by "plastic



strain." The impact velocity would be the maximum
velocity calculated in Section 3(i.e. 527 in/sec).

For impact at this velocity, it is unlikely that the
spacer dgrids will provide significant 1lateral shear
resistance. Therefore, it will be assumed that the fuel
rods act individually, instead of as a composite
structure. It will also be assumed in this section that
the separator blocks are rigid and do not deflect upon
impact.

The MK-B9 Fuel Rod weight-per-inch (Ref. 4) is
approximately 6.94/151 = 0.046 1lbs/in. Thus, for a span
of length "L", the impact energy that must be absorbed by
a single fuel rod is,

E; =% mv® = %(0.046 1lbs/in) (L) (527 in/sec)?/ (386 in/sec?)

E, # (16.55) (L) in-1lbs.

FUEL ROD
A / B
./_% \\ . T V -
\*\,.//—”

c
SEPARATOR BLOCK

oo L. = 29 in.

Assuming plastic hinges form at locations A, B, and C on
the impacting fuel rod, the internal work is derived by
the following,

Work = %P§ where P = 16M,/L (case 2d, p.225, Ref. 6)

(Ref. 5) M, = the fully plastic moment at
each hinge of the deformed fuel rod.

. § = (L/2)(9)
Substitution gives,

Work = 4M;©



For the fuel rod cross section (Ref. 7),

M, = 0,/4/3 (R* - R?) where o, = yield stress
2R = 0.D. of cladding = 0.430"
2R, = I.D. of cladding = 0.377"

Although the previous expression is actually only applicable
for perfectly plastic materials, and 2Zircaloy-4 exhibits
strain hardening, it is considered valid in this case due to
the "approximate" nature of the calculation. To somewhat
compensate for the strain hardening effect, o, will be taken
as the average of the yield and ultimate strength of the Zirc-
4 fuel rod. The yield strength and ultimate strength of cold-
worked Zirc-4 cladding at 70°F are 81,000 psi and 112,000 psi,
respectively (Ref. 8).

I

o, # (81,000 + 112,000)/2 = 96,500 psi.
M, = (96,500) (4) ((0.430/2)3-(0.377/2)%) /3 = 417 in-1lbs.

It should be noted that this neglects the possible increase in
strength under dynamic loading.

Equating internal work to impact energy gives the following,

4Me = Emv?
.8 = (E)/4Mp) = ((16.55 (L) )/( (4) (417) ) = (0.0099) (L) rad

Therefore, the maximum plastic deflection of the fuel rod is,
§ =©'L/2 = ( (0.0099) (L) ) (L/2) = (0.00496) (L?) = &,
Fuel assembly-to-separator block spacing (See Figure 1), prior
to drop, assuming the fuel assembly outer envelope is 8.54 in.
for MK-B, can be calculated as follows,

(24.375 - (2)(8.54) - 6)/2 = 0.648 in.

Therefore, 6., = 0.648 in., to maintain a 6 inch minimum fuel

assembly spacing.
Substitution gives the following expression,
( (0.00496) (L?) ) = 0.648
It is concluded that the maximum "clear" distance between
separator blocks required to maintain a 6 inch minimum

separation between fuel assemblies is,

L = (0.648/0.00496)"? =~ 11.4 in.



Figure 1 - Strongback Channel
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lbs.

Separator Block Bolts

The impact force of the fuel assembly on the separator

‘block following a 30 foot drop of the container on its

side will be estimated. It will be assumed that this
force will be transferred to the separator block bolts in
the form of a direct shear force through their cross
sectional area. The designed bolts are made from 5/8"
diameter Grade 8 High Strength Steel(Ref. 9).

A finite element model of the separator block using
"shell" elements (STIF 63) was made on ANSYS 4.4A (Ref.
10) to estimate the block stiffness. Loads ranging from
2,000 to 100,000 pounds were applied at the center of one
side of the block (nodes 105 & 106), while two points in
the approximate location of the bolts were constrained in
6 degrees-of-freedom and the nodes along bottom edge of
the block were constrained in the Z-direction to simulate
the constraint of the strongback that the block is bolted
to (See Figure 2).

The results can be seen in Figure 3 in terms of an
apparent linear "Load vs. Deflection", from which the
approximate stiffness of the separator block, in its
actual orientation, is determined. It should be noted
that in this section it is assumed that the strongback
and F/A are rigid and do not deflect or absorb enerqgy
upon impact. All energy 1is thus absorbed by the
separator block and bolts, where the stiffness of the
block is the limiting case. This is also conservative.
The calculated stiffness of the block is 52,000 1lbs/in.
An unrestrained deflection, "x", is then determined for
the above stiffness by equating kinetic energy and
"elastic" potential energy as follows,

imv? = 3kx? where m = 1650 1lbs./9 blocks = 183
v = 527 in/sec (Section 3.0)
k = 52,000 1bs./in. (Figure 3)

x = ((183) (527)%/(386) (52,000))" = 1.59 in.



Figure 2 -
Separator Block ANSYS Model
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The impact force can then be estimated as follows,

F = kx = (52,000) (1.59) = 82,680 1lbs.

The allowable shear stress is as follows (Ref. 11),

Tuew = (0.6)(0,) = (0.6)(130,000) = 78,000 psi.

The shear stress in the bolts is then,

T = F/[Ayu, where Ay, = (2) ((7) (5/8)%/4)

T = 82,680/0.614 = 134,747 psi. >> 78,000 psi.

Assuming 2 bolts are used per separator block, the required bolt
diameter can be determined as follows,

Taw = (F)/((2) (m) (4)2/4)
d.. = ((2)(82,680)/(m)(78,000))'* = 0.821 in. = 7/8"

5.3 Realistic Separator Block Loading

In the previous section, a conservative impact 1load was
estimated for purposes of examining the strength of the
separator bolts only. A more realistic maximum impact load
can be estimated from the drop testing results of references
12 and 13. Since the drop height, container material,
geometry, and strongback supporting structure of the 51032
container and the 927 container are essentially the same, the
dynamic loading applications upon impact would be
approximately the same.

The 30 foot side drop test results showed that the fuel
assemblies remained in the hold-down brackets and the brackets
remained in place across the strongback. This shows that a
significant amount of energy was absorbed prior to loading the
brackets. It is therefore concluded that the loading required
to shear the 3/8 inch SAE J429 Grade 5 bolts of the 51032-2
("limiting"), would not be reached in the bracket assemblies
during impact. This loading, however, will be calculated and
used as an estimate of the maximum loading that the separator
block could see if the bolts were to break in a 30 foot side
drop.

From Reference 9, the yield strength of Grade 5 bolts is
92,000 psi. Therefore, the shear strength of the bolts is,

T, = (0.6) (92,000 psi) = 55,200 psi

12



The cross-sectional area of the bolts (per bracket assy) is,
Ay = (2 bolts) (m) (0.375 in.)?/4 = 0.221 in®
The maximum impact load would then be,

F, = (55,200 psi) (0.221 in?) (10 bracket assy's) =

max

121,933 lbs.
The corresponding maximum "g" factor is then,
"g" factor = 121,933 1lbs./1,650 1lbs. = 74 g's

Assuming, conservatively, that the "dynamic" yield strength of
the 1/4 inch strongback equals the "static" yield strength, or
36,000 psi., and that the one inch separator block bolts are
used, the maximum bearing load that the strongback can take is
calculated as follows,

P, = 2tdog, (Ref. 14) where t = 1/4 inch
d = 1 inch
P, = (2) (0.25 in.) (1 in.) (36,000 psi.) (9 separator
Blocks)
= 162,000 1bs.
"g" factor = 162,000 1bs./1,650 lbs. = 98 g's

M.S. = 98 -~ 74 x 100% = 32%
74

6.0 CONCLUSIONS AND RECOMMENDATIONS

It has been shown by the present analysis that the maximum "clear"
spacing between separator blocks, to maintain a 6 inch minimum fuel
assembly separation, following a 30 foot drop of the shipping
container on its side, is 11.4 inches. It has also been shown
conservatively that, as a minimum, 7/8" diameter bolts should be
used to withstand the shear of the impact force. It is recommended
that 1" bolts be used. It is also recommended that a 3/8" inch
rectangular gusset be fillet welded within each separator block,
perpendicular to the 1length of the square tubing and located
lengthwise between bolt holes. This will stiffen the separator
block, minimize deformation due to such high impact loads, and most
likely eliminate interference of the separator block with the other
adjacent fuel assembly.

It should be noted that the 121,933 pound impact force calculated
corresponds in section 5.3 corresponds to about 13,548 pounds per
each of the nine separator blocks. 1In references 2 and 3 it was
stated that the separator block, with gusset plate, could take a

13



compressive load of dgreater than 30,000 pounds without
significantly deflecting; and without a gusset plate at about
16,000 pounds.
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BWFC BUCKLING LOAD ANALYSIS

The following analysis was conducted to verify that the
failure load of the shipping container spacer assemblies
exceeds the fuel assembly critical buckling load. The
analysis is also documented in BWNT document ID 32-1224342-00,
"51032-2 Container Spacer."

1.0 PURPOSE

The purpose of this analysis is to verify that the failure
load of MK-B and MK-BW shipping container spacer assemblies
exceeds fuel assembly critical buckling load.

2.0 SUMMARY

An extremely conservative buckling and compression failure
analysis was performed on the MK-B spacer. This represents a
worst case analysis for both spacers since the MK-B spacer is
taller and the MK-B fuel assembly has a higher critical
buckling load.

The critical buckling load for the MK-B fuel assembly is 3584
pounds (Ref. Doc. B&W 32-1176304-00). To determine the
buckling load of the MK-B spacer, each support was modeled as
a column with pinned ends. Each support is actually a
composite member. To provide a more conservative analysis,
the smallest member of the composite was considered to carry
the full load. The critical buckling load for each support is
32,800 pounds. With four supports, this translates to a
buckling load in excess of 131,200 pounds.

The compressive failure load was calculated to be 15,000
pounds for each support. This translates to a spacer
compressive failure load in excess of 60,000 pounds.

3.0 CALCULATIONS
The MK-B spacer was modeled as four (4) supports made of 1/2

schedule 40 stainless steel round tubing. The following
support properties were used:

Modulus of Elasticity (E) = 28,000 ksi M

Tensile Strength (S,) = 60,000 psi @

Wall Thickness (t) = 0.109 inches

Inside Diameter (d) = 0.622 inches

Outside Diameter (D) = 0.840 inches

Support Length (L) = 12 inches (conservatively long)
Area (A) = 0.250 in?



m-D*/64 - mw-d*/64
7+0.840%/64 - m+0.622%/64
0.0244 - 0.0073

0.0171 in*

Moment of Inertia (1)

Each support was modeled as a column with pinned ends. The
following equation was used for the critical buckling load:

= 7*-E-I/L? @
= 9.870-28e6:0.0171/144
= 32,800 pounds per support

Critical Buckling Load: P,

For the entire spacer the buckling load is in excess of
131,200 pounds.

The compressive failure load was calculated using the same
member as analyzed for buckling. The following equation was
used:
Critical Compressive Load: P, A-S,
0.250+60,000

15,000 pounds per
support

For the entire spacer the critical compressive load is in
excess of 60,000 pounds.

4.0 CONCLUSION

It is impossible for the spacer to fail before the fuel
assembly buckles. This conclusion can be drawn by visually
comparing the fuel assembly to the spacer. The minimum load to
cause failure of the MK-B shipping container spacer assembly
is in excess of 60,000 pounds. This is well over the 3584
pound critical buckling load of the fuel assembly.

These calculations shall also serve to verify the performance
of the MK-BW spacer. This spacer is more heavily constructed
than the MK-B spacer and is required to carry less load.

5.0 REFERENCES

(1) Gere & Timoshenko, Mechanics of Materials, PWS, Boston,
1984, page 744.

(2) Gere, p746.

(3) Gere, p557.
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MODEL 51032-2 SHIPPING CONTAINER SIDE DROP ANALYSIS

1.0 PURPOSE

The purpose of this analysis is to determine if the required
separation between fuel assemblies in the Shipping Container Model
No. 51032-2(Ref. 1) is maintained following a 30 foot drop of the
container on its side. The analysis method found in Appendix P-1
of References 2 and 3 will be followed.

2.0 SUMMARY
This conservative analysis indicates that for a 30 foot drop of the
shipping container on its side, the top fuel assembly could
fracture the p051t10n1ng brackets and impact onto the separating
blocks, assuming no impact energy is absorbed by the brackets or
the fuel assembly itself. The maximum "clear" distance between
separation blocks requlred to maintain a 6 inch minimum separation
between fuel assemblies is 11.4 inches.
3.0 TIMPACT VELOCITY AND ENERGY
For a 30 foot drop, the Impact Velocity is,

v = (2gh)" = ((2) (386 in/sec?) (30 ft) (12 in/ft))'?

v = 527 in/sec
Fuel Assembly Weight (maximum for licensing) = 1650 lbs. (Ref.2)
Impact Energy = % nv? = %(1650/386) (527)? = 593,592 in-lbs.

4.0 ENERGY ABSORBED BY BRACKET AND FUEL

It was found, in the corresponding section of the analysis in
Appendix P-1 of Reference 2, that the amount of available energy
absorbed by the brackets and the fuel assembly during the fracture
of the bracket bolts is negligible. Therefore, for conservatism,
it will be assumed, in the calculation of the maximum separator
block spacing, that the energy absorbed by the bracket and fuel is
zero.

5.0 IMPACT OF FUEL ASSEMBLY ON SEPARATOR BLOCKS

5.1 Separator Block Spacing

In accordance with the assumption in section 4.0, the
fuel assembly would impact the 6"x8"x9"long separator
blocks with a large amount of kinetic energy. Since the
separator blocks are relatively rigid, this energy will
be absorbed in the fuel assenmbly primarily by "plastic



strain." The impact velocity would be the maximum
velocity calculated in Section 3(i.e. 527 in/sec).

For impact at this velocity, it is unlikely that the
spacer grids will provide significant lateral shear
resistance. Therefore, it will be assumed that the fuel
rods act individually, instead of as a composite
structure. It will also be assumed in this section that
the separator blocks are rigid and do not deflect upon
impact.

The MK-B9 Fuel Rod weight-per-inch (Ref. 4) is
approximately 6.94/151 = 0.046 1lbs/in. Thus, for a span
of length "L", the impact energy that must be absorbed by
a single fuel rod is,

E, =% mv® = %(0.046 1bs/in) (L) (527 in/sec)?/(386 in/sec?)

E, % (16.55) (L) in-1bs.

FUEL ROD
A / B
./Ezgg \\ ‘”’/—‘ Te—
\\/ ”
c
SEPARATOR BLOCK

Assuming plastic hinges form at locations A, B, and C on
the impacting fuel rod, the internal work is derived by
the following,

Work = %Pé where P = 16M,/L (case 24, p.225, Ref. 6)

(Ref. 5) M, = the fully plastic moment at
each hinge of the deformed fuel rod.

o § = (L/2) (6)
Substitution gives,

Work = 4M©



For the fuel rod cross section (Ref. 7),

M, = 0,°4/3- (R’ - R}) where o, = yield stress
2R = 0.D. of cladding = 0.430"
2R, = I.D. of cladding = 0.377"

Although the previous expression is actually only applicable
for perfectly plastic materials, and 2Zircaloy-4 exhibits
strain hardening, it is considered valid in this case due to
the "approximate" nature of the calculation. To somewhat
compensate for the strain hardening effect, o, will be taken
as the average of the yield and ultimate strength of the Zirc-
4 fuel rod. The yield strength and ultimate strength of cold-
worked 2Zirc-4 cladding at 70°F are 81,000 psi and 112,000 psi,
respectively (Ref. 8).

.

. 0, ¥ (81,000 + 112,000)/2 = 96,500 psi.
M= (

96,500) (4) ((0.430/2)3-(0.377/2)%) /3 = 417 in-lbs.

It should be noted that this neglects the possible increase in
strength under dynamic loading.

Equating internal work to impact energy gives the following,

aMe = 3nv?
.8 = (E)/4Mp) = ((16.55 (L) )/( (4) (417) ) = (0.0099) (L) rad

Therefore, the maximum plastic deflection of the fuel rod is,
§ = ©'L/2 = ( (0.0099) (L) ) (L/2) = (0.00496) (L?) = &,
Fuel assembly-to-separator block spacing (See Figure 1), prior
to drop, assuming the fuel assembly outer envelope is 8.54 in.
for MK-B, can be calculated as follows,

(24.375 - (2)(8.54) - 6)/2 = 0.648 in.

Therefore, §,, ® 0.648 in., to maintain a 6 inch minimum fuel
assembly spacing. :

Substitution gives the following expression,

( (0.00496) (L?) ) = 0.648
It is concluded that the maximum "clear" distance between
separator blocks required to maintain a 6 inch minimum

separation between fuel assemblies is,

. L = (0.648/0.00496) =~ 11.4 in.
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lbs.

Separator Block Bolts

The impact force of the fuel assembly on the separator
block following a 30 foot drop of the container on its
side will be estimated. It will be assumed that this
force will be transferred to the separator block bolts in
the form of a direct shear force through their cross
sectional area. The designed bolts are made from 5/8"
diameter Grade 8 High Strength Steel(Ref. 9).

A finite element model of the separator block using
"shell" elements (STIF 63) was made on ANSYS 4.4A (Ref.
10) to estimate the block stiffness. Loads ranging from
2,000 to 100,000 pounds were applied at the center of one
side of the block (nodes 105 & 106), while two points in
the approximate location of the bolts were constrained in
6 degrees-of-freedom and the nodes along bottom edge of
the block were constrained in the Z-direction to simulate
the constraint of the strongback that the block is bolted
to (See Figure 2).

The results can be seen in Figure 3 in terms of an
apparent linear "Load vs. Deflection", from which the
approximate stiffness of the separator block, in its
actual orientation, is determined. It should be noted
that in this section it is assumed that the strongback
and F/A are rigid and do not deflect or absorb energy
upon impact. All energy is thus absorbed by the
separator block and bolts, where the stiffness of the
block is the limiting case. This is also conservative.
The calculated stiffness of the block is 52,000 lbs/in.
An unrestrained deflection, "x", is then determined for
the above stiffness by equating kinetic energy and
"elastic" potential energy as follows,

imv? = Ykx? where m = 1650 1lbs./9 blocks = 183
v = 527 in/sec (Section 3.0)
k = 52,000 1bs./in. (Figure 3)

x = ((183) (527)%/(386) (52,000))" = 1.59 in.



Figure 2 -
Separator Block ANSYS Model
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The impact force can then be estimated as follows,
F = kx = (52,000) (1.59) = 82,680 lbs.
The allowable shear stress is as follows (Ref. 11),
Taw = (0.6)(0,) = (0.6)(130,000) = 78,000 psi.
The shear stress in the bolts is then,
T = F/Apus where Ay, = (2) ((7) (5/8)%/4)
T = 82,680/0.614 = 134,747 psi. >> 78,000 psi.

Assuming 2 bolts are used per separator block, the required bolt
diameter can be determined as follows,

Taow = (F)/((2)(m) (a)%/4)
d,. = ((2)(82,680)/(mn)(78,000))'” = 0.821 in. -» 7/8"

5.3 Realistic Separator Block Loading

In the previous section, a conservative impact load was
estimated for purposes of examining the strength of the
separator bolts only. A more realistic maximum impact load
can be estimated from the drop testing results of references
12 and 13. Since the drop height, container material,
geometry, and strongback supporting structure of the 51032
container and the 927 container are essentially the same, the
dynamic loading applications upon impact would be
approximately the same.

The 30 foot side drop test results showed that the fuel
assemblies remained in the hold-down brackets and the brackets
remained in place across the strongback. This shows that a
significant amount of energy was absorbed prior to loading the
brackets. It is therefore concluded that the loading required
to shear the 3/8 inch SAE J429 Grade 5 bolts of the 51032-2
("limiting"), would not be reached in the bracket assenblies
during impact. This loading, however, will be calculated and
used as an estimate of the maximum loading that the separator
block could see if the bolts were to break in a 30 foot side
drop.

From Reference 9, the yield strength of Grade 5 bolts is
92,000 psi. Therefore, the shear strength of the bolts is,

7, = (0.6) (92,000 psi) = 55,200 psi

12



The cross-sectional area of the bolts (per bracket assy) is,
Mgy = (2 bolts) (m) (0.375 in.)%/4 = 0.221 in?
The maximum impact load would then be,

Fo., = (55,200 psi) (0.221 in%) (10 bracket assy's) =
121,933 1lbs.

The corresponding maximum "g" factor is then,
"g" factor = 121,933 lbs./1,650 1lbs. = 74 g's

Assuming, conservatively, that the "dynamic" yield strength of
the 1/4 inch strongback equals the "static" yield strength, or
36,000 psi., and that the one inch separator block bolts are
used, the maximum bearing load that the strongback can take is
calculated as follows,

P, = 2tdo, (Ref. 14) where t = 1/4 inch
d = 1 inch

P, = (2) (0.25 in.) (1 in.) (36,000 psi.) (9 separator

Blocks)

= 162,000 1lbs.
"g" factor = 162,000 1lbs./1,650 lbs. = 98 g's
M.S. = 98 - 74 x 100% = 32%

74

6.0 CONCLUSIONS AND RECOMMENDATIONS

It has been shown by the present analysis that the maximum "clear"
spacing between separator blocks, to maintain a 6 inch minimum fuel
assembly separation, following a 30 foot drop of the shipping
container on its side, is 11.4 inches. It has also been shown
conservatively that, as a minimum, 7/8" diameter bolts should be
used to withstand the shear of the impact force. It is recommended
that 1" bolts be used. It is also recommended that a 3/8" inch
rectangular gusset be fillet welded within each separator block,
perpendicular to the length of the sqguare tubing and located
lengthwise between bolt holes. This will stiffen the separator
block, minimize deformation due to such high impact loads, and most
likely eliminate interference of the separator block with the other
adjacent fuel assembly.

It should be noted that the 121,933 pound impact force calculated
corresponds in section 5.3 corresponds to about 13,548 pounds per
each of the nine separator blocks. 1In references 2 and 3 it was
stated that the separator block, with gusset plate, could take a

13



compressive load of greater than 30,000 pounds without
significantly deflecting; and without a gusset plate at about
16,000 pounds.
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