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Appendix E 

Neutron Shield Tank 
Flexible Hose Evaluation 

The neutron shield water jacket on the cask is connected to 

expansion tanks by means of a flexible hose with Snap-Tite valved 

quick disconnect couplings. The flexible hose construction consists 

of a corrugated stainless steel tube which is wrapped with stainless 

wire braid. (See Material Specification Section - page VI-3 through 

VI-6) Braiding prevents hose elongation under pressure, dampens vi

bration and provides mechanical protection for the corrugated stain

less steel tube core.  

The flexible metal hose is well suited for the service intended.  

All components of the hose assembly are stainless steel and have a 

high resistance to deterioration and aging which Is normally associated 

with rubber type hoses. The maximum allowable operating temperature 

for the flexible metal hose Is 1500 F (Anaconda Metal Hose Div. Bulletin 

CR (3ED). The bursting pressure for the -" BW21-1H Anaconda Metal 

Hose Is 3000 psig. Using the temperature correction factors and the 

recommended factor of safety of 4:1 as given in the Anaconda Metal 

Hose Div. Bulletin EN-1 (3ED) the following safe operating pressure 

Is determined: Maximum operating temperature - 340°F 
System design pressure - 235 psig 
Temperature correction factor - 0.83 

.Rated bursting pressure - 8,000 psig 
Rated bursting pressure at temperature - 8000 x 0.83 

= 6640 psig
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Safe operating pressure (4:1 F.S.): 
6640 =1660 psig 

4 

Margin of safety on operating pressure: 
1660 - 1 = 6.06 
235 

The flexible metal hose system is not susceptible to failure as 

a result of improper hook-up or operator error. The hose is fitted with 

quick disconnect valved type couplings which reautres the operator 

to perform a definite operation in order to complete the connection.  

If the operator does not perform the operations correctly, the coupling 

halves will not make up and the result Is Immediately obvious. There 

would be no leakage of shield water in such an event, since both coupling 

halves are equipped with a spring loaded plunger arrangment which seals 

off flow when the coupling is disconnected.  

The flexible metal hose assembly is not susceptible to failure 

due to normal transport and handling conditions. The manufacturer 

states that the hose assembly will accept normal vibrations encountered 

in average industrial applications as shown on the graph below.  
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For the 1 Inch, BW21-1H, Anaconda hose, the manufacturer recommends 

a minimum length of 5- Inches. The normal'vibration range should have 

no detrimental effect on the life of hose assemblies with length greater 

than 51 inches. The hose assembly used on the neutron shield tank 

system is 19 inches long. Severe shock will decrease the life of the 

hose assembly. The shock loads under normal conditions of transport 

are reported to be 3g maximum which is not considered to be a severe 

shock condition and should have no effect on the hose assembly.  

To verify the structural integrity of the flexible metal hose assem

bly and end fittings, a test was performed on a mock-up of the hose 

assembly. The mock-up (see sketch on pg. XI-E6) consisted of two It 

Inch diameter rods which were machined to accept the Snap-Tite fit

tings. The flexible hose was assembled with Snap-Tite nipples on 

each end. The Snap-Titr fittings on the l"inch diameter rods were 

connected to the Snap-Tite fittings on the flexible hose. The test 

procedure was as follows: 

1. The flexible line assembly shall be pressurized to 235 psig 

hydrostatic which is the neutron shield tank system design 

pressure.  

2. The pressurized flexible line assembly shall be mounted in 

a tensile test machine and a gradual load applied to the as

sembly until there is either a visible indication of leakage 

(not pressure drop) or the testing machine has reached its 

limit of travel. The load at which the limiting condition
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occurs shall be recorded. If failure occurs by leakage, the 

location of the leak and nature of failure shall be recorded.  

Test results: 

The pressurized flexible line assembly was mounted in the 

test machine. A gradual load was applied until the stainless 

steel wire braid, which covers the corrugated stainless steel 

tube, failed at one end of the flexible line assembly. At 

this point, there was no leakage from the flexible line as

sembly. The force required to break the wire braid outer co

vering was 4,301 pounds. With the wire braid outer covering 

broken, the inner corrugated stainless steel tube was free to 

elongate. The load on the flexible line assembly droped off 

as a result of the free elongation of the Inner corrugated 

stainless steel tube. As the test machine reached its limit 

of travel, a load of only 589 pounds could be developed.  

At this point in the test there still was no leakage from the 

flexible line assembly, and this assembly had been stretched 

approximately 10 inches beyond its original length. It was 

decided to stop the pull test and, with the assembly mounted 

in the machine, increase the hydrostatic pressure In the flex

iblb line assembly. The pressure was increased in approxi

mately 500 psi increments until the corrugated stainless steel 

tube ruptured. The tube ruptured at the same location the wire 

braid failed. The rupture pressure was 1,500 psig. There 

was no structural damage to the Snap-Tite coupling assem
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and no evidence of leakage.  

Conclusion: 

The flexible hose assembly can withstand a great amount 

of distortion along with over-pressurization without loss 

of neutron shield water.
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Note: Seal all threads 
with Perhacel #412 or 
equal 

Shut-off 

Valve 
I" NPT

Oa-E6)

I" NPT plug

30' 
(Approx.) 

Pressure Gauge 
I" NPT

(r)



:IuV ~ I -I?'!l 
g I s 3 bq,

IQ.  

tAr 

0-b Nrt4



-- I 107YU - -ýCIIS t) /a IV ,-qorvn Jý-fW-7*2ng t7allS ?Q-Y 31-7A IVY

-

I

2ý4-lx

O/u

S-Z,/F 
S-Z lotp

= -,7 / Sl no
C70 

vo -ý?ý-V.AA 
cmt;s-coay

0ý7ýt751 -ZY-=-Jno 
a-a-L-1-s-coad -LHIVLam /17-?Aog-v

3jl-tý/V" -75rl:l ---YO O-Z

4§rv1tvv.C?=, do.L

7,qte--;) 77 qe/



0 

-Z /v/ 

17 -ZIE 47Z 

sz 

JYMEOAýg S17-?nfytv-V

497 6EC,*

se 0,9/ ic bfýv

-Z JýY/ Ell z 

0+ if S-Z -I v

Ogg 
.0 t)r -IL2 /Y/ ',Go// =

/lz-
(UryOtV -r-7-=-rýS Of--:P-LnC7 

ast-p7-arould _-do -.Ltyiplam;FACW -ct2L-V1K

1 -7/- /w" tr p2a A2?v



0.

.4

M

14

0 
0 
0 
'I) 
N.

I %. II

'I'

'3

TI:i

(4 
4

.. .I 'vnCýa.' "hvl~~~i~OL4C.I no 
)vfl~*I5n~ *~ 

Eno I gz NoO tt ,

"4 
.4

9 

1..  

I

1%3 

v-I 
N.  

I,-) 

�1)

'I

"It 
-Sl

It 11

It I�.

) ) ) -- 4



YO 
0 -t709 17 -Z 

do 

-euzavw 

0,5 04 Z IV-0 
20 

czm 

/'V/=ý C7rvV 

004-h-9 

00/ 

HLPW7 -ývl.ý<y irvn L t7 A-:) r4 

-Lf-I6VfkW;'#C)-7 r7,,7y

0 

C7.7ZA-7V/V.V 
-LY-fl5tým -xvaL

Oqov-a; 
ýrylsývb--d09/1 -C

41 ft7-q b

coo 

cb

0 -Z

1 .1 /WA-yr 7 '*---Jý I/ Xc:P>



Pt=- qs#LZIIAJ

M 4 ýITMTTýFTTI

tl?007/

Pi c. = 5, 2- 4 ( /0) ' Z-8S,

I orw-/+ - 7 ev- - ic-AC

0 4-ocA?1-OAj 
,6C-_AJn1A-1§

14flo

f I

IA.=(Mý2-1160)4- (3+*8e))(t,?S)C160) 4

)C3 4 160 (..?-/0) 

je, 4 f,?- t?: /-

RA- = HS COO 0 - /0 qI 417 /- As..

;'v(, k
x - .34) ( z

X

- 9, x 4 - / 7) -t-

.dmc = 0= -P 
at )( 4 -0.- ?=- -ý, tv'r - -34 W

.= - 100 7/ -'1- Z// 6 0 *- 9? 54)c - -32-43 r.

IOC,4-77,OJ OF HAý6. HOA-feXtr

TO-7AC Hol4e?,J7- & et=-/06.2- oJ, 

C7= /IC + (2 ljjeýoylo6,2-) -62-116oe17)

xi-F6

pr=

+



j-fq y 17, 

#,o DISM189770At OP 4dW6ýAAý "O"CU7
AA-fO^JC7 774E- CASN-- 57jWel-ký S 

7Z) 77-IS P1 VISIOAl Ot= 77-/E
8e7Vr-D1A.AC7 MOPfe7k./7- 70 ?;Letg- /A/AAEýe 

Lq?-ý4 - SY-le-z.L 'co/-fioos / 72E
70 7x6E 5ý4ez-e,.s A 

HODaZ C-044S/,57en CA=* EZ.,e"aW7-4 - 77 RRE rA7qýýYT 5;77t='2-0). -(ar 
BY 77VO 4oAJr-6;LJMJC

SMOKAW 1AoP 7X,(E- ee-Z4ýL6 - SIxJAle)2- PlIDa R&P-A'a 7749 ao"pas I TE es ojr7A-t($ 

.......... K/A-TZEP- 's x4az.4

c

7)117

17 -/7 BETWOEAJ 1-ý ýOAJ or

ýV f2- HAj61A4aA4 

ledi 0 /Aj<ý I Z.  

5r-r=7r14 AJ07- -ro Sc/ýýJl



-74r., 1 - --717-6 
IkV,' HAV 1-7ýY,4 - c 

Df57?-Ij6t(770& OF SdM) Al, 1-10Me5vT

AA4o,ý-ý CA-5e- -5l-(e7-jt.S ZOV77) 

/--t04a7
/7- is 7ZIA-T- 77-10 BouA.16AQ-ý- coAj,0177oAt-S 

Aaer AS =oe-covv-ý 

1) .47- 4,c7cA-770,-,l A A PIAIIJeD -e74Z) W,4ýg 

ATSm"eýn ( LýL'4770AJ A f-s A7- 7;4eF 4-X14-r

7%65 /" M-esac-- 77,0&J 
/-wa E-/-o Fee-c7/Alq; 

VIS P4Ae4G7/--f e-ý,J 7 A" Z) 
-Z -XJ Al-1- 7-111AF5,E 

/Aj/ er,77^J(ý 1-tW--e43e?--S 40ce) P-AF r-op-*p-aýi 
7PE-cott-fPt-,S/7ý vAeeze, A7-,JjO 7zAF WA-MP-Sýý, 

47- 774E- 4-ocAl-7oc--J OF 774E-"ýeMlAf c4o4 Be-:VýJOIAJC) 
mo1L(G-4v7-j 4ýUCATWPJ A P-07"O&)o'ý(- Re5 r 
WAS AA77"Eý 77447' 7744C /-16 A 51-iqktr 

ArPP4axmA-77oA.i 7*5 Poosir //j 7HE 
'4"Sruc 0,= SL-OAý- A-1,10 77-ýE- pof1jr

90aAADA4?-ý,l cov,0177d^J D,-,.O ^JO7
/^-f 77YE' #4 774- E7- 7D 
CaL4PCer,!::Z Fe-R- 7-457 

WE7 AAJSýýS 1-toDez- kVg;-B AinTlwlrcýD 70 
ltoReaE- W17z-ý 7r--YeE- ",Awlmvlf BaqLiol"Llq mL-)"Vfj

6oA4t0a7?--,D A-3 oLAF 4oAe-ErPo&j /3e2.ovL/) 

77-4Gý 7;4C
A-ASSY-S 4t-:7t-ýe7UT U-Sd:ýD 70 SIA4t,?e.,+Mý '714a 

gc-vAf,0Mj7zF toqýý- cofLtPuraM S&C14 774A+-r 
rýý A*,CSYs 4v-LE1-,ee7j7- ."/4-0 77-/E7-CAA4 9- - geLf 01AXQ7 

CAOSS -rep,-77oA.Mr- IA.IeT-77A A:T 77-/E- Co1c-fS1A..IA-Pd&J 
OF 774e7 IAJAJe7---, A-.,//-3 01,t7Zýla 514eLL-S 

77-( all -4, 
_r (? t. ZZ 2-9-es) 
Col

4 74- C/O) 
r(2 q 4_L ,. 2.,S 

4- 2-.  

r07*L,



4EZ AvIA4-cl 7,/

151--o DI S 7/-Z/ 4?a 770AJ Opr SC7.JDIAJ 
AAWAJ6 77-eO C491,- 5Lfe7-c,.S ..-. z - .. ............... ,

-T.LjoFOL ý 0 z ý Y

7oqc- lvoq-e-t., 77l4tc-A=-Ajecsv op 7740 .JVUS ysý 11.0ý IC o " POS / rE- SA$ e7-L. A/A-S X&'e, C-C-7725Z -/V 
7zlE' 7-o77.lr7- Oa7ýjýold4rv r 
T 7ar,% o

9V q

-= Z. v 2-3 ( /0).7
:.I., 
4-C-9 

zzz 2L 47 

74e- 4<-oATL-7e-- SA-t C-LA- WAS Aes cA m c..:p T-6 
FE- .4 0,7S ^J, 77-ollar.. 514e?,ý ý-JrW 

0,6, = 4/.0 tA/ :ý.ejf 7z-tg o=IAJS oVOýLECMZ 
IAJ W-le S4,4'aZ.?, J#S 7,W/4 IS A 
CoAxr!ý-e-P-V4ý"VE- AESl41-fP770,^j SI'4-tCG- 7%'hT 
OP-Z>r=P- Sr1,=,=C7,1MJC, 0/-- 74*E- PVA?22Z SMf.=ý 
3ýý 77wZ wouz-D 4mm-84-G7 7r-irý 5-qaz.-,, 
TO SUPPI-y eaNTIS77^-fq 
AAJO 774(,fs Re-2)aagr 77-ira-- e-o4o otv 7zvcr col-tov-sIrca, 

7z:19
VVe-p-e 777,fA;r Oil= :577+1AI&CSC A7.AA4SVS- L3/-Z-/AjeAP- 

J1gs-RS1oAj a/-- 77-(esL=- PZPXP&K /I dilve-" /AJ =74. -<O,

77-4r=, Lor-k-o kd(j OAJ P40 f--fOOSZý IC-GAPCIS 
OF 7Z4oý XC7 Oe7Gp/-47:S 4OH15-W7ýmD A-RaVý 
goo Ljjll-ý. 0,AJ "I/ 4e- 6d1-fPCSe 7E"

OA.( WA-ýf ý .5A(e-zc- A"o .2./,6o ý:?4?, r-Oe
7'z4E- Fi:04ý4,,J6,. 77-eG- "ffexj61Ajc,7 Ho4e-Z_ K.IA-ý 77-46-Aoo SeWSY-e-Cý7Z-=-D 10 6 t (ý - A<ZeZ 
CXAýM)Aj, AD4171-01VII-ý 4-046S 1A,(,A:0Rffej 
40A--rG,(E7'ca73 O.,C- 235 ;:ý;/ IeJ -/Zýe IV,+TE? 
A7J;:ý A 600 PSL S'1;Wt-(c-A4-770^J Oi=7;ye- e-EArf-) 
XasCui-ac- oll 77-/C' e-oo,-eRos17G' -saezýe, 

8e-'rlVei=-14 77-.,E' 514e-Z-1,S WA4 lAf

Xi-ta'?



IZ rg-oo 14090 1 0 Pos'.  Zzeoo . * 0 1 007ýp 
/-Zooo , C7 0-olf I 049.C'

SIC" 0 O-Z 

" )-Z

d "e? rid

1010

-dL7OO7!;P 

POLL SA styv

"S' CO"OVQ -VC15
I



HOW 7ee -, I C

D1.CM18"-Oc-vj -I- I 
C C.,01V77 

KS 
77-4c-' RaqJDIAjý4 mot-,,c-1-i7z A&G

b/SMAe"7eZ At, rau-ovvs df 

e-O"'b5l7e,' 1-1cs 7Z. 6 -7 (10) 

t-&91--(i=;u7- F)ZoM 774/S CO1--fP4477WC71J 
/S 

7- 2- jý/ 0) 

-94ts tvT4r- 1-4ox4e-;,,jr Is sz-eG"7-j--y 5"At.Ltrp 
wtý,o*ý 13v ,-vomlo c4ec"I A-mod 0ý= 4h. 2-4 tlc)l-* ADJU.CTWCV -7Ye lxjDIVIDUtý t.  

C-7r AR-G!' 

e-s loj. 1-131.r.  

wor ý/O) 1A.J. e--t9 S 

Ott7Z:7?- SkOet(, 

-Imec- S"Atý(- Avis YHM&772-tc- A-Ads vs ap N49 C917-dra-el P44-AJe- 67ý= 774er CA-3&.  3 - fC) 7ZI49 -.57R-eSg - STA-?E' ol,=.  7ZIOF .7041 13oo,= Ar"R. CýOAJOPCXJ -WA-d 
77-1&-;ýJj IAJ A-0,01770Aj 

7D -1211S 4-oAblý,Jc? A)r/S'>lqEf"6-7PeC A-VI4,e- 4/-VEAý4ftvj;s K/&-46- ljr-ýSEPIAJ -*VAZ.L- IAJCA2 67-4 a7ýd M UP 7-0 
7Z-IEý AY,14<- 6MAfAJ 4&VCZ-S GXP6?--TEn I-J 7X46r 

11 15' D/--' D P , 8077-/ 7F--VS/LG- ejvViO COA4
SOLUPOAJ.ý 7ZAT 

S7P--(-.--TS- 57;PA-/PJ C-UP-Vc:F Ot= =Xe7. 4-F 1,VA-3 4-eSo 
U-SE-0 1^J 77YIS C41C-CaCAT7CAJ, 7ZýE LEAA-) SMSSS 97Pý41AJ e-ap V=-IS tol= Rff-f=. j . - - Alt 17C7, ,4 _) 

asta-D eecue-,ý 01= 774asa- AW4-c
CA-St5ll 494-:

IA-Y z 4



( Oy,,) IV/VZPeJ- Sý -7 VIXV

Ol/ 0SIZ SI/
I I I

I

N 

tA

X-1009/ rA-ly OL 

I rvOU,,<7rvO-.;, "WUlrvl 

0.4 -':'-?S'j"vOdS9V

A

A

-"-=3HS

v

(1-49 

-A



OYI-Fla

22-tV." IP-d IVAY 7
T-y4 - 74 -

ll&-4:ý7' ovR= 13 MAIG)(Z.  

xx

WAT49' 
SA4ýLL.

zzi 
PC

- 4o 

-3S

A

a
1-1*1 --25

-/5
-St4E:I-L RESPOUSE7 7"0 

AX15YlllYA-fEMc- Alclo+c, 

PWIM41- COAAO177,OAJ 
-7,okvl iaoox Ama Ajazýfqyý 

SýVQýL 4AJSYS I-IObcEZ- A-T 
C-A-Sk- M/b -SEc-770Aj

I

I 
s 

I

-/,o -/,s - Zo

AK11+ L 57PAIV C 07,o )



f C

5.0 60HPt47-i-77ot-1 OF I-IA-Ztmum AvA-cý 
C01-012CSISIVOF 5772ý,ýSg;S 77-JIF SqeZLS 

TO 4)e72---ZM1A--1ge- 7Z-t C- 59Kfq/Aj§ SMA IN S 
A-r 7x-tE C-&WMP- RAAJff Or- 74OF CA-et-j 

ve'R-4s r4sfee x-e e-10 r-o;[P- XIG7 
7z467 v7V.4i^jx R C- --J. ;uu 7t v C7 
PADil ot= cujevo+7uýeý 

-4 P41+Af C--!ý GC77 0^d - Re-AMI oJ - PLA-rJG- A-SSU4-fPj7b 
tuA-S U ý tElZ Aae- 7ZrE7 C6"Pd::;C1 7E- Avo 

774G' klll)?;a-X J,0d-7.,L,) Wa-P-ýS -Z WOZ4' FIC7, Z- - -' 77ý t-C.-- j 3 7D PGTEai'-fl&lff 
AC/Ak. SM-1=UTEC-S. 7 A-Y-IP-c- S74-efr&-Z 
7-fe-x/ 4PAeOW"4FLY 7V Ae7EZkelVC-' 

XAs Appl2acAwLr- P-ms co 
BY */? 
CASA-- /,/rc') C-AqA17- e-qelAk
9-da7q-HC&7-L AS ';(40V-IILI 6eLOW, 71445- S7P--o!V^-(-S 
S7P-,4--S-S W&-P-S- 7z-eS-AJ FOP, eAC$4 
.5Erq"e7,/r oOz--OP- eACq P-AtOU.IS 
e-ueVAf 7ZYaLs-, -1,Wa- S7a7S 0,= 7X69- I&I71aGg-,9ý770AJ 

.7zjbU,-ý A-SvotmeD p-Aolt 
7hýb:S 

jeEsacn op 

e-W- klýb 77ZE 

-<qoi^-l 711E /Vc-)/-ye747- /AJ 
774G
jklA-REE- SjLýej.4ý V9,

x I - ix, / 4-



IM--6 773G 2 

/I JO77JGL 140/l-f S724, 10~4-770c0 7 

cyE~ T7~ T7S 4cW-TA 
9f Loc, (V)S7;eAqJ ') IOeJ

ago4 

Is-"

3
4 

7 

3 

7 
8

7-1 vs7o

A444 

A4.  
-4,4(a 
-14,71 

-. x4,4 

2.q( 67 
2-5,15' 

33,789 

-2-2,577 

3-3,78

2 a e.1 (IOT

TOT-AL.. sul~f icoe. rqpeE:P~44

5t.4 (1o)16 

3.e7.  

2, Z7l 

3.--71 

0. 17
o.,z'7 

1,14-

- 0 -01537 -54.7
-O.0//76? -50.2

-. 0OZ2 o-ze 73.0
010024'7 'a8 
0,00785 11- 1 

0,0/5 "78 ( 

0,00378 
0.00357 2o.Lz 
0,0/04q 2Z3.7 

Ol 0/54 30.  
0,0/s 3-L.8.  

-0.00,50:5 -1-3.0 
0 -O) q-9,6 P5.3 
G?. /41-c 34o 
0.02-10 0.  

-0. 02_4L3 454.8

If

/AJ - 1-04

1.4(0

llý'



,e�vi__ 7" (-LeS? .7 .Th'A-- 
0 H'--/c

P#JMA74L. AK/A-c... Sr7/-MJ =-o-0 000077 ~/it

.rJAJ97-_ 

2

7 
a 

2-.  

4

7 
a 

5

7 
8

yý.-

24,44 
/1, 02 

SZ. 7/ 

-/2.7/ 
-/V Oz.  
-. 7-4,44

I(,.81 

3A-. 67 

27, 57 

-2-2,S 

-.3.; 65

;r7*L-, 

no'. oo7/l' 
-0. oo2-57 

0' 00 6,?(/ 

6Oa/O47 

-o.oIq~o7 

- 0 .00 44-4 

0,00/164 
-0. 0012

0.-0 024321 

0. oizo4

CA-) 

.5-07 004) 
3.66 
0482.5 
0662.7 

3.o5 
4-31 P.lz-2-4:427 

24.62.  

Z44.8 
35.S2 

-3o,.  
41.2~.

2ý /0.4 (,o 
& 6 ,)7 

h 54, 

"5i'

7

2 Z? (o) 

-F-I

(

7.21 (13)7 

0,110? 

0ý, 19e

(

?Ck- A

V., 

Yzn



(00

4ý012 ZZ IL
L'a / 
Lifj 

otsv 
7 S-Z 10 
to) .0 

-10910 
z4WO 

4(00 9 lz I/

qlE.  

V9E 
OF 

9*S/-

-Zsbjo SO 
S9191040.  
/0//010 
16200*0 

00*0 0 10 
/-ZI/0'0
Uvwo *0
ILOO -0 -

99'ýE
el.  

C7 
OP, 

SCSI 

IZOIZ/

-Z 0 
07'171

Oj 

s 

-Z 

rA 

s

LO 07 
Is,/ 

Lis-0 .za-zlo 
d) 9.Z10 

q G I 

so IT *z 
-Z I 
4) 9 1 lz 
9491/ 

(00 8 b 

J ry9l ýON

teb-Z 
7's-Z 
OlIzz 
/-OZ 

*'O-Z
as-z'
Olklz 
0./S

015% 
ýz I zz 

471h/ 
'911 

9,zz
SSS 
8 /--z 
Mlos

ssa-ais

19.klo 10 
'R7-Z/O #0 
91600-0 

/6700.0 

00TOOve

I-Seoofo
9*-Z/0,0

GL*l 0 #0 

017//010 
L-zbOO 10 
lldqOO*O 

a 1100 10 
4-z-z 0 Ow 
s9_90010 
-*boow 
01-%10'(7-

'(01)

pilry, 
f --YAVaLls 

) -Y..Lo-Z

ry'lllql 4000w.  67-=

77VOLAtun cAAY02 -Lf`,ZR"0)4



om-7t-ýý 5

i jt-y* - 74P -,(Cl7p. 6 ZP /-rA-V 7e.1

gAct v s 0 I= 
moec-feIJ7ý.

F16;,uAs -.f , co14Avs17=-- e.7 14aL.L-S 4
C9PýV4:fUA:!-G

NI

00

ý-t o 

lqoo 

1800 

1,700

MeritvcJUD RA10m4S ol= 

01=
16co

I
2, 3 (10) " Z. ci (10) 2 .I Z's (to) r 2.(.(10)1 7--7 OU)s 7 0 o)'c

IIWTýPýAjý- AýIS77& 
Wez.,ierrr e-orYPuMM

I



9,0 

--------- -

/0/4727Z -SA-/aZ.Z- (ý- Z4-0,aws Oo=
V-5 Ba7ýJL>^* "a"t,.?,ý 7-

2-100 

Zooo

ko 

J 

i lu V.

ol=, cceAvAwfee 
WA17Eý -Wez-4- =

'*-N

I A 56 Clo) e -= 
C-OMPr47EM 1-fOAle7%J7
Al R14qt--ý 

ý10 I.Sc/0) 

CC1-SF7--JC? tYO"ffAjr 
IAJE7-.,A-ST7e-- (:fot-iAe7xr77L-5AJ-S 

CtAJ-L.4S -S) 

xl- /=' / 17 1

1500

I



L ý!V! Y 7Z JiW,4 7 41- -1 C

9-0 COMP"ZIN-79-rd.. OF 
S7V-.=-SC 1AJ 7740 
-sswez,ý, .. ceo.-jr, ) 

F04 7Z./E- /A./AJtE;P- -SLWtM(- - L-P- A-0 - 0 WEFe- S 

40M-005177E, A164 7z-lc- COfYAlf7e-M A"/tj.S 
OFC-k&04t"P-45ý :/-ZP 142-0 /44 : lloý,Rlo A-1 

2. 7?ye 1-1"I"u" coHPAL=ýslvsr rm4!!sscs 
14 .774'40r co/-fpf47arD R) 

aA- 3 41-1 C) PSI M lic 

7ZWE- kv4i?-rý Si4de-L4-ý 774e- R.XýOletj.  

A-IA-l 7D &E- 17910 11Y. 11,J 
Ft,6,5, 7A -ý -T Ylr=Z-OS 774e- A-1hellY twyy ComPe&-:f -
Siv(ý- S7V-eS.S kVATZ2;-P To 6G- 4jojo,26ýC 

or- 5ý4aZt- 577ý6/tý ry 

AVAý LZAO&D Q9A-fPcA 7= OF A&F kV.,gK 
ý X e - A-7aM 

P, 12,1 ni ro,, -PF 4, 

Coz--)AG-c-77--,D IA.[Pa7- VACýaE-S. I-AJ P-16
7744F Z)e)=M-HA-770AJ OP 
Aq5RvJoQ1 v C wkc US 6-D. - 7ac- /",Otf7- 7V Rucoz6m.16 
&o"PL4-M-VOA4 IS 77-eý 
CaA-yPi4rAr1ONJ 7--44E
AAJ'O 14a IvOtAlSe7t- Or- ' ew -Oýf L 
k1ArV=-S KIA-9 VA-V-(SZ -1b IAISUe-G- 7;Llee- 1--fl"IA4UM 
e-P-477CA-r, S7A-e.5.T WAS r0riAJD, 

7-1-tic-F AeEsucrS oF 74E' iSaCr-Z-'A'C-7 all4Cte14-?7cV 

qZ=-- VA/4-r 7z4E- ca 4e- AK/oqr, Tmccý. /I 
-7. 7 AX/j A7JO COA2-0-CS A:6V-o s- 70 A A/ A-)c ts yHA4 C

p ZT- 4 - /P-/,! E. le a 
Nor w.4mre- ý5aEzZ /.s /./or aA.1S;Z-,-,Ye 4g

4>tf -rO A 
WA-ýj7Z-:M VA-1 - - loq 

7-Ale AWAL
SUC-96I&I§



I*A-1 Ar t7e7ýL. 'PF3-

10

I Z--/ - I X

S-4tFP ?Y;7fv1 
-:99 17' ýPLL / V:> 

O-L -,-2)1117

0) S-F-Lo"

.aWe"V 
-)+I-Wvex4v 

f=./rw " --P 
;) I 17 / d P V ---n

IS61 0970 0/ 

I Sd C7cc-7 
(r)

=::?dO'7-5 
9 rvra 

0100H

(")C(- (Dd -

1000)-



THIS PAGE INTENTIONALLY LEFT BLANK



ZIH f -74- /C. S)-tw 

COAoo.V1'r1aVX 

L c-A-c) PA2a-ss Z:>uE- 70 4300 )cs/ kv,*7-=-4..-; pp 
4= 

774ig 
Otlzý 7z/a7 ,9A4&-L" 
K/AS USE-D 7D 5el-fl^-Ce- 7=ng !ý./ ý--L2 

Ajo SIR-470'A.1 A,/ 774e- Cejel, ýýe 

7oeKI 1.3oolo, A<49 pt,1177-1 ae2ý2 psl e,%j 7xle 
CMA-A4B&, - 77-/IQ cAea

7z/a- A og= ýL/,!g pl,,4
=SS 

ýVema, eArtTb IAJ 774te 6;4,9ý;77J-po 

7ZI/S WA-S 772- s e. e7x4 5; 
THG- sAA4,o- P GV-,e 7cSb A--P 

TO 
P-Gs"C,71- I=P-0,A-1 7.c>7<ý 4.47W-P-2,ý LaeR.) 
OF 77-(C-- P1AJ-PUAJC714A!45.. 7UG 1-14a-rl4ot-) A,,a) 
Z),47;2.1 /--Aý20A-f e1C' / 3oeK. S1,oc--.DPoto 
OVA-L-w-ýoAd A?- 7;yE! "t ,vpo, 

is 774C-7 ARP,4?0.4r-q 
W14S 7D ASSalwa- Sol-.eE- LýAR6Gr R441ý"_C OF 
Ce,(jP-V-+7U12ý- i=275)e 77445 CAse- aoýWz=-2- e,1AfeC 

ArA-fz> 77-69" 7z)'Col'Itcý 7zýE- Resae-7N§ 444ý-
/V/4-r- 7t4G- RAolqs olýcugV.47zeag 

WAS 2. 68 CIV) 
77-(/.s 
-90-8 7.0'7(f LOADIAIC7 /.S 

-3,7(:ý,(0)7 7Z_/ege pope 
Es RES Cee-77A-167 
?P-A-D/"S Ap-E COAJL&-aV,4:774ýG- 774e- 4,kjl4f, 

S77--)OS:SeýS De'V91-0,O&O A=ROH W/,S 

/A-/kj 4F-P ok 

2-Lro P.T



-17- Lqýý 2-4 1c,

op sm-Ess 

' (R"51) I*e- STAC-r-'s 

14f, -S7724ms

17a

64-,XeýL- 774E Pe4^1C-7U4e 72ýZT 

G BUC-eZ-1A4 FOP- 774,9 
_S14EUs -'OF 

cý?ýoo ce-eAm,64Ea A-No 7..07C? AX14L
WAS 'WHAL-AVE-0 1ýtS"A167 

V?= -SA-A)
:ZZ7 APP&MD11e a, 744F ISO 7-R-o PIC 

bEr6P-;41WAi7OAJ Wql &J&M )=O-e- -1"6
/Al Wit-C EVA-e-aAvo,&-l, 7744F PMAH&7Zý'-Z 

OP 77-4G-

ou7e-P--

-P* 22.7/0.  
-2-3 000.

<'P-800)9J0,2-S1Z0

- 2-114ý,rjo

ýp -(P+,900. )12, 0

7?--7-(P&-P-A-7UP-6' 

Tp+ticq &-,vr
St.6pg

4zuPF 

Moopst(4) 45ý0014P /a,4-r , (4 
C-"OevdF

"07ýS /

7Z-JE7 4EA--,C 
I-OA4 10,167

W-,ýSPP-=--S9"A26 
PAiqAýe7E--,P- -

(7-J AAý(-WS Resu(.zs -SqAcýe- /4cDe----7
9eaD1,&leC7 CAt-C- Ce cAVO&(S. DEZCR-(A6En

A-oJ6 
AISOV49

(3) 

(4)

S,4P- -- R = - 3. -S? a-Se-e- AZ07ar 

5,=-45- A107r=7

//i 7-1-(C-l Bact-11-144 C,01-U72CVJ, 7XýE
AIUHS&-P- CýPj= WAVE'S A-ef 0 
T7-(ý- AjaA46c2- cp ,4-xlA-r- KlAv&--!ý WA-S VAP-16-0 
7-0 I&ISUA2G 7z-/A-7- A Al1AJ1,A--fUA-1 V4t-UU- 04ý 
c P-t -r(C A I- PP-eS S " WA-S FE::'U Al 60 1

7W*-7-- C-AL(77CA-C- PP-GT-SUP-ý- (,V4-ý J=ýJ,4jjo 

c5lo ýD-s( Ceo Axe4e- #L(A44c w4-,16- ce7ý6W 
/A-/. ;4AJtD 6 

Xl-GZ

TZ.> 
op

r



74 - / C-

4eUDE7Z ?WC- MST 
r7,ni_s C 60At 77

A Z-77-(cu c-- 77-ffS 6X,4c7l- 4/,,1A e 
W4S A107- Rol=-A52aý e,ýv _ y CIL 

. ,v 7;YE' D4G-j=a4HAq7o,,%- I MOD"Ll OF 
7WE- R-,=-S kZ-7T tV?= Sl"Ie-A-k 
64e-C"e-ýOAXZ ý;ýOW -77--(G- C404TMAC

TZ145- ISVTPýAIC- 772ý

xi- G13

I



- C .. j

' I LTn4.4 -7c-/r

I/3E)%JLzIJj /1om~F£f~7.?o 
7 07 /% 7Zd Ot/J

5 

7 

a

,-4,44 

/q. 02

-2-S.97S 

6337 

.709 

-713" 
- 2ý -1 57 
-33.78

-0.0021s 

- 0.0007 

0-00 I5 

04. OD~ ZZ.  

-0.0C0,8 

-0. 0052 
0O.OO11'L 

0,0,0040
- 12,.0 

zc.-

S;7e,? (10)' 

1. 73 

I./.37(10)7

1,q3 
(9.27 

2.-

?,07 oi-tem1Ir 4.-7C(c)) 7 1j-c

f

44* 

4; 

j2

(

Cesi) 

-z3.o 
- 2�Z..7 

'1.-C.  
11.0 
'3$ 
IS. 0 

-2-1. i.  
-zo.S 

-I 
17,0 

ZoO 
2-0, 1

r

'Jp

G(- 4

TZAI-,c #1 S /-71! 6

C(0)7



FIAI 

3 
f&P- 774=2 

7z44;- ?/A../- IWA&-;jFg-ýj: e- 7.0-7C3 A-oJn:- 80010.SCI.  IA-1 PIG7 (A.--Aq2O-P ?7-/G

7Z> ?74ý 4, 7 Ste -fpl'tF I+Aj -D 
S-U-dW40Zý-O /Al 7AB"----f 26L) 

AS AZO/c4l-EZ OvU -c.4,P- M-6 Gr -M - 7 6 

0 F 774G- Ml 80 AODAý-gG-b BY A tOP-,/-f,4P-V z7PU--ý c4traýeaootjl 

Rp-ýHkp-,Ll - Rules Y 

7-0 .51,A-M4A-7.2-3 77-/4G:-; 
Alv AD,9177ovAe

C-4907 A/4S /A/MOD&CCFZý 1,V,(illCi-1 6OAIS1,OaW-e-6 
71Aý AIAI 7-0 0-FYGW-7- -9ý4,Topý 

7 C7r4&- PI&I I-1A- 7 ;4L, 1-11b
OU7zM -Svajc;ý n= 7z/eý- /AJAL/ffE- Aojo 

:514eLl-5- //L/ 7,-+ez-e 3 7xýC- MEE
,S7V-e-SSE--% AEG- ZIS TýM " FOe- AtC, 
lAle- Z-aDIA/e? 7;Ye- 7Mff S 9 j, eACC- / S- 47- Zýa--A 
770AJS 11- Aol,/6 -54-P.ý Fre4.  

7z4E I;r4eý.T APPaAý A-9 A- Co"PReS.!t1vp'j 
k)Abl4-(- eo"Alo-12s -rH,47- 774(g ev7-1-j(tffpý
SMErsxses IV I-A34-T3 Aeer- ID&w7CAR.  7D 7740SL= OF- !ýAg- 7A6649- 3, e, 4

TYS "0A1-Yo4C- dAOiýA;POAJ CF 7Moff- CA6&- +"4 A<z-loa-A-17- Co"1-)1770.-VS* e-4SMD I.-V 
LOA10 CAaaS, 2,r. 3o 34:0 35.1.3r,:. A"a 37 AR-ar 41=14-- e94okj7- Co)tllkhý,jVý; af 7VE- O/Al AWAIC7ZW99 
&" A//7;4 * 74E DIFY=GILý7- 097ýT- I-OA-0-S ArVO AM S /a'Xý CO".0 / 77;0.AJ SO 

140 -/Z:-- IV 77-1 (S 7ML-s- 4 7VE 5000opse, 
P/A/ LOA0 /I COP-18/&(OZ Pt)t7X4 OA/Z-)O' W40 
-7,07q A'41A<- iý-o" ./^I CA36-n 
2--do 30 .3CA. /^-( CA-sa-S z-s 3*& 37 7-/44EF 

Air-114c- 34ýA140I&A$ /.S/



"I-,)

Ufylc?-4 -sitL -onc.Lo" 

/-V/ 
wylod 

/-vOL4-):P,-ý-7 

EV7L JO -/,7/--?,VO/ 
(-ý / pf;4w--ýOz,ý ?7b 

5:4-77-7sa& -01.1L 

S7ýVVV U-VO-7 ýiOFA:r ýZ=ý OF 
OPIL OL r/ =/S+*ý 

%Zr7ý'Hl -Ll QB(777-7:;ýrv/ 
_DZYW-51, ooi 

QZE)(7;77-;)7V/ 

OTV -Ing ý)[V/Cn7107 .,rv1C71-ZaV 
ýIV;7n MG9-WZý/ 

olgrv+v -avtao7v-v 
-ýýVVWV /V/' S-=Q+e2 'ýIVICXVO-7 d(:?Va 

A-7Tvo 

176 VH_p 17Z IW.Al-jr F?,a -V



S'176
ACCIDENT IRr1tiy STATIC AND OYNAnrIC STRESS EVALUATION

BASE CASE

9 
10 
11

LOCATION

MULTIPLIER,

8.00000 
.16 500 

7.07000

EFFECTIVE 
S TR E SS

BASE CASE DESCMIPTION 

100 PSI WATER CHAMBER 
100 PSI CAVITY 
1.0 G SIDE. DROP

TEN P.
0o9Sy

STRESS ALLOWAaLES 
0.7SU 09SU

'5465 
45990.......  
46777 
44205 
44546 
41895 
43076 
44021..  
44572 
44887 
41835 
45386 
46174 
467Z7 .....  
45675 
45780 
46200

58455 
-59130., 
60142 
5683 5 

.57274 
53865 
55384 

. 56599___ 
57307 
57712 
57645 
58354 
59366 
60142 
5872! 
5886 6 
59400

XI-G7

-- 3 

5 

7 
9 

11 

13 
15 
17 
19 
21 
23 
725 
27 
29 
31 
33

4 5544 
3855 
9967 
8606 
7641 

13266 
8801 

38375 
8061 
6545 
6500 
7981 
4070 
9730 
463 

1 790 
2057

268 
248 
218 
316 
303 
420 
359 
323 
302 
290 
292 
271 
241 
213 
260 
256 
240

21028 
21395 
21945 
20148 
20336 
18389 
19359 
20019 
20405 
20625 
20588 
20973 
21523 
219 45 
21175 
21248 
21541



ACCIDENT PRIMAR~Y STATIC AND DYNAMIC STRESS EVALUAT13N

BASE CASE 

9 

LO CATION1

1 
3 
5 
7 
9 

11 
13 
15 

17 
19 

* 21 
23 
25 

*27 
29 
31 
33

MULTIPLIER 

8.00 0030 
e16500 

-7e07000

EFFECTIVE 
STRESS

4.572 
1973 
6225 
6433 
5018 
7862 
4992 

40150 
6759 
5909 
6500 
6573 
3047 
6968 
1 8R7 
1 790 
-2057

BASE CASE DESCRIPTION 

£00 PSI WATER CIAMBER 
100 PSI CAVITY 
1.0 G SIDE DROP

TEKPs 

268 
248 
2±8 
316 
303 
420 
359 
323 
302 
290 
292 
271 
241 
218 
260 
256
240

0.95y

21C028 
21395 

"21945
20£148 
20386 
18389 
19359 
20019 
204.05 
20625 
20588 
20973 

-21175 
21248 
.21541

STRESS ALLOWABLES 
0*75L3 0.99U

45465 
45990...  
46777 
44205 
44546 
41895 
43076 
44021. --
44572 
44887 

*44835 
45386 
46174 

*46777 
45675 
4+5780 
46200

58455 
.-59130 
60142 
56835 
.57274 
53865 
55384 
56599 
5730? 
57712 
57645 
58354 
59366 
60142 
58725 
58860 
59400

I.



TABLE 3 
BASE CASE STRESS DATA FOR, EACH CASK .OCATION

L OCA r I ON BASE CASE 
N U M a F •.

STRESS COHPONENTS 
SIGZ SIGH

--.-

2 

1 

2 1 
1 

2 

1 
-1 

. .. .  

1 
1 
1.

2 
2 

1 
1 
1 

2 
2 2 
2 

2 
.2.  
2 
2 

* .2 
2 
2 
2 
2 
2 
2

1 

12 

13 
14 

5 
6 
7 

8 

9 

10 
11 
-12 
13 
14 
15 

1 
2 
3.  
*, 

5 
6 
7 
8 
9 

10 
11.  

£3 
14 

15

0 

-0 
-0 

-16 
0 

-16 
-0 
-'3 
-o 

-0 
-15 
"116 
"-16 

0 

0 
±510 

..1276 
322Z 

- 80 
-174 

-82 
-109 

132 
-03 

1200 
-200 

0

0 
38589 
30352 
21994 
21696 
17703 
-3621 
-10 86 

-5"5 
-1964...  

204 
39188 
35788 
34561 

0 

0 
-20457 
-17360 
-44706 
-10115 
-80532 

-2582 
-626 

-69 
-299 

2 04 
-34616 
-42900 
-75403 

0

0 0 
- - .- 250- ....2 50 -192 46 

1303 -14883 
127 3881 

150:0 -14795 
-4•66 16383 
-520 695 

6-4 -233 
50 -138 

-9.3 -114

SIGRZ

0 
13740 
11074 
-56G4.  

8599 
-2 67774 
-1032 

-47 
-531 

968- -.  

-0 
5827 
1688 

-19753 
0 

0 
-8491 
-7076 

-2 9619 
-4022 

-61123 
-722 

98 
-343 

153 
-0 

-21073 
-26541 
-5a354 

a

0 
-0 
"0 

0 
0 
0 

-0 
-0 

-2 

-0 
- 0 

60 
0 

0 

-791 
-588 -262 
-456 

68 
52 
63 

-58 
-0 

-606.  
-382 
291 

0

3 
3 
3 
3 
3 
3 
3 
,3.

3 
3

14 
5 
6 
7 
8 
9 

ic

0 
-. -9884 

-7620 
-5672 

-12401 
-10535 

-32 
103 

-340 
211

0 
-769 
579 
234 
474 
-72 

-136 
26.  
14 

-38



BASE CASE STRESS

.3 (6ýOA ) .  
DATA FOR EACH CASK LOCATIOU

LOCATION 

3 
.3 
3 
3 
3

'4 

'4 

£4 

£4 

'4 

4 
4 
4 

-4 
4 
4

---5 
E~h 5 

5 
5 

5.  
.5 
.5 
5 

5 

5 
5

6 
6 

6

'AS:' CAS7 

15

£ 
2 

6 
7 
8 
9 

12 
13 
±4 
15

3 
4 
5 
6 
7 

10 

14 
:15

1 

4 
5

S I G 

-0 
It.58 
-1.89 

-11. 61 
a

0 

-Ic 

-0 

-14 
-33

-0 

-0 
0?3 

-0 

-Lo 

-33 

0

STRESS COMPONENTS 
S I GZ SIGH

278 
-10397 

- #345 
18652 

0 

0 
136 qC 

-4556 

-25250

-932, 
72 

418 
278 

4542 
3:19 

-38661 
0 

0 
-1150o 

-919 
36467 

-884 
20846 
-5297 
-3339 

8831 

274 
10775 
14221 
35048 

0 

0 
-925ý 
-677 

-22338 
3684

-0 
-9797 
-7474 

1722 
1448 

-2365 
11,38 

-15429 
-3669 

-102 
-263 

380 
-0 

84 
902 

-23438 
0

0 
-443 
-377 

10384 
30 12 

20:101, 
-716 
-509 
2572 

61.  
-0 

-2449 
-5449 

.18925 

-375 
-265 

-7258 
4382

X)-��7a

.1

SIGRZ 

-0 
730 

20 
-213 

0

0 

-- 0 

-0 

0 

0 
-0 

-D 
-0 

0 

0 

0 

-0

..-. e174C



7 ..... . ..  
UASE CASE STR-ESS DATA FOR EACH CASK LOCATION 

LOCATION BASE- CASE STRESS CO;MONENTS 
... .......... NU ER. S IG . .- SIGZ -. iIGH .... STGRZ-- . . ..  

6 6 0 21075 20170 0 
6-- --. -- --- --7... 850 1129 .........- 0.--.-.  
6 8 -0 298 583 -0 
6 9 J -6682 -2082 -0 

6 11 -0 271* -0 -0 

6 12 0 -55149 -1914 0 
6 &.--- .13 ............. 0 .---. "-51.17 ....... 5 "0 

6 14 0 12092 12038 0 
6 15 0 0 0 0 

7 1 0 0 0 0 
7 2 -0 -875 39789 -0 

7 4 -16 -14465 -10039 0 
7 5 0 -358 25802 a 
7 6 -,-t-16---2 860-- -32165. 0 
7 7 -0 -3722 -964 -0 
7 8 -0 -860 -19 -0 

7 10 -1O0 458 957 -0 
7 11 -O 273 -O -0 

7 13 -16 -LZ241 1ZL43 0 
7 14 -16 - -26901 -10856 0 

8 1 0 0 0 0 

8 3 1385 1104 28730 67 
8 4 -334 -12975 -8603 -119 

........ 8 .. ........ 5 .. .. .055 .1... . 2.5028 -... 950 
8 6 -1365 -30301 -30890 31 
8 7 -20 -3789 -93§ -90 

8 8 ~ 2----- -±88A.4 -.- 7--

8 9 -33 2 -909 1l 
8 10 -64 525 938 -12 

. __... .... _-.--0 -273 - - -. -0... ..  

8 12 742 -3335 22988 -320 
8 13 !.19 -6467 11.093 -335 

.--t4- • -- - 2-3-91 - (I 2.5- -.. 8 
8 15 0 0 0 0 

x/- 6/11"



BASE CASE ST;E-SSOGATA FOR EACH CAS LOCATrON 

"LOCATION BASE CASE STRESS COMPONENTS 
.. .NUMBER.- - SIGi s-.Z ------.. SIGH- -.. SIGRZ- ... .  

9 1 0 0 0 0 

9 . 2 1303 ... .-.- 4994 . -22178 .  

9 3 367 -3916 -16574 G02 

9 4 -394 -4757 -2966 -216 
.... . , ... .. - ..... ,596 ....... 703 .. . -1679.--.........56- .....  

9 6 -572 -12172 10037 -10 

9 7 10 -4766 -130 -66 
8 -......--..3 -1016-. . 48.......41 

9 9 -50 -7 -620 -5 
9 - iC -42 253 599 -4 

9 12 5644 -4296 -14561 -276 

9 13 171 -4890 -10035 -344 

----.9 ............ ... .--- 367-- -15718-i- -..-. -533- .. . 183---
9 15 0 0 0 0 

10 2 0 -7592 -21440 0 

10 3 0 -5390 -15882 0 

10 5 0 -3569 -11674 0 

10 6 0 6171 20583 0 

i0 8 0 -1006 48 0 

10 9 -t00 -91 -798 0 
... 10 .303 -... 573 ._ 

1C 11 -0 372 -0 -0 

10 12 -14 484 -8641 0 
---10 ,- -13- - -33- .- 65.73-....... .. . 7-2. 0---

10 14 0 842 11006 0 

10 15 0 0 0 0 

11. 1 0 0 0 0 
1± 2 0 9045 40061 0 
_ _ _ _ LI a 68 6L4- -2 948.0 ...  

I1 4 -16 -23434 -25920 0 

Ii 5, 0 6676 27363 0 

._..._.........-16-.-o-296-32- --- 47993...........0.  

i 7 0 -2318- -137 0 

11 8 0 -2712., -30 0 
--U----• ----- 9 -- -0 7.5-- . - 1176-6. ------- 0----

In 10 -100 396 1098 0 

_ _ __ __-...I-.2



- ........ ......... 31 ... .. . .  

S3ASE CASE STr-3S DATA FOR EACH CASK LOCATION 

LOCATION BASE CASE STRESS COMPONENTS 
.. NUMBER.. SIGR .- SIGZ SIGH. .. SIGRZ- J 

11 i -0 377 -0 -O 
-- 11. ....- 12 -16 -4680 17403 0 .  

11 13 -16 -16381 247 0 
11 14 -16 -34147 -2E639 a 

_ _ _..... . .. 5-.... . . . .. 0 . 0 - a . .. . . .. .. . . .  

12 1 0 0 0 0 
12- ----.-2. 1209 . 9042 - .38.783- -3...  
12 3 594 6860 28540 -2 
12 4 -708 -21399 -Z3149 0 
_____5__ _00 -6214 . ..- 60.33 -5 

12 6 -1093 -27529 -39393 1 
12 7 -3 -2315 -133 32 

1 7........ ... . .-- -.... - -........ .-2 7 1 2 .. . .! -3 0 .. . .. .- 1 . .. . .  

12 9 -38 -75 -1140 0 
12 10 -60 399- 1059 0 

_ _ _ _ _ _ _ :'- - 1 . . .- Q j j j7 7~.. - - - -- .. .. _--

12 12 506 -3338 18159 0 
12 13 -10 -14105 2449 0 

.. .�£4.14 -3.19 .-31834. .... 3587 
12 15 -50000 -0 -0 -0 

.__.0............0 -0 
13 2 1V459 -8223 -23865 -3 
13 3 1392 - -6240 -17111 -1 

_____ _.. 3.. .......-. . -735 .........- B25 2225.-. .... -0-.... ...  

13 5 1006 -884.0 -17235 -4 

13 6 -11.3,4 -7334 14707 4 
•13... Z.... .. 3 ....- ,3 .....- 70...-296.  
13 8 -6 -2685 99 39 
13 9 -51 11 -834 0 

_-........ -13... .. 10 .... -44 ... 4- 2R 651 -.. ... 0 
13 11 -0 512 -0 -0 
13 12 4.60 -4243 -11136 0 
13 4.13.-1.£.-. -2a"9 -L - 442b.- ...  

13 14 -356 -9741 7796 0 
13 15 3 0 0 0 

14 1 0 0 0 0 
t4 2 0 -824'7 -21371 0 
-1�4-3 .-..--..- 3-- --- 62 &+- -15995-..  
14 4 -. 35 10314 12601 0 
14 5 0 -4408 -11834 0 

_I G



BASE CASE. STRESS -DATA FOP EACH CASK LOCATION 

LOCATION BASE CASE STRý.SS COMPONENTS.  
- q.NtUM13ER S. IGR. SI GZ -. SIGH SIGRZ-.  

14 6 02118 226730 
.14 -7 -2624 -64, c 

14 8 0 -2685 93 0 

14 9 -100 11 -786 0 
- .1 aiC 233 689 0 

14 It -0 512 -o -D 
14 12 -1L4 -4243 -111360 
......j4.......13 -33 . -2849 ..- 4'426.  

14 14 a 486 167520 
14 15 -50300 -o -o0

15 1 0 0 00 
15 2 0 -1356 00 

15 4 -235 9.322 1 2711i 
15 5 0 1784 0 0 

_________ ±5 . 6 ~ . 0.--26387------:L19 -.- -- *
15 7 0 -2223 4 0 
15 8 0 -2641 -4 a 

_15.-..- --IG3 ... 1464 a.41 . -0 

15 10 0 57 a a 

15 it -0 506 -0 -0 

--- ±5- .---- 12....-14 - ... 3368--.. 748- ---- -. a-... - .  

15 13 -33 5861 1509 0 

15 14. 0 -32512 -33 a 

-_. . .15..... 15. 0 0 0 .  

16 1o a a 0 
_-_.1,6--. .2..-- .0. -1365 -- 0.--.0.  

16 3 0 -1042 0 a 
16 4 0 9440 12746 a 

-16 - *. 5 . 0 1784 0 0 

16 6 0 26995 13 0 

16 7 a -2223 30 
_________i6.------.&-.-*--.0 -. .. .264i-...- -- - mt3 ..- . -f 

16 9 0 14.64 54170 
16 to a 87 0 0 

-- - __i -6 ..- - - - - -o - - -506 . .. -0 -0 

16 12 a 3430 767 a 
16 13 0 5975 . 1521 a 

... 16.. . 14~. ~ .32695.- 22 . ...  

16 Is 0 a.a0



T,_ 

BASE CASE STR:-SS DATA FOR EACH CASK LOCATION 

LOCATION BASE CASE STRESS COMPONEN-TS 
................ NUBER ....-SIG.? ..-. SIGZ SIGH .... SIGRZ-..........  

17 1 0 0 0 0 
17--- - 2 . .. . .. 0 .... .1219 . . .. 16977 ... .. 0 . . .. ...  

17 3 0 -3401 12926 0 
17 4 -16 -4569 -2140 07 

1 7- . ...... .. r_ ... . . .. ..0 ... 59 55 .... .- 1 57 97-. . . . 0.... . .  

17 6 -16 -17600 -21849 0 
17 7 0 -478 -1278 0 
17- -8 ... 03... . 5• 0-.-2 . ... .........-..  
17 9 0 64+2 -777 0 
17 10 -L00 2566 1867 0

17 12 
17 13

-16 7013 
-16 7985

17 15 0 0 

18 2 1382 14413 
18 3 1521 12774 
1•8 . ... . 133 ....-- 25168 

18 5 1661 -7061 
18 6 -530 -40657 

18 8 42 -5336 
18 9 -167 -792 

.. _18_.... .. . 10 -157.. ...... 85 
18 11 -0 174 
18 12 1504 -32362 

S... .. 513 ........ 353 .- 362b9 
18 14 -366 -44064 
18 15 0 0 

19 1 0 0 
19 2 j 8960 
jq - _5.....• 86 

19 4 -16 -18589 
19 5 0 -4241 

.•.- ~~~6. "1 .. 351 

19 7 0 -1099 
19 8 0 -3699 

19 ±0 -100 1915 

Xl-651,4

16423 
10575 S.. .. 322 --.--:. ..

0 
0

0 0 

21759 711 
17922 532 
-.... .8369 . -....... . .7...... .. ...  

9033 28 
-26435 11 

-1193 -7 
-1254 -. 98 
1016 .. 8.  

-0 -0 
1103 -323 

.. 5975 . 296.....  
-19572 -350 

0 0 

o 0 
16132 0 
. .12 .79.  
-3030 0 
10580 0 

-1.5895 .. ... . 0..  
-1281 0 

-327 0 

1923 0



GASE CASE,,-ST:;,ESS DATA FOR EACH CASK LOCATION 

LOCATION BASE CASE STRESS COMPONENTS 
-.. . ...... ... *- NUMBER -SIGR -.-.. SIGZ ..... SIGH.- ... SIGRZ-

19 11 -0 174 -0 -0 

.19- - 12 .. -16 -16914 .. 8842. -. 0 

19 13 -16 -15243 5466 0 
q 14, -16 -22134 -3520 0 

-1.9 *.. -. 1.. . . 5 .-... ... . ... . .....- -- - - - 0 -- : .... 0 . .. . .. 0 .  

20 1 0 0 0 0 
O . -2.. . . 0 10097- --.. .16473 ......... 0....  

20 3 0 8547 13488 0 

20 L 0 13204 6508 0 
____ _ 5-47------1.---- 56-•

20 6 0 17063 -122 0 

20 7 0 -7039 -3063 0 

-20- -.. . 8....- -0 3351-.-..-- .1788---- 0 

20 9 0 -742 -1035 0 

20 10 0 373 1460 0 

20 12 0 22316 20611 0 

20 13 0 16663 15038 0 
-- 2 ..... . .. .........- 0... ... 490 27 8829 ..... .. .  

20 15 0 0 0 0 

21 2 IS61 0 154G7 0 

21 3. -149 - 0 12410 0 
21 . .. 95-5S.3... 0 .3430 ......  

21 5 -1959" 0 4874 0 

21 6 38415 0 3591 0 
_ 24---7. .... ------- .. i9 . 56-9-

21 8 1!43 a 761 0 

21 9 135 0 -888 0 
_o1 -... . -.. 51. 0 ..... .1095----.............. -0- ..-

21 1i -0 0 -0 -0 

21 12 -1.3359 0 7879 0 
-1--- -9-20 '.L. 52 0.n 

21 14 5446 0 -2847 0 

21 15 0 0 0 0 

22 1 0 0 0 0 

22 2 1716 0 12849 0 
_____--22---- -3---- ......13----.--0 .-..... 1.0q-6.,,1,--.- 0 

22 4 -10337 0 -3174 0 
22 5 L658t 0 17536 0 

__ _ _ __ _ _ -XI-6/6. -



BASE CASE STRESS DATA FOR EACH CASK .OCATION 

LOCATION BASE CASE STRESS COMPONENTS 
.. .... NUMBE-R-- SI G. SIGZ SIGN-.-. SGRZ - ..

22 6 -37361 0 -22505 0 
22-. 7 . 736 0 - -1018. .

22 8 -1403 0 -318 0 
22 9 1C. 0 -784 0 
--22-. . --- 10. - -. - 59 --- 0 
22 11 -0 0 -0 -0 
22 12 9880 0 16647 0 

.22 -..-. ... 13 6377 0 
22 14 -5370 0 -6189 0 
22 15 0 0 0 0 

23 1 0 0 0 0 
23 2 1377 2609 -10743 -969 

. 23-. .. ... 3 .- 1.549-- 2.46- .... -8148 .....- 532 
23 4 -265 -4494 -8938 36 
23 5 1105 -4274 -12135 -424 
73 6-.8 ---ml 37.52------129.41 ----- 8 

23 7 !57 2307 99 -124 
23 8 -323 -7502 -1517 137 

_ _..... .....-- 9 ....... -83........151 .. - - 8. . - 31 29
23 10 -178 -463 314 69 
23 11 -0 237 -0 -0 
2 .34... . ...... 2.. -4309 .. -12024 - - -1 . . .  

23 13 0 -8438 -IL510 344 
23 14 -1354 "-28600 -20067 219 " 

24 1 0 0 0 
- 24 2.......... 0.. ---724•2 .- 13055 a 

24 3 0 -5721 -10116 0 
24 4 -?35 4974 186 0 

--24.-..... .. 5 -........ 0 -4780 . ...- 8545 .- --0--_ _ _ _ _ 

24 6 0 10783 3155 0 
24 7 0 -1832 -1204 0 
__ .--.._5.83
24 
24

9 
10

24 12 

24 13 

24 15

-too 0
-257 -893 

625 .636
0 
0

.. . -- -0 ...... . 237 ... .. -0 . ....-.. . 0 
-14 -2172 -6956 0 
-33 3834 -726 0 

.0 -- 78.0. --- 1947 0.-
0 0 0 0 

XI-IG7



3ASE' CASE-STRESS DATA FOP. EACH CASK LOCATION 

LOCATION BASE CASE STRESS COHPONENTS 
.NUHBE'R-_. SIGI ...SIGZ SIGH SIGRZ 

25 1 0 a a 0 
2 5 2 . 0 -13635 -8237 0 

25 . 3 0 -10556 -2418 - 0 
25 4 0 17066 -5032 00 

25 6 0 62964 -19394 0 
25 7 0 -2690 - 561. 0 

___8 - 0. -. - 5 9 .- . -- 26m. .. .0 . .- 

25 9 a 43 -356 D 

25 10 0 900 130 0 

25 12 c 3762 -40il a 
25 £3 0 15600 -30730 

25 15 0 0 0a 

26 2 a 231l7 3398 0 
26 3 0 8236 2964 a 

26- .- --- 35 - 1.- 6180 . ........... . -812-l0 . .

26 5 0 -3500 -1236 0 

26 6 0 -69868 -454190 

26 8 0 .- 17483 -61590 
26 9 -too -197 -491 0.  

.__ -26........£0.. -. 0 .- 822..- -342... -0.  

26 11 -01 200 .- 0 -0 

26 12 -14 -9923 -3114 a 

2.6-- .-. 3....33 -.- 20066 -. -6764 
26 14 a -96828 -532770 
26 15 0 0 0 0

27 0 
27 2 0 -2953 48 a 

27 4 -?35 42790 £01540 
27 5 a 535 3958 

-. 27+-.--. - -.6......- 0....49t 4 85... 16661.....  
27 7 0 -2856 -530 0 
27 8 0 -4203 -1156 0 

_____~Z7....... ..9-.--.. -...-00.. -..9 6 . 2562 -.  

27 10 0 291 -11 0



BASE CASE STRESS DATA FOR EACH CASK LOCATIO4 

LOCATION aASE CASE STRESS COMPONENrS 
- - -....... - -- UMB-q 31G• . -SIGZ ..... SIGH SIGRZ.--.-..--. ..  

27 11. -0 197 -0 -0 
--27.---.2 . . .-14 12558 . 3533 0... -... .--... .. ... 
27 13 -13 20685 5353 0 
27 14 0 59703 -10156 0 
,2-7- .. .15 -. --- 0...- . . . 0 -. -.. .  

28 1 0 a 0 0 
. 28.- -2 ... .. . 883-- -.... 119 ....... ...  

28 3 0 615 870 0 
28 .3 -28596 -11261 a 

___-_...........- ... ...... O. ---- 214.44---- 53 i, . -.. ...... .

0 -6899 
0 433

8. 8- 0.. ..... .--.934 
9 0 -7124 

10 0 -158 
1 1 . .. ... .. 0 ... . . 197- .. ..  

12 a -7206 
13 0 -11399 

... .. 14 ... 0 .- -8003
15 0 0 

1...- .. 0 ----.--- a 
2 4 4588 
3 0 32.15 

.4 -16 11 36 
5 0 1527 
6 -16 -1150 
7......... . ... -b176 
8 .3 3528 
9 0 -45 
0o.... -100 -.. .- 6953 

11 -0 106 
12 -16 3249 

.- 13 -15 . . .. 20-75.  

14 -15 1163 
15 0 0

-254 
456

-176-....- -.  

2349 
-146 
-- -0---..-.....  

2396 
4273 
1692 

0 

- 0 .. . ...  

1274 
892 
717 

1445 
-393 
1801 
1059 

-9 
2173 

-0 
1563 
1078a----.  

670 
0

0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

0 

0 

0 

-0 
0 

0 
0

30 1 
30 2 

30 4 
30 5

0 0 
0 11675

0 
3400

0 
0

J... 83. .3.9 2439... . . . .  
0 -6140 -1467 0 
0 5339 2589 0 

Xi-G 1 5

6 
7

28 
28 

-- _28 
28 
28 
28 
28 
28 

-29..... 28 

-29 
29 
29 

-2.9
29 
29 

29 
29 

29 
29 
29 
29 
29



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

BASE CASE. STUSS DATA FOP EACH.CASK L3CATION 

LOCATION B3ASE CASE STRESS CoHPOHENTS 
__ ______ ~ -.~44UIBEER---.IG - -.--S-IG-CZ- ---- IH-- .IR 

30 6 0 -15233 -4617V 
~~ - ---- 7..... *.-1978 -- -541--

30 8 o -3660 -1098 0 

30 9 0 -326 -93 a 

-3G C --O.....- 4.5 19 ---- 1263--...- 0.--.---* 

30 11 -0 106 -0 -0 

30 12 I) 909 861 0 

_____...3D.---------13 
- -.......--- 60... 2--

30 14 0 -45i0 -1032 0 

3a15 00 0 0 

31 1 0 0 

31 2 0 10409 30200 

3.1--- -. 3 *--.--.7&-- 
20~-...-------

31 40 -22684 -5110 0 

31. 5 0 11024 2209 0 

31 7 0 180 1060 

31 80 -5066 -15190 

31 10 0 -12115 -278 t! 

31 ii -0 0 -0 -0 

S12 *- - *- 0. .-- C. s'O- -- 42--. 0 

31. 13 0 -18018 -3778 a 

K.'31 14 0 -- 263-09 -5339 0 

32 1 a 0 o 0 

-. 2-----2.. ..-3 - -.-..13374 --- 9 10--- --- 0

32 3 0 9335 2729 0 

32 4~ 0 14996 619' 0 

- 32.- - ..... -18,46 --- 1562---...~ 

32 6 0 15863 7745 0 

32 7 0 -10838 -3199 a 

32 - -8 n~---. j05~..---

32 9 0 -500 -145 0 

32 . 1 0 3460 1125 0 

32 12 0 16010 6000 0 

32 .13 0 18112 706L 0 

________.3-- -- 1 -8-0----.. -

32 15 0 0a 

I-Zco _ _ __ 
_



BASE CASE STRESS DATA FOR EACH CASK LOCA TION 

LOCATION BASE CASE STRESS COMPONENTS NU~g- 31 • G.R . ... SI GZ .... .SIGH .- . SIGRZ . . ....... ..  

33 1 0 0 0 0 
33.... 2 0-.... 5187 .. . 1213 0 .- . . ..-
33 3 a 3300 803 a 
33 4 a 19418 6755 0 

_3... .5 -. . 0 .-..... 6.j49 ..- 29..•.... 0 
33 6 0 30512 12707 a 
33 7 0 -6060 -1871 0 
33 .......... .0. .... 387 ...V L8 03 ......... 0 
33 9 0 -320 1 0 
33 10 0 2830 932 0 

33 12 0 10861 -2523 0 
33 13 a 17614 5745 0 

.. 33. . . ... -....... 2 64 29 . -31605 . ..... -..  

33 15 0 0 0 0 

34 2 0 18478 5200 0 
34 3 0 13534 3873 0 
3 ........... 4 ..... . 0. -27295 7... -7259 .... -- G ..  
34 5 0 15606 3552 0 
34 6 0 -54181 -12701 0 

34 8 0 -4730 -632 0 
34 9 3 -214 33 0 S .... .... .34- .. .. -. .1 . . .--"- --... . .- 5 29 .... -76 .0 

34 11 -0 0 -0 -0 
34 12 3 -5957 -1396 0 

- _ ± -. 0 ....-- j..798 . -- e-4 879 
34 14 0 -31605 -5541 0 
3 f 15 0 0 0 0 

XI-G21



ACCIDENTSTRESS RANGE EVAL. NORM. CYMLE ALL DROPS AND POST FIRE 

LOAD CASES :34SIDERED IN ACCIDENT STZESS RANGE EVALUATION 

-.-.. LOAD CASE I FOI RA4GE CALCULATIONS 

BASE CASE MULTIPLIER 
1 1.300 0.0 STRESS 

LOAD CASE 2 FOR R'-GE CALCULATIONS 

BASE CASE MULTIPLIER 
2- 1.009 -40.0 F ISOTHERMAL .......  

8 -0100 30 G BOTTOM END DROR 

11 3,150 1.0 G SIDE DIOP 

LOAD CASE 3 FOR RA4GE CALCULATIONS 

BASE CASE MULTIPLIER 
_......- 2--. .. 1.000-..- .- -40,0.-F ISOTHERMAL._-. . . .. . .  

8 -. 1O0 30 G BOTTOM END DRO0 

11 -3o160 1.0 G SIDE DROP 

LOAD CASE 4, FOR R44GEE CALCULATIONS 

BASE CASE MULTIPLIER 
•_2 1,,-000 . -4 0.0 F ISOTHERMAL.....  

8 .100 30 G BOTTOM END DROP 

1i 3,160 1O. G SIDE DROP

LOAD CASE 5 FOR '4GE CALCULATIONS 
K. IdASE CASE 'M1ULTIPLIER 

____ t....-2 1.OO-. -=4,.0 F ISOTHERMAL.  

a .O0g 30 G BOTTOM END ORO' 

II -3,160 1.0 G SIDE DROP 

LOAD CASE 6 FOR RA44GE CALCULATIONS 
BASE CASE MULTIPLIER 
_...._2. 1. 00O -40.0 F ISOTHERMAL 

11 14.55c 1.0 G SIDE DROP 

I OAD-.CAS---. 7-- FJ.--_:ZA 41GE- .CALCU LATI OHS-..-.........  

BASE CASE MULTIPLIER 
2 1e000 -40,. F ISOTHERMAL 

S ... ..- 14,550- ... a.1. G SIDE .DROP 

LOAD CASE 8 FOR RA•4G- CALCULATIONS 

__.A.SE-C.ASE-- ...- ULT-IPLIE........ . .........  

3 1.000 '70.0 F ISOTHERMAL 

8 -. 100 30 G BOTTOM-ENO DRO0 

..... .. .. 3.160 1.0 G SIDE DROP 

_ _ _ _ _-_ G -



ACCIDENT srEsSS RANGE EVAL. NORM. CY.OLE ALL DROPS AND POST FIRE 

"LOAD CASES D03qSIOERED IN ACCIDENT STZESS RANGE EVALUATION 

...... .- - LOAD CASE 9 FOR RA4GE CALCULATIONS ....  
BASE CASE MULTIPLIER 

3 1.000 70.0 F ISOTHERMAL 
-.... 8 -. 00-- , .1 -....... 3O-G--;3O.iTTO#O -EN0-.ORO -.
11 -3,150 1.0 G SIDE DROP 

LO-AO--CASE 10 - FO:I-RANGE.--CALCULA,-T.IONS-------.-..  
BASE CASE MULTIPLIER 

3 1.39-0 70.0 F ISOTHERMAL 
.8-.-- -- -iaa-n 3- G BO-TOKL-ENO-DRO0 

11 3.160 1.0 G SIDE DROP 

_LOAOD-CASE - i---FOR RA.AGZ--CALCULA.TIONS.
BASE CASE MULTIPLIER 

3 1.000 70.0 F ISOTHERMAL 
8.. .-. 4 O_ .fL0G-BGo- -END_ O.O. ...  

11 -3.160 1.0 G SIDE DROP 

------ LOAD. CASE ..12- FOR- RANGE -CALCULATIONS ..-......  
BASE CASE MULTIPLIER 

3 1.000 7C0. F ISOTHERM'AL ..--- , .. ... 1±---------1A.=..550- ..... ,.0 -G-.SIDE-DROP ........  

LOAD CASE 13 FOR RANGE CALCULATIONS 
BASE CASE MULTIPLIER....................  

3 1.000 70.0 F ISOTHERMAL 
11 -14.550 1.0 G SIDE DROP 

LOAD CASE 14 FOR RAIGE CALCULATIONS 
BASE CASE MULTIPLIER 

-........ 4 1. 000..... NORMAL. -7.0KW. 130F. BIEN.T........  
a -. 100 3G G BOTTOM END DROP 

11 3.160 1.0 G SIDE DROP 

LOAD CASE 15 FOR RANG- CALCULATIONS 
BASE CASE HULTIPLIER 
... . . ......- 1. -..--.-. NORMAL. 70KW.._l30F--A4 BI ENT_ ...  

8 -. 100 30 G BOTTOM END DROP 
11 -3.160 1.0 G SIDE. DROP 

LOAD CASE 16 FOR RAqGE CALCULATIONS 
BASE CASE MULTIPLIER 

.. 4 1,000 .- NORMAL 70KW. .. 30F AMBIENT . ...  

8 ,100 30 G BOTTOM END DRO3 
11 3.160 1.0 G SIDE DROP



@A77 
ACCIDENT STRESS RANGE EVAL. NORM. CY-LE ALL DROPS AND POST FIRE 

LOAD CASES .OISIDERED IN ACCIDENT STRESS RANGE EVALUATION 

-LOAD-CASE..---17 F-OR- .ANGE-.C.ALCULATIONS--..........................  
BASE CASE MJLTIPLIER 

4 1.00G NORMAL 70KW 130F AMBIENT 

ii -3.163 L.a G SIDE DROP 

BASE CASE MULTI2LIER 
4 1.000 NORMAL 70KW 130F AMBIENT 

.- D.-.ROP-

LOAD CASE 19 FOR RANGE CALCULATIONS 
_________ E1ASE--CASE,- ... -- iL.I-.P- L-I.tR-*----- ___ - -

41,000 NORMAL 70KW 130F AMBIENT 

11 -14.550 1.0 G SIDE DROP 

LOAD CASE 20 FOR 1ANGE CALCULATIONS 
BASE CASE MULTIPLIER I I P_0 

LOAD CASE 21 FOR RANGE CALCULATIONS 
r---,.$E_ CA.SE--P-bUL-T-I PL I ER 

6 1.000 POST FIRE 70KW 130F AMBIENT 

10 ,855 10.0 PSI CAVITY 

LOAD CASE 22 FOR RA4GE CALCULATIONS 
BASE CASE MULTIPLIER 

____-_5_ --- .10-o-P-SI-CAV-IT-Y--- -...  
14 1.000 POST FIRE 70KW -40F AMBIENT.  

LOAD-CASE 23 .- FOR RANGE .CALCULA-TIONS .......  

BASE CASE MULTIPLIER 
4 1.000 NORMAL 70KW 130F AMBIENT 
7 •_1n.0 0.0 -3.-G--T-O P- END-DROP

LOAD CASE 24 FOR RA4GE CALCULATIONS 
BASE-CASE---.MULT-IPLI.E.:Z-.  

4 1.000G, NORMAL 70KW 13OF AMBIENT 

8 1.00G 30 G BOTTOM END ORO' 

LOAD CASE 25 FOR RAGGE CALCULATIONS 
BASE CASE MULTIPLIER 

I+,,--1.002 ... NO.RMAL--7.CKW-. .130F UItBIENT . .... ..  

11 -81.,000 1.0 G SIDE DROP 

I.-AD.--CAS --- 2--.--F--..-A.G----C-.LCJLATIONS-- ..  

BASE CASE MULTIPLIER 
4 1,000 NORMAL 70KW 130F AMBIENT 

-9-. * .................5 . 8 0 0 ...... ±.O..oPSI._WAT ER..CHAMBErR . . .. .... .  

"11 -7.070 1,0 G SIDE DROP 

,.-' 15 1o000 PIM PUNCTURE STRESS
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"LOAr CASE-S C3OISIDERED IN ACCIDENT STIESS RANGE EVALUATION 

LOAD CASE 27 FOR RAfIGE CALCULATIONS....................... ...  
nASE CASE MULTIPLIER 

7 1.000 30 G TOP END DROP 
--12 . 1.000 NORMAL 4OK•l- -4OF Att3IENT..  

LOAD CASE 28 FOR R44GE. CALCULATIONS 
SBASE. CASE MULTIPLI ER ........... . • . ....  

8 1o000 30 G BOTTOM END DROR 
12 1.000 NORMAL 40KW -40F A13IENT 

LOAD CASE 29 FOR RA4G-- CALCULATIONS 
BASE CASE MULTIPLIER 
.-41 - -81.000 1.0 G SIDE DROP ... ....  

12 1.000 NORMAL 40KW -40F AI3IENT 

- LOAD CASE--.-30-FO.R,.-RA.4GE--CALCULA-T-ION.S----
BASE CASE MULTIPLIER 

9 5.800 100 PSI WATER CHAMBER 
-___ ........ 1 .... .. -7.070 1.0 G SIDE DROP 

12 1.000 NORMAL .40KW -4OF AM31ENT 
15 1.000 PIN PUNCTURE STRESS 

LOAD CASE 31 FOR IA'4G- CALCULATIONS 
BASE CASE MULTIPLIER 

7- 1.000 30 G TOP END DROP ......  
13 19000 NORMAL 70KW -40F AIBIENT 

.-LOAD CASE - 32..-FOR RAJGE CALCULATIONS ...... .. .. . .  
BASE CASE MULTIPLIER 

8 1.000 30 G BOTTOM END DROP 
.. 13 .1,,000 NORMAL 70KW -4aF A413IENT 

LOAD CAS- 33 FOR RA4G_- CALCULATIONS 
OS•E-CA-SE. ..... JL-T-P LI ER- .... .-. ..... ~ . _ _ _ _ __ 

11 -81,000 1.0 G SIDE DROP 
13 1.000 NO.iMAL 70KW -40F AM3IENT 

LOAD CASE 34 FOR PAGGE CALCULATIONS 
BASE CASE MULTIPLIER 

S .... 9 5.-30 - 1-- "--PSI- WATER- CHAM3-;,- .....  

11 -7.070 1.0 G SIDE DROP 
13 1.000 NORMAL 70KW -40F AMBIENT 

-----. i•-1 ..... .. 1.000 PIN PUNCTURE STRESS 

%.0



ACCIDENT STRESS RANGE EVAL. NORMfr CYZLE ALL DROPS AND POST FIRE 

LOAD CASES C34SIOERED IN ACCIDENT STIESS RA;GE EVALUATION 

LOAD CASE 35 FOR RANGE CALCULATIONS .  

BASE CASE NULTIPLtER 
1.000 NORMAL 70KW 130F A4BIENT 

............. ..... .. . 5 O,3 100 PSI WATER.CHAMBE.  
11 7.070 1.0 G SIDE DROP 

LOAD-CASE 36 FOR RA.GE CALCULATIONS 
BASE CASE MULTIPLIER 

9 5.800 100 PSI WATER CHAMBER 
-7o07- G... ..0t...S IDE DROP 

12 i.000 NORMAL 4OKW -4OF AMBIENT 

LOAD CASE. 37 . FOR :ANGE.CALCULATIONS...  
3ASE CASE MJLTIPLIER 

9 5.800 100 PSI WATER CHAMBEI 
__,____ j7.72.-O ..... 1 4.. O .S IDE .DROP . . -'.  

13 16000 NORMAL 70KW -0OF AMBIENT 

S-Xi-G 
. .



ACCIDENT STRESS RANGE EVAL. NORM. CY.LE ALL DROPS AND POST FIRE 

STRESS RANGE DATA LOAD CASE 26 USED AS REFERENCE

LOC MAX MIN 
TEtP *.... TZMP 

1 '-9 -40 
2 4,35 -40 
3 z,•3.-- -40-.  
4 33± -40 
5 257 -40 
6 -27- -40 
7 ,476 -- 40

8 471 -40

STRESS 

29152 
4o239 

... 34t73.1 .......  

33013 
9797.0 

-...8 424:3 -. 

55016 
51192

£0 435 -40 35457 
11 561 -40 72788 

__.___ -. . .. ... 40- ......... 7.765.7--

13 514 -40 42825 
14 490 -40 1032740

- 1-5- 3 "-'7 - - 4 11------- Z1 

16 327 -40 62558 
17 462 -40 28342 

1.8 ..... . 458 . .. .... 40 ..... 4-5492- ....  

19 458 -40 29879 
20 458 -40 21894 

22 455 -40 27264 
23 427 -40 245-10 
2 4 402.. -40. 2-3978 
25 ;+02 -40 67748 
26 374 -40 79612 
275--40 5711458....  
28 257 -40 75057 
29 386 -40 7628 

. -.. 30 ..... . 386 -40 21998 
31 386 -40 33975 
32 386 -40 13982 

34 344 -40 47487

ALLOWABLE MIN STRESS ALLOWABL 
-STRESS...TESIp -. - RANGE-. -.STRES, 
67273 70 29152 57377 
67342 70 46239 57446 

.... .7U 7. -- 70... ... ..3 7 1 .1 ...- --- 57-9±Z.  
68131 70 33013 58235 
69340 70 97970 59444 
69340-.., ....... 70 .....- 84243--- 5.9444.  
6663%. 70 51023 56739 
66721 7C3 47424 56825 

-3229.1-. 57-032
67342 70 35457 57446 
65168 70 62207 55273 

.65254 -70......--.....-77657-...-. 55359.  
65979 70 42a25 56083 
66393 70 103274 56497 
6S65-7- .7-0 625.1-3---5.8762
68657 70 62553 58762 
66876 70 28342 56980 
66945 -70 ..-. 570.%3897. .. . 5784.9 
66945 70 28752 57049 
66945 70 21894 57049 
66979 -...70......-3665?------. 57081 
66997 70 27264 57101 
67480 70 24590 3 41 
67911 .. 70 ....... 23973. 
67911 70 67798 58015 
68199 70 79612 58303 
69343 --- 70 ....... 10091±.-.... 59444 
6934.0 70 74789 59444 
68082 70 7628 58186 
68082 70 18692 58186 
68082 70 33975 58136 
68032 70 13932 58186 
684 .. .. 7 0. . -48-861----58596 
65491 70 44142 58596
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ACCIDENT STRESS RANGE EVAL,*NORM. CY:LE ALL DROPS AND POST FIRE

STRESS RANGE DATA LOAU CASE 21 USED AS REFERENCE

LOC MAX 
...... TEMP 

1 439 
2 435 

S43A.  
4 381 
5 257 
6...----257 
7 476 
8 '.7± 
9 .... _.5.9. ...  

10 14.35 
11 561 
12-. ..- 556 ......  

13 514 
14 4,90

16 
17

19 
20 

22 
23 
24 
25 
26 

28 
29 
302 
32.  
32

327 
462 
458 
458 
458 

_.__456 
455 
427 
4012 
402 
374 

. 257 
257 
38(* 
33J6 
386 
356

-_3.3--. .44..  
34 34.'

MIN STRESS ALLOWABLE 
TEMP RANGE STRESS.  
-40 45332 67273 
-",O 81556 673,.2 
-40 ... 5C929.-...... 67807 

-40 ,42656 68131 
-=*0 69614 69340 
-+0 -.. 84243.-. .. ... 69340 

-4.0 71032 66634 
-40 66807 66721 
•-p.0- ... 511.9 -6692 8.. .  

-40 42519 67342
-40 a 818 9 65168 

-- 40 -.. 98601t . .65254 
-_40 ,,5450 65979 
-40 55212 66393 

_-411- ........ 713.56 .... 6865.7 ...  

-40 71349 68657 
-40 37146 66876 

.--40-.... 54901.-- 66945 
-40 4.5261 669,45 
-40 28721 66945 

.- 40 ....... 58228-....... 66979 
-',0 54178 66997 
-40 2333.0 67480 

.- 4.0 32674 67911 
-40 94067 67911 
-40 96600 68199 
.- 40.. 55554-. 693,*f

-40 64273 69340 
-4.0 12351 68082 
-40 . 32328 68082 
-0 51373 68082 
-40 20718 68082 

.-- 0-- 43-12-... 63491 

-40 73586 68491

IIN 
EMP 
70 
70 
70 
70 
70 

.70-
70 
70 

70 
70 
70 
70 
70 

._70 
70 
70 

70 
70 
.7 O 
.70 
70 
70 
70 
70 
-70.  

70 
70 
70 
70 
70 

7O

STRESS ALLOWABL 
-RANGE ....-. STRESS 
45332 57377 
81556 57446 
50.92q 57912 
39859 58235 
6961' 59444 
..... 23-..--.--59444.  
60620 56739 
56613 56825 
4,0592 .57..03Z

36961 57446 
71238 55273 
9860.. -8-0. __55359 
,40679 56083 
55212 56497 

.71.35 ...... 8762.  

713049 58762 
36826 56980 
53315 .... 57049 
41487 57049 
28721 57049 

54178 5710l 
22630 57584
32674 58015 

94067 58015 
81719 58303 

-.. 54807 -.. 59444 
64273 59444 
12351 58186 
29022 ....... 58186 
51373 58186 
2071S .58186 

70.4312 58596

L

585967 0241

#
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ACCIDENT STRESS RANGE EVAL. NORM. CYCLE ALL DROPS AND POST FIRE 

STRESS RANGE DATA LOAD CASE 22 USED AS REFERENCE 

LOC MAX MIN STRESS ALLOWAOLE MIN STRESS ALLOWAB 

TEP......TEMP .... RANGE-. -.---. -- STRESS . TEMP -.....RAN *-- LSTRES 

1 439 -!4O 55169 67273 70 - 55169 57377 

2 4.35 -40 75549 67342 70 755ý9 57-4i, 

4 331 -40 56037 68131 70 53240 5823M 

5 257 -40 551+12 693140 70 551412 59444 

6. - 257 ...6-.. ... 0-... 7526U--........-9340- . . 7. . - -- 75260-.-- .594+4 

7 476 -40 49723 66634 70 39311 5673S 

8 471 -40 44580 66721 70 35717 56825 
-4 .5.9. -. •--4- -3-8-.3. a 65192• - -33572 - 57-1O36 

to 435 -40 32942 67342 70 30736 5744E 

11 561 -40 65659 65168 70 55078 55271 

2.--- ...5.5.6 . - 0 .. ........- 83C69 ...--. 65254 --.. .... 70...... -83069 .5535V 

13 514 -40 40946 65-379 70 37569 56082 

14 49C -40 56844 66393 70 5684' 56491 

1--5 32 7----4 0- -- 7 69-95- -.68 655-7-. -7-095. 5 8 262 

16 327 -40 77040 68657 70 77040. 5876ý 

17 462 -40 31553 66876 70 31553 5698( 
... 5 .. -40-- ........589 -. 66945 ....... 70 566O'......5704( 

19 458 -40 31880 66945 70 28106 5704-' 

20 458 -40 21734 66945 7o 2173+ 5704' 

-r --- .21- -- 456 ...- -- .4.. 32969-.--.- -.66973 . 0...70- .32.969-...... 5708.  

22 455 -40 32291 66997 70 32291.  

23 427 -40 31877 67480 70 31877 

.2 .. 2 - 40 - 28911 -..- 67911 .... 70 -- .28911 I.  

25 .. 02 -40 1318:5 67911 70 101845 5801: 

26 374 -40 123560"-1 68199 70 108679 5830 
Z-----..257..........-0........7.7050..-. . 6934J ...... 70-- -.-- 7-7-05 . 59 44, 

28 257 -40 63169 69340 70 63169 5944: 

29 386 -40 14664 63082 70 14664 5818i 

30. 386 -43 21605 .- 63082 . 70 -. ±8299 58181 

31 336 -40 38378 68082 70 38378 5818, 

32 386 -40 26151 68082 70 26151 5818 

3_ 3 --- 63491 .-- s585 

34 344 -40 51010 63491 70 47665 5859 

y' I- 2 
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SrIC XII 

COLING SYSIEv EESIGN 

This section discusses the operation and performance of a redun

dant auxiliary cooling system. Subsequent events in the package design 

resulted in a lower decay heat load limit. Cbnsequently the package 

temperatures became less important to the facility receiving spent fuel 

and the need for auxiliary cooling becoues optional.  

The following section has not been revised and/or expanded to cover 

the optional arrangements since package integrity is not dependent on 

auxiliary cooling.

i
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SECTION XII 

COOLING SYSTEM DESIGN 

1.0 Design Basis 

The NLI 10/24 rail cask is designed to dissipate decay heat 

under normal conditions of transport without any dependence 

on auxiliary cooling. Under these conditions, highest average fuel 

temperature would run on the order of 833 0 F, and the cask 

body average temperature would be on the order of 350 0 F 

since decay heat is transferred through the cask body. While 

this presents no problem from the standpoint of meeting 10 CFR 

71 requirements, it may prolong the cask cooldown time at the 

fuel reprocessing .plant. For this reason the fuel shipment 

is cooled mechanically during transport to remove decay heat 

at the cask cavity wall. This results in very low cask operating 

temperatures and a highest average fuel temperature on the 

order of 6060F.  

The rail car mounted cooling system developed for use with the 

NLI 10/24 cask is designed to meet the following general criteria: 

"o Loss of any single active or passive 

component does not result in loss of 

auxiliary cooling.  

"o System components and supports are 

designed to meet the rail shock and 

vibration environment.  

"o Lowest possible cask operating temperatures 

are achieved without sacrificing 

simplicity of design.



2.0 General System Description

Heat is transferred from the cask to an external heat exchanger by 
an intermediate cooling water stream and thence rejected to the 
atmosphere. Water is forced through channels provided on the 
outside of the fuel cask's inner shell where the decay heat is 
transferred to it by conduction and convection. A forced-draft, 
air-cooled exchanger removes the heat from the cooling water and 
the water is returned to the cask in a closed circuit. Ambient 
extreme conditions from 130°F to -40°F were considered for the 
design.  

Equipment supports and mounts are designed for all normal forces 
and accelerations reported for rail transport service.  

The fuel cask's design provides for two (2) separate, independent 
coolant flow paths. The heat transfer surface of each path is 
sized for the total decay heat removal. The external coolant system 
components will be assembled in modules. Two (2)'identical 
modules provide 100% redundancy. Each module contains a heat 
exchanger, forced circulation pump, diesel engine driven generator, 
and a fuel system sized for 14 days continuous operation. -A 
general arrangement of system components and piping is shown 
on Drawing 70654F.  

XII- 2
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3.0 Process Description 

Flow sheet 70640F shows the main coolant loops and the auxiliary 

diesel generator systems.  

The main coolant flow is through the fuel cask coolant channels, 

air-cooled heat exchanger, expansion tank, and circulation pump.  

Normally the pump forces water through the loop, which results 

in a temperature increase at the fuel cask. The exchanger is 

sized to reject the heat under this mode of operation to an extreme 

ambient temperature of 1300F in still air. Since the ambient will 

only be at 1300F a small fraction of the total operating time there 

is a potential saving in power if the exchanger can be arranged.  

for fan free operation at lower ambients and when the train's for

ward motion induces large air flows. The temperature of the 

coolant at the exchanger exit is sensed and used to activate a 

switch which shuts off the exchanger fan In 

the exchanger fan plenum on dropping temperature. On rising 

temperature the fan is started.  

Low coolant flow or high coolant temperature at the exit of the 

cask signals a system failure, and automatically starts the 

spare coolant system. Since each system is sized for 100% 

duty, there is no loss of cooling capacity for this condition.  

In addition to two (2) redundant coolant loops there is a back up 

for double failure. The air-cooled exchangers are each sized 

to dissipate 1/2 the design heat load at the extreme ambient 

in their natural draft mode of operation acting as steam con

densers. The equipment is located so that a natural-current

XII- 3
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thermosyphon will start circulating in each of the loops when the 

coolant temperature reaches 250 F.  

The diesel generators are each provided with storage batteries 

for self starting. Individual fuel tanks are provided, each with" 

capacity for 14 days continuous operation at twice the calculated 

average fuel consumption. Electric heaters in the fuel system 

and in the engine crankcases will assist winter starting at -40°F.  

3.1 Forced Circulation Mode (power on) 

Ettherair-cooled heat exchanger is designed to remove 120kw 

from the cask. This is almost twice the cask rated heat load and 

allows for possible future upgrading of cask decay heat. A flow 

of 82 gpm is circulated through the system. The cooling fluid 

C" is heated in the cooling channels located on the outside of the 

Inner shell. The fluid is then circulated back to the heat exchanger 

where it Is cooled by alrforced across the finned tubes bya fan.  

The twenty (20) cask coolant channels are half rounds 

of 1.0" dia, schedule 40 stainless steel pipe. Ten (10) 

channels are for one system and ten (10) for the back up 

system.  

3.2 Natural Circulation Mode (power off) 

Two (2) air-cooled heat exchangers will be used at 

the same time as condensers when there is no power 

to drive the fans. Each flow loop produces a steam

water flow rate of 866 lb/hr of which 212 lb/hr is 

vapor at 2500F. Coolant flow is by natural circulation 

due to the density differences between cask and heat 

exchanger regions.  

XII-4
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4.0 Description of Operation 

4.1 Initial Start Up 

After a new cask is set in place, flexible hoses are 

made up to the appropriate connections. Pure water 

and chemical additive are added through the fill 

nozzle at the expansion tank. The nozzle, which 

is the system high point and also serves as a 

vent, is left open. Coolant System "A" is started 

in its manual mode of operation. Circulation 

through the loop will scavange trapped air in the 

system and heating of the water will drive off 

dissolved gas. The expansion tank is designed 

to promote deaeration. System "B" Is filled and the 

circulation pump turned on briefly to scavenge trapped 

1.'• air In the system.  

Flow meters F-1l1 & 102 are installed for checking 

of the system prior to shipment of the railcar and 

are not intended for normal operation. (The flow 

meter bypass must be opened before car shipment 

since the meters will restrict natural circulation 

operation on loss of power).  

4.2 Normal Operation 

Normally the fuel cask cooling system operation is 

fully automatic and no operator attendance is re

quired. In case of equipment failure the spare 

system is started without any operator action.

MaI-5
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A battery operated panel which denotes any cause 

of failure is provided for observation at the rail 

terminal.  

4.3 Emergency Operation 

In the event of stoppage of both coolant systems 

due to failure of pumps or generators the change 

over to the thermosyphon mode of cooling takes 

place without any manual adjustments. On pump 
failure, but not electric power failure, the ex

changer fans will continue to operate.  

As the temperature rises, excess pressure 

will build up which will be relieved by pressure 

relief valve PSV 160 and 161. When enough fluid 

has been blown off to allow the heat exchanger to 

act as a steam condenser a thermosphyon will start.  
At this time heat from the fuel cask will be removed 
as latent heat in steam at 29.8 psia and 250 0 F.  

In designing equipment several provisions had to 

be made to facilitate this emergency mode of operation.  
The expansion tank had to be designed and placed so 

that during the normal mode of operation it is the 
system high point to facilitate filling and venting.  

During the emergency mode of operation, after the 

system inventory is reduced by pressure relief, it 
must allow operation of the air-cooled condenser 

without flooding. Pipe lines are arranged to drain

XII-6
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r from the condenser to the cask without pocketing 

to preclude surging. The pump will act as a pipe

line fitting during emergency and is selected for 

low pressure drop when idle.  

4.4 Extreme Ambient Temperature Operation 

As the ambient temperature falls the coolant system 

will automatically adjust to low temperature operation.  

The diesel engines crankcases and the diesel fuel 

tanks are provided with thermostatically operated 

electric heaters. The electric heaters are imersion 

type NEMA rated explosion proof.  

e0 

At 40°F ambient the standby coolant loop starts so 

that the cask's decay heat can be used to protect the 

standby loop from freezing.  

The system has been designed to operate with glycol 

solution as well as water to allow return trips of the 

empty casks under freezing conditions.  

Based on the recommendations of Union Carbide Corpora

tion, Terrytown Technical Center, UCAR Thermofluid 17 

will be the antifreeze solution used. The mix shall be 
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54% by weight of UCAR ThermofluLd 17 and 46% by weight water.  

UCAR Thermofluld 17 is an inhibited ethylene glycol based 

antifreeze. The inhibitors used in this solution are propri

etary to Union Carbide.  

Union Carbide has performed corrosion tests on a large num

ber of metals with uninhibited ethylene glycol. These tests 

show that corrosion effects on stainless steel are negligible 

as long as the ethylene glycol does not degrade thermally 

or oxidatively to form acidic materials. The purpose of the 

Inhibitors is to prevent thermal and oxidative degradation of 

the ethylene glycol. Satisfactory performance can be main

tained in the fluid by keeping Its pH in the prescribed range 

(8 to 10). A lower pH is Indicative of fluid degradation and 

acidic build-up. If a cooling system fails during transpor

tation, the pH of the fluid will be checked to assure it Is 

still in the prescribed range of 8 to 10. If it is not , the cool

ing system will be drained, flushed and refilled. Also, during 

normal cooling system maintenance, the pH will be checked.  

The maximum flow rate in the cooling system is 82 gpm. This 

is not sufficient to cause any erroslon of the metal surfaces.
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1.0 Assembli 

1.1 

1.2 

1.3 

1.4
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Assemble fuel basket into cask cavity. Assure that basket 

does not bind and dimensionally check that basket Is fully seate?.  

Assemble spacer plug into cask cavity.  

Lower inner closure head over guide pins and onto chsk body.  

flange. Use lift yoke for this operation. Assure that there is 

no interference between closure head and spacer plug and that 

closure head has been seated firmly on cask. Install c- de head 

bolts (Remove guide pins).  

Assemble outer head, install outer head bolts.

Load Test 

2.1 Engage two lift trunnions with cask lift yoke. Using load test 

fixtures in conjunction with lift yoke apply 400,000 lbs. load.  

2.2 Upon completion of load test disengage lift yoke and engage 

opposite two trunnions and repeat test described In 2.1 above.  

2.3 Remove lift yoke after second load test and liquid penetrant test 

four trunnions and their connection to cask for cracks. Visually 

check for galling, scaring and any signs of deformation of the 

trunnions and lift yoke.  

Shielding Integrity 

3.1 The cask shielding Integrity shall be tested using the gamma 

scan and/or gamma probe method using a Co 6 0 source and

XIV-2
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scintillation equipment. The test will encompass, nominally, 

100% of all accessible surfaces of the cylindrical shield.  

3.2 Acceptance Criteria 

Acceptance will be based on a 12" square mock up of the ihield 

wall whose thickness will be equivalent to the minimum design 

thickness less 5%.  

Any of the following conditions will be cause for rejection.  

1. Loss of shielding greater than 5% of the design 

thickness.  

2. Loss of shielding up to 5% of the design thick

ness over an area greater than 6 square Inches.  

3. The total of all such areas (Criteria #2) shall not 

exceed 25% of the total area Inspected.

NOTE: The above testing will be accomplished 

prior to the installation of the neutron 

shield jacket.
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Functional Testing 

4.0 Leak Tests 

4.1 Cask Closure Head Seals 

The purpose of this tests is to assure the sealing integrity of the 

closure head seals only, as all the joints in the cask will have 

been previously inspected using helium and a mass spectrometer and 

to the same acceptance standards listed herein.  

4.1.1 Inner Closure Head 

Remove the quick disconnect from the drain line valve and 

install a calibrated pressure gage. Using the inlet valve, 

pressurize the cask cavity to 5 psig using clean dry helium.  

Using a sniffer probe connected to a mass spectrometer scan 

the joint between the inner head diameter.
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and the cask wall, moving at a rate not to exceed 

15 inches per minute. A leak rate greater than 

1 X 10- 6 STP cc/sec. will be cause for rejection.  

4.1.2 Outer Closure Head Seal 

Both closure head and seals are to be in place 

during this test. Using the closure head cavity 

drain line pressurize the cask cavity between the 

inner and outer head to 5 psig using clean dry 

helium. Using a sniffer probe connected to a 

mass spectrometer, scan the joint between the 

outer head diameter and the cask wall, moving at 

a rate not to exceed 15 inches per minute. A leak 

rate greater than 1 X 10- 6 STP cc/sec. will be 

cause for rejection.  

4.2 Water Jacket 

4.2.1 Remove relief valve and replace with a calibrated 

pressure gage. Connect pump and supply of 

distilled water to the quick disconnect valved 

coupling on the Water jacket. Open the vent line 

at the top end of water jacket. Fill the water

jacket with distilled water until overflow occurs 

through vent line. Close vent line and pressurize 

water jacket to300 psig. Close water supply 
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valve. Monitor pressure gage for 30 minutes.  

Followed by a visual inspection of all joints.  

Any drop in test pressure or leaks will be cause 

for rejection.  

4.3 Water Jacket Expansion Tank 

4.3.1 Remove relief valve and replace with calibrated 

pressure gage and vent valve assembly. Connect 

pump and supply of distilled water to inlet on 

expansion tank. Fill expansion tank with distilled 

water until overflow occurs through vent valve.  

Close vent valve and pressurize expansion tank 

to 300 pslg. Close water supply valve. Monitor 

pressure gage for 30minutes. Followed by a 

visual inspection of all Joints. Any drop in test 

pressure or leaks will be cause for rejection.  

4.4 Containment Vessel Valves 

The containment valves are made up of three components; base 

plate, valved quick disconnect fitting and a cap which com

pletely encloses the quick disconnect fitting and is bolted 

the base plate. The primary containment seals are those 

seals which seal the base plate to the cask flange and the cap 

to the base plate. The base plate and cap seals shall be sub

jected to the following leak tests.
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The base plate shall be bolted to the cask flange and a 

helium leak test performed at this level of assembly. After 

the base plate has been tested and accepted the cap shall be 

bolted in place and the cap seal subjected to a helium leak 

test. A leak rate greater than 1 x 10-6 STP cc/sec will be cause 

for rejection. Acceptance criteria applies to both components 

and is a test of the metal "0" ring seals used in both com

ponents.  

4.5 Water Jacket and Expansion Tank Relief Valves 

The relief valves; (1) Water Jacket, (1) Expansion Tank; 

shall be bench tested to verify cracking and reseating 

pressures. Allowable variation is + 5% of 220 psig nominal 

cracking pressure.  

4.6 Cask Cavity Hydrostatic Pressure Test 

Full cask cavity with distilled water. Pressurize cask 

cavity thru cavity drain valve to 350 psig. and hold pressure 

for 30 minutes. There shall be no evidence of leakage or 

pressure drop during the test period.  

4.7 Impact Limiter Housing 

Both front and rear impact limiter housings will be tested for 

leak tightness. Each limiter housing will be purged and filled 

with dry helium at 10 psig. All weld joints will be bubble tested 

and shall exhibit no evidence of leakage.
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5.0 Assembly of Cask to Rail Car 

5.1 Using lifting yoke, position cask over turning saddle on rail 

car. Lower cask engaging bearing blocks on turning saddle 

with trunnions on bottom end of cask. Continue downward 

allowing the cask to rotate to a horizontal position and seating 

on the hydraulic Jack at the top end of the cask. Attach top 

end Impact limiter and lower the cask using the hydraulic Jack 

to bring the Impact limiter into contact with the support saddle.  

Install tie-down link pin at top end of cask. Raise bottom end 

of cask using the hydraulic Jack to disengage the turning saddle.  

Remove the turning saddle and install the bottom Impact limiter.  

Lower bottom end of cask using the hydraulic Jack to engage the
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support saddle. Install tie-down link pin.  

Assure the following : 

5.1.1 Free engagement of trunnions in bearing blocks.  

5.1.2 Operation of hydraulic jacks.  

5.1.3 Engagement of top and bottom end of cask In support 

saddle 

5.1.4 Fit of tie-down link pins.  

5.1.5 Clearances between the cask and the lift yoke 

when cask Is lowered Into horizontal position.  

5.1.6 Fit of top and bottom impact limiters.  

5.1.7 The cask clears the sides of the personnel 

barrier as it is being lowered to the horizontal 

position.  

5.2 Bring the roof sections of the personnel barrier into their 

closed position. Assure that there is no interference be

tween the cask and the personnel barrier roof.  

6.0 Thermal Test 

The thermal test is outlined in Section XV. If the rail system Is equipped 

With auxiliary cooling the functional test of the cooling system will be 

carried out as part of the thermal test procedure.  

7.0 Disassembly 

Upon completion of all the tests, the cask shall be removed from 

the Rail Car, disassembled, cleaned, reassembled, and returned 
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to the Rail Car.  

The following inspections shall be made during these operations 

7.1 Ease of disassembly.  

7.2 Check all fasteners and threaded holes for galling, undue 

wear, burred threads and stripped threads.  

7.3 Scoring or marking of any of the components indicating 

interference with other components.  

7.4 Distortion or damage of any of the load carrying surfaces.  

If any of the conditions listed in 7.1 through 7.4 do exist, corrective action 

shall be taken to eliminate the contributory factors.  

8.0 Inspection of Lead to Steel Bond 

8. 1 Ultrasonic Inspection methods (pulse echo type or equivalent) 

shall be used as a means of determining the continuity or lack 

of continuity at the lead to steel interface. Inspection will be 

performed over 100% of the accessible areas which require lead 

to steel bonding.  

8.2 Acceptance Criteria 

The total area of unbond for those surfaces requiring lead to 

steel bond shall not exceed 25% of all areas accessible for 

testing. No single area of unbond shall exceed 3 square feet 

and shall be separated from other such areas of unbond by a 

minimum distance of 12 inches.
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NOTE: The above testing will be accomplished prior to 

the installation of the neutron shield jacket.  

9.0 Prototype Rail Car Test 

The prototype car will be fitted with the cask support and tie-down 

arrangement as described in this safety analysis report. A set of neutrbn 

shield expansion tanks, connecting lines and supports will also be fitted 

to the prototype car for testing. A simulated cask structure of approximately 

the same dimensions as the actual cask will be positioned on the car in 

the same manner as the actual cask. The mass and location of center 

of gravity of the simulated cask structure will'be the same as the actual 

cask.

I 

I 
ci 

L

The prototype car loaded as described above shall be subjected to a 

series of static and Impact tests as defined by the Association of American 

Railroads, "Specification for Design, Fabrication and Construction of 

Freight Cars." 

AAR requires a visual inspection of the prototype car be made after 

each static test and after each impact test. Any permanent damage, to 

any part of the car, found before or after all tests are completed will be 

sufficient cause for disapproval of the design. Damage will be considered 

permanent when the car requires repair in order to return the car to running 

condition.  
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The arrangement which supports and ties the cask to the rail 

car shall be visually inspected. The support and tie down arrangement 

of the neutron shield expansion tanks and associated piping shall alsb be 

visually inspected. Any sign of structural damage such as deformation, 

elongation of pin holes, or cracked welds will be cause for disapproval 

of the design.
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SECTION XV 

THERMAL TEST PROCEDURE 

Thermal tests will be performed in accordance with detailed thermal 

test procedure to verify the thermal performance of the shipping cask. The 

thermal tests will also be used to establish operational parameters relative 

to preparing a loaded cask for shipment and unloading the cask at the repro

cessing plant. Both fuel basket types, i.e., PWR and BWR, will be thermally 

tested. A cask will only be tested once with the basket type available at 

time of test. This section describes the thermal test used to verify cask 

performance and the temperatures used in the thermal stress analysis.  

As established in Section VIII, "Thermal Analysis," the thermal response 

of the cask to PWR and BWR loadings are approximately equal. Therefore, 

- the heat source for the thermal tesf shall be equivalent to the calculated 

decay heat source for the-ten (10) PWR cask loading of 70kw. The heat 

source shall be provided by electrical heaters designed and located to simulate 

the active region of a fuel assembly. The heaters will be positioned such that 

the 144 inch active length falls within the limits of the neutron shield water 

jacket. A mockup of the cask closure heads shall be provided which will ther

mally simulate the top end of the cask. There will be additional penetrations 

in the closure head mockups to provide for heater leads and thermocouple wire 

installation.
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The thermal tests are to be performed within an area which will be pro

tected against drafts and large temperature changes. The cask shall be com

pletely assembled on the rail car, i.e., the fuel basket, either PWR or BIWI? 

installed in the cask cavity, closure head mockup with heater and thermocouple 

leads in place. The assembled cask will be positioned horizontally on the 

rail car to simulate the shipping attitude. The cooling system will be in

operative and drained for this test.  

The assembled shipping cask will be instrumented so that temperatures 

and pressures of the various elements of the system can be monitored and 

at established time intervals all data will be recorded. To obtain the 

necessary temperature data, thermocouples will be installed inside the 

PWR fuel basket cavities, on the outer surface of the outer shell on the 

outside surface of the water jacket shell and on the ends of the cask.  

The thermocouple locations and heater locations in the basket are shown 

in Figures 1 and 2. The following thermocouple will also be attached to the 

cask. (See Figure 3) 

1. Seven sets of three thermocouples will be mounted circumfer

entially on the cask surface and on the outer surface of the outer 

shell on a plane equidistant from the ends of the heater active 

zone. As viewed from the end of the cask, one set would be 

mounted in the 00 and then every 300 to-the 1800 position.  

2. A thermocouple at each end of the cask at the center of the top 

and bottom head.

XV-2
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3. One thermocouple positioned inside the cask cavity on the test 

head adjacent to the metal seal ring.  

4. One thermocouple on the personnel barrier directly over the 

cask.  

Thermocouples will be used to monitor ambient air temperatures on 

the inside and outside of the personnel barrier. A pressure gage will be.  

mounted on the closure head to indicate cavity pressure. Once the cask and.  

instrumentation are assembled and installed on the rail car, the heaters 

will be connected to a power source. 70kw will be supplied to the heaters 

and temperatures and pressures will be measured every half hour until 

equilibrium is reached. Thermal equilibrium is considered to have been 

achieved if the cask temperatures fail to rise more than 2 0 F over a two hour 

period. As confirmation the test will be conducted for an additional hour 

using the same criteria.
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Thermal Test Acceptance Procedure 

The acceptance of the NL 10/24 cask from a heat dissipation 

standpoint will be determined as follows: 

1. The cask will be tested at 70 kw using the procedures 

outlined in this section.  

2. The TRUMP thermal models outlined in Section VIII, 

Appendices D and E*, will be run at ambient conditions 

of the test and without solar heat load.  

3. Acceptance of the cask will require the following comparison 

of the test and calculations: 

(a) The measured temperatures shall not exceed the 

corresponding calculated values of the 2-D thermal 

model used in Appendix E of Section VIII.  

(b) The average of the measured circumferential temperature 

differences between the inner shell and the outer shell 

shall not exceed the calculated A T value of the 2-D: 

model used in Section VIII Appendix E for that axial 

position in the cask.  

(c) The change in temperature difference around the 

circumference of the cask at any axial measurement 

position in the cask shall not exceed that calculated from 

the circumferential model used in Section VIII Appendix E.  

* The temperature profiles resulting from the two different thermal 

models have been used in the structural analysis. The structural 
analysis shows the design criteria are met using temperatures 
resulting from both thermal models.  
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4. If the temperatures are consistantly higher than those 

calculated in Item 2, the heat load of the cask will be 

lowered and new temperature measurements will be 

made. These measured temperatures will be used in 

the application of the criteria of Item 3 to determine 

the acceptable thermal rating of the cask.  
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SECTION XVI 

OPERATING PROCEDURES 

INTRODUCTION 

It is recognized that each nuclear station would have its own preferred 

sequence of operations for handlingloading, and preparing the spent fuel 

cask for shipment. This procedure is intended to be flexible, general one, 

identifying the operations to be performed.  

Prior to delivery of the cask to the nuclear power station, the cask will 

be subjected to a series of pre-operational checks to assure all valves, 

instrumentation, seals and auxiliary equipment are functioning correctly; 

and thatthe required cask internals have been properly installed. Complete 

operating procedures and instruction manuals will be furnished.

XVI-1



Rev. 2 - 9/78

OPERATING PROCEDURES 

A. Preparation of Cask for Loading at Reactor Site 

1. Health Physics survey railcar and personnel barrier.  

2. Visually inspect railcar and equipment for signs of damage. Note 

any discrepancy on shipping document.  

3. Open personnel barrier.  

4. Health Physics survey cask and adjacent surfaces of car.  

NOTE "A" 

If the neutron shield tank is connected to expansibn tank, then 

Step 5 must be perfornad.  

5. Disconnect water jacket expansion line from water jacket.  

6. Position car for removal of cask. Set hand brakes and block wheels 

against movement in either direction.  

7. Inspect cask and tie-downs for signs of damage. Complete receiving 

inspection portion of shipping document.  

8. Release lifting yoke from its tie-down on railcar.

NOTE "B' 

When the cask is shipped in an "Unloaded" condition, auxiliary cooling 

system does not operate, nor is it connected to the cask, Therefore, 

no connection between cask and cooling system need be broken at this 

time.
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9. Remove rear ('B" End of car). tie-down pin and raise rear end 

K.-' (bottom of Cask). Remove inpact limiter then move turning fixture 

into position and lower cask turning trunnions into the turning 

fixture bearing blocks, by retracting the rear Jack.  

10. Remove front ("A" End of car) tie-down pin and raise front end 

of cask. Remove front (top of cask) 'inpact limiter.  

U1. Attach lift yoke to the lifting trunnions and raise cask to 

vertical position. Lift cask from car and set down in designated 

work area. Remove lifting yoke.  

12. Remove outer closure head bolts. Remove 3 threaded plugs from 

top of closure head and replace with 3 threaded eyebolts.  

13. Using shackles, attach lifting slings to 3 eyebolts on outer closure 

bead. Remove outer closure head and set it on supports which 

i. are suitable for radiological control and maintaining the cleanliness 

. K...,' of closure head. Carefully inspect outer head gasket. If seal 

shows any damage replace it. Be certain gasket is properly 

installed and seated. Note any damage or repairs in shipping 

document.  

14. Remove nuts from inner closure head studs. Using shackles, attach 

lifting slings to 3 eyebolts on inner closure bead.. Remove inner 

closure head and set down on a clean surface for radiological con

trol and maintaining the cleanliness of the closure bead. Carefully 

inspect inner closure head gasket. If seal shows any damage, replace 

it. Be certain that replacement gasket is properly installed and seated.  

Note any damage or repairs on shipping document.  

15. Remove containment vessel valve caps. Remove closure head cavity 

K.. drain valve cover which is located at top side of cask.  
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16. Remove fuel assembly spacer plug and set down on supports which are 

suitable for radiological control and maintaining of cleanliness of 

spacer plug.  

17. Survey cask internals. Visually inspect cask cavity for foieign 

mterial, damage, etc. Note any discrepancy or repairs on shipping 

document.  

18. Check specific gravity (by hydrometer) of fluid in neutron shield tank.  

Mle specific gravity must fall within the limits shown on the graph on 

page XVI-17. If the specific gravity is outside the required limits, add 

water or anti-freeze as necessary to adjust specific gravity.  

If fluid level is low, add antifreeze mixture in the proper concentration 

to fill the neutron shield tank.  

19. Fill cask cavity with demineralized water up to level of inner 

closure head flange.  

20. Engage cask lifting yoke with cask trunnions and pick up cask.  

21. Position-cask vver spent fuel storage pool and slowly lower cask to 

bottor of pool. Wet cask surface using dpnneralized water prmor 

to placing cask in storage pool.  

22. Disengage lifting yoke from cask and remove yoke from spent fuel 

storage pool.

B. Loading Fuel Into Cask at Reactor Site 

1. Read identification number on top of fuel assembly. Record identifi

cation numbter on shipping document.  

2. Pick up fuel assesbly, using refueling grapple on refueling bridge.  

3. Position refueling bridge over cask. Center fuel assembly over 

cask cavity. Carefully lower fuel assembly into cask. Release
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grapple fron fuel assembly and raise to full up position. Confirm 

that fuel assembly is fully seated in cask. Move refueling bridge 

clear of cask. Record location of fuel assembly in fuel basket.  

4. Repeat steps (1) through (3) above until cask is fully loaded.  

C. Removal of Cask From Reactor Site Spent Fuel Pool and Preparation for Shipment 

1. Install fuel assembly spacer plug into cask.  

2. Attach three-legged sling to cask lifting yoke. Move over cask inner 

closure head. Attach three-legged sling to lifting eyes on outer sur

face of inner closure head using shackles.  

3. Position inner closure head over cask and slowly lower onto cask 

flange. Guide pins of varying heights are located in the cask flange 

to provide initial and final aligmnent. Visually confirm that closure 

head is seated.  

4. Lower cask handling yoke to slacken closure head cables which, 

in turn, locates yoke relative to cask trunnions. Engage cask 

trunnions and begin lifting.  

5. Raise cask until closure head cavity drain valve is above water.  

Install all inner closure head nuts hand tight.  

6. Hose cask down with demineralized water. Monitor radiation 

dose rate as cask emerges from pool. When all cask surfaces 

have been hosed, immediately move cask out of Fuel Pool to 

Decontamination Area. Set cask down. Remove lifting yoke and 

closure head lifting cables.  

7. Connect hose fran demineralized water supply to quick disconnect 

fitting on cavity fill line. Connect hose -to quick discOnect fitting 

on cavity drain line with free end placed in pool water or contami

nated drain. Open demineralized water supply valve and ccsmunce

XVI-5

I



Rev. 3 - 9/78

Cperating Procedures 

flushing the cask cavity.  

8. Connect demineralized water supply to auxiliary cooling inlet 

at top of cask. Attach hose to auxiliary cooling outlet at 

top of cask. Discharge end of hose to be directed to suitable 

drain. Open demineralized water supply valve and continue to 

circulate water to drain.  

9. Tighten all inner closure head nuts to specified torque.  

10. Close demnleralized water supply valve to cask cavity. Discon

nect hose from demlneralized water supply. Connect T-fitting 

with pressure gage and isolation valve to quick disconnect fitting 

on cavity fill line.  

U1. Connect helium bottle (with pressure regulated to 10 psig) to 

quick disconnect on isolation valve assembly. Open fill valve 

and isolation valve. Open helium supply valve for a few minutes 

to allow helium to push out a quantity of water fram the cavity.  

12. Pressurize cavity to 10 psig min•u,. Remove drain hose from 

cavity drain line. Remove helium hose from cavity fill line.  

Flood closure head cavity until seal and all valves are com

pletely covered. Hold for 10 minutes and watch for bubbles 

indicating leaks at closure head seal. If bubbles indicate 

leaks follow special instructions for correction. If not, drain 

closure head cavity, re-connect drain and helium supply lines.  

13. Open helium supply valve. Allow helium flow to force out remaining 

cavity water until there is no further discharge from the cavity drain 

line. As water is flowing fron cavity measure temperature of effluent.  

If water temperature is below 800 F, stop flow and wait for heat in 

fuel to raise water teuperature to 800 F. Then apply helium pressure

XVI-6
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operating Procedures 

and expel water until bubbles from discharge hose indicate that 

all water has been forced fron cask. Close cavity fill and drain 

valves. Close helium supply valve. Rearv helium supply line.  

14. Pressure test seals in cavity fill and drain line valve base plates 

by pressurizing annulus between the double seal to 5 psig. Hold 

pressure for 10 minutes. If there is no drop in pressure seals 

are satisfactory.  

15. rack cavity drain valve and bleea off excess pressureavent to plant 

off gas system. Connect vacuum gauge to this valve and open it wide.  

Connect vacuum pump to cavity fill valve with line .having vacunm 

guge attached. Start pup and open valve. Evacuate cavity until 

pressure falls below 1" of Hg (.5 psi) on both gauges and remains 

there for 15 minutes. Valve off pmp and hold static vacuum for 15 

rain. If pressure increase is negligible, close both valves. Recon

nect helium line, open fill valve and recharge cavity with helium to 

just above atmospheric pressure. Close fill valve and disconnect 

helium line.  

16. Decontamination procedures are to be carried out while the above 

operations are taking place.  

17. Install valve caps on drain and fill valves. Pressure test seals 

in valve caps by pressurizing annulus between the double seal to 

5 psig. Hold pressure for 10 minutes. If there is no drop in 

pressure seals are satisfactory.  

18. Attach three-legged sling to eyebolts on outer closure head.  

Position outer closure head on cask.
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19. Remove eyebolts from outer closure head and insert threaded metal 

plugs. Torque closure head bolts to specified foot-pounds.  

20. Connect vacuum pump to closure head cavity drain valve. Connect 

exhaust side of vacuum pump to contaminated off gas system. 

Open the closure head cavity drain valve. Start vacuum pump and 

pump closure head cavity to 1.0 inch of mercury. Hold for 15 minutes.  

Operation must continue until supervisor determines that the 

vacuum gauge reads 1.0 inch of mercury. The supervisor shall 

verify that the operation has been performed correctly and will 

sign off the appropriate check list accordingly. Stop and disconnect 

vacuum pump. Allow pressure in closure head cavity to return to 

atmospheric. Close closure head cavity drain valve.  

21. Connect pressure gage and isolation valve assembly to cavity drain 

valve. Connect ccmpressed air supply line to isolation valve.  

Open isolation valve, open cavity drain valve.  

22. Open carpressed air supply and pressurize closure head cavity 

to 10 psig. Close air supply valve. Hold pressure for 10 minutes.  

If there is no drop in pressure, the outer closure head seal is 

satisfactory. Record results on shipping document.  

23. Open isolation valve to relieve pressure in cavity. Remove pressure 

gage and isolation valve assembly.  

24. Health Physics survey cask for surface contamination and radiation 

dose rates. If values are higher than those specified in shipping 

document, continue decontamination. Record final values on shipping

document.  

25. Install valve cover on the closure head cavity drain valve pocket.
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K, 26. Attach lifting yoke to cask trunnions. Lift and move cask to railcar 

location and position cask over turning fixture bearing blocks.  

27. Lower cask to railcar. Engage bearing blocks on turning fixture with 

trunnions on bottom end of cask. Lower cask to horizontal position, 

moving crane as required to keep crane ,cables vertical. Disengage 

cask lifitng yoke from cask trunnions and set aside.  

28. Elevate bottom end of cask using car mounted jacks. Disengage bearing 

blocks on turning fixture and move turning fixture to storage position.  

29. Install bottom impact structure. lower cask using jacks until im

pact structure seats in saddles. Install hold down pin.  

30. Install top impact structure. lower cask using Jack until impact 

structure seats in saddles. Install hold down pin.  

31. Connect cask water jacket to expansion tank by connecting flexible 

I K.,i metal hose from expansion tank to quick disconnect fitting on water 

jacket.  

32. Connect flexible pipe from auxiliary cooling unit to quick discon

nects near top of cask. Open isolation valves. Start pump on auxiliary 

cooling unit No. 1. Check level in system expansion tank and fill 

low level mark with demineralized vater, if required. Start fans on 

auxiliary cooling unit No. 1.  

J 33. Repeat Step 32 for auxiliary cooling unit No. 2 when shipping 

configuration .includes optional redundant system. Perform opera

tional checks per check list to assure all components are function

ing properly. Turn unit No. 2 off.  

34. Close personnel barrier.  

a 35. Paste shipping placards to outside of personnel barrier as required by 

49 CFR 173.399.  
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36. Perform final Health Physics survey of railcar system.  

37. Return all decontaminated service equipment to storage.  

38. Station Supervisor review shipping document for ccmpleteness and 

accuracy. Sign off as ready for shipment.  

D. Preparation of Cask for Unloading at Fuel Reprocessing Site 

1. Health Physics survey railcar and personnel barrier.  

2. Inspect railcar and personnel barrier for damage. Note any 

discrepancy on shipping document.  

3. Position railcar for removal of cask. Set handbrakes and block wheels 

against car mvoement in either direction.  

4. Open personnel barrier.  

5. Health Physics smear test cask for surface contamination and adjacent 

surfaces of the railcar. 0omplete receiving portion of shipping document.  

6. Disconnect water jacket expansion line from water jacket.  

7. Inspect cask and tie downs for damage. QOmplbte cask/railcar inspec

tion portion of shipping document.  

8. Remove rear ("B" Bad of Car) tie-down pin and raise rear end (bottom 

of cask). Remove impact limiter then move turning fixture into posi

tion and lower cask to engage turning trunnions in turning fixture 

bearing blocks by retracting the rear jacks.  

9. Rwve front ("A" End of car) tie-down pin and raise front end of 

cask. Remove front (top of cask) impact limiter.  

10. Shutdown auxiliary cooling units No. 1 and No. 2. Remove inlet and 

outlet flexible pipes.  

11. Attach lift yoke to the lifting trunnions and raise cask to vertical 

position. Lift cask from car and set down in designated work area.  

Remove lifting yoke.
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12. Wash down cask surfaces, as required, prior to entry into fuel pool.  

13. Remove cover plate from cavity drain valve.  

14. Connect pressure gauge and Isolation valve assembly to closure head 

cavity drain valve. Observe and record pressure. Attach compressed 

air line to isolation valve. Pressurize closure head cavity to 10 

psi above observed pressure. Hold pressure for 10 minutes and watch 

for pressure drop. Record observations.  

15. Remove all outer closure head bolts.  

16. Remove three (3) threaded inserts from top of outer closure head and 

replace with (3) eyebolts. Using slings and shackles, connect 

closure head eyebolts and cask lifting yoke. Remove outer closure 

head and set outer closure head on stand in Decontamination Area for 

radiological control and maintaining cleanliness of closure head.  

Carefully inspect gasket seal in underside of closure head. If 

gasket shows any damage, replace.  

17. Connect cooldown inlet line (hot water supply line) to quick 

disconnect fitting on drain valve. Connect cooldown outlet line to 

fill valve. Open fill valve and vent cask thru cooldown system to 

plant off gas system. Equalize cask pressure to cooldown system 

feed pressure thru cask fill line.

CAUTION 

The hot gases exiting from the fill valve could 

be highly radioactive. The exhaust gases must 

therefore be contained and disposed of accordingly.
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Operating Procedures 

Any systen for cooling down the 

package shall be provided with 

a pressure relief device set so 

that the maximum pressure in the 

containment vessel does not ex

ceed the maximu allowable oper

ating pressure of the containment 

vessel.  

18. Open suction drain valve and begin cooldown procedure.  

CAUrIaN 

Coolant flow rates must be controlled 

to avoid thermal shock to the cask 

internals.  

19. Continue cooldown procedure until cask cavity is ccmpletely filled 

with water.  

20. Remove all but four closure head bolts, leaving cooldown system lines 

still connected and operating.  

21. Using lifting yoke with slings attached, engage the cask lift trunnions 

and connect slings to lifting eyes on inner closure head.  

22. Remove cooldown lines. Attach a hose to inner closure head fill valve 

with free end placed in spent fuel pool. Close inner closure head drain 

valve. (This approach is taken in the event of steam build-up in 

cavity prior to insertion in pool.) 

23. Position cask over spent fuel storage pool and lower cask until top 

of inner closure head is about one foot under water. Remove remain

ing four (4) closure head bolts. Wet cask surfaces with denineraliz

ed water prior to placing cask in storage pool.
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Remove hose from fill valve. Open both cavity fill and drain valves.  

Above operations are perforued using long handled tools.  

24. Slowly lower cask to rest on bottom of spent fuel storage pool. Dis

engage lifting yoke and slowly raise lifting yoke until inner closure 

head is raised clear of cask.  

25. Set inner closure bead on stand in Decontamination Area for radiolo

gical control and for maintaining cleanlness. Carefully inspect 

gasket on underside of closure head. If gasket shows any damage, 

replace it. Be certain that replacemnnt gasket is properly installed 

and seated.  

26. Remove fuel assembly spacer plug and set on supports suitable for 

radiological control.  

E. Unloading Fuel fr - Cask at Reprocessing Site 

1. Read identification numzer on top surface of fuel assembly. Record 

identification numter on receiving document.  

2. Pick up fuel assembly using fuel grapple.  

3. Set fuel assembly in pool storage rack. Release grapple from fuel 

assembly.  

4. Repeat steps (1) through (3) above until all fuel has been removed from 

cask.  

F. Preparation for Returning Unloaded Cask to Reactor Site 

1. Install fuel assembly spacer plug into cask.  

2. Attach three-legged sling to cask lifting yoke. Position cask lifting 

yoke over cask inner closure head. Attach three-legged sling to 

lifting eyes on outer surface of inner closure head, using shackles.

XVI-13
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3. Position inner closure head over the cask and slowly lower onto cask 

flange. Guide pins of varying heights are located in cask flange to 

provide initial and final aligmnm.t. Visually confirm that closure 

head is seated.  

4. Iower cask handling yoke to slacken the closure head cables which, in 

turn, locates yoke legs relative to cask trumnions. Engage cask trunnions 

and conmence cask lift.  

5. Raise cask until cavity drain valve is above water. Install at least four 

inner closure head bolts. After pool water has drained from the closure 

head cavity, close the cavity drain valve.  

6. COmence hosing cask down with demnneralized water. When all sur

faces have been hosed, move cask to Decontamination Area and set down.  

Continue cask decontamination.  

7. Connect hose from detnineralized water supply to quick disconnect fitting_,/ 

on cavity fill valve. Connect a hose to cavity drain valve with free end 

of hose placed in contaminated drain. Open denlneralized water supply 

valve. Open fill valve and drain valve and proceed to flush cavity for 

tuv (2) cocplete flushes. Close cavity finl valve and drain valve. Dis

connect demineralized water supply line.  

8. Install remaining inner closure bolts and torque to specified foot

pounds. Connect a hose to drain valve with free end of hose placed in 

contaminated drain. Connnect T-fitting with pressure gage and isola

tion valve assembly to quick disconnect on cavity fill valve.
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9.  

10.  

11.  

12.  

13.  

14.  

15.  

16.  

17.

I 
a 

V

Procedures 

Connect compressed air (regulated to 10 psig) to quick disconnect 

on isolation valve. Open drain valve and open compressed air supply 

and remove water from cavity. Rerove hoses as well as pressure 

gage and isolation valve assembly. Install drain and fill line valve 

caps.  

Attach three-legged lift sling to eye bolts on outer closure head. Lift 

outer closure head and position outer closure head on cask flange.  

Visually confirm that outer closure head is seated. Reve closure 

head lift cables.  

Remove eye bolts from outer closure head and insert threaded matal 

plugs. Torque closure head bolts to specified foot-pounds.  

Check concentration of anti-freeze in neutron water jacket. See 

instruction. A.23.  

Health Physics survey entire cask for surface contamination. If values 

are higher than those specified in shipping document, continue decon

tamination. Record final values on shipping document.  

Install valve cover on cavity drain valve cavity.  

Attach the lifting yoke to cask. Move cask to railcar location and 

position cask over turning fixture bearing blocks.  

Lower cask to railcar. Engage bearing blocks on turning fixture with 

trunnions on botton end of cask. lower cask to horizontal position, 

mwing lifting yoke as required to keep crane cables vertical.  

Disengage cask lifting yoke from cask trunnions and set aside.  

Elevate bottom end of cask using car mounted jacks. Disengage bearing 

blocks on turning fixture and move turning fixture to storage position.  
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18. Install bottom impact structure. Lower cask using jacks until " 

impact structure seats in saddles. Install bold down pin.  

19. Install top impact structure. Lower cask using Jack until impact 

structure seats in saddles. Install hold down pin.  

20. Health Physics survey cask for surface contamination to assure compliance 

with DOT Regulations 173.393 (a). Record final values on shipping 

document.

I¶IE"A" 

When cask is shipped in an '"nloaded" condition, amdliary 

cooling system does not operate nor is it connected to the 

cask. Therefore, no connections between cask and cooling 

system need be nade at this time.  

Connect water jacket and expansion tank, by connecting flexible 

metal hose fran expansion tank to quick disconnect fitting on vent 

valve. Check expansion tank valves open. Be sure drain cock is 

closed.  

7he neutron shield tank need only be connected to the 

expansion tank when severe temperature changes are ex

pected in transit.  

Close personnel barrier.  

Paste 'T7v1"' shipping placards to outside of personnel barrier as 

required by 49 CFR 173.399.  

Transportation supervisor review shipping document for completeness 

and accuracy. Sign off as ready for shipment.  
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SECTION XVII 

MAINTENANCE PROGRAM 

Prior to the delivery of the shipping cask to the reactor site the cask 

will go through a set of preoperational checks to assure that all valves, 

instrumentation and seals are functioning properly and the required set of 

cask internals have been correctly installed. A checklist will be developed 

which will list each individual item to be checked and -subassemblies or 

components of the item which require specific maintenance checks. The 

checklist will include the method of maintenance check to be used, hydro

static test, air test, NDT, calibration or visual examination and the accept

ance criteria for each. Space will be provided on the maintenance checklist 

form to enter the shipping cask identification number, supervisor's name, 

date and location. Each checkpotnt will require sign-off by the individual 

making the check and date completed.  

The maintenance checklist will also include auxiliary equipment such 

as the auxiliary cooling systems, lifting rig, personnel shield, expansion 

tank, and rail car. Maintenance of all running gear will be carried out in 

accordance with manufacturer's recommended procedures and schedules.  

Care and maintenance of the diesel generator set, fan and fan motor, pump 

and pump motor will follow the manufacturer's recommendation for this type 

of service.  

Periodic maintenance and testing of seals, containment vessel valves, 

and relief valves on the package shall be as follows :
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Cask Caponent Period Test/Action

Containment Vessel Valve 
Assefbly 

Base Plate Seals Each Shipment *Gas pressure test to 5 psig

**Helium leak Check

Valve Cap Seals Each Shipment *Gas pressure test to 5 psig

**Helium Leak Check

Inner Closure Head Seal Each Shipnent

Annually 
Annually

Drain Line Gasket 

Outer Closure Head Seal

Neutron Shield Jacket 
and Expansion Tank 
System 

Neutron Shield Jacket 
Relief Valve 

Expansion Tank Relief 
Valve 

Impact limiters

Quarterly 

Each Shipment 

Annually

Annually 

Annually 

Annually 

Anually

Gas Bubble Test- 10 psig 

***Helium Leak Check 
Hydrostatic Test 
to 121 psig 

Replacement 

Gas pressure test to 
10 psig 

Helium Leak Check 

Hydrostatic Test to 
300 psig 

Verify cracking and 
reseating pressures.  
Allowable variation 
is + 5% of nominal 
craýcking pressure 

Verify cracking and 
reseating pressures 
Allowable variation 
is + 5% of nominal 
craicking pressure.  

Gas Bubble Test - 10 psiq

*Sco Section XI, Part C, Stop 14 a-nd 17 
**See Section XIV, 4.4 

***See Section XIV, 4.1.1
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The replacement of valves, pressure gages, fittings, seals, and threaded 

fasteners is considered normal maintenance and would not require engineering 

approval. Engineering approval is required prior to making any repairs of 

damaged areas or areas that need refurbishing due to normal wear and tear.  

All such repairs will be fully documented.
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SECTION XVIII 

ENGINEERING DRAWINGS 

70650F Sheet 1 Rev. 4 General Arrangement 

10/24 Rail Cask 

70651F Sheet I Rev. 4 10/24 Rail Cask Details 

Sheet 2 Rev. 5 10/24 Rail Cask Details 

Sheet 3 Rev. 5 10/24 Rail Cask Details 

Sheet 4 Rev. 5 10/24 Rail Cask Details 

Sheet 5 Rev. 3 10/24 Rail Cask Details 

Sheet 6 DELETED 

Sheet 7 Rev. 2 10/24 Rail Cask Details 

70652F Sheet 1 Rev. 7 PWR Fuel Basket 
10/24 Rail Cask 

Sheet 2 Rev. 5 PWR Fuel Basket 
10/24 Rail Cask 

70653F Sheet 1 Rev. 7 BWR Fuel Basket 
. 10/24 Rail Cask 

Sheet 2 Rev. 5 BWR Fuel Basket 
10/24 Rail Cask 

70654F Sheet 1 Rev. 5 NLI 10/24 Cask & Rail Car 
General Arrangement 

Sheet 2 Rev. 2 Piping Plans & .Details Rail
road Cask-Cooling System 

Sheet 3 DELETED 

70655F Sheet I Rev. 5 PWR Spacer Plug 
10/24 Rail Cask 

70656F Sheet 1 Rev. 4 BWR Spacer Plug 
10/24 Rail Cask
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Engineering Drawings

Rev.  

Rev.  

Rev.  

Rev.

70640F 

70665F 

70666F 

70667F 

70708F 

70899F 

OC-459-1*

A *Ortner Freight Car Drawing
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Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Sheet

DELETED 

Neutron Shield Expansion Tanks 
10/24 Rail Cask 

10/24 Rail Cask Impact Structure 
Assembly & Details 

10/24 Rail Cask Front Impact 
Structure Ring Details 

10/24 Rail Cask Rear Impact 

Structure Ring Detail 

DELETED 

10/24 Rail Cask Support 
Structure Details 

10/24 Rail Cask Front Support 
and Tie Down Details 

10/24 Rail Cask Rear Support 

and Tie Down Details 

DELETED 

10/24 Rail Cask 
Alternate Construction 

Cask, Car Tie-down 
Arrangement 10/24 
Rail Cask 

General Arrangement - 150 Ton 
Cask Transfer Car

5 
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Rev.  

Rev.  

Rev.

Sheet 1

Rev. 2 

Rev. 1

Rev. E



Alli

c





rkook
Placed Image

rkook
FIGURE

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



)

/.I

rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



)

/I, 

I

I

rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE

rkook
FIGURE



V "

.1.

C 

C

I

f I
. I

rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



I i I I

rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



rkook
Placed Image

rkook
FIGURE



SI 
AI'ERTURE 

CARD 

Alm~ AMaIebCOB 
AperttlWCsCad

'SM

-7.- �1�� 

4..  

� 

-
gg

t~ft...L4 

ow&

-35

-4

- L.  
�- VV

K 

K

U- * -- �.

4� 4..- Z..-..  2.i 
, 0- 9- ----. � 6.  

�EI-

I � Jr I.  L? I�.  

(

or1

FYJ
F R

1- -- '----------
tI-,

- �r.  
-- .�.--*

.N.  

t.. �- 
I

WP

~ ( U~o~ iL;6:~

91-11220254 S--A. . I

7

-K-4-"Al U p til F 'I.,

to.

1ý0M, ILI


