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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 méans 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. (Seé 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 sulited for the service Intended.
All components of the hose assembly are stainless steel and have a
high resistance to detericration and aging which is normally assoctated
with rubber type hoses. The maximum allowable operating temberature
for the flexible metal hose is 1500°F (Anaconda Metal Hose Div. Bulletin
CR (3ED). The bursting pressure for the 1" 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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S&fe operating pressure (4:1 F.S D:
%&9_ = 1660 psig

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

2

The flexible metal hose sy:fem is not susceptible to fallure as -
a result of improper hook-up or operator error. The hose is fitted with
quick disconnect valved type couplings w:hlch reauires the operator
to perform a definite operation in order to complete the connection.
If the operator does not perform the oberaflons 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 léaded 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 { 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 5% 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, atest was performed on a mock-up of the hose
assembly. The mock-up (see sketch on pg. XI-E6) consisted of two 14
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-Tite fittir;gs on the 11 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
. pressura.

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 lea_kage
(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 octurs by leakage, the
location of the leak and nature of fallure shall be recorded.
Test results:
The pressurized flexible line assembly was mo@ted 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-
gembly; The force required to break the wire braid outer co-
vering was 4,301 pounds. Wlth 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-
ible line assembly. The pressure was increased in .a.pproxl-
mately 500 psl increments untll 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 ho_se assembly can withstand a great amount

of distortion along with over-pressurization without loss .

of neutron shield water.
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7 —2.5?, /5 0,015 203 A 8,/
8 -29 67 0.0/8s 328 2,3 s
S /2] ()
waTE2
/ 3985 -oo0z2so 3.8 L82 (1)
2 33,78 -0.,0212 -28,2 L4
3 22,57 -o0.0/f2 -3  p 575
4 7.93 -0.00505 ~;3.0 0.123
5 -793 0.004846 25,3 0. 296
é -22,57  O.0/40 340 .9/8
7 -33,78 . 0.02/0 90.6 /. 64
8 —37,85 0.0248 44.8 2, /o

8.3 (1)
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%. 2000 -
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E}} 14900 -
§ 1800 L
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2.687¢00) |
LOHPMLE"? 7;_0.&451.}?’ nJ ,
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5.0 COMPUTHTIord. OF r7ALIrfctrey AL CoPRESSIUE
STRESS M THeE IIALEL. SHELL ArSD ouTE2.
SHeEze, .« CCondT,)

FOL THE /IS SHSLL — LEAD - OuTEE. STz
loMPOSITE , FIG4 SHOWS THHE COMPUTED RAOIUS
OF CULVAIURE O BE [e20 Ml . FRO]
TAHELE 2. THE MAKL/IATUL, COMPLRESS/IE STRESSeS
[N THE SHELLS ALE TUEREFOLE CorPulzd JU
B APPLRox rirATELY | B

IMMLER. SUELL., ;= — 3¢ 200 PS/
ouTEER. SdHerc, 0x= = 3¢ 200 PS5t

FoL THE |waTEZ. SuSLL THE LAO/us
OF CUBLVATULES 1S5 Skops/str TO  BE 790 v IN

Si/e STRESS S THE WAEZ . SHEZe TO BE ALR0Y -
/Mmr: : : , . ' .

WATEZ_ sHELL |, gy T -29500 FS/
¢,0o EVAcurrod. oF sHewe 577‘:»(3/&/7'/

 THE Bucemds cAccac Ao o THE
AL/l LOADED COMPAITE OF ALEF 1

X7 -~ 12l mmm, UAS REPEATED USHIS SLIGTLY
coekecenED IMPUT VACLWUES, N THE cortPuirond
THE DpeEFrorMATTONS FoBrtucATion] ofF REF. f :
APPEAMDI & WAS USED. THE INAUT TD Bucklnss
COMPATRTION IS SHOWR) Tadl TABLE o IN THE
CoMPUTATION = THE AkIAt. HAE- WAYE—LENGTH
ANLD  THE ANUMBER. OF cirrcurlFERERITIAL,
WAVWES wme ried T IMSupEe THE MHINIMUrA
CRATICAC. STRESS WAS RULUA/O,

IMDIC A TReW T THE catTicAce. AXmac STReSs 1L
39,7 KS/, APID CORLESLONDS TO AN ' AYISYIIMETE
/;obe‘ LOITH Aret. NRACF- WAVE - LENGT o~
yO [~ ,

eerezace 1, g XL-4-/2/EL ¢ [210)
(A IODUEATES THE WATER. SHEZL. IS KMOT UASTEGL E
Puz 7O BUckeiintG AT A CoMPRLESSIVE STRESS ofF
JHE Cor~/puiEn VALlwusE o2~ = = 27 sp0psC,
THE MmOICATED CrmicidAc S FOL. AxAL
Buckeinte /5-39z00psc.

XI-F 20
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APPENDIX G

LPUCKLING UNDER Pu)/c TURE 7EST coapy T /oS

LEAD PRESSwLE Dus 70 800 PS/ WaT=nR. PLess,

THE St7ate  AXISYMMETRIC ANSYS  (f70Der.
OF e CASk. SHELLS (SE&e sde 54_7_24:"2[ -3 -53)
WAS USED T DeTerfmie T ST =" o

. STR2=Ss AnD SRS W OTHE cASE oL
THE  AORM7AC. CoMDITIONS ofE 7724748 RRT
70 £/, [Bo°F AAE  wird Boo At oAl JRIE
WHTER, CHAMBER., THIS CASE S/iritc 3T=n
THE AS\ M ETRAC PART ofF JHE Bul-
FUNNCTURE LOADING, THE STRESS -S7R474/
curves  OF 548, F16, 3.8,3 -/ e
CTAILESS —STEEZ_ ~ AD SAZ, F16, 4.7,
o (eAD WerE uUSED mJ TS cortiu 7270
THE  (eAD PRESSpre ReStccTinde Flord
THIS COMPUTAHIIONS IWWAS 772 psi, CTHIS rg
THE sAams covpPumrpon)  PEESEZIT=ED A7
THE Nel-NRC Mezndg ofF (5 APRICT76.N

7O mlcruds JHE  AksAc STRESSES THA K

Eesucr FRorM TZE 7076 LATEEAC LoAD

oF THE fid- PurdcitLe, THE ETHOD AND |

DATA FRom THE 8/ 20 F7. S/oE-PRror
EVALUATION  PRESENTED AT- THE X —ri2l.

(S APArc MesTindé . WAS ASe&D, THE ArR2oACH
WAS 70 ASSume SoME LARSE RADIuS OF
CURVATUR E For THE CASE CENIEER —CIidS
AND THEN 7O CoMTRUTE THE Resamrffq INTERZ ~
NAC MHores I T THE RAD Iy s oF cur VATL 2 &
ASSutED wWAR 8cod i, AnD JHE /?ESL«J?A-@
ITOMEMLT WAS  2¢68(10)% ml-LBS, TABle 4
PRESEAMTS TH/IS Cotrpui2iont. THE REQuLED

Homreral FoL 72/ 7076 _LOADING /S APPE/M- |-
ATLY  37£00)7 /~7/-LB3S, ' TUereifves, THe -
es

RESUCTING /~Ror THE ASsured’ Somp nd.
RADIUS ARE COMSERVATICE., THE AXAC
CortPRESS/Ire STRESSES  DEVELOPED I~RoM T S
COFTPUTATION. ALR& ¢

INdeR sHELL. 6T ~23000psC

OUTER. sHer. Oy = -2/20p psi \r'

XI-G|

N

6~ 13E ]

1
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Bucklrieg. uddDe. THe PurcTul e TEST -
conddD 170~4S - ( condT )

Buc K—L/MG) C'M“'A'T/O’\l

; THE Buckimle CAccucAiion/ Fo2 Txe
CASE sSHELLS WwMDER T70kW. [30°F NASHT.,

' 30() s¢c WATER cHAMBELR AND > 707§ AX/A—L
LECS/VE LoADS WAS CoMALETED USING

* THE 77-1&'0257701—; DY E LOPHEIIT OF SAR.

‘ secriont AlPerire ¢, TJHE ISoTRoP/IC.

| iobiit) DErRaon) WS UsED Fop. e
LerD I TS aviAeuaronl, THE PALAMETERS
OF THE Bucecimnds Soccerion] ACE Gruen !

{
!
|
|
1
!
f
I
i

Rerow/ )

= In IS LeAD ouT=R.

*: HooP smés;)s —P¥22.5/0.7S -p" ¢ P-800)x 30,2_5/2,0
AX/ht sTRERS -23o000, ¢) -P - 21200,
Repiae. smess - /2.0 -P  ~(P+8c0.) /2.0

{; | TEM-PERATURS  413°F . HeotF 850°F
A& 2\107’3;_ afﬂi%—é é’ (400 ps¥! EHP/éeng'c; &
noTEs ! |

() THE LEAD MRESSURE WAS CoMISIDERED FHE
Loromig PARAMETER.

(2) AMSYS PResucrs FoB Sybdce MaDEZ. Andd
BaNDIrMG CALCULLATIONS DESCELIBED ABo/E

(3) see Alo7E 3, SAR R XI-3-57 «
@ see MOE 3 SAL p XT -3-S7 al

M THE Bucktmls Sorumant, 7THE
NUMBEL oF CIRCUMFERERIT7ATC WA—(/E‘S At D
THE MNUMOER. OF AX/AL WAVES WAS VAEIED
70 MISuUrE THAT A FuuaALIiMung VvACKE OF
CRITIC AL PLRLESSLLE W/AR Punl,

THE ciTiche. PRESSwuprs wasS Fount)
T B= S/io Pl @ AxHAc HALE WAVE cenNGd
OF 1O say. AND & ClRCUMFLENTI_ WAYUER.

XI-G2
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BUckLiig tmper. e muncrse =iy ]
SOOI T7ONL. (Cone7r) .

T —

ALTHOU G H  THIS exscT ArLALY SIS / |
WAS nior RepPenrep cosmts THe D=rop HATIon.
MobuL! FoLmMucanord oF THeE Bucesrindé THEORY,
THE RESUTS OF Sr11LAR. Deroe razipn] THep2y
CACCUATIONSS  SHOW “THE crumicre. S72esS /S
INCREASED BY A Slgal/FICAIT A CTOL. oveEP,
THE  cormRABLE ~1SoTRoPIC. PicDRY At cuiimol.

Xl-G3
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l Tkh - 7eb—/c, %/7%6
. [BeNtmlg /'IoMeu co'vpam—'oo»\.l '
( %07 9 P Pu LoADILG
Ec = 80000 )’Jo ' - | |
- mmac Aae STRA = =0, 000077 miid
sHen,. Y A sTRESS  inlclaenm.
& lec, arl) - - STRANS (.tsx) Mom &ndT
- il ©
£z / 24 44 -—goo032 -23.0 2,79 (10)*
E+ 2 19, 02 - 0,0025. -2L.7 .91
5 3 /2,71 -0.0017 -21.% 191
e ¢ 4,46 -0.0007 -11.5 a.15
2 S . -—-44 0005 o ~0, 4
g e -/2,2/ 0,001 (1.0 0.94 -
: 7 —-1902 ©.00L3 I35 .73
¥ —24,44 o002 5.0 2,47
7
oot Z [.39(0)
_ /. 29 ¢7 —0.0038 -2LL l.54(1ovV
3 .8l —o0.,00v+— (1.5 0.8l
4 5,90 —0.0008 135 & 2o
S =590 0.0006 7.0 0.5
L -1, 81 00020 24 0.83
7 -25,15  p.003Z2 20 L3
3 —27 47 2.603¢ 10,1 AT ,
| ' > .7, S94(0)
WATER. ' : Z.-2.5%(
/ 3985 ~o.c06l /.9 6./0¢0)°
< 33,78 -~0.0043 =(x0 485
3 22,57 -0.0029 (0.7 2,87 .
4 7.93 —0.001l -8, 0.8/
5 -7,93  0.0009 104 /.93
€ -22,57 000¥7 23z ,27
7 -33,78 OC.O00%1 143 [0.00
&S -39,85 o.c0%f] 5z 202
| . S 44900y
_ T07TAL PoR. THREE Flul_
4 sHeLLs
: s 26808 m-LBS
ReR'D 2.07 5 tomerdl” = 3.¢7¢0)° d-LBS  yq- G4
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( PIN=-PUNCTURE LOADING — DESIGN CRITERIA :

SN et *

. \“/
FRIMALY STReSS crITsRIA | S, 3

o THE GLEMERPAC cARL. LOADIAIGS OF .
THE Pind- Rinderiirs e, y Zo7 ge/puo.- 8copsc
(S THE WATSR CHAwBSE. ° THe ' .
i STRESSES WERE COMPUTED  AnD cormpiiAlen
o THE 97 S, ALLOWABLE s72ESS, . THIS *
23 CACCALATION 1S SUMMARIZED N TABLSE 26)4G)
=

e

= AS IMDICATED ond  SAe #se XL -/1-76, T :
CRITERR DoSS MOT REQUIRE THE Lockt EFFECTR
a8 OF THE [FP/IMN-FRUNCTLRE" 7D BE ADDRESSED BY
= A PRiqARY STRESS clsrEeiond p

ol PEAMARS . ij S IpARY STRSSS
) - RAMNGeE cAtcucArzond | S

TO S/HULATE THe Lockt STRSSS
FROM THE P/ = PurdcTuRsS AN ADDITIOMAC
{ﬁ- %4& PCA—SE WAR /NTRODUCED w/H CH cazxsgez.ez)
S & M To EXCSBPT Soocoopse 7HE P, |
(TATERLIACS 'smemémfoA—’ze THE fitb—cA3r.
L OUTER. SPLFACES ofF THE INASE. A ouTER.
SHELLS. /M TAGLE 3, THE BASE cASe—
STRESSER ALRe LISTED' o2 Acc LOoADING S, . .
NCLUOm/e THE P/ Srpes< ) CASeE” /S AT LocA-
TIoNS (2 AMD (4 SEE SAL G, 3,.9.9-/5# /¢ P
WHers 7T sreess™ APPeALs AC A COr1PRESS/ Ve
RADIAC ComPOKLaENIT, (AWOTE THAT THE T7HSE.
STRESSES APPEZAL/MG 1nd 7ABLE 2 AL [DarlTIcst
O THOSE OF cAL 7AALE 3¢ F-2)

THE LOADING CASES con/SIDSRED m _

THE  MNOAMAC OPERATION! OF THE cASE. ArD THE
DENT" COMDITIONS ARS tISTED 1y TAPLEY,
LoAD cA3eS 24, 30, 34, 35,36 AMD 37 ARS
DPE R IT  comBmATIONS ° oF ' THE A DUACTHPS
ALDNG WITH  TUE  DiffFeR s H LOADS  ANG
AMBISAIT™ <ortD1T70/L S,

NOTE, (N TH(S TABLE 4, THE S0o00 psc | -
PN LoAD 1S  comBiIED witd' onlly e
—A076 Ax/dc BeNOindGg  (oAD I CHIES -
26, 2o 24, (~ CcASES '35, 3, 37, THAS
+7/07 & Al BepmlS 1S’ consdploen . T

XI-65
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BASZ CASE
9

10
11

LOCATION

TABLE 2(n)

ACCIDENT IRIvARY STATIC_AND DYNAMIC STRESS EVALUATION

MULTIPLIZIR

3.00000
«1€50¢0
7.G700)

€FFECTIVE
STRESS

4544,
3855
9967
8606
7641
132¢6
- 8801
38375
80561
6545
8500
7981
4070
9738
LE3
1730
2057

TEMP,

268
243
2138
316
303
420
359
323
302
299
232
271
2Ll
213
260
256

- 240

X[-

BASE CASE DESCRIPTION

100 PSI WATER CHAMBER

100 PSI cAVITY

1.0 G SIDE. DROP

0.9s5Y
213238

21395

21345
20148
20336
18389
19359
20019
20405
20625
20538
20373
21523
21345
21175

- 21248

21541

(03
N

$/76

STRESS ALLONABLES

8.7SU
454865

©5990. ... .

46777
L4205
44545
413895
43076

4up2L.

44572
658487

46835 ... .

45386
46174

“6777 .. . .

45675
45730
46200

g8.9su

58455
-59130. ..
60142 -
56835
-57274
53365
55384

57307
57712
. 57545
58354
53356
- 60142
5872¢
58850~
53400

56599 _ _



JABLE 28) /76

ACCIDEMT PRIMARY STATIC AND DYNAMIC STRESS EVALUATION

BASE CASE MULTIPLIZR BASE CASE DESCRIPTION

9 8.00030 100 PSI WATZR C4AMBER
ic «16500 100 PSI CAVITY
11 -7.,07000 1.0 G SIDE DROP *
LOCATION EFFSCTIVE TEMP. STRESS ALLOHABLES
STRESS 0.9SY 0.7SU 0.9SU
1 u572 268 21028 45465 58455
3 1973 248 .. . ... 21395 . . &5%990... ... . ..59138
5 5228 218 - - 21345 . 46777 60142
7 e6433 316 20148 44205 56835
9 5018 303 . 20386 L454b B8Z2T &
i1 78562 420 18389 41895 53865
13 4992 359 13359 L3076 55384
15 40150 . 323 : 20019 . k4021 - . 56599
17 . 6759 302 20435 44572 57307
19 5909 2910 20625 LLB887 57712
21 6500 292 20538 . WLB35 . . 57645
23 6573 _ 271 - 20373 45386 58354
25 3047 261 21523 - L6174 58366
27 69€8 218 . 21945 . 46777 60142
29 1887 260 - 21175 45675 58725
31 179¢C 256 21248 45780 58860

33 .-2057 241 . - 21541 46200 53400

Xi-68



- - - TJABLE 3

-~ LOCATICMN BA3= CASS
e NUKMBER 5I6R SIGZ
- 1 1 0 0
1 2 -0 33589
1 3 -0 30352
_— - 1 4 -16 21994
1 5 0 21696
1 € -16 17703

— 1 7 -3 -35621 . .
1 8 -3 -1036
1 3 -3 -555
1. 16 . =100-. ... .1964
1 11 -0 204
1 12 -15 39183
—— e 1 13 . . <16 . 35788
1 14 -15 34561
1 15 9 0
2 1 ) 0
2 2 1510  -20457
———eee 2 3 . 1275 -17360 .
2 IR 322 -44796
2 5 1403 -10115
_jr‘___u.,“.u_z. & .. 383 . -80532
) 2 7 -1 7% -2582
2 8 -32 . -626
——— 2 9 . =103 -59
2 10 152 - -299
2 11 - 2 0L
e .2 12 . 1455 -  =34616

2 13 1209 -L29¢

2 14 -200 -75403
e 2 15 0 0
3 1 o (]
————— .3 . 22 e 2305.._. -192uL6
3 3 1333 -14883
3 4 127 38a1
e . 3 S 150% -14795
3 6 -465 16383
3 7 -520 695
U 3 A - 67 ... =233
3 9 50 -133
3 16 -9) ~114

STRISS COMPONENTS

SIGH

- B
13740
11874
=-53504

8599

-25774

=-1032
=47
-531

. 968 -

-0
3327
1638

=13753
g

0
-34691
-7075%
~29619
- 4022
-51123
-722

98
=343

153

. =21073

-20541
=53354

-9384 .

-7620
-5672

. =12401

-10535
=32
103

=340
211

BASE CASE STRIISS DATA FOR EACH CASK _OCATION

SIGRZ

-588 . .
=262
=456

SRS S

68
52
. 63
=58
=0
-606 .
=332
291

769 . .
579
234
874
-72

-136

26.
16
=38

/75



o - TABLE 3

BASE CASE STREISS

LOCATION 3AS:Z CAS:Z

WWWNW

FEEEEFFFEESSIELY RS

- AN N AW

R RO R RO RU R RO R RGRU R RU R

NUMRBER

11
12
13
1s
15

DO ONOWUN WA =

o
Fwnpe
[}

15

U8 N

(60147',) -

STRESS COMPONZINTS

SIGR SIGZ
-0 278
1158 -10397
-189 -4345
-1161 18652
2 0

0 0 -

-2 13690
-0 1u893
-235 -4555
- 3 ... ..853%
0 -25280°

8 -11812
-2 -932
-1C9 72
-0 418
-3.. ... 278
-14 4542
-33 319
0 -33661

0 G
! 0
-0 -115¢
-0 -919
-235 36457
R -8R
0 20845

-9 -5237
-0 -3339
-1233 5831
-9 =75
-2 274
-14 18775
-33 16221
2 35048

0 0.

0 0

-0 -925°
-0 -s77

0 -22338

0 3684

SIGH

-0
-9797
-7474

-1 34302
|

¢
1722
1448
-2365
1138

=-15429 -

~3669

=102 -

=263
380

-0

84

g02
-23438
0

0
=443
=377

10384
3012
20101
-716
=508
2572
61

-2449
- 5449
13325

=375
=265
- =7253
4382

DATA FOR EACH CASK LOCATION

SI

7

-2

GRZ

30
2o
13

-=0

-0

S— | N

el

-0
-0 .
-0
-C

opoo

. $/7¢



TRBLE—3 ~"77

(522517ij

3ASc CASE STRISS DATA FOR EACH CASX LOCATION

LOCATION

8ASE CASE

STRESS CO#MPINENTS

576

e ____ NUMBER. SIGR . -SIGZ . SIGH .. -SIGRZ— v . N
6 6 0 21075 20170 0
— . Y . WU S0 -0 ......850 .. 01129 .- .. B Y ) I —
6 8 -9 298 583 -0
6 9 -3 -6682 -2082 -0 !
—— e e 20 . =) — . 180 S 1 - S -
5 11 -0 276 -0 -0
6 12 0 -5549 -1914 0
—_—— - 6. - w13 e Beem =5117. .. _._*352. . Q- .
6 164 0 12092 12038 0
6 15 0 ) 0 0
7 1 ] 0 0 0
7 2 -9 -875 39739 -0
7 e e 3 =0 e=?91 .o 293727 .. . =D .
7 4 -15 -14465 193039 0
7 5 : 0 -353 25802 0
y A -16 =28860.—_—_=32165. 0 ——
7 7 -0 -3722 -964 -0
7 8 -0 -860 - -19 -0
7 RV, - -0 136 =887 e = e
7 10 -100 458 957 -0
7 11 -9 273 -9 -0
—a . e A2 - =15 -57263... . 22532.. 0 e o e
' 7 13 -156 -12241 12143 0 ,
7 14 -16 - =26901 -1085 0 W/
— . 3 15 . . O e B = B i e B o
3 1 . 0 0 0 0
- 8 .2 1398 _____2796..._...39237 . — 52 e
8 3 1385 1104 28730 67
8 4 -330 -12975 -3603 -119
—en 8 ————5 ___ 305. 1521. _...25028 . ._. .. _.950 .
8 6 -1365 -30301 -30890 31
8 7 -20 =3789 -338 -90
8 . ] -2 =884 =27 =8
8 9 -33 2 -909 11
8 10 -6 525 . 938 -12
8 11 _=0 273 .. _.. =0. .. -0 —— e
8 12 TL2 -3335 22933 -320
8 13 %19 N4 14093 =335
8 14 =31 =-2063%1 =4025 =228 -
8 15 0 0 0 0
\
Xi-6// ~
|



—TABLE"

3

T (CondTy )

78

BASE CASE.STRISS DATA FOR EACH CASK LOCATION
LOCATION BASE CASE STRESS COMPONENTS
N T U NUMBER.. . SIGR .- - SIGZ - . SIGH- ..  SIGRZ—m-wmo e
9 1 3 0 0 0
— 8L .2 1303 =499 . =22178 . 419
9 3 367 -3916 @ =16574 102
9 I -394 -4757 . -2986 -216 :
— s 5 895.. . =7031. . =18790— .. . .. - 56— o
9 6 -872 -12172 10037 -10 :
s 7 10 -4766 -130 -86
R - T 8 =3 . . . =1016- - NN SR X I e
9 9 -50 -7 -820 -5
g - 10 -2 253 599 -4
3 A1- . T = SUNNI S—— ——— .
9 12 suk - =4296 -14561 -276
9 13 171 -4830 - -12035 “3hb
@ flee e =367——. =15T1B.- - =533 n —=183 e
9 15 0 - 0 0 0
10 .8 ——D o o
10 2 0 -7592 -21440 0
10 3 0 -5390 -15882 0
10 el e 235 e e 8166 e - 713 B e
10 5 0 -3569 -11674 0
10 6 0 6171 20583 0
- 40 e B = 50— -3l e e B — ——
19 8 2 -1006 48 0
- 10 9 -100 . -91 -798 0
——— . =-=10 e 10 i - B ——- 303 573. JRTENS + B R —_
1c 11 -2 372 . -p -0
10 12 -14 48 -8641 0
40— . .13 “33 ——— 6523 ... B72 ——08 —_ _
10 14 0 842 11006 0
10 15 0 0 0 0
11 1 0 0 0 o
11 2 0 9045 %0061 0
11 3 2 68 64 29480 ... 0
11 4 -15 -23630% -25920 6
11 5. 0 6676 27363 o :
ST, 1, PSRRI . GUp R -1p——w--=29632- - 42799 ... .. . .—.0- e e —— e e o
11 7 0 -2318 " -137 0
11 8 2 -2712; =30 0
—_ ST S T SN S & - SIS
11 10 -100 396 1098 0
\./‘
Xl-c/2




S - 75 T = 1

/7

e . : (‘.aNT_‘)_ ———— e

.3ASZ CASE STRTI335 DATA FOR EAGCH CASK LOCATION

LOCATIOM BASE CASE STRESS COMPONZNTS
e m ... ... NUMBER . SIGR S162 SIGH . .. SIGRZ- AN
11 11 -0 377 -0 -C
211 12 -15 -4680 17403 0. -
11 13 -15 -153381 2L7 0
11 14 -16 -34147 -2 €639 0 >
11 .15 3 R 8 - R
12 1 0 0 0 0
e 2 s 2. 1209 - - ... 9042 . 38783 . o o =3 i e e mee
12 3 394 5860 23540 -2
12 A -708 -21399 -23149 o
12 5 304 6214 —...._.25033 .. ___=5
12 6 -1093 -27529 -39393 1
12 7 -3 -2315 -133 32
—_—12a -8 e .=y ... ..=2712 ... =30 ... .=y 1.... .. e e ——
12 9 -38 -75 -1140 0
12 10 -50 399 . 1059 0
12 14 B 1 377 .- —=( =0
12 12 506 -3333 18159 0
12 13 -10 -14105 2649 0
12 14 . __. =319 .. .=31834. . .=23587...  .ouiBn e
12 15 -50000 -0 -0 -0
— 13 [N WUV DU | BRI : DU | MU -
13 2 1459 -8223 -23365 -3
13 3 1192 . =624l ‘-17111 -1 )
13 e 4. .. =735 .._...=825 2225.. _ e B oo T
13 5 1005 -3340 -17235 -l
13 6 -11 3% -7334 14707 4
13 ool . 23 e o =2630 . — =T0mn e =29
13 8 -5 -2685 99 39
13 9 -51 11 -334 0
—— .13 10 .- -44% .. . . 281 651 . I
13 11 -0 512 -0 -0
13 12 460 -42643 -11136 0
13 13 -113_. 2849 . 4625 0 —
13 14 -355 =97 41 7796 0
13 15 i) 0 0 0 ) y
14 1 0 0 0 )
14 2 ] -82u7 -21371 0
T .. . S Jeoe . - =2 Bl .. -15996..... . .. . -0 .. et e e
14 4 -235 10316 12601 0
14 5 0 -4408 -1183% 0
XI—=G/3 ~
|




e AR R

(cometi)

BASE CASE:STQESS-DATA FO® EACH CASK LOCATION

. LOCATION BASc Ca3t STRzSS COMPONZENTS
- e NUMBIR . SIGR SIGZ .. SIGH
14 € b 2118 22673
S ¥ S 7 b -2624 -64
ig 8 p -2685 93
14 9 -100 11 -786
ST A 10 a1 233 ._ 608
14 11 -0 512 =0
14 12 -1i . =4h243 -11136
SR, § 13 -33 -2849 . ... =ialk26 .
14 14 0 L A6 16752
14 15 -50J)8C =0 -0
15 i 0 0 1]
15 2 0 «-1356 1]
— .15, . .. 3. .. 0 =042 e 0.
15 & «235 9322 12711
15 ) g 1784 1]
15 6 —— D 26887 ... =19.
15 7 0 2223 &
15 8 0 -2641 -t
R | - IR - DU 1464 - 5417
15 10 0 87 0
15 11 -1 506 -0
A5 o 4?2 =% e .. 3368 ... - . TuLB
— 15 13 -33 58 61 1509
\_/ 15 is 0 . 32512 =33
e e .15 15. 0 o 0
16 1 b 0 0
A6 e 22 e = R -1385 - .- 0.-.
16 3 0 =10 42 0
16 4 0 9440 12746
SR ¥ - .5 . 0 17 8L : 0
16 3] 1} 26995 13
16 7 - o -2223 3
16 8 - J . =2B%Y.. - . =3
i6 9 0 1464 S54L17
1o 10 - J 87 1]
16 e A e =0 ... - . -.506 ..
16 12 i) 3430 767
16 13 0 5975 . 1521
[T § -SSR § TSRNUIUPRNI-: R 32695 .. 22
ie 15 0 0 .- 0
N Xi=G 12

S __._.6'/76_

SIGRZ. i

0
c .
0
G
¢ o
-0
0
0 - —
0

-G
0
0
0o e e -
0
o

.-.0 —
0
0

.0
0

-0

. ) I - ——— -
0
0
o
0

0l ——
0
0
0
0
0

R T

0
0

-f) —
0
0

.0
0




JTAGLE 3
8ASE CASZ STRETSS DATA FOR EACH CASK LOCATION

———— i @ ———.— W s

576 .

R Bt

LOCATION BASZ CASE STRESS COMPONZNTS .
— e et et e e . NUMAER ... _SIGR. ----SI6Z SIGH .- -SIGRZ. . . . - o/
i7 1 0 0 0 0
17 eees 2~ e 0 1219 . . - .. 16977 ---. . g0  -- -
17 3 D] -3401 12926 0
17 4 -15 =4559 -2407 (] *
SRR [ PSRN - SO | . 5956.....15797. .- = DBoc.——. e
17 1) -15 -17500 -21849 1]
17 7 g =478 -1278 0
DU | ST - S 0. . =386 . - 282 e D e
17 9 ] 82 -777 0
17 10 -1 00 2556 1367 0
17 L 75 REUREUNY | S, i 7 S Y. | —-0 e e e
17 12 -15 7043 15423 0
17 13 -1 7985 10575 , g
-17 ——ed by ve®1D e 3127 o = 4322 .. 1 [, ———
17 15 0 0 g 0
18 1. Y | U ¢ U | ———-0 U
18 2 1582 14413 21759 711
18 3 1521 12774 17922 532
218 . - 133 ... =25168 .- =8389 .. e T —
13 5 1561 -7061 9033 28
13 6 -339 -40657 26435 11
__{‘___«”__48"n_-_ eelee =93 =7138 . .. =3726 o =13 et e e
138 8 42 -5336 -1193 -7
13 9 -157 . =792 -1254 -33 ‘
— .- 18 10 - =157 .. ... 85 1016 ... ..=28. o e e N
18 11 -3 174 -0 -0
18 12 1504 =-32302 1103 =323
is 13 .. . 353 . .__=36209 -3597?5  ___._.=296...____ . ... . _..
13 14 -36% -44L054 -13572 =350
18 15 0 0 0 0
19 b 0 ] g 0
19 2 J 8960 15132 0
19 3. 0. .- 5186 ___..12479 — i .
19 4 -15 -18589 -3030 0
19 5 0 4241 10580 0
19 _ __ .o b =16 ..—..=35515 .. =15395 __.__. ... 0. e ——— e
19 7 0 -1093 -1281 0
19 8 J -3699 -327 0
19 39 B 2% _ .. =739 N ———
19 10 -100 1315 1923 0




reem el mm—— e e -

LOCATION BASE CASZ

N

TTABLE 3T

BASZ CASE, STRZSS DATA FOR EACH CASK LOCATION

(cont)

STRESS COMPONENTS

.. NUMRZR .SIGR  --. SIGZ — - SIGH —-.  SIGRZ-
19 11 -0 174 -0 -0
—_— 19 12. =186 - -16914 8862 e -
19 13 -15 -15263 5466 0 .
19 1¢ -15 -221 34 - 3520 ] '
—ee—e e 19 D |- RN — 0 R -
20 1 0 0 0 0
BB e = 2 e am 29 .. 10097 - - 16473 - e O
20 3 0 8547 13488 0
20 L g . 13204 6508 0
20 € B 12650— - -1 56 47— e - ——D
20 6 0 17063 -122° 0
20 7 0 -7039 -3063 0
[N~ | SR — B R -  —— 3354- ~- -- 41788 --— -~ ——0 —_
20 9 0 “742 -1035 0
20 10 0 373 1460 0
- ¥ ) PP, 1, § ——ee=J SURY, [ 7S -0 Y 1
20 12 0 22316 20611 0
20 13 0 16663 15038 0
e @ Qe 1[5.-_._._..-....-.-0.. -— ..--19027 . 8829 .- - ——--- ..0.. -—
20 15 0 0 0 ‘ o
— — 21 - [N YRRV | MSIPRSRU | INEEPPRRRRRE ) SRR e B
21 2 1861 0 15407 0
\_/ 21 3. -139% - 0 12410 0
2 21 b e 28855 o . B o 3430 e = e e o
21 5 -19593 0 4874 0
21 & 38415 0 3591 0
21 e e B =398 —— -0 ~1569 —
21 8 1243 C 761 8
21 9 135 0 -888 0
o2y 210 . . =151 i@ = 2095 e e B e e
21 11 -3 0 -0 -0
21 12 -13359 0 7879 0
21 13 ~9482 0 4452 0
21 14 5% 4d 0 -2847 0 .
21 15 0 0 ] o
22 1 0 0 o 0
22 2 1716 0 12849 0
22 e— 3. ~1333 0. 10461 ——— om0
22 4 -10337 . 0 317k 0
22 5 15581 0 17536 0
— Xi-5/6.




e e —— e w— v

. -

TABLE 3 (oniT)
3ASE CASZ STRZSS DATA FOR EACH CASK _OCATION
LOCATION BASZ CASEZ STRESS COMPONENTS

.. ... .NUMBIR . SIGR SIGZ SIGH.... . .SIGRZ — —_ N

22 6  =37361 0 -22505 0
—_— 22 _. 7 735 0 .. -1018. 0 e

22 S -1303 0 -318 0

22 9 106 0 ~784% 0
22 e 10 . . =159 0 . 1246 D

22 11 C 2D 0 -0 -0

22 12 98380 0 16647 0
e 22 e .. 13 6377 B 10596 D

22 15 -5370 0 -5189 0

22 15 0 0 g o

23 1 0 0 0 0

23 2 1377 2609  -10743 -959
—— .. 23. 3. 1543 .. 2446. .. =8148. —..._=532 o

23 o -265 -4494 -3938 36

23 5 1105 -4274%  -12135 -424

23 6 =768 ~-=18252 _ _ _=12941 i 8.

23 7 457 2307 99 -124

23 3 -3123 -7502 -1817 137

23 _ ... —.9 ... .. .e=83. . ... 151 . . =331 29

23 10 -178 -463 314 69

23 11 -0 237 -0 -0
_r\}________z;s_“______, A2~ B4bk ... =4309 ... ..-12024 118

23 13 0 -8438 -11510 34

23 14 -1354  "-28600 -20067 219 - Y,

23._ ... . 15.... .8 . . _. 0 0 0

24 1 3 0 0 0

24 2. 0. . =-7242  .-13055 0 -

24 3 0 -5721 -10116 0

24 4 -235 4976 136 0

-2 7R - SR 9 . =730 . ... =38545 - 0

24 6 o 10783 3155 0

24 7 o -1832 -1204 0

24 8 8 . =3938_ . =583 0

24 9 -100 -257 -393 0

24 10 0 625 636 0 )
——— b 3L - =0 e = . 237 — .m0 . =0 —

24 12 -14 -2172 -6956 0

24 13 -33 3894 -726 0

2%l e B .. _70.20. -1947 0

24 15 3 0 0 0

\
X|-6G17 ~




. &
g3 Ceanm) ¢/l76

BASZ CASZ +STRZSS DATA FOR EACH CASK LOCATION

- LOCATION BASE CASE STR:ESS COMPONZNTS
N~/ . . ._ NUMBER.. SIGR . ..SIGZ SIGH SIGRZ .-
25 1 b] 0 0 0
.28 2 0 -13635 .. .-8237 0
25 3 i) -10556 -2418 0 .
25 6 0 17066 -5032 0 !
o 25 = 5L 0 ... .m4631._...=5280 . .- 0 e
25 6 0 62964 -133%4 0
25 7 0 -2690 -561 i
25 . .8. .. . .0 ...--5797.... _ 206... .0 . -
25 g 0 - % -356 0
25 10 9 900 130 0
25 11 o200 e O e m B e e o= —m -
25 12 0 3762  =4011 )
25 13 0 15600 . =-3073 i
.25 —een ¥l e . 0. eeeee- 759 B3 o .=141563 — . ... 0.. .. e na e -
25 15 0o - 0 0 0
26 b 0 .0 JESNU + NIRRT | O e eromme e 4 mnin
26 2 0 23117 3398 0
26 3 0 8236 2964 0
— 26.- .o oo le o .=235 . . -16180........-8120 . ... S | TR - .-
26 5 0 -3500 -1236 0
26 6 9 -69868 -45419 0
—. 26 S SO ; RIS 1 { -SRI § ¥ 'Y 4 o — e = .
26 8 0 ~17483 -5159 0
\ 26 9 -100 - =197 -491 0.
- e DB 40 .. . B . . =822 —... =342.. .. . .0._.. .
26 11 -3 200 . =0 [ =0
26 12 -14 -3923 -3114 o
26 . . 13... . .=33 . =20086 -c..c =6TBL - om o B
26 14 d -96828 53277 0
26 15 0 0 o 0
27 1 0 , 0 0 0
27 2 0 -2953 48 0
27 3 B —m2206 s 26 e B -
27 & -235 - 42790 10154 0
27 5 0 535 3958 0 -
- 27 o B o0 D .. 4OWABS. _ ... 1666L. . . . =D
27 7 0 -2856 -530 0
27 8 ) -4203 -  =1156 0
BT Q. =100, . ..9266 — . . 2562 o0 —
27 10 N 291 -11 0
- X618




BB T e g /76

BASS CASE STRISS DATA FOR £EACH CASK LOCATION

LOCATION GASE GASE STRESS COMPONENTS
_ . _NUMBZR  SIGR . .SIGZ .. .SIGH - SIGRZuweece—— o . -
27 11 -0 197 -0 -0
.27 $£2.. . =14 ... 12558 .. 3533 T
27 13 -3$ 20685 5353 0 i
27 16 0 59703 -13156 0 ;
27 35 URUNIUN s (YUY | MU | BV | S
28 1 0 0 ) 0
2B 2 D BB e 2198 e i B e
28 3 0 615 870 0
28 “ 3 -28596 -11261 0
28 S AU S 10 -+ ¢ SO | S ~ )
28 6 0 -6899 -254 0
238 7 0 433 456 0
——————— 28 ... . ... 8. - 0. e =93 ... .. =176 .0 -- e . e e
28 9 9 -7124 -2349 0
28 10 0 -158 -146 0
7. U, | RSEUUUTY | RS, I - ISP 1 | I e s —— e
28 12 2 -7206 = =239 0
28 13 0 -11399 -4273 0
28 . .14 . 0 .. =3003 —-.1692 e 0. —— ) -
28 15 6 0 0 0
229 .. 1. 1 SR | SRR | RSN | RPN
29 2 5 4588 1274 8
29 3 6 - 3215 892 0
— .29 . S P 1136 747 .l
29 5 8 1527 1445 0
29 6 -16 -1150 -393 0
29T .. 0... .-oi76 .. =1801 ... _ . .Q.—__
29 8 3 3528 1859 0
29 9 0 -45 -3 0
—— .29 40 ... =103.. .. _.8953 2173 0 e
29 11 -0 106 -0 -0
29 12 -15 329 1563 0
29 13 vem=15_ 2075. L.1078 00— 0 ——
29 . 1 -15 1163 670 0
29 15 6 0 0 0
30 1 0 0 0 8
30 2 7 11675 3400 0
3 3 38389 20439 B e
30 4 0 -6140 -1457 0
30 5 0 5339 2583 0
\
XI-G19 N




576

7ABLE 32 - ConTs)
BASE CASE STRISS DATA FOR EACH CASK LOCATION

\_ LOCATION BASE CASE . 3TRESS COMPONENTS |
U NUMBER--—SLGR—- — —~8I6Z-- -~ SIGH-— - SIGRZ— " e
30 6 0 -15233 -4617 [}
[+ T R 1 .
30 8 . 9 -3660 -1098 0
30 9 0 -326 -93 0 :
—_ . 30 - B 1 1 -a.. e =i519 ....,.-.-.-1263-—.-..... e @D ————— . - -
30 11 -0 . 106 -0 -0
30 12 0 909 861 0
— e 3B - - 13- e g. -~ -1608. RS @ QT e — - USRS | P e
30 14 - 0 -4510 -1032 0
33 15 9 0 0 0
31 1 0 ) 0 6
31 2 0 10409 3020 0
. 3 - 3 - e Qe T 5 B2 ——— 2202 —-omer 141 . . -
31 6 0 -22684 -5110 0
31 5 0 11024 2209 0
31 —5 0-——~39304— ~8805 o
31 7 0 180 106 0
31 8 0 -5066 -1519 0
— e B (- U 0.-_.._-.__...-&6..-.._....__ - .= U | RSP R
31 10 0 -1218 . =278 ¢
, 31 11 -0 6 -0 -0
Y o 312 miem—m B —=10BLD . ——028— o —O
31 13 0 -18018 -3778 0
Y 31 14 6 --26309 -5339 0
. & R " 485 T T | R Rt Iy
32 1 0 0 0 )
3 2 8. -..1337% 3820 B o
32 3 0 9335 2729 0
32 4 0 14996 5194 0
————ee 2 32— -5 - - 0.....- =18R6 - . IR Y% S | B
32 6 0 15863 7745 0
32 7 0 -10838 -3199 0
32 8 o 3512 1064 o
32 g 0 -500 -145 0
32 .10 0 3460 1125 ) .
32 U P | X 0 -0 =0 - - -
32 12 0 16010 6000 0
32 .13 0 18112 7061 0
32— 14 3 21296 — 8943 . — —— 0 o
32 15 0 0 0 0
|



——  — i st - S ———— o - -

- e—————— .. -

-~

LOCATION BASE

CASE
- NUNSZR

33
- 33-
33
33
—_— e =33
33
33
- 33 -

OE~NO\ & W

TTABLE 3

BASE CASE STRISS DATA FOR EACH CASK LOC

SIGR.

e e emamm i s s me smg s 4 e ame s -

STRESS COMPONENTS
SIGZ. - ..

30512
-6050
e - -3387
=320
2330

12707
-1871

1
332

- D

~-2523
5745
=31605
0

e - 2529 ...
0

33
33 10
———33 11 -
33 12 10361
33 13 17614
————— e B e . LG .

33 15

3¢, 1

34 2 138478
34 3 13534

— 3 by e .

34
34
Y (. I

5
6
Teon e

oo uWuDLLOOooDoooOoo o
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34 9 - =214 33 0 \/
— . ¥ 7SN, I | DRI S, =529 e - =TH .. S | B e e
34 11 - 0 -0 -0
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34 14 -31605 =5541 0
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ACCIDENT STQE:S RANGE EVAL. NORM. CYZLE ALL DROPS AND POST FIRE

LOAD CASES SONSIDERED IN ACCIDENT STRESS RANGE EVALUATION

o
e . LOAD CASZ 1 FOR RANGZ CALCULATIONS
BASZ CASZ MULTIPLIER
1 1.900 6.0 STRESS
LOAD CAsE 2 FOR WNGE CALCULATIONS
BASZ CASE MULTIPLIER ‘
e e 2 1.003 «40.80 F ISOTHERMAL. ...
8 -.100 30 G 80TTOM END DRO?
11 3.160 1.0 G SIDE D0P
LOAD CASZ '3 'FOR RANGE CALCULATIONS
BASE CASE MULTIPLIER .
R S . 1.000... -=L0.0.F ISOTHERMAL . — e e
8 -.100 36 G BOTTOM END DRO?
11 -3,160 1.0 G SIDE DROP
LOAD CASS & FOR RARNGE CALCULATIONS
BASE CASE MULTIPLIER
e 2 - 14000. ... =40,0. F ISOTHERMAL .- --
8 «100 30 G BOTTOM END DRO?
11 3.160 1.9 G SIDE DROP .
N — — e e e
\_ LOAD CAS: 5 FOR aavc- CALCULATIONS
BASE CASE MULTIPLIER -
- 2 - 1.000. «LJ.0 F ISOTHERMAL .
8 . 103 30 G BOTTOM ENO DRO?
11 -3.160 1.0 6 SIDE DROP
LOAD cas: 6 FOR ans. CALCULATIONS
BASS CASE MULTIPLIER ‘
o ——— 2- . 1. DDE - -“ucu F ISDTHERMAL comene
11 14,550 1.0 G SIDE DROP
LOAD.CASZ.. .-7._EDR_RANGZ.CALCULATIONS ..o . oo oooomms
BASE CASE MULTIPLIER L
2 » 1.000 -40.,0 F ISOTHERMAL -
-.11 . . 144550 ... 143. G SIDE .DROP - '-mm---
LOAD CASZ 8 FOR RANGZ CALCULATIONS
BASE—CASE— - —MULTIPLIER. . .- ———
3 1.000 ‘70, 0 F IsorHERHAL
8 -e100 30 G SOTTOM IND ORO2
S ¥, P - 34160 1.0 G SIDE DROP
(o

Xi-G22 |
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ACCIDENT STIS3 RANGE EVAL. NORM. CYZLE ALL DROPS AND POST FIRE

—— ——— - e -m - . e e et il e . - - - e — — T epe—

~ LOAD CASZS SONSIDERED IN AGGIDENT STRESS RANGE EVALUATION
—————— .. . - — — ——————— . oo ——— u.
——wo- . LOAD CASE 9 FOR RANGZ CALCULATIONS . . ... R
BASZ CASE MULTIPLIER _
2 1.000 70.0 F ISOTHERMAL e
e . -8 . =e100- .- 33-6-30TTOM-END-DRO2— - oo o _
11 -3.150 1.0 G SIDE DROP
—— . LDAD.-CASE 10 — FOR-RANGE—CALCULATIONS —— .-
BASE CASE MULTIPLIER
3 1.2390 70.0 F ISOTHZRMAL
8 — o —.400_ 30 G BOTTOM _SND_DRO2
11 3.160 1.0 G SIDE DROP
~LOAD.-CASE . 11._FOR RANGE_CALCULATIONS - o oo . | o
BASE CASE MULTIPLIER -
3 1.000 70.0 F ISOTHERHAL
8. <100 30 _G_BOTTIOM_END_ORO2__
11 -3.150 1.0 G SIDE DROP
———  __LOAD.CAST .12. FOR. RANGZ .CALCULATIONS. - — . o oo oo
BASE CASZ  MULTIPLIER | ~
3 1.000 70.0 F ISOTHERMAL :
— 31 . . . 14.550_._ 1.0 G SIDE DROP.. .. - _
LOAD CASZ 13 FOR RANGE CALCULATIONS ‘
. BASE CASE MULTIPLIER. . . NS
3 ©1.000 70.0 F ISOTHERMAL
11 -14.550 1.0 G SIDE DROP
LOAD cAsb 14 FOR MNGE CALCULATIONS
BASE CAS MULTIPLIZR
A . 1,000 . ...NORMAL. .70KW. 130F AMBIENT. — . .. o ..
8 -.100 36 G BOTTOM END DRO?
11 3.160 1.0 G SIDE DROP

LOAD CASE 15 FOQ RANGZ CALCULATIONS

8ASE CAsSE MULTIPLIER '
—_————— b © e - 140006-—.—NORMAL. 70KW. _130F AMBIENT— —— S ———
8 -.1010 30 6 BOTTOM END DRO?
11 -3.160 1.3 G SIDE DROP

LOAD CAS' 16 ‘OQ QAVG: CALCULATIONS
BASz CASE MULTIPLIER

— e 4 1.000 . .NORMAL 70KH. .130F AMBIENT . cooee oo
8 .100 30 G BOTTOM END DRO> ‘
11 3.160 1.6 G SIDE DROP
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TABLE 4 (CoNT)
NCCIDENT STRZSS RANGE EVAL. NORM. CYSLE ALL DRGPS &ND POST FIRE

——— o - -

- LOAD CASES SONSIOZRZID IN ACCIDENT STRESS RANGE EVALUATION

LOAD_CASE.--17 FOR- RANGE- CALCULATIONS——-r oo weoemrns —om s -
BASE CASE MJLTIPLIER
4 1.006 NORMAL 70KW 130F AMBIENRT :
B g1 0.0 m30—G—BOTT0M-ENO--DRO2. : _—
11 -3.160 1.0 G SIDE DROP g
Y LOAD-CASZ-.-18—-FOR-RANGZ-CALCULATIONS-- —-—- ' —
BASE CASE MULTISLIER : :
u 1.000 NORMAL 70KW 130F AMBIENT
11 14,550 ——1.-0—G—SIDEDROP
LOAD CASE 19 FOR RANGZ CALCULATIONS
BASE- CASE- —-—~MULLIPLIE - —- - —
& 1.000 NORMAL 70KW 130F AMBIENT
11 -14,550 1.0 G SIDE DROP
LOAD CASE 20 FOR @NGE CALCULATIONS
BASE CASE MULTIPLIER
5 10000 -—0- 10—MIN.--IN-POOL-COOL=DOHN
LOAD CASE 21 FOR RAWNGE CALCULATIONS
— g~ ————BASE-CASE——MULTIPLIER
: 6 1.000 POST FIRE 70KW 130F AMBIENT
\_ 10 . 858 100 PSI CAVITY
LOAD CASEZ 22 FOR RAVNGE CALCULATIONS
BASE CASE MULTIPLIER ‘ :
10 —+B58 ... 400-PSI-CAVITY-..... .
14 1.000 POST FIRE 70KW =-40F AMBIENT.
o LOAD_CASE 23 . FOR RANGE -CALCULATIONS . -co-+ - ommimer oo oo oo
BASE CASE MULTIPLIER
A 1.000 NORMAL 70KW 130F aMBIZNT
7 1.000 20 G_TOP. END-DROP
LOAD CASE 24 FOR R&NGZ CALCULATIONS
BASE._CASE—— MULTIPLIER.. -- R -
4 1.006 . NORMAL 70KW 130F &AMBIENT
8 1.00% 30 G 80TTOM END ORO?
LOAD CASE 25 FOR RANGEZ CALCULATIONS
BASE CASE  MULTIPLIER , _ ,
LT TTT . 4.000  .NORMAL-_TCKH. 130F BMBIENT. o—-oe- oo
11 -81.000 1.0 G SIDE DROP
LOAD..CASE._.26.-FOR RANGZ -CALCULATIONS — ... - — e —
BASE CASE MULTIPLIER ' :
N . 1,008 NORMAL 70KH 130F AMBIENT

- -—m————w«—ns.—m_m“.”m-5.800"_,_L&u_PSI_HATERmCHAHBER [T S
\ , 11 -7.070 1.0 G SIDE DROP .
15 1,000 PIN PUNCTURE STRESS
L Xl=G24
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c— - .__-_/m‘ﬁ e 4’ e e e e rmmie e mtie v - e .-..@o.- 7_) —
ACCIDENT STRESS RANGE EVAL. NORM. CYZLE ALL OROPS AND POST FIRE
- LOAN CASSS CONSIDERED IN ACCIDENT STRESS RANGE :VALUATION
———eee . ... LOAD CASE 27 FOR RANGE CALCULATIONS . et et e o
BASE CASt MULTIPLIZR .
7 1.000 30 G TOP END OROP ’
—_———————— . =-12 . . 1,000 MORMAL 40KW- =4JF AM3IENT.. - . -
LOAD CASE 28 FOR RANGEZ CALCULATIONS
——..... BASE. CASE -~ MULTIPLIER ... .. . e e . e
8 . - 1.000 30 G BOTTOM END DRO?
12 1,030 NORMAL &OKW =4 0F AvMIIENT

LOAD CASE-“Z9 FOR QAVG CALCULATIOVS
BASE CASE MULTIPLIER

—————e 4L - =-81.000 1.0 G SIDE DROP. A e m e e . .
i2 1.000 NORMAL 4OKW <=40F AHBIENT
———LOAD-CASE-.-30—FOR.-RANGZ--CALCULATIONS — -~ .. - - e
BASZ CASE MULTIPLIER
9 5.300 100 PSI WATER CHAMBIR
—_—— el . L =7.070 1.9 G SIDE DRoOP : Cm e -
12 i1.000 NORMAL 4OKW =u0F AM31=NT
P 15 1.000 PIN PUNCTURE STRESS
LOAD CASZ 31 FOR RANGE CALCULATIONS
BASEZ CASE MILTIPLICR - W/
————— = UEE AL . . 1.000 30 G TOP END OROP ... e e
13 1.3C0 NORMAL 70KW =40F A1BI=NT
-LOAD CASE . 32._FOR ANGE CALCULATIONS . et e i e e -
BASE CASE MULTIPLIER
3 i.000 30 G BOTTOM END DRO?
——— e e 13 .- .- 1.000 NORMAL 70KW =43F AM3IENT
LOAD CAST 33 FOR RANGIZ CALCULATIONS
BASE CASE —— MULTIPLIEZER . ... . - . .. — - -
11 -81.,300 1.0 G SIDE DOROP :
13 1.000 NORMAL 70Kd ~LOF AM3IENT
LOAD CAS~ 34 FOR PANGZ CALCULATIONS
3ASE CASE MULTIPLIER
3 54300 . .180.PSI - WATER.-CHAM3ZR- — e . -
11 -7.070 1.0 G SIDE DROP
13 1.0390 NORMAL 70KW =40F AMBIENT
——————— 1B 0 L1000 PIN PUNCTURE STRESS
Xl-G 235 ~
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ACCIDENT STRESS RANGE EVAL. NORM. CYCLE ALL DROPS AND POST FIRE

LOAD CASES CON3IOERED IN ACCIDENT STRESS RANGE ZVALUATION

o .. __ LOAD CASE 35 FOR RANGZ CALCULATIONS . e -
BASZ CASE MULTIPLIER .
o 1,008 NORMAL 70KW 130F Q4BIENT ;
8. .. . . 54303 . 100 PSI WATER CHAMBIR . e e
11 7,070 1.0 6 SIDE DROP «
o LOAD.CASEZ 36 FOR RANGE CALCULATIONS o ) e e
BASE CAS3E MULTIPLIER :
9 £.800 100 PSI WATER CHAMBIR
44 a2 .74070.. - 1.0.G.SIDE .DROP e
12 1,000  NGRMAL 4LOKW =uOF AMBIENT
.. LOAD CASE. 37 .FOR RWMNGZ.CALCULATIONS. . . e
3ASE CASE MULT IPLIER - ' :
9 5,800 100 PSI WATER CHAMBZR
11 7.079.. .1.0 G_.SIDE DROP . e e
13 1,000 NORMAL 70KH =40F AMBIENT
ol e e e —
K
_ Xi-¢26
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WLE —— 5 e h e w————— - e -....._..‘_....._.A ., ..._._.-_.—...___“.
ACCIDENT STRESS RANGE EVAL. NORM. CYZLE ALL DROPS AND POST FIRE
STRESS ANGS DATA LOAD CASE 26 USED AS RZFZRENCE
— e e e e e J -
LoC MAX MIN STRESS ALLOWABLE  MIN STRESS ALLOWA3BL
.IZMP . . - TEMP .. RANGE..—.. . -STRZSS.. ....TEWP -RANGE . . .._. .STRESS
1 u 39 -40 29152 67273 79 29152 57377
2 L35 =40 45239 T 657342 70 4562393 57446
3 633 woe =40 .. 34781-—.. - .. 57807 . —— TO0. ... . 34781 . __.57912
4 331 -40 33013 68131 70 33013 58235
S 257 -40 97970 63340 70 97370 59444
& 257 =0 . - . B8142%3 e e B9340 T 8203 . 59441
7 476 -40 55616 56634 70 51023 56739
8 471 -40 51192 556721 7¢ 47426 56825
g 459 -l 32231 569280 — 32231 572032-
10 435 -40 35457 67342 790 35457 57446
11 561 -4 727838 55163 70 62207 55273
12 556 - ———w=l0 .. . 2765l e 653258 e Do . TTBET.. ..——55359.
13 514 -40 42825 65979 70 42325 56083
14 430 -40 10327 4oim 66393 70 103274 56uL97
15 327 =il 52513 ——. 536532 —— 20 62543 —_58762-
16 327 -40 62553 68657 73 62553 587562
17 462 -40 28342 66876 70 23342 " 56980
18 —458.. -=40 ~445%92 e . 555 - 70 - e L3897 ... 57043
19 453 49 29879 56943 73 28752 57049
20 L53 -40 21834 56945 70 21894 57049
—r 21 456 —...—=ll. .. .- 36657.—-—. 66979 ... .70. - .—_36657. .....—5703i
22 455 =40 27254 65997 70 272564 57101
23 427 -40 24530 67430 70 24590 L YN
e e 2 - 802 -40 . 23978 57911 70 .23973. Swdl5
25 “02 -40 67738 57911 790 67738 58015
25 374 -40 79612 68199 70 79512 58303
27— 257. ... .. =40, .101858...—.. 69343 .. .70 ... 100911. . . 5%ua4
28 257 -40 75657 59340 70 74789 594 bt
29 386 SN 7628 68032 70 7528 58136
———— .30 ..—. . 386 . =40 21933 ... €£8032 70 . . 18632 - 58186
31 386 -40 33975 580382 70 33375 58136
32 336 -40 13982 68032 70 13932 ‘581836
33 3o~ 48861 58431 — — 70 48851 — . 58595
3 3ub -40 w7487 63491 70 L1142 58596
Xl-627 —
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ACCIDENT STRESS RANGE EVAL.'HORM. CYSLE ALL DROPS AND POST FIRE

STRESS RANGE DATA LOAU CASE 21 USED AS REFERENCE

A ) o e
LOC MAX MIN STREZSS ALLOWABLE  MIN STRESS ALLOWABL
e e o .- TEMP  TEMP RANGE .- STRESS  TEMP RANGE .. -..STRESS
1 %39 - -40 45332 67273 70 45332 57377
2 435 -60 81556 67342 70 81556 57445
3 .. 43R . ..=%G .. .50929-.. . 67837 ° . ..70 . 50929 .. .. 57912
4 381 =40 42656 68131 70 39853 58235
5 257 -40 ~  8%k1kL 63340 70 69614 5944k
6 257 ... =48 .. 8L243.-. .. ..69340 ... 70 ... BL2LI ... 594k
7 476 -40 71632 65634 70 60620 56739
8 L7s -40 66807 65721 70 56613 56825
9 459 4l 5149 — -..-.66928., - .-— 20.— e —. 40532— 57032
10 35 - =4l %2519 . 67362 70 36361 . B7uL4d
11 551 -4 81819 65168 70 71238 55273
12 556 ... ..=40 ... 98601 w#= . 63254 ... ¥0 . ...98601 — 55359
13 S14 -40 45450 65973 70 «0673 56083
16 490 -40 55212 66393 70 55212 56497
15 327 e840 o—.71356. —.. 68657 oo . TO . e 71356 ... ..58762.
15 327 . =4O 71349 68657 76 71349 58762
17 462 -43 37146 66876 70 36826 56980
1B 458 .. .=k0.... 54901 . 656945 .70 . .. 53315 ... ...57049
19 458 -40 45261 66945 70 41487 57043
20 458 =40 28721 66945 70 28721 57049
—f " —-21 ... 458 . euQ... .. 5B228.... .. 66979 ..... 70 ...-..58228. ... ._..5708&4
22 455 -40 = 54178 66997 70 54178 57101
w 23 427 . =40 23330 67480 70 22630 57584
. 26 802 -40 32674 . 67911 70 . 32674 . 58015
25 wd2 -L0 94067 87311 70 94067 58015
26 374 -40 96600 68199 70 81719 58303
—_— 27— 257 =40.. . 55554.. 59340 _.70. .. .54887.... .- 59444
' 28 257 -40 L2273 69340 70 64273 5944t
29 33¢ -40 12351 58082 70 12351 58186
——— 30._ ... 386 -40 . 32328 . - 8082 . 70 29022 ... .... 58188
31 336 -50 51373 68082 79 51373 58186
32 335 -40 20718 68082 70 20718 58186
33 b ol WL312 . . 68491 ... 70 . «Ak312.... 58596
3u Jiuk -40 73586 68491 70 70241 568536

.
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ACCIDENT STRESS RANGE ZVAL. HNORM.
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76

CYCLE ALL DROPS AND POST FIRE

XlI~629

STPESS RANGE DATA LOAD CASE 22 USED AS RZFERENCE
. - B - -
Loc MAX MIN STRESS ALLOWABLE - MIN STRESS ALLOWAB
TEMP ... .TEMP ... RANGE—.-— - -STRESS TEMP - —RANGZ —- ——STRES
1 439 -4G 55159 67273 70 55159 57377
2 435 -40 75549 67342 70 75543 57w,
3 408 il 5h84d 67832 70 B3l 5791
4 331 -40 56037 68131 70 53240 5823
5 257 -40 55412 53340 70 55412 59444
5 267 o ool 75250 — - 53340 o =78 = 75260 ——— 530l
7 476 -40 %9723 66634 70 39311 5673¢
8 W71 -4 0 %4580 65721 70 35717 5682¢
3 —_-0L59. . -t 0l IR1100 55928 7.1 33572 52_032
10 435 -40 32942 67342 70 30736 574 4¢
11 561 -40 65659 65158 70 55078 55273
a2 555. o (D . B3C6I— e 85254 — - e B 83063 5535¢
13 514 -40 40946 65379 70 37563 5608:
14 %96 =40 56344 66393 70 56844 56497
15 327 -4 0. 26995 68657 . 70— 76395 . 5878’
16 327 -40 77040 63657 70 77040, 5876:
17 Lo2 =40 31553 65875 70 31553 5693a!(
48 458 - - -440— 5813 . 66943 . ..ce. 70 56604 .. - . 5704¢
19 458 -40 31880 66945 70~ 28106 5704
20 458 -40 21734 65945 70 21734 5704
24 145§... -4l — 32969 - 56373 .- - 70 32989 ——- 5708.
22 455 -40 32291 66337 70 32291 £710:
23 427 -40 31877 57480 70 . 31877 Y
Pl .. .u02 . ~uD.. 28911 .- 67911 ... 70 . ——.28911 5801
25 w02 -40 191845 57911 70 101845 5801
26 374 -40 123550 = 58199 70 108679 5830:
27.. 257 =l4Be. 77050 — 63383 - . —.70e- ——P7O50— —— 59kl
28 257 -40 53159 63340 70 63169 5944
29 336 -49 14664 63032 70 14564 5818
— 30 .— 386 - - -43 21685 .- 63082 70 .. - 182993 5818
31 336 e 38378 68082 70 38378 5818
32 386 -40 26151 68082 - 70 26151 5818
33 3t =40 62257 63491 .. 70— —-65275Z— 5859
34 34t -40 51010 53491 70 47655 5859

1
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SECTIOGN XII
OOOLING SYSTEM DESIGN

INTRODUCTION

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. Gnsmumtly the package
temperatures became less important to »the facility receiving spent fuel
and the need for awxiliary cooling becomes optional.

The following section ha.s not been revised and/or expanded to cover
the optional arrangements since package integrity is not dependent on
auxiliary cooling.

9/78
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1.0

Rev, 2 - 9/75

SECTION XII
COOLING SYSTEM DESIGN

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, hlghest average fuel
temperature would run on the order of 8§33 OP, and the cask
body average temperature would be on the order of 350°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 600°F, - - |

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.

0 System components and supports are
designed to meet the rail shock and

vibration environment.

0 Lowest possible cask operating temperatures
are achieved without sacrificing

simplitity of design.

X11-1



2.0 General System Description

Heat is transferred from the cask to an external heat exchanger by

N

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 rath is

sized for the total decay heat removal. The external coolant system N/
- components will be assembled in modules. Two (2) identical

modules provide 100% redundancy. Each modul2 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.
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Process Description '

Flow sheet 70640F showé the main coolant loops and the au:dliary

diesel generator systems,

'i‘he main coolant flow is through the fuel f:_a_sk coolant channels,
"air-cooled heat exchanger, expansion tank, and circulation pump.
Normally the pump foices water through the loop, which results
in a temperature increase at the fﬁel cask. The exchanger is
sized to reject thg heat under this mode of operation to an extreme
ambient temperature of 130°F in still air. Since the ambient will
| only be at 130°F a small fraction of the total operating time there
is a potential saving in power if the éxchanger 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 drorping 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 exchéngers are each sized
to dissipate 1/2 the design heat load at the extreme ambient

in their natural draft mode of operation acting a&s steam con-

densers. The equipment is located so that a natural-current
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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
fof self starting. Individual fuel tanks are provided , each with*
capacity for 14 déys continuous opekration 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)

Eitheralir-cooled heat exchanger s designed toremove 120 kw
from the cask. This ts almost twice the caskrated heatload and
allows for possible future upgrading of cask decay heat. A flow
6f 82 gpm is circulated through the system. The cooling fluld

is heated inthe cooling channels located onthe outside of the
tnner shell. The fluid is then clrculated back to the heat exchanger .

where It s cooled by alr forced across the finned tubes by a 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 Mcde (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 1b/hr of which 212 1b/hr is
vapor at 250°F. Coolant flow is by natural circulation
due to the density differences between cask and heat

exchanger regions.
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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, CoolantuSystem "A" i{s started
in its manual mode of operation. Citculation
through the loop will scavaoge trapped air in the
system and heating of the water will drive off
dissolved gas‘. The exoansion tank is designed

to promote deaeration, System "B" is filled and the
circulation pump turned on briefly to scavenge trapped

air In the system.

Flow meters F-101 & 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.
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A battery operated panel which denotes any cause
of failure is provided for observation at the rail

terminal.

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 ralieved 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 condense; a thermosphyon will start,
At this time heat frc;m the fuel cask will be removed
as lafent heat in steam at 29.8 psia and 250°P.

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 i{s 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 _
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from the condenser to the cask vﬂthout pocketing
to preclude surging. The pump will act as a plpe-

line fitting during emergency and is selected for

low pressure drop when idle.

- Extreme Ambient Temperature Operation

As thé amblent temperature: falls the coolant system
will automatically adjust to low temperature bperatlon.
Thé diesel englnes crankcases and the diesel fuel
tanks are provided with thermostatically operated
electric heaters. ‘The electric heatefs are imersion

type NEMA rated exploSloxi proof.

At 40°F ambient the standby coolant loop starts so
that the ca's.k's decay heat can be used td 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 caSké under freezing condltions.

Based on the recommendations of Union Carbide Corpora-
tion, Térrytown Technical Center, UCAR Thermofluid 17

will be the antifreeze solution used. The mix shall be
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54% by weight of UCAR Thermofluid 17 and 46% by weight water.
UCAR Thermofluid 17 is an inhibited ethylene glycol based '
antifreeze. The inhibitors used in this solution are propri-
etary to Union Carbide. ‘ | | .
Unlon Carbide has performed corrosion tests on a large num-
ber of metals with uninhibited e.thylene glycol. These tests
show that corroslon effects on stainless steel are negligible
as long as the ethylene glycol does not degrade thermally

or oxidatively to form acidic materials. Th.e 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 pHrln the prescribed range

(8 to 10). A lower pH is indicative of fluid degradation and
acidlc 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 wlll be checked.

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

is not sufficient to cause any errosion of the metal surfaces.
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QA/QC shall be in accordance with Nuclear Assurance Corporation’s Quality
Assurance Manual as approved by the NRC. Quality Assurance Program Approval
for Radioactive Material Packages Number 0018, Revision 3.

QUALITY ASSURANCE PLAN SUMMARY

SECTION XIII
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UNITED STATES
NUCLEAR REGULATORY COMMISS!ON
WASHINGTON, D. C. 20555

FEB 12 1991

SGTB:LLG
71-0018

Nuclear Assurance Corporation
ATTN: Mr. George N. Dixon, Jr.
Corporate Manager Quality Assurance
6251 Crooked Creek Road
Norcross, GA 30092

Dear Mr. Dixon:

Enclosed is Quality Assurance (QA) Program Approval for Radioactive Material
Packages No. 0018, Revision No. 3.

Please note the conditions in the approval.

Sincerely,

A /«Q@W

Charles E. MacDonald Chief
Transportation Branch
Division of Safeguards

and Transportatfon, NMSS

Enclosure:
As stated
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Pursuant to the Atomic Energy Act of 1954, as amendad, the Energy Reorganization Act of 1974, as amended, and Titls 10, Code of Federa! i

Regutations. Chapter 1. Part 71, and in reliance on statements and representations heretofors mads in item 5 by the person namedin item e
2. the Quality Assurance Program identified in Item 5 is hereby approved. This approval is issued to satisfy the requirements of Section
71.101 of 10 CFR Part 71. This approval is subject to all applicable rules, regulations. and orders of the Nuctear Regutatory Commission
now or hereafter in effect and to any conditions specified bslow.
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2. NAME 3. EXPIRATION DATE
Nuclear Assurance Corporation
STREET ADDRESS February 28, 1996
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Norcross GA 30092 71-0018
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5. QUALITY ASSURANCE PROGRAM APPLICATION DATE(S)
January 24, 1991

6. CONDITIONS

Activities conducted under applicable criteria of Subpart H of 10 CFR
Part 71 to be executed with regard to transportation packages.
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_FOR THE U.S. NUCLEAR REGULATORY COMMISSION

o, Jeallbonl FEB 12 1991 .
Charles E. MacDonald N~
‘ CHIEF, TRANSPORTATION BRANCH DATE

DIVISION OF SAFEGUARDS AND TRANSPORTATION
OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS
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SECTION X1V
FUNCTIONAL TESTING
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Functional Testing Rev. 1 - 8/75
1.0 Assembly
1.1 Assemble fuel basket into cask cavity. Assure that basket
. does not bind and dimensionally check that basket is fully seaéa/.
1.2 Assemble spacer plug into cask cavity.
1 3 Lower inner closure head over guide pins and onto cask body.
flange. Use lift yoke for this operation. Assure that there is
v né interference between closure head and spacer plug and :}Et/ \\
closure head has been seated firmly on cask. Install cr.-as{ﬁ‘e head

bolts (Remove guide pins).

1.4 Assemble outer head, Install outer head bolts.
2.0 Load Test
2.1 Engage two lift trunnions with cask lift yoke. Using load test

fixtures in co.njunctlon 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.
3.0 Shielding Integrity

3.1 The cask shielding integrity shall be tested using the gamma

scan and/or gamma probe method using a 0050 source and
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Functional Testing.
scintillation equipment. The tesi: will encompass, nominally,

100% of all accessible surfaces of the cylindrical shield.

3.2 Acceptance Criteria
Acceptance will be based on a 12" square méck up of the shield
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 tc; §% 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

4.1

Leak Tests

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
jnstall 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

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

- 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-% 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 llne.b Close vent line and pressurize
water jacket t0300 psig. Close water supply

XIV-4
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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 psig. Close water supply 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.

4.4 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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Functional Testing

4.5

4.6

4.7

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 3eak
test. A leak rate greater than 1 x 106 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.

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 1_51 of 220 psig nominal

cracking preassure.

Cask Cavity Hydrostatic Pressure Test oy

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.

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. A1l 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 césk to rotate to & horizontal position and seétlng
on the hydraulic jack at tfle top end of the cask. Attach top

end impact limiter and lower the cask using the hydraulic 3ack

to bring the impact limiter into contact with the support saddle .. '
Install tie-down link pin at top end of cask. Ralse bottom end
of cask using the hydraulic jack fo disengage t;.he turning saddle.
Remove the turning saddle and install the bottom impact limiter.

Lower bottom end of cask using the hydradllc jack to engage the

XIV - ba
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Functional Testing

6.0

7.0

support saddle. Install tie-down link pin.

Assure the following :

5.1.1 " Free engagement of trunqions 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 tﬁe horizontal
vposi_tio.n. |
5.2 Bring the roof sections Qf the personnel.barrier into their
closed position. Assure that there is nollnterference be-
tween the cask and the personnel barrier roof.
Thermal Test
The thermal test is outlined in Section XV. If the rai'l system is equipped
With auxiliary cooling the functfona1 ‘test of the cc;o'ling system will be
carriéd out as part of the thérmal test procedure. -
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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Functional Testing

to the Rail Car.

The following inspections shall be made during these operations :

7.1

7.2

7.4

Ease of disassembly.

Check all fasteners and threaded holes for galling, undue
wear, burred threads and stripped threads.

Scoring or marking of any of the com ponents indicating
interference with other components.

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

8.2

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.

Acceptanée Criteria

The total area of unbond for those sﬁrfaces réqulring 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

mintmum distance of 12 inches.
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NOTE: The above testing will be accomplished prior to
the .lnstallatioh of the neutron shield jacket.
Prototype Rall Car Test ,

The prototype car will be fitted with the cask éupport and tie-down
arrangement as described in this safety analysis report. A set of neutron
shield expansion tanks, connecting lines and supports will also be fltted
to the prototype car for testing. A simulated cask structure of approximately
the same dlmensions as the actual cask will be positioned on the car in
the same manner as the actual cask. The mass and locatlor.i of center
of gravity of ‘the simulated cask structure will be the same as the actual
cask.

The prototype car loaded as described abc;ve shall be subjected to a.
series of sta_tlc and impact tests as defined by the Association of American
‘Railroads, "Speclﬁca_tlon.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 conslidered

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

condition.

J



Rev. 1 2/76

The arrangement which supports and ties the cask to the rail ~
car shall be visually inspected. The support andvtie down arrangement
of the neutron shield expansion tanks and associated piping shall alsd bs
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.
- &//l]
o
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SECTION XV
THERMAL TEST PROCEDURE ;

Thermal tests will be performed in accordance with detailed thermal
test procedure to verify the thefmal performance of the shipping césk. The
thermal tests will also be ﬁsed to establish operational parameters relative
to preparing 2 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 avéi]able at
time of test. This section describes the thermal tést 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 PHR and BWR loadings are approximately equal. Therefore,
the heat source for the thermal test shall be equivalent to the calculated
decay heat source for the ten (iO) PWR cask loading of 70kw. . The heat
source shall be provided by e1e¢trica1 heaters designed and located to simulate
the active region of a fuel assembly. The heaters will be po;itioned 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 additiqnal penetrations
in the closure head mockups to provide for heater leads and thermocouple wire

installation.
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Thermal Test Procedure Rev. 4 - 6/79

The thermal tests are to be pefformed 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 PNR or BWR,
installed in the caskfcavity, clpéure head mockup with heater and thermocouple -
leads in place. The assembled cask will be positioned horizdnta11y on’the‘
rail car té.simulate the shipping attitude. The cooling system w111 be in-
operative and drained for this test. '

The assembled shipping cask will be instrumented sb'that tempefatures
and pressures of the various elements of the'system can be monitored and
at established time intervals all data will:be recorded. fo obtain the
necessary temperatufe déta, thermocoup)es wiIf be instslled inside the
PR 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 thermocoup]e-locations and Leater locations in the basket are sﬁown
in Figures 1 and 2. The following thermocouple will also be attached to the
cask. (See Figure 3) '

1. Seven sefs of three thermocouples will be mounted circumfer-
entially on the cask surface and on the outer surface of the-puter
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 0° and then every 30° to-the 180° position.
2. A thermocouple at each end of the cask at the center of the top

and bottom head.
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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 pe;'sonnel barrier di:ectiy over the
cask. |
Thermocouples will be used to monitor ambient air termnperatures 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 jnstalled on the rail car, the heaters
will be connected to 2 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 considefed to have been
achieved if the cask temperatures fail to rise more than 2°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 Procadure

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

standpoint will be determined as follows:

1.

3.

The cask will be tested at 70 kw using the procedhras

outlined in this section.

The TRUMP thermal models cutlined in Section VIII,

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

of the test and without solar heat load.

Accepté.nce of the cask will require the following comparison

of the test and calculations:

(a)

(b)

(c)

The measured temperatures shall not exceed the
corresponding calculated values of the 2-D thermal
model used in Appendix E of Section VIIL.

The average of the measured circmnf&rentia;l temperatufe
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.

The change in temperature difference around the
circurmnference 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 o
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 prefeped
sequence of operations for hahdllng Joading, 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-opera_tional checks to assure all valves,
instrumentation, seals and auxiliary equipment are functioning correctly;
and that-the required cask internals have been properly installed. Complete_

operating procedures and instruction manuals will be furnished.
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OPERATING PROCEDURES

3 ‘ A. Preparation of Cask for Loading at Reactor Site

1. Health Physics survey railcar and personnel barrier. ~/
L - 2. Visually inspect railcar and equipment for signs .of damage. Note
any discrepancy on sh@pplng document. !
3.  Open personnel barrier. ' -
4. Health Physics survey cask and adjacent surfaces cof car.
NOTE "A"
If the m;_utron shield tank is connected to expansion tank, then
E Step 5 must be performed. |
? 5. Disconnect water jacket expanslon line from water'iacket.
E : :
k 6.  Position car for removal of cask. Set hand brakes and block wheels N
j against movement in either direction.
j 7. Inspect cask and tie-downs for signs of damage. Complete recelving
j inspection portion of shipping document.
! 8. Release lifting yoke from its tie-down on railcar.
i :
NOTE "B"
When the cask is shipped in an "Unloaded" condition, .aux.lllary coolir_lg
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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14.

Rev. 2 - 9/78

Remove rear ('B" End of car) tie-down pin'a.nd raise rear end

(bottom of Cask). Remove impact limiter then move turning fixture
into position and lower cask turning trunnions into the turning
fixture bearing blocks, by retracting the rear jack.

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

of cask. Remove front (top of cask) ‘impact limiter.

Attach 1ift 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.

Remove outer closure head bolts. Remove 3 threaded plugs from

top of closure head and replace with 3 threaded eyebolts. |
Using shackles, a.tt#ch 1lifting slings to 3 eyebolts on outer. closure
head. Remove outer closure head and set it on supports which

are suitable for radiological control and maintaining the cleanliness
of closure head. Carefully inspect outer head gasket. If seal
shows any damage replace it. Be certain ga.sket is propa:ly

installed and seated. Note any damage or repairs in shipping

document.

Remove nuts from inner closure head studs. Using shackles, attach
1ifting slings to 3 eyebolts on inner closure ‘head. . Remove inner
closure head and set down on a clean surface for radiological con-

trol and maintaining the cleanliness of the closure head. Carefully
inspect inner closure head gasket. If seal shows any damage, repla,ce
it. Be certain that replacement gasket is properly installed and seated.

Noteanydamgeorrepa.;lrsonshippingdoctment.

Remove containment vessel valve caps. Remove closure head cavity
drain valve cover which is located at top side of cask.
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Operating Procedures

16.

17.

18.

Remove fuel assembly spacer plug and set down on supports which are
suitable for radiological control and maintaining of cleanliness of
spacer plug. |

SW cask internals. Visually inspect cask cav_i:ty for foreign
material, daxmge.- etc. Note any discrepancy or repa.irs on shipping
document. o v

Check speciﬁ.c gravity (by hydrometer) of fluid in neutron shield tank.
The 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 tb adjust specific gravity.

If fluid level is low, add antifreeze mixture in the proper concentration
to fill the peutron shield tank.

~ Fill cask cavity with demineralized water up to level of inner

closure head flange. ‘
Engage cask 1ifting yoke with cask trumnions and pick up cask. ~
Position cask vver spent fuel storage pool and slowly lower cask to
bottom of pool. Wet cask surface using demineralized water prior
to placing cask in storage pool.

Disengage lifting yoke from cask and remove yoke from spent fuel

storage pool.

B. Ioa.ding ﬁwel Into Cask at Reactor Site

Read identification number on top of fuel assembly. Record identifi-
cation number on shipping document.

Pick up fuel assembly, using refueling grapple on refueling bridge.
Position refueling bridge over cask. Center fuel assembly over

&sk cavity; Carefully lower fuel assembly into cask. Release s
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Operating Procedures

4.

grapple from fuel assembly and raise to full up position. Confirm
that fuel assembly is fully seated in cask. bMove refueling bridge
clear of cask. Record location of fuel assembly in fuel basket.
Repeat steps (1) through (3) above until cask is fully loa.ded

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

1.
2.

Install fuel assembly spacer plug into cask.

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.

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 alignment. Visually confirm that closure
head is seated.

Lower cask handling yoke to slacken closure head cables which,

in turmn, locates yoke relative to cask trunnions. mgage cask
trunnions and begin lifting.

Raise cask until closure head cavity drain valve is above water.
Install all inner closure head nuts hand tight.

Hose cask down with demineralized water. Monitor radiation

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

have been hosed, immedistely move cask out of Fuel Pool to |
Decontamination Area. Set cask down. Remove lifting yoke and
closure head 1lifting cables. _

Connect hose from demineralized water supply to quick disconnect
fitting on eavity fill line. Connect hose ‘to quick disconnect fitting
on cavity drain line with free end placed in pool water or contami-

pated drain. Open demineralized water supply valve and commence
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Operating Procedures

9.
10.

13.

flushing the cask cavity.

Connect demineralized water supply to auxiliary cooling inlet

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

top of cask. Discharge end of hose to be directed to suitable
drain. Open demineralized water supply valve and continue to

. eirculate water to drain.

Tighten all imner closure head muts to specified torque.

Close demineralized water supply valve to cask cavity. Discon-
nect hose from demineralized water supply. Connect T-fitting
with pressure gage and isolation valve to quick disconnect fitting
on cavity fill line.

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 from the cavity.

 Pressurize cavity to 10 psig minimm. Remove drain hose from

cavity drain line. Remove helium hose from cavity f£ill 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;

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 from cavity measure tenperature of effluent.
If watér temperature is below 80°F, stop flow and wait for heat in

fuel to raise water temperature to 80°F. Then apply helium pressure
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Operating Procedures

and expel water until bubbles from discharge hose indicate that

all water has been forced from cask. Close cavity £ill and drain
valves. Close helium supply valve. Remove heliun supply line.
Pressure test seals in cavity fill and drain line valve base plates
by pressurizing annulus between the double seai_ to 5 psig. Hold
pressure for 10 minutes. If there-isnodmp in pressure seals

are satisfactory.
Crack cavity drain valve a.nd bleeu off exoess pressure,vent to plant

off gas system. Connect vacuum gauge to this valve and open it wide.
Connect vacuum punp to cavity f£ill valve with line Jhaving vacuum
gauge attached. Start pum and open valve.» Mte cavity until
pressurefansbelowl"ofﬁg(.Spsi)onbothgangesandramins

~there for 15 minutes. Valve off pump and hold static vacuum for 15

m:l.n, If pressure increase is negligible, close both valves. Recon-

nect helium line, open £i1l valve a.nd recharge cavity with heliun to

Just above atmospheric pressure. Close fill valve and disconnect

helium line.
Decontamination procedures are to be carried out while the above

operations are taking place.
Install valve caps on dra.i.n and fill valves. Pressure test seals

in valve caps by pressurizing annulus between the double seal to
5 psig. Hold pressure for 10 minutes. 1f there is no drop in
pressure seals are satisfactory.

Attach three-legged sling Ato eyebolts on outer closure head.

Positibn outer closure head on cask.
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Operating Procedures

19.

Remove eyebolts from outer closure head and insert threaded metal
Plugs. Torque closure head bolts to specified foot-pounds.

Oonnect vacum purp to closure head cavity drain valve. Connect
exhaust side of vacuum punp to contaminated off gas system. -

Open the closure head cavity drain valve. Start vacuum pwrp and
purp 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
va.cmnnptmp Allow pressure in closure head cavity to return to
atmospheric. Close closure head cavity drain valve.

Ocnnect pressure gage and isolation valve assembly to cavity drain
valve. Connect campressed air supply line to isolation valve.

@en isolation valve, open cavity drain valve.

Open campressed 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.

Open isolation valve to relieve pressure in cavity. Remove pressure
gage and isolation valve assenbly.

Health Physics survey cask for surface contanﬂné.tion and radiation
dose rates. If values are higher than those specified in shipping
document, continue decontamination. Record final values on shipping -
document. .

Install valve cover on the closure head cavity drain valve pocket.
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Operating Procedures

26.

27.

28.

29.

31.

.

Attach lifting yoke to cask trunnions. Lift and 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 bottom end of cask. Lower cask to horizontal i;osition,
moving crane as required to keep crane ‘cables vertical. Disengage

cask 1ifitng 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.
Install bottom impact structure. lower cask using jacks until im-
pact structure seats in saddles. Install hold down pin.

Install top impact structure. Lower cask using jack until impact
structure seats in saddles. Install hold down pin.

Connect cask water Jacket to expansion tank by connecting flexible
metal hose from expansion tank to quick disconnect fitting on water

jacket.

Connect ﬂexible pipe from auxiliary cooling unit to quick discon-
pects near top of cask. Open isolation valves. Start pump on auxiliary
cooling unit No. 1. Check jevel in system expansion tank and fill
low level mark with demineralized water, if required. Start fans on
auxiliary cooling ‘unit No. 1.

Repeat Step 32 for auxiliary cooling unit No. 2 when shipping
configuration .includes optional redundant system. - Perforn: opera-
tional checks per check list to assure all components are function-'
ing properly. Turn unit No. 2 off.

Close personnel barrier.

Paste shipping placards to outside of personnel barrier as required by

49 CFR 173.399.
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Operating Procedures
36. Perform final Health Physics survey of railcar system.
a7. Return all decontaminated service equipment to storage.
38.  Station Supervisor review shipping document for completeness and
accuracy. Sign off as ready for shipment.. ’
D. Prepa.rati;m 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. Complete receiving portion of shipping document.
6. Disconnect water jacket expansion line from water jacket. \J
7. Inspect cask and tie downs for damge. Oomplate cask/railcar inspec-
tion portion of shipping document. ‘ _
8. Remove rear ("B'" End of Car) tie-down pin and raise reér 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. Remove 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 1lift 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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\/ Operating Procedures

12.
13.
14.

15.
16.

17.

Wash down cask surfaces, as required, prior to entry into fuel pool.
Remove cover plate from cavity'drain valve.

Connect pressure gauge and isolation valve assembly to closure head
cavity drain valve. Observe and record pressure. Attach compressed
air linevto 1soTation valve. Pressurize closure head cavity to 10
psi above observéd pressure. Hold pressure for 10 minutes and watch
fqr pressure drop. Record observ#tions.

Remove'£ll outer c]o;ure head bolts.

Remove three (3) thréaded 1nserts from top of outer closure head and
replace with (3) eyebolts. Using slings and shackles, connect
closure head eyebolts and cask 1ifting yoke. Remove outer closure
head and set outer closure head on stand in Decontamination Area for
radiological control and maintaining cleanliness pf closure head.
Carefu]]y inspect gasket seal in underside of closure head. If
gasket shows any damage,_rep]ace. _

Connect cooldown inlet line (hot water supply line) to quick
disconnect fitting on drain valve. Connect cooldown outlet line to
fi1l 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 system for cooling down the
package shall be provided with
a pressure relie;f’ device set so
that the maximum pressure in the
containment vessel does not ex-
ceed the maximm allowable oper-
ating pressure of the containment
vessel. | |

18. Open suction drain valve and begin cooldown procedm‘e

| carray |

Coolant flow rates mist be controlled
to avoid thermal shock to the cask
internals. -

19. Continue cooldown procedure until cask @.vit& is completely 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 1ift 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 imner closure head is about one foot under water.. Remove remain-
ing four (4) closure head bolts. Wet cask surfaces with demineraliz-
ed water prior to placing cask in storage pool.
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Operating Procedures

26.

Remove hose from fill valve. Open both cavity f£ill and drain valves.
Above operations are performed using long handled tools.

Slowly lower cask to rest on bottom of speyt fuel storage pool. Dis-
engage 1ifting yoke and slowly raise lifting yoke until inner closure

head is raised clear of cask.
Set inner closure head on stand 1n Decontamination Area for radiolo-

gical control and for muintaining cleanliness. Carefully inspect
gasketonxmdersideofclosn'ehead. If gasket shows any damge,
replace it. Be certain that replacement gasket is properly installed
and seated. o

Remove fuel assembly spacer plug and set on supports suitable for
radiological control.

Unloading Fuel from Cask at Reprocessing Site

1.

3.

Read identification number on top surface of fuel assembly. Recaord
jdentification mmber on receiving document.

Pick up fuel assembly using fuel grapple.

Set fuel assembly in pool storage rack. Release grapple from fuel
assembly. v

Repeat steps (1) through (S)ahovemtilallfuelhasbeenremvedfm
cask.

Preparation for Returning Unloaded Cask to Reactor Site

1.
2.

Install fuel assembly spacer plug into cask.

_ Attach three-legged sling to cask lifting yoke. Position cask 1lifting

yoke over cask inner closure head. Attach three-legged sling to
1ifting eyes on outer surface of inner closure head, using shackles.
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Operating Procedures

3.

Position inner closure head over the cask and slowly lower onto cask N
flange. Guide pins of varying heights are located in cask flange to
provide initial and final alignment. Visually confirm that closure

head is seated. |

Iower cask handling yoke to slacken the closure head cables which, in
turn, locates yoke legs relative to cask trunnions. Engage cask trunnions
and commence cask 1ift.

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.

Commence hosing cask down with demineralized water. When all sur-

faces have been hosed, move cask to Decontamination Area and set down.
Continue cask decontamination.

Connact hose from demineralized water supply to quick disconnmect fitting

~on cavity fill valve. Connect a hose to cavity drain valve with free end

of hose placed in contaminated drain. Open demineralized water supply
valve. Open fill valve and drain valve and proceed to flush cavity for
two (2) complete flushes. Close cavity fill valve and drain valve. Dis-
connect demineralized water supply line.

Install remining inner closure bolts and torque to specified foot- -
pounds. - Connect a bose to drain valve with free end of hose placed in
contaminated drain. Connnect T-fitting with pressuré gage and isola-

tion valve assembly to quick discomnect on cavity fill valve. |
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Operating Procedures

9.

10.

11.

13.

14.
15.

16.

17.

Connect conpressed air (regulated to 10 psig) to quick disconnect

on isolation valve. Open drain valve and open compressed air supply
and remove water from cavity. Remove hosas as well as pressure

gage and isolation valve assembly. Install drain and £i1l 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. Remove closure
head lift cables. |

Remove eye bolts from outer closure head and insert threaded metal
plugs. Torque closure head bolts to specified foot-pounds.

Check cohcentrat:l.on of anti-freeze in neutron water jacket. See
instruction. A.23.

Health Physics survey entire cask for _surfaoe contamj.nation. If values
are higher than those specified in shipping Wnt, continue décon-
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 bottom end of cask. Lower cask to horizontal position,
moving 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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Operating Procedures

18. Install bottom impact structure. Lower cask using jacks until -/
irpact structure seats in saddles. Install hold down pin.
19. . Install top impact structure. Lower cask usiﬂg Jack until :j.npa.ct

'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.
NOTE "A"
When cask is shipped in an "Unloaded" condition, auxiliary
cooling system does not operate nor is it connected to the
cask. Therefore, no connections between cask and cooling
system need be made at this time.

' ' 21. Connect water jacket and expansion tank, by connecting flexible ;
metal hose from expansion tank to quick disconnect fitting on vent \/
valve. Check expansion tank valves open. Besuredr.a.it'lcockis- |
closed.

NOTE "B"
The neutron shield tank need only be connected to the
expansion tank when severe temperature changes are ex-
pected in transit. '

22, Close personnel barrier.

23. Paste "EMPIY" shipping placards to outside of personnel barrie_r as
required by 49 CFR 173.399. '

24. Tra.nspprtation supervisor review shipping document for conmpleteness

and accuracy. Sign off as ready for shipment.
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SECTION XVII
MAINTENANCE PROGRAM

Prior to the delivery of the shiéping cask to the reactor site the cask
will go through & 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 checkpoint 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 carr;ed 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 ma;ntenance and testing of seals,containment vessel valves,

and relief valves on the package shall be as follows :

XVII-1
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Cask Component

Containment Vessel Valve
Assembly
Base Plate Seals

Valve Cap Seals

Inner Closure Head Seal

Drain Line Gasket

Outer Closure Head Seal

Each Shipment

Annually
Annually

Quarterly

Each Shipment

Rev. 4 - 9/78

Test /Action

*Gas pressure test to 5 psig
+¥Helium Leak Check .

*Gas pressure test to 5 psig
*¥Helium Leak Check

Gas Bubble Test - 10 psig
*+¥Helium Leak Check

Hydrostatic Test
to 121 psig

Replacement

Gas pressure test to
10 psig

Annually Helium Leak Check
Neutron Shield Jacket Annually Hydrostatic Test to
and Expansion Tank . 300 psig
System
Neutron Shield Jacket Annually Verify cracking and
Relief Valve reseating pressures.
Allowable variation
is + 5% of nominal
cracking pressure
Expansion Tank Relief Annually V'eri.fy cracking and
Valve reseating pressures
Allowable variation -
is + 5% of nominal
cracking pressure.
Impact limiters Anually Gas Bubble Test - 10 psiqg

*Sce Section XVI, Part C, Step 14 and i7

**See Section XIV, 4.4

*+¥See Section XIV, 4.1.1
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Rev. 1, 5/1/74
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 nlxakmg.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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70650F

70651F

70652F

70653F

70654F

70655F

70656F

Sheet 1

Sheet 1 
Sheet 2
Sheet 3

Sheet 4
- Sheet 5
Sheet 6

Sheet 7

Sheet 1. .

Sheet 21
Sheet 1

Sheet 2

" Sheet 1

Sheet 2

Sheet 3 -
Sheet 1

Sheet 1

SECTION XVIII
ENGINEERING DRAWINGS

b
[§:]
<
. .
(71 (3,] (3, w L]

Rev. 5

Rev. 4
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Rev. 9 - 6/79

General Arrangement
10/24 Rail Cask

10/24 Rail Cask Details

10/24 Rail Cask Details

10/24 Rail Cask Details

10/24 Rail Cask Details

10/24 Rail Cask Details
DELETED

10/24 Rail Cask Detafls

PUR Fuel Basket
10/24 Rail Cask

PUR Fuel Basket
10/24 Rail Cask

BWR Fuel Basket
10/24 Rail Cask

BWR Fuel Basket
10/24 Rail Cask

NLI 10/24 Cask & Rail Car
General Arrangement

Piping Plans & Details Rail-
road Cask-Cooling System

DELETED

PWR Spacer Plug
10/24 Rail Cask

BWR Spacer P]ud
10/24 Rail Cask



Rev. 8 - 6§/79

Engineering Drawings

70640F Sheet 1 DELETED
70665F Sheet 1 Rev. 4 " Neutron Shield Expansion Tanks
’ 10/24 Rail Cask '
70666F Sheet 1 Rev. 5 10/23 Rail Cask Impact Structure
_ Assembly & Details
Sheet 2 Rev. 4 10/24 Rail Cask Front Impact
Structure Ring Details
Sheet 3 - Rev. 3 10/24 Rafl Cask Rear Impact
Structure Ring Detail
Sheet 4 DELETED
70667F Sheet 1 Rev. 5 10/24 Rafl Cask Support
o | Structure Details
Sheat 2 Rev. 5 10/24 Rail Cask Front Support
_ ~ and Tie Down Details
r Sheet 3 Rev. 5 10/24 Rail Cask Rear Support
' and Tie Down Details :
Sheet 4 i DELETED
70708F Sheet 1 Rev. 2 10/24 Rail Cask
, ' Alternate Construction
70899F Sheet 1 Rev. 1 Cask, Car Tie-down
"~ Arrangement 10/24
Rail Cask
0C-459-1* . Rev. E General Arrangement - 150 Ton

Cask Transfer Car

1 *Ortner Freight Car Drawing
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