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y.. SUBJECT: MEETING SUMMARY CONCERNING GENERAL ATOMICS LEGAL WEIGHT i- l
'
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TRUCK CASKS !
' '

1
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/4 ! Attendees NRC EG&G.5 Idaho -M

'
*

, ,

:

GA . Ross Chappell Mel Jensen iA* ;
Earl Easton <

.

;/ Rich Boonstra George Gardes Weston < :
''

'c ' Jack Boshoven Daniel Huang j
'

Maria Koploy Henry Lee Heraj Rahimi ;

Richard Meyer Curt Lindner i

Larry Pickering Nancy Osgood DOE Idaho j
Shiaw-Der su Carl Withee i

Al Zimmer Li Yang Walt Mings

introduction

A meeting was held at the request of General Atomics (GA) at Rockville, Maryland, -i
on October 18, 1989, to discuss the GA-4 and GA-9 spent fuel shipping casks. 3

TheGA-4(4PWRassemblies)andtheGA-9(9BWRassemblies)arebeingdeveloped d
for the Department of Energy for spent' fuel shipment by truck under the Nuclear 1-

Waste Policy Act. The meeting marked the end of the preliminary design stage. j

Discussion 4

>

The discussion followed the meeting handout, which is enclosed. Additional
points are described below, j

1. Fuel Basket. The basket has-been redesigned, and now
incorporates B4C cores for neutron poison. .The structural

- response of the basket will be discussed in detail in a
future meeting. It was suggested that testing.of the
basket be considered.

~

i

2. Fuel Burnup. Burnup credit is taken for the GA-4 cask. .i
Credit for fuel depletion and fission product poisions j'

. will be used. It was stated that any request for burnup y
credit must include physical measurements of fuel burnup
and must address potentially unburned fuel in fuel assembly ;
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- 5. FAisen Credit.- Criticality analyses use a 5% reduait in
'

'

-
-

y boron,in B4C poison cores to allow for uncertaintes.- Chemical <

.d :- assa,, a ta will be used to confirm this allowanua.
.

4. Rar"ation Shielding. Radir. tion dose rates are chown to met',

a' 'egulatory limits. Accident dose rates are- calculated-"

assuming no neutron shield and no impact limiters.

- 5.: Schedule. -An application for the GA-4 and GA-9 casks is |
expected to be submitted to NRC in 1992. "
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- !,,s ,rn, c

' b ,' Introduction <.. .

.; ;,

j- A meeting was heldLat.the' request of General Atomics.(GA) at Rockville,. Maryland,
on October!18, 1989, to discuss,the GA-41and 'G/-9 spent fuel shipping . casks.

-The GA-4 (4 PWR assemblies)'and the GA-9 (9 BWR assemblies) are being.. developed i

forithe Department of.. Energy for spent- fuel shipment by truck under the Nuclear -
Waste Policy Act.- The meeting' marked the. end of the~ preliminary design stage.- i

-

Discussion :

The discussion followed the meeting handout, which is enclosed. Additional
points are described below. !

1. - Fuel Basket. The basket has been redesigned, and now.'

incorporates B4C cores for neutron poison. The structural
response of the basket will be discussed in detail in a.
future meeting. It was suggested that testing of the'

e o basket be considered.
~

2. Fuel Burnup. Burnup credit is taken for the GA-4' cask.>

,

Credit for fuel depletion and fission' product poisions.

wil1~be-used. It was stated that any request for' burnup
credit must include physical measurements of fuel burnup

* and must address potentially unburned fuel in fuel assembly
,
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3. < Poison Credit;- Criticality analyses use' a 5% reduction in -;

M boron in 84C poison cores to allow for uncertainties. Chemical. >

- assay data will be.used to confirm this allowance. --,

4 . -- Radiation Shielding. Radiation dose rates are shown to. meet 1

all' regulatory limits.- Accident dose rates are calculated -
,

t

assuming no neutron; shield and no impact limiters.

P 5. Schedule. ~ An application for the GA-4 and GA-9 casks' is
-

expected to be submitted-to NRC in 1992. |e -
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| GA-4 AND GA-9 CASK.

! DEVELOPMENT PROJECT 1
\

l
| PRESENTATION TO l
| !

I NRC TRANSPORTATION BRANCH
;

ROCKVILLE, MD !

:
,

'

i

|

OCTOBER 18,1989 !
$

| +-- !
J-059(1) i,

i 10-12-89

[
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L GA-4 AND GA-9 CASK SHIELDING DESIGNS ARE COMPATIBLE '

|
!

! !
: q

,

,

e OPTIMlZED FOR MAXIMUM PAYLOADS !
: .

! !
!
! !

i e SIMILAR SHIELDING CONFIGURATIONS- 1
'

t
i e SAME SHIELDING MATERIALS j

- ;

! e IDENTICAL-ANALYTICAL APPROACH i
! >

i !
: i
i e SIMILAR RADIATION DOSE LEVELS EXTERNAL TO CASKS :

;

!

I<

a .l
!:

3

'

4' !

! J-217(45) I
j 10-11-89 4
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NEUTRON SOURCE DATA BASED ON DOEJRW-0184
,

,

i
.,

DESCRIPTION GA-4 (PWR) GA-9 (BWR) !
,

| '

|

ENRICHMENT (% U-235) 3.2 2.75 !j,

j BURNUP (MW0lMTU) 35,000 30,000 l
i

COOLING TIME (YR) 10 10 |<

! !

| FUEL LOADING (MTUlASSEMBLY) OA69 0.197
i .

7! NEUTRON SOURCE (NIS-ASSEMBLY) 1.2 x 108 4.0 x 10 |
| :

| TOTAL NEUTRON SOURCE PER CASK (NIS) 4.8 x 108 3.6 x 108 |

! !

NEUTRON SPECTRUM Cf-252 Cf-252 4
'

|

!
!,

| J-217(46)
'
,

i 10-11-89
|
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GAMMA SOURCE DATA BASED ON DOEJRW-0814
1 !

t ,

i

! ,!.

e INCLUDING FUEL AND HARDWARE
'

;::

i

! :

I ;

js y

i .i

! e DEPENDENT UPON BURNUP AND COOLING TIME !
: :

| 1

| !
;-

e INSENSITIVE TO FUEL ENRICHMENT !
-

! :!
; :

!
'

| !

: ;

j e SAME DESIGN BASIS AS FOR NEUTRON SOURCE DM. 1
"

;

3 !

1 -

i-

j '

|
,.

j J-217(47)
j 10-11-89
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CENERAL ATEMEECS

1.25 MEV GAMMAS ARE THE PRINCIPAL :|
: CONTRIBUTORS TO EXTERNAL DOSE RATES :)

!
!

!:

i
1

1.25 MEV GAMMASlS-ASSEMBLY I
i
'

4 1
:

.

: COMPONENT PWR BWR .i

i !

! !

! ACTIVE FUEL 1.1 x 1 014 2.3 x 1913 l
; !

TOP HARDWARE 1.1 x 1012 2.7 x 1911

! BOTTOM HARDWARE 2.0 x 1012 1.0x1912 ;

i !
: l

; I
i i

|
!,

| 'f
I :

|

| J-217(48) f

10-11-89
,

_ . _ _1- .._______________________,u___._.
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DOSE CALCULATIONS INCLUDE ALL SOURCE COMPONENTS a
.

:
2

i

i

:

!
!

! e PRIMARY NEUTRONS FROM SPENT FUEL.
.;.

| e SECONDARY NEUTRONS FROM ADDITIONAL FISSION IN FUEL AND ;
! HEPLETED URANIUM !
| 1

! ;

<
:

i e PRIMARY GAMMAS FROM FUEL AND HARDWARE. !

: 1

! I
i .

| e SECONDARY GAMMAS FROM NEUTRON INTERACTIONS !
! 1

i j
t

! - .

i e ' SCATTERING OF NEUTRONS AND GAMMAS FROM AIR AND GROUND :
! .,

i

! ,

:
-

I

; J-217(49) d

|| 10-11-89
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SHIELDING ANALYSES USE STANDARD MATERIAL

i . DENSITIES |WITH NEGLIGIBLE HYDROGEN .

} DEPLETION FOR NEUTRON SHIELDING MATERIAL
'

!

!
!,

: ,

1 ;j

DENSITY-
COMPONENT MATERIAL .g b3 j

j ;

i GAMMA SHIELD DEPLETED URANIUM 19.05 !
>

:

; ,

| NEUTRON SHIELD RX-201-1 (1.0 WT % B) 0.90- |

| !

! STRUCTURE XM-19 AND SS-304L 7.92 !
! !

! IMPACT LIMITER AL HONEYCOMB- 0.0 i

I
. i

|

.

'. :
.!

'
J-217(50)
10-11-89

.
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WE USED 3-D MCNP MONTE CARLO CODE ~ l
TO SIZE SHIELDING CONFIGURATIONS-

'

.y

1
-

,

'
:

. e RECOMMENDED BY ORNL AS A STANDARD MONTE CARLO CODE 1
! .!

| !
, o

| e EXPLICIT 3-D MODEL OF CASK GEOMETRY i

! !
1

e BUILT-IN POINTWISE CROSS SECTIONS .j

j l

! 1
i e TREATMENT OF ALL SOURCE COMPONENTS .
. .

!

i
e NO CORRECTIONS REQUIRED TO DOSE RESULTS:

|
'

: i
! !

! !

! !
I li J-217(51)
j 10-11-89
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WE USED PATH AND TWODANT CODES FOR DOSE MAPPING *

i
i
;

!
DESCRIPTION PATH TWODANT

.|
-

| METHOD POINT KERNEL MULTIGROUP DISCRETE
INTEGRATION ORDINATES

i

GEOMETRY XYZ (3-D) RZ CYLINDRICAL (2-D) {
:!,

| PRIMARY GAMMAS YES NO |
| 1'

| NEUTR0hS + (n,y) NO YES j
! ;

! AIR SCATTERING YES YES 1
!

| GROUND SCATTERING NO NO y

: q
; ,

;

i

! $TE8' 'RESULTS NORMALIZED TO MCNP TO ACCOUNT FOR APPROXIMATIONS
:
i_ . . ,. . ...
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I

| SHIELD ANALYSIS CONSIDERS NORMAL AND i
i HYPOTHETICAL ACCIDENT CONDITIONS 1

|
|

| '

| l

| NORMAL HYPOTHETICAL
DESCRIPTION TRANSPORT ACCIDENT |

:
,

"
NEUTRON SHIELD INTACT REMOVED |

| STEEL SKIN INTACT REMOVED |
|

i

IMPACT LIMITER VOID REMOVED
|

'

I I CASK SURFACE 1 m FROM DAMAGED |
| DOSE POINTS 2 m FROM TRAILER CASK SURFACE l
! ( BACK OF CAB
i .i

r

.!I

!

! J-217(52)
1 10-11-89
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NORMAL TRANSPORT RADIATION LEVELS MEET REGULATORY LIMITS .

i 4
| o' DOSE RATES IN MREMlH FOR GA4 CASK ,

\
-

e: SIMILAR DOSE LEVELS FOR GA-9 CASK i

.

:

s i
; 1

;

i

! t

!
1 i

! r- t ;

I
y

45 T~ '

| E. 171i., ! CASK ! (.) 57 1.7 * TRACTOR .

. . .
e i t. _ _ a 9 .c, __

1

; I 60 SO .6) LJ
-

i

I-

! +2m+ (.y ?.3 e w
g .I

*
i

h 23 35 31 16 8
ig

#
\ i

| \ 2m [ 0.4 |f
! % /1 ,

1.4 ' - ._ _ _ _ _ _ _ _ _ + _ _ _ _ _ _ + _ _ _ _ ._ _ _ ,. - __ _ _ _ _ + _ _ / '

,

'

3.6 8.9 2.0 1.2

! !

4

I

i i

i

i !
:

| I

I J-217(84) -

| 10-11-89 I
i a
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i ACCIDENT DOSE RATES ARE KEPT BELOW 1000 MREMJH
i

'

? -

,
,

i

c..

i

i- o

!
'

e DOSE RATES IN MREMlH ILLUSTRATED BELOW FOR GA-4 CASK WITHOUT DU CRACK
: -i

e ABOUT 500 MREMlH AVAILABLE TO ALLOW FOR DU CRACK

:

| a

ii = -iss IN. r
'

:

I ^

p _ _ _" ._ _ - _

"
CASK

'

;- _ __ __ _ _ 3
_.

95 "
. i 32

f
'

|| 1
s,

-

i

l i
t (NEUTRON SHIELD, OUTER SKIN AND 1 1g

i g IMPALT LIMITER REWl0VED) /' !Ie; g f .!
I s j. .I
| \ I

j
' .g. _ _ jf _ _ _ _ _.gs. -__ _ - - --- -- _g '

-!
f.

I 176 457 33

|

J-217(54)
10-11-89i
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; GA-4 AND GA-9 CASK SHIELDING DESIGNS 3

| . COMPLY WITH REGULATIONS -

>

!
: t

i a

! !

; - |
; o
! !
'

s MOST EFFECTIVE SHIELDING MATERIALS USED 1
i .:
:
i

! L!

i e OPTIMUM DISTRIBUTION OF NEUTRON AND GAMMA DOSES i

| { ~ 20% n AND 80% 7 SPLIT) !
:

:

: :
i !

i e SHIELBING ADEQUACY DEMONSTRATED BY 3-D MCNP "

! !
! !

| e TRANSPORTATION DOSE LIMITS MET FOR NORMAL TRANSPORT !
AND HYPOTHETICAL ACCIDENT CONDITIONS. !

'

|

!

!
1.

ji

!*

| J-217(55) |
| 10-11-89 i
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i CRITICALITY DESIGN AND ANALYSIS
| INCORPORATES NRC RECOMMENDATIONS
i

!

e MOST REACTIVE FUEL TYPE TO BE DETERMINED IN FINAL DESIGN
:

! e 5% MARGIN FOR BORON CONTENT IN B C IN ADDITION TO 2%4
; MANUFACTURING UNCERTAINTY
:
!
!

| e NO NEUTRON SHIELDING FOR ACCIDENT CONDIT0NS
:

.

| e ADDITIONAL BENCHMARK CALCULATIONS FOR CRITICAL EXPERIMENTS
! WITH DU REFLECTOR
:

|
i e IMPLEMENTATION OF PHYSICAL MEASUREMENTS OF FUEL REACTIVITY
| FOR GA-4 CASK
|

!
| J-217(23)

10-11-89
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WE HAVE COMPLETED OUR PRELIMINARY DESIGNi-

,

4 :

!

! e INTRODUCTION I

| - AGENDA REVIEW AL ZIMMER .

- PROJECT ORGANIZATION
'

;

'- PROGRAM STATUS1

! - I
i e DESIGN UPDATE DICK MEYER i
i !

| e SHIELDING EVALUATION SHIAW-DER SU i

e CR!TICALITY EVALUATION JACK BOSH 0VEN f
a

1
e THERMAL EVALUATION RICH BOONSTRA :.

- ANALYSIS j~
: .

| - TESTING j
! !

| e STRLtCTURAL EVALUATION MARIA KDPLOYlLARRY PICKERING [
- ANALYSIS l

| - TESTING !

J-217(41)
i 10-11-89
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'

PRELIMINARY: DESIGN REVIEW IS IN PROGRESS- .

e

:
!

!

! ,!;

! o PRELIMINARY DESIGN PACKAGE COMPLETED
!

;

-:

I

| e DESIGN REVIEW COMMITTEE REVIEWING PRELIMINARY- !
'

DESIGN PACKAGE !

!,

;
e

; e REVIEW MEETING SCHEDULED FOR NOVEMBER 6,1989 !
!

! i

| e ADDITIONAL IMPACT LIMITER TESTING PLANNED :
i !

| ~!

!
;

e PLANNING FOR HALF-SCALE MODEL :
i -j

i .I

: )

| .!;,

J-217(42) i

10-11-89
|
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PROJECT STATUS4

| GENERAL ATOMICS GA-4i9 LEGAL WEIGHT TRUCK CASK DESIGN
'

'

:
.

4

! e PRELIMINARY DESIGN PACKAGE SUBMITTED TO DOE - 9130189 l
! l
i .

e MATERIAL SELECTION COMPLETE;

| ;

i !

j e MAJOR STRUCTURAL, THERMAL AND NUCLEAR CALCULATIONS COMPLETE j
! t

j e ENGINEERING TESTS OF NEUTRON SHIELD MATERIALS COMPLETE

! :
4

1

'

! e PHASE ONE OF IMPACT LIMITER TESTING COMPLETE
! q

!.

' '

e PRELIMINARY DESIGN OF TRAILER COMPLETE
i ;

???T a-

t
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WE HAVE MADE SIGNIFICANT DESIGN IMPROVEMENTS
-

,

'TO THE GA-419 CASK DESIGNS !:

! :

i
*

|
'

-
.

,

;

! e IMPACT LIMITER REDESIGN BASED ON ENGINEERING TESTS. :
i !

| e SUPPORT STRUCTURE UNDER IMPACT LIMITERS IS ROUND j
i .

|
e TRUNNIONS MOVED T0 CORNERS FROM FLATS |

e REMOVARLE FUEL SUPPORT STRUCTURE WITH B C RODS4

e 304 SST TO XM-19 SST .;

| l
! e ADDITIONAL BOLTS ADDED FOR IMPACT LIMITER ATTACHMENT ,

1

e ADDED PROTECTION AROUND CLOSURE i

!

|
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! INTERCHANGEABLE IMPACT LIMITERS
'

ARE BOLTED TO THE ENDS OF THE CASK .

-

A =

'
Q K. I I I I I al | I I I I I $_._

90 IN. E ''
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1)Cl( l l l | I "I | | | | | |[
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< DIMENSIONS (IN.) 1;
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46IN. --
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CORNERS Fl.ATS

!.
1

CA-4 233.75 40.9 36.4

GA-9 244.00 39.5 34.4
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OPTIMlZED SHIELD CONFIGURAT10NS MEET DOSE LIMITS i
|
,

'

h

!

t

.i
e MOST EFFECTIVE GAMMA SHIELDMG MATERIAL !

,

t

i:

- DEPLETED URANIUNI !
:

!
i !

i e MOST EFFECTIVE NEUTRON SHIELDING MATERIAL |
|

L - BORATED POLYETHYLENE j
_

!

e SHAPED CORNERS !
. I

! !

| e REDUCED NEUTRON SHIELDMG FOR UPPER AND !
| LOWER SIDEWALL i
i !

I
' e ALL-STEEL TOP AND BOTTOM ENDS !

;

! :
4

,
a
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GA-4 AIIID GA-9 CASKS MEET CRITICALITY SAFETY ;:

i
!4

4 r

I!

!,

:<

1 I

! DESCRIPTION GA-4 GA-9 ;
I

-

) i

BURNUP CREDIT YES NO !
i.

MAXIMUM ENRICHMENT 4.5% 4.5% i
i

i

AXIAL BURNbP DISTRIBUTION UNIFORM MA i

i:
'

MAXIMUM K-EFF O.93 0.86
I !;

! !

!
1 :
: :

!

! !

: !

! >

] J-217(27)
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GA-4 CASK REQUIRES MINIMAL BURNUP CREDIT .

FOR CRITICALITY CONTROL.

|
)
1

ENRICHMENT BURNUP-
I

(WT % U-235) (GWDIMTU)

<2.2 0.0

3.0 8.0

3.5 12.0
i

4.0 18.0
u

4.5 20.0

2 83IN8,

_
_
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BURNUP CREDIT SUPPLEMENTS CRITICALITY CONTROL FOR GA4
i

)

%-INF FOR INFINITE ARRAY OF 1A3

W 17 x 17 ASSEMBLIES (4 WT %)
'

DELTA-K DUE TO FINITE CASK -0.20
.

DELTA-K DUE TO FIXED B C POISON -0.24
AND ASSOCIATED STEFL

.

DELTA-K DUE TO BURNUP - 0.10

FINAL K-EFF 0.93

<

x,-
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e ,

k g MUST BE 4; 0.95 |i e
:

1

k

: 'i
2 2 !

[ k,g = kg ,, + B + 2 (og + og)112
:

o

| |
L 1

!

kg ,, = CONSERVATIVE CONSTRUCTION AND MATERIAL
KENO RESULT FOR WORST-CASE CONFIGURATION WITH |,

i
'

THICKNESS TOLERANCES a

|>
'

i

| B = ANALYTICAL BIAS DETERMINED FROM BENCHMARK i
! CRITICAL EXPERIMENTS i

I t

:

ONE SIGMA STATISTICAL UNCERTAINTY ASSOCIATED |"B = WITH BIAS
i

| :
i :

!

og = ONE SIGMA STATISTICAL UNCERTAINTY ASS 00ATED WITH j
KENO CALCULATION !.

i :
i .

i
* NOTE: THIS EQUATION ASSUMES MOST REACTIVE FUEL AND CONFIGURATION I

?

I i
j J-217(31) |

; 10-11-89
f
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PRELIMINARY CRITICALITY ANALYSIS

CONSIDERS TYPICAL FUEL ASSEMBLIES

DESchPTION GA-4 GA-9
_

FUEL TYPE W 17 x 17 STD GE 7 x 7 STD

NO. OF FUEL RODS 264 49

NO. OF WATER HDLES 25 0

U0 DENSITY (% TD) 94 94
2

-

A

k* # n
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GA-4 CASK MODEL SIMULATES EXACT GEOMETRY

.

. : . . . .; . . :+ e. : , : : -: :. . :. . ..-:..- .. 's:. . ....- - . . :: . :+:.. 8.375 M.
- - ..

- .:.

..-:- : : - + : e ' e, , , ! .:' ' '.:: ' . '-:0.:: XEIS. .:. :. . + . .'. ''. +, ..::: e- :+:.:.: -
,

'' 'wlJulmmxs;g CAWITY LIBER.s m ss s sg , gy ,,
9 C R00 '!5!'!:::i

'
~

4 : $0.+:~. - 2.85 R.
. .r:ik BEPLETE WWWNUM

'

e.25 m. FUEL !':ji;'il GAlm8A ELR'

j :i,','i[XE1g SEE NURE BELOW , '

'

WEB ' ' f:3.''s. - 1.5 15.
..

r$ '.L XN-19.

i ' '.i.ii'iL PRESSWRE VESSEL-
f5:li:;j s

,

4

1l'11111111111 1111
11111111111111111
1 11 1121121121111 1
1 1121111111112111
11111111111111111
11211211211211211
111111111111111 !1
1111.1111111111111
1121121 1211211211
111111 ; 1 1 1'1 1 1 1 1 1 1
111111111 11111111 ,
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11111111111111111
11121111111112111
1111 !211211211111
1 1 1 1 1 1 1 1 1 1 1.I 1 1 1 1 1 1 = FWEL RSS

1111111111111'1111 2 = 1MFER NOLE
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i

: GA-9 CASK MODEL IS ALSD EXPLICIT
4 .;

,

i
s

Radius = 0.135' |
'

-

B,C
. \NMN%%%k%%%Ty;

: ,- >2: w w ' =:w; 's: :gj 0.375\ sx%.
s- - -

s

XM 19mmmm sy m.

N N~;- :::::: .
s :::::: V s :

'

N >
. . ..

\ ::::: ::n:: - N axN
'

j K ( ::::::: '

Q

s; s

; ; :::::: s r s _ 5.82~ :
! \ ,' ' L

. _ ,,

l N 4 Cavity !
'

\.
- -R' \!

-

xe+heewammem:4:, s S. i
r.J.s -s , t . s . . s . . g

|
- x ; s 46 0.25'-s

i .\ % s :::::: | | :::::: s
' :::: :: w s- s ::::::

i
~

: . .

XM-19s
'

N >*=s{ mumm _:f{ g:g,2,34g Cavity Liner
-s

| \ ( { |
:::::: :::::: i

'

\ 0;f N, . .. Qi
-

.: summ J 2.45" i\
: N ;. i ......| z|t

. . .

'

$
-

(N{ | - Depleted Uranium- ....:. s

\ ~

!..!!.!!.!i | : jjjjjj ( jy ,\ Gamma Shield |N s . . , . ...... s :,93 :

k :[,m m xxk m xx
'mmk 1.75'x,

XM-19i %g :#r.#au: tag:p ygsc _..x. , a:
\ Pressure Vessel

e e- : , , ;,,

| MkNNNk%kN
|
t ;

,

ff.ff.f.f General Electric 7 x 7 S13 Assembly ;
: ;...

!
.t

( J-217(34)

! {10-11-89
r
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CRITICALITY ANALYSIS USES CONSERVATIVE ASSUMPTIONS ..!

;

'
;

!. e INFINITE ARRAY OF CASKS (FISSILE CLASS 1) !
3

i.

!-

! e COMPLETE LDSS OF NEUTRON SHIELDMG FOLLOWWG THERMAL EVENT 1
i i
i !

r

; e FULL WATER FLOODING !

! !

| |
'

e OMISSION OF GRID PL ATES, SPACERS AND HARDWA!4E E FUEL ASSEMRIY |
:

I

|!
. e NO BURNABLE POISONS
|
i t

! t

i e WATER DENSITY AT 1.0 G|CC
1

a
t :

t

i
'

: !

: e TEMPERATURE AT 20*C (293 K) i

! !
| J-217(35) '

| 10-11-89

i i
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i BOTH 27-GROUP AND 123-GROUP CROSS SECTION DATA 1

ARE ACCEPTABLE FOR CRITICALITY ANALYSIS. i:

:

|
.

:

-

i
;

| DESCRIPTION 27-GROUP 123-GROUP 1
; !

I i
i

~

CASK TYPE GA-4 GA-9 1

:4

i i

FUEL ASSUMPTION BURNED FRESH |
!
!

FISSION PRODUCT DATA COMPLETE L9111TED |
i i

! , ANALYTICAL BIAS -0.0145 -0.0004 |

| | IN K-EFF* |
:*

i 'l
s !

i !

j *FOR FRESH FUEL (NEGATIVE VALUE UNDERPREDICTION) |
1

2

i

i
i J-217(36)

'

| 10-11-89 |
|
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GA WILL PERFORM FURTH 8 CRITICALITY -|

|| ANALYSIS DURING FINAL DESIGN d

i

n

|
t

;.

&

4

i

! e DETERMINATION OF MOST REACTIVE FUEL |

| !

) - BURNE0 FUEL FOR GA-4 CASK .|
1 |
1 i
'

- FRESH FUEL FOR GA-9 CASK !

i
t

i i
i

'

! e EVALUATION OF NON-UINIFORM AXIAL BURNUP DISTRIBUTION |
| :
|

:

|

h

!

; i

fi

| J-217(37)
| 10-11-89

i
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.

| Km FOR1NDIVIDUAL ASSEMBLIES
i- DETERMINES MOST REACTIVE FUEL
!
;

i
.

:

e INFINITE R ANE ARRAY OF FUEL ASSEMBLIES

!
!

e FINITE FUEL HEIGHT WITH WATER REFLECTORS

|
; e INCLUS!03 0F FISSION PRODUCT AND ACTINIDE ABSORBERS
| FOR BUT.TdED FUEL

~

!
;

i

i e CALCULATIONS OF K FOR VARIOUS FUEL ASSEMBLES

( e SELECTION OF FUEL WITH HIGHEST K FOR CASK |

CRITICALITY ANALYSIS

L
| J-217(38)

10-11-89 I
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1 PHYSICAL MEASUREMENTS WILL VERIFY CRITICALITY SAFETY
i

!

!
.

:
:
; ;

i e PART OF FRESHIPMENT INSPECTIONS .!

! !

: e BURNUP METER !
:

- IN-POOL MEASUREMENTS OF NEUTRONS FROM SPENT FUEL USMG
| FISSION CHAMBER !
t :

! - NEUTRON COUNTEG RATE CORRELATED TO BURNUP, E o a :: T |
l AND C00LMG TIME |

!

e REACTIVITY METER |
!

- CONSISTING OF A NEUTRON SOURCE AND A FLUX DETECTOR PLACED
'

,

!
IN ASSEMBLY WATER HOLES j

- CALIBRATION AGAMST A PRESELECTED FUEL ASSEMBLY !

- DEASUREMENT OF K-EFF VS COUNT RATE (CPS) !
i
!

!

'

J-217(39) !
, 10-11-89

|
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+-- t

PRELIMINARY CRITICALITY CONTROL DESIGN IS COMPLETE :

!
'

!
l

! i
i!

e USE OF PROVEN AND MOST EFFECTIVE POISON MATERIAL (8 C)4
:

! e ESTABLISHMENT OF BURNUP CREDIT REQUIREMENT FOR GA-4 CASK !
|

'

. .

| e SPECIFICATION OF FIXED ABSORBER (B C) REQUEEMENTS FOR GA-4 AND |4
! GA-9 CASKS TO MEET K-EFF <0.95 FOR FISSILE CLASS I
! !
! e COMPLETION OF BENCHMARK CALCULATIONS AGAINST CRITICAL l

EXPERIMENTS FOR FRESH FUEL USING 27-GROUP AND 123-GROUP

| CROSS SECTIONS |
! !
1 '

| e ADDITIONAL CRITICALITY ANALYSIS TO BE PERFORMED IN FINAL DESIGN i

,

: FOR INCLUSION IN SARP !
! :

| !

; :

!
! J-217(40)
-| 10-11-89

1 !
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i THERMAL EVALUATION COVERS ANALYSIS AND TESTING ;

i 1
;

i

f

i

I e NORMAL CONDITIONS OF TRANSPORT !
'

! |

i - PATRANlANSYS ;

| - 2-D GA4 AND GA-9 I

4 ,

t - 3-D GA-4 !

! !

| e HYPOTHETICAL ACQDENT CONDITIONS |
- PATRANlANSYS |
- 3-D GA4 j
- DAMAGE AT CLOSURE END |

|

e TESTING OF NEUTRON SHIELD j
- SMALL-SCALE SCREENING TESTS i

i

- FULL-SCALE SECTION FRE TESTS i
!
|

-!

J-217(63) |
10-11-89

. _- . . -. . . - . . _- . - . - _ - . . - . - . - . . - - . - _ - - - . - -



-. .. , - .-~.-..-~--.+,w -..--a-.. ---n..~ *-<-~>aw.. -a n .a --=a.s .+s--a,--.---..w. s-...,

!I i

I !

,

= !I >-
E
m |.

| 4 == = =~\ N EN
, ,

I
g i \ '

\ \ \'
D \ \ \T'

- l g \ \ \' !

I; 5 / . :. a.
f/3

. - _ $$ i

EE '
' v3 -

'I O - E eg' ' '

! 5 /\ Es
,. = \s .

|5 H- mEE 3
t

' I
- - -

.&)
W t!

e

I g EEE

E g -

=
I *

I <a 3gBa

E
.

a
E eE '

oc it ug- . o
|- E

I
,

Q
| IN
| ii$

50
1

$

I
. - . - - - _ _ _ . _ _ _ _ - - - _ _ _



! : , 3 !4 ' ''i }, ' ii ' a , i1 1}. ,

W -
-
.

-

W -
.

S -

W
1 M _

3 3
W11 -
dN .

Wi -
;

/ , b' x ' s ' s% N Nk .

fI l /

W - / ' s s\
d s NI

I
I

1
- -

I Wa ws
/ l -

[ w
'

JI

G I '
w/ \[[

.W
s/ /'

'i- \u
I \ x x '

N I \ s .''\ i/ \
I ' |\ \ \ i '

3 / f \ \ s '
' |\ t i

\ i i -.

k |-
'\

'I \ \E s- \' i
.'X '3 I \r f |\ \ i

W
.y

- -
# i 'y

i
i i ! \ i sH - i \ \ 'I j |\ \ i w-i j_ I \ i

_s

A rL| ;

I jj,, 1

\s'w4
-i \1 - |\ \A3 , \ '

S i\ [ '.-l i ,

Y[\I \I / ; i I s -

W
|\/ f

'f.
A

-, I \0 3 I i
I / ; \ \ [ ' -

.'

u
\

,M
/ Y[J1 M I / - \ .\II:\ \ \ s [

I \
.-

- \/g,. // /A sI / 1 \/,.- wl

n
\ '

3 S / /
I Y[|\ \/ | \ s

/ l \ 'wI / .-/ / | |\ \ \ i
\

0 / / _ ~' [ 1I f / i \
w

-

u
\ '

Y[I / F, / | |\ \

W
\ s1 I .

' .-A 3
l \/ /| |\ \ \ [[

\ '
wr/ // / i

.-

x

i //// l \ \ 'wu
I | |\ \

, .\ \H / [ 's
.

f, v//// l \ x

:' \//I |T \ \/ s ./ \ x \ [I ,

i f/ // |\ \ \ \[[\
1H / |

.- / // \ -

1 / / / u|\ \
., -v I / / \[x\\'

| A1 / |\/
\ f /

W .

'
/| \ \ \/ \ t \x. s 4 / \ \ -

\,

.!/| \i \ iI
i |

. is
-\S i\ \/ ' |\ .,. s3G 8

/ \'

I | i

$\ .i s .

I0 / .-i
'

W N M1
, s $/ .

'|/ \ |

3 03 /
\ $i \ .

,:i '

1 d0 s
I ' \ $1 3d8

,
/ .

x .I |
.-,a s $

$/ 'X 0A1 , .

W
: / .

' \1SS I
I | 13 _

| -s
_ s', , .

^%L.

. yr\ ~s

^ '

|1 _

. '
,

3 \j|t , '

| \ 1

W ' 3 A0 l. 'i .-i \ _

30 .

A .

' \
, s

0 0 | |
.-i _

10\\' \

$8i 'N .

\
, s \

W
'

| \\| \ I_-s g' l1

l i
~ \s '

\i

, s
_ V ,'\L .

'

/ 1
\

\ .Ns| :i

W ' _ $8 i '

W s H N /
.-i

, 1 $ 03 .
' \ -11 1\ 3t Q1a O

i

l | 3H' _

i 'm N .
' \

NS, x

W a
m | \\1 t -:3 g\

0 | q

a '

-
i '- s -,r E 3g '

| .

s

\
\\

W w
\

A
|'i1

a 8 \s'1_

s I N '|,, \ .
\

W m 33S
N1 3 i \

a dAS 6(

S: V C8s 1
I -

LO
+

W
L L
Z -j O

. TL

W
! ' , ; |!!,ir ';!, ;r: ' - ;{



mas as em W an em um umme: um aus um aus aus se en aus em um

[
; +--
! ALL CRITERIA FOR NORMAL CONDITIONS ARE MET
i |

:

i
!

I I

! |
t

|4

) MAX TEMP CRITERION |

j COMPONENT (*F) (*F) |
.

:
!

! !

FUEL CLADDING 368 716 |
t

-

! NEUTRON SHIELD 167 180 1

r
-

I

! SEALS 135 400
|
|
| SURFACE 142 180 !

1 ;-

!

!
!
!

|
! J-217(64) ;

10-11-89 :
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THERMAL ACCIDENT MODEL #1 ASSUMES SEVERE DAMAGE
i

k

i ,.

.

,

|<

'

.

| CLOSURE

FLANGE

NEUTRON SHIELD t

s' 1' / ,' .' r f | s' i' \ ' 1' /1'X/,'|i A L
' ' ' ' ' ' ' ' ' '

i i i i i 1 i 1

,/ / ' ' ' ' \ '' '' (
,i ,i ,1 ,/ ,i ,1' ,1' ,/ ,/ ,/ ,1' ,/ \ f i ,i ,/ '%'',,,/,,' ' '

,si >-
. 1

--''
.- . . . . . . . . . . .r. . . 4- - ,

_

'
,' ,' ,' '

, ,' , ,' ' ' ,' ' ' ' ' %' ' , , ,' ,,,, , , , ,

''

\ )F\ \ \ \ \H
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\ i\ \ \ \ \ \ \ \,

\ \ \ \ \ \ \ \ . ) \ \ \ \ \ \ H\<
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; \ \ \ \ \ \ ~~\ \ \ \ \ \ \ \ \ \ \ \ \ \\gi X 's A \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \\
'

!
i'

,

HOLE FROIN PUNCH
I |

+
|

|

:

i

!
;

;

'
J-217(4) I

| 10-10-89 i
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L

; PUNCH IMPACTS CLOSURE END NEAR SEALS .

|- .

;

l

!

!

7 E-IN. DIA HOLE

/ CENTERED AXIALLY I.

: / AT SEAL LEVEL
| |
t

j OUTER SEALS
INNER SEAL

i / ~

'

/
1 / 6

I I / ;

{ / i
!

!
; _ _ _ __ _ _ _

!

!

} | |
! I
1

. I
4

i !
!

!i
i :

!

. I

i
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I SEAL PERFORMANCE IS ACCEPTABLE FOR PRELMINARY DESIGN
.

!: ;

.i;

'
<

i .

:

e SEAL TYPE IS FLUOR 0 ELASTOMER (PARKER V835-75)
'

i !

e NORMAL CONDITIONS l
- MAX INNER SEAL TEMPERATURE IS .135'F << 400*F |

'

| (CONTINUGUS USE LIMIT) 1

- PARKER HANDBOOK INDICATES OK AT.-40*F

e ACCIDENT CONDITIONS !
:

- LOCALIZED INNER SEAL TEMPERATURE IS 450-500'F !,

! FOR 0.75 HR i
'

!
- PARKER HANDBOOK INDICATES AK FOR 2-3 HR t

| .\
l !

!,

: !

J-217(65) I
10-11-89 !
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TESTING OF NEUTRON SHIELD USED TWO PHASES
'

L
:
I

i e SMALL-SCALE TESTS

L - ASrei DR MODIFIED PROCEDURE l
! -[

'

! - SCREEN FOR THERMALISTRUCTURAL PERFORMANCE

! - 9. CANDIDATE MATERIALS j
.

| * RX-237, -201-1, -207, -277
~

q

| * BISCO NS-1, NS-3, NS-4-FR j|
| * KGBE TYPE 1, TYPE 11 i
!

I
'

e FULL-SCALE SECTION FIRE TEST ON SELECTED MATERIALS
"

; - BISCO NS-4-FR, RX-201-1, RX-207 '

1

! - SUBJECT TO REGULATORY THERMAL ACCIDENT i
! !

l !

! !
;

i

"!2

)- J-217(66) .i

i- 10-11-89
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:

-

CENERAL N4

TEST ASSEMBLY MODELS FULL-SCALE SECTION -

-OF NEUTRON SHIELD WITH DAMAGE

!
-

4-12 IM.->4-12 IN.->4-12 IN.->4 12 IN.->
_

; 28 IN. - R=

|
- A BUlWERS (9) !

.

; - -
. . . - . t

12 IN.
~

t ^g.g gg~:...

| @ @ @ ): .
4>

-

m :-

. ' 'f . S W. DIA NOLE !

. !
'

STAINLESS

,
STEEL - 12 IN. .

'
1 - 1.5 m. DEEP

b h . )[ .~ I
"'

. .

12 IN.
, ' ::

' ' N|
':,- :.- N

, , . ,

@ h h' - | | ' ~. M _~ E~

--

36 EN. SG ' - .'.h .f= :-

[| . 12 IN.

:{:y:::
-

'
~' ' ~

|/-. y ,
,

| | - - | \ )'
/ 2 N. THICK CALCIUM [

'
j INSULATION

- -

; NEUTRON SILOCATE BOARD
| SHIELD ENCLOSURE (5 SIDES)

FRONT VIEW SIDE VIEW ;

(ENCLOSIIRE NOT SHOWN) !
!

i.

J-217(7# |,

' 10-10-89 :
I i

, , _ . - . . . . , . ________._...__m._. m- . 2--
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a

| .g. - - .

FULL'. SCALE TESTING SHOWS; ALL THREE MATERIALS ACCEPTABLE

e NO PROLONGED FLAMING AFTER 0.5 HR

e NO T|C EXCURSiBNS INDICATING EXpTHERMIC

REACTION AFTER 0.5 H:'
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l m m ,- _ .



.k ' ; ?: ! 1' ?! J ;: |;|!; !- |!, i :' i! !!I!: '

~ _
_

.

-

'

.

a'7' .

_
_.

- - .

..

, :.

_

-

.

.

-

.

.

_
.

.

.

_
~

.
.

. .S
.
.

_

. - U
.

.

_

T...

A. -

T
-

S- A
, G R

. N Y N T .

. G O SI

. I L R N
.

. S P E
.

.. - E 0 K O
. K C O.

. D B
;

I.

A P . -

.D
. L Y R

I _

R
.

. A RA AR
. R MA H

U.. L C
I

- T R
' C .

. U _
.

R
. T

S.

_
.

,

.

. ' .

,

.

)
.

.

3 9
7 8(

-71
. 4 1 1

2 -

0-

J1

.

-
-

' . ; 4 Ii; i;i !|!|' ;I:! i ;i!! i; iii !



.

, ,-

m sum um esas.:me: em um um == : mm um ame = am: aus em um es mas < :

L
_ -

.

L

.|.semenm.mannes ;j

STRUCTURAL DISCUSSION WILL FOCUS ON

L ANALYTICAL AND TEST RESULTS t

! :

| -

-i

| ||
! .!
'

-,

f

L e IMPACT LIMITER PHASE I TEST RESULTS 1
| |:.

i !

|- e CLOSURE BOLT |
:

: !

! !

! e FREE DROP ANALYSIS !
, ,

! i
1

$ !

| e CAVITY LINER + FUEL SUPPORT STRUCTURE ANALYSIS !

! -

?
.

1
.i

! e THERMAL ACCIDENT STRESS ANALYSIS |
t
i

5 I
i !
4 >

! !
.

j J-217(74) l

| 10-11-89 i
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"
L ' PHASE I IMPACT LIMITER TESTS PROVIDED
! =lMPORTANT DESIGN INFORMATION :

!
-

,

!

';;

! !
HONEYCOMB BEHAVIOR TESTS. !

:

I l
e CRUSH ANGLE TEST 3-

|. 4

, .{

L e DYNAMIC EFFECT TESTS ~ ;
; )

'
:

| e TEMPERATURE TESTS :|
,

e BACKING AND SCALING TESTS 1
'

| >
:

i
;

IMPACT LIMITER BEHAVIOR TESTS 1

:

.e 30' CRUSH TEST !
q

'
i

i e 908 (SIDE) CRUSH TEST
;

J-217(75)
10-11-89

e- - _. . . - . _ _. ~ - . - _ _ - ._ _ - . -. .-...._-....:



.. --

I
.

|

| w- | '"'W''c??f,y!"f*viQy ' _ ,A_u[]y T'T ;~ {' a,:
W ?'r '

,

p :+ . , 3c; , %e. , g,br;n..L :, , ,
,,|.,.

N ,A|;5. W ;ne=; Y. g
m..n. n ,.

'NM|k ;< N 8???
y i;: < >< >a

'Y,

k. % * }" lid =//fil ?f * , 2;.:r -. ; i.

!- 3 % E.Ff: QA'
,

j@i , j#| - .. , F
"

6-

$2S 'i;_ . '' T V.MQ $^ 9:" W 4 7 ' '?

fY ' s7 $
-

h, ,K,,m. w -g f d. lifly@..iI.
,en..n .wwm,

~ ',
. . .

, 5h.. ? '

;,

I N@w
4 OL ?& "" Y

: c,- s
-

qnb.'$ .. gy;; p ;

=

-

.

.

. :. n ..~v L-

5 .,

% #" %-~ ' W 1,i, - ( 4,>

,7 . f, = J i " ' (Ky i*
-

-? >-

2.

y y; g;-~

| .

j .

rim'd .,,
' h.Q, .-

hl ' M} h'

l'I- -

& $jp:i|?%)
'*

*ic; e

|
'

.WI* ?.

i
e p .; . -

; g|m s . L - -
<

, ;
y ~,] 2,I| . ." "|L-

,.,
_

~ @if rijQ '
<

g

WQ [;} V|Q"g Q%
.

,.

% y* $f } |{{g||q|) + $g 9
i

.

g g g g
- 4 -:

. w ew - v ww a
I'.

'

|
8

. -

,
.

, , , , ,

I
I

iE = ,,
.. m H CD w

fA ma* E 8-I * cc Ew
" e at

u,. th

i
I- W asE w ==='8et CL. "g
I- =c w Een oc

3 W ra
$ cc 3 lie sra o c ,.

-

na
we

,9 6
| e

I
---w.-w -~- . ..



, w m . ,,, w f . ,,, ,,, 4 . . , , . . ,, ,,, . ,,,
-

Y ,

| $ sewamma.monecs
CRUSH ANGLE TESTS DEMONSTRATED HONEYCOMB.

ENERGY ABSORBTION CAPABILITIES UP TO 37-1J28 ::

i
,

!,

i

i -

i
L DIRECTION W DIRECTION !

-

| CRUSH -% CRUSH % CRUSH .|
! ANGLE STRENGTH RETENTION STRENGTH RETENTION !

|: i
-

| 1350 PSI |
;

! O 1G0 1
7-112 90 94 1

! 15 87 88
'

2 2-112 86 83 ;

30 80 78
,

i 3 7-117 79 72

| 45 74 48
;

| '

| 2350 PSI
'

;

| 0 100
; 7-112 100 103 i

| 15 93 84
i 2 2-112 94 93
; 30 92 78

| 3 7-112 81 65
| 45 PEELED DFF FACESHEET PEELED OFF FACESHEET

i

! J-217(77)
10-11-89
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..camema nrammer a~ - . . - .w .

- + :

., y . . ;
-

,.

h; =, ={ g~ . c l c,b; ~ !.

- 3 2 4 .' ' ~ ' ' .e -DYNAMIC TESTS WERE .-
.

., -n
b

-

. .

}; }. ,
-

. _ ,

PERFORMED AT 44 FTSEC - '

,;..
,

.
'g v .

,.

[' .

_
.

"
' ' '-

5 .-M[ ' .. . .f 5% .. -

# '
. . . .

ssyf6 as & W
& :Ii s s? L W d l E l k . L

,

: : e nf$t#EEMMfs2iGi!

1350 PSI CRUSH STRENGTH INCREASED BY 10%

WilL8' 2350 PSI CRUSH STREFGTH JiD NOT CHANGE



.- 1. - . .-..-g1% 7Mee,e. e.
.

L $cenermsarenars .,

[. HONEYCOMB STRENGTH DOES NOT '2
-

CHANGE MUCH WITH TEMPERATURE ||

!
,

, .,

i

CRUSH STRENGTH STROKE BEFORE
i CORE TEST RETENTION BOTTOMING OUT- i
'

TYPE TEMP (%) (%)
:

"
1350 PSI R.T. 100 72

200'F 95 73 !
>

i -20*F 102 75 j
: ;

| 2350 PSI R.T. 100 71 |

| 200'F- 95 78 |
'

-20'F 106 78 l

'-
-

a
; i

i :

.?

!
: !
! J-217(79) !

| :f10-11-89

; .

a
! ,.

_ . - .- _ _ . . . . .--
'i



.- . . __ .
.

. . .
.

'
'

'

'

.L.
'

-

. T .. - -

'

'

. .. -
..

-

_

: c
..

,

4camme2n.nrannes
i

| THE IMPACT LIMITER DESIGN USES PHASE 1: TEST EXPERIENCE |
:

.. ;

e

!
'

:

i e UNBACKED HONEYCOMB ABSORBS ENERGY
:

- END AND SIDE HONEYCOMBS PROVIDE SUPPORT FOR THE CORNER l

; HONEYCOMB TO CRUSH !
: a

| - HONEYCOMB ORIENTE0 UP TO 'U-E2' FROM THE IMPACT POINT
! ABSORBS ENERGY :)
i ..

| !
'

.j

| e HONEYCOMB CRUSl| LNG SCALES FOR IMPACT LIMITER -|
i i

! !
! !

| e IMPACT LIMITER ATTACHMENTS REACI M0MENTS DUE TO CRUSH |
! 0F UNBACKE0 AREA i

!

, |

{

!,

l-217(98)
10-11-89
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j IMPACT LIMITER ATTACHMENT ' '

y,

BOLTS ARE DESIGNED;

: s .

i TO TALE MOMENTS DUE TO !
'

,

i CRUSH OF UNBACKED AREA
s ,

! A7 t
i / !

!

! -- |

|
;'

|

H < .- - --.i h

[' - .
, ~

J-217(13)
j 10-11-99
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p , sum num num amm um; m : sus: as as x am: am: 'as: am; em , mm, :se sua sus ' ass-

.

3 > 7- er

|-
' '

: ...,emssum aronnes .

.

L THE MAXIMUMLAX1ALLOAD ON THE CLOSURE BOLTS DUE TO THE:
L

L CONTENTS ACCELERATEDN WAS CONSERVATIVELY CALCULATED:
-

:
:

,

. 1

| [-
~

FMAX = W x s's |
: N N: x

F W = CLOSURS WT:
! - 2 x FUEL WT .! .\ ' r 't ,

| \ 2 x FSS WT: .i' " "
s .s

]
- g

- U1

j GMEMBRARE",7 MAX P'
f /[ o o

f f ,[ ], 82.5 KSI < 123.2 KSI |i

-

k o| |< [ ''' ) j''

| \L____J i
j

; o o /, c)

' j .. _ s _%-

'- a
; ,, ,,

\ (c j
| v_ >4N,

<>

! :
, i

!
4

*

i J-217(12) ,

} 10 11-89
!
:
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CLOSURE BOLTS ARE. DESIGNED TO WITHSTAND THE MAXIMUM
CLOSURE MOVEMENT AND AXIAL FORCE SIMULTANEDUSLY=

1is.-sme

(
_5.25EIA /[ N V '" "~

' L = 3.57 Is. -

'>

AMAX = 0.01 IN. Vf'

, ;,

UBENDING = = 49.6 KSI
-

N RN .-| N
,

V W y

GMEMBRANE + # BENDING = 82.5 + 49.6 = 132.1 KSI < 144 KSI

$o t!!a$
'

- - --

---
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L.am aim num - amm um um um as ame uma em um um um em um aus as sun -
~

(

+$.casemu.arasses j
GACAP.SHOWS GA-4 STRESSES ARE BELOW

~

l
ALLOWABLES DURING 30-FT FREE DROP ;

i

! SIGID FLEXiBl.E |,

|

STRESS STRESS DYNAMIC 'i
i DROP INTENSITY MARGIN OF INTENSITY. MARGIN OF AMPLIFICATION l

ANGLE (NSI) SAFETY (a) (KSU SAFETYNI FACTOR

o' 36.84 0.89 58.58 0.19 1.58 :

37.45@) 0.86 53.22 0.31 1.42 !,

! 15' 40.18 0.73 41.27 0.69 1.02 i

j 308 35.32 0.97 48A2 DA4 1.36
'i,

| 458 21.89 2.18 46.05 0.51 2.13

j 608 22.57 2.09 26.22 1.66 1.10

| 758 45A7 0.53 45.84 0.52 1.01

! 788 45.54 0.53 50.39 D8 1.11 |

| SO' 18.46 2.78 23.00 2.03 NA

| 17.55%I 2.97 26.37 1.64 NA
i

| (a) MARGIN OF SAFETY IS CALCULATED AGAINST PRIMARY MEMBRANE STRESS 1

1 ALLOWABLE EQUAL TO 69.7 KSI i

| io9 jy b) NEW IMPACT LIMITER DESIGN .I
! i
i ._ _ .._ -_. _ _ . . .- . :
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L L ANSYS MODELS WERE USED TO ENVELOP THE :
L "

WORST CASE IN THE GA-4 CAVITY LINER:
:

|
'

.

\%\hhhhh\
~

~~~~F tWALL= 0.375 IN.
, - X- !

g, , , , , , , , , ,., , , , ,. ,.
, , , , , . ,N, ,b, , , , ,. , X ~

.
.

'
.

;

/ t-

<- ,

W. | .

! / t
< |

; | | i
'

! | |"
:

- - .i

/" 8: __ j - - _
.

i:
,

| | |i

. ! ! -
'

| | a
'

L |p
. |

. | .- s
j %,,,,,,,,,,,,,,,.b:

................ A
'

|
~

' '

_

. ,

| g\ggg\g\gggg' 15 IN. WALL j
,

1

! !

r

J-217(91)
10-11-89 ,!
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-. . .
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' AfJSYS MODELS WERE!USED TO ENVELOP THE .-

'

WORST CASE IN THE GA-4 CAVITY: LINER
i

!
,

i..

:

i e SIDE DROP FLAT ORIENTATION :

.

i DU LOADWG
- '

rra i i t J L t i.
|

-

< <

|~ GAP- F - !

| TT :-
I Fss H i

p . DU i:
: sacumq q

I P- !

! ( >*- - !
| |

H H SAP _]
- >

P,+P' _ ALLOWABLE MARGIN |b
Si, KS1 KSI 0F SAFETY '

a

|.
NORMAL- 35.2 49.8 '+0.41 !

!

| ACCIDENT 72.0 99.5 +0.38 '. !
!

'

,

| *lNCLUDES OUT-OF-PLANE BENDMG H

J-217(90) .:,

! 60-11-8 9

I:
' ._ . _ . , _ - - . _ _ , _ _ . . . -

- . |-

-

_
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L 'ANSYS MODELS WERE USED TO ENVELOPTHE- - o

i. . WORST CASE lN THE GA-4 CAVITY. LINER :
|E

'

;;
;

1 ;

| 0.707 DU u , SIDE DROP CORNER ORIENTATION i
!

|
1/ ,

\ V'

! / FSS- .;
'

GAP |
i 3

| .

! +

! l
|- |
, u
| I

!
o

!

i
i

| . P, + P ' . MARGINb
| SI,KS1 ALLOWABLE ^ OF SAFETY
i

! NORMAL 40.6 49.8 +0.23
~

!

| ACCIDENT 88.3 99.5 +0.13
! J-217(93)

'U#~88
*1NCLUDES OUT-OF-PLANE BENDINGL
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L ANSYS'MODELS WERE USED TO ENVELOPTHE.
b WORST CASE IN THE GA-4 CAVITY i.lNER: q-=

J;

:

:

F
.

e INTERNAL PRESSURE !i
'

j[
'

|. '8ACKED

| BY UU , ~ 3 EN. ,- !.

j , -- . ;

| ww/mwi .. |

| d !
'

! ~ 31N. !
! !

'

. _ _

,

;
i ,

!- BACKED-
7

! 8VDU- t

i

!
'

-
.i

'
i

'P,+Pb
.

NORMAL 2 KSI << 49.8 KS1 ALLOWABLE :

!
-

| MARGIN OF SAFETY- + HIGH - *

| |
:

I J-217(92) -)
' 10-11 89

'

|
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5*0' & E

g)A@ [[/ d%IMAGE EVALUATION
(@4

,g \/ TEST TARGET (MT-3)

+ .

l.0 |f 2 2
's || |L24

i,i [m lin
I.8

1.25 !.4 1.6

1

: 150mm O

4 6" >

4L*'%//// /$
+%& ,)7////c s # ;cs ( $__

.

\;
'

& 9p'
o ( &d

I, 4
k_ .. . .

-
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IMAGE EVALUATION

'%y f[d#,
4

4)y TEST TARGET (MT-3) fc #4

,

1.0 !!En EM
y8jLM

u U"Mla
I.8

_

l.25 1.4 1.6

4 150mm >

< 6" >

dI+fz # v'4<>#+w+ h/
+%ri yFr ~.

o e
IE. 4%
g

- - - -

m:, .m ,
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S r% IMAGE EVALUATION
/ [4 # ,f4 #

\[/g//p%[(p/' kyfzzg<jd'4
4

$k/ TEST TARGET (MT-3)
'g

g///x ),+

I.0 EM M
'||BE !!

u L" En !

l.8

1

|1.25 1.4 1.6

4 150mm ?

4 6" >

i *' /4+,d!',Azz,p s

gj*k;)+(-4.;y %
.

oItt,A.

b L:- -______--_____._____._-=t,=X________-._.A
__ _



_ . - _ _ _ - _ . -. . . , , , . - . - - - = - - _ . _ _ _ - - - _ - - - - _ _ _ - _ - _ _ - - --. ----;__---_-------.. .

L' : M- ' W W2 - 'W.: .' M .: . - ;-:M 7- p :: ..- :
,

-
- ,

'$._- .:

.

.

!<
. .

. . .

L - THE FUEL SUPPORT STRUCTURE:DOES.NOT BUCKLE - GA-4 CASK'

: _ .;

:.
t
.

i

5-

|
i, .

! DU LOADMG .i
1r 1 r1r,1 r 1 r- 1 r

;
i r

! - ! APPLIED BUCKLE )b
| | LOADING LOAQ,LB LOAD, L8

!. SPENT SPENT ' -

! FUEL FUEL ! ' NORMAL 599 1432%I |
< - .

-

I
- -

! [ ACCIDENT- 1422. 2153kl
-

. 1 r1 r171 r1 r1 r1 r 1 r1 r1 r1 r1 r.1 r1 r ;
.

\
_, ,,

;

I | M CONSIDERING WITlAL CEOOKEDNESS OF 0.03 5. AND j

; PtRNEDMINED ENO CONDITIONS
'

'

! M WCLUDES FS = 2i

I -

i : M INCLUDES FS = 1.34 t

!, -

! : ,

, - i

0ssssss/////sssa ssssssssssssssss _

8.771= =

|

'l
)

)
)
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! ANSYS MODELS WERE'USED TO ENVELOPE THE
! WORST CASE IN THE CAVITY LINER'- GA-9 CASK -

i

;
-

i !

; e CAVITY LILNER - DU LOADING !

| SIDE DROP
'

| 5

i P,+P' ALLOWABLE MARGINb
; SI, KS1 PSI 0F SAFETY ;

: FLAT ORIENTATION

: NORMAL 39.6 49.8- +0.26

i ACCIDENT 95.2 99.5 +0.05 !
I

.

! i

CORNER ORIENTATION ;

NORMAL 38.3 49.8 +0.30 |.

ACCIDENT 80A 99.5 +0.24 |

1

*lNCLUDES OUT-OF-PLANE BENDING

: |

| io [E2

! -

:
.- -

- _-. _ - - - - - - - - - - - - _ _ - - - - - - _ _ - - - - --
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hCENERALMDAWEN.- . _

'

L ,

| THE FUELTSUPPORT STRUCTURE DOES NOT BUCKLE - GA-9, CASK
'

t
*

,

r

: ;

l ,'
t

| APPLIED BUCKLE (a) j
|. LOADING LOAD,LB LOAD,LB :

,

NORMAL 256 884%I i-

| !

! ACCIDENT 645 1329(c) |
| 1
, .

| (a) CONSIDERING INITIAL CROOKEDNESS OF 0.03 IN. i

| AND PINNED-PINNED END CONDITIONS !

!
(b) INCLUDES FS = 2 ;

(c) INCLUDES FS = 1.34 j;
t .:

! >

! I

N
!
! .!

J-217(20) f|

10-11-89 '!,
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| THE HIGHEST STRESS CONDITION IN THE CONTAINMENT- |
| ~0CCURS DURING THE 30 FT SIDE DROP - ;

~

i q

: ;.

| 1

i
!
i a

| 30 FT SIDE DROP ,

i !
i !

' ,!
.

Y. , . - - - . - - . _ . |$ ..

<

i - -

; i< G 3 -e- i .!

| m,g, -. .gg / |

: a u a u

-

1

i

i |
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10-11-89

| f
;

.- - - - - - - - _ - - _ _ .. . - _ - _ - - - - _ .



me aan um en me me -es ms am' esiss a me :mm :sme == aus un-smm an :me.

|| 4 ,_ _
~

~

~

: . . .

;

i ANSYS RESULTS ARE L& SED TO STUDY CRITICAL SIDE DROP EVENTS :
n .

| :

!

,

* ANSYS ANALYSIS-10 g
q

i:

; y

i e INCLUDE CAVITY LINER (CL) EFFECT AT MIDLENGTH :

| .

.

| SZ -
S

WITHOUT CL + WITH CL-

RE T ,

:
:

1
:.

i e SCALE ANSYS RESULTS TO RIGID BODY G-LEVEL. 1
:

! 1

e MULTIPLY BY DYNAMIC AMPLIFICATION FACTOR TO OBTAIN
I FLEX 1BLE BODY RESULTS l

a
!

|

'
'

J-217(96)
10-11-89-
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a
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i $ anwesem.maNacs j
MAXIMUM STRES INTENSITY VALUES DCCURRED AT CASK u

.

; MIDLENGTH - 9 m L29.5 FT) DROP RESULTS - GA-4 :
. -

i

! !

!
! FLAT ORIENTATION - CORNER ORIENTATION ' i

!

RIGID FLEXIBLE RIG 10 FLEXIBLE i

!

! LOCATION TYPE Si,KSI Si, KSI SI, MSI SI, KS! ;

1 CENTER OF P 2.16 3.08 4.78 E.76b
CLOSURE -

|
!.

{ 2a FLANGEITAPER, P, 9.00 12.82 17.78 25.28 j
i X=0, LOWER P,+Pb 38.72 55.27 24.03 34.86 |

|. 2h FLANGEITAPER, P, 19.75 28.04 5.22 7.45 !
! CORNER, LOWER P,+Pb 31.46 45.23 18.97 28.07-

: *

'
3a MIDLENGTH P, 30.51 43.24 20.99 35.54 -!

|
Z=94, MIDWALL P ,+ Pb 50.90 71.63 26.44 37.24

j 3b RIDLENGTH P, 31.60 44.87 42.48 60.30 !
i Z=94, CORNER P,+Pb 36.01 50.74 44.73 63.83 >

ALLOWABLES:

| Pm (2OO'F) " 08 7 ESI i

P,+ P (200'F) = 99.5 KSIb
. ,

i MINIMUM MARGIN
i 0F SAFETY RIGID FLEXIBLE l

! P, +0.64 + 0.16 f
J-217(95) P,+Pb +0.95 +0.39
10-11-89 ,
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THERMAL ACCIDENT MODEL #2 RETAINS
| CRUSHED TOP IMPACT LIMITER
:

! >

1CRUSHED-
CLOSURE

N PACT
: FLANGE LMITER

! NEUTRON NOLE FROM i

| SHIELD PUNCH

\-
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; STRUCTURAL MODEL PREDICTS THERMAL
i

STRESSES AND DISPLACEMENTS
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! 4_g_ . .

i STRESSESDISPLACEMENTS ARE ACCEPTABLE .

i
!

!

!

j! e MAXIMUM THERMAL GRADIENTS OCCUR AT O.5 HR

i

i |

| e CRITICAL AREAS ARE BELOW MINIMUM YlELD (Sy) |
u

| - CLOSURE BOLT (129 KSI VS 138 AT 400'F) j
! .!

| - SURFACE NEAR SEAL K35 KS1 VS 40.8 AT 400*F) |
| |

| - SIDEWALL K22 KSI VS 43.4 AT 300*F) !
,

! !
: i

| e YlELDING CONFINED TO TOP AND CORNER OF CLOSURE- |
|
; i

| e SEAL INTERFACE OPENS TO O.044 IN. MAXIMUM !
!
1 !
i

-

! !
! :
j J-217(68) !
i 10-11-89 |
i i

! _
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[ $ ammsuras mronnes

SUMMARY OF DISCUSSIONS
i

~I
:

,

| !

q

i e PHASE I IMPACT LIMITER TEST RESULTS WERE USED TO IMPROVE
! IMPACT LIMITERS :

.

i .

| t

e CLOSURE BOLTS ARE DESIGNED TO WITHSTAND ALL CLOSURE LOADS
AND MOVEMENTS !

! !
; q

i e ANALYSES SHOW SIDE DROP IS MOST CRITICAL FREE DROP FOR i

CASK BODY !
-

-I;

e FUEL CAVITY LINER AND SUPPORT STRUCTURE WILL MAINTAIN GEOMETRY
AFTER HYPOTHETICAL ACCIDENT EVENTS-.

:,

!
!

J-217(82)
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