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V Free Drop Impact Analysxs Program

Introduction

This program treats a smgle degree of freedom non-lmear 1mpact model
~of the package. In this analysls, the fallmg mass is decelerated by a
:cont:.nuously varying force proportional to the effective crush area. The 7!
non-linear equation of motion is integrated ﬁtilizing an Adams —Moul'ton,. '

Runge-Kutta algorithm from the time of initial contact with the unyaeldmg

surface till the package model comes to rest on the unyxeldmg surface. -

The Adams -Moulton, Ru.nge-Kutta algonthm utilized is a_ standard FORTRAN_ -

IV applications subroutine developed at Space Technology Laboratories (now - -

TRW Systems) by Robert Causey and Werner L. Frank, November 30, 1958, |

_E:guation of Motion

\/ The second order differential equation is: -
§e X
Mx

te S w

Initial conditions are:

i x o ' - '
: T the decelerauon of the fouowmg mass (x is + downward)

4 kg = unual velocity at contact with surface
“‘;:x;:“ = xmtxa.l dxsplacement .
My = the,dxsplacement varying mass .

= initial total mass - mass of crushed media at rest .

= Mg ~:my

R sfefro




_ PATENT PENDING
W = Weight (lbs) o

386.4 in/sec?, gravitational constant

»
"

Fy = the displacement varying crush force
= Ocr * Ax

Ocr = crush strength (lbs /inz) of crush media :

Ay = Effective displacement varying area of crush surface (inz)_

'nix = mass of crushed material | | |
= (p/g) - Voly

p = wt. density of crush media .(lbs/in3)

Vol, = Volume of crushed media (in3)'

‘h = drop height of package (in)

Evzaluation of Equation Coefficients

The values for A, and my are particularized for each ifnpact orientaﬁon
of the rectangular container as follows: -
£E7 1. Flat drop |
&./ ’ j "W
| my = ( o/g)d wx

Where: j = length
w = width
x = crush depth

SR . Edge Dr¢->p_
oy . L agsexd
:mx"? (p/ g)sz

- 3. Corner Drop . o | 1
CEo AL = W = x? AR
A - Bx 2 2 g L

¢ w4
¥ — Note: . x=crush depth

t | "m»uM"V . ..Ld1sta.nce from corner to plane passmg through coordinate axis at
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APPENDIX B

P'ATENTHP!.‘E:NDIN;G‘ .

Introduction c

Thzs summary report descnbes the MR.I developed computer program, o

PUNCH whch treats the puncture loading of 2 supported or backed membrane_,

L A L E TNy £
AL IS ShE A0

sheet by 2 cylindrical pin or puncture column of finite rachus. ‘ The sheet is

" considered to have no bending stiffness and to carry all loads in a membrane. : -

RS UM S TR

fashion. The backmg or supportmg medra is consxdered to be purely plasttc

and possesses no shear strength.

This analysis program allows evaluation of Department.of ’I‘ranvspo_rta'tion .and‘

Atomic Energy Commission criteria for puncture loadings of Hazardous ' _ o
Material Transport Containers and Casks 'as.prescribed in IOC£R70, R S E
49CFR17]1 and AEC Manual 0529. - | _ e

Membrane Failure Criterion and Basic Total ‘Energy Relations

The sketch below illustrates the deformed membrane and backmg medxa

£ | when loaded. I . rl -
‘\\_/ ) :;. : . » r . K ‘.‘;,,T R : -v : la : - . » :
. : %’ 6o . { — o

" " - Backing_
WIogi . .- Media’

. .-

& Face Sheet | |
Membrane A B
)

{Puncture Pin
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- Where: 'r, s Radiue of Cylindrical Pin _
a . r} =  Radius of Deformed Region )
 Gep e - Crush strength of backing media
6o =  Inclination of membrane at edge of pﬁz
Z, .=  Total depth of pin penctratien. |
F =  Total force applied by penetrating pin :

The membiane £aih when the strain excéeds theselongation capability of .

membrane material. Strain in the membrane is related to two displa.cements :

- {1) a general inclination of the draped membrane sheet and (2) a bendmg

of the membrane sheet about the pin edge radius.

The strain due to general inclination, Go is:

1
l+ej

1l _ A cos 6, =

- 8 | ~ R IR
€] wme
‘1\_/ | . 1o | R ° |

"I‘he above relation implies that the membrane .ca.nnot'elip with regard to the
backing media or puncture pin.
Additional .strain occﬁrs due to the bending curva.t:ure of the sheet thickness,

tg, about the edge radius of the pin, re. Consider a dxfferentzal .segment of

- the membrane, d,. Assurne no slip on the pm radius,

T .. The strain due to bending about
_j . ~ the pin edge radius is:
- Jtg
§.~B .

C)C; -'B,B,
BB,

. cr-=

= (re +tg) 46 - rod6
. re dé

A B L A ~as)

‘ L B S .’;._,'.,V -'- . v ._. - ..
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Strain is assumed to redxstrlbute in the unmedlate \ncu.uty of the- pm edge ' g
- radius. Spec1£1ca11y, 2 uniform strain sta.te is assumed to exxst e1ther ; »
sxde of the pomt of tangency of the sheet to the pin edge radxus. "The total L 1'
allowable strain in the sheet is thus du‘ectly related to gross rnatenal iy
elongatxon potennal' 8, + 3ts ;
Allowable f | _ '
Elongation % __;_ [ (€i + €r) dl Do ‘
6o + 3tg (IC)
100 : f
al
o .

This relation symbolically states that the"fa.iflure'criteri.on of the membraxie e
is related to the average strain existing from the axis o£ syrnrnetry ( (i, of pm).
a.round the edge radius and beyond for a distance of 3tg. ’
The total force applied by the pin is

Fi = 20 gy Mrot 8in 8o + W Ocy rol . (2) )

Where: Ogy = ultimate stress of membrane -
t = thickness of membrane

The total energy absorbed by the crushing media is:
Zo* I
E-= wa:+z°*)/_ / - Fz dz - (3)

mé;e: Zo* is the total depth of pxn penetranon at
v ,%_- * membrane failure ‘f ‘

~. "% . Ws=package Wexght'

h= drop height

The radius of the deformed area of the backmg media is obtamed frorn basic

ethbnnm prmczples as follows-
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| ( " Membrane Equilibrium Equations

| \“/ : The basic eqﬁaﬁoné of motion are obtained by consgidering the annular

differential portion of the membrane shown below.

b——R

vz
é{:/ o Equilibrium in the horizontal and vertical directions gives: |

d 5 . |
E(Pcps“9)=0 S - (5)

Ei_l—-(Psin 8) dr + 21 Ocyp rdr = 0 '. e

From (5): P cos 6 = H = constant

T P = H/cos §

Then (6) be'{:omes: .
—‘; (H tan 8) = -2 Oy © - M

dZ
_ dr

, therefore:

-_dr

-

H

MECHANICS RESEARCH INC.  -72- _, ,
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S =S% s e - ' (8A)

Where:* w= 2n0cs T (8B)
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Now, from membrane nltlmate strength charactenstzcs we may denve a o |

relation for H in terms of apphed force Fz. L | |
H = p“, cos 6o S .. s "
'_ Bﬁt P, ie .directl)'r related to the ttitifl;;ate Streng’t.};‘ ;a.Pai;ili't*';f thc N
membx;ane, - ' o -

The next problem relates to the choice of an ‘appropriate radius value, r. °
The minimum circle is seen to occur at the top tangent point as the membrane

becomes horizontal on the top of the pin.

Tp & Fo=Te - (9C) |

Substttutmg (9C). (9B) into (9A) gwes. s

H= Zﬂosut (ro-re) cos Bo " (9D)'k .




"‘ ;L,‘ , - -':‘HlJl‘l
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Now, the péramctcr w is found by substituting 9D into (BB):V..'

AR c
w= cr

Ogut (ro - Te) cos 6
And from (2):

: 2
sin §g = Fz = 0cr o

Zosu T rot -

cos 6, = [1 - sin? ;) 1/2

~ Solution of Equation (8A) is obtained by direct ihtegratibn: |

dZ = -wrl +c1.
dr r
Z = | wr3;|»c
= oSwr lrtc2
6

‘Boundary conditions for (10) and (11) are:

r=ro: _Z=0

dZ :
dr - tan eo

r=r1:' az

—_ =0

dr

Substitution of (12B) into (10) gives:
LR
. €] =tan B + Wro
2

S\_Abstitution .of (IZC_) into (10) gives:

,
..c
1 2

2. — e g - . -

'

o (9E)

(9F).

(9G)

(10)

(11)

(12A) -
(12B) =

- (12C)

(13)

(14)
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‘tan 6 = ‘%""( rlz_r ro2) _» . ‘ . (15) o ot

" Substituting (12A) and (14) into (11) gives:

3
_Wwrg 2
€y =

6 N
Fmally. upon substitution of (14) and (16) into (11) the equatxon of the

membrane becomes

Z = wT { r‘,3 - 3:3:’0 + 3r1'2r - r3) C '_ ' (17)
The total displacement of the penetrating pin, Zo, is fou_nci by setting -
r=ry: . | '

z°=—‘”é‘-(rc',3-3r12r +'2r13.) ey

Where w is glven by Equatlon (9E)

Computer Program, PUNCH

PUNCH has been written as a FORTRAN IV computer program based uﬁon

the relations contained in the foregoing analysis development.

The program has been developed to support design. A built-in program

7. loop continues to- cycle until a sa.txsfactory membrane sheet thu:kness is -

& determmed *

: Baszcally the program performs the followmg step5° -
> " e For each trial thickness the program
: _w-o Computes 20 even increments of load from‘xmtxal crush
“to final membrane tear usxng Equation (2).
i f; 'Checks each incremental load to assure that strain
allowa.ble is not exceeded Equation (lC) If needed'
the load va.lues are ad_)usted or reduced in number.

Vs

: th,q&,u IR TR
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~ - PATENT PENDING ~
e ; Computes correspondmg deformed area radius uemg
‘ Equatxon (4) | )
. Computes the paramerer. w, using Equation ($E) .
.. 'Compufes 'displacementlis corresponding to the 20 or
| vless increments of loed osing Equation (18)° }
. | Integrates the force - displacement relation utilizing a rrape;oidal '
‘rule elgorithm to obtain total absorbed eoergy. ”
e Compares energy absorbed with the total reqmred energy whxch
must be absorbed, Equation (3).

e If the total energy balance is unsatisfied, th‘e’ membrane thicknc_ss _

is incremented and the analysis is recycled. -

Comparison and Conclusion

For comparative purposes, this computer routine is compared with test - -
data reflected in Figure 2.2 of the Oak R:Ldge National Laboratory Irradiated - :
Fuel Shipping Cask Desxgn Guide, ORNL-~- 'I‘M -2410, January. 1969 (next page) B

Computer results are plotted over Figure 2. 2 from OR.NL TM-2410 thh
substantiating computer output following. In addition to lead backed test
data, the program analysis results have been compared in a go/no-go =
fashion with test data for two MRI developed soft backing media designs
The results compare as shown in the below table, substantiating computer

o resuli:s follow .

.| Design DOT | Media Thickness (in) ~ Result
| Designation S.P. | Strength ‘ :
o ' ' (psi) Test Analysis
1. Paper Tiger| 6000 | 30-35 .0359 .0175 No Puncture
2. Super Tiger| pend-| 100-250 .375 | ° . Puncture
.- |ing | 100-250 | .4375f | TestOnly No Puncture
' -.100 Analysis . 400 - ‘
200 Only 475 - -
MECHANICS RESEARCH INC ~76-

5 /4 /74




PATENT PENDING

engmeermg deszgn valves for puncture evalua.txon. Pendmg further -7"— :

calibration of the program it is recommended that it be apphed wzth a

minimum factor of safety on "deszgn only" compha.nce ceruﬁcatmns of

+0.10 to +0. 25. Purthermore. it is essential to assure in desrgn and

fabrication that the membrane material possess minimum ultimate stress R

and elongation capability as input to the computer program.

. T D S e PGS &= W § TRWmS G & e o ¥S S
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NOTE: SeWLTIMATE TENSLE STREGTM
) OF JACKET MATERIAL

) ]
SRR R
The Ultimate Elongotion Of
.. The Outer Shell Malercol
% Must Be Grecter Tnon 0%

“,.

I ]J l
CASK WEIGHT, W, (Lbs) .

RS % 1

o h
L)

ek
b
]
¥

. MINIMUM CASK OUTER SHELL THICKNESS,!, (inches)

b e

100000 - 200,000

Fig. 2 2 Graph t.o Estimate Minimum Outer Shell Thickness.
From ORNL 'I’M-2410 January 1969

,Based upon these check pomts. PUNCH. appears ‘to dehvcr reasonable ) &
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" FACKAGE KEIGh1 (LE) = 1zzco.'
V.Daor REIGhT CIND = . |
‘KINETIC ENERGY TO ABSORE (FT-LE)-= | 33533.
 ULTIMATE STREbS‘OF MEMBRANE (FS1) = 4BOGU.
:ULTIMATE ELONGAT 10N OF MEMERANE (%D = 4be _f
“"RADIUS OF PUNCTUKE FIN C(IND) = 3.

EDGE RADIUS OF PUNCTUuE FIN CIN) = .25'

RJAL CASE DATA
- CRUSH STKENGTH OF BACKING MEDIA (FSID .= “360.

JINITIAL & INCREMENTAL “TH1CKNESS
OF. MEMBKANE SHEET (1N> & o450.£2

NUMBER OF MEMBRANE §hEETS = ]

ce

UNCTURE DESIGN TRIAL CASES

xansaksnkkk VALUES AT MEMBRANE FAILURE 3 2kkassor

SHEET CRUSE . TOTAL  CKUSh TO0TAL  PEAK ShEEY
“THICK .RADIUS - FOKCE - DEPTH  ENERGY ACCEL ANGLE
. ;;cxn) _ (IN) . CLB). CINY (FT~LE) (GY> (DEG)
“ Be2500 .;241- 196956 T 1.29 I 16965. - 197 Lbedi
£.2700  5+359 T207SG4. | 1.3 16925 2heb | 4&e4
P.206M . S<493 218(57.°  1.45 21:963¢ 21e8 - 4&od
G.316E  5.625 228611. 1.55 . 2306TTe 22.9  44.4
m.aavh $.753 239165. . 163 = 25267. ‘239 - Lbed
B.3566 . S.H79  24971be 1.76 ~ 27529. 25.6. 4a.4
b 3I6E  6.0B2 26£272. 1.76 29864, 260 bhe k.
'@.3900B 6122  276E25. - 1.86 32269 = 27.1 bL&e i
B.2100  6.24D - 2813796 . 193 o B4TL4e . 2Bel | Lhed : '
€.4308 = 6.356 .291932.,'. 2.61 - 37287. 29.2  44&e& SDESIGN VALUZ»
T T e Tt R “

VEEE N E S W et § P TR BEUR G S B B e

oo R oot 2
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smﬁc:msm:.nc MEMBRANE PvNcme'ANALul:_’ (7,

%3 BAbIC FNGINEEnING DATA
rACKAGE PEIGH? (LB) = 49068.

* DROP REIGHT CIND = 46

”kxustlc ENEKGY TO ABSOKE (FT-LB) =?"éeéei. T
. ULTIMATE STRESS OF MEMBRANE (FS1) = &U5GG-
 ULTIMATE ELONGATION ‘G MEMBRANE (%) = a%.
| 'RADIUS OF FUNCTURE FIN CIND = 3.
EDGE RADIUS OF FUNCTUXE PIN C(IN) = 25 :
: . ' ’ ‘ .j
| s+% TRIAL CASE DATA _ .
W " CRUSH. srkzucru oF sacxst WEDIA (PSD) = 2306 :
\\,/ o INITIAL & INCREMENTAL THICKNESS

OF MEMSRANE bhEET (IN) s oSoobS

NUMBER OF MEMBRANE ShEETS = 1

%%i PUNCTUKE DESIGN TRIAL CASES = | .
-g; ?[ ********** VALUES AT MEMBRANE FAILUKE LT YT Y
SREET CRUSE - TOTAL ° CKUSh  TOTAL ~ PEAK SHEET

E ShICK ZRADIUS S U FOKCE_ DEPTH . ENERGY ACCEL ANGLE' .
’”».Jtlmj ’_cJN) g; (LB - SCIND (FT-LB) - ¢6) (DEG)

5 é;hgsnﬁﬂ ;£6.7461~ 3eb87b.. L2626 ='A67b9- 164 4de 4
T BeShWis T.812 0 355254. 2.43 - 53915e 17.8 Lbe &
. Be&UDI  T.268  3b163. 2.66 61512. - 19.1 T&ced .
 Geb58Y . 7+515. 4B6L621. 276 69476 204 L4604

-----

8L7008 - 7.754, - 43440S. . 2.91 - T7621. " 21s7 44«4 %DESIGN VALLE~

—_ B
< - .
o -~ y -, ‘.&"
- P Y P T P e A e L ] N ~% - .
.
.. : . . e -
M . .
i e 2 i
“ : .. -
5 S
. . -

5 i * e

i = 3.
= -179-
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NISTATIC INELASTIC MEMBRANE FUNCTUKE ANALYSIS . 12) fer e 27 I

s55 BAbIC ENGIhE;RI&G DATA
| FA»KAGE LEIGHT (LB> = 20000-
" DKOF KEIGHT CIND = Ab., |
KINET1C ENEKGY TO ABSOKE (FT-LB) = ~ 66667+
| ULTIMATE STRESS OF MEMBRANE (PS1) = 78060 '
" ULTIMATE ELONGATION OF MENDRANE (x) = &be
KADIUS OF PUNCTURE PIN CIN) = 3- L |

EDGE RADIUS OF-PUNCTURE FPIN (IN> = .25

. \
é?’v** TRIAL CASE DATA _
N | CRUSH STRENGTH OF BACKING MEDIA césx:.:’asee.f:;~f

INITIAL & INCREMENTAL THICKNESS - . )
OF MENMBRANE SREET (IN) = .3,.02

NUNMBER OF MEMBRANE. SHEETS = l

e

.‘*k ' 2.";

-

g ey PUNC;UPE DESIGN snIAL CASES.

,.r

. E L. sEkssessss VALUES AT MEMERANE FAILURE o o R
. SHEFT -CRUSH = Y OTAL CRUSH ° TOTAL . FEAK ShEET
Z-ThiCk RADIUS:.  %FORCE - DEFTH  ENERGY ACCEL ANGLE
=S gxlno-'g.(1~>:§ g (LB)' CINY (FT-LB) = (G CDEG)

 Ge3GBB  6ebEH 42062+ " 2.35 - S8265.. 171 Lol
 £.3206 - 7.664 - 36053Ce 2.26 . 554B7.. 160 aa;q
P340 ;“7.2¢21~”37a999- 1311 60735 . 169  4ée 4

£« ABHE . e o417 B39T46Be 2.69 | 66247. " 19.9 Ll &

7.887 415937 0 2e81 . T1937- 208 4hed mDEblGN VALUE®
’ ’ s y :. - ’ . » : . . .
l » . ..:f o et sewes ..,.. tae ;:.-:-: r R cee = .
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G B o  l)4&:r1EbJ1f')Esh‘tSihlcs:J:MA

smnb INELASTIC MENBRANE PUNCTUKE ANALYSIS "}Lw- nTnel , Doy o0 fune]

f;*'agsxc;sﬁaluesxxns DATA
PACKAGE WEIGHT (LB) = 660C..
DROP'HEIGHT'(IN) = 40. ‘
ro T KINETIC ENEKGY TO ABSORE (FT-LB) = 22060.
ULTINATE STRESS OF MEMBKANE (FSI) =, 40000 -
““'f';i _ULTIMATE ELONGATION OF MEMBRANé.(Z}_= 4.
RADIUS OF PUNCTURE FIN CIND = 3o -

EDGE RADIUS OF PUNCTURE PIN (IN) = -25

*&% TRIAL CASE DATA
"cnusu srasneru OF BACKING MEDIA cpsx> = ae.,

¢

INITIAL & INCREMENTAL ThICKNESS

. OF MEMBRANE SHEET" (IN) = -0%5:09345

.

Nunssa'or'mzmannnz SHEETS e 1

*** PUNCTURE DESIGN TRIAL CASES -

§ *»*****$** 'VALUES AT MEMBRANE FAILURE s®sssisris

SnEET TCRUSHE . TOTAL - CRUSH _ TOTAL  PEAK SHEET
THITK “RADIUS™ " FORCE DEPTH = ENEKGY ACCEL, ANGLE
Comp Tyt sy - am. (FT-LB)> ' - (6) (DEG).

'*’c.zﬁso 6-0E2" .- 3487+ - 183 - 410. 5
GBS -':.141 T aBP6be | 251 . . T52.
(50158 a‘s.asgf,_;-elas; T - 3e12 .. 1167«
o125, 8.8 8T S Thddbe . [ Be6T o 1646677
L BeELSL 96643, :° BT63e. T 4elT . 2184.
T.0175 " 1a.a¢33"ﬁf1a083{ D deb4 T 2778 -

dde &
cdidie 4

L4404
4404

e ¢ o 0 o o
WLLLLW

NN
BT NANCI .

i P&,‘-Gé_f-‘*‘,;‘; l\ -;ur.'.. - N eewexuze [P

e

bl .
dlie . -

*DESIGN VALUE»
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. STATIC INELA*“IC MEME hANE PUNCTURE ANALYS’b ) _;uoggagrr.c"

\\,4» BASLC ENGIN”EKIAG DATA

| 'racxnes WEIGHT (LB 452@6.-”
r ;.5" ; : DROP hEIGHT N = 40,

| K;VFTIC ENEKGY. TO ABSOKE (FT-LB) = 156866
ULTIMATE STKESS OF MEMBRANE (PSI) = 55660
ULTIMATE ELONGATIDN OF- MEMBRANE (%) = 33.'
KADIUS OF FUNCTURE PIN CIN) = 3.

hDGE KADIUS - OF PUNCTU&E FiN (IN) = +25

TRIAL CASE DATA . : ' ’ .

L2 2

CRUSH STRENGTH OF BACKING MEDIA'(PSI) = lﬁb-
' INITIAL & INCREMENTAL THICKNESS

OF MEMBRANE .SHEET (IN) = *15,.025

el

s#» PUNCTIUKE DESIGN

NUMBER OF MEMBRANE SHEETS = 1. . ... -

ssenssenkx VALUES AT MEMB

THIAL CASES

KANE FAILURE o R

SKEET CRUSH TOTAL  CRUSH, TOTAL PEAX ShHEET
TH1ICK KADIUS FORKCE DEPTh - ENERGY =~ ACCEL ANGLE
CIND - (LB) C(IN) - C(FT-LBY ~ €G> (DEG)
’-b-!ﬁiu T1g.836  1L2193. - Bead - 4BI6T. 2.3 397
?; (e 17506 ,.19, L42 M1187540> . 927 - 61545, 2.6 397 |
T aPEfl T1heTS4 T T135315. 10.065 ~ 75813. . 8eB 397
i 205U 21947 151876+ 1078 911024 3.4 . 397
8 b-‘smm.,aa;iss, 168437+ 1148 ' 167356+ . 37 39.7 .
Y GlinTSh  R4.267 0 184998.. 12014 124526+ “4el. 397
L Ve350l, 053290 20651559 ‘1278 14257C . £eS 397
e‘“&i*m.s?bbigas;ssw.;“218129;., 13.36 . 161452 Lels 397
. - -L{oasebi '270332 . 2346810 . 13.97 . 1653140« S Se2 - 839.7
LT 15.875% - 284279 L ‘p51242. | 1454  2B16B66. S¢6 397
g f)o Lﬁv.(o""_’..“ 290 ‘ 97 ;'_ 267892' - ‘15_062. .; 222822. “..-_ . 9:? .;._ ._39 he ?_ *DE IGN Vru.uz..-\
LT T -'82'_

.. .
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'PATENT PENDING

|k TRIAL CASE DAIA

INITIAL & INGREMENTAL “THICKNESS

-gumssn'or msusnﬁnz SHEETS &= 1°

© ONEE PUNCTURE DESIGN TRIAL CASES

.~ o mwe cmae

CRUSH STRENGTH OF BACKING EEDIA'cPSIS = 260

Y TR

owam « - e s e e wmsses

'OF 'MEMBRANE SHEET (IN) = 354025

wvesssssx¥ VALUES AT MEMBRANE FAILURE SRR

39 7 *DESIGN VALUE»

SHEET CRUSH . TOTAL CRUSH .TOTAL PEAK SKHEET
THICK RADIUS - FORCE  DEPTH - ENEEGY ‘ACCEL ANGLE.
CIND CINY (LB) .(IN) tf"kﬁ) ' (G) (DEG)

£.3600 18.036 2643860 .Bek4d 967330 : “deS '390
. p.3250 1B.752  220947.. . &- 66 189630 . * 49 397
- EfSS@@ 190442:"23756803 - 927 123991« 53 397 -
5 (e 3TSO 20109 . 72540699,.__9066 . 137695. S.6 397
b G~ 4006 w2ﬁ0754.:f27363b-j 1005 ;1516270 T Ge®  3F9eT.
£ ﬁo4250.~21£379' S eBT191.. - 10-42'“ 166668« - Ged” 397 .
~:..,791945(’:(4 21-987}'.3637520~_ 10.7¢ ; 162265+ T GeB 397
= 31475@ 22-579?_}323313- 11,13 - 1932240 e " Tel.

. . _. . - -

T
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. APPENDIX c

THAN Thermal Analysxs I-‘rom Reference 6

03_.’3 o _‘j'I-‘ire Test

The container has been analytically subjected to the required 1475°F
fire test for a ‘30 xmnute period, usmg a transient electrtca.l network .

analogy program (Reference 3). The results of this analysis show for the L

modified design that the temperature of the payload at no time exceeds
80°F. Figure 2 illustrates the thermal and time history response of the
container. The extremely low payload temperatures have been experi-
mentally verified by the previously mentioned Super Tiger development test
Super Tiger employs the same construction technique and was exposed for
one hour to temperatures between 1600 and 2000°F. At no time did the

payload exceed 150°F (minimum threshold for temperature reading).

'I’he overpack slde wall has been subdnnded into nine nodes representmg the -

thermal capacztance and conductance through the wa.ll. Each one mch

thickness of foam was represented with a node {7 tota.l) with the remammg
two used on inner and outer skins. The innerbox was 1dea11zed as 2 nodes,
one representing the A.N.L. steel box and rhe other its payload. Figorc 3

illustrates both the analytic model used in this analysis and the equivalent

electncal analog The assumed emissivities for this problem are as follows:

Heat Source' e=.9
3 _ Outer Contamer Walls- €= .”8

InnerBoxWalls.‘-_  e= .8
Payload: €=.8
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Figure 3

Argonne National Laboratory Waste Container

Thermal Analysis Model
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;' PATENT PENDING’

C The model :.ncludes the £ollowmg spcc:l.al feature5° '

\/’ e Couphng between the outer wall and the foam consxsts of a conductance
" term. ‘ _' ’ - » |
° Foam char adjustment to account for decompontmn a.t temperatures

greater than 750°F were mcorpora.ted

3 Couphng at the lug pocket consisted of radiation and. au- conductxon. ) -

. Coupling between the inner box wall and the payload consists of a - ’ e

radiant term, and a temperature dependen.t air conduction term. _
° Heat input consists of a programmed equrce temperature eqﬁal to
1475°F acting through a radiant coupiing term to the ogt'ei-' box wall. s
This heat source at 30 minutes dropsv to a temperature of 70°F. s
® At thirty minutes, a free convection and air radia_ticc term is
| introduced coupling the outer box wall to an ‘air temperature of
- 70°F. At 3-1/2 bours into test sequence arnﬁcal cooling on the
£ ocuter box wall is introduced. This reduces the outer wall tempera.- : -
\_/ ) ture to approxz.mately 70° in about 15 mmutes._ N S TR L

By P - e

The details of tlns a.nalysxs are summanzed in the fonowmg calculatmns' e

"3.3.1 Nodal Capacxtances
1. Outer Wall .
Weight = 1872 + 300 = 2172 1b.
= ,11 for mild steel
(2172)01 1 = 238.92 Bru/°R

"

0
!

¢
O

TN
"

= .1 -

Wezght = 579 ¥, zso 839 1bs

c =.2 assumed for foam (80% £reon, 20% complex mixture)

_@g)_(_z_), = 23.97 Btul°

SRY L
4
b

!
P e 3
RECIE RO !

+:
sl
&
o ¥
e

R AT AR O




'PATENT PENDING

. fe o 3. | Inner Wall
\/ E B | chght'

e

248.1 1b
11 N I
(248.1)(.11) = 27.29 Btw/°R

4, Payload Contamer
" Weight = 700 1b_
c =. 11
)y = (700)(.11) = 77. Beuw/°R

= . . Weight = 2300 lb
c = .33 (assumed) _
¢, =(2300)(.33) = 759 Bru/°R

3,3.2 Conduction Resistors

R..= /U

ij .
Aij kij. T
1. Outer Wall to Foam, R,

R = outer wall + 1/2" foam

kjj = 25 Btu/hr-ft-°F (carbon steel)

{249. 6)(25){12) = 2. 504 x 10° R/Btu/hr

Router wall =

;-: 9. 014 x 10-3 oR/Btu/sec

- o s - - . o

Rl/z" Foam = ((214/: )6()?;622)) '30 048 °R/Btu/sec

Rz = 30 048 + . 009014 = 30,057 R/Btu/scc- :

e

, z :I“oa_m l}t:sxstors. R3. R4. R R6. R R8 |

L , j- | R (3600)

Ry4.5,6,7,8 = (249.6)(.»24) = 60.1 R/Bmlsg_c

-
LN
g i N Y ]
. i S Tesl - y -
3
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(\/ . : | '3, ?‘oam Vtc~; VIn‘n‘cr Wall R9 — pATENT PENDING ey
| - Rg=30.05 R/Btu/scc o o T

4. Foam Char AdJustment Rz to R9

o

o 'I‘o account for decompositzon of the foam, the foam resxstors

VOIS i = Trem A AL

are defined as temperature depcndent quantztxes. _ Up to 750° F

the foam resistors have values as ngen in preceedmg paragraphs-;“i". i
Above 750 F the foam reszstors take a value eqmva.lent to an*
air gap of the thickness of the foam node. R S ‘
Ry = L . z
A kp
j = 1712 £t. '
A= 249. 6 £t
_ °F °R k;[Btu/hr-t-°F] |1/ki[ft-sec-°F/Br] | R;- |  f
£ |50 210 [ Loze891 | .144631x10%. [ esz9 | |
o ss0 | 1310 | .oz6213. | .137336x10% " £5.85 | é
1090 © | 1550 . f.- 029176 | .123389x10% | er20| %
1350 1810 | .032113 Ja210ex10%. | snoesfe ]
1490 1950 . 033598 .107149 x 10° 35,77
Payload Container to Payload, Rl 1
.Assummg Payload is damp sand or sum.la.r materzal :
‘{k j <=, 6 Btu/hr-ft- -F ] assume
‘ IJ ';‘,zn i - ' K o o T -
Rn‘ =L/12)(3600) = 6.045 " R/Bt‘u/sec e |
- (165.4)(.6) - )

1’ 12’ R13' RIO’ RM' RIS' R16
Radxatzon Couplmg. Inne. Wa.l to Payloa.d Box, R

- Complex Couphng Reszstors, R.,, R

10

-89~
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Y

2.

.
-

;3. )

A = 150 78 ft

,.-_‘Afws e ~ PATENT PENDING

2 .

‘r..=1

€ e -.8

© ky0 = {4761 x 10~12) (150, 78)

3
J

o-.4761x10 opt

12» Btu/sec-ft® - R

94

k..- ' :

1) 1 ) 1 A 71 -

S == -1 +( )+ ( ; -1)
o (e.i ) Fij .Aj cj .

Y 150,78 (1
(.8"1)+ b es.s ,(.8' 1)-

Interface Conductive Coupling.‘ 'RM ST

Bottom of Argonne Contamer to Bottom of Payload assume

30% contact area and 1/32" hexght aspentzes.

jij =1/2 (12-ga.) + 1/2 (20 8.3’ '

= 1/2(. 1046 + .0359) = . 07025"

Ajj = 58. SxSO 5=2954 25 in

= 20.52 ftz

_L07025)(3600)
(20. 52)(12)(25)

Conductwe R.esxst Rig, = = .041081°R/Btu/sec

Contact Res:st 11143 _:=V(‘l'l32)(3600)  +.060916 °R/Btu/sec
L (20. 52)(. 3)(12)(25) R

Ry f’ R, + Ry = 0.101997 *R/Btu/sec

Radiant Source to Outer Wall, R,

ER - .
ety o
~ .

¥+ - . vt
[ %4 = . e

b/,n /74

= 48,60 x 10-2 .Bt'u/-sec'-o.R4b;' '

L0001 A0 i LV 2 4 o= arl

t
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() _-).

= 87. 313 x 10‘12 Btu/sec °a

| Lug Pocket Ra_diation Coupling, R1 6

Aj=Ay=40in"% = . 27777 8%

€ =€ =..8 )

fij=1

K, = (4761 x 1071%)(.27777) = .088166 x 10712

(._ls_'f_l) +1. 0+ (L )(——-1)

Temperature Dependent Air Conducuon R,esrstance "

The conductzv:ty assumed for air uses the :.mperu:al relation

~ given in section 16 of Reference (6), Table ZO ’

: i . 1
: B ———
.Rl - Agkg | Ay . ki

1.5

where k=k,, 4924C _T . Btu/hr/°F /s

T+C 492

. ;\For Arr- k32 = 0,155

C=225.‘

" kj[Bta/br-it-"F] 1/k; [ft-sec-°R/Btu]

| .026213 ~ .13msex10®

- .013715 . .262486 x 106
.018902 ) .190456 x 106
7.022646 158968 x 10°

-

5.029176 .123389 x 10
£.032113 = - | .112104x 10
©.033598: - . 107149 x 10

e
o~

A g

o
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G S  PATENT PENDING -
p L a. Innc.rhwén :to Payload Alrgap, RI_S'
( yi ) (145 -72.5) nzL
, (1) (58.5)(50. 5)

008123

(' \ ¢ _ (52 -50.5) (12)
Algige 1 (2) (1) (2) (58.5) (72.5)

(1) _ (60-58.3) (12)
V& /side 2 ¥ (a) (0. 5) (72.5)

=:. 001061

= ,001229

' The above are coefficients for parailel resistors

Ris = Z_l__ 1 L1 w1
~ R . 008123 .001061 .001229

(_%) "= .000532117/ft. -
15 o

b. fotmg Lug Pockets, R13

These pockets, or cavzues. e:.tend from the container outer

wall to the payload.

/=9.51n

A =2-1/2%8=20. in°

R S W (L S
& ('-_,A”-“) S (20).(12) v o+ ‘- 5.7/4

B
o
RYTED

i

R
,:, y}"-):‘-‘i’\"“:‘.‘i Ny
i .

KRR AR

There are two 6f these:

oL : : = - = 2.857/1t.
R ( A .)13 1 2.8

ISR LT LR L 5.7 5.7

- L 6as Combmed External Air Convection and Radtauon
"“ Followxng applxcatwn of the sxmulat..d 14 75 degpree {fire the oute

‘box'wall is assumed to be cooled by combined air convection

" et

MECEANICS RESEARCH INC.
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and rediation. The coefﬁc;ent unhzed £or this combmed _
eqmvalent convection loss has been taken from the data ” ’

 presented in Table 11, Pages 4-106 and 4-107 of Reference (5)

h=(hc +hr)@150° T = 2.40 (Avg )Btu/ftz-hr[ p " .

1, (3600 sec/hr) ~
12bA (2.4 Btu/ft° -kr/°F) (249.6 ftz)

_R _
= 6,01 F/Btu/sec
This resistor ethches in@.5 hr. . o o ‘ ;A SO F

Sample output from the computer program.. Reference (3), is‘

included in the following pages and to subatant;ate the plotted

results, pages 29 through 35

3.4 Closing Device

SO | P 112 e e o

NOCH APEANL

| - \__/ ¥or impact agamst & cover edge, 28 shown below m F:gure 4, the closurev

R device u loaded by the decelerahon of the payload and cover. Aseu.mmg tha.t .
approx:mately one kalf of the payload weight reacts againat the cover, the B | \
total force, P, tending to burst the cover is g:.ven by - : ) - | . |

P (W + W )Gcose
S

where W, is the cover weight and W_ is the payload weight. For the subject

’%‘ ., overpaok G s 36 40' and cos 6= 0. BPOZ o S _ ' .
Lo ~ PATENT PENDING
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MCHAMCSRESEABCHING. «93-
93 97{/76 |



m
m

:
i
i
!

i

ARGANNE
LEI ER
-.2202 21 -.2500
Pl L ..,..w )
TagT el ENIENANCTY 24Ty

NN (IG W NRNUWNE N

e
~ o0

INITEAL TERNDERATUAE OATA

TENPERATURE
togc.
e 1934 74C0
«8296983
02296933
«52959¢C)
«32%59+33
« 5298903
" e829894C3
«5295%4353
82989908
«%2339L3
«52989¢(3
052939203
«5298 %33

NZOT CASAZITANSE 2873

.
IV PR T BN

- o o -
wh N

Cadatiran(e
STysose,Q
~. 1602051

023892423
e 2397382
0239774102
«23971022

e 2397032

N0Ot

"0 8331CeT
. edI9VT22
02123722

-
QDB SR E A e

LI

F e TN R

-
~

B IECATIRG WITES

023812422

o 79935723 .

. . \ .
A .
cAvd T o, QuNESIr e CAL DERITINED

-« NCOL

-.0228 =L ET -.03C2

QUTER RRC, CLLUPiLivd
FOAN CONDILTION

FOAM CONDJICTION

FOAM CONTILTION

FOaM CONTICTION

FOAK CONTILTTION

FOAY CONDUTTYISN

FOAN CONDJICTISN

FCAM CONCJUCYICSH
PAYLOAD R, COUPLINI
PAYLOAD CONDUTTION
CATERANAL Al2 COMV.
LUS POCRET &1 ZONOUVT
COMTACTY QfSISTANCE
PAYLORD 813 COMZULTID
LUS PCCKETY 89187104

PESISTANIE
DES.R/2TU/SED .

2 JdIL LT e S TATL e

3 ~ JA™MTTeCH :

L} 0332

| SRS S g X 1r] |

6 el 00040

7 d2CC2e01 .

8 «12702+01)

9 1720001

11 I 1 067C0 1 .

1t LA000501

12 8048501

13 .100C0+01

| & -« 100CHTY

1. o1 220020

n 4 00C0NT

10 1 000CeT

INTTIAL NODE TEMPS.ee30UICE
OUTER WALL
FOAY. '
FOAY
. FOAM
’ FOMN

FoaN
Fcav
INAEY WALL
PAYLOAL ZONT

. . PATLOAD

[}

NJOE CEOACITA

EXT AR SINR

" PATENT PENDING

L0 BRI A X2 VAP NS

T




LR
M ! LX : s i - [P LAY .
[PY TR S . Itsieuale o
Lt tis 392 L1 P ES FRSAAT IR 14T 2om3 51834 Gy R

Wy ¢ - LLCSIS3z LNiLdFhN0D

AL R A 1 TN $ lxhusEddWy Trlaingd
SUIIINGE Jasllleffet 3 Sa.1lis?)d
i ciacon 8 cen LQIN
s . .
AR . o . 1aeCII® 8 - t0ell3dM* {
; 3IAWESISIL 330% O  3SAEASIS3y 3008 Il 2INELSTSIs 3¢k Gl
L D ‘ : : o ©WR0L ¢ = SEOLSISIL SNIASINAGD
' %932 £300069€25° = cMLveiamdi IWILINI
3°333/016 2200030E6E° 3 3INILIZNEWd
Te T o3CeN » o 300N
12.09331° & § . 12e33001° 2 :
3ShUASISIe 3008 Q1 3davisIS3k 300N Il - 3IAViSIS3e 330n Gl
, w0y 2 - $300S1S3¢ SN11I3INNOI Lo
) ¢€°*230 £2¢0069625° 2 3cfilvaIuWll IVIAIN]
2°930/n19 2002300662 = ISMVAIITGVI
£ oI 3GCN £ co0K 305M
o ' ' o 13ec2008° Ot 9t 10ed3gate ot €1

1C+0G08° (! 2 13¢e00 WL € { 10+30331° 1 t
3IAV1S:S3s 3Qon O 3INV1S1838 300N Q) 3INV1S1S3Y 3GON G

L , WI0L 3~ $cO4SISIe SHTAIINNDI

‘.

: £°533 £3+7069625° s I hLvd3an3s TTTLING
| ' . o : : : S C33/NL6 §203526662° - = Vuvildvewd
r " - . : 3 %I 300N 2 *CN 306N
Lo R 15052331 2 1

. X TEH S ST t3asa3liie ev Wb 2INNOIE3e ¥Iun 8
Tlacl i - LuliLitl. Leed SENNGI
! STl wlr LT RS P T O PR
. frie UlelLolUnie- T et tized
H it 30 1 *i% TGk

-

rlae v, 1330 TTQ0W

) © ()ONIGN3d IN3Lvd



L 0 ., R .. P . BT T .
R - Les . : 1 . PN PRIV WOPT Y TR IR T7d

MRS P L

3% a3 £%0038625° 2 3eFLve3snds W14

i'S3.4T 08 2Lel00ML” s INvLIIVeV

1t QI sCCh TEEY I 4]
1Ce73:.00 ¢ J ioelioatt M il WCesiEste It "t
12093130 2. 'S B DL L | 31 1Cesaa31t 6 6
JegiTitie a3 FLempiltiz 349% Th o §TEVASISZe J0Ch Ol

Wit 3 - 329150532 ShIa238n0)

2°333 $205369623° . = Isfleelanil WLl

5°0I7/010 2.¢0326242° s 33M9112763)

3% Q@ 396k Al %k aCiN
toe0sit® Ol o 10e52031° & %

$3.91539% 350% O 338€luis3e 3CON el 3a%wasSIsie 3N (1
wics 2 . $2C1S153z SNLL33AN0D

§se5369625° 2 SchLve3snil Wlilel

o

S2/NEE 2503004682 . 3 Ahwillres)
6 at 300 6 *fN 330h

3]
G

150C3251° 6 . 12632221 -4
430.942162¢ 356N €I  3SAVLSIS3e 3CIN G 33%waslsie 3iCh L1
' wicr 2 - $£2918183. OM11324ALI
2e2233625° s 3Jefiur3aadl WW3ilul
3IT/RLY 2005308520 T INVLES¥eNd
[} Qi 3CeHN '] *C% FCCN
12e02331° 8 TR 2% 1] L s
23.94€283¢c 3307 CI  3I3nvL5IS3¢ 3CON G 33MvLSIsSdd FT0M I
wios ¢ - 2015163, SNIL3IMNGD
s E2e2383625° s 3gfiVaizall NILIND
G 533/M16 22+52LL 682 3, 33M94133€7D
i Qf JCON ¢ *gN 3CoN
1oeczle 1 9 12605331 § s

19%9L3153¢ 3399 11 ] 3oMWLS183e 3CoN Ol ISNVLSIS38 2508 C1

wic1L 2 - 320181532 EN1L3INNCD _
$°5 33 109I369623° T 3aNlvk3an3l T3ILIND
@ S:I/N19 2300700682° b1 ¥ 01 1 )

3 oI 33¢N 9 *iN 30CN

) ONIGNIdINLVd )

b7



TR R D R N I L TR R T I T T S P S S T B> v .lmut)f v R T R P . e i i I . .
'
"
i
t i
‘- 3
I N
‘
. |
i «
M b
a ,
L]
.
.
. . > o
. T
v : N -y, i
. . . ’ \.b .
g . R».
- s - ommo \;

. . t . . R .. h
: . N |~o..oat- H S SR
. . ' © 3JKVLSIS3¢ 300N 01 23AVISISIY 300N G ::uv;sxs:a 300M  Of
: L Wior L. - SLOLSISIE SNIAIINNOD e PR

4°030 ‘00005552 4 380&'&34831 WILIKE .
@°930/048 10+0930008°~ 2 JINVLIIOVGYD !

s At m‘m ) :t oM 300K :
T Lol luODSWS' “t!". . “'- T

: ' AR R . CRRREN oty f
- JINVLEIS3IE 300N O 33“'15!5]8 300“ o 33&'15!5:3 .100’4 01 ced =

wior 1 Y saonstsu oNILOINNOD 1 T R

' ‘ : T 7T ¥*830 £340069628° . -3 3eflviddwdl JwXikal T

) L : “7. ¥°830/019 £Ce000366L° 3 IINWATINed | T
A 3 .300“, o ,3‘. 0CN ‘
cap{ R " ; R

A

pins

. o TR 100002015 _ ;t._ B
‘ 0+B0E2l® OF e 13eCSeCS* 28 11 1Cep0GAN° R

]

3249151534 3630 31 w.as_‘yus;su 3008 Gl lauusxs:i LT TR SRR

) SRS

"“?

wioL 6, - saossme mum 'uo:
S e . ORI &




i
o "' t
' : !
|
. i
; |
: i
i
.ih.e SoiWtl wiINg ,t f
t i L. " . '
* P I S AP X
- ) 1
saeinal* oiAblih et Wt arelea L}
LieTia® i RsItetita tNluate S 7
1307 G2m 43 afaitla W3 -C1.0% 4hiadelhi all é §
el b DoasAedanl aall Lt:ifd o
: DR
M "a"-: 'x'l".:-i?d Q!
: : eP) D34%les 3F L. izTiteriat. VW I\\\
) L INTE ] BT B RN TP : 5 1 é n
} : EoTE FIRA PSR Bt LU A ) 7Y R A Y
: 3 NCI NP - NLi.TIlaliii shlze ool
: : - A
: T4 wttdoee ® hvd D R . 2 )
; Sl atTr oee m o3Veuy T1Zel3l500 » 2 % E
; T et ose ®m o303 Telalile . 2 1 ‘
: A I TR S § P 12639201 . 2 8 :
LiFl w2 ee & 37:%) ACe330. .. ! Y 20 H 3
I8nl Wiz e n 3NV CotTe2331" [ 4 "
R R Y L R T2 1lel2liL° [ 4 Y
ielatti oee moalwl - 3€-23750 o 2 -2
I I T R S L 'Y L oinenlute i 3 il ;
Titer .. S dTeinidse 2. 21 Pt !
Pl L TeNTILITLNID slT e 3T R FLPPLET S ¢ 2 R $ '
R LN 1Se23.21 1 3 '
csisvy Gl a18vL O li'eaaCel 0 eziegsze
: ERRREE T T L VEESE SR TECNS B LA PRPY £ ST Y
' ) . Sl-s%0e8° - o8l . -
_ R RS-t T TR S S .
TRITA 4 2451832 WILIvETve o dleilfda t
: : RPRRERS-S § V1 S ZPLT LT SRR ;
Lo IR TR S35 PREET TEX R T
. : T L2 TneldINRs < aave LiSEae NSIbeilve oL
‘ l d _L a d e SNCTAIT I3 WOI43NYS 7Iies
o _ : R , ! '~"(f‘~l-'
o : W -




PO

B e

Je6T1217°0L
J£33L£1°0L

3522065 °012

4 S33¥e3¢C

9303093°32
5239933°0¢
3225551°0L

4 $33a330

ga08223°2L u GANZLYB DL

onL1092°0L L~ U6SOLE3°ZL 9 - 02L186272E °

2022223LS4 © i U008083°IMT 2. 00ODOIETSLNT,
4 s33we3q o1 4 sa:asao [oiﬂ 4 saza

F O - - s

| w/#Z;“ -6~
IR " jagagodecl

gszestLzL  _OU

. T T """"'En"f z s;w;u:asnx 30 “oN
" . . . % - i _'5551" ”v‘":‘." :';::? =
308 304 -——e- -3astootsn15Lz'""“"£ 1300034 3&‘HnuIN
. TR '335za’:ssssss' =3 u;1
. o o *dcaaaoa°ai"f? éfﬁ
9283300°0L T[T  OnTs509°0L . 0T  OATI083°3L = €%
0003539°02 L 3305303°0L 3  Q19£T130°CL S
5531£58°18 i 0351sOT°fag 2 00300TL-SiAT 1

-

4 s33¥930 a1

4 $332330 GI 4 $33833C¢ O

1 433nLvy3dwIL - 2 SSVI3
T Tew T = SLINIW3ININI (,jgbﬁ

1 300N ¥04 ====— ©33S13+026£9L 2 = 13nCo¥d S8 WANINIA
| ~ - -aaszcoogoauas' = IuIL

PR - - ——— —— e o

: o R ‘ £39333C°3L 1
3335C38°3¢L 11 32032090°0L 139 3G32030°3¢L 5 |
Re]elifeirieiongs ¥ L S0308C0°0L 9 . 0300C02°GL - S -
2350000°SL B 3 ‘09"003'”L' r4 QL3001 °SLnt 1

4 $332926  GI 4 $33 393G a1

3 $32893¢ GI

, .

T1 e3¥NLY¥IAN3L - Z SSYY
G- = SLN3W3¥INI 40 °C!

= 1300084 S8 WARINIL
39 03° : = 3nI.

/»s\';

W380¥e LIN. :)ai

€c03033°

300N ¥03 ==—-—- *J3S
: o 1 *93s

"~ ONIUN3d IN3LVd

-~ $S¥TI A8 $IVSVI¥VA LN LINC



PRI Y

L

.

4

svemem b asiman

3938 1e°2¢ B 4

. 93238312t . 8-

d3na3Ficoest  »

2 $33e332 T ar

[

?
ar8s818°12 zt
3332t20°5 9 2

333awsseges .

4 3332930 ag

olyrfs e

Jif sl l2°SL
2513625°v5t
[T LAL R ¥4

4 $3i5¥322

St 300N 204 =o~==e *33S$t3e(99594 2%
. .. _ , : *1S8ge396a6LNT. - T

O6eng63°0y
3688 872339 2°
GoJg3cs*3te

4 $33483C

e’

1 3sstiszesy . At
L SafeeseELz 9
« 33am0re32r . 2

. 3

[ 23
(2]

4 333¢33G 1

L *3¥ALYSIdNIL - 2 53833 - wmcw

TS

ST LYY ¥ TR ot
¢ IR N TI2 3
a W3IT2L 68 °38» 4

al 4 $234934 34

.o .,
S3S3032°2¢:

ShI6n8L 16
C39E3CE*N ST
3538388°3L

Yey
s

4 S32353C

L] ot

2 SINIAJEIND it

% 4200034 33 WOLI

3336023°3¢
38322823t
23123ST°168
8SCOTL 3L

4 $33¢c3C 14

4 43eNLy83daiy - 2 S3v2

>

S SAMIAJEINT S 3N

v . . : : ‘ et s
4t ' 3008 464 ~--== *33ST0e193¢912° T 13nQ04s 3¥ KAKILIA .
: : . *IISNIe63EEEE2° - T ImlL \\ll/y

. §330333°c¢ £t -
an3teszety U 3zetleLc9e 1t 3s3ucseay 3t 0sziteseas ‘
Sestaniosy ? Jenisese3e L 3, 3 L2uetenc2zz g
330653TL%3 » SLaC2ecenrt 4 JasezwecLaNl 2 0033015eSewt 1
43333336 o1 43389« 43338930 At 4 s33wese o1

Ll § ICON 204 =~=e= *IISIJeCLTLSLL®

3
0432303°0L .2
2816202%2L ?
IV6TLILLLY . 0

$33u932 ° , oI
Ty

30555£2°52

I*3SFoneLL

0330125°C 90T
1 $338330

t

L ¢3MNLYYIdNIL - 2 SSYIS

£y 2 SAN3A2EINT O caxn <
. [ 4
2 13n004d I WAKINTH
*23SN0er6656L 1" z INLL
. VC33303°3¢ £t
I 259828532 3t 3nengregy ¢
L SeSTZM°EI 3 03963361 . 3
T 320T10£°SI8t 2 0J000ISSivt  t .
91 - 4 $334936¢ - qf 35330938 ot

L e3univy3endt - 2 $5v13

i

St 209N <04 ~e=ee *IIStievyarse e

2 1300083 JY wiwINIW
*JISNTe L5686 L 2 3uil

ONIONId INaLvd

2 SINIIUSNT 4T o2




ENCLOSURE .

USAEC - Mr. Donald Nuksh:num-r R ‘ SR : DU i
- August 28, 1970 e T S E

1.. Descriptibn of Cask Contents

~ PATENT PENDING
In accordance with the requirements of Seé. 71 22 (b) 0£10 CFR 71, |

Subpart B, the materials planned for shipment in the Super Tiger con-
“tainer are described as follows: S : C o

(1) Radioactive Constituents - Identification and Maximum
Radioactivity

(a) 72 thirty gallon steel drums or 42 fifty-five gallon
steel drums conforming to DOT Specification 17H or equi-
valent of the following materials: .

(i) Type A quantities in normal or. special Aform, n.o. é.

(ii) Type B quantities in normal or special form, ' i .
n.o.s., up to a maximum quantity not to exceed the : F
limits for Type B quantities for each 30 or 55 gallon = .. T
e A drum as defined in Section 193. 389 of 49 CFR, Sub- - . =& B &
\/ ' I part (1). The total aggregate quantity shall be con-

strained by the limitations set forth in Section 173. 393 .
of 49 CFR, Subpart (j). - L o S

(iii) 42 fifty-five gallon stainless steel DOT Speci-
fication 5B closed-head drums of large quantities of
radioactive material, n.o.s., in the form of tritiated
heavy water at a concentration not to exceed 15 curies/
liter (about 3100 curies per package). Each 55 gal-
lon inner drum may not be filled to more than 98 per-
cent of capacity. The shipper must assure that any
. necessary administrative arrangements are made as
" required to maintain temperature control within the
% - carrier vehicle, so as to prevent freezing of the con- o b
“:. " tents. The shipping papers must be properly endorsed o
- to reflect such arrangements. ; R : . %

S U

(iv) 42 fifﬁ-fi§e galloﬁ drums of uranyl nitrate solutions
where the U-235 concentration is not more than 5 grams
. per liter, T R

3 "(Z),:'?Id‘c‘r-;‘tifiléatibh and Maximum Quantities of Fissile Constituents

"Fi;‘sil@Eor;r‘"stitucnfs‘pl;hned for shipment in the container alony
‘with respective quantities arc as follows: ' ‘

&

| PROTECTIVE PACKAGING, INC.  -10. SR |
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o PATENT PENDING

- (a) U-233 1200 grams/sccondary coﬁtaincr'

. {b) Pu-239 200 grams/sccondary containcr
-~ . {c) U-235" 350 grams/secondary container

(d) Any combination of the above such that the sum
of the ratios of the quantity of each to the quantity
specified does not exceed unity. :

(3) Chemical andi Physical Form

The chemical and physical form of the package contents can-
not be explicitly defined since the latter will be primarily radio-
active wastes. : '

(-4) Maximum Amount of Decay Heat

(2) For Solids: .

Considering that the Super Tiger is being used for sole

use, and the ambient temperature conditions allow the

external temperature to reach 180 degrees F., the other

limiting temperature is the temperature at which a time
£ vs. temperature decomposition of the foam begins. Lab-
E\// ) oratory tests using this type of foam seem to bear out the

- fact that shrinking occurs prior.to decomposition and that -~
shrinking occurs above 350 degrees F., with decom- :
position taking place above 400 degrees. ’ :

Using 350 degrees as the limiting temperature of the in-
ternal surface of the foam or steel box, and 180 degrces.
‘as the limiting temperature of the external surface of the
foam or the external Super Tiger, the temperaturc differ-
ence across 10 inches of foam is 170 degrees F. or 17

- degrees per inch of foam thickness. In this thermal gra-
St e . dient, the thermal forces are easily taken up by the foam,
TR __and thermal stresses are negligible. -

_ From the technical bulletin put out by the manufacturer of

" _the foam, 6 lbs. per cubic feet foam is listed as having a

~© . U vKn Factor of 0.148 Btu/hr/sq. ft./in. thickness/degree F.

IR Since the material is 10 inches thick, the heat loss, q, for
one square foot of side wall would be: :

T ~ .°". - Since the ends have 35 inches of foam thickness, the temper-
- ' aturc gradient would be less, between 5 and 6 degrees per

.= .= inch of thickness, as well as the heat loss per squarce foot,

" 7 or 0.72 Btu/hr/sq. ft. - P

*  PROTECTIVE PACKAGING, INC.  -102- ?J /70 |




\_/’ . ' Being conservative and using the internal surface rather

' than the average or external surface, the total heat loss of
the Super Tiger is the total area of the side walls, which - -

 are 14 feet x 6 feet x 4 sides = 336 square feet. Thisarea EE 1
has 2 heat loss of 850 Btu/hr. The ends, 6 feet x 6 feetx . =~ = -
2 ends, or 72 square feet, have a heat loss of 50 Btu/hr. -

Total heat loss of the Super Tiger is 900 Btu/hr using the -~ v
interior surface as the method for calculating the overall =~ - = F
area. Actually the average area between the inside and the
outside is more reasonable, with 14 x 7' x 4 sides, or 392 . - f
gquare feet. Then this heat loss is (392/335) x 850 or about C Sk
930 Btu/hr. In the same manner, using the ends as 7' x 7' o '
x 2 ends. the result increases due to 98 square feet rather
than 72. Using a factor of (98/72) x 50, the heat loss from
the ends are 70 Btu/hr. Therefore, the entire Super Tiger,
figured on the average dimensions, totals 1, 000 Btu/hr, as
opposed to 900 Btu/hr using the inside dimensions. Based
on 3.4 Btu per watt, the container has.a capacity of 294
watts or derated 20% for a safety factor this amounts to

- 235 watts per Super Tiger. -

Y PMARECAE N A S

Based on a load of 42 drums, each 55 gallon size, the
Vol wattage would average out to be about 5.5 watts per drum
Y ' (55 gallons size), or for a load of 72 drums each 30 gallon
\/ size, the wattage would average out to be 3.2 watts per
drum (30 gallon size). - ' .

AR EVERE AL 2 470 RN

Note: With external cooling, this wattage limit could be
'expanded many times, based on the temperatures listed
above. In fact it may be appropriate to review critical
or beyond design conditions with addative materials, such
as normal ice that liberate 144 Btu/lb. of heat to the heat
load upon melting. This means that one pound of ice in
melting would compensate for about 42 watts per pound of
dry ice. With 1, 000 Btu/hr being melted at athe rate of
1,000/144 or about 7 pounds of ice per hour, the thermal
.problem could be solved for the hauling of materials which
*  “may suffer from thermal degradation. This ice could be -
= _.placed on the floor of the Super Tiger so that conduction
"~ takes place in the inner container. During extreme cases,
‘it may be prudent to use dunnage made from aluminum
sheets or light plates to increase heat flow from the inner
- ..most drums to the heat sink (inner container).

© - PATENTPENDING
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(b) For Liquids:

For liquids, the maximum internal temperature conditions
shall be limited to 200 degrees, and possibly some unstable
natural organic polymirs that may be found in nuclear waste.
(Normal paper and rags made of natural fiber would not be
_in this category). Since the temperature difference is
reduced to 20 degrees F., the wattage limit, which was 235
watts per Super Tiger for solids, would be (20/170) x 235
or 27.6 watts per Super Tiger containing liquids. Derated
this should be used for liquids with internal heat generation
only on special occasions; when necessity requires this
useage.

(5) Floor Loading Analysis (floor, sides, and ends)

In order to establish on allowable floor loading, that received
during actual drop testing should be calculated.

A steeldrum resting on a flat surface pAroduces a line contact
as shown below:

PATENT PENDING

WY,
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On impact, it was found that the line contact was incrcascd to
a dimension that never exceed the radius of a drum. Maximum
floor loading was reacted over an area no larper than 50% of
that available. This was demonstrated in the drop testing and
- found to produce no detrimental effects to the inner containment
vessel, Using a 20% positive Margin of Safety over that shown
in test to be safe, it can be concluded that floor loading should"
at a1l times be reacted over 2 minimum of & % of the available
floor. In this manner, it can be guaranteed that 2ll loads will

C/ ' ‘be less than that experienced in actual drop testing.
We therefore propose the secondary container to be used in:

(a) Any combination of full or empty drums such that the
total cavity is filled with said drums. - ‘

(b} Any combination of full or empty waste bins such that
the total cavity is filled with said bins. (6'x 6'x 4 1/72")

(c) Ina &b above and any single container, the maximum
- floor loading will at all times be distributed over a minimum
2 of 60% of the floor area. Dunnage or internal brasing will
.. be utilized to climinate secondary impact. Sccondary con-
I I tainers will be blocked, as neccssary, within the container
" ‘7 using timbers, crushable, or‘inflatable dunnzc. -

' PATENT PENDING -
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- PROTECTIVE PACKAGING, INC.  _jg¢.

; 2. An analysis of Sections 71.33, 71. 35 (b),v 71. 36 (o), and 71. 37 of -
: \/ - 10 CFR Part 71 for fissile contents specified in Pagellof this enclosure

The fissile material quantities specified in Pagelllof this en-
closure are such that the material will be in a subcritical con-

figuration in its most reactive chemical and physical form,

moderated by water to the most reactive extent and fully re-
flected on all sides by water. ‘
In addition, the inner container, subsequent to actual testing
to meet requirements of Appendix B of 10 CFR Part 71, is leak
tight and 'will not allow liquids to flow in or out. As a back -up
safety feature, tests are outlined on Pagel27 of this enclosure
to insure that the mouth of the inner container is water tight
after closurc. : : :

Baseced on the above, the requirements of the above mentioned
sections of 10 CFR Part 71 are met or arc not applicable.

PATENT PENDING
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3. Two tie down techniques can be used. One employees the cable '
sling approach whxle the other utilizes the standard ISO S

Cable Tie down

The Super Tiger can be secured usmg the system of tie downs
shown on Figure I. , _ -

A detail drawing of the standard ISO and U.S.A.S. L. cbfﬁer
casting is enclosed. Cable loads for the lower castings are reacted
by the shear area denoted Area "A." (See Dwg.) ' S

IIA"
A= ({-Z-) (21/2) + (L) (2 3/16) = 2.985
g = 36,000 psi (See vendor specification shect #1

.30% Maxxmum Carbon Steel)
'Allowable load in double shear/fitting.

P, = (36,000) (2.985) (2)
" P, = 215,000 lbs.
o wBe -
\/ ' A= (11/8)(21/4)= 2.53
Py = (36,000) (2.53) (2) .
Pp = 182, 200 lbs. |

(2 g's Vertical)

: Vertical loads are reacted by all eight fittings, Assume all
cablcs act in a dxrcctlon whxch is 45° to the applied load

Load =: (2. g's) (45, 000 lbs. )- 90, 000 1bs.

Smcc onc ftttmg w1ll r(,act

7 cos 45° (182, 200) or 128, 800 Ibs.

4 (128, 800)

. M.S. = -1

~ms-iume DATENT PENDING
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1.0

2.0

3.0

a.o

5.0

" Note

Yield, P.S.I. . -
~ ‘Tensile, P.S.I.

N Elongation, % in 2 22.0
. Reduction Of Aree, % 35.0
Brinell 180 Max.

See Specification 600-2 and 600-3
* Anneal 1650° Fe Furnace cool to 800° F.
Normalize 1650 F. Temper 1100-1300" F.
Must be stress reueved after welding., ‘

HEAT TREATMENT o"

'WELDING See Specification 100-1 .

APPROXIHATE EQUIVALENT SPECIFICATIONS

ASTH A27-65 Class 65/35
ASTM A27-65 Class 70/36

ASTM A356-60T Grade 1

ABS Machinery Grade 2 :
Federal QQ-S-681D Class 65/35
Federal QQ-S-681D Class 70/36
MIL-S-15083B Class CW
MIL-S~-15083 B Class 65/35
MIL-S$-15083 B Class 70/36

De Lavel Code 0113 Steel #9

Filler Metal ASTM A233-64T Class 8-7018 )
' HIL-E-ZZZOOIIC c1ass HIL-‘IOIB

 SPECIFICATION ) - .30% MAXIMUM CARBON sraatvﬁfx -
CHEMICAL REQUIREMENTS - S 'KINDUM/MAXTMUK ~ EXPECTED -
. Carbon L .30{ ca2e )
Silicon S .30 - .60 45
Phosphorus - .05, 03 . -
~ Sulfur ST .05 .03
PHYSICAL PROPERTIES MINIMUM EXPECIED =

142,000
74,000
26.0
44.0

1: For esch reduction of .01% of catﬁén below thé ‘specified maximm,

-y

. PATENT PENDING |

an increase of .04% of manganese is allowed up to 1.0% manganese.

RN

- Speciﬁcation 1 -- .30% Maximum "*GE_IT—-
' Catbon Steel of
— 11 ~— DE LAVAL g  |seecricanion
gr1a767v= P PRI Rev, 2 AVAL TURBINE INC. n
oave |ewecken ' | .]0g. GAKLAND.CALIFORMA 94620 X
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"’ PROTECTIVE PACKAGING, INC. _yo-

" (5 g's Lateral)

Lateral vload's are reacted by a minimum of four fittings and
again assume a 45° reaction direction: . R -

Load = (5 g's) (45,000 lbs.) = 225,000 bs.

Capability = 4 (182, 200) cos 45° = 515, 200 lbs.

515,200
Mc . = 2 - l
S = £25,000
M.S. = +1.29

(10 g*'s Fore and Aft)

~ These loads arc reacted by two upper fittings and two lower

fittings: .
 Load = 10 (45, 000) = 450, 000 1bs.

Capability = cos 45° [Z (182, 200) + 2 (215, 000)

= 561, 600 lbs.

M.S. = oSSl -1

»
M.S. = + .25

Should the fittings experience loads in excess of their capability,
the packages integrity will not be jeopardized. Over loading would re-
sult in localized tear out or shear failure of a portion of the fitting.
Since cach fitting is isolated within the trianpular cavity formeaed by the

.-diagonal gussct platc, only localized damage will result. (Ref. Photo 2,
. "Page 5-of Super Tiger Report) '

v (Ll.ftmg LGads"):

‘Lifting of the container would b¢ accomplished with the use of

four fittings. Hook and clevis attachments as shown in Annex A will

pussess capability as calculated for Section "B."

.. Capability = 4 (182, 200) = 728, 800 Ibs.

-

: 574/ 70
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ANNEX A :

 EXAMPLES OF CORNER FITTING ENGAGING, LIFTING, ANDSECURING DEVICES




i ¥
et Sy

ANNEX B

. EXAWPLE OF USE O CORNER FITTINGS IN RAILWAY AND ROAD VEHICLE APPLICATIONS




_ {728, 800) (cos 30°) _,
- ’ g's

M. S. = +Lar§e

.". Lifting capability meets requirements listed in Chapter 0529,

M.S.

 Page 18,033 1II, A, 3.

Standard ISO Tie Downs:

The standard ISO connector fitting consists of a steel rectan- . ‘

gular block that mates with bottom fitting hole. (See Annex A and B)
Once the container is lowered over the block, the fitting is rotated;
thereby, locking it into place. Loads are reacted over considerably
more area than that of cable tie down and are, therefore, also struc-
turally adequate, -

* PATENT PENDING
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C 4, The following is an analysis of the Super Tiger!s ability to resist
\/ " the loads of Paragraph 71.32 {(2) of 10 CFR 42 Part 71. ,

Co W= 938 W/in.

A) Bending moment at bolt centerline:
w = (5) (45,000) /240 = 938 1b. /in.
x= 35
L = 240
Mg, = wx (L - x) /2 |
G - Mg = (938) (35) (240 - 35) /2
NI Mg = 3,365,000 in.-lb.
Conservatively assume only the bottom two bolts z;ééct this load:
Ppoit = (3, 365, 000 in. -1b.) /(2) (93) |
Ppole = 18,100 1bs. |

Allowable Bolt Load.= 80, 700 at 125 ksi

.+ . Margin of Safety (Bolts)
. - 80, 700

M.S = -1

' PROTECTIVE PACKAGING, INC.  _jj4.
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; \/ | | - B) Max. Shell Bendmg Moment: - :
| Mmax = %Z .A pATENT pENDING E:
Mmax = (938) (240)2 /8
Myay = 6,753,600 in.-lb. I o
- Conservatively assume all loads are to be carried by the t'fl- '
angular corner beams. Buckling stability of the corners is provtded §
by the foam and face sheets.

"Area = 2 (111/2) (.1875) + (16. 3) (.1046) :
T .- Area= 43+17 | . | o “
Ar/e;f 6.0 in, o ‘
f. = M/2hA f
fc = (6,753, 600) /4 (96 - 11 1/2) (6)
A o fc = 6,660psi r
‘ ~'%p' o ‘fq: 46,500 pei -
‘ Margin of Safety: | |

M.s. = 2200 -1

_.. Conclusion: The proposed container is capable of safely reacting
loads set forth in Paragraph 2R 32 (a) of 10 CFR Part 71

Tal :
I . P
A b
R s
- s a -
e ~
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'PATENT PENDING
5. We' believe an analysis of the ¢nd closurc plate for the 25 psi ex-

ternal prcssure is notrequired. From Drawmg 121350, Scction A-A,

Zone F-2, 1t can be seen that sxhcone rubber seal 1" x 1/8" thick is

clamped between the two mating channels. Additional seal compressxon_ -
"-is provided by the external pressure itself forcing the cap onto the body.

This provides a seal for external pressures; thus assuring that the end

closure plate will not experience a pressure rise.

Chuck, as 2 point of interest to me, was the 25 psi requirement es-
tablished to protect against submersion to 2 depth that will produce
25 psi? I so, it is interesting to note that it would require over 17
tons of additional weight to overcome the positive buoyancy of a fully

loaded Super Tiger.

At any rate, we believe the presence of the seal will guarantee that

no in-leakage and correspo'nding pressure build-up will take place.

Shear strength of the foam is approxxmately 200 psi. Those areas

which contact the steel shells produce a chilled effect, mcreasmg the
density there by increasing the bond strength to levels in excess of
375 psi. An example of this variable density is shown in the photo on
Page 117.

%/7&




ig AL . e N [ SR WYV vX Jhd A ~ oA s - . <.
- .
f : A
. . .
! B . i
PETSEEA v . . . .
GGy 1L N A

&/¢ (7

-117-

L
QO
TN
£, Ao - N4 ... T L} s ..... ‘ . ‘ .
«_. G54 SIW SYVee SAUNGTS Ny Sy AR ‘tn..mmwo.ww.m R , ; i ot
i e , _.
© IR ¥ .
3 ;
T e T B




~ PATENT PEMNING
6. A pressure of 5 atm05pheres will produce an internal w1thm the
inner container of 7.1 psig..

This can easzly be reacted by the five container inner walls in the same
manner that the 25 psi is reacted externally. Loads on the inner con-
tainer cover must be treated differently.

Pressure loads on the cover will cause it to deflect until it contacts
the inside of the removable end cap. At this point, -the pressure is
reacted directly by the end cap. . '

A) The following analysis evaluates the effect of a 7.1 psi in-
ternal pressure on the inner container seal area.

In order to determine deflectlon experience between the bolts
and the corresponding bolt loads and analysis, utilizing super-position
techniques must be employed. This will be conducted for the proto-
type design and again for the production configuration.

Prototype:

- T LIPS PLATOTYFE £ri
7] ierxﬁad L

\,/ ' }‘...__E' :
. bbb

)
T TCEXITXTLT v L Lv v vV v v e VL -

GAP £ POLTOTYFE )
28 PRLOUCT IO

|
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P o _
4= %—%‘I_ Where: o o
3 w= 7.1psi | S
dp = TEr I=(.1873)3 /12 = . 00055
"E= 3x107 psi '
dg = Gap G= .5 in.
L4 3
- 4G+ gEr - 3 = 0
Solving for P as a function of L:
P = 3EIdg L-3 + 3/8wL (Eq. 1)
Differentiating and. set to 0:
dP _ ' -4 W _
aL = -3ElGL™® + g =0
L= 4’7ZEIdG
3w
£ Solving for L:
' / : L = 13.23 inches (Point at which end plate contacts cap. )
\_/ pls P.

Solving Eq. 1 for P:
P = 46 1b. /in.

Seal deflection can be calculated by:

%8s = JIBLEL

t
S
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‘weree . PATENT PENDING
. P=4bWb.fin. - - o
S=5in. S .
E= 3x107 psi
i = (2) (.1875)3 - L1x10-3

(46) (5)4

dg = 13545 (3 x 107) (1.1 x IU'S)

dg = 2.27 x10-3

Therefore, the seal area will be opened by approximately:
dg = .00227 in. |
Bolt load:

3=

P

v . , Pp = (46 1b. /in.) (5 in.) = 230 1bs. o

\/ . .> Therefore, with a seal area deflection of less than 3/100
. of an inch and bolt load of only 230 lbs., the inner cover is

easily capable of reacting the internal pressure load of .5 at-

mospheres. This was also born out during the post drop and

fire test when the inner container was pressurized to approx-

imately 8 psi. Even with the loss of foam from the {ire test

no damage to the inner container or end cap was noted. Low

leak rates due to poor seal installation still prevailed,

Production: -

Repeéting' the same analysis for the ’production design; from

Eq 2:

Le 472 Eldp
3w
. ~ Where:
S ' E = 107 psi
' o dp = .5 in.

we= 7.1 psi
1= 2(.25)3 12 = . 0026

S : C
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a

Le ﬁ‘_/72 (107) (1.3 x 10-3) (. 5)

L = 19.7 iﬁ- .
Solving for P: ~

p. 3 (107) (2.6 x 10~3) (. 5) . 3 (7.1) {19. 7)
(19.7)3 | 8 |

P =2 55 lbs, /in.

Seal Deflection:

4 . Pst I= .089in.% = =
® 384 EI Zeli g £
4 = 155) 0oy | ) e

5 7 {'384) (107) (8.9 x 10-2)
dg = . 0016l in.

" Bolt Load:

P, = (55 Ib. /in.) (100 in, ) = 550 Ibs.

."The seal area deflection of the production configuration is over
30% less than that of the prototype. Expansion being less than 2/1000
of an inch will not jeopardize the sealing integrity. 1/2' diameter bolts
are capable of reacting over 15,000 lbs. and are, therefore, adequate.

Conclusion: The seal area configuration of the cover plate was
changed from a flat 3/16 steel sheet to a formed 1/4 aluminum plate,

L. -
€ " *r‘ E:;% ’
3 : -
16 [T&.T
’ ]
L S SN [ - -
53 ~
33 ;

e
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B) Ekternél End»Cap.Attachmex.nt r pATENT p:!\lD!NG -

P.resently,' ten 1" diameter 120 ksi bolts secure the end cap.

Bolt capability based on minimum pitch diameter is:

P,ljlow = 81, 000 1b. /bolt

For simplicity of calculations, assume that the bolts must carry

the full impact load generated by the cargo. From Page 12 of the report,
the maximum de-acceleration is 25 g's. Using 2 maximum payload ‘

weight of 30, 000 pounds: T _brner //qa .
| Load = (30, 000 lbs.) (25 g's) = 750, 000 lbs..

Capability = (10 bolts) (81,000 1bs.) = 810, 000 1bs.

810, 000

M.S. = =x5500

-1

M.S. = + .08

.. The cap attachment bolts possess sufficient strength to react

" the total impact de-acceleration; thereby, guaranteeing the integrity’

of the cap.
Internal pressure load at .5 atmosi:heres will prc;_duce a load of:.
P = (7.1 psi) (76)% = 41, 000 lbs. | _
This loﬁd can easily be reacted by the 810, 000 1b. bolt capability.

The production design differs from that which was tested in the
manner in which the bolt load path was directed across the joint. As
shown in the sketch below, .the two channels forming the joint were
bolted through the mating legs. Loads were required to pass from the
ekin to the outside leg, then in bending up to the web, through the web
in tension, back through the inside leg in bending, and out through the
bolt--a soft load path. The production design load path is directly -
across the open channel face to the inside flange. On the bolt, two
3/16 plates flank each bolt. This provides 2 much stronger load path
than that of the prototype design. ' _

PROTECTIVE PACKAGING, INC.  .i22-
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PATENT PENDING

In the interest of safety and mcreased rehabxhty, thc produc tion
\/ configuration has been altered so that the 1/2 gap between the plate and
end cap has been relaxed to 1/4" maximum. By providing relief holes
for the bolt heads, the plywood back-up can be brought up with 1/41 of
the plate. Loads will be reacted on the end cap sooner therc by pru—
ducing a lower seal area load yet. '

From the comparative EIl values and the seal deflection cal-
culations, it is concluded that the production design will provide higher
compressive scal pressure than that of the prototype design test. It
will provide a pressure tight seal. :

e

PROTECTIVE PACKAGING, INC. 123
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€ PATENTPENDING

Conclusion: The production design differs over that which was
tested by the bolt strength, number and method in which they react
their Jload. The net effect of these changes is a stronger closure than

that tested and one capable of reacting all loads and conditions spec-
ified in Part 71. :

PROTECTIVE PACKAGING, INC. .1,,.  &/d/70
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\ 7. The reasoning that led to the conclusion that the 1/8" back-up plates
\_/_ were not required was based on the foams ability (35" thick) to react
the puncture loads. Based on the Appendix B analysis, the external
skin will puncture. At this point, load is distributed to the foam:. Sincec
foam is weaker in tension than compression, it fails on approximately
a 45° shear plane. S

; /’--:f‘\'

. /——'——aursme
N

e TWSIOE

In actuality, it compresses a cone of foam.

Energy = [Vol. (in. 3)] [Crush Strength (psi)]

v oo ‘:. . 3 .
.. "Solving for h:
 h = 3] _3ws .
h -T-TTC— Where.

,»  w= 45,000 lbs.
S h 3/(3) (45,000) (20) ' s = 40 in.
o . Fo = 200 psi

S~ PATENTPENDING
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PATENT PENDING

Neglectmg the energy required to puncture the steel the pin
“ould penetrate approximately 21 inches of the available 35 inches.

This failure mode was demonstrated in tests and a sample showmg the
failure plane is attached. (See Photo on Page 117) '

Conclusion: It is our opinion that the 1/8 back-up sheetb arc .
not required on the ends. They are included on all sides as shown
in Drawing 121350.

8. Please find attached, drawings showing fabrication detalls. The

Super Tiger application will not at this time request the scale down
Optmn It will be resubmitted shortly.

L '51"74/74’-’ -
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PATENT PENDING
9. Test t‘qi insure the inner cavitf has been properly sealed.

The scal 'o;rni"the internal cavity will be properly sealed when all the
bolts have been installed and tightened.

Corrcct installation calls for bonding the silicon rubber to the cap
prior to mating with body. In this manner, the seal will always be

firmly attached to cap and mate with the sealing surface on the body.

Scal installation problems originating during prototype testing werc
the result of hurried assembly. Since the seal was being installed at
3a.m. pfior to the morning of the drop test, not sufficient time was
allowed for the seal to adequately adhere to the cap. Therefore, on

assembly, silicone rubber actually slipped out of place on the wet

adhesion.

Had the adhesive had time to set, the seal would not have moved during
assembly and a pressure tight ‘seal would be present. PrOper seating
is assured with the available clamp-up pressure provided by the 1/2" .

diémete: bolts.

A test which may be conducted on the inner cavity to assure that the

silicone seal is properly sealed is described as follows:

1. Load contents into Super Txger, close cavity cover
and secure all bolts.
T 2. Conncct freon aerosol can and hose to Super Txger check
B valve fitting asshown in Figure 2.

" 3. 'Bleed full contents of can into cavity. .
4. Disconnect hose from fitting and install cap..

a 5. Use standard freon detection device to inspect seal.
- These are capable of detectmg two ounces of leakage per
'yyear..

Y e .
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o - PATENT PENDING
\— 6. I aleak is detected, retighten bolts. If it is still

persistant, remove cover, clean seal and inspect sur-
faces for forelgn matter. .

7. Repeat steps'Z through 5.

8. If leak persists, install new silicone rubber seal.

10. Design difference between the prototype and production configuration
are shown in the following sketches. The two major structural changes
involve the internal and external closure area. These _have been re-

viewed analytically in the answer to question 6.

The remaining changes deal with alternate ways of attaching external
skin or intcrnal skin along the cdges. It is felt that these options do
not represent a decrease in the structural integrity over the design
tested, but will produce a stronger more reliable configuration easier

to fabricate and inspect. Any changes that have been made were made

utilizing our best engineering judgment in producing a container of

equal and adequate strength.

The last sentence of question 10 deals with the closure analysis shown
on Appendix C, Page 93 of the report. Appendix C is an excerpt of

Ref. 6, which deals with the analysis of the Argonne National Laboratory
Bin (DOT 6272). This anvalySis was modified and corrected, but hés no

relevance to the Super Tiger application.

' PROTECTIVE PACKAGING, INC. 3.
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O .. TORNADO DESIGN CONSIDERATIONS

Although this is not part of the requested information, we have corporate
interests in using the Super Tiger to haul waste to Project Salt Vault in
Lyons, Kansas. Since this area i€ "Tornado Allev'", we have had discussions
with Mr. Joe Galway, who is an employee of the ESSA Severe Local Storms

Forccast Center located in Kansas City, (816) 374-3426, | } -

In this discussion, it was learned that 2 Seminar for Architects and Engineers
was held at the University of Wisconsin, Milwaukee Division in May of 1970.
During this seminar, Mr. Galway presented figures from the ESSA which’
indicated that buildings designed for tornado loads should have provisions

to withstand winds of 200 to 300 miles per hour. Pressure reductions of

200 millibars (1000 millibars equal 29.52 "Hg. ) are uncommon; one was.
measured in Minnesota early in the 20th century.. Normal pressure
reductions are thought of as being in the order of 3. 0''Hg., which is like 0.1
atmospheres. '

Mr. Galway did mention that box cars are often turned over and split with
the impact of missiles that hit them. He investigated 2 tornado in Great
Falls, Montana, which hit in the 1950's, in which static rail cars ona
Pea siding were accelerated up to 70 miles per hour by a tornado moving in the
*"‘\/ same direction as the rail. ' : o

From this information, we feel that the Super Tiger will have a better chance
to survive a tornado experience better than any container currently in service
for waste hauling. The pressure change or rate of pressure change presents
no problem to the desi gn, and if tie downs, compatible with the Super Tiger
and ISO systems are used, it prevents this container from being airborne.

This information does point out the fact that a study should be done to prevent
;. -accidents from happening. Since they are prevalent in France, Germany,
" “Netherlands, as well as Australia, this severe storm represents a real
accident condition. . o Lo :
" "For information on the A and E Seminar, Contact Dr. Paul A. Seaburg,
" .University of Wisconsin, Milwaukee Division, 600 West Kilborn, Milwaukee,
Wisconsin 52303. ' '

. PATENT PENDING
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THERMAL STRESS CONSIDERATIONS

In previous work, our'firm has found that the thermal stress caused by
the sudden chilling of a cask can crack the vessel open so that leaking
occurs. - Since well meaning firemen can actually cause an accident to
happen under conditions of extreme heat and mass, we feel that the Supcr

Tiger with the light outer steel skin is able -to take this thermal shock without .

any problems. The rate of cooling using fire hose methods are huge and we
feel that the design is more than adequate to take care of this. problem.

PATENT PENDING
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- QUALITY ASSURANCE PROGRAM FOR THE SUPER TIGER '

- 1.00 FOAM PRODUCTION

During discussions dealing with the design and testing of the Super

' Tiger, the question of Quality Assurance has come up severzal times;
therefore, it is only proper that some of the variables that determine
the integrity of the container be included in the report. Some items,

such as the formulation of the particular foam, are proprietary items of .

PPI, and v.e feel that performance of the material under laboratory
testing is all that is required. The formulation includes a.basic two -
component system, using a cell controller, blowing agent, and accel-
lerator (which are all interdependent) as well as the mixture temperature
and the steel shell temperature. Since the temperature at which the
material reacts is very close to the temperature that the material be-
gins to 'char' and destroy itself, we feel that competitors could take
advantage of the long effort that our firm has gone through to come up
~with this formulation. This formulation is stable and will be regulated
by appropriate in-house quality control procedures.

From the standpoint of energy absorption, the density of the foam de-
termines the crush strength, and this can be rather well predicted by
changing the single variable; namely, the amount of freon that is added

’ \\-/ to the combination. In order that the material makes a good and lasting -

bond on the metal skin, two things are important. The first is surface
cleanliness and the second is the temperature of the metal skin, which
acts as a thermal sink for the exothermic reaction of the foam.. '

Surface preparation of removal of oils and other foreign material by
normal commercial solvents is important. An oily surface can eas ily
prove to be a poor bond for the foam and result in a lack of stress 'skin
strength for the container. In addition to the surface preparation, the
steel material should be of 2 temperature so that the boiling of the freon

" .does not take place at the surface of the metal. By restricting the foam

_- from forming freon bubbles, the material forms a very strong bond on

© the steel, which has adhesion and shear strengths much higher than the

+z materials with freon bubbles in them. Since this bonding material is

40 to 50 pounds per cubic’foot and the strength is proportional to the _

. -7 density, it-can be shown that the strength of this bond is as much as ten

= ".i.times stronger than the same material with freon bubbles, resulting in

" a strong bond between the steel and the foam for the stressed skin effect
that is desired. : . ,
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K/’ g Temperatures as much as 40 degrees lower than the boiling point of
the freon seems to cause an undue thermal stress for the foam, taking
an undue amount of heat energy out of the material. This produces a
good bond initially, but is put under a residual stress level when the
steel is warmed up to normal temperatures. Because of this problem,
skin temperatures should be limited to between 10 and 15 degrees below
the boiling point of the freon. This temperature range fits the 45° to
60° range which is a good ambient range for manufacturing. If this

temperature cannot be held with any degree of confidence, a temperature ‘

recording device should be put on the contziner, and the steel heated or
cooled as required. Normal 'blowing" of carbon dioxide is a-good
method for cooling, while heating with an open propane gas torch on the
side opposite the bond is a good means of heating the metal skin.

In situations where the temperature cannot be maintained, it will be con-
venient to change to 2 higher or lower boiling point material, so that
difficult conditions can be met. In no instance should the temperature

of the skin vary more than 15 degrees F., since when the foam is being
poured the range of temperatures is as important as the temperature
itself,

Of interest, the internal temperature of the foam will approach 300
degrees in volumes that are furthest from metal conducting paths,
- This foam requires 2 time vs. temperature cure time to complete the
- chemical reaction. Exposure to the atmosphere during this curing
\\_/ process will damage the foam. Cure times of up to ten hours can be
expected in the large ends of the Super Tiger with no problem caused -
by additional pours put on top of the original pour. Insertion of dial
thermometers provide a good and accurate method of reading the curing
temperature without causing voids or large holes to be cut into the foam.
Temperatures in the range of 350 to 400 degrees cause charring during

the curing process and reduce the characteristic of the foam by reducing

strength. This foam is noticeably darker than the parent material, -and

should be removed from the container in the event that the material is

made in the improper proportions. Good procedures in the blending can
- usually eliminate this from happening. :

- The energy that causes charring is due to internal energy generated by .
the.exothermic reaction of the foam. This heat cannot escape to the
thermal sink of the metal skin because of the unusually good insulating
qualities of the foam itself even when curing. After the foam is cured,
“the sticky material turns to solid cellular foam, which is rigid and, sur-
prising, more resistant to charring than when in its curing state. Pro-
tective Packaging, Inc., has investigated the thermal problems of the
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\_~  foaming process, and our opinion is that quality can be assured at the o
high densities of 8 to 12 pounds per cubic feet, and up to 20 pounds per -
cubic feet under ideal conditions. - : S

Additional materials, such as a cell controller and a reaction accellerator,
are very important in the overall blend. Small portions of this material
are uscd to get the degree of rigid cell structure required. The reaction
time is dependent to a great degree on the amount of mechanical stirring

or blending energy that can be put into the mixture between the time when .

the subparts are mixed and the time that they are poured. Stop watch’
accuracy is not important, but at least 90 seconds of time is nceded to
"shear! the various materials into one homogenous blend so that the
matcrials are in their proper proportions. Streaking of the material both
before and after foaming can easily detect improper mixing.

Part A, one of the two major components, requires a temperature of
about 140 degrees F. for proper pour point. So that the mixture point
of the two is proper, it is important to keep the other less sensitive
component at a constant temperature. :

Concern was originally given to the bond between individual pours, but
results seemed to indicate that one pour bonds sufficiently to the next.
Efficient use of the foam indicates that less material ends up as surface
'crust! during larger pours. This is like the raised loaf of bread that
is not touched by the bread pan. Since this surface area approaches that

- of 2 hemisphere, the minimization of the number of pours, while still . "~
maintaining the input of mechanical energy to eliminate streaking of the
components, is an absolute production goal that makes for 2 good product.

(™

Testing the crush strength of the foam is done on a Universal Testing
Machine such as that installed at the laboratories of the American Ply-
wood Association in Tacoma, Washington. Samples of the foam are taken
on a periodic basis from every fifth pour, and these are checked for '
density variation. Each sample is then put into the machine and tested
- tu see how it behaves with the other samples. Normally, the only pro-
~-. blem occurs when the dinsity of the mixture is changed. Operator error
.. in the measurement of the freon in the mixture is the real source of _
“: density changes. . This can be corrected easily and in a very predictable -
"7 way. As an example, cutting the amount of fréon in half is cutting the -
---density of the mixture by almost 50%. ‘

1.1 | .FbAM QUALITY CONTROL DURING INSTALLATION

a Refer to PPI'Quarlity Control Document F17, attached. ... -~y

.- o m ob
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2.0 WELDING PROCEDURES

( )

Good welding techniques and equipment, used by trained personnel is

of the utmost importance in the Quality Assurance Program of the Super
Tiger production. For the most part, the ductility and the other mech-
anical properties of the mild steel used in the production of this con-
tainer are well established. Of prime importance is to have a welding
systemn compatible with the expected performance of the parent steel.

2.1 GENERAL WELDING REQUIREMENTS OF THE SUPER TIGER
Refer to PPI Quality Control Document W13 attached. |
3.0 METAL QUALITY CONTROL

To preserve the range of acceptable material that is used on this con-
tainer, our firm has asked the vendor to supply certified steel that is
acceptable to our purchase order qualifications. In addition to this,
samples are taken from the incoming sheets in random fashion and tested
for strength and ductility. In this way, variabilities that appear in the
incoming supply can be ''spotted' easily and taken out of inventory and
returned to the vendor, rather than being used.

3.1 Refer to PPI Quality Control Document W13 for Steel Requirements.
X 4.0 OVERALL CONSIDERATIONS |

- From the information gathered in our preliminary work, it is easy to
point out that welding and metal quality control are areas of interest that
could be discussed at length. However, they have been studied and re-
vicwed many times in the past, and can be committed to standard pro-
duction standards. '

The foam is a formulation which acts as an adhesive. Therefore, the
performance of this material in the many different types of outdoor
L climates is very important. Since production temperatures are kept
=~ =: . in the mid range of the total maximum range of exposure temperatures,
the thermal stress is limited when the container sees 2 winter cnviron-
ment of -50 degrees F. to as much as plus 150 degrees F. in the summer.
With the solar loads that usually accompany this high ambient, there is

"+ aheat input of up to 150 Btu/hr per square foot of area at right angles
“ . to the rays of the sun. PRCFRITTATY Diny .
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Protective Packaging, Inc.
Quality Control Document
No. F17 Rev. 0 '
Date: May 4, 1970

FOAMING REQUIREMENTS FOR SUPER TIGER CONTAINER

SCOPE

This specification covers the requirements for formulation and install-
ation of foam in the Super Tiger Container. : :

GENERAL DISCUSSION
Polyufethane foam is a cellular plastic that is formed by the ieaction
of two liquids. A polyol and a polyisocyanate in the presence of a gas

producing agent such as freon. :

As a chemical reaction takes place, heat is generated causing the blowing
agent to vaporize and form tiny bubbles. The creation of-these bubbles

- generates foam which expands to its full height in less than five minutes.

The net result of the chemical reaction is one ziant cross linked molecule .
of cellular plastic containing entrapped bubbles of freon gas. = ;

The cellular structure of rigid urethane gives it exceptional strength for~
its light weight. Compressive strength can be varied from 25 psi to over
500 psi through alteration of formulation. The closed cell in addition to
contributing to the strength also seals the foam against penetration of
gases or liquid. Gas contained in the cells not only shapes the cells but
also contributes greatly to its thermal insulating capabilities.

Rigid urethane foam is the most efficient insulating material available.
It has twice the insulating ability of the next best material, polystyrene
foam. It is possible to have k factors of .1 Btu/hr/ft per ©F /inch.

For the Super Tiger a special formulation of fire retarded rigid poly-'

“* urethane foam is used. This foam, designated U-2333, is poured in
" place and allowed to expand between the two steel shells. Since, on ex- °

panding, foam rigidly bonds to all surfaces, the inside and outside shells ‘

- are forced to work together forming a stress skin type design.

PATENTPEN DING Box 1192, Tecoms, Wash. ©8:
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Foam densities can be regulated thereby varying the crush strength. In

" this design, higher density foam is placed in the ends and 2long all edge\s.

~ PROPRIETARY DATA -

This document contains proprietary
formation of Protective Packagier, Inc.,

>
it is

fldence ané trus:,

2 Upon reguast. Its

contents mey be izticsel 1n vhele

or in par others or used f2r other

purposes for which trar~szitted

_withdut the prior written permission of -
‘Protective Packaging, Inc. S/ /2/170 '

transmitted to yeou in
. and is to be retuip

i
———



C

3.0 CONTROL CONDITIONS AND METHOD OF INSTALLATION

3.1 Maintain pour point temperaturce of Component "A to 140 degrees

\/ F, plus or minus 5 degrees F, and make provision for stirring

(‘?\

prior to reading, so that average temperatures are reflected
rather than local hot or cold spot temperatures. :

3.2 Maintain the metal temperatures of the ''skin' between 45 and 60
~ degrees F. Insulation of the skin from concrete floors should
be considered if temperatures are too ‘low. a

3.3 Make provisions in small clean containers for the additives of
accellerator, cell controller and freon. This should be done in
three different size cups to eliminate duplication of one material
at the expense of omitting another. Measurement should be made
to 5% accuracy on a balance scale, by weight in 0z. and lb., so
that this accurate measurement can be put on the cylindrical wall
of the cup in such fashion as to make weight and corresponding
volumentric duplication easy and accurate. Care should be tzken
to provide open areas for this material at a temperature so that
boiling of the freon does not occur as well as evaporation of the
other components.

3.4 Provide timer and shear blades on a2 motor driven long shaft
electric drill or other high speed device that rotates at 1750 rpm
and is capable of adding energy to the misture at a rate of one
fourth horsepower per 60 pounds of mixture or one horsepower

-per 240 pounds of mixture. Mixing shall last at least 90 seconds.
Streaking of the finished foam is a recognized indicator that mixing
is done in an improper manner. If this happens, mix in smaller
batches or provide more energy by increasing the speed of the
mixer. In-put energy can be checked by reading with 2 commercial
ammeter. (Amprobe is 2 commercial device for this purpose).

3.5 Density of the foam should be checked during every pour at the
start of the run for range, streaking, and internal char. To ac-
complish this, take material halfway through the pour, and make
2 'bun' of approximately four cubic feet in a standrad fiberboard
box provided for that purpose. Let this sample cure for two hours
and cut into the bun with an ordinary carpenters' crosscut saw for
a sample in the middle approximately 6 inches on a side, so that
a cube is formed. The density should be calculated on a weight
per cubic foot basis and compared with the desired density. If
the pour is 0.5 1b. per cubic foot less or 1.0 1b. per cubic feet
more than the required amount according to the design values, the
amount of frcon should be adjusted to make the proper density.- If
strcaking is obvious, the pour should be madec over, with no changes
in the mixture, and the density taken again. Sample should be
numbered and put away in a storage box for later testiggemm.m
indications should be "flagged' at once.
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3.6 To make sure that the cured foam is meeting the minimum crush
strengths. required by the design, cut the sampel acquired zbove
into 1 inch cubes and test in a Universal Testing Machine. These
samples should be numbered in the same system and sequence as
the original samples so that the errors can be located and corrected.

3.7 In the event that charring has occurred in any sample, take effort
to measure the actual pour to determine the temperature at least
12 inches inside the foam 'bun." Indications of excessively high
temperature inside of the pour will normally produce charring.
If temperatures below 300 degrees F. are read, the pour is fine.
Higher readings indicate closer control of the mixture, especial-
ly when pouring high density foam above 8 1b. per cubic foot.

3.8 An alternative method of mixing and pouring the foam other than
the ""batch' method as described above is to continuously pour using
a high quality foaming machine. The same control standards de-
scribed above will be adhered to.

FOAM SPECIFICATION

All foams used within the Super Tiger shall meet the dynamic crush

strengths set forth below:

Foam Type Dynamic Crush Strength

A ' 100 psi (+ 30 psi, - O psi)
B - 200 psi (+60 psi, - O psi)

Dynamic crush strengths to be measured 2t 530 in. /sec.

PATENT PENDING
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WELDING AND STEEL REQUIREMENTS FOR SUPER TIGER CONTAINER or
1.0 SCOPE ' | | | |

This specification covers the requirements for weldihg all metal joints
on the Super Tiger container. It also calls out the requirements for
selecting the steel material. :

2.0 GENERAL DISCUSSION

The entire outer and inner shell is fabricated from very ductile Hot
Rolled AISI Low Carbon steel plate. The elongation of this material

allows it to be bent flat on itself in any direction at room temperature
without visible carcks. :

Steel shall be of 2 good commercial quality hot rolled sheets that aré
low carbon, open hearth steel that is rimmed, capped or semi-killed
to prevent piping s0 a smooth surface sheet will be produced. -

o~

: All welding shall be performed by qualified welders using low hydro- -
—/ gen welding electrodes conforming to the proper series of the EXX16, - tfi
EXX18, or EXX28 Classifications of the Specification for Mild Steel ' ‘ {
Arc-Welding Electrodes (ASTM Designation: A 233), unless other- - 8
wise specified in the basic specification. The electrodes shall be pro- : - A
tected from moisture pickup during storage and use. The welds shall o 3
be sound, the weld metal being thoroughly fused to zll surfaces and : _ ¥
edges without undercutting or overlap. ' o

3.0 STEEL SPECIFICATION
‘ ".',::Spécifii'éatians for .gen'éi'al-requii-erhents for delivery of rolled steel S _ i
vplates-shapes: sheet piling, ‘and bars for structural use are provided- '

© B . R

3 5 Twith ASTM ‘A 6-67'0r the equivalent to ASME SA-6.

k _-;The;?Pe?ti'{‘?_nt porti_gn pf ;speciﬁqatign is attached.

.- 4.0 WELDING ROD AND WIRE SPECIFICATION . . o | i

- v‘Thie specification prescribes requirements for covered mild steel o . b
selectrodes for shielded metal or . welding of carbon and low alloy ‘ ’

" steels. ASTM A 23-64 T (ASME SA-233) shall apply. Welding wire -

“shall be in‘accordance:with- ASTM-A 559-65T, Case E 70T-1. The

_pertinent portion of the- specification is attached. ¥

I e

i o X ~
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Welding shall be in accordance with AWS DI 0-66 Code. AISC .
Specification Section 24 and Section 25 shall apply. -

6.0 FABRICATION

Part V Section 33 and 34. Internal container will be demonstrated to
be water tight prior to acceptance,

Fabrication will be conducted in accordance with AISC Specification

PROTECTIVE PACKAGING, INC. 14z- 574 /2’/ |
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\_/'suifer no loss of its contents if subjected to an external pressur

RSN R LA

EXTERNAL PRESSI‘IRE'\' ) p:ATENTPEND[NG | : |

"Packaging sball be adequate to assure that the containment vessel will

Where Packaging is defined as: 'Packaging means one Or mofé feceptacles '

and wrappers and their contents, excluding fissile material and other radio- . = -

active material, but including absorbent material, spacing structures, thermal =
insulation, radiation shielding, devices for cooling and absorbing mechanical
shock, external fittings, neutron moderators, non-fissile neutron absorbers,"

and other supplementary equipment!''.
(As per AEC Appendix 0529, Paragraph 12, 040)

The proposed '"Package'' does insure that the contzinment vessel will suffer

no loss of contents when subjected to an external pressure of 25 psi. Since
the design incorporates 2 unit-body construction technique, it must be :
concluded that the external shell, as well as the internal shell, act as the
containment vessel. By structurally joining these two elements with a closed
cell rigid polyurethane foam they are forced to act as one body with the o
inherent stress skin advantages. From PPI Drawing 32106 ZN F2 it can be
geen that a silicone rubber seal is employed to isolate the internal structure
from the direct application 25 psig external pressure.. The reliability of

_this seal is guaranteed by:

1. Procedural inspection prior to end cap assembly.

2. Seating pressure of 10-1 inch diameter bolts combined with effective 3

‘ pressure acting on the lid. This produces a seating stress well in .
\_/ excess of the 200 psi minimum as stated in WASME Boiler and Pressure

Vessel Code Section VIII, Unfired Pressure Vessels'.

This combined with the analysis shown in the original report- Section 4.4,
Page 19, 20 and 21 verifies the Super Tiger ability in meeting the external

pressure requirement.

It might be interesting to examine what would result if the seal was non-existant.
As an academic point of interest the intercontainer cover will be backed .

by dunnage. This will insure that inward cover deflection will be restricted

"to 2 minimum. For general information, actual unsupported, pressure ’
rlimitations -of the cap can be found using diaphram plate deflections. Roark
treats this under Chapter 10, Section 59 of the fourth addition. ~

S 2, Where: § = 30,000 psi
- Bt = - b = 76 inches
. _ E= 1(}7 psi
4 - t = 1/4 inch
* Wb_ _ 1,770 |
Etd

e :::;.,Sol{ring_for W (allowable pressure)
T W= 2.0Tpsi o

Foy L e e o
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. This is 2 somewhat conservative number since the analyiis is only valid in
* the elastic range. Actual ultimate pressure capabilities will exceed this

lastic prediction up to a range of approximately 5 to 10 psi. Should a failure
\_/ctually takc placc the cover would fail locally (i.e., cracks, etc.) allowing
" internal venting. Hole sizes would be small. Secondly, once pressure had
 equalized, the spring back nature of the cap will tend to close the holes created.
At this point, contents would be required to escape from the internal secondary
container, through the receeded cracks in the inter-cover and then past the
defective seal. As shown in the attached figure, the path through which
the contents must pass is complicated and very confined. As an example, '
clamp-up of the cap seal by bolts restricts the maximum possible opening
to less than 1/16 of an inch. The net result of this hypothetical case is that
in order to have even a2 very small release of contents, all the following must
take place: ‘ : ‘

1. I;eak in external seal.

2. No dunnage to support cap.

3. Structural failure in inter-lid.

4. No spring back to close cracks in lid.

5. Faulty secondary container allowing loose materizal in the
Super Tiger. :

£ » 6. Contents must leak through cracks and around 5 corners.

Eed

o/ " 7. Pass through small gap between mating channels-,_
(less than 1/16 inch). : . C

"Quality Control procedures established by PPI for construction and loading would
guard against the occurance of any of the above.

It is therefore concluded that the proposed design is capable of containing

the contents when subjected to 25 psig external pressure. Even in the event

of a hypothetical failure of the seal it is questionable whether any material,
. even a very small quantity, could be released. -

'PATENT PENDING
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SUPERTIGER CORNER COLUMN STABILITY |

PATENT PENDING

‘mg lifting and stacking operations the contamer will undergo axial compressz.on

-\ is. These loads are reacted by column stability of the corners. Conservatively
e the corners to form a pin-ended column of a length equal to unsupported
edges. Using Euler's load formula. the critical allowable load 1s' ,

P.,= A4 _EI EI
L2 .
Where: E = 3:1:107 psi

I = 88.1 inch? (See attached calc.
A = 7.686 inch® -
_ L = 205 inches
- P _= a1 2 (3x107) (88.1)
cr
- (205)?
P__= 618, 462 Ibs.

T he allowable compressive load based on yield sfrength is:

\_/ P, = (46,000 psi) (7.686 inch’)

PY = 353,000 1bs.

T herefore, the corners will fail in compressive yield prior to buckling.

Compressive Loads:

;;_t A :3(_)0 lifting sling will produce the following compressive loads:

. - L .
- £ 3 .
B il o
- 3 it ~,
t T ..
=, -
~ ; o~

k'\

o)

|

S |
- c., i

7 (45,000) (3g%s)

. PROTECTIVE PACKAGING, INC.
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AT AP T

p (45,000 Ibs. ) (3 g's)
(2 sides) (tan 30°)

P = 117,000 lbs.
Margin of Sa.fety:

_ 353,000
M.S. = r-"p5p° -1

M.S. = + Large

PATENT PENDING

Conclusion:

The Super Tige
lifting with 2 30" sling.

. O
2 N .
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PART | AREA| Y Ay | T.. | & | Ad®|I ~Ad"-
Wi ® | +701| © (o) .00/55| 4.39¢ | 32.872 82.874
\_/ @ 5.366|5.55/ | 29.787 |45.072]| 1.155 | ' 7.158 . 58.250|
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SUPER néEg BOLT cr..osurq: AN§L§ms N '. P ATENT pEND|NG

2" Maximum bolt loads will be. generated during an edge drop onto the Container - _
] :nd. From page 16 of the report the maximum expected crush depth of -~ -~
0 inches will produce an acceleration of 24.9 g's. ' : Lo

N

%.

0

tan L= 96/240 = .40
A= 22°

A' £ Assume that the axial component at the payload is reacted directly on the
\/_,ap and the lateral load is reacted along the side of the upper tody..

W, Swet

i -
ey
~ .- -

. i

-
o Ll -
T o
IF s -
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«~. Since the non linear acceleration assures the maximum load is experienced
;-vat the end of the compression stroke all the payload component load will '
* reacted in direct compression throughthe cap. This can be seen graph-
ally from the sketch below that shows the center of pressure of the payload -
to fall within the load reacting area of the cap. E

- — 7

AN OA T A

-—r.
—e— =1
——— -
———
.—n—-—,{
——

“Had the cap been rigid and not an energy absorbing cushion the impact force
would not have been distributed overthe large foot print. This would result
- in a tendency of the cap to pivot about the corner under the payload induced
~~force, placing the cap bolts in tension. Again this is not the case here where
3 + payload forces are reacted in direct compression.

The closure bolts must react the over turning moment introduced by the -
lateral weight component of the payload (Wp sin @) and the upper container
in addition to the shear forces. o

A. Shear Loads:

4.’0 o e
n ‘ ‘

(W, + Wp) sin & (g's)
= (30, 000 + 12, 000) (. 375) (24.9)
392,000 1bs. or 39,200 1b. / bolt

g W
[, ]
] !
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(5. Tension Loas: PATENT PENDING“

Interface bending moment is gwen by.

M, =0

M=[Wp sin & Lp + Wy, sin va'-i- Wy COB‘C' La],g's

Where: W, = 30,000 -
Wy, = 12,000 Ibs.
Lp = 88 inches
L, = 15 inches
L, = 48 inches
& = 22°
g = 24.9

M“.[(so 000)( 375)(88)+ (12. 000). 315)(u5)+ 12, 000)( 927)(- 48)] 24

M= 24.241 x 106 in-Ibs

-151- g74 /70
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Therefore the closure bolts" are structurally adeqnate to react to all loads. :

It should be notcd that this ie a conservative number Bince the’ shear load
( could have bccn reacted by: .

\/

1. Dowels

Pg= [%r (1)’— (46, 000)] 4

Py = 144, 000 1lbs.

2. Angle (Seerpage 28, Figure .3 of Améndrhent)
P, = (3/16) (92) (2) (46, 000)
P, = 155, 000 1bs.

3. Friction:

Bolt Clamp-up is about 40, 000 lbs. based on 400 in-lb torque
Pg = (10) (40, 000) (1/3)
Py = 134, 000 lbs.

foy el
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Assuming a triangular bolt load distribution:

M_ = (93P + 70.5 P, + 48 P3 + 25.5 P,) 2
P, = (932 + 70.52 + 482 4 25.5%) = 93 M, /2
P) = (93) (24, 241, 000) /2 (16573. 5)
P; = 68,012 Ibs.

- Margin of Safety:

Bolt Stresse's:

e

£ = 68012 / (nf [4) 1)2
f, = 86612 psi
£, = 39200 / (nf /4) (1)2
£ = 49920 psi

. Combined Stress:

2T szt @ es?

itas
s

<. 7 85=109,406 psi

[RART

Margin of Safety: -~
. M.S. = 120,000 -1 -

W
k2

‘" Ms= +.095 o PATENT P ENDING
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SUPERTIGER 40 INCH PUNCTURE TEST ANALYSIS

. PATENT PENDING

“. The following analysis combmed with the actual drop test reaulta.mll verify
\/be break-away plate placement as shown in PPl Drawing 32106, Fz.gure 1.

40 inch puncture Test No.1l and Test No. 2 verified the proposed placement :
at the center and near one edge and is documented on page 36 through 51 of the

original report. Placement along the overall length will be dete rmmed by the
following analysis. :

Since unpact at any pomt other than directly over the c.g.’ wﬂl cause rotatzon,
the net pin impact force will be reduced. Impact magnitude will be a function
both mass moment of inertia and the load application point away from the c.g. "

Using conservation of momentum and energy pnncxples u:npact energ;es can be
calculated. We shall define the impact energy at an arbitrary pin location as:

Energy absorbed at pin,
PE = Force x Crush Depth
and using:

Conservation of Energy

SEnergy = 0

" Wh= PE-i-lmvlz-t-lIwZ
r3 Zz

=T

Wh:PE+1u92(mrz+I) B . (Eq))

Con-aervatzon ‘of Momentum

£ Syst Momcnta —t-e— Syst Ext Imp. = Syst Momenta

(-l- | Components ,
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FIGURE WITHHELD UNDER 10 CFR 2.390

Freure 1
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mv°= Pt + mv

3
o
o
[
n

ZE/VO'

i . . 2 #PE, 4 PE, (Eq2)

= = Solving simultanéous_ eq@tions Eq 1l and 2:
e =1, 2. n "oz 4 BE 4 PBEZ
Wh= PE+5(mr” +I) (— -—5  + —5—33 )

mry v
m or
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Substitute and solve the quadratic équ;ation £or., PE | p ATENT pE NDIN G
Where: m= 45000 /32.2=1400 .
(- - voelse2fps R B

\/ _ ' .h_=40i.nches--'

é m(az + bz)

-
]

I =5 (300 (64 +196) + 5 2ao0 (64 + 400)
I = 38198 | | A
r = 6 ft. (End of Bi-eakawaj Plates)

W = 45000 1bs.

| | . 2 |
(45000)(40) / 12 = PE +21-[(1400)(36) + (38198)] 14.62)  __4 = pp
| (6)° - (1400)(36)
4 PE?]

+ —
(1400)%(14. 62)2(36)

150000 = PE + 44299 (5.93734 - . 00007936 PE + 2.6522 x 10”0 pE?)

5

1.174875 x 10> PE - 2.51601 PE +113,018 = 0

L pE +2:51601 N 2. 516002 - 401.174875 x 10°5) (11. 3018 x 10%)
Tm i | 2(1.174875 x 107)

‘3 _ 2.51601 - 1.00947
A 2(1.174875 x 107°)

PE = 64115 ft. - lbs..

" It is therefore apparent that the magnitude of the load is greatly dependent on
.- the point of impact and its proximity to the contzners center of gravity. At

. locations other than the c.g. the containers energy is not totally absorbed by

. the pin area, but ig partially transformed into rotational energy about is c.g.
( " ‘go, a secondary energy component related directly to the linear velocity of
N s C.g- is present. The net result is that as the pin moves away from the

“ xig., puncture loads are greatly reduced.

morscmvgpc, 16 . 5l

R w—— s — - e -
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Substitute and solve the quadratu: equation for PE £or a pomt 3 5 ft. from the

center:

PROTECTIVE PACKAGING, INC. - .
: v -158- ;\/4,/?‘9

45000 / 32. z = 1400 '~

Where: m

v = 14.62fpsv

h = 40 inches
1 2. .2,
I = ﬁ m{a” +b )
1 =g (-3’%@7")(64 + 196) 3 %’%’- (64 + 400)
I = 38198

r = 3.5 (End of Breakaway Plates)
W = 45000 lbs.

.
14.62)° ; t__p;
(3.5)°  (1400)(3.5)

(45000)(40) / 12 = PE + %[(1400)(12. 25) + (38198)][‘

+ 4 PI
' 1400)°(14. 62)°(3. 5)°

150000 = PE + 27674 (17. 4485 - . 000233 PE + 7.7942 x 10710 pE?)

2.1481389 x 10> PE? - 5.454575 PE + 332870 = 0

PE = 5.454575 - 1. 072543
2(2.1481389 x 10~ )

PE':; 102317. 5 $t. -’lbs. . PATENT PENDING




Skin strength capability is related to the thickness squé.red (tz) per Timoshenko, .
"Theory of Plates and Shells". Since combined gkin thickness of (3/16 +1/8 +1/8)

exists at the center:

\.\/ tcz = (.1875)% + (.125)% + (.125)%
2
tc = .066

Based on the foregoing energy calculation, the required thickness at a point'
6 ft. from the c.g. would be: . . . _ _

t;2 = (.066) (64115) / 150000

2
tg = . 0282

tg = .16796 inch
The margin of safety, based on the proposed design of no bréakawa.y plate '
beycnd 6 feet, is as follows: . =
1875 _

M.S. = 1
.16796

k/.

M.S. = + .116

Based on the foregoing energy cal culation, the required thickness at 2 point
3.5 ft. from the c.g. would be:

2 (.066) (102317) / 150000

ts =

2 _
t5 = .0450
ts_ = .2122

The margin of safety, based on the proposed deéign of nc breakaway plate

beyond 3.5 feet, is as follows:
.1875 + .125

s PATENT PENDING

M.S. = + .473

;
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. It is felt that these margin of safety calculations are conservative

since they use the strength at the C.G. location as a base and assume

a zero margin of safety. It was shown in tests that the skin at the C.G.
location does not tear. It therefore, has capability in excess of the applied .
load. The amount of additional capability is not known, but could be significant
due to technique of "break-away". This technique allows the external skin

to fail. On penetration of the external skin the internal plates break-away

and are allowed to mold over the pin end. This greatly increases the effective

area, thereby absorbing more energy than the external skin along. This was
demonstrated in scale testing and documented in the report. The conclusion
is that the capability in excess of that v ich it was tested too does exist at
the C.G. resulting in actual margins greater than that calculated. -

~ Conclusion:

Loads experienced at a point 3.5 and 6 feet away from t:he c.g. are sufﬁcxently
low to be fully reacted by the steel skin,

The analysis shows that when the pin is off-set from the ¢.g., the c.g. continues
to travel in the same direction. It has kinetic energy of translation as well as

kinetic energy of rotation.

It has been shown that the proposed design is capable of reactmg the 40 mch

\ ~ puncture loads at the:

1.. c.g. (by test) _
2.  Container edge (by test). .
3. fore or aft of c. g‘. (by analysis).

PROTECTIVE PACKAGING, INC. PATE NT PENDI NG
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APPENDIX C. CONTAINMENT OF RADIOACTIVE MATERIALS

Contents
1. Treatment, Packaging, and Safety Assessment
for Transporting Large Equipment Waste,
November 20, 1980. .
2. Treatment, Packaging, and Saféty Assessment
. for Transporting Waste, August 7, 1981.
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Westinghouse - Water Reactor Box 355
Electric Corporation - Divisions Pittsburgh Pennsyvania 15230

November 20, 1980

‘U.S. Nuclear Regulatory Commission

Office of Nuclear Material Safety & Safeguards
Division of Fuel Cycle & Material Safety
Washington, D.C. 20555 :

Attention: Mr. Charles E. MacDonald, Chief .
. Transportation Branch o

Dear Mr. Machnald:

Subject: Exemption From 10 CFR 71.42(b) (3), Super Tiger Shipping
Container, Certificate of Compliance No. 6400 .

The Westinghouse Electric Corporation hereby requests an exemption
from the requirements of 10 CFR Part 71.42(b) (3) for the Model 6400
Shipping Package, Certificate of Compliance No. 6400, Docket
71-6400, in accordance with the .attached information.

\~«/ Please find enclosed a check in the amount of $2,800 as payment
of the minor amendment fee per the requirements of 10 CFR Part 170.

If you have any questions regarding this matter, please write me
at the above address or telephone me on Area Code 412 373-4652.

Very truly yours,

WESTINGHOUSE ELECTRIC CORPORATION

el gy
Ronald P. DiPiazza, Manager
_ NES License Administration
/kk

Attachments



TREATMENT, PACKAGING, AND SAFETY ASSESSMENT
~ FOR TRANSPORTING LARGE EQUIPMENT WASTE

WESTINGHOUSE NUCLEAR FUEL DIVISION
PLUTONIUM FUELS DEVELOPMENT LABORATORY

NOVEMBER 20, 1980
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1. INTRODUCTION

Within the scope of the Westinghouse plan to decontaminate and décommission
its plutonium fuel laboratqriés, various treatment and packaging methods

are employed for the many categorfes of waste generated. These methods are
-requifed'to assure that the wastes'will be transported and disposed of in a
safe manner:and in compliance with all government regulations. | '

The current Weéfingh0use work effort is concentrated in the treatment-and '
packaging of large equipment waste. Wastes, such“ag-gloveiboxes,_hbods,
duct work, filter housings, furnaces, etc., would undergo treatments of
decontamination and fixation, packaged rigidjy in strong tight fiberglass
reinforced polyester (FRP) coated plywood boxes, and transported to a dis-
posal site in a Model 6400 overpack (Super Tiger). Specific restrictions,
"however, have been placed on shipment of these wastes unless it is. shown
that a minimum of two barriers of confinement are provided within the waste
package to prevent release of contamination.

The following discussion shows that the methods employed by Westinghouse in
treating and packaging large equipment waste will prevent the release of
plutonium when the entire package is subjected to normal ana: accident con-
ditions incident to transportation. Based on this information, an exemption
is requésted from the requirements of 10 CFR 71.42.. ’ ‘
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2. TREATMENT

In preparation for packaging large equipment waste in FRP-coated plywood
boxes, decontamination and fixation treatments are used. Prior to these
treatments, smaller equipment items, uti]ities.;and other extraneous items;
are cleaned and removed. As a result, treatment of contaminated areas
within the large equipment can proceed effectively and with minimum
obstruction. ' - ‘

" A. DECONTAMINATION

Description

If required, surfaces are decontaminated using wash and rinse techniques.

A decontamination cleaner is applied followed by water rinses. After each
wash and rinse step, the surfaces are allowed to dry, and smear surveys are
taken and documented. When it has been determined that contamination levels
are stabilized at levels as low as can be>reasonab1y achieved, a fixation
treatment is employed.

Results

The decontamination cleaner is designed for removal of loose (smearable)
contamination. It is neutral and nonflammable. Glove boxes in which were
processed -1arge quantities of powders have been decontaminated to B
smearable 1evels'averaging 20,000 to 75,000 dpm/100 cmz. The smear paper
used for surveys showed little discoloration, indicating that the '
decontamination treatment is effective in removing residual material from

contaminated surfaces.

B. FIXATION

Description

Either a formulated coating or a rigid polyurethane foam may be used as a
fixative to render any remaining residual surface contamination in a
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"nonrespirable" or "not readily dispersible" form. Either fixative may be
applied to a specific large equipment item. This fixative provides one of
the two barriers for confinement of removable contamination.

Spray methods are used to apply the fixative to all affected surfaces.
After the coating is dried or the foam is set, smear surveys are taken on
the applicable surfaces and recorded. In comp]iance with safeguards
requirements, each waste item is then assayed nondestructively to verify
that large quantities of SNM are not present

Results

Significant decreases in the levels of removable contamination due to these
fixation techniques were documented. These decreases ranged from a factor
of two to a factor of several hundred, depending on the initial level of
contamination. The average reduction factor was between-ten and twenty
Removable surface contamination results after fixation are comparable to
. the contamination levels allowed on the exterior surfaces of shipping pack-
ages under DOT and NRC regulations. ‘For example, the allowable surface
contamination on packages shipped by "exc]usive use of vehicle" is

2,200 dpm/100 cmz-for plutonium and 22,000 dpm/100 cm2 for uraniom_
. (49 CFR 173.397). In comparison, the loose contamination on tne~interior
. surfaces of the glove boxes after fixation has ranged from an average of
650 t025 »500 dpm/]OO cm . The maximum observed value was < 25,000 dpri/
100 cm®. ' ‘ ' '

Nondestructive assays performed after decontamination have shown that an
average of less than one gram of plutonium remains in each glove box. .0One
gram of this plutonium is equivalent to 1.3 curies. The upper limit
defined in 10 CFR 71.4(q) for Type B quantities of plutonium is 20 curies.
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3. EFFECTIVENESS OF DECONTAMINATION AND FIXATION

Several debontamiﬁated and fixed glove boxes were separated from the plant
ventilation system and moved to storage. Air sampling was routinely '
employed during these'Operations and, in all cases, no airborne contamina-
tion was detected. | '

In one specific case, removal of a section of a glove box was required'for
eventual packaging. During this operation, an area located at the top of:
the glove box was removed with 2 reciprocating saw. No release of contami-
nation was detected by air sampling during and after séwing operations.

These results are significant because:

a. This glove box was used to process plutonium powders for approxi-
mately ten years.

b. The integrity of the fixation coating was not disturbed during the
sawing operation when fines were generated.

¢. Air sampling was conducted continuously for 154 minutes at the
exposed opening of the glove box.

Based on these results, the fixation technique was successful as a barrier
in preventing contamination release. ' |



4. PACKAGING

Prior to packaging the decontaminated and fixed large equipment waste, an
inspection shall be made to assure that: a) all sharp or protruding
objects have been removed or blunted; and b) pipe caps, gasketed blind
flanges, covers, etc. have been installed where required.

PACKAGE DESCRIPTION

The waste item sha]]_be placed into a strong tight p1ywood box. 'The box
shall be coated with a layer of fiberglass reinforced polyester (FRP) and
banded with steel straps. The si;e of the box varies for each waste item.

The FRP-coated plywood boxes will be constructed of 1-inch exterior-type
plywood with 4x4-inch interior supporting studs on the sides and ends, and
double 2x6-inch interior supporting studs on the top and bottdm. The FRP
coating will be 0.125 inch nominal thickness throughout; including the
exterior edges. Skids shall be provided on the bottom of the boxes for -
handling. The box shall be asSemb]ed using adhesive and either box nails
or staples. The FRP-coated boxes shall be banded with 1-inch minimum steel
straps. These straps will be placed horizbntal]y and also vertically
between the skids. '

After the waste item is placed in the FRP-coated box, the void space shall
be foamed to give the waste item a "cocoon-type" configuration. This foam
provides the second barrier for confinement of removable contamination.
This-foam also serves as a rigid cushion to prevent movement of the waste
item in the plywood box during transport. '

‘The inner package described above will be placed in a Model 6400 overpack

(Super Tiger) for transportation.

4-1



5. PACKAGE SAFETY EVALUATION

GENERAL

The treatment and packaging methods described in the previous sections of -
this request‘were designed to provide protectibn against a release of
radioactive material during normal conditions of transport (10 CFR 71,
Appendix A) and during hypothetical accident conditions (10 CFR 71,
Appendix B). The Super Tiger was originally designed as a Type B overpack.
and will satisfy on1y those requ1rements discussed below. For the purposes
of this exemption request, the Super: Tiger overpack is assumed to provide
protection for the inner waste package; no. credit is taken for leak tight-
ness. The surface fixation and the packaging of large equipment waste
provide the multiple barriers against release of contamination.

SAFETY ASSESSMENT - 10 CFR 71 REQUIREMENTS

Normal Cohditions of Transport - Appendix A

Response--The heat conditions will not affect the.FRP-coafed box or its
contents.(reference thermal section under hypothetical accident conditions).

Response--There is no adverse-effect on the foam, the coating, the plywood,
or the FRP materials at -40°F. '

pressure.



Response--The FRP-coated plywood box is designed to withstand pressure
loadings averaging 544 lbs./ft2 or ~ 3.8 psi. At a pressure of 0.5
atmosphere (1,058 ]bs./ft2 or 7.35 psi), the allowable stress factor is
exceeded by a factor of nearly two as specified in the Uniform Building
Code. Although the safety factor within the values given in the Building
Code are not known, it is assumed that at least a factor of two exists.
Therefore, the FRP-coated plywood box would retain its jntegrity under a
pressure of 0.5 atmosphere. It may further be assumed that the rigid foam'
and fixation coating will function as barriers for preventing contamination
release under such environmental pressure changes. ‘

B el bl Sntat ikt

Response--The inner package structure of the FRP- coated box and the dunnage
surrounding it preclude any adverse affects during transport.

exposed surface of the package except the bottom continuously wet during a
period of 30 minutes.

Response--The water spray will not affect the inner package (reference water
immersfon section under hypothetical accident conditions)

~the water.spray test, a free drop through the distance specified below onto
a flat essentially unyielding horizontal surface, striking the surface in a
position for which maximum damage is expected.

FREE FALL DISTANCE

Package Weight Distance
(Pounds) N (Feet)

Less Than 10,000
10,000 to 20,000
20,000 to 30,000
More Than 30,000

- N . P
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Response--(Reference free drop section under hypothetical accident
conditions.)

sion, or in the case of a cylindrical package onto each quarter of each rim,
from a height of 1 foot onto 2 flat essentially unyielding horizontal sur-
face. This test applies only to packages which are constructed primarily of
.wood or fiberboard, and do not exceed 110 .pounds gross weight, and to all
Fissile Class II packagings.

’Respohse--Not applicable. Packages exceed 110 pbunds.

cylinder 1-1/4 inches in diameter and weighing 13 pounds, dropped from a
height of 40 inches onto the exposed surface of the package which is expected
to be most vulnerable to puncture. The long axis of the cylinder shall be
perpendicular to the package surface.

Response--(Referehce puncture section under hypothetical accident conditions.)

" compressive load equal to either 5 times the weight of the package or

2 pounds per square inch multiplied by the maximum horizontal cross section
of the package, whichever is greater. The load shall be applied during a
period of 24 hours, uniformly against the top and bottom of the package in
the position in which the package would normally be transported. '

Response--This test is not applicab]e since the Super Tiger exceeds 10,000
pounds. '
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Hypothetical Accident Conditions - Appendix B

position for which maximum damage is expected..

Response--The Super Tiger overpack confines the fnner Waste'package after 2
free fall drop of 30 feet. If the integrity of the inner package is not
maintained, pontainmént of contamination is provided by the techniques '
previously described in Sections 2 and 3 of this éxemption request.

Item 2. Puncture--A free drop through a distance of 40 inches striking, in
a position for which maximum damage is expected, the top end of a vertical

cylindrical mild steel bar mounted on an essentially unyielding horizontal

surface. The bar shall be 6 inches in diameter, with the top horizontal '
and its edge rounded to a radius of not more than one-quarter inch, and of

such a length as to cause maximum damage to the package, but not less than

8 inches long. The long axis of the bar shall be perpendicular to the

qnyielding horizontal surface.

Response--Preyious Super Tiger testing demonstrated that the overpack
satisfies the requirements of the 40-inch puncture test. '

Item 3. Thermal--Exposure to a thermal test in which the heat input to the

package is not less than that which vould result from exposure of the whole
package to a radiation environment of 1,475°F for 30 minutes with an emis-
sivity coefficient of 0.9, assuming the surfaces of the package have an
absorption coefficient of 0.8. The package shall not be cooled artificially
until 3 hours after the test period unless it can be shown that the tempera-'
ture on the inside of the package has begun to fall in less than 3 hours.

Response--Fire testing conducted on the Super Tiger.demonstratedvthat the
"inner contents did not exceed 150°F when the outer overpack was exposed to
temperatures between 1,600° and 2,000°F for one hour. By analysis, the
jnner contents would not exceed 80°F when exposed to the 1,475°F for

30 minutes as required by Appendix B.
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The fixation coating, used as the first barrier on the waste equipment
surfaces, becomes tacky between 300° and 400°F when exposed to direct
flame. Since this condition is not projected, the surface fixative within
the inner package will remain intact.

The rigid foam, used as the second barrier against contamination release,
is not affected by exposure to the ‘heat shown in Super Tiger testing.

Tests were conducted by an 1ndependent laboratory at the request of the
foam manufacturer on samples having dimensions of 4"x4"x1" (sample size was
per Mllitary Spec.). At 158°F for 14 days, slight curvatures, but very
little distortions were detected on the samples. Since the foam will
adhere to the equipment surfaces, no adverse effects'are expected.

Breakdown of the foam's chemical structure occurS_s]owly bétween 400°F and
500°F. Since temperatures in this range were not indicated inside the
Super Tiger during fire testing, the foam will remain intact.

Temperatures in the range of. 80°-150°F will not affect the integrity of the
plywood box and its FRP coating. P]ywood will start to char around 400°F,
and, with ;he addition of FRP coating, its fire-resistant properties are
greatly enianced. The FRP-coated plywood box assures that the barriers
preventing release of contamination will remain intact.

at least 3 feet of water for a period of not less than 8 hours.

Response--Assuming that (1) the Super Tiger overpack is not Jeak tight and
(2) the FRP-coated plywood box with the waste item is immersed in water,
 then: The fiberglass reinforced polyester coating will protect the package.

Further assuming that the integrity of the FRP coating and plywood is

~ breached and the water contacts the foam "cocoon" of the waste item, test-

ing by the foam manufacturer indicates that water penetrates only 1/16 inch
into the rigid closed-cell foam. Tests were performed on 4x4x1-inch thick

samples immersed in dyed water for 96 hours.
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Finally, water will not affect the fixation coating on the.waste equipment
surface.

Since the foam and coating barriers are both resistant to water immersion,}
it is conservative to assume that particulate material will not penetrate
these barriers. '



6. CONCLUSIONS

The methods used by Westinghouse for decontaminating large equipment
waste is successful in reducing contamination to Tow levels.

Fixation methods using either formulated coatings or rigid foam as
barriers to -prevent the release of contamination from low-level
decontamination will meet the conditions required in 10 CFR 71(b)(3).

By packaging decontaminated and fixed waste in high integrity plywobd

boxes which are coated with FRP laminate and banded with steel straps,
the strength of these inner packages will -be enhanced in the event of 2
transport accident.
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1. INTRODUCTION

In a previous document, "Treatment, Packaging, and Safety Assessment for
Transporting Large Equipment Waste," November 20, 1980, Westinghouse's packag-
ing descriptions were presented for large equipment items. This document
expands this description to the packaging methods for other package contents,
and for the use of either a fiberglass reinforced polyester (FRP) coated ply-
wood box or a steel box of corrugated construction as the secondary package.
The following discussion shows that the methods employed in treating and pack-
aging waste items provides multiple barriers to prevent the release of
-plutonium when the entire package is subjected to the normal and hypothetical
accident conditions described in Appendices A and B of 10 CFR 71. Based on
this evaluation, an exemption from the special requirements of 10 CFR 71.42 is
requested.

2. TREATMENT

Waste items will be treated in a similar mannef.to that described in the

\‘—// November 20, 1980, document, i.e., decontamination by wash and rinse tech-

niques (as required) followed by the application of a fixative. These items
will then be enclosed in two heat-sealed 12-mil1 thick PVC bags. Items with
internal surfaces that are not easily accessible will have the openings sealed
with mechanical fittings or have the contaminant fixed by foaming within the
cavities. External surfaces of these items will be treated as described.

The decontaminate and fix techniques used for hard waste items are not adapt-
able to some waste, such as soft waste or glove box filters where smear
techniques would not be effective and the completeness of the fixative appli-
cation would be suspect. These ftems will be enclosed in two heat-sealed -
12-mil1 thick PVC bags and packaged within a DOT Specification 17H or 17C steel

"~ drum (maximum size of 55 gallons). Each drum will have a sealed plastic liner

and will be equipped with a standard drum closure.



- -Contaminated liquids are another waste category where decontamination and
\\_// fixation techniques are not applicable. These wastes will be solidified in
concrete in either:

a. A 30-gallon drum which is sealed in a plastic bag and centered and
supported in a DOT Specification 17H or 17C 55-gallon steel drum by
absorbent material, or

b. In one-gallon (or smaller) bottles which are enclosed in two heat-
sealed 12-mi1 thick PVC bags and placed in a DOT Specification 17H or
17C 55-gallon steel drum.

Each drum will have a sealed plastic liner and will be equipped with a
standard drum closure. ‘

3. SECONDARY PACKAGING

The decontaminated and fixed waste items or the DOT specification steel drums
~ described in Section 2 of this document will be placed in either a tight-
\\"/ fitting 1" thick plywood box as described in the November 20, 1980, document
or in a tight-fitting 3/16" thick steel box. The steel box will be of
corrugated construction with a gasketed 1id bolted in place.

The space between the box and the waste packages or drums will be filled with
foam to a minimum thickness of 1". Void spaces between the waste packages or
between the drums will be filled with foam to a minimum thickness of 1/2".

The packages described above will be placed in a Model 6400 overpack (Super
Tiger) for transportation.



4. PACKAGE SAFETY EVALUATION

\\_// In the November 20, 1980, document, the plywood box package was shown to
satisfy the requirements for normal conditions of transport (10 CFR 71,
Appendix A) and for hypothesized accident conditions (10 CFR 71, Appendix B).
That discussion is applicable to the corrugated steel box as well. The combi-
nation of treatment and packaging of the various waste materials, and the
placement of the waste packages or drums into a secondary package, including
foaming of the waste package or drum in place, would prevent the loss of
contents if the shipment were subjected to the external pressure loading
specified by 10 CFR 70.32(b).

5. CONCLUSIONS

A. The treatment and packaging methods for the waste material described
provide effective confinement barriers to prevent the release of contami-
nation which satisfies the conditions for exemptions from the requirements
of 10 CFR 71.42.

\~_// B. Both the corrugated steel box and the fiberglass reinforced polyester
coated plywood box provide an effective secondary package for the waste
packages or drums.



APPENDIX D. NUCLEAR CRITICALITY SAFETY EVALUATION

Contents

1. Letter dated September 17, 1971, from E. K. Reitler (Nuclear Materials and
Equipment Corporation) to D. A. Nussbaumer (United States Nuclear
Regulatory Commission).

‘2. _Letter dated January 6, 1972, from E. K. Reitler (Nuclear Materials and
Equipment Corporation) to D. A. Nussbaumer (United States Nuclear
Regulatory Commission).
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Nuclear Materials and Equipment Corporation ~ Apollo, Pennsylvania 15613 Telephone 412-842-011 Cable &.°

p-364 , - B
e Wﬂf i}i\O Z,/;epte’;; 17, 1971

-United States Atomic Energy Commission

4915 St. Elmo Place

_Bethesda, Maryland 20014 - .
Attention: Mr. Donald A. NUssbaomer. Chief

Fuel Fabrication and Transportation Branch

Subject: DOT SP 6400 :
"~ Loading of "Super Tiger" with Waste Drums

References: (1)RFP-1411, ATMX-600 Railcars for Radioactive Waste Shipments

(2)Mechanics Research, Inc. Report No. C2378, "Engineering
Evaluation of the Super Tiger Overpack Designed for the
‘Shipment of Large Quantities of Hazardous Materia\s.“

Dear Mr. Nussbaumer:

We wish approval to deliver to a carrier, as a Fissile Class I shipment
a "Super Tiger", DOT SP 6400, which is loaded according to the followxng
specifications. '

1. Forty-two 17C or 17H fifty-five gallon containers.

‘1.  Each container is limited to a maximum of 2009 fissile fuel
and a2 maximum of 200 pounds of graphite.

i4. The material is process wastes which are (1)sludges which have
been hardened with speedi-dry, oil-dry, cement, or equivalent,
and (2)1ine-generated wastes which are insulation glass,
washables, contaminated equipment, and miscel]aneous residues.

. 11i. The maximum thermal decay energy is two watts per drum.
and/or '
2. Crates 19A, 19B or equiéalent or those meeting Spec. 7A general
packaoing .

i.  The contents of each crate are similar to the’ line generated
wastes described above but the size prevents putting the items
in drums. This includes equipment, hoods, glove boxes, pipe,
lumber, etc.

":ﬁ.\'
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Mr. Donald A. Nussbaumer . -2- . September 17, 1971

ii. Each crate is limited to a fissile fuel content less than
S5g/ft.”.

The drums and crates are lined with sheét'plastic having a2 minimum

~ thickness of § mils.

Drums and crates are packaged in the Super Tiger in accordance with
MRI report C2378. The bases for allowing us to use this loading are
the following: ‘ : A T

The contents of the inside of the Super Tiger are unaffected by all
accident conditions as shown in report C2378, “Engineering Evaluaticn
of the Super Tiger Overpack Designed for the Shipment of Large .
Quantities of Hazardous Materials." (This report was submitted |-
February 4, 1971, with docket 70-337 as Appendix Q.) \ .

Each drum and crate that will be loaded into the Super Tiger has the
same criticality limits as those approved for the ATMX-600 railcar
which is a DOT SP 5948.

The usable -volume of the Super Tiger is smaller than the usable

volume of the railcar. Consequently, the Super Tiger, when loaded,

is less reactive than the railcar. This means the criticality analysic

which was done for the ATMX raflcar {RFP-1411) is applicable to the
Super Tiger and the Super Tiger can be shipped as a Fissile Class I
§hip?ent. The transport index will be determined by external radiatior
evels. - :

Very truly yours,
\'_L‘ (:w,-a. - €:~ Q{,;;CL( .

Edward K. Reitler, Jr., Manager
Health, Safety, and Licensing
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a subsidiary of Babcock & Wilcox A
a 609 North Warren Avenue, Apollo, Pa. 13 : .

Telephone: (412) 842.0111

January 6, 1972

United States Atomic Energy Commission
4915 St. Elmo Place
Bethesda, Maryland - 20014 -

Attention: Mr. Donald A. Nussbaumer, Chief
: Fuel Fabrication and Transportation Branch
Division of Materials Licensing

" Subject: Our Application Dated 17 September, 1971, Loading of "Super Tiger"
With Waste Drums. )

References: Your letter dated 18 November 1971
Dear Mr. Nussbaﬁmer:

The following is in answer to the questions you raised in your letter dated
18 November 1971: ‘ .

9 AEC uestioﬁ 1: A.nuclear safety analysis to demonstrate that ériticality
\./ .
\\_// will not occur as a consequence of damage to the .inner containers. The
_analysis should consider whether the contents of a sufficient number of

damage containers could be accidently expelled and assembled to cause
- criticality. Damage to the containers is shown in the Unabridged Report
. C2378, "Engineering Evaluation of the Super Tiger Overpack for the Shipment
. of Large Quantities of Hazardous Materials", submitted May 28, 1971 as
Appendix Q to Docket No. 70-337. '
" Answer 1l: It is not necessary for NUMEC to present a new nuclear safety
analysis for the following reasons: ' ' ) il

1. The Super Tiger package (Forty two 17C or 178 fifty five gallon
. containers each limited to a maximum of 200 grams of fissile fuel
and a maximum of 200 pounds of graphite) is safe from nuclear
A - eriticality based on a Rocky Flats report RFP-1411 (Ref. 3, p. 27~
: 30) which demonstrates the safety of a similar package of at least
259 undamaged drums containing a maximum of 200 grams Pu-239 per
drum. . .

2. The drums used by NUMEC are either 16 gage or 18 gage thick. The
report €2378 for Super Tiger overpack (Ref. 2, p. 63-65) shows that
during an impact test, 22 gage drums showed considerable deformation
end some drums had reuptured seams through which liquid had escaped

d wvhereas 16 gage drums with removable covers experienced little or no
(:) . deformation. It is argued that a plastic drum liner would provide
? assurance against spillage from any drums. NUMEC waste containers
\T—’/ ’ have a plastic drum liner and in addition, do not carry any liquids;

pt K
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gsolid waste is less liable to escape. Drums of about 19 gage
thicknesses have been reported to be undamaged by Rocky Flats
(Ref. 3) based on an engineering evaluation of Mr. F. E. Adcock
(Ref. 4) for 19 gage'drums contained in the AMTEX.  railroad car;
therefore, damage to 16 or 18 gage drums in the Super Tiger
overpack is not credible. } .

3. The crates are inherently safe from criticality since it contains

" no more than 5 grams of fissile fuel per cubic foot of the crates.
This is an éver safe concentration and is very low compared to the -
drum concentration of about 28 gms/cu.ft. The contents of each
crate are essentially large sized, line generated contaminated

_waste. This does not create an accountability problem for critic-
ality and in unlikely event of its getting expelled, the waste
would retain its distributed contamination, far from causing
criticality. The crates can be intermixed with the drum lattice

_ gince it leads to a less reactive arrangement as.per the Rocky .
Flats report (Ref. 3, p. 30).

. AEC Question 2: Confirmation that the maximum decay heat generation per
package will be in agreement with the conditions for the Super
Tiger package or a thermal analysis which substantiates the
revised thermal loading. .

Answer 2: Numec proposes the shipment of two types of drum loadings,
identified in the following tables as Type 1 and Type 2. From
those tables it is shown that the Fuel Type 1 loading of the
"Super Tiger" is safe providing no more than 35 drums loaded
with Type 1 Fuel are loaded into the "Super Tiger". Drums-

" loaded with Fuel Type 2 -are safe when 42 drums (a maximum
loading) are put into the Super Tiger. The contents of the
‘drums have been determined by Gamma-Spectroscopy barrel-scan.

Very truly yours,

Eforadl Lol

E. K. Reitler, Manager .
. Bealth, Safety and Licensing

Jamc
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TAEBLEL:

Plutonium Fuel#*

4 pér gu of Pu

Isdtope_

Type 1 Type 2
Pu - 238 0.109 —
Pu - 239 88.280 90. 80
Pu - 240. 9.410 8.30
"Pu - 241 1.410 0.61
Pu - 242 . 0.191 0.04
Am - 241 0.600 0.25

— e

prior to shipment in Super Tiger.

*Amount of Am - 241 is obtained fiom the g~-decay of
Pu - 241. Decay time of about 6 years is assumed
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v "TABLE 2: Isotopes Versus Energy Releaset
Isotope At.vit. . Half life Mev/decay Total Energy
S A T, years -Q 8 o Release
Lt § QT-’ watt/gm
Pu-238 238.050 86 5.592(a-decay) 5.80 x 10~}
Pu-239 239.052 24400 . 5.243(a-decsy)  1.91 x 107>
Pu-240 * - 240.054 6580 5.255(a-decay) 7.06 x 10>
Pu-241 241.056 T 1342 0.0208(8-decay) 1.39 x 1072
Pu-241 261,057 458 5.640 (a-decay) 1.08 x 107}
| %, = 2,121 x 10° % Watts/gm
T ——
i At
* (o
\i'/ vhere Qc = Energy per disintegration, Mev
i e ‘
i A = Atomic wt. ‘
j . . Tt = Half life, years. .
!
[
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TABLE 3: Typical Decay Heat from NUMEC Fuel

(1) Eual Type 1:

Isotope QT : gm - fraction: Heat Load
' “watt/gm + of isotope Q, watt/gm of Pu

Pu-238 5.80 x 1071 0.Qo011 0.638 x 10
Pu-239 . 1.91 x 1073 . 0.8828 1.686 x 1072
Pu-240 7.06 x 1073 0.0941 . 0.664 x 10~
. Pu-241 1.39 x 1072 10.0141 0.196 x 10~
An-241 1.08 x 107 . 0.0060 0.648 x 1073
=3

Total 3.832 x 10 ~ watt/gm of Pu

.. Watt/drum = 3.832 x 1072 x 200 = 0.7665

35 drums will produce 26.83 watts

(2) Fuel Type 2:

" Isotope. E Q, gm~-fraction Q
-

Pu-239 1.91 x 1073 0.9087 . - 1.736 x 1073

Pu~240 7.06 x 1070 0.0823 0.581 x 107>

Pu-241 1.39 x 10”2, 0.0061 0.083 x 107> °
-1 0.0025 - 0.270 x 107>

Am-241 1.08 x 10

1

Total  2.670 x 10~

«*. Watts/drum = 2.670 x 107> x 200 = 0.5346

42 drums will produce 22.45 watts
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