
APPENDIX A PATENT PENDING
Free Drop Impact Analysis Program

Introduction 

This program treats a single degree of freedom non-linear impact model 

of the package. In this analysis, the falling mass is decelerated by a 

continuously varying force proportional to the effective crush area. The.  

non-linear equation of motion is integrated utilizing an Adams-Moulton, 

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

surface till the package model comes to rest on the unyielding surface.  

The Adams-Moulton, Runge-Kutta algorithm 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.  

Equation of Motion

The second order differential equation is: 
-Fx 

Mx (1)

Initial conditions are: 

o= 0 
xo= 0

(2)

- -Where:". x 

- xo:

= the deceleration of the following mass (x is + downward) 

= initial velocity at contact with surface 

= initial displacement 

the displacement varying mass 

= initial total mass - mass of crushed media at rest 
=Mo •:m 

= w-
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PATENT PENDING 
W = Wcight (Ibs) 

g = 386.4 in/sec 2 gravitational consLant 

Fx = the displacement varying crush force 

= Ocr Ax 

Oct = crush strength (lbs/in2 ) of crush media 

Ax = Effective displacement varying area of crush surface (in ) 

= mass of crushed material 

= (Pig) - Volx 

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

Volx = Volume of crushed media (in 3 ) 

h = drop height of package (in) 

Evaluation of Equation Coefficients 

The values for Ax and mx are particularized for each impact orientation 

of the rectangular container as follows.  

1. Flat drop 
S A~x= J-w ...

mx (p/g)/wx 

Where: / length 

w width 

x= crush depth 

2. Edge Drop 

A A Z=xl 

= (p/g d 

3. Corner Drop 

Z 
343 2 

Note: x = crush depth 

¼ •,..,., �- = distance from corner to plane passing through coordinate axis at 
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The sketch below illustrates the deformed membrane and backing media 

when loaded.' 

, rTO

Fa C 
MCI

Media
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|Puncture Pin
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I.tro..ct.o. PATENT PENDING.  

This summary report describes the MRI developed computer program, 

PUNCH, which treats the puncture loading of a supported or backed membrane 

sheet by a cylindrical pin or puncture column of finite radius. The sheet is 

considered to have no bending stiffness and to carry all loads in a membrane 

fashion. The backing or supporting media is considered to be purely plastic 

and possesses no shear strength.  

This analysis program allows evaluation of Department of Transportation and 

Atomic Energy Commission criteria for puncture loadings of Hazardous 

Material Transport Containers and Casks as prescribed in 1OCFR70, 

49CFRI71 and AEC Manual 05Z9.  

Membrane Failure Criterion and Basic Total Energy Relations



PATENT PENDING

(7 Where: ro 

80 

zo 
F

= Radius of Cylindrical Pin 

Radius of Deformed Region 

Crush strength of backing media 

" Inclination of membrane at edge of pin 

Total depth of pin penetration.  

Total force applied by penetrating pin

The membrane fails when the strain exceeds the-elongation capability of 

membrane material. Strain in the membrane is related to two displacements: 

(1) a general inclination of the draped membrane sheet and (Z) a bending 

of the membrane sheet about the pin edge radius.  

The strain due to general inclination, So is:

1 1 cos e = 

1-cos 60 ¢i==5 (lA)

The above relation implies that the membrane cannot slip with regard to the 

backing media or puncture pin.  

Additional strain occurs due to the bending curvature of the sheet thickness, 
ts, about the edge radius of the pin, re. Consider a differential segment of 

the membrane, ds. Assume no slip an the pin radius.

-,;'"•';. : 1 1.  
MVC .... -Nc.

The strain due to bending about 

the pin edge radius is: 

Cr CICC: -'BIBZ 
B1Bz 

- (re + tg) dO - reds 

re de

C= ts 
re /
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PATENT PENDING 
Strain is assumed to redistribute in the immediate vicinity of the pin edge 

radius. Specifically, a uniform strain state is assumed to exist either 

side of the point of tangency of the sheet to the pin edge radius. The total 

allowable strain in the sheet is thus directly related to gross material .  

elongation potential: 60+ 3t" 

Allowable 4 " .r) c-" Elongation o. __ (€i + C r) di (C 

100 j6o + 3ts (C 

0 

This relation symbolically states that the failure criterion of the membrane" 

is related to the average strain existing from the axis of.syrnmetry ( , of pin), 

around the edge radius and beyond for a distance of 3ts.  

The total force applied by the pin is 

FZ ZCTsu rrot sin o +T 19Oc ro r.. (Z) 

Where: asu ultimate stress of membrane 
t =thickness of membrane 

The total energy absorbed by the crushing media is: 

EW (h +Zo*) (3) E= O+o)/- f FzdZ (3) 

0 

Where: Zo* is the total depth of pin penetration at 

"- - "membrane failure 

h = drop height 
W = package weight 

-The radius of the -deformed area of the backing media is obtained from basic 

.. equilibruim principles asfollows: 

Ft-= - :' :! .... "rr ' cr Z 

MECHANICS RESEAC I(4) 
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Membrane Equilibrium Equations 

The basic equations of motion are obtained by considering the annular 

differential portion of the membrane shown below.  

'.  

0cr 

C.  
~~ R 

dr 
V Z' 

SEquilibrium in the horizontal and vertical directions gives: 

7 (P cos )=0 (5) 

d d-( P sin e) dr + ZTr rct rdrO 0 

From (5): P cos 8 = H constant 

P H/cos 6 

'Then (6) becomes: 

- (H tan ) =-2WOcr r 
dr(7 

dZ q 

.But, tan-e 7 , therefore: 
dr 

-wr (SA) 

Ki¢" Where: w ZTrC2cr (813) 

H 
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PATENT PENDING 

Now, from membrane ultimate strength characteristics we may derive a 

relation for H in terms of applied force FZ.-.  

H= Po cos e0  (9A) 

But Po is directly related to the ultimate strength capability of the 

membrane 

P ZT rtOsu .9B)

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.

PO

P0
PT rPo 

rT =ro-re

%-90o -o 

(9C)

Substituating (9C)p (9B) into (9A) gives:

H-b = 2 T .t Ir -r I cos ,

MEOHAWS RESEARCH INC.
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PATENT PENDING 
"" Now, the parameter w is found by substituting 9D into (8B): 

W=Oc 

Ocut (ro - re) COS eo (9E) 

And from (2): 

sin 0o = _Z "_ _ _cr_ (9F) 
2O'SU Tr rot 

COS0  [ sin2  01/ (9G) 

Solution of Equation (8A) is obtained by direct integration: 

dZ -wrz +C 1  (10) 
dr 2 

z= -wr 3 + Clr +c2 (11) 
6 

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

r r Z 0 (IZA) 

dZ d = tan eo (lZB) 
dr 

r~r 1 : dZ = 1C 
_o- dr 

-7ý- . .Substitution of (IZB) into.(10) gives: 

c= tan eo + wo (13) 

* 2 

Substitution of (1ZC) into (10) gives: 

:• : " C ="(14) 

• M-EC-HA-N-CS 1ZSAC NC 1-
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Equaing 13)and (14) requires that: 

tan e 0 ( rz -o r 2) (5 

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

C? = 6ro -wrl ro (16)

Finally, upon substitution of (14) and (16) into (11) the equation of the 

membrane becomes:

Z =.!E ( ro3 _ 3r,2 r + 3r 2r -r3) (17)

The total displacement of the penetrating pin, Z 0 , is found by setting

ZO C!L r' - rlzr+ Zr13) (18)

Where w is given by Equiation (9E).  

Computer Programr, PUNCH

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

the. relations contained in the foregoing analysis development.  

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

loop continues to cycle until a satisfactory membrane sheet thickness is 

determined. 

--:-Ba sically the program performs the following steps: 

* For each trial thickness the program 

_6 Computes 20 even increments of load frominitial crush 

- ito final membrane tear using Equation (2).  

* Checks each incremental load to assure that strain 

allowable is not exceeded, Equation (IC). If needed 

t the load values are adjusted or reduced in number.

/

MECHANICM RSACH fINC. -75-

.1



PATENT PENDING 
" CComputes corresponding deformed area radius using 

Equation (4) 

* Computes the parameter, w, using Equation (9E) 

* Computes displacements corresponding to the 20 or 

less increments of load using Equation (18) 

0 Integrates the force - displacement relation utilizing a trapazoidal 

"rule algorithm to obtain total absorbed energy.  

* Compares energy absorbed with the total required energy which 

must be absorbed, Equation (3).  

0 If the total energy balance is unsatisfied, the membrane thickness 

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 Ridge National Laboratory Irradiated 

Fuel Shipping Cask Design Guide, ORNL-TM-2410, January, 1969. (next page) 

Computer results are plotted over Figure 2. 2, from ORNL-TM-2410 with' 

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 

results follow.

MECHANICS .ISEARCH INC. 76-

Design DOT Media Thickness (in) Result 
Designation S. P. Strength 

(psi) Test Analysis 

1. Paper Tiger 6000 30-35 .0359 .0175 No Puncture 

2. Super Tiger pend- 100'250 .375 V Puncture 
ing 100-250 .4375 Test. Only No Puncture 

1..I00 Analysis .400 
ZOO Only 1.475-



PATENT PENDING
Based upon these checkpoints, PUNCH, appearsto deliver reasonable 

engineering design values for puncture evaluation. Pending further 

calibration of the program it is recommended that it be applied with a* 

minimum factor of safety on "design only" compliance certifications of...  

+0. 10 to +O.Z5. Furthermore, it is essential to assure in design and 

fabrication that the membrane material possess minimum ultimate stress 

and elongation capability as input to the computer program.

SI 7 

C 

U 

ir 

w 
hJ 

U) 
4 

U

CASK WEIGHT. W. (Lbs) .

-Fg. 2.2. Graph to Estimate Minimum Outer Shell Thickness.  

From ORNL TM-2410, Januaary 1969.  
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SiAt-IC INELASTIC tE'iANt- rtlNClt'a% AN14L Y l 

** AsIC.ENGjNEl~i~1NG DATA 

I -ACKAGE t;EI~h'i (LE.) I 

*KINETIC ENENGI TO AB!:Of%'Ei (F i-LL) -

90 j. r.-I. '*I

33333.

IILT IM ASTE STREFSS OF MEMBR~ANE (Pbl) = k0

UL7IMATE ELONGA71ION OF mEv.EkANE CX) 40.  

RADIUS -OF k'UNCTUkE PIN (IN) =3.  

EDGE RADIUS OF PVNCTlj!i.E ?IN (IN) .25 

**TRIAL CASE.DATA 

*CRUSH8 STXEFNG7H OF BACKING MEDIA (FBI) .2:3kb*..  

-INI1TIAL LINCREMENTAL TIHICKNES5 
OF..MEMEhANE SHEET (iN) -2* 0 

NUSMBER OF MEMBRANE ShEETS I 

*4 PlIINCTtURE DESIGN TRIAL CASEsý

TOTAL 
FOjCE 
C LS).

'2 e-7 5 0,4 

228611I.  
239165.  
.2497 lb.* 
-26C272.  
270625.  

.281 379

.291932-.

AT MEMBRAN4E FAILURE *~ 

CRL'Sh TOTAL P~EAK ShEET 

.DEP'TH ENEkGY ACCEL ANGLE 

(IN) -CFMLb). (G) (DEG)

1 * 29 
1.3b 
1 .46 
1.55 
1.63 
1 .70 
A1.76 
1.66 
1.93 
2.01

1696b.  

2V;963, 
23077* 

27529.  
.29664o 
32269.  

*37287.

197.7 A4-4.  

21. b 44-4 

22.9 .44* 
2:3-.9 .44.4 
25.0, 44-4 
2 6. L4 44o 

27;1 Id;44* 

29.-2! A444 *DESIGN VLL

-78-
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********VALUES

SHEET 

( IN) 

P, .2700 
O.V900 

e.. 33 ("IV, 

0.*3500.  
(0.3700 

0:4300.

CRUSH.  
.RADIIIS 

(CIN) 

.50. 193 

5.7h3 
5.*879 
6.*002 
6.-122 
6.240 
6.356



PATENT PENDING.* 

STATIC. NFLAbTIC MEM[AANE PlINC7WkE ANALYb1l %J o
1.1 *� 

* ***�� 
* £� -.

S* ASI 

**THIi

C E.NGINEERIN~G DATA 

?ACKAGE WEIGHT CLPS) 2000 

DR~OP hEIGHT CIN) 40-~ 

KINETIC.ENERGYd 'O ABSOk~B CFT-Lb) 6d 

ULTIMATE STRE.SS OF MEMBR~ANE 011SI) 4k 

.ULTIMATE ELONGATION'07 MEMB)KANE C%) 

RADIUIS OF P'UNCTUR~E P~IN (IN) 3.  

EDGE RADIUS OF. PUNCTUhE iPIN (IN) .2!5

5667o

CASE DATA 

CRlSH- STRENGTH OF bACKING MEDIA (PSI) 230bo 

INITIAL &INCREMENTAL THICKNESS 
OF MEMBRANE ShEET CIN) *~b 

NUMBER OF MEMBRANE ShEETS I

*4PUINC7LURE DESIGN TRIAL-CASES 

*4******VALUES AT MEMBRANE FAILL'KE ~*~ 

Sr.F.ET CriuSh, TOTAL MUCSI~H TOTAL PEAK SHEET 

;-Hi 1CK -2RAfhIUS .~FOkCE DEPTH. ENEkhGla ACCEL ANGLE* 

0;5~C ~6 -7 6 3Pbb7G,. .2.26 46709o 16.4 44*4 

0ý 5fi 7#0~12 355254 .2o43 5391 b 17bh 44-4 

0-65100 <7.515. 406021 .2.76 69476- 20.d4 44*4 

'07000.77. 434405. 2.91 77801. .21.7 44.4 *DESIGN

C. -,

VALUE

VV170

kL



PATENT PENDIN-G

STATIC INELASTIC MEMBEUANE PLINCTUKE ANALYSI 

*** BASIC ENGINEERING DATA 

PACKAGE iWEIGHT (LB)- 200

DzCO? hEIGHT (IN) 

KINETIC ENENGY TO ABSOIRB (FT-LB) 66667

ULTIMATE STRESS OF MEMBRANE cbesI 700 

UILTIMATE ELONGATION OF MEMDRANE CZ) 460 

RADiUS OF PUNCTURE ?IN (IN) = 3.  

EDGE RADIUS OF.PUNCTUhE PIN (IN) -25 

** TRIAL CASE DATA 

CRUSH STRENGTH OF BACKING MEDIA (PSI) 2300-.  

INITIAL & INCREMENTAL THICKNESS
OF MEMBRANE SHEET (IN).= .3*-02 

NUMBER OF MEMBRANE. 'SHEETS = I

*. *_PIINCTUJRE DESIGN TRIAL CASES.  

****s•s**. VALUES AT MEINBRANE FAILURE 

"-HE7-'" 'CRUSH " TOTAL CRUSTH TOTAL PEAK ShEET 

Tsi Cml RADIUS - FORCE DEPTH ENERGY ACCEL ANGLE 

: IN,) C IN) - (LB) (IN) (FT-Lb) CG) (DEG) 

30-00 6.bbO 342062. .2.35 5265-. 17-1 44-4 

"76-32r, -r64 36053[*- 2.46 . 554(7-, lb0 44.o4 
.pI 

16-9 44*4 

: 0.3"I00 7.242 37b999* 2.5 60735.  

'A .ý• -. 17 o .3968- 
2.69 66247"- 19.9 

7 7...- •"1937/- 
2to -b 4- °• 

8C 7 .5b87 A1593" 2.81 . .., 

. . . . . . . .. . . . .-.- .s . . . .

*DESIGN VALUEr

-80-
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PATENT PENDING...  

STATI1 INELASTIC MEMBRANE PUNCTUKE ANALYSIS 'Rvn?:•lfof. •t :.;" &. " t"" 

*,* BASIC; ENGINEERING DATA 

PACKAGE WEIGHT CLB) = 660..  

DROP HEIGHT (IN) 40.  

KINETIC ENEhGY TO ABSORB CFT-LB) 2200.  

ULTIMATE. STRESS OF MEMBRANE (PSI) =, .  

ULTIMATE ELONGATION OF MEMBRANE C2) = 40 

RADIUS OF PUNCTURE PIN (IN) 3.  

EDGE RADIUS OF PUNCTURE PIN (IN) -.25

* •TRIAL 

N-" .
CASE DATA 

CRUSH STRENGTH OF BACKING MEDIA (CPSI) = 30." 

INITIAL L INCREMENTAL THICKNESS 
OF MEMBRANE SHEET (IN) =-c..0050025 

NUMBER OF MEMBRANE SHEETS I 1

***=PUNCTURE DESIGN TRIAL CASES.  

***4~ VALUES AT MEMBRANE FAILURE ****t 

. _ $,T •CRUSH• .. TOTAL C.RUSH TOTAL PEAK SHEET 

-THICk -;RADILS'. . FORCE DEPTH ENExGY ACCEL ANGLE 

C.IN) (IN)ý . (LB)Y C(N).( FT-LB) CG) (DEG).  

G ..P,(L5- 6 2 . 3487. • ot3 410. - 5.3 44.4 

8 0i.141 . 86. 2-51 .752. 7.3. "'4,.4 

--89.--6 . 6125. _-3.12--... 1167." 9.3 34., 
- , .125 3o, u-7444- 3.67 1646. 11" 3 44.4 

;.•:S•- 9,.643:- . 8763@.. *4.17 2184. 13-3 44.4 

- .-1-5 10.343- 100830' 4.64 • 2778.. 15.3 . 44.4 •*DESIGN VALUE*

. - -87 1-2



PATENT PENDING 
STATIC INELASTIC MEMUNANE PUNCTURE ANALYSIS • •p: ..  

BASiC ENGINEEkING DATA 

PACKAGE WEIGHT CLB) .. 45000

DROP HEIGHT (IN) = 40.  

KINETIC ENERGY. TO ABSORB' CFT-Ll) =150Vko 

ULTIMATE STRESS OF MEMFkANE (PFI) 55= B.  

.ULTIMATE ELONGATION OF-MEMBRANE CZ) = 30.  

RADIUS OF PUNCTLURE PIN CIN) 3..  

EDGE RADIUS OF PUNCTURE PIN (IN) = .25 

* T YRIAL CASE DATA

CRUSH STRENGTH OF BACKING MEDIA (PSI) = Ifb

INITIAL & INCREMENTAL THICKNESS 
OF MEMBRANE.SHEETV(ZN) .15P-025 

NUMBER OF MEMBRANE SHEETS.= 1,

V

*. PUMNTl-iCE DESIGN TRIAL CASES

*:'~~1~***VALUES

SH-LEET 

-.( i N) 

L). '...,.,.  

i " 

Iý . 1, (1 

0.3250 
A- C. k.350 

-;.375"

CRUSH 
J(ADIU

(IN 

193.4 

24.26 
Ž5.3"2 

Ž7 *:". 33 

28e 27 
29.19

TOTAL 
FORCE 

(LB)

6 -162193.  
2 '1'E7 54, 

4 "135315' 
7- .151U760 
5. 16•A37--" 

7 I•A99*.b 
9, 201559.  

2 .. 234681
9 . 251242
)7 "267802

7 .  

9. , .

AT MEMBRANE FAILURE *****' 

CRUSH TOTAL PEAK SHEET 

DEPTh ENERGY ACCEL ANGLE 

(IN) .CFT-LB) CG) (DEG)

8* 44 
9.27 

.10.7 B 

11.48 
12.14 
-12.78 
13.36 
13.97 

.14.54 
15-09

48367.  615450 
75613.  
91102

"107356, 
124526
14257S
161452* 
16114•*.  
201606.  
222822a

2.3 39.7 
2-6 39.7 
3*0 39-7 
30.4 39.7 
3.7 39.7 

*5- .39-7 
.4.5b 39.7 4,• 39.7 

5.2 39.7 
5.6. 39.7 
6.0*' 39.7 *DE ZI GN VAL'> U

p

�i*. -BZ-

el'4/?o
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4L~

.... *• TRIAL CASE DATA

CRUSH STRENGTH OF BACKING MEDIA (PSI) = 260.

INITIAL &" INGREMENTAL "THICKNES " 
OF'MEMBRANE SHEET (iN)..=.3,.025 

-NUMBER OF MEMBRANE SHEETS = "

!,* PUNCTURE DESIGN TRIAL CASES

********VALUES 

CRUSH TOTAL 

RADIUS FORCE 
(IN) CLB)

AT MEMBRANE FAILURE ****• 

CRUSH ... TOTAL PEAK SHEET 

'DEPTh - .* ENRGY ACCEL ANGLE.  
CN) 6)3"• -cG -DE 6)

0.3000 18.036 204366.- .8.44 967334 ""5 `39°7 

0.3250 16.752 220947o. .8-66 109636... 4.9 " 9-7 

0'03500 190442- 237508-. 9.27 123091" .5*3 39.7 

(1"3750 720.19. .254069-. 9.66 .. 137•95° 5-6 39&7 

O~0 ~-.2.:5 270630. 10*405 151627- 6.0 39.7..  
.4250 21.79 o 28n7191... . 10.42 166666. 6.4" 39-7 

0.45•0 21.9U'7. .3e3752- 10.78 162205- 6.'8 .39-.  

0*4750 22.57"9 320313.* 11.-13 198224. 7 397 *DESIGN VALUE 

•-:- •j -++. -9---.----- .  

-,• ,.: ";, +,..• .: :-....-... +.- 
--- -.+ .... 

.. -

.- _.9.+ 
, +., 

. _ o

,83 -

SHEET 
THICK 

tfI rj

C' -.  

*f�. ? 

4.  

'S. 

.....r -�'� 

w.'.. .�.-.
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APPENDIX C 

THAN Thermal Analysis From Reference 6

Fire Test3.3

The container has been analytically subjected to the required 1475°F 

fire test for a30 minute period, using a transient electrical network 

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

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 0 F. At no time did the 

payload exceed 1500F (minimum threshold for temperature reading).  

The overpack side wall has been subdivided into nine nodes representing the 

thermal capacitance and conductance through the wall. Each one inch 

thickness of foam was represented with a node (7 total) with the remaining 

two used on inner and outer skins. The innerbox was idealized as 2 nodes, 

one representing the A. N. L. steel box and the other its payload. Figure 3 

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

electrical analog. The assumed emissivities for this problem are as follows: 

Heat Source: 9 

. Outer Container Walls: -cc .8 

Inner BoxWails: 

Payload: C.= .8

IMCECANICS EESEABCH INC. -84-
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* Figure .3 

Argon~ne'National Laboratory Waste Container 

(9k *Thermal Analysis Model 
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PATENT PENDING
The model includes the following special features: 

> Coupling between the outer wall and the foam consists of a conductance 

term.  

0 Foam char adjustment to account for decomposition at temperatures 

greater than 7500F were incorporated.  

0 Coupling at the lug pocket consisted of radiation and air conduction.  

0 Coupling between the inner box wall and the payload consists of a 

radiant term, and a temperature dependent air conduction term.  

* Heat input consists of a programmed source temperature equal to 

1475 F acting through a radiant coupling term to the outer box wall.  

This heat source at 30 minutes drops to a temperature of 70 0 F.  

* At thirty minutes, a free convection and air radiation term is 

introduced coupling the outer box wall to an air temperature of 

70 0 F. At 3-1/2 hours into test sequence artifical cooling on the 

outer box wall is introduced. This reduces the outer wall tempera

ture to approximately.700 in about 15. minutes. " ' 

The details of this analysis are summarized in the following calculations: 

3.3. 1 Nodal Capacitances: 

1. Outer Wall 

Weight = 1872 + 300 = 2172 lb.  

c = . 11 for mild steel 

-c-.- ~ 2 -(2172411) c238.92 Btu/ R.  

-Weight 579 '+'260- 839 lbs 

c = .2-assumed for foam (8016 freon, 20% complex mixture) 
"~~ ~~~- c " :•' ., .• 4 • r C3tO ::(839 )(.2Z) " 0_ 

-.3 to 9  - 9. ) 23.97 Btu/OR 
7 .  
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3. n,'ner Wall
PATENT PENDING

Weight =248. lb 

cl 0  (248. 1)(. 1) =27.29 Btu/ R 

4. Payload Container 

Weight 700 lb 
c = .l1 

C 1  = (700)(.11) =77. Btu/ 0 R 

5. Payload 

Wcight = 2300 lb 

c = .33 (assumed) 

C1 2  = (2300) (.33) = 759 Btu/ 0 R 

3.3.2 Conduction Resistors 

R= ij 
Aij kij 

1. Outer Wall to Foam, R 2 

Rz = outer wall + I/Z" foam 

kij= 25 Btu/hr-ft-°F (carbon steel)

Router wall (3/16) 
•(249.6)(25)(12) = 2. 504 x I0"6 0 R/Bru/hr

-3o = 9. 014 x 10 RIBru/sec 

-1 /2) (3600) = 30 048 
Foam (249. 6)(. 24) ,tu/sec 

RZ 30.048 + . 009014 = 30. 057 0 R/Btu/sec.

Foam Resistors, R 3 , R4 , R 5 , R6 , R7 .R8

A3 , 4.5, 6, 7, 8
(3600) 60.1 0 R/Btu/sec 

(249. 6)(. 24)

%= M•ECANICS E-SEARCH INC.
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3. Foam to Inner Wall, PA EN PENDING 
R = 30. 05o1/Btu/sc 

4. Foam Char Adjustment, .Z to R 9 

To account for decomposition of the foam, the foam resistors.  

are defined as temperature dependent quantities.' Up to 750°F-..  

the foam resistors~have values as given in preceeding paragraphs.  
0 Above 750 F the foam resistors take a value equivalent to an

air gap of the thickness of the foam node.  

A kT 

.1= l/12 ft.  

A 249. 6 it 2 

0F r OR ki[Btu/hr-ft- 0 F] I /ki[fit-sec- 0 F/Bm] Ri" 

750 1210 . .024891 .144631x 106. 48.29 

850 1310 .026213.. .137336 x 10 45.85 
1090 1550 .0Z9176 .. 3389 X 106 z 

1350 1810 .032113 6112104 z 106 .37.'43 

1490 1950 .033598 .107149 x 106 35.77 

5. Payload Container to Payload, R.I I 

..Assuming Payload is damp sand or similar material 

.-- -34 .. .-6.Btu/hr-ft-.F assme.  

"i.i (2112)(3600) a6.045 R/Bt•/sec 
(165.4)(.6) 

3" 3. 3:ý--, Complex Coupling Resistors, Rio, R t Rl3 • 1 0 R R1  5 

"-Radiation Cop ling, Inner Wa to Payload Box, R 

L."EANICS R "ESEAIilnCz INC. -89



A. = 150.78 ft 

A-'. 165.4 ft2 
J 

Fi 13

PATENT PENDING

ci c -' .  

a= .4761 x 10 12 Btu/sec-ft 2- 0.

vAi 

(* i)
Aj (1 i

klO = (.4761 x 10l12) (150.78) 

1+ I + 15°'48 (1 i)

48.60 x 10-z Bt'u/rec-R 4

2. Interface Conductive Coupling, R.1 4 

Bottom of Argonne Container to Bottom of Payload, assume 

30% contact area and 1 / 3 2 " height asperities.  

Aj 1/Z (12ga.) + 1/2 (z0 ga) 

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

Aij =58.5 x 50.5 =2954.25 in 2 

= 20.52 ft 2 

C.onductive Resist: R, 07025)(3600) = 041081 0 R/BI/sec C ct 4A (20. 52)(12)(25)

Contact Resist: R14B (1/32)(3600) +. 060916 0 lR/Btu/sec 
(20. SZ)(. 3)(12)(zs)

R 14  RA + RB = 0. 101997 °R/Btu/sec 

3. Radiant Source to Outer Wall, P.1

MECHANIGS BESEARCH INC.

t 
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k1 (.4761 x 10 (249. 6)' P T N P DING, 
(.-' +1 -1 

.87. 313 x 10-12Btu/sec

4. Lug Pocket Radiation Coupling, RI 6 

Ai =Aj =40 in 2 '.27777 it 2

e€i= ej=.  

Fij 1 

K 1 6  (.4761 x 1O' z)(. 27777) 

+ 1. + (I.(

= .088166 x 10 Btu/sec- R

5. Temperature Dependent Air Conduction Resistance 

The conductivity assumed for air uses the inperical relation 

given in section 16 of Reference (6), Table 20.

i i 
P' Aiki Ai *i

where k = k3 2  492 + 
T+C 

For Air: k32 = 0. 155

T 
492

1.5 Btu/hr/°F/ft 
2

S= U25S

I I

ki[Btu/hr-ft- F] 1/ki [ft-sec-°0 RBtu]

530.1 -013715 ,262486 x 106 

81 .. 018902 .190456 x 106 

-1050 -022646 .158968 x 106 

"1310 .... .026213 .137336.x 106 

1550 O 029176 .123389 x 106 

181 O•- A-.032113 l.Z104 x 106 

1950 o- :.o33598 .107149 x 106

MECH•,ACS. BESEAB-H IN" -91 -.
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PATENT PENDING
a.. Inner Wall to Payload Airgap. R, 5

(74. 5 - 72. 5) (12) = oos0Z3 
S(1) (58. 5)(50. 5)

(A)side 1
(5s2 - 50. 5) (1Z) 
(z) (1) (2) (58.5) (72.5)

=,. 001061

(A)sd S(60-58. 5) 001229 
2 (4) (50. 5) (72. 5)

The above are coefficients for parallel resistors

1 

1

(415

1 
1 . 1 . 001 

.008123 .001061 .001229

= .000532117/ft.

b. Lifting Lug Pockets, R 1 3 

These pockets. or cavities, extend from the container outer 

wall to the payload.  

9. 5 in 

A = Z-1/2x8 = 20. in 2

(-L \ -i (9.5) (144) A -) - (20)(12) = 5. 7Iit

There are two 6f these:

CA 1L3
=- I__+= 

1 .I 
5.7 5.7

Combined External Air Convection and Radiation 

Following application of the simulated 1475 degree fire the outer 

box wall is assumed to be cdoled by combined air convection

MEZG,-AX1'CB F ~SEA.RCZ INC..
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Closing Device

For impact against a cover edge, as'shown below in Figure 4, the closure 

device is loaded by the deceleration of the payload and cover. Assuming that 

approximately one half of the payload weight reacts against the cover, the 

total force, P, tending to burst the cover is given by 

P=(Wc + W )Gcos e 

where Wc is the cover weight and W is the payload weight. For the subject 
p 

overpack 0 c 360 40, and cos o= 0. 802.  

. .-- S - •,..I ~ A " rlf|T Itr~kLur'Lv

['4 G

y

Sigure 4 

RESEWEC INC.RN .9 3-
16//r

and radiation. The coefficient utilized for this combined 

equ~ivalent convection loss has been taken from the data 

presented in Table 11. pages 4-106 and 4-107 of Reference (5).  

q (hc+'hr) A 6T 

h= (hc +hr) @1500 6t 2.40 (Avg,+)Btu/ft ~r/0 

R 1 1 (3600 see/hr) 

l-h.A (2.4 Btu/ift4-hr/0 F2) (249.6 ft?-) 

6. 01 -F/Btu/sec 

This resistor switches in d5 hr.  

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

included in the following pages and to substantiate the plotted 

results. pages; 29 through 35.

3.4
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ENCLOSURE 

USAEC - Mr. D malud Ntissi;uint-er 
AugusL tL, 1970

1., Description of Cask Contents
PATENT PENDING

In accordance with the requirements of Sec. 71. 22 (b) of 10 CFR 71,.  

Subpart B, the materials planned for shipment in the Super Tiger con
tainer are described as follows: 

(1) Radioactive Constituents - Identification and Maximum 
Rad ioa ctivit, 

(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 form, n.o.s.  

(ii) Type B quantities in normal or special form, 
n. o. s., up to a maximum quantity not to exceed the 
limits for Type B quantities for each 30 or 55 gallon 
drum as defined in Section 193. 389 of 49 CFR, Sub
part (1). The total aggregate quantity shall be con-
strained by the limitations set forth in Section 173. 393 
of 49 CFR, Subpart (j).

(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
tents.. -The shipping papers must be properly endorsed 
to reflect such arrangements.

(iv) 42 fifty-five gallon drums of uranyl nitrate solutions 
where the U-235 concentration is not more than 5 grams 

.. per liter.

(2) {Identification and Maximum Quantities of Fissile Constituents 

'FissilHe constituents'planned for shipment in the container along 
lowith respectivequantities are as follows:

"(7-'
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PATENT PENDING 
(a) U-Z33 ZOO grams/secondary container 
(b) Pu-239 Z00 grams/secondary container 

(c) U-Z35 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 and 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 

(a) 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 

C vs. temperature decomposition of the foam begins. Lab

oratory tests using this type of foam seem to bear out the 

fact that shrinking occurs priorto 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 thc in

ternal surface of the foam or steel box, and 180 degrees.  

as the limiting temperature of the external surface of the 

foam or the external Super Tiger, the temperature diffcr

ence across 10 inches of foam is 170 degrees F. or 17 

degrees per inch of foam thickness. In this thermal gra

dient, the thermal forces are easily taken up by the foam, 

-and thermal stresses are negligible.  

"From the technical bulle-tin put out by the manufacturer of 

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

"Koo Factor of 0.148 Btu/hr/sq. ft. /in. thickness/degree F.  

"Since the material is 10 inches thick, the heat loss, q, for 

one square foot of side wall would be: 

(350 - 180) 0.148 or 2.52 Btu/hr/sq. ft.  
10 

" Since the ends have 35 inches of foam thickness, the temper

ature gradient would be less, between 5 and 6 degrees per 

"inch of thickness, as well as the heat loss per square foot, 

or 0.72 Btu/hr/sq. ft.  

P 
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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. This area 

has a heat loss of 850 Btu/hr. The ends, 6 feet x 6 feet x 

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 

interior surface as the method for calculating the overall 

area. Actually the average area between the inside and the 

outside is more reasonable, with 14' x 7' x 4 sides, or 392 

square feet. Then this heat loss is (392/335) x 850 or about 

930 Btu/hr. In the same manner, using the ends as 71 x 71 

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 Der watt, the container has ,a capacity of 294 

watts or derated 20-'7 for a safety factor this amounts to 

235 watts per Super Tiger.  

Based on a load of 42 drums, each 55 gallon size, the 

wattage would average out to be about 5. 5 watts per drum 

(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).  

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 

S dry ice. With 1, 000 Btu/hr being melted at a the 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).  

-PATENT PENDING
I.  I.
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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 (.0/170) x235 

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 produces a line contact 

as shown.below: 

PATENT PENDING
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On impact, it was found that the line contact was incrcased to 

a dimension that never exceed the radius of a drum. Maximum 

floor loading was reacted over an area no larger 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 Z0%0 positive Margin of Safety over that shown 

in test to be safe, it can be concluded that floor loading should 

at all times be reacted over a minimum of 60 c/6 of the available 

floor. In this manner, it can be guaranteed that all loads will 

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. (61 x 61 x 4 1/Z) 

(c) In a &, b above and any single container, the maximum 

floor loading will at all times be distributed over a minimum 
S ". . of 60% of the floor area. Dunnage or internal brasing will 

_ -. be utilized to eliminate secondary impact. Secondary con

tainer-s will be blocked, as necessary, within the container 

using timbers, crushable, or 4inflatable dunnage.  

PATENT PENDING 
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Z. An analysis of Sections 71. 33, 71. 35 (b), 71. 36 (b), and 71. 37 of 
10 CFR Part 71 for fissile contents specified in PagelGIof this enclosure 

The fissile material quantities specified in Pagel0[of this en
closure are such that the material will be in a subcriti cal 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 closure.  

Based 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, while the other utilizes the standard ISO.  

Cable Tie down 

The Super Tiger can be secured using the system of tie downs 
shown on Figure I.  

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

A - (13 (/ lI2)+ (•) (2 3116) 2.985 

Fs= 36, 000 psi (See vendor specification sheet 6I 

.30016 Maximum Carbon Steel) 

Allowable load in double shear/fitting.  

PA= (36,000) (2.985) (2) 

PA 215,000 lbs.  

A = (1 1/8) (2 114)= 2. 53 

B= (36, 000) (2. 53) (Z) 

:B 182, 200 lbs.  

(Z g's Vertical) 

Vertical loads are reacted by all eight fittings. Assume all 
:cables act in a direction which is 450 to the applied load.  

:.. Load =.(2 gls) (45,000 lbs.) = 90,000 lbs.  

"^-Since one fitting will react: 

cos 450 (182, 200) or 128, 800 lbs.  

M... S. .4 (128,800) 
_:•i•: , • -• M. S. 0 0 

..... arg PATENT PENDING 
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SPECIFICATION- #1 - .30% MAXIMUMCRO TE

1.0 CHEMICAL REQUIREMENTS

Carbon 
Manganese 
Sil icon 
Phosphorus 
Sulfur

2.0 PHYSICAL PROPERTIES

Yield. P.S.1. .  
Tensle.P.S.I.  

Elongation, % in 2" 
Reduction Of Area, 
Brinell

3.0 HEAT TREATMENT 

4. 0 WELDING

.301 
.50 .701 
.30 .60 

.-05.  
* .05 

MINIMUMh 

22.0 
35.0 

180 Max.

EXPECTED' 

..26 
.65 
.45, 
.03 

.. 03 

-EXcPECTED 

42,000 
74-000 

26.0o 
"4.0

See Specification 600-2 and 600-3 
Anneal 1650 0 F 6 Furnace cool to 800 0 F.  
Normalize 1650 F. Temper 1100..13000 F.  
Must be stress relieved after welding...  

See Specification 100-1 
Filler Metal ASTH A233-64T Class E-7018 

HIL-E-2220011C Class HIL-7018

5.0 APPROXIMATE EQUIVALENT SPECIFICATIONS.  

ASTM A27-65 Class 65/35 
ASTH A27-65 Class 70/36 
ASTH A356-60T Grade 1 
lBS Machinery Grade 2 
Federal QQ-S-681D Class 65/35 
Federal QQ-S-681D Class 70/36 
MIlL-S-15083B Class CW 
)CIL-S-l5083 B Class 65/35 
MlL-S-15083 B Class 70/36 
De Laval Code 0113 Steel #9

Note 1:
an increase of .04% of manganese is allowed up to 1.0X manganese.  

PATENT PENDING

Specification #1 --. 30% Maximum' ~.
-Carbon SteelOF 
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(5 g's Lateral) 

Lateral loads are reacted by a minimum of four fittings and 
again assume a 450 reaction direction: 

Load = (5 gts) (45,000 lbs.) 225,000 lbs.  

Capability 4 (182, 200) cos 450 = 515,200 lbs.  

M.S. 515,200 1 

M.S. = + 1.29 

(10 g's Fore and Aft) 

These loads are reacted by two upper fittings and two lower 
fittings: 

Load = 10 (45, 000) = 450, 000 lbs.  

Capability = cos 450 iZ (182, 100) + 2 (215, 000) 

561,600 lbs..  

M.S. 561, 600 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 each fitting is isolated within the triangular cavity formed by thi.  

.. diagonal gusset plate, only localized damage will result. (R f. Photu 2, 

Page 5 -of Super Tiger Report) 

(Lifting Loads): 

Lifting of the container would be accomplished with the use of 

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

possess capability as calculated for Section "B." 

-" Capability = 4 (182, 200) 728, 800 lbs.  
....... " "PATENT PENDING 

S...WConservatively, assume a 300 sling.  
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ANNEX A 

EXAIMPLES OF CORNER FITTING ENGAGING, UFTING, AND SECURING DEVICES

*0

TWIST LOCK APPLICATION

TIE DOWN FITTINO " TIE DOWN WITH CORNER GUIDANCE

mOM "RoNT OR SI DE

HOOK ENGAGEMENT
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ANNEX B 

EXAMPLE OF USE OF CORNER FUTINGS IN RAILWAY AND ROAD VEHICLE APPLICATIONS

PATENT PENDING
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M.S. = (7Z8, 800) (cos 300) 
(45,000) (3 g's)-1 

M.S. +Large 

." Lifting capability meets requirements listed in Chapter 05Z9, 

Page 18,033 II, 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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4. The following is an analysis of the Super Tiger's ability to resist 
the loads of Paragraph 71. 32 (a) of 10 CFR 4a Part 71.

,*= is$ Ib/-N.

I' V r I 

A - U. p
--1 1 L

A) Bending moment at bolt centerline: 

w (5) (45, 000) /240 = 938 lb. /in.  

x= 35 

L = 240 

ML, = wx (L- x) /2 

ML = (938) (35) (240 - 35) /z 

ME,= 3, 365,000 in. -lb.  

Conservatively assume only the bottom two bolts 

Pbolt = (3, 365, 000 in. -lb.) /(2) (93) 

Pbolt = 18, 100 lbs.

react this load:

Hlowable Bolt Load.= 80, 700 at 125 ksi

. Margin of Safety (Bolts) 

M.S. 80,S700 

M.S. + La8rg e

PACKAGING, INC.
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B) Max. Shell Bending Moment: 

wL 2 Mmax = 9- PATENT PENDING
Mmax (938) (240)2 /8 

Mmax 6, 753, 600 in. -lb.  

Conservatively assume all loads are to be carried by the tri
angular corner beams. Buckling stability of the corners is provided 
by the foam and face sheets.  

Area 2 (11 1/2) (.1875) + (16.3) (.1046) 

Area= 4.3 +1.7 

Area= 6.0 in.  

.fc M/2hA 

fc = (6, 753, 600) /4 (96 11 1/2) (6) 

6,660psi 

FCS= 46, 500 psi 

Margin of Safety: 

M. S. 46, 500 6, 660 

M. S. =+Large

loads
Conclusion: The proposed container is capable of 

set forth in Paragraph 71. 32 (a) of 10 CFR Part 71.
safely reacting

I

'PROTECTIVE PACKAGING, INC. -115-
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PATENT PENDING 
5.. We belitwve an analysis of the end closure plate for the 25 psi ex
ternal pressure is not-required. From Drawing 121350, Section A-A, 
Zone F-2, it can be seen that silicone rubber seal I" x 1/8" thick is 
clamped between the two mating channels. Additional seal compression 

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 a point of interest to me, was the 25 psi requirement es
tablished to protect against submersion to a depth that will produce 
25 psi? If 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 1iresence of the seal will guarantee that 
no in-leakage and corresponding pressure build-up will take place.  

K> Shear strength of the foam is approximately 200 psi. Those areas 

which contact the steel shells produce a chilled effect, increasing 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.  
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PATENT Pe":NING 
6. A pressure of . 5 atmospheres will produce an internal within the 
inner container of 7.1 psig.  

This can easily 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, .t4e 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 deflection 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:

I.. f7s peotmTrr ,er.Q !,. dor AWCA-7"-t00 Add•J

j -.
) 

,6.4,P• (.- PAO MM

w 
III-, 

p
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wL
4 

dl 

PL
3 

dG = Gap 

. d, + wL 4 -

Where:
w = 7.1 psi 

I= (.1873)3 /12 = .00055 

E = 3 x 107 psi 

G= .5 in.

P = 0

Solving for P as a function of L: 

P = 3EIdG L" 3 + 3/8wL 

Differentiating and set to0:

dP

(Eq. 1)

-3EIdGL- 4 + 7 = 0

L =417EIdo 
S3w 

Solving for L: 

L = 13. Z3 inches (Point at which end plate contacts cap.) 

Solving Eq. I for P: 

P = 46 lb. /in.

Seal deflection can be calculated by: 

d PS

PRIO-CTIVE PACKAGING, INC. -119-
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.Where: PATENT PENDING 
P = 46 lb./in.  

S= 5 in.  

E= 3x107 psi 
i=(2) (.1875)3= 0.-O3 

(46) (5)4 
ds= (384) (3 x 10') (1.1 x I0"-5 

ds = 2. Z7 xl10 3 

Therefore, the seal area will be opened by approximately: 

ds= . 00227 in.  

Bolt load: 

Pb= (46 lb. /in.) (5 in.) = 230 lbs.  

. 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 fire test 
no damage to the inner container or end cap was noted. Low 
leak rates due to poor seal installation still prevailed.  

Production: 

-* Repeating the same analysis for the production design; from 

Eq. 2: 
4 72 EIdb 

3w 

* Whe re: 
E= 107 psi 

db= .5 in.  

-* w• 7.1 psi 

1 2 (.25)3 /1Z = .0026 

PROTECTIVE PACKAGING, INC. e_- 65O-/7



PATENT PENDING
L = 19.7 in.  

Solving for P: 

p = (3) (107) (2.6 x 103) (.5) 

(19.7)3
3 (7.1) (19.7) 

8

P =" 55 lbs. /in.  

Seal Deflection:

ds= pS 4 

384 El

I= .089 in. 4

1L 1-

(55) (l0)4 
(384) (107) (8.9 x IO-)

ds = . 00161 in.  

Bolt Load: 

Pb (55 lb. /in.) (100 in,)= 550 lbs.  

.. The seal area deflection of the production configuration is ove r 
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: 
changed from a flat

The seal area configuration of the cover plate was 
3/16 steel sheet to a formed 1/4 aluminum plate.

U 
Is

SI 

I;.  

.1� �,

PROTECTIVE PACKAGING, INC.
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B) External End Cap Attachment PATENT P'!)ING 
Presently, ten 1" diameter 120 ksi bolts secure the end cap.  

Bolt capability based on minimum pitch diameter is: 

Pallow 81, 000 lb. /bolt 

For simplicity of calculations, assume that the bolts must carry 

the full impact load generated by the cargo. From Page 1Z of the report, 

the maximum de-acceleration is 25 gts. Using a maximum payload 

weight of 30, 000 pounds: C-C drar /2 el ' I,

Load = (30, 000 lbs.) (25 gts) = 750, 000 lbs.  

Capability = (10 bolts) (81, 000 lbs.) = 810, 000 lbs.  

8101,000 

M.S. = 750,000 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 atmospheres will produce a load of: 

P (7.1psi) (76)2  41,000 lbs.  

This load can easily be reacted by the 810, 000 lb. 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 

skin 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 
Sbolt--a so'ft 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 a much stronger load path 

than that of the prototype design.  

PROTEcTIVE PACKAGING, INC. -i22-



PATENT PENDING 
In the interest of safety and increased reliability, the production, 

configuration has been altered so that the 1/2 gap between the plate ant; 
end cap has been relaxed to 1/4" maximum. By providing relief h,•les 
for the bolt heads, the plywood back-up can be brought up with 1/4" of 
the plate. Loads will be reacted on the end cap sooner there by pro
ducing a lower seal area load yet.  

From the comparative El values and the seal dflhection c•dI
culations, it is concluded that the production design will provide higher, 
compressive seal pressure than that of the prototype design test. It 
will provide a pressure tight seal.

PROTECTIVE PACKAGING, INC.
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Conclusion: The production design differs over that which was 
tested by the bolt strength, number and method in which they react 
their load. 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.  
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7. The reasoning that led to the conclusion that the 1/8", back-up plateas 
\/were iiot required was based on the foams ability (35 "thick) to react the puncture loads. Based on the Appendix B analysis, the external 

skiii will puncture. At this point, load is distributed to the foam. Since foam is weaker in tension than compression, it fails on approximately 
a 450 shear plane.

/ Z -Oý OrXO

.%- ZVS*AQ�

In actuality, it compresses a cone of foam.

Energy = 

Energy = 

KE = ws

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

1 h3 [Cru

- *. Solving for h:

h 3 3ws 

., - b, 3/(3) (45,000o) (20) 

h = 20.5 in.  

PROTECTIVE PACKAGING, INC. -IZ5-
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s = 40 in.  

Fc = 200 psi 
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PATENT PENDING 
Neglecting the energy required to puncture the steel, the pin 

would penetrate approximately Zl inches of the available 35 inches.  
This failure mode was demonstrated in tests and a sample showing the 
failure plane is attached. (See Photo on Page 117.) 

Conclusion: It is our opinion that the 1/801 back-up sheetw arc 
not required on the ends. They are included on all sides as shown 
in Drawing 121350.  

8. Please find attached, drawings showing fabrication details. The 
Super Tiger application will not at this time request the scale down 
option. It will be resubmitted shortly.  

j:.+ .+ / - .
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C PATENT PENDING 
K. 9. Test to insure the inner cavity has been properly sealed.  

The seal on the internal cavity will be properly sealed when all the 

bolts have been installed and tightened.  

Correct 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.  

Se'al installation problems originating during prototype testing were 

the result of hurried assembly. Since the seal was being installed at 

3 a.m. prior 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 

i's assured with the available clamp-up pressure provided by the 1/2" 

diameter 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 Tiger, close cavity cover 
and secure all bolts.  

7-1 2. Connect freon aerosol can and hose to Super Tiger check 
valve fitting as shown in Figure 2.  

3. Bleed full contents of can into cavity.  

4. Disconnect hose from fitting and install cap.  

-- 5. Use standard freon detection device to inspect seal.  
-These are capable of detecting two ounces of leakage per 
year.  

PROTECTIVE PACKAGING, INC. -127-
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( , PATENT PENDING 
6. If a leak is detected, retighten bolts. If it is' still 
persistant, remove cover, clean seal and inspect sur
faces for foreign matter.  

7. Repeat steps 2 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 internal skin along the edges. It is felt that these options do 

not represent a decrease in the structural integrity over the design 

C7 tested, but will produce a stronger more reliable configuration easier 

4 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 analysis was modified and corrected, but has no 

relevance to the Super Tiger application.  
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C 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 id "Tornado Alley", we have had discussions 
with Mr. Joe Galway, who is an employee of the ESSA Severe Local Storms 
Forecast Center located in Kansas City, (816) 374-3426.  

In this discussion, it was learned that a 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 a tornado in Great 
Falls, Montana, which hit in the 1950's, in which static rail cars on a* 
siding were accelerated up to 70 miles per hour by a tornado moving in the 
same direction as the rail.  

From this information, we feel that the Super Tiger will have abetter chance 
to survivc 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 
-a2ccident condition. 

"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 Super 
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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K>QUALITY ASSURANCE PROGRAM FOR THE SUPER TIGER 

1. 0 FOAM PRODUCTION 

During discussions dealing with the design and testing of the Super 
Tiger, the question of Quality Assurance has come up several 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 we 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 easily 
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 a temperature so that the boiling of the freon 

: does not take place at the surface of the metal. By restricting the foam 
S. . from forming freon bubbles, the material forms a very strong bond on 

the steel, which has adhesion and shear strengths much higher .than the 
i ; materials with freon bubbles in them. Since this bonding material is 

40 to 50 pounds per cubicfoot and the strength is proportional to the 
density, it can be shown that the strength of this bond is as much as ten 

'_.times -tronger 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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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 450 to 
600 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 container, and the steel heated or 
cooled as required. Normal "blowing1 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 a 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 a time vs. temperature cure time to complete the C 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 high densities of 8 to 12 pounds per cubic feet, and up to 20 pounds per, 
cubic feet under ideal conditions.  

Additional materials, such as a cell controller and a reaction accellerator, 
are very important in the overall blend. Small portions of this material 
are used 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 needed to "shear" the various materials into one homogenous blend so that the 
materials 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 

(7 "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 
o of a 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 a 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 Plywood 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 
to, 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 
way. As an example' cutting the amount of freon in half is cutting the 

,--density of the mixture by almost 50%.  

1.1 FOAM QUALITY CONTROL DURING INSTALLATION 

Refer to PPI Quality Control Document F17, attth4;#i..  
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.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 
system compatible with the expected performance of the parent steel.  

Z.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 amd 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.  

' 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
viewed 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 
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 a 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 
a heat input of up to 150 Btu/hr per square foot of area at right angles 
to the rays of the sun. P•Ifl-.- ,.'At 
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CProtective P 'ackaging, Inc.  
Quality Control Document 
No. F17. 'Rev.- 0 
Date-.T-7M4 197 

FOAMING REQUIREMENTS FOR SUPER TIGER CONTAINER 

1. 0 SCOPE 

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

2.0 GENERAL DISCUSSION 

Polyurethane foam is a cellular plastic that is formed by the reaction 
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 giant 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 I1 Btu/hr/ft- -per OF/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 shellsF 
are forced to work together forming a stress skin type design.  

Foam densities can be regulated thereby varying the crush strength. In 
this design, higher density foam is placed in the ends and along all edges.  
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3.0 CONTROL CONDITIONS AND METHOD OF INSTALLATION 

3.1 Maintain pour point temperature 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.  

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 oz. 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 taken 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.

PROTE4

3. 4 Provide timer and shear blades on a motor driven long shaft electric drill or other high speed device that rotates a 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 Z40 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 a commercial ammeter. (Amprobe is a 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 accomplish this, take material halfway through the pour, and make a "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 lb. per cubic foot less or 1. 0 lb. per cubic feet more than the required amount according to the design values, the amount of freon should be adjusted to make the proper density.. If streaking is obvious, the pour should be made 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 testipg8papk k TA 
indications should be 'Iflagged- at once. This document 
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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 above 
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 lb. 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.  

4.0 FOAM SPECIFICATION 

All foams used within the Super Tiger shall meet the dynamic crush 
strengths set forth below:

Foam Type 

A 

B

Dynamic Crush Strength 

100 psi (+ 30 psi, - 0 psi) 

200 psi (+60 psi, - 0 psi)

Dynamic crush strengths to be measured at 530 in. /sec.  

PATENT PENDING

(

PROTEOTIVE PACKAGING, INC. -140- ýý lie)



PATENT PENDING

Protective Packaging, Inc.  
Quality Control Document 
No. _-W1l Rev._ 0 
Date: May 4. 1970

WELDING AND STEEL REQUIREMENTS FOR SUPER TIGER CONTAINER 

1.0 SCOPE 

This specification covers the requirements for welding 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 a good commercial quality hot rolled sheets that are 
low carbon, open hearth steel that is rimmed, capped or semi-killed 
to prevent piping so a smooth surface sheet will be produced.  

All welding shall be performed by qualified welders using low hydrogen welding electrodes conforming to the proper series of the EXX16, 
EXX18, or EXX28 Classifications of the Specification for Mild Steel 
Arc-Welding Electrodes (ASTM Designation: A 233), unless otherwise specified in the basic specification. The electrodes shall be pro
tected from moisture pickup during storage and use. The welds shall 
be sound, the weld metal being thoroughly fused to all surfaces and 
edges without undercutting or overlap.  

3.0 STEEL SPECIFICATION 

Specifications for general requirements for delivery of rolled steel 
- Kplatcs-•:shapes: sheet piling, and bars for structural use are provided 
S with ASTM:A 6-67.or the equivalent to ASME SA-6.  

-The.pertinent portion of specification is attached.  

4.0 WELDING ROD AND WIRE SPECIFICATION 

This specification prescribes requirements for covered mild steel 
S lectrodes 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 thew specification is attached.
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ý_- 0 WELDING PATENT PENDING
Welding shall be in accordance with AWS DI 0-66 Code. AISC Specification Section 24 and Section 25 shall apply.  

6.0 FABRICATION 

Fabrication will be conducted in accordance with AISC Specification Part V Section 33 and 34. Internal container will be demonstrated to be water tight prior to acceptance.
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EXTERNAL PRESSU1IMAET EDN 
C "Packaging shall be' adequate to assure that the containment vessel will 

\.ýsuffer no loss of its conte .nts if subjected to an external pre Issure :of 2 5 psig." 

Where Packaging is defined as: "lPackaging means one or mo .re receptacles 

and wrappers and their contents, excluding fissile material and other radio

active material, but including absorbent material, spacing structures, thermal 

isulation, radiation shielding, devices for cooling and absorbing mechanical 

shock, external fittings, neutron moderators, n on-fissile neutron absorbers, 

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

The proposed "lPackage"1 does insure that the containment vessel will. suffer 

no loss of contents when subjected to an external pressure of 25 psi. Since 

the design incorporates a 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 

cefl rigid polyurethane foam they are forced to act as one body with the 

inherent stress skin advantages. From PPI Drawing 32106 ZN F2 it can be 

seen 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 

pressure acting on the lid. This produces a seating stress well in 

.excess of the 200 psi minimum as stated in "1ASME Boiler and Pressure 

Vessel Code Section VfIU, 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 

pres sure 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 a minimum. For general information, actual unsupported, pressure 

-limitations of the cap can be found using diaphram plate deflections. Roark 

treats this'under Chapter 10, Section 59 of the fourth addition.  

2b Where: S 30,O000psi 
27 b= 76binches 

Et E = 107 psi 

1=1,770tl/inch 

Et4 

-Solving for W (allowable pressure) 
_ ** ~W 2. 07 psi 
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This is a somewhat conservative number since the analysis is only valid in 

the elastic range. Actual ultimate pressure capabilities will exceed this 

tastic prediction up to a range of approximately 5 to 10 psi. Should a failure 

\.>ctually takc place 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 a very small release of contents, all the following must 

take place: 

1. Leak 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 material in the 

Super Tiger.  

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

7. Pass through small gap between mating channels,
(less than 1/16 inch).  

'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
-ing lifting and stacking operations the container will undergo axial compression 

" S. 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 is: 
2 

Pcr 4• EI 
• 2

T he 

•K>.

7 Where:E = 3 x10 psi 

4 I = 88.1 inch (See attached calc.  

A = 7. 686 inch2 

L 205 inches 

Pcr = 2 2 (3 x 107 ) (88.1) 

(205)2 

P = 618,462 lbs.  

allowable compressive load based on yield strength is: 

2 P = (46, 000 psi) (7.686 inch2) 
y

P = 353, 000 lbs.  y 

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

Compressive Loads:

-A 300 lifting sling will produce the following compressive loads:

-V

(45,000) (3g's)C

PROTECTIVE PACKAGING, INC.

-146- 0* ,



p= (45,000 lbs. ) (3 g's) 

(Z sides) (tan 300) 

P= 117,D00 lbs.  

Margin of Safety: 

M.S. .353, 000 = 117,000-

M. S. = + Large PATENT PENDING

Conclusion: 

The Super Tiger is capable of reacting the loads experienced during 
lifting with a 30 sling.

'-A..  

-- it 

C
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SUPER TIGER BOLT CLOSURE ANALYSIS PATENT PENDING
Maximum bolt loads will be generated during an edge drop onto the container 
t nd. From page 16 of the report thie maximum expected crush depth of 

K_,0O inches will produce an acceleration of 24.9 g's.

1� 
I 

/ 

)

94.

£0-

tan v(= 96/240 = .40

( 220 

4 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 to dy.

P1 C G 
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PATENT PENDING 
,: Since the non linear acceleration assures the maximum load is experienced 

at the end of the compression stroke all the payload component load will 
t reacted in direct compression throughthe cap. This can be seen graph

K.>ally from the sketch below that shows the center of pressure of the payload 
to fall within the load reacting area of the cap.  

/ 

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 
. 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 CL) and the upper container 
in addition to the shear forces.  

A. Shear Loads: 

-.

- PROTECTIVE

Ps= (W Wb)sp + in 4 (g~s) 

Ps = (30, 000 + lZ, 000) (. 375) (24. 9) 

PS = 392, 000 lbs. or 39, 200 lb. I bolt 

A.CK.AGING, INC. -150-



B. Tension Loads: PATENT PENDING':
Interface bending moment is given by: 

be a" wu&,

/

- I

0L 
MaO

M=[Wp sin d Lp + Wb sinC Lb+ Wb coseC La] gis

Where: Wp = 30, 000 

Wb = 12- 000 Ibs.  

Lp = 88 inches 

Lb = U5 inches 

La = 48 inches 

c. = 220 

g = 24.9 

M4 = (30, 000)(. 375)(88) + (12, 000)(. 31S)(n5) + (12, 000)(. 9Z7)(- 48)] 

Me= Z4. Z41 x 106 in-lbs

PROTECTIVE PACKAGING, INC.
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Therefore the closure bolts are structurally adequate to react to all'loads.  

It should be noted that this Is a conservative number 6ince the shear load 
could have been reacted by: 

1. Dowels: 

Pd [ ' (1)Z (46, 000)] 4 

Pd 144, 000 lbs.  

Z. Angle: (See page Z8, Figure 3 of Amendment) 

Pa = (3/16) (9Z) (z) (46, 000) 

P~a = 155, 000 lbs.  

3. Friction: 

Bolt Clamp-up is about 40,000 lbs. based on 400 in-lb torque 

P1• (10) (40, 000) (1/3) 

Pf = 134, 000 lbs.

V/
Total of: 433, 000 lbse

PROTECTIVE PACKAGING, INC.
-152-
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Assuming a triangular bolt load distribution: 

Ma= (93P,+70.5P 2 +48P 3 +Z5"5P4) 2 

P, (932 + 70.52 + 48 Z + Z5.52-) = 93 Ma/2 

P1 = (93) (24, 241, 000) /Z (16573.5) 

P1  68,012 lbs.  

Margin of Safety: 

Bolt Stresses: 

ft = 68012 / (1if/4) (1)2 

ft = 86612 psi 

f- 39200 / (nf /4) (1)2 

f= 49920 psi 

Combined Stress: 

S-= ft'/ (.2 + fZ 

S= 109,406 psi

Margin of Safety: 

- .- M. S. = 120, 000 -1 

M.S."= + .095 

PROTECTIVE PACKAGING, INC.
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SSUPERTIGER 40 INCH PUNCTURE TEST ANALYSIS 

PATENT PENDING 
"The following analysis combined with the actual drop test results, will verify 

break-away plate placement as shown in PPI Drawing 32106, Figure 1.  

40 inch puncture Test No* 1 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 determined by the 
following analysis.  

Since impact at any point other than directly over the c. g. will cause rotation, 
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 principles,impact energies 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 

V".

I-r-I
L.  
h

AEnergyc= 

Wh= PE+Imvl2 + 1I1 L 

V= rLto 

~N Mh=PE + 10t2 (mr2- + i)(Eq 1) 

* Convervation of Momentum 

_ • Syst Momenta i Syst Ext Imp. = Syst Momenta 

(+ ( Components 

PROTECTIVE PACKAGINGI, INC. -154-
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IfOi
mv° = Pt + myI

Where: t = ZE/v 0 

v 1 = ru

myo + mr 
0 VO

Solving for 2 

2 1L 
= (my0 "m mr 

r v 

0

v2 
V 
(-0 
r

4_M 
"mr 2

4 
mv r 

1,

Solving simultaneous equations Eq 1 and Z:

Wh .- E +I (,, 2 + 2O 
r

PROTECTIVE PACKAGING, INC.

4-= 
mr

+ 4z2z 2 W 

m v 0 r

PATENT PENDING 
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Substitute and solve the quadratic equation for PE: PATENT PENDING 
Where: m= 45000 32.2 1400 

v = 14.62 fps 

h = 40 inches 

I = la2+ bZ) 

1 30000 1 1500064 
(64 39 + '196 32.2-(6 +.400) 

I = 38198 

r 6 ft. (End of Breakaway Plates) 

W = 45000 lbs.

(45000)(40)/ 12 = PE +-.1[(1400)(36) + (38198)] [(14.62)2 PE 
(1400)(36)

(1400)2(14. 62) (36) 

150000 = PE + 44299 (5.93734 - .00007936 PE + 2. 6522 x 10110 TE2) 

1.174875 x 10"5 PE- 2.51601 PE + 113,018 = 0 

E +2. 51601 2. 51603)2 - 4(1.174875 x 105) (11. 3018 x 104) 

2(1.174875 x 10" 

2. 51601 - 1.00947 

2(1.174875 x 10"5) 

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 contaests center of gravity. At 
locations other than the c. g. the containers energy is not totally absorbed by 

the pin area, but is partially transformed into rotational energy about is c. g.  

( "so, a secondary energy component related directly to the linear velocity of 

S c-g. is present. The net result is that as the pin moves away from the 
go puncture loads are greatly reduced.  

PROTECTIVý.PACKAGING, INC. -157-
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Substitute and 
center:

solve the quadratic equation for PE for a point 3.5 ft. from the.

Where: m = 45000 / 32.2= 1400 

v = 14.62Zfps 

h = 40 inches 

m(a2 + b ) 

I 30-- 0 )(64 + 196) + 1" 15000 
32. (6+ 400)

I = 38198 

r = 3.5 (End of Breakaway Plates) 

W = 45000 lbs.

(45000)(40) / 12 = PE + 1, (1400)(12. 25) + (38198)r(1. 64 
JL.(3.5)" (1400)(3. 5)

+ 4
(1400) (14.62) (3.55)

P1

150000 = PE + 27674 (17.4485 - .000233 PE + 7.7942 x 10-10 PE 2 ) 

2. 1481389 x 10" PE 2 - 5.454575 PE + 332870 = 0 

5.454575 - 1.072543 PE = .- _4
2(2.1481389 x 10-)

PE = 102317.5 ft. - lbs. PATENT PENDING

PROTECTIVE PACKAGING, INC.
-158-
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Skin strength capability is related to the thickness squared (t 2) per Timoshenko, 
"Trrheory of Plates and Shells". Since combined skin thickness of (3/16 + 1/8 + 1/8) 

exists at the center: 

22 

t = (.1875)2 + (1.5z)z + (.125)2.  

tc = .066 

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

S(.066) (64115) / 150000 S0282 

t 5 =.16796 inch 

The margin of safety, based on the proposed design of no breakaway plate 

beyond 6 feet, is as follows: 

M.S. = -1 
.16796 

M.S. = + .116 

Based on the foregoing energy cal culation, the required thickness at a point 

3.5 ft. from the c.g. would be: 

5 (.066) (102317) / 150000 

t .0450 

t -= .2122 

The margin of safety, based on the proposed design of no breakaway plate 

beyond 3. 5 feet, is as follows: 
.1875 + .125 IV[.S. = . 2122 S= + P A T E N T P E N D IN G 

PROTECTIVE PACKAGING, INC. '1 
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It is felt that these Wrargin 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 vh 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 the: c. g. are sufficiently 
low to be fully reacted by the steel skin.  

The analysis shows that when the pin is off-set from the c. g. , theec. 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 reacting the 40 inch 
puncture loads at the:

I.  

2.
c.g. (by test).  

Container edge (by test).

3. fore or aft of c. g. (by analysis).

PROTECTIVE PACKAGING, INC.  -160- PATENT PENDING 
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* WRD-LA-244 

Westinghouse Water Reactor Bx35 

Electric Corporation Divisions PittsJrIPwnsyva-a 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 

Dear Mr. MacDonald: 

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 

Ronald P. DiPiazza, Manager 

NES License Administration 

/kk
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1. INTRODUCTION 

Within the scope of the Westinghouse plan to decontaminate and decommission 

its plutonium fuel laboratories, various treatment and packaging methods 

are employed for the many categories of waste generated. These methods are 

required to assure that the wastes will be transported and disposed of in a 

safe manner-and in compliance with all government regulations.  

The current Westinghouse work effort is concentrated in the treatment-and 

packaging of large equipment waste. Wastes., such' as glove:boxes, hoods, 

duct work, filter housings, furnaces, etc., would undergo treatment, of 

decontamination and fixation, packaged rigidly 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 and-accident con

ditions incident to transportation. Based on this Information, an exemption 

is requested 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, decontaminatlbn and fixation treatments are used. Prior to these 

treatments, smaller equipment items, utilities, 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 reasonably 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-large quantities of powders have been decontaminated to 

smearable levels averaging 20,000 to 75,000 dpm/lO0 cm2 . 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

2-1



"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 compliance with safeguards 

requirements, each waste item is then assayed nondestructively to verify 

that large quantities of SNM are not present.  

Results 

Smear Surveys 

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 "exclusive use of vehicle" is 

2,200 dpm/l00 cm2 for plutonium and 22,000 dpm/l00 cm2 for uranium 

(49 CFR 173.397). In comparison, the loose contamination on the •interior 

surfaces of the glove boxes after fixation has ranged from an average of 

650 to 5,500 dpm/l00 cm . The maximum observed value was < 25,000 dpm/ 

.100 cm2 .  

Nondestructive Assý,X 

Nondestructive assays performed after decontamination have shown that an 

average of less than one gram of plutonium remains in each glove box. One 

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 decontaminated 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 a reciprocating saw. No release of contami

nation was detected by air sampling during and after sawing 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.  

c. 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.
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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 shall be placed into a strong tight plywood box. 'The box 

shall be coated with a layer of fiberglass reinforced polyester (FRP) and 

banded with steel straps. The size 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 bottom. 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 assembled using adhesive andeither box nails 

or staples. The FRP-coated boxes shall be banded with 1-inch minimum steel 

straps. These straps will be placed horizontally and also v'ertically 

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.
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5. PACKAGE SAFETY EVALUATION

GENERAL 

The treatment and packaging methods described in the-previous sections of 

this request were designed to provide protection against a release of 

radioactive material during normal conditions of transport (10 CFR 71, 

Appendix A) and during hypothetical accident conditions (1O CFR 71, 

Appendix B). The Super Tiger was originally designed as a Type B overpack, 

and will satisfy only those requirements 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 Conditions of Transport - Appendix A 

Item 1. Heat--DIrect sunlight at an ambient temperature of 130OF in still 

air.  

Response--The heat conditions will not affect the FRP-coated box or its 

contents .(reference thermal section under hypothetical accident conditions).  

Item 2. Cold--An ambient temperature of--400F in still air and shade.  

Response--There is no adverse effect on the foam, the coating, the plywood, 

or the FRP materials at -40 0 F.  

Item 3. Pressure--Atmospheric pressure of 0.5 times standard atmospheric 

pressure.
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Response--The FRP-coated plywood box is designed to withstand pressure 

loadings averaging 544 lbs./ft 2 or ,, 3.8 psi. At a pressure of 0.5 

atmosphere (1,058 lbs./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 integrity 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.  

Item 4. Vibration--Vibration normally incident to transport.  

Response--The inner package structure of the FRP-coated box and the dunnage 

surrounding it preclude any adverse affects during transport.  

Item 5. Water Sray--A water spray sufficiently heavy to keep the entire 

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 

immersion section under hypothetical accident conditions).  

Item 6. Free Dr2--Between 1-1/2 and 2-1/2 hours after the conclusion of 
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) (Feet).  

Less Than 10,000 4 
10,000 to 20,000 3 
20,000 to 30,000 2 
More Than 30,000 1
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Response-- (Reference free drop section under hypothetical accident 

•/ conditions.) 

Item 7. Corner DroE--A free drop onto each corner of the package in succes

sion, or in the case of a cylindrical package onto each quarter of each rim, 

from a height of 1 foot onto a 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.  

Response--Not applicable. Packages exceed 110 pounds.  

Item 8. Penetration--Impact of the hemispherical end of a vertical steel 

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--(Reference puncture section under hypothetical accident conditions.) 

Item 9. Compress ion--For packages not exceeding 10,000 pounds in weight, a 

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 applicable since the Super Tiger exceeds 10,000 

pounds.

5-3



Hypothetical Accident Conditions - Appendix B 

Item I. Free tro2--A free drop through a distance of 30 feet onto a flat 

essentially unyielding horizontal surface, striking the surface in a 

position for which maximum damage is expected..  

Response--The Super Tiger overpack confines the inner waste package after a 

free fall drop-of 30 feet. if the integrity of the inner package is not 

maintained, containment of contamination is provided by the techniques 

previously described in Sections 2 and 3 of this exemption 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 

unyielding horizontal surface.  

Response--Previous 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 Would result from exposure of the whole 

package to a radiation environment of 1,4750 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 demonstrated that the 

inner contents did not exceed 150OF when the outer overpack was exposed to 

temperatures between 1,6000 and 2,000°F for one hour. By analysis, the 

inner contents would not exceed 80°F when exposed to the 1,4750 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 3000 and 400 0 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 independent laboratory at the request of the 

foam manufacturer on samples having dimensions of 4"x4"xl" (sample size was 

per Military Spec.). At 158 0 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 slowly between 400OF and 

5000 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 800 -150°F will not affect the integrity of the 

plywood box and its FRP coating. Plywood will start to char around 400°F, 

and, with Ihe addition of FRP coating, Its fire-resistant properties are 

greatly er-4anced. The FRP-coated plywood box assures that the barriers 

preventing release of contamination will remain intact.  

Item 4. Water Immersion(fissile material packages only)--Immersion In 

water to the extent that all portions of the package to be tested are under 

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 leak tight and 

(2) the FRP-coated plywood bax 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 4x4xl-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.
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6. CONCLUSIONS 

A. The methods used by Westinghouse for decontaminating large equipment 

waste is successful in reducing contamination to low levels.  

B. 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).  

C. By packaging decontaminated and fixed waste in high integrity plywood 

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 a 

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 simflar manner to that described in the 

November 20, 1980, document, i.e., decontaminatio-n 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-mil 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 items will be enclosed in two heat-sealed 

12-mil 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-mil 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 lid bolted in place.  

The space between the box and the waste packages or drums will be filled with 

foam to a minimum thickness of I". 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.
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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.
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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 datedJanuary 6, 1972, from E. K. Reitler (Nuclear 

Equipment Corporation) to D. A..Nussbaumer (United States 

Regulatory Commission).
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Nuclear Materials and Equipment Corporation Apollo, Pennsylvania 15613 Telephone 412-142-0111 Cable •." 

September 17. 1971 

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

Attention: Mr. Donald A. Nussbaumer, 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 Materials." 

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 following 
specifications:.  

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

'i. Each container is limited to a maximum of 200g fissile fuel 
and a maximum of 200 pounds of graphite.  

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

iii. The maximum thermal decay energy is two watts per drum.  

and/or 

2. Crates 19A, 19B or equivalent or those meeting Spec. 7A general 
packaging.  
I. The contents of each crate are similar to the line generated 

(i wastes described above but the size prevents putting the items 
in drums. This includes equipment, hoods, glove boxes, pipe, 
lumber, etc.  

AIr • ~~A Subsidiary of AIotl,,nc Rich|;eld Company • 
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Mr. Donald A. Nussbaumer September 17, 1971

ii. Each csate is limited to a fissile fuel content less than 
5g/ft.  

3. The drums and crates are lined with sheet plastic having a minimum 
thickness of 5 mils.  

4. 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: 

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

Each drum and cratethat 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 analysis 
which was done for the ATMX. railcar (RFP-1411) Is applicable to the 
Super Tiger and the Super Tiger can be shipped as a Fissile Class I 
shipment. The transport index will be determined by external radiatior 
levels.  

Very truly yours, 

Edward K. Reitler, Jr., Manager 
Health, Safety, and Licensing 

/drk 

0 
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K> Nuclear.Materials and Equipment Corporation 
a subsidiary of Babcock & Wilcox 

609 North Warren Avenue. Apollo. Pa.  
Telephone: (412) 842-0111 

January 6, 1972 

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

Attention: Mr. Donald A6 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. Nussbaumer: 

The following is in answer to the questions you raised in your letter dated 

18 November 1971: 

AEC Question 1: A nuclear safety analysis to demonstrate that criticality 

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.  

Answerl1: It is not necessary for NUhEC to present a new nuclear safety 

analysis for the following reasons: 

1. The Super Tiger package (Forty two 17C or 17H 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 
"criticality based on a Rocky Flats report.RFP-1411 (Ref. 3, p. 27

30) which demonstrates the safety of a ilmilar package of at least 

250 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 C2378 for Super Tiger overpack (Ref. 2, p. 63-65) shows that 
during an impact test, 22 gage drums showed considerable deformation 

and some drums had reuptured seams through which liquid had escaped o . whereas 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. NUN.EC waste containers 

have a plastic drum liner-and in addition, do not carry any liquids;
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solid 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 ever 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 

since 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 
0 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 

wiph Type I 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.  
I 

Very truly yours, 

E. K. Reitler, Manager 
tth s Health, Safety and Licensing 

i /amc: 

IAttachments I 
II 
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TABLE!: Plutonium Fuel*

Isotope 2 per gm of Pu

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

*Amount of Am- 241 is obtained from the 8-decay of 

Pu - 241. Decay time of about 6 years is assumed 

prior to shipment in Super Tiger.  

7 
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Isotopes Versus Energy Release*

Half life 
T, years

Mev/decay 

- a,3 ,y

Total Energy 
Release 

QT watt/gm

238.050 

239. 052 

240.05.4 

241.056 

241.057

86 

24400 

6580 
"13.2 

458

5.592(ca-decay).  
5;243(c-decay) 

S5. 255 (a-decay) 

0.0208 (8-decay) 

5.640 (*-decay)

*Q' - 2.121 x'103 Q0 Watts/gm 
AT

(C

where Q - Energy per disintegration, Mev a 

A - Atomic wt.  

- Half life, years.

Isotope At.vt.  
A

Pu-238 

Pu-239 

Pu-240 

Pu-241 

.Pu-241

5.80 

1.91 

7.06 

1.39 

1.08

x 

x 

x 

x 

x

10-I 
10-3 
10 -3 

10-2 
10- 1

"TABLE 2:



TABLE 3: Typical Decay Heat from MUNEC Fuel

(1) Fuel Type 1:

gm - fraction 
of isotope

O.QOl 
0.8828 

0.0941 

0.0141 

0.0060

Heat Load 
Q, watt/gm of Pu

0.638 x 10-3 

1.686 x 10-3 

0.664 x 10-3 

0.196 x 1073 

0.648 x 10-3 

Total 3.832 x 10-3 watt/gm of Pu
".. Watt/drum.- 3.832 x 10-3 x 200 - 0.7665

35 drums will produce 26.83 watts 

(2) Fuel Type 2:

x 10-3 

x 10-3 

x 10-2 
x 10- 1

gm-fraction 

0.9087.  

0.0823 

0.0061 

0.0025

1.736 x 10 
0.581 x 10-3 

0.083 x 10-3

0.270 x 10-3 

Total 2.670 x 10-3

*of Watts/drum - 2.670 x 10-3 x 200 - 0.5346 

42 drums will produce 22.45 watts

Isotope QTtm 
•watt/gm

Pu-.238 

Pu-239 

Pu-240 

eu-241 

Am-241

5.80 

1.91 

7.06 

1.39 

1.08

x 10-l 

* 10-3 

* 10 Sio-3 
* 10-2 
* 10-1

(0
* Isotope.  

Pu-239 

Pu-240 

Pu-241 

Am-241

1.91 

7.06 

1.39 

1.08

0 .' 
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