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*
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1. INTRODUCTION

1.1 METHOD REVIEW

First, a valid SAR copy was assembled in accordance with

instruction provided by the Applicant. No pages were missing. Next, a

preliminary review of the Table of Contents of the SAR was compared to the
Reg. Guide 7.9, Standard Format and Contents. Except for a shift by a unit

for Chapter numbers (i.e., Reg. Guide 7.9 Chapter numbers start with one (1),
; in the SAR with zero (0)), the SAR Chapter Topics are essentially identical

to those of the Reg. Guide 7.9. This indicates that the SAR is reasonably;

complete in terms of the information needed for establishing T-3 qualifications.

Subsequently, the text of the SAR was reviewed and areas requiring
detail review noted. General review followed the requirements outlined in
Subpart C - Package Standards and the Appendices A and B to 10 CFR Part 71.

; Emphasis was placed on structural and thermal evaluation of the package.
2

2. GENERAL DESCRIPTION
-

Model T-3 cask is constructed in accordance with the Westinghouse Hanford
Company Drawing Nos. H4-61289, Sheets 1 through 3, Revision No. 3 (see
Figures 1-3). This is a stainless steel doubic wall cylindrical container,

space between the two cylinders being filled with lead. Maximum package design
capacity is for 600 W heat dissipation rate of the payload. Timensions and

Materials specifications are given in Figures 1 to 3. Drawings indicate that

inner and other cylinders form closed welded structure (see shaded cross section)..
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-This feature is important when evaluating the thermal stress response due to
differential heating of inner and outer cylinders. Since the inner cylinder

*

(containment) metal cross section is euch smaller than that of the o' uter i

cylinder, the inner cylinder will experience higher stresses due to temperature
differences.

No drains and/or vents penetrate the Janer containment vessel. A drain

vent line opens into the area between the two (2) 0-ring seals at each end of
the case. Drainage / venting can be accomplished nt either end of the cask
by backing out the plugs past the first seal, thereby introducing a drain
port to the containment volume. Six (6) trunnions are provided for handling:
feur (4) at one end and two (2) at the other. The cask is equipped with rigid
polyurethane foam impact limiters. These are cylindrical in the form and

cover both ends of the cask. Foam is encased in 3/16 in. thick mild carbon
steel sheet. Overall dimensions of the cash with inpact limiters (overpack)
are 213.2 in. in length and 52 in. in diameter. Without the impact limiter the
cask measures 177.2 in. In length and 26.44 inches in diameter. The gross
weight of the cask and contents is 38,000 pounds of which 500 pounds, approxi-
mately, is the payload.

T-3 cask is intended for dry shipment. The outside of the cask is
wrapped with 0.08 in. diameter wire which is further overlayed with gage
ten (10) stainless steel cover for added thermal protection (fire exposure).

3. FINDINGS

3.1 PACKAGE DESIGN CRITERIA -

- The T-3 cask design requirements are given in 10 CFR Part 71. .Specifically,
Subpart C provides general, structural, criticality, normal transport condi-
tions, hypothetical accident conditions and various specific standards for
various classes of fisile material. Subpart D establishes operation
procedure. Appendix A defines normal conditions of transport, Appendix B
defines hypothetical conditions of transport. This review will concentrate on

..

%

l
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.

ths packrge design evaluation with respect to the loads derivad from the

Appendices A and B. In general, the procedure specified in Reg. Guide 7.9
.

will be followed. A convenient guide is found in the Checklist for Subpart C

of the 10*CFR Part 71.

3.2 THERPAL ANALYSIS

Thermal analysis is performed in Sectica 2.0. This is revie ed prior to

structural analysis because thermal results are required for stress ccmputation.,

Thermal analysis is performed by use of a lumped parameter model using
Lockheed program TIIAN. Heat transfer by conduction, convection and radiation
is considered. Due to the polyurethane in overpack, package ends are assumed
adiabatic (during the Normal Transport Conditions). Isothermal materials

properties are used for stainless steel, lead and polyurethane foam. Ambient

themal input specified in Appendix A,10 CFR Part 71 is used.

Nodalization used to computed lumped parameters is adequate. However,

one potentially significant modelling shortcoming was identified: during the

fabrication Icad is poured between the two cylindrical shells. The end is
' left open until Icad solidifies, which is at approximate 1v T = 621*F.

At this time the space between the shells is still solidly filled with the lead.

During the cooling down period Icad will shrink more than stainless steel.
Assuming that temperature reduces from 621*F tc 100*F, 1.6.,

AT = 521*F
.

the inside radius of Icad will shrink to an interference fit with the outside
radius of the containment by

= (18.6-11.0) (10-6) 521 (5.4) = 0.021 inAw (a -a,) ATrg=
g

while'the outside radius of the Icad will move away from the outside stainless
steel (lead does not bond to SS) shell by

= (18.6-11.0) x 10' (521)(12) = 0.047 inAw (a -o,) ATrg, is g

-6-
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This means that the lead and inside cylinder will be in a compressive contact
for all of the environments analyzed, while the outside cylinder will F25

separated by an air gap. This air gap will increase the heat flow resistance
and hence will cause larger AT (and hence larger stresses) in the containment.
Quantitative effect of the above is, however, not anticipated to be significant
in terms of T-3 capability. The interference due to cooldown shr*.inkage, however,
will put containment under a small compressive hoop prestress and the gap between
the outer cylinder and the lead will case inner cylinder to carry lead weight.

,

during impact.

3.3 STRUCTURAL ANALYSIS

The list of structural elements analyzed is rather complete. Statement
that T-3 is designed for 850 psig, but operated only at less than 50 psig (Page
1-3) is unsubstantiated in that the only element able to take such pressure is
the inside shell away from the end closures. It is noted that T-3 cask is
designed for three thousand (3000) operating cycles. Due to the preload

:

requirement, the end closure bolts (1" diameter, pretorqued at 410 + 20 ft-3b)
can only support 800 cycles. Although on Page I-6c it is stated that Operational
Procedures will specify replacement of these bolts every five years, no such
specification was found in Sections 6, 7 or 8.

Buckling analysis indicates no collapse in this mode under all operating
conditions.

Lif ting devices are analyzed for strength, however, lif ting device local

effects on outside shell have not been evaluated (due to 1" thickness of the
shell and local reinforcing, shell stresses are not expected to be significant).
Similarly, the effect of tiedown shear lug on the shell was not analyzed.
The shear lug is 1-1/2 in. thick with rounded corners. The required 10g longi-
tudinal capability (5571.31,10 CFR 71) is satisfied if thic shear lug remains
engaged to the enpport structure. There is no evaluation of strapdown devices
and 1& cal shell deformations to demonstrate that the shear lug will remain
engaged. Also there is no evaluation of Sg transverse forces on tiedown
devices (5 571. 31- requirement).

I1

.
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Tha simplified differential thermal expansion analysis (Pages 1-23 '

to 1-23a) assumes rigid ends moving axially. Lead is assumed to interact'

with these rigid ends, although due to differential thermal expansion there
should be* adequate clearance between the lead and the rigid ends. Because
of that a better model for simplified analysis would be that shown in
Figure 4. This model, however would also neglect interference between the o

lead and the inside shell. Differential expansion stresses for Figure 4
configuracion are found from equating the axial displacements at ,

the moving'

s:iell end. ,
.

| ..
-

>

-

t~ " FIXUP Et@
g o , A . a'. [ MOVING Rl61D END
Tg.-.~..,..-A.___.-..,-

,

.

.

. y "f) (reaction on shell end)g r, i
.

,

.xh7 4--
u! v F
I

C N b. | A - Cross Section a: ea
|' j e E - Modulus of,

a

C ' '

u - Linear thermal~

( exposure
---k T - Temperature

.-=
'

"o"-outside shell
"i"-inside shell,.

Figure 4. Simplified Differential Thermal Expansion Model

r

iPL PLa,T ,L 4 AE " "i i AE o " "i"' U ""~

oo 1i i.
i

.

a(T -T,)
'

}( 1 1
"

iA E, + A E
'

gg I

-6Using a = 9. 7 x 10 in/in'F
-6E = 28 x 10 psi

A = 78.5 in
S
A = 8.4 ing

we have

P = 2061 (T -T,) Ibg

-8-
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Stresses era found dividing P by the corresponding cross section cras

(')' Inside shell

= - 245 (T -T,)
,

o..

| Outside shc11

c = 26.25 (T -T )o i o .
,

For the worst case during normal transport (Page 1-23).

,

f T = 170.1*F - 70*F (assembly temperature) = 100.1*Fg
' T = 165.7'F - 70*F = 95.7'Fo
i

and

o = -1102 psi
f

' o,= 119 psi

This indicates that the values on PMe 1-23t are conservative.
No analysis has been performed for thermal discontinuity stresses.

For hypothetical thermal accident case T -T = -105'F at 0.5 seconds.1
Stresses in shells

o = -245 (-105) = 25725 psi -f

o,= - 2762 psi

These stresses have not been added to pressure stresses (Page 1-119).

Analytical models used for pressure stress calculations, Pages 1-24 to,

"
1-27 ignore *he fact that inner and outer shells form closed-double-connected
body (see shaded cross section on Figure 2). For doubly-connected shells, it
is not possible apriori to tell how axial load will be shared between the two

i

shells. Therefore, the models used will not predict the axial stress and
the discontinuity stresses at the end closures correctly. Furthermore,

the finite element models of shell, Pages 1-32 and 1-43, have only two (2)
elements through the thickness. Such model is adequate for the sections of.

the shell about five (5) in- from the end closure, however, at the discon-
tinuities the computed bending stresses will not- be correct.

/
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Vibration model used is not representative of the configuration during
the shipment. Natural frequencies and modes shapes based on ccnfiguration

*
during shipping should be computed to coleclate the vibratory response. Table
on Page )-58 represents the vibratory load input at the vehicle platform upon
which T-3 is mounted not the T-3 response during the transport. For these
reasons the SAR calculations (Pages 1-56 to 1-59) are not representative of
the vibrations ncrmfly incident to the transport. *

,

Free drop kinetic energy at the impact is correctly computed (Page 1-60).
*

.' Corner drop internal force computation (Pages 1-60d to 1-601) is incorrect:
Equations of tution of the form given on Page 1-60e are only valid in a Newtonian
reference frame (a reference frame at rest or at most at a uniform velocity).
The local coordinates, X, Y, PaFe 1-60c, are tied to the body and are subject
to acceleration, hence non-Newtonian coordinates.

Proper equations of rigid body motion vould have the following vector
form (refer to Figure 5 for notation):

- Mj + F + Mg = 0
.. ..

- 10 + p x F =0 (1)
. -

where

p = - Asina a - Ecosa ay 2

o = xa + ya mass e nt r position
2

b " 393
F=Fa31+ Fay 2 (2)

and

x = 1sina + Xsina .Ycosa

y = icosa + Xcosa + Ycosa (3)

.
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4 X,Y - body fixed reference frame-

% p T-3 x,y - Newtonian, reference frame
# vs

M - total mass of T-3
N

's ".
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Figure 5. Rigid Body Motion
..

Substitution of (2), (3) into (1) would introduce X,Y coordinates into
equations, but the form would be quite different from that shown on Page 1-60e.
Additional problems with Page 1-60e are: neglect of gravity force and
assumption that F will always be vertical (frictionless contact). Neglect of
gravity force Mg naay not significant since the main contributor to stress will
be the initial impact velocity.

It is noted further that the equations for the impact force calculation on
Pages 1-60p to 1-60t are correct. The gravity load is included in these
eqstations, but no horizontal reaction at the impact aurface is considered.
The assumption that F will always 30 through T-3 corner is hard to justify.

I
Ilowever, if Page 1-60 tc 1-60i methodology is used for com! tJation of internal
intces, the results on Pages 1-60t to 1-60y are incorrect.*

*In fairness to the enalyst, the OBLIQUE com uter program may have correcty
algorithm for computation of internal forces and moments: a correct body
fixed accelerations can be casily computed from absolute accelerations
generated by the method of Pegds 1-60p to 1-60t.
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,

I SAR does not consider impact of the trailing end of T-3 en the unyiciding -

surface after the package has rotated. In the case of a shallow impact angle
n

'
7 this secondary impact may produce higher T-3 bending stress, in particular since
; a significant fraction of the kinetic energy is initially transformed into

rotational kinetic energy (page 1-60t). Friction between overpack and the
i unyielding surface may wipe the overpack off the end of T-3 rather than crash

it as is assumed in the analysis. *

| The second side drop analysis by use of the ANSYS computer program is
reasonabic. The agreement of g-loads and crash depth with the energy balance
analysis is to be epxected since the same overpack crash load characteristics

) were used for both analyses.

Hypothetical Accident Analysis Me:hodology is the same as for normal
i transport, hence the same comments apply.
|

$

f 4. RECOMMENDATIONS
1

'fhe certification process defined in 10 CFR 71 and the associated,

{ Regulatory Guides (7.1, 7.2, 7.3, 7.4, 7.6, 7. 7, 7.8, 7.9) were utilized in,

this review and were found to be quite adequate. In particular, Reg. Guide 7.9
I was found to be very useful in evaluating the SAR submitted for shipping
I container qualification.

} Although several real (or perceived, due to erroneous reporting) short-
comings in the analysis were identified in Section 3 of this report, this
reviewer believes T-3 is a well engineered package, adequate for safe trans-
port of large quantities of radioactive material.
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