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9965 (Cone Seal Closure Performance at -40*F

April 2, 199(0 SRL-PTG-90-0047

To: E. K. Opperman, 73(0-A
Manager. Packaging and Transportation (P&T) Group

From: J. E. Cox, 730-A
Associate Engineer. P&T Group

9965 Cone Seal Closure Performiaicc it -40"F

Ref: U. S. DOE Memo to G. W. May. from J. G. Leonard, Acting Chief-
Packaging Certification Staff-Office of Security Evaluations-
Defense Programs, "Questions from QO Review of 9965, 9966,
9967, and 9968 Packages. Docket 88-4-9965". 4/7/89.

A question from the Central Certification Office (3.1 of Reference)
concerning the Viton seal low temperature performance of the 9965-
9968 shipping packages initiated' a P&T investigation.

P&T evaluated the information in the SARP (DPSPU 83-124-1, Sec
2.6.2) and determined that additional information was necessary to
qualify the Viton "GLT" O-rings at -40"F. The P&T Group and
Equipment Engineering Section (EES) of SRL developed hardware and
wrote a test procedure, EES Special Procedure No. 407, Rev. 0, to
perform helium leak testing on the 9965 Cone Seal Closure at -40"F.

EES performed an initial helium leak test (EES-900055. Record No.
465) at room temperature according to DPSOL 324-3-3404. P&T and
EES then cooled the 9965 primary containment vessel (PCV) to -40"F
and repeated the leak test. The results (EES-900055, Record No. 458)
document that the PCV was leak tight (less than I x 10-7 atm cc/sec
air per ANSI N 14.5-1987) for 10 minutes with -an internal pressure
of 15 psig. P&T and EES warmed the PCV to room temperature and
installed a new set of O-rings. EES performed an initial leak test
(EES-900055., Record No. 463) on the reassembled 9965 at room
temperature. After cooling the PCV, EES and P&T repeated the -40"F
leak test (EES-900055, Record No. 462) with leak tight results.
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P&T documented thc tcsts in the 9965-9968 QA flic 810000574
located in SRL and revised Section 2.6.2 of tic SARP. DOE/Savannah
River will transmit the revised SARP to the Central Certification
Office for review after P&T addresses all of the QOs and incorporates
the changes into the SARP. All "scoping" work leading up to the final
tests will be on file in the P&T Group files.

If you have any questions, please contact nie. extension 5-1713.

M2 G. Cadelli

Appendix 2.3 - 4 of 4



Revision I S-SAR-G-0000 I
Revision I S-SAR-G-O000 I

APPENDIX 2.4

EVALUATION OF 9975 SHIPPING CONTAINER FLANGE CLOSURE

Appendix 2.4 - 1 of 70



Revision I S-SAR-G-0000 I
Revision I S-SAR-G-O000 1

This Page is Intentionally Left Blank

Appendix 2.4 - 2 of 70



Revision I S-SAR-G-00001

OSR 45-24# (Rev 1-10.2000)

Calculation Cover Sheet
Project Calculation No. Project Number

NA T-CLC-F-00172 NA
Title Functional Classification Sheet

Evaluation of 9975 Shipping Container Flange CIoSul SC I of 68
(including attachments)

Discipline
Structural Mechanics

0 Preliminary [9] Confirmed
Com'puter Program No. Version/Release No.
ABAQUS 0 NWA 5.8

Purpose and Objective
The purpose of this analysis is to provide analytical justification for the flange closure modification on the 9975 series
package assembly. This analysis will show that the assembly, with the flange closure, will perform as well as the DOE
approved DT-22 assembly when evaluated to design requirements.

Summary of Conclusion
The proposed flange closure design for the 9975 series shipping packages has been shown to provide acceptable
performance for the requirements of 10CFR71. The conclusion is based on analytical comparison to the flange closure of
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1 Purpose
The purpose of this analysis is to provide analytical justification for the flange closure modification on
the 9975 series package assembly. This analysis will show that the assembly, with the flange closure,
will perform as well as the DOE approved DT-22 assembly when evaluated to design requirements.

2 Scope
The items addressed in this calculation are those directly related to the flange closure. Existing test
data and analysis qualifies all aspects of the 9975 package except for the existing banded closure
design. This analysis will evaluate the 9975 package flange closure design by comparison to the DT-
22 flange design, whenever possible. The items evaluated are:

1. The acceptable performance of the flange closure, including meeting the requirements of 10
CFR71.71 NCT and 10 CFR71.73 HAC testing.

2. Maintenance of 2 inches of undamaged Celotex between the drum and the package internals.
3. Compressive load capability.
4. Closure fastener pre-load.
5. Closure fastener integrity during NCT vibrations.
6. Closure fastener loosening due to thermal cycles.
7. Additional weight of modifications.

3 Conclusions
The proposed flange closure design for the 9975 series shipping packages has been shown to provide
acceptable performance for the requirements of I0CFR71. The conclusion is based on analytical
comparison to the flange closure of the DT-22 shipping package. This comparison is based on
applying loads statically to a non-linear model of the DT-22 container to achieve a comparable level of
permanent deformation with the tested DT-22 containers, for both the 450 drop and a horizontal drop
from a height of 30 feet. Then a similar model of the 9975 package was loaded to achieve a
comparable level of deformation and the resulting closure bolt loads were determined and compared.

The analysis shows that because of the stiffer geometry (from the smaller radius of the 9975 container)
the closure screw loads are greater. In order to provide the same level of safety, this 9975 design
specifies ½" closure screws, rather than the 3/8" used in the DT-22 package. The modification to the
drum closure is documented in drawings R-R2-F-0025 and R-R2-F-0026. The increase in weight of
the package is 6.2 lbs.

The evaluation provided supports use of the flange closure on the 9975 shipping package without
additional testing. If additional testing is specified, this analysis suggests that the 45' inclination, top
down, drop produces worst case loads on the closure screws. It is also recommended that the impact
points used in the pre-condition drop and the 30 foot drop be spaced a minimum of 15 degrees and a
maximum of 30 degrees apart.
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4 Methodology

4.1 Analytical Methodology

The closure screw pre-load and the integrity of the screw during vibratory and thermal loads are
evaluated using standard mechanical and stress analysis techniques.

The loads on the 9975 package closure screws are evaluated by comparison to the closure screw loads
on a DT-22 package under similar permanent deformations. This is achieved in two steps. First, a
finite element model of the DT-22 package is made, with the emphasis being on the closure ring area.
This model incorporates non-linear material properties, non-linear geometry, and contact surface
definitions between the impact surface and closure ring and also between the various parts of the
container which could experience "self-contact." The ring is then loaded statically, until a permanent
deformed shape is achieved that is comparable to the tested DT-22 container. This is performed for
both the 450 drop orientation and the horizontal drop orientation. Second, a finite element model of
the 9975 package is made and subjected to the same loading scheme. The results of the two load cases
for each model are then compared. The results are also used to justify the applicability of equal
deformations as being a valid comparison basis.

Because of the extensive non-linear nature of the analysis, a quarter model of the drum is made for
improved computer speed. A combination of symmetry and fixed boundary conditions are imposed to
represent the complete drum. The loads are applied along the edge with symmetry boundary
conditions. This modeling technique is acceptable since the impact is localized to a limited area of one
side of the drum and the influence of the deformation will not affect the opposite side of the package.

Three-dimensional finite element models of the 9975 assembly and the proven DT-22 assembly were
developed for the ABAQUS finite element program. The models consisted of a detailed mesh of the
interfacing regions of the lid, ring, and flange assembly. The model also incorporates the drum wall
and rolled hoop. The Celotex insulation is not modeled. Though Celotex is the major energy absorber
for the drop condition, inclusion of the Celotex would not result in significantly different loads in the
drum structure. This is particularly true for the closure screws. A detailed discussion of the model is
presented in Section 6.2.1.

4.2 Acceptance Criteria

As the justification of the flange closure on the 9975 package is based on comparison to the DT-22
flange closure, the acceptance criteria is to show that the 9975 closure will perform as well as the DT-
22 closure for the hypothetical drop requirements.

5 Inputs

5.1 Structural Details
The 9975 package consists of a cylindrical outer drum constructed of 18 Ga stainless steel. The drum
has an inner diameter of 18.25 inches and a height of just under 35 inches. The drum has two rolled
hoops for cylindrical stiffness, one near bottom and one near top, located 8.88 inches from the
respective ends. The drum bottom is an 18 ga stainless steel circular plate, with edges rolled and
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crimped (double seamed) and welded continuously to the drum bottom. The top lid is also an 18 ga.
circular plate. The lid incorporates a 0.55" offset hat section. The hat section diameter is 17.87
inches. The outer section of the lid is welded to a 1/8 inch thick x 1.25 inch wide circular ring of
20.85 inch outer diameter. The ring has 24 holes, equally spaced on a 19.84 inch diameter. The
maximum gross weight of the 9975 is 404 lbs.

The DT-22 package consists of a cylindrical outer drum constructed of 18 Ga stainless steel. The
drum has an inner diameter of 22.4 inches and a height of just under 28 inches. The drum has two
rolled hoops for cylindrical stiffness. The hoops are located 3 inches from each end. The drum
bottom is an 18 ga stainless steel circular plate, with edges rolled and crimped (double seamed) and
welded continuously to the drum bottom. The top lid is also an 18 ga. circular plate. The lid
incorporates a 0.75" offset hat section. The hat section diameter is 22 inches. The outer section of the
lid is welded to a 1/8 inch thick x 1.25 inch wide circular ring of 25.2 inch outer diameter. The ring
has 24 holes, equally spaced on a 24.2 inch diameter. The maximum gross weight of the DT-22 is 412
lbs. as tested.
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Table 5-1
Summary of Structural Details

DT-22 9975 w/ Flange
Package Design Weight 412 lbs 404 lbs
Drum

Outer Diameter of Body 22.4 in 18.35 in
Height (to TOF)a 27.68 in 34.78 in
Wall Thickness 0.048 in 0.048 in
# Rolled Hoops 2 2
Rolled Hoop Locations (from Bottom) 8.88 in, 25.9 in
Material 304L ASME SA-240 304L ASME SA-240

Lid
Thickness 0.048 in 0.048 in
Bend Radius
Hat Section Depth 0.75 in 0.75 in
Material Specification 304L ASME SA-240 304L ASME SA-240
Lid-to-Ring Weld 0.05" fillet, 1"- 6" 0.05" fillet, 1"- 6"

Ring
Width 1.25 in 1.25 in
Thickness 0.125 in 0.125 in
Material Specification 304L ASME SA-240 304L ASME SA-240

Flange
Angle P/4" x P/4" x 1/8" 1/" x 1¼" x 1/8"
Material 304 or 304L ASME SA-479 304 or 304L ASME SA-479

Screws
Specification Hex Head Screw, ASME Hex Head Screw, ASME

SA-320 L7 SA-320 L7
Screw Size 0.375-16UNC-2A 0.500-13UNC-2A
Bolt Circle Diameter 24.10 in 19.84 in
Number of Bolts 24 24
Bolt-to-Bolt Spacing 3.15 in 2.60 in

a- Top of Flange
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5.2 Material Properties
The material properties used for the stainless steel drum, flange, lid and ring, the closure screws, and
the screw nuts are shown below. Parametric studies to show the effects of median or upper bound
material properties are not performed, as this analysis is comparative in nature. On the same basis, the
increased material strength due to the high strain rates was also not considered.

Stainless Steel
The material of construction for the drum body, lid, and ring are ASME SA-240 304L stainless steel.
The rolled angle used for the flange is ASME SA-479 304 or 304L stainless steel. The elastic
modulus of 28.3E6 psi is obtained from ASME l1-D, using room temperature conditions. Design
value for true stress-strain curves are developed from room temperature data obtained from the
Aerospace Structural Metals Handbook. The data was curve fit to the equation

K-, =<Kg

where: ot = true stress
K = Strength Coefficient = 125,862 psi at room temperature
Et = true strain
n = strain-hardening exponent = 0.2297 at room temperature.

A plot of the resulting true stress-strain curve is shown below. This stress-strain curve corresponds to
lower bound data.
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True Strain (inlin)

Figure 5-1 True-Stress Strain Curve Used in Analysis for 304L Material

Closure Screws
Material : SA-320, Grade L7
Sy = 105 ksi
Su = 120 ksi
Sm = 20 ksi

Nut
Material : Carbon Steel
Sy = 30 ksi
Su = 60 ksi
Sm= 14.5 ksi
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6 Analysis

6.1 Evaluation of Previous Test Data

In preparation for developing computer models of the redesigned 9975 closure details, the drop test
results of containers having similar closures were reviewed. This included review of test reports and
photographs of the tested specimen's damaged state with specific recognition of any breaching of the
closure seal, as well as, to assess the expected deformed state of tested containers. The reports for the
tested containers that have similar closure flanges to the proposed 9975 modification that were
available for review were:

"Test Report for Certification of the DC-I Shipping Package" (YMA-93-20), and
"Test Report for the Certification of the DT-22 Shipping Package" (YMA-93-15).

Both the DC-I and the DT-22 shipping containers have larger diameters than the 9975 container.
Table 6-1 lists pertinent geometry and weight differences between the tested containers and the 9975
container.

TABLE 6-1 Drum Structural Data
Container Height OD-Bolt Ring No. of Bolts Size of Closure Wall & Lid Tested

Diameter Bolts Ring Thickness Weight
(inch) (inch) (inch) (inch)

DC-I 40 31 30 3/8 NA .06 754-780
lbs.

DT-22 27.8 25.1 24 3/8 1¼ x .048 412 lbs
1/8 (min)

9975 35 20.85 24 3/8 11/4 x .048 (404 lbs)*
1/8

* maximum design weight

The 9975 container has the smallest diameter of the three, and as such will have the highest lateral

stiffness of its bolt closure ring for lateral loading.

The features for the 30-foot drop test that are significant when developing computer models are:

" Type of permanent deformation.
* Amount of permanent deformation.
* Breach of confinement.
" Mode of failure.
* Possible bolt failures.

In all of the 30 foot drop tests, there were no reported bolt failures, nor any evidence of bolt failures in
the test photographs.

Table 6-2 lists the permanent damage from the DC-1 30 foot drop test and Table 6-3 lists the
permanent damage from the DT-22 30 foot drop test as identified in the test reports.
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TABLE 6-2 DC-1 30 Foot Drop Tests
Test Orientation Impact Surface Note

Horizontal Side 3/16" opening between drum flange and lid
between bolts.

180 Horizontal Side Weld broken on top ring to cover plate
470 Oblique 4-broken weld top ring

-:5" permanent deformation
470 Oblique Two broken welds in top ring.

L5" permanent deformation on impact side

TABLE 6-3 DT-22 30 Foot Drop Tests
Test Orientation Impact Surface Note

Horizontal Side No broken bolts or welds
Oblique Side Flanges separated approximately 5/16 inch

100 to Horizontal between bolts
44.20 Oblique 6.5 in permanent deformation

Vertical Top Barrel buckling at suspended hoop

The DC-I drop tests resulted in failure of some welds between the bolt ring and the lid. There was no
similar failure in the DT-22. This is attributed to the significantly higher weight of the DC-I package
(780 lb vs 412 lbs).

Inspection of Photographs I through 4 (see Appendix A) of the DT-22 30-foot drop test indicates that
there are no broken bolts or welds. However, there is significant permanent deformation of the bolt
ring, container wall and lid.

The horizontal side drop and the 100 oblique drop as shown in Photographs I and 2 of the
DT-22 container indicates a classical compressive buckling mechanism with permanent deformation
of the bolt ring between the bolts. This results in separation between the bolt ring and the angle at the
top of the barrel and potential shear loading on the bolt. Observation of the flame path in Photographs
5 and 6, taken during the fire test, show that these openings allow a pathway between the interior and
exterior of the vessel.

The plastic buckling mode of the bolt ring was duplicated in the analysis report for the 9975 and the
DT-22 computer models. However, because of the decreased closure bolt spacing in the 9975 bolt
ring, the shear forces in these bolts are more than proportionally increased with respect to the
geometry changes.

The oblique drop, as shown in Photograph 3., resulted in significant inward bending of the bolt closure
flange/ring, as the bolt closure flange angles towards the drum wall. The drum wall deforms into the
lid offset section. This deformation behavior is captured by the computer models.

The deformation of the bolt closure lid for the horizontal and 10' oblique drop show the bolt closure
ring and the bolt closure flange in an upward direction towards the top of the container. This
deformation behavior is also captured by the computer models.

Appendix 2.4 - 13 of 70



Revision I S-SAR-G-00001
T-CLC-A-00172, Rev. 2, Pg.12 of 68

6.2 Drop Evaluation
The structural response of the drum closure for the 30 foot drop loading is evaluated in this section.
The finite element method is utilized to make mathematical models to represent the drum structural
components of the DT-22 and the 9975 assemblies. This evaluation does not consider the dynamics of
the 30 foot drop, but rather makes a comparison by confirming that an imposed static deformation via
displaced rigid surface on the Finite Element Model (FEM) reasonably duplicates the deformed shape
of the test results of the DT-22. The evaluation is by comparison of the response of the 9975 closure
to that of the response of the proven DT-22 closure under the same load deflections.

6.2.1 FEA Model Description
The 30 foot drop of the shipping packages induces large., localized, deformations on the exterior shell.
Significant plastic behavior and non-linear geometric effects result from the drop testing. In order to
analyze this nonlinear behavior, the finite element method is used. A three-dimensional model of each
drum is created and coded for the ABAQUS/Standard finite element program. The intent of the
modeling is to compare the forces on the closure assembly during the expected crushing. The crush is
imposed onto the model using a static analysis procedure.

Element Description
The basic construction of the model employs first order shell elements. The model consists of the
closure ring, the closure lid, the drum flange and the drum itself. The closure screws are modeled as
beam elements. Each of these components are modeled as completely separate modules. The closure
ring is tied to the closure lid intermittently using Multi-Point-Constraints (MPC's). These MPC's
represent the stitch welding to be used on the actual drum. Similarly, the drum flange is joined to the
drum shell using MPC's at the weld attachment points. The drum/flange assembly and the lid/ring
assembly are then joined via ABAQUS contact surfaces and with the (closure screw) beam elements.

A quarter model is used to represent the full drum. Symmetry boundary conditions are imposed along
one edge of the quarter model, while the other edge has the symmetry condition plus a restraint in the
direction parallel with the drum axis. The imposed deformations are applied along the edge with the
pure symmetry condition, as shown in Figure 6-5. This modeling technique is acceptable since the
impact deformation is localized to a limited area of one side of the drum and the influence of he
deformation will not affect the opposite side of the drum. The specific screw hole locations are
modeled in the vicinity of the applied load. Away from the load application point, the model becomes
more coarse and the bolt holes are not explicitly modeled. However, all the attachment screws are
modeled such that the shear and tensile load can be obtained.

Contact
ABAQUS provides modeling of mechanical contact between bodies. Mechanical contact describes
cases where bodies may touch or separate during an analysis. Contact is modeled by defining surfaces
(or nodes) which may interact. These surfaces are used in Contact Pair definitions, in which one
surface is "slaved" to a "master" surface. Each contact pair is linked to a specific SURFACE
[NTERACTION option to describe the interaction effects (e.g. friction, heat).

The package assembly is modeled using frictionless contact, such that the bolts are the only shear
connection between the drum/flange portion and the lid/ring portion of the model. Softened contact is
used. The "softened contact" option allows the contact pressure to build once the involved nodes are
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within a user specified distance. A stiffness of the surface is also specified with "soft contact". Since
the shell elements are modeled at their actual centerline, the distance specified in the model is the sum
of the half thickness of the slave element and the half thickness of the master element. A stiffness
based on the plate thickness and elastic modulus is used.

In addition to the contact elements, non-linear, compression only springs were modeled between the
surfaces at the fastener locations. These elements were chosen to simplify the model. Because of the
refinement of the mesh at the hole locations, the use of contact surfaces in these areas would have
involved too many nodes, creating a penalty in run time and overall performance. The spring stiffness
was chosen on the same basis as the contact stiffness.

Because contact introduces a severe non-linearity, only the minimum amount of contact surfaces are
used. Contact is specified between the flange and lid by partitioning the surface into several regions.
The first region is a band along the outer edge of the flange upper surface, which is paired to a similar
region on the lower surface of the lid. The second region is along the inner edge of the mating
surfaces. Additional regions include a portion of the mid-span between each bolt. The regions are
segmented in order to minimize the nodes involved in contact. Because the bolts have been shown to
perform well at keeping the components mated together, the small sliding option is used on the flange
to lid surface. With small sliding, ABAQUS minimizes the contact search algorithm by establishing a
specific segment of the master surface for each slave node, versus the more general approach of
searching an entire region of the master surface for each slave node. Small sliding is appropriate for
this surface, since the surfaces do not exhibit significant relative sliding.

Contact using the large sliding algorithm is also specified between the offset section of the lid, and the
inner drum wall.

To apply the load, contact is also specified between a rigid surface representing the drop target and
contacted portions of the drum. These portions of the drum include the top surface of the ring, the
bottom surface of the flange, and the upper region of the drum wall. The surfaces are defined to cover
the circumferential distance likely to contact the target surface (,z+/-l 50). The large sliding algorithm
is used. No friction is used between the rigid surface and the drum body.

Material Properties
Plastic material properties are used for the ring, lid, flange, and drum. The bolts are modeled strictly
elastically. The plastic material properties used for the drum assembly are described in section 5.2.

Pre-Load
The closure screws are modeled explicitly using beam elements. The upper beam end is tied to the
ring and the lower end is tied to the flange. Pre-load of the screw creates tension in the screw and
forces the flange and lid surfaces together. The pre-load is applied by specifying a thermal contraction
of the bolt. Since friction effects between the surface are not explicitly modeled, and the screw is
modeled elastically, the actual magnitude of pre-load is not critical to the analysis results. Table 6-4
below shows the required temperature change to impose the pre-load on the bolt. Because of the
flexibility created by the softened contact, the actual required temperature change will be slightly
higher than that computed. The following calculations are shown using a 3/8" closure screw, as
incorporated in the finite element model. The conclusion of this analysis shows that a larger bolt is
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required. The model with the smaller screw is still valid in terms of shear loads. As the only shear
load path between the lid/ring and the drum/flange are the closure screws, the actual stiffness used will
not influence the load magnitude. The change in tensile pre-load is also not significant, since contact
friction is not incorporated into the model.

Table 6-4
Preload Calculations

DT-22 9975
Pre-Load F 1350 lbs 1350 lbs
Bolt Tensile Area A 0.078 in2 0.078 in2
Young's Modulus E 29E6 psi 29E6 psi
Mechanical Strain in Bolt, =(F/A) / E £m 0.000612 0.000612
Modeled Thermal Expansion Coefficient a7 in in7.E-6 -- 7.E-6 -

in o F in o F
Initial Temperature T, 70 OF 70 OF
Required Temperature change AT -87.4 OF -87.4 OF
= Enm/I I

Specified Temperature = T, - AT T -17.4 OF -17.4 OF

Model Plots
The following plots show the various components of the finite element model. The model shown is of
the DT-22 assembly. The 9975 model is identical, except for the drum diameter and the location of
the upper rolled hoop in the drum wall.

3

Figure 6-1 Finite Element View of Drum Flange (1.25" x 1.25" x 1/8" Angle)
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Figure 6-2 Finite Element View of Closure Lid.

3

Figure 6-3 Finite Element View of Closure Ring
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Figure 6-4 Finite Element View of Drum Cylinder and Complete Model.

47

t#4

3 Cmntad

Figure 6-5 Finie Element View of Drum Flange, Showing Closure Screw Numbering Scheme
and Location of Rigid Surface.
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6.2.2 Load Cases

Two load cases are analyzed on the overall model for each drum:
* Low Angle (horizontal) Impact
* 450 Angle Impact

In the low angle impact, the rigid surface is oriented to be parallel to the drum wall. Contact is
initiated at the outer edge of the flange. The overall relative displacement between the drum and
surface is specified to be 2.5 inches from initial contact.

In the 45' angle impact, the rigid surface is placed at the tip of the flange and oriented at 45'. The
displacement is specified to simulate 3.5 inches of movement of the surface into the drum at the 45
angle. The actual radial and axial displacement at the flange tip will depend on the relative drum
assembly stiffnesses in the respective directions.

The analysis procedure is completed in two steps. The first step applies the thermal load to the bolts to
provide pre-load. The second step is a static procedure to displace the drum into the rigid surface.

6.2.3 Results

The results of the FEA drop simulations includes the crush forces as a function of displacement, the
bolt tensile and shear loads as a function of displacement and the energy absorbed as a function of
displacement. In addition to these quantitative results, the deflected shapes of the crushed drums is
shown for a qualitative comparison to the photographs from previous drop test. These results are
shown for each drop simulation on both the 9975 assembly with flange and for the DT-22 assembly.

Low Angle Drop Simulation
The results of the crush simulations show the two drums behave similarly in terms of deflected shape.
The low angle (Zero degree) drop simulation results in the flange bending upwards, duplicating the
mode shape indicated in the photographs of existing drop tests. The computer simulation also captures
the ring buckling between bolts as the ring is forced inward and into compression. The load histories
for the 9975 drop simulation are shown in figures 6-6 through 6-8. The corresponding results for the
DT-22 are shown in figures 6-9 though 6-11. A comparison of the results are shown in Figures 6-12
though 6-14. A summary of the results are shown in the following tables. A plot of the displaced
shapes are shown in Figures 6-15 though 6-18.

The data for the zero angle simulation shows the 9975 develops more shear force in the screws for a
given crush distance. On both drums, the shear load histories show a couple of peaks and dips, a result
of the assembly passing through the drum wall buckling mode and the lid/ring buckling mode. The
same variances are seen on the crush load histories. It is also seen that the variance of the tensile loads
is such that a net tensile load is always maintained. The maximum tensile variance for all screws on
either drum was a reduction of less than 500 lbs to an increase of 1200 lbs. Given the nominal values
of pre-load, (3360 to 3840 lbs for 9975 {see sec 6.5}, t1300 to 1500 lbs DT-22), and the maximum
sustainable tensile load of the screws (> 9000 Ibs), the screws are shown to be structurally qualified.
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The energy absorption history is shown on Figure 6-14 and shows that the 9975 absorbs slightly more
energy than the DT-22 for a given deflection. This shows that comparing the 9975 closure screw load
response to that of the DT-22 on an equal deflection basis is bounding. The magnitude of the absorbed
energy (18,000 in-lbs) is only a small fraction of the total 145,400 in-lb drop energy. This implies that
the Celotex, not modeled in this analysis, is the main contributor to the energy absorption. Any
difference in structural stiffness between the banded closure design and the flange closure design
would not influence the amount of drum crush during the drop. Therefore, the qualification of the
Celotex damage measured during the banded closure design drop test is still valid for the flanged
closure.

Table 6-5 Summary of Load Data for Zero Angle Imposed Deformation.
9975 Drum DT-22 Drum Ratio of Max Values,

9975 to DT
Shear, Bolt #1 0 to 5950 lbs 0 to 5314 lbs 1.12
Shear, Bolt #2 0 to 5420 lbs 0 to 3230 lbs 1.68
Tension, Bolt #1 (See Note) -200 lbs to 1000 lbs -148 lbs to 807 lbs 1.24
Tension, Bolt #2 -30 to 770 lbs 0 to 1184 lbs 0.65
Tension, Bolt #3,4,5 -100 to +330 lbs < +1-500 lbs Na
Energy Absorbed (@ 2.5" 18,730 in-lbs 18,400 in-lbs 1.02
Crush)
Note: Bolt tension is shown relative to pre-load

DT22 Crush @ Zero Degrees

5000
4Bolt #1R 4500

4000 --- Bolt #2"" 4000 ot#3500- - - Bolt #3
0 3500 --- Boft #4

P 3000
.2

250

2- 2000 - B # - ._
1500 --

1000
500

0
0 0.5 1 1.5 2 2.5 3

Crush Distance (in)

Figure 6-6 Tensile Load History for DT-22 Package Closure Screws For Zero Angle Drop
Simulation, Showing Insignificant Variations in Tension Relative to Allowable Load.

(Tension Allowable = 6550 lbs for 3/8" screw, Scale Set to r 70% of Max allowable as a Visual
Aid).
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DT22 Crush @ Zero Degrees
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-7500

Crush Distance (in)

Figure 6-7 Shear Load History for DT-22 Package Closure Screws For Zero Angle DrolA
Simulation. (Max Shear Allowable for 3/8" Screw is 3427 lbs). t /

DT22 Crush @ Zero Degrees
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Figure 6-8 Crush Force History for DT-22 Package Closure Screws For Zero Angle Drop
Simulation.
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9975 (w/ Flange) Crush @ Zero Degrees
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Figure 6-9 Tensile Load History for 9975 Package Closure Screws For Zero Angle Drop
Simulation (Scale Based on DT-22 Parameters for Comparison).
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9975 (w/ Flange) Crush @ Zero Degrees
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Figure 6-10
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Shear Load History for 9975 Package Closure Screws For Zero Angle Drop
Simulation.

9975(w/ Flange) Crush @ Zero Degrees
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Figure 6-11 Crush Force History for 9975 Package Closure Screws For Zero Angle Drop
Simulation.
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Comparison of Closure Screw Tensile Loads @ Zero Degree Impact
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Figure 6-12 Comparison of Closure Screw Tensile Load Histories for Zero Angle Drop
Simulation (Bolt #1 Shown)

Comparison of Closure Screw Shear Loads @ Zero Degree Impact
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Figure 6-13 Comparison of Closure Screw Shear Load Histories for Zero Angle Drop
Simulation.
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Absorbed Energy Comparison for Drop Sim ulation @ Zero
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Figure 6-14 Comparison of Absorbed Energy for Zero Angle Drop Simulation.
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Figure 6-15 Detail View of Deformed Shape for Lid and Flange of Drum Assembly During 2.5 inch
Zero Angle Imposed Deformation.
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F 

V
Figure 6-16 Detail View of Deformed Shape for Clamp Ring of Drum Assembly During 2.5 inch

Zero Angle Imposed Deformation.

Figure 6-17 Detail View of Deformed Shape for Flange of Drum Assembly During 2.5 inch Zero
Angle Imposed Deformation.
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L t kAý4

Figure 6-18 Detail View of Deformed Shape Shell Wall of Drum Assembly During 2.5 inch Zero
Angle Crush Simulation.

450 Angle Drop Simulation

The results of the crush simulations show the two drums again behave similarly in terms of deflected
shape. The 45 degree drop simulation results in the flange bending downwards, duplicating the mode
shape indicated in the photographs of existing drop test. The computer simulation captures the drum
wall and lid closure buckling, as shown in Figures 6-28 through 6-31. The load results for the 9975
drop simulation are shown in figures 6-19 through 6-2 1. The corresponding results for the DT-22 are
shown in figures 6-22 though 6-24. A comparison of the results are shown in Figures 6-25 though
6-27. A summary of the results are shown in Table 6-6.

As for the zero angle drop simulation, the data for the 45' angle simulation shows the 9975 develops
more shear force in the screws for a given crush distance. On both drums, the shear load histories
show a couple of peaks and dips, a result of the assembly passing through the drum wall buckling
mode and the lid/ring buckling mode. The same variances are seen on the crush load histories. It is
also seen that the variance of the tensile loads is such that a net tensile load is always maintained. The
maximum tensile variance for all screws on either drum was a reduction of less than 900 lbs to an
increase of 530 lbs. Given the nominal values of pre-load, (3360 to 3840 lbs for 9975,:: 1500 lbs DT-
22), and the maximum sustainable tensile load of the screws/nut assembly (> 5000 lbs for the 9975),
the screws are shown to be structurally qualified.

Appendix 2.4 - 28 of 70



Revision 1 S-SAR-G-O000 1
T-CLC-A-00172, Rev. 2, Pg.27 of 68

The energy absorption history is shown on Figure 6-27 and shows that the 9975 absorb slightly more
energy than the DT-22 for a given deflection. This shows that comparing the 9975 closure screw load
response to that of the DT-22 on an equal deflection basis is conservative. As for the zero degree drop
simulation, the small fraction of the total 145,400 in-lb drop energy absorbed implies that the Celotex
is the main contributor to the energy absorption. Therefore, the qualification of the celotex damage
measured during the banded closure design drop test is still valid for the flanged closure.

Table 6-6 Summary of Load Data for 45 Degree Drop Simulation
9975 Drum DT-22 Drum Ratio of Max Values,

9975 to DT
Shear, Bolt #1 2930 lbs 2700 lbs 1.09
Shear, Bolt #2 6431 lbs 3550 lbs 1.81
Tension, Bolt #1 (See Note) -1000 lbs to +500 lbs -1300 lbs to +0 lbs Na
Tension, Bolt #2 -800 to +400 lbs -1000 to 0 lbs na
Tension, Bolt #3,4,5 < +/-900 lbs < +/-525 lbs na
Energy Absorbed (@ 3" 23,200 in-lbs 18,300 in-lbs 1.27
Crush)

Note: Range of Bolt Tension is shown relative to Pre-load, Ratio not Computed for Tension as DT-22 shown
Zero Increase over the initial Pre-load.

9975 (w/ Flange) Crush @ 45 Degrees

5000
4Bolt #1•. 4500 -- Bl#400- - -Bolt #24000

-..- Bolt #3
w 35000 -•- Bolt #4:,, Pre-Load Set to 2160 Ibs

I- 2000 --- Bot#

0
2 1500

M, 1500•. . . . . , .•

1000

500

0
0 0.5 1 1.5 2 2.5 3 3.5 4

Crush Distance (in)

Figure 6-19 Tensile Load History for 9975 Package Closure Screws For 45 Degree Load Case
(Pre-Load Shown is For 3/8 Closure Screw, See Section 6.2.1 for Technical Discussion).
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9975 (W/ Flange) Crush @ 45 Degrees
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Figure 6-20 Shear Load History for 9975 Package Closure Screws For 45 Degree Load Case.

9975 (w/ Flange) Crush @ 45 Degrees
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Figure 6-21 Crush Force History for 9975 Package Closure Screws For 45 Degree Load Case.
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DT22 Crush @ 45 Degrees
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Figure 6-22 Tensile Load History for DT-22 Package Closure Screws For 45 Degree Load Case,
Showing Small Variations in Tension Relative to Allowable Load.

(Tension Allowable = 6550 lbs, Scale Set to z 70% of Allowable as Visual Aid).
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DT22 Crush @ 45 Degrees
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Figure 6-23 Shear Load History for DT-22 Package Closure Screws For 45 Degree Load Case.

DT22 Crush @ 45 Degrees
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Figure 6-24 Crush Force History for DT-22 Package Closure Screws For 45 Degree Load Case.
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Comparison of Closure Screw Tensile Loads @ 45 Degree Impact
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Figure 6-25 Comparison of Closure Screw Tensile Load Histories for 45 Degree Drop
Simulation (9975 Pre-load Shown at 2160 Ibs, DT-22 Pre-load Shown at 1600 lbs).

Comparison of Closure Screw Shear Loads @ 45 Degree Impact
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Figure 6-26 Comparison of Closure Screw Shear Load Histories for 45 Degree Drop Simulation.
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Comparison of Absorbed Energy @ 45 Degrees
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Figure 6-27 Comparison of Absorbed Energy Histories for 45 Degree Drop Simulation.

3

Figure 6-28 Detail View of Deformed Shape for Lid of Drum Assembly During 45 Degree
Imposed Deformation (9975 Assembly Shown @ Three Inches Deformation).
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Figure 6-29 Detail View of Deformi
Imposed Deformation (9975
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Figure 6-30 Detail View of Deformed Shape for Flange of Drum During 45 Degree Imposed
Deformation (9975 Assembly Shown @ Three Inches Deformation).

Appendix 2.4 - 36 of 70



Revision I S-SAR-G-00001

T-CLC-A-00 172, Rev. 2, Pg.35 of 68

Figure 6-31 Detail View of Deformed Shape for Shell Wall of Drum Assembly During 45 Degree
Imposed Deformation (9975 Assembly Shown @ Three Inches Deformation).

6.2.4 Evaluation of Closure Screws for Container Crush Loads
The shear and tensile loads on the 9975 closure screws and nuts are evaluated by both a comparative
basis and also by ASME Section III criteria. The comparative basis compares the 9975 loads to the
DT-22. Code criteria is based on Section III, Appendix F.

6.2.4.1 Comparative Evaluation
The crush simulation performed within this calculation predicts that the shear loads in the closure
screws will be higher in the 9975 package than in the DT-22. This increase is judged to be due to the
closer bolt spacing used on the 9975 and the resulting higher load to achieve buckling of the flange
between bolts. Table 6-5 shows the shear loads are 68% higher for the zero angle drop and Table 6-6
shows the shear loads are 81% higher for the 45 Degree drop. Because of this increase, the closure
screws used on the 9975 flange closure were increased to ½/ diameter. The following chart shows the
increased bolt size results in sufficient strength increase to accommodate the higher loads.

Shear Area Tensile Area
3/8 inch screw 0.068 in2  0.078 in2

' 2 inch screw 0.126 in2  0.142 in2

Ratio, 3/8 to '/2 1.85 1.82
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6.2.4.2 Code Evaluation
In addition to the comparative evaluation of the closure screw loads, the shear and tensile loads are
evaluated to ASME B&PV Code Section III Appendix F acceptance criteria. The Code specified
limits based on both ultimate and yield strengths. For the bolt material, the ultimate strength controls:

Shear = lesser of 42% of Ultimate, 70% Yield = 0.42 * 120,000 psi = F, = 50,400 psi
Tension => lesser of 70% of Ultimate, 100% Yield = 0.70 * 120,000 psi = F,= 84,000 psi

Combined=> K2 + fl. <I
F, F2

Closure Screws - Zero Degree Drop
Table 6-5 shows that the bolt nearest the impact point is the highest loaded bolt. The shear load is
5950 lbs and the tension load increases to 1000 lbs above the pre-load value. The maximum pre-load
is determined to be 3,840 lbs (section 6.5)

Shear Stress = 5090 lbs / 0.126 in2 = 40,397 psi (less than allowable of 50,400 psi)
Tension Stress = 1000 lbs / 0.142 in2 = 7,042 psi (less than allowable of 84,000 psi)

Comind~ 70422 403972_
Cobined 0 2 +5400 - 0.65 < 1 (Meets the combined interaction equation)14, 0002 +50,400'

Closure Screws - 45 Degree Drop
Table 6-6 shows that the highest loaded bolt is bolt #2, the one adjacent to the point of impact. The
shear load is 6431 lbs and the tension load increases to 400 lbs above the pre-load value. The
maximum pre-load is determined to be 3,840 lbs (section 6.5)

Shear Stress = 6431 lbs / 0.126 in2 =51,039 psi (just above the allowable of 50,400 psi)
Tension Stress = 400 lbs / 0.142 in2 = 2,817 psi (less than allowable of 84,000 psi)

2,8172 51,0392
Combined= 284,02 + 5, = 1.027 > 1

84,'0002 50,4002

The Code evaluation shows that the predicted bolt loads exceed Code allowables by less than 3%. The
bolted flange closure is judged to be acceptable because:
" The comparative evaluation shows the 9975 meets the performance target of the DT-22
" The overstress would occur only on 2 non-adjacent bolts of the total of 24 bolts.
" The predicted stress level is below the ultimate capacity of the bolt material by more than 25%.

Screw-Nuts
The threads of the welded nut are evaluated for the imposed tensile loads. The maximum tensile load
obtained from the imposed formation load cases is an increase of 1000 lbs above the initial pre-load.
The allowable load is limited to the shear out of the nut threads controlled by ultimate shear strength
of the nut. The nut shear out area is 0.462 in2 (see Section 6.5)

Load = Pre-Load + Enveloping increase of 1000 lbs = 3840 + 1000 lb. = 4840 lb.
Allowable = 42% * 60,000 psi * .462in 2 

= 11,642 lb
The actual load of 4840 lbs is less than the 11,642 lb allowable.
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6.2.5 Evaluation of Lid Curvature

The effects of lid curvature are quantified in this section. The proven DT-22 package design
incorporates a lid with a flat (no curvature) center section (the "hat" or "offset" section). The redesign
9975 package will use the same basic design, with the exception that the center section has curvature.
By evaluating two lids, each sized for the 9975 package, one with curvature and one without, it is
shown that the curvature of the center section does not create a significant stiffness difference.

An evaluation of the 9975 lid design is conducted by determining the limit load of the lid when
subjected to a lateral load applied along one edge of the lid. The limit load of the lid is determined by
running a Riks Load Procedure within the Abaqus finite element software. The lid model is the same
as described in Section 6.2.1. The limit load of the 9975 flat lid is found to be 808 lbf. The limit load
of the curved lid is slightly higher at 828 lbf.

A stiffness comparison of the designs is done by looking at the behavior of the lids under increasing
load up to the limit load. Figure 6-32 shows that there is no significant difference between the force-
displacement behavior of the lids. Figures 6-33 through 6-37 show the flat and curved lid models
undeformed and deforned geometry plots.

Force-radial displacement comparison
for

9975 redesign (flat lid) VS 9975 old (curved lid)

0.9 _ _ _

0.- 
- Cuyved i, d displ. (-ut)

0.7- Straight id dispi. (-ul)

0.6 Fnia__0 __ _ __b!_ __ _

0.5

0.4

0.3

020.1 0

0 0.05 0.1 0.15 0.2 0.25

Displacement (-ul) inches

Figure 6-32 Comparison Showing Effects of Curvature of Center Lid Region.
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Figure 6-33 Plan View of Uncurved Lid Finite Element Model Used For Limit Load
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Figure 6-34 Elevation View of Lid With and Without Curvature
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ADAQUS VERSION: 5.8-1 DATE: 07-MAY-2000 TIME: 16:24:59

Figure 6-35 Displaced Shape For Uncurved Lid
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Figure 6-36 Isometric View of Deformed Shape
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Figure 6-37 Displaced Shape of Curved Lid at Limit Load

6.3 Axial Compression Evaluation

6.3.1 Five Times Load Compression Test

In order to test compressive load capability of the 9975 redesign, a finite element model of the
container is subjected to a compressive load of 5 times the container's weight. The 5X compressive
load requirement is per 1 OCFR71.71 (c)(9). The finite element model and boundary conditions are
described in detail section 6.2.1 of this report. Weight stacked on top of the container will be
transferred through the bolt heads, which are the earliest point of contact for any flat loading platform.
To simulate this loading, the total compressive load is applied as a pressure to a 1 inch wide annular
region of the flange with mean diameter equal to the flange's bolt circle diameter. The model is solved
in ABAQUS finite element software as a nonlinear static analysis problem.

Input Data:

Flange and Drum Material is A479 304
Allowable Design stress Intensity = 16.7 ksi at atmospheric conditions (Based on 304L grade)

Container weight
Total compressive load

Bolt circle diameter
Pressure loaded area

Pressure value

= 404 lbf
= 5 X 4041bf

= 2020 lbf
= 19.84 in (used in FEM, final location may be moved slightly w/ no effect on this analysis)

= 21tRt
= (19.84)(1)(7t)
= 62.3 sq. in

= load / loading area
= 2020/62.3
= 32.4 psi
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Results Summary:

The maximum observed stress in the model is a 15.3 ksi axial stress (Fig. 6.45). It occurs at the 0.5 in
radius hoop located along the drum shell and is due to bending. The maximum principal stress in the
flange area is 14.3 ksi. The maximum displacement of.0079 inches in the downward direction is
observed at the top of the flange. The maximum rotation of the flange is 0.15 degrees occurring at the
maximum radius of the flange. Figures 6.38 to 6.46 show stress and displacement contour plots of the
flange and hoop regions of the container. These regions are presented because they are the most
critical for stresses and deformation. Results may be summarized thus:

Flange Region summary:
The principal stresses are:

First Principal Stress = al = 5.8 ksi (Shell top, Figure 6-40)
2 d Principal Stress = a2 = 14.3 ksi (Shell top, Figure 6-41)
3rd Principal Stress = 73 = 0.0 ksi on FEA Model, actually = to pressure value of-32 psi.

The stress intensity is, am = (a1-a3) • 14,300 psi
The allowable stress is 16,700 psi, D/C ratio = 14,300/16,700 = 0.86

Max axial displacement = -7.9 E-03 in Max rotation = 0.15 deg

Hoop Region summary:

Max hoop stress = all = 15.3 ksi (Figure 6.45)
Min axial stress = 722 = 15.8 ksi (Figure 6.46)
Through Thickness Stress = a3 = 0.0 ksi
For the outer drum shell in the rolled hoop region in which the max stresses occur, the hoop stresses
and axial stresses are essentially identical to the principal stresses. As shown in the flange evaluation
above, the maximum principal stress is equal to the maximum stress intensity.

The allowable stress is 16,700 psi, D/C ratio = 15,800/16,700 = 0.95
Max axial displacement = -3.9 E-03 in

The observed stresses and displacements in the 9975 redesign are below the ASME Code allowable 2
limit of 16.7 ksi. The container will carry a load 5 times its weight without sustaining large rotations A
or displacements.
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Figure 6.38 Contour Plot of Vertical Displacement for Lid Under 5X Dead Load.

1

-kX0
-4.O6E-03
-169E-03

3 DISPLACEMENT MAGNIFICATION FACTOR = 1.00

RESTART FILE = Coop.R1 STEP 1 INCREMENT 6

TIME COMPLETED IN THIS STEP 1.00 TOTAL ACCUMULATED TIME

ABROUS VERSION: 5.8-1 DATE: 06-MAY-2000 TIME: 18:43:11

1.00

Figure 6.39 Contour Plot (Plan View) of Vertical Displacement for Lid Under 5X Dead Load.
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Figure 6.40 Contour Plots (Isometric and Elevation) of Minimum Principal Stress (SP1) for Lid
Under 5X Dead Load.
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Figure 6.41 Contour Plot (Isometric) of Maximum Principal Stress (SP2) for Lid Under 5X Dead
Load.
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Figure 6.42 Contour Plot (Elevation View) of Hoop Component Stress (Sll) for Lid Under 5X
Dead Load.

Appendix 2.4 - 46 of 70



Revision 1 S-SAR-G-0000 1
T-CLC-A-00172, Rev. 2, Pg.45 of 68

ýETICN PON14 1

-1. "II 1.7E0
-4:4-w

1.401.0

1

3
DISPLACEMENT MAGNIFICATION FACTOR ý 1.00

RESTART FILE Co..ppR1 STEP 1 INCREMENT 6

TIRE LO-PLETED IN THIS STEP 1.00 TOTAL ACCUMULATED TIME 1.00
ARAQOS VERSION: 5.8-1 DATE: 06-AY-2000 TIME: 18:49:11

Figure 6.43 Contour Plot (Elevation View) of Radial Component Stress (S22) for Lid Under 5X
Dead Load.
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Figure 6.44 Contour Plots (Elev. View) of Vertical Displacement for Drum Wall Under 5X Dead
Load.
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Figure 6.45 Contour Plots (Elev. View) of Hoop Component Stress (S11) for Drum Wall Under
5X Dead Load.
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Figure 6.46 Contour Plots (Elev. View) of Radial Component Stress (S22) for Drum Wall Under
5X Dead Load.

1.1.2 Buckling Analysis

A buckling analysis of the container is also conducted. The model is similar to that of the compression
test but loading continues until buckling occurs. Results indicate that a geometric buckling will occur
at a load of approximately 68 kips while the plastic limit load is found to be 12.3 kips. It is therefore
concluded that the maximum compressive capacity for the container is 12.3 kips load.
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6.4 Weight Evaluation

Compute the Weight Removed:
I - Existing Closure Band

The effective diameter of the ring is calculated based on observations that the inside edge of the ring is
approximately 1/16" from the drum when clamped. The 1A gap at the band ends is neglected.

Band Mean Diameter = Dm o-Wo Emnmo

= 18.25"+2"0.048" + 2 * 1/16" + 2*(0.5-0.313)
= 18.85" c3uW e

Cross-sectional Area = Circular part + straight parts = Rhg '

2;rrt x arcratio = 0802"

Circular part = 2z(0.313 + 0.105 )(0.105)( 2x80) =313" t=0.
12360 -_20 deg

= 0.1072in2 
2__20_dog

Straight Parts =:> Length = L, = (0.50" - 0.313" + 0.3I3sin(20°))/cos(20°) = 0.3130 in
Area = 2 ends * L, * t = 2 * 0.313" * 0.105" = 0.0657 in2

Weight = volume x density = Circumferential length * area * density

= XDmArea x p = ;r(0I18.85")(0. 1072in 2 + 0.0657in 2 )(0.283 lbin = 2.90lbs

2. Closure Ring Extensions (Two extensions are included in total weight, Table 6.7)
Weight = length x width x thickness x density

= lengthtý (0.63" -0.25") + (0.98" - 0.25") + E * 0.25/2 = 1.50
= (1.50 inches) x 2 inch x I Iga x 0.283 = 0.10 lbs {I Iga = 0.12 in}

3. Closure Bolt (5/8-11UNC-2A x 4")
Use effective length of 5" to account for bolt head and lock nut

Weight 4-(0.625)2 x 5"xO.283 1l = 0.431bs
4 /in __

4. Closure Bolt Lugs (1.5" dia x 5/8 thick) 0.25"

Weight = I-(1.52 -0.6252)x 0.625"x0.2831b/.. = 0.261bs each
14 4 int Diameter

5. Top Drum Curl to be Removed (Cut = 0.25" below top): 0.,-,to
Circumferential Diameter Dm = 18.25+2*0.048 + 0.45" = 18.8" _.45, use
Diameter of Cross Section = d = 0.45" (average) wa=°As"

Cross-Section Area = A= irdt = ;,r x 0.45"xO.048"= 0.0679in2

Weight = ;rD,,Ap = ;r x 18.8in x 0.0679in2 x 0.283/Ib. =1.131bs
/ in
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Compute Weight Added:
1. Rolled Angle Flange (1.25 x 1.25 x 0.125")

Vertical Portion = Area = A = 1.25 x 0.125 = 0.1563 in2
Average Diameter Dm = 18.35" + 0.125" = 18.48"

Weight = ;rD,,Ap = r x 18.48in x 0.1563in2 x 0 .2 83 Ibi 2.571bs
/in

Horizontal Portion = Area A = 1.25 x 0.125 - 0.1252 = 0.1406 in2
Average Diameter = Dm = 18.35" + 2*0.125"+ 2*(1.25-0.125")/2 = 19.73"

Weight = ;TD,,Ap = ir x 19.73in x 0.1 406in2 x 0 .2 8 3 lbl/3 = 2.47lbs

Total = 2.57 lbs + 2.47 lbs = 5.04 lbs
2. Top Ring (1.25" x 0.125")

Cross Section Area = 1.25" x 0. 125 = 0.1563 in2
Effective Diameter = 18.35" + 1.25" = 19.60 in

Weight = rD,,,Ap = ir x 19.60in x 0.1563in 2 x 0.283 1b .3 =2.721bs

3. Closure Screws (0.5-13UNC-2A x 0.75" long)

Weight z ;-' .52 xl.0")+(.8752 x0.375) 0.283 b 3 -0.12lbs each

4. Closure Screw Weld Nuts and washers
The weight of the weldnuts and washers is estimated as 25% of that of the bolt = .03 lb each

Table 6-7 Summary of Weight Removed from 9975 Drum Assembly
Item Unit Weight Quantity Total Weight
Closure Band 2.9 lbs 1 2.90 lbs
Closure Band Extensions 0.1 lbs 2 0.20 lbs
Closure Bolt 0.43 lbs 1 0.43 lbs
Closure Bolt Lugs 0.26 lbs 2 0.52 lbs
Drum Curl 1.13 lbs 1 1.13 lbs
Total _1 5.18 ibs

Table 6-8 Summary of Weight Added to 9975 Drum Assembly
Item Unit Weight Quantity Total Weight
Rolled Angle Flange 5.04 lbs 1 5.04 lbs
Top Ring 2.72 lbs 1 2.72 lbs
Closure Screws 0.12 lbs 24 2.87 lbs
Weld Nuts 0.03 lbs 24 0.72 lbs

Total __ 11.35 Ibs

Since the lid is essentially the same size, before and after the modification, it was omitted from detailed
weight calculations. Based on the above, the total weight can per drum is:

Additional Weiaht = 11.35 Ibs - 5.18 Ibs z 6.2 Ibs
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6.5 Closure Fastener Evaluation

The 9975 package closure assembly is preloaded during assembly by torque-up of the closure bolts.
The preload torque to be applied during assembly of the closure is determined based on the shear
capability of the nut threads.

Tensile loads in the bolt produce shear loads in the bolt and nut threads, which attempt to "strip" the
threads. Since the nuts (carbon steel) are of significantly lower strength than the bolts (SA-320, Grade
L7 alloy steel), maximum stresses must be evaluated with consideration to the weaker nut threads.
Reference (2) provides the following relationship for the shear area of the nut, ATS, when the nut
material is weaker than the bolt material:

ATS=r7'n'Le Dsmi," 121-- 0.57735.(Dsmin- En)..]

where:

D,. = minimum OD of bolt threads = .4876, Reference (3)
Ea = maximum pitch diameter of nut = .4565, Reference (3)
n = threads per inch = 13
L, = length of engagement of the bolt/nut threads = nut height for full engagement

= .427 - .016 = .411 in (Reference: Machinery Handbook, 22 ed)

Substituting:

ATS = 7r- (13). (.4111). (.4876). [(13) + (.57735). (.4876 -. 4565) = .462 in 2

The weldnut is made carbon steel. Using minimum properties from reference (4) for A36 steel and the
stress limit for pure shear from reference (5), the maximum allowable stress for temperatures up to 100
'F is limited to SsaII = 0.6 Sm = 0.6 (14,500 psi) = 8,700 psi. The maximum load in the joint is limited

to:

P.x = ATS Ssaii = (.462) (8,700) = 4019 lb.

6.5.1.1.1 Bolt assembly Torque

The required assembly torque for the bolt is determined using Equation 7.4 of Reference (2)
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T= FP K D

where:

Tmi= input torque, lb.-in.
FP= achieved preload = 4019 lb.
D = nominal fastener diameter = .5 in
K = nut factor (dimensionless), taken as 0.2 for steel surfaces, reference (2)

The required torque is:

Tm = (4019) (0.2) (.5) = 402 lb.-in. = 33.5 lb.ft

An assembly torque of 28-32 ft.-lbs. is specified on the drawing. For this torque range, the bolt preload
is:

Tmin (28).(12)
Pi KD . (.2).(.5) =33601b.

Tm a _ (32).(12)
Pma. K (. - .5 = 3840 lb.K- D .... (.2)" (.5)

Evaluation of the thermal loads and vibratory loosening (Section 6.7) are performed based on the
minimum pre-load of 3360 lb.

To achieve the above pre-load, the bolts shall be tightened using two torquing passes around the
circumference of the drum. The first pass is to snug the bolts to a torque of approximately 10% of the
final torque. The second pass is to impart full torque to the bolts.
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6.6 Vibratory Loads on 9975 Package During Normal Conditions of Transport

Road induced vibrations are random vibrations. A random vibration analysis is followed to determine
a root mean square (RMS) value of the acceleration felt by the package. Random vibration analysis is
based on the power spectral density for the transport vehicle, given in Figure 3.30 of reference (6) and
reproduced as Figure 6-47.

I E-02

10-3
1 E-03

N I E-04- 1

U) I E-05" =
13-- I I10-5

I E-06 - =
I E
* I

10 10o

Froequency, Hz

Figure 6-47 Safe-Secure Trailer Power Spectral Density

For a single degree of freedom and a damped system., RMS response of a mass to the broad-band
random vibration input is given by (reference (7)):

2
where:

G,,t = acceleration response (g units)
P = power spectral density (g2/Hz)
f = resonance frequency of the system (Hz)
Q = transmissibility at the resonance frequency

Input for the solution of the above equation are discussed and determined below:
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Resonance Frequency of the Package, f

Vibratory response of the 9975 package is evaluated by assuming the natural frequency to coincide
with the peak of the power spectral density curve shown in Figure 6-47. This corresponds to a
frequency of 40 hz and a PSD of I E-3 g2/Hz. The degree of conservatism in the above approach,
compared to standard practices in evaluating drum vibratory loads, is evaluated by considering the
containment vessels with mass M associated with its contained vessel assembly, and structural
stiffness k, characterized by the supporting Celotex insulation. The natural frequency is:

IF= I .rkg

where:

k = stiffness of Celotex insulation (determined below)
w = weight of the combined vessel assembly = 283 lb, reference (1)
g = acceleration of gravity = 386.4 in/sec2

The stiffness of the Celotex insulation is determined by examination of test results reported in
reference (1). For a 2 x 2 x 2 inch cubic specimen, progressively loaded in compression, loading of the
specimen increased from 20 to 600 pounds as a deflection of 0.5 inch was imposed. The equivalent
elastic modulus, E is calculated as:

E- Pt L,- (600 - 20)-(2.0) =-580 lb. 2

A, -A (2.0.2.0). (0.5)
where:

P, = applied load, lbs.
L, = specimen length = 2 inches
A, = specimen cross-section area = 2.0 x 2.0 = 4 inches 2

The vessel assemblies are supported by an 11.2 inch diameter aluminum plate, which bears on a 4.00
inch thick layer of Celotex. The stiffness of the supporting Celotex, k is calculated below:

k- " _= A: E =1 -= 14,300 Ib.'
L 4.00 n.

where:

= area of the supporting Celotex (taken as the area of the aluminum support plate)
L= height of the column of Celotex under the support plate (Drawing R-R2-F-00 19)

The natural frequency of the package is now calculated using the above relation:

F I kg _ 1 1(14,300) .(386.4) =22.2 Hz

27rc w 2-t7 283
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Transmissibility, 0

From reference (7), the transmissibility, Q (also known as magnification factor) is determined as:

Q=[ r2)2 ++(2.r d)2t =[(1-2)2 +(2.1..10)2-[5 5.0

where:

d = damping coefficient = 0.10
r = frequency ratio = f/ f, = 1, where f, = natural frequency

The package acceleration, Gou, is now calculated below:

;°. (0.00 " g-2 /hz)' (40hz)' (5.0)2.
Gol=,17 I-P = 001 2-56 g

where P = 0.001 from Figure 6-47. Using the computed frequency of 22 Hz results in 0.42 g.

The maximum vibration of the containment vessels and contents is about 3 to 4 times the root mean
square, or about 1.7 g to 2.25 g. Conservatively assuming 100% of the package mass is acting at this
acceleration level yields a maximum load of less than 1000 lbs. The resistance of the container lid to
this load is from the bolt pre-load, as documented in Section 6.5.
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6.7 Loosening of Drum Bolts During Normal Conditions of Transport

The only known mechanism for bolt loosening in the 9975 package bolts is vibration-caused motion of
the lid flange relative to the drum. If motion occurs, and is properly directed, then turning of the bolt
head could be possible. However, motion of the lid flange is prevented by bolt preload as discussed
below.

Bolt preload in the drum lid is caused by torque applied to the bolts during assembly. The minimum
load on the bolts due to torque-up is given in Section 6.4 as 3360 lbs.

The tensile stress in the bolt, S due to torque-up at 700 F is determined below:

F 3360
S- -- =23,680 psi

Ah 0.1419

where Ab is the bolt tensile stress area = 0.1419 in., reference (2)

The bolt strain, , is:

S 23,680E=-- -. 0007893 in / in
E 30,.000,000

where E is the modulus of elasticity of the bolt material = 30,000,000 psi

At ambient temperature, the bolt length will increase as it is preloaded by the amount, ALI, calculated
as follows:

ALI = L = (0.435). (0.0007893) = 0.0003433 in.
where:

L = effective loaded length of the bolt = tif+ tj + tdf + hw = .125 + 0.048+ .125 + .137 = .435 in.
tif is the thickness of the lid flange = 0.125 in., Drawing R-R2-F-0025
t1 is the thickness of the lid = 0.048 in., Drawing R-R2-F-0025
tdf is the thickness of the drum flange = 0.125 in, Drawing R-R2-F-0025
h, is the washer thickness = .137 in. (reference: ASTM F436-94)

At -40' F, some of the tension in the bolt will relax. Using the coefficients of thermal expansion for
the flanges and the bolts, the change in length of the bolt, AL2 with decreased temperature is
determined below:

AL2 = (a8 -6 a AT10 - L x-6 h,,)

= (8.46 x10-6 -5.6 x10-6). [70 -(-40)].(0.435 -.137) =0.000 1108 in.
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where
(cf is the coefficient of thermal expansion for the flange material (304L)

= 8.46 x 10-6 in/in/°F (ASME Code, Section II, Part D)
ctb is the coefficient of thermal expansion for the bolt and nut material (carbon/alloy steel)

= 5.6 x 10-6 in/in/°F (ASME Code, Section II, Part D)
AT is the temperature change from bolt-up (70 OF) to minimum service temperature (-40 °F)

This tells us that the flange thickness contracts 5.03 x 10-6 inch more than the bolts, thus reducing the
pre-load. However, at minus 40 degrees Fahrenheit the bolt is still in tension because of the remaining
pre-load, which is calculated below. The remaining elongation of the bolt, AL3 is calculated as
follows:

AL3 = ALI - AL2 = 0.0003433 - 0.0001108 = 0.0002325 in.

The remaining pre-load is calculated as follows:

= S3 . A= E. E A = (AL 3 ).E.A (0.0002325)-(30x10 6).(.1419) = 2 275 lb.

L 0.435

where the subscript 3 denotes the values of the previously defined variables at -40 OF.

The remaining preload at minus 40 degrees Fahrenheit is 2275 pounds per bolt. This remaining
preload can now be compared with the vibratory load on the drum lid to determine if loosening can
occur.

The weight of the drum lid is estimated from details given on Drawing R-R2-F-0025, as follows:

W, = (0.29)[7r/4(18.1 )'(.048)+rt(18.1 )(.048)(.75)+ir/4(20.75 18.12)(.048)+7r/4(20.852-1 8.852)(. 125)] =
7.6 lb.

The vibratory load tending to loosen the bolts is calculated as the product of the maximum
acceleration, 2.25 g (see Section 6.6) and the lid weight, or Pnl,, = 2.25 (7.6) • 20 lbs. Conservatively
assuming this load is applied in a lateral direction, friction at the lid to drum bolted joint must be
sufficient to prevent relative motion between the closure assembly parts, which is the postulated
loosening mechanism for the closure bolts. Assuming a metal-to-metal coefficient of friction between
the closure parts, the resistance of the closure to slip is calculated as:

Pres =,.u" F3 - N1 = (0.1). (2275). (24) = 5687.5 lb.

It is seen that the resistance to slip in the closure assembly, 5687 lbs. is significantly greater than the
vibratory load tending to cause slip, 20 lb., and vibration will not be a problem during Normal
Conditions of Transport.
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6.8 Evaluation of Flange to Drum Weld
The bolting flange is attached to the drum by a fillet weld on the edge of the drum, and a l-in-4 stitch
weld on the drum outer diameter (see Figure 6-48) below. The weld stresses are evaluated based on a
limit moment in the drum wall, to account for anticipated plastic deformation of the drum during end
impacts. The limit moment in the drum is assumed to be caused by radial loading of the flange at the
flange outer diameter. This force and the resulting limit moment on the drum wall, plus the maximum
axial load the drum wall is capable of sustaining (12.3 Kips, Section 6.3.2), are applied to the weld to
verify the weld can withstand the applied loads.

1.25

.048 1-4
.048

Elange

1.25

Drum

t=.048 -a-

Figure 6-48 Flange to Drum Weld Configuration

The drum is made of Type 304 stainless steel, which has a minimum specified yield strength Sy,
30,000 psi, and a minimum specified tensile strength Su = 75,000 psi. The flow stress for this strain
hardening stainless steel may be assumed to be equal to Sf= (Sy + SJ)/2 = 52,500 psi.

- Bending Moment - Under limit conditions, a fully plastic cross-section exists, with a constant stress
throughout the cross-section, equal to the flow stress. For a rectangular cross section, the plastic
moment is related to the flow stress by the following relation, reference ( 8):

ML S t2 (52,500).(.048)2 =30 in- lb.
4 4 Yin

where:
M is the unit moment acting along the circumference of the drum, and
t is the drum thickness = 0.048 inch (Drawing R-R2-F-0025).

The axisymmetric moment in the drum is assumed to be caused by radial loading of the flange at the
flange outer diameter. The flange is comprised of a 1.25 x 1.25 inch angle section, and the force is:

1.25 3 24 lb.i.. where wfis the width of the flange.w4) 1.25in

Appendix 2.4 - 59 of 70



Revision I S-SAR-G-O000 1

T-CLC-A-00 172, Rev. 2, Pg.58 of 68

- Axial Force
In section 6.3.2, the limit load of the drum for the axial direction was determined. The buckling load
and the plastic limit load were both computed and compared. It was found that controlling load was
the plastic limit load. The maximum value was 12.3 Kips. This was controlled by the induced
plasticity in the drum rolled hoops.

12,300lbs = 213
a - l 8.35" in.

Forces on Weld Pattern
The flange to drum weld consists of a repeating pattern as shown in Figure 6-49 below, around the
circumference of the drum. This pattern repeats every 4 inches. The unit forces and moments
computed above will be expressed in terms of total force and moment on the four inch pattern.

Axial Direction Force = FA = Fa x 4"= 213lbs / in x 4"= FA = 852 lbs

Radial Direction Force = FR = Fr x 4" = 241bs / in x 4" = FR = 96 lbs

Axial Direction Force = ML = ML x 4"= 30in . lbs / in x 4"= ML = 120 in . lbs

Evaluation of Weld
The weld area and section modulus for the 4 inch pattern are computed. The section modulus is based
on the minimum overlap (distance between weld lines):

Drum height after Maximum cutoff (Drawing R-R2-F-0025) = 34.52 -. 12 = 34.40 in.
Maximum overall length of drum with flange = 34.75 + .13 = 34.88 in.
Minimum overlap between flange and drum = 1.25 - (34.88 - 34.4) = 0.77 in

4,

Flange

.77" Min

Drum

Figure 6-49 Weld Pattern Around Drum Circumference

The methodology of reference (9) is used to evaluate the stresses in the welds. The welds are evaluated
as lines, and the section properties are determined on a unit basis.
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Weld Area
The total weld area for a four inch length is the sum of the top and bottom weld lengths (4" plus 1"),
multiplied by the appropriate weld throat:

A,= .707. h. (d, + d 2 ) =.707.(.048).(4.0 + 1.0) = 0.170 in.2

h is the weld leg height = 0.048 in.
d, is the length of the upper weld = 4.0 in.

d2 is the length of the lower weld = 1.0 inch

Weld Section Modulus
The area moment of inertia of the weld group about its centroid is first determined. The centroid is
located at a distance from a given datum as follows:

- -A.y

For a datum located midway between the welds:

- (4.0).(.77 / 2) - (1.0).(.77 / 2) -0.231

4.0+1.0

The centroid is located .77/2 + .231 = .616 inches above the stitch weld, and .77/2 - .231 .154 inches
below the upper weld. The moment of inertia of the weld group about the centroid is:

I,,= A.y =1.0-(.616)2 +4.0-(.154)2 =.474 in.4 /in

The moment of inertia of the 4" pattern is equal to the width of the weld throat times the unit moment
of inertia. The section modulus is the moment of inertia divided by the maximum distance from weld
to centroid (cI =0.616")

I = 0.707-1h. I,, = 0.707 . (.048). (.474) = 0.0161 in.4

S-Ic 0.0161 in.4 
0 6  0.026Nn3=~ ~~. 16" =006ln

Weld Stress
The weld stress due to the radial load and the bending moment combine directly. The stress due to the
axial load is perpendicular to the bending and radial stress and is combined by SRSS methods.

FR 96lbs
Stress due to Radial Load = SR = - -670hz2 =565 psiA, .1 70in2

FA 8521bs
Stress due to Axial Load = SA4 . =5012 psi

A, .170in 2

ML 120in. lbs
Stress due to Bending = SM =-n - = 4598 psiS .06ln
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Evaluation of Combined Stresses
The combined stress from the two forces and one moment is computed below:

'e,, =(SR + SM )2 + (SA)2 } = j(565+ 4598)2 + (5012)2 }/2= 7196psi

The shear stress is evaluated to the limits provided in ASME Code, Section 111, Division I, Appendix
F, Paragraph 133 1. 1(d), which identifies a limit of 0.42 S, for pure shear for faulted conditions. For
the Type 304 stainless steel weld material, S, = 75,000 psi, and the allowable shear stress is 0.42
(75,000) = 31,500 psi. The maximum shear stress is well within the maximum allowable, and the
drum/flange welds are therefore acceptable for loading due to drum deformation. The margin is
calculated below:

margin = (31,500/7196 - 1) = 3.4
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Appendix A

DT-22 Test Photographs
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Photograph 1
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Photograph 2
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Photograph 4

Appendix 2.4 - 68 of 70



Revision I S-SAR-G-00001
T-CLC-A-00172, Rev. 2, Pg.67 of 68

Photograph 5
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APPENDIX 2.5

9975 PACKAGING COMPARISONS

WITH THE 9966, 9967, 9968, 9973, 9974, AND 9975 PROTOTYPE
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9975 PACKAGING COMPARISONS
WITH THE 9966, 9967, 9968, 9973, 9974, AND 9975 PROTOTYPE

This appendix provides comparisons between the 9975 packaging and packagings of similar
design• 1,] to show that results from Hypothetical Accident Condition (HAC) impact testing and
HAC thermal testing are applicable to the 9975. Comparisons of package components and
configurations are shown in the following figures and tables.

HAC testing consists of subjecting the packaging to a series of structural and thermal events.
10 CFR 71.41 authorizes evaluation by subjecting a specimen to these tests. Accordingly, the
following comparisons and the package test results summarized in Chapter 2 demonstrate that
the 9975 package is compliant with 10 CFR 71.

The comparisons are presented in a manner consistent with Regulatory Guide 7.9, Section
2.7. l.d, Comparison to Similar Packages.

The principal results from testing of comparable packages that support the HAC evaluation of
the 9975 are:

" The integrity of the drum enclosure (9967, 9968, 9974 and 9975 Prototype)
" The integrity of the containment vessels (9967, 9968, 9974 and 9975 Prototype)
" Thermal performance of packaging (9967, 9973 and 9975 Prototype)

The 9967 and 9974 packages are based on 55-gallon drums and include lead shielding over twice
as thick as that of the 9975 design. Hence, these packages are significantly heavier than the
9975. Because of heavier weight, the HAC impact responses of the 9967 and the 9974
documented in previous SARPs[1 2] involve more severe damage than the lighter 9975.
However, both the PCVs and SCVs are the same basic designs except for approximately 5-inch
shorter lengths than those employed in the 9975 design.

Since impact energy is linear with mass, the resulting impact energy absorbed by the 9967 and
9974 from a 30-ft drop is over 50% greater than that of the 9975. In addition, since the impact
characteristics of a Celotex-insulated drum are common to these packages, the impact forces
transmitted to the respective containment systems are in the same proportion. Satisfactory
performance of the heavier 9974 and 9967 packages establishes that the performance of the
lighter 9975 is acceptable by comparison.

The 9968 is a predecessor and largely identical to the 9975 with the exceptions of the carbon
steel drum material, bolt/nut/ring drum closure and tie rods for assembling the insulation layers
used in the 9968. The carbon steel drum has lower tensile strength than the 9975's 304L
stainless steel drum and as a result is more susceptible to structural damage. Therefore,
favorable results from 9968 drop testing that demonstrated continued drum integrity and leak-
tightness of the containment vessels are applicable to the 9975.

The 9967 and 9973 are lighter and absorb lower impact energy than the 9975 package. While
general comparisons of structural damage to the containment features are not applicable to the
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9975, a comparison can be made between the thermal features of the packages. The thermal
loadings on the containment system of the 9973 are more severe than on the 9975 as follows:

* Less Celotex axial thickness in the 9973 nearest the containment vessel closures
* Absence of lead shield in the 9973 (absence of hot vapor barrier)

A 9973 package was chosen to evaluate fire testing on a drop-damaged package. A 9975
package was chosen to evaluate the effect of preheated contents on fire testing but it was not
drop tested before the fire test. Therefore, it is necessary to use the results from the 9973 fire test
to provide confirmation that the 9975 will pass the HAC regulatory test sequence.

Compared to the 9975, the 9973 has a lower thermal capacity because there is no lead shielding
and the containment vessels are lighter. Although the 9973 has slightly larger radial insulation
material (5.5 inches versus 4.75 for the 9975), the increased insulating effect for the 9973 has a
minor effect. This is seen in the 9973 test results from Appendix 3.5, which show that the
increase in temperature from steady state at the SCV seal is substantially greater (-50'F) than the
9975 at the same location. If the 9973 had contained heat generating contents, the maximum seal
temperature could reach 235°F or slightly higher, which would not challenge its limit or any of
the component temperature limits.

Therefore, results of thermal tests on the 9973 package are more severe on the containment
function of the package and consequently bound the 9975 thermal behavior. It may be
concluded that if the 9975 had undergone a drop test followed by a fire test with a 19-watt heat
load, it would be expected to meet the regulatory HAC performance requirements.

The 9966 package is nearly identical to the 9973 except there is no air-shield on the 9966, which
lessens the protection of the Celotex during the fire. The result of the fire test on the 99661'J
showed no damage to the containment vessels and temperatures were well within limits for these
components. Therefore, thermal testing of the 9966 package is more severe on the containment
function of the package and consequently results of bound the 9975 thermal behavior.

The 9975 prototype package is exactly like the current 9975 design except for the drum closure.
Drop tests performed on the 9975 prototype demonstrated a potential failure mode for the ring
closure. As a result of these tests, the drum closure was redesigned to a bolted-flange,
characteristic of the type used on Oak Ridge Y-12 Plant packages of the same or heavier weight.
The drum closure style has no effect on the loads and stresses of the containment vessels or the
temperatures of the drum internals, therefore not all tests were re-run.

REFERENCES:

I. Safety Analysis Report - Packages.- USA/9965/B(U)F (DOE), USA/9966/B(U)F (DOE),
USA/9967/B(U)F (DOE), USA/9968/B(U) F (DOE), (Packaging of Fissile and Other
Radioactive Materials), DPSPU 83-124-1, Rev. 0, Savannah River Site, Aiken, SC (June
1984).

2. Safety Analysis Report - Packages.- 9965, 9968, 9972-9975Packages (U), WSRC-SA-7,
Rev. 0, Savannah River Site, Aiken, SC (December 1994).
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Drum Thermal Blanket
Insulation Top
Subassembly

Thermal Blanket

Air Shield

Top
Spacer -------Calotex Top Plug

35 Gatlon
Drum

Prinmary
Containment Vessel

Secondary
Containment Vessel

- Celotex Insulation

Al umninum

Honeycomb Spacer

Aluminum
- Honeycomb lmpact

Absorber Bottom
Spacer

~~ScaIe

9975 9973

Table 1 - 9975 and 9973 Summary Package Comparison
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Table 2 - 9975 and 9973 Detailed Package Comparison

Assembly, Design Features and Materials, Overall Weights and Dimensions
- ~ p I I I

Drum
Air Shield

Bearing Plate
Spacer/Absorber

Insulation Shielding
Containment

Vessels
4 4

9975

Drum Material:
18-Gage, 304

Stainless Steel,
ASME SA-240

Nominal
Capacity: 35

gal.

Max Gross
Weight:
404 lb.

Overall
Dimensions:

19.6-dia x
35.5(in)

Closure:
Bolted Flange,

24-Hex Cap
Screws, .5-

13UNC-2A x
1.25 in.

Air Shield:
24 -Gage Stainless

Steel, ASME SA-480

Bearing Plate:
0.5-in, 1100 Al, ASTM
B-209 (top and bottom)

Spacer/Absorber
Al-Tube Honeycomb,
Crush strength 1500 +

500 psi (top and
bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-
75

Thickness:
Radial - 4.75-in,

Axial - 3.7-in
(top), 3.4-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

Material:
0.5-in Cast

Lead, ASTM B-
749, Lined With

20-Gage 304
Stainless Steel

Sheet Metal

Lid:
0.5-in, 0.5-in,

1100 Al, ASTM
B-209

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in dia
x 18.63-in

SCV - 7.12-in dia
x 24.0 in

ASME Code:
Section II1

Drum Material:
18-Gage, 304

Stainless Steel,
ASME SA-240

Nominal
Capacity: 30

gal.

Max Gross
Weight:
231 lb.

Overall
Dimensions:

19.6-dia x
29.1(in)

Closure:
Bolt-Type

Locking Ring,
12-Gage, 304

Stainless Steel

Air Shield:
24 -Gage Stainless

Steel, ASME SA-480

Bearing Plate:
0.5-in, 1100 Al, ASTM
B-209 (top and bottom)

Spacer/Absorber
Al-Tube Honeycomb,
Crush strength 1500 ±

500 psi (top and
bottom)

9973

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-
75

Thickness:
Radial - 5.5-in,
Axial - 3.3-in
(top), 3. 1-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

None Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in dia
x 13.63-in

SCV - 7.12-in dia
x 19.0 in

ASME Code:
Section III
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Void Space
Fille, Pad

-Thermal Blanket

-Air Shield

Celotex Top Plug

S35 Galon
Drum

Prmary

Containment Vesse

Secondary
Containment Vessel

-Celotex Insulation

Honeyromb
Lmpwr Absorber

Secnodary

Aloa -o
H-onyoom
Slracc,

- Alumlnum
Honeycomb Spacer

Aluminum
H- oneycomb Impact
Absorber

I NoSt aIe

Load

loaolnlieo

9975 9974

Table 3 - 9975 and 9974 Summary Package Comparison

Packaging Drum Shielding No. of Insulation thicknesses
Packaging -Gross__ __Lead Containment

Model Weight Capacity Gauge Material Dia. Height Closure Thickness Cnament T Bto Raieight (gal) (ga) (in.) (in.) Closure (inch) Vessels Top Bottom Radial

9975 404 35 18 304SS 19.6 35.5 Bolted Flange 0.5 2 3.7 3.4 4.75

9974 673 55 16 304SS 23.9 34.8 Ring 1.1 2 3.3 3.1 5.5
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Table 4 - 9975 and 9974 Package Comparison

Assembly, Design Features and Materials, Overall Weights and Dimensions
P P P I

Drum
Air Shield

Bearing Plate
Spacer/Absorber

Insulation Shielding
Containment

Vessels

9975

Drum Material:
18-Gage, 304

Stainless Steel,
ASME SA-240

Nominal
Capacity: 35 gal.

Max Gross
Weight:
404 lb.

Overall
Dimensions:

19.6-dia x
35.5(in)

Closure:
Bolted Flange,

24-Hex Cap
Screws, .5-

13UNC-2A x
1.25 in.

Air Shield:
24 -Gage Stainless

Steel, ASME SA-480

Bearing Plate:
0.5-in, 1100 Al,

ASTM B-209 (top
and bottom)

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 4.75-in,

Axial - 3.7-in
(top), 3.4-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

Material:
0.5-in Cast Lead,

ASTM B-749,
Lined With 20-

Gage 304
Stainless Steel

Sheet Metal

Lid:
0.5-in, 0.5-in,

1100 Al, ASTM
B-209

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 18.63-in
SCV - 7.12-in
dia x 24.0 in

ASME Code:
Section III

4
Drum Material:

16-Gage, 304
Stainless Steel,
ASME SA-240

Nominal
Capacity: 55 gal.

Max Gross
Weight:
673 lb.

Overall
Dimensions:
23.9-dia x

34.8(in)

Closure:
Bolt-Type

Locking Ring,
12-Gage, 304
Stainless Steel

Air Shield:
24 -Gage Stainless

Steel, ASME SA-480

Bearing Plate:
0.5-in, 1100 Al,

ASTM B-209 (top
and bottom)

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 5.5-in,
Axial - 3.3-in
(top), 3.1-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

Material:
1.1-in (min) Cast
Lead, ASTM B-
749, Lined With

0.250in 304
Stainless Steel
Sheet Tubing

Lid:
1.5-in, Cast

Lead, ASTM B-
749

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 13.63-in
SCV - 7.12-in
dia x 19.0 in

ASMIE Code:
Section III

9974
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Table 5 - 9975 and 9967 Summary Package Comparison

mShielding Insulation thicknessesPcaigPackaging Drum Lheadin No. of (inh)____Packaing rossLead Containment (nh

Model Gross Capacity Gauge Material Dia. Height Closure Thickness C enTWeight (al) (ga) (in.) (in.) Closure (inch) Vessels Top Bottom Radial

9975 404 35 18 304SS 19.6 35.5 Bolted Flange 0.5 2 3.7 3.4 4.75

9967 627 55 16 Gal. CS 23.9 34.8 Ring 1.5 2 6 6 6.6
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Table 6 - 9975 and 9967 Package Comparison

Assembly, Design Features and Materials, Overall Weights and Dimensions
I

- Y

Drum
Air Shield

Bearing Plate
Spacer/Absorber

9975

Drum Material:
18-Gage, 304

Stainless Steel,
ASME SA-240

Nominal
Capacity: 35 gal.

Max Gross
Weight:
404 lb.

Overall
Dimensions:

19.6-dia x
35.5(in)

Closure:
Bolted Flange,

24-Hex Cap
Screws, .5-

13UTNC-2A x
1.25 in.

Air Shield:
24 -Gage Stainless

Steel, ASME SA-480

Bearing Plate:
0.5-in, 1100 Al,

ASTM B-209 (top
and bottom)

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 4.75-in,

Axial - 3.7-in
(top), 3.4-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry.

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

Material:
0.5-in Cast Lead,

ASTM B-749,
Lined With 20-

Gage 304
Stainless Steel

Sheet Metal

Lid:
0.5-in, 0.5-in,

1100 Al, ASTM
B-209

304L Stainless
Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 18.63-in
SCV - 7.12-in
dia x 24.0 in

ASMLE Code:
Section III

I 4

9967

Drum Material:
16-Gage,

Galvanized
Carbon Steel,
ASTM A-366

Nominal
Capacity: 55 gal.

Max Gross
Weight:
627 lb.

Overall
Dimensions:

23.9-dia x
34.8(in)

Closure:
Bolt-Type

Locking Ring,
12-Gage,

Galvanized
Carbon Steel,
ASTM A-366

Air Shield:
None

Bearing Plate:
Shielding used as top
and bottom bearing
plates. 0.5 x 0.38-in
304 SST bar-stock,

ASTM A-749,
attached to bottom of

shield assembly to
prevent rotation of

SCV

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 6.6-in,

Axial - 6-in
(top), 6-in
(bottom)

Assembly
Method &

Geometry: glue
tie-rods (upper),

stacked.

Thermal
Blanket:

None

Material:
2.5-in (min) Cast
Lead, ASTM B-
749., coated with
weather barrier

Lid:
1.5-in, Cast

Lead, ASTM B-
749

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 13.63-in
SCV - 7.12-in
dia x 19.0 in

ASME Code:
Section VIII
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Table 7 - 9975 and 9968 Summary Package Comparison
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Table 8 - 9975 and 9968 Package Comparison

Assembly, Design Features and Materials, Overall Weights and Dimensions
-! p

Drum
Air Shield

Bearing Plate
Spacer/Absorber

Insulation Shielding
Containment

Vessels
4 4

9975

Drum Material:
18-Gage, 304

Stainless Steel,
ASME SA-240

Nominal
Capacity: 35 gal.

Max Gross
Weight:
404 lb.

Overall
Dimensions:

19.6-dia x
35.5(in)

Closure:
Bolted Flange,

24-Hex Cap
Screws, .5-

13UNC-2A x
1.25 in.

Air Shield:
24 -Gage Stainless

Steel, ASME SA-480

Bearing Plate:
0.5-in, 1100 Al,

ASTM B-209 (top
and bottom)

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 + 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 4.75-in,

Axial - 3.7-in
(top), 3.4-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry.

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

Material:
0.5-in Cast Lead,

ASTM B-749,
Lined With 20-

Gage 304
Stainless Steel

Sheet Metal

Lid:
0.5-in, 0.5-in,

1100 Al, ASTM
B-209

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 18.63-in
SCV - 7.12-in
dia x 24.0 in

ASME Code:
Section III

I. 4 4

9968

Drum Material:
18-Gage,

Galvanized
Carbon Steel,
ASTM A-366

Nominal
Capacity: 35 gal.

Max Gross
Weight:
406 lb.

Overall
Dimensions:

19.6-dia x 35(in)

Closure:
Bolt-Type

Locking Ring,
12-Gage,

Galvanized
Carbon Steel,
ASTM A-366

Air Shield:
None

Bearing Plate:
Shielding used as top
and bottom bearing
plates. 0.5 x 0.25-in
304 SST bar-stock,

ASTM A-749,
attached to bottom of

shield assembly to
prevent rotation of

SCV

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 6.6-in,

Axial - 6-in
(top), 6-in
(bottom)

Assembly
Method &

Geometry: glue
and tie rods
(upper and

lower), stacked
geometry.

Thermal
Blanket:

None

Material:
Sleeve: 1-in

(min) Cast Lead,
ASTM B-749,

coated with
weather barrier

Bottom:
0.5-in Cast Lead,

ASTM B-749,
coated with

weather barrier

Lid:
0.5-in, 0.5-in,

1100 Al, ASTM
B-209

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 13.63-in
SCV - 7.12-in
dia x 19.0 in

ASME Code:
Section VII1
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Table 9 - 9975 and 9966 Summary Package Comparison

Packaging Drum Shielding No. of Insulation thicknesses
Packaging Gross _____Lead Containment (i

Model Weight Capacity Gauge Material Dia. Height Closure Thickness Cnament (nh BotmRda
Mogeig al) (ga) (in.) (in.) Closure (inch) Vessels Top Bottom Radial

9975 404 35 18 304SS 19.6 35.5 Bolted Flange 0.5 2 3.7 3.4 4.75

9966 250 30 18 Gal. CS 19.6 29.3 Ring None 2 4 4 5.6
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Table 10 - 9975 and 9966 Package Comparison

Assembly, Design Features and Materials, Overall Weights and Dimensions
-. q P

Drum
Air Shield

Bearing Plate
Spacer/Absorber

Insulation Shielding
Containment

Vessels
* 4 4

9975

Drum Material:
18-Gage, 304

Stainless Steel,
ASME SA-240

Nominal
Capacity: 35 gal.

Max Gross
Weight:
404 lb.

Overall
Dimensions:

19.6-dia x
35.5(in)

Closure:
Bolted Flange,

24-Hex Cap
Screws, .5-

13UNC-2A x
1.25 in.

Air Shield:
24 -Gage Stainless

Steel, ASMIE SA-480

Bearing Plate:
0.5-in, 1100 Al,

ASTM B-209 (top
and bottom)

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 4.75-in,

Axial - 3.7-in
(top), 3.4-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry.

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

Material:
0.5-in Cast Lead,

ASTM B-749,
Lined With 20-

Gage 304
Stainless Steel

Sheet Metal

Lid:
0.5-in, 0.5-in,

1100 Al, ASTM
B-209

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 18.63-in
SCV - 7.12-in
dia x 24.0 in

ASME Code:
Section III

I 4 4

9966

Drum Material:
18-Gage,

Galvanized
Carbon Steel,
ASTM A-366

Nominal
Capacity: 30 gal.

Max Gross
Weight:
250 lb.

Overall
Dimensions:

19.6-dia x
29.3(in)

Closure:
Bolt-Type

Locking Ring,
12-Gage,

Galvanized
Carbon Steel,
ASTM A-366

Air Shield:
None

Bearing Plate:
0.5-in, 1100 Al,

ASTM B-209 (top
and bottom)

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 5.6-in,

Axial - 4-in
(top), 4-in
(bottom)

Assembly
Method &

Geometry: glue
and tie rods
(upper and

lower), stacked
geometry.

Thermal
Blanket:

None

None Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 13.63-in
SCV - 7.12-in
dia x 19.0 in

ASME Code:
Section VIII
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Void Speu
FlM. Pad

Thermal Blanket

Air Shield

Celotex Top Plug

35 Gallon
Drum

Primary
Containment Vessel

Secondary
Containment Vessel

lid

Ail Shn•i

Lead

V-1~

Aluminum Honeycomb
Impact Absorber

Celotex Insulabon

Aluminum
Honeycomb Spacer

Aluminum
Honeycomb Impact
Absorber

~Scale

9975 Current 9975 Early Model

Table 11 - 9975 Current and 9975 Early Model Summary Package Comparison

Packaging Drum Shielding No. of Insulation thicknesses
Packaging Gross Drum Lead Containment (inch)

sWsht Capacity Gauge Material Dia. Height Closure Thickness C enTModaeigl) (ga) (in.) (in.) Closure (inch) Vessels Top Bottom Radial

9975 current 404 35 18 304SS 19.6 35.5 Bolted Flange 0.5 2 3.7 3.4 4.75

9975 Early 404 35 18 304SS 19.6 35.5 Ring 0.5 2 3.5 3.4 4.75
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Table 12 - 9975 (Current) and 9975 (Early) Package Comparison

Assembly, Design Features and Materials, Overall Weights and Dimensions
I q p I P

Drum
Air Shield

Bearing Plate
Spacer/Absorber

Insulation Shielding
Containment

Vessels
__________ - __________ __________ h

9975
Dwg.

R-R2-F-0026
Rev. 0

Drum Material:
18-Gage, 304

Stainless Steel,
ASME SA-240

Nominal
Capacity: 35 gal.

Max Gross
Weight:
404 lb.

Overall
Dimensions:

19.6-dia x
35.5(n)

Closure:
Bolted Flange,

24-Hex Cap
Screws, .5-

13UNC-2A x
1.25 in.

Air Shield:
24 -Gage Stainless

Steel, ASME SA-480

Bearing Plate:
0.5-in, I 100 Ai,

ASTM B-209 (top
and bottom)

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 4.75-in,

Axial - 3.7-in
(top), 3.4-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry.

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

Material:
0.5-in Cast Lead,

ASTM B-749,
Lined With 20-

Gage 304
Stainless Steel

Sheet Metal

Lid:
0.5-in, 0.5-in,

1100 Al, ASTM
B-209

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 18.63-in
SCV - 7.12-in
dia x 24.0 in

ASMIE Code:
Section III

9975
Dwg.

R-R I -F-0005
Rev. 0

Drum Material:
18-Gage, 304

Stainless Steel,
ASME SA-240

Nominal
Capacity: 35 gal.

Max Gross
Weight:
404 lb.

Overall
Dimensions:

19.6-dia x
35.5(in)

Closure:
Bolt-Type

Locking Ring,
12-Gage,

Stainless Steel,
ASME SA-240

Air Shield:
24 -Gage Stainless

Steel, ASME SA-480

Bearing Plate:
0.5-in, I 100 Al,

ASTM B-209 (top
and bottom)

Spacer/Absorber
Al-Tube

Honeycomb, Crush
strength 1500 ± 500
psi (top and bottom)

Material:
Cane fiberboard,

15 lb/ft3
(nominal),

ASTM C-208-75

Thickness:
Radial - 4.75-in,

Axial - 3.5-in
(top), 3.4-in

(bottom)

Assembly
Method &
Geometry:

Glue, stepped
geometry.

Thermal
Blanket:

Stainless steel
encapsulated

Kaowool.

Material:
0.5-in Cast Lead,

ASTM B-749,
Lined With 20-

Gage 304
Stainless Steel
Sheet Metal

Lid:
0.5-in, 0.5-in,

1100 Al, ASTM
B-209

Material:
304L Stainless

Steel

Dimensions
Overall:

PCV - 5.87-in
dia x 18.63-in
SCV - 7.12-in
dia x 24.0 in

ASME Code:
Section III
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APPENDIX 3.1

NCT THERMAL ANALYSIS BENCHMARKING
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MODEL OF THERMAL TESTS FOR THE 9975 PACKAGE

1.0 Conclusions

In the previous version of the SARP [I], thermal models were used to evaluate the 9975
package for the NCT, HAC and the Post-Fire Transient. These models, which were
based on the MSC/ Patran-Thermale general purose heat transfer software, utilized an
orthotropic thermal conductivity for the Celotexw insulation. In these models the thermal
conductivity of the Celotex® was represented by an orthotropic tensor because it was
inserted into the drum as horizontal layers, which were glued together. To demonstrate
the accuracy of the model, it was benchmarked against thermal tests conducted at Sandia
National Laboratories on a mockup of the 9975 package [2]. However, the model
utilized a scalar thermal conductivity for the Celotexo. To ensure consistency with the
NCT, HAC and the Post-Fire Transient models, the benchmark comparison was repeated
with the thermal conductivity of the Celotex® changed to an orthotropic tensor having
identical components to those used for the other tests. In addition, discrepancies between
the dimensions of the benchmark model and the package used in the test were corrected.

The ambient temperature for this analysis was set to 770 F to match the test environment.
The power to the heater was 21 Watts and was applied as a surface heat flux on the heater
element, assumed to be composed of ceramic. In the model, natural convection and
thermal radiation boundary conditions were applied to the top and side of the package.
There was no heat conduction from the bottom of the package, as though it were standing
on an insulated surface. Of course, if the package were raised so that the base was no
longer insulated, the temperatures predicted by the model would be somewhat lower.
This may explain the relatively large differences between the predicted and measured
temperature at the bottom of the package and the maximum Celotex® temperature, see
Table 1.

There was no indication whether air filled gaps existed where the Celotex® contacted the
drum and the lead shield. Therefore several models were created. The results presented
in this document were obtained from a model that assumed no air gaps existed where the
Celotex® contacted the shield and the drum.

The comparison with Sandia test data from Table I of Appendix 3.8, Section 1.2 of
Reference 1 is given in Table I below. Figure 1 shows the steady state temperature
profile predicted by the model.
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Table I Comparison Between Tern eratures From Current NCT Model and Test Data
Channel Position Test Current Node Comments

(OF) Model Number
(OF)

I Drum 85 107 70 At bottom center
Bottom

2 Drum 88 87 5144 Mid-height
Side

4 Drum Lid 86 81 8214 Top center
6 Celotex® 107 130 5371 Approx.

maximum
8 Lead Side 134 134 5324 Center height
10 PCV Lid 168 169 5970 Package

centerline
11 SCV Seal 149 162 6909
13 SCV Side 149 157 5329 Mid height
15 Top 122 120 7452 At package

Bearing centerline
Plate

Tempemaure Deg. F

839.1

776,8

712.4

Mox. Temp Abi~ent Temp. 7F 0471

585.7

5224

315,7

332.4

258.0

205.7

142.3

78Fe7 p

Figure 1 Steady-state temperature profile predicted by the model.
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2.0 Input

In Reference 1, a comparison was made between the results of a thermal test conducted
on a mockup of the 9975 package at Sandia National Laboratories [2] and a thermal
model. The purpose of the comparison was to demonstrate the adequacy of the thermal
model for the NCT, HAC and the post fire transient in Reference 1. Because the
Celotex® is placed into the drum in horizontal sheets, which are glued together, the
thermal conductivity of the Celotex® was input as an orthotropic tensor. However, the
model compared with the test employed a scalar, rather than an orthotropic tensor for the
thermal conductivity. In addition, there were a number of geometric discrepancies
between the mockup and the model. In this calculation, temperatures predicted by a
corrected thermal model are compared to the temperatures measured in the Sandia test.
In the model developed for this document, the Celotex® thermal conductivity was input
as an orthotropic tensor and the dimensions accurately represent the mockup.

In the Sandia tests a 21 W heater was used to simulate the effects of decay heat and a
steel annulus with an outside diameter of 4.7 in., inside diameter of 1.38 in., and length of
8.4 in. was used to replicate the mass of the isotopic sources. A photograph of the heater
and the replicate mass is shown in Figure 2. The mockup was exposed to an ambient
temperature of approximately 77°F and was assumed to be in an upright position,
standing on a solid base so that heat transfer through the bottom was negligible. There
were air filled gaps of 0.25 in. between the top of the steel annulus and PCV lid, 0.345 in.
between the heater and the steel annulus, and 1.18 in. between the heater and PCV lid.
The aluminum plate attached to the lead sleeve in the 9975 package was left out of the
mockup and was represented in the model as an air space. The duration of the thermal
test was 120 hours and temperatures measured at the end of that period were compared to
those predicted by the steady-state model.

The thermal model for the mockup used in the Sandia thermal test was created with the
MSC/Patran-Thermal® general purpose heat transfer software. The model was built in
2D, axisymmetric geometry and utilized dimensions shown in Figure 3, which is also
Figure 1 in Appendix 3.8, Section 3.8-5 of Reference 1. The geometric locations of
materials in the model are shown schematically in Figure 4 and material thermal
properties are listed in Table 2. There was no indication whether air filled gaps existed
where the Celotex® contacted the drum and the lead shield. Therefore several models
were created. The results presented in this document were obtained from a model that
assumed no air gaps existed where the Celotexe contacted the shield and the drum.

The 21-W heat source was modeled as a ceramic cylinder with a radius of 0.345 in. and a
length of 2.8 in. The heat source was uniformly applied at the curved surface of the
cylinder to give a total power of 21 W. Heat was transferred within the package by
conduction and radiation. In all models, thermal radiation heat transfer was applied
across all gaps filled with gas while natural convection was neglected in the internal gas
spaces. Further, all gasses were assumed non-absorbing for thermal radiation and, hence,
were treated as non-participating media in the radiation calculations..
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Both the heater and the replicate mass exchange heat with one another, and the PCV, by
radiation and conduction. In the current model, the emissivities for the heater, the steel
annulus and the outer surface of the drum were those used in Appendix 3.8 of Reference
1. It should be remarked that in this reference, the emissivity of the heater was assigned a
value of 0.05 to provide the best fit to the data. However, it was claimed that analyses
showed the package temperatures were relatively insensitive to the heater thermal
properties. In Appendix 3.8 Reference I the emissivity of the steel annulus was taken to
be 0.6 and the surface emissivity of the drum was set to 0.21. Emissivities used in the
current model are listed in Table 3.

In the current model, natural convection and thermal radiation boundary conditions were
applied to the top and side of the mockup. There was no heat conduction from the
bottom of the mockup, as though it were standing on an insulated surface. Of course, if
the mockup were raised so that the base was no longer insulated, the temperatures
predicted by the model would be somewhat lower.

To avoid the excessively small elements that would be required to model the thin steel of
the drum, it was not included in the model. As stated above, it was assumed that there
were no air gaps between the Celotex® and the steel drum. It was further assumed that
the drum and Celotexe were in good thermal contact, so that thermal resistances were
very small. Hence, it was possible to apply natural convection and thermal radiation
boundary conditions directly to the exterior of the Celotexe at the top and side of the
mockup. That is, the outer surface emissivity of the drum, s=0.21, was applied to the
Celotex®. This approximation is reasonable because the high thermal conductivity of the
steel, coupled with the small thickness of the steel layer, results in a very small
temperature gradient across the drum wall.

Natural convection along the vertical side of the mockup is given by the correlations

Nu =0.68+ 0.-670Ra 0 25  for Ra < 1 x 109

[1 Pr"92/614/9

or
2

Nu = 0.825 + 0.387Ra0 2
1 for Ra > lx109

l+ / • - • 0 .4 9 2 ) 9 /'16 8 / 2 7

[ Pr I

Natural convection at the top of the mockup is given by the correlations
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Nu = 0.54Ra02 5

or

Nu = 0.15Ra'/
3

for 2.6x10 4 <Ra<lx10 7

for lx10 7 <Ra<3x0I10

where: Ra = Rayleigh number, dependent on film temperature (based on wall height for
the correlations applied to the vertical side)

Nu = Nusselt number, dependent on film temperature
Pr = Prandtl number, dependent on film temperature
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Figure 2 Photograph of the heater and replicate mass used in the Sandia test.

Appendix 3.1 - 10 of 14



Revision I S-SAR-G-.9Oo I

M-CLC-F-00901, Rev. 0, Pg.9 of 13

I- SAM

Top Aliwnami
Dein FI

Loauioa nf Maiinw
Alnnm~i PI

36.044

Isis44

2UPO

PCV

mock MOM

lSjMI

AlStaiimSta

DM
Leo4

SU-

Ema Key

DAi

ZIP*-

#.ISIS -

1.196 -N

Ham. 7mb 1546

hmpW Absorbe S.44:
Sn.

Boa Lead Plat
sai Skmd

Boom Akaissamu
Bamzg Pinky7

z I
(4usansi- ig 3)

Figure 3

(NOT T1 SCAofM1

Schematic of model for Sandia test of 9975 package

Appendix 3.1 -11 of 14



Revision 1 S-SAR-G-0000 1
M-CLC-F-00901, Rev. 0, Pg.10 of 13

* Aluminumn Mate
M Lea~d Shiedd
M 3041- Stain"* Stee

Aiwn-anum I oae "u
M CeaiwncI eater

V

Lx

Figure 4 Schematic of material locations in model of Sandia test mockup.
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Table 2 Constitutive ProDerties of Packaging, Materials
Material Density (Ibm/ft3) Conductivity Heat Capacity

@ T(0F) (Btu/hr.-ft.- °F) (Btu/Ibm TF)
@ T(°F) @ T(°F)

Air 0.080532 0.01396 @ 32 0.237 @ 212
0.01839 @ 212
0.02238@ 392
0.02593 @ 572

Honeycomb energy 7.62 3.82 16.2
absorber (radial)
Honeycomb energy 7.62 7.62 16.2
absorber (axial)
Pre-fire fiberboard 16.86 @ 77 0.0723 0.306 @ 77
(radial) 17.36 @ 187 0.360 @ 187

17.86 @295 0.417 @ 295
Pre-fire fiberboard 16.86 @ 77 0.031 @ 77 0.306 @ 77
(axial) 17.36 @ 187 0.034 @ 187 0.360 @ 187

17.86 @295 0.029 @ 533 0.417 @ 295
Aluminum 169.3 126.0 0.216
Stainless steel (304) 494.4 7.74 @ 32 0.12 @ 32

9.43 @ 212 0.135 @ 752
12.58 @ 932

Lead 708.5 19.6 @ 209 0.0305 @ 32
18.3 @ 400 0.0315 @212

0.0338 @ 621.5
Ceramic 32.0 7.8 @ 100 0.25

10.2 @ 1000
13.2 @ 1500
15.6 @ 2000
19.2 @ 2500
22.2 @ 3000

Table 3 Surface Emissivities
Surface Emissivity
Exterior of drum 0.21
Aluminum plate 0.2
Lead shield 0.28
Replicate mass 0.6
Ceramic heater 0.05
Stainless steel (PCV, SCV) 0.3
Celotex 0.5

Appendix 3.1 - 13 of 14



Revision 1 S-SAR-G-0000 1
M-CLC-F-00901, Rev. 0, Pg.12 of 13

3.0 Analytical Methods and Computations

The general purpose conduction-radiation computer code MSC/Patran-Thermal® was
used to perform the computations [3]. Work was performed in accordance with the
WSRC E-7 manual [4]. The thermal models of the storage configurations were created
using the general purpose finite element pre and post processor MSC/Patran® [5].

4.0 Results

The steady state temperature profile predicted by the model is shown in Fig. 1. Predicted
steady-state temperatures are compared to measurements in Table 1.

5.0 References

1. Safety Analysis Report - Packages, 9972-9975 (U), WSRC-SA-7, Rev 15,
Westinghouse Savannah River Company, Aiken, SC (May 2003).

2. Schulze, D.H. and R. Moreno, "Test Report Simulated Fire Tests of the 9973 and
9975 Packagings", Report No. 6324AK2801, Sandia National Laboratory,
Albuquerque, NM (June 1994).

3. MSC/Thermal, MacNeal-Schwendler Corporation, Los Angeles, CA 90041.

4. Westinghouse Savannah River Co., Conduct of Engineering Manual, E-7, 1998.

5. Patran 2001, MacNeal-Schwendler Corporation, Los Angeles, CA 90041.
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APPENDiX 3.2

HAC FIRE ANALYSIS BENCHMARKING
OF THE 9973 AND 9975 PACKAGES
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WESTINGHOUSE SAVANNAH RIVER COMPANY
INTER-OFFICE MEMORANDUM

SRT-EMS-940065

September 12, 1994

TO:. R. J. Gromada, 773-53A

FROM: S. J. Hensel, 773-42A •r

_YW.1e•fU- Technical Reviewer Date'

J. R. Pelfrey Manager Date

HAC Fire Analysis Benchmarking
Of The 9973 And 9975 Packages (U)

Abstract

Two packages were fire tested in the Sandia radiant heat facility to benchmark the
fiberboard HAC fire analysis model against package test data, and provide evidence of
satisfactory package performance during the HAC fire. The 9973 was tested after a 30 ft.
top down drop and puncture, and an undamaged 9975 containing a heater was tested to
determine heat source effects. A previously developed cane fiberboard HAC fire model
was used as the basis to benchmark against the test results. Analysis results using a refined
version of the HAC model compared well against the test data from both the damaged 9973
without a heat source and the undamaged 9975 containing a heat source. This analysis will
be included as an Appendix in Chapter 3 of the 9965, 9968, 9972, 9973, 9974, and 9975
SARP.
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HAC Fire Analysis Benchmarking

Of The 9973 And 9975 Packages

A damaged 9973 package and undamaged 9975 package containing a heater were fire

tested in the Sandia Radiant Heat Facility [1]. The 9973 was tested laying on its side and the

9975 was tested upright. The purpose of the test was to demonstrate package survivability and

to benchmark the Hypothetical Accident Condition (HAC) fire model developed by Hensel and

Gromada [2]. Analysis of the 9972-75 packages will be performed upon successful

benchmarking of the HAC fiberboard model to package test data.

A schematic of the 9973 and 9975 axisymmetric models used in the analysis are shown

in Figures 1 and 2. Although the 9973 package was fire tested after a 30 ft. top down drop and

puncture, it was modeled as an undamaged package. The 9973 was loaded with 45 lbs. of lead

to simulate contents. The thermal properties of the contents portion of the model were adjusted

to account for the added mass. The 9975 package was inadvertently assembled without one of

the top bearing plates. The 9975 model accurately reflects this oversight and the resulting air

gap. The 9975 also contains a heater surrounded by a steel cylinder, and both are included in

the model.

All thermal analyses were performed using the general purpose conduction based

analysis software package P/Thermal [3]. Analysis of the 9973 began with an initial

temperature of 75*F throughout the package, and boundary condition temperature data was

supplied by the test report [1]. The 9975 package was heated for a few days (until temperatures

leveled off) prior to the test by the internal heat source. A preliminary steady-state normal

condition analysis (without solar) was required to obtain the initial temperature distribution in

the 9975 package. Results of this normal condition analysis overpredicted internal package

temperatures when the cane fiberboard thermal properties in the literature were used. The

fiberboard conductivity was increased by a factor of 2 to more accurately compute the

temperature profiles in the 9975 package. An accurate initial condition is essential to

benchmarking the HAC fire test results.

The cane fiberboard HAC fire properties ultimately used in the benchmarking are

presented in Tables 1 and 2. These properties are similar to the initial set developed against I-D

fiberboard fire tests [2]. The fiberboard properties in Table 1 are used throughout the package

during the fire (heating) portion of the test. "During the cooling, special char properties are used

on the first 1.4 inches from the drum wall both radially inward from the drum side and axially

inward from the top and bottom. The char properties are presented in Table 2. The fiberboard
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properties in Table 1 are used throughout the non-char region (within 1.4 inches from the drum

wall) throughout the cooling. In the 9973 an air gap between the secondary vessel and cane

fiberboard exists. The conductivity of the cane fiberboard HAC fire model was used in this air

gap to simulate the flow of hot gases out of the cane fiberboard.

Results of the HAC fire analysis of the 9973 are presented in Figures 3 through 5. All

of these Figures are of the same format where the data from the test is referenced as "Data", and

the analysis results contain symbols at times in which temperatures written to a file. All

temperatures are in OF and all times are in hours. The analysis ended at 4.5 hours.

Figure 3 is a transient plot of the drum wall temperature. Four thermocouples were

located circumferentially around the outer drum wall during the test. The data varied slightly

around the drum wall due to circumferential heating variations. The drum wall temperature

during the analysis compares well with the data. Drum wall analysis temperatures verify that

adequate boundary conditions were used during the analysis. Actual benchmarking

comparisons must be made with internal package temperature data.

In Figures 4 and 5 analyses results are compared with test temperatures at the Secondary

Containment Vessel (SCV) seal and SCV side. The transient temperatures compare well at the

SCV seal and SCV wall. The analysis predicts a peak temperature at both locations within 20OF

of the measured values. The calculated peak temperatures occur about one half hour later than

the measured ones. The measured curves illustrate the circumferential variations at both

locations. These variations are likely caused by asymmetric heating (as shown by the drum wall

transient temperature curves) and small air gaps because the package is laying on its side during

the test.
Results of the HAC fire analysis of the 9975 are presented in Figures 6 through 11.

Again, all of these Figures are of the same format where the data from the test is referenced by

"Data", and the analysis results contain symbols at times in which temperatures were written to

a file. The temperatures are in OF, times are in hours, and the analysis ended at 4.5 hours.

Figure 6 is a transient plot of the drum wall temperature. Two thermocouples were

located circumferentially around the outer drum wall during the test. The drum wall temperature

during the analysis compares well with the data, and circumferential variation in the data is

minimal because the package was tested upright.

In Figures 7 through 11 analyses results are compared with test temperatures at the

fiberboard middle, lead side, SCV seal, SCV side, and Primary Containment Vessel (PCV) lid.

All measured temperatures compare fairly well with the analysis. The measured temperatures at
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the fiberboard middle show extensive circumferential variation. Post test evaluation of the
package showed uneven charring in the package circumferentially, although little circumferential
temperature variation exists elsewhere. Post test evaluation also suggested minimal
thermocouple movement. The measured temperatures of internal package components all
compare fairly well with the calculated values, although the calculated values tend to somewhat
overpredict peak temperatures and cool more quickly. The overprediction and excessive cooling
were observed in the 9973 comparison between calculated and measured values. The 9975
benchmark demonstrates that internal package component temperatures can be calculated
including heat source effects.

The fiberboard HAC fire thermal model has been benchmarked against a damaged 9973
and undamaged 9975 with an internal heater by comparison with measurements taken during a
test at SNL. The internal package temperature transients compare well with the calculations.
Damage appears to have relatively minimal effects on package internal temperatures, although
this may not be true for a poorly designed package in which the damage included extensive gaps
in the fiberboard or significant fiberboard thickness reduction between the vessel and drum
wall. An air gap between the fiberboard and vessel wall, as in the 9973, requires special

treatment to negate the usual insulating effects of the air gap. The model presented in Tables 1
and 2 will be used to analyze the 9972, 9973, 9974, and 9975 packages including internal heat
sources under HAC fire conditions. This analysis will be included as an Appendix in Chapter 3
of the 9965, 9968, 9972-75 SARP.
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Table1: Non-Char Fiberboard Propertes

Property Temperuture (F) / Value

Conductivity 80/0.035 200/0.55

Btu/ft.-hr.-OF 115/0.16 210/0.09

150/0.37 220/0.09

170/0.45 450/0.07

185/0.55 500/0.07

Density 80/15.4
lb/ft.3  475/15.4

810/8.5

1500/3.5

Specific Heat 70/0.25

Btu/Ib-OF 400/0.50

500/0.50

Phase Change: 50 Btu/lb @ 200OF

Table 2: Char Fiberboard Properties

Property Teper / Value

Conductivity 100/0.07

Btu/ft.-hr.-0F 140/0.07

200/1.0

300/0.30

500/0.07

600/0.07

Density lb/ft.3  8.1

Specific Heat Btq/Ib-OF 0.25

No phase Change.
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THERMAL ANALYSIS OF THE 9975 PACKAGE
FOR

NORMAL CONDITIONS OF TRANSPORT
AND

HYPOTHETICAL ACCIDENT CONDITIONS
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Revisions

Revision Description
0 Original Issue
1 This includes revisions to respond to questions 3.33, 3.34, and

3.35 in the Q7 Review Questions.
2 Typographical error was corrected in the equation for natural

convection, pre-fire Celotex density in Table 4 was corrected, and
Tables 5 and 6 were updated.

3 This revision contains some typographical corrections to Revision
2, the addition of a spacer to the Rocky Flats configuration, and
analysis of LLNL configuration.

4 This revision includes an addition of a note to Table 1 to clarify
the use of carbon dioxide between PCV and SCV.

5 This revision includes thermal analyses for the Hanford product
can configuration.

6 A typographical error for the LLNL configuration was corrected
in Table 5. The maximum temperature for the SCV bottom was
corrected from 132°C to 128°C.

7 This revision includes a load case with ambient temperature of-
20'F, no solar insolation, and 19 watts of PuO 2 contents.
Resulting average gas temperature inside PCV is calculated.

8 This revision incorporates the results for the LLNL Hex-Can
configuration and some additional observations in the 'results'
Section 4.0 from the existing analyses. Some missing emissivity
values are added in Table 3. Figure 18 is added as a 'worst case'
configuration. All the tables and figures were moved after the
text for consistency. Table 1 is revised to show the correct gas
composition.
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Thermal Analysis of the 9975 Package for
Normal Conditions of Transport and Accident Conditions

1.0 Conclusions

This revision (Revision 8) contains thermal analyses for the LLNL Hex-Can
configuration. The Hex-Can is designed to carry special Pu oxide material. Bounding
NCT solar analyses are performed to include low density oxide (2 g/cc) and high density
oxide (11 g/cc) contents. The power content is 19 watts in both cases. The analyses
show that the low density oxide configuration is the limiting configuration. All the
components temperatures are below their limiting temperatures. The average gas
temperature inside the PCV is 298°F which is less than the maximum average of 313'F
calculated for the foodcan configuration.

This revision (Revision 7) includes a load case where the ambient temperature is -20'F,
no solar insolation, and the package has 19 watts of PuO2 contents in the PCV. The
analysis was performed to determine the PCV seal temperature, and to ensure that the
resulting gas pressure would not be higher than the MNOP (365.4 psig). The analysis
was performed for the LLNL configuration. The analysis shows that the MNOP at NCT
bounds the temperatures and pressure inside PCV when the ambient is at -20'F.

This revision (Revision 5) contains thermal analyses for the Hanford convenience can
configuration. This can configuration is similar to BNFL and Rocky Flats 3013 product
can configurations. Table I lists the contents of the packagings and the Table 2 gives the
external dimensions of the containers. The analyses show that the temperatures for the
Hanford product can configuration with 19 watts of PuO2 contents are bounded by the
existing BNFL and Rocky Flats product cans analyses.

This revision (Revision 4) incorporates a note in Table 1 to clarify the impact of the
consideration of CO2 in analyzing the various content configurations listed in Table 1.
CO 2 is required for the Food Can configuration only. The inclusion of this note will not
impact the results and conclusions in this calculation.

This revision (Revision 3) contains some typographical corrections to Revision 2,
addition of a spacer in the Rocky Flats configuration, and analysis results for the LLNL
content configuration. Specifically, LLNL content configuration was added in Table 1,
LLNL convenience can dimensions were added in Table 2, typographical errors in the
thermal conductivity values of air in Table 4 were corrected, and thermal properties of
CO 2 were added in Table 4. Justification is provided for the addition of the spacer in the
Rocky Flats configuration which will not impact the conclusions from the Revision 2
analyses. Results for the LLNL can configuration are presented.

This revision contains corrections to Revision I which respond to questions 3.33, 3.34
and 3.35 in the "Q7 Review Questions, 9975 Packaging, Docket No. 93-4-9975" for the
9975 shipping package SARP. Specifically, a typographical error was corrected in the
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equation for natural convection for 1.0 x 109 < Ra, the pre-fire density for Celotex®

(fiberboard) in Table 4 was corrected and figures showing isotherms in the Celotex® were
added. In addition, Tables 5 and 6 were updated to include the peak temperatures in the
Celotex® and lead shield.

The thermal analysis of the 9975 package performed in Reference 1 has been revised to
incorporate minor design modifications, revised content configurations, a revised food
can configuration and an accident fire analysis. Three content configurations utilizing the
3013 vessel (two Pu metal and one Pu oxide) and one Pu oxide configuration with food
cans were analyzed. All 9975 content configurations were analyzed for Normal
conditions of Transport (NCT) and the Hypothetical Accident Conditions (HAG) fire. In
all analyses, a 19 watt total decay power was uniformly distributed over the volume of
the Pu metal and/or oxide.

For both the NCT and HAC analyses the 9975 drum was upright. In the steady-state
NCT analysis, the drum was exposed to insolation heat flux of 800 W/m 2 on the drum top
and 400 W/m 2 on the drum side (253.6 Btu/hr-ft2 and 126.8 Btu/hr-ft2). The drum bottom
was adiabatic for the NCT analyses and the 9975 package exchanged heat through natural
convection and radiation to an ambient temperature of 100'F.

During the HAC transient, the ambient temperature was 1475'F for the first 30 minutes
and 1 00°F thereafter. The initial condition for the HAC transient was identical to the
steady-state NCT, except insolation was excluded. In the 30 minute fire phase, all sides
of the drum (including the bottom) were heated by forced convection and radiation. The
cooldown phase occurred immediately after the 30 minute fire. During this phase the
drum was exposed to a 1 00'F ambient temperature, and insolation on the drum top and
side (as in NCT) was included. The bottom of the drum transferred heat to the ambient
via radiation only during cooldown. The entire HAC transient consisted of the 30 minute
fire and 3 hours of cooldown.

The containment vessels, seals, and Pu temperatures were found to be higher during NCT
(with insolation) than at any time during the 3 hour HAC transient. This result is
expected because of the high thermal resistance of the Celotex® overpack in the 9975
package. Therefore, NCT (with insolation) temperatures bound the thermal conditions
for the 9975 components of interest (e.g. outer drum not of interest) when 19 watts of
payload are considered.

The most significant NCT temperature results are summarized to provide insight into the
performance of the 9975 package. The middle Pu metal temperature is 423°F for the
Rocky 3013 configuration and 314'F for the SRS 3013 configuration. The containment
vessels and seals are below 300'F in all configurations, and the maximum peak
fiberboard temperature of approximately 257°F occurs for 3013 oxide and the Rocky
Flats configurations. The average primary containment vessel (PCV) gas temperatures
for the 3013 oxide and food can configurations are 308'F and 313'F, respectively.
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2.0 Input

Several minor changes to the design of the 9975 package and the addition of 3013
packing configurations required NCT and HAC thermal analyses to be revisited. In
addition to three 3013 container storage configurations (two for Pu metal and one for Pu
oxide), a thermal analysis was performed for a food can configuration. All
configurations were analyzed under the Normal Conditions of Transport (NCT) and the
Hypothetical Accident Conditions (HAC) fire. In the NCT analysis, the drum was
exposed to insolation heat flux. The bottom of the drum was adiabatic and the top and
sides of the 9975 package exchanged heat through natural convection and radiation to an
ambient temperature of I 00°F. The HAC analysis initiated from a steady state which was
identical to the NCT analysis except that insolation was absent. For the HAC analysis,
the drum was upright and exposed to an ambient temperature was 1475'F for the first 30
minutes and 1 00°F thereafter. For all analyses, a 19 watt total decay power was
uniformly distributed over the volume of the Pu metal and/or oxide as an internal heat
source.

2.1 Thermal Models

2.1.1 Geonietrv and Contents

Table 1 identifies all of the 9975 content configurations currently considered. A schematic
of the contents of the 9975 package with the 3013 container and the Food Can containers is
shown in Figure 1. The BNFL, Hanford, LLNL, and Rocky Flats configurations consist of
three nested containers/cans within the PCV of the 9975. The Food Can configuration
consists of two stacked cans within the PCV. The SRS 3013 and the Food Can
configurations are double nested. LLNL Hex-Can configuration has one Hex-Can, two
aluminum spacers, and an aluminum sleeve similar to the Food Can configuration.
Dimensions of the containers/cans are shown in Table 2.

Figure 1 does not show the ingot can spacer [9] for the Rocky Flats configuration. LLNL
configuration consists of BNFL outer can, BNFL inner can, and the LLNL convenience
cans (1 or 2). Hanford configuration consists of BNFL outer can, Hanford BTS inner
can, and the Hanford convenience can.

2.1.2 Axisymnietric Thermal Models

Based on the 9975 package geometry, axisymmetric models were developed in PATRAN
and run with MSC/Thermal. A color representation of the material composition of a
9975 package, which does not include the finite element mesh, is shown in Figure 2.
Figure 3 shows a detailed schematic of the axisymmetric model of the 9975 packaging
with the BNFL configuration for Pu oxide contents. The four axisymmetric 9975 models
(three 3013 and one food can) contain roughly 7300 nodes each. An example of the type
of mesh used is shown in Figure 4. An ingot can spacer was added to the Rocky Flats
configuration after the Rev. 2 of this calculation. The spacer is not an axisymmetric
component and is not modeled in the model. The RFET spacer is fabricated from two
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stainless steel pieces of sheet metal. Each sheet is 1/16 thick and approximately 2 inches
high by 4 inches wide. The weight of the spacer is 0.285 lb (130 g). The mass and size of
the spacer are such that it is not expected to alter the conclusions of the calculations that
were performed without a spacer (see Item 8 of Results).

LLNL Hex-Can is modeled as a cylinder having the same internal volume (0.75 Liter)
and height (4.08 inches) as the original geometry. This simplification is reasonable to
maintain the axisymmetric nature of the model. Metal volume of the Hex-Can walls is
small and is conservatively neglected. The walls maintain their radiative characteristics
for radiation heat transfer.

Heat is transferred within the 9975 package by conduction and radiation. In all models,
thermal radiation heat transfer was applied across all gaps filled with gas while natural
convection was neglected in the internal gas spaces. Further, all gasses were assumed
non-absorbing for thermal radiation and, hence, were treated as non-participating media
in the radiation calculations. For the SRS and Rocky Flats models, the Pu metal buttons
were modeled as disks 0.75 in. thick with flat tops and 5.125 in. radius of curvature
bottoms (curved side down) as shown in Figure 5 [2]. Contact between the metal button
and the container is at a point. In the case of the BNFL and Food Can models, the Pu
oxide was assumed to completely fill the innermost container.

2.2 Normal Conditions of Transport

In 10 CFR-71.71(c) (1) the NCT are defined as an ambient temperature of I00F in still
air with solar heating of 800 W / m2 on the top of the drum and 400 W / m2 on the side.
The 9975 drum is assumed to be upright and to have an adiabatic bottom surface. Heat
transfer from the side and top of the drum to the ambient occurs via natural convection
and radiation.

The convection coefficients used are functions of the temperature difference between the
drum surfaces and the ambient temperature. Heat transfer coefficients for natural
convection were obtained from correlations in the MSC/Thermal code. Specifically, the
natural convection correlations are for isothermal plates and have the form:

1. For a vertical isothermal plate with Ra < 1.0x 109,

0.670 x Ra 0 25

2. For a vertical isothermal plate with 1.0 x 1 < <Ra
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2

h 0.8250+ .387 x Ra 
6 1

L = 082 + _ 0.492.,19/16_]18/ 27

I 1 + Pr]8 7

3. For a horizontal hot isothermal plate facing upward with
1.0x10 7 <Ra<3.0xl010 ,

h =(k!Sj0.15 xRa"3

Where':Ra = Rayleigh number based on plate height.
h = Convection heat transfer coefficient.
k = Thermal conductivity of gas (air).
L = Characteristic length of plate.

The thermal conductivity of fiberboard is based on previous heater experiments with the
9975 which showed the in-plane conductivity to be roughly twice the through-plane value
[3].

A summary of the boundary conditions for the analyses follows:
I. The drum is in an upright position.
2. The bottom surface is adiabatic.
3. There is radiative heat transfer from drum sides and top to the

ambient.
4. There is natural convection heat transfer from the drum sides

and top to the ambient.
5. The ambient temperature is 100°F.
6. Insolation: 800 W/m 2 on drum top and 400 W/m 2 on drum side

(solar absorptivity of the drum assumed unity).
7. Undamaged fiberboard properties are applied to all the

fiberboard in the drum.
8. 19 watts total decay power.

2.3 Hypothetical Accident Conditions

During the HAC transient, the ambient temperature was 1475°F for the first 30 minutes
and 100IF thereafter. The initial condition for the HAC transient was identical to the
steady-state NCT, except insolation was excluded. In the 30 minute fire phase, all sides
of the drum (including the bottom) are heated by forced convection and radiation. The
cooldown phase occurs immediately after the 30 minute fire. During this phase the drum
is exposed to a 100'F ambient temperature and insolation on the drum top and side (as in

Note that all properties in the correlations are based on the film temperature.
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NCT) is included. During the cooldown phase, the bottom of the drum transfers heat to
the ambient by radiation only. The top and sides of the drum transfer heat to the ambient
via both radiation and natural convection. The entire HAC transient consists of the 30
minute fire plus 3 hours of cooldown. The conditions for the three phases of the HAC are
given below.

For the initial phase of the HAC:
1. The drum is in an upright position.
2. The bottom surface is adiabatic.
3. There is radiation heat transfer from the sides and top of the

drum to the ambient.
4. There is natural convection heat transfer from the drum sides

and top to the ambient. Convection coefficients were obtained
from correlations for natural convection in MSC/Thermal.

5. The ambient temperature is I00°F.
6. No insolation.
7. Undamaged fiberboard properties are applied to all the

fiberboard in the drum.
8. 19 watts total decay power.

For the fire phase of the HAC:
I. The drum is in an upright position.
2. There is forced convection from all surfaces of the drum. The

convection coefficients, based on a 20 m/s air velocity, are:
i. 5.9 Btu/hr-ft 2 'F for the top and bottom of the drum.
ii. 3.0 Btu/hr-ft2 'F for the side of the drum.

3. There is thermal radiation heat transfer from all surfaces of the
drum to the ambient.

4. The ambient temperature is 1475°F.
5. No insolation.
6. Fire phase fiberboard properties are applied to all the

fiberboard in the drum-.
7. 19 watts total decay power.

For the fire post-fire phase of the HAC:
1. The drum is in an upright position.
2. There is thermal radiation from the top, sides and bottom of the

drum to the ambient.
3. There is natural convection from the top and sides of the drum

to the ambient. Convection coefficients were obtained from
correlations for natural convection in MSC/Thermal.

4. The ambient temperature is I 00°F.
5. Insolation: 800 W/m on drum top and 400 W/m 2 on drum side

(solar absorptivity of the drum assumed unity).

2 The fiberboard properties used during the fire analyses were developed from extensive testing [4].
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6. "Char layer" properties are applied to the outer 1.4 inch layer

of the top, bottom and sides of the fiberboard contained in the
drum2.

7. Fire phase properties are applied to the all fiberboard not in the
1.4 inch outer layer 2.

8. 19 watts total decay power.

2.4 Thermal Properties

Conduction heat transfer through helium, carbon dioxide and air were considered (as
appropriate) within the package, as indicated in Table 1. As mentioned previously, all
gasses were assumed to be non-absorbing. The temperature ranges of the gasses were
considered when assigning the constitutive properties, however, the gas pressure was
assumed to remain at 1 atm.

The thermal properties of the packaging components used in the analyses are shown in
Tables 3 and 4.

3.0 Analytical Methods and Computations

The general purpose conduction-radiation computer code MSC/Thermal (also known as
P/Thermal) was used to perform the computations [5]. This computer code meets site
nuclear safety QA requirements [6]. Work was performed in accordance with the WSRC E-7
manual [7]. The thermal models of the storage configurations were created using the general
purpose finite element pre and post processor PATRAN [8].

4.0 Results

Steady state temperatures predicted by the models for NCT and HAC are shown in
Tables 5 - 8. HAC transient temperatures are shown in Tables 9 - 24 and Figures 6 - 13.
Temperature profiles in the fiberboard for NCT are shown in Figures 14 - 17. In the
tables, temperatures at key locations are shown for each configuration. A review of the
results shows that all the configurations have similar temperature distribution with minor
differences for the different components. The BNFL oxide can configuration appears to
have the higher temperatures than others. Figure 18 shows the PCV and SCV
temperature contours for the BNFL oxide configuration during NCT. The following
results are noteworthy:

1. The maximum predicted fiberboard temperature is approximately 2570 F (125°C)
and occurs with the Pu oxide in the BNFL 3013 configuration.

2. During NCT, the maximum SCV temperature is 268'F (13 IVC) and the maximum
PCV temperature is 285'F (140'C). The maximum temperature occurs on the
bottom of the containment vessels with the 3013 Rocky configuration (Pu metal).
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3. During NCT, the maximum PCV seal temperature is 264'F (129C) and the

maximum SCV seal temperature is 252'F (129°C).

4. During NCT, the middle Pu centerline temperatures are 525°F (274°C), 423°F
(217°C), 314-F (157'C) and 4010F (205'C) for the 3013 BNFL (Pu oxide), 3013
Rocky (Pu metal), 3013 SRS (Pu metal), and food can (Pu oxide) configurations,
respectively.

5. During NCT, the average PCV gas temperature for the BNFL 3013 configuration
(Pu oxide) is 308'F (153°C) and for the Food Can configuration (Pu oxide) is
313'F (156'C). Average gas temperatures were calculated by volume averaging
of nodal temperatures at select nodal locations in the cavities within the PCV.
The nodal temperatures were selected along the cavity centerlines and on cavity
surfaces.

6. Except near the outer region of the package, temperatures at the end of the 30
minute HAC fire are lower than during NCT (with insolation). The temperatures
are about 90'F cooler inside the PCV at the end of the HAC fire compared with
NCT (with insolation).

7. For the BNFL (Pu oxide) configuration during NCT, the lead temperature near the
axial midplane is approximately 253°F. The maximum lead temperature of
approximately 257°F occurs at the bottom of the lead shield near the support for
the SCV.

8. The Rocky Flats configuration will use a spacer [9] to raise Pu metal buttons in
their convenience cans. This will raise the center of the buttons 2" from the
analyzed condition. This shift in the location of the heat source will shift the
higher PCV temperatures from the bottom of the vessel to the side of the vessel
(see Tables 5, 11, and 12). However this shift still places the location of the
maximum temperature well below the PCV O-rings and will not adversely impact
the integrity of the O-rings.

9. The LLNL and BNFL Oxide configurations have similar packaging temperatures
for the pre-fire and solar conditions. These are shown in Tables 5 and 7. Based
on the closeness of these temperatures, it is concluded that the temperatures
during the fire and post-fire transients will also be similar and were therefore not
recalculated.

10. The Hanford Pu oxide can configuration has similar or lower temperatures than
the LLNL and BNFL configurations for the pre-fire and solar conditions. These
are shown in Tables 5 and 7. Based on the closeness of these temperatures, it is
concluded that the temperatures during the fire and post-fire transients will also be
similar and were therefore not recalculated. In general, the maximum
temperatures with Pu metal contents are lower than with Pu oxide contents and,
therefore, this configuration is also not reanalyzed.
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11. The PCV seal temperature is 56°F and the average gas temperature inside the
PCV is 68'F when the ambient temperature is -207F with no insolation and the
package has 19 watts of PuO2 contents. The average gas temperature was
calculated by volume averaging of nodal temperatures at select nodal locations in
the cavities within the PCV. This gas temperature is less than the 313'F value
for the NCT reported in Item #5 above. Since the average gas temperature is well
below the gas temperature during NCT, the resulting gas pressure is bounded by
the MNOP (365.4 psig).

12. The component temperatures for the LLNL Hex-Can configuration are below
their limiting temperatures. The average gas temperature inside the PCV is
298°F, which is less than the maximum gas temperature of 313'F calculated for
the SRS foodcan configuration. This configuration with the low density oxide as
the contents and 19 watts power has the maximum content temperature of 641'F.
This temperature is local and does not impact the integrity of the package. Since
the component temperatures during NCT solar conditions are similar to the
temperatures found in other configurations, it is expected that the thermal
response during HAC will also be similar to other configurations. Therefore, no
fire or post-fire analyses have been performed.

13. The temperature gradient through the PCV/SCV walls is less than 2°F.

The Rocky and SRS configurations have similar packaging temperatures, however the
plutonium metal temperatures are lower for the SRS design. Heat generation by the
plutonium contents affects the packaging and can temperatures. Further, the composition of
the plutonium, as an oxide or metal, significantly affects its temperature within the package.
Oxide yields significantly greater centerline Pu temperatures. In general, the packaging
temperatures are quite consistent for all configurations during NCT. The design changes
have a very small effect on the packaging temperatures (several degrees Fahrenheit).
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Table 1: Content Configurations
Name Outer Inner Convenience Fill Gasses Contents

Contai er Container Container

BNFL Yes Yes Yes 02 < 5% and Low density Pu
BNFL 013 BNFL BNFL Helium in 3013, Oxide

75% CO 2 between (19 W total)
PCV& 3013, all
other is air

Rocky Flats Yes Yes Yes 0 < 5% and 2 Pu metal
(Rocky) BNFL 013 BNFL Rocky Flats Helium in 3013, buttons stacked

75% CO2 between directly on top of
PCV& 3013, all each other
other is air (19 W total)

SRS Yes Yes No O2 < 5% and 2 Pu metal
BNFL 013 SRS cans Helium in 3013, buttons one in

stacked 75% CO 2 between each of 2
two high PCV& 3013, all containers

other is air (19 W total)
LLNL Can Yes Yes Yes 0 < 5% and 2 Pu metal

BNFL 013 BNFL LLNL Helium in 3013, buttons like
3013 75% CO 2 between Rocky Flats. Low

PCV& 3013, all density Pu Oxide
other is air in each of two

cans stacked
directly on top of
each other
(19 W total)

LLNL No No Yes 0: < 5% and 75% Pu Oxide
HexCan HexCan CO2 in PCV, all (19 W total)

other is air
Food Can Yes Yes No O < 5% and 75% Low density Pu

Food C n Food Can CO2 in PCV, all Oxide in each of
other is air two cans stacked

directly on top of
each other
(19 W total)

Hanford Can Yes Yes Yes O < 5% and 2 Pu metal
BNFL 013 Hanford Hanford Helium in 3013, buttons like

BTS 3013 75% CO2 between Rocky Flats. Low
PCV& 3013, all density Pu Oxide
other is air in one

convenience can.
(19 W total)

Note for Table 1
A brief investigation was conducted on the sensitivity of package temperatures to the
type of fill gasses used. It was found that the maximum temperature variation was less
than 2'F when air was replaced by CO2 . This variation is small and it will not impact the
structural integrity of the PCV or the SCV.
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Table 2: External Dimensions of Containers
Container Diameter X Height (in.) Diameter X Height (in.) From Corresponding Drawing

Used in Model I Drawing N umber

BNFL Outer 3013 4.92 X 10.0 Max. 4.924 X 10.023 BNFL Drawing
Min. 4.918 X 9.670 M-PV-F-0017, Rev 0

BNFL Inner 4.61 X 9.095 (top of lip) Max. to lip edge 4.625 X 9.094 BNFL Drawing
Container 4.61 X 8.80 (top of plug) Max. to plug 4.625 X 8.740 M-PV-F-0016, Rev 0

Max. to lip edge 4.580 X 9.094
Min. to plug 4.580 X 8.740

BNFL 4.29 X 8.435 Max. 4.420 X 8.396 BNFL Drawing
Convenience Can Min. 4.398 X 8.333 M-PV-F-0015, Rev 0
Rocky Flats 4.11 X 5.46 Dynamic Machine
Convenience Can Works, 1509-02
SRS Inner 4.6 X 4.625 WSRC Drawing
Container R-RI-F-0039 Rev. 2
LLNL One 4.139 X 8.0 or N/A
Convenience Cans Two 4.139 X 4.0
LLNL Ole 3.724 X 4.08** One (4.231/3.737) X 4.2 AAAOO-104994
Hex-Can[ AAAOO-107506
Food Can 4.25 X 7 Outer Can N/A

4.0625 X 6.25 Inner Can
Hanford Dynamic Machine
Convenience Can One 4.27 X 8.093 Works, P/N 1900,1911-

1, and 1911-2
BTS Inner Can 4.6 X 9.0 Inner Can EES-22726-R1-004

Table 3: Emissivity of Package Components
Component Emissivity

Aluminum plates, honeycomb 0.20
Fiberboard 0.50
Lead 0.28
Lead/ Lead shield stainless steel liner 0P8
Drum Inner Surface 0.30
Drum Outer Surface (Initial HAC and NCT) 0.21
Drum Outer Surface (fire phase HAC) 0.90
Drum Outer Surface (post-fire phase HAC) 0.80
3013 Container 0.30
BNFL Middle Can 0.30
BNFL Convenience Can 0.20
Pu Oxide 0.90
Pu Metal 0.90
Rocky Convenience Can 0.20
SRS Convenience Can 0.20
PVC/SCV 0.30
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Table 4: Constitutive Properties of Packaging Materials
Material Density (Ibm/ft3) Conductivity Heat Capacity

@ T(°F) I (Btu/hr.-ft.- °F) (Btu/lbm 0F)___ _ * @T(0F) @ T(°F)

Helium 0.010497 0.0910 @ 120 1.24
0.0985 @ 212
0.1226 @ 392

Air 0.080532 0.01396 @ 32 0.237 @ 212
0.01839 @ 212
0.02238@ 392
0.02593 @ 572

Carbon Dioxide 0. 122 0.00958@ 80.0 2.0823E-01@ 80.0
(C0 2) 0.01183 @ 170.0 2.1517E-01@ 170.0

0.01422@ 260.0 2.2521E-01@ 260.0
0.01674 @ 350.0 2.3429E-01@ 350.0

Honeycomb energy 16 2 3.82 0.22
absorber (radial) I
Honeycomb energy 162 7.62 0.22
absorber (axial)
Pre-fire fiberboard 16.86 @ 77 0.0723 0.306 @ 77
(radial) 17.36 @ 187 0.360.@ 187

17.86 @295 0.417 @ 295
Pre-fire fiberboard 16.86 @ 77 0.031 @ 77 0.306 @ 77
(axial) 17.36 @ 187 0.034 @ 187 0.360 @ 187

17.86 @295 0.029 @ 533 0.417 @ 295
During fire fiberboard 15.40 @ 80 0.035 @ 80 0.25 @ 80
(Fire Phase) 15.40 @ 475 0.450 @ 170 0.50 @ 475

8.5 @ 810 0.550 @ 200 0.50 @ 810
3.5 @ 1500 0.090 @ 210 0.50 @ 1500

0.070 @ 500
Post-fire fiberboard 8.1 0.07 @ 100 0.25
(Char Layer) 0.07 @ 140

1.0 @ 200
0.3 @ 300
0.07 @ 500

Aluminum 169.3 126.0 0.216
Stainless steel (304) 494.4 7.74 @ 32 0.12 @ 32

9.43 @ 212 0.135 @ 752
12.58 @ 932

Stainless steel (316) 514.3 8.79 @ 261 0.12 @ 261
10.58@621 0.13@621

Lead 708.5 19.6 @ 209 0.0305 @ 32
18.3 @ 400 0.0315 @212

0.0338 @ 621.5
Pu oxide 124.8 0.0460 0.022
Pu metal 1198.6 7.26 @ 207 0.032 @ 32

7.74 @ 243 0.0328 @ 212
9.19 @ 266 0.174 @ 257
18.39@ 1112 0.0294@347

1_ 1_ 1 10.0399 @ 842
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Table 5: Solar Case Steady State Temperatures (0F/0C) with the 3013 Configuration
Location 19 Matt BNFL 19 Watt 19 Watt SRS 19 Watt Hanford

(I )xide) Rocky Flats Configuration (Oxide)
Con iguration Configuration Configuration

Drum Top 254'F / 1240C 254 0F /124 0C 254 0F /124 0 C 254 0F /124 0 C
DrumBottom 235- /113 0C 235F/113 0 C 234 0F/1120 C 218°F/1030 C
Drum Side 206'F / 970C 206OF / 970C 206°F / 970C 178 0F / 81°C
Mid-Height 2500 / 121°C 247 0F / 119 0C 246 0F / 119 0 C 231°F / 111°C
Fiberboard
SCV O-ring 252F / 122 0C 249 0F/ 121°C 2490F/ 121°C 237 0F / 114 0C
PCV 0-ring 261 / 127 0C 256 0F / 124 0C 257 0F/ 125 0C 2490F / 121°C
SCV Side 2640F / 129 0C 250°F/ 121 0C 258 0F / 126 0C 246 0F / 119 0C
SCV Bottom 2670F / 1300C 268 0F /131°C 265 0F / 1290 C 247 0F / 119 0 C
PCV Side 2830V / 139 0C 2720F / 133°C 2730F / 1340C 2630F / 128 0C
PCV Bottom 2790F / 137 0C 2850F / 1400C 280°F / 1380C 261°F / 127 0C
3013 Top 2840F / 1400C 2720F /133 0C 2760F /136 0 C 260F /127 0 C
3013 Bottom 280OF / 138 0C 287 0F /141 0C 2820F /139 0C 261OF /127 0C
3013 Side 2930F / 1450C 2760F /136 0C 2880F /142 0 C 273 0F /134 0 C
Pu-Can 3980F / 2030C 309°F / 1540C
Interface Top Button

291°F / 1440C
Bottom Button

Centerline 525F /274 0C 423 0F /217 0C 314°F / 157 0C 485 0F / 2520C
Mid Height Pu Top Button Top Button

414°F / 212 0C 2990F / 148 0C
Bottom Button Bottom Button

Maximum 257F / 1250C 257 0F / 1250C 254 0F / 123 0C 241OF / 1 160C
Fiberboard
Temperature

Maximum 257 / 125 0C 257 0F / 1250C 2550F / 1240C 238 0F / 1 140C
Lead
Temperature
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Table 5 (Con'd): Solar Case Steady State Temperatures (°F/°C)
For LLNL Hex-Can and 3013 Configuration

Location 19 Watts Oxide 19 Watt Oxide LLNL
LLNL Hex-Can 3013 Can
Configuration Configuration

Drum Top 255 0F / 1240C 253 0F / 1230C
Drum Bottom 234 0F / 112 0C 234 0F / 112 0C
Drum Side 220°F / 1040C 206°F / 970C
Mid-Height 250°F / 121°C 235 0F / 113 0C
Fiberboard
SCV O-ring 2540 F / 124 0C 252 0 F / 1220C
PCV O-ring 2650 F / 129 0C 261°F / 1270C
SCV Side 260°F / 127 0C 2640 F / 129 0C
SCV Bottom 2640 F / 129 0C 2630 F / 128 0C
PCV Side 272 0F / 1330C 283 0F / 1390 C
PCV Bottom 2750 F / 135 0C 2740F / 134 0C
3013 Top N/A 288 0F / 1420 C
3013 Bottom N/A 275 0F / 1350 C
3013 Side N/A 294 0F / 1460C
Centerline 641 OF / 338 0C 509°F / 2650C
Mid Height Pu
Maximum 254 0F / 1240 C 256 0F / 1240 C
Fiberboard
Temperature
Maximum 255 0F /124 0 C 251°F / 1220 C
Lead
Temperature
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Table 6: Solar Case Steady State Temperatures (°F/°C) with the Food Can Configuration
Location 19 Watt Oxide Food

Can Configuration

rDrum Top 254 0F / 1240C

Drum Bottom 231°F / 111°C
Side 206°F / 97 0C
Mid-Height 2440F / 11 80C
Fiberboard
SCV O-ring 250°F/ 121°C
PCV O-ring 2640F / 1290C
SCV Side 2550F / 124 0C
SCV Bottom 2580F / 126 0C
PCV Side 270°F / 132 0C
PCV Bottom 268 0F/ 13 1°C
Top of Upper Pu Can 2970F / 147 0C

Bottom of Lower Pu 2690F / 131°C
Can
Side of PCV Sleeve 2720F / 133 0C
(mid height of
contents)
Centerline Mid Height 401°F / 2050C
Pu (top can)
Centerline Mid Height 3980F / 2030C
Pu (bottom can)
Maximum Fiberboard 250°F / 121°C
Temperature
Maximum Lead 250°F / 121°C
Temperature
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Table 7: Initial Pre-Fire Case Steady State Temperatures (°F/°C) with the 3013
Configuration

Location 19 Watt 19 Watt 19 Watt SRS 19 Watt Oxide
BNFL Rocky Flats Configuration LLNL

(Oxide) Configuration Can Configuration
Configuration

Drum Top 103 0F /390C 103 0F /390C 103 0F / 390C 103 0F / 390C
Bottom 137 0F/580C 137 0F/590C 137 0F / 580 C 135 0F / 570C
Side 109 0F /430C 108 0F /420C 108 0F / 420C 108 0 F / 420C
Mid-Height 153 0F /670C 149 0F /65 0C 149 0F / 650C 149 0F / 650C
Fiberboard
SCV O-ring 156 0F /690C 153 0F /670C 154 0F / 680C 153 0 F / 670C
PCV O-ring 167 0F /750C 161OF /720C 164 0F / 730C 162 0 F / 720C
SCV Side 1680F /760C 153 0F /670C 164 0F / 730C 166 0 F / 740C
SCV Bottom 171OF/770C 174 0F/790C 171OF / 770C 166 0F / 740C
PCV Side 190OF/880C 179 0F/81°C 181°F/ 830C 190°F / 88 0C
PCV Bottom 186 0F /860C 192 0F /89 0C 188 0F / 87 0C 180°F / 820C
3013 Top 193 0F/900C 179 0F/820C 186 0F / 860C 197 0F / 920C
3013 Bottom 187 0F/860C 195 0F / 900C 190°F / 880C 181°F / 830C
3013 Side 202°F / 94 0C 183 0F /84 0C 198 0F / 920C 202°F / 940C
Pu-Can 3240F /1620C 2220F / 1060C 4240F / 218 0C
Interface Top Button

200°F / 930C
Bottom Button

Centerline Mid 4370F /225 0C 355 0F /179 0C 228F / 1090C 4240F / 218 0C
Height Pu Top Button Top Button

3420F /172 0C 210°F / 990C
Bottom Button Bottom Button
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Table 7 (Cont'd): Initial Pre-Fire Case Steady State Temperatures (°F/°C) with the 3013
Configuration

Location 19 Watt
Hanford (Oxide)

Configuration
Drum Top 103 0F /390C
Bottom 133 0F /560C
Side 108 0F/420C
Mid-Height 146 0F /63 0C
Fiberboard
SCV O-ring 152 0F /67 0C
PCV O-ring 167°F /75°C
SCV Side 163 0F /73 0C
SCV Bottom 164 0F /73 0C
PCV Side 182 0F_/83 0C
PCV Bottom 179 0F /82 0C
3013 Top 180°F /82 0C
3013 Bottom 180°F /82 0C
3013 Side 193 0F / 89 0C
Pu-Can
Interface
Centerline Mid 408°F /2090C
Height Pu
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Table 8: Initial Pre-Fire Case Steady State Temperatures (°F/°C) with the Food Can
Configuration

Location 19 Watt Oxide Food Can
Configuration

Drum Top 103 0F / 400C
Drum Bottom 138 0F / 590C
Side 109 0F / 430C
Mid-Height 154 0F / 680C
Fiberboard
SCV O-ring 1620F / 720C
PCV O-ring 181°F / 83 0C
SCV Side 169 0F / 760C
SCV Bottom 173 0F / 780C
PCV Side 188 0F / 870C
PCV Bottom 1850F / 85 0C
Top of Upper Pu Can 2240F / 106 0C

Bottom of Lower Pu 186 0F / 85 0C
Can
Side of PCV Sleeve 190OF / 88 0C
(mid height of
contents)
Centerline Mid Height 324°F / 1620C
Pu (top can)
Centerline Mid Height 319°F / 160 0C
Pu (bottom can)
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Table 9: Temperatures (°F) During the Fire Transient with the BNFL (Oxide) 3013 Configuration
Time Drum Bottom Side ýMid-Height] ScvIPcv [ scv PCV PCV 13013 3013 3013 MidPu
(mn)[ Top [Fiberboard O-ringIO-ring Side Bottom Side Bottom Top Bottom Side

0 1030F 137 0F 109 0F 153 0F 156 0F 167 0F 1680F 171°F 190°F 1860F 1930F 1870F 202°F 4370 F
5 1442 0F 11880F 1348 0F 147 0F 156 0F 1670F 168 0F 171°F 190°F 1860F 1930F 187 0F 202°F 4370 F

10 1444 0F 12670F 1384 0F 148 0F 155 0F 1670F 168 0F 171°F 190°F 1860F 1930F 1870F 202°F 4370 F
15 1446 0F 1303°F 1401OF 154 0F 155 0F 167 0F 168 0F 171°F 190OF 1860F 1930F 1870F 202°F 4370F

20 1447 0F 13260F 1412°F 161OF 155 0F 167°F 1680F 171°F 190°F 1860F 1930F 187 0F 202°F 437°F
25 1448 0F 1341°F 1419°F 168 0F 155°F 167°F 168°F 1730F 190°F 1860F 1930F 1870F 202°F 437°F
30 1449 0F 1353 0F 1424 0F 1740F 156 0F 1670F 169°F 1750F 190°F 187°F 193°F 187-F 202°F 4370 F

Table 10: Temperature (°C) During the Fire Transient with the BNFL (Oxide) 3013 Configuration
Time Drum rBottom Sie Mid-Height] SCV PCV [ScV SCV JPCV PCV ]3013 3013 3013 ]Mid Pu
(Min) Top Fiberboard 0-ring 0-ring Side Bottom Side Bottom] Top Bottom Side

0 390C 580C 430C 670C 69 0C 75 0C 76 0C 770C 880C 860C 900C 860C 94 0C 2250C
5 783 0C 6420C 731 0C 640C 69 0C 75 0C 76 0C 770C 880C 860C 900C 860C 94 0C 2250C
10 784 0C 686 0C 751 0C 640C 69 0C 75 0C 76 0C 770C 880C 860C 900C 860C 94 0C 2250C
15 785 0C 7060C 7610C 680C 69 0C 75 0C 76 0C 770C 880C 850C 900C 860C 94 0C 2250C
20 7860C 719 0C 7660C 720C 69 0C 75 0C 76 0C 770C 880C 850C 900C 860C 94 0C 2250C
25 786 0C 7270C 7710C 750C 69 0C 75 0C 76 0C 780C 88°C 86°C 90°C 860C 94-C 225°C
30 787°C 734 0C 7740C 79°C 69 0C 75 0C 76 0C 79 0C 880C 860C 90 0C 860C 94 0C 2250C
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Table 11: Tern eratures ('F) During the Fire Transient with the Rocky Flats 3013 Configuration
(min) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Top Bottom Side Interface Top (Bottom)

0 103 0F 137 0F 1080F 1490F 1530F 161F 153 0F 1740F 1790F 1920 F 179 0F 1950 F 183 0F 3240 F 355 0F 3420 F
5 14420F 11870F 13470 F 1440F 1530F 161°F 151°F 1730F 1790F 1920 F 1790F 1950 F 183 0F 3240 F 355 0F 3420 F
10 14440F 12660 F 13840 F 1450F 1530F 161°F 150°F 1730 F 179 0F 1920 F 179 0F 1940 F 183 0F 3240 F 355 0F 3420 F
15 14460F 1303°F 1401°F 151°F 1520F 161OF 1510 F 1730F 1790F 1920 F 1790F 1940F 183 0F 3240 F 355 0F 3420 F
20 14470F 13260 F 1411°F 158 0F 152°F 161°F 153 0F 1740F 1790F 1920 F 179 0F 1940 F 183 0F 3240 F 3550 F 3420 F
25 14480F 1341°F 1419°F 1650F 1530F 161°F 157 0F 1750 F 1790F 192 0F 179 0F 195 0F 183 0 F 3240F 3550 F 3420 F
30 14480F 1353 0F 1424 0F 171°F 1530F 161°F 162 0F 1770F 1790F 1930 F 179-F 195 0F 183 0 F 3240 F 3550 F 3420 F

Table 12: Tem peratures (°C)) During the Fire Transient with the Rocky Flats 3013 Configuration
Time Drum Bottom Side Mid-Height SCV PCV SCV SCV PCV PCV 3013 3013 3013 Pu-Can Mid Pu Mid Pu
(min) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Top Bottom Side Interface (Top) (Bottom)

0 39°C 590C 420C 650C 67 0C 720C 670C 79 0C 810C 89 0C 82°C 900C 84-C 162°C 179-C 172 0C
5 7830C 6420C 731 0C 620C 67 0C 720C 660C 79 0C 810C 89 0C 820C 900C 840C 1620C 1790C 172 0C
10 7840C 686 0C 751 0C 630C 67 0C 720C 660C 78 0C 810C 89 0C 820C 900C 840C 1620C 1790C 172 0C
15 7850C 706 0C 761°C 66°C 67 0C 720C 660C 78 0C 810C 89 0C 820C 900C 840C 1620C 1790C 1720C
20 786°C 719°C 766°C 70°C 67°C 72°C 67°C 79°C 81°C 89°C 82°C 90°C 84°C 162°C 1790 C 172°C

25 7860C 7270C 7700C 74 0C 67 0C 720C 700C 79 0C 810C 89 0C 820C 900C 840C 1620C 1790C 1720C
30 7870C 734 0C 7730C 77 0C 67 0C 720C 720C 800C 810C 89 0C 820C 910C 840C 1620C 1790C 1720C
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Table 13: Temperatures ('F) During the Fire Transient with the SRS 3013 Configuration
Time Drum Bottom Side Mid-Height SCV PCV SCV SCV PCV PCV 3013 3013 3013 Side Pu Can Pu Can Mid Pu Mid Pu
(min) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Top Bottom (mid height Interface Interface (top) (bottom)

of contents) (top) (bottom)

0 103'F 137'F 108'F 149'F 154°F 164°F 164'F 171 iF 18 VF 188°F 186'F 190'F 198'F 222°F 200'F 228°F 210°F

5 1442°F 1188°F 1347°F 145'F 154°F 164°F 164°F 17i°F 1810 F 188°F 186'F 190'F 198°F 222°F 200'F 228°F 210'F

10 1444°F 1267°F 1384°F 145'F 154'F 164°F 164'F 171]F 181VF 188'F 186°F 190'F 198°F 222°F 200'F 228°F 210'F

15 1446°F 1303'F 1401'F 151'F 153°F 164'F 164°F 170'F 181'F 188°F 186'F 190'F 198°F 222'F 200'F 228°F 210'F

20 1447°F 1326°F 1412'F 158°F 153°F 164°F 164°F 171]F 181'F 188'F 186°F 190'F 198°F 222°F 200'F 228°F 210'F

25 1448°F 1341'F 1419'F 165°F 153°F 164°F 164°F 173°F 181'F 188°F 186°F 190'F 198°F 222°F 200'F 228°F 210'F

30 1449°F 1353°F 1424°F 171°F 154F I164'F 164'F 174'F 181'F 189°F 186°F 191'F 198°F 222°F 200'F 228°F 210'F

Table 14: Ternperatures (°C) During the Fire Transient with the SRS 3013 Configuration
Time Drum Bottom Side Mid-Height SCV PCV SCV SCV PCV PCV 3013 3013 3013 Side Pu Can Pu Can Mid Pu Mid Pu
(min) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Top Bottom (mid height Interface Interface (top) (bottom)

of contents) (top) (bottom)

0 39°C 58'C 42°C 65°C 68°C 73°C 73°C 77°C 83°C 87°C 86°C 88°C 92°C 106'C 93'C 109'C 99°C

5 783°C 642°C 73i°C 63°C 68°C 73°C 73°C 77°C 83°C 87°C 86°C 88WC 92°C 106'C 93°C 109'C 99°C

10 784°C 686'C 751°C 63'C 68°C 73°C 73°C 77°C 83°C 87°C 86°C 88°C 92°C 106'C 93°C 109'C 99°C

15 785°C 706'C 761°C 66°C 67°C 73°C 73°C 77°C 83°C 87°C 86°C 88WC 92°C 106'C 93'C 109'C 99°C

20 786°C 719'C 766°C 70'C 67°C 73°C 73°C 77°C 83°C 87°C 86°C 88°C 92°C 106'C 93°C 109'C 99°C

25 786°C 727°C 770°C 74°C 67°C 73°C 73°C 78°C 83'C 87°C 86°C 88°C 92'C 106'C 93°C 109'C 99°C

30 787°C 734°C 774°C 77°C 68°C 73°C 73°C 790 C 83°C 87°C 86°C 88°C 92°C 106'C 94°C 109'C 99°C
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Table 15: Temperatures (°F) During the Fire Transient with the Food Can Configuration
Time Drum Bottom Side Mid-Height SCV PCV SCV SCv PCV PCV Top of Bottom of Side of PCV Sleeve Mid Pu Mid Pu
(min) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Upper Pu Lower Pu (mid height of (top can) (bottom

Can Can contents) can)
0 103'F 138°F 109'F 154°F 162°F 1810 F 169°F 173'F 188°F 185°F 224°F 186°F 190'F 324°F 319°F

5 1442°F 1188°F 1347°F 148°F 162°F 181°F 169°F 173°F 188°F 185°F 224°F 186°F 190'F 324°F 319°F

10 1444°F 1267°F 1384°F 149°F 162°F 181°F 169°F 172°F 188-F 185°F 224°F 185°F 190'F 324°F 319°F

15 1446*F 1303'F 1401°F 155°F 162°F 181VF 169°F 172°F 188°F 185°F 223°F 185°F 190'F 324°F 319'F

20 1447°F 1326°F 1412'F 162°F 162°F 181°F 169°F 173°F 188°F 185°F 223°F 185°F 190'F 324°F 319'F

25 1448°F 1341'F 1419'F 168°F 162°F 181°F 169°F 174°F 188'F 185°F 223°F 185°F 190'F 324°F 319'F

30 1449°F 1353°F 1424°F 174°F 162°F 181°F 169'F 176°F 188°F 185°F 2230F 186°F 190'F 324°F 319'F

Table 16: Tern eratures (°C) During the Fire Transient with the Food Can Configuration
Time Drum Bottom Side Mid-Height SCV PCV SCV SCV PCV PCV Top of Bottom of Side of PCV Sleeve Mid Pu Mid Pu
(min) Top Fiberboard O-ring O-ring Side Bottom Side Bottom UpperPu LowerPu (mid height of (top can) (bottom

I I Can Can contents) can)
0 40*C 59'C 43°C 68'C 72°C 83°C 76°C 78°C 87'C 85°C 106'C 85°C 88°C 162°C 160'C

5 783°C 642'C 731*C 65°C 72'C 830C 76'C 78°C 87'C 85°C 106'C 85°C 88'C 162°C 160°C

10 784°C 686'C 751°C 65°C 72°C 83°C 76'C 78°C 87°C 85°C 106'C 85°C 88°C 162°C 160'C

15 785°C 706°C 761-C 68°C 72'C 83°C 76°C 78°C 86°C 85'C 106°C 85'C 88°C 162°C 160RC

20 786°C 719'C 766°C 72°C 72°C 83°C 76°C 78°C 86'C 85'C 106'C 85°C 88'C 162IC 160'C

25 7860C 727°C 7710C 76'C 72°C 83°C 76'C 79°C 86°C 85'C 106'C 85°C 88°C 162°C 160'C

30 787H C 734°C 774°C 79°C 72°C 83°C 76°C 80'C 86WC 85°C 106'C 86°C 88°C 162°C 160'C
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Table 17: Tem peratures (°F) During the Post-Fire Transient with the BNFL 3013 Configuration
Time Drum Bottomi Side Mid-Height 1SCV PCV ISCV 1SCV JPSCV PCV 13013 [3013 T3013 1Mid Pu
(hr) Top I I Fiberboard O-ring I O-ring Side Bottom Side Bottom Top Bottom Side
0.0 14490F 1353°F 14240F 1740F 156 0F 167°F 169 0F 1750F 190°F 187 0F 193 0F 1870 F 202°F 4370F
0.5 2490F 3460F 217°F 191OF 160°F 1670F 1760F 1870F 1920F 1920F 194 0F 1930 F 203°F 4380F
1.0 2490F 2650F 202°F 1960F 167 0F 169 0F 1 840F 1950F 1960F 1990F 195°F 200°F 207°F 440°F

1.5 2490F 221°F 202°F 1980F 173 0F 1720F 191OF 1990F 201°F 205°F 1970 F 206°F 21 1°F 443°F
2.0 2490F 203°F 202°F 1980F 178 0F 1760F 1950F 202°F 206°F 209°F 201OF 210°F 216°F 4470F

2.5 2490F 201F 202°F 1990F 182 0 F 180OF 1980F 204°F 209°F 212°F 204OF 213°F 219°F 451OF
3.0 2490F 201OF 202°F 1990F 185 0F 1830F 201OF 206°F 213°F 214°F 208°F 215°F 2230 F 4540F

Table 18: Tem peratures (°C) During the Post-Fire Transient with the BNFL 3013 Configuration
Time Drum Bottom Side Mid-Height SCV PCV SCV SCV PCV PCV 3013 3013 3013 Mid Pu
(hr) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Top Bottom Side

0.0 787°C 7340C 774°C 79°C 69 0C 750C 76°C 79°C 88°C 86°C 90-C 86°C 94°C 225°C
0.5 121 0C 174 0C 103 0C 880C 71 0C 750C 800C 860C 890C 890C 900C 89 0C 950C 2250C
1.0 121 0C 130 0C 95 0C 910C 75 0C 76°C 850C 90 0C 91 0C 930C 900C 93 0C 970 C 2260C
1.5 121 0C 1050C 95 0C 920C 78 0C 780C 880C 930C 94 0C 960C 920C 960C I00°C 2280C
2.0 121 0C 950C 95 0C 920C 810C 800C 910C 950C 97 0C 980C 940C 990C 1020C 230 0C
2.5 1210C 940C 95 0C 930C 830C 820C 920C 960C 99 0C I0°0 C 960C I0°0 C 1040C 233 0C
3.0 121 0C 940C 95 0C 930C 850C 84°C 940C 96°C 100°C 10 1-C 980C 1020C 1060C 235 0C

Appendix 3.3 - 27 of 44



Revision I
M-CLC-F-00590,-00 Re.8Ig.2o4

M-CLC-F-00590, Rev. 8, Pg. 26of 42

Table 19: Ter peratures (°F) During the Post-Fire Transient with the Rocky Flats 3013 Configuration
Time JDrum Bottom Side Mid-Height [SCV ]PCV [SCV SCV PCV PCV 3013 13013 J3013 [Pu-Can Mid Pu 1Mid Pu
(hr) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Top Bottom Side Interface (Top) (Bottom)
0.0 1448-F 1353°F 1424-F 171°F 153-F 161°F 162-F 177-F 179°F 193-F 179°F 195°F 183-F 324-F 355-F 342°F
0.5 2490 F 3460F 214OF 189 0 F 157 0F 1620F 183 0F 1890 F 180°F 1990F 1790 F 201°F 1840F 3260F 355°F 3430 F
1.0 2490F 2650 F 202OF 194 0F 1640F 1640F 191°F 197 0F 1830F 205°F 180°F 207°F 186 0F 3290F 3580F 3460 F
1.5 2490F 221°F 202°F 196 0F 170°F 167°F 1940F 201°F 1870F 211°F 183 0F 213°F 190°F 3330F 361°F 350°F
2.0 2490F 203°F 2020F 197 0F 175 0F 171°F 1960F 204°F 191°F 215°F 187 0F 217°F 194 0F 3360F 364°F 3530F

2.5 2490F 201°F 202°F 198 0F 180°F 1750F 1970F 206°F 1950F 218°F 191°F 220°F 198 0F 3390F 367°F 3560F
3.0 249°F 201°F 202°F 198 0F 1830F 1790F 1980F 207°F 1990F 220°F 195°F 222°F 202°F 341°F 369OF 358°F

Table 20: Tem perature ('C) During the Post-Fire Transient with the Rocky Flats 3013 Configuration
Time 1 Drum Bottom Side ] Mid-Height [ SCV PCV SCV SCV PCV PCV 3013 3013 3013 Pu-Can Mid Pu Mid Pu
(hr)I Top Fiberboard O-ring O-ring Side Bottom Side Bottom Top Bottom Side Interface (Top) (Bottom)

0.0 787 0C 7340C 7730C 77 0C 67 0C 72 0C 72 0C 80 0C 81 0C 890C 820C 91 0C 840C 1620C 1790C 1720C

0.5 121 0C 174 0C 1010C 870C 70 0C 72 0C 840C 87 0C 82 0C 93 0C 820C 94 0C 840C 1630C 180 0C 1730C

1.0 121 0C 130 0C 95 0C 90 0C 73 0C 73 0C 880C 910C 84 0C 96 0C 820C 97 0C 860C 1650C 1810C 1750C

1.5 12 1°C 105 0C 95 0C 910C 77 0C 75 0C 90 0C 940C 86 0C 990C 840C 100°C 880C 1670C 183 0C 1770C

2.0 121 0C 950C 95 0C 920C 800C 77 0C 910C 960C 880C 1010C 860C 103 0C 90 0C 1690C 184 0C 178 0C

2.5 121 0C 940C 94°C 920C 820C 79°C 920C 970C 91°C 103HC 88°C 104°C 92°C 170°C 186°C 180°C
3.0 121 0C 940C 94°C 920C 840C 810C 92 0C 970C 93°C 104°C 91°C 106°C 94°C 172°C 187°C 1810C

Appendix 3.3 - 28 of 44



Revision I M-CLC-F-00590-000 Re.8Ig.2o4

M-CLC-F-00590,. Rev. 8, Pg. 27of 42

Table 21: Tem peratures (°F) During the Post-Fire Transient with the SRS 3013 Configuration During Transport
Time Drum Bottom Side Mid- SCV PCV SCV SCV PCV PCV 3013 3013 3013 Side Pu Can Pu Can Mid Pu Mid Pu
(hr) Top Height O-ring O-ring Side Bottom Side Bottom Top Bottom (mid height Interface Interface (top) (bottom)

Fiberboard of contents) (top) (bottom)

0.0 14490 F 13530F 14240F 171°F 154 0F 164 0F 164 0F 1740F 1810 F 1890 F 186 0F 191OF 1980F 2220F 200°F 2280 F 210°F

0.5 2490F 3450F 215OF 189OF 158 0F 1640F 170OF 1860F 182 0F 194 0F 186 0F 1960F 1990F 2220F 205°F 2280 F 214°F
1.0 2490F 2650F 202°F 1950F 1650F 1660F 1780F 1950F 185 0F 201°F 187 0F 202°F 202OF 2240F 2110 F 230°F 220°F
1.5 2490F 220OF 202OF 197 0F 171OF 170OF 184 0F 1990F 189 0F 206°F 190°F 208°F 206OF 2270F 216OF 2320 F 2240F
2.0 2490F 203OF 202°F 1970F 1760F 1730F 189 0F 202°F 1930F 210OF 193 0F 212OF 210°F 230°F 220OF 2360 F 2280F
2.5 2490F 201OF 202°F 1980F 181°F 177 0F 1920F 204°F 196 0F 213OF 1970F 215°F 213OF 2340F 2230F 2390 F 2320F
3.0 2490F 201°F 202°F 1980F 1840F 181°F 1950F 205OF 200°F 215°F 201OF 217°F 216OF 237 0F 2260F 2420 F 2340F

Table 22: Tern eratures (°C) During the Post-Fire Transient with the SRS 3013 Configuration During Transport
Time Drum Bottom Side Mid- SCV PCV SCV SCV PCV PCV 3013 3013 3013 Side Pu Can Pu Can Mid Pu Mid Pu
(hr) Top Height O-ring O-ring Side Bottom Side Bottom Top Bottom (mid height Interface Interface (top) (bottom)

Fiberboard of contents) (top) (bottom)

0.0 7870C 734°C 774°C 77°C 68°C 730C 73'C 79°C 83°C 87°C 86°C 88WC 92°C 106'C 94'C 109°C 99°C

0.5 12 VC 174'C 102'C 87'C 70*C 74WC 77'C 86'C 84WC 90'C 86'C 91°C 93'C 106'C 96WC 1090C 1011C
1.0 121-C 129-C 950C 900C 74'C 75'C 81 C 90'C 85'C 94°C 86'C 95-C 94'C 1070C 991C I 10'C 104'C

1.5 121VC 105'C 950C 910C 770C 76'C 84WC 930C 870C 97'C 880C 980 C 96'C 108'C 102'C I I I°C 1070 C

2.0 l212C 950C 95'C 920C 80'C 78'C 87'C 94'C 890C 99'C 90'C I00°C 99'C I I 0C 104'C 113C 109'C
2.5 121VC 94'C 95'C 92°C 83'C 81VC 89'C 95'C 91VC IOO0C 92'C IO01C 1010C 112'C 106'C 115'C I I IC
3.0 12 VC 94'C 94'C 92*C 84WC 83'C 90'C 96'C 93'C 102'C 94'C 1030C 1020C 114°C i080C 117 0C 112 0C
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Table 23: Temperatures (°F) During the Post-Fire Transient with the Food Can Configuration
Time Drum Bottom Side Mid-Height SCV PCV SCV SCV PCV PCV Top of Upper Bottom of Side of PCV Mid Pu Mid Pu
(hr) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Pu Can Lower Pu Can Sleeve (mid height (top can) (bottom can)

of contents)

0.0 1449°F 1353°F 1424'F 174°F 162'F 181°F 169°F 176°F 188°F 185°F 223°F 186°F 190'F 324°F 319'F

0.5 249'F 348'F 216'F 190'F 166°F 181 °F 175°F 187°F 189°F 190'F 224°F 191 F 191 0 F 324°F 320'F

1.0 249°F 267°F 202'F 195°F 172°F 183°F 182°F 194°F 192°F 195°F 226°F 196°F 195°F 325'F 322°F

1.5 249'F 222'F 202'F 197'F 178°F 1871F 188°F 197'F 196°F 200'F 229°F 200'F 199°F 328°F 326F

2.0 249°F 203'F 202'F 198'F 183°F 190'F 192 F 200'F 200'F 203'F 232°F 203'F 203'F 332'F 329°F

2.5 249°F 201'F 202'F 198°F 187°F 194'F 195°F 202'F 204'F 206°F 235°F 206'F 206'F 3350 F 333°F

3.0 249°F 201'F 202'F 199'F 190'F 198°F 198°F 203'F 207'F 209'F 239°F 209'F 209'F 338°F 336°F

Table 24: Temperatures (°C) During the Post-Fire Transient with the Food Can Configuration
Time Drum Bottom Side Mid-Height SCV PCV SCV SCV PCV PCV Top of Upper Bottom of Side of PCV Mid Pu Mid Pu
(hr) Top Fiberboard O-ring O-ring Side Bottom Side Bottom Pu Can Lower Pu Can Sleeve (mid height (top can) (bottom can)

_ I _ I II Ic L~ v PC I of contents)
0.0 787°C 734°C 774'C 79'C 72°C 83°C 76°C 80'C 86°C 85°C 106'C 86°C 88°C 162'C 160'C

0.5 121'C 175°C 102'C 88°C 75°C 83°C 79°C 86°C 87'C 88°C 107'C 88°C 88'C 162'C 160'C

1.0 121'C 130'C 95°C 91°C 78'C 84°C 83°C 90°C 89*C 91°C 108'C 91°C 901C 163'C 161'C

1.5 121IC 105'C 95-C 92°C 81'C 86°C 87°C 92°C 911C 93'C 1091C 93°C 93°C 164'C 163'C

2.0 121'C 95°C 95 C 92°C 84°C 88'C 89'C 93°C 94°C 95°C 1111C 95°C 95'C 166'C 165°C

2.5 121°C 94°C 95°C 92'C 86°C 90'C 91'C 94°C 96'C 97°C 113'C 97°C 970 C 168°C 167°C

3.0 121'C 94°C 94'C 93°C 88°C 92°C 92°C 95'C 97°C 98°C 115'C 98°C 991C 170'C 169°C
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BNFL and Rocky 3013 Configurations SRS 3013 Configuration Food Can Configuration

Figure 1. Schematic of 3013 and Food Can Configurations.
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Figure 2. Color Representation of Material Location in SRS 3013 Configuration. (The
mesh is not included).
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Figure 3. Schematic of 9975 package and contents for the BNFL 3013 Pu oxide
configuration
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Figure 4. Typical mesh used in MSC/Thermal model.

Schematic Of Pu Button

R = 5.125 in.

3.67 in.

0.75 in.I

/ 72 deg.

Figure 5. Schematic of Pu metal button.
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Figure 6. Temperature profile for the BNFL (Oxide) 3013 configuration fire transient.
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Figure 7. Temperature profile for the BNFL (Oxide) 3013 configuration post-fire
transient.
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Figure 8. Temperature profile for the Rocky Flats 3013 configuration fire transient.
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Figure 9. Temperature profile for the Rocky Flats 3013 configuration post-fire transient.
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Figure 10. Temperature profile for the SRS 3013 configuration fire transient.
(For legends see Figure 9)
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Figure 11. Temperature profile for the SRS 3013 configuration post-fire transient.
(For legends see Figure 9)
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Figure 12. Temperature profile for the Food Can configuration fire transient.
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Figure 13. Temperature profile for the Food Can configuration post-fire transient.
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Figure 14. Fiberboard temperature profile for the BNFL (Oxide) configuration NCT.
The locations of the maximum and minimum temperature are shown on the
plot.
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Figure 15. Fiberboard temperature profile for the Rocky Flats configuration NCT. The
locations of the maximum and minimum temperature are shown on the plot.

Appendix 3.3 - 40 of 44



Revision 1 S-SAR-G-.OOO 1

M-CLC-F-00590, Rev. 8, Pg. 39of 42

MA2

:61 io

74? 9

LiA
2'41S

SCkV HIMtoig Ca"

ageven Traisfef
Selaf Haabrg
AdabaiC BCfbi~n
19 Wati Told Poww

2U

M 4

40 9

Figure 16. Fiberboard temperature profile for the SRS (Bagless Transfer) configuration
NCT. The locations of the maximum and minimum temperature are shown on
the plot.
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Figure 17. Fiberboard temperature profile for the Food Can configuration NCT. The
locations of the maximum and minimum temperature are shown on the plot.
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Figure 18. PCV/SCV Temperature Contours for the BNFL Configuration
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THE EFFECT OF A CELOTEX® GAP ON THE 9975 PACKAGE TEMPERATURES

DURING THE FIRE AND COOL DOWN TRANSIENTS

1.0 Summary And Conclusions

As part of the Hypothetical Accident Conditions (HAC), 10 CFR 71.73 requires
sequential tests in which a package is subjected to a fire with a flame temperature of
1475°C for 30 minutes. Following a drop test [I] at Westinghouse Savannah River
Company (WSRC), radiographs of a 9975 drum package showed that radial separations
had formed in the Celotex® [21 . The maximum radial gap observed in the radiographs was
less than 1/8 inch thick. Because the Celotex® acts as a thermal insulator, concerns arose
as to the effect gaps in the overpack would have on the packaging components during and
after the fire transient. The importance of Celotex® gaps was investigated through the
use of a thermal model and a transient fire thermal analysis.

The highest 9975 temperatures occur for Normal Conditions of Transport (NCT) for the
Pu Oxide SRS food can configurationE31. For this reason, the 9975 package model with
the SRS food can configuration was used as the basis for the calculations that address the
thermal impact of gaps in the Celotex®. The components having the most significant
affect on heat transfer during the fire and post-fire phases are the Celotex®, the lead
shield and the secondary containment vessel (SCV).

Celotex® sheets are oriented in layers normal to the axis of the drum. Hence, gaps
produced from the drop test tend to be at small angle from the radial direction. From
available radiographs, the gaps appear to subtend azimuthal angles much less than 3600.
It has been estimated that the sum of all gap thicknesses will be less than 1 inch. This
fact is important because attenuation of thermal radiation increases as the gap thickness
decreases and as the angle of the gap to the radial direction increases. Due to
uncertainties in the geometry of the gaps, an extremely conservative representation was
used to bound the thermal model. The model assumed a gap that was 1.38 inch thick,
extending over a 360' azimuthal angle (full circumference) and parallel to the radial
direction.

The 9975 model with 1.38 inch Celotex® gap was run for the HAC fire transient
including 4 hours of post fire cooling (with insolation). Even under the extremely
conservative assumptions of the model, at no time did any components of the package
closely approach their 9975 SARP (Rev. 10) temperature limits. The maximum package
temperatures with their limits are listed in the following table.
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Maximum Computed SARP Thermal LimitPackage Feature Tmeaue_____________
Temperature

Lead 4280F 6250 F
PCV 215°F 300OF
SCV 218°F 300°F
PCV air 2440F 313OF
SCV air 209°F 313°F

The thermal analysis supported the expectation that small separations in the fiberboard
insulation will not degrade the thermal performance of the 9975 package in an HAC fire.

2.0 Model Description
2.1 Geometry, Mesh and Material Properties
The model was developed with the MSC/THERMAL® heat transfer software with the
MSC/PATRAN® pre and post-processor 43. The package was modeled in 2-dimensions,
radial and axial, as a body of rotation. The model had 7153 nodes and 7247 elements.
The material location is shown in Figure 1.

The constitutive properties of the materials and the component dimensions, other than the
gap, are given in Reference 3. The material configuration of the model is shown in
Figure 1.
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Air Filled Gap in Celotex

Lead Shield
L

Figure 1. Material configuration for 2D (r-z) model.

The thermal model for the gap was a modification of the model used for the SRS Food
can package configuration, see Reference 3. The gap was represented by replacing a 1.38
in. thick section of Celotex®, as shown in Figure 1, with air. Thermal radiation and
conduction were modeled within the gap, which extended from the inner surface of the
drum to the lead radiation shield. As in Reference 3, convection within the cavities of the
package was neglected.

2.2 Thermal Calculations
As the Celotex® is heated, it will release gasses and volatile species that may cause the
gas space in the gap to have a much lower transmissivity than air. If the transmissivity of
the gas is reduced during the transient, it will attenuate the radiation falling on the lead
shield. Therefore, as a conservatism, the transmissivity of the gas in the gap is set to 1.

The accumulation of compounds released from the Celotex® during heating, as well as
surface oxidation, will increase the emissivity of the inner surface of the drum. This will
result in increased thermal radiation emitted from the inner surface of the drum to the
lead surface across the gap. Hence, as a conservative measure, the emissivity of the drum
surface facing the gap was increased from 0.3 to 0.9 during the fire transient.
Conversely, a lower emissivity on the inner surface of the drum adjacent to the gap will
reduce the rate at which the lead cools. Therefore, the emissivity of the inner surface of
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the drum, across from the gap, was reduced from 0.9 to 0.3 for the cool down phase of
the post-fire transient.

Lead emissivity varies from 0.28 for a gray, oxidized surface to 0.63 for an oxidized
surface at 300'F. To be conservative, for the lead surface facing the gap an emissivity of
0.7 was used during the fire transient and an emissivity of 0.28 was used for the post-fire
cool down.

Thermal calculations were performed for the HAC fire transient discussed in Reference
3. The HAC fire transient consists of three phases, the initial phase, the fire phase and
the post-fire phase. The conditions for the three phases are given below.

For the initial phase of the HAC:
1. The drum is in an upright position.
2. The bottom surface is adiabatic.
3. There is radiation heat transfer from the sides and top of the drum

to the ambient.
4. There is natural convection heat transfer from the drum sides and

top to the ambient. Convection coefficients were obtained from
correlations for natural convection in MSC/THERMAL®.

5. The ambient temperature is 100'F.
6. No insolation.
7. Undamaged Celotex®properties are applied to all the Celotex in

the drum.
8. 19 watts total decay power.
9. Emissivity of drum facing the gap is 0.3.
10. Emissivity of the lead facing the gap is 0.28.

For the fire phase of the HAC (duration 0.5 hour):
1. Restart from temperature profile in initial phase.
2. The drum is in an upright position.
3. There is forced convection from all surfaces of the drum. The

convection coefficients, based on a 20 m/s air velocity, are:
i. 5.9 Btu/hr-ft2 'F for the top and bottom of the drum.
ii. 3.0 Btu/hr-ft2 'F for the side of the drum.

4. There is thermal radiation heat transfer from all surfaces of the
drum to the ambient.

5. The ambient temperature is 1475°F.
6. No insolation.
7. Fire phase Celotex® properties are applied to all the Celotex® in

[3]the drum
8. 19 watts total decay power.
9. External drum surface emissivity of 0.9.
10. Emissivity of drum facing the gap is 0.9.
11. Emissivity of the lead facing the gap is 0.7.
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For the fire post-fire phase of the HAC (duration 4 hours):
1. Restart from temperature profile at end of fire phase.
2. The drum is in an upright position.
3. There is thermal radiation from the top, sides and bottom of the

drum to the ambient.
4. There is natural convection from the top and sides of the drum to

the ambient. Convection coefficients were obtained from
correlations for natural convection in MSC/Thermal.

5. The ambient temperature is 100°F.
6. Insolation: 800 W/m 2 on drum top and 400 W/m 2 on drum side

(solar absorptivity of the drum assumed unity).
7. "Char layer" properties are applied to the outer 1.4 inch layer of

the top, bottom and sides of the Celotex® contained in the drum[3].
8. Fire phase properties are applied to the all Celotex® not in the 1.4

inch outer layer[31.
9. 19 watts total decay power.
10. Emissivity of drum facing the gap is 0.3.
11. Emissivity of the lead facing the gap is 0.28.

3.0 RESULTS
The temperature profile prior to the start of the fire phase is shown in Figure 2. The
temperature profile at the end of the fire phase (0.5 hours of a 1475°F fire) for the
package is shown in Figure 3. Figure 4 shows the temperature profile in the lead and
SCV at this time. The temperature profile in the package after 30 minutes of post fire
cooling is shown in Figure 5, the profile in the lead and SCV at this time is shown in
Figure 6.

Transient temperatures for the 30 minute fire phase, along with the limiting temperatures
for each component are given in Table 1. The limiting temperatures listed in Tables I
and 2 were given by the Radioactive Materials Packaging and Technology Group. The
post-fire temperature in Table 1 are plotted in Figures 7 and 8.

Transient temperatures for 4 hours after the end of the fire phase, along with the limiting
temperatures for each component are given in Table 2. The post-fire temperature in
Table 2 are plotted in Figures 9 and 10.

The model for the gap was run for the HAC fire transient of Reference 3. Even under the
extremely conservative assumptions of the model, at no time did any components of the
package closely approach their temperature limits.
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Figure 2. Temperature profile for the package prior to the fire phase.
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Figure 3. Temperature profile for the package after exposure to the 0.5 hr fire.
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Figure 4. Temperature profile for lead shield and Secondary Containment Vessel (SCV)
after exposure to the 0.5 hr fire.
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Figure 5. Temperature profile for the package 30 min. into the post-fire transient.
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Figure 6. Temperature profile for lead shield and Secondary Containment Vessel (SCV)
30 min. into the post-fire transient.
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Table 1
Temperatures for fire transient.

Limit Initial State 5 min 10 min 15 min 20 min 25 min 30 min
SCV O-Ring 400°F 155°F 156°F 159°F 164OF 171 OF 179OF 190OF
(Node 1255)

PCV O-Ring 4000 F 173OF 173°F 173OF 174°F 174OF 175OF 175°F
(Node 1890)

MaxSCV 300OF 165°F 165OF 165°F 168OF 176°F 185 0 F 197°F
MaxPCV 300 OF 180 OF 180 OF 180 OF 180 OF 180 OF 180 OF 181 OF
Max Lead 620OF 146°F 202OF 251 OF 301 OF 349OF 391 OF 428OF

Max SCV Air 313 OF 172 OF 172 °F 172 OF 172 OF 173 °F 175 OF 176 OF
Max PCV Air 313°F 212OF 212°F 212OF 212OF 212OF 212OF 212°F

Max - 317°F 317OF 317°F 317OF 349°F 391 OF 428°F
Component & PuQ&ide Pu Oxde Pu Oide Pu Oide Lead hield Lead Rield Lead %ield

Location _1 1_1

Component Temperatures vs Time

450 -

400 -

350
•" j -- 0- Max Lead T

- 4 - M a x L e a d
0 -0- Max Compo

4.. 300 ,- 300---- Max SCV T,
• M _ P C ,
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Figure 7. Maximum component temperatures for the 30 minute fire transient.

Appendix 3.4 - 14 of 18



Revision I S-SAR-G-e000 1
M-CLC-F-00667, Rev. 0, Page 13 of 15

Component Temperature vs Time
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Figure 8. Component temperatures for the 30 minute fire transient.

Table 2
Tem peratures for post-fire transient.

Limit lEndofFire110min120mmin130min140min]50min 1 hr 2hr 3hr 4hr
SCVO-Ring 400°F 190°F 203°F 211 OF 215°F 216°F 217OF 217°F 213°F 208°F 206°F
(Node 1255)
PCVO-Ring 400°F 175OF 178OF 180°F 183°F 186OF 188OF 191°F 202°F 208OF 212°F
(Node 1890)
MaxSCV 300OF 197OF 207OF 213OF 216OF 218OF 218°F 218°F 214°F 209OF 206OF
MaxPCV 300°F 181°F 182OF 184°F 186OF 189°F 192°F 194OF 206°F 212OF 215°F
MaxLead 620°F 428OF 336OF 293OF 268OF 252OF 242OF 234OF 213°F 204°F 202OF

MaxSCVAir 313 0 F 176°F 180°F 184OF 187OF 190OF 193OF 195°F 204OF 206°F 209OF
MaxPCVAir 313°F 212°F 213°F 214OF 216°F 218°F 220°F 223°F 234°F 241OF 244°F

Max - 428°F 317°F 317°F 318°F 318°F 320°F 321 OF 334°F 343°F 348OF
Component & Lead Sield Pu Ode PuxiOde PuxiOde PuOdCde Puxide PuCbxde Pu~dde Puxid PuOx&d

Location III_
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Figure 9. Maximum component temperatures for the 4 hours following the fire.
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Figure 10. Component temperatures for the 4 hours following the fire.
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9973 AND 9975 PACKAGING HAC THERMAL TEST REPORT
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WESTINGHOUSE SAVANNAH RIVER COMPANY

INTER-OFFICE MEMORANDUM

SRT-PTG-94-0058
Page 1 of 58

July 25, 1994

T:. 730-A FILE ROOM
PROJECT FOLDER 22381 (QA/RIDS 4814))

FROM: MARK N. VAN ALSTINE, 773-53A

REVIEWED: (IDELL 773-53A

9973 AND 9975 PACKAGING THERMAL TEST REPORT ()

INTRODUCTION

Savannah River Site tested the 9973 and 9975 design variations of the 9972-series packagings.
Testing of the 9973 was part of the regulatory hypothetical accident sequence defined in 10
CFR 71.731. Testing of the 9975 was primarily to provide benchmark data for analytical
models. Summarized in this test report are test descriptions and results. Other supporting
records are on file2.

The selection of the 9973 and 9975 packagings as representative of the series is documented
elsewhere3.

PACKAGING DESCRIPTION

The 9973 and 9975 test units are representative of the final packaging designs. Figures 1 and 2
show key packaging features. Significant thermal features are the thin walled drum and
fiberboard insulation. A step at the fiberboard junction eliminates radial gaps through the
fiberboard which otherwise may allow radiation heating of the containment vessel from the
drum. The metal shield on the upper fiberboard eliminates air ingress into the fiberboard from
the vent holes and lid during the thermal accident and subsequent cooling.

Packaging thermal acceptance criteria are listed below.
* containment vessel O-ring seals s 400F rating
• lead S 620"F melting point (applicable to the 9975)
• fiberboard not burnt (burning is evidenced by loss of form and ash residue; charring is

evidenced by retained form but carbonized structure, and is expected)
* containment vessels remain leak tight per ANSI N14.5-874 (s 1.96 x 10-7 ski cn3 HM& at

14.7 psi differential)
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A thin ceramic blanket is used as required to fill between the lid and metal shield. The 9973
test unit had this blanket while the 9975 did not. The blanket has approximately the same
thermal conductivity as fiberboard but has a much higher temperature rating.

During the thermal accident, the thin wall drum temperature will quickly rise, after which the
fiberboard will slowly char inward. Significant internal temperature increases are expected
only in the charred region. Fusible vent plugs will relieve drum pressurization. Eliminating air
ingress, particularly in side orientations prone to chimney effects, prohibits fiberboard burning
and smoldering. Both the vent plugs and lid gasket are assumed to be destroyed early in the
accident.

PACKAGING PREPARATION

Instrumented assembly of the packagings is described in Appendix 1. Figures 3 and 4 show
locations of the packaging thermocouples. All leads were routed from the packagings in
flexible metal conduits.

The 9973 packaging included pressurized, leak tested containment vessels and content mass.
Following assembly, it was subjected to the regulatory free drop and puncture tests, both
impacting on the drum lid. Details of these impact tests are reported elsewhere. Expected
damage was to minimize the fiberboard thickness and integrity in the upper packaging adjacent
to the containment vessel seals. Internal damage was not assessed prior to the thermal test.

The 9975 packaging included content mass and an electric heater simulating a 21W content
load. Both containment vessel walls were breached for instrumentation leads and the seals
were not leak tested. Thermal testing was not preceded by any other hypothetical accident
conditions.

PACKAGING TESTING

Thermal testing was performed at the Sandia National Laboratory in Albuquerque, New
Mexico. Test requirements are documented in Appendix 2. Sandia's radiant heat facility was
chosen for its test control capabilities. Heating was obtained by external quartz-electric heat
lamps heating an upright cylindrical metal shroud which in turn radiated heat to the enclosed
packaging. Coating on the shroud approximated a black-body source. Reradiant heating from
insulation-backed thin metal plates provided top and bottom heating. Heat lamp power was
controlled based on shroud temperatures.

Temperatures of the shroud and its upper and lower air plenums were recorded to demonstrate
that the cool down environment was acceptable. An annular gap at the shroud bottom and a top
baffle allowed for air flow around the packaging after the heat exposure. Conduit thermal
protection was provided by insulation wrap and nitrogen purging.

A Sandia test report5 fully describes the facility and demonstrates that the required hypothetical
accident environment was obtained.
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The 9975 was tested upright in order to obtain uniform benchmark data. Prior to thermal
accident testing, the 9975 internal heater was energized for 5 days, which raised packaging
temperatures to realistic operating conditions. The heater remained energized during the
accident heating and subsequent cool down. Manual heat lamp power control resulted in some
early temperature fluctuations during the 9975 thermal accident test.

The 9973 was tested on its side to demonstrate that fiberboard burning would not occur due to
air ingress. This orientation also maximized heating of the drop-damaged lid region. Heat
lamp power was automatically controlled during the 9973 test. Heat lamp failures early in the
9973 test caused temperature fluctuations, but overall shroud temperatures were successfully
compensated by remaining lamps.

TEST RESULTS

Following the tests, both packagings were disassembled at SRS. Appendix 3 provides
disassembly observations. Table 1 summarizes fiberboard char depths.

Table 1. Fiberboard Char Summary

Remaining
Packaging Location Char Depth* Fiberboard
9973 Top center with drop damage 2.0 in. 1.1 in.

Top without drop damage 2.0 in. 1.8 in.
Side at cavity top 1.9-2.1 in. 3.2-3.4 in.
Side at iunction, top section 2.0 in. 3.3
Side at iunction, bottom section 2.1-2.3 in. 3.3-3.5 in.
Side alone main cavity 1.8 in. 3.8 in.
Bottom 1.8 in. 1.7 in.

9975 Top center 1.4 in. 2.3 in.
Side at cavity too 1.9 in. 2.6 in.
Side at iunction, top section 2.1 in. 2.4 in.
Side at junction, bottom section 2.3 in. 2.5 in.
Side along main cavity 1.8--2.3 in.t 2.5-3.0 in.

_____Bottom 2.0 in.¥ 2.0 in.

Depth to stable board as indicated by rubbing the surface with a blunt probe.
tOreazest charring at unbonded glue joints.
VAway from instrumentation conduit.

Test dam for the 9973, 9975 preheat, and 9975 test are plotted on the ensuing pages. Table 2
defines data channel, thermocouple, and location correspondences. Plots show response over
the entire test time and, where significant, magnification of the accident heat period.
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*Vent Holes (not shown)

Containment Vessels -
PCV, primary (inner) vessel
SCV, secondary (outer) vessel

Figure 1. 9973 Packaging
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Ce.. - --.. Lid (partially shown)

•. Vent Holes (not shown)

~.I f.- '* Metal Shield

Bearing Plate (also beneath

(Lid not present on test unit,

lead butted to plate)

rStepped Fiberboard Junction

O-ring Seals. • Fiberboard

21W heater location

Containment Vessels -
PCV, primary (inner) vessel
SCV, secondary (outer) vessel

Lead Casing (cylinder and( ) bottom)

Thin-Wall Drum

General:
19.7 inch diameter
35.0 inch height
406 pounds

Figure 2. 9975 Packaging
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CC "7

Test Orientation

Top View Showing
Planar Orientations

No. Plane Channel
I Center CHOI

2 B-B CH02
X 3 A-A CH03

4 B-B CH04
5 A-A CH05

6 A-A CH08
7 A-A CR09
8 A-A CH10
9 A-A CH11
10 Center CH12,CH1311 C-C CH14

12 C-C CH1513 Center CH16
._..t 14 Center CH06, CH07

Figure 3. 9973 Packaging Thermocouple Locations
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Top View Showing
Planar Orientalions

No. Plane Channel
1 Center CHO1
2 B-B CH02
3 B-B CH03
4 A-A CH06
5 A-A CH07
6 A-A CH08
7 A-A CH09
8 NA CH10
9 A-A CH11
10 A-A CH12
11 A-A CH13
12 A-A CH14
13 Center CH15
14 A-A CH16
15 A-A CH17
16 Center CH18
17 Center CH04, CH05

Figure 4. 9975 Packaging Thermocouple Locations
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Table 2. Thermocouple Correspondences

9973 9975
Channel* TC No.t Location TC No.t Location

IPHIA NR Shroud front facing NR Shroud front
drum lid

2PH1B NR Shroud, 60' right NR Shroud. 60" right
3PHIC NR Shroud, 120" right NR Shroud, 120' right
4PH2A NR Shroud. 180" right. NR Shroud, 180" right

facing drum bottom
5PH2B NR Shroud. 240' right NR Shroud, 240' right
6PH-2C NR Shroud, 300' right NR Shroud, 300' right
LPLENM NR Lower air plenum NR Lower air plenum
UPLENM NR Upper air plenum NR Upper air plenum
CHOI TR-3236 Drum bottom center TR-3241 Drum bottom center
CH02 TR-3237 Drum side, down, 45' TR-3242 Drum side

off vertical
CH03 TR-3238 Drum side, down. 45' TR-3243 Drum side, 180' apart

off vertical
CH04 TR-3239 Drum side, up, 45' off TR-3246 Drum lid

vertical
CH05 TR-3240 Drum side, up, 45' off TR-3247 Drum lid, redundant

vertical
CH06 TR-3244 Drum lid TR-3252 Fiberboard mid-wall
CH07 TR-3245 Drum lid, redundant TR-3253 Fiberboard mid-wall,

180' apart
CH08 TR-3257 SCV seal TR-3254 Lead side
CH09 TR-3258 SCV seal, 180" apart TR-3255 Lead side. 180' apart
CHIO TR-3259 SCV side TR-3256 PCV lid
CH1l TR-3260 SCV side, 180' apart TR-3261 SCV seal
CH12 TR-3265 Uvper bearing vlate TR-3262 SCV seal, 180' avart
CH13 TR-3266 Upper bearing plate, TR-3263 SCV side

redundant
CH14 TR-3268 Shield side TR-3264 SCV side, 180' apart
CH15 TR-3269 Shield side, 180' apart TR-3267 Unper bearing vlate
CH16 TR-3270 Shield top TR-3271 Shield side
CH17 NA NA TR-3272 Shield side, 180' apart
CH18 NA NA TR-3273 Shield top
CH19 NA NA NR Preheat ambient
AMPS NA NA NA Heater amperage
VOLTS NA NA NA Heater voltage
PRESSR NA Drum pressure NA Drum Pressure
•Sanoa came acquismon chm el el

tNR - not recorded. NA - not applicable.
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DISCUSSION

9973 Accident Test

This test was to fully comply with the regulatory test requirements. Consequently, acceptance
was that during heating, the minimum drum temperature be at least 1500"F or greater for 30
minutes. Given the thin drum wall, this would ensure satisfying regulatory temperature and
heat flux requirements. Following heating, the packaging was allowed to cool 17 hours while
remaining in the test facility.

Shroud temperatures and plenum air temperatures indicate the thermal environment during
heating and cooling. Heating began at 2 minutes and ended at 42 minutes. All shroud
channels initially rose to approximately 1850"F; however, heat lamp failures at 7 minutes
caused fluctuations and a decrease in channel 6PH2C to approximately 1575'F. Power
compensations to the remaining heat lamps caused a localized melt-through of the shroud wall.
Temperature spikes on some' drum channels at 8 minutes are attributed to this power
compensation. Again, the upper plenum was hotter than the lower plenum and rapid cooling of
the facility environment indicated that the 9973 cooled as if in natural surroundings.

Drum bottom temperatures were again lost due to an apparent failure in channel CHOD. Due to
the horizontal packaging orientation, actual drum bottom temperatures are assumed to be the
same as the drum top (CR06, CH07). Disassembly revealed essentially the same top and
bottom test effects, further indicating that the temperatures were the same. Drum top
temperatures remained above 1500'F for 38 minutes and above 1725"F during the 30 minute
regulatory test period.

Lower drum side temperatures (CH02, CH03) were cooler than the upper drum side
temperatures (CH04, CH05). CH02 controlled the test initiation. It reaching 1500"F at 12
minutes and gradually increased to 1684'F. Heat lamp failures caused CH03 to drop to
1534"F, which remained acceptable. Shield side temperatures (CH14, CH15) closely followed
the drum side temperatures. However, the shield top temperature (CR16) heated much slower
and peaked lower than did the drum lid. This is assumed to be caused by the thermal blanket
between the lid and shield top.

Table 3 summarizes internal temperature peaks. Appendix 3 includes hardware evaluations.

Drum pressure was much less than expected. It reached a sharp peak of 0.45 psig at 9 minutes
during heating, followed by a drop to -.012 psig at 51 minutes. Pressure then steadily
increased, peaking at 0.45 psig at 859 minutes. It is not obvious whether the gradual increase
was due to packaging behavior or facility conditions. The drum pressure tap fitting was
observed to be loose following the test and was assumed to have loosened during the heating
and subsequent cooling. No jetting marks were observed on the shroud, although the
packaging orientation would have precluded direct impingement on the shroud.

Both the SCV and PCV were leak tight following the test and disassembly, as reported in
Appendix 3.
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Table 3. 9973 Peak Test Temperatures

lChannel Location Peak and Time
CH08 SCV seal 165'F 144 min.
CH09 SCV seal, 180" apart 160"F. 181 min.
CH10 SCV side 169"F, 126 min.
CH1I SCV side. 180" apart 158"F. 149 min.
CH12 Upper bearing plate 182"F, 105 min.
CH13 Upper bearing plate, redundant 181"F, 109 min.

9975 Preheat

The preheat, or 5 day period during which the internal heater brought the 9975 to normal
operating temperatures, occurred in an air-conditioned building. Heater power was maintained
at approximately 22W, sli•h.ly in excess of the design 21W. All 9975 preheat temperature
plots show a calibration spike early in the first hour. Discontinuities at 72 hours were due to
signal tests. Discontinuities after 114 hours were due to system changeover when the
packaging was relocated to the test facility. Preheat was terminated when temperatures had
reached nearly steady state as based on observation and preliminary analytical estimates.

Ambient temperatures (CH19) show the air temperature fluctuations starting at approximately
3:00 p.m., June 4, 1994. Daily peaks remained about 77"F until the last 2 days, which peaked
at about 80'F. The drum skin temperatures (CHOI through CH05) were strongly influenced
by the ambient. Heating caused skin temperatures to increase approximately 10"F in 5 days.
Internal temperatures reflected ambient cycling, but to a gradually lesser extent further toward
the packaging center. Temperature increases were greater closer to the packaging center (and
heat source). Temperatures are summarized in Table 4.

9975 Accident Test

Immediately following the preheat, the 9975 was moved into the radiant heat facility and
exposed to the thermal accident conditions. Acceptance was that the drum side temperatures be
at 1500"F or greater for 30 minutes Following the exposure, the packaging was allowed to
cool 15 hours while remaining in the test facility.

Heater power remained approximately 22W the entire time. As with the 9973, shroud
temperatures and plenum air temperatures indicate the thermal environment during heating and
cooling. Heating began at 3 minutes and ended at 48 minutes. Shroud channel 1PHIA briefly
rose to 2000"F at 11 minutes while heater power was being leveled. Shroud channel 2PH1B
failed and was not reported. As expected, the upper plenum was hotter than the lower plenum.
Rapid cooling of the facility environment indicated that the packaging was allowed to cool as if
in natural surroundings. Shroud temperature increases at 900 minutes were due to solar
heating during facility disassembly.

Drum bottom temperatures during heating were lost due to channel CH01 failing. When CR01
apparently recovered at 51 minutes, the drum bottom (CHOI) was 1124'F while the drum top
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(CH04 and CH05) was 1291"F. Bottom temperatures most likely remained 90.5% of the top
temperature during the heating period, indicating that the drum bottom was then approximately
1350"F. The top varied from 1530"F to 1450"F during heating. Drum side temperatures
(CH02 and CH03), which controlled the test, reached 1500"F at 18 minutes. Shield
temperatures (CH16, CH17, CH18) were essentially the same as those of the drum.

Fiberboard temperature channel CH07 peaked 74"F higher than channel CH06. Upon
disassembly, CH07 was found to be nearly at the char boundary, while CH06 was not.
Appendix 3 includes pertinent measurements. Discontinuity in fiberboard channel. CH06 after
900 minutes was due to disturbances during facility disassembly.

Table 5 summarizes internal temperature peaks. Appendix 3 includes hardware evaluations.

Table 4. 9975 Preheat Temperatures

Channel Location Initial (0 hr) Peak and Time
CHOI Drum bottom center 760F 83'F, 104 hr
CH02 Drum side 7 6F 86'F. 101 hr
CH03 Drum side, 180" apart 75"F 87"F. 101 hr
CH04 Drum lid 76"F 84"F, 99 hr
CH05 Drum lid, redundant 76"F 84'F 99 hr
CH06 Fiberboard mid-wall 75"F 107"F: 104 hr
CH07 Fiberboard mid-wall, 180' apart 75"F 104"F, 104 hr
CH08 Lead side 7 4"F 137"F. 110 hr
CH09 Lead side, 180" apart 74"F 134"F. 110 hr
CH10 PCV lid 76"F 169"F, 112 hr
CHR1 SCV seal 74"F 148"F. 110 hr
CH12 SCV seal, 180" apart 74"F 150'F. 111 hr
CH13 SCV side 74"F 149"F. 110 hr
CH14 SCV side, 180' apart 74"F 152"F. I1 hr
CH15 Upper bearing plate 74"F 122"F. 109 hr
CH16 Shield side 76"F 88'F. 102 hr
CH17 Shield side, 180' apart 76"F 89WFE 101 hr
CH18 Shield top 76"F 84"F. 99 hr
CH19 Preheat ambient 77" F 80F. 98 hr

Drum pressure was similar to that of the 9973. During heating, it peaked at 0.44 psig at 11
minutes, after which it returned to the initial value. However, it did not experience the negative
pressure dip observed for the 9973. It again briefly increased and peaked at 0.04 psig at 60
minutes. Following a return to the initial value, the pressure gradually increased and peaked at
0.66 psig at 745 minutes. Again, it is not obvious whether the gradual increase was due to
packaging behavior or facility conditions. While no vigorous gas emission was observed,
markings on the shroud indicated some jetting occurred.
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Disassembly revealed charring had penetrated greater at poorly adhered glue joints that at well
adhered joints.

Table 5. 9975 Peak Test Temperatures

Channel Location Peak and Time
CH06 Fiberboard mid-wall 331"F, 72 min.
CH07 Fiberboard mid-wall, 180" apart 385"F. 62 min.
CH08 Lead side 189"F, 73 min.
CH09 Lead side. 180" apart 190"F. 71 min.
CH10 PCV lid 199'F, 530 min.
CHIl SCV seal 184'F, 380 min.
CH12 SCV seal, 180" apart 184"F. 375 min.
CH13 SCV side 185"F. 365 min.
CHI4 SCV side, 180" apart 185"F. 375 min.
CHI5 Upper bearing plate 195"F, 91 min.

CONCLUSION

Both the 9973 and 9975 packagings performed as intended and both tests were successfully
accomplished. Test conditions were kept within acceptable limits. That the 9973 test
environment satisfied regulatory requirements is documented in the Sandia test report5 .
Packaging acceptance criteria were satisfied, as summarized in Table 6.

Table 6. Acceptance Criteria Summary

Criteria 9973 Results 9975 Results
Containment vessel seals PCV: NR PCV: 1991F4
< 400"F SCV: 165"Ft SCV: 184"Ff

Lead r. 620'F melting point Not applicable 190*F*
Fiberboard not burnt No evidence of burning No evidence of burninx
Containment vessel leak PCV: 2.5 x 108 sidma3 Hesez Not measured
< L96xlO'Tsldm 3 Heoeat 14.7 SCV: <2.8xlO9stdn3FW=
psid (both at 150 psid)
tActually vessel tempemtures adjacent to seals.
*Outside wall at mid-height.

Having the thermal blanket present did significantly retard and limit the shield top temperature
rise during accident heating. No fiberboard burning occurred, indicating that no air reached the
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heated fiberboard and further indicating that the shield functioned as intended. The vent plugs
were completely consumed while the drum lid gasket, although fully charred, remained intact

The fiberboard junction step, although fully charred, remained intact. There were no
indications of radiant heating from the drum wall to the 9975 lead cylinder or 9973 SCV.
Therefore, any gapping that may have occurred, particularly in the 9973 as a result of drop
damages, was successfully overcome by the step. Poorly adhered glue joints allow greater
char penetration than do well adhered joints.

As expected, the drum temperatures responded quickly to the heating and cooling
environments, while large internal. temperature increases occurred only in charred regions.
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APPENDIX 1

INSTRUMENTED ASSEMBLY OF THE 9973 AND 9975 SHIPPING PACKAGINGS (U),
WSRC SRTC E&MT Procedure FP 558, Rev. 0 (Performed May and June, 1994)
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Instrumented Assembly of the 997.pping Packagings (U)WRK IM Our

COPIED BY
copY DATE
E.XLAI DATEApprovals

P&T Engineer Date: ____'_/___

~v Date _-7//'JTfFT&OS Engineer . -- m

P&T Task Leader.

SRTC CQF

E&MT Manager <

Purpose

Date SZ11Z41z..

Datez4•

This procedure ensures proper, documented assembly of the 9973 and 9975
shipping packagings that will be subsequently thermally tested.

Scope

This procedure pertains to the task work supporting certification of the 9972-series
packaging. This procedure applies to preparation of the 9973 shipping package that
will be used for the certification drop, puncture, and thermal test, and applies to the
9975 shipping packaging that will be used for the benchmark thermal test.
Prerequisite to this procedure are provision of the standard packaging hardware
and, for the 9973, the containment vessel assembly. This procedure directs
modification of the standard hardware for thermal test purposes.

Procedure performance assumes close cooperation of the test'engineer and the
fabrication shop. The test engineer will direct the work and be allowed substantial
leeway during assembly. This is appropriate since this work is custom in nature.
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Terms and Definitions

9973 packaging - Drum-type radioactive materials packaging design defined in
attachment 1, 3, and drawing S5-2-11039.

9975 packaging - Drum-type radioactive materials packaging design defined in
attachment 2, 3, and drawing S5-2-13100.

Standard packaging hardware - Those items excluding radioactive materials
necessary to assemble the packaging, including for the 9973 in this case an
assembled, pressurized and leak tested containment system.

Responsibilities

FT&OS Engineer

The Equipment and Materials Technology (E&MI) Fabrication Technology and
Operations Support (FT&OS) engineer is responsible for

* ensuring standard packaging hardware is available
* facilitating fabrication support, including shop access and manpower

P&T Task Leader

The E&MT Packaging and Transportation task leader is responsible for
* overall task coordination, including the work covered in this procedure

P&T Engineer

The E&MT Packaging and Transportation engineer is responsible for
* the test engineer role, including preparing this procedure
" initialing and dating each step upon satisfactory completion
* approving and noting within the procedure all deviations to this procedure

Shop Foreman

The Shop Foreman is responsible for
* providing qualified personnel to assist in executing this procedure
• providing a safe shop environment for doing this work

Safety

Shop personnel are to know and follow shop safety practices. E&MT personnel
are responsible for heeding shop safety rules.

The 9975 sleeve may require special controls due to its being lead. Cadmium
plating may be present when welding conduit fittings.
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Acceptance Criteria

The acceptance criteria is that the P&T engineer has initialed and dated each
procedure step and any associated deviations.

Required Instrumentation and Equipment

The following equipment is necessary to perform this procedure:

" typical shop mechanical and fabrication tools (e.g.. wrenches, drills, etc.)
" standard 9973 and 9975 packaging hardware with a 9973 containment

vessel assembled per E&MT FP 516 and FP 519 and an unassembled 9975
containment vessel (supplied by the FT&OS engineer)

* mineral-insulated type K thermocouples, .63 in. dia. x 180 in., Gordon
ABEOOOQ99OUK30X, M&TE #TR-3236---TR-3251 calibrated to 1000'C
and TR-3252---TR-3275 calibrated to 600"C (supplied by P&T Engineer)

* 3/4 in. flexible all-metal conduit, panel fittings, and end terminations (2 ea.)
* 4.7 min. dia. x 8.4 in. min. length bar (carbon or stainless steel)
* loose high temperature fiberglass insulation as required to fill small holes
* small nylon or similar wire ties
* 1/4 in. dia. thin wall copper tubing, approx. 22 feet
* .002-.003 in. stainless steel sheet sufficient for retaining thermocouples
* tack welding capability (likely via E&MT Equipment Engineering)

, v s ' • electric heater element, Master Appliances HAS-041K or similar, and lead
wires (supplied by P&TEngineer °4 , *..- . F/hA
ohmmeter with sensitivity t<2178• , , s,'.,da,,

50c'4 M&TE calibration noJexp. date: A11/ . s/-•4 ((•. ,,A)

1 pressure tap fittings (supplied by P&T Engineer)j~ ~~ ~~~rs (5,.- ch A 1"3.c , '.b,4,. l., ,0a

Procedure

1. General Instructions

1. DO NOT bend thermocouples smaller than a 3/16 in. inner bend radius.

2. Ensure each thermocouple M&TE number remains attached to the lead end.

3. DO NOT allow exposed thermocouple wires on lead ends to be broken.
When routing thermocouples, a closed piece of tubing may be used as a
protective casing.

4. Verify thermocouple calibrations and, per ASTM E-1350, measure the
thermoelement loop resistance of each thermocouple prior to installation.
Record the results in Table 1.

ýAw 47 Da

Initials_,,ýeLDate -S /ý qf,,
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5. When cited, measure the post-installation thermoelement loop resistance per
ASTM E- 1350. If damage is indicated (measured before and after installation
resistance difference is >5%), repeat the procedure steps necessary to replace
the damaged thermocouple(s). Explain, reinitial, and redate repeated steps.

6. Minor notching of the fiberboard (width less than 1/4 in.) is allowed as
necessary for muting leads.

7. Thermocouples should be attached such that at least 1.5 in. from the junction
ends are in expected isotherms.

8. Attach thermocouples to steel surfaces by forming a small sheet metal retention
strap over thermocouple and then tack welding the strap to the surface. See
attachment 4 for example.

Attach thermocouples to lead and aluminum surfaces by grooving the surface 1
thermocouple dia. wide by 1.5 dia. deep and approximately 1.5 in. long or
longer if necessary for retention, inserting the thermocouple, then peening the
groove edges to retain the thermocouple.

WARNING - do not burn through the thermocouple sheath when welding or
crush the sheath when peening!

2. Drum and Lower Fiberboard Preparation and Instrumentation

1. Drill a hole in the side of the 9973 drum for attachment of the 3/4 in. conduit
bulk head fitting. The hole is to be such that its center will be at the elevation
of the inner fiberboard step and is to be central in the quadrant of 2 adjacent
vent holes.

Initialsý 1V Dat

2. Drill a hole in the bottom of the 9975 drum for attachment of the 3/4 in. conduit
bulk head fitting. The hole is to be eccentric from the axis 3.6 in. and is to be
central in the quadrant of 2 adjacent vent holes.

Initialsch fL Dait in s w tt uo'

3. Attach the 9975 conduit fitting and seal weld it at the drum exterior.

InitialsŽ•Da.e J/ 9i,'l
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4. Using 100"'C calibrated thermocouples, attach the 9973 and 9975 drum
interior thermocouples at the bottom center and mid-height per the sketch and
complete the below table. Carefully route the leads out of the conduit hole.

NOTE - Bottom thermocouples may be omitted for later attachment at SNLA.

4O4~~-~

5

2f-

Vent (typ)

-9973 conduit
hole

* -- Pressure tap
j aprox. 10 in.

9975 conduit hole

T" 9973 [9975
Location M&TE No. X (in.) M&TE No. X (in.)
1 TR .2 g6 ____ TR- 34/____

2': . .... 3r" -" 1 ... .... . ...' l .. .: € .: •' .z:$::• . x2

3 TR- 3 TR- 3,.2'I 7Y,.

4 TR- 323: _TR- __ ,__ 1_:_.
5R 3~~ 2- ýqTR- ja v3 /7:k..

Initials Date- 05W~-~

5. Drill a hole for, and seal weld the pressure tap fitting to, each drum exterior at
the location shown. 8/ my' .Mi"

-q '?/73 ,4 u-(.r

Initials AP" Dat

6. Assemble the 9973 lower fiberboard in the drum using the assembly method
defined by the FT&OS engineer. Cut a channel radially inward in the

(C c4 o , fiberboard 1.8 in. wide and .8 in. below the conduit hole center.

• t WARNING - do not deform or dislocate the drum thermocouples!
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7. Attach the 9973 conduit fitting with existing leads passed through. Seal weld it
at the drum exterior.

WARNING - do not ignite the fiberboard or excessively heat the leads.

Initials Date • q/€€ (p!,• • ., ,,.-

8. Assemble the 9975 lower fiberboard in the drum to the layer nearest a 17 in.
elevation. At the conduit fitting, counter bore the fiberboard 2 in. dia. by 1 in.

(A COW4 'ý" ' depth. Drill a 3/4 in. hole up from the conduit hole through the bottom solid
1,0 4de1,e layers and lead bearing plate. Extend the cut to the top layer of fiberboard as a

, -,4r ýi) channel for instrumentation leads.

WARNING - do not deform or dislocate the drum thermocouples!

Initials_2ý = Date____

9. Using 600C calibrated thermocouples, attach the 9975 fiberboard
thermocouples in the middle of the fiberboard as shown in the sketch below
and complete the table. Carefully route the leads out of the conduit hole.

WARNING - ensure leads will not be crushed by the containment vessel.

Y (typ)

xF

(-17 in.) NO-± ~ -1 V Pu-1 \

TC 19757 _
I.cation M&TE No. X (in.) Y (in.)

6 3IR- I if 1067 I~TR- 31 3 1/16. a5S-

Initials-22v14Date______/0'
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10. Complete assembly of the 9975 lower fiberboard. Cut the channel through the
added fiberboard layers.

Initials •,, Dam /l,"7q

11. ocouple operation per 1.5.

InitialsDate

141

a' -

3. Lead Sleeve Preparation and Instrumentation

1. Using 600"C calibrated thermocouples, install the lead sleeve thermocouples as
shown and complete the table.

WE31' NN'..."

.............

×8

X
(1/2 height) M

Insert with arrow towards conduit hole

TC 19975
Location M&TE No. X (in.)
8 I -2.5
9 TR-.

TnitialsjŽ!±....Date 159
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2. Insert the lead sleeve into the 9975 packaging fiberboard. Align as shown in
the preceding sketch. The hole in the lead bearing plate may require shaping to
ensure passage of the leads and subsequent leads. Carefully route the leads out
of the conduit hole.

WARNING - do not deform or dislocate the fiberboard thermocouples!

Iitials jw4Date //9

3. Ve uple operation per 1.5.

Initials Dam

.q.l

4. Containment Vessel Preparation and Instrumentation

1. Fabricate mock content mass of carbon or stainless steel as shown in the below

drill 1.38
thru center

drill .28 thru
center, tap ends
.5 depth for-5/1fte
set screws

groove,

.2 at top

I

3fl14

K- 4.7nin. -- ON-

Initials -LAP-ýDam S 19zt/
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2. Install and label the electric heater leads and install the heater into the mock
content mass as shown in the below sketch. Leads are to be 15 ft.

Heater
Insert rod
thru hole

= uMa

et screw (2), 1/4 ss tube 0"'
(2), 3/32 ss rod, adjusted for
moderately loose retention of
heater thru base

Lead labels:
I1111

P1,V1,P2,V2

WARNING - ensure bare electrical leads are, and will remain, isolated!

Initials M 4 Da= L< ?
3. Weigh the mock content assembly and record below.

Weight /2, 2 (kg)

Initials 5~ Da A2 '
4. Drill a .5 in. hole in the 9975 inner containment vessel bottom center and

smooth edges. Drill and tap two groups of 3 equally spaced set screw holes,
one set at 5.8 in. from the vessel top rim and the other at 9.5 in. from the
vessel top rim.

Initials 2Apn4 Date 5/-t2-310

Appendix 3.5 -70 of 106



Revision 1 S-SAR-G-0000 1

Savannah River Technology Center Procedure: FP 558. Rev 0
E&MT Field Procedure E&MT Job Folder: 22306

Category: 1
Instrumented Assembly of the 9973 and 9975 Shipping Packagings Page: 10 of 23

5. Install the mock content in the inner containment vessel. Axially align and
retain it with the two groups of 3 set screws. The upper group is to set into the
"V" groove in the mock content. CarefuUy route leads out the vessel bottom.

Initials A"IDam~ 52i/zZY
6. Complete assembly of the 9975 inner containment vessel using existing seals.

nDate 51-Z,//9

7. Using a 600"C calibrated thermocouple, attach a thermocouple to the 9975
inner containment vessel lid per the sketch and complete the below table.

X, as close as
reasonably possible

Top View

LctCo IM&TE No. Xi.

10 1TR- 3.2.536

InitialSL_ !4 Dame .5-/2 /0

8. Drill a 1/2 in. hole in the bottom center of the 9975 secondary containment
vessel and the associated honeycomb. Round all hole edges.

InitialsAppenDate 3 .5 3/9
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9. Insert the 9975 inner containment vessel into the outer containment vessel.
Complete the 9975 secondary containment vessel assembly using existing seals
and upper honeycomb. Carefully route leads out the vessel bottom.

0at^ thg ier Iese (Alds L4"

WARN`Fý - a n r' eorm.rsloate the inner vessel leads!
1-4', b

InitialsL. 4Date s
10. Retain the leads coming from within the 9975 vessel into one of the skirt

notches by tack welding a stainless steel rod across the notch outside surface.

WARNING - do not excessively bend or heat the leads!

4-11. Verify heater lead continuities and no shorting to the vessel assembly.

Initiais _ a"7Lk

12. Using 600C calibrated thermocouples, install the 9973 and 9975 secondary
vessel exterior thermocouples per the sketch and complete the below table.
Install for routing of 9973 leads upward and 9975 leads downward in the
indicated direction.

mid-slope, 9973 may12 require mechanical

11 attachmentX

(1/2 height)

'13 12/14 
11/13

I

?'77 9975

,/?9,V Top View

/l5sert assemblies
with arrow towards

conduit hole
App 

ndi 

3.0 

7 
f 

0
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TC 9973 19975
Location M&TE No. X (in.) M&TE No. X (in.)

12 TR-i 2 S a _______-______ . TR- 32 62 _,

13 jTR-3'2S7q S," S TR-3 24,3 //,
14 TR- 3,2 6 0 MR- ?96•' -/" //. 0

__________ A - - 4 - - -- . & a

'Ff J-7: A--V "S' 31RO

Initials #-24 Da= 1 /
TPR3zS 5- (,I'd I ý

13. Insert the 9973 and 9975 containment vessel assembleis nto the respectVe .,.
lower drum assembly oriented per the preceding sketch. Carefully route the I-
leads out of the conduit hole. For the 9973, ensure clearance between the
vessel, existing thermocouples, and fiberboard is adequate for expected drop
test movements.

WARNING - do not deform or dislocate any of the thermocouples!

99IV,-J w- 5t3?P
Initials /A-ý1Dai= /69

14. y ouple operation per 1.5.

IntialsDate___

fik s4f 0

5. , Upper Insulation Preparation and Instrumentation

1. Using 600'C calibrated thermocouples, install 2 thermocouples on the upper
center of the 9973 bearing plate (designated TC location 15 & 16) and 1
thermocouple on the upper center of the 9975 bearing plate. Complete the
below table.

[TC 9973 9975
Locato M&TENo. M&TENo.
15 6R-T TR-~ -ýA
13- TR- ".63 - -

Initials Date____3/_

2. Assemble the 9973 and 9975 upper fiberboard, including the bearing plates.
Route the 9973 leads radially outward through the fiberboard. Notch the 9975
inner cavity wall for the thermocouple leads and carefully route the 9975 leads
around the plate edge and down the notch in the cavity wall.

-73: I4 -/ /2

Initials Dam - 7 f
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3. Using 600"C calibrated thermocouples, install thermocouples on the inner
surfaces of the insulation cover for the 9973 and 9975 packagings per the
sketch. Complete the table.

I-
.2 in.

18

19

17.

Side Section

17

Top View

Align bearing plate
leads, cover, and

conduit hole with arrow

TC 19973 9975
Location M&TE No. M&TE No.
17 iTR- 12- TR-3171
18 TR- 3 2fi TR- 3 -7,

19 TR- 3 2-7o TR- 3,. -73

Initials 1*tO4 Date o9

4. Attach the insulation cover to the upper fiberboard oriented per the preceding
sketch. Route leads to join with the existing bearing plate leads.

WARNING - do not dislocate the bearing plate or cover thermocouple leads!

Initials- 4 Daiae4
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5. Using 1000"C calibrated thermocouples, route 2 thermocouples up from the
conduit hole of each packaging. These will be later attached to drum lid.

Initials_ - Date_ __

6. Pack fiberglass insulation around the leads in the cut out region at the 9973
conduit hole and in Pe cut channel in the 9975.

Initialsj DaM 5shi/q'/ Ce11'- rwI/k..&

7. Install the upper insulation assemblies in the orientation noted in the preceding
sketch. Notch the insulation cover as necessary for the lid thermocouples.
Notch the 9973 as necessary to ensure adequate room for thermocouple
movement during the drop test. Carefully route leads through the conduit hole.
Leave the lid thermocouples extending approximately 1 ft. from the upper
surface.

WARNING - do not deform or dislocate existing thermocouple leads!

IS " 'iv' AT kp:l" ý 04initials = D ate it %N ~ CA -k 01.

8. ouple operation ýper 1.5. Sý ? 7,~ U

nitials *• Date" 0" r

6. , Drum Ud Preparation and Instrumentation

1. Centrally attach the 1000"C calibrated thermocouples to the inside of the drum
lids (designated TC location 20 & 21). Complete the table.

TC 19973 -. 997 .
Iocation I M&TE No. -M&TE No.

YP4

j20 jTR-:3z9f ITR-32,96
1 ITR-3a/S~ ITR-3ý47

Initia~s-,u 4e Date 12 ,/

2. Install the 9973 drum lid such that the thermocouple leads have sufficient
leeway for deforming during the drop test. Install both drum lids such that the
thermocouple leads are not overlapping or severely bent. Tighten the drum
closure ring as directed by the FT&OS engineer and note the method below.

WARNING - do not severely bend or dislocate the thermocouple leads!
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Ring tightening method: 2 3- W, v-

Initialsý _^4-f Date ;:L:Z/

per 1.5.3. Verify

-~_-d

0~r ~-2-i

7. Protective Conduit Assembly

1. Ensure that each lead is tagged near the end so as to be identifiable after
installing the protective conduit.

Initials ,-t- Daz 5 fI/I/99

2. For each packaging, carefully align the leads so they am parallel. Add an
approximately 11 ft. length of deburred copper tubing to each packaging lead
grouping, terminating 2 in. from the conduit fitting. Tightly bundle each lead
and tube grouping at the tube end near the drum and at 1 ft intervals thereafter.

7 'F'3,h- s S/2;/,,9 / 7 V2 ' r- 4 , ,, -7, A / -I
A

Initials pLA Dae %/z1/9 _r4 i 5r W-7 r 395'7

3. For each packaging, tightly pack loose fiberglass insulation into the conduit
lead hole.

WARNING - failure to tightly pack the hole could cause air ingress into the
packaging during tie tet and subsequent test failure!

Initials A/ 4 Daw " /.I I
4 AIhpy

4. Attach and tack weld a 4 ft. length of all-metal conduit to each packaging,
carefully sliding the conduit over the bundled leads.
IFY"79: ',/ i zsf' _•,Ac -1' 9,_•!, -73,, >f

~tials2~•Date W:&i -7 S_- rld-1114 k4 SM-1,

5. Attach the end termination fitting on the free conduit end. Do not tack weld
this fitting to the conduit.

51 rl'1i

Iniias _rDate
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6 431

? '~)rh

6. Perform a final thermocouple verification check per 1.5 and record the results
in Table 1. For uninstalled thermocouples, merely note "NA".

" 9'9, ' 7 -k . ,-5 7 -7 -1,- " f L

Initials /- D at A!•/ •r ' " "4 *'" -

7. Carefully slip a length of heavy wall plastic or similar tube over the remaining
exposed leads and join to the conduit with a union fitting or another suitable
means. Fix this protective conduit assembly to the packaging sufficient for
drop testing (9973) and shipment to Albuquerque. This may require fixing to
the drums by tack welded wires and, for the 9973, making and tack welding a
protective roll bar on the drum side at the conduit connection.

Ini iti as I -A . -5 11

Records

The following documents shall be retained as records in accordance with SRTC Li
procedure 8.17:

1. This approved procedure (prior to use), per the E&MT procedure control
system

2. This procedure once completed.

References

1. E&MT Procedure No. FP 516, Rev. 0, "Load Procedure for the Primary
Containment Vessel of the 9973 & 9974 Shipping Containers."

2. E&MT Procedure No. FP 519, Rev. 0, "Load & Leak Test Procedure for
Secondary Containment Vessel of the 9972 Family of Shipping
Containers."

3. ASTM Standard E-1350-91, "Standard Test Methods for Testing Sheathed
Thermocouples Prior to, During, and After Installation."

I ~c~f~ t12) 1.4)

/,.s 4 C "• , , !f, - ""/ 6/Vl'f

, If -A pd x, . 5 -7 7 of 0 W
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Tr,ft 6 I'm ' Th~irmna'~numnl~ In~ftalI~tInn VArifk~tinn RA~I~tAnc~A~
.h rnn Io Verification Resistances....

M&TE No. Cal. Range Pre-Installation Post-Installation
(786-A log) (0"C to...) Resistance (gO) Resistance (j-a2,
TR-3236 t"-/c.6. -7.5"-- a 6-1. i
TR-3237 6 4 ., .
TR-3238 _ _,_,_ _ _--7,' j7..
TR-3239 66. 9 676. S
TR-3240 6?. 7 S,

TR-3241 67. -7 6--. 66, o
TR-3242 •-^. 2 66.4'
TR-3243 _ £.c• 6'.. 9
TR-3244 .- 7.-7
TR-3245 .'

TR-3246 -._-_I o._ _

TR-3247 -6. "•. '
TR-3248 66.0
TR-3249 44_ _____

TR-3250 . "__ .____ ___

TR-3251 ,9qi•C., q1_ ,"___,_
TR-3252 58q 4. ,o"7,0
TR-3253 4'V - 7.1 66. 1
TR-3254 5es 5r.2. ,,__'. _

TR-3255 58' 6-7.
TR-3256 533,o 02'-7. o
TR-3257 5-3 64. ."; 46, z-
TR-3258 ss3 6-.. 6,1.. 65.
TR-3259 59 6 -7. , 1. ;1.8

TR-3260 5r s_-1_9._- _ 68.1-
TR-3261 5 Y / 6-7.2
TR-3262 s-?6 65.3 6144
TR-3263 6•1.,. _-___, __

TR-3264 5.6o
TR-3265 :;'16 8.0 66- 67.,
TR-3266 _____ -70.3 617 ,

TR-3267 5g3 ? 64. 1 ___.__.

TR-3268 5-76 9.5 ,',3
TR-3269 5`77 /"/,-'9 _____ ,_ _ .
TR-3270 5e__--, 67.3 66.9
TR-3271 5_81-_ 67.1 6.2.
TR-3272 5-% _15_. 7 __ _q. _

TR-3273 ___ _,, _ g!5. _ _ _ _ _ _

TR-3274 S7V-3 4 67.-7 ___ M

TR-3275 5"7 "s. -,

114J

A

,- t '1 .P

",
w .,. /- /

It, •/,W -,•'i- ''••€
¢,€,r t'•

o/./,

F1Q-6da
Te;.Ov 'u

j ".-r

6 Lcq7'"•
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Attachment 1

F II3ERBOARO COMPOSEI)
OF '-2" THICK LAYERS

BONDED TOGETHER
AS SPECIFIED -"\

NO CLUE
ON SIDES
1,>'" DIA.

GAP

9973
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Attachment 1 (cont.)
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Attachment 2

"a CL I~;iwi *,ll,.

'14

A%~t .. wz abut 11 ;

lilt -

CY.CflllfllC ajOul CLl~llU

11.11

q-75
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Attachment 2 (cont.)
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Attachment 4

Example Thermocouple Attachments
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APPENDIX 2

WSRC TEST REQUIREMENTS FOR 9973 AND 9975 PACKAGING TESTING (U),
WSRC Memorandum SRT-PTG-94-0033, M. N. Van Alstine to W. Gill, May 23, 1994.
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( Westinghouse P0 8ox 616

Savannah River Company Aiken. SC 29802

SRT-PTG-94-0033

May 23, 1994

Mr. Walter Gill
Sandia National Laboratories
P. O. Box 5800
Mail Stop 1135
Albuquerque, NM 87185-1135

Attention: Mr. Walter Gill

Dear Walt:

WSRC TEST REQUIREMENTS FOR 9973 AND 9975 PACKAGING TESTING (U'

This memorandum identifies WSRC's test requirements for SNLA's thermal testing of the
9973 and 9975 packagings. In general, SNLA test work shall be planned, coordinated,
controlled, and performed in accordance with approved written procedures or equivalent test
planning documents developed and approved per SNLA work control implementing
procedures. SNLA shall address the included WSRC test requirements.

WSRC will provide assembled and internally instruments packagings and additional
thermocouples. WSRC is responsible for post-test disassembly and evaluation of the
packaging hardware.

Test Planning

" SNLA shall prepare a test procedure or equivalent test planning documentation
addressing the information identified in the attachment

" The SNLA test procedure shall be uniquely identifiable, legible, and retrievable.

* SNLA shall document review of the test procedure for technical and administrative
details prior to approval. SNLA should provide WSRC a draft by May 27, 1994.

* SNLA shall include myself or my designee and the WSRC Quality liaison, whom I will
identify, on the test procedure approval.

* SNLA shall ensure that personnel performing test activities are trained and qualified.

Test Performance

• SNLA shall perform the test following the documents prepared during test planning.
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Evaluation of Test Results and Data

SNLA shall evaluate and in the test report document the comparison of the results
obtained to the acceptance criteria in the attachment. The test report is to also describe
the test requirements, facilities, procedures, and test execution.

The SNLA test report author shall sign and date the test report draft and forward it to
myself or my designee. WSRC shall accept or reject the test report based on the
evaluation adequacy. If WSRC rejects the test report, SNLA and WSRC shall work to
resolve the deficiencies.

0 Upon written WSRC acceptance of the test report, SNLA shall distribute the fimal report,
including 10 copies to myself or my designee.

Post Test Hardware Disposition

• SNLA shall offer to WSRC custody of all test materials provided by WSRC, and shall
assist WSRC in return transportation of materials.

* WSRC shall assume responsible for final disposition of all WSRC test materials.

Records

SNLA shall provide myself or my designee with the following records:

" Approved test procedure in prior to use condition

* Completed test procedure, including data records (3.5 in. diskettes)

" Test report as noted previously

* Any associated nonconformance documents indicating resolution of nonconforming
conditions

" Any additional supporting documentation or documents deemed as records as prescribed
within the SNIA test procedure

We tentatively are scheduled for performing these tests the week of June 5, 1994. Please
schedule the SNLA test planning accordingly.

Sincerely,

Mark N. Van Alstine, Senior Engineer
Savannah River Technology Center

CC: R. J. Gromada, WSRC, 773-53A
E. KI Opperman, WSRC, 773-54A
J. Pardo, WSRC, 992-IW
S. J. Hensel, 773-42A
J. W. Jerrell, 773-42A
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ATTACHMENT

Objective

WSRC requires that 2 tests be performed. An undamaged 9975 packaging will be tested to
provide bench marking support for WSRC analytical models. A damaged 9973 packaging
will be tested as part of the 10 CFR 71.73 hypothetical accident condition (HAQ) sequence.

SNLA is to provide this testing per the acceptance criteria and requirements below and is to

document the degree that the acceptance criteria have been satisfied.

Acceptance Criteria

" For the 9973 HAC test, SNLA shall provide sufficient evidence that the heating
environment satisfied 10 CFR 71.73 (c)(3) and that the minimum drum temperature was
maintained at > 815"C for the regulatory time. The maximum drum temperature should
not exceed 1040"C.

* For the 9975 preheat, SNLA shall report packaging and ambient temperatures and note
ambient conditions relative to the shade and still air requirement.

" For the 9975 benchmark, SNLA shall provide sufficient evidence that the heating
environment satisfied 10 CFR 71.73 (c)(3) but with the drum temperature sides
maintained at 815±10"C for the regulatory time. (The minimum drum temperature will
likely be less than 800"C.)

• For the 9975, SNLA shall provide evidence that the heater power level remained 21+2. 1/-
0 W except during brief periods (less than 1 hr) for packaging movement, during which
power may be suspended.

* SNLA shall provide sufficient evidence that the remaining requirements of 10 CFR 71.73
(b) and (c)(3) have been satisfied.

" SNLA shall provide a conclusive assessment of the functionality of all thermocouples
during the tests.

Hold Points

SNLA shall have approval of the WSRC test engineer
" prior to installing insulation on the instrumentation leads (WSRC shall verify that the

nitrogen purge and instrumentation leads are connected).
" prior to initiating the thermal test (WSRC shall verify that the orientation is correct, the

instrumentation leads are protected, the data acquisition system is ready with correct
channel to thermocouple correspondence, and the packaging is at steady state).

" prior to test termination (WSRC shall verify that the packaging is at steady state).

Deviations

* SNLA shall obtain approval of the WSRC test engineer and quality assurance liaison
prior to an otherwise not permitted deviation from the approved test procedure.

Test Requirements

" SNLA shall provide the packaging fixturing.
" SNLA shall provide a nitrogen purge with attachment for the 1/4 in. packaging tube.
" SNIA shall provide sufficient insulation to protect instrumentation leads.
" SNLA measuring and test equipment calibrations shall be current and traceable to NIST.
• SNLA shall allow test access to cleared WSRC personnel.
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" SNLA shall be amenable to installing external thermocouples as provided by WSRC.
" SNLA shall assess proper function of facility and packaging thermocouples prior to and

following the tests.
• SNILA shall provide attachment of a pressure tap line (.25 in. dia. stainless steel tubing) to

a tap in each packaging.
• SNiA shall provide and operate instrumentation and data acquisition with capabilities for

* 22 channels of type K thermocouple couple input from each packaging
* a controlled power supply for the 21W heater .
* a 1 kPa pressure transducer for dead head pressure reading from a tap line (NIST

traceability optional)
* data acquisition with storage to DOS-formatted 3.5 in. diskettes.

• SNLA shall measure pre and post test drum diameters at consistent central locations.
• For the 9973, SNLA shall acquire ambient and packaging temperatures and pressure

throughout the test duration at an interval of 10 seconds.
* For the 9975, SNLA shall acquire ambient and packaging temperatures at an interval of

10 minutes during the preheat and shall acquire ambient and packaging temperatures and
pressure throughout the test duration at an interval of 10 seconds.

" SNLA shall preheat the 9975 by energizing the internal heater to the prescribed power
and perform the preheat in a shaded, still air environment.

• SNIA shall test the 9973 packaging on its side with the instrumentation conduit down.
* SNLA shall test the 9975 packaging upright with maximum thermal symmetry.
• SNLA shall initiate each test when the packaging temperatures reach steady state in a

normal (approx. 25C) ambient. This may take up to 5 days for the 9975 preheat.
* SNLA shall terminate each test when post-heat temperatures cool to steady state.
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APPENDIX 3

DISASSEMBLING THE 9973 AND 9975 THERMAL TEST PACKAGINGS (U), WSRC
SRTC E&MT Procedure FP 570, Rev. 0 (Performed June and July, 1994)
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Disassembling the 9973 and 9975 Thermal Test Packagings

Approvals

(U)

P&T Engineer ~4z44Z ~Date: 6hiz 9'!

P&T Task Leader.

SRTC CQF~

A 14 DateL.•zZ

Date4lo./~
6/

E&MT Manager

Purpose

This procedure ensures that test data is recovered during disassembly of the 9973
and 9975 shipping packagings that have been thermally tested.

Scope

This procedure specifically applies to the 9973 and 9975 packagings that have been
assembled per procedure FP 558, rev. 0, and have been tested at Sandia National
Laboratory the week of June 5, 1994.

Piocedure performance assumes close cooperation of the test engineer and shop
personneL The test engineer will direct the work and be allowed substantial leeway
during disassembly. This is appropriate since this work is custom in nature.

Terms and Definitions

9973 and 9975 packagings - Prototype drum-type radioactive materials
packagings produced by execution of procedure FP 558, rev. 0.

WORKING COPY
COPIED BY 9L
COPY DATE A

EXP. DATE LI3
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Responsibilities

P&T Task Leader

The E&MT Packaging and Transportation task leader is responsible for
overall task coordination, including the work covered in this procedure

* allowing work past engineering witness points (if this waives other
witnesses, he shall note this in the procedure next to their names).

P&T Engineer

The E&MT Packaging and Transportation engineer is responsible for
0 the test engineer role, including preparing this procedure
0 initialing and dating each step upon satisfactory completion
* obtaining task leader approval before passing engineering witness points
* approving and noting within the procedure all deviations to this procedure

other than engineering wimess point waivers

Shop Foreman

The Shop Foreman is responsible for
• providing qualified personnel to assist in executing this procedure
* providing a safe shop environment for doing this work-

Safety

Shop personnel are to know and follow shop safety practices. E&MT personnel
are responsible for heeding shop safety rules.

The 9975 sleeve may require special controls due to its being lead.

Acceptance Criteria

The acceptance criteria is that the P&T engineer has initialed and dated each
procedure step and any associated deviations.

Required Instrumentation and Equipment

The following equipment is necessary to perform this procedure:

* typical shop mechanical and fabrication tools (e.g.. wrenches, drills, etc.)
* 9973 and 9975 packagings
* VHS video camera and 35mm still camera
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Procedure

1. General

1. During disassembly, mark the relative locations of all parts using a highly
visible, durable marker. Someone should be able to reassemble the parts based
on the markings.

.2. All parts are to be retained and stored inside as directed by the P&T engineer.

3. Observations must include the following as applicable:
* when relative to a thermocouple (TC) location, the TC M&TE number
• TC attachment condition
• note char depths relative to inner undamaged surface
* traces of water condensation
* effe•ts of conduit penetration
Sdrop damage effects to 9973
* movement (tollapse, etc.) of parts
* heat marks and exhaust patterns
* evidence of burning
* effects of adjacent features.

4. Cut TC and wire leads as necessary for disassembly.

5. Take enough video and still pictures throughout for complete reference.

2. 9973 Disassembly

1. Remove the conduit cover up to the drum fitting. Record observations below.

54 f'-"1 "SA IZ ,•Ki/ , %dr 14 e, Z /r d l

".A& M PMAI rpL f-,,

Initials_42~ Date 16/1 71y
2. Remove the drum lid using the closure bolt and ring. Record observations

below.

n 3 / 9
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3. Cut the drum laterally and across the bottom as shown below and remove the
upper half. Records observations below.

cut

Cu offset W iod bottom CorWdut FiRf
•mnocopIe

, r jaw) 4b
V " I t

1AIe A, iJ/ ,ý1 AV

S- I w VreL..) A-dol ,4 /-,

6 z,4 , /ztly/- X S 11,4a) A 0 r,-,
A$.

initils-21ý Dat
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ENGINEERING WITNESS POINT

Request the following to witness, initial, and date:

S. 3. Hensel Initials _ D40 6--

E. Kvi Majzlik lins /.<' S' In Da 1<

R. J. Gromada Initials -/ Date 6 -/?-W,/
(approval to proceed)

P&T Engineer Initials .D . "

4. Remove the upper fiberboard assembly. Remove the shield if it is loose of the
fiberboard. Record observations below, particularly noting charring at
insulation interface, shield effects, impact damages, and conduit effects.

CJ.. nijJA&,w M ,s . j ~

- - Vp6 V '.4 f

4 4 " ' -•-'/ fhD ,•41.,-4 A /,,J

Initials e-A __D Date 7V

5. Quarter the upper fiberboard assembly, including the bearing plate and, if
attached, the shield. Record observations below, particularly noting char
depths, shield effects, and impact damages.

•. . 2-". / 4 .- b .

/ / II 4

/h. /i4 ."d, Ala

/od . 4,,.,,,ljiq. 5m. I, A , do•,,-Ie . ,y ,,JIV Atgve 34, -34,,.

Initials -,,-•Date A/2 f0 r~AA Fpedi d3.5- M E5 of"106
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6. Remove the containment vessel assembly and provide to P&T person(s)
responsible for leak testing per FP 53 1. Record observations below.

kmes 1;/ /i&d1 ýZ 25

JuiicA'ib W Adji 4 "L' /U~ r -ir'ý ~i, r ef.rd 1A/

.. k.e•.,~ £~- r
Z/ IK

Initials__A/Vý -a t &

7. Obtain the primary and secondary containment vessel seal leak test data sheets
from the responsible P&T engineer. Record the results below for each and
note the responsible engineer. Attach the data sheets to this procedure.

re5H-" 2 e,/% -4 r YXel2 ~~- 15o psi d '

observations below, particulIaly noting char depths, conduit effects, and
• I&impact damages.

S SL/. . s. , e 4I 15 1/ d

d7  / 4,~C~'VV~dt~ ~ /~a ~Y

I IF .Ajr. Iw, " "/N~ iA

I t 1
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Disassembling the 9973 and 9975 Thermal Test Packagings

Procedure: FP 570, Rev 0
E&MT Job Folder: 22306
Category: 1
Page: 7 of 12

I ' 40st-r - r 4, s-Va ,,Wntials '!ý Dae1gL 6sfJ='i~ird~ I

9. Record observations of the lower drum half with the conduit fitting.

/0o11

7' '. V'

Initials2 ±DAie~ Ah o?4

10. Gather the 9973 parts for later storage.

Intidals-Z-LDate /r

3. 9975 Disassembly

1. Remove the conduit cover up to the drum fitting. Record observations below.

Wnk I.!-~~21 Aftd~d4,SI•.&,L,I(I, Oor•,,• •, /,, • I • /,/ , t

dl , • F

Indisia -dejýDate 2/f

2. Remove the drum lid using the closure bolt and ring. Record observations
below.

.i •4Vi- Ud J, 1.
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h04 o yA W,?3. d ILJ, lid A fA

InidalsLZZ Date -6~

3. Cut the drum laterally and around the bottom as shown below. Remove the
upper pieces. Records observations below.

Conduit Firng

£d--vwd4 /( adps44 Li
SA . 4w 7v4l ,sWLk O~f14~ S 4,) i d uIAM142 V9

,U-n, ..•l r fy 446ff,.,.i ,]4 •, .• /,, -/ 0,.,., rVo-/4dIV f6 o1A" rýa~,-

.,- rv'•~ i /~'AJh- /4 s C-& ,dJICI rI

7 .Q-

-A , .ng a~gd i k W,-~ G/w 64 .*/L - ce-A r k; A-

Intidals &4 VI-* ý A. " bth.-I

e,,. df-tw 7 yY.,, 4 s,• ,4,, s. ,.d"

,AA•.tJ- / "/4 ,;.

Appendix 3.5 - 98 of 106



Revision I S-SAR-G-0000 I
Revision 1 S-SAR-G-OOOO 1

Savannah River Technology Center Procedure: FP 570, Rev 0
E&MT Field Procedure E&MT Job Folder: 22306

Category: 1
Disassembling the 9973 and 9975 Thermal Test Packagings Page: 9 of 12.

ENGINEERING WITNESS POINT

Request the following to witness, initial, and date:

S. J. Hensel Iniial Dae>=~ -

R. J. Gromada Initials [ E• Date -9-
(approval to proceed)

P&T Engineer Initials "r± Date •/•3,/94-

4. Remove the upper fiberboard assembly. Remove the shield ff it is loose of the
fiberboard. Record observations below, particularly noting charring at
insulation interface, shield effects, and signs of lead. melting. Also, observe
any reasons why the 1/2 in. thick aluminum lid did not fit above the lead sleeve
at assembly.

SAW /f~t k4ido4 0 r - "4 a 4aP
R-rV4A~di. TOP-.2 Ifr Avrf 0, 9,4 _IOg Ie wg

111aas"id'0P~ k z11VAW &0L4 /OO%'-sŽ/ 9114dl-,e,

4 I'

L1&.//4 '~ k~d kl/f U&'.l hW qi '1' ;

I&~~, _A -r

,• . ,•,,, • (' i,/4 /a b,,J( /o S-L V4 .

Initials-X" Daie_____

5. Quarter the upper fiberboard assembly, including the bearing plate and, if
attached, the shield. Record observations below, particularly noting char
depths and shield effects.

gg/w.,~¶/I' 4, di-C. Psit  o,:,/4pte /Xc 4d-Ie'~4 kd/f 41

4o' Aao, 4,; odi~ C2~Zj /I IV4r- W~ft A,
li ' . /•"ý ý . h .1

c.L4 ,4, #,.A-% ,4 / I x s, I,

ti , .2 .

dq S

I--

#"W A'

Appendix 3.5 - 99 of 106



Revision I S-SAR-G-00001I

Savannah River Technology Center Procedure: FP 570, Rev 0
E&MT Field Procedure E&MT Job Folder: 22306

Category: 1
Disassembling the 9973 and 9975 Thermal Test Packagings Page: 10 of 12

6. Remove the containment vessel assembly with heater leads intact. Record
observations below.

~~). - ' o'/sla V.~4, 4/ -ý

4 I.tZze,,

A~,/.,/J" 4#e4' . J47 CA-I /I-

7.

Initals~~Di ~

Remove the primary containment vessel with heater leads intact. Record
observations below.

Sc'-' (-74/ -A Cs k V. X
ol~'G4L

PjhC, rm( gs-.&i/ 1~-/, z1 -a P ,Aod A

4( A,.o /ZIAAP~ir it
it 'rV

Initials . +4LDate.Ž

8. Remove the heater assembly and determine what went wrong with the bad
lead. Also, check. the heater resistance. Record observations below,
particularly noting the above items.

A%",rfj'-d1A /'O3-a P.7WAM~ .d 7 4;;, g 12-.4~ ~,-~

d'i-Y-W, ýmxsl d/ A4#t m w.,z4, - , -A ,ý4kf4 elo- W

/0 JA- U b~*4 AJO CVrL&ACi 0-A & fklAfi~f a-
%J lJ/o ,-. •'../w,< Aj. Wrg g /a .m6.ý,-. e,ý• l,,

_IZI INZY 0 r N F0V -,YA f-f 10d

InitalAs Z" _Date b/21'
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9. Remove the lead sleeve. This may be done during quartering of the lower
fiberboard assembly. Record observations below, particularly noting evidence
of lead melting. Also, observe any reasons why the 1/2 in. thick aluminum lid
did not fit above the lead sleeve at assembly.

zao, 0 /.V3 01"54.J(,, &i~- u A,!4ed,,, ,- TA .OL, /eLdd/ 9-S 1/ m, •

lnitials k!!ý Date

10. Quarter the lower fiberboard assembly including the bearing plate and cut at the
plane of the included TCs. Record observations below, particularly noting
char depths, conduit effects, and the state of the region near each fiberboard
TC. Also, observe any reasons why the 1/2 in. thick aluminum lid did not fit
above the lead sleeve at assembly.

SgA V~ ab4. 714 ~ý 4 Agre jd
V

)'nrLr/,r ,jCw cddu, M ." 4 d da-,, a, . 7--Zi',,-..- ,I, 4 M

]2v" ." me- Oi .2. J , I I

-ý' 1- 251- ;. .4 2! .2e.J7yup4, Q' V#

5 .r
A2 ' • A" l fs -M-'/'P5362V

InkA~ Tf le

I1. Record observations of the bottom &ru part-'with the condui h;ýg. "~PJk

-rL.~~ ~~ -4~ .C a- ~.r~J.~ d*
i •,, i. cge• / ,,..i. /i,.. , 4 .4 4 .
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,6 , ,, A ..- ,.,."

Initials _Da• 6 '

12. Gather the 9975 parts for later storage.

Inials• Dam q

Records

The following documents shall be retained as QA records:

1. This approved procedure in the E&MT procedure control system
2. This procedure once completed, including leak test data sheets.

References

1. E&MT Procedure No. FP 558, Rev. 0, "Instrumented Assembly of the
9973 and 9975 Shipping Packagings", (as performed 5/94 through 6/94).

2. E&MT Procedure No. FP 531, current Rev., "Unloading, Inspecting, &
Leak Testing the 9972 Family of Shipping Packages."
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** ACCEPTABLE **

06/25/94
PAGE 1 OF 2
Record No.: 238

Basis No.: SRT-SPS-940154
RETENTION: LIFE

CC: BOB MAURER
Laboratory Copy
File Room, 730-A
SRL Records, 773-A

773-54

EES PROOF/LEAK TEST DATA SHEET (U)

Test Item: 9973B SECONDARY SHIPPING CONTAINER
Test Item Serial-Number: 203
Test Date: 06/28/94

Body: Leakage Rate, std cc He/sec: < 2.8 x 10-9

Leak Test Pressure (psig): 150

Acceptable Maxium Leak Rates, std cc He/sec:
Body: 2.0 X 10-7

EES Test Engineer: D. J. TRAPP Phone: 725-7284

Results verified by: C _

Certified L.T.
~SignatuC/Level

COMMENTS-

ACTUAL LEAK TEST PRESSURE.- 155 PSIG.

Date: C-2S-5;

Appendix 3.5 - 103 of 106



Revirion 1 S-SAR-G-0000 I
Re~vision 1I-A-GOO

PAGE 2 OF 2
Record No.: 238

TEST DESCRIPTION

Technician: DALE C. ALEXANDER
Procedure No.: FP-516

Proof Test Time (min):

Leak Test Method: BELL JAR
Leak Test Fluid: HE

Revision No.: 0

Proof Test Fluid:

Leak Test Time (min): 3
% Concentration: 100

TEST EQUIPMENT

M&TE Description
Leak Detector

Strip Chart Recorder

Pressure Gauge/Transducer

Thermometer

No. Cat.
3-1221 1

Expires
B/A

L41005 I I
I I

3-1101 1 1-1-95

EA-974 1 12-14-94

I I
I I

I I
I I

PRELIMINARY CALIBRATION

Preliminary Standard Leak Rate, std cc He/sec: 2.93 x 10-8
Standard Leak M&TE Cat 1 1: 3-1078 Expires: 01/01/95
Preliminary Standard Leak Cal. Temp, oC: 26.7
Room Temperature, oC: 24.4
Preliminary Temp Corrected Standard Leak Rate, std cc He/sec:

2.7 x 10-8
Preliminary Cal Background, Divisions: 0.1
Preliminary Cal Meter Reading, Divisions: 10.0
Preliminary Sensitivity (std cc He/sec/Division): 2.8 x 10-9

FINAL CALIBRATION

Final Standard Leak Rate, std cc He/sec: 2.9 x 10-8
Standard Leak M&TE Cat 1 1: 3-1078 Expires: 01/01/95
Final Standard Leak Cal Temp, oC: 26.7
Final Temp Corrected Standard Leak Rate, std cc He/sec: 2.7 x 10-8
Final Cal Background, Divisons: 0.1
Final Cal Meter Reading, Divisons: 10.0
Final Sensitivity (std cc He/sec/Division): 2.8 x 10-9

LEAK MEASUREMENTS

Body Sample Background, Divisions: 0.1
Sample Meter Reading, Divisions: 0.1
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** ACCEPTABLE **

07/02/94
PAGE 1 OF 2
Record No.: 285

Basis No.: SRT-SPS-940154
RETENTION: LIFE

CC: BOB MAURER
Laboratory Copy
File Room, 730-A
SRL Records, 773-A

773-54

EES PROOF/LEAK TEST DATA SHEET (Ui

Test Item: 9973-B PRIMARY SHIPPING CONTAINTER
Test Item Serial Number: 203
Test Date: 07/08/94

Body: Leakage Rate, std cc He/sec: 2.5 x 10-8

Leak Test Pressure (psig): .150

Acceptable Haxium Leak Rates, std cc He/sec:
Body: 2.0 X 10-7

EES Test Engineer: D. J. TRAPP Phone: 725-7284

Results verified by:.-/),

Certified L.T.. ' • Date: 7-
Signakure/Level

COMMENTS

ACTUAL LEAK TEST PRESSURE - 154 PSIG.
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PAGE 2 OF 2
Record No.: 285

TEST DESCRIPTION

Technician: T.SNIPES
Procedure No.: FP-531

Proof Test Time (min):

Leak Test Method: BELL JAR
Leak Test Fluid: HE

Revision No.: 0

Proof Test Fluid:

Leak Test Time (min):
% Concentration: 100

3

TEST EQUIPMENT

M&TE Description
Leak Detector

Me% tým* V- iJJ.,

8-1098 1 B/A

Strip Chart Recorder

Pressure Gauge/Transducer

Thermometer

L41004 0 N/A

3-1068 1 1-1-95

EA-974 1 12-14-94

0

10

PRELIMINARY CALIBRATION

Preliminary Standard Leak Rate, std cc He/sec: 2.93 x 10-8
Standard Leak M&TE Cat 1 #: 3-1078 Expires: 01/01/95
Preliminary Standard Leak Cal. Temp, oC: 26.7
Room Temperature, oC: 25.4
Preliminary Temp Corrected Standard Leak Rate, std cc He/sec:

2.8 x 10-8
Preliminary Cal Background, Divisions: 5.4
Preliminary Cal Meter Reading, Divisions: 33.0
Preliminary Sensitivity (std cc He/sec/Division): 1.0 x 10- 9

FINAL CALIBRATION

Final Standard Leak Rate, std cc He/sec: 2.9 x 10-8
Standard Leak M&TE Cat 1 1: 3-1078 Expires: 01/01/95
Final Standard Leak Cal Temp, oC: 26.7
Final Temp Corrected Standard Leak Rate, std cc He/sec: 2.8 x 10-8
Final Cal Background, Divisons: 5.4
Final Cal Meter Reading, Divisons: 33.0
Final Sensitivity (std cc He/sec/Division): 1.0 x 10-9

LEAK MEASUREMENTS

Body Sample Background, Divisions: 5.4
Sample Meter Reading, Divisions: 30.0
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APPENDIX 3.6

DETERMINATION OF PRESSURES IN THE 9975 PACKAGE
FOR IMPURE PU OXIDE CONTENTS
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Calculation Cover Sheet

Project

9975 Package Ceoification
Tile
Determinaion O Pressures In The 9975 Package For Impure Pu Oxide
Contents

fl Prelimrinay [] Committed S Confirmed

Computer Program No. I VersioTIReleme No.

WNIA
Purpose and Objectv
To evaluate the 3013 vessel and 9975 shipping package containiment vessel maximum normal operating pressures (MNOP) during
Normal Conditions of Transport (NCT). Impure Pu oxide packed in both food cans and 3013 configurations are considered.

Sumvwy of Concjusion
The 3013, PCV, and SCV allowable pressures are 699, 900, and 800 peig, respectively, regardless of content configuration. During
Normal Conditions of Transport (NCT) the pressures in the 9975 containment vessels for Impure Pu oxide packed in either lood cans
or the 3013 vessel result in pressures below the allowables. The pressures for Impure Pu oxide are bounding relative to pure Pu oxide
due to free volume differences. The BNFL 3013 configuration results in the greatest pressures of the three (BNFL, LLNL, and LANL)
3013 configurations. The maximum calculated pressures in the 3013, PCV, and SCV are 646.4, 365.4, and 165.8 psig, respectively.
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Determination of Pressures in the 9975 Package for Impure Pu Oxide
Contents

1.0 Conclusions

The maximum normal operating pressure (MNOP) in the 9975 package during Normal

Conditions of Transport (NCT) was computed for the primary containment vessel (PCV)

and the secondary containment vessel (SCV) for impure Pu oxide contents packed in food

cans. For Pu oxide packed in the 3013 vessel, the MNOP was computed for the 3013 and

PCV. Two layers of pressure containment are evaluated for both configurations. The

results are summarized in Table 1. The pressures for Pu oxide contents which satisfy the

material requirements in DOE-STD-3013-99 (packed in food cans or in the 3013

container within the 9975 PCV) were computed by applying the storage standard for gas

generation via radiolysis of the adsorbed moisture [1]. The maximum amount of

hydrogen generated is based on a 0.5% (25 g) total absorbed moisture limit on the

contents (5.0 kg maximum Pu oxide) [1]. The 3013, PCV, and SCV allowable pressures

are 699 [1, p. 7], 900 [2, p. 1-30], and 800 [2, p. 1-31] psig, respectively. The pressures

in the 9975 containment vessels for impure Pu oxide packed in either food cans or the

3013 vessel result in pressures below the allowable. The pressures for impure Pu oxide

are bounding relative to pure Pu oxide due to free volume differences. The BNFL 3013

configuration results in the greatest pressures of the three (BNFL, LLNL, and LANL)

3013 configurations.

Table 1: Pressures And Allowables In The 9975 With Impure Pu Oxide Contents
Vessel Configuratio T MNOP Allowable

n (psig) (psig)
PCV food cans 365.4 900
SCV* food cans 165.8 800
3013 3013 vessel 646.4 699
PCV* 3013 vessel 258.2 900

* pressure assumes inner vessel leaks
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2.0 Input

2.1 Free Volumes

The free volume available in the PCV can be computed based on the volume of the

impure Pu oxide, cans, bags (if applicable), honeycomb, and PCV cylindrical sleeve or

spacer. The content volume excludes the free volume available due to the porosity of the

materials, because that space is available for gas to occupy. The volume occupied by the

impure oxide is presented in Table 2. Three 3013 configurations are considered (BNFL

[1], LANL [3], and LLNL [4]). The volume occupied by the impure Pu oxide is

determined using the statistical density method in DOE-STD-3013-99 [1] where the ratio

of bulk to particle density is given by:

Fp = 0.3928 + 0.056 7 3Pbulk (DOE-STD-3013-99, p. 59)

where Pbulk is given in g/cc (assume 5.0 kg contents within convenience can) and the

volume occupied by the contents in cc is (M/Pbulk)*FP, with M as content mass in grams.

Table 2: Determination Of Volume Occupied By Pu Oxide Contents

Quantity Food Cans* BNFL 3013" [ LANL 3013"* LLNL 3013
convenience 2987 (from 1839 [1] 1801 (from can 1543 (from can
can volume (cc) can size) size) size)
oxide mass (g) 5000 5000 5000 5000

Pbulk (g/cc) 1.67 2.72 2.78 3.24
Fp (g/cc) 0.4875 0.5471 0.5505 0.5766
volume (cc) 1460 1006 1001 890
volume (ft.-) 0.0516 0.0355 0.0353 0.0314
* bounding configuration is with three 4 1/16 in. X 4 11/16 in. (DIA X height) inner

cans
** Volume of convenience can found in DOE-STD-3013-99, p. 55
***~ Convenience can is 4.00 in. X 8.76 in. (DIA X Height) [3]
****" Convenience can is 4.139 in. X 7.0 in. (DIA X Height) [4]
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The free volumes in the 3013, PCV, and SCV are derived in Table 3.

Table 3: Volumes of Components and Net Free Volume In 3013, PCV, & SCV (ft.3)

Components (#) Food Cans BNFL 3013 LANL 3013 LLNL 3013
Gross 3013 (1) ----------- 0.0919 [1, p. 0.0919 [1, p. 0.0919 [1, p.

55] 55] 55]
Contents (2) 0.0516 0.0355 0.0353 0.0314
Cans/bags/foil 0.0106 (see 0.0141 (see 0.0089 (see 0.0089 (see
(3) note) note) note) note)
Net 3013 0.0423 0.0477 0.0516
(1-2-3)
3013 vessel (4) 0.0178 [1, p. 0.0178 [1, p.55] 0.0178 [1, p.

55] 551

PCV sleeve or 0.039 [5, see 0.0116 [5, see 0.0116 [5, see 0.0116 [5, see
spacer (5) calculation calculation calculation calculation

below] below] below] below]
PCV 0.0016 [2, p. 3- 0.0016 [2, p. 3- 0.0016 [2, p. 3- 0.0016 [2, p. 3-
honeycomb (6) 53] 53] 53] 53
Gross PCV (7) 0.1811 [2, p. 3- 0.1811 [2, p. 3- 0.1811 [2, p. 3- 0.1811 [2, p. 3-53] 53] 53] 531
Net PCV 0.0783 0.1005 0.1059 0.1098
(7-6-5-4-3-2)
Between PCV 0.1020 [2, p. 3- 0.1020 [2, p. 3- 0.1020 [2, p. 3- 0.1020 [2, p. 3-
& SCV (8) 53] 53] 53] 53]
SCV 0.0039 [2, p. 3- 0.0039 [2, p. 3- 0.0039 [2, p. 3- 0.0039 [2, p. 3-
honeycomb (9) 53] 53] 53] 53]
Net SCV 0.1764 0.1986 0.2040 0.2079
(8+7-9-6-5-4-3-
2)
Note: the Pu oxide in food can configuration allows up to 900 grams of steel cans (7.83
g/cc), 100 grams of low density polyethylene (0.92 g/cc) or nylon bagging (1.14 g/cc),
and 200 grams of aluminum foil (2.7 g/cc); volumes occupied by inner containers for
3013 configurations are based on data in DOE-STD-3013-99, the ARIES inner can (1600
gram mass assumed, same as BNFL inner 3013 container), and a convenience can mass
of 400 grams for both LLNL and LANL configurations was assumed (all 3013
configurations are free of polyethylene or nylon bagging, and crushed aluminum foil).
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A cylindrical sleeve is required for food can shipments and a cylindrical spacer is

required for shipments utilizing the 3013 vessel [5].

Cylinder sleeve used in PCV with food can shipments:

Cylinder design: 4.385 in. ID and 5.0 in. OD

Volume of cylinder (14.9 in. tall): 3.14159(2.5*2.5 - 2.1925*2.1925)*14.9 = 67.5 in.3

(0.0390 ft.3)

Cylinder spacer used in PCV with 3013 vessel shipments:

Cylinder design: 4.38 in. ID and 4.92 in. OD [5]

Volume of cylinder (5.06 in. tall): 3.14159(2.46*2.46 - 2.19*2.19)*5.06 = 20.0 in. 3

(0.0116 ft.3)

2.2 Gas mixtures and temperatures

2.2.1 Pu oxide in food cans

Plutonium oxide contents with a decay power of 19 W are considered.

Conditions in the Primary Containment Vessel (PCV) during NCT with solar:

Temperature 313TF (772.6 R) [6, p. 2]

Free volume within PCV is 0.0783 ft.3

Content has up to 0.5 % wt. moisture (25 grams moisture)
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Hydrogen gas generation from radiolysis of the moisture is conservatively determined by

applying the 50 year storage standard for plutonium oxides [1]. This results in 1.389

gram-moles of hydrogen gas (complete radiolysis of the moisture). The radiolysis is

assumed to occur instantaneously once the PCV is closed. In addition, gas (in the form of

water vapor) can be generated by the thermal breakdown of nylon bagging. An additional

32.1 psia was measured from FB-Line nylon bagging when a sample was heated to 350'F

(sample size to test container volume was 793 g/ft. 3 ) [7]. Using a PCV temperature of

313TF and a bag mass to free volume ratio of 100 g to 0.1145 ft. 3 free volume (873 g/ft. 3 )

results in an equivalent 33.7 psia increase in pressure due to gas generation. FB-Line

nylon bagging was found to out gas more than RFETS nylon or low density polyethylene

[8,9].

Conditions in Secondary Containment Vessel (SCV) during NCT with solar:

Temperature 313°F (772.6 R) [6, p. 2]

Free volume within the combined PCV and SCV is 0.1764 ft. 3

2.2.3 Pu oxide in 3013 container

Plutonium oxide contents with a decay power of 19 W are considered. The BNFL

configuration results in the least free volume inside the 3013 vessel and therefore

pressures in the BNFL 3013 configuration bound those in the LLNL and LANL

configurations.

Conditions in the 3013 vessel during NCT with solar:

Temperature 360TF (819.6 R) (estimate of volume average of temperatures reported in

[6])

Free volume within PCV is 0.0423 ft.3

Content has up to 0.5 % wt. moisture (25 grams moisture)
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Hydrogen gas generation from radiolysis of the moisture is determined by conservatively

applying the 50 year storage standard for plutonium oxides [1]. This results in 1.389

gram-moles of hydrogen gas (complete radiolysis of the moisture). The radiolysis is

assumed to occur instantaneously once the PCV is closed.

Conditions in Primary Containment Vessel (PCV) during NCT with solar:

Temperature 308'F (767.6 R) [6, p. 2]

Free volume within the combined 3013 and PCV is 0.1005 ft. 3

3.0 Analytical Methods and Computations

3.1 Pu oxide in food cans

The total composition of gas in the PCV consists of:

Fill gas initially in the free space within the PCV (including food cans)-

Mgas = (14.7 psia)( 0.0783 ft. 3)/[( 10.73 psi-ft. 3/Ib-moles-R)(529.6 R)]

Mgas = 2.025E-04 lb-moles

Helium generated via radioactive decay- consider 19 W of Pu-239 decaying for 2

years (see [1], eq. 23) (R=547 psi-liters/lb-moles-K)

7.517E-05 *19*2/547=5.22E-06 lb-moles

Mhelium = 5.22E-06 lb-moles

Hydrogen generated via radiolysis of 25 g moisture (1.389 gram-moles)-

Mhydrogen = 3.062E-03 lb-moles

The partial pressure from thermal decomposition of low density polyethylene, nylon bagging

used at Rocky Flats, and nylon bagging used at FB-Line Savannah River Site
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results in an additional pressure due to thermal decomposition. The greatest contribution

is from the FB-Line Nylon bagging material (33.7 psia).

Mbag = (33.7 psi)(0.0783 ft.3)/[( 10.73 psi-ft. 3/lb-moles-R)(772.6 R)]

Mbag = 3.18E-04 lb-moles

Total gas in the PCV is:

Mtota PCV = Mgas + Mhelium + Mhydrogen + Mbag

Mtotal PCV = 2.03E-04 + 5.22E-06 + 3.062E-03 + 3.18E-04 lb-moles

Mtotal PCV = 3.59E-03 lb-moles (85% of gas is hydrogen)

During NCT the resulting pressure is:

Ppcv = (3.59E-03 lb-moles)( 10.73 psi-ft. 3/lb-moles-R)(772.6 R)/(0.0783 ft.3)

Ppcv = 380.1 psia

Pcv = 365.4 psig

Assuming the PCV leaks as a requirement for double containment, the total gas in the

PCV & SCV is that in the PCV plus the original fill gas solely in the SCV:

Mscvgas =( 14.7 psia)( 0.1764 - 0.0783 ft.3)/[( 10.73 psi-ft.3/lb-moles-R)(529.6 R)]

Mscvgas = 2.54E-04 lb-moles

Mtotai scv = 3.59E-03 + 2.54E-04 lb-moles

Mtotal scv = 3.84E-03 lb-moles (80% of gas is hydrogen)

During NCT the resulting pressure is:

Pscv = (3.84E-03 lb-moles)(10.73 psi-ft.3/lb-moles-R)(772.6 R)/(0.1764 ft.3)

Pscv = 180.5 psia
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Pscv = 165.8 psig

3.2 Pu oxide in 3013

The total composition of gas in the 3013 consists of:

Gas initially in the free space within the 3013 (including 3013 and interior vessels)-

Mgas = (14.7 psia)( 0.0423 ft.3)/[(10.73 psi-ft. 3/lb-moles-R)(529.6 R)]

Mgas = 1.09E-04 lb-moles

Helium generated via radioactive decay- consider 19 W of Pu-239 decaying for 2 years:

5.22E-06 lb-moles of helium

Mhelium = 5.22E-06 lb-moles

Hydrogen generated via radiolysis of 25 g moisture (1.389 gram-moles)-

Mhydrogen = 3.062E-03 lb-moles

Total gas in the 3013 is:

Mtotal 3013 = Mgas + Mhelium + Mhydrogen

Mtotal 3013 = 1.09E-04 + 5.22E-06 + 3.062E-03 lb-moles

Mtotai 3 0 13 = 3.18E-03 lb-moles (96% of gas is hydrogen)

During NCT the resulting pressure is:

P 3013 = (3.18E-03 lb-moles)(10.73 psi-ft.3/lb-moles-R)(819.6 R)/(0.0423 ft.3)

P 3013 = 661.1 psia

P3013= 646.4 psig
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Assuming the 3013 leaks (although this is incredible as both the inner and 3013 vessel are

leak tested after welded closure) the total gas in the PCV is that in the 3013 plus the

original fill gas solely in the PCV:

Mpcvgas =(14.7 psia)( 0.1005 - 0.0423 ft.3)/[(10.73 psi-ft. 3/lb-moles-R)(529.6 R)]

Mpcvgas = 1.5 1E-04 lb-moles

Mtotal PCV = Mtotai 3013 + Mpcvgas

Mtotal PCV = 3.18E-03 + 1.51E-04 lb-moles

Mtota, pcv = 3.33E-03 lb-moles (92% of gas is hydrogen)

During NCT the resulting pressure in the PCV is:

Ppcv = (3.33E-03 lb-moles)(10.73 psi-ft.3/lb-moles-R)(767.6R)/(0.1005 ft.3)

Ppcv = 272.9 psia

Ppcv = 258.2 psig

4.0 Results

The results are summarized in Table 4.

Table 4: Pressures And Allowables In The 9975 Containment Vessels

Vessel Configuration ] MNOP (psig) Allowable (psig)

PCV food cans 365.4 900
SCV* food cans 165.8 800
3013 3013 vessel 646.4 699
PCV* 3013 vessel 258.2 900
* pressure assumes inner vessel leaks
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PRESSURE IN THE 9975 PACKAGE

WITH THE 3013 CONTAINER, PCV, AND SCV GAS SPACES IN COMMUNICATION
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Pressure in the 9975 Package with the 3013 Container, PCV,
and SCV Gas Spaces in Communication

Introduction and Summary

In reference [I] the results of maximum normal operating pressures (MNOP) during
Normal Conditions of Transport (NCT) calculations are presented. Pressures were
determined for two scenarios of the 3013 configuration of the 9975 package, cases where
the 3013 container does and does not leak. The case where both the 3013 container and
the PCV leak, and the contents of the gas spaces of the two containers mix with the
contents of the gas space of the SCV, is not addressed in reference [1]. This scenario is
addressed herein.

Plutonium oxide in a 9975 shipping package can generate hydrogen by radiolysis of
absorbed water vapor, and alpha decay can generate helium. These gasses as well as
heating of the gas by plutonium decay will pressurize the gas spaces inside of the SCV.
If the 3013 container and the PCV leak, the internal gas space pressures will equilibrate.
The calculated steady state pressure, consistent with the assumptions in reference [I] is
132.6 psig.

Input

The 3013 configuration of the 9975 shipping package contains three nested containers.
From the inside going out, the nested containers are: the 3013 container, the primary
containment vessel (PCV), and the secondary containment vessel (SCV). The volumes of
the gas spaces in the three containers are [1]:

V3013 = 1.1978 x 10-3 m3

Vpv = 1.6480 x 10-3 M3

Vscv = 2.7779 X 10-3 m3

The PCV volume is the volume of gas space inside of the PCV and outside of the 3013
container. The SCV volume is the volume of gas space inside of the SCV and outside of
the PCV.

The 9975 shipping package is packed by loading theplutonium oxide in the 3013
container and then sequentially loading the nested containers, each in the next larger
container, until the package is assembled. The initial temperature and pressure of the
container gas spaces are assumed to be 70'F and 14.7 psia. The initial composition of the
fill gas is immaterial with respect to the final pressure.

The 9975 package internals will heat-up during shipping and storage due to radioactive
decay of the contents. The final temperatures of the gas spaces were determined with
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steady-state heat transfer modelling of the 9975 package during NCT with insolation1 [2].
The 3013 container gas space temperature is an estimate of the volume average gas space
temperature [ 1,2]. The PCV and SCV gas space temperatures are conservatively
assumed to be equal to the peak surface temperatures of the gas space boundaries [2].
The assumed temperatures are:

T 3 013 = 360'F = 455.2 K
Tpcv = 293°F = 418.2 K
Tscv = 283°F = 412.6 K

The internal gas space pressures will rise due to gas production as well as the radioactive
heating. Hydrogen is produced by radiolysis of absorbed water vapor in the plutonium
oxide. Alpha decay of the plutonium also produces helium. The hydrogen and helium
source terms [1] are:

Nmv = 1.389 mols H2
NHe = 2.3679 x 10"3 mols He

All of the hydrogen and helium is produced within the 3013 container. Gas space
pressures for the two scenarios where the 3013 container does and does not leak are
presented in reference [ 1]. For the scenario in which the 3013 container leaks, the
contents of the 3013 container and the PCV gas spaces are assumed to mix freely and the
two gas space pressures equilibrate. The scenario in which the PCV also leaks was not
addressed, and this is the objective of this document. The contents of all three gas spaces
are assumed to be well mixed after the initial loading and the 3013 hydrogen and helium
is produced. The steady-state temperature distribution in the 9975 package is assumed to
be independent of the gas mixing. This is reasonable and the only assumption that can be
made with the available information [2].

Analytical Methods and Computations

The number of moles in the three gas spaces initially at 70'F and atmospheric pressure, is
determined with the ideal gas relation. The total gas space volume of the three vessels is
used. Note that this quantity is independent of the gas composition.

PV
n = _- (I)

RT

-(10 1 300)(5.6237xlO0-) 023

n,,•- (8.314X294.3) = 283 mols

The final value for the number of moles of gas in the three gas spaces is the sum of the
initial gas loading and the hydrogen and helium produced in the 3013 container:
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nfjin = .23283 + 1.389 + 2.3679 x 10-3 = 1.6242 mols

The pressures in the three gas spaces will be equal after mixing, but the temperatures will
differ. To determine the pressure, solve the continuity equation and the ideal gas relation
for each of the gas spaces simultaneously.

PV1. 0 3 = n3013 RT 301 3  (2)

Pvecv = n• -TvCv (3)

PVscv = ns5 vR Tscv (4)
n3013 + n7pcv + nscv = n (5)

By judicious substitution these simultaneous equations can be reduced to a single
equation for the pressure:

P - nRT 013  (6)

V1013 + v, To + rV (.36

Results

The steady state pressure inside of the 3013 container, the PCV, and the SCV with the
gas spaces communicating through leaks in the 3013 container and the PCV is calculated
with equation (6).

P = (1.6242)(8.314X455.2) = 1014946.5 Pa

1.1978x10-3 +1.648x10_3 455.2 +2.7779x10_, 455.2
418.2 412.6

P-= 147.3 psia (132.6 psig)
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Introduction and Summary

Plutonium oxide in a 9975 shipping package can generate hydrogen by radiolysis of
adsorbed water vapor. The gas spaces of the inner container, either a 3013 container or
food pack cans, and the primary containment vessel (PCV) are inerted with helium and
CO2 respectively to preclude the possibility of detonable hydrogen/air mixtures, [1]. The
criteria used to preclude detonations are based on detonation cell widths, and do not
necessarily preclude flammable mixtures. The pressures that would be generated by
deflagrations in the various gas spaces, for the several possible scenarios involving
container integrity, have been calculated. The scenarios that involve just the two inner
containers result in bounding pressures less than 100.0 psia because, due to inerting, there
is very little available oxygen. The two scenarios in which the PCV leaks into the
secondary containment vessel (SCV) result in bounding pressures of 165.6 psia for the
3013 configuration and 207.1 psia for the food can configuration, because the SCV is not
inerted. In all cases the calculations were carried out at the upper flammability limit
(UFL), which is bounding. In addition to the pressure, the available energies for heating
container vessels and components are also calculated.

Input

The 9975 shipping package consists of nested containers. In the 3013 configuration, the
containers from the inside out are: the 3013 container, the PCV, and the SCV. The food
pack can configuration consists of two stacked cans, one on top of the other, inside of the
PCV, which is inside of the SCV. The gas spaces of the 3013 container and the food
pack cans are filled with sufficient helium to reduce the volume fraction of oxygen to 5%.
The gas space of the PCV is filled with air mixed with 75% CO2 by volume, and the gas
space of the SCV is filled with air. These containers are assumed to have been sealed at
atmospheric pressure and 70'F. "(x" radiation can produce a further 2.3815 x 10-3 mols
of helium, [2]. The plutonium oxide can have up to 25 g of adsorbed water vapor
available for the production of hydrogen by radiolysis, [3]. The oxygen is assumed to not
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be released as a gas. Complete dissociation of the water vapor will produce 1.3877 mols
of H2 , more than enough to produce flammable mixtures in all three of the nested gas
spaces.

Three scenarios with the 3013 configuration are considered, and two with the food pack
can configuration. The first 3013 scenario is the integrity of the 3013 container is
assumed to be intact and the hydrogen-air-helium mixture in the gas space burns. In the
second scenario, the 3013 container leaks and the gas spaces of the 3013 and the PCV are
considered as a single control volume with a hydrogen-air-helium-carbon dioxide mixture
that burns. The third scenario has the PCV also leaking, so all three gas spaces are
treated as a single control volume. The initial temperature of the gas spaces in the three
3013 scenarios is 3080 F, [4]. The volumes of the three gas spaces are, [5]:

V 30 13 = 0.0516 ft 3

Vpcv= 0.0582 ft
3

Vscv = 0.0981 ft3

No credit is taken for the integrity of the food cans, so the gas mixtures in the cans and
the PCV mix freely. The second food pack can scenario has the PCV leaking and
hydrogen mixture in the PCV mixing with the air in the SCV. The initial temperature in
of the gas spaces in the food pack can scenarios is 3130 F, [4]. The three gas space
volumes are, [5]:

Vfp cans = 0.05535 ft3

VPCv = 0.02295 ft3
Vscv = 0.0981 ft3

The two stacked outer food pack cans are assumed to be cylinders, each with an outside
diameter of 4.25 in. and a height of 7.0 in. Plastic bags enclose the plutonium oxide
inside the food pack cans, and the cans are wrapped in aluminum foil. These facts are
required to calculate the food can and PVC volumes. These calculations are included in
the hand written notes that constitute the appendix.

Analytical Methods and Computations

The pressure resulting from a deflagration of a gaseous mixture in a closed vessel can be
calculated with the ideal gas relation:

PV = nRT (1)

The temperature of the products of combustion is determined from the first law of
thermodynamics. The combustion process is rapid and therefore reasonably
approximated as adiabatic. For this case, the first law states that the internal energy of
the products of combustion equals that of the reactants:
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Enji'i +A-h-RT)i = fle(-h +Ah--T) (2)
r. p

Equation (2) is expressed in terms of enthalpy because tabulated values of the ideal gas
enthalpies for various gases [6], as functions of temperature, are more readily available
than tables for internal energy. The enthalpies all have a common basis temperature of
250 C, at which the enthalpies of all elements are assumed to be zero. Since the
enthalpies are functions of temperature, the solution of equation (2) is necessarily
iterative. Subtracting the product of the universal gas constant and the temperature from
the enthalpy converts the property to internal energy.

The gaseous mixtures in the five scenarios are well mixed. The composition of the
reactants in each container gas space, minus hydrogen and helium due to "cC" decay, is
specified at the time of packing. The container gas spaces are then mixed in accordance
with the scenario under consideration, and sufficient hydrogen is added to put the gaseous
mixture at the upper flammability limit (UFL). While the highest combustion products
temperature occurs with stoichiometric hydrogen, the added moles of hydrogen at the
UFL more than compensate for the lower combustion temperature and result in a higher
pressure. Complete combustion is assumed in all calculations. This assumption is
conservative in that it results in the highest combustion products temperature, and is quite
reasonable for the low flame temperatures of these inerted gaseous mixtures. Below
2000 K, dissociation of the products of combustion is negligible.

In addition to the temperature and pressure of the products of combustion, the internal
energy of combustion is also calculated for each deflagration scenario. The internal
energy of combustion is the difference in internal energies of the products of combustion
at the completion of the reaction and the products cooled to the initial temperature of the
reactants prior to the deflagration. This is the available energy for heating surrounding
surfaces and internals within the vessel.

The H2 volume fraction at UFL varies with both type and volume fraction of inert gas.
The adiabatic flame temperature at UFL is 1200 K, [7], and this characteristic is used to
determine the required H2 for a specified air plus inert gasses mixture. The adiabatic
flame temperature is defined for a steady-flow process, and the appropriate form of the
first law is:

Eni Q- + Ali) n ne(-h± +Ah)e (3)
r p

Figure 1 shows the UFL for hydrogen-air plus inert gas as a function of added volume
fractions of N2 or CO 2. CO2 is a more effective inerting gas than N2 because of its higher
molecular weight. The 02 volume fraction controls the reaction at the UFL. Figure 2
shows the 02 volume fractions for the same hydrogen-air-inert gas mixtures as shown in
Figure 1. For the N2 cases the percent oxygen is constant at 5.5%, and with CO2 the
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Fig. 1: Flammability limits of hydrogen in air diluted with nitrogen or carbon dioxide.
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Fig. 2: Percent oxygen at UFL of hydrogen in air diluted with nitrogen or carbon dioxide.
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percent oxygen increases with increasing percent CO 2. These results are consistent with
the discussion in reference [7].

Results and Discussion

Hand written notes, showing all of the calculations that were done, are in the appendix.
For scenario #1 of the 3013 configuration, the 3013 container only, the reaction for
complete combustion at the UFL, per mole of H2, is:

H2 + .43302 + 1.628N2 + 6.939He --. 866H20 + .134H2 + 1.628N2 + 6.939He

The mole fractions of the reactants are respectively: 10% H2, 4.3% 02, 16.3% N2, and
69.4% He. The temperature and pressure of the products of combustion, and the internal
energy of combustion are: 1743 K, 96.2 psia, and 1459.7 J.

For scenario #2 of the 3013 configuration, the 3013 container and the PCV combined, the
reaction for complete combustion of stoichiometric H2, is:

H,+ .502 + 1.88N2 + 3.668He + 3.872C0 2 -->H20 + 1.88N2 + 3.668He + 3.872C02

The mole fractions of the reactants are respectively: 9.2% H2, 4.6% 02, 17.2% N2), 33.6%
He, and 35.5% CO,. This mixture has an adiabatic flame temperature of 981 K, and
therefore is not flammable. There is, of course, some uncertainty in the flammability
limits, and therefore combustion calculations were carried out. The temperature and
pressure of the products of combustion, and the internal energy of combustion are: 1267
K, 67.7 psia, and 3190.9 J.

For scenario #3 of the 3013 configuration, the 3013 container the PCV and the SCV
combined, the reaction for complete combustion at the UFL, per mole of H2, is:

H2 + .10202 + .385N2 + .161He + .17C0 2 --k.204H20 + .796H2 + .385N2 + .161He +
.17C0 2

The mole fractions of the reactants are respectively: 55% H2, 5.6% 02, 21.2% N2, 8.8%
He, and 9.4% CO2. The temperature and pressure of the products of combustion, and the
internal energy of combustion are: 1566 K, 165.6 psia, and 14804 J.

For scenario #1 of the food pack can configuration, the food pack cans and the PCV
combined, the reaction for complete combustion of stoichiometric H2, is:

H2 + .502 + 1.88N2 + 5.564He + 2.166C0 2 --> H20 + 1.88N2 + 5.564He + 2.166C0 2

The mole fractions of the reactants are respectively: 9% H2 , 4.5% 02, 16.9% N2, 50.1%
He, and 19.5% CO 2. This mixture has an adiabatic flame temperature of 1065 K, and
therefore is probably not flammable, but combustion calculations were carried out
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anyway. The temperature and pressure of the products of combustion, and the internal
energy of combustion are: 1428 K, 76.8 psia, and 2247 J.

For scenario #2 of the food pack can configuration, the food pack cans and the PCV and
the SCV combined, the reaction for complete combustion at the UFL, per mole of H2, is:

H, + .091802 + .345N? + .165He + .0643C0 2 -1.1836H 20 + .8164H2 + .345N2 +
.165He +. 0643C02

The mole fractions of the reactants are respectively: 60% H2, 5.5% 02, 20.7% N2, 9.9%
He, and 3.9% CO2. The temperature and pressure of the products of combustion, and the
internal energy of combustion are: 1640 K, 207.1 psia, and 14276.7 J.

Conclusions

As long as the gas tight integrity of the PCV is maintained, hydrogen generated by
radiolysis of adsorbed water vapor in the plutonium oxide can result in gaseous mixtures
that are at best only marginally flammable. Wall effects, which retard the propagation of
a flame front, are completely ignored in this analysis. With narrow passages inside of the
nested containers and the consequent large surface areas, it is unlikely that a deflagration
could occur with a mixture that is within the flammability limits, such as scenario #1 with
the 3013 configuration. Treating the gas spaces of nested containers that leak as a single
volume is also conservative. Constrictions in passages tend to quench flame fronts, so a
deflagration in the 3013 container would not necessarily propagate into the PCV.

The SCV gas space is not inerted, and this is the source of a considerable amount of
oxygen when the inner containers leak. The two deflagration scenarios involving the
SCV are considerably more energetic than the scenarios that take place within the PCV.

Higher molecular weight gasses are more effective inerting agents. The oxygen volume
fraction at UFL for hydrogen-air with added nitrogen is approximately 5.5%. With
carbon dioxide added to hydrogen-air, the oxygen volume fraction at UFL increases
above 5.5% with increasing amounts of CO2. The hydrogen-air-helium mixture in the
3013 container has 10% H, and 4.3% 0, at UFL.
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Nomenclature

f• Enthalpy of formation, (J/mol)

Ah Ideal gas enthalpy difference (T-298 K), (J/mol)

ni Number of moles of the ith constituent

P Pressure
R Universal gas constant

T Temperature
V Volume
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Kurt Houghtaling

09/29/03 11:26 AM

To: Martin ShaddayiWSRC/Sr@Srs
=c Nick GuptIWSRCISrsOSm, Cynthia Holdlng-SnMhWSRC/Srs@Srs,

Paul BtantonfMSRC/SrsOSm, Glenn Abramczyk/WSRC/SrmOSrs,
Steve Hensel/WSRCISrs@Srm

Subject: Cleanup of Deflagratlon Calculations

Andy,

As promised, here are the input parameters for your revision (or new issue) of the Calc-Note supporting
deflagration/detonation in the 9975 package.

Given in Blue typeface are free volumes and tablenotes copied from M-CLC-F-00630. Rev. 0(9975 SARP
Appendix 3.6).

Table 3: Volumes of Components and Net Free Volume In 3013, PCV, & SCV (f.3)
Components (#) Food Cans BNFL 3013 LANL 3013 LLNL 3013
Gross 3013 (1) --- 0.0919 [1, P. 0.0919 [1, P. 0.0919 [1, p.

55] 55] 55]
Contents (2) 0.0516 0.0355 0.0353 0.0314
Cans/bags/foil 0.0106 (see 0.0141 (see 0.0089 (see 0.0089 (see
(3) note) note) note) note)
Net 3013 0.0423 0.0477 0.0516
(1-2-3)

3013 vessel (4) ------- 0.0178 [1, p. 0.0178 [1, p.55] 0.0178 [1, p.
55] 55]

PCV sleeve or 0.039 [5, see 0.0116 [5, see 0.0116 [5, see 0.0116 (5, see
spacer (5) calculation calculation calculation calculation

below] below] below] below]

PCV honeycomb 0.0016 [2, p. 0.0016 [2, p. 0.0016 [2, p. 0.0016 [2, p.
(6) 3-53] 3-53] 3-53] 3-53]
Gross PCV (7) 0.1811 [2,p. 0.1811 [2,p. 0.1811 [2,p. 0.1811 [2,p.

3-53] 3-53] 3-53] 3-53]
Net PCV 0.0783 0.1005 0.1059 0.1098
(7-6-5-4-3-2)
Between PCV & 0.1020 [2, p. 0.1020 [2, p. 0.1020 (2, p. 0.1020 [2, p.
SCV (8) 3-53] 3-53] 3-53] 3-53]
SCV honeycomb 0.0039 [2, p. 0.0039 [2, p. 0.0039 [2, p. 0.0039 [2, p.
(9) 3-53] 3-53] 3-53] 3-53]
Net SCV 0.1764 0.1986 0.2040 0.2079
(8+7-9-6-5-4-3-2

Note: the Pu oxide in food can configuration allows up to 900 grams of steel cans (7.83
g/cc), 100 grams of low density polyethylene (0.92 g/cc) or nylon bagging (1.14 g/cc), and
200 grams of aluminum foil (2.7 g/cc); volumes occupied by inner containers for 3013
configurations are based on data in DOE-STD-3013-99, the ARIES inner can (1600 gram
mass assumed, same as BNFL inner 3013 container), and a convenience can mass of 400
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grams for both LLJNL and LANL configurations was assumed (all 3013 configurations are
free of polyethylene or nylon bagging, and crushed aluminum foil).

Notice that the table above provides three set of 3013-related volumes. Which 3013 free volume Is the
worst case must be determined by you before running the series of six analysis cases given below. Is it
the smallest volume to receive deflagration pressure or largest volume to maximize deflagration fuel?

Gas temperature used In your old Calc-Note revision M-CLM-F-00499. Rev. 3 (SARP Appendix 3.8) Is
unchanged. However the gas compositions have. Gas mixtures to be evaluated are the following.

SCV = Normal air
PCV - Normal air diluted by 75% C02
Can = Normal air diluted to 5% 02 by helium (Can is either a 3013 can or a Food-pack can)

Hydrogen presence is limited by full dissociation of the 25g of water present Inside the Can (be it 3013 or
FPC).

Cases to be analyzed are the following.

1 Bum Inside 3013
2 3013 leaks freely into PCV and gas mixture bums.
3 3013 and PCV leak freely Into SGV and gas mixture bums.

4 Bum Inside Food-pack can (FPC)
5 FPC leaks freely Into PCV and gas mixture bums.
6 FPC and PCV leak freely into SCV and gas mixture bums.

Please charge Activity Code LSLDHBLNP
Thank you for your service.

Kurt Houghtailng 803/725-3360
kurLhoughtaling@ em.gov
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DETONATION CELL WIDTHS IN THE 9975 PACKAGE
WITH CO 2 DILUTING OF THE PCV GAS SPACE

Introduction and Summary

Plutonium oxide in a 9975 shipping package can generate hydrogen by radiolysis of
absorbed water vapor. If the hydrogen is released into the gas space it can form a
combustible and potentially detonable mixture with the oxygen in the air. The detonation
cell width is a measure of the sensitivity of a particular flammable mixture to the onset
and propagation of a detonation wave. A large cell width, depending on the characteristic
channel dimension, can preclude the propagation of a detonation down a channel. As
long as the detonation cell width is greater than the gap width, a detonation cannot
propagate down a channel. Detonation cell widths have been determined for the nested
containers in the 9975 package under several scenarios in which the air is diluted with the
inert gases helium, or argon, or excess nitrogen, and/or carbon dioxide. Carbon dioxide
is an especially effective diluent with respect to increasing the gaseous mixture cell
width. Filling the PCV gas space with 51.8% CO2 by volume will result in a gaseous
mixture with 11.2% CO2 when the gas spaces of the 3013 container, the PCV, and the
SCV are connected by leaks and sufficient hydrogen is generated to render the hydrogen
and oxygen stoichiometric. The cell width for this mixture is approximately 20.3 mm
and the worst case radial gap, following a deforming impact, has a width of 20.3 mm. As
long as the PCV is diluted with more than 51.8% CO2, a detonation is precluded in the
radial gaps. Filling the PCV with 75% CO2 results in a gaseous mixture with 16.6% CO 2,
when the contents of the three gas spaces mix, and the resultant cell width is
approximately 61.0 mm. There is sufficient margin between the detonation cell width
and the bounding gap width to conclude that a detonation is not possible in 3013
configuration of the 9975 shipping package if the PCV gas space is filled with 75% CO2 .
Cell width considerations also preclude a detonation in the axial head spaces between the
nested vessels.

Input

The 3013 configuration of the 9975 shipping package contains three nested containers.
From the inside going out, the nested containers are: the 3013 container, the primary
containment vessel (PCV), and the secondary containment vessel (SCV). The volumes of
the gas spaces in the three containers are [1]:

V 30 13 = 1.1978 x 10-3 m 3

Vpcv = 1.6480 x 10-3 m 3

Vscv = 2 .7 7 79 x 10-3 m 3
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The PCV volume is the volume of gas space inside of the PCV and outside of the 3013
container. The SCV volume is the volume of gas space inside of the SCV and outside of
the PCV.

The 9975 shipping package is packed by loading the plutonium oxide in the 3013
container and then sequentially loading the nested containers, each in the next larger
container, until the package is assembled. The gas spaces of the containers are assumed
to be filled with air at 70'F and 14.7 psia, unless filled with an inert gas. A proposal to
fill the PCV gas space with CO2, to prevent the possibility of a detonation, is under
consideration. Since the fraction of PCV gas space that can be filled with CO2 during the
9975 packing phase is unknown, two scenarios are considered, 50% and 75% by volume
of the PCV gas space initially filled with CO2 . The balance of the PCV gas space will be
filled with air, and again the initial temperature and pressure are assumed to be 70'F and
14.7 psia. There are also plans to fill the 3013 container with an inert gas (most likely
helium but possibly argon or nitrogen), so the two PCV fill scenarios are considered, each
with and without a 75% diluent fill of the 3013 container. The plutonium oxide is
stored inside of the 3013 container, and all of the hydrogen is generated within this
container. As long as the gas tight integrity of the 3013 container is maintained, only the
inside of the 3013 container need be considered for a possible detonation. There will be
no fuel in the gas spaces of the outer containers. Since the integrities of the 3013
container and the PCV cannot be guaranteed, it is conservatively assumed that they leak
and that the contents of the gas spaces of the three nested containers mix. Mixing is not
assumed to dilute the hydrogen fuel. There is sufficient absorbed water vapor in the
plutonium oxide to generate enough hydrogen to result in stoichiometric hydrogen-
oxygen-inert gas mixtures in all three gas spaces. The oxygen generated by dissociation
of water is assumed to remain absorbed in the plutonium oxide, and it is therefore not
released to the gas space. The hydrogen will be generated after the 9975 package is
sealed, so it will increase the pressure in the gas spaces. Mixing will dilute the 3013
container diluent and the PCV CO,.

Once the 9975 package is sealed the contents will he heated by plutonium decay. The
steady-state temperature distribution in a 9975 package has been calculated numerically
[2]. The gas space temperatures are conservatively assumed to be the peak surface
temperature for each gas space. The assumed gas space temperatures are:

T 30 13 = 324 0F = 435.4 K
Tpcv = 293°F = 418.2 K
Tscv = 282°F = 412.0 K

Only stoichiometric hydrogen-oxygen gaseous mixtures are considered. This is a
bounding approach from the detonation cell width viewpoint. The cell width is very
sensitive to the fuel-oxygen ratio, with a sharp minimum for stoichiometric mixtures.
The cell width is a much weaker inverse function of pressure. If more hydrogen than that
required by a stoichiometric mixture is generated, the pressure will be greater than that
for a stoichiometric mixture, but the fuel rich mixture will have a larger cell width
because of the non-optimum hydrogen-oxygen composition. To get to a fuel rich
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composition, the mixture would necessarily pass through the bounding stoichiometric
composition point. The minimum cell width for a stoichiometric mixture also bounds
those of fuel lean mixtures, in which there is less hydrogen. The amount of absorbed
water in the plutonium oxide is irrelevant with respect to this analysis, as long as there is
sufficient water to generate the hydrogen to make the hydrogen-air mixture
stoichiometric. This criterion is easily satisfied, and as mentioned above an analysis of a
stoichiometric mixture bounds analysis of fuel lean mixtures.

Helium generation due to alpha decay is neglected in this analysis. This is a negligible
contributor to the total number of moles of gas in the mixture, and helium is an inert
diluent that increases detonation cell widths. Ignoring this source is conservative.

Analytical Methods and Computations

Given the pressure, temperature, and constituency of the gaseous mixture that results
from the mixing of the contents of the three container gas spaces, the detonation cell
width can be calculated with the semi-empirical model described in reference [3]. This
model relates the Zeldovich, Doring, and Von Neumann (ZND) induction length [4] to
the cell width. Detonation cell width data was used to determine the correlation factor
"A" between the theoretical ZND induction length and the cell width "A".

2 = ALZND (1)

For all hydrogen-air mixtures with helium, argon, or excess nitrogen the value of the
correlation factor is assumed to be 51.0. For mixtures with CO 2 the value of the
correlation factor is a function of the percent CO2 by volume in the mixture.

To determine the final state of the hydrogen-air-CO 2 mixture in the three connected gas
spaces, the number of moles of each of the constituents in each of the gas spaces, initially
at 70OF and atmospheric pressure, is determined. First the total number of moles in each
of the gas spaces is determined with the ideal gas relation:

PV
n = -- (2)

RT

The number of moles of each constituent is the product of the constituent mole fraction
and the total number of moles. For example, if the volume is filled with air

02 + 3.76 N2

the number of moles of oxygen and nitrogen are respectively:

1 3.76
no, = n & nN, 3.76

4.76 4.76
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To determine the constituency of the final mixture when the contents of the three gas
spaces mix, the numbers of moles of each constituent in each gas space are summed and
sufficient hydrogen is added to make the mixture stoichiometric. The pressures in the
three gas spaces will be equal after mixing, but the temperatures will differ. To
determine the pressure, solve the continuity equation and the ideal gas relation for each of
the gas spaces simultaneously.

PV3013 n 30 13 RT 3 0 13  (3)

P Vpc,, .. npcv RTcv (4)

+ + n5,?1: = n (6)

By judicious substitution these simultaneous equations can be reduced to a single
equation for the pressure:

P = nRT,0 3 (7)

V3013 PCI TC ' 13

With the gas mixture constituency the pressure and the three gas space temperatures
known, the gas space cell widths can be determined by the semi-empirical model [3]. As
a result of the temperature differences, each gas space will have a different value for the
cell width.

Results and Discussion

Four scenarios, in which the PCV is partially filled with CO2 and the 3013 container is or
is not partially filled with an inert diluent, are considered. The 3013 container and the
PCV are assumed to leak, allowing the contained gas mixtures to mix with that in the
SCV. From the detonation standpoint this is a conservative assumption, since the air
initially in the SCV is not diluted with an inert gas and it supplies oxygen to the final
mixture. Since it is assumed that there is sufficient hydrogen available to match any
available oxygen, the more oxygen the more hydrogen and the volume percentage of inert
diluents is reduced. Since all of the hydrogen is generated in the 3013 container, if this
container does not leak it alone will contain a combustible gaseous mixture. Inerting the
3013 will preclude the possibility of a detonation in the container, as long as it does not
leak. With 75% helium and 25% air initially in the container the initial gaseous mixture
is:

x

02 + 3.76 N2 +x He where X =0.75
4.76 + x
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The stoichiometric coefficient of helium is x = 14.28. Adding sufficient hydrogen to
make a stoichiometric mixture results in the following mixture:

2 H2 + 02 + 3.76 N2 + 14.28 He

% H2 = (2/21.04)x 100 = 9.5%

This mixture is 9.5% hydrogen by volume. This is just above the lean flammable limit
for hydrogen-air mixtures (9.0%, [5]). The lean hydrogen detonable limit will be greater
than the flammable limit, so the conjecture that the hydrogen-air-helium mixture will not
detonate is reasonable.

At 14.7 psia and 70'F, the initial helium mixture will have 0.04959 moles, equation (2).
The number of moles of oxygen is 0.0026045. Twice this number of moles of hydrogen
is added to make the hydrogen-air-helium mixture stoichiometric. The ideal gas relation
is used to calculate the final pressure (24.03 psia). With a temperature of 324°F, the
predicted detonation cell width [3] is 26.6 mm. This calculated cell width is independent
of the flammability limit. The model will calculate a cell width, irrespective of whether
the mixture is within the flammability limits. The cell width alone precludes a detonation
since the cell width is greater than the bounding radial gap (6.5 mm inside of the 3013
container following an impact [6,8]).

PV 101300(0.001197803)
n- - =.04959niols

RT 8.314(294.3)

0.04959
n - = 0.0026045mnols

19.04

n.,,,,, = n + 2no,

p n n,,,,c-RT _ 0.054799(8.314)(435.4) = 165610.08Pa (24.03 psia)

V 0.0011978

If only the 3013 container leaks, the helium-air in the 3013 container will mix with the
C0 2-air mixture in the PCV. This mixture will not be detonable because CO2 is a very
effective diluent for raising the cell width. There is no diluent in the SCV, so mixing the
SCV air with the contents of the other two containers is conservative. The additional
oxygen in the SCV air allows more hydrogen in the final stoichiometric mixture.

Scenario #1- 50% C0 2 in the PC V and no Dilution of the 3013 Container

The first scenario considered is the one in which the PCV is initially filled with 50% CO2
and the 3013 container is initially filled with air. The number of moles of oxygen,
nitrogen, and CO 2 initially in each of the three containers are shown in Table I along

Appendix 3.9 - 8 of 16



Revision I S-SAR-G-0000 I
Revision 1 S-SAR-G-0000 1

M-CLC-A-000175, Rev. 1, Pg.7 of 13

with the total for the combined mixture. The number of moles of hydrogen added to
make the mixture stoichiometric is twice the total number of moles of oxygen.

Table 1: Number of moles of oxygen, nitrogen, and carbon dioxide initially in the 3013
container, the PCV, and the SCV at 707F and 14.7 psia. The PCV is filled
with 50% by volume CO 2.

Container n (02) n (N2) n (C0 2)
3013 0.010418 0.03917 _

PCV 0.007167 0.026948 0.034115
SCV 0.024161 0.090846

Combined 0.041746 0.156964 0.034115

The final constituency of the mixture, based on a mole of hydrogen, is:

H2 + 0.5 02 + 1.88 N2 + 0.4086 CO 2

This mixture is 10.8% CO2 by volume. The pressure from equation (7) is 28.4 psia. The
predicted cell widths are:

A3 0 13 = 18.1 mm
Apcv = 18.5 mm
Ascv = 18.6 mm

Scenario #2. 75% C0 2 in the PCV and no Dilution of the 3013 Container

The second scenario considered is the one in which the PCV is initially filled with 75%
CO 2 and the 3013 container is initially filled with air. The number of moles of oxygen,
nitrogen, and CO2 initially in each of the three containers are shown in Table 2 along
with the total for the combined mixture. The number of moles of hydrogen added to
make the mixture stoichiometric is twice the total number of moles of oxygen.

Table 2: Number of moles of oxygen, nitrogen, and carbon dioxide initially in the 3013
container, the PCV, and the SCV at 70'F and 14.7 psia. The PCV is filled
with 75% by volume CO 2.

Container n (02) n (N 2) n (C0 2)

3013 0.010418 0.03917 -
PCV 0.003584 0.01347 0.051173
SCV 0.024161 0.090846 -

Combined 0.038163 0.14349 0.051173

The final constituency of the mixture, based on a mole of hydrogen, is:

H2 + 0.5 02 + 1.88 N2 + 0.67046 CO2
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This mixture is 16.6% CO 2 by volume. The pressure from equation (7) is 27.8 psia. The
predicted cell widths are:

23013 = 59.5 mm
2 pcv = 61.6 mm
2 scv = 62.3 mm

Scenario #3: 50% C0 2 in the PCV and 75% Diluent in the 3013 Container

The third scenario considered is the one in which the PCV is initially filled with 50%
CO2 and the 3013 container is initially filled with 75% diluent, either helium, argon or
additional nitrogen. The numbers of moles of oxygen, nitrogen, diluent, and CO2
initially in each of the three containers are shown in Table 3, along with the total for the
combined mixture. The number of moles of hydrogen added to make the mixture
stoichiometric is twice the total number of moles of oxygen.

Table 3: Number of moles of oxygen, nitrogen, helium, and carbon dioxide initially in
the 3013 container, the PCV, and the SCV at 70'F and 14.7 psia. The 3013
container is filled with 75% by volume He and the PCV is filled with 50% by
volume CO2 .

Container n (02) n (N2) n (Diluent) n (C0 2)
3013 0.0026045 0.00979298 0.0371925 -

PCV 0.007167 0.026948 - 0.034115
SCV 0.024161 0.090846 - -

Combined 0.0339325 0.127587 0.0371925 0.034115

The final constituency of the mixture, based on a mole of hydrogen, is:

H2 + 0.5 02 + 1.88 N2 + 0.54804 (Diluent) + 0.50269 CO2

This mixture is 11.3% CO 2 by volume. The pressure from equation (7) is 27.0 psia. The
predicted cell widths for the three different diluents are shown in Table (4).

Table 4: Cell widths in the 3013 container, the PCV, and the SCV with 75% diluting of
the 3013 container with either helium, argon, or additional nitrogen and 50%
diluting of the PCV with CO2.

Container Cell Width (He) Cell Width (Ar) Cell Width (N2)
3013 25.5 mm 23.4 mm 32.8 mm
PCV 26.1 mm 24.0 mm 33.9 mm
SCV 26.4 mm 24.2 mm 34.4 mm
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Scenario #4: 75% C0 2 in the PCV and 75% Dilution of the 3013 Container

The fourth scenario considered is the one in which the PCV is initially filled with 75%
CO2 and the 3013 container is initially filled with 75% diluent. The numbers of moles of
oxygen, nitrogen, diluent, and C02 initially in each of the three containers are shown in
Table 5, along with the total for the combined mixture. The number of moles of
hydrogen added to make the mixture stoichiometric is twice the total number of moles of
oxygen.

Table 5: Number of moles of oxygen, nitrogen, helium, and carbon dioxide initially in
the 3013 container, the PCV, and the SCV at 70'F and 14.7 psia. The 3013
container is filled with 75% by volume He and the PCV is filled with 75% by
volume CO2.

Container n (02) n (N2) n (Diluent) n (C0 2)
3013 0.0026045 0.00979298 0.0371925 -
PCV 0.0035836 0.013474 - 0.05117
SCV 0.024161 0.090846 - -

Combined 0.0303491 0.114113 0.0371925 0.05117

The final constituency of the mixture, based on a mole of hydrogen, is:

H- + 0.5 02 + 1.88 N2 + 0.61275 (Diluent) + 0.84307 CO 2

This mixture is 17.4% CO2 by volume. The pressure from equation (7) is 26.4 psia. The
predicted cell widths for the three different diluents are shown in Table (6).

Table 6: Cell widths in the 3013 container, the PCV, and the SCV with 75% diluting of
the 3013 container with either helium, argon, or additional nitrogen and 75%
diluting of the PCV with CO2.

Container Cell Width (He) Cell Width (Ar) Cell Width (N 2)
3013 94.4 mm 86.9 mm 126.0 mm
PCV 98.2 mm 90.4 mm 132.4 mm
SCV 99.6 mm 91.7 mm 134.8 mm

Consideration of Axial Gaps

In addition to the radial gaps between nested containers that form long channels through
which a detonation wave could travel, there are axial gaps between the containers. The
largest open space occurs between the lid of the 3013 container and the inner surface of
the PCV lid, and inside of the annular spacer that maintains this gap. The annular spacer
has an inside diameter of 111.25 mm (4.38 in.) and a height of 128.52 mm (5.06 in.).
The appropriate criterion for the onset of a detonation from a weak ignition source in an
enclosure is; the enclosure characteristic length is greater than seven times the detonation
cell width [7].
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L > 72 (8)

The characteristic length for a room [7] is defined as the average of the width and height.
For the cylindrical space inside of the 3013 top spacer, the characteristic length is the
average of the diameter and axial length:

L=I(D+H)= 119.9mm
2

1 19 .9A = 17.1 min
7

Therefore, the threshold cell width for a detonation is 17.1 mm. If the cell width is
greater than this value, a detonation will not occur in the axial space above the 3013
container lid. In scenario #1 above with 50% diluting of the PCV with CO 2 and no
diluting of the 3013 container, the PCV cell width is 18.5 mm. This is above the
threshold, but by only a small margin. The more realistic case, scenario #4 above with
75% diluting of the PCV with CO2 and 75% diluting of the 3013 container, has a PCV
cell width of 90.4 mm with argon diluting of the 3013 container. A detonation is
precluded with plenty of margin.

Lower Threshold Percent C0 2 Dilution of the PCV

The lower threshold allowable percent CO2 dilution of the PCV is that which results in a
detonation cell width of 20.3 mm [6,8], the bounding radial gap in the 9975 package.
During normal conditions of transport (NCT) the largest radial gap (16.9 mm) occurs
between the PCV and the SCV. This is a bounding NCT value for this gap. Following a
drop, deformation of the vessels can increase the gaps, and a 16.9 mm gap could become
20.3 mm [6,8]. To preclude a detonation in this gap, the cell width must be greater than
20.3 mm, and this value will also preclude a detonation in the axial head space between
the 3013 container and the PCV. The threshold cell width for this space is 17.1 mm.

The percent diluting of the PCV with CO2, and with no diluting of the 3013 container,
that results in a SCV cell width of 20.3 mm was calculated iteratively. A value for
percent CO 2 dilution of the PCV was assumed and the SCV cell width was calculated.
This process was repeated until the calculated cell width converged with the desired cell
width of 20.3 mm. This is the lower threshold value of CO 2 dilution of the PCV that
precludes a detonation in the 9975 package if the 3013 container leaks. No credit was
taken for inert gas dilution of the 3013 container, and if the 3013 container is diluted this
threshold value will drop.
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3013 Container Dilution Considerations, (no leak)

If the leak-tight integrity of the 3013 container is maintained, the CO2 diluting of the
PCV will not benefit the 3013 container, and the initial diluting of the 3013 container
alone will impact the cell width. The 3013 container will be loaded and assembled in an
atmosphere with less than 5.0% oxygen. Calculations of the cell widths for dilutions of
the 3013 container that result in 5.0% by volume oxygen at loading follow. Dilutions
with helium, argon, and hydrogen are considered. The initial oxygen mole ratio is 0.05:

0 2 + 3.76 N2 + XD D • no_ 1 =0.05 = XD = 15.24
n 4.76 + XD

With the addition of sufficient hydrogen to make the hydrogen-oxygen mixture

stoichiometric, the composition of the mixture on the basis of a mole of hydrogen is:

Hi + 0.5 0 + 1.88 N- + 7.62 D

The final pressure (Pf) is calculated with the ideal gas relation. The initial temperature is
294.3 K and the final temperature is 435.4 K.

Pf= P n T = 164854.3 Pa (23.92 psia) (9)
n, T,

The detonation cell widths [3] for the three possible diluents are:

Aargon = 15.9 mm

Aheli,,, = 29.7 mm
An,,oge,, = 195.2 mm

The initial percent volume of diluent in all three cases is 76.2%.

The bounding radial gap in the 3013 container following an impact that results in
deformations of the nested vessels is 6.5 mm. Calculations of the percent diluents, and
the associated percent oxygen, that result in cell widths of 6.5 mm follow. The procedure
is necessarily iterative. The compositions of the gaseous mixtures at loading, and after
closing and hydrogen generation are respectively:

Initial composition: 0.5 02 + 1.88 N2 +XD D

Final composition: H2 + 0.5 02 + 1.88 N2 +"XD D

The final pressure is determined with the ideal gas relation, equation (9), where the final
to initial mole ratio is:
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n - 3.38+ X D (10)
n, 2.38 + -XD

The initial and final temperatures are again 294.3 K and 435.4 K respectively.

The iterative procedure is to first assume a value for the final pressure and then use the
cell width model [3] to determine the diluent stoichiometric coefficient (XD) that results
in a cell width of 6.5 mm. The final pressure is checked and updated with equations (9 &
10), and the procedure is repeated until the final pressure converges. Results are
presented in Table (7).

Table 7: Initial percent diluents and oxygen for diluting of the 3013 container such that
the cell width is 6.5 mm.

Diluent XD Pf (psia) Initial % Initial %
Diluent Oxygen

helium 1.822 26.91 43.4 11.9
argon 3.23 25.63 57.6 8.9

nitrogen 0.753 28.69 84.0 (total) 16.0

Conclusions

Of the four PCV and 3013 container dilution scenarios considered in the previous section,
the smallest cell size occurs with 50% CO2 in the PCV and no diluent in the 3013
container. Going from 50% CO2 to 75% CO 2 in the PCV dramatically increases the cell
width. Adding 75% diluent to the 3013 container also increases the cell widths for both
cases of 50% CO 2 and 75% CO2 added to the PCV. These increases in cell width are due
primarily to the serendipitous increases in percentage CO2 in the final mixtures because
the diluent displaces some of the oxygen in the 3013 container. With less total oxygen in
the final mixture, there will be less hydrogen added to make the mixture stoichiometric.
The number of moles of CO2 is independent of the diluent added to the 3013 container,
but the diluent reduces the total number of moles of gas in the final mixture. This
increases the volume percent CO2 in the final mixture, and the cell width is very sensitive
to the percent CO2 in the mixture. For increasing the detonation cell width, CO2 is a
much more effective inert diluent than the other three diluents considered. Additional
nitrogen is a more effective diluent than either helium or argon.
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