
-

BWXT
Protecting Ameica's Fiture

May 8, 2006 CCN200651819

Attn: Document Control Desk
Director, Spent Fuel Project Office
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Amendment #1 for the Model ES-3100 Shipping Container, Docket No. 71-9315,
USA/9315fB(U)F-96

On behalf of the licensee of the ES-3 100 shipping package, BWXT Y-12 respectfully requests an
amendment to the Certificate of Compliance (CoC), Revision 0, of the ES-3 100 shipping
container. The purpose of this amendment is to request the addition of two specific content
convenience containers for highly enriched uranium oxide contents to Section 5.(b)(2) of the
CoC.

The convenience containers in this request are a polyethylene bottle and a nickel-alloy can.
Polyethylene is already addressed in the Safety Analysis Report in terms of a mass limit of
500 grams inside the ES-3 100 containment vessel. The use of this polyethylene bottle will be
governed by that limit for total polyethylene in the package. The proposed nickel-alloy
convenience can is similar to the stainless steel alloy that comprises the ES-3 100 containment
vessel walls. Thus, the two metals will not exhibit galvanic reactions.

The use of these convenience containers is important to the Naval Reactor program in that some
of their enriched uranium oxides are processed for shipping in these containers. Naval Reactors
can not procure and implement the ES-3 100 system until these containers are authorized for use
and specified in the CoC. Since a delay in authorization will cause Naval Reactors to delay
procurement of the containers and then possibly be forced to discontinue shipping on January 1,
2007, it is hereby requested that this license amendment be expedited to the extent practical.
January 1, 2007 is the date the Department of Transportation 6M specification containers can no
longer be used in Department of Energy secure transporters.
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George B. Singleton CCN200651819
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May 8, 2006

This letter has three attachments. Attachment 1 provides the justification for this request.
Attachment 2 is a suggested mark-up of the CoC. Attachment 3 contains the change pages to the
Safety Analysis Report that reflect the analyses and word changes supporting the amendment
(changes are highlighted). For the convenience of the reviewers, ten copies of the attachments
are included.

If you have any questions regarding this submittal, please contact me at (865) 241-3854 or Jeff
Arbital at (865) 576-8254.

Sincerely yours,

George B. Singleton
HEU Disposition Program Manager

GBS:slc

Attachments: As stated

cc: R. M. George, DOE, NA-261
E. D. Ragos, YSO
J. M. Shuler, DOE, EM-24
D. R. Tousley, DOE, NA-261



Docket No. 71-9315

ATTACHMENT I

JUSTIFICATION FOR AMENDMENT I REQUEST
ES-3100 SHIPPING CONTAINER

ADDING 2 CONVENIENCE CONTAINERS TO THE CoC

HEU Oxide Contents in Polyethylene Bottles

The ES-31 00 Safety Analysis Report (SAR) analyzed up to 500 g of 'off-gassing"
packing material in the containment vessel (CV) (SAR Section 1.2.3.8 (8)). This
type of material included polyethylene bags, silicone rubber, and any other
material that is subject to off-gassing at elevated temperatures. The licensee
now wants to add polyethylene bottles as an authorized convenience container
for HEU oxide contents. These bottles would fall under the existing 500 g limit
already in the SAR and CoC.

The 500 g limit is not an issue, but since the diameter of the polyethylene bottles
is greater than the metal cans in the SAR (and thus the void volume in the CV
will be less), calculations were needed to evaluate the resultant internal pressure
when the bottles are used. The calculations can be found in SAR Appendices
3.6.4 and 3.6.5. The calculations in these appendices show that the pressures
internal to the CV, resulting from off-gassing of polyethylene bags and bottles,
and silicone rubber at elevated temperatures (under normal and accident
conditions), are well below the code allowable pressures.

The internal pressure calculations have been revised using the actual diameter of
the polyethylene bottle of 4.94 inches. The resulting smaller void volume in the
CV did not cause the internal pressure to increase more than a few percent (over
using the smaller diameter metal cans), and still well below the code allowables.

Many minor changes to the SAR were required to add the polyethylene bottle as
an authorized content convenience container.

HEU Oxide Contents in Nickel-Alloy Convenience Cans

The nickel cans are fabricated from a high nickel, deep drawable alloy, such as
200, 201, or 233. The cans have a diameter of 3 inches and height of 4.75
inches. The can is closed with a screw-type cap with an 0-ring gasket. The 0-
ring is Parker # 2-231 Buna-N rubber (compound N1013-70). The surface of the
nickel can is passivated.

The ES-3100 containment vessel is fabricated from 304L stainless steel
(passivated). Passivated nickel and passivated 304L stainless steel do not have
a strong effect on each other, according to the galvanic corrosion data shown
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below. The galvanic corrosion chart is provided by Metal Mart International, Inc.
The two metals are highlighted on the chart, and their proximity to one another
on the chart indicates no strong effect on one another. Thus, these two metals
are compatible and the nickel-alloy can inside the CV will not cause any adverse
galvanic reactions.

Several changes to the SAR were required to add the nickel-alloy can as an
authorized content convenience container.

Galvanic Interaction Data

fMagnesiumr

FMagnesium Alloys

rBeryllium
FAJuminum 1100, 3003, 3004, 5052, 6053

ramu - __---- -- -- I

Aluminum 2017, 2024, 2117

FMijld Steel 1018, Wrought Iron
[HSLA Steel, Cast Iron
Vchrome Iron (active)
1430 Stainless (active)

302, 303, 321, 347, 410, 416 Stainless
Steel(active)

Ni-Resist_

|316, 317 Stainless (active)
lCarpenter 2OCb-3 Stainless (active)
Ajuminum Bronze (CA687)

Hastelloy-C(active) Inconei 625(active)
Titanium(active)

Lead/Tin Solder
Lead
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|Tin ___________________I

lInconel 600 (active)

[Nickei (active) |

160% Ni 15% Cr (active)

F80% Ni 20% Cr (active)

[H-aastelloyB (active) _

Naval Brass (CA464), Yellow Brass (CA268)

Red Brass (CA230), Admiralty Brass
(CA443)

Icopper (CA1 02) |

Manganese Bronze(CA675), Tin
|Bronze(CA903, 905)

410, 416 Stainless(passive) Phosphor
Bronze(CA521, 524)

Silicon Bronze (CA651, 655)

Nickel Silver (CA 732, 735, 745, 752, 754,
1757,_765, 770, 794

Cupro Nickel 90-10

|Cupro Nickel 80-20

|430& ainless (passive) -|

Cupro Nickel 70-30

Nickel Aluminum Bronze (CA630, 632)
[Monel 400, K500

Oilver Solder

F60% Ni 15% Cr (passive) -

[iconel 600 (passive)

80% Ni 20% Cr (passive)

Chrome Iron (passive)

|316, 317 Sainless (passive)

Carpenter 2OCb-3 Stainless (passive),
Incoloy 825 (passive)

Silver

Titanium (passive), Hastelloy C & C276
r(passive)

FGraphite - _

Zrconium - .

FGold
Platinum

_III-
II-
I_
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ATTACHMENT 2

SUGGESTED CHANGES IN USA/9315/B(U)F-96

[2 pages]
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5.(a) Packaging (continued)

(3) Drawings

The Model No. ES-3100 package is constructed and assembled in accordance with:

(i) BWXT Y-12, L.L.C., Drawing No. M2E801580A037, Sheets 1 through 6, Rev. A,
"Consolidated Assembly Drawing."

(ii) BWXT Y-12, L.L.C., Drawing No. M2E801580A026, Rev. C, "Heavy Can Spacer
Assembly."

(iii) Equipment Specification JS-YMN3-801580-AO01, Rev. E, "ES-3100 Containment
Vessel."

(iv) Equipment Specification JS-YMN3-801580-A002, Rev. D, "ES-31 00 Drum
Assembly."

(v) Equipment Specification JS-YMN3-801580-A003, Rev. B, "Manufacturing Process
Specification for Casting Kaolite 1600wU into the ES-31 00 Shipping Package."

(vi) Equipment Specification J$-YMN3-801580-A005, Rev. C, "Casting Catalog No.
277-4 Neutron Absorber for the ES-3100 .Shipping Package."

5.(b) Contents (Type and form of material, maximum quantity of material per package, and
Criticality Safety Index (CSI)).

-C.,& Uta A rs-

The weight of the radioactive contents, convenience ea,, can lift attachments, polyethylene bags,
spacers, and other material in the containment vesal shall not exceed 90 lb. The maximum mass
of hydrogenous packaging materials in the containment vessel (e.g., polyethylene containers or
bagging, silicone rubber pads, etc.) shall not exceed 500 grams. The maximum content decay heat
load shall not exceed 0.4 watts.

The concentration limits of uranium and transuranic constituents shall be the following:
Isotope Maximum Concentration

U-232 0.040 pg/gUl
U-233 0.006 g/gUb

U-234 0.02 g/gU

U-235 1.00 g/gU

U-236 0.40 g/gU

Transuranics (except Np) 40.0 pg/gU

Np-237 0.003 g/gU
a pg/gU = 10' grams per gram of total uranium
b g/gU = grams per gram of total uranium



5.(b)(1) Contents (continued)

Table 2: Loading Limits for Solid Metal or Alloy in the Form Defined as Broken Metal (Continued)

Uranium Enrichment With Spacers No Spacers
(weight percent CSI Maximum Mass Maximum Mass

U-235) U-235 (kg)a U-235 Per Package

Per Convenience Per Package (kg)a
Can

> 60 and < 70 0.0 1.949 5.848 1.949

0.4 4.115 12.346 7.797

0.8 6.931 20.793 16.245

2.0 8.231 24.692 24.692

• 60 0.0 3.718 kgU 11`153 kgU 5.576 kgU

0.4 9.914 kgU 29.743 kgU 17.660 kgU

0.8 11.773 kgU 35.320 kgU 35.320 kgU

2.0 11.773 kgU 35.320:kgU 35.320 kgU
a All limits are expressed in kg U-235 unless specified as RgU, which m~eans kilograms of total uranium.

(2) Uranium as oxide, which may include U0 2, U0 3, and U3O., packaged in stainless-stee(
tin-plated carbon stee, s. The physical form of all contents is dense, loose
powder which may contai clumpsi anidpeltets. "Moisture content in oxide is limited to 3
weight percent water. T mass limit 'shall be 24.0 kg of oxide, with a maximum mass of
21.124 kg U-235, with CSI of 0.0. No spacers are required in the containment vessel.

(3) Solid uranyl nitrate i the form of uranyl nitrate crystals, [UO2(NO3)2 xH2O, where x is s 6].
Uranyl nitrate crys is must be contained in a non-metallic convenience container (such as
Teflon or polyeth/ene bottle). The mass limit shall be 24.0 kg of uranyl nitrate crystals, with
a maximum m s of 11.303 kg U-235, with a CSI of 0.0. No spacers are required in the
containment v ssel.

6. The vent holes on e outer steel drum shall be capped closed during transport and storage to
preclude entry of am water into the insulation cavity of the drum.

7. Content form ay not be mixed in a single ES-31 00 containment vessel.

0 uc k e, - t ko i C voh 'C e c- C61at or- I
bo fl 7

V/
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ATTACHMENT 3

CHANGE PAGES FOR THE ES-3100 SAFETY ANALYSIS REPORT

[Y/LF-717, Rev 0]
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these pieces is joined with circumferential welds as shown on Drawing M2E801580A012 (Appendix 1.4.8).
The top flange is machined to provide two concentric half-dove-tailed O-ring grooves in the flat face, to
provide locations for two 18-8 stainless steel dowel pins, and to provide the threaded portion for closure using
the lid assembly. The second fabrication method for the ES-3 100 containment vessel uses forging, flow
forming, or metal spinning to create the complete body (flat bottom, cylindrical body, and flange) from a
single forged billet or bar with final material properties in accordance with ASME SA-182 Type F304L. The
top flange area using this fabrication technique is machined identically to that of the welded forging method.

The lid assembly, which completes the containment boundary structure, consists of a sealing lid,
closure nut, and external retaining ring (Drawing M2E801580A014, Appendix 1.4.8). The containment
vessel sealing lid (Drawing M2E801580A015, Appendix 1.4.8) is machined from Type 304 stainless-steel
bar with final material properties in accordance with ASME SA-479. The containment vessel closure
nut is machined from a Nitronic 60 stainless-steel bar with material properties in accordance with
ASME SA-479. These two components are held together using a WSM-400-S02 external retaining ring made
from Type 302 stainless steel. The sealing lid is further machined to accept a %-16 swivel hoist ring bolt,
to provide a leak-check port between the elastomeric O-rings, and notched along the perimeter to engage two
dowel pins. The swivel hoist ring is only intended for use when loading and unloading the containment
vessel. The swivel hoist ring will be removed for shipment. The lid assembly, with the 0-rings in place on
the containment vessel body, are joined together by torquing the closure nut and sealing lid assembly to
162.70 i 6.78 N-m (120 ± 5 ft-lb). The sealing lid portion of the assembly is restrained from rotating during
this torquing operation by the two dowel pins installed in the body flange.

The use of a design that includes two O-ring seals permits assembly verification leak testing of the
containment vessel by measuring the leak rate from the volume between the inner and outer O-rings. An
evacuation port is located between the O-rings in the containment vessel to facilitate a pressure rise or drop
leakage test following assembly or 10 CFR 71 compliance testing. This port is sealed during transport using
a modified VCO threaded plug. Only the inner 0-ring is considered a part of the containment boundary. All
O-rings on this containment vessel are fabricated to ASTM D2000, M3BA712A 14B 13F17.

The inner diameter of the containment vessel is 12.852 cm (5.06 in.) and the usable height inside the
containment vessel is 78.74 cm (31.0 in.). The wall thickness of the body excluding the flange is 0.254 cm
(0.10 in.). The maximum nominal diameter of the containment vessel body is 19.05 cm (7.50 in.). The
nominal thicknesses of the containment vessel's flat bottom is 0.635 cm (0.25 in.). The overall height of the
containment vessel without the swivel hoist ring is 82.296 cm (32.40 in.). The containment vessel drawing
number, drawing revision, and serial number are electroetched onto the side of the containment vessel body,
as well as onto the top of the sealing lid and the closure nut (Drawing M2E801 580A01 1, Appendix 1.4.8).
All outer surfaces, unless otherwise specified, are either sand- or bead-blasted, buffed, or sanded to a matte
finish. No penetrations. connections, or fittings into this sealed container exist.

1.2.3 Contents

The ES-3 100 shipping package will be used to ship bulk HEU in the form of oxide (U02 U03 , or
U300), uranium metal and alloy in the form of solid geometric shapes or broken pieces, and uranyl nitrate
crystals (UNX). The ES-3100 package has been designed to accommodate a maximum of 24 kg of oxide or
UNH crystals and a maximum of 36 kg of metal and alloy. The maximum weight of all contents (including
convenience canoleis, can spacers, polyethylene bagging and other packing materials) shall not exceed
40.82 kg (90 lb). The maximum concentration of uranium isotopes permitted in the ES-3 100 content are
listed in Table 1. 1. In addition to the uranium isotopes shown in Table 1.1, transuranic isotopes (with the
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Table 1.1. Uranium concentration limits

Uranium isotope Limit

232u 0.040 Vg/gU
233U 0.006 g/gU

234u 0.02 g/gU

235u 1.00 g/gU

236u 0.40 g/gU
238U 1.00 g/gU

exception of Np) may be present in the contents at a maximum concentration of 40.0 l.1g/gU. The
concentration of Np is limited to 0.003 g/gU.

HEU Oxide

The HEU oxide content in the ES-3 100 package includes UO., UO3, and U308 Six different oxide
categories have been identified (Appendix 1.4.7). Maximum overall uranium isotopic weight percents
representative of all six oxide categories are presented in Table 1.2. The physical form of all contents is
dense, loose powder which may contain clumps. Moisture content in oxide is limited to 3 wt % water (Note:
loading restriction #7 in Sect. 1.2.3.8 also applies). Theoretical densities of U0 2, U308 and U0 3 are
10.96 g/cm3, 8.30 g/cm3, and 7.29 g/cm3, respectively. Actual working densities are expected to be
significantly less. _ _ tj_ M _ i _ X

Table 1.2. Bounding uranium isotopic concentrations in oxide

Isotope Bounding limit

232U 40 ppb

233U 200 ppm

21
4
U 2.0 wt %

235u 97.7 wt %

236u 40.0 wt %

238U 80.0 wt %

21U must be Ž20 Wi%

For convenience, the six oxide categories are referred to as Groups 1-6. These six groups are briefly
described below.

Group 1 oxides are in the form of UO,. Material from this group contains at least 83.0% uranium
by weight and displays typical isotopic content (<0.977 g235U/gU, •0.014 g 234U/gU, <0.010 g236U/gU,
<0.040 jig232U/gU, <50.0 ,tg233U/gU with the balance of the uranium being 238U).

1-10
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Group 2 oxides are in the form of UO,. Material from this group contains at least 20.0% uranium
by weight and displays typical isotopic content (<0.977 g 235U/g U, •0.014 g 234U/g U, <0.010 g 236U/g U,
•0.040 Vg 232U/g U, < 50.0 fig 233U/g U with the balance of the uranium being 238U).

Group 3 oxides are contaminated with up to 40 Fig Pu/g U and are in the form of UO,. Material from
this group contains at least 83.0% uranium by weight and displays typical isotopic content for uranium
(•0.977 g 235U/g U, <0.014 g 234U/g U, •0.010 g 236U/g U, •0.040 pg 232U/g U, •50.0 Fug 233U/g U with the
balance of the uranium being 238U).

Group 4 oxides are in the form of U308. Material from this group contains at least 83.0% uranium
by weight and displays typical isotopic content (•0.977 g 235U/g U, •0.014 g 234U/g U, <0.010 g 236U/g U,
•0.040 tig 232U/g U, •50.0 Fug 233U/g U with the balance of the uranium being 238U).

Group 5 oxides are in the form of UO. Material from this group contains at least 20.0% uranium
by weight and displays typical isotopic content (•0.977 g 235U/g U, <0.014 g 234U/g U, •0.010 g 236U/g U,
•0.040 Pg 232U/g U, •50.0 Fug 233U/g U with the balance of the uranium being 238U). This material may
contain considerable activity in the form of unspecified beta emitters.

Group 6 oxides are in the form of UO.. Material from this group contains at least 20.0% uranium
by weight and may display unusually high isotopic concentrations of 233U, 234U, and 236U (•0.977 g 235U/g U,
• 0.020 g 234U/g U, •g0.40 g 236U/g U, • 0.040 fg 232U/g U, •200.0 pg 233U/g U with the balance of the uranium
being 23SU)

The oxides in Groups 1, 3, and 4 are high purity uranium oxide purity (the remainder is only trace
impurities). Oxide Groups 2, 5, and 6 are listed to contain at least 20% uranium by weight, which allows up
to 80% non-uranium material. As oxides, depending on the purity and chemical form, 3% to 17% of the total
material composition will be oxygen, leaving up to 77% impurity or "filler". These three oxide groups
include a range of scrap and recovered materials. For the least pure uranium oxides, the majority of the filler
material is aluminum oxide (from recovered alumina traps or from oxidized uranium-aluminum alloys).
Other materials that occur in appreciable quantities in some scrap materials are oxides and compounds of
Boron, Calcium, Iron, Sodium, Lead, Zinc, Magnesium, Copper, Molybdenum, and Tungsten. These
materials are essentially inert from the standpoint of criticality safety and chemical interaction with the
ES-3 100 convenience cans.

HEU Metal and Alloy

HEU metal and alloy may be in the form of solid geometric shapes. Solid shapes may include the
following:

I. spheres having adiameter no largerthan 3.24 in. (maximum of two spheres perconvenience can);

2. cylinders having a diameter no larger than 3.24 in. (maximum of one cylinder per convenience
can);

3. square bars having a cross section no larger than 2.29 in. x 2.29, in. (maximum of one bar per
convenience can); and

4. slugs having dimensions of 1.5 in. diameter x 2 in. tall (maximum of 10 per convenience can).

HEU bulk metal and alloy contents not covered by the geometric shapes category specified above
will be in the broken metal category, and will be so limited.

l-
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HEU bulk metal and alloy contents in the broken metal category may be of unspecified geometric
form. HEU bulk metal and alloy in this category may also be of a specific shape where one or more of the
characteristic dimensions vary from piece to piece (i.e., the height, width, length, radius, etc.). For pyrophoric
considerations, HEU metal and alloy shipped in the ES-3 100 must meet the following restrictions:

1. Pyrophoric forms, such as uranium metal powders, foils, turnings and wires shall not be
shipped, unless the materials pass the following broken metal size restriction tests. Broken
metal pieces should be of a size that: a) the specific surface area does not exceed 50 cm2/g, and
b) will not pass freely through a mesh size 8 sieve (2.38 mm or 0.0937 in). Other tests to
determine pyrophoricity of the uranium metal contents may be used at the shipper's discretion
and are subject to approval by the regulatory authority.

2. Incidental small particles and samples (those which do not pass the size restriction tests in #1)
including foils, turnings, or wires may be shipped with the original batch, but are restricted to
< I% by weight of the content batch.

Uranyl Nitrate Crystals

Uranyl nitrate crystals (UNX) are formed by dissolving uranium metal or any of the uranium oxides
in nitric acid. Uranyl nitrate hexahydrate (UNH) has a chemical formula of UO,(NO3 ), +6 H2 0. This most
reactive form is used as the bounding composition for uranyl nitrate crystals in the criticality evaluation.
Therefore, for UNX contents, X must be less than or equal to 6. The theoretical density of UNH crystals is
2.79 g/cm3; however, the working densities will be less.

The user of the ES-3 100 for UNX shipments will be required to use non-metallic containers only (such
as Teflon or polyethylene bottles) as the convenience container. =

7L-VAI

1.2.3.1 Radioactive/fissile constituents

Fissile material mass loading limits for the contents of the ES-3100, as determined by criticality
analyses, are presented in Table 1.3. For the ES-3 1 00 package with bulk HEU content, the maximum number
of As is 290.37 (at 70 years) and the maximum activity is 0.3112 Tbq (at 10 years) [Table 4.4].

1.2.3.2 Chemical and physical form

The fissile material contents are in solid (HEU metal or alloy), crystalline (UNX) or powder (HEU
oxide) form. Some moisture (up to 3%) may be present in the HEU oxide material, thereby making the oxide
content clump together.

1.2.3.3 Reflectors, absorbers, and moderators

The reflectors, absorbers, and moderators present in the ES-3 100 package are those associated with
the materials of construction. For example, the thermal insulation acts as a neutron reflector to the contents
of a single package and as a neutron moderator in an array of packages. The degree of neutron moderation
is a function of the hydrogen content in the Kaolite 1600 and Cat 2774 materials. The stainless-steel materials
of the containment vessel and the drum also act as neutron reflectors to the contents of a single package but
act as neutron absorbers in an array of packages. The nuclear properties of the materials of construction and
of the contents are important and have been taken into account in the criticality safety
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Table 1.3. Authorized content ' and fissile mass loading limits b c for the ES-3100

Content NO'spacers, t27
description Enrichment CSI can spacers,'

desripio_" (k) U (kg)

Solid HEU metal Spheres 100% 0.0 16.946 32.983
or alloy Cylinders S 100% 0.0 12.000 18.000

(specified Square bars s 100% 0.0 18.000 30.000
geometric Slugs > 80% 0.0 Can spacers req'dd 16.342
shapes)' Slugs s 80% 0.0 Can spacers req'd 26.213

> 95%, ! 100% 0.0 Can spacers req'd 2.774
0.4 Can spacers req'd 5.548
0.8 Can spacers req'd 8.323

l 2.0 Can spacers req'd 11.097
> 90%, s 95% 0.0 Can spacers req'd 2.637

l 0.4 Can spacers req'd 5.274
- 0.8 Can spacers req'd 10.549

l 2.0 Can spacers req'd 16.703
> 80%, • 90% 0.0 Can spacers req'd 2.500

| 0.4 Can spacers req'd 7.500
l 0.8 Can spacers req'd 10.000

Broken HEU metal or alloy2.0 Can spacers req'd 15.834

> 70%, • 80% 0.0 2.225 2.225

0.4 4.450 8.900
l 0.8 14.092 18.542

l 2.0 18.542 23.734
> 60%, s 70% 0.0 1.949 5.848

0.4 7.797 12.346

I 0.8 16.245 20.793

l 2.0 24.692 24.692

s 60% 0.0 5.576 kgU 11.153 kgU

0.4 17.660 kgU 29.743 kgU

l 0.8 35.320 kgU 35.320 kgU
2.0 35.320 kgU 35.320 kgU

HEU oxide > 20%, • 100% 0.0 21.124 ' ' Spacer not req'd

UNX crystals ' > 20%, s 100% 0.0 11.303' Spacer not req'd

HEU in solution form is not permitted for shipment in the ES-3 100.
All limits are expressed in kg 2 5U unless otherwise indicated.
Mass loadings cannot be rounded up.
Cat 277-4 can spacers as described on Drawing No. M2E80158OA026 (Appendix 1.4.8).
Geometries of solid shapes are as follows:
- Spheres are no larger than 3.24 in. diameter: maximum of 2 spheres per can.
- Cylinders are no larger than 3.24 in. diameter' maximum of I cylinder per can.
- Square bars are no larger than 2.29 in. x 2.29 in. (cross section): maximum of I bar per can.
- Slugs are a maximum of 1.5 in. diameter x 2.0 in. tall: a maximum of lo per convenience can where the actual number permitted is

restricted bv the stated loading limit.
This 2"5 U fissile mass limit corresponds to 24 kg of material.
UNX (where X • 6). Must be shipped in a non-metallic convenience container (such as Teflon or polyethylene).

1-13

Y/LF-717/page change 2/Ch-I!ES-3100 HEU SAR/sc/02-06-06



evaluation (Sect. 6). In addition to the materials of construction in the ES-3 100 shipping package mentioned
above, the Cat 277-4 material has been specifically added to the ES-3 100 package for the purpose of enhancing
the neutron absorption characteristics for safety purposes (see Sect. 6 for additional discussion of the neutron-
absorbing characteristics of this material).

1.2.3.4 Shipping configurations

_ t Some contents require the use of can spacers
(see Table 1.3). These can spacers are thin-walled stainless-steel cans filled with Cat 277-4 material (Drawing
M2E801580A026, Appendix 1.4.8). Each convenience can and spacer may be equipped with a stainless-steel
band and nylon-coated wire to facilitate loading and unloading operations. Silicone rubber pads may also be
used between convenience cans to dampen vibration and minimize contact between metal components. Any
combination of convenience j W wili be allowed in a single package, as long as the total height of the
stack-up (including spacers, if required) does not exceed the inside working height of the containment vessel
[78.74 cm (31 in.)]. If can spacers are required, no more than one-third of the total HEU content mass limit
shown in Table 1.3 may be placed between any two spacers.

~e~is47 .~ 7,~d1 4 ~ dmtry& 4f~~e1z Although any
combination of the convenience cans that will fit inside the internal volume of the containment vessel may be
used, although content forms will not be mixed in a single package (i.e., HEU oxides may not be shipped with
HEU metal). Empty cans and/or stainless-steel scrubbers may be used to fill the void space at the top of the
containment vessel. If empty cans are shipped, a minimum 0.32-cm (0.125-in.)-diam hole must be placed
through the lid to prevent over-pressurization of the can in the event of a thermal accident. In addition, these
empty cans must be placed on top of the loaded cans. In configurations not requiring can spacers for criticality
control, can spacers may be shipped for convenience if placed on top of loaded cans in the containment vessel.
The HEU contents may be bagged or wrapped in polyethylene, and the conveniencedX may also be
wrapped in polyethylene to further reduce the possibility of contamination (see Sect. 1.2.3.8 for mass limits
on packing materials such as polyethylene bagging). In some shipping configurations, silicone rubber pads
will be placed between the convenience cans to reduce vibration.

1.2.3.5 Maximum normal operating pressure

As defined in 10 CFR 71.4. the maximum normal operating pressure is the maximum gauge pressure
that would develop in the containment system in one year under an ambient temperature of 380C (1000 F) in
still air, with appropriate insolation in the absence of venting, external cooling by an ancillary system, or
operational controls during transport. Under these conditions, the maximum normal operating pressure in the
ES-3 100 containment vessel would be 122.63 kPa (17.786 psia). In comparison, the design internal pressure
of the containment vessel is 801.17 kPa (116.2 psia). The design internal pressure is a conservatively assumed
value that was assigned for the purpose of the ASME code calculations in Appendix 2.10.1.

1.2.3.6 Maximum and minimum weight

The maximum gross shipping weight for the ES-3 100 package is 190.5 kg (420 lb). The proposed
maximum gross shipping weight of the ES-3 100 package with any proposed content is 187.81 kg (414.05 lb)
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Fig. 1.4.. Typical shipping configurations inside the ES-3100 containment vessel.
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Fig. 1.4. Typical shipping configurations inside the ES-3100 containment vessel (continued).
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[Table 2.8]. The total weight of the tested ES-3100 units ranged from 157.4 to 203.7 kg (347 to 449 lb)
[Table 2.9].

The weight ofHEU in the ES-3 100 shipping package is limited to 36 kg (79.37 lb). This limit has been
established as a bounding case for the maximum structural, thermal, and containment limit for the package.
A minimum HEU content weight of 2.77 kg (6.11 lb) has been established as the lower bounding case for the
maximum structural, thermal, and containment limit for the package. This minimum content weight
corresponds to the lowest simulated payload weight used during the prototype testing of the ES-3 100 package.
Actual mass restrictions for the various contents based on the criticality analyses are listed in Table 1.3. The
maximum allowable payload weight of any configuration, including packing components (convenience cans,
polyethylene bags, can spacers, etc.), is 40.82 kg (90 lb). The payload weight (including convenience cans,
silicone rubber pads, can spacers, and the HEU mockup) used in the ES-3 100 package tests ranged from a
minimum of 3.6 kg (8 lb) to a maximum of 50.3 kg (111 lb). ES-3 100 shipping package weights are discussed
in greater detail in Sect. 2 and are broken down into individual component weights in Tables 2.8 and 2.9.

1.2.3.7 Maximum decay heat

As shown in Sect. 3.1.2, the conservatively calculated maximum heat generation rate of the contents
is approximately 0.4 W. The ES-3 100 package was designed for a maximum heat load of 20 W. Thermal
analyses have been performed assuming heat sources of 0.4, 20, and 30 W in the ES-3 100 containment vessel
(Appendix 3.6.2).

1.2.3.8 Loading restrictions

Loading restrictions based upon the results of the criticality safety calculations presented in Sect. 6.2.4
and additional limitations on packing materials outlined in Sect. 3 are as follows:

(I) HEU fissile material to be shipped in the ES-3100 package must be placed in stainless-steel, tin-plated
carbon steel el convenience cans,

i vr tote inrl eit( '. Any closure on
the convenience can is allowed.

(2) Any combination of convenience cans is allowed in a single package, as long as the total height
(including silicone rubber pads and can spacers, if required) does not exceed the inside working height
of the containment vessel (approximately 31 in.).

(3) In situations where empty convenience cans are shipped in the package, they must be placed on top
of the loaded cans, and a minimum 0.32-cm (0.125-in.)-diam hole must be placed through the lid to
prevent over pressurization of the can.

(4) The concentration of uranium isotopes in the content is limited as shown in Table 1.1.

(5) For pyrophoric considerations, HEU metal or alloy loading is further restricted to piece sizes with a
specific area not greater than 50 cm2/g and not smaller than sieve mesh size 8 (2.38 mm or 0.0937 in).
Incidental small particles and samples (those which do not pass the size restriction tests) including
foils, turnings, or wires may be shipped with the original batch, but are restricted to < I% by weight
of the content batch.

(6) The content shall not exceed "per package" fissile material mass loading limits specified in Table 1.3
based on the CSI. Where can spacers are required for a "per package" mass loading, the quantity of
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fissile material located between any two spacers shall not exceed one-third of the mass loading limit
in Table 1.3.

(7) The package content is defined as the HEU fissile material, the convenience cans and can spacers, and
the associated packing materials (plastic bags, pads, tape, etc.) inside the ES-3 100 containment vessel.

(8) The mass of packing materials that off-gas (i.e., Ifi§~ polyethylene bagging, silicone
rubber, etc.) used inside the ES-3 100 containment vessel is limited to 500 g (Sect. 3.1.4.2).

1.2.4 Operational Features

The ES-3 100 package is a Type B fissile material package designed in accordance with DOT and NRC
regulations. These regulations require that the package be operated without undue risk to the public, even in
the event of a severe accident, and that the dose rate and nonfixed radioactive contamination on the external
surface of the package conform with 49 CFR 173.441 and 173.443, respectively. These requirements are
translated into the designs for the containment, shielding, and nuclear criticality safety of the contents when
subjected to NCT and HAC. Designs for containment, shielding, and nuclear subcriticality safety are
supported by operational procedures for loading, unloading, and refurbishing to ensure that those design
features are used and maintained in a manner commensurate with their intended function. Drop tests, crush
tests, puncture tests, thermal tests, and water immersion tests (Sects. 2.6 and 2.7) show that the drum assembly
maintains the insulation and the containment vessel in their intended configurations when subjected to NCT
and HAC.

The decay heat generated by the contents (maximum of approximately 0.4 W) is negligible for a
package of this size (Sect. 1.2.3.7 and Sect. 3.1.2).

Design features that provide shielding, containment, and nuclear criticality control perform these
functions in a passive manner. No valves, connections, gauges, active coolants, or operationally pressurized
parts are integral to the ES-3 100 package.

1.3 GENERAL REQUIREMENTS FOR ALL PACKAGES

This section demonstrates compliance with 10 CFR 71.43(a) and (b), "General Standards for All
Packages."

1.3.1 Minimum package size

Requirement. The smallest overall dimension of a package may not be less than 10 cm (4 in.).

Analysis. The drum's outside diameter (including the chimes or rolling rings) is 49.2 cm (19.37 in.),
and the outside height including the lid is 110.49 cm (43.5 in.). The minimum outside diameter of the ES-3 100
containment vessel is 13.36 cm (5.26 in.), and the overall height is 82.30 cm (32.4 in.). Therefore, the
packaging meets this requirement.
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1.3.2 Tamper-indicating feature

Requirement. The outside of a package must incorporate a feature. such as a seal, that is not readily
breakable and that, while intact, provides evidence that the package has not been opened by unauthorized
persons.

Analysis. The removable drum head is attached to the body by eight 5/8-1 1-UNC-2B silicon bronze
nuts and 5/8-in. nominal washers. Two 0.51-cm (0.20-in.)-thick lugs with 0.953-cm (0.375-in.)-diam holes
project through slots in the drum lid and provide attachment for wire-type tamper-indicating devices (TIDs).
These TIDs consist of a stainless-steel cable with an aluminum crimp closure or equivalent. The requirement
is satisfied by the TlDs. which are installed as specified in Sect. 7.1.2.2. The seal is only required when HEU
is in the package. It is not required for empty shipments.
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2. STRUCTURAL EVALUATION

The ES-3 100 package is used to ship bulk highly enriched uranium (HEU). Content will be packed
in various size convenience cans made of stainless or tin-plated carbon steel. The cans shall have a diameter
of <12.7 cm (5 in.) and heights of <25.4 cm (10 in.). Any combination of these cans shall be allowed in a
single package, as long as the total length of the can stack (with spacers when required) does not exceed the
inside working height of the containment vessel. Any closure on the convenience can is allowed.
Polyethylene bags may be used inside or outside any convenience can as long as the loading restrictions in
Sect. 1.2.3.8 are met. The amount of polyethylene bagging used inside the ES-3 100 containment vessel is
limited to 500 g. In addition, polyethylene bags or other packing materials that offgas at temperatures above
ambient may not be used inside the containment vessel if convenience cans with diameters exceeding 4.25 in.
are used. The maximum payload inside the containment vessel will be as follows and as shown in Table 2.1:
(1) 24 kg oxide or compounds (up to 100% enrichment in 235U); (2) HEU oxide shall be in the form of U0 2,

U0 3 , or U30 8; (3) 24 kg of uranyl nitrate crystals; (4) 36 kg of uranium metal and alloy (up to 100%
enrichment in 235U); (5) HEU metal and alloy may be in the form of broken pieces, ingots, buttons, small
castings or fuel; and (6) the maximum weight of all contents, including nuclear material, convenience
i , polyethylene bags, spacers, etc., shall not exceed 40.82 kg (90 lb). Uranium and transuranic

isotopic allowances are defined in Sect. 4. Mass limits and total weights for each shipping arrangement are
defined and described in Sect. 2.1.3. The 40.82-kg (90-lb) maximum containment vessel content weight and
36-kg (79.37-lb) HEU content weight limits have been established as a bounding case for the maximum
structural, thermal, and containment limit for the shipping package. The lowest possible mass of 2.77 kg
(6.11 lb) HEU has been established as the lower bounding case for structural, thermal, and containment limits
for the shipping package. The above content masses and forms used for the proposed content do not take
into consideration limits based on shielding and subcriticality.

As described in the following sections, design analysis, similarity, drop simulations, and the full-
scale testing documented herein demonstrates that the ES-3100 package is in compliance with the
requirements of Title 10 Code of Federal Regulations (CFR) 71 and Title 49 CFR 100-I 78 when it is used
to ship contents described above. The maximum bounding activity of the contents (36 kg of HEU) is
3.1017 x IO-' TBq (8.38 Ci) when the maximum activity-to-A, value is reached at -70 years from material
fabrication. The corresponding maximum number of A2s carried is 290.37. This information is further
discussed in Sect. 4.

Table 2.1. Proposed HEU contents for shipment in the ES-3100

Form Chemical or physical Total weight of HEU contents
description kg (lb)

HEU oxide UO", U0 3, U3 O8  24 (52.91)

Uranyl nitrate crystals U0 2 (NON)2 + 6H2O 24 (52.91)

HEU metal and alloy Specific geometric shapes (spheres, 36 (79.37)
cylinders, square bars or slugs) or
broken metal pieces
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2.1 DESCRIPTION OF STRUCTURAL DESIGN

2.1.1 Discussion

The principal structural members of the shipping package consist of the following: the drum
assembly, the containment boundary, packaging material, and the contents. Each of these will be described
and discussed in the following sections.

2.1.1.1 Drum assembly

The drum assembly of the shipping package is defined as the structure that maintains the position
of and provides protection to the impact and thermal barrier surrounding the containment boundary.
Preserving the location of the containment boundary within the packaging prevents reduction of the shielding
and subcriticality effectiveness. The drum assembly for the ES-3 100 consists of an internally flanged
Type 304L stainless-steel 30-gal modified drum with two type 304L stainless-steel inner liners, one filled
with noncombustible cast refractory insulation and impact limiter (Kaolite) and one filled with
noncombustible cast neutron absorber (Cat 277-4), a stainless-steel top plug with cast refractory insulation,
silicone rubber pads, silicon bronze hex-head nuts, and a stainless-steel lid and bottom
(Drawing M2E801580A031, Appendix 1.4.8). The nominal weight of these components is 131.89 kg
(290.76 lb).

The drum's diameters (inner diameter of 18.25 in.) and corrugations meet the requirements of
Military Standard MS27683-7. All other dimensions are controlled by Drawing M2E801580A004
(Appendix 1.4.8). Modifications to the drum from MS27683-7 include the following: (1) the overall height
was increased; (2) the drum was fabricated with two false wire open ends; and (3) a 0.27-cm (12-gauge,
0. 1046-in.)-thick concave cover was welded to the bottom false wire opening (Drawing M2E801580A005,
Appendix 1.4.8). Four 0.795-cm (0.313-in.)-diameter equally spaced holes are drilled in the top external
sidewall to prevent a pressure buildup between the drum and inner liner. The holes are sealed with a plastic
plug to provide a moisture barrier for the cast refractory insulation during Normal Conditions of Transport
(NCT). The cavity created by the inner liners is a three-tiered volume with a 37.52-cm (14.77-in.) inside
diameter 13.26 cm (5.22 in.) deep, a 21.84-cm (8.60-in.) inside diameter 5.59 cm (2.20 in) deep, and an
additional 15.85-cm (6.24-in.) inside diameter 78.31 -cm (30.83 in.) deep. The volume between the mid liner
and the drum and the top plug's internal volume is completely filled with the noncombustible cast refractory
insulation called Kaolite 1600 from Thermal Ceramics, Inc. Kaolite properties, such as mechanical, thermal
conductivity, and impact, are presented in Appendix 2.10.3. The volume between the most inward liner and
the mid liner wall is completely filled with a noncombustible neutron absorber (poison) from Thermo
Electronic Corp. called Cat 277-4. Cat 277-4 properties, such as thermophysical, mechanical, and neutron
activation, are presented in Appendix 2.10.4. BoroBond4, another noncombustible neutron absorber, was
used only in prototype test packages instead of Cat 277-4. The drum body, inner liners, and lid are fabricated
from 0.15-cm (16-gauge, 0.0598-in.) thick Type 304/304L stainless-steel sheet. A rolled stainless-steel
flange with a 5.08 x 5.08 x 0.64-cm (2 x 2 x 0.25-in.) thick modified stainless-steel structural angle is welded
around the top of the mid inner liner. The mid inner liner is then welded to the inside surface of the drum
along this flange. Eight ¾/B-I l-UNC-2A studs welded to the drum and silicon bronze nuts provide the
structural attachment for the drum lid, and are torqued to 40.67 ± 6.78 N-m (30 ± 5 ft-lb) at assembly. The
drum lid's diameter and shape meet the requirements of Military Standard MS27683-61. All other
dimensions are controlled by Drawings M2E801580A006 and A007, Appendix 1.4.8. The welded angle ring
(Find Number 3 on Drawing M2E801580A006, Appendix 1.4.8) provides the lid an inner flange. The welded
angle ring was incorporated in the ES-3 100 package for use during handling and transport to protect the lid
closure studs and nuts. During transport, the welded angle ring helps position drum tie-down adapters that
are used for tie-down of a single unit configuration in Safe-Secure Trailers/Safeguards Transporters
(SSTs/SGTs) in accordance with U.S. Department of Energy (DOE) Order 5610.14. The drum is marked
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by two stainless-steel data plates. The data plate lettering and mounting requirements on the drum are shown
on Drawings M2E801580A010 and M2E801508A031 (Appendix 1.4.8), respectively. Painting and marking
requirements for the drum are shown on Drawing M2E801508A00 I (Appendix 1.4.8). Two lugs are welded
to the mid inner liner and project through the drum lid at assembly. Each lug has a 0.953-cm
(0.38-in.)-diameter hole through which a tamper-indicating device (TID) can be threaded.

The volume between the drum and mid-liner is filled with a lightweight noncombustible cast
refractory material called Kaolite 1600. The top plug is also filled with this material and represents the
thermal insulation and impact limiting barrier. The material is composed of portland cement, water, and
vermiculite and has an average density of 358.8 kg/m3 (22.4 lb/ft3). The procedure for manufacturing and
documenting the installation of this material, JS-YMN3-801580-A003 (Appendix 1.4.4), is referenced on
Drawings M2E801580A002 and M2E801580A008 (Appendix 1.4.8) for the drum assembly weldment and
top plug weldment, respectively. The insulation has a maximum continuous service temperature limit of
871 IC (1600'F) due to the presence of the vermiculite and portland cement.

The volume between the most internal liner and the mid-liner is filled with a noncombustible cast
neutron absorber (poison) material from Thermo Electronic Corp. called Cat 277-4. The material is a high
alumina borated concrete composed of aluminum, magnesium, calcium, boron, carbon, silicon, sulfur,
sodium, iron and water. The final mixture has an average density of 1681.9 kg/m3 (105 lb/ft3 ). The
procedure for manufacturing and documenting the installation of this material, JS-YMN3-801580-A005
(Appendix 1.4.5), is referenced on Drawing M2E801580A002 (Appendix 1.4.8). This neutron absorber
material has a maximum continuous service temperature limit of 150'C (302'F) in order to retain the bound
mass of water in the final cured mixture for subcriticality control.

The top plug is fabricated in accordance with Drawing M2E801580A008 with an overall diameter
of 36.50 cm (14.37 in.) and a height of 13.41 cm (5.28 in.). The plug's rim, bottom sheet, and top sheet are
fabricated from 0.15-cm(16-gauge, 0.0598-in.) thick Type 304/304L stainless-steel sheet per ASME SA240.
Four lifting inserts are welded into the top sheet for loading and unloading operations. The internal volume
of the top plug is filled with Kaolite 1600 in accordance with JS-YMN3-801580-A003, Appendix 1.4.4.

Three silicone rubber pads complete the drum assembly. One pad is placed on the bottom of the
most internal liner to support the containment vessel during transport. Another pad is placed on the top shelf
of the mid-liner to support the top plug during transport. The final plug is placed over the top of the
containment vessel during transport. The pads are molded to the shapes as defined on
Drawing M2E801580A009 (Appendix 1.4.8). The material is silicone rubber with a Shore A durometer
reading of 22 +5.

2.1.1.2 Containment boundary

The containment vessel's body, lid assembly, and inner O-ring provide the containment boundary
(Fig. 1.3). Two methods of fabrication may be used to fabricate the containment vessel body of the ES-3 100
package as shown on Drawing M2E801580A0 12 (Appendix 1.4.8). The first method uses a standard 5-in.,
schedule 40 stainless-steel pipe per ASME SA-312 Type TP304L, a machined flat-head bottom forging per
ASME SA-182 Type F304L, and a machined top flange forging per ASME SA-182 Type F304L. The
nominal outside diameter of the 5-in schedule 40 pipe is machined to match the nominal wall thickness of
0.100 in. Each of these pieces is joined with circumferential welds as shown on sheet 2 of
Drawing M2E801580A012 (Appendix 1.4.8). The top flange is machined to match the schedule 5-in. pipe,
to provide two concentric half-dove tailed 0-ring grooves in the flat face, to provide locations for two 18-8
stainless-steel dowel pins, and to provide the threaded portion for closure using the lid assembly. The second
method of fabrication uses forging, flow forming, or metal spinning to create the complete body (flat bottom,
cylindrical body, and flange) from a single forged billet or bar with final material properties in accordance with
ASME SA- 182 Type F304L. The top flange area using this fabrication technique is machined identically to
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that of the welded forging method. The lid assembly, which completes the containment boundary structure,
consists of a sealing lid, closure nut, and external retaining ring (Drawing M2E801580A014, Appendix 1.4.8).
The containment vessel sealing lid (Drawing M2E801580A0 15, Appendix 1.4.8) is machined from Type 304
stainless-steel bar with final material properties in accordance with ASME SA-479. The containment vessel
closure nut (Drawing M2E801580A0 16, Appendix 1.4.8) is machined from a Nitronic 60 stainless-steel bar
with material properties in accordance with ASME SA-479. These two components are held together using
a WSM-400-S02 external retaining ring made from Type 302 stainless steel. The sealing lid is further
machined to accept a 3/¾- 16 swivel hoist ring bolt to facilitate loading and unloading, to provide a leak-check
port between the elastomeric O-rings, and notched along the perimeter to engage two dowel pins. The lid
assembly, with the 0-rings in place on the body, are joined together by torquing the closure nut and sealing
lid assembly to 162.70 ± 6.78 N-m (120 ± 5 ft-lb). The sealing lid portion of the assembly is restrained from
rotating during this torquing operation by the two dowel pins installed in the body flange. An evacuation
port is located between the 0-rings in the containment vessel to facilitate a pressure rise or drop leakage
test following assembly or 10 CFR 71 compliance testing. This port is sealed during transport using a
modified VCO threaded plug. Only the inner O-ring is considered a part of the containment boundary.

There are no penetrations of, connections to, or fittings for the sealed containment boundary. To
meet the requirements for package certification, the containment boundary must remain intact during all
conditions of transport. This integrity must be demonstrated by test or other acceptable methodology for
NCT and Hypothetical Accident Conditions (HAC) as described in 10 CFR 71.

2.1.1.3 Packaging Materials

Contents will be packed in various size convenience cans made of stainless steel, tin-plated carbon
steel, I. The cans shall have a diameter of < 12.7 cm (5 in.) and
heights of <25.4 cm (10 in.). Any combination of these cans shall be allowed in a single package, as long
as the total length of the can stack (with spacers and pads as required) does not exceed the inside working
height of the containment vessel (31 in)

A Any closure on the convenience can is allowed. Polyethylene bags may be used inside or outside
any convenience can I. In some packing arrangements, silicone rubber pads will be used between
convenience cans. Also some arrangements will require spacers between cans. These spacers are thin
stainless-steel cans filled with the noncombustible cast neutron poison. Each convenience can and spacer
is equipped with a stainless-steel band clamp and nylon coated wire for loading and unloading operations.
The spacers are -10.11 cm (3.98-in.) in diameter by 3.12 cm (1.23 in.) in height and weigh -0.47 kg (1.03
lb). In orderto minimize displacement of convenience o -eduringtransport, stainless-steel scrubbers
or may be added on top of the last can in the containment vessel. If partial
loading configurations are employed and empty cans are used, these empty cans ~ will be
loaded last and will require a minimum 0.32 cm (1/8 in.) diameter hole to be placed through the lid.

2.1.2 Design Criteria

2.1.2.1 General standards for all packages

The general design standards for all packages in accordance with 10 CFR 71.43(a) through (e), (g)
and (h) are addressed in the following paragraphs.
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10 CFR 71.43(a)

Requirement: The smallest overall dimension of a package shall not be <10 cm (4 in.).

Compliance: The drums' outside diameter over the rolled rings is 49.20 cm (19.37 in.), and the
outside height including the lid is 110.49 cm (43.50 in.). The minimum outside diameter of the ES-3 100
containment vessel is 13.36 cm (5.26 in.), and the overall height is 82.30 cm (32.40 in.). Therefore, the
packaging meets this requirement.

10 CFR 71.43(b)

Requirement: The outside of the package must incorporate a feature, such as a seal, that is not
readily breakable and that, while intact, would be evidence that the package has not been opened by
unauthorized persons.

Compliance: The removable drum head is attached to the body by eight %-Il -UNC-2B silicon
bronze nuts and 5/%-in. nominal washers. Two 0.51-cm (0.20-in.)-thick lugs with 0.953-cm (0.38-in.)-diam
holes (Drawing M2E801580A005, Appendix 1.4.8) project through slots in the drum lid and provide
attachment for tamper-indicating devices (TIDs). These TIDs consist of a stainless-steel cable with an
aluminum crimp closure or equivalent. The requirement is satisfied by the TIDs, which are installed as
specified in Sect. 7.1.2.2. The TID is only required when the containment vessel has HEU in the package.
It is not required for empty shipments.

10 CFR 71.43(c)

Requirement: Each package must include a containment system securely closed by a positive
fastening device that cannot be opened unintentionally or by pressure that may arise within the package.

Compliance: The fastened lid on the drum with tamper-indicating features provides assurance that
the drum assembly will not be unintentionally breached. The containment boundary is sealed using the lid
assembly and closure nut to ensure that this boundary will be breached only through a deliberate effort, and
then only after the drum assembly is breached. The design of the containment boundary is analyzed in
Appendix 2.10.1 for a differential pressure of 699.82 kPa (101.5 psi) internal and 150 kPa (21.7 psi) external.
The internal design pressure exceeds the maximum differential pressure of 97.63 kPa (14.16 psi) and

xp attained during NCT (Sect. IL2_) and HAC (Sect. 3.5.3), respectively. In addition,
calculation results are provided in Sects. 2.6.1 and 2.7.4.3 to demonstrate that the stresses in the containment
boundary and closure nut threads do not exceed the stress limits established by the ASME code forNCT and
HAC. Therefore, the containment boundary will not be breached during any mode of transport due to
pressurization of the containment boundary.

10 CFR 71.43(d)

Requirements: A package must be made of materials and construction that assure that there will
be no significant chemical, galvanic, or other reaction among the packaging components, among package
contents, or between the packaging components and the package contents including possible reaction
resulting from inleakage of water, to the maximum credible extent. Account must be taken of the behavior
of materials under irradiation.

Compliance: Compliance with the regulatory requirements are discussed in Sect. 2.2.2.
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10 CFR 71.43(e)

Requirement: A package valve or other device, the failure of which would allow radioactive
contents to escape, must be protected against unauthorized operation and, except for a pressure relief device,
must be provided with an enclosure to retain any leakage.

Compliance: No penetrations, connections, or fittings into the containment vessels exist; therefore,
the requirements of 10 CFR 71.43(e) are not applicable.

10 CFR 71.43(g)

Requirement: A package must be designed, constructed, and prepared for transport so that in still
air at 380C (1000 F) and in the shade, no accessible surface of a package would have a temperature exceeding
500C (122 0F) in a nonexclusive use shipment or 850C (1 850F) in an exclusive use shipment.

Compliance: Since the components to be shipped have a calculated maximum decay heat load of
0.4 W, thermal analyses were conducted for the ES-3100 package; results are summarized in
Appendix 3.6.2. The predicted temperatures, while the package is stored at 380C (1000F) in the shade, for
the drum lid center, and the containment vessel flange, are approximately 38.3'C (1010F). The analysis
shows that no accessible surface of the package would have a temperature exceeding 50'C (1220F).
Therefore, the requirement of 10 CFR 71.43(g) would be satisfied for either transportation mode (exclusive
or nonexclusive use).

10 CFR 71.43(h)

Requirement A package must not incorporate a feature intended to allow continuous venting
during transport.

Compliance. No penetrations, connections, or fittings into the containment vessel exist that would
allow venting during transport. The materials of package construction do not provide any pressure buildup
during transportation. Four vent holes through the drum are covered with a plastic plug during NCT.
Therefore, the requirements of 10 CFR 71.43(h) are satisfied.

2.1.2.2 Component Design Criteria

The ES-3 100 packaging/content combination addressed in this safety analysis report is intended to
ship contents with a maximum activity of 3.112 x 10 ' TBq (8.41 Ci) at 10 years from initial fabrication; the
maximum number ofA2s carried is 290.26 at 50 years following initial fabrication (Table'4.4). Based on the
guidance from Regulatory Guide 7.11, Fracture Toughness Criteria of Base Material for Ferritic Steel
Shipping Cask Containment Vessels with a Maximum Wall Thickness of 4 Inches (0.1 Im), this package is
classified in NUREG-1609 (Table 1.1) as a Category II shipping package. However, since the ES-3 100 may
be used for future contents that exceed 3000 A2 (under a different SAR and certificate), this package has been
classified as a Category I shipping package. Therefore, the containment vessel is designed (using nominal
dimensions for each component), fabricated, and inspected in accordance with the American Society of
Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Sect. m, Division 1, Subsection NB. The
design and subsequent verification comply with the requirements of 10 CFR 71. The structural requirements
for the packaging under NCT are addressed in Sect. 2.6. The structural requirements for the packaging under
HAC are addressed in Sect. 2.7.
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Table 2.7. ES-3100 packaging material specifications

Component Specifications

Drum assembly

Drum washers 1.375 OD x 0.812 ID x 0.25 in. thick, 300 Series stainless steel,

Drum threaded weld studs 5/8-11 x 7/8 Lg, ARC FT, type 304/304L stainless-steel studs

Drum hex nuts %-I1 l UNC-2B, silicon bronze C65 100

Drum lid weldment Modified 30-gal, 16-gauge (MS27683-6 1) lid, type 304 or 304L stainless steel; and
a 11-gauge thick sheet, type 304 or 304L stainless steel, ASME SA-240

Drum weldment Modified 30-gal, 16-gauge (MS27683-7), type 304 or 304L stainless steel, ASME
SA-240, manufactured per Drawing M2E801580A004 (Appendix 1.4.8)

Drum plugs Nylon plastic plug, Micro Plastic, Inc.

Impact limiter, insulation enclosure, neutron absorber, and drum packing material

Insulation and impact limiter Lightweight cast refractory insulation, Kaolite 1600, 358.8 kg/n 3 (22.4 lb/ft3)
(not removable) density, cast in stainless-steel shells in the drum and top plug

Neutron absorber Cat 277-4, 1681.9 ±80.1kg/m3 (105 ±5 lb/ft3) density

Top plug (removable) Type 304 or 304L stainless steel, ASME SA-240 (body), ASME SA-479 (lifting
inserts),

Inner liners Type 304 or 304L stainless steel, ASME SA-240 (body), ASME SA-479 (modified
angle)

Silicone pads Silicone rubber, 22 ±5 Shore A, color black/gray

Aluminum foil duct tape McMaster Carr Part # 7616A21, temperature range -40 to 121°C (-40 to 250°F)

Containment boundary

Containment vessel plug Part # 04-2126, Modified VCO threaded plug, brass

Containment vessel hoist ring 3052T56, Swivel hoist ring, alloy steel (not used for shipment)

Containment vessel Method 1: Type TP304L stainless steel ASME SA-312 (welded or seamless pipe
body); type F304L, stainless steel, ASME SA-182 (flange, and end cap); type 304,
stainless steel, ASME SA-479 (sealing lid), Nitronic 60 SST per ASME SA-479,
UNS-S21800 (closure nut)

Method 2: Type F304L stainless ASME SA-182 (body, flange, and end cap); type
304, stainless steel, ASME SA-479 (sealing lid), Nitronic 60 SST per ASME
SA-479, UNS-S21800 (closure nut)

All components per ASME Boiler and Pressure Vessel Code, Sect. II, Part D,
Table 2A

Containment vessel O-rings

Containment vessel lid
assembly retaining ring

Elastomer, ethylene propylene, normal service temperature range of -40 to 150°C,
Specification M 3BA712A14B133F17 in ASTM D-2000, per O0-PP-986

Part # WSM-400-S02, type 302 stainless steel
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Table 2.7. ES-3100 packaging material specifications (cont.)

Component Specifications

Containment vessel O-ring
lubricant

Containment vessel closure
nut lubricant

Containment vessel body
dowel pins

Clear dimethyl siloxane polymer

Krytox #240AC

0.2501/0.2503 OD x 0.50 long, 18-8 stainless steel

Containment vessel packing material

Stainless steel or tinned carbon steel with stainless-steel can handles and nylon-
coated stainless-steel wire; m m

Convenience cans

WAbs
Silicone rubber pads Silicone rubber, 22 ±5 Shore A, color black/gray

Stainless-steel can filled with Cat 277-4Can spacers

Bagging

Metal scouring scrubbers

Polyethylene

Stainless steel, McMaster Carr Part # 7361T13

2.1.3 Weights and Centers of Gravity

The weights of the packaging components for the actual proposed contents ready for shipment and
the test units are provided in Tables 2.8 and 2.9. The values listed for the test weights are the actual data
recorded during compliance testing. The remaining weights listed for the shipping package are calculated
weights. Nominal dimensions and densities were used in the calculations. Miscellaneous parts (nuts, and
washers) are included.

The range of the centers of gravity for the ES-3100 shipping package with the various HEU
arrangements and the test packages is shown in Fig. 2.2. A summary of the calculations are provided in
Table 2.10.

2.1.4 Identification of Codes and Standards for Package Design

Based on the discussion in Sect. 2.1.2.2, the shipping package has been designed, analyzed, and will
be fabricated, tested and maintained to the requirements of a Category I package. In accordance with the
references from NUREG/CR-1 815, Table 2.11 describes the appropriate codes and standards that are and
will be used to comply with Category I packaging. These requirements have been extracted from
NUREG/CR-3854 and NUREG/CR-3019.
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21.34 Minimum of Contents
22.58 Maximum of Contents
23.26 Empty of contents

22.42 Test Units 1-4
23.00 Test Unit 5

Note: Dimensions are in inches.

Fig. 2.2. ES-3100 shipping package center of gravity locations.
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Table 2.8. Packaging weights for various ES-3100 shipping package arrangements a

ES-3100 ES-3100 ES-3100 ES-3100 ` ES-3100 ES-3100 with
Three 10" tall Six 4.875" tall Five 4.875" tall can Three 8.75" tall E" Empty CV maximum weight

Item can configuration can configuration conf can conf iEmpguration PW Wia configuration contents

kg (lb) kg (lb) kg (lb) kg (lb) L kg (lb) kg (lb)

I>ruin assemblh

121.96 (268.87) 121.96 (268.87)Drum assembly (drum body. lid, bottom. mid
liner, inner liner. cast refractory insulation, cast
neutron absorber, nuts, washers, and data plates)

Top plug

Silicone support pads

Total drum assembly weight

121.96 (268.87)

8.9 (19.6)

1.04 (2.29)

131.89 (290.76)

121.96 (268.87) 121.84 (268 .6 1 )b

8.9 (19.6)

1.04 (2.29)

131.89 (290.76)

8.9 (19.6)

1.04 (2.29)

131.89 (290.76)

9fntainmenlt I'essel

8.9 (19.6)

1.04 (2.29)

131.89 (290.76)

PMNWx

M"1

8.9 (19.6)

1.04 (2.29)

131.78 (290.50)

121.96 (268.87)

8.9 (19.6)

1.04 (2.29)

131.89 (290.76)

Containment vessel (flange, dowel pins.
cylindrical body, and end cap)

Lid assembly (sealing lid. VCO plug. retaining
ring, closure nut and O-rings)

Total containment vessel weight

Convenience cans with handles

Silicone vibration pads

Spacers with handles

Polyethylene bagging

Metal scouring pads

HEU content

10.18 (22.44) 10.18 (22.44) 10.18 (22.44) 10.18 (22.44) pIX 10.18 (22.44) 10.18 (22.44)

4.92 (10.85) 4.92 (10.85) 4.92 (10.85) 4.92 (10.85)

15.10 (33.29)

4.92 (10.85) 4.92 (10.85)

" 34j 15.10 (33.29) 15.10 (33.29)15.10 (33.29) 15.10 (33.29) 15.10 (33.29)

Contents

0.72 (1.59) 1.0 (2.22) 0.84 (1.85)

0.11 (0.23) 0.18 (0.41) 0.24 (0.522)

0 0 2.07 (4.56)

0.5 (1.10) 0.5 (1.10) 0.5 (1.10)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

36.0 (79.37) 36.0 (79.37) 36.0 (79.37)

37.32 (82.29) 37.69 (83.10) 39.64 (87.40)

0.67 (1.47)

0.16 (0.35)

1.38 (3.04)

0.5 (1.10)

0.14 (0.30)

36.0 (79.37)

38.65 (85.21)

Pi1

room

0.0 (0.00)

0.0 (0.00)

0.0 (0.00)

0.0 (0.00)

0.0 (0.00)

0.0 (0.00)

0Total proposed content weight 40.82 (90)

Total shipping package weight 184.31 (406.34) 184.68 (407.15) 186.63 (411.45) 185.64 (409.26) 146.88 (323.79) 187.81 (414.05)

a Calculated weight using Pro/ENGINEER software with nominal dimensions and densities (Pro/ENGINEER Version 20).
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Table 2.10. Calculated center of gravity for the various ES-3100 shipping arrangements (cont.)

Content description Distance from
drum's bottom (in.)

BARS - 36,000 g (79.366 lb) max - no can spacers

3 full 8.75" high cans 22.134

2 full 8.75" cans + I empty 8.75" high can 21.836

1 full 8.75" high can + 2 empty 8.75" high cans. 22.151

3 full 10" high cans 22.386

2 full 10" high cans + I empty 10" high can 21.932

I full 10" high can + 2 empty 10" high cans 22.160

4 full 4.88" high cans + I partially full 10" high can 21.953

4 full 4.88" high cans + I empty 10" high can 21.808

3 full 4.88" high cans + I empty 4.88" high can + I empty 10" high can 21.781

2 full 4.88" high cans + 2 empty 4.88" high cans + I empty 10" high can 21.989

1 full 4.88" high can + 3 empty 4.88" high cans + I empty 10" high can 22.457

SLUGS - 31,070 g (68.498 lb ) max - with can spacers

3 full 4.88" high cans + I empty 10" high can + 3 can spacers 21.420

2 full 4.88" high cans + I empty 4.88" high can + I empty 10" high can + 3 can spacers 21.524

1 full 4.88" high can + 2 empty 4.88" high cans + I empty 10" high can + 3 can spacers 22.076

3 full 4.88" high cans + 2 empty 4.88" high cans + 4 can spacers 21.444

2 full 4.88" high cans + 3 empty 4.88" high cans + 4 can spacers 21.549

I full 4.88" high cans + 4 empty 4.88" high cans + 4 can spacers 22.100

3 full 8.75" high cans + 2 can spacers 22.088

2 full 8.75" high cans + I empty 8.75" high can + 2 can spacers 21.808

I full 8.75" high can + 2 empty 8.75" high cans + 2 can spacers 22.117
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Table 2.11. Applicable codes and standards for Category I packaging

Containment
ASME Boiler and Pressure Vessel Code, Criticality a

Sect. III, Subsection NB

Materials Cat 277X4
Base materials NB-2000 (except NB-2300) and NB-4 100
Welding materials NB-2400

Fabrication
Forming, fitting, aligning, and NB4200

joint preparation
Welding NB4400
Qualification of procedures and NB-4300

personnel
b

Examination NB-5000
C

Acceptance testing NB-6000

Quality assurance Subpart H in Title 10, CFR, Part 71

NUREG/CR-3854 states "The designer may specify a neutron absorber material by a commercial trade name or as a mixture of elements
or common compounds. When appropriate, qualification data should be included to demonstrate that the material functions as specified.
When special absorber materials are used to control criticality, an acceptance test should be performed for each container to ensure that
the absorber material has been properly installed."

b NUREG/CR-3854 states "Packages designed to transport fissile material which contain neutron absorber material should be tested to
demonstrate the presence of the neutron absorber material. The test description should include information similar to that requested for
gamma shield testing 3.2.1. Fabrication records of the absorber material and its installation and testing should be maintained."
NUREG/CR-3854 states "Gamma scanning or probing maybe used to demonstrate the soundness ofthe neutron absorber. Alternatively,
ultrasonic testing may be used. Whatever method is used, the following information should be provided in the test procedure:
(I) Description of the measuring technique including the electronics;
(2) The source type and strength used to measure the neutron absorber effectiveness;
(3) The standards and methods use to calibrate the source, sensors, and other pertinent equipment;
(4) The grid pattern used to check the neutron absorber;
(5) The type of gamma sensor used to measure the neutron absorber effectiveness;
(6) The specific test requirements and measurements;
(7) The acceptance criteria."
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Table 2.17. Mechanical properties of the cast neutron absorber

Material Cat 2774

Service temperature range, 0C (0F) -40 to 150 (-40 to 302)

Modulus of elasticity in tension, GPa (Mpsi)
at temperatures a

-400 C (-400F) 13.72 (1.991)
21.11 C (700F) 4.72 (0.684)

37.780C (1000F) 2.78 (0.403)

Coefficient of thermal expansion, cm/cm/0C (in./in./0F)
at temperatures b

-400C (-40-F) 12.700 x 106 (7.056 x 10.6
-200C (-40F) 13.000 x 10-6 (7.222 x 10-)

00C (320F) 13.000 x 106 (7.222 x 10-6)
400C (1040F) 12.600x 10-6(7.000x 106)
600C (1400F) 11.599 x 10-6 (6.444 x 10-)

- 800C (1760F) 10.400 x 106 (5.778 x 10-)
1000C (2120F) 9.700 x 106 (5.389 x 10-6)
120-C (2480F) 9.101 x 10-6 (5.056 x 106)

Poisson Ratio
-400 C (-400 F) 0.33 a

21.11 C (70°F) 0.28
37.78°C (1000F) 0.25

Density, g/cm3 (lb/in.3) 1.682 (0.0608)

3 Mechanical Properties of277-4 (Appendix 2.10.4).
Therrnophvsical Properties of Heat Resistant Shielding Mtaterial (Appendix 2.10.4).

Analysis. Starting with the outer components, the packaging consists of the drum (austenitic
type 304 stainless steel), weld studs (austenitic stainless steel), nuts (silicon bronze), insulation (cast
refractory), neutron absorber (Cat 277-4), silicone support pads, containment vessel (austenitic type 304L
stainless steel), closure nut (Nitronic 60), silicone support pads, can spacers (stainless steel and Cat 277-4),
stainless-steel scrubbers, convenience cans (stainless steel, tin-plated carbon steel, Fjl

e jp, polyethylene bags, and the HEU contents.

The cast refractory insulation (Kaolite) is contained between the drum and mid liner and within the
top plug assembly's stainless-steel sheet metal. Due to the alkaline nature of this material, greater
permanence of the surrounding structure is assured. Also, this material has been used successfully foryears
as an insulation heat treatment liner adjacent to metal surfaces of furnaces.

The cast neutron absorber (Cat 277-4) is contained between the inner liner and mid liner. During
the casting process, the chlorine content is limited to 100 parts per million. The small quantity of chlorine
will not affect the stainless-steel liners.

The nuts used to attach the drum to the lid are silicon bronze. All other metal components of the
packagingareeitherstainless steel,Nitronic 60, ortinned steel. All stainless-steel componentsarepassivated
perASTM A380, Paragraph 6.4, and Table A2.1, Part 11. Priortoassembly,the packagingwill be kept inside
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a building or transported between buildings in an enclosed truck. The assembled components are protected
from the weather and inspected at the time of packaging; therefore, the package will not contain any free
water at the time it is loaded for transport. Under NCT, the only moisture present will be the relative
humidity or moisture absorbed by the cast refractory or neutron absorber materials. When the package is
subjected to a water-spray type environment, some water may leak into the cavity formed by the inner liner
and occupied by the containment vessel. To minimize the possibility of any potentially corrosive situation,
a visual examination of the interior surface of the inner liner and the exterior surface of the containment
vessel shall be conducted prior to packing and following transport ofthe shipping package (see Sect. 7). Any
free water present and any corrosion discovered shall be promptly removed.

During immersion under HAC, water can enter the holes at the top of the drum, be absorbed into the
cast refractory material, and fill all void spaces within the drum and inner liner. The insulating value of the
insulation material may be decreased, and an overall weight increase would occur. The most important
consideration is that the containment boundary remain intact and leaktight. This situation has been evaluated
by completely immersing the containment vessel in a tank simulating 0.9-m and 15-m (3- and 50-ft)
immersion depths. The containment vessel remained intact and water tight, as demonstrated by the analysis
and testing discussed in Sect. 2.7.

All physical contact between the convenience cans and the containment vessel wall, bottom, or top
is minimized through the use of the silicone support pads.

ie__i c!a ent _ _ _

For pyrophoric considerations, HEU loading is further restricted to metal piece sizes with a specific
area not greater than 50 cm2/g and not smaller than sieve mesh size 8 (2.38 mm or 0.0937 in). Incidental
small particles and samples (those which do not pass the size restriction tests) including foils, turnings, or
wires may be shipped with the original batch, but are restricted to < 1% by weight of the content batch.

The containment boundary remains intact even when the drum and inner liner are filled with water;
therefore, the package is acceptable to the maximum credible extent from the standpoint of chemical,
galvanic, or other reactions.

2.2.3 Effects of Radiation on Materials

The HEU material is not irradiated. The neutron and photon dose rates (Sect.5) are well below those
required to damage any of the package materials by radiolytic interactions.

2.3 FABRICATION AND EXAMINATION

2.3.1 Fabrication

2.3.1.1 Drum assembly fabrication

The drum assembly is fabricated in accordance with equipment specifications
JS-YMN3-801580-A002 (Appendix 1.4.2), JS-YMN3-801580-A003 (Appendix 1.4.4), and
JS-YMN3-801580-A005 (Appendix 1.4.5). The later two specifications control the casting of the
Kaolite 1600 and Cat 277-4 materials inside the liners, spacer cans and the top plug as appropriate.
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2.6.1 Heat

Requirement. Exposure to an ambient temperature of 381C (100"F) in still air and insolation as
stated in 10 CFR 71.71(c)(1).

Analysis. An increase in ambient temperature to 380C (100IF) with insolation will have no effect
on the ability of the containment boundary to provide containment.

The maximum normal operating pressure is defined in 10 CFR 71.4 as the maximum gauge pressure
that would develop in the containment system in a period of 1 year under the heat conditions specified in
10 CFR 71.71(c)(1). The internal pressure developed under these conditions in the ES-3100 containment
vessel is calculated in Appendix 3.6.4 and discussed in Sects. 2.6.1.1 and 3.4.2. As noted in these sections,
the internal pressure varies with temperature. Based on the isotopic determination of the proposed contents,
a decay heat of 0.4W was calculated and used for the maximum internal heat load in evaluating the package
for NCT (Sect. 3.1.2). The maximum calculated internal absolute pressure in the containment vessel with
solar insolation and using the bounding case parameters is 122.63 kPa (17.786 psia). The design absolute
pressure ofthe containment vessel is 801.17 kPa (116.20 psia), and the hydrostatic test pressure is 113.55 kPa
(164.7 psia). Thus, increasing the internal pressure of the containment vessel to a maximum of 122.63 kPa
(17.786 psia) during NCT would have no detrimental effect. Table 2.20 provides a summary of the pressures
and temperatures for the various shipping configurations. As discussed in Sect. 2.6.1.4, the containment
vessel and closure nut stresses for these pressure conditions are well below the allowable stress values. If the
package is exposed to solar radiation at 381C (1007F) in still air, the conservatively calculated temperatures
at the top of the drum, on the surface of the containment vessel, and on the containment vessel near the O-ring
sealing surfaces are 117.72"C (243.897F), 87.81"C (190.060F), and 87.720C (189.90F), respectively
(Sect. 3.4.1). Nevertheless, these temperatures are within the service limits of all packaging components,
including the O-rings. The normal service temperature range of the O-rings used in the containment boundary
is -40 to 1500C (-40 to 3020F) as shown in Table 2.15.

2.6.1.1 Summary of pressures and temperatures

An ambient temperature of 250C (771F) is assumed for the packaging at assembly. Since there are
four ventilation holes near the top of the drum, and holes in the liner encapsulating the neutron poison material
that are not hermetically sealed, the drum assembly will not become pressurized as the temperature increases.
The containment boundary is sealed; thus, the internal pressure will change with temperature. Maximum
calculated pressures at various temperatures (Sect. 3.4.1) are listed in Table 2.20.

2.6.1.2 Differential thermal expansion

The drum, inner liners, and containment vessel are all constructed of type 304 or 304L stainless steel.
Radial and vertical expansion among these components will not cause any interferences or thermally induced
stresses due to design clearances at assembly. Due to similarities of the coefficient of thermal expansion
between type 304/304L and the containment vessel closure nut material (ASME SA-479), the compression
of the O-rings does not change appreciably during the temperature excursion from 250C (770F) to the
maximum temperature of 87.8 1OC (190.06 0F).

The Kaolite 1600 insulation and Cat 277-4 material is poured and cast in place during the fabrication
of the drum weidment (Drawing M2E801508A002, Appendix 1.4.8). Although some contraction of these
material may occur during curing, it is assumed for analysis purpose that a zero gap will exist between the
Kaolite and the bounding drum and mid liner and a zero gap exists between the Cat 2774 and the two liners.
Due to differences in coefficients of thermal expansion, some radial and axial interferences are expected due
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to thermal growth of the inner liners. These radial and axial interferences and induced stresses are calculated
in Appendix 3.6.3. A maximum von Mises stress of 6.693 x IO' kPa (9708 psi) was calculated for the inner
liners. This stress value is well below the allowable yield strength of 1.324 x 1O0 kPa (19200 psi) at 148.91C
(3000 F). A maximum von Mises stress of 1.379 x I03 kPa (200 psi) and 1.034 x I03 kPa (150 psi) occurs in
the Cat 277-4 and Kaolite 1600 materials, respectively. Based on tabulated data and curves presented in
Y/DW-1987 (Smith and Byington, Appendix 2.10.4) and the curves presented in Y/DW-1972 (Smith,
Appendix 2.10.3) at 380C (1000F), these compressive stresses are well below the failure limit of
-4.826 x 103 kPa (700 psi) and 5.171 x IO' kPa (750 psi) for the Cat 277-4 and Kaolite 1600 materials,
respectively. Therefore, these thermally induced stresses will not reduce the effectiveness of the drum
assembly.

The effects of differences in coefficient of thermal expansion between the HEU contents and their
associated convenience cans j b ei are not addressed. No credit is taken for the ability of
the convenience can i lo maintain it structural integrity during transport. Section 4 of this document
assumes the HEU content is in the form of an aerosol and all is available for release; therefore, no credit for
the convenience can Im iis taken. _ _

_ i _Based on assembly clearances and
insignificant differences in the coefficient of-thermal expansion between the stainless-steel, tin-plated carbon
steel, or Wm convenience cans and the stainless-steel containment vessel, no radial or vertical
interferences will develop during NCT testing.

2.6.1.3 Stress calculations

During normal conditions, stresses are only imposed by changes in internal pressure of the
containment boundary as the temperature varies slowly over the operating range as shown in Table 2.20.
Stress levels imposed on the package during NCT are insignificant, as shown in Tables 2.21, and 2.22. These
tabulated stresses were determined by multiplying the stress at the design conditions (Appendix 2.10.1 and
Table 2.6) by a factor equal to the ratio of operating pressures to design pressures and adding any contribution
from the closure nut preload. This methodology is based on linear elastic material behavior. As shown in
Sect. 2.6.1.4, all stresses in the containment boundary components are well below the ASME Boiler and
Pressure Vessel Code allowable stress intensity limits.

2.6.1.4 Comparison with allowable stresses

NCT containment vessel stresses are calculated in accordance with the load combinations listed in
Table 2.3 and their values are shown in Tables 2.21 and 2.22. The hot environment, cold environment,
minimum external pressure, increased external pressure condition, and vibration normally incidenttotransport
are addressed in Sects. 2.6.1, 2.6.2, 2.6.3 , 2.6.4, and 2.6.5, respectively. The fatigue or endurance limits for
austenitic stainless steel are normally assumed to be about one-half the ultimate tensile strength (Design
Guidelines for Selection of Stainless Steel, pp. 17-18). For type 304 stainless steel, one-half the ultimate
tensile strength is 2.4 x 1 O kPa (35,000 psi). Tensile and compressive hoop stresses of the magnitude shown
in Tables 2.21 and 2.22 are insignificant compared to the endurance limit of 2.4 x I05 kPa (35,000 psi). As
shown in Tables 2.21 and 2.22, the containment vessel stresses during NCT are insignificant. Even at the
maximum test temperature and internal pressure (Sect. 3.5.3), the stresses in the containment boundaries were
insignificant when compared with the allowable stress intensities shown in Tables 2.4 and 2.5. Corresponding
calculated stress regions'are shown in Fig. 2.1. Thermal expansion or contraction issues are addressed in
Sects. 2.6.1.2 and 2.6.2.

2.6.2 Cold

Requirement. An ambient temperature of -401C (-401F) in still air and shade, as required by
10 CFR 71.71 (c)(2).
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Table 2.50. Maximum HAC temperatures recorded on the test packages' interior surfaces

ES-3100 Test Unit

Temperature patch location' 1 2 3 4 5

OC (OF) OC (OF) OC (OF) OC (OF) OC (OF)

Top plug bottom 149 (300) 163 (325) 177 (350) 177 (350) 177 (350)

Inner liner

Flange step wall 135 (275) 163 (325) 135 (275) 135 (275) 135 (275)
BoroBond4 step 107 (225) 135 (275) 107 (225) 177 (35 0 )b 121 (250)

CV body wall high 99 (210) 99 (210) 99 (210) 99 (210) 104 (219)

CV body wall middle 99 (210) 93 (199) 1 16 (2 41 )b 93 (199) 99 (210)

Bottom flat portion 104 (219) 99 (210) 99 (210) 127 (261) 110 (230)

Containment boundary
Lid (external top) 116 (241) 110 (230) 116 (241) 127 (261) 127 (261)
Lid (internal) 104 (219) 104 (219) 110 (230) 110 (230) 116 (241)
Flange (external) 116 (241) 110 (230) 110 (230) 116 (241) 121 (250)
Flange (internal) 104 (219) 99 (210) 116 (24 1)b 104 (219) 116 (241)

Body wall mid height 99 (210) 88 (190) 99 (210) 82 (180) 93 (199)
Bottom end cap (center) 99 (210) 99 (210) 88 (190) 110 (230) 99 (210)

Mock-up
Side top 82 (180) 77 (171) 77 (171) 77 (171) 99 (210)
Side middle 77 (171) 77 (171) 77 (171) 77 (171) 93 (199)
Side bottom 77 (171) 77 (171) 77 (171) 77 (171) 88 (190)

a Refer to figures for exact locations and to Test Form 5 in the test report for recorded values. (ORNL/NTRC-0 13)
Temperature indicating patch may have been damaged due to impact with surrounding structure. See Test Form 5 in
ORNL/NTRC-0 13 for additional information.

The maximum HAC internal absolute pressure in the containment boundary of the ES-3 100 has been
calculated to be 5 This predicted pressure is based on a conservative maximum
adjusted average gas temperature of 123.850C (254.930 F) as shown in Sect. 3.5.3 and Appendix 3.6.5.

2.7.4.2 Differential thermal expansion

The drum, inner liner, and containment vessel are all constructed of type 304 or 304L stainless steel.
Because of design clearances used during assembly, radial and vertical expansion among these components
will not cause any interferences or thermally induced stresses. Due to similarities of the coefficient of
thermal expansion between type 304/304L and the containment vessel closure nut (ASTM A-479 and
ARMCO Nitronic 60), the compression ofthe O-rings and the closure nut and containment vessel thread load
do not change appreciably during the temperature excursion from 250C (771F) to the maximum adjusted
containment vessel temperature of 152.220C (306.00 F) [Sect. 3.5.3].

The Kaolite 1600 insulation and Cat 277-4 neutron poison are poured and cast in place during the
fabrication of the drum assembly weldment (Drawing M2E801580A002, Appendix 1.4.8). This process
produces a zero gap between the insulation and the bounding drum and inner liner and zero gap between the
neutron poison and the mid and inner liners. Because of differences in coefficients of thermal expansion,
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some radial and axial interferences are expected from thermal growth of the liners. These radial and axial
interferences have been addressed by the HAC thermal test. The results show that the stresses induced are
minimal and do not reduce the effectiveness of the drum assembly.

Since there are ample clearances between the various size convenience W and HEU contents,
no induced thermal stresses from differences in coefficient of thermal will exist.

2.7.4.3 Stress calculations

The temperature gradient on the containment boundary was essentially uniform from top to bottom
during the thermal tests (Table 2.50). The gradient around the periphery of the six test units was also
essentially uniform and similar to the vertical gradient. As noted in the ES-3100 test report, the temperatures
recorded on the containment vessels of all the test units were fairly uniform, both vertically and
circumferentially. The maximum temperature variation on the containment vessels was -50 0F (from the test
temperatures reported in Table 2.50). No damage would be expected on the containment vessel from thermal
stresses resulting from a temperature differential of this magnitude. This conclusion is based on the
guidelines given in the ASME Boiler and Pressure Vessel Code, Sect. III, Div. l. Thermal stress is defined
as a self-balancing stress produced by a nonuniform distribution of temperature (ASME B&PVC, Sect. 1ll,
Paragraph NB-3213.13). This paragraph further states that there are two types of thermal stresses: general
thermal stress and local thermal stress. An example of a general stress is that produced by an axial
temperature distribution in a cylindrical shell (ASME B&PVC, Paragraph NB-3213.9). This general stress
is further classified (Paragraph NB-32 13.9) as a secondary stress (that is, a normal stress or a shear stress
developed by the constraint of adjacent materials or by self-constraint of the structure) [ASME B&PVC,
Paragraph NB-3213.9]. Paragraph NB-3213.9 further states that the basic characteristic ofa secondary stress
is that it is self-limiting. Local yielding and minor distortions can satisfy the conditions that cause the stress
to occur, and failure from a single application would not be expected. An example of a local thermal stress
is a small hot spot in the wall of a pressure vessel (ASME B&PVC, Paragraph NB-3213.13). Local thermal
stress is associated with almost complete suppression of the differential expansion and thus produces no
significant distortion. Such stresses are considered only from a fatigue standpoint. Fatigue will not result
from a one-time cyclic event such as an accidental fire.

The principal effect of the elevated temperature on stress levels is caused by the increase in the
internal pressure. The calculated stresses as shown in Table 2.51 were determined by multiplying the stress
at the design conditions (Appendix 2.10.1) by a factor equal to the ratio of operating pressures to design
pressures and adding any contribution from the closure nut preload. This methodology is based on the
application of linear elastic material behavior. As shown in Sect. 2.7.4.4, all stresses in the containment
boundary components (based on nominal dimensions for the components) are well below the ASME Boiler
and Pressure Vessel Code allowable stress intensity limits.

2.7.4.4 Comparison with allowable stresses

As noted in Sect. 2.7.4.3, the differential stresses resulting from temperatures recorded during HAC
are negligible. Also, as shown in Table 2.51, stresses of this low magnitude do not affect the adequacy of
the packaging. Corresponding calculated stress regions are shown in Fig. 2.1.

2.7.5 Immersion-Fissile Material

Requirement. In those cases for which water leakage into the containment boundary has not been
assumed for criticality analysis, the specimen must be immersed under a 0.9-m (3-ft) head of water in an
attitude for which maximum leakage is expected, as required by 10 CFR 71.73(c)(5).
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Table 2.51. HAC ES-3100 containment boundary stress compared to the allowable stress'

Thermal condition Immersion condition
10 CFR 71.73 (c)(4) 10 CFR 71.73 (c)(6) Allowable

Stress locations containment boundary stress containment boundary stress stress
shown in @-150 kPa (-21.76 psi) gauge s)
Fig. 2.1 & 123.850 C (254.930 F) & -2.22 0 C ( 28 0F)

kPa (psi) kPa (psi)

kPa (psi) M.S. kPa (psi) M.S. kPa (psi)

Top flat portion of sealing 1.478 x 103 1.324 x 105
lid (center of head) (214.4) 88.6 (19,200)b

Closure nut ring 4f4 0 4.571 x 0
(away from threaded 42(6158) 9.8 (66,300)c
portion)

Top flat head 1.665 x 104 f 14.9 2.648 x 105
(sealing surface region) (2415) . (38,400)C

Cylindrical section 4.285 x 103 8.825 x 104

(middle) (621.5) 19.6 (12,800)d

Cylindrical section 1.238 x 20 4 2.648 x 105
(shell-to-flange interface) (1795.3) (38,400)c

Cylindrical section W 1.099 x 104 23.1 2.648 x I05
(shell-to-bottom interface) (1594.2) . (38,400)C

Body flange threads load, P W 9.072 x 102 21.6 2.053 x 104

kg (lb) (2000) . (45266)'

Body flange thread region 1 2.397 x 104" 10 2.648 x 105
(under cut region) ai4m 4 (3476) (38,400)c

Flat bottom head 1 ! 1.035 x 104 1.324 x 10'
(center) n (1500.7) (19,2

Closure nut thread load, 9.072 x 102 f 38.1 3.545 x 104

kg (lb) (2000) (78154)'

Calculated stresses were determined by multiplying the stress at the design conditions (Appendix 2. 10.1) by a factor equal to the
ratio of operating pressures to design pressures (independent of pressure direction) plus contribution from preload. Allowable
stress values are taken from Table 2.5.

b Stress interpreted as the sum of P. + P, allowable stress intensity value is 1.5 x Sm.
C Stress interpreted as the sum of P. + P, + Q: allowable stress intensity value is 3.0 x S..

Stress interpreted as the primary membrane stress (Pm,), allowable stress intensity value is S,.
C Allowable shear capacity is defined as 0.6 x S., x thread shear area. Thread shear area = 38.026 cm2 (5.894 in.2).

Stress and shear load in these areas are dominated by the 162.7 ± 6.8 N m (120 + 5 ft-lb) preload.
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Analysis. The containment vessels forthe ES-3 100 test packages (Units- I through -5) were removed
fromtheirrespective drum assemblies followingthethermal tests described in Sect. 2.7.4. Afterexamination
for damage (distortion, warpage, heating), the volume between the 0-rings was pressurized, and the 0-ring
seals were leak checked in accordance with the CALT5 manufacturer's instructions manual usingthe CALT5
leak tester. Following the 0-ring cavity check, the containment vessel lids were drilled and tapped for a full-
body helium leak check. The seals remained functional on all vessels, and the integrity of the containment
vessel structure was maintained (indicated by a helium leak rate •2.0 x IO-' cm3/s). Following these leak
tests, each unit was then submerged under a 0.9-m (3-ft) head of water for at least 8 h. No water leakage into
the vessel was seen in any of the test units. The results of this test for each unit are recorded on the data
sheet of Procedure TTG-PRF-14 shown in the test report. (Appendix 2.10.8) It should be noted that the
criticality analysis does assume water leakage into the ES-3 100 containment vessel; however, the 0.9-m (3-ft)
immersion tests were performed anyway.

2.7.6 Immersion-All Packages

Requirement. A separate, undamaged specimen must be immersed under water at a pressure
equivalent to a 15-m (50-ft) head of water, as required by 10 CFR 71 .73(c)(6). This requirement may be
satisfied by an external pressure of 150 kPa (21.7 psi) gauge.

Analysis. Immersion under a 15-m (50-ft) head of water would result in water entering the drum
because the plastic plugs covering the four ventilation holes could fail, and the drum/lid flange is not
gasketed. The ES-3 100 containment boundary has been designed and tested for an external pressure of
150 kPa (21.7 psi) gauge and an internal gauge pressure of 699.82 kPa (101.5 psi), using nominal dimensions
forall boundary components. Each containment vessel design incorporates an 0-ring seal of verified integrity
to provide assurance that no water will penetrate the containment boundary. The containment boundary of
Test Unit-6 was subjected to this 1 5-m (50-ft) water immersion test. No visual signs of water leakage into
the containment boundary were recorded.

2.7.7 Deep Water Immersion Test (for Type B Packages Containing More than 105 A2)

The amount of A2s proposed for transport is -290.26. Therefore, the deep water immersion test is
not applicable.

2.7.8 Summary of Damage

After testing five full scale ES-3 100 test packages under HAC, the drum, drum lid, and top plug were
damaged as expected. The containment boundary flange, 0-ring grooves, and closure nut were not damaged.
Plastic deformation occurred in the five drum assemblies in the impact areas from the 1.2-m and 9-m (30-ft)
drop, crush and subsequent puncture tests. No breaks were noted in the drum assembly, and no insulation
was exposed. The resultant damage did not reduce the effective center-to-center package spacing to a point
of criticality concern (Sect. 6).

The full scale test units were fabricated in accordance with drawings created for production
hardware. During the procurement process for the full scale test units, several small changes were suggested
by the manufacturer to improve the efficiency and to reduce the cost of fabrication. These changes were
incorporated and tested. However, following compliance testing, the following changes have been made to
the proposed production hardware. First, a change in the neutron poison from BoroBond4 to Cat 277-4 has
been adopted; second, the mid liner design has been changed to a continuous shell by reducing the diameter
of the step in the inner liner for the containment vessel flange from 22.35 cm (8.8 in.) to 21.84 cm (8.6 in.);
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3.1.3.2 HAC Temperature Summary Tables

In order to predict the maximum temperature for the packaging components during HAC, a transient
thermal analyses was performed on the finite element model of the ESa3 100 shipping container (undamaged
configuration) to simulate HAC as prescribed by 10 CFR 71.73(c)(4). A 30-min fire of 800"C (1 4750F) was
simulated by applying natural convection and radiant exchange boundary conditions to all external surfaces
of the drum (assuming the drum is in a horizontal orientation) with content heat loads of 0, 0.4,20, and 30 W.
There are no heat flux boundary conditions simulating insolation applied to the model before and during the
30-minute fire. The initial temperature distribution within the package having content heat loads of 0.4, 20,
and 30 W is obtained from their respective steady-state analyses (Table 3.5). The initial temperature
distribution within the package having no content heat load (0 W) is assumed to be at a uniform temperature
equal to the ambient temperature of 38"C (I 00"F). The content heat load is simulated by applying a uniform
heat flux to the internal surfaces of the elements representing the containment vessel.

Following the 30-min fire transient analyses, 48-h cool-down transient thermal analyses are
performed using the temperature distribution at the end of the fire as the initial temperature distribution.
During post-fire cool-down, natural convection and radiant exchange boundary conditions are applied to all
external surfaces of the drum (assuming the drum is in a horizontal orientation). Additionally, cases are
analyzed in which insolation is included during the post-fire cool-down. For the cases in which insolation
is applied to the model during cool-down, insolation is applied during the first 12-h period following the
30-min fire, and then alternated (off, then on) as was done for NCT.

Based on the previous analysis of the ES-3 100 package using BoroBond4 (Appendix 3.6.1), it was
noted that using the low-end density of Kaolite 1600 results in higher containment vessel temperatures than
using the high-end density of Kaolite 1600. For this reason, the NCT and HAC thermal analyses were run
using a density of 19.4 lb/ft3 . Similarly, the low-end density of the Cat 2774 material (100 lb/ft3) was also
used in these analyses. However, while using these low-end densities will result in higher temperatures to
the containment vessel, using the high-end densities for these two materials will result in higher temperature
differences from the baseline case. Thus, HAC runs are also made for heat loads of 0, 0.4, 20, and 30 W
using a Kaolite 1600 density of 30 lb/ft3 and a Cat 277-4 density of 110 lb/ft3.

The maximum temperatures calculated for the ES-3 100 shipping container for HAC are summarized
in Table 3.7 for the analyses using a Kaol ite 1600 density of 19.4 lb/ft3 and a Cat 277-4 density of 1 00 lb/ft3.
The maximum temperatures calculated for the ES-3 100 shipping container for HAC are summarized in
Table 3.8 for the analyses using a Kaolite 1600 density of 30 lb/ft3 and a Cat 277-4 density of 1 1 0 lb/ft. The
thermal analyses that use the low-end density values for Kaolite 1600 and Cat 277-4 achieve the higher
package temperatures (see Table 3.7).

3.1.4 Summary Tables of Maximum Pressures

3.1.4.1 Maximum NCT Pressures

Table 3.10 summarizes the results from Appendix 3.6.4 in which the pressure of the containment
vessel when subjected to the tests and conditions ofNCT per 10 CFR 71.71 has been determined forthe most
restrictive containment vessel arrangements (CVAs) shipped in the ES-3 100. The most restrictive CVAs are
those in which the void volume inside the containment vessel is minimized based on content volumes and
those CVAs that carry the largest mass of items that off-gas at the predicted temperatures during NCT.

heights are proposed for shipment (Fig. 1.4). Shipping configurations will use
thesefiies in any configuration as long as it does not exceed the HEU weight limit and form and does
not exceed the height constraint of the containment vessel. However, in order to determine the worst-case

3- 11

Y/LF-717/page change 4/Ch-3ES-3 100 HEU SAR/sc/04-28-06



Table 3.7. ES-3100 shipping container HAC maximum temperatures (Kaolite 1600 density of 19.4 lb/fe
and Cat 277-4 density of 100 lb/fe)

Node coordinates (in.) HAC maximum temperature (TF)

OW 0.4W 20W 30W

Node map Insolation Insolation Insolation Insolation
No. r z during cool- during cool- during cool- during cool-

down? down? down? down?

Nob | Yes No | Yes No | Yes No Y Yes
I I - * *

2 0.000 4.505 225.5 232.1 226.2 232.8 255.5 1 261.7 269.5 275.7

sa 255 3.180 21.528 194.5 212.5 195.2 213.2 223.8 241.3 237.8 255.3

351 4.300 21.528 195.8 211.9 196.4 212.5 222.3 237.8 234.8 250.3

474 4.300 37.535 392.9 395.0 393.2 395.4 407.6 409.7 414.2 416.3

494 7.325 37.525 671.2 672.0 671.4 672.3 679.1 680.0 682.5 683.3

536 7.385 42.755 1380.4 1380.4 1380.4 1380.4 1380.9 1380.9 1381.1 1381.1

3655 9.185 21.528 1457.8 1457.8 1457.8 1457.8 1458.0 1458.0 1458.1 1458.1

3780 9.185 42.755 1427.8 1427.8 1427.9 1427.9 1428.1 1428.1 1428.2 1428.2

3807 0.000 0.320 1454.5 1454.5 1454.5 1454.5 1454.9 1454.9 1455.0 1455.0

3865 9.185 0.008 1470.1 1470.1 1470.1 1470.1 1470.1 1470. 1 1470.2 1470.2

3880 3.178 4.505 230.6 236.4 231.2 237.0 257.1 262.5 269.4 274.8

3888 4.300 4.505 236.9 241.7 237.5 242.3 261.5 266.1 272.9 277.5

4721 3.500 35.275 245.7 252.8 246.2 253.3 266.8 273.8 276.6 283.6

4740 4.300 35.275 258.4 263.5 258.8 264.0 278.1 283.1 287.1 292.1

4746 0.000 43.065. 1448.0 1448.0 1448.0 1448.0 1448.2 1448.2 1448.3 1448.3

6158 0.000 37.579 308.7 311.6 309.1 312.0 328.3 331.2 337.3 340.2

6339 0.000 42.859 1335.1 1335.1 1335.2 1335.2 1336.4 1336.4 1336.9 1336.9

6359' 2.530 36.075 236.7 247.6 237.3 248.3 266.2 276.6 279.8 289.9

6365 ' 3.425 36.075 236.6 247.6 237.3 248.3 266.0 276.4 279.5 289.7

6369 3.750 35.525 236.5 24 .6 237.2 248.2 265.8 276.2 279.3 289.5

6385 3.750 37.175 237.3 248.2 237.9 248.8 266.1 276.4 279.4 289.5

6389 2.310 5.025 219.0 227.4 219.9 228.2 255.3 263.1 272.2 279.9

6398 0.000 4.775 219.7 227.9 220.5 228.7 255.6 263.3 272.5 280.0

6399 0.000 5.025 219.7 227.9 220.5 228.7 255.6 263.3 272.5 280.0

6574 2.530 21.528 196.1 214.9 197.3 216.0 246.7 263.8 269.9 286.5

I 6647 0.000 1 36.075 237.2 248.0 1 237.9 248.6 266.8

266.8

277.0

277.0

280.4

280.4

290.4

290.46? 15 0.000 1 37.135 237.4 248.1 1 238.0 1 248.8

a Approximate location of the CV O-Ting.
b Baseline case for AT comparisons.
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Table 3.8. ES-3100 shipping container HAC maximum temperatures (Kaolite 1600 density of 30 lb/ft3
and Cat 277-4 density of 110 Ib/ft3)

Node coordinates (in.) i HAC maximum temperature (0F)

OW 0.4W 20 W 30W

Node map Insolation Insolation Isolation Insolation
No. r z during cool- during cool- during cool- during cool-

down? down? down? down?

Nob Yes No Yes No Yes No Yes

2 0.000 4.505 209.9 218.9 210.6 219.6 240.4 248.8 254.6 262.8

4746 636- 3780 255 3.180 21.528 185.5 207.7 186.1 208.4 215.1 236.6 229.3 250.6

6339 351 4.300 21.528 185.6 207.4 186.2 208.0 212.3 233.3 225.0 245.9

474 4.300 37.535 342.9 345.5 343.3 345.9 358.1 360.7 365.0 367.5

6715 494 7.325 37.525 596.3 597.4 596.5 597.6 604.7 605.8 608.3 609.4
67154

6647 6 536 7.385 42.755 1366.8 1366.8 1366.8 1366.8 1367.4 1367.4 1367.6 1367.6

6366 3655 9.r85 21.528 1452.8 1452.8 1452.8 1452.8 1453.0 1453.0 1453.1 1453.1

6369 3780 9.185 42 755 1420.8 1420.8 1420.8 1420.8 1421.0 1421.0 1421;2 1421.2

3807 0.000 0.320 1449.4 1449.4 1449.4 1449.4 1449.8 1449.8 1449.9 1449.9

3865 9.185 0.008 1467.3 1467.3 1467.3 1467.3 1467.4 1467.4 1467.4 1467.4

3880 3.178 4.505 213.1 221.4 213.7 222.0 240.0 247.9 252.5 260.3

3888 4.300 4.505 217.0 224.4 217.6 225.0 242.1 249.1 253.8 260.7

3665 4721 3.500 35.275 228.0 237.5 228.5 238.0 249.7 259.0 259.7 269.0

256- 4740 4.300 35.275 236.5 243.8 236.9 244.3 256.7 263.9 266.0 273.2

W 4746 0.000 43.065 1441.8 1441.8 1441.8 1441.8 1442.0 1442.0 1442.1 1442.1

6158 0.000 37.579 277.3 281.8 277.8 282.3 297.5 302.0 306.7 311.2

6339 0.000 42.859 1299.5 1299.5 1299.6 1299.6 1301.1 1301.1 1301.7 1301.7

6359' 2.530 36.075 225.1 237.3 225.8 237.9 254.7 266.1 268.3 279.6

6365' 3.425 36.075 225.0 237.3 225.7 237.9 254.5 266.0 268.1 279.3

6369 3.750 35.525 224.9 237.2 225.6 237.8 254.3 265.8 267.9 279.2

6389 6385 3.750 37.175 225.5 237.6 226.2 238.3 254.6 266.1 268.0 279.2

6398 6389 2.310 5.025 205.3 215.9 206.2 216.8 242.0 251.9 259.2 268.9

2 6398 0.000 4.775 205.8 216.3 206.7 217.1 242.2 252.0 259.2 268.8
3880- - - -_ - - -_

3888 6399 0.000 5.025 205.8 216.3 206.7 217.1 242.2 252.0 259.3 268.8

6574 2.530 21.528 187.8 209.1 189.0 210.2 238.9 258.4 262.4 281.3
3807 300 3

6647 0.000 36.075 225.6 237.7 226.3 238.3 255.2 266.5 268.9 280.0

6715 0.000 37.135 225.8 237.8 226.4 238.4 1255.2 266.5 268.9. 280.0

I Approximate location of the CV O-ring.
I Baseline case for AT comparisons.
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Table 3.9. Maximum HAC temperatures recorded on the test packages' interior surfaces

ES-3100 Test Unit
Temperature patch location a 1 2 3 4 5

OC (OF) OC (OF) OC (OF) OC (OF) OC (fF)
Top plug bottom 149 (300) 163 (325) 177 (350) 177 (350) 177 (350)

Inner liner
Flange step wall 135 (275) 163 (325) 135 (275) 135 (275) 135 (275)
BoroBond4 step 107 (225) 135 (275) 107 (225) 177 (3 50 )b 121 (250)
Adjacent to CV body wall high 99 (210) 99 (210) 99 (210) 99 (210) 104 (219)
Adjacent to CV body wall middle 99 (210) 93 (199) 116 (241) 93 (199) 99 (210)
Bottom flat portion 104 (219) 99 (210) 99 (210) 127 (261) 110 (230)

Containment boundary
Lid (external top) 116 (241) 110 (230) 116 (241) 127 (261) 127 (261)
Lid (internal) 104 (219) 104 (219) 110 (230) 110 (230) 116 (241)
Flange (external) 116 (241) 110 (230) 110 (230) 116 (241) 121 (250)
Flange (internal) 104 (219) 99 (210) 1 16 (24 1)b 104 (219) 116 (241)

Body wall mid height 99 (210) 88 (190) 99 (210) 82 (180) 93 (199)
Bottom end cap (center) 99 (210) 99 (210) 88 (190) 110 (230) 99 (210)

Mock-up
Side top 82 (180) 77 (171) 77 (171) 77 (171) 99 (210)
Side middle 77 (171) 77 (171) 77 (171) 77 (171) 93 (199)
Side bottom' 77 (171) 77 (171) 77 (171). 77 (171) 88 (190)

a Refer to figures for exact locations and to Tables 5.3 through 5.7 in ORNL/NTRC-0 13. Vol. I for recorded values.
b Temperature indicating patch may have been damaged due to impact with surrounding structure.

shipping configuration, the arrangements that minimize the void volume inside the containment vessel are
analyzed as follows,:

I. one shipment will contain six cans with external dimensions of 10.8 cm (4.25 in.) diameter by
12.38 cm (4.875 in.) high cans,

2. one shipment will contain five cans with external dimensions of 10.8 cm (4.25 in.) diameter
by 12.38 cm (4.875 in.) high cans and four can spacers;

3. one shipment will contain three cans with external dimensions of 10.8 cm (4.25 in.) diameter
by 22.23 cm (8.75 in.) high and three can spacers;

4. one shipment will contain three cans with external dimensions of 10.8 cm (4.25 in.) diameter
by 25.4 cm (10 in.) high; and

6~ I'

6. V' t i ..

These arrangements are shown in Fig. 1.4. To determine the ES-3 100's maximum normal operatingpressure,
the following assumptions have been used in the calculations:

1. The HEU contents are loaded into convenience cans, and convenience cans are placed inside
the containment vessel at standard temperature (Tarnb) and pressure (P,) [250C (770 F) and
101.35 kPa (14.7 psia)] with air at a maximum relative humidity of 100%.
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2. The convenience cans WB are assumed to be sealed to minimize the void volume inside
the containment vessel.

3. Convenience can ogeometry does not change during pressure increase inside
containment vessel.

aA. IA�A&�WJ�Y � i ai�t Aa�au�4wE&v4w � :.
WF__ _

~~~~,_,LWhik 'M. A .,4,<jGg

Table 3.10. Total pressure inside the containment vessel at 87.810 C (190.060 F) a

CVA nl . np, nb, nT PT
(lb-mole) (lb-mole) (lb-mole) (lb-mole) (lb-mole) (psia)

1 3.0855e-04 1.0057e-05 0.OOOOe+00 0.OOOOe+00 3.1861 e-04 17.786

2 3.1264e-04 I .0 190e-05 0.OOOOe+00 0.OOOOe+00 3.2283e-04 17.786

3 3.1997e-04 1.0429e-05 0.OOOOe+00 0.OOOOe+00 3.3040e-04 17.786

4 2.9252e-04 9.5344e-06 0.OOOOe+00 0.OOOOe+00 3.0205e-04 17.786

5 6.7348e-05 2.1951 e-06 0.OOOOe+00 0.OOOOe+00 6.9543e-05 17.786

a This assumes that the convenience cans. etl6ez0jth. and Cat 277-4 spacer cans are sealed.

3.1.4.2 Maximum HAC Pressures

Table 3.1 1 summarizes the results from Appendix 3.6.5 in which the pressure of the containment
vessel when subjected to the tests and conditions of HAC per 10 CFR 71.73 has been determined for the most
restrictive CVAs shipped in the ES-3 100. The shipping configurations discussed in Sect. 3.1.4.1 are
evaluated for HAC. To determine the maximum pressure generated inside the ES-3100's containment vessel
due to HAC conditions, the following assumptions have been used in the calculations:

1. The initial pressure inside the containment vessel is the maximum normal operating pressure
shown in Table 3.10 for each CVA at ambient temperature.

2. The convenience cans Gl are assumed to be sealed in order to minimize the void
volume inside the containment vessel.

3. Convenience can "geometry does not change during pressure increase inside
containment vessel or because of damage from compliance testing.

4. _
0 * n e- ait e _

Rev s_;;_ ___M0.4 S _ i _

F #TjQa i7 ,7 ~ PtiA ~&tR~l~
~Jfij =420= ~=
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The above assumptions are very conservative because the convenience cans buckle and deform
significantly under an external pressure differential of one atmosphere as demonstrated during the helium
leak checking. When the convenience cans deform inward under external pressure, additional void volume
is created, thereby reducing the overall pressure inside the containment vessel. However, quantitative data
on this structural deformation of the convenience cans has not been measured, and repeatability of the
deformation is not predictable. Therefore, convenience can geometry is assumed not to change for the
calculation of pressure inside the containment vessel.

Table 3.11. Total pressure inside the containment vessel at 123.851C (254.93 0F) a

CVA nMNOP npo nbo nT PT
(lb-mole) (lb-mole) (lb-mole) (lb-mole) (psia)

l 3.8549e-04 1.3458e-05 3.1529e-04 7.1424e-04 43.852

2 3.9060e-04 I.9225e-05 3.1529e-04 7.2512e-04 43.938

3 3.9976e-04 1.1535e-05 3.1529e-04 7.2659e-04 43.018

4 3.6547e-04 7.6901 e:06 3.1529e-04 6.8845e-04 44.585

5 8.4143e-05 0.0000e+00 0.0000e+00 8.4143e-05 23.668

3 This assumes that the convenience cans. yi . and Cat 277-4 spacer cans are sealed.

'I.- -

3.2 SUMMARY OF THERMAL PROPERTIES OF MATERIALS

3.2.1 Material properties

Thermal properties at various temperatures forthe stainless steel used in the fabrication ofthe drum,
noncombustible cast refractory (Kaolite 1600), noncombustible neutron poison (BoroBond 4 or Cat 277-4),
silicone rubber pads, and air are listed in Table 3.12. Properties used to evaluate thermal stresses due to
differences in coefficient of thermal expansion are listed in Table 3.13.

3.2.2 Component Specifications

Component specifications are listed in Tables 3.14 and 3.15.

3.3 GENERAL CONSIDERATIONS

Thermal evaluation of the package design for NCT was performed by analysis. Evaluation of the
package design for HAC was performed by a combination of testing and analysis.

3.3.1 Evaluation by Analysis

A description of the method and calculations used to perform the thermal and thermal stress analyses
of the package for NCT and HAC is presented in detail in Appendices 3.6.1, 3.6.2 and 3.6.3.
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Fig. 3.4. Test unit removal from furnace.

Fig. 3.5. Test unit cool down and monitoring arrangement.
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Table 3.16. Summary of results of evaluation for the ES-3100 under NCT

Conditions Calculated Allowable SARP
results limit reference

Minimum package temperature, 0C (0F) -40 (-40) -40 (-40) Sect. 3.4.1

Maximum drum assembly stress due to cold 61,150 (8,869) 132,379 (19,200) Appendix 3.6.3
conditions per 10 CFR 71.71 (c)(2), kPa (psia)

Minimum containment vessel pressure, kPa (psia) 76.74 (11.13) 0.0 (0.0) Sect. 3.4.1

Maximum drum temperature with 117.72 (243.89)a N/A Appendix 3.6.2
insolation, 0C (0F) Sect. 3.4.1

Maximum drum assembly stress due to hot 66,934 (9,708) 132,379 (19,200) Appendix 3.6.3
conditions per 10 CFR 71.71 (c)(1), kPa (psia)

Containment vessel temperature with insolation, 0C 87.81 (190.06)a 427 (800)b Appendix 3.6.2
(OF) Sect. 3.4.1

Maximum 0-ring temperature, 0C (IF) 87.81 (190.06) 150 (302)C Appendix 3.6.2
Sect. 3.4.1

Maximum containment vessel pressure, kPa (psia) 122.63 (17.786)d 801.2 (116.2)e Appendix 3.6.4
Sect. 3.4.2

Appendix 3.6.2.
b ASME Boiler and Pressure Code, Sect. 11, Part D, maximum allowable temperature for Sect. III, Div. 1, Subsection NB vessel.

Maximum 0-ring seal life up to 1 500C (302'F) for continuous service (Parker 0-ring Handbook, Fig. 2-24).
d Appendix 3.6.4.

Appendix 2.10.1 allowable limit.

Table 3.17. Summary of results of evaluation under HAC for the ES-3100 shipping arrangement using
bounding case parameters

Condition Results Design SARP
limits references

Maximum adjusted containment vessel 152.22 (306.00) 426.67 (800) * Sect. 3.5.3
temperature during testing, 0C (0 F)

Maximum containment vessel pressure during 40.57(4.9) 801.2 (116.2)b Appendix 3.6.5
testing, kPa (psia) Sect. 3.5.3

Maximum adjusted 0-ring temperature, 0C (0 F) 141.22 (286.20) 150 (302)C Sect. 3.5.3

a ASME Boiler and Pressure Code, Sect. II, Part D, maximum allowable temperature for Sect. III, Div. 1, Subsection NB vessel.
b Appendix 2.10.1 at 148.890 C (3001F).

Continuous service limit (B&PVC, Sect. III).
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time at a temperature approaching -401C (-40'F). The package has been examined for use at -401C
(-40'F) (Sect. 2.6.2). No detrimental effects on the package structure or sealing capability result from
this minimum temperature requirement. The normal service temperature range of the 0-rings used in
the containment boundary is -40 to 1500C (-40 to 3020F), in accordance with the Parker -ringHandbook;
thus, the seal will not be affected by this minimum package temperature in accordance with
10 CFR 71.71(c)(2). Leak testing conducted on Test Unit-2 to the leak tight criteria stipulated by
ANSI N14.5-1997 following compliance testing provides justification of the above statements.

3.4.2 Maximum Normal Operating Pressure

The stainless-steel drum and cast refractory system will not pressurize as a result of temperature
increases because of four ventilation holes (0.795 cm [0.313 in.] in diameter) drilled in the drum side wall
3.81 cm (1.5 in.) from the flanged top and equally spaced around the drum. The holes are filled with nylon
plugs, but they are not hermetically sealed. The inner liner encapsulating the noncombustible neutron poison
(Cat 277-4) will not pressurize as a result of temperature increases because of three ventilation holes
(0.635 cm [0.25 in.] in diameter) and a slot (1.63 cm [0.64 in.] in width and 4.17 cm [1.64 in.] in length)
drilled into this inner liner. These features are covered during transport with aluminum tape to prevent
contamination of the neutron poison. This-tape does not represent a hermetic seal.

The maximum normal operating pressure is defined in 10 CFR 71.4 as the maximum gauge pressure
that would develop in the containment system in a period of one year under the heat conditions specified in
10 CFR 71.71(c)(l). The internal pressure developed under these conditions in the ES-3100 containment
vessel is calculated in Appendix 3.6.4 for the most restrictive containment vessel configurations. For
conservatism, the decay heat of 0.4 W was used for the maximum internal heat load in evaluating the package
forNCT. The maximum calculated internal absolute pressure in the containment vessel with solar insolation
and the bounding case parameters is 122.63 kPa (17.786 psia). This pressure incorporated the off-gassing
from the silicone rubber pads. ey, and polyethylene bagging and assumes that the
containment vessel is assembled at ambient temperature and pressure at 100% relative humidity. The heat-
transfer capability of the packaging is not degraded due to gap creation caused by differences in the
fabrication material's coefficient of thermal expansion. Modeling assumed nominal gaps and position based
on the engineering drawings of Appendix 1.4.8.

Little or no hydrogen gas is generated inside the containment vessel due to thermal- or radiation-
induced decomposition of the water vapor, or polyethylene bagging

3.4.3 Maximum Thermal Stresses

The temperature of the package under NCT will vary from a low of -40'C (-40'F) throughout the
package to a maximum of 117.72 and 87.81 'C (243.89 and 190.06'F) (Appendix 3.6.2) on the surface of the
drum and the containment vessel, respectively (Sect. 3.4.1). The slow temperature increase or decrease
experienced in normal conditions between these limits will result in an essentially uniform temperature
change throughout the package. All materials of construction are within this operating temperature range
(Table 3.15). Thermal stresses due to differences in thermal expansion are insignificant, as discussed in
Sects. 2.6.1.2 and 2.6.2.

Most of the components of the packaging are completely unrestrained. Therefore, any thermal
stresses in the packaging components as the temperature varies between the extremes listed above will have
no effect on the ability of the packaging to maintain containment, shielding integrity, and nuclear
subcriticality. The maximum stresses due to pressure under NCT for the containment vessel are given in
Tables 2.21 and 2.22. These values are significantly below the allowable stresses for the packaging
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components. The Kaolite 1600 insulation and Cat 2774 materials are poured and cast in place during the
fabrication of the drum weldment (Drawing M2E801508A002, Appendix 1.4.8). This situation produces
a zero gap between the these materials and the bounding drum and inner liners. Due to differences in
coefficients of thermal expansion, some radial and axial interference is expected due to thermal growth or
contraction of the inner liners. These radial and axial interferences and induced stresses are calculated in
Appendix 3.6.3. The results show that the stresses induced are minimal and do not reduce the effectiveness
of the drum assembly.

The containment vessel, which is Type 304L austenitic (iron-nickel-chromium) stainless steel, is
designed and fabricated in accordance with Sects. III Subsect. NB and IX of the ASME Boiler and Pressure
Vessel Code (B&PVC Sect. III and B&PVC Sect. IX). The two sealing surfaces of each containment
boundary are joined together by torquing the closure nut inside the containment vessel body to
162.7 ±6.8 N-m (120 ±5 lbf-ft). The 0-ring material is ethylene-propylene elastomer.

The design temperature range of the containment vessel is -29 to 148.891C (-20 to 300'F)
(Appendix2.10.1). However, the package has been evaluated to -40'C (-40'F) (Sect. 2.6.2). Thethermal
properties of the stainless-steel container body, lid, and closure nut are not critical at these temperatures.
The 0-ring seal is important for the containment properties of the containment vessel. The normal service
temperature range for the elastomer 0-ring is -40 to 1501C (-40 to 3027F) for continuous service and up
to 1650C (3290F) for 72 h (Parker 0-ring Handbook). The maximum adjusted HAC temperature of the
ES-31 00 containment vessel was based upon the thermal testing results in the vicinity of the 0-rings. The
maximum temperature recorded in the vicinity of the ES-3 100 0-rings (241OF) is shown in Table 3.9. As
shown in Sect. 3.5.3, the maximum temperature for the containment vessel at the 0-ring location was
adjusted for the ES-3 100 package to 141.220C (286.201F). Hence, no damage would be expected to the
0-rings during HAC.

The test packages were all preheated to above 380C (1007F) prior to being placed in the furnace,
which was heated to over 8000C (14750F). As noted in the test report (Appendix 2.10.7), the temperatures
recorded on the containment vessels of all the test units were fairly uniform, both vertically and
circumferentially. The maximum temperature variation on the containment vessels was -500 F (from the test
temperatures reported in Table 3.9). No damage would be expected on the containment vessel from thermal
stresses resulting from a temperature differential of this magnitude. This conclusion is based on the
guidelines given in B&PVC, Sect. lll. Thermal stress is defined as a self-balancing stress produced by a
nonuniform distribution of temperature (Paragraph NB-3213.13 of B&PVC, Sect. III). This paragraph
further states that there are two types of thermal stresses: general thermal stress and local thermal stress. An
example of a general stress is that produced by an axial temperature distribution in a cylindrical shell
(Paragraph NB-3213.9). This general stress is further classified (Paragraph NB-3213.9) as a secondary stress
(that is, a normal stress or a shear stress developed by the constraint of adjacent materials or by self-
constraint of the structure). Paragraph NB-3213.9 further states that the basic characteristic of a secondary
stress is that it is self-limiting. Local yielding and minor distortions can satisfy the conditions that cause the
stress to occur, and failure from a single application would not be expected. An example of a local thermal
stress is a small hot spot in the wall of a pressure vessel (Paragraph NB-3213.13). Local thermal stress is
associated with almost complete suppression of the differential expansion and thus produces no significant
distortion. Such stresses are considered only from a fatigue standpoint. Fatigue will not result from a one-
time cyclic event such as an accidental fire.

Following the thermal test, the volume between the 0-rings on the five containment vessels
(Sect. 2.7.4) was then leak tested and met the air leak-rate criterion of I 0' ref-cm 3/s. Following the 0-ring
leak check, the five containment vessels were drilled and tapped for full body helium leak testing. All five
containment vessels passed the leak rate criteria for leaktightness per ANSI N 14.5-1997. The containment
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Table 3.21 shows the results of adding the eight temperature adjustments previously discussedtothe
black-out temperatures for the containment vessel with the 3.6-kg (8-lb) mock-up (Test Unit-5). These
adjusted temperatures would not adversely affect the stainless-steel components or the 0-ring materials of
the containment vessel.

Table 3.21. Predicted temperatures of the containment vessel due to HAC (OF)

Analytical temperature Maximum blackout temperature Final predicted CV
Node adjustments on Test Unit-5 temperature

(OF) (OF) (OF)

6715 45.00 261 306.00

6359 45.20 241 286.20

6574 50.20 199 249.20

6399 L 44.90 210 254.90

See Figs. 8 through I in Appendix 3.6.2 for details of node locations.

To determine the maximum pressure inside the containment vessel as a result of thermal testing, the
average adjusted gas temperature must be calculated based on the above results. The approach used is to
divide the containment vessel volume into three distinct equal regions and then average the three together.
The first volume is represented by the gas adjacent to the containment vessel lid and flange region and the
top convenience can. Based on the temperature recorded near the 0-rings [116.1 1C (2410 F)] and the
temperature recorded on the external surface of the convenience can [98.890C (2100F)], the average
temperature of the gas in this region is 107.50'C (225.50'F). Using the temperature adjustment of 25.11 0C
(45.207F) for this region, the adjusted average temperature in the first region is 132.610C (270.70'F). The
second volume is represented by the gas adjacent to the second convenience can from the top. Based on the
temperature recorded on the containment vessel wall and convenience can [92.780 C (1990 F)], the average
temperature of gas in this region is 92.780C (1 990F). Using the temperature adjustment of27.890 C (50.200F)
for this region, the adjusted average temperature in the second region is 120.670 C (249.20'F). The third and
final volume is represented by the gas adjacent to the bottom convenience can. Again based on the
convenience can temperature [87.780C (1 900F)] and the containment vessel end cap temperature [98.890C
(21 0F)], the average temperature of gas in this region is 93.330C (200'F). Using the temperature adjustment
of 24.940C (44.900F) for this region, the adjusted average temperature in the third region is 118.280C
(244.90'F). Averagingthesethreetemperatures, an averageadjusted gastemperatureof 123.850 C(254.930 F)
is determined for the containment vessel.

As shown in Appendix 3.6.5, the maximum adjusted average gas temperature and pressure in the
containment vessel during accident conditions was calculated to be 123.85 0C (254.930F), and
1~ rseciey

The maximum adiusted tem eratire on the siirface ofthe containment vessel adincent to the O-rinas.



visible inside the containment vessel following the 0.9-m (3-ft) water immersion test or the 15-rn (50-ft)
water immersion test on Test Unit-6.

The ES-3100 package satisfies the requirements of 10 CFR 71.73 for transport of the 36-kg
(79.37-lb) arrangements shown in Table 2.8. Section 2.7 has additional details to support this conclusion.

3.5.4 Accident Conditions for Fissile Material Packages for Air Transport

This section is not applicable.
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APPENDIX 3.6.4

CONTAINMENT VESSEL PRESSURE DUE TO
NORMAL CONDITIONS OF TRANSPORT FOR THE PROPOSED CONTENTS

The following calculations determine the pressure of the containment vessel when subjected to the
tests and conditions ofNormal Condition of Transport per 10 CFR 71.71 forthe most restrictive convenience
can arrangements shipped in the ES-3100. The following packaging arrangements are evaluated for
shipment:

1. one shipment will contain six cans with external dimensions of 4.25 in. diameter b 4.875 in.

2. one shipment will contain five cans with external dimensions of 4.25 in. diameter by 4.875 in.
high and three can spacers, top can will be empty;

3. one shipment will contain three cans with external dimension of 4.25 in. diameter by 8.75 in.
high and two can spacers; -

4. one shipment will contain three cans with external dimension of 4.25 in. diameter by 10 in.
high; and

5. one shipment will contain three cans with external dimension of 5.00 in. diameter by 10 in.
high~j -ny~t~

h. - y

To determine this pressure, the following assumptions have been made:

1. The HEU contents are loaded into convenience cans which are placed inside the ES-3 100
containment vessel at standard temperature (Tab) and pressure (Pt) (770F and 14.7 psia) with
air at a maximum relative humidity of 100%.

2. The convenience cans are assumed to be sealed, which minimizes the void volume inside the
containment vessel.

3. Polyethylene bagging of contents and/or convenience cans is limited to 500 g per containment
vessel shipping arrangement.

Applying Dalton's law concerning a mixture of gases, the properties of each component are
considered as though each component exists separately at the volume and temperature of the mixture.
Therefore, the molar quantities of each constituent inside the containment vessel (i.e., dry air, water vapor,
polyethylene bagging, and silicone rubber) must be calculated individually.

To calculate these molar properties, the void volume of the containment vessel must be determined.
The volume inside an empty ES-3 100 containment vessel was determined from Algor finite element software
to be 637.18 in.3 (10,441.51 cm3).
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I. Molar quantity determination for dry air and water vapor

According to Fundamentals of Classical Thermodynamics,

"Relative humidity (4)) is defined as the ratio of the mole fraction in the mixture to the mole fraction
of vapor in a saturated mixture at the same temperature and total pressure."

Since the vapor is considered an ideal gas, the definition reduces to the ratio of the partial pressure
of the vapor (Ps.) as it exists in the mixture to the saturation pressure of the vapor (P.) at the same
temperature.

Therefore,

) = P/Pg.

From the above equation and interpolating the values given in Table A. 1.1 of Fundamentals of Classical
Thermodynamics, the partial pressure of the water vapor at saturation is:

P = 1.0 (0.464) psia,
P = 0.464 psia.

The partial pressure of the dry air (Pa) in the volume:

P., P, P,

= 14.7 - 0.464
= 14.236 psia.

From the ideal gas law. the number of water vapor moles and dry air moles in the void volume (Vv) for each
containment vessel arrangement (CVA) is calculated as follows:

Pn<V naP*V
Rt, Tainb 12 Ru Tab 12

To determine the number of moles. the void volume of the air mixture must be determined. The void volume
(V,,,) in the containment vessel for each CVA is calculated as follows:

V = VFV VSP - VPB - VCC- VC - VCH 9

where
VEC\ = volume inside an empty containment vessel,
VsP = silicone pad volume.
VPB = polyethylene bagging volume,

Vcc = external volume of the convenience cans
VCs = external volume of the can spacers,
VCH = external volume of the convenience can handles.

A summary for each CVA is shown in Table 1.
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Table 1. Containment vessel void volume for each CVA

CVA VECV VsP VPB VCC Vcs VCNVV
(in.) (in.) (in.) (in.') (in.) (in.3) (in.3)

I Six 4.875-in.-high cans 637.18 9.35 30.51 380.47 0.00 1.02 215.83
Seven silicone pads
Six can handles

2 Five 4.875-high cans 637.18 12.03 30.51 317.06 60.60 1.36 215.62
Nine silicone pads
Three Cat 277-4 spacers
Eight can handles

3 Three 8.75-in.- high cans 637.18 8.02 30.51 345.96 40.40 0.85 211.44
Two Cat 277-4 spacers
Six silicone pads
Five can handles

4 Three I0-in.-high cans 637.18 5.35 30.51 396.20 0.00 0.51 204.62
Four silicone pads
Three can handles

5 Three 10-in.-high cans 637.18 0.00 0.00 589.05 0.00 1.02 47.11
with can diameters of 5 in.

I F_ _ _ _

These volumes are calculated from the weights shown on the engineering drawings and nominal material densities.

Using the above molar equations, the number of moles for water vapor and dry air in the vessel for
each CVA is summarized in Table 2.

Table 2. Water vapor and dry air molar summary for each CVA

CVA P., P, Vv Ru Tamb n, n,
(psia) (psia) (in. 3) (ft-lb/lb-mole-R) (R) (lb-mole) (lb-mole)

I 14.24 0.464 215.83 1545.32 537 1.0057e-05 3.0855e-04

2 14.24 0.464 215.63 1545.32 537 1.0047e-05 3.0826e-04

3 14.24 0.464 211.44 1545.32 537 9.8522e-06 3.0227e-04

4 14.24 0.464 204.62 1545.32 537 9.5344e-06 2.9252e-04

5 14.24 0.464 47.11 1545.32 537 2.1951 e-06 6.7348e-05

_ . 51X4 __
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II. Molar quantity determination due to off-gassing for each containment vessel arrangement

The maximum temperature calculated for the containment vessel is 87.810 C (190.06'F). This
temperature is assumed to be constant throughout the containment vessel and contents. Therefore, the
polyethylene bags and silicone rubber can pads are assumed to be at this temperature.

Using the above calculated results and the specific gas generation of polyethylene bags and silicone
rubber pad measurements at temperatures up to 500QF conducted by the Y-12 Development Division, the
amount of gas (VbO and VPO) generated due to off-gassing of the polyethylene bags and silicone rubber can
pads at any temperature is estimated by first determining the off-gassing volume per unit mass at temperature
and multiplying that by the total mass of the bags and can supports inside the containment vessel. Based on
testing at a temperature of 93.330 C (200'F), no recordable off-gassing occurred in the polyethylene bags or
silicone rubber pad material as documented in Appendix 2.10.4. This value was used to determine the
off-gassing volume as shown below:

VPO = WP x 0.0/ 16.387 (in.3)

VW Wb x 0.0 / 16.387 (inf.)

From the ideal gas law, the number of gas moles in the volume at standard temperature and pressure is as
follows:

_P Pi Vi

, -u Tanb ' 12

A summary of the results obtained using the above equations for each containment vessel
arrangement is presented in Tables 3 and 4.

Table 3. Molar quantity of gas generated due to the silicone rubber pad off-gassing

CVAW VP0  Pv R. Tamb npO
___ (g) (in.3) (psia) (ft-lb/lb-mole-R) (R) (lb-mole)

1 186.74 0.00 14.7 1545.32 537 0.OOOOe+00

2 240.09 0.00 14.7 1545.32 537 0.OOOOe+00

3 160.06 0.00 14.7 1545.32 537 0.0000e+00

4 106.71 0.00 14.7 1545.32 537 0.0000e+00

5 0.00 0,00 14.7 1545.32 537 0.0000e+00

_ ____ 00 W __ ._ M M_
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Table 4. Molar quantity of gas generated due to the polyethylene bag &iffiWW-joff-gassing

CVA Wb Vbo PV Tamb nbo
_ (g) (in.3) (psia) (ft-lb/lb-mole-R) (R) (lb-mole)

1 500.00 0.00 14.7 1545.32 537 0.OOOOe+00

2 500.00 0.00 14.7 1545.3 )2 537 0.000e+00

3 500.00 0.00 14.7 1545.32 537 0.OOOOe+00

4 500.00 0.00 14.7 1545.32 537 0.0000e+00

5 0.00 0.00 14.7 1545.32 537 0.OOOOe+00
5__ 09.00 0.00 14.7__ _545.32 537_ O.OOOe+0

III. Total pressure due to off-gassing and NCT temperatures inside the containment vessel

Thetotal pressure ofthe mixture at g7.81 °C (190.06°F), PT, foreach containmentvessel arrangement
is the sum of each of the previously calculated molar quantities. Table 5 summarizes the molar constituents
and total pressure of each containment vessel arrangement. The following equation is used to calculated the
final containment vessel pressure:

P87.81°C = ( Yn R . T 8 7 81.V 12 ) / VGNlX.,

where

T

VGNMV

individual molar quantity for each gas,
average gas temperature = 87.81°C (190.06°F),
V, = gas mixture volume.

Table 5. Total pressure inside the containment vessel at 87.81°C (190.06°F) a

CVA na n, nP, nb, nT PT
(lb-mole) (lb-mole) (lb-mole) (lb-mole) (lb-mole) (psia)

I 3.0855e-04 1.0057e-05 0.OOOOe+00 0.OOOOe+00 3.1861 e-04 17.786

2 3.0826e-04 1.0047e-05 0.OOOOe+00 0.OOOOe+00 3.1831 e-04 17.786

3 3.0227e-04 9.8522e-06 0.OOOOe+00 0.OOOOe+00 3.1212e-04 17.786

4 2.9252e-04 9.5344e-06 0.OOOOe+00 0.OOOOe+00 3.0205e-04 17.786

5 6.7348e-05 2.1951 e-06 0.OOOOe+00 0.OOOOe+00 6.9543e-05 17.786

6 .te- VW16 wOMop pUDR
a This assumes that the intemal convenience cans. i_ . and Cat 277-4 spacer cans are sealed.
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At -400C (-400F), the partial pressure of the water vapor is conservatively assumed to be zero. Therefore,
the final pressure of the mixture at -40'C (-40'F) is calculated according to the ideal gas law based solely
on the partial pressure of the air.

PI VI P2 V2

T, T2 '

where
PI
T.
TV

VI

14.236 psi.
770F
-400 F
V2.

= 536.67 R,
= 419.67R,

Rearranging and solving for P,

P, = PI (T,/T1).
P2 = (14.236)(419.671536.67) = 11.13 psia.
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APPENDIX 3.6.5

CONTAINMENT VESSEL PRESSURE DUE TO
HYPOTHETICAL ACCIDENT CONDITIONS FOR THE PROPOSED CONTENTS

The following calculations determine the pressure of the containment vessel when subjected to the
tests and conditions of Hypothetical Accident Conditions per 10 CFR 71.73 for the most restrictive
convenience can arrangements shipped in the ES-3 100 package. The following packaging arrangements are
evaluated for shipment:

I1. one shipment will cotifsxcndwt'xtra
high; _

2. one shipment will contain five cans with external dimensions of 4.25 in. diam by 4.875 in.
high and three can spacers, the top can is empty;

3. one shipment will contain three cans with external dimensions of 4.25 in. diam by 8.75 in.
high and 2 can spacers;

4. one shipment will contain three cans with external dimensions of 4.25 in. diam by 10 in.
high; and

5. one shi ment will contain hree cans with external dimensions of 5.00 in. diam by 10 in.
high.4W 7

To determine this pressure, the following assumptions have been made:

I. The highly enriched uranium (HEU) contents are loaded into convenience cans and placed
inside the ES-3 100 containment vessel at standard temperature (770F) and at the maximum
normal operating pressure (17.786 psia) with air at a maximum relative humidity of 100%.

2. The convenience cans are assumed to be sealed to minimize the void volume inside the
containment vessel.

3. Polyethylene bagging of contents and/or convenience cans is limited to 500 g percontainment
vessel shipping arrangement.

Applying Dalton's law concerning a mixture of gases, the properties of each component are
considered as though each component exists separately at the volume and temperature of the mixture.
Therefore, the molar quantities of each constituent inside the containment vessel (i.e., dry air, water vapor,
polyethylene bagging, and silicone rubber) must be calculated individually.

To calculate these molar properties, the void volume of the containment vessel must be determined.
The volume inside an empty ES-3 100 containment vessel was determined from Algor finite element software
to be 637.18 in.3 (10,441.51 cm3).
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I. Molar quantity determination based on MNOP

Table 1. Total pressure inside the containment vessel at 87.810C (190.06OF)a

CVA n' ng npO nbo n PT(lb-mole) (lb-mole) (lb-mole) (lb-mole) (lb-mole) (psia)

] 3.0855e-04 1.0057e-05 0.0000e+00 0.0000e+00 3.1861 e-04 17.786

2 3.0826e-04 1.0047e-05 0.0000e+00 0.0000e+00 3.1831 e-04 17.786

3.0227e-04 9.8522e-06 0.0000e+00 0.0000e+00 3.1212e-04 17.786

4 2.9252e-04 9.5344e-06 0.0000e+00 0.0000e+00 3.0205e-04 17.786

5 6.7348e-05 2.1951 e-06 0.0000e+00 0.0000e+00 6.9543e-05 17.786

_ W_-e4 I I. 7 I _____ I _now

This assumes that the internal convenience cans. nEs., and Cat 277-4 spacer cans are sealed.

To use the maximum normal operating pressure at standard temperture, the number of lb-mole of gas needs
to be increased using the following equation:

PT ' V"

n.%INOP Ru -T. -n 12

Using the above molar equations, the total number of moles is summarized in Table 2.

Table 2. Molar summary at MNOP and 77°F

CVA PT V, R. Tamb nMNOP
(psia) (in. 3) (ft-lb/lb-mole-R) (R) (lb-mole)

17.786 215.83 1545.32 537 3.8549e-04

2 17.786 215.63 1545.32 537 3.8514e-04

3 17.786 211.44 1545.32 537 3.7765e-04

4 17.786 204.62 1545.32 537 3.6547e-04

5 17.786 47.11 1545.32 537 8.4143e-05

_______ 17.786 47.15 537__ 8___ ___ ___

II. Molar quantity determination due to off-gassing for each containment vessel arrangement

To determine the maximum pressure inside the containment vessel as a result of thermal testing, the
average adjusted gas temperature must be calculated based on the results shown in Sect. 3.5.3. The approach
used is to divide the containment vessel volume into three distinct equal regions and then average the three
together. The first volume is represented by the gas adjacent to the containment vessel lid and flange region
and the top most convenience can. Based on the temperature recorded near the O-rings [116.11 C (241°F)]
and the temperature recorded on the external surface of the convenience can [98.89°C (21 0°F)], the average
temperature of the gas in this region is 107.50°C (225.50°F). Using the temperature adjustment of 25.11 C
(45.20°F) for this region, the adjusted average temperature in the first region is 132.61 °C (270.70°F). The
second volume is represented by the gas adjacent to the second convenience can from the top. Based on the
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temperature recorded on the containment vessel wall and convenience can [92.781C (1990F)], the average
temperature of gas in this region is 92.780C (199 0F). Using the temperature adjustment of 27.890C (50.200F)
for this region, the adjusted average temperature in the second region is 120.670C (249.200F). The third and
final volume is represented by the gas adjacent to the bottom convenience can. Again, based on the
convenience can temperature [87.780C (1 90'F)] and the containment vessel end cap temperature [98.890C
(21 00F), the average temperature of gas in this region is 93.33 0C (200'F). Using the temperature adjustment
of 24.940 C (44.900F) for this region, the adjusted average temperature in the third region is 118.28 0C
(244.90'F). Averaging these three temperatures, an average adjusted gas temperature of 123.850 C
(254.930F) is determined for the containment vessel.

Using the above calculated results and the specific gas generation of polyethylene bags and silicone
rubber pads measurements at temperatures up to 500'F conducted by the Y-12 Development Division
(Appendix 2.10.4). the amount of gas generated due to off-gassing of the silicone rubber can pads and the
polyethylene bags at 123.85 0C (254.930F). (VP0 and VbO) is estimated by first determining the off-gassing
volume per unit mass at temperature and multiplying that by the total mass of the bags and silicone rubber
can supports inside the containment vessel. Based on testing at an approximate temperature of 141.11 PC
(286.000 F), values of -7.0 and -0.8 cm3 (STP)/g for the polyethylene bagging and silicone rubber pads,
respectively, were taken from the curves-for the off-gassing volume per unit mass as documented in
Appendix 2.10.4. These values are used to determine the off-gassing volume as shown below:

VP0 = WP x 0.8/ 16.387 (in.3),

VbO Wb x 7.0 / 16.387 (in. 3).

From the ideal gas law, the number of gas moles in the volume is as follows:

Vj

Ru Tamb 12

A summary of the results obtained using the above equations for each containment vessel arrangement
is presented in Tables 3 and 4.

Table 3. Molar quantity of gas generated due to the silicone rubber pad off-gassing

CVA Wp VpO Pv R0  Tamb npO
(g) (in.3) (psia) (ft-lb/lb-mole-R) (R) (lb-mole)

1 186.74 9.12 14.7 1545.32 537 1.3458e-05

2 240.09 11.72 14.7 1545.32 537 1.7302e-05

3 160.06 7.81 14.7 1545.32 537 1.1535e-05

4 106.71 5.21 14.7 1545.32 537 7.6901e-06

5 0.00 0.00 14.7 1545.32 537 0.OOOOe+00

6_ _ b 0 D o 4. IV_ _ _ _ _ _
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Table 4. Molar quantity of gas generated due to polyethylene bag - off-gassing

CVA . V- P1 Tamb n,,
CVA (g) (in .3) (psia) (ft-lb/lb-mole-R) (R) (lb-mole)

1 500.00 213.58 14.7 1545.32 537 3.1529e-04

2 500.00 213.58 14.7 1545.32 537 3.1529e-04
3 500.00 213.58 14.7 1545.32 537 3.1529e-04
4 500.00 213.58 14.7 1545.32 537 3.1529e-04
5 0.00 0.00 14.7 1545.32 537 0.0000e+00

_ __$ _ W 3 9 W___ __ __ __ _ _ _ _

III. Total pressure due to off-gassing and HAC temperatures inside the containment vessel

The total pressure of the mixture at 1 23.850C (254.931F), PT, for each containment vessel arrangement
is the sum of each of the previously calculated molar quantities. Table 5 summarizes the molar constituents
and total pressure of each containment vessel arrangement. The following equation is used to calculated the
final containment vessel pressure:

P 123.85'C =( Y ni R T -1 2 ) / VGMV ,

where

nij

T
VG\IV

individual molar quantity for each gas,
average gas temperature = 123.850C (254.930F).
V, = gas mixture volume.

Table 5. Total pressure inside the containment vessel at 123.851C (254.930F) a

CVA nNlNOP nPO no nT PT
(lb-mole) (lb-mole) (lb-mole) (lb-mole) (psia)

I 3.8549e-04 1.3458e-05 3.1529e-04 7.1424e-04 43.852
2 3.8514e-04 1.7302e-05 3.1529e-04 7.1966e-04 44.108
3 3.7765e-04 1.1535e-05 3.1529e-04 7.0448e-04 44.151
4 3.6547e-04 7.6901e-06 3.1529e-04 6.8845e-04 44.585
5 8.4143e-05 0.OOOOe+00 0.OOOOe+00 8.4143e-05 23.668

' This assumes that the internal convenience cans. goij and Cat 277-4 spacer cans are sealed.

w
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Table 4.7. Regulatory leakage criteria for HAC' a

Fast absorption Medium absorption Slow absorption
Verification

activity LpA - air LRA He LRA sir LRA He LRA . air LR- He
(ref-cm3/s) (cm3/s) (ref-cm3/s) (cm3/s) (ref-cm3/s) (cm3/s)

Design UD9451 VW:48. ORM BYEfN Eli_

The procedure used to calculate the above criteria is shown in Appendix 4.6.2.

Table 4.8 Containment vessel design verification tests for HAC

Test Type Test Values Leakage test
procedure

Design qnd compliance leakage testing

Design verification of 0-ring seal (air) LT < 1.0 x 10-4 ref-cm3/s See Appendix 2.10.7

Design verification of containment vessel LT <2.0 x 10- cm3/s See Appendix 2.10.7
boundary (helium)

lid was drilled and tapped for a helium leak-check port. The entire containment boundary was then helium
leak checked and passed the leaktight criteria. Also, no visible water was seen inside the inner 0-ring groove
of Test Unit-6 and no water was observed inside any of the other test units.

To verify the entire containment boundary to the leaktight criteria, the containment vessels of
Test Units-I through -5 were helium leak tested using the procedure shown in the test report (Appendix
2.10.7). These test units had previously been subjected to the drop test stipulated in 10 CFR 71.71 (c)(6) and
the sequential tests stipulated in 10 CFR 71.73 except for Test Unit-4, which had been first subjected to the
testing in accordance with 10 CFR 71.71. The maximum recorded helium leak rate for any of these
containment vessels was 2.0 x 10-7 cm3/s after 20 min of testing on Test U nit-4 as documented in Section
5.2 of the test report (Appendix 2.10.7). Test Units-2 and -5 displayed some unusual pulsing action during
leak testing. The peak amplitude changed after adding helium in a manner expected for diffusion through
the 0-rings rather than a rise immediately following the addition of helium that would indicate a leak to the
outside of the containment vessel. This is further discussed and graphically presented on pages 88 through
91 of the ES-3 100 test report (Appendix 2.10.7). These measured leakage rates verify that the containment
vessels are leaktight in accordance with ANSI N14.5-1997. Therefore, the containment boundary of the
ES-3 100 package was maintained during the HAC testing.

The 36 kg of HEU content is unirradiated; therefore, only very small quantities of fission gas
products will be produced from spontaneous fission and subcritical neutron induced fission. Fission gas
products are produced in such small quantities that they have no measurable effect on the releasable content
source term or containment vessel pressurization. Fission gas products will not be considered further in this
SAR.
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4.5 LEAKAGE RATE TESTS FOR TYPE B PACKAGES

The maximum allowable release of radioactive material allowed by 10 CFR 71.51 (aX2) under HAC
is A2 in one week. Title 10 CFR 71.51 (a)(2) also specifies that there be no escape of 85Kr exceeding 10 A2
in one week. ANSI N 14.5-1997 specifies the leakage test methods and leakage rates that are accepted in
Nuclear Regulatory Commission (NRC) Regulatory Guide 7.4 as demonstrating that a package meets the
10 CFR 71.51 (a)(2) requirements for containment. The containment criteria for the ES-3100 package will
be leaktight, defined in ANSI N 14.5 paragraph 2.1 as having a leakage rate s 1 x I1O' ref-cm3/s, during the
prototype tests. This leaktight criterion satisfies the design verification requirement stipulated in
paragraph 7.2.4 of ANSI N14.5-1997. The requirements of ANSI N14.5-1997 are used for all stages of
containment verification for the ES-3 100 (i.e., design, fabrication, maintenance, periodic and preshipment).
The design, fabrication, maintenance and periodic leakage rate limit is I x IO-' ref-cm3/s air (or 2.0 x IO-'
cm3/s helium). The pass criterion for the preshipment leakage rate test, which deinonstrates correct assembly
of the containment vessels, is I x I O` ref-cm3/s, which exceeds the requirements given in ANSI N 14.5-1997,
paragraph 7.6.4. In accordance with the definition of sensitivity of a leakage test procedure provided in
Sections 2 and 7.6.4 of ANSI N 14.5-1997, the minimum acceptable leakage rate that the procedure nees to
be capable of detecting is I x 10-' ref-cm 3/s. The requirements for the ES-3 100 exceed the regulatory
criterion by specifying a leakage rate of < I x I0O` ref-cm3/s, and equipment used in accordance with Section
7.6.4 of ANSI N14.5-1997 would not detect this leakage. The preshipment, fabrication, maintenance, and
periodic leakage rate tests are required to be conducted on each containment vessel in accordance with
ANSI N 14.5-1997 and are specified in Chapters 7 and 8. These leakage rates are not dependent on filters
or mechanical cooling.

The requirements of ANSI N14.5-1997 are used for all stages of containment verification for the
ES-3 100; the design (HAC test) leakage rate limit is I x I0-' ref-cm3/s (which is defined as leaktight in
ANSI N 14.5-1997). The packaging has been shown to maintain containment before and after prototype
testing by leakage tests performed for containment verification to the requirements of ANSI N14.5-1997.
Test Unit-A's containment vessel was subjected to both the NCT and HAC tests. Test Units-I through -5
were subjected to the free drop stipulated in 10 CFR 71.71(c)(7) and to the sequential HAC test stipulated
in 10 CFR 71.73. Following these tests, each containment vessel was helium leak tested in accordance with
the test plan. Again, the test results verified that the containment vessels were leaktight. Thus, there could
be no release of radioactive materials from the containment vessels. These leakage rates are not dependent
on filters or mechanical cooling. These measured leakage rates verify that the containment vessels are
leaktight in accordance with ANSI N 14.5-1997.

Therefore, the ES-3 100 package meets the containment criteria as specified in 10 CFR 71.73 for
HAC when shipping the proposed 36 kg of HEU in the containment vessel.

4-10

Y/LF-7 17/page change 2/Ch4/ES-3 100 HEU SAR/sc/02-06-06



APPENDIX 4.6.2

CALCULATION OF THE ES-3100 CONTAINMENT VESSEL'S
REGULATORY REFERENCE AIR LEAKAGE RATES
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maximum NCT gas temperature of 87.81 0C (190.06'F) [1000 F with solar insolation] and a maximum adjusted
HAC gas temperature of 123.850 C (254.930F).

The following analysis determines the maximum allowable 0-ring seaJ air reference leakage rate for
both NCT and HAC. The ANSI N 14.5-1997 recommended method using a straight circular tube to model
the leakage path is applied. Using this "standard" leakage hole model permits the calculation of equivalent
reference leakage rates from which leak-test requirements can be established. Viscosity data for air and
helium used in the following analyses were obtained from curve fitting routines at specific temperatures based
on viscosity data for air (Handbook of Chemistry and Physics, 55th ed.) and helium (NBS Technical Note
631).

LN and LA correspond to the upstream volumetric leakage rate (La) at the upstream pressure (Pu).

3.83 10 x 0-3 cm 3 /S,

2.2738 x 10' cm3/s.LA

Find the maximum pressure and temperature in the containment vessel:

Converting the temperature to degrees Kelvin:

T = 273.15 + T(C),
T = 273.15 + 5 / 9 (OF - 32) (K).

I
I

N 273.15 + 5 / 9 (190.060 F - 32) (K),
N = 360.961 K.

A = 273.15 + 5 / 9 (254.930 F - 32) (K),
A = 397.000 K.

(Sect. 3.4.1, for T = 190.06'F)
NCT

(Sect. 3.5.3, for T = 254.930F)
HAC

l
I1

Converting the pressures from psia to atmospheres:

= P (psia) / 14.696 (psia/atm),
17.786 (psia) / 14.696 (psia/atm),
1.2103 atm.

P (psia) / 14.696 (psia/atm),
-3 (psia) / 14.696 (psia/atm),
JM3612atm.

where P is the pressure in Sect. 3.4.2
NCT

where P is the pressure in Sect. 3.5.3
HAC

NCT Leakage Hole Diameter for the HEU Content

The following calculations determine the leakage hole diameter that generates the maximum allowable
leakage rate during NCT. To keep.these calculations conservative, the maximum values for temperature and
pressure were used as steady-state conditions for NCT.

Input data for NCT with air fill gas:

LN

Pu

Pd

a
T

3.83 10 x 10- ; cm3/s,
1.2103 atm,
0.2382 atm,
0.3531 cm,
360.96 K,

Maximum upstream leakage
Upstream pressure = 17.786 psia

Downstream pressure = 3.5 psia, per I0 CFR 71.71(3)
Leak path length, 0.139-in. 0-ring section diameter

Fill gas temperature = 190.06°F
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= 0.02141 cP,
M = 29 g/g-mole.

Viscosity at temperature
Molecular weight of fill gas

The average pressure is:

Pa

P,

(Pu + Pd)/2
= (1.2103 + 0.2382) / 2,
= 0.7242 atm. Average pressure during NCT

According to ANSI N14.5-1997, the flow leakage hole diameter is unknown. Therefore, the mass-
like leakage flow rate must be calculated to calculate the average leakage flow rate.

Q is the mass-like leakage for flow using the upstrearr leakage, L., and pressure, P.:

Q
L.

Q
Q

Q
L,
L,

= P. Lu,
N-

(Eq. B1)
NCT leakage

= (1.2103)(atm) (3.8-310 x 10 3)(cm 3/s),
= 4.6366 x 10-3 atm-cm3/s.

= P. L.,
= Q / Pa = 4.6366 x IO-' (atm-cm3/s) / (0.7242)(atm),
= 6.4022 x 10-3 cm 3/s.

NCT mass-like leakage rate

(Eq. B1)

NCT average leakage rate

Solve equations B2-B4 from ANSI N14.5-1997:

L, = (F, + Fm) (P. - Pd) cm3/s,
= (Fc + Fm) (1.2103 - 0.2382),

L, = (0.972 1) (F, + F.) cm3/s.

F = (2.49 x 106) D4 / (a A) (cm3/atm-s),
Fc = (2.49 x 10 6) D4 /((0.3531) (0.02141)),
Fc = (3.2943 x 10) D4 cm3/atm-s.

Fm = (3.81 x 103) D3 (T / M)-5 / (a P.) (cm3/atm-s),
Fm = (3.81 x 103) D3 (360.96 / 29)5 / ((0.3531) (0.7242)),
Fm = (5.2571 x IO') D3 cn9/atm-s.

From the mass-like leakage calculation:

(Eq. B2)

(Eq. B3)

(Eq. B4)

La = 6.4022 x 10-3 cm3/s. NCT average leakage rate

Find the leakage hole diameter that sets:

L = L,

Using the equations:

F.

(0.9721) (F, + Fj) cm3/s,
(3.2943 x 108) D4 cm3/atm-s,
(5.2571 x 104) D3 cm3/atm-s.
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Input data for HAC:

LA

Pu
Pd

T
l_.

M
a

Pa

Pa

22.73 8 cm 3 /s,
2 atm,

1.0 atm,
397.000 K,
0.02297 cP,
29 g/g-mole,
0.3531 cm.

Maximum exit leakage
Upstream pressure = ... psia

Downstream pressure
Fill gas temperature = 254.93°F

Viscosity of air at temperature
Molecular weight of air

Leak path length, 0.139-in. 0-ring section diameter

( Pu + Pd ) / 2
(36+ 1.0)/2,

M atm.
HAC average pressure

Q is the mass-like leakage for flow using the upstream leakage, Lu, and pressure, P,:

Q =
L. =

P. Lu.
LA.

(Eq. BI)
HAC leakage

Q
Q

= (t (atm) (22.73 8)(cm 3/s),
-= atm-cm;/s.

Q = Pa La
La Q/Pa

I= (atm-cm 3/s) / (2 )(atm),
La = O Cm -/s.

HAC mass-like leakage rate

(Eq. Bl)

HAC average leakage rate

Solve equations B2-B4 from ANSI N 14.5-1997:

La = (Fc + F.) (Pu - Pd) (cm 3/s),
La (Fc + F.) ( - 1.0),
La = 312(Fc + Fj) cm 3/s.

Fc (2.49 x 106) D4 / ( a li ) (cm 3 /atm-s),
F = (2.49 x 1o6) D4 / ((0.3531) (0.02297).),
Fc = (3.0706 x I0O) D4 cm 3/atm-s.

Fm = (3.81 x 103) D; (T / M) 5 / (a Pa) (cm 3/atm-s),
Fm = (3.81 x I03) D; (397.00/ 29) 5 / ( (0.3531) ( )),
F. = ( x IO') D; cm ;/atm-s.

(Eq. B2)

(Eq. B3)

(Eq. B4)

From the mass-like leakage calculation:

La =~ F 5 O S cm '/s. HAC average leakage rate

Find the leakage hole diameter that sets:

L2 = La.
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Using the equations:

Lm 361 ( Fc + Fm) cm 5.

(3.0706 x 108) D4 cm 3/atm-s,
)< I 0) ftcm -/atm-s.

To get a better guess on a new D use:

D = D, (La / L2)0 252.

Now a guess must be made for D, to solve Eq. B2 for HAC:

D = 0.01 (cm), and solve for La = (c.Q48 (cm /s). HAC average leakage rate

Diameter F, Fm L2  L. / L2

1.OOOOe-02 3.0706e+00 - EM

L"3 ajo$ t 1:1~0ONL4942WAO1 1A9 &2 L1"A

The HAC leakage hole diameter for the HEU oxide content is:

D = Gi48l ( 10 2 cm. HAC diameter

HAC Reference Air Leakage Rate for HEU Content

The leakage hole diameter found for the maximum allowable leakage rate for HAC will be used to
determine the reference air leakage rate. 0-ring seal leakage testing must assure that no leakage is greater than
the leakage generated by the hole diameter D = 1.5282 x 10-2 cm. Therefore, the HAC reference air leakage
rate (LR A) must be calculated to determine the acceptable test leakage rate for post-HAC leakage testing.

Input data for HAC reference air leakage rate:

D
a
Pu

Pd

T
M

4S x 10 2 cm,

0.3531 cm.
1.0 atm,
0.01 atm.
298 K,
29 g/g-mole,
0.0185 cP.

From the HAC of transport
Leak path length, 0.1 39-in. O-ring section diameter

Upstream pressure
Downstream pressure

Fill gas temperature, 77 0F
Molecular weight of air

Viscosity at temperature
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Calculate Pa:

Pa (Pu + Pd) / 2
= 0.505 atm. HAC average pressure

F = (2.49 x 106) D4 / ( a pi ) (cm 3/atm-s), (Eq. B3)
F = (2.49 x 106 )/( 8 X l02)4/ ( (0.3531) (0.0185)),
Fc = (3.8122 x 108) (74) X 10-2) 4,
Fc: =x 101 cm3/atm-s.

Fm = (3.81 x 103) D3 (T / M) 5 / (a Pa) (cm3 /atm-s), (Eq. B4)
Fm = (3.81 x 103) (1.4813 x 10-2) 3(298 / 29)5/( (0.3531) (0.505)),
Fm = (6.8501 X 104)( . x 10-2)3,

Fm = 10' cm3/atm-s.

Lu = (Fc + Fm) (Pu - Pd) (Pa / PO) (cm3 /s), (Eq. B5)
L = (3 x J0 + x 10-')(cm 3/atm-s) (1.0 - 0.0 l)(atm) (0.505/ 1.0),

L = (E x I')(cm 3/atm-s) (0.49995)(atm),
Lu = cm 3 /s.

The HAC reference air leakage rate as defined in ANSI N 14.5-1997, Sect. B.3, is the upstream leakage in air.

LRAAir = ref-cm 3/s. for HEU oxide content

The same equations can be used to calculate an allowable leakage rate using helium for leak testing.

M = 4 g/g-mole,. Molecular weight of helium
lp 0.0198cP. Viscosity ofhelium at temperature

Fc = (2.49 x 106) D4 / (a p) (cm3/atm-s), (Eq. B3)
Fc = (2.49 - 106) (t& 10-2) 4/ ((0.3531) (0.0198)),
Fc = (3.5619 x 108) X lo-12)4,
Fc = J x 10 cm`/atm-s.

Fm = (3.81 x 103) D3 (T / M)0-5 / (a Pa) (cm3/atm-s), (Eq. B4)
Fm = (3.81 x 10) I W0-2) 3 (298 /4)5/ ((0.3531) (0.505)),
Fn = (1.8444 x 105) ( x 102)3,
Fm = x 10-' cm/atm-s.

Lu = (Fc + Fm) (Pu - Pd) (Pa / PO) (cm3 /s), (Eq. B5)
X= ( x 10' + 10)(cm3 /atm-s) (1.0 - 0.01)(atm) (0.505 / 1.0),

Lu = ( X 10')(cm 3/atm-s) (0.49995)(atm),
Lu = cm3 /s.

The allowable leakage rate using helium for leak testing for HAC is:

LRA, He = cm 3/s. HAC helium test value
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Table 1. Regulatory leakage criteria for 36 kg of HEU

NCT HAC
Years from
fabrication LRN.ir LR-He LR ajRA-He

(ref-cm3/s) (cm3/s) (ref-cm3/s) (cm3/s)

0 4.5676e-03 4.8821 e-03 1 E _

5 4.5453e-03 4.8590e-03 l, B o

10 4.5421 e-03 4.8556e-03 E8

20 4.5401 e-03 4.8536e-03 mm BE =

E_ 30 4.5385e-03 4.8519e-03 ff 8M _

i 40 4.5367e-03 - 4.8501e-03 UM M m _

50 4.5348e-03 4.8481e-03

60 4.5327e-03 4.8459e-03 _

70 4:5305e-03 4.8436e-03 Ra m _ _ _ _ _

0 4.3669e-03 4.6739e-03

5 4.3466e-03 4.6528e-03 _ l

10 4.3437e-03 4.6498e-03 m

20 4.3420e-03 4.6480e-03

30 4.3406e-03 4.6465e-03
E
r 40 4.3391e-03 4.6449e-03 Lam m

> 50 4.3373e-03 4.643 1e-03
60 4.3355e-03 4.6412e-03

70 4.3335e-03 4.6392e-03 __ __ __ __ __ _

0 3.8624e-03 4.1492e-03

5 3.8472e-03 4.1334e-03
10 3.8455e-03 4.1316e-03 ,M

5 20 3.8453e-03 4.1314e-03 NAMM
- 30 3.8453e-03 4.1314e-03

40 3.8450e-03 4.1312e-03 I P

50 3.8445e-03 4.1307e-03 V _

60 3.8439e-03 4.1300e-03 F M _

70 3.8430e-03 4.1291 e-03 4gIO0
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