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CTR 2025/04
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1.1 Introduction

This Safety Analysis Report for Packaging (SARP) has been prepared by Croft Associates Ltd
for the new approval of the Safkeg-LS 3979A package as a Type B(U) design.

The Safkeg-LS 3979A package is a general purpose container for the transport of non-fissile
nuclides and limited quantities of fissile nuclides as specified under NRC general licenses,
under non exclusive and exclusive use. The contents may be in solid or gaseous form. The
modes of transport specified are road, rail, sea and air. A detailed list of the nuclides can be
found in Section 1.2.2. The contents of the package include some nuclides in excess of 3000 A;
and therefore the package is classified as Category | as defined in NUREG 1609 [1.1].

The Safkeg-LS 3979A package was designed in 2008 and a prototype package fabricated and
tested in 2009. Analysis of the safety of the design has also been carried out: the results of the
tests and the analysis are provided in this SARP.
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All design, manufacturing and testing has been carried out in accordance with the Croft Quality
Assurance program which complies with 10 CFR 71 subpart H [1.2] and is approved by the
NRC under Approval Number 0939. This SARP has been prepared in accordance with
Regulatory Guide 7.9 [1.3] and demonstrates that the package meets all the applicable
requirements in 10 CFR 71 [1.2].

1.2 Package Description [ 71.33]

1.2.1 Packaging
1.2.1.1 General

The general arrangement of the Safkeg-LS 3979A package is provided in drawing 0C-6041 in
Section 1.3.3. The drawing shows the package and details all the nominal dimensions and the
major design features.

The Safkeg-LS 3979A package (generally called the package in this SARP) consists of a single
resealable containment vessel (generally called the CV in this SARP) Design No. 3980
(stainless steel with encased lead shielding), carried within insulating cork packing in an outer
stainless steel keg Design N0.3979 (generally called the Keg in this SARP).

Section views of the package and the CV are shown in Figure 1-1, Figure 1-2 and Figure 1-3 to
Figure 1-6 respectively. These figures also give the nomenclature used throughout this report.

The maximum weight of the package is 59 kg (130 Ibs) excluding the contents. The maximum
contents weight is 5.8 kg (12.85 Ibs), therefore the gross weight of the package is 64.8 kg
(142.85 Ibs).

1.2.1.2 3979 Keg

The keg Design No0.3979 has a stainless steel outer shell and a stainless steel liner between
which insulating cork is fitted. The keg is sealed as it has an O-ring weather seal in its closure,
however, there is a fuse plug fitted at the bottom of the keg. This fuse plug contains a low
melting point alloy which will vent during the HAC fire test providing pressure relief.

The keg is closed by a flat stainless steel lid which is bolted down with 8 stainless steel studs
and nuts against a single O-ring which provides a weather seal to keep rain from entering the
keg. The studs are fitted with seal holes for the fitting of a tamper indicating device in
accordance with 10 CFR 71.43(b). The lid may also be further secured, to prevent unauthorized
removal, by a padlock attached to a lock pin welded to the keg closure flange.

Due to the relatively low weight and size of the package, there are no specific design features to
allow for the tie down and handling of the package.

An inner cork liner is fitted between the keg liner and the CV. The inner cork liner consists of a
body and a top cork. There is no cork directly underneath the CV as it sits on the keg liner. The
top cork varies in thickness between 67.5 mm and 85.5 mm; the variation in thickness is to
accommodate the design of the CV lid. The side wall thickness of the inner cork varies from
30.5 mm at the top of the CV to 57 mm at the bottom of the CV. The surface of the cork is
sealed with a water-based sealant to enhance its appearance and reduce the potential to
produce dust.

1.2.1.3 3980 CV
The CV is composed of a body and a lid (see Figure 1-3).

The CV body is fabricated from three pieces of stainless steel: the CV flange/cavity wall, the CV
outer wall and the CV base. Each piece is machined from solid. The CV flange/cavity wall is
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welded to the CV outer wall to form the cavity into which the body lead shielding is either cast,
or a pre-machined component fitted. The base is then welded to the outer wall. Drawing 1C-
6044 and 1C-9012 in Section 1.3.3 shows the general arrangement of the CV body.

The CV lid is fabricated from two pieces of stainless steel, the CV lid top and the CV lid
shielding casing. Both pieces are machined from solid. The CV lid shielding casing has the
shielding lead cast inside (or a pre-machined component fitted) to a depth of 22 mm; the CV lid
shielding casing is then welded to the CV lid top. Drawing 1C-6045 in Section 1.3.3 shows the
general arrangement of the CV lid.

The CV lid is held in position by eight recessed alloy steel screws. The seal between the CV
body and the CV lid is effected by two EP O-ring seals of 3 mm cord diameter. Access to the
interspace between the two O-rings is provided for operational and maintenance leak testing.
Leak testing is required for the CV to ensure that it meets the regulatory release limits specified
in 10 CFR 71.51.

The CV has a cavity of overall length of 109 mm and a diameter of 64.5 mm. The vessel
operates at atmospheric pressure, although the internal pressure may vary due to heating of the
gases within the CV by decay heat of the contents and atmospheric temperature and pressure
changes.

1.2.1.4 Containment Boundary

Figure 1-5 shows the containment boundary of the Safkeg-LS 3979A package. As shown, the
containment boundary consists of the CV flange/cavity wall, the CV lid top and the inner O-ring
containment seal of CV. The containment seal is tested on manufacture, during periodic
maintenance and in operation, to ensure it remains within regulatory limits regarding leak rate
under both NCT and HAC. Section 4 discusses the containment boundary in further detail.

1.2.1.5 Gamma Shielding

Figure 1-4 shows the gamma shielding present in the Safkeg-LS 3979A package. Beta and
Gamma shielding is provided principally by the lead present in the CV body and lid; the steel of
the CV provides some additional shielding. The lead is cast in position inside the stainless steel
cladding of the CV body and the CV lid. Therefore there are no gaps in the lead shielding or at
the interface of the lead and steel parts. The CV is designed so that the shielding in the lid and
body are stepped to reduce radiation streaming. The upstanding ring on the lid also provides
some additional steel shielding to reduce the radiation streaming from the gap between the CV
Lid and CV Body.

The contents of the package are defined as everything that is carried within the CV cavity. For
all contents, one of the inserts specified in Section 1.2.2.2 and shown in Figure 1-7, Figure 1-8
or Figure 1-9, is required. These inserts provide different amounts of shielding and also provide
confinement for all contents under NCT and confinement for solid contents under HAC.

1.2.1.6 Energy Absorbing Features

The outer cork, top cork and inner cork provide insulation and energy absorption thus providing
protection to the CV during NCT and HAC (see Figure 1-1, Figure 1-2).

The outer cork is located between the keg liner and the keg outer shell. The outer cork is
protected by the keg liner and not intended to be replaced. The inner cork and top cork are
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readily removable and intended to be replaced if required at pre-shipment or annual
maintenance.

1.2.1.7 Heat Transfer Features

The contents of the Safkeg-LS 3979A package are limited to have a maximum heat output of 10
W for solid or gaseous contents. With such a small heat source no specific heat transfer design
features are required.

Thermal protection of the contents from external heat sources such as insolation or fire is
provided by the outer cork, top cork and inner cork. During HAC, the keg is designed to vent by
melting of the low melting point alloy in the fuse plug, thus preventing any pressure build up
within the keg cavity due to gasses arising from pyrolysis of the cork.

1.2.1.8 Labelling

The keg is fitted with a name plate to comply with the requirement in 10 CFR 71.85 [1.2] and 49
CFR 172.310 [1.4].

Figure 1-1 Safkeg-LS 3979A package — Section View and Nomenclature
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Figure 1-2 Safkeg-LS 3979A package — Isometric view
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Figure 1-3 3980 CV — Top and Section View and Nomenclature
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Figure 1-4 3980 CV - Isometric View
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Figure 1-6 Gamma shielding present in the Safkeg-LS 3979A package
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1.2.2 Contents
1.2.2.1 Contents - General

The Safkeg-LS 3979A package is designed as a general purpose package for radioactive
material that requires no shielding or limited shielding. The inserts provide additional shielding
for radioactive material that requires a significant amount of shielding.

The package is designed for radioactive material that emits alpha, beta or gamma radiation.
The specified contents do not include materials that emit a significant amount of neutrons.

The contents may be in solid or gaseous form.

The contents may also include non-radioactive materials associated with the radioactive
materials, such as contents holders or fixtures and packing materials. The radioactive material
may be enclosed in any convenient product container such as a quartz vial or aluminum
capsule. Irradiated items may be carried in plastic or metal can or wrapping to minimize the
contamination of the insert.

Fissile materials and irradiated fissile materials containing fission products are permitted within
the limits specified in Table 1-9.

Pyrophoric materials are permitted under the conditions specified.

As the maximum contents are > 3,000 A, the package is designated as Category | as defined in
NUREG 1609 [1.1].

The maximum activity of the radioactive contents is limited principally by the radiation shielding.
The contents heat limit is 10 W for solid or gaseous contents.

The contents will be carried in a product container appropriate for the contents and chosen by
the shipper.

The product containers will, in all cases, be carried in shielding inserts as specified in the
licensing drawings in section 1.3.3.

The maximum mass of all material (radioactive contents, product capsules or containers,
shielding inserts, and all associated items such as product container holders and packing)
inside the CV is 5.8 kg (13 Ibs).

Various restrictions and limits of quantity of radionuclides apply according to the insert used and
the form of the radioactive material (solid or gas). These restrictions and contents limits are
detailed in Section 1.2.2 in the tables for the different Contents Types (eg CT-1).

The maximum pressure assumed for the CV under NCT and HAC is 7 barg (100 psig): this is
the design envelope.

1.2.2.2 Inserts

The inserts, which are required for all contents (in suitable product containers), provide different
degrees of shielding and confinement under NCT.

The inserts are as shown in Figure 1-7, Figure 1-8 or Figure 1-9. The weights of the inserts and
the contents of the inserts are given in Table 1-1. The maximum mass of the contents is
determined by calculating the mass of steel which would completely fill the cavity of the insert.
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Table 1-1 Maximum mass of the radionuclides
Mass of Maximum Mass of insert +
Shielding Insert hinset Mass of Maximum mass of
oo Contents contents
g g kg (rounded)

LS-12x65-Tu Design No 3984 5,750 574 58

LS-31x73-Tu Design No 3983 4860 429 53

LS-50x103-SS Design No 3986 970 1,570 2.5

The insert designation is coded as below.
15t 2 letters eg LS Designate the insert fits the Safkeg-LS
Numbers eg 12x65 indicate the cavity size of the insert (dia mm x ht mm)

Last 2 letters Tu indicates tungsten and SS indicates stainless steel

107 Ref

@62 Ref __Magpnetic Disc
: Insert Lid
'\:.:'—_.:—'_:_—'.4 v
O-Ring Seal

| Insert Body

Cavity Size
212 x 65

i1670b
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Figure 1-7 Shielding insert LS-12x65-Tu — Design # 3984

@62 Ref Magnetic Cap
7 Insertlid
—5
) g RN i .
. \ O-Ring Seal
& 7 ¢ ;
§ * / s, Insert Body
. . Cavity Size
[ B @31x73
i1681b

Figure 1-8 Shielding insert LS-31x73-Tu — Design # 3983

@62 Ref Insert Lid
| e

Ve _ O-Ring Seal

‘™~ Insert Body

107 Ref

T _ Cavity Size
@50 x 103

i1680c

Figure 1-9 Shielding insert LS-50x103-SS — Design # 3986

1.2.2.3 Contents Types
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The contents to be carried shall be as specified in the Contents Types listed in Table 1-2.

The general requirements for each Contents Types listed in Table 1-2 are given in Table 1-3 to
Table 1-10. The package activity limit for each Contents Type is given in the Table 1-11 to
Table 1-18. These tables specify the shipping limits for the package.

The activity limit for each nuclide given in Table 1-11 to Table 1-18 is determined as the least of
the limits determined on the basis of heat output, mass limit, shielding limit and, for gas
contents, the limit based on allowable leakage under NCT or HAC. The details of the

determinations are given in report PCS 036 (Section 1.3.4).

Note that the shipping limits must not exceed any of the limits in Table 1-2 to Table 1-10.
Table 1-2 Contents Types

General
Contents Material e Requirements for | Activity Limits for
Type Form Shie i e each Contents [each Contents Type
Designation T yp
ype
CT-1 Solid LS-12x65-Tu Design No 3984 |See Table 1-3 See Table 1-11
CT-2 Solid LS-31x73-Tu Design No 3983 |See Table 1-4 See Table 1-12
CcT-3 Solid Lo 10555 DesignNo-see Table 15 |See Table 1-13
CT-4 Removed [Not Used/approved
CT-5 Removed [Not Used/approved
CT-6 Gas LS-31x73-Tu Design No 3983 |See Table 1-8 See Table 1-16
Solid/
CT-7 Fissile LS-50x103-SS Design No See Table 1-9 Ses Table 1-17
Normal 3986
Form
Solid/
cT-8 Fissile — 1:5-90x103-SS DesignNo 15e¢ Table 110 |See Table 1-18
Special 3986
Form

Table 1-3 CT-1 — Solid in heavy tungsten insert (LS-12x65-Tu Design No 3984)

Parameter

Restrictions

Contents Type name

CT-8 — Fissile solid in steel insert

Comments on contents

Fissile samples and standards in Special Form

Insert in CV cavity

LS-50x103-SS Design No 3986 (mass 570g)

Maximum quantity of radioactive material

See Table 1-11 (subject to the limits below which provide a
maximum for each case)




C
4
CROFT

Safety Analysis Report for Packaging SARP CTR 2008/10
Safkeg—LS Design No. 3979A Rev 9
Page 1-14

Parameter

Restrictions

Limit for air transport is A2 in accordance with 10CFR 71.88

Maximum mass of radioactive material

800g (subject to the limits below which provide a maximum
for each case)

Mixtures of radionuclides

Mixtures of the nuclides are allowed providing that the sum
of the proportionate amounts of each nuclide with respect to
the quantity shown does not exceed unity.

Maximum decay heat of radioactive
material

10w

Maximum quantity of fissile material

Contents limited to the quantities specified in the following
references.

10CFR 71.15 Exemption from classification as fissile
material

10CFR 71.22 General license: Fissile material

10CFR 71.23 General license: Plutonium-beryllium special
form material.

Physical form of radioactive material

Solid in Special Form

Chemical form of radioactive material

Element or compound

Pyrophoric contents

The contents may be pyrophoric.

Product containers

The radioactive material may be carried in any convenient
product container such as a quartz vial or aluminum
capsule. Irradiated items may be carried in plastic or metal
can or wrapping to minimize the contamination of the insert.

Location of radioactive material

Within the shielding insert

Maximum weight of contents of the CV

25 kg

This includes the insert, radioactive material, product
containers and any other packing.

Maximum weight of contents of the insert

1,570g

Loading restrictions

None

Table 1-4 CT-2 — Solid in light tungsten insert (LS-31x73-Tu Design No 3983)

Parameter

Restrictions

Contents Type name

CT-2 — Solid in light tungsten insert

Comments on contents

General use including bulk medical and industrial
source material.

Insert in CV cavity

LS-31x73-Tu Design No 3983 (mass 4,8609)
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Parameter

Restrictions

Maximum quantity of radioactive material

See Table 1-12

Maximum mass of radioactive material

200g

Mixtures of radionuclides

Mixtures of the nuclides are allowed providing that
the sum of the proportionate amounts of each
nuclide with respect to the quantity shown does not
exceed unity.

Maximum decay heat of radioactive material

10W

Maximum quantity of fissile material

None

Physical form of radioactive material

Solid with melting point > 250°C and not to be
volatile at < 250°C.

Chemical form of radioactive material

Element or compound

Compound only for Cs, Hg, |, Na and P.

Pyrophoric contents

The contents may be pyrophoric.

Product containers

The radioactive material may be carried in any
convenient product container such as a quartz vial
or aluminum capsule. Irradiated items may be
carried in plastic or metal can or wrapping to
minimize the contamination of the insert.

Location of radioactive material

Within the shielding insert

Maximum weight of contents of the CV

53 kg

This includes the insert, radioactive material,
product containers and any other packing.

Maximum weight of contents of the insert

4299

Loading restrictions

None

Table 1-5 CT-3 — Solid in steel insert (LS-50x103-SS Design No 3986)

Parameter

Restrictions

Contents Type name

CT-3 - Solid in steel insert

Comments on contents

General use including bulk medical and industrial
source material.

Insert in CV cavity

LS-50x103-SS Design No 3986 (mass 570g)

Maximum quantity of radioactive material

See Table 1-13

Maximum mass of radioactive material

800g

Mixtures of radionuclides

Mixtures of the nuclides are allowed providing that
the sum of the proportionate amounts of each
nuclide with respect to the quantity shown does not
exceed unity.
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Parameter Restrictions
Maximum decay heat of radioactive material 10W
Maximum quantity of fissile material None

Physical form of radioactive material

Solid with melting point > 250°C and not to be
volatile at < 250°C.

Chemical form of radioactive material

Element or compound

Compound only for Cs, Hg, |, Na and P.

Pyrophoric contents

The contents may be pyrophoric.

Product containers

The radioactive material may be carried in any
convenient product container such as a quartz vial
or aluminum capsule. Irradiated items may be
carried in plastic or metal can or wrapping to
minimize the contamination of the insert.

Location of radioactive material

Within the shielding insert

Maximum weight of contents of the CV

25kg

This includes the insert, radioactive material,
product containers and any other packing.

Maximum weight of contents of the insert

1,570g

Loading restrictions

None

Table 1-6 CT-4 - Liquid in light tungsten insert (LS-31x73-Tu Design No 3983)

Parameter

Restrictions

Table Removed, CT-4 not used/approved

Table 1-7 CT-5 — Liquid in steel insert (LS-50x103-SS Design No 3986)

Parameter

Restrictions

Table Removed, CT-5 not used/approved

Table 1-8 CT-6 — Gas in light tungsten insert (LS-31x73-Tu Design No 3983)

Parameter

Restrictions

Contents Type name

CT-6 — Gas in light tungsten insert

Comments on contents

General use including bulk medical material.

Insert in CV cavity

LS-31x73-Tu Design No 3983 (mass 4,860g)

Maximum quantity of radioactive material

See Table 1-16
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Parameter

Restrictions

Maximum mass of radioactive material

Mass < 1g

Mixtures of radionuclides

Mixtures of the nuclides are allowed providing that
the sum of the proportionate amounts of each
nuclide with respect to the quantity shown does not
exceed unity.

Maximum decay heat of radioactive material 10W
Maximum quantity of fissile material None
Physical form of radioactive material Gas

Chemical form of radioactive material

Elemental gas

Pyrophoric contents

Not applicable

Product containers

The product container shall be a quartz vial sealed
by fusing or an aluminum capsule. The product
container may be carried in packing (such as a
plastic or metal can or wrapping) to minimize the
contamination of the insert. The volume of the
product containers and packing shall be <10cc.

Location of radioactive material

Within the shielding insert

Maximum weight of contents of the CV

53 kg

This includes the insert, radioactive material,
product containers and any other packing.

Maximum weight of contents of the insert

4299

Loading restrictions

None

Table 1-9 CT-7 — Fissile solid in Normal Form in steel insert (LS-50x103-SS Design No

3986)

Parameter

Restrictions

Contents Type name

CT-7 — Fissile solid in steel insert

Comments on contents

Fissile samples and standards

Insert in CV cavity

LS-50x103-SS Design No 3986 (mass 570g)

Maximum quantity of radioactive material

See Table 1-17 (subject to the limits below which
provide a maximum for each case)

Limit for air transport is A2 in accordance with
10CFR 71.88

Maximum mass of radioactive material

800g (subject to the limits below which provide a
maximum for each case)

Mixtures of radionuclides

Mixtures of the nuclides are allowed providing that
the sum of the proportionate amounts of each
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Parameter

Restrictions

nuclide with respect to the quantity shown does not
exceed unity.

Maximum decay heat of radioactive material

10W

Maximum quantity of fissile material

Contents limited to the quantities specified in the
following references.10CFR 71.15 Exemption from
classification as fissile material

10CFR 71.22 General license: Fissile material

10CFR 71.23 General license: Plutonium-beryllium
special form material.

Physical form of radioactive material

Solid in Normal Form with melting point > 250°C
and not to be volatile at < 250°C.

Chemical form of radioactive material

Element or compound

Pyrophoric contents

The contents may be pyrophoric.

Product containers

The radioactive material may be carried in any
convenient product container such as a quartz vial
or aluminum capsule. Irradiated items may be
carried in plastic or metal can or wrapping to
minimize the contamination of the insert.

Location of radioactive material

Within the shielding insert

Maximum weight of contents of the CV

25 kg

This includes the insert, radioactive material,
product containers and any other packing.

Maximum weight of contents of the insert

1,570g

Loading restrictions

None

Table 1-10 CT-8 — Fissile solid in Special Form in steel insert (LS-50x103-SS Design No

3986)

Parameter

Restrictions

Contents Type name

CT-8 — Fissile solid in steel insert

Comments on contents

Fissile samples and standards in Special Form

Insert in CV cavity

LS-50x103-SS Design No 3986 (mass 570g)

Maximum quantity of radioactive material

See Table 1-18 (subject to the limits below which
provide a maximum for each case)

Limit for air transport is A2 in accordance with
10CFR 71.88

Maximum mass of radioactive material

800g (subject to the limits below which provide a
maximum for each case)

Mixtures of radionuclides

Mixtures of the nuclides are allowed providing that
the sum of the proportionate amounts of each




C
4
CROFT

Safety Analysis Report for Packaging
Safkeg—LS Design No. 3979A

SARP CTR 2008/10
Rev 9
Page 1-19

Parameter

Restrictions

nuclide with respect to the quantity shown does not
exceed unity.

Maximum decay heat of radioactive material

10W

Maximum quantity of fissile material

Contents limited to the quantities specified in the
following references.

10CFR 71.15 Exemption from classification as
fissile material

10CFR 71.22 General license: Fissile material

10CFR 71.23 General license: Plutonium-beryllium
special form material.

Physical form of radioactive material

Solid in Special Form

Chemical form of radioactive material

Element or compound

Pyrophoric contents

The contents may be pyrophoric.

Product containers

The radioactive material may be carried in any
convenient product container such as a quartz vial
or aluminum capsule. Irradiated items may be
carried in plastic or metal can or wrapping to
minimize the contamination of the insert.

Location of radioactive material

Within the shielding insert

Maximum weight of contents of the CV

25 kg

This includes the insert, radioactive material,
product containers and any other packing.

Maximum weight of contents of the insert

1,570g

Loading restrictions

None

Table 1-11 CT-1 — Solid in heavy tungsten insert (LS-12x65-Tu) #3984 — Activity Limits

Contents Type 1 - CT-1 - Solid in heavy tungsten

insert
1 2 3 4 5
Nuclide Max Activity A2 #A2s
TBq ci TBq

Ac-225 122601 329E:00  6.00E-03 2029
Ac-227 838E-01 227E:D1  900ED5 931169
Ac-228 107E-02  289E01  500E-01 0.02
Am241  390E:00 105E:02  100E-03 390000
As-T7 195E+02  528E+03  7.00E-01 278.86
Au-198 233E+00 629E+01  6.00E-01 3.88
Ba-131 452E01  1.22E:D1  2.00E+00 0.23

6 7 8 9 10
Heat
Spec Ac Mass Heat gen output PackageType
TBqlg g wici w AorB

210E+03  5.80E-05 3.46E-02 1.14E-01 B
2 70E+00 3.10E-01 4.72E-04 1.07E-02 B
8. 40E+04 1.27E-07 8.04E-03 2 32E-03 A
1.30E-01 3.00E+01 3.28E-02 3.46E+00 B
3.90E+04 5.01E-03 1.41E-03 7 41E+00 B
9.00E+03 2 59E-04 4 34E-03 2 73E-01 B
3.10E+03 1.46E-04 3.06E-03 3.73E-02 A
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Contents Type 1 - CT-1 - Solid in heavy tungsten
insert
1 2 3 4 5 6 T 8 9 10
Heat
Nuclide Max Activity A2 # A2s Spec Ac Mass Heat gen output PackageType
TBq Ci TBq TBqlg g WICi w AorB
C-14 4 80E+00 1.30E+02 3.00E+00 1.60 1.60E-01 3.00E+01 2.93E-04 3.80E-02 B
Co-60 2.28E-03 6.17E-02 4 00E-01 0.01 420E+01 5. 44E-05 1.54E-02 9.52E-04 A
Cs-131 2 24E+03 6.05E+04 3.00E+01 7458 3.80E+03 5.89E-01 1.65E-04 1.00E+01 B
Cs-134 224E-02 6.06E-01 7.00E-01 0.03 480E+01 4 6TE-04 1.02E-02 6.17E-03 A
Cs-137 1.42E-01 3.83E+00 6.00E-01 024 320E+00 443E-02 1.01E-03 3.88E-03 A
Cu-67 2 30E+02 6.22E+03 7.00E-01 32892 280E+04 8.22E-03 1.61E-03 1.00E+01 B
Hg-203 1.86E+02 5.03E+03 1.00E+00 18596 5.10E+02 3.65E-01 1.99E-03 1.00E+01 B
Ho-166 242E-01 6.53E+00 4. 00E-01 060 260E+04 9.30E-06 4.29E-03 2.80E-02 A
1-125 1.06E+03 2 87TE+D4 3.00E+00 354.17 640E+02 1.66E+00 3.48E-04 1.00E+01 B
129 1.95E-04 527E-03  unlimited unlimited 6.50E-06 3.00E+01 4 68E-04 2 ATE-06 B
-131 1.34E+00 3.62E+01 7.00E-01 191 4.60E+03 291E-04 3.39E-03 1.23E-01 B
In-111 1.42E+02 3.85E+03 3.00E+00 4745 1.50E+04 9 49E-03 2 60E-03 1.00E+01 B
Ir-192 9 60E-01 2 58E+01 6.00E-01 160 340E+02 2 82E-03 6.13E-03 1.59E-01 B
Ir-194 2.58E-01 6.96E+00 3.00E-01 086 3.10E+04 8.31E-06 5.35E-03 3.72E-02 A
Lu-177 3.43E+02 9.27E+03 7.00E-01 490.10 4.10E+03 8.37E-02 1.08E-03 1.00E+01 B
Mo-99 2 80E-01 7.58E+00 6.00E-01 047 180E+04 1.56E-05 3.27E-03 2 48E-02 A
Na-24 7.80E-04 2 11E-02 2.00E-01 0.00 3.20E+05 2 44E-09 2.77TE-02 5.85E-04 A
Np-237 7.80E-04 211E-02 2.00E-03 0.39 260E-05 3.00E+01 2.88E-02 6.07E-04 A
P-32 1.90E-02 5.12E-01 5.00E-01 004 1.10E+04 1.72E-06 4 12E-03 2 11E-03 A
P-33 8.15E+02 2.20E+04 1.00E+00 814.82 5.80E+03 1.40E-01 4 54E-04 1.00E+01 B
Pb-203 1.45E+01 3.91E+02 3.00E+00 483 1.10E+04 1.32E-03 2 14E-03 8.35E-01 B
Pb-210 8.40E+01 2.27E+03 5.00E-02 1680.00 280E+00 3.00E+01 2.31E-04 5.24E-01 B
Pd-109 1.73E+02 4 67E+03 5.00E-01 34539 7.90E+04 2.19E-03 2.14E-03 1.00E+01 B
Ra-223 8.46E-01 2.29E+01 7.00E-03 120.84 1.90E+03 4 45E-04 3.50E-02 8.00E-01 B
Ra-224 3.33E-03 8.99E-02 2 00E-02 0.17 590E+03 5.64E-07 3.37E-02 3.03E-03 A
Ra-226 3.62E-03 9.79E-02 3.00E-03 1.21 3.70E-02 9.79E-02 2.84E-02 2.78E-03 B
Re-186 1.38E+02 3.74E+03 6.00E-01 23066 690E+03 2 01E-02 2 14E-03 B8.00E+D0 B
Re-188 5. T4E-01 1.55E+01 4.00E-01 143 3.60E+04 1.59E-05 4 97E-03 7.70E-02 B
Rh-105 2.71E+02 7.31E+03 8.00E-01 338.13 3.10E+04 8.73E-03 1.37E-03 1.00E+D1 B
Se-75 1.54E+02 4 16E+03 3.00E+00 5127 540E+02 2 85E-01 2 41E-03 1.00E+01 B
Sm-153 1.90E+02 5.15E+03 6.00E-01 31741 1.60E+04 1.19E-02 1.94E-03 1.00E+01 B
Sr-89 1.07E+02 2.89E+03 6.00E-01 178.41 1.10E+03 9.73E-02 3.46E-03 1.00E+01 B
Sr-90 1.62E+01 4 37TE+D2 3.00E-01 5392 S510E+00 3.17E+00 3.46E-03 1.51E+00 B
Tb-161 3.19E+02 8.62E+03 200E-02 1594828 435E+03 7.33E-02 1.16E-03 1.00E+01 B
Th-227 1.79E+00 4 85E+01 5.00E-03 358.70 1.10E+03 1.63E-03 3.59E-02 1.74AE+00 B
Th-228 2.53E-03 6.84E-02 1.00E-03 253 3.00E+01 8.44E-05 3.21E-02 2 20E-03 B
Ti-201 4 BAE+02 1.31E+04 4 00E+00 120.90 T790E+03 6.12E-02 7.65E-04 1.00E+01 B
W-187 1.96E-01 5.31E+00 3.00E-01 065 260E+04 7.55E-06 4 54E-03 241E-02 A
W-188 6.02E-01 1.63E+01 6.00E-01 1.00 3.70E+02 1.63E-03 5.98E-04 9.73E-03 B
¥-90 B8.76E-03 2 37E-01 3.00E-01 003 200E+04  4.38BE-07 5.54E-03 1.31E-03 A
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Contents Type 1 - CT-1 - Solid in heavy tungsten
insert

1 2 3 4 5 6 T 8 9 10
Heat
Nuclide Max Activity A2 # A2s Spec Ac Mass Heat gen output PackageType
TBq Ci TBq TBqlg g WICi W AorB
¥b-169 147E+02 3.98E+03 1.00E+00 147.37 8.90E+02 1.66E-01 2.51E-03 1.00E+01 B
Yb-175 3.69E+02 9.96E+03 9.00E-01 40964 6.60E+03 5.59E-02 1.00E-03 1.00E+01 B
Max 2 24E+03 6.05E+04 1.59E+04 3.00E+01 1.00E+01
Notes
Column

1 Identifies nuclide

2 Package activity limit for this Contents Type

3 Calculated from Bq amount in Col 2

4 A2 from 10CFR71

5 # of A2's of nuclide at package activity limit

6 Specific activity from 10CFR71

7 Mass of nuclide at package activity limit

8 Heat generation rate of nuclide - from Microshield.

9 Heat output of nuclide at package activity limit

-
o

Package Type [A or B] based on individual nuclide limit
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Table 1-12 CT-2 — Solid in light tungsten insert (LS-31x73-Tu) #3983 — Activity Limits

Contents Type 2 - CT-2 - Solid in light tungsten insert
2

1 3 4 <] 6 Vi 8 9 10 1K) 12 13

Nuclide Package Limits A2 #A2s Spec Ac Mass Heat gen Heat output Pﬁ%‘;aé’e
non-exclusive use exclusive use non-exclusive use | exclusive use non-?ﬁiuswe excl::gzwe
Bq Bq TBq TBqgl/g g g W/Bq WI/Ci w AorB

Ac-225 7.89E+10 3.94E+11 6.00E-03 1.31E+01 6.57E+01 2.10E+03 3.76E-05 1.88E-04 4 55E-12 1.68E-01 1.79E+00 B
Ac-227 2.51E+11 1.25E+12 9.00E-05 2.79E+03 1.39E+04 2.70E+00 9.29E-02 4.64E-01 8.42E-14 3.12E-03 1.06E-01 B
Ac-228 7.38E+09 3.69E+10 5.00E-01 1.48E-02 7.38E-02 8. 40E+04 8.78E-08 4.39E-07 2.11E-13 7.80E-03 7.78E-03 A
Am-241 1.13E+13 1.13E+13 1.00E-03 1.13E+04 1.13E+04 1.30E-01 8.66E+01 8.66E+01 8.88E-13 3.29E-02 1.00E+01 B
As-77 3.56E+13 1.78E+14 7.00E-01 5.08E+01 2.54E+02 3.90E+04 9.12E-04 4 56E-03 3.75E-14 1.39E-03 6.67E+00 B
Au-198 1.49E+12 7.43E+12 6.00E-01 2.48E+00 1.24E+01 9.00E+03 1.65E-04 8.26E-04 1.17E-13 4. 33E-03 8.70E-01 B
Ba-131 1.81E+11 9.06E+11 2.00E+00 9.06E-02 4.53E-01 3.10E+03 5.85E-05 2.92E-04 8.83E-14 3.27E-03 8.00E-02 A
Bi-210 1.28E+14 1.60E+14 6.00E-01 2.14E+02 2.67E+02 4.60E+03 2.79E-02 3.49E-02 6.23E-14 2.31E-03 1.00E+01 B
Bi-213 8.01E+11 4.00E+12 9.00E-05 8.90E+03 4 45E+04 7.13E+05 1.12E-06 5.62E-06 1.11E-13 4.11E-03 4. 45E-01 B
C-14 3.20E+13 3.20E+13 3.00E+00 1.07E+01 1.07E+01 1.60E-01 2.00E+02 2.00E+02 7.92E-15 2.93E-04 2.54E-01 B
Cm-244 8.81E+11 4 41E+12 2.00E-03 4 41E+02 2.20E+03 3.00E+00 2.94E-01 1.47E+00 9.30E-13 3.44E-02 4 10E+00 B
Co-60 1.52E+09 7.58E+09 4_00E-01 3.79E-03 1.90E-02 4 20E+01 3.61E-05 1.80E-04 417E-13 1.54E-02 3.16E-03 A
Cr-51 8.59E+14 1.70E+15 3.00E+01 2.86E+01 5.67E+01 3.40E+03 2.53E-01 5.00E-01 5.88E-15 2.18E-04 1.00E+01 B
Cs-131 2.12E+15 2.12E+15 3.00E+01 7.05E+01 7.05E+01 3.80E+03 5.57E-01 5.57E-01 4.73E-15 1.75E-04 1.00E+01 B
Cs-134 1.25E+10 6.26E+10 7.00E-01 1.79E-02 8.95E-02 4 .80E+01 2.61E-04 1.30E-03 2.75E-13 1.02E-02 1.72E-02 A
Cs-137 6.82E+10 3.41E+11 6.00E-01 1.14E-01 5.68E-01 3.20E+00 2.13E-02 1.06E-01 1.36E-13 5.04E-03 4.64E-02 A
Cu-64 3.53E+11 1.77E+12 1.00E+00 3.53E-01 1.77E+00 1.40E+05 2.52E-06 1.26E-05 4.97E-14 1.84E-03 8.78E-02 B
Cu-67 2.35E+14 2.35E+14 7.00E-01 3.36E+02 3.36E+02 2.80E+04 8.39E-03 8.39E-03 4.26E-14 1.58E-03 1.00E+01 B
Er-169 6.03E+14 6.03E+14 1.00E+00 6.03E+02 6.03E+02 3.10E+03 1.94E-01 1.94E-01 1.66E-14 6.14E-04 1.00E+01 B
Eu-152 5.06E+09 2.53E+10 1.00E+00 5.06E-03 2.53E-02 6.50E+00 7.79E-04 3.89E-03 2.09E-13 7.73E-03 5.29E-03 A
Eu-154 4 52E+09 2.26E+10 6.00E-01 7.53E-03 3.77E-02 9.80E+00 4.61E-04 2.31E-03 2.44E-13 9.02E-03 5.51E-03 A
Eu-155 4 96E+14 4 96E+14 3.00E+00 1.65E+02 1.65E+02 1.80E+01 2.75E+01 2.75E+01 2.02E-14 7.46E-04 1.00E+01 B
Eu-156 2.83E+09 1.42E+10 7.00E-01 4.05E-03 2.02E-02 2.00E+03 1.42E-06 7.08E-06 2.71E-13 1.00E-02 3.84E-03 A
Fe-55 1.07E+16 1.07E+16 4.00E+01 2.67E+02 2.67E+02 8.80E+01 1.22E+02 1.22E+02 9.35E-16 3.46E-05 1.00E+01 B
Fe-59 3.63E+09 1.82E+10 9.00E-01 4.04E-03 2.02E-02 1.80E+03 2.02E-06 1.01E-05 2.09E-13 7.74E-03 3.80E-03 A
Ga-72 1.30E+09 6.48E+09 4.00E-01 3.24E-03 1.62E-02 1.10E+05 1.18E-08 5.89E-08 5.15E-13 1.90E-02 3.33E-03 A
Gd-152 1.60E+02 1.60E+02 9.00E-05 1.78E-06 1.78E-06 8.01E-13 2.00E+02 2.00E+02 3.44E-13 1.27E-02 551E-11 A
Gd-153 4 18E+14 4 18E+14 9.00E+00 4 65E+01 4 65E+01 1.30E+02 3.22E+00 3.22E+00 2.39E-14 8.84E-04 1.00E+01 B
Hf-177m 1.01E+13 2.23E+13 2.00E-02 5.07E+02 1.12E+03 7.61E+05 1.33E-05 2.94E-05 4 48E-13 1.66E-02 1.00E+01 B
Hg-203 1.85E+14 1.85E+14 1.00E+00 1.85E+02 1.85E+02 510E+02 3.63E-01 3.63E-01 5.40E-14 2.00E-03 1.00E+01 B
Ho-166 1.49E+11 TATE+11 4 _00E-01 3.73E-01 1.87E+00 2.60E+04 5.75E-06 2.87E-05 1.16E-13 4 .31E-03 8.69E-02 B
1-125 1.01E+15 1.01E+15 3.00E+00 3.35E+02 3.35E+02 6.40E+02 1.57E+00 1.57TE+00 9.95E-15 3.68E-04 1.00E+01 B
1-129 1.30E+09 1.30E+09 unlimited N/A N/A 6.50E-06 2.00E+02 2.00E+02 1.45E-14 5.35E-04 1.88E-05 B
1-131 4 81E+11 2.40E+12 7.00E-01 6.87E-01 3.43E+00 4 60E+03 1.04E-04 5.22E-04 9.21E-14 3.41E-03 2.21E-01 B
In-111 1.42E+14 1.42E+14 3.00E+00 4.72E+01 4 72E+01 1.50E+04 9.44E-03 9.44E-03 7.06E-14 2.61E-03 1.00E+01 B
Ir-192 2.85E+11 1.42E+12 6.00E-01 4.75E-01 2.37E+00 3.40E+02 8.38E-04 4.19E-03 1.66E-13 6.13E-03 2.36E-01 B
Ir-194 138E+11 6.92E+11 3.00E-01 4 61E-01 2.31E+00 3.10E+04 4 ATE-06 2.23E-05 1.44E-13 5.34E-03 1.00E-01 B
La-140 1.49E+09 7.47E+09 4.00E-01 3.73E-03 1.87E-02 2.10E+04 7.11E-08 3.56E-07 4.55E-13 1.69E-02 3.40E-03 A
Lu-176m 4 48E+13 1.27E+14 2.00E-02 2.24E+03 6.33E+03 1.80E+05 2.49E-04 7.04E-04 7.90E-14 2.92E-03 1.00E+01 B
Lu-177 3.41E+14 3.41E+14 7.00E-01 4 87E+02 4 87E+02 4 10E+03 8.32E-02 8.32E-02 2.93E-14 1.08E-03 1.00E+01 B
Lu-177m 9.15E+12 4 58E+13 2.00E-02 4 58E+02 2.29E+03 1.69E+02 541E-02 2.70E-01 2.03E-13 7.52E-03 9.31E+00 B
Mn-54 1.24E+10 6.18E+10 1.00E+00 1.24E-02 6.18E-02 2.90E+02 4 26E-05 2.13E-04 1.35E-13 4.98E-03 8.32E-03 A
Mo-99 1.76E+11 8.79E+11 6.00E-01 2.93E-01 1.47E+00 1.80E+04 9.77E-06 4 88E-05 1.10E-13 4.06E-03 9.64E-02 B
Mo-101 3.15E+09 1.58E+10 2.00E-02 1.58E-01 7.88E-01 4 67E+06 6.75E-10 3.37E-09 3.24E-13 1.20E-02 511E-03 A
Na-24 5.80E+08 2.90E+09 2.00E-01 2.90E-03 1.45E-02 3.20E+05 1.81E-09 9.06E-09 7.49E-13 2.77E-02 2.17E-03 A
Ni-63 4.20E+14 4.20E+14 3.00E+01 1.40E+01 1.40E+01 2.10E+00 2.00E+02 2.00E+02 2.79E-15 1.03E-04 1.17E+00 B
Np-237 5.20E+09 5.20E+09 2.00E-03 2.60E+00 2.60E+00 2.60E-05 2.00E+02 2.00E+02 8.51E-13 3.15E-02 4.42E-03 B
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Contents Type 2 - CT-2 - Solid in light tungsten insert

1 2 3 4 5 6 ¥ 8 9 10 11 12 13

Nuclide Package Limits A2 #A2s Spec Ac Mass Heat gen Heat output F’g&l;a;_:;e
non-exclusive use exclusive use non-exclusive use | exclusive use non-euiciuswe excﬂgzwe
Bq Bq TBq TBag/g g g W/Bq WI(Ci W AorB

P-32 5.08E+12 2.54E+13 5.00E-01 1.02E+01 5.08E+01 1.10E+04 4 62E-04 2.31E-03 1.11E-13 4 12E-03 2.83E+00 B
P-33 8.17E+14 8.17E+14 1.00E+00 8.17E+02 8.17E+02 5.80E+03 1.41E-01 1.41E-01 1.22E-14 4 53E-04 1.00E+01 B
Pb-203 7.02E+12 3.51E%13 3.00E+00 2.34E+00 1.17E+01 1.10E+04 6.38E-04 3.19E-03 5.88E-14 2.18E-03 2.06E+00 B
Pb-210 1.10E+13 1.10E+13 5.00E-02 2.19E+02 2.19E+02 2.80E+00 3.91E+00 3.91E+00 9.12E-13 3.38E-02 1.00E+01 B
Pb-212 4 32E+09 2.16E+10 2.00E-01 2.16E-02 1.08E-01 5.10E+04 8.47E-08 4.24E-07 1.63E-12 6.02E-02 3.52E-02 A
Pd-103 1.04E+15 1.04E+15 4 00E+01 2.61E+01 2.61E+01 2.80E+03 3.73E-01 3.73E-01 9.58E-15 3.55E-04 1.00E+01 B
Pd-109 8.08E+13 1.39E+14 5.00E-01 1.62E+02 2.78E+02 7.90E+04 1.02E-03 1.76E-03 7.21E-14 2.67E-03 1.00E+01 B
Ra-223 2.53E+11 1.26E+12 7.00E-03 3.61E+01 1.80E+02 1.90E+03 1.33E-04 6.65E-04 4 49E-12 1.66E-01 5.67E+00 B
Ra-224 3.05E+09 1.52E+10 2.00E-02 1.52E-01 7.62E-01 5.90E+03 517E-07 2.58E-06 3.76E-12 1.39E-01 5.74E-02 A
Ra-225 1.¥3E+11 8.64E+11 4.00E-03 4.32E+01 2.16E+02 1.50E+03 1.15E-04 5.76E-04 4 11E-12 1.52E-01 3.55E+00 B
Ra-226 2.60E+09 1.30E+10 3.00E-03 8.67E-01 4.33E+00 3.70E-02 7.03E-02 3.51E-01 3.50E-12 1.29E-01 4 55E-02 B
Ra-227 1.12E+12 5.58E+12 9.00E-05 1.24E+04 6.20E+04 7.26E+05 1.54E-06 7.69E-06 9.64E-14 3.57E-03 5.38E-01 B
Re-186 4 40E+13 1.75E+14 6.00E-01 7.34E+01 2.91E+02 6.90E+03 6.38E-03 2.53E-02 5.72E-14 2.12E-03 1.00E+01 B
Re-188 2.30E+11 1.15E+12 4.00E-01 5.76E-01 2.88E+00 3.60E+04 6.40E-06 3.20E-05 1.35E-13 4.98E-03 1.55E-01 B
Rh-105 2.71E+14 2.71E+14 8.00E-01 3.38E+02 3.38E+02 3.10E+04 8.73E-03 8.73E-03 3.69E-14 1.37E-03 1.00E+01 B
Rn-220 2.99E+12 9.93E+12 9.00E-05 3.32E+04 1.10E+05 341E+07 8.76E-08 2.91E-07 1.01E-12 3.73E-02 1.00E+01 B
Rn-222 2.78E+09 1.39E+10 4.00E-03 6.95E-01 3.47E+00 5.70E+03 4 87E-07 2.44E-06 4.75E-12 1.76E-01 6.59E-02 B
Sb-122 1.10E+11 5.50E+11 4.00E-01 2.75E-01 1.38E+00 1.50E+04 7.33E-06 3.67E-05 1.61E-13 5.97E-03 8.88E-02 B
Sb-124 2.20E+09 1.10E+10 6.00E-01 3.67E-03 1.84E-02 6.50E+02 3.39E-06 1.70E-05 3.58E-13 1.33E-02 3.95E-03 A
Sc-46 3.27E+09 1.64E+10 5.00E-01 6.54E-03 3.27E-02 1.30E+03 2.52E-06 1.26E-05 3.40E-13 1.26E-02 5.56E-03 A
Sc-47 2.30E+14 2.30E+14 7.00E-01 3.29E+02 3.29E+02 3.10E+04 7.42E-03 7.42E-03 4. 35E-14 1.61E-03 1.00E+01 B
Sc-48 1.42E+09 7.10E+09 3.00E-01 4 .73E-03 2.37E-02 5.50E+04 2.58E-08 1.29E-07 5.73E-13 2.12E-02 4.06E-03 A
Se-75 4.08E+13 1.55E+14 3.00E+00 1.36E+01 5.16E+01 5.40E+02 7.55E-02 2.87E-01 6.46E-14 2.39E-03 1.00E+01 B
Si-32 9.89E+12 4 94E+13 5.00E-01 1.98E+01 9.89E+01 3.90E+00 2.54E+00 1.27E+01 1.10E-14 4.07E-04 5.44E-01 B
Sm-153 7.09E+13 1.87E+14 6.00E-01 1.18E+02 3.11E+02 1.60E+04 4 43E-03 1.17E-02 5.35E-14 1.98E-03 1.00E+01 B
Sr-89 9.06E+12 4 53E+13 6.00E-01 1.51E+01 7.55E+01 1.10E+03 8.24E-03 4.12E-02 9.37E-14 3.47E-03 4.24E+00 B
Sr-90 7.98E+11 3.99E+12 3.00E-01 2.66E+00 1.33E+01 5.10E+00 1.57E-01 7.83E-01 1.81E-13 6.69E-03 7.22E-01 B
Th-161 2.61E+14 2.61E+14 7.00E-01 3.73E+02 3.73E+02 4.32E+03 6.04E-02 6.04E-02 3.83E-14 1.42E-03 1.00E+01 B
Tc-99m 7.38E+11 3.69E+12 4.00E+00 1.85E-01 9.23E-01 1.90E+05 3.89E-06 1.94E-05 2.29E-14 8.46E-04 8.45E-02 A
Te-101 7.71E+13 7.71E+13 2.00E-02 3.86E+03 3.86E+03 4 81E+06 1.60E-05 1.60E-05 1.30E-13 4.80E-03 1.00E+01 B
Te-127 2.72E+14 2.72E+14 7.00E-01 3.89E+02 3.89E+02 9.80E+04 2.78E-03 2.78E-03 3.68E-14 1.36E-03 1.00E+01 B
Te-129 4 79E+11 2.39E+12 6.00E-01 7.98E-01 3.99E+00 7.70E+05 6.21E-07 3.11E-06 9.71E-14 3.59E-03 2.32E-01 B
Te-129m 4 17E+11 2.09E+12 4.00E-01 1.04E+00 5.22E+00 1.10E+03 3.79E-04 1.90E-03 1.47E-13 542E-03 3.06E-01 B
Te-131 3.43E+10 1.71E+11 2.00E-02 1.71E+00 8.56E+00 2.11E+06 1.62E-08 8.12E-08 1.81E-13 6.71E-03 3.11E-02 B
Te-131m 5 66E+09 2.83E+10 5.00E-01 1.13E-02 5.66E-02 2.93E+04 1.93E-07 9.66E-07 4 44E-13 1.64E-02 1.26E-02 A
Th-227 5.41E+11 2.70E+12 5.00E-03 1.08E+02 541E+02 1.10E+03 4 91E-04 2.46E-03 9.76E-13 3.61E-02 2.64E+00 B
Th-228 2.20E+09 1.10E+10 1.00E-03 2.20E+00 1.10E+01 3.00E+01 7.34E-05 3.67E-04 5.50E-12 2.04E-01 6.06E-02 B
TI-201 4.51E+14 4 51E+14 4.00E+00 1.13E+02 1.13E+02 7.90E+03 5.70E-02 5.70E-02 2.22E-14 8.21E-04 1.00E+01 B
TI-202 3.17E+12 1.58E+13 2.00E+00 1.58E+00 7.91E+00 2.00E+03 1.58E-03 7.91E-03 7.84E-14 2.90E-03 1.24E+00 B
TI-204 2.62E+14 2.62E+14 7.00E-01 3.74E+02 3.74E+02 1.70E+01 1.54E+01 1.54E+01 3.82E-14 1.41E-03 1.00E+01 B
Tm-168 1.19E+10 5.94E+10 2.00E-02 5.94E-01 2.97E+00 3.07E+02 3.87E-05 1.93E-04 2.13E-13 7.87E-03 1.26E-02 B
Tm-170 1.88E+14 1.88E+14 6.00E-01 3.13E+02 3.13E+02 2.20E+02 8.54E-01 8.54E-01 5.32E-14 1.97E-03 1.00E+01 B
W-187 9.14E+10 4 57E+11 6.00E-01 1.52E-01 7.62E-01 2.60E+04 3.52E-06 1.76E-05 1.20E-13 4.43E-03 5.48E-02 A
W-188 2.54E+11 1.27E+12 3.00E-01 8.47E-01 4.23E+00 3.70E+02 6.87E-04 3.43E-03 1.51E-13 5.59E-03 1.92E-01 B
Y-90 1.11E+12 5.57TE+12 3.00E-01 3.71E+00 1.86E+01 2.00E+04 5.57E-05 2.78E-04 1.50E-13 5.53E-03 8.32E-01 B
Yb-169 1.31E+14 1.31E+14 1.00E+00 1.31E+02 1.31E+02 8.90E+02 1.47E-01 1.47E-01 7.65E-14 2.83E-03 1.00E+01 B
Yb-175 3.67E+14 3.67E+14 9.00E-01 4.08E+02 4.08E+02 6.60E+03 5.57E-02 5.57E-02 2.72E-14 1.01E-03 1.00E+01 B
Yb-177 2.90E+10 1.45E+11 2.00E-02 1.45E+00 7.26E+00 3.41E+05 8.51E-08 4 .26E-07 1.01E-13 3.74E-03 1.47E-02 B
Zn-65 9.04E+09 4 52E+10 2.00E+00 4.52E-03 2.26E-02 3.00E+02 3.01E-05 1.51E-04 9.43E-14 3.49E-03 4.26E-03 A




C
A 4
CROFT

Safety Analysis Report for Packaging

Safkeg—-LS Design No. 3979A

SARP CTR 2008/10

Rev 9
Page 1-24

Contents Type 2 - CT-2 - Solid in light tungsten insert

2 3 4 5 6 7 8 9 10 11 12 13
: Package
Nuclide Package Limits A2 #A2s Spec Ac Mass Heat gen Heat output Type
non-exclusive use exclusive use non-exclusive use | exclusive use non-tiﬁiuswe exi::(s:ve
Bq Bq TBqg TBalg g g W/Bq W/Ci W AorB
Zr-95 2.17E+10 1.08E+11 8.00E-01 2.71E-02 1.36E-01 7.90E+02 2.75E-05 1.37E-04 1.76E-13 6.52E-03 1.91E-02 A
Notes
Column
1. ldentifies nuclide
2. Package activity limit for this Contents Type shipped under non-exclusive use
3. Package activity limit for this Contents Type shipped under exclusive use
4. A2 from 10CFR71
5. # of A2's of nuclide at package activity limit under non-exclusive use provisions
6. # of A2's of nuclide at package activity limit under exclusive use provisions
7. Specific activity from 10CFR71
8. Mass of nuclide at package activity limit non-exclusive use provisions
9. Mass of nuclide at package activity limit exclusive use provisions
10. Heat generation rate of nuclide - from Microshield in metric units
11. Heat generation rate of nuclide converted to W/Ci

. Maximum heat output of nuclide at package activity limit under Exclusive use
. Package Type [A or B] based on individual nuclide limit
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Table 1-13 CT-3 — Solid in steel insert (LS-50x103-SS) #3986 — Activity Limits
Contents Type 3 - CT-3 - Solid in steel insert
1 2 3 4 5 6 7 8 9 10
Heat
Nuclide Max Activity A2 #A2s Spec Ac Mass Heat gen output PackageType
TBq ci TBq TBqlg g WICi w AorB
Ac-225 2.08E-02 5.61E-01 6.00E-03 3.46 2 10E+03 9.89E-06 3.46E-02 1.94E-02 B
Ac-227 5.40E-02 1.46E+00 9.00E-05 59972 2.70E+00 2.00E-02 4.72E-04 6.89E-04 B
Ac-228 141E-03 3.81E-02 5.00E-01 0.00 8 40E+04 1.68E-08 8.04E-03 3.06E-04 A
Am-241 1.13E+01 3.05E+02 1.00E-03 11276.02 1.30E-01 8.67E+01 3.28E-02 1.00E+01 B
As-77 285E+00 7.71E+01 7.00E-01 408  390E+04 7.32E-05 1.41E-03 1.08E-01 B
Au-198 7.61E-02 2 06E+D0 6.00E-01 0.13 9.00E+03 8.46E-06 4 34E-03 8.92E-03 A
Ba-131 2.31E-02 6.24E-01 2 00E+00 0.01 3.10E+03 7.45E-06 3.06E-03 1.91E-03 A
Bi-210 2.74E-02 T41E-01 6.00E-01 005 460E+03 5.96E-06 231E-03 1.71E-03 A
C-14 1.28E+02 3.46E+03 3.00E+00 42 67 1.60E-01 8.00E+02 2 93E-04 1.01E+00 B
Co-60 3.68E-04 9.95E-03 4 00E-01 0.00 4 20E+01 8.7TE-06 1.54E-02 1.53E-04 A
Cs-131 224E+03  6.05E+04 3.00E+01 7458  3.80E+03 5.89E-01 1.65E-04 1.00E+01 B
Cs-134 1.62E-03 4 37E-02 7.00E-01 0.00 4 80E+01 3.37TE-05 1.02E-02 4 44E-04 A
Cs-137 5.85E-03 1.58E-01 6.00E-01 0.01 3.20E+00 1.83E-03 1.01E-03 1.60E-04 A
Cu-67 767E+01  2.07E+03 7.00E-01 109.51 2 80E+04 2.74E-03 1.61E-03 3.33E+00 B
Hg-203 6.03E+01 1.63E+03 1.00E+00 60.26 5.10E+02 1.18E-01 1.99E-03 3.24E+00 B
Ho-166 4 46E-02 1.21E+00 4 00E-01 0.1 2 60E+04 1.72E-06 4 29E-03 5.18E-03 A
1-125 1.06E+03 2.87E+04 3.00E+00 35417 6.40E+02 1.66E+00 3.48E-04 1.00E+01 B
1-129 5.20E-03 141E01 unlimited unlimited 6.50E-06 8.00E+02 4. 68E-04 6.58E-05 B
1-131 5.03E-02 1.36E+00 7.00E-01 0.07 4 60E+03 1.09E-05 3.39E-03 4 61E-03 A
In-111 1.42E+02 385E+03  3.00E+00 4745 1.50E+04 9.49E-03 2 60E-03 1.00E+0D1 B
Ir-192 2.10E-02 5.68E-01 6.00E-01 0.04 3. 40E+02 6.18E-05 6.13E-03 3.48E-03 A
Ir-194 3.35E-02 9 05E-01 3.00E-01 0.1 3.10E+04 1.08E-06 535E-03 4 84E-03 A
Lu-177 3.43E+02 9.27E+03 7.00E-01 490.10 4.10E+03 8.37E-02 1.08E-03 1.00E+01 B
Mo-99 1.70E-02 4 60E-01 6.00E-01 0.03 1.80E+04 9 46E-07 3.27E-03 1.50E-03 A
Na-24 1.79E-04 4 84F03 2 00E-01 0.00 3 20E+05 559E-10 2 77E-02 1.34E-04 A
Np-237 2.08E-02 5.62E-01 2 D0E-03 10.40 2 60E-05 8.00E+02 2 88E-02 1.62E-02 B
P-32 2 20E-02 5 95E-01 5.00E-01 0.04 1.10E+04 2 00E-06 4 12E-03 2 45E-03 A
P-33 B8.15E+0D2 2.20E+04 1.00E+00 814.82 5.80E+03 1.40E-01 4 54E-04 1.00E+01 B
Pb-203 5.70E-01 1.54E+01 3.00E+00 0.19 1.10E+04 5.18E-05 2.14E-03 3.29E-02 A
Pb-210 2 39E+0D2 6.46E+03 5.00E-02 4781.91 2 80E+00 8.54E+01 231E-04 1.49E+00 B
Pd-109 1.50E+01 4 06E+02 5.00E-01 30.03 790E+04 1.90E-04 2 14E-03 8 69E-01 B
Po-210 1.18E+01 3.18E+02 2 D0E-02 589.17 1.67E+02 7.08E-02 3.14E-02 1.00E+01 B
Ra-223 5.46E-02 1.47E+00 7.00E-03 7.80 1.90E+03 2 87TE-05 3.50E-02 5.16E-02 B
Ra-224 7.83E-04 2 12E-02 2 00E-02 0.04 590E+03 1.33E-07 3.37E-02 7.13E-04 A
Ra-226 6.81E-04 1.84E-02 3.00E-03 023 3.70E-02 1.84E-02 2 84E-02 5.23E-04 A
Re-186 6.93E+00 1.87E+02 6.00E-01 11.55 6.90E+03 1.00E-03 2 14E-03 4 00E-01 B
Re-188 6.02E-02 1.63E+00 4 00E-01 0.15 3.60E+04 1.67E-06 4 97E-03 8.08E-03 A
Rh-105 1.48E+01 4 00E+02 8.00E-01 18.52 3.10E+04 4 78E-04 1.37E-03 5.48E-01 B
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Contents Type 3 - CT-3 - Solid in steel insert
1 2 3 4 5 6 7 8 9 10
Heat
Nuclide Max Activity A2 # A2s Spec Ac Mass Heat gen output PackageType
TBq Ci TBq TBq/g g wici w AorB
Se-75 1.28E+00 347E+01 3.00E+00 043 540E+02 2 38E-03 2 41E-03 8.34E-02 A
Sm-153 3.15E+01 8.52E+02 6.00E-01 52.55 1.60E+04 1.97E-03 1.94E-03 1.66E+00 B
Sr-89 1.06E+01 2.86E+02 6.00E-01 17.64 1.10E+03 962E-03 3.46E-03 9.89E-01 B
Sr-90 8.94E-01 242E+01 3.00E-01 298 5.10E+00 1.75E-01 3.46E-03 8.35E-02 B
Tb-161 1.69E+01 4 58E+02 2 D0E-02 846.49 4 35E+03 3.89E-03 1.16E-03 5.31E-01 B
Th-227 1.16E-01 3.12E+00 5.00E-03 23.10 1.10E+03 1.05E-04 3.59E-02 1.12E-01 B
Th-228 5.96E-04 1.61E-02 1.00E-03 0.60 3.00E+01 1.99E-05 3.21E-02 5.18E-04 A
T-201 4 84E+02 1.31E+04 4 00E+00 120.90 7 90E+03 6.12E-02 7.65E-04 1.00E+01 B
Ww-187 8.8BE-03 2 40E-01 3.00E-01 003 260E+04 3.41E-07 4 54E-03 1.09E-03 A
W-188 6.31E-02 1.71E+00 6.00E-01 011 3.70E+02 1.71E-04 5.98E-04 1.02E-03 A
Y-850 6.02E-03 1.63E-01 3.00E-01 0.02 2 0DE+04 3.01E-07 5.54E-03 9.02E-04 A
Y¥b-169 5.06E+01 1.37E+03 1.00E+00 50.62 8.90E+02 5.69E-02 251E-03 3.43E+00 B
Yb-175 2.56E+00 6.92E+01 9.00E-01 284 6.60E+03 3.88E-04 1.00E-03 6.94E-02 B
Max 224E+03 6.05E+04 1.13E+04 8.00E+02 1.00E+01
Notes
Column
1 Identifies nuclide
] Package activity limit for this Contents Type
3 Calculated from Bq amount in Col 2
4 A2 from 10CFR71
5 # of A2's of nuclide at package activity limit
6 Specific activity from 10CFR71
7 Mass of nuclide at package activity limit
8 Heat generation rate of nuclide - from Microshield.
9 Heat output of nuclide at package activity limit
10 Package Type [A or B] based on individual nuclide limit

Table 1-14 CT-4 - Liquid in light tungsten insert (LS-31x73-Tu) — Activity Limits

Contents Type 4 - CT-4 — Removed, not used/approved

Table 1-15 CT-5 — Liquid in steel insert (LS-50x103-SS) — Activity Limits

Contents Type 5 - CT-5 — Removed, not used/approved
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| Table 1-16 CT-6 — Gas in light tungsten insert (LS-31x73-Tu) #3983 — Activity Limits

Contents Type 6 - CT-6 - Gas in light tungsten insert

1 2 3 4 5 6 ) 7a 8 9 0
Nuclide Max Activity A2 #A2s Spec Ac Mass Volume Heat gen Heat output Package Type
TBq Ci TBq TBglg g cc WICi w AorB
Kr-79 200E-01 54E+#0 200E-02 001 924E+04 2.TWE-06 587E-04 167E-03 9.02E-03 B
Xe-B3 3456402 933E403  100E+401 3451 690E+03 500E-02 866E+00 107E-03 100E+01 B
Max 3A4A5E+02 933E+03 345E+01 500E-02 100E+01
Notes
Column
1 Identifies nuclide
2 Package activity limit for this Contents Type -from Col 7
3 Calculated from Bg amount in Col 2
4 A2from DCFRT1
5 # of A2's of nuclide at package activity limit
6 Specific activity from OCFR71
7 Mass of nuclide at package activity limit
Ta Volume of nuclide at package activity limit
8 Heat generation rate of nuclide - from Microshield.
9 Heat output of nuclide at package activity limit
0 Package Type [A or B] based on individual nuclide limit

| Table 1-17 CT-7 — Fissile solid in Normal Form in steel insert (LS-50x103-SS) #3986 —
Activity Limits

Contents Type 7 - CT-7 - Fissile solid in steel insert

1 2 3 4 5 6 7 8 9 10
Heat
Nuclide Max Activity A2 #A2s Spec Ac Mass Heat gen output PackageType
TBq ci TBq TBq/g g WiCi w AorB
Pu-238 1.14E+01 3.07E+02 1.00E-03 11354.22 6.30E-01 1.80E+01 3.26E-02 1.00E+01 B
Pu-239 1.84E+00  4.97E:01 1.00E-03 1840.00 2.30E-03 8.00E+02 3.06E-02 1.52E+00 B
Pu-240 6.72E+00 1.82E+02 1.00E-03 6720.00 840E-03 8.00E+02 3.06E-02 5.56E+00 B
Pu-241 3.04E+03 8.22E+04 6.00E-02 50666.67 3.80E+00 8.00E+D2 3.10E-05 2 55E+00 B
U-235 6.40E-05 1.73E-03 unlimited  unlimited 8.00E-08 8.00E+02 271E-02 4 69E-05 B
Max 3.04E+03 8.22E+04 5.07E+D4 8.00E+02 1.00E+01
Notes
Column

1 Identifies nuclide

2 Package activity limit for this Contents Type

3 Calculated from Bq amount in Col 2

4 A2 from 10CFR71

5 # of A2's of nuclide at package activity limit

6 Specific activity from 10CFR71

7 Mass of nuclide at package activity limit

8 Heat generation rate of nuclide - from Microshield.

9 Heat output of nuclide at package activity limit

e
[=]

Package Type [A or B] based on individual nuclide limit
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Table 1-18 CT-8 — Fissile solid in Special Form in steel insert (LS-50x103-SS) #3986 —
Activity Limits

Contents Type 7 - CT-7 - Fissile solid in steel insert

Nuclide

Pu-238
Pu-239
Pu-240
Pu-241
U-235

Max

Notes

Max
TBq
1.14E+01

1.84E+00

6.72E+00
3.04E+03

6.40E-05
3.04E+03

Column

W N O, AW N =

-
o

3 4 5 3
Activity A2 #A2s Spec Ac
ci TBq TBq/g

307E:02 100E-03 1135422  6.30E-01
497E+01  1.00E-03 1840.00  2.30E-03
182E:02 100E-03 672000  8A40E-03
822E+04 GO0E-02 5066667  3.80E+00
1.73E-03 unlimited  unlimited 8.00E-08
8.22E+04 5.07E+04

Identifies nuclide

Package activity limit for this Contents Type
Calculated from Bq amount in Col 2

A2 from 10CFR71

# of A2's of nuclide at package activity limit

Specific activity from 10CFR71

Mass of nuclide at package activity limit

Heat generation rate of nuclide - from Microshield.
Heat output of nuclide at package activity limit
Package Type [A or B] based on individual nuclide limit

Mass
g
1.80E+01
8.00E+02
8.00E+02
8.00E+02
8.00E+02
8.00E+02

Heat gen
wicCi
3.26E-02
3.06E-02
3.06E-02
3.10E-05
2.71E-02

Heat
output

w
1.00E+01
1.52E+00
5.56E+00
2 55E+00
4 69E-05
1.00E+01

10

PackageType
AorB

B

m o o @
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1.2.3 Special Requirements for Plutonium

The 10 CFR 71 [1.2] regulatory limit for plutonium in liquid form of 0.74 TBq (20Ci) of plutonium
is met, as the contents as specified in Section 1.2.2 do not include liquids.

1.2.4 Operational Features

The package has no complex operational features. All the operational features of the package
are given in the General Arrangement drawing 0C-6041 (Section 1.3.3) and the operational
instructions are presented in Section 7.
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1.3 Appendix

1.3.1 References
[1.1] NUREG-1609, Standard Review Plan for Transportation Packages for Radioactive
Material, 1999

[1.2] Title 10, Code of Federal Regulations, Part 71, Office of the Federal Register,
Washington, DC, 2009

[1.3] Regulatory Guide 7.9, Standard Format And Content Of Part 71 Applications For
Approval Of Packages For Radioactive Material

[1.4] Title 49, Code of Federal Regulations, Part 171, Office of the Federal Register,
Washington, DC, 2009

[1.5] IAEA Specific Safety Requirements, SSR-6 (Rev. 1), Regulations for the Safe Transport
of Radioactive Material, 2018 Edition

[1.6] Croft, QAG 009, Categorisation for Quality Categories.

[1.7] TRANSSC, “Ageing Guide for Transport Packages, TTEG-PPA_WG-AG_001 (Rev. P),”
2020

[1.8] IAEA Specific Safety Guide, SSG-66, Format and Content of the Package Design
Safety Report for the Transport of Radioactive Material, 2022.

1.3.2 Calculation Model Drawings

The drawings listed below and provided in this section show the details used for setting up the
calculation models for stress FEA, thermal FEA and shielding calculations (Monte Carlo and
Microshield).

These drawings specify nominal dimensions with particular reference to key features (such as
gaps for shielding calculations).

These drawings also specify the materials: details of the materials are given in Section 2.

Drawing No. Title

0C-6049 Safkeg-LS Construction

1C-6097 CV LS Lid Construction

1C-6099 CV LS Body Construction
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1.3.3 Licensing Drawings

The package is defined by the drawings listed below for which the revision status is given in
Section 0.4. The drawings are appended to this section.

The drawings specify dimensions, fasteners, welding requirements, non-destructive examination
requirements, O-ring specifications, method of O-ring retention, and closure surface
requirements.

The drawings also specify the materials: details of the materials are given in Section 2.

Drawing No. Title
Cover sheet for Safkeg-LS design no. 3979A (licensing
0C-6041 Safkeg-LS design no. 3979A (licensing drawing)
0C-6042 Keg design no. 3979 (licensing drawing)
0C-6043 Cork set for Safkeg-LS (licensing drawing)
1C-6044 CV design no. 3980 (assy a) (licensing drawing)
1C-6045 CV lid (assy a) (licensing drawing)
1C-6046 CV body (assy a) (licensing drawing)
2C-6171 LS-12x65-Tu insert design no. 3984 (licensing drawing)
2C-6172 LS-31x73-Tu insert design no. 3983 (licensing drawing)
2C-6175 LS-50x103-SS insert design no. 3986 (licensing drawing)
1C-9012 Containment vessel design #3980 (assy b)
(licensing drawing)
Machined lead components
1C-9013 Containment vessel lid (assy b) (licensing drawing)
Machined lead component
1C-9014 Containment vessel body (assy b) (licensing
drawing)
Machined lead component

1.3.4 Supporting Documents

Document :
Reference Title
Package Contents Specification for Safkeg-LS - Package Design No
PCS 036 3979A

CTR2024/08 |




G
CROFT

Safety Analysis Report for Packaging
Safkeg-LS Design No. 3979A

SARP CTR 2008/10
Rev 9
Page 1-35

CTR 2024/09




G
CROFT

Safety Analysis Report for Packaging SARP CTR 2008/10
Safkeg-LS Design No. 3979A Rev 9
Page 2-1

2 Structural Evaluation

Contents
2 Structural Evaluation ... 2-1
2.1 Description of Structural DeSign.............eeiiiiiiiiiiiiiiiiee e 2-3
20 P I 1~ W1 ) 2-3
D I B 1Yo [ T O 4 1= 4 - TR 2-4
D220 2% TR W o - o [ @701 391 o1 1 F= 111 o 1= 2-5
2.1.2.2  AlOWEDIE SErESS ....eiiiiiii it a e 2-6
2.1.2.3  BUCKING ccceiiiieeee e 2-8
2.1.24 FAliQUE....ccoei e 2-10
2.1.25 Brittle FraCture ........ooooiiiiiiiiiiiiiieeeeeeeee e 2-10
2.1.3 Weights and Centers of Gravity [ 771.33] ... 2-10
2.1.4 |dentification of Codes and Standards for Package Design ...........cccoccvviieeeeeennnnns 2-11
2.2 MAEIIAIS . ... 2-16
2.2.1 Material Properties and SpecifiCations ...........cccoociiiiiiiiii e 2-16
2.21.1  Structural MaterialS..........oooviiviiiiiiiiiieee e 2-18
2.2.1.2  Shielding Material ............coooiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee e 2-19
2.21.3  COrK PACKING ...ttt 2-19
2.2.2 Chemical, Galvanic or Other Reactions [71.43(d)]......cccouiimmimiiiieiiiiiiiiieeeeeeeee 2-19
2.2.3 Effects of Radiation on Materials......... ..o 2-20
2.3 Fabrication and EXamination...........cooooiiiiiiiiioe 2-24
2.3 1 FabIICAtiON ... nnnnnn 2-24
2.3.2  EXAMNAtION ... e 2-24
2.4  General Requirements for All Packages [ 71.43 1. .o 2-25
2.4.1 Minimum Package Size [71.43 ()] ..uuuuuuuuuum e 2-25
2.4.2 Tamper Indicating Feature [71.43 (D)] .. .eoeiiiiiie e 2-25
2.4.3 POoSItive ClOSUIE [71.43 (C)] - eeeeeeeiiiiiiteeiieee ettt e e e 2-25
2.5 Lifting and Tie-Down Standards for All Packages...........cccccceeiiiiiii, 2-26
2.5.1 Lifting DEVICES [71.45 ()]t eeeeiieiiiiiiie et 2-26
252 Tie-Down Devices [71.45 (D)]..ceeeiiiiieeiiiee et e e 2-26
2.6 Normal Conditions of TranSPOIt ..........eeiiiiiii i 2-26
2.6.1 HeEAt [71.71 (C)(1)] ceeeeeeeeeeeeie ettt e e e e e e e e e e e e eas e e e e e e aaaans 2-26
2.6.1.1  Summary of Pressures and Temperatures...........cccuvveieiiiiiiiiiiiiiiieeee s 2-26
2.6.1.2 Differential Thermal EXpPanSion ...........cccccccvviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee, 2-27
2.6.1.3  Stress Calculations..........coovvviiiiiiiiiiiiiieee e 2-27
2.6.1.4  Comparison with Allowable Stress ..o 2-27
2.6.2  COld [71.71 (C) (2)] +eeeeeeeerrrreeieeeeeeeeeittee et e e e e e e e sttt e e e e e e e e e ssnaaseeeeaaeeesesnssseeeeeaeeeaannns 2-29
2.6.3 Reduced External Pressure [71.71 (C) (3)]..uuuuuuuuuuuuuninnniiinnnenannnannnnnanes 2-30
2.6.4 Increased External Pressure [71.71 (C) (4)] e 2-32



7 Safety Analysis Report for Packaging SARP CTR 2008/10
\ "4 Safkeg-LS Design No. 3979A Rev 9
CROFT Page 2-2
2.6.5 Vibration [71.71 (C) (5)]ccuurreemmeeeeiiiiiiiieieeee e e e e e ettt e e e e e e e e st e e e e e e e esnnsnaeeeeeaeeaannns 2-33
2.6.6 Water SPray [71.71 (C) (B)]...uuuuuuuuuun i anasanannnnnnnnnanes 2-35
2.6.7 Free Drop [71.71 (C) (7)) uueeeeeaaeeiiiiieieee e ettt e e e e e e e 2-35
2.6.8 Corner Drop [71.77 (C) (8)] ---eeeeeeermauireeeiieee ettt e e 2-41
2.6.9 Compression [71.71 (C) ()] eeeeeeeiiiiiiieiiiee ettt e e e e e e e e e e eenreeeeeaeeeeaanns 2-41
2.6.10 Penetration [71.71 (C) (T10)] «uuuuuuuuu e 2-42
2.7  Hypothetical Accident Conditions [71.73]....cccooiiiiiiiii i, 2-42
2.7.1 Free Drop [71.73 (C)(1)]- i saasnnnnnne 2-42
22 A% P T =1 o To 1 I Ty o o L 2-44
2.7.1.2  SidE DIOP oo 2-46
A 0 T T O] 4 o= o I o o J PP 2-49
A B O o] [ [o [U =3 B o] o 1= F PP PP 2-51
2715 Summary Of RESUILS ......oooiiiiiiiiieee e 2-51
2.7.2 Crush [71.73 (C)(2)] ..oeeeeerrreeeee e e ettt e ettt e e e e e e e e e e e e e e e senas s s e e e eeeeeaaanns 2-52
2.7.3 PUNCIUIE [71.73 (C)(B)] -uuuvrereeeeeeeiiiiiiieieee e e e e e ettt e e e e e s s e e e e e e e s ree e e e e e e e e anns 2-52
2.7.4 Thermal [71.73 (C)(4)]..ecccuueeeeeeeeeeieiieeeeee e e e e e e ettt e e e e e e e e s e e eeaaeeesasnssreeeeeaeeeaaanns 2-53
2.7.41 Summary of Pressures and Temperatures...........cccccccvvvvveeiiieiieiieeeieeeeeeenee, 2-53
2.7.4.2 Differential Thermal EXPanSion ...........cccccvviiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeeeeee e 2-54
2.7.4.3  Stress CalCulationS.........cooiuiiiiiiiie e 2-54
2.7.4.4 Comparison with Allowable Stress ........cccovvvviiiiiiiiiiiiiiie e, 2-54
2.7.5 Immersion — Fissile Material [71.73 (C)(5)] ...etitrurrmeeeieeeeeeiiiieieee e 2-54
2.7.6 Immersion — All Packages [71.73 (C)(6)] - eeevuaamrrrimieeeeeeeiiiiiiee e 2-54
2.7.7 Deep Water Immersion Test (for Type B Packages Containing More than 105 A2)
[71.61]2-55
2.7.8 SUMMArY Of DAGmMEAQJE ... .uuuiiiiiiieeeiiieiee et e et e e e e e e e e e e e e e e e anas 2-55
2.8  Accident Conditions for Air Transport of Plutonium [ 71.74] ..., 2-56
2.9 Accident Conditions for Fissile Material Packages for Air Transport [1.55(f) ] .............. 2-56
210 Special FOrM [ 71,75 ] oot e e e 2-56
2.1 FUBI ROGS ...ttt ettt e e e e e e et e e e e e e e e e neeeeeeeeeeaannns 2-56
2.12 APPENAIX ..o 2-56
2121 REFEIENCES ... nnnnnnnnnnen 2-56
2.12.2 SUppOrting DOCUMENES .......uuuiiii s naannnnnane 2-59
Introduction

This section identifies the principal structural members of the Safkeg-LS 3979A package, and
the materials and fabrication methods of each are described. The ability of the package to
satisfy the regulatory requirements of 10 CFR 71 [2.1], regarding Normal Conditions of
Transport (NCT) and Hypothetical Accident Conditions (HAC) tests, is demonstrated in Sections
2.6 and 2.7 by Finite Element Analysis (FEA) of the containment vessel and testing of a
prototype keg.
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2.1 Description of Structural Design

2.1.1 Discussion

The principal structural members of the Safkeg-LS 3979A package are the 3979 keg, inner cork
packing and the 3980 containment vessel. The radioactive contents are carried within product
containers and inserts placed inside the containment vessel (see Section 1.2.1).

The keg is designed to absorb impacts, provide protection during handling operations and
insulate the containment vessel during the HAC thermal test. The inner cork packing is
designed to absorb the impact loads preventing damage to the containment vessel under HAC
tests. The containment vessel is designed to provide the containment and shielding of the
radioactive material and the insert is designed to provide a confinement boundary and additional
shielding for the contents. A description of the structural design of each of these members is
provided in the following sections.

3979 Keg

The keg comprises of a body, lid, outer cork and liner assembly as shown in drawing 0C-6042
(Section 1.3.3). The body of the keg is constructed from rolled austenitic stainless steel welded
to form a cylinder. A base, top flange, skirts and rims are welded to the rolled cylinder to form
the keg body. The outer cork is placed into the keg with the steel assembly liner fitting inside
the cork to protect the outer cork during handling operations. The inner liner is formed from
2mm thick austenitic stainless steel.

The keg closure is facilitated by eight closure studs (occasionally referred to as bolts) screwed
and glued into position on the top flange and a lock pin which is welded into position. The keg
lid is a circular plate with eight holes machined for the closure bolts and one hole for the lock
pin. The lid is attached to the body with eight M12 austenitic stainless steel nuts and washers.
A nitrile O-ring is fitted to a groove in the flange ensuring that a weather tight seal is provided on
closure of the keg. Two handles are welded to the lid to allow handling of the lid.

A fuse plug is located in the base plate of the keg body. It is present to prevent the over
pressurization of the keg during the HAC thermal test. The fuse plug is austenitic stainless steel
with a hole drilled through the centre which is filled with a low melting point alloy. This alloy has
a melting point of 95°C+5°C which once melted will allow any gases generated within the keg to
vent, reducing the pressure in the keg body.

Top and Inner Cork

The inner cork fits inside the keg liner and surrounds the containment vessel. It is designed to
reduce impact loads on the keg liner and the containment vessel and provide thermal insulation.
The cork surrounds the side walls and the lid of the containment vessel. It varies in width from
58.5 mm to 30.5 mm on the side walls due to the variation in diameter of the containment vessel
and is 85 mm thick above the lid. The cork is agglomerated and coated in a water based
varnish. The cork components are shown in detail in drawing 0C-6043 (Section 1.3.3).

3980 Containment Vessel

The containment vessel consists of a body and a removable lid assembly bolted together with 8
closure bolts and sealed with an inner and outer O-ring, as shown in drawing 1C-6044 or 1C-
9012 (Section 1.3.3).

The body assembly is formed from a stainless steel shell filled with antimony lead. The stainless
steel shell consists of three austenitic stainless steel pieces, the inner cavity wall/flange, outer
wall and base. Each piece is machined from solid austenitic stainless steel. The inner cavity
wall/flange and outer wall are welded together with a circumferential groove weld which is both
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visually and liquid penetrant tested. The shielding cavity is filled with lead and the base is
welded into position with a circumferential groove weld which is both visually and liquid
penetrant tested.

The antimony lead forms the shielding for the walls and base of the containment vessel. The
antimony lead used may only contain a maximum of 0.5% impurities.

The inner cavity wall/flange and the bolted flange for the containment vessel closure form the
cavity into which the radioactive contents are placed. The flange is machined with 8 closure
holes into which CV closure screws (occasionally referred to as bolts) are fitted.

The containment vessel lid is comprised of two pieces a lid top and a stainless steel clad lead
plug. The CV lid top is a circular plate machined from a stock billet of 304L stainless steel. Eight
equally spaced counter bored holes are machined to accommodate the closure bolts. Four
further holes are machined in the lid, the first accommodates the test port in order to leak test
the closure system. The second is a blind hole in the centre of the lid and is fitted with a
threaded insert. This allows a lifting eye to be fitted for the handling of the containment vessel.
The last two allow jacking screws to be fitted which assist in the removal of the lid. Two grooves
are machined onto the underside of the lid top into which the O-rings are fitted.

The lead is either cast or pre-machined from solid and fitted into a machined stainless steel
casing forming the shielding plug. The plug is welded to the lid top with a circumferential weld
which is liquid penetrant and visually tested.

The containment vessel lid is attached to the body with eight L43 alloy steel screws/bolts which

are tightened to a torque of 10 + 5 Nm.
e
e,
The design pressure for the containment vessel is 10 bar (1,000 kPa) gauge which envelopes
the MNOP of 7 bar (700 kPa) gauge. The containment boundary is formed by the inner cavity
wall/flange, lid and containment O-ring. This containment boundary is leak tested on
manufacture, during annual maintenance and on loading.

Insert

Any one of the three inserts specified in Section 1.3.3 shall be used to provide further shielding
and confinement for the contents. Two of the inserts, LS-12x65-Tu Design No 3984 and LS-
31x73-Tu Design No 3983, are machined from tungsten with one, LS-50x103-SS Design No
3986, machined from stainless steel. All of the inserts consist of a body and a lid which are
machined from a solid. The lid screws onto the body with an O-ring seal. The three types of
inserts each have different cavity sizes and provide varying levels of shielding.

2.1.2 Design Criteria

In order to evaluate the containment design, an FEA was performed on the containment vessel
under NCT and HAC using the software code Abaqus: as discussed in Vectra Report 925-3272
and report 925-3273 M2 (Section 2.12.2).

The initial load combinations used during the evaluation are discussed in Section 2.1.2.1. The
resultant calculated stresses are compared against the allowable stresses presented in Section
2.1.2.2. Further evaluation is carried out to determine buckling, fatigue and brittle fracture as
discussed in Sections 2.1.2.3, 2.1.2.4 and 2.1.2.5 respectively.

With regards to the model’s boundary conditions the plane of symmetry was the plane Z=0.
The boundary conditions on this plane were:

Uz=0
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URX=0
URY=0

Where U is the displacement and UR is a rotation. As both the geometry and loading was
symmetric about the plane Z=0, the use of a half-symmetry model has no effect on the results.

For the non-impact cases (NCT1-6), the flask was fixed at a single point at the centre of the
bottom of the flask in the X-direction. The outer edge of the bottom of the flask was fixed in the
Y-direction. These boundary conditions prevent any rigid body movement but do not affect the
overall behaviour of the model. No stress concentrations were observed at these locations.

For impact cases NCT7, NCT8, HAC1 and HAC2 (drop on lid), the X and Y boundary conditions
were maintained during the pre-loading steps. During the impact loading step, the Y boundary
conditions were removed. Excessive movement in the Y direction and rotation about the Z axis
was prevented by contact between the flask and the cork. Rigid body motion of the cork was
prevented.

For impact cases NCT9, NCT10, HAC3 and HAC4 (drop on side), the X and Y boundary
conditions were maintained during the pre-loading steps. During the impact loading step, the X
boundary condition was removed. The Y boundary condition was changed so that it just applied
to the centre of the bottom of the flask. This prevented rigid body motion in the Y direction but
about allowed rotation about the Z axis. Excessive movement in the X direction was prevented
by contact between the flask and the cork. Rigid body motion of the cork was prevented.

For impact cases NCT11, NCT12, HACS and HACG (drop on top corner), the X and Y boundary
conditions were maintained during the pre-loading steps. During the impact loading step, the X
and Y boundary conditions were removed. Excessive movement in the X and Y directions was
prevented by contact between the flask and the cork. Rigid body motion of the cork was
prevented.

The effectiveness of the packaging components under all the conditions of the regulatory
requirements (both NCT and HAC) has been verified by physical tests. As the structural
materials of the package are all austenitic stainless steel, the package is not susceptible to
failure by brittle fracture. The keg, being a composite structure with the outer skin supported by
the cork and the inner shell, it is not susceptible to buckling.

2.1.2.1 Load Combinations

The load combinations used in the structural evaluation of the containment vessel were
developed in accordance with Regulatory Guide 7.8 [2.2]. The NCT and HAC load
combinations used to determine the stresses within the containment vessel are summarized in
Table 2-1 and Table 2-2.

Table 2-1 Load Combinations for NCT

Initial Conditions

Load Ambient Internal Fabric
Case NCT Temperature Insolation Decay Heat Haantn -ation
ID & Stress
38°C -29°C | Max | Zero | Max | Zero | Max Min
NCT1 Hot
environment
(38°C ambient X X X X
temperature)

NCT2 | Cold X X X X
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Initial Conditions
Load = Fabric
Ambient : Internal z
Case NCT Temperature Insolation Decay Heat Priicike -ation
ID Stress
38°C | -29°C | Max | Zero | Max | Zero | Max Min
environment
(-40°C ambient
temperature)
NCT3 | Reduced
external
pressure (24.5 . - X " -
kPa)
NCT4 | Increased
external
pressure (140 - A A X A
kPa)
NCT5 | Vibration (10g X X X X X
vertical
NCT6 ) X X X X X
NCT7 | Free drop on lid X X X X X
1.2m
ncts | (12m) X X X X X
NCT9 | Free drop on X X X X X
NCT10 side (1.2m) = % = % X
NCT11 | Free drop on X X X X X
NCT12 | comer (1.2m) - X - X ”
Table 2-2 Load Combinations for HAC
Initial Conditions
Faad Ambient Internal Faie
Case HAC TaiRakatate Insolation Decay Heat Prissine -ation
ID P Stress
38°C | -29°C | Max | Zero Max | Zero Max Min
HACT | Free drop on lid X X X X X
HAC2 | (9m) X X X X X
HAC3 | Free drop on side X X X X X
HAC4 | (Om) X X X ¥ X
HACS | Free drop on X X X X X
HAC6 | comer (9m) X X % X X

2.1.2.2 Allowable Stress

The allowable stresses used to calculate the design margins within the containment boundary
are given in Table 2-3. The allowable stresses were taken from Regulatory Guide 7.6 [2.3].
These are based on the 1977 edition of the ASME Boiler and Pressure Vessel Code [2.4]. This
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guide only gives allowable stress values for primary membrane stress, primary membrane plus
primary bending stress and primary plus secondary stress for both NCT and HAC loading
conditions. The allowable values for bearing stress and for the bolts have been taken from
ASME Section Il Div 3 [2.5] as these are not given in Reg. Guide 7.6 [2.3]. Guidance for
classification of stresses was taken from Table WB-3217-1 in ASME Section Ill Div 3 [2.5].

To demonstrate conformance with the allowable stress limits, it was necessary to determine the
stress intensities at critical cross-sections of the containment vessel. Since the critical cross-
section locations are load-condition dependent, several “stress evaluation sections” were
defined to ensure that all critical locations were evaluated for every load condition. These stress
evaluation sections are illustrated in Table 2-1. For evaluation of conditions producing a stress
distribution in the vessel that is not axisymmetric, stress evaluations were performed at multiple
circumferential locations.

The section stresses at each stress evaluation location were obtained using the Abaqus “stress
linearization” post-processing feature (Vectra Report 925-3272/R1 (Section 2.12.2). The stress
linearization provides membrane, bending, membrane plus bending, and peak stress intensities
at each section. In Abaqus, the Tresca stress is equal to the stress intensity as defined in
Regulatory Guide 7.6 [2.3].

Using the critical sections from each load case, minimum design margins are calculated and
reported for all bounding load combinations. The design margin (DM) is defined as follows:

Allowable _Value )
Calculated Value

oo

Therefore a negative design margin indicates that the vessel has failed the assessment.
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Table 2-3 Containment System Allowable Design Criteria

Allowable Stress Limits
Stress Type

NCT HAC
Other Than Bolts
Prlma_ry Membrane Stress Sm Lesser of 2.4Sm and 0.7Su
Intensity (Pm)
Primary Local Membrane @ @)
Stress Intensity (Py) Sm A
Primary + Bending Stress
Intensity. (P o Pii+Ps) 1.58m Lesser of 3.6Sm and Su
Primary + Secondary Stress
Intensity (P or Pm+Q) A s
Average Bearing Stress Sy N/A
Bolts
Average Shear Stress 0.4Sy Lesser %fg.s‘tZSu and
Average Stress®) 2Sm Lesser of 3Sym and 0.7S.
Maximum Stress(® 3Sm N/A®)

Notes:

1. Stress limits applicable for components and systems evaluated using elastic system analysis.

2. ASME B&PV code [2.5] gives an allowable of 1.5Sm for primary local membrane stress, P..
However, Reg. Guide 7.6 [2.3] does not specify an allowable for this stress, so a lower
allowable value of Sm has been adopted for this assessment.

3. Evaluation of secondary stress is not required for HAC.

4. The axial stress component averaged across the bolt cross-section and neglecting stress
concentrations.

5. The stress due to internal pressure and gasket seating loads (e.g. bolt torque) shall not
exceed one times Sm.

6. Evaluation of maximum bolt stress not required for HAC

2.1.2.3 Buckling

The containment vessel inner shell is evaluated for buckling in accordance with the
requirements of ASME Code Case N-284-2 [2.6]. Capacity reduction factors are calculated in
accordance with Section -1511 of ASME Code Case N-284-2 [2.6] to account for possible
reductions in the capacity of the shells due to imperfections and nonlinearity in geometry and
boundary conditions. Plasticity reduction factors, which account for nonlinear material properties
when the product of the classical buckling stresses and capacity reduction factors exceed the
proportional limit, are calculated in accordance with Section -1610 of ASME Code Case N-284-2
[2.6]. The theoretical buckling stresses of the vessel inner shell under uniform stress fields are
calculated in accordance with Section -1712.1.1 of ASME Cod<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>