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Section 3 - THERMAL EVALUATION
3.1

Description of Thermal Design
(Reference:
• USNRC, 10 CFR 71.33(a)(5)(v) and 71.33(b)(7)
• IAEA TS-R-1, paragraphs 651(b) and 655)

The Model 702 transport package is a completely passive thermal device having no
mechanical cooling system or relief valves. All cooling of the transport package is
through free convection and radiation.
3.1.1

Design Features
Features uniquely relevant to thermal performance are detailed below.
3.1.1.1 Protective Cage and Skid
The protective cage increases distance from the cask surface to the
package surface. The cage also includes three perforated sides to allow
natural air flow past the cask inside the cage. The skid elevates the cask
off the ground and also allows natural air flow to circulate removing heat
from the package.
3.1.1.2 Shield Container (Cask)
The cask incorporates cooling fins to aid in dissipation of the source
content heat generated within the shield container. The shield container
uses depleted uranium shielding fully enclosed in a welded steel structure.
This construction prevents oxidation by severely limiting oxygen from
reaching the depleted uranium shield.

3.1.2

Content’s Decay Heat
The maximum output activity for this package is 15,000 Ci of Ir-192. The
corresponding decay heat generation rate for the content activity is approximately
130 Watts (See Table 2.6.1.a).
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Summary Tables of Temperatures
Table 3.1.3.a: Summary Table of Temperatures
Temperature
Condition
Insolation (38°C in full sun)
Decay Heating (38°C in shade)
Fire Test During & Maximum Post –Fire Test

3.1.4

Model 702
Package
67°C (153°F)
49.9°C (122°F)
800°C (1,472°F)

Comments
Section 3.4.6.1.1
Section 3.4.6.1.2

Summary Tables of Maximum Pressures
All package components, except for the shield cask, are vented to atmosphere. As
such, no pressure will build up will occur in these components under either
Normal or Hypothetical Accident conditions. The shield cask has a gasketed
cavity but as noted below, the shield will not develop sufficient internal pressure
to detrimentally effect the package.
Table 3.1.4.a: Summary Table of Maximum Pressures

1
2

3.2

Package

Normal Conditions
67°C (153°F)
Pressure Developed

702

6.8 psi2

Fire Conditions
800°C (1,472°F)
Pressure
Developed
53.3 psig1,2

Comments

– Pressure at 177°C (351°F). After which the gasket will burn and allow release of any pressure.
– Initial temperature taken to be -40°C as a worst case scenario.

Material Properties and Component Specifications
3.2.1

Material Properties

Table 3.2.1.a lists the relevant thermal properties of the important materials in the
transport package. The sources referred to in the last column are listed below the table.
Table 3.2.1.a: Thermal Properties of Principal Transport Package Materials
Material

Density
(lb/in3)

Melting/Combustion
Temperature

Thermal
Expansion

Depleted
Uranium

0.68

1,130°C
(2,066°F)

8µin/in°F

Copper

0.32

1,082°C
(1,980°F)

9.2µin/in°F

Carbon Steel
(nominal)

0.28

1,510°C
(2,750°F)

Stainless

0.29

1,427°C

Source
Reference #1,
6-11 and
Reference #2
Reference #1,
6-7 and 6-11

p.

6.3µin/in°F

Reference #1,
6-7 and 6-11

p.

9.9µin/in°F

Reference #1,

p.

p.
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Section 4 - CONTAINMENT
4.1

Description of the Containment System
4.1.1

Containment Vessel

The containment system consists of the Model 702 transport package and the radioactive
source capsule. This source capsule shall be qualified as Special Form radioactive
material under 49 CFR 173 and IAEA TS-R-1.
4.1.2

Containment Penetrations

There are no penetrations of the containment.
4.1.3

Seals and Welds

All welds are in accordance with AEA Technology QSA, Inc. Quality Program
Requirements and specifications on the descriptive drawings. The integrity of the source
weld is tested by a leak test meeting the requirements of ISO 9978 (1992), “Radiation
Protection Sealed Radioactive Series- Leakage Test Methods” or later revisions.
4.1.4

Closure

The closure device is a combination of the welded special form source capsule and the
bolted Model 702 cask cover. The attached cask cover, with tungsten insert(s) when
applicable, maintains the source in the shielded position as described in Section 1.2.1.
4.2

Containment Under Normal Conditions of Transport
4.2.1

Containment of Radioactive Material

The source capsules used in conjunction with the transport package have satisfied the
requirements for the special form radioactive material as prescribed in 10 CFR 71.75, 49
CFR 173.469 and IAEA TS-R-1. There will be no release of radioactive material under
the Normal Conditions of Transport.
4.2.2

Pressurization of the Containment Vessel

Pressurization of the source capsules and cask cavity under the conditions of the
Hypothetical Accident Conditions thermal test resulted in stresses below the yield
strength of the capsule material and cask cover bolts. These analyzes are provided in
Section 2.7.6 and Section 3.4.3.2 respectively.
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Containment Criterion

The normal conditions of transport criteria listed in 10 CFR 71.71 will result in no loss of
transport package containment as prescribed in 10 CFR 71.51(a)(1). This conclusion is
based on information presented in Sections 2 and 3.
4.3

Containment Under Hypothetical Accident Conditions
4.3.1

Containment of Radioactive Material

The hypothetical accident conditions outlined in 10 CFR 71.73 will result in no loss of
transport package containment. This conclusion is based on information presented in
Section 2.7 and Section 3.4.
4.3.2

Pressurization of the Containment Vessel

Pressurization of the package and source capsules under the hypothetical accident
conditions was determined to have no detrimental effect on the capsules ability to
maintain containment. In addition, the cask cover bolts provide an additional measure of
security in ensuring pressurization of the package under the accident conditions. The
containment will withstand the pressure variations of transport.
4.3.3

Containment Criterion

Sections 2.7 and 3.5 show that the transport package meets the containment requirements
of 10 CFR 71.51(a)(2).
4.4

Leakage Rate for Type B Packages
The normal and accident conditions described in Test Plan Report 81 Rev 1 (Section
2.12.2) demonstrate compliance with the requirements of 10 CFR 71.51. The special
requirements of 10 CFR 71.61 are not applicable for this container as the package is not
used to transport more than 105A2 quantities of radioactive material.
Reference : ISO9978:1992(E) – Radiation Protection – Sealed Radioactive Sources –
Leakage Test Methods.

4.5

Appendix
Not Applicable.
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Section 5 - SHIELDING EVALUATION
5.1

Description of Shielding Design
(Reference:
• USNRC, 10 CFR 71.31
• IAEA TS-R-1, paragraph 701 and 702)

5.1.1

Design Features
The principal shielding in the Model 702 transport package is the depleted
uranium shield assembly and optional tungsten insert(s) used when necessary to
obtain allowable dose rates as well as fix source capsule locations within the
shield. The depleted uranium shielding weighs approximately 209 pounds (95
kg). The shielding is cast as two pieces (shield and cover). Each piece is
completely enclosed by stainless steel.

5.1.2

Summary Table of Maximum Radiation Levels
Table 5.1a includes radiation profile data obtained from the 702 package that was
tested to the Normal Conditions of Transport under Test Plan 81 (see Section
2.12.2).

Table 5.1a: Model 702 Test Specimen TP81A
Summary Table of External Radiation Levels Extrapolated to Capacity of 15,000 Ci Ir-192
(Non-Exclusive Use) After Normal Transport Condition Testing Under Test Plan 81
Report
Normal
Conditions of
Transport
Radiation
Gamma
Neutron
Total
10 CFR 71.47(a)
Limit

Package Surface mSv per hour
(mrem per hour)
Top
0.26 (26)
NA
0.26 (26)
2 (200)

Side
0.53 (53)
NA
0.53 (53)
2 (200)

Bottom
0.027 (2.7)
NA
0.027 (2.7)
2 (200)

1 Meter from Package Surface mSv per
hour (mrem per hour)
Top
0.009 (0.9)
NA
0.009 (0.9)
0.1 (10)1

Side
0.014 (1.4)
NA
0.014 (1.4)
0.1 (10)1

Bottom
0.002 (0.2)
NA
0.002 (0.2)
0.1 (10)1

(Ref: Sheet “TP81(A) – After 1.2 m (4 Foot) Drop Test “ Profile for the Model 702 sn 24 dated 13
Apr 99. Note that results are increased by a factor of 1.5 to reflect change in package capacity after
performance of Test Plan 81. Copy of profile sheet located in Appendix C of Test Plan 81 Report
(Section 2.12.2).
1

Transport Index may not exceed 10. The Transport Index is equivalent to the 1 meter reading in
mRem per hour (i.e., 5 mRem per hour at 1 meter = a Transport Index of 5.0).
2
The maximum Transport Index based on the mrem per hour readings at one meter from the
surface of this package was 1.4. All packages accepted and released for shipment under this
Model designation will have a Transport Index less than or equal to 10.
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Table 5.1b includes radiation profile data obtained from the 702 cask used in the
packages that were tested as Test Specimens TP81(B) and TP81(C) to the
Hypothetical Conditions of Transport under Test Plan 81 (see Section 2.12.2).
Table 5.1b: Model 702 shield cask sn 24 – Used in TP81(B) & TP81(C)
Summary Table of External Radiation Levels Extrapolated to Capacity of 15,000 Ci Ir-192
(Non-Exclusive Use) After Hypothetical Accident Transport Condition Testing Under Test
Plan 81 Report
Hypothetical Accident
Conditions
Radiation
Gamma
Neutron
Total
10 CFR 71.51(a)(2) Limit

1 Meter from Package Surface mSv per hour
(mrem per hour)
Top
Side
Bottom
0.015 (1.5)
0.017 (1.7)
0.012 (1.2)
NA
NA
NA
0.015 (1.5)
0.017 (1.7)
0.012 (1.2)
10 (1000)
10 (1000)
10 (1000)

(Ref: Sheet “TP81(A) – After Puncture Test “ Profile for the Model 702 sn 24 dated 19 Apr 99. Note
that results from the original profile are increased by a factor of 1.5 to reflect change in package
capacity after performance of Test Plan 81. Copy of profile sheet located in Appendix C of Test Plan
81 Report (Section 2.12.2)).
1

Transport Index may not exceed 10. The Transport Index is equivalent to the 1 meter reading in
mRem per hour (i.e., 5 mRem per hour at 1 meter = a Transport Index of 5.0).
2

The maximum Transport Index based on the mrem per hour readings at one meter from the
surface of this package was 1.7. All packages accepted and released for shipment under this
Model designation will have a Transport Index less than or equal to 10.
3

Survey results in Test Plan Report 81 after hypothetical accident condition testing of Test
Specimens TP81(B) and TP81(C) were obtained from the Model 702 shield cask without the
protective cages or skids used for the hypothetical accident testing. Since both test units used the
same Model 702 shield cask, only one set of radiation profile results are included covering
performance of both Test Specimens TP81(B) and TP81(C). This produced worst case damage
to the 702 shield container as it was subjected to both hypothetical accident test sequences as well
as dose rates which would be higher than the Model 702 package if it had been assembled with
the protective cage and skid components.
4

Radiation measurements for the bottom were taken at the surface of the 702 shield cask and not
at 1 m from the surface therefore providing a conservative estimate of the actual 1 m radiation
levels for this package after hypothetical accident testing. All other radiation measurements were
taken at 1 meter from the surface of the Model 702 shield cask.
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Tables 5.1c through 5.1f include radiation profile data used to demonstrate that all shield and
package configurations will meet the external radiation level requirements for non-exclusive use
transport when loaded to capacity for that package configuration.
The Transport Index may not exceed 10. The Transport Index is equivalent to the 1 meter
reading in mRem per hour (i.e., 5 mRem per hour at 1 meter = a Transport Index of 5.0).
All packages accepted and released for shipment under this Model designation will have a
surface dose rate that does not exceed 200 mR/hr and a Transport Index less than or equal to 10.
Table 5.1c: Model 702 with shield container sn 24 and cage/skid sn 24 (Ir-192)
Summary Table of External Radiation Levels Extrapolated to Capacity of
15,000 Ci Ir-192 (Non-Exclusive Use)

Radiation
Gamma
Neutron
Total
10 CFR 71.47(a)
Limit

Package Surface mSv per hour (mrem
per hour)
Top
Side
Bottom
0.30 (30)
0.66 (66)
0.045 (4.5)
NA
NA
NA
0.30 (30)
0.66 (66)
0.045 (4.5)
2 (200)
2 (200)
2 (200)

1 Meter from Package Surface mSv per
hour (mrem per hour)
Top
Side
Bottom
0.008 (0.8)
0.017 (1.7)
0.006 (0.6)
NA
NA
NA
0.008 (0.8)
0.017 (1.7)
0.006 (0.6)
0.1 (10)1
0.1 (10)
0.1 (10)

(Ref: Profile Sheet for the Model 702 sn 24 dated 10 Mar 99. Note that results from the original profile are
increased by a factor of 1.5 to reflect change in package capacity after performance of Test Plan 81. Copy of
profile sheet located in Appendix C of Test Plan 81 Report (Section 2.12.2)).

Table 5.1d: Model 702 with shield container sn 24 and cage/skid sn 24 (Cs-137)
Summary Table of External Radiation Levels Extrapolated to Capacity of
500 Ci Cs-137 (Non-Exclusive Use)

Radiation
Gamma
Neutron
Total
10 CFR 71.47(a)
Limit

Package Surface mSv per hour (mrem
per hour)
Top
Side
Bottom
0.41 (41)
0.09 (9)
0.03 (3)
NA
NA
NA
0.41 (41)
0.09 (9)
0.03 (3)
2 (200)
2 (200)
2 (200)

1 Meter from Package Surface mSv per
hour (mrem per hour)
Top
Side
Bottom
0.009 (0.9)
0.005 (0.5)
0.005 (0.5)
NA
NA
NA
0.009 (0.9)
0.005 (0.5)
0.005 (0.5)
0.1 (10)1
0.1 (10)
0.1 (10)

(Ref: Profile Sheet for the Model 702 sn 24 dated 7 Feb 02 as updated on 13 May 05. Copy of profile sheet
located in Section 5.5.1).
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Table 5.1e: Model 702 Summary Table of External Radiation Levels (Yb-169)
Calculated By Microshield V5.05 to Capacity of 10,000 Ci Yb-169 (Non-Exclusive Use)

Radiation
Gamma

Package Surface µSv per hour (mrem
per hour)
Top
Side
Bottom
0.05 (0.005)
2.8 (0.28)
0.7 (0.07)

Neutron
Total

NA
0.05 (0.005)

NA
2.8 (0.28)

NA
0.7 (0.07)

2 (200)

2 (200)

2 (200)

10 CFR 71.47(a)
Limit

1 Meter from Package Surface µSv per
hour (mrem per hour)
Top
Side
Bottom
0.0012
0.06 (0.006)
0.0068
(0.00012)
(0.00068)
NA
NA
NA
0.0012
0.06 (0.006)
0.0068
(0.00012)
(0.00068)
0.1 (10)1
0.1 (10)
0.1 (10)

(Ref: Copy Microshield V5.0 calculations located in Section 5.5.2).

Table 5.1f: Model 702 Summary Table of External Radiation Levels (Se-75)
Calculated By Microshield V5.05 to Capacity of 10,000 Ci Se-75 (Non-Exclusive Use)

Radiation
Gamma

Package Surface µSv per hour (mrem
per hour)
Top
Side
Bottom
0.04 (0.004)
3.4 (0.34)
1 (0.1)

Neutron
Total

NA
0.04 (0.004)

NA
3.4 (0.34)

NA
1 (0.1)

2 (200)

2 (200)

2 (200)

10 CFR 71.47(a)
Limit

1 Meter from Package Surface µSv per
hour (mrem per hour)
Top
Side
Bottom
0.0011
0.07 (0.007) 0.01 (0.001)
(0.00011)
NA
NA
NA
0.0011
0.07 (0.007) 0.01 (0.001)
(0.00011)
0.1 (10)1
0.1 (10)
0.1 (10)

(Ref: Copy Microshield V5.0 calculations located in Section 5.5.2).

5.2

Source Specification
(Reference:
• USNRC, 10 CFR 71.33(b)(1) & (3))
• IAEA TS-R-1, Section IV & paragraph 807(a))

5.2.1

Gamma Source

The gamma sources allowed for transport in the Model 702 are listed in Table 1.2,
Section 1.2.2.
5.2.2

Neutron Source

Not Applicable. The Model 702 transport package is not used for the transportation of
neutron emitting sources.
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Shielding Model
5.3.1

Configuration of Source and Shielding

Microshield, Version 5.05, was used to determine the loading capacity for the isotopes
referenced in Table 1.2. Survey measurements using Ir-192 and Cs-137 were used to
confirm device capacity for these isotopes. Microshield calculations for Yb-169 and Se75, based on conservative assumptions, were performed to verify shield capacity for
these isotopes. (Model assumptions are included along with the Microshield results for
Yb-169 and Se-75 in Section 5.5.2.) These results provided ratios to determine if the
survey measurements after testing would disqualify any of the isotopes from use. Since
the testing results showed that an insignificant change had occurred in the radiation
profiles, all isotopes were considered acceptable.
5.3.2

Material Properties

Material properties for calculated shielding analyses as contained in Microshield Version
5.05, otherwise shielding justification was based on direct measurements.
5.4
Shielding Evaluation
5.4.1

Methods

Shielding justification for Ir-192 and Cs-137 were based on direct measurement. See
Test Plan Report 81 (see Section 2.12.2) for results of Ir-192 radiation surveys of the 702
transport packages and Section 5.5.1 for results of Cs-137 radiation surveys of the 702
transport package.
Since only one shield cask was used for all tests using Ir-192, radiation profiles were only
taken on the TP81(A) specimen. The test specimen was profiled three times: before
testing, after the 1.2 meter (4 foot) drop test, and after the final puncture test. In Test
Plan Report 81, the Ir-192 data was extrapolated to 10,000 Curies for comparison of
relative dose rate changes before and after testing when profiles were performed using
sources with less activity. These results were subsequently extrapolated to 15,000 Ci of
Ir-192 to give the maximum dose rates from the package when loaded to the increased Ir192 capacity. These results are shown in Tables 5.1a through 5.1c.
Note that the puncture test of specimen TP81(A) was the last test performed on any of the
test specimens. As a result, the final TP81(A) profile is considered to cover the post drop
results of all Test Specimens. All Ir-192 radiation profile data are within regulatory
acceptance limits, as shown in Tables 5.1.a through 5.1c.
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Radiation survey information for the package configuration containing Cs-137 was later
obtained and results included in Table 5.1d. Radiation profiles were performed of test
specimen TP81(A) with Cs-137. No profiles with this isotope in this 702 container was
performed prior to the testing. However, the Ir-192 results in Tables 5.1a through 5.1c
provide a before and after evaluation of the impact on the shielding integrity of the
package. Measurements performed after the testing show that radiation does rates from
this package with Cs-137 are within regulatory acceptance limits, as shown in Table 5.1d.
All Cs-137 radiation profile data are within regulatory acceptance limits.
Radiation shielding information for the package configuration containing Yb-169 or Se75 were obtained by calculation using Microshield Version 5.05. Results of these
Microshield calculations are shown in Tables 5.1e and 5.1f. Copies of the Microshield
calculations are included in Section 5.5.2.
5.4.2

Input and Output Data

Radiation measurements included in this Section were adjusted to the maximum activity
capacity for the package (e.g., activity correction factor) and the surface measurements
were also adjusted to correct for off-set of the survey meter probe from the true surface of
the package.
Activity correction factors (CFA) were obtained by using the following relationship:

CFA =

Maximum Package ActivityCapacity ( AC )
Actual Pr ofile Activity ( AP )

For Example, if AP = 834 Ci and AC = 1,000 Ci, then
1,000 Ci
= 1.2 .
834 Ci
Therefore all original surface and 1 meter profile measurements would be multiplied by a
factor of 1.2 for a package profiled using 834 Ci and a package capacity of 1,000 Ci.
CFA =

Radiation measurements at the surface of the container were also adjusted to compensate
for the off-set of the survey meter probe from the true surface of the package.
Surface correction factors (SCF) were obtained by using the following relationship:
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d2
where d 1 and d 2 are det er min ed as shown in Figure 5.a.
d1

For Example, if d 1 = 9 inches and d 2 = 9.5 inches, then
SCF =

9.5 inches
= 1.06
9 inches

Therefore in the example shown, all original surface profile measurements located along
the side of the drum shown in Figure 23 would also be multiplied by a factor of 1.06 to
account for surface correction of the detector to the drum. Different SCF’s would be
calculated for the any dimension of the container where the minimum distance from the
center of the activity to the center of the radiation probe is different.

d1 =

distance from activity center
to surface of container.

d2 =

distance from activity center
to surface of container plus
radius of the survey meter
probe.

d1
d2
FIGURE 5.4.2.a. Sample Surface Correction Factor Distance Criteria

The radiation profile data showed no increase in radiation dose after testing beyond
normal measurement variations. All test specimens met the regulatory requirements.
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Flux-to-Dose-Rate Conversion

Not Applicable. Flux rates were not used to convert to dose rates in any shielding
evaluations.
5.4.4

External Radiation Levels

Radiation surveys for all 702 configurations showed maximum surface and 1 meter
radiation levels from the transport packages within regulatory limits. Radiation surveys
of 702 transport packages after undergoing normal and accident condition transport
testing were also well within the regulatory limits.
5.5

Appendix
5.5.1

Profile Measurements of the 702 containing Cs-137

5.5.2

Microshield Calculations for the Model 702 containing Se-75 and Yb-169
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Profile Measurements of the 702 containing Cs-137
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Microshield Calculations for the Model 702 containing Se-75
and Yb-169
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Section 6 - CRITICALITY EVALUATION
All parts of this section are not applicable. The Model 702 transport package is not used for
shipment of Type B quantities of fissile material.
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Section 7 – Package Operations
Operation of the Model 702 transport package must be in accordance with the operating
instructions supplied with the transport package, per 10 CFR 71.87 and 71.89.
(Reference:

•
•
7.1

USNRC, 10 CFR 71.87 and 71.89
IAEA TS-R-1, paragraph 501(a), 502(e) and 503)
Package Loading
7.1.1

Preparation for Loading

The Model 702 package must be loaded and closed in accordance with the following (or
equivalent) written procedures. Shipment of Type B quantities of radioactive material
are authorized for sources specified in Section 7.1.1.1. Maintenance and inspection of
the Model 702 packaging is in accordance with the requirements specified in Section
7.1.1.2.
7.1.1.1

Authorized Package Contents

(Reference:
• USNRC, 10 CFR 71.87(a)
• IAEA TS-R-1, paragraph 502(f))

Table 7.1.1a: Isotopes Permitted in the Model 702
Isotope
Maximum Capacity
Capsule Form1
Ir-192
15,000 Ci
Special Form
Cs-137
500 Ci
Special Form
Se-75
10,000 Ci
Special Form
Yb-169
10,000 Ci
Special Form
1

Special Form is defined in 10 CFR 71, 49 CFR 173, and IAEA TS-R-1.

7.1.1.2 Packaging Maintenance and Inspection Prior to Loading
7.1.1.2.a

Ensure all markings are legible.

7.1.1.2.b

Inspect the shield container for signs of significant
degradation and cracks/damage to the steel housing which
breach the shield container. Ensure all welds are intact, the
container is free of heavy rust. If there is any evidence of
bent or cracked welds contact AEAT/QSA prior to
shipping.
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7.1.1.2.c

Inspect the protective cage and skid. Assure all welded
areas are not cracked or bent. If there is any evidence of
bent or cracked welds contact AEAT/QSA prior to
shipping.
Assure metal skid sits firmly on the ground. Assure all
threaded holes do not have damaged threads. If there are
damaged threads, do not use the container. Contact
AEAT/QSA for repair information.

7.1.2

7.1.1.2.d

Ensure the 702 shield cask lid eyebolt is straight and
undamaged, and that the seal gasket is present and intact.

7.1.1.2.e

Assure the hold down rods are not bent or damaged. If the
rods are bent, they must be replaced prior to shipment.
Assure the package components can be assembled as
specified on the descriptive assembly drawings and that
hardware is undamaged and can be installed as required.

7.1.1.2.f

If the container fails any of the inspections in steps
7.1.1.2.a-e, remove the container from use until it can be
brought into compliance with the Type B certificate.

Loading of Contents
NOTE:

These loading operations apply to “dry” loading only. None of
the shield configurations for the Model 702 package are
approved for wet loading.

NOTE:

All removal and installation of radioactive material contained
within the 702 must be performed in a shielded cell/enclosure
capable of holding the maximum isotope capacity of this
container. This can only be performed by persons specifically
authorized under an NRC or agreement state license. All
necessary safety precautions and regulations must be observed to
ensure safe transfer of the radioactive material.

7.1.1.1 Prior to transportation, ensure the package and its contents meet the following
requirements:
7.1.2.1.a

The contents are authorized for use in the package.

7.1.2.1.b The package condition has been inspected in accordance with
Section 7.1.1.2.
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Ensure that the source(s) are secured into place in the storage
positions in accordance with the following requirements.
Compliance with the following requirements ensures that the
sources are securely locked in position before shipment.
1.

After installing the radioactive material into the 702, with
tungsten insert when shipping Ir-192 to shield and fix the
capsules in place, install the gasket. The gasket must be in
good physical condition with no rips or tears. Place the
cask cover onto the top of the 702 cask and seat the cover
properly. To seat properly, the lid must lie flush with the
top of the cask. This will effectively shield the container so
that it can be safely handled.

2.

The cask can then be removed from the shielded
cell/enclosure. The operator should verify that the
radioactive material is properly stored by surveying all
sides of the cask.

3.

The cask cover can then be properly installed on the cask
and secured with the six 3/8-16 x 7/8 inch long hex head
bolts. Install lock washers and a flat washer with the bolt.
Torque the bolts to 236 ± 5 inch-pounds.

4.

Seal wire two of the hex head bolts on the cask cover.

5.

Place the cask onto the metal skid. Insert the four 1/2-13
hex head bolts with lockwashers through the cask bottom
plate mounting holes and into the 4 holes on the steel plate
of the metal skid. Torque the bolts to 370 ±5 inch-pounds.

6.

Place the cask hold down assembly (clamp ring) onto the
top of the cask. Inspect the four 1/2-13 threaded rods to
assure that they are not damaged or bent. Insert the rods
through the clamp ring and into the 4 steel weldments on
the skid.

7.

Secure the bottom of the threaded rod with a 1/2-13 square
nut. The rod should completely engage the nut.

8.

Secure the threaded rods with a 1/2-13 hex nut and steel
lockwashers at the top of the clamp ring. Torque these to
370 ±5 inch-pounds.

Safety Analysis Report for the Model 702 Transport Package
AEAT/QSA Inc.
Burlington, Massachusetts

23 June 2005 – Revision 7
Page 7 - 4

9.

Wipe test the cask and metal skid over an area of 300
square centimeters and assure the level of removable
contamination is less that 0.0001 µCi (4 Bq) per cm2.

10.

Place the metal protective cage on the skid and secure it in
4 corners with lockwashers, flatwashers, and 1/2-13 hex
head bolts. Torque the bolts to 370 ±5 inch-pounds.

11.

Seal wire one of the drilled bolts to provide a tamper
indicator seal. The seal wire should pass through the
drilled head of the bolt and around the steel tubing.

7.1.3 Preparation for Transport
(Reference:
• 10 CFR 71.87
• IAEA TS-R-1, applicable paragraphs of Section V)

7.1.3.1

Ensure that all conditions of the certificate of compliance are met.

7.1.3.2

Perform a contamination wipe of the outside surface of the package and
ensure removable contamination does not exceed 0.0001 µCi (4 Bq) when
averaged over a wipe area of 300 cm2.

7.1.3.3

Survey all exterior surfaces of the package to assure that the radiation
level does not exceed 200 mR/hr at the surface. Measure the radiation
level at one meter from all exterior surfaces to assure that the radiation
level is less than 10 mR/hr.

7.1.3.4

Ship the container according to proper procedures for transporting
radioactive material as established in 49 CFR 171-178.

7.2

The US Department of Transportation, in 49 CFR 173.22(c), requires each
shipper of Type B quantities of radioactive material to provide prior
notification to the consignee of the dates of shipment and expected arrival.
Package Unloading

7.2.1

Receipt of Package from Carrier

NOTE:

7.2.1.1 The consignee of a transport package of radioactive material must make
arrangements to receive the transport package when it is delivered. If the
transport package is to be picked up at the carrier's terminal, 10 CFR
20.1906 requires that this be done expeditiously upon notification of its
arrival.

Safety Analysis Report for the Model 702 Transport Package
AEAT/QSA Inc.
Burlington, Massachusetts

23 June 2005 – Revision 7
Page 7 - 5

7.2.1.2 Upon receipt of a transport package of radioactive material:
(Reference:
• IAEA TS-R-1, paragraph 510 and 511)

7.2.1.2.a

Survey the transport package with a survey meter as soon as
possible, preferably at the time of pick-up and no more than three
hours after it was received during normal working hours.
Radiation levels should not exceed 200 mR/hr at the surface of the
transport package, nor 10 mR/hr at a distance of 1 meter from the
surface.

7.2.1.2.b Record the actual radiation levels on the receiving report.
7.2.1.2.c

If the radiation levels exceed these limits, secure the container in a
Restricted Area and notify the appropriate personnel in accordance
with 10 CFR 20 or applicable Agreement State regulations.

7.2.1.2.d Inspect the outer container for physical damage or leaking. If the
package is damaged or leaking or it is suspected that the package
may have leaked or been damaged, restrict access to the package.
As soon as possible, contact the Radiation Safety Office to perform
a full assessment of the package condition and take necessary
follow-up actions.
7.2.1.2.e

7.2.2

Record the radioisotope, activity, model number, and serial
number of the source and the transport package model number and
serial number.

Removal of Contents

Unload the 702 in accordance with the applicable licensing provisions for the
user's facility related to radioactive material handling.
7.2.2.2 Remove the inner shield container from the Model 702 skid and
protective cage assemblies.
7.2.2.3 Place the shield container in a shielded cell/enclosure capable of holding
the maximum isotope capacity of this container.
7.2.2.4 Remove the six 3/8-16 x 7/8 inch long hex head bolts, lock washers and
flat washers and remove the cover lid from the shield cask.
7.2.2.5 Use remote handling techniques to remotely unload each source and
transfer the source to an alternate, shielded storage location.
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Preparation of Empty Package for Transport

(Reference:
• IAEA TS-R-1, paragraph 520)

In the following instructions, an empty transport package refers to a Model 702 transport
package without an active source contained within the depleted uranium shielded
container.
7.3.1. Perform the following procedure to confirm that there are no unauthorized
sources within the container:
7.3.1.1 Place the shield container in a shielded cell/enclosure capable of holding
the maximum isotope capacity of this container. Remove the cover.
Remove any shield inserts used in that shield container and visually
inspect the container for any source capsules.
7.3.1.2 Use remote manipulators, mirrors, and radiation monitors if necessary,
inspect the container to verify that it is empty.
7.3.1.3 Once the shield cavity is determined to be empty, place all shield inserts
back into the container and install the cover.

7.3.2 Assure that the levels of removable radioactive contamination on the outside
surface of the transport package do not exceed 4 Bq/cm2 (when averaged over 300
cm2).
7.3.3 When it is confirmed that the Model 702 transport package is empty, survey the
device and prepare the transport package for shipment. Survey the assembled
package to ensure the external surface radiation level does not exceed 5 µSv/hr.
7.3.4 Ship the container according to the procedure for transporting radioactive material
as established in 49 CFR 171-178.
7.4

Other Operations
7.4.1

Package Transportation By Consignor

(Reference:
• IAEA TS-R-1, paragraph 508, 512 through 514)

Persons transporting the Model 702 transport package in their own conveyances
should comply with the following:
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7.4.1.1 For a conveyance and equipment used regularly for radioactive material
transport, check to determine the level of contamination that may be present
on these items. This contamination check is suggested if the package shows
signs of damage upon receipt or during transport, or if a leak test on the
special form source transported in the package exceeds the allowable limit of
185 Bq.
7.4.1.2 If contamination above 4 Bq/cm2 (when averaged over 300 cm2) is detected
on any part of a conveyance or equipment used regularly for radioactive
material transport, or if a radiation level exceeding 5 µSv/hr is detected on
any conveyance or equipment surface, then remove the affected item from use
until decontaminated or decayed to meets these limits.
7.4.2

Emergency Response

(Reference:
• IAEA TS-R-1, paragraph 308 and 309)

In the event of a transport emergency or accident involving this package, follow the
guidance contained in “2000 Emergency Response Guidebook: A Guidebook for
First Responders During the Initial Phase of a Dangerous Goods/Hazardous Materials
Incident”, or equivalent guidance documentation.
Reference: “2000 Emergency Response Guidebook: A Guidebook for First
Responders During the Initial Phase of a Dangerous Goods/Hazardous Materials
Incident”
7.5

Appendix

Not applicable.
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Section 9 – IAEA TS-R-1 1996 Edition (Revised) Requirements not Otherwise
Addressed – Section VI
9.1

General Package Design Requirements
9.1.1

(Reference: IAEA TS-R-1, paragraph 609)

As far as practicable, the packaging shall be so designed and finished that the
external surfaces are free from protruding features and can be easily
decontaminated.
The exterior surface of the 702 package is comprised of a steel. The materials
and fabrication of the shield cask, protective cage and skid can be easily
decontaminated if necessary.
9.1.2

(Reference: IAEA TS-R-1, paragraph 610)

As far as practicable, the outer layer of the package shall be so designed as to
prevent the collection and the retention of water.
The exterior surface of the 702 package is comprised of a steel. The materials
and fabrication of the package are water resistant and prevent, as far as
practicable, the collection and retention of water.
9.1.3

(Reference: IAEA TS-R-1, paragraph 611)

Any features added to the package at the time of transport which are not part of
the package shall not reduce its safety.
There are no added features to the package other than transport labels, markings,
etc. These items are standard in package shipment and will not reduce the
package safety due to their presence.
9.1.4

(Reference: IAEA TS-R-1, paragraph 614)

All valves through which the radioactive contents could otherwise escape shall be
protected against unauthorized operation.
Not applicable. This package does not incorporate the use of valves.
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(Reference: IAEA TS-R-1, paragraph 616)

For radioactive material having other dangerous properties the package design
shall take into account those properties; see paras 109 and 507.
Not applicable. The contents of this package do not have any other dangerous
properties other than its radioactivity.
9.2

Requirements for Type A Packages (required by TS-R-1 paragraph 650)
9.2.1

(Reference: IAEA TS-R-1, paragraph 644)

All valves, other than pressure relief valves, shall be provided with an enclosure
to retain any leakage from the valve.
Not applicable. This package does not incorporate the use of valves.
9.2.2

(Reference: IAEA TS-R-1, paragraph 647)

The design of a package intended for liquid radioactive material shall make
provision for ullage to accommodate variations in the temperature of the
contents, dynamic effects and filling dynamics.

9.3

Not applicable. This package is not used for the transport of liquids.
Requirements for Type B(U) Packages
9.3.1

(Reference: IAEA TS-R-1, paragraph 659)

A package shall not include a pressure relief system from the containment system
which would allow the release of radioactive material to the environment under
the conditions of the tests specified in paras 719-724 and 726-729.
Not applicable. This package does not incorporate a pressure relief system.
9.4

Appendix

Not Applicable.

