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SUMMARY 
 
By application dated May 28, 2013, as supplemented July 17, August 8, October 17, and 
November 19, 2013, QSA Global, Inc. (QSA Global), requested that the Nuclear Regulatory 
Commission approve the Model No. 360 series of packages as a Type B(U) package for the 
transport of radioactive material.   
 
The Model No. 360 series of packages consist of a family of five package configurations used to 
transport Ir-192, Yb-169, and Se-75 special form radiography sources.  These five packages are 
the Model Nos. 360-2, 360-4, 360-4W, 360-10, and 360-10W.  The external dimensions of all 
models are identical and are approximately: 15 inches (38 cm) long, 13.5 inches (34 cm) wide, 
and 15.9 inches (40 cm) tall.  
  
These packages are constructed according to Licensing Drawing No. R36000.  Users of the 
package will use the non-proprietary version of the drawings, R360-User.  The major 
components of the package include: (i) the container assembly, (ii) the shield assembly, (iii) the 
shield retainer, (iv) the source securing assembly, (v) the cover assembly, and (vi) the source 
assemblies.  Shielding is provided by either all tungsten or a combination of tungsten and DU 
shields.  Models with the “W” designation use all tungsten shielding.  An optional adapter 
tungsten shield can also be added to the top side of the Model No. 360 for additional shielding.   
 
Depending on the source assembly to be transported, the source capsule will be attached to 
either a flexible steel wire or will be incorporated into a segment of a source chain.  As part of 
the source securing assembly, a source securing mechanism (SSM) incorporates a locking 
mechanism to secure the source inside the package and a source dust cap to further protect the 
end of the source assembly during transport.  A lock assembly will secure the various lengths of 
the source assembles in the Model Nos. 360-2, 360-4, and 360-4W.  Those models have the 
option of three loading positions: bottom, middle, or top.  The difference between those 
positions is the size of the diameter at the source channel which limits the type of assembly that 
can fit in that position.  Sources attached to a flexible steel wire will be at the bottom while 
sources incorporated into a component of the source chain will be located at either the middle or 
top.  For the Model Nos. 360-10 and 360-10W, the diameter of the source channel 
accommodates both types of source assemblies.  Those chain assemblies which are shorter in 
length will be secured to the locking assembly via stainless steel jumper extensions.   
 
NRC staff reviewed the application using the guidance in NUREG-1609, “Standard Review Plan 
for Transportation Packages for Radioactive Material” and NUREG-1886, “Joint Canada – 
United States Guide for Approval of Type B(U) and Fissile Material Transportation Packages.”  
While reviewing the application against NUREG-1886, staff finds that the highlighted areas of 
emphasis have been appropriately addressed.  Based on the statements and representation in 
the application, as supplemented, and the conditions listed below, the staff concludes that the 
package meets the requirements of 10 CFR Part 71 and IAEA TS-R-1 and is described in 
sufficient detail to provide an adequate basis for its evaluation. 
 
1.0 GENERAL INFORMATION 
 
1.1. Packaging 
 
The Model No. 360 series of packages consist of a family of five package configurations used to 
transport Ir-192, Yb-169, and Se-75 special form radiography source changers.  These five 
packages are the Model Nos. 360-2, 360-4, 360-4W, 360-10, and 360-10W.  The external 
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dimensions of all models are identical and are approximately: 15 inches (38 cm) long, 13.5 
inches (34 cm) wide, and 15.9 inches (40 cm) tall.  
 
The major components of the package include: (i) the container assembly, (ii) the shield 
assembly, (iii) the shield retainer, (iv) the source securing assembly, (v) the cover assembly, 
and (vi) the source assemblies.  Shielding is provided by either all tungsten or a combination of 
tungsten and DU.  Models with the “W” designation use all tungsten shielding.  An optional 
adapter tungsten shield can also be added to the top side of the Model No. 360 for additional 
shielding.   
 
Depending on the source assembly to be transported, the source capsule will be attached to 
either a flexible steel wire or will be incorporated into a segment of a source chain.  Each SSM 
incorporates a locking mechanism to secure the source inside the package and a source dust 
cap to further protect the end of the source assembly during transport.  A lock assembly will 
secure the various lengths of the source assembles in the Model Nos. 360-2, 360-4, and 360-
4W.  Those models have the option of three loading positions: bottom, middle, or top.  The 
difference between those positions is the size of the diameter at the source channel which limits 
the type of assembly that can fit in that position.  Sources attached to a flexible steel wire will be 
at the bottom while sources incorporated into a component of the source chain will be located at 
either the middle or top.  For the Model Nos. 360-10 and 360-10W, the diameter of the source 
channel accommodates both types of source assemblies.  Those chain assemblies which are 
shorter in length will be secured to the locking assembly via stainless steel jumper extensions.  
The maximum number of sources assemblies that can be stored in the Model No. 360-2 is two 
sources.  Model Nos. 360-4 and 360-4W can store a maximum of four sources.  Model Nos. 
360-10 and 360-10W can store a maximum of ten sources.   
 
The maximum weight of the package varies depending on the configuration.  The maximum 
package weights are listed in the table below: 
 
Model No. Package Weight  
360-2 110 lbs (50 kg) 
360-4 130 lbs (59 kg) 
360-4W 155 lbs (70.3 kg) 
360-10 170 lbs (77 kg) 
360-10W 180 lbs (82 kg) 
 
The Model No. 360 series of transport packages allow venting to the atmosphere during 
pressure changes, and so there is no pressure buildup in the package during normal conditions 
of transportation (NCT).  The maximum normal operating pressure (MNOP) is therefore 0 psi 
during NCT.   
 
Lifting and tie-down can be accomplished with properly rated chains or slings fitted through grip 
brackets, grip bracket attachment holes, or hoist rings attached to the side of the package.  A 
seal wire attached to two of the cover assembly bolts acts as a tamper indicating device. 
 
The maximum decay heat of the different configurations of the Model No. 360 is 21 watts.  This 
heat is dissipated via conduction through the shield assembly to the exterior surfaces of the 
package.  
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The welded radioactive source capsules provide the primary containment of the package.  
These source capsules are required to be qualified as special form radioactive material meeting 
the requirements of 10 CFR 71.75, 49 CFR 173 and IAEA TS-R-1. 
 
The staff has reviewed the packaging design as described in the safety analysis report (SAR) 
and concludes that it meets the requirements of 10 CFR Part 71 and IAEA TS-R-1.   
 
1.2. Drawings 
 
The packaging is constructed in accordance with QSA Global Inc., drawings: 
 
 Model No. 360 Transport Package Drawing No. R36000, sheets 1-10, Revision D 
 Model No. 360 Transport Package Drawing No. R360-User, sheets 1-2, Revision B 
 
Staff reviewed the drawings and found them to be an adequate representation of the package.  
The drawings included dimensions, package markings, maximum contents and weights, 
materials of construction, and the codes and standards used.  Additionally, a generic sketch 
representing the package prepared for transport was included to comply with paragraph 807(h) 
of TS-R-1, is provided in the SAR, Figure 1.3a.   
 
The R360-User drawing contains overall package requirements such as the package markings, 
maximum contents and weights, and the overall dimensions.  Additionally, the drawings clearly 
show the source lock mechanism in a locked and unlocked configuration for user reference.    
 
1.3. Contents 
 
The Model No. 360 transportation package can transport special form capsules containing Ir-
192, Se-75, and Yb-159.  All source wire assemblies consist of the source capsule attached to 
either a flexible steel wire or incorporated into a segment of a source chain. 
 
The maximum quantity of Se-75 and Yb-169 is 5,000 Ci for all variations of the Model No. 360 
transportation package.  For Ir-192, the values may depend on the location of the package and 
are listed in the table below:  
 
Model No. Activity Shield 

Location 
Maximum Package 
Capacity 

Maximum Number of 
Sources 

360-2 Bottom 300 Ci 2 
Top or Middle 270 Ci 

360-4 Bottom 600 Ci 4 
Top of Middle 540 Ci 

360-4W Any 260 Ci 4 
360-10 Any 1,500 Ci 10 
369-10W Any 170 Ci 10 
 
Output curies for Ir-192 are determined by measuring the source output at 1 meter and 
expressing its activity in curies derived from the following: 0.48 R/h-Ci Iridium-192 at 1 meter. 
(Ref: American National Standard N432-1980, “Radiological Safety for the Design and 
Construction of Apparatus for Gamma Radiography.”) 
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The maximum weight of the contents includes the mass of radioactive material and the source 
handling assembly for a shipment containing the maximum number of source assembles that 
can be transported per package design.  The maximum content weight for the Model No. 360-2 
is 0.3 lbs (138 grams.)  The maximum content weight for the Model Nos. 360-4 and 360-4W is 
0.6 lbs (276 grams.)  The maximum content weight for the Model Nos. 360-10 and 260-10W is 
1.5 lbs (690 grams.)  
 
The maximum decay heat of the different configurations of the Model No. 360 is 21 watts and 
results from the 1,500 Ci Ir-192 source. 
 
The staff has reviewed the description of the contents and concludes that it meets the 
requirements of 10 CFR Part 71 and IAEA TS-R-1. 
 
2.0 STRUCTURAL   
 
2.1. Description of Structural Design 
 
2.1.1 Overview 

 
The Model No. 360 series of transportation packages are comprised of a container assembly, 
five distinct source and shield assemblies, a source securing mechanism, and a cover 
assembly.  
 
The container assembly is made up of: a rolled and welded austenitic stainless steel outer shell, 
an upper flange, a base, and a rolled austenitic stainless steel liner. The space between the 
outer shell and inner liner may contain foam, but regulatory testing did not include the additional 
material. 

 
The source and shield assemblies, designated 360-2, 360-4, and 360-10 for DU and tungsten 
and 360-4W and 360-10W for tungsten alone, are comprised of bottom, center, and top 
shielding components. 

 
The SSMs are fabricated from stainless steel and are designed to retain the source material 
within the shielding assemblies.  The retention mechanisms vary depending of the number of 
sources retained within the package.  

 
The cover assembly is a welded austenitic stainless steel bolted cover with no additional 
shielding or impact resisting material. 
 
2.1.2 Design Criteria and Acceptance Criteria 
 
The design requirements of the series of packages included no gross failure or dislocation of the 
shield assembly, retentions of each sealed source within the shield assembly, and no gross 
failure of each sealed source capsule.  These design requirements are met by reliance on the 
entire support structure of the package rather than one individual component.  The entire 
support structure consists of a welded container assembly, a welded cover assembly, a welded 
shield assembly, several SSMs, multiple source assemblies, and specific fasteners securing 
these assemblies together.  
   
The adequacy of the design of the series of packages was confirmed by physical testing, 
including radiation testing.  Acceptance criteria included no loss or dispersal of radioactive 
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material from a package and no external radiation dose rate exceeding 1-rem/hr at 1 meter from 
a package to meet the provisions of 10 CFR 71.51. 
 
2.1.3 Weights and Centers of Gravity 
 
Table 1-2a of the application summarizes several content configurations with varying weights. 
Center of gravity locations are located approximately in the geometric center of the series of 
packages. 
  
2.1.4 Codes and Standards 
 
The codes and standards used for the design of this series of packages and packagings are 
indicated in the licensing drawings R36000, Rev. D. 
 
2.2. Materials 
 
The materials used in the fabrication of the components of the series of packages are specified 
in the licensing drawings R36000, Rev. D.  The mechanical properties of the principal materials 
of construction are provided in Table No. 2.2a of the application. 
 
2.2.1 Material Properties and Specifications 
 
The minimum tensile strength, minimum yield strength, and elongation of the materials used in 
the Model No. 360 series of packages are listed in Table No. 2.2a.  The staff checked these 
material properties against those provided in the corresponding standards and found that these 
properties were correct for every combination of material type and condition listed in Table No. 
2.2a.   
 
2.2.2 Prevention of Galvanic, Chemical, or other Reactions 
 
Section No. 2.2.2 of the application addresses potential galvanic or chemical reactions for the 
Model No. 360 series of packages.  Staff verified that the galvanic potential difference between 
all of the alloys is small enough to prevent any galvanic reactions. 
 
Except for DU, the materials used in the construction of the Model No. 360 series of packages, 
shown in Table 2.2a, are relatively close in terms of galvanic potential as shown on MIL-STD-
889 Table II.  Their close proximity on the galvanic table indicates the galvanic reaction between 
these materials will be negligible.  Possible galvanic reaction between DU and other materials in 
the package is expected, but will not be significant for the following reasons: 
 
• The large surface area and mass of the DU (anodic) material relative to the other materials 

reduces the current potential between the materials. 
 

• The polyurethane foam surrounding the DU material prevents the potential for an electrolyte 
or other corrosive medium from contacting the DU and copper interface. 

 
Further, a copper separator or barrier is used between all DU and stainless steel interfaces to 
prevent the possibility of eutectic alloying during the fire test of the HAC requirements defined in 
10 CFR 71.73(c)(4).  
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Lubricants sealants and other chemical ingredients used in the Model No. 360 series of 
packages are reviewed to ensure they do not contain halides (typically chlorides) which could 
potentially cause unexpected corrosion within the package under NCT and hypothetical 
accident conditions (HAC). 
 
2.3. Fabrication and Examination 
 
The series of packages are fabricated per Drawing No. R36000, Rev. D.  All welding and 
examination of the welds will be done in accordance with AWS D1.6 or ASME B&PV Code 
Section VIII. There was no indication of materials interaction/degradation or contamination 
during the fabrication of shielding materials or welding of encasing materials. 
 
Based upon the contents listed in Table No. 1.2a of the application, the package is categorized 
as Type B, Category II, per Regulatory Guide 7.11, “Fracture Toughness Criteria of Base 
Materials for Ferritic Steel Shipping Cask Containment Vessels with a Maximum Wall Thickness 
of 4-inches.”  Per Table No. 1.1 of NUREG-CR/3854, “Fabrication Criteria for Shipping 
Containers,” the proposed fabrications and examination methods are acceptable.  
 
2.4. Lifting and Tie-down Standards for All Packages 
 
2.4.1 Lifting Devices 

  
The package incorporates structural features that can be used as lifting devices.  The applicant 
demonstrated by calculation that the grip brackets, grip bracket attachment holes, or the hoist 
rings can all be used to lift the heaviest package and still meet the requirement of a factor of 
safety of three against material yielding. 
 
The requirements of 10 CFR 71.45(a)(1) for lifting devices are met. 
 
2.4.2 Tie-Down Devices 
 
The package incorporates structural features that are used as tie-down devices.  The applicant 
demonstrated by calculation that the grip brackets, grip bracket attachment holes, or the hoist 
rings can all be used to tie-down the heaviest package without yielding of the base material. 
 
The requirements of 10 CFR 71.45(b)(1) for tie-down devices are met. 
  
2.5. General Requirements for All Packages 
 
2.5.1 Minimum Package Size 
 
The smallest overall dimension exceeds the specified requirement of 4 inches, therefore, the 
package meets the requirements of 10 CFR 71.43(a) for minimum size. 

 
2.5.2 Tamper Indicating Feature 
 
The package utilizes seal wires attached to two of the cover bolts which provide evidence of 
tampering if broken, therefore, the requirements of 10 CFR 71.43(b) are satisfied. 
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2.5.3 Positive Closure 
 
Positive closure is demonstrated by the use of keyed plunger locks on the source retention 
device which prevents movement of the lock slide.  In addition, a dust cap and cover assembly 
prevent access to the source retention device.  The requirements of 10 CFR 71.43(c) are 
satisfied. 
 
2.6. Normal Conditions of Transport 
 
2.6.1 Heat 
 
2.6.1.1 Pressures and Temperatures 
  
The maximum calculated temperatures for Model No. 360 series of packages, including a 21 W 
maximum heat load, are illustrated in Table 2-6b. Since this package is vented to the 
environment, no pressure differential exists.   
 
2.6.1.2 Differential Thermal Expansion 
 
Differential thermal expansion was evaluated by hand calculations and demonstrated that no 
contact stresses would be induced due to differential expansion.   
 
The requirements of 10 CFR 71.71(c)(1) are satisfied.   
    
2.6.2 Cold 
 
Since the materials of construction are not susceptible to brittle fracture, and the package 
provides no containment function, no further analyses of the components were evaluated. 
Based on the amount of differential contraction expected and the existing spatial gaps, staff also 
determined that differential thermal contraction would not adversely affect this package. 
 
The requirements of 10 CFR 71.71(c)(2) are satisfied. 
  
2.6.3 Reduced External Pressure 
 
This requirement is not applicable since the package is vented to the environment. 

 
The requirements of 10 CFR 71.71(c)(3) are satisfied. 
 
2.6.4 Increased External Pressure 
 
This requirement is not applicable since the package is vented to the environment. 

 
The requirements of 10 CFR 71.71(c)(4) are satisfied. 
 
2.6.5 Vibration 
 
Restraint devices including hex head screws and cover bolts utilize lock wires and seal wires 
respectively which will prevent excessive loosening of the devices.  In addition, the applicant 
noted the use of thread lock to provide additional defense in depth against vibration effects. 



- 8 - 
 

 
The requirements of 10 CFR 71.71(c)(5) are satisfied.  
 
2.6.6  Water Spray 
 
Due to the materials of construction, including seals, the staff has determined that water spray is 
not a significant challenge to the structural design of this package. 

 
The intent of 10 CFR 71.71(c)(6) is satisfied. 
 
2.6.7 Free Drop 

 
The applicant subjected the package to a puncture drop test which consisted of dropping the 
package from a height of 4.4 feet onto an unyielding surface.  The package was dropped from 
four different package orientations: bottom surface (end) drop (TP199A), shallow 
angle/slapdown (TP199B), top surface (end) drop (TP199C), and top corner.  The reported 
damage to the packaging consisted of localized denting, partial material fractures, other plastic 
deformation, and screw failures in the SSM.  Despite this damage the package satisfied the 
acceptance criteria set forth in Section No. 2.1.2 of this report. 
 
The Model No. 360-10W configuration was used as a representative example of all existing 
configurations referenced in this application as the fundamental difference between this 
variation and other variations of the design was total weight. 

 
The NRC staff noted the package drop tests were height adjusted to account for heavier 
packages in the future but are within the maximum allowable weight designated in the current 
application.  The actual tested weight of 165 pounds is 15 pounds lighter than the maximum 
allowable package weight.  In general, this approach appears reasonable; however, upon 
receipt of an amendment request for heavier as-built packages, the NRC staff will re-review this 
subject as necessary. 
 
Below is a summary of the tests performed as part of the NCT free drop analyses: 
 

1. TP199A 
 

No damage was found on the test unit after the drop test.  
 

2. TP199B   
 

The applicant reported that TP199B was dropped 4.4 feet above the unyielding surface.  
Additionally, the: 

 
- Handling bracket crushed 
- Cover edge dented 
- SSM caps #9 and #10 displaced 
  

3. TP199C 
 

The applicant reported that TP199C was dropped 4.4 feet above the unyielding surface.  
After the drop, the package cover remained secured to the package body assembly.  
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Removal of the cover revealed that one of the two screws used to attach the SSM to the 
container body had broken on five of the 10 SSMs. 
Additionally, the: 

 
- Handling bracket crushed 
- Cover edge dented 
- Single SSM bolts failed on 5 of 10 SSM assemblies 

 
The failure of SSM bolts during the NCT drop was considered unacceptable given that 
this drop was less severe than the HAC 30-foot drop.  The applicant redesigned the 
subsequent packages to incorporate features to mitigate this type of failure.  Upon 
retest, no substantial damage was observed. 

 
The applicant noted that the design changes would not significantly affect the results of 
the tests conducted prior to the design change and the NRC staff agrees with this 
conclusion. 

 
4. TP199D 

 
The applicant reported that TP199D was dropped 4.4 feet above the unyielding surface.  
Additionally, the edge of the cover at the point of impact was crushed inward.  
 

The drop testing in aggregate satisfies the requirements of 10 CFR 71.71(c)(7). 
 
2.6.8 Corner Drop 
 
The corner drop is not applicable to this package design. The requirements of 10 CFR 
71.71(c)(8) are satisfied. 
 
2.6.9 Compression 
 
The compression drop test was performed and the package exhibited no permanent change in 
external dimensions. The requirements of 10 CFR 71.71(c)(9) are satisfied.  
 
2.6.10 Penetration 
 
The applicant subjected the package to a penetration test which consisted of dropping a 6 kg 
steel bar 3 cm in diameter from a height of 1 meter.  The reported damage to the outer package 
consisted of minor a dent.  As such, this dent is not sufficient in size to challenge the functional 
characteristics of the package. 

 
The requirements of 10 CFR71.71(c)(8) are satisfied. 
 
2.7. Hypothetical Accident Conditions 
 
2.7.1 9-meter Free Drop 

 
The applicant subjected the package to a 9 meter free drop test for four different package 
orientations: bottom surface (end) drop (TP199A), slapdown/oblique (TP199B), top surface 
(end) drop (TP199C), and top corner (TP199D). The reported damage to the packaging 
consisted of localized denting, partial material fractures, other plastic deformation, and screw 
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failures in the Source Securing Mechanism as detailed below. Section No. 2.7.3 of this report 
summarizes the complete damage of the test units after the 9-meter drop and 1-meter puncture 
tests. 

 
The NRC staff noted the package drop tests were height adjusted to account for heavier 
packages in the future but are within the maximum allowable weight designated in the current 
application.  The actual tested weight of 165 pounds is 15 pounds lighter than the maximum 
allowable package weight.  In general, this approach appears reasonable; however, upon 
receipt of an amendment request for heavier as-built packages, the NRC staff will re-review this 
subject as necessary. 
 
Below is a summary of the tests performed as part of the HAC 9-meter free drop structural 
analyses: 

 
1. TP199A 

 
Examination of the test specimen just after the 33-foot drop showed no obvious signs of 
damage to the package.  

 
2. TP199B 

 
The applicant reported that the top and bottom edges crushed in towards the center 
of the package about 0.5 inches and noted that no additional damage was evident. 
The applicant did note that the handling bracket was already damaged in the 4-foot 
drop test. 

 
3. TP199C 

 
The applicant reported some compression of the cover, but no other visible signs of 
external damage.  

 
4. TP199D 

 
The applicant reported large deformation of the cover and that it remained intact.   

 
The requirements of 10 CFR 71.73(c)(1) are satisfied. 
 
2.7.2 Crush 
 
This evaluation is not applicable due to the package contents being special form radioactive 
material.  

 
The requirements of 10 CFR 71.73(c)(2) are satisfied. 

 
2.7.3 Puncture 
 
The applicant subjected the package to a puncture drop test which consisted of dropping the 
package from a height of 1 meter on to a fixed steel puncture bar.  The package was dropped 
from four different package orientations: top surface drop (TP199A), slapdown/oblique 
(TP199B), top surface (end) drop (TP199C), and top corner (TP199D).  The reported damage to 
the packaging consisted of localized denting, partial material fractures, other plastic 
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deformation, and screw failures in the Source Securing Mechanism.  Despite this damage the 
package satisfied the acceptance criteria set forth in Section No. 2.1.2 of this report.  
 
Below is a summary of the tests performed as part of the HAC puncture structural analyses: 
 

1. TP199A 
 

The applicant reported that TP199A was dropped 44 inches above the puncture bar 
onto the top surface of the cover and had the following damage: 

 
- SSMs #1 through #10 each had one broken bolt 
- SSM dust cap #4 was dislocated 
- The shield retainer was intact, but depressed downwards into the container body 
- Radial shield assembly screws were broken at the head, but the shield assembly 

remained together and intact 
 

2. TP199B 
 

The applicant reported that TP199B was dropped 44 inches in the shallow angle (5 
degrees) drop orientation above the puncture bar onto the crushed surface of the cover 
and had the following damage: 

    
- SSM #3 had one broken bolt 
- SSM dust cap #4, #5, and #6 were dislocated 
- The shield retainer was intact, but displace downwards  

 
3. TP199C 

 
The applicant reported that TP199C was dropped 44 inches with the top surface facing 
down at the puncture bar (inverted orientation from TP199A) and had the following 
damage: 

 
- SSMs #1, #2, and #6 had one broken bolt 
- SSMs #3, #4, and #5 had both bolts broken  
- Package cover had 10 dimples due to SSM cap impact 
- Center post of the cover was partially fractured and bent 
- The shield retainer was intact, but deformed  
 

4. TP199D 
 
The applicant reported that TP199D was dropped 44 inches above the puncture bar 
with the edge of the cover facing down the puncture bar and had the following damage: 

 
- Edge surface of cover was crushed 
- SSMs #1, #2, #7, and #10 had one broken bolt 
- SSM dust cap #2  was dislocated 
- Package cover had 10 dimples due to SSM cap impact 
- Center post of the cover was partially fractured and bent 
- The shield retainer was intact, but deformed  

 



- 12 - 
 

The requirements of 10 CFR 71.73(c)(3) are satisfied. 
 
2.7.4 Thermal 
    
Given the materials of construction and the performance of the package in the tests preceding 
the thermal test, the applicant determined that a thermal test was not required.  Based on the 
amount of differential expansion expected, the existing spatial gaps, and the lack of tearing in 
the outer container during the puncture test, the staff agrees that no additional significant 
damage would occur to the package in a fire test which would alter the safety conclusions for 
this design. 

 
The requirements of 10 CFR 71.73(c)(4) are satisfied. 

 
2.7.5 Immersion - Fissile 
 
Water exclusion was not required for the amount of fissile material in this package. The 
requirements of 10 CFR 71.73(c)(5) are satisfied. 
 
2.7.6 Immersion - All Packages 
 
Since the package contents are special form sources and the requirements for special form 
exceed the equivalent pressure of 150kPa due to immersion, this requirement is bounded by the 
test requirements of special form source qualification.  

 
The requirements of 10 CFR 71.73(c)(6) are satisfied. 

 
2.7.7 Deep Immersion 

 
The contents have less than 105 A2, therefore this test of 10 CFR 71.61 is not applicable. 
 
2.8. Special Form 
 
To meet Canadian requirements, the applicant included a copy of the special form certificate 
and drawings for each capsule authorized in the package. 
 
2.9. Evaluation Findings 
 
Based on review of the statements and representations in the application, the staff concludes 
that the structural design has been adequately described and evaluated and that the package 
has adequate structural integrity to meet the requirements of 10 CFR Part 71 and IAEA TS-R-1. 
 
3.0 THERMAL 
 
3.1. Description of Thermal Design 
 
The Model No. 360 series of packages are passive thermal devices with no mechanical cooling 
systems or relief valves.  The maximum decay heat load is 21 watts when containing 1,500 
curies of Iridum-192.  The Model No. 360-10 package was selected for analysis. 
 
The large mass of the shield provides a substantial heat sink for decay heat dissipation through 
the shield assembly and the container.  The polyurethane foam which surrounds and partially 
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insulates the shield within the body acts as a thermal and oxidizing barrier during the HAC fire.  
The tungsten shielded configuration of the Model No. 360 series of packages conducts heat 
directly to the container.  The large surface of the container’s exterior enables heat to be 
transferred to the ambient by convection and radiation. 
 
3.2. Material Properties and Component Specifications 
 
The specifications and thermal properties of the Model No. 360 series of packages main 
components are listed in Tables 3.2a and 3.2b of the SAR, respectively.  The main transport 
package materials are DU (99% Minimum), Stainless Steel (304, 304L, 316, 316L, and 17-4 
PH), and Tungsten (Class 1) which all have melting temperatures above 1100°C and maximum 
service temperatures over 800°C. 
 
Table No. 3.2b of the application shows the thermal properties, i.e., melting temperature, 
maximum service temperature, specific heat (measured in J/kg°K), thermal conductivity 
(measured in W/m°K), and the coefficient of thermal expansion (measured in °C-1) for the main 
materials of the package.  All components are specified and described on the licensing 
drawings.  Stainless steel, titanium, tungsten and DU retain their mechanical properties at the 
minimum allowable service temperatures of -40°C (-40°F). 
 
3.2.1 Material Thermal Properties 
 
The staff checked the melting temperatures, maximum service temperatures, specific heats, 
thermal conductivities and thermal expansion coefficients provided for DU, stainless steel, 
Titanium, and Tungsten Class 1 against ASME B&PV code Section II, Part D, and against other 
publicly available sources whenever standard material properties were not readily available.   
 
The staff finds that the thermal properties listed in Table 3.2b are correct.   

 
3.2.2 Component Specifications 
 
All the metallic alloys used for structural components of the packages have melting points above 
800°C (1472°F), and retain sufficient strength around 800°C.  These alloys are 300 series and 
17-4 PH stainless steels, and tungsten.  The melting point of the DU shield is 1,130°C 
(2,066°F), i.e., above 800°C, and the shield is not relied upon for any structural purposes; thus 
its decreased strength at 800°C is acceptable.  All of the aforementioned alloys retain their 
strength at -40°C (-40°F).  The 300 series stainless steel and 17-4 PH stainless steel are used 
for structural components important to safety and retain sufficient ductility at -40°C to prevent 
brittle fracture. 
 
The staff concludes that the maximum allowable service temperatures for the materials of the 
package are adequate.  
 
3.3. General Considerations for Thermal Evaluations 
 
The applicant predicted the maximum temperature of 49.1°C (120.4°F) on the package exterior 
and ensured that the Model No. 360 series of packages have no accessible surface 
temperature exceeding 50°C (122°F) for transport in still air at 38°C and in shade and is for non-
exclusive use shipment in compliance with 10 CFR 71.43(g).   
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The staff reviewed the surface temperature plots of Figures SR1 and SR3 for sources at lower 
and upper positions show the highest temperature is 49.1°C. 
 
3.4. Thermal Evaluation under Normal Conditions of Transport 
 
3.2.1 Heat and Cold 

 
The maximum surface temperature and the highest component temperature of the Model No. 
360 series of packages, by the effects of solar input and content heat load of 21 watts, are 
75.3°C (167.5°F) and 91.0°C (195.8°F), respectively, which are below the maximum service 
temperatures for the materials important to safety.  All components of the Model No. 360 series 
of packages are vented to ambient, and therefore no pressure will be built up in the package 
under NCT that would adversely affect package performance or integrity. 
 
All components important to safety used in the Model No. 360 series of packages will not be 
adversely affected by temperatures down to -40°C (-40°F), in compliance with 10 CFR 
71.71(c)(2). 
 
3.2.2 Maximum Temperatures and Normal Operating Pressure 

 
The applicant predicted the highest temperature of 75.3oC on the exterior and the highest 
component temperature of 91.0oC at the source capsules for the Model No. 360 series of  
packages loaded with the maximum heat load of 21 watts and subjected to insolation per 10 
CFR 71.71. 
 
The Model No. 360 series of packages allow venting to the ambient through holes and design 
clearance will prevent the pressure buildup during a HAC fire.  With sources that meet the 
requirements for special form, no other contributing gas sources exist. 
 
The staff reviewed the thermal assumptions and model information described in Technical 
Report No. 224, and accepts that the Model No. 360 series of packages perform their thermal 
design function at temperatures of 91oC and meets the requirements of 10 CFR 71.71.  
 
3.2.3 Maximum Thermal Stress 

 
The applicant evaluated a worst-case thermal gradient exists when the exterior surface of the 
package is at 800oC and the capsuled source at the center of the package is -40oC to cause the 
maximum thermal stresses in the package.  The applicant concluded that the Model No. 360 
series of packages will maintain structural integrity and source shielding effectiveness under the 
HAC fire. 
 
The staff reviewed the package configuration described in Section 3.5.4 of the SAR and 
accepted this conclusion because of similar thermal expansion coefficients for the package 
materials, design clearance between tungsten shield and any stainless steel component, 
freedom of source wire, chain assemblies, and jumper extensions. 

 
The staff reviewed the thermal assumptions, the model information, the material properties, the 
thermal loads, the contact information, and the mesh information described in the Technical 
Report No. 224 and accepted the thermal analysis under NCT. 
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3.5. Thermal Evaluation under Hypothetical Accident Conditions 
 
3.2.4 Initial Conditions and Fire Test Conditions 

 
The applicant stated in Section 3.5 of the SAR that there will be no structural failure to the 
Model No. 360 series of packages shield mounting structure after 30-foot free drop and 
puncture tests, and therefore the shields will maintain sufficient shielding of the package 
contents during and after the hypothetical accident thermal test. 

 
3.2.5 Maximum Temperatures and Pressure 

 
The applicant stated in Section 3.5 of the application that the shielding material will maintain its 
ability to shield the package contents during and after a HAC fire, all source capsules will be in a 
position within the shield to be shielded at less than 1R/hour at a meter while at 800°C for 30 
minutes and during cool-down, and the package contents will remain intact to prevent dispersal 
of radioactive material within and outside the package. 
 
The staff reviewed the information provided in Section No. 3.5 of the application, checked with 
the structural reviewer for package integrity after the mechanical tests and considered the 
melting points of tungsten shielding and principal transport package materials are well above 
800°C.  The staff accepts that the Model No. 360 series of packages have no significant thermal 
issue under HAC fire. 
 
3.5.3 Maximum Thermal Stress 

 
The exterior and support structures of the Model No. 360 series of packages are not restrained, 
are open to atmospheric pressure, and are constructed of the same stainless steel material.  
Therefore, no thermal stress exists in the structure of the packages when subject to thermal 
differentials caused by the HAC fire. 
 
3.6. Evaluation Findings 
 
Based on review of the statements and representations in the application, the staff concludes 
that the thermal design has been adequately described and evaluated, and that the thermal 
performance of the package meets the thermal requirements of 10 CFR Part 71 and IAEA TS-
R-1. 
 
4.0 CONTAINMENT 
 
4.1. Description of the Containment System 
 
4.1.1 Containment Boundary 
 
The major components of the Model No. 360 series of packages include the container 
assembly, shield assembly, shield retainer, source securing assembly, cover assembly, and 
source assemblies.  The special form source (the welded capsule) which provides the 
containment system is tested to ensure it is non-dispersible and remains solid and intact during 
transport. 
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4.1.2 Special Requirements for Plutonium 
 
The package is not used for transport of plutonium radioactive material. 
 
4.2. Containment under Normal Conditions of Transport (Type B Packages) 
 
The NCT will not cause any breach of the source capsules contained in the packages.  Since 
the source capsules are the primary containment of the radioactive contents and no release 
from capsules occurred during testing, the Model No. 360 series of packages meet the 
requirements of NCT, as stated in 10 CFR 71.71. 
 
4.3. Containment under Hypothetical Accident Conditions (Type B Packages) 
 
The Model No. 360 series of packages are not used for transport of: (1) type B quantities of 
fissile material, (2) normal form radioactive material in quantities exceeding 105 A2, (3) 
plutonium or normal form radioactive material, (4) special form material in quantities ≥ 3000 A1, 
and (5) fuel rods. 
 
These packages are open to the atmosphere and contain no other components that would 
create a differential pressure under immersion.  The special form source capsules, which are 
the containment boundary of the packages, are approved under multiple U.S. Department of 
Transportation special form certifications and meet the ANSI N43.6 and ISO 2919 requirements 
for Class 3 pressure testing. 
 
4.4. Evaluation Findings 
 
Based on review of the statements and representations in the application, the staff concludes 
that the containment design has been adequately described and evaluated and that the 
package design meets the containment requirements of 10 CFR 71 and IAEA TS-R-1. 
 
5.0 SHIELDING 
 
5.1. Description of the Shielding Design 
 
5.1.1 Design Features 
 
The design criteria for the Model No. 360 series of packages has been formulated by the 
applicant to assure that public health and safety will be protected from external radiation during 
the period that the radiation material is transported in the package. The principal design features 
are described in Section No. 5.1 of the application. The principal shielding in the packages is 
either the tungsten shield assembly or the tungsten/DU shield assembly and is based on the 
model designation.  For shielding assemblies that use DU components, the DU shielding is cast 
as one piece and is enclosed by stainless steel. 
 
The staff evaluated the shielding design features description and found it acceptable. The 
application meets the regulatory requirements of 10 CFR 71.31(a)(1). 
 
5.1.2 Summary Table of Maximum Radiation Levels 
 
Maximum radiation levels for Ir-192 under exclusive use were shown in Tables 5.1b, 5.1d, 5.1f, 
5.1h, and 5.1j of the SAR.  Maximum radiation levels for Ir-192 under non-exclusive use were 
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shown in Tables 5.1a, 5.1c, 5.1e, 5.1g, and 5.1i of the SAR.  Radiation levels for Ir-192 shown 
in Tables 5.1a and 5.1b were based on the test specimen from Test Plan 199 and Report #1 
and #2.  For radioactive material Se-75 and Yb-169, maximum radiation levels were shown in 
Tables 5.1k to 5.1t of the SAR.  Radiation levels for the Model No. 360 series of packages 
containing Se-75 and Yb-169 were calculated using MicroShield, Version 7.01.  
 
5.2. Source Specification 
 
5.2.1 Gamma Source 
 
The source specification was presented in Section No. 5.2 of the SAR.  The gamma sources 
allowed for transport in the Model No. 360 series of packages are Ir-192 (1,500 Ci), Se-75 
(5,000 Ci), and Yb-169 (5,000 Ci). 
 
5.2.2 Neutron Source 
 
Not applicable. These packages are not design to transport neutron sources. 
 
5.3. Shielding Model 
 
5.3.1 Configuration of Source and Shielding 
 
The shield assembly and the source configuration are described in Section 1.1.1.3 of the SAR.  
All five shield assemblies are shown in Figures 1.2f through 1.2j. The shielding materials of two 
of the five shield configurations, 360-4W and 360-10W, are completely tungsten. The other 
three of the five configurations, 360-2, 360-4, and 360-10, are a combination of tungsten and 
DU shielding.  There are three shielding parts to each shield assembly: the bottom, the center, 
and the top shield components.  All top and center shield components are tungsten and have 
channels cut in the shields with the numbers of channels equal to the number of sources 
contained in the shield.  Based on the model designation, the bottom shield components are 
either tungsten or DU.  
 
The special form source capsules are either attached to flexible handling wire or secured within 
a source chain assembly.  The source wires and source chain assemblies are then maintained 
within the shielded configuration of the package by means of SSMs after the source wire or 
assembly is inserted into the shield tube(s).  
 
In terms of the source configuration, the applicant performed dose rates calculations for Se-75 
and Yb-169 using MicroShield, Version 7.01.  This computer code was used to determine the 
loading capacity for the radioactive material other than Ir-192.  The sources were modeled as a 
point source.  No credit was taken for material properties of the source that could provide self-
shielding.  The staff reviewed the MicroShield models for the definition of the source and the 
shielding configurations.  The staff finds that using a point source is acceptable and may be 
conservative, though the extent of the conservatism depends on the configurations of the 
package's actual contents, since the proposed contents description would allow the shipment of 
sources that are in effect point sources.  For Ir-192, the applicant used direct measurements 
based on five test specimens, serial numbers TP199A through TP199E.  Based on comparison 
of radiation profile for Ir-192 after HAC testing, the applicant assessed that radiation levels for 
Se-75 and Yb-169 will not change after undergoing HAC testing. 
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5.3.2 Material Properties 
 
All top shields are tungsten and have channels cut along the side of the shield with the number 
of channels corresponding to the number of sources contained in the shield. The center shields 
are also tungsten and have stepped holes drilled into the shield to match the channels cut into 
the top shield.  The bottom shields are either tungsten or DU.  The bottom shield is essentially a 
shielded pot for the center and top shields to drop into.  There is no exposed DU.  Each DU 
shield is completely encased in 304 or 304L stainless steel with copper cladding as a eutectic 
barrier between the stainless steel and the DU.  The small void space is filled with polyurethane 
foam. 
 
5.4. Shielding Evaluation 
 
5.4.1 Methods 
 
The method used for the shielding evaluation for Ir-192 was based on direct measurement. 
Results of radiation survey for Ir-192 are shown on Test Plan Report 199 #1 & #2 in Section No. 
2.12 of the SAR.  Dose rates for Yb-169 and Se-75 were obtained by calculation using 
MicroShield, Version 7.01, and are shown in Technical Report No. 228 on Section No. 5.5.1 of 
the SAR.   
 
The applicant compared the radiation profile of Ir-192 after hypothetical testing.  The applicant 
assessed that radiation levels from Se-75 and Yb-169 will not be changed after undergoing the 
HAC testing.  So, results from these isotopes will not be worse than those calculated for NCT. 
 
The applicant performed additional calculations using Microshield, Version 9.06.  These 
calculations evaluated the worst case package configuration for Ir-192 (Model No. 360-10W with 
sources located in the top loading position with the measurements taken on the package side), 
and compared that to the Se-75 and Yb-169 limits for the container.  This shielding calculation 
was run for 1 Ci quantities of Ir-192, Se-75, and Yb-169.  Based on those calculations, a ratio 
was obtained to determine the equivalent Se-75 and Yb-169 activities for the package based on 
the original Ir-192 package capacities.  The staff found that the calculations performed by the 
applicant were done to demonstrate that the Ir-192 isotope bounds the Se-75 and Yb-169.  
However, those ratios do not mean that the Ci amount of those two isotopes (Se-75 and Yb-
169) can be transported, and the actual amount to be transported is well below the values found 
by the ratios.    
 
Staff verified that the calculations were performed correctly and also performed confirmatory 
analyses using Dose Conversion Factors from ANSI/ANS 6.1.1 – 1977.  
 
5.4.2 Input and Output Data 
 
The applicant used activity correction factors to adjust the maximum activity capacity for the 
package.  For the correction factor, the applicant used the maximum package activity and 
divided it by the actual profile activity.  Section No. 5.4.2 of the SAR describes how these 
activity correction factors were calculated. 
 
The applicant provided sample files for the MicroShield calculations used to determine the dose 
rates for different nuclides.  The staff reviewed these input files and finds that the information 
regarding material properties and dimensions used in the calculations is consistent with the 
descriptions of the calculations given in the application. 
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5.4.3 Flux-to-Dose Rate Conversion 
 
The applicant stated that flux rates were not used to convert to does rates in the shielding 
evaluation.  However, MicroShield, Version 7.01, was used to calculate dose rates for 
radionuclides other than Ir-192.  This computer code uses the DCFs from ICRP 51 to determine 
the package dose rates.  The staff compared the results from the ICRP 51 with the DFC from 
ANSI/ANS 6.1.1 -1977 and found that there is minimal percentage difference between the two. 
 
5.4.4 External Radiation Level 
 
Radiation surveys for the Model No. 360 series of package configurations showed maximum 
surface and 1 meter radiation levels from the transport packages within regulatory limits. 
Radiation surveys completed after undergoing NCT and HAC were also well within the 
regulatory limits. 
 
Based on review and evaluation of the other aspects of the applicant's shielding analysis, as 
described, the staff finds reasonable assurance that the package meets the regulatory dose rate 
limits. 
 
5.5. Evaluation Findings 
 
The staff reviewed the package description and evaluation and found reasonable assurance 
that they satisfy the shielding requirements of 10 CFR Part 71.  The staff reviewed the radiation 
source and found that they are sufficient to provide a basis for evaluation of the package against 
the shielding requirements of 10 CFR Part 71.  The staff reviewed the methods used in the 
shielding evaluation and found reasonable assurance that they are described in sufficient detail 
to permit an independent review, with confirmatory calculations, of the package shielding 
design.  The staff reviewed the external radiation levels under NCT and HAC and found 
reasonable assurance that they satisfy 10 CFR 71.43(f) and 71.51(a)(1).  
 
Based on review of the statements and representations in the application, the staff concludes 
that the shielding design has been adequately described and evaluated and that the package 
meets the external radiation requirements of 10 CFR Part 71 and IAEA TS-R-1. 
 
6.0 CRITICALITY 
 
This package is shipping special form sources of Ir-192, Se-75, and Yb-169 and so a criticality 
evaluation is not necessary. 
 
7.0 PACKAGE OPERATIONS 
 
7.1. Package Loading 
 
Staff reviewed the package loading instructions.  The loading instructions include the maximum 
weights and source capacity that can be loaded in each variation of the Model No. 360 series of 
packages.  Additionally, the instructions require that the markings on the package are legible 
and that the package is in an unimpaired physical condition.  The package loading instructions 
also require testing the SSM to ensure functionality after the content is loaded.   
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Only authorized persons may load the content and loading must be done through remote 
handling with the active end of the source assembly loaded first.  Sources are locked using the 
SSM.  The loading instructions specify that for Model Nos. 360-10 and 360-10W, the jumper 
extensions used must be provided by the applicant.  After loaded, cover bolts will fasten the 
cover assembly to the container. 
 
7.2. Preparation for Transport 
 
As part of the preparation for transport, the package is checked to ensure that all conditions of 
the certificate of compliance are met and that the tamper indicating seal wire is attached.  A 
contamination wipe on the outside surface of the package should ensure that the removable 
contamination does not exceed 0.0001 µCi when averaged over a wipe area of 300 cm².  The 
radiation levels cannot exceed 200 mR/hr at the surface and 10 mR/hr at one meter from the 
surface.  The procedures also require meeting 49 CFR 171-178.  Specifically, the procedures 
highlight providing prior notification to the consignee of the dates of shipment and expected 
arrival. 
 
Procedures for checking the pressure and temperature of the package are not included due to 
the 0 psi maximum normal operating pressure and the low maximum decay heat of 21 watts. 
 
7.3. Package Unloading 
 
The package unloading procedures include arrangements made by the consignee to receive the 
transport package when it is delivered and to pick it up expeditiously from the carrier’s terminal 
upon notification of arrival.  When received, the package must be surveyed within three hours 
after it was received during normal working hours and the radiation levels must be recorded on 
the receiving report.  The radiation levels should not exceed 200 mR/hr at the surface of the 
package and 10 mR/hr at one meter from the surface of the package.  The outer container is 
inspected for physical damage or leaking and the tamper evident seal wire is checked for any 
sign of intrusion.  The radiation safety officer should perform a full assessment of the package 
condition.  Prior to removing the contents, the radioisotope, activity, model number, and serial 
numbers of the source and transport package should be recorded.   
 
Contents should be removed in a remote handling cell and should be transferred to an alternate 
shielded storage location or container.  Alternatively, contents can be removed using remote 
transfer controls in accordance with operation manuals for radiography exposure devices. 
 
7.4. Preparation of Empty Package for Transport 
 
To prepare the empty package for transport, the removable radioactive contamination on the 
outside surface and the inside surface of the shield container must not exceed 4 Bq/cm² and 
400 Bq/cm², respectively, when averaged over 300 cm².  Prior to shipment, the external surface 
radiation level must not exceed 5 µSv/h.   
 
7.5. Other Procedures 
 
A consignor wishing to ship the Model No. 360 series of packages should regularly check the 
level of contamination, especially if there are any indications of package damage or if the 
special form source leak test exceeds the allowable limit of 185 Bq.  If the contamination is 
above 4 Bq/cm² when averaged over 300 cm², or if a radiation level exceeding 5 µSv/h is 
detected, then the affected items should be removed from use until they comply with the limits. 
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In the event of a transportation emergency or accident, guidance contained in “2012 Emergency 
Response Guidebook: A Guidebook for First Responders During the Initial Phase of a 
Dangerous Goods/Hazardous Materials Incident,” or equivalent, should be used. 
 
7.6. Evaluation Findings 
 
Based on review of the statements and representations in the application, the staff concludes 
that the operating procedures meet the requirements of 10 CFR Part 71 and IAEA TS-R-1 and 
that these procedures are adequate to assure the package will be operated in a manner 
consistent with its evaluation for approval. 
 
8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM REVIEW 
 
8.1. Acceptance Tests 

 
8.1.1 Visual Inspections and Measurements 

 
Prior to shipment, visual inspections to verify that the package is in compliance will be done.  
The package will be checked to ensure that it is assembled in accordance with the licensing 
drawings and that all fasteners and labels are properly attached.  The shielding container will be 
evaluated to ensure the dose rate requirements are met when the container is loaded to 
capacity.   

 
8.1.2 Weld Examinations 

 
The weld examinations will be performed in accordance with the applicable drawing 
requirements and in accordance with QSA Global, Inc.’s, approved USNRC Quality Assurance 
Program Approval No. 0040. 

 
8.1.3 Structural and Pressure Tests 

 
Container structural conformance will be evaluated in accordance with the drawings and the 
approved USNRC Quality Assurance Program Approval No. 0040.  Containment does not rely 
on decreased or increased operating pressures and so pressure tests are not required. 

 
8.1.4 Leakage Tests 

 
As the primary containment, the source capsules are wipe tested upon the initial manufacture 
and every six months thereafter prior to transfer and/or shipment.  The removable contamination 
must be less than 0.005 microcuries.  Leak tests specified in ISO9978:1992(E) (or more recent 
editions) must be successfully completed on the source capsules in order to be approved for 
transport. 

 
8.1.5 Component and Material Tests 

 
Component and material compliance is achieved in accordance with QSA Global, Inc.’s, 
approved USNRC Quality Assurance Program Approval No. 0040. 

 
 
 



- 22 - 
 

 
8.1.6 Shielding Tests 

 
In addition to the radiation level testing done prior to the first transport, a radiation profile is 
performed at the time of manufacture of the Model No. 360 series of packages.  Radiation 
profiles are performed for sources loaded in the top and bottom loading positions to fully 
characterize the package shielding effectiveness.  These profiles are made using a radiation 
detector used at the surface of the container and then at one meter from the surface of the 
container, which cannot exceed 200 mR/hr and 10 mR/hr, respectively.  Failure of these tests 
will result in rejection of the container.   

 
8.1.7 Thermal Tests 

 
Thermal testing will not be done because the source content will not adversely affect the 
package surface temperature of the Model No. 360 series of packages.   
 
8.2 Maintenance Program 
 
8.2.1 Structural and Pressure Tests 

 
Material certification is obtained for Safety Class A components and while there are no signs of 
defect when preparing for shipment, no additional structural testing is required during the life of 
the package.  Increased or decreased operating procedures are not required to maintain 
containment and so pressure testing prior to shipment is not required.   

 
8.2.2 Leakage Tests 

 
The radioactive source assembly is leak tested at manufacture.  The sources are leak tested at 
least once every six months thereafter if being transported to ensure removable contamination 
is less than 0.005 microcuries. 

 
8.2.3 Component and Material Tests 

 
Reusable source chain assembles are intended for reloading and are inspected for tightness of 
fasteners, proper seal wires, and general condition prior to each use.   

 
8.2.4 Thermal Tests 

 
There are no thermal tests because the source content has no adverse effect on the package 
surface temperature. 

 
8.2.5 Miscellaneous Tests 

 
The operating procedures specify inspections and tests designed for secondary users of this 
transport package under the general license provisions of 10 CFR 71.17(b). 
 
8.3 Evaluation Findings 
 
Based on review of the statements and representations in the application, the staff concludes 
that the acceptance tests for the packaging meet the requirements of 10 CFR Part 71 and IAEA 
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TS-R-1, and that the maintenance program is adequate to assure packaging performance 
during its service life. 
 
9.0 QUALITY ASSURANCE 
 
QSA Global, Inc.’s, Quality Assurance Program Approval No. 0040 is approved by the USNRC 
and ISO9001.  The source assembles manufactured by QSA Global, Inc., would be under 
Quality Assurance Program Approval No. 0040 and other source providers would adhere to 
their quality assurance programs.  As this package is originally certified in the United States, it 
meets the NRC QA requirements and is not required to meet the Canadian QA requirements.     

 
CONDITIONS 
 
The certificate of compliance includes the following condition(s) of approval: 
 
Condition No. 5.(a)(2), “Description,” contains the package description and the maximum 
package weight limits. 
 
Condition No. 5.(a)(3), “Drawings,” contains the latest revision of the licensing drawings that the 
package must be fabricated to.  It also contains the latest revision of the drawings that would be 
given to a registered user. 
 
Condition No. 5.(b)(1), “Type and form of Material,” contains the approved sources that can be 
shipped in the series of packages. 
 
Condition No. 5.(b)(2), “Maximum quantity of material per package,” contains limits on the curie 
amount of the approved sources that can be shipped in each variation of the Model No. 360. 
 
Condition No. 5.(b)(3), “Maximum weight of contents,” limits the weight of contents that are 
allowed to be shipped in each variation of the Model No. 360. 
 
Condition No. 5.(b)(4), “Maximum decay heat,” lists the maximum decay heat of 21 watts. 
 
Condition No. 6 requires that the operating procedures and the maintenance and acceptance 
tests listed in Chapters 7 and 8 of the application, respectively, are followed. 
 
The references section contains the original application and the supplements provided as part of 
the review process.  
 
CONCLUSIONS 
 
Based on the statements and representations contained in the application, as supplemented, 
and the conditions listed above, the staff concludes that the design has been adequately 
described and evaluated, and the Model No. 360 series of packages meet the requirements of 
10 CFR Part 71 and IAEA TS-R-1. 
 
Issued with Certificate of Compliance No. 9371, Revision No. 0 
on January 30, 2014. 
 
 
 


