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SUMMARY 
 
By letter dated March 21, 2016, as supplemented on July 6, September 9, and October 27, 
2016 (Agencywide Documents Access and Management System (ADAMS) accession numbers 
ML16081A142, ML16188A082, ML16253A101 and ML16302A001), Croft Associates Limited 
submitted an amendment request to revise the certificate of compliance (CoC) for the Model No. 
3977A package.  The applicant submitted a shielding analysis, a gas generation analysis and 
drawings seeking authorization to transport Molybdenum-99 (Mo-99) using both a new stainless 
steel (SS) insert and a split containment vessel (CV) lid.  NRC staff reviewed the application 
using the guidance in NUREG-1609, “Standard Review Plan for Transportation Packages for 
Radioactive Material.”  Based on the statements and representations in the application, as 
supplemented, the staff agrees that these changes do not affect the ability of the package to 
meet the requirements of 10 CFR Part 71. 
 
1.0 GENERAL INFORMATION 
 
1.1 Packaging Description 
 
Although the majority of the Model No. 3977A package design remained unchanged, the 
applicant sought authorization to use two versions of the CV lid with the Model No. 3977A 
package:  a standard configuration and a split lid configuration.  Staff authorized use of the 
standard CV lid with the original issuance of CoC 9338.  For the split CV lid, the applicant 
designed a shielding plug, composed of 49.8 mm of DU enclosed entirely by SS, to sit within the 
CV.  A SS CV lid enclosed the shield plug within the cavity.  Both the standard and the split lid 
used the same socket head cap screws to secure the lid to the CV and the same 
fluoroelastomer O-rings to seal the CV. 
 
The applicant designed a new shielding insert, insert Design No. 4081, exclusively for use with 
the split CV lid design of the Model No. 3977A packaging.  A snap ring attached the shielding 
insert to the shielding plug associated with the split CV lid design, and a tungsten liner, which is 
used in conjunction with Design No. 4081, provided additional shielding from the radioactive 
material transported.  The applicant constructed insert Design No. 4081, HS-55x85-SS, from SS 
with an inner cavity size of 55 mm diameter by 85 mm height. 
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1.2 Drawings 
 
For the shipment of Mo-99, the applicant constructed and assembled the packaging in 
accordance with Croft Associates Limited Drawing Nos: 

 
1C-7500, Rev. C Cover Sheet for Safkeg HS Design No. 3977A – Malllinckrodt 

Version 
0C-7501, Rev. C Safkeg HS Design No 3977A – Malllinckrodt Version 
0C-7502, Rev. A Keg Design No. 3977 – Malllinckrodt Version 
0C-7503, Rev. A Cork Set for Safkeg HS – Malllinckrodt Version 
1C-7504, Rev. A Containment Vessel Design No. 3978 – Malllinckrodt Version 
1C-7505, Rev. A Containment Vessel Lid – Malllinckrodt Version 
1C-7506, Rev. A Containment Vessel Body – Malllinckrodt Version 
1C-7507, Rev. A Containment Vessel Plug – Malllinckrodt Version 

 
For the shipment of Mo-99, the applicant constructed the shielding insert components in 
accordance with Croft Associates Limited Drawing Nos: 
 

2C-7508, Rev. C HS-50x85-SS Insert Design No. 4801 – Malllinckrodt Version 
2C-7509, Rev. B Snap Ring – Malllinckrodt Version 
2C-7510, Rev. A Tungsten Liner – Malllinckrodt Version 

 
1.3 Content Description 
 
The applicant described the contents as normal form liquid Mo-99 in a 110 milliliter SS product 
bottle.  The applicant specified the chemical composition as natrium molybdate (NaNO3 
1M/NaOH 0.2M) in safety analysis report (SAR) Table 1-3-8.  SAR Table 1-3-8 also contained 
the maximum specific activity, mass and decay heat associated with the Mo-99 content while 
SAR Table 1-4-8 identified the maximum activity. 
 
1.4 Findings 
 
Based on a review of the statements and representations in the application, the staff concludes 
that the package has been adequately described to meet the requirements of 10 CFR Part 71. 
 
2.0 STRUCTURAL 
 
The Model No. 3977A transportation package is comprised of the 3977 keg, inner cork packing, 
and the 3978 CV.  Various inserts containing approved contents are designed to fit within the 
CV inner cavity.  The amendment requested authorization to transport liquid Mo-99, in a new SS 
insert located inside a tungsten liner, under CoC No. 9338. 
 
Staff limited the scope of the structural review to the areas of the SAR affected by changes to 
the CV lid, and addition of a new insert.  The staff also reviewed the drawings pertinent to the 
structural design included in the amendment application. 
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2.1 Description of Structural Design 
 
3977 Keg 
The applicant designed the keg assembly as a rolled and welded austenitic stainless steel outer 
shell, and upper flange, a base, and a rolled austenitic stainless steel liner which contains the 
outer cork material.  Eight closure studs, fabricated from either ASTM A276, Type 304L or 
ASTM A479/A479M UNS designation S21800, secured the keg lid.  An outer cork, an inner cork 
and a top cork material provided additional support under impact loads and also provided some 
thermal insulation. 
 
3978 Containment Vessel 
The applicant designed the containment vessel as a right circular cylinder weldment consisting 
of an inner and outer shell, alloyed DU, a bottom plate and a bolted removable closure.  In this 
amendment, the applicant introduced a split CV lid.  SAR Section 1.3.3 showed the general 
arrangement of both the split CV lid, which is only used for transporting liquid Mo-99, and the 
standard CV lid which is used for transporting all other contents.  Like the previously approved 
standard CV lid design, the applicant machined the split CV lid from solid ASTM A276, Type 
304L SS; however, the split CV lid varied from the standard CV lid design in the following points: 
 
• the CV lid top is not welded to the CV lid shielding plug, 
• the CV lid shielding plug casing extends deeper into the CV cavity, and 
• a threaded hole is machined into the CV lid shielding plug to allow the design insert to be 

attached to the CV lid shielding plug. 
 
The split CV lid allowed the handling of liquid Mo-99 content at the loading and unloading 
facilities.  Once the CV lid top has been removed, a lifting attachment can be fitted to the top of 
the CV shielding lid plug to enable it and the insert to be lifted out.  The applicant enclosed the 
DU shielding in an ASTM A276, Type 304L SS CV lid shielding casing.  Eight recessed ASTM 
A320, Type L43 alloy steel screws held the CV lid in position. 
 
Shielding Insert 
The applicant machined the HS-50 x 85 SS, Design Insert No: 4081, from ASTM A479/A479M 
type 316 SS, and utilized a tungsten liner to provide additional shielding.  SAR Tables 2-10 and 
3-2 identified the design insert O-ring material as EPM/EPDM.  After reviewing the application, 
staff determined that the SS insert, HS-50 x 85 SS and the tungsten liner, which are 
incorporated into the package design to provide additional shielding, are inconsequential to the 
structural performance of the package. 
 
2.2 Materials Evaluation 
 
2.2.1 Chemical or Galvanic Reactions 
 
The applicant identified that the Mo-99, which was carried in product containers within the 
design insert, is a natrium molybdate solution which included 0.2 M sodium hydroxide.  The 
applicant also identified that the design insert body would be fabricated from SS 316 while the 
design insert lid would be fabricated from magnetic ASTM A276 Type 430 SS to allow 
manipulation of the insert within a glove box.  Literature reviewed by staff suggested the use of 
SS Types 304 and 316 for handling sodium hydroxide since they are considered resistant to 
degradation from sodium hydroxide below 80°C up to the limit of solubility.  In addition, although 
the literature cautioned that the risk of stress corrosion cracking attack for SS Types 304 and 
316 from sodium hydroxide increased at higher temperatures, the literature also stated stress 
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corrosion cracking should not be an issue if service temperatures are limited to 95°C maximum.  
Therefore, the staff requested the applicant clarify its analyses related to significant chemical or 
other reaction(s) between the liquid Mo-99 payload and the design insert. 
 
In response to staff’s information request, the applicant changed the design insert lid to remove 
the possibility of sodium hydroxide contacting the Type 430 SS.  The applicant revised drawing 
No. 2C-7508 to show that the design insert lid be constructed entirely of ASTM A479/A479M 
Type 316 except for a magnetic Type 430 SS disc on top of the lid exterior to allow manipulation 
of the insert when in a glove box.  Under normal conditions of transport (NCT), the contents 
reach a temperature of 84.5°C.  Under hypothetical accident conditions (HAC), if the content 
either escapes from or leaks out of the product bottle, it should only contact the SS insert at 
temperatures exceeding 95°C for a limited time after the HAC.  Also, the applicant reduced the 
possibility of sensitization and the presence of residual stresses, conditions necessary for stress 
corrosion cracking to occur, by eliminating welds on the inner portion of the CV.  The staff finds 
the liquid Mo-99 acceptable and not susceptible to adverse chemical reactions including risk of 
stress corrosion cracking based on the discussion above. 
 
Since the galvanic potential between the different metals used in fabrication is low, staff 
determined that the conditions required for galvanic corrosion is small.  The staff also noted no 
known significant reactions between liquid Mo-99 and SS during years of operational 
experience with other transportation package(s). 
 
2.2.2 Radiation Effects on Materials 
 
The applicant indicated that the proposed content emitted either beta or gamma radiation, and 
that these types of radiation created no adverse impacts in the SS of the design insert.  
Because the applicant did not discuss the impact of radiation on the design insert EPDM O-ring 
seal, staff researched the physical properties of the EPDM O-ring seal and determined that they 
are unchanged when exposed to less than 1 X 106 rad.  In addition, using the shielding model 
discussed in Section 6.4.3 of this safety evaluation report, staff identified that the EPDM O-rings 
experience a high dose rate.  Therefore, although these seals are required to be replaced 
annually, staff felt it prudent to impose a CoC condition to replace the EPDM O-rings after each 
use and discussed this with the applicant (ADAMS accession number ML16301A277).  Based 
upon a review of the information submitted in the application, as well as CoC conditions 
supported by independent analyses, staff finds that the radiation emitted by the Mo-99 will not 
adversely affect the package materials of construction. 
 
2.3 Normal Conditions of Transport 
 
The applicant subjected the package to a 1.2 meter drop test in side, top corner, and top end 
orientations.  The prototype package utilized in these drop tests had a standard CV lid.  Staff 
previously accepted the results of the actual drop tests conducted on the package.  The 
applicant also modeled the package using a finite element method under both hot and cold 
conditions to determine the CV stresses.  The applicant presented the stress results and 
margins of safety in SAR Tables 2-31, 2-32, and 2-33. 
 
The applicant asserted that the tests performed with the standard lid would bound the test 
results of the package with a split lid; therefore, the applicant performed no additional NCT tests 
with the new split CV lid design.  After reviewing the application, staff determined that the 
stresses and margins of safety with the standard CV lid, which were previously reviewed and 
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accepted by the staff, bounded both the stresses and margins of safety associated with a 
package using a split CV lid design. 
 
Staff has reasonable assurance from the physical drop test results, which were informed by the 
analytical approach, that the package and CV are capable of satisfactory structural 
performance.  The drop testing and analytical modeling in aggregate satisfies the requirements 
of 10 CFR 71.71(c)(7). 
 
2.4 Hypothetical Accident Conditions 
 
The applicant subjected the package to a 9 meter drop test in end, side, and corner drop 
orientations.  The applicant performed these drop tests on a prototype package with a standard 
CV lid.  Staff previously accepted the results of the actual drop tests conducted on the package.  
The applicant also modeled the package using a finite element method under both hot and cold 
conditions to determine the CV stresses.  The applicant presented the stress results and 
margins of safety in SAR Tables 2-34 to 2-42. 
 
The applicant asserted that the test results previously accepted by staff with the standard CV lid 
design would bound the package test results with a split lid design.  After reviewing the 
application, staff determined that the 24.26 kg loading on the closure screws during the impact 
test of the package with the standard CV lid was higher than the 19.74 kg loading on the closure 
screws for a package with the split CV lid.  During its review, staff noted that not only are the 
keg and the cork designs for the package unchanged, but also that the materials, geometry and 
surface area interacting with the cork are identical for both the standard CV lid design and the 
split CV lid design; therefore, the forces transmitted to the lids resulting from the drop test will be 
consistent.  As documented in the applicant’s SAR, the previous drop tests demonstrated no 
damage to the CV; therefore, staff determined the stress results and design margins reported in 
SAR Tables 2-34 to 2-42 are still valid. 
 
Staff has reasonable assurance from the previously accepted physical drop tests results, which 
were informed by the analytical approach, that the package and containment vessel are capable 
of satisfactory structural performance.  The drop testing and analytical modeling in aggregate 
satisfies the requirements of 10 CFR 71.73(c)(1). 
 
2.5 Summary of Temperature and Pressures 
 
The applicant reported that the CV reached a maximum temperature of 208°C during the fully 
engulfing fire including a heat load of 30 Watts (W) from the contents.  The applicant also stated 
in SAR section 3.4.3 that the maximum gauge pressure reached during the HAC fire was 7.47 
bar (gauge).  The calculated internal pressure was 164 kPa, which is an order of magnitude 
lower than the assumed design gauge pressure of 1000 kPa. 
 
The staff reviewed the materials selected and determined that they are acceptable and provide 
reasonable assurance for safety of the package.  Specifications and temperature dependent 
mechanical properties, including yield strength, tensile strength, allowable strength, modulus of 
elasticity, and coefficient of thermal expansion conform to ASME Code, Section II, Part D. 
 
2.6 Evaluation Findings 
 
Based on a review of the statements and representations in the application, the staff concludes 
that the structural design has been adequately described and evaluated, meets the regulatory 



6 
 

requirements for mitigating galvanic or chemical reactions, is unaffected by cold temperatures, 
is constructed with materials and processes in accordance with acceptable industry codes and 
standards, and that the package has adequate structural integrity to meet the requirements of 
10 CFR Part 71. 
 
3.0 THERMAL EVALUATION 
 
3.1 General Considerations 
 
The Model No. 3977A is a Type B package designed to transport solid and gas radioactive 
material with decay heats up to 30 W or liquid radioactive material with decay heats up to 5 W.  
Previous reviews considered the maximum 30 W thermal load.  The thermal evaluation for this 
amendment focused on Mo-99 liquid content with a decay heat of 3.43 W. 
 
3.2 Thermal Design Features 
 
The Model No. 3977A package consisted of a stainless steel outer and inner skin.  The 
applicant proposed to transport the liquid content within a product bottle placed inside a 
stainless steel CV.  The applicant located the CV within the package’s inner cavity and shielded 
it with DU.  A Viton GLT O-ring formed part of the containment boundary.  Cork, which is an 
ablative material that generates gases at high temperatures, surrounded the package’s inner 
cavity to absorb impact forces and act as a thermal barrier to fire.  The keg incorporated a fuse 
plug, which is made from an alloy with a melting point of 95°C ± 5°C, designed to relieve 
pressure caused by the cork’s internal gas generation.  Drawing OC-7502 listed the fuse plug 
material properties.  This amendment introduced a split CV lid design to accommodate the liquid 
Mo-99 content.  SAR Section 3.3 stated that the O-ring and CV closure temperatures for the 
standard lid design bounded the O-ring and CV closure temperatures for the split lid design 
because the 0.5 mm air gap associated with the split lid would reduce the O-ring and CV 
closure temperatures. 
 
3.3 Decay Heat 
 
SAR page 3-1 indicated that the total decay heat limits for the Model No. 3977A are 30 W for 
solid and gas contents and 5 W for liquid content.  SAR Table 1-4-8 indicated that content CT-8 
containing liquid Mo-99 in design insert HS-50x85-SS has a heat output of 3.43 W. 
 
3.4 Summary of Temperatures 
 
SAR Table 3-1 and Table 3-2 summarized the Model No. 3977A component temperatures for 
the 10 CFR 71.71 NCT conditions of insolation and no insolation.  These tables showed that the 
maximum component temperatures were within the operating and allowable NCT temperature 
limits.  Likewise, SAR Table 3-1 and Table 3-3 summarized the Model No. 3977A component 
temperatures associated with HAC.  These tables showed that the maximum component 
temperatures were within the operating and allowable HAC temperature limits, and vendor data 
sheets provided by the applicant substantiated the Viton O-ring and EPDM O-ring allowable 
temperature values (ADAMS accession number ML16188A090).  SAR tables 3-2 and 3-3 
showed that the NCT and HAC component temperatures associated with transporting liquid 
contents are bounded by the 30 W maximum decay heat load for solid contents.  In addition, 
SAR Sections 3.3.2 and 3.4.3 discussed CV temperatures associated with the Mo-99 solution.  
In responding to information request 3.6 (ADAMS accession number ML16188A083), the 
applicant indicated that these temperatures account for self-heating effect due to the Mo-99 
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decay heat.  The assumption of constant temperature at the inner package liner in determining 
the effect of self-heating, as described in CS 2016/27, is one of calculation convenience for the 
liquid content’s low decay heat. 
 
3.5 Normal Conditions of Transport Thermal Evaluation 
 
The applicant previously evaluated the thermal performance of the Model No. 3977A under NCT 
both by a thermal test using a 30 W heater and by a finite element analysis modeling a 30 W 
content, and provided results in Table 3-2 for both the presence and absence of insolation.  
SAR Section 3.3.1 indicated that these previous analyses with a 30 W decay heat, which 
bounds the Mo-99 content’s 3.43 W, showed the maximum accessible package surface 
temperature was 42°C, thereby satisfying the 50°C limit for nonexclusive use shipment 
described in 10 CFR 71.43(g).  Since a 30 W content was chosen for the analysis, staff 
concluded that these previous results bound the temperatures associated with the liquid Mo-99 
content’s 3.43W maximum decay heat.  SAR Section 3.3.1 also indicated that package 
component temperatures satisfied 10 CFR 71.71(c)(2) by being within their allowable limits for 
the cold NCT condition of -40°C.  In responding to information request 3.1 (ADAMS accession 
number ML16188A090), the applicant also showed that both the Viton GLT seal and the 
EPM/EPDM shielding insert seal had an allowable temperature of -40°C. 
 
Since the maximum pressure within the containment boundary is a function of radiolysis, vapor 
pressure, and heat up from the initial pressure and temperature at loading, the applicant 
calculated the maximum pressure within the containment boundary in Calculation Sheet CS 
2016/31 by accounting for the temperature increase between loading and reaching NCT, 
increased radiolysis of the Mo-99 solution at NCT temperatures, and the solution’s higher vapor 
pressure at NCT.  The package’s 5.97 bar (gauge) reported in SAR Section 3.3.2 at NCT for 
Mo-99 content was below the 7 bar (gauge) MNOP value reported in SAR Section 3.3.2.  SAR 
Section 3.3.2 also indicated a transportation period limitation was not associated with the Mo-99 
content due to radiolysis. 
 
In responding to information request 3.4 (ADAMS accession number ML16188A083), the 
applicant indicated that 75 mL is the maximum volume of liquid Mo-99 content that can be 
placed within the product bottle.  The applicant stated that this results in an ullage volume of 35 
mL since the product bottle has a maximum volume of 110 mL.  The applicant noted that this 
ullage volume exceeds the 6 mL expansion of fluid that could occur as the solution temperature 
increased from 20°C to 124°C.   Staff concludes that the presence of adequate ullage satisfies 
10 CFR 71.87(d). 
 
SAR Section 3.3.2 discussed the test results for determining hydrogen generation from the Mo-
99 liquid content reported in “Radiolytic Gas Formation in Mallinckrodt produced Mo99 
Solutions”; testing occurred in containers with similar material as the product bottle.  Testing of 
two samples indicated an average hydrogen concentration of 1.3%; the applicant increased this 
to 2.7% by taking into account a 2σ uncertainty.  Staff concludes that the 2.7% hydrogen 
concentration is less than the 5% limit described in NUREG-1609 guidance. 
 
3.6 Thermal Evaluation for Hypothetical Accident Conditions 
 
The applicant previously analyzed HAC using a finite element analysis; the analysis was 
validated using test results from the applicant’s HAC thermal test simulation on a Model No. 
3979A package.  Table 3-1 and Table 3-3 showed package component temperatures for a 30 W 
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decay heat content would be below their allowable values.  Staff concludes that these analyses 
bound the results for the liquid Mo-99 content’s 3.43 W maximum decay heat. 
 
SAR Section 3.4.3 and Calculation Sheet CS 2016/31 indicated that the calculation for 
determining the pressure within the containment boundary took into account the increase in 
temperature from NCT to HAC as well as the solution’s higher vapor pressure at HAC.  The 
applicant calculated a package pressure of 9.46 bar (gauge) at HAC for the Mo-99 content 
which was below the 10 bar (gauge) maximum design pressure. 
 
3.7 Conclusion 
 
Based on a review of the thermal sections of this amendment application, the staff has 
reasonable assurance that the Model No. 3977A package with Mo-99 content meets the thermal 
requirements of 10 CFR Part 71. 
 
4.0 CONTAINMENT EVALUATION 
 
The objective of the containment review of the Model No. 3977A system is to verify that the 
package design satisfies the containment requirements of 10 CFR Part 71 under NCT and HAC.  
The staff reviewed the proposed changes to the containment design characteristics and 
containment analyses for the Model No. 3977A.  The applicant requested several changes to 
the Model No. 3977A system design and only those changes that affect the containment system 
are discussed in this section. 
 
The applicant requested authorization to ship liquid Mo-99 as an approved content in the Model 
No. 3977A package.  Due to handling requirements for the Mo-99 content, the applicant 
designed a split CV lid for loading and unloading.  The split lid differed from the standard lid in 
that the CV lid is not welded to the CV lid shielding as it is for the standard CV lid.  The 
containment boundary remained unchanged with the new split lid.  The containment vessel 
flange/cavity wall, lid top and containment seal O-ring formed the containment boundary for the 
split lid CV as for the standard lid which was previously accepted. 
 
Based on a review of the containment-related sections of the application, the staff concludes 
that the containment design has been adequately described and evaluated and that the 
package meets the containment requirements of 10 CFR Part 71. 
 
5.0 SHIELDING EVALUATION 
 
The objective of this review is to verify that the addition of a Mo-99 liquid source in a natrium 
molybdenate solution as authorized contents in the Model No. 3977A Type B(U) transportation 
package continues to meet the external radiation requirements of 10 CFR Part 71 under NCT 
and HAC. 
 
The staff reviewed the application to ensure that the applicant provided adequate information to 
evaluate the package shielding features to ensure adequate protection of personnel and the 
public from the radioactive contents.  Staff evaluated the applicant’s assumptions, methods, and 
calculations to verify the expected radiation dose rates at locations near the package surface 
and at specific distances away from the package. 
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5.1 Shielding Design Description 
 
5.1.1 Design Features 
 
The applicant proposed no shielding-significant changes to the 3977A outer keg from previously 
reviewed and approved amendments by NRC staff. 
 
The applicant proposed a new CV with a split lid design.  Instead of fabricating the lid as a 
single piece, the applicant divided the lid into two components that serve separate functions.  
The applicant designed the top portion of the split lid, which consisted of stainless steel, to fit 
under the same top cork piece.  The underside of the lid and inner ring seals continued to serve 
as the upper containment boundary.  The shield plug, which was not attached to the lid, 
consisted of SS encased DU shielding.  The shield plug had a threaded hole into which a 
removal tool is attached.  The body of the CV remained unchanged. 
 
The applicant proposed a new SS insert, the HS-50x85-SS Design No. 4081, which fits inside 
the cavity of a required tungsten liner.  The applicant specified that the maximum total mass of 
the contents with this insert and liner is 1615 g.  The applicant also specified that the total 
weight of the contents, insert and liner, as well as any other containers and packing, may not 
exceed 4.89 kg. 
 
Cork dunnage filled the space surrounding the CV and keg cavity liner to maintain position 
during NCT.  The applicant conservatively ignored the presence of this material in the shielding 
evaluation.  The applicant also took no credit for the product container in shielding and 
containment analyses. 
 
5.1.2 Summary Table of Maximum Radiation Levels  
 
The applicant planned to transport the package via exclusive use shipments and reported the 
maximum NCT and HAC dose rates in SAR Tables 5-1 and 5-2. 
 
5.2 Radiation Source Specification 
 
SAR Tables 1-4-1 through 1-4-8 listed all authorized contents.  The applicant included the only 
source material change proposed with this amendment, the addition of 1000 Ci of Mo-99 in a 
natrium molybdenate solution, in SAR Table 1-4-8.  The maximum activity of 1000 Ci specified 
by the applicant limited the total mass of Mo-99 isotope to 1.193 mg with a maximum solution 
volume of 75 ml. 
 
The applicant referenced report AMEC/CRM42622/TN_001, “HS Container Shielding 
Assessment with Mo-99,” which described the three-dimensional Monte Carlo analysis of the 
3977A (see Section 5.4.1 of this SER).  The report stated Mo-99 emits electrons (beta 
particles), and identified its dominant daughter nuclide as Tc-99m which then decays to Tc-99 
via internal conversion.  The report also indicated Mo-99 may decay directly to Tc-99 with a 
branching ratio of 12%.  The applicant’s model only accounted for the decay of Tc-99m and Mo-
99.  For determining the dose contribution from bremsstrahlung radiation, the applicant 
considered two configurations:  a bottom and a side source.  The method used in the referenced 
report conservatively accounted for the Bremsstrahlung radiation that would result if all beta 
particles were emitted with the maximum possible energy.  The applicant non-conservatively 
ignored the photon source from the decay of Tc-99 and the beta emissions from Tc-99m.  
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However, due to the relatively small activity of Tc-99 (Tc-99 half life is 2.14e5 years vs. 2.75 
days for Mo-99) and the small Tc-99m beta emission intensity, NRC staff determined the effect 
on dose rates would be negligible considering the margin between expected dose rates and the 
exclusive use dose rate limits in 10 CFR 71.47. 
 
The applicant used a Monte Carlo shielding model to determine the expected dose rates from 
Mo-99 in the Model No. 3977A.  The applicant developed three reference configurations with a 
1000 Ci Mo-99 source in a natrium molybdenate solution with a density of 1.02 g/cm3.  This 
analysis conservatively used the maximum specific activity and minimized self-shielding by 
locating the source as close as possible to the external surface being evaluated rather than 
distributed the source throughout the insert cavity.  SAR Table 5-5 listed activity limits by nuclide 
whereas SAR Tables 1-4-1 through 1-4-8 grouped nuclides by source material state, type, and 
package insert required for shipment. 
 
5.3 Shielding Model Specification 
 
Aside from the split CV lid, the HS-50x85-SS insert and tungsten liner, the applicant’s shielding 
model remained unchanged from the previously reviewed application.  The applicant referred to 
enclosure AMEC/SF6652/001, “Monte Carlo Modelling of Safkeg HS Container,” for further 
details on its shielding model.  The staff previously accepted the applicant’s assumptions and 
model changes for both NCT and HAC.  The applicant conservatively ignored the shielding 
provided by the product container and any other material within the insert for the final dose rate 
correction.  The applicant assumed the product remained inside the HS-50x85-SS insert.  The 
applicant explicitly modeled the insert and liner in the three-dimensional Monte Carlo model. 
 
The applicant designed the Monte Carlo models to determine the bounding source configuration 
and dose rate by modeling the liquid at the top, bottom, and side of the HS-50x85-SS insert 
within a tungsten liner (applicant’s reference AMEC/SF42622/001).  The applicant also shifted 
the internal components in the same direction to the extent allowed by gaps.  The applicant 
determined that placing a minimum source material volume against the side of the insert 
resulted in a maximum external dose on the outer side surface of the package at roughly the 
elevation of the center of the insert cavity. 
 
The staff’s review determined that the applicant described the shielding features in sufficient 
detail to conduct an evaluation of the package shield design with the proposed contents.  
Because the applicant’s modeling assumptions were previously accepted, and based on staff’s 
own engineering judgement, the staff finds the applicant’s modeling assumptions acceptable. 
 
5.4 Dose Rate Response Calculation 
 
5.4.1 Methods 
 
The applicant used MCBEND version 11 and determined the source spectra for Mo-99 and Tc-
99m from the JEF 3.1.1 data.  The Monte Carlo analysis used a continuous cross-section library 
based on the UK Nuclear Data Library.  The applicant used the ANSI/ANS-6.1.1 1977 dose 
conversion factors to determine surface dose rates.  The staff acknowledged that MCBEND is 
widely used for Monte Carlo shielding calculations and determined that it is appropriate for this 
analysis, as is the JEF 3.1.1 nuclear data used for the source spectra. 
 
The applicant listed supporting documents in SAR Section 5.5.6 which contain the discussion 
and model specifications for the applicant’s shielding evaluation.  Enclosures 
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AMEC/SF6652/001 and AMEC/CRM42622/TN_001 contained the details of the Monte Carlo 
analysis for a split lid CV with Mo-99.  Enclosure AMEC/SF6652/001 also contained other 
relevant shielding design features of the Model No. 3977A included in the three-dimensional 
Monte Carlo analysis.  The applicant presented the results of these Monte Carlo analyses in 
SAR Tables 5-14 and 5-15. 
 
5.4.2 External Radiation Levels 
 
SAR Table 5-1 presented a summary of the exclusive-use radiation levels under NCT on the 
surface of the package, the conveyance surface and 2 m from the conveyance edge.  SAR 
Table 5-2 presented the dose rates under HAC. 
 
5.4.3 Confirmatory Analyses 
 
The staff performed Monte Carlo analysis using the MAVRIC module in SCALE 6.2.  The 
analysis used continuous energy cross-sections based on the ENDF/B-VII data.  The staff 
confirmed the location of maximum dose on the side of the package in a scenario with a 
minimum volume of liquid (i.e., maximum allowed specific activity) modeled as if the package is 
lying on its side.  Staff included the ANSI/ANS-6.1.1 1977 dose response function in its Monte 
Carlo model. 
 
Staff included the HS-50x85-SS insert, the tungsten liner, the CV, and the outer keg in its 
model.  In addition to the bounding configuration determined by the applicant, staff also 
modeled the liquid source at the top and bottom of the insert cavity as well as scenarios at 
maximum allowed source volume to confirm the applicant’s findings.  Whenever staff opted to 
simplify the model, staff used reduced dimensions or conservatively omitted components (e.g., 
the CV flange bevel).  Staff also modeled the source material as water for simplicity and at 
reduced density to conservatively underestimate self-shielding.  Staff’s model included stainless 
steel, tungsten, and DU components with all other material modeled as air.  In addition, staff’s 
model shifted the insert, liner, CV, and CV lid and shield plug toward the location where the 
dose rate was being calculated to minimize the distance between the point source and the 
detector. 
 
The staff evaluation resulted in dose rates that were within reasonable agreement with those 
determined by the applicant.  The staff evaluation also confirmed the location of maximum dose 
being on the side surface of the keg at an elevation roughly corresponding with the insert cavity 
mid-plane. 
 
5.5 Findings 
 
The staff concludes that the shielding system design for the Model No. 3977A package is in 
compliance with 10 CFR Part 71 and the applicable design criteria have been satisfied.  The 
shielding system evaluation provides reasonable assurance that the Model No. 3977A will 
provide safe transportation of radioactive materials.  This finding is based on staff confirmation 
of relative dose rates, confirmation of the reference source dose rate, as well as considerations 
of the applicant’s conservative analyses and modeling assumptions in the SAR. 
 
Based on a 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. 
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6.0 PACKAGE OPERATIONS 
 
The applicant added several sections to Chapter 7 of the SAR to address loading and unloading 
the Model No. 3977A package with a split lid design.  The applicant also modified several other 
sections by adding text to clarify if the operating procedures applied to either the new split lid 
design, the standard lid design or both.  In addition, the applicant added a note to identify which 
design inserts were used with the standard lid.  Finally, the applicant revised the loading 
instructions to perform a bubble test on the design insert if liquids are transported.  Based on a 
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 that these procedures are 
adequate to assure the package will be operated in a manner consistent with its evaluation for 
approval. 
 
7.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM REVIEW 
 
The applicant revised several SAR Chapter 8 sections to specify the qualifications necessary to 
develop and approve helium leak test procedures, and incorporated references to the split CV 
lid in the applicable SAR Chapter 8 sections.  The applicant also added a section to perform 
maintenance inspections for the tungsten liner authorized by this amendment.  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 that the maintenance 
program is adequate to assure packaging performance during its service life. 
 
CONDITIONS 
 
The CoC includes the following condition(s) of approval: 
 
Condition 5(a)(2) was revised to describe the split lid configuration of the package and the 
stainless steel insert designed for transporting liquid Mo-99. 
 
Condition 5(a)(3) was revised to list the licensing drawings for the split lid configuration of the 
package. 
 
Conditions 5(b)(1)(i) and 5(b)(1)(ii) were revised to clarify the chemical form of contents 
authorized for shipment. 
 
Condition 5(b)(1)(iv) was added to list the type and form of Mo-99 authorized for transported. 
 
Condition 5(b)(2) was revised to identify the maximum amount of Mo-99 authorized for 
transport. 
 
Condition 6(a) was revised to specify that the new O-rings for design insert No. 4081 be used 
prior to each shipment of Mo-99 and the original Condition 6(a) was renumbered. 
 
The references section has been updated to include this request. 
 
Minor editorial corrections were made. 
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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. 3977A package meets the requirements of 10 CFR 
Part 71. 
 
Issued with Certificate of Compliance No. 9338, Revision No. 1 
on December 19, 2016. 


