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2. PREAMBLE 

a. This certificate is issued to certify that the package (packaging and contents) described in Item 5 below meets the applicable safety standards set 
forth in Title 10, Code of Federal Regulations, Part 71, “Packaging and Transportation of Radioactive Material.” 

b. This certificate does not relieve the consignor from compliance with any requirement of the regulations of the U.S. Department of Transportation or 
other applicable regulatory agencies, including the government of any country through or into which the package will be transported. 

3. THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION  

a. ISSUED TO (Name and Address) b. TITLE AND IDENTIFICATION OF REPORT OR APPLICATION 

 National Nuclear Security Administration 
P.O. Box 5400 
Albuquerque,  NM 87185 
 

National Nuclear Security Administration, 
application dated April 18, 2013, as supplemented. 

4. CONDITIONS 

 This certificate is conditional upon fulfilling the requirements of 10 CFR Part 71, as applicable, and the conditions specified below. 

5.  

(a) Packaging 
 

(1) Model No.: 435-B 
 

(2) Description 
 
The Model No. 435-B package consists of multiple configurations.  The package is a 
Category I container.  When loaded and prepared for transport, the external dimensions of 
the 435-B package are approximately 83 inches (in.) (210.8 centimeters (cm)) tall and 70 in. 
(177.8 cm) in diameter (over the lower impact limiter).  The maximum weight of the package 
is 10,100 pounds (lbs) (4,545.5 kilograms (kg)). 
  
Unless noted in the application, all elements of the 435-B package are made of Type 304 
stainless steel in conformance with the American Standards for Testing Materials (ASTM) 
A240.  The major components of the package include:  
 
(i) A base—The base consists of the lower torispherical head, lower flange, lower 

internal impact limiter, and external impact limiter.  The volume inside the external 
impact limiter is filled with 15 pounds per cubic feet (lb/ft3) polyurethane foam poured 
in place.  The inside surface of the bottom shell is covered with a ¼-inch thick layer of 
refractory insulation paper.  A full penetration weld connects the lower torispherical 
head (½-inch thick plate) to the lower flange.  

(ii) A bell—The bell consists of the upper torispherical head, cylindrical shell, upper 
flange, vent and test port blocks, upper internal impact limiter, dual side thermal 
shield, head thermal shield, and the closure bolt access tube structure.  Two, ¼-inch 
thick, layers of refractory insulation paper cover the area of the containment wall 
adjacent to the tubes.  Machined blocks of 30 lb/ft3 polyurethane foam are located 
between the tubes. 
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5.(a) Packaging (Continued) 
 

(2) Description  
 

(iii) An internal lodgment, made of aluminum, which supports the Long Term Storage 
Shield (LTSS)—The lodgment and the inner container designs allow maintaining the 
position of the payload in the package cavity during normal conditions of transport 
and hypothetical accident conditions.  The LTSS rests on a ½-inch thick plate 
covered with a ½-inch thick layer of neoprene rubber.   

(iv) LTSS—The LTSS consists of a central steel magazine, or barrel, surrounded by thick 
lead encased in a steel shell.  The barrel contains four longitudinal holes, each of 
which can accommodate one drawer assembly. 

(v) An inner container, which supports shielded devices—The inner container holds a 
shielded device and provides support for the device and the blocking (dunnage) 
materials during transport.  

(vi) Two internal impact limiters—The internal impact limiters located at each end of the 
payload cavity include an array of 130 ASTM A249 or A269, Type TP304, stainless 
steel tubes.  The impact limiters are curved on one side to match the inside of the 
torispherical head, and flat on the other.  Each of the 130 tubes is tack-welded in 
three places to a stainless steel tube stabilizer sheet.  Four stainless steel clips 
welded to the inner surface of the containment boundary in the lower and upper 
position hold the internal impact limiters in place.  

 
The LTSS or shielded devices provide shielding.  Shielding materials are lead, tungsten, 
steel, or depleted uranium.  The LTSS provides the shielding for the sealed capsule content 
specified in Tables 1 and 2.  Therefore, these sources must be packed in the LTSS 
drawer(s).  The shielded devices, identified in Tables 3, are self-shielding, and must be 
packed in an inner container for shipment as specified in Table 4. 
 

(3) Drawings 
 

The packaging is constructed in accordance with AREVA Federal Services LLC drawings: 
 
1) 1916-01-0 1-SAR, “435-B Package Assembly,” sheets 1-7, Revision 4 
2) 1916-01-02-SAR, “435-B LTTS Lodgment,” sheets 1-2, Revision 1 
3) 1916-01-03-SAR, “435-B Inner Container,” sheets 1-2, Revision 2 
 

5.(b) Contents 
 

(1) Type and form of material 
 

Radioactive sealed sources of isotopes described in Tables 1 and 2.   
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5.(b) Contents (Continued) 
   
 (2) Maximum quantity of material per package 
 

(i) LTSS 
  

Table 1.  Maximum Activity of LTSS Payload Source Nuclides 1, 2, 3 
 

Nuclide Maximum Activity 
Ci 

60Co 12,970 
137Cs 14,000 
90Sr 1,000 

226Ra (no Be) 3 20 
226Ra Be 3 1.3 

241Am (no Be) 4 1,000 
241Am Be 4 6.6 

192Ir 200 
75Se 80 

 
Notes: 
1. Physical form of all nuclides is solid material in a sealed capsule. 
2. The maximum activity listed is the maximum for a single nuclide in the LTSS.  

For combinations of different nuclides, lower activity limits apply as discussed 
in Chapter 5, “Shielding Evaluation,” and Operating Procedures in Chapter 7 
of the application. 

3. Impurities may include oxygen, carbon, sulfur, bromine, and chlorine (hydrous 
and anhydrous). 

4. Impurities may include oxygen and chlorine. 
  

 
Table 2.  Maximum Mass of LTSS Payload Source Nuclides. 1, 2 

 
Nuclide Maximum Mass 

grams of Pu 
238Pu (no Be)  75 g Pu 
239Pu (no Be)  15 g Pu 

239Pu Be  15 g Pu 
  
 Notes: 

1. Physical form of all nuclides is solid material in a sealed capsule. 
2. Impurities may include oxygen. 
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5.(b) Contents (Continued) 
 

(2) Maximum quantity of material per package (Continued) 
 
  (ii) Inner Container-Shielded Devices 
 

Table 3.  Maximum Activity and Weight of Shielded Devices 1 
 

Model Name/Type Maximum 
Activity 

Ci 

Nominal 
Weight 2 

lbs. 

Sealed Source 
Device Registry 

No.2 
Group 1 Devices 
Gammator 50B, B, B34, G-50-B 420 1,800 NR-0880-D-802-S 
Gammator M34 1,920 1,850 NR-0880-D-806-S 
Gammator M38 3,840 2,250 NR-0880-D-806-S 
Gammacell 1000 (GC-1000)  
-Models A through D  
-Elite A through D, Type I and Type II 

3,840 
(bounding value) 

2,800 NR-0880-D-808-S, 
NR-1307-D-102-S 

Gammacell 3000 (GC-3000)  
-Elan A through C, Type I and Type II 

3,048 3,300 NR-1307-D-102-S 

Group 3 Devices  
Gammacell-40 (GC-40 Exactor)  2,250 3 2,650 NR-1307-D-101-S 

 
Notes: 
1. Radionuclide in all cases is 137Cs. 
2. Consult NRC’s Sealed Source Device Registry for design and safety features of each 

model. 
3. GC-40 activity is given for one of the two device components that make up a 
 complete GC-40.  Only one device component may be shipped at one time. 

   
(3) Maximum weight of contents   

 
(i) LTSS 

 
For the LTSS, the payload of isotopes other than plutonium is limited by the activity 
rather than their weight.   
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5.(b) Contents (Continued)  
 

(3) Maximum weight of contents (Continued) 
 
  (ii) Inner Container 
 

Table 4.  Maximum Weight of Inner Container Contents 
 

Content Type Maximum Weight 
lbs. 

Dunnage ≤ 500 
Group 1-Shielded Device ≤ 3,500 
Group 3-Shielded Device ≤ 3,500 

  
The maximum weight of the shielded device includes the mass of radioactive material 
and the source drawer. 
 

(iii) The total fissile mass limit for the 435-B package is 15 grams.  
 

(4) Maximum decay heat: 
 
(i) For the contents described in Condition No. 5.(b)(2)(i), the maximum decay heat shall 

not exceed 200 watts per package. 
 

(ii) For the contents described in Condition No. 5.(b)(2)(ii), the maximum decay heat shall 
not exceed 30 watts per package. 

 
6. Plutonium sources are not permitted for transport by air. 
 
7. Americium sources are not permitted for transport by air. 

 
8. In addition to the requirements of Subpart G of 10 CFR Part 71: 
 
 (a) The package shall be prepared for shipment and operated in accordance with the Operating 

Procedures in Chapter No. 7.0 of the application; and 
 

(b) The package must meet the Acceptance Tests and Maintenance Program of Chapter No. 8.0 
of the application. 

 
9. The package authorized by this certificate is hereby approved for use under the general license 

provisions of 10 CFR 71.17. 
 
10. Expiration date:  July 31, 2019. 
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SUMMARY 
 
By application dated April 18, 2013, as supplemented on July 25, 2013, February 26, 2014, and 
June 17, 2014, the National Nuclear Security Administration (thereafter, NNSA or the applicant), 
requested that the U.S. Nuclear Regulatory Commission (NRC) approve the Model No. 435-B 
package as a Type B(U)-96 package for the transport of radioactive sealed sources (gamma, 
beta, and small neutron sources) or shielded irradiation devices containing their gamma 
sources.  Quantities of fissile materials (e.g., plutonium-239 (239Pu)) are less than 15 grams. 
 
The packaging consists of a base; a bell cover; an internal lodgment, which supports the Long 
Term Storage Shield (LTSS); an inner container, which supports shielded devices; and two 
internal impact limiters.  Unless noted, all elements are made of Type 304 stainless steel in 
conformance with the American Society for Testing Materials (ASTM) A240.  The package is 
designed to be transported singly, with its longitudinal axis vertical, by ground, air, or by water in 
non-exclusive use.  The 435-B package provides leaktight containment of the radioactive 
contents under all normal conditions of transport and hypothetical accident conditions. 
 
NRC staff reviewed the application, including relevant information in the attachment to the 
application, using the guidance in NUREG-1609, “Standard Review Plan for Transportation 
Packages for Radioactive Material.”  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 Title 10 of the Code of Federal Regulations 
(10 CFR) Part 71, “Packaging and Transportation of Radioactive Material.” 
 
 
1.0 GENERAL INFORMATION 
 
1.1 Packaging 
 
Section 1.2.1 of the safety analysis report (also referred as “the application” in this document) 
provides a detailed description of the packaging.  When loaded and prepared for transport, the 
435-B package is 83 inches tall, 70 inches in diameter (over the lower impact limiter), and 
weighs a maximum of 10,100 pounds (lbs.).  The following discussion focuses primarily on the 
structural components and/or items important-to-safety.  The principal structural members of the 
Model No. 435-B package are as follows: 
 
1) Lower Body Assembly (Base), 
2) Upper Body Assembly (Bell), 
3) Lodgment/LTSS, 
4) Inner Container/Shielded Device , and 
5) Internal Impact Limiters. 
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1.1.1 Lower Body Assembly (Base) 
 
The lower body assembly consists of the lower torispherical head, lower flange, lower internal 
impact limiter, and external impact limiter.  The application indicates that all base components 
are constructed from a stainless steel, American Society Mechanical Engineers (ASME) SA240, 
Type 304L, unless otherwise specified.  The volume inside the external impact limiter is filled 
with 15 pounds per cubic feet (lb/ft3) polyurethane foam poured in place, per Section 8.1.5.1 of 
the application.  The inside surface of the bottom shell is covered with a ¼-inch thick layer of 
refractory insulation paper.  A full penetration weld connects the lower torispherical head (½-
inch thick plate) to the lower flange.  
 
The lower flange is made from the American Society of Testing Materials (ASTM) 182, Grade 
F304 forging, or ASTM A240, Type 304, plate material.  On the underside (foam side) of the 
flange, each hole is covered with a stainless steel cup, tack welded in place and sealed using 
RTV sealant.  The lower flange is 2.0 inches thick with an inner diameter of 43 ¼ inches, and an 
outer diameter of 52.0 inches.  The lower flange is made of Type 304 stainless steel in 
conformance to ASTM A182, Grade F304 forging, or ASTM A240.  The lower flange has 
threaded holes for the closure bolts and two alignment pins.  An extension of the flange 
supports the containment closure and test O-ring grooves.  The base includes an impact limiter 
containing polyurethane foam. 
 
1.1.2 Upper Body Assembly (Bell) 
 
The upper body consists of the upper torispherical head, cylindrical shell, upper flange, vent and 
test port blocks, upper internal impact limiter, dual side thermal shield, head thermal shield, and 
the closure bolt access tube structure.  All material conforms to stainless steel, ASME SA240, 
Type 304L, unless otherwise specified.  The upper torispherical head and cylindrical shell are 
constructed from a ½-inch thick plate, having a minimum yield strength of 40 ksi and a minimum 
ultimate tensile strength of 80 ksi.  The upper flange is made from ASTM 182, Grade F304 
forging, or ASTM A240, Type 304 plate material.  The vent and test port blocks are made from 
A276 or A479, Type 304 stainless steel.  Both ports are closed with threaded plugs made of 
ASTM B 16 brass and sealed with butyl rubber sealing washers.  Two, ¼-inch thick, layers of 
refractory insulation paper cover the area of the containment wall adjacent to the tubes. 
Machined blocks of 30 lb\ft3 polyurethane foam are located between the tubes. 
 
Twenty four, 1-¼-7 UNC bolts made of ASTM A320, L43 material, connect the upper body and 
lower body assemblies with hardened stainless steel washers.  A layer of electroless nickel 
covers the bolts per SAE-AMS 2404, Revision F, Class 1, or MIL-DTL-26074, Revision F, Class 
1, Grade B.  
 
1.1.3 Lodgment and LTSS 
 
The lodgment is designed to maintain the position of the LTSS within the package payload 
cavity during normal conditions of transport and hypothetical accident conditions.  It is a 
weldment made from ASTM B209 or B221, 6061 T651 aluminum alloy.  The LTSS rests on a  
½-inch thick plate covered with a ½-inch thick layer of neoprene rubber.  
 
The LTSS consists of a central steel magazine, or barrel, surrounded by thick lead encased in a 
steel shell.  All of the steel used in the LTSS is ASTM, Type 304, stainless steel.  The barrel 
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contains four longitudinal holes, each of which can accommodate one drawer assembly.  There 
are two types of drawer assemblies: 
1) Large Source Drawer is 21.5 inches long and 2.5 inches in diameter.  It has a cavity 508 

millimeters (mm) long and 5 mm thick, which contains two end shields made of tungsten and 
a special form capsule (i.e., NLM-52) made of stainless steel.  The NLM-52 capsule has an 
outer diameter of 52 mm, two ends made of tungsten with a minimum density of 17 grams 
per cubic centimeters (g/cm3), and five different lengths. 
 

2) T80 and T780 drawers are physically identical.  These are 21.5 inches long and 2.5 inches 
in diameter and are made of brass and stainless steel.  For the T80 drawer, the shielding on 
each side of the source is 9.2 inches of lead.  For the T780 drawer, the shielding may be 
lead, tungsten, or depleted uranium.  Each end of the LTSS is closed using a lead-filled 
hinged door. 

 
Table 1.1.1. of this safety evaluation report (SER) includes an overview of shielding materials 
and corresponding thickness.   
 
1.1.4 Inner Container/Shielded Device 
 
The inner container (IC) holds a shielded device and provides support for the device and the 
blocking materials during transport.  The IC is a weldment made from ASTM A240, Type 304, 
stainless steel.  The lid is attached using six, 1-8 UNC hex bolts with flat washers and nuts.  
Eight layers of ¼-inch thick refractory insulation paper fill the open space in the lid.  The top of 
the lid is sealed with 16 GA (0.06-inch thick) sheet metal. 
 
Blocking materials (dunnage) are metallic structures or polymeric foam.  For all shielded devices 
(i.e., Group 1), a thick steel shell weldment contains the lead shield.  Prior to loading, the 
shipper places movable sources in the safe shipping position, evaluates the structural integrity 
of the package, and performs a radiation survey.  All Group 3 1 devices, consisting of the 
Gammacell-40 (i.e., GC-40 and Exactor), are also shielded with lead.  The table below contains 
an overview of the shielding characteristics of the 435-B package payload. 
 
Table 1.1.1.  Summary of the 435-B package shielding materials and corresponding thickness.   

 
 Shielding Thickness Material and Location 
LTSS 85.8 mm lead shielding on the ends 

244 mm lead shielding on the sides 
Possible LTSS recesses’ contents 
Special form capsule 88.5 - 214 mm tungsten shielding at each end 
T80 drawer 9.2 inches lead shielding on each side 
T780 drawer 9.2 inches shielding on each side; lead, 

tungsten, or depleted uranium 
Other Shielded Devices 
GC-3000 3 inches lead (through the top lead plug) 
GC-3000 - top source holder 2.35 inches steel shielding 
GC-3000 - side 4.5 inches2 lead 

                                                 
1  Contents of Group 1 and Group 3 devices are summarized in Table 1.3.2 of this safety evaluation 

report. 
2  Minimum thickness 
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1.1.5 Internal Impact Limiters 
 
The internal impact limiters located at each end of the payload cavity include an array of 130 
ASTM A249 or A269, Type TP304, stainless steel tubes.  The impact limiters are curved on one 
side to match the inside of the torispherical head, and flat on the other.  A ½-inch thick, ASTM 
B209, 6061-T651 aluminum plate forms the flat side of the impact limiters.  Each of the 130 
tubes is tack-welded in three places to a stainless steel tube stabilizer sheet.  The limiters 
absorb energy in an impact by crippling deformation in an axial direction.  Four stainless steel 
clips welded to the inner surface of the containment boundary in the lower and upper position 
hold the internal impact limiters in place.  
 
1.2 Drawings 
 
The packaging is constructed in accordance with NNSA drawings: 
 
1) 1916-01-01-SAR, “435-B Package Assembly,” sheets 1-7, Revision 4. 
2) 1916-01-02-SAR, “435-B LTTS Lodgment,” sheets 1-2, Revision 1. 
3) 1916-01-03-SAR, “435-B Inner Container,” sheets 1-2, Revision 2. 
 
Staff reviewed the drawings and found them to be an adequate representation of the package.  
The drawings included dimensions, package markings, materials of construction, and the codes 
and standards used to design the package.  Additionally, the drawings clearly show the source 
lock mechanism in a locked and unlocked configuration for user reference.  
 
1.3 Contents 
 
The 435-B package is used to transport radioactive sources such as special form sources of 
cobalt-60 (60Co), cesium-137 (137Cs), strontium-90 (90Sr), radium-226 (226Ra), americium-243 
(241Am), iridium-192 (192Ir), selenium-75 (75Se), plutonium-238 (238Pu), and\or 239Pu (i.e., gamma, 
beta, and small neutron sources).  These sealed sources can be transported using the LTSS or 
an inner container, which serves to accommodate shielded devices3 containing their sealed 
sources.  The LTSS and the shielded devices provide shielding of the radioactive materials.  
Fissile materials, such as 239Pu, are exempt per 10 CFR 71.15(b), and the maximum amount of 
fissile material allowed in the package is 15 grams.  The following sources are not permitted for 
shipment of the 435-B by air: 
 
1) Plutonium sources, or 
2) Americium sources. 
 
The majority of the sealed sources transported in the LTSS are gamma sources.  Small neutron 
sources may also be transported.  The LTSS features 85.8 mm lead shielding on the ends (i.e., 
top and bottom of the LTSS) and 244 mm lead shielding on the sides.  The LTSS can contain 
two types of drawer assemblies: 
 
1) Large source drawer, or 
2) T80/T780.  
 
The maximum decay heat for the LTSS payload source contents is 200 watts per package.  The 
maximum decay heat for the shielded device contents is 30 watts per package. 

                                                 
3  Group 1 or Group 3 devices. 
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Table 1.3.1.  LTSS Payload Source Nuclides 4  
Nuclide Maximum Activity, Ci Maximum Mass 

60Co 12,970 ------ 
137Cs 14,000 ------ 
90Sr 1,000 ------ 

226Ra (no Be) 5 20 ------ 
226Ra Be 5 1.3 ------ 

241Am (no Be) 6 1,000 ------ 
241Am Be 6 6.6 ------ 

192Ir 200 ------ 
75Se 80 ------ 

238Pu (no Be) 7 ------ 75 g Pu 
239Pu (no Be) 7 ------ 15 g Pu 

239Pu Be 7 ------ 15 g Pu 
Notes: 
1. Physical form of all nuclides is solid material in a sealed capsule. 
2. The maximum decay heat limit for the 435-B package is 200 watts. 
3. The maximum activity listed is the maximum for a single nuclide in the LTSS.  For combinations of 

different nuclides, lower activity limits apply as discussed in Chapter 5, “Shielding Evaluation,” and 
Chapter 7, “Package Operations,” of the safety analysis report. 

4. The total activity in this table is 86,732 A2.  This value exceeds the maximum number of 
A2 that could be transported. 

5. Impurities may include oxygen, carbon, sulfur, bromine, and chlorine (hydrous and 
anhydrous). 

6. Impurities may include oxygen and chlorine. 
7. Impurities may include oxygen. 
  
Table 1.3.2.  Shielded Devices 5 
Model Name/Type Maximum Activity 

Ci 
Weight 

lbs. 
Sealed Source 

Drawer No.3 
Group 1 Devices 
Gammator 50B, B, B34, G-50-B 420 1,800 NR-0880-D-802-S 
Gammator M34 1,920 1,850 NR-0880-D-806-S 
Gammator M38 3,840 2,250 NR-0880-D-806-S 
Gammacell 1000 (GC-1000)  
- Models A through D  
- Elite A through D, Type I and Type II 

3,840 
(bounding value) 

2,800 NR-0880-D-808-S, 
NR-1307-D-102-S 

Gammacell 3000 (GC-3000) 2 
- Elan A through C, Type I and  
Type II  

3,048 3,300 NR-1307-D-102-S 

Group 3 Devices  
Gammacell-40 (GC-40 Exactor)  2,250 4 2,650 NR-1307-D-101-S 

Notes: 
1. Radionuclide in all cases is 137Cs. 
2. Gammacell 3000 external secondary shielding is not credited in the shielding analysis. 
3. Consult NRC’s Sealed Source Device drawer Registry for design and safety features of each model. 
4. Gammacell-40 activity is given for one of the two device components that make up a 

Complete Gammacell-40.  Only one device component may be shipped at one time. 

                                                 
4  Taken from Table 1.2-1 of the safety analysis report, “LTSS Payload Source Nuclides.” 
5  Taken from Table 1.2-2 of the safety analysis report, “Shielded Devices.” 
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The Group 1 and 3 shielded devices include a sealed source (or a group of sources), shielding 
lead, and a steel shell to surround the shielding material and provide structure.  Dunnage 
(metallic structures or polymeric foam) will be used to block and brace the shielded device into 
position within the stainless steel inner container.  Tables 1.3.1 and 1.3.2 of this SER show the 
payload of the LTSS and shielded devices, respectively.  Table 1.3.3 shows the maximum 
weight of shielded devices, which includes the mass of radioactive material and the source 
drawer, and the dunnage. 
 
Table 1.3.3.  Maximum Weight of Inner Container Contents 

 
Content Type Maximum Weight 

lbs. 
Dunnage ≤ 500 

Group 1-Shielded Device ≤ 3,500 
Group 3-Shielded Device ≤ 3,500 

 
The staff has reviewed the description of the contents and concludes that it meets the 
requirements of 10 CFR Part 71. 
 
 
2.0 STRUCTURAL EVALUATION  

 
The purpose of this evaluation is to verify that the 435-B transport package provides adequate 
protection against loss or dispersal of radioactive contents and to verify that the package design 
meets the requirements of 10 CFR Part 71 under normal conditions of transport and 
hypothetical accident conditions. 
 
2.1 Description of Structural Design 
 
2.1.1 Structural Design Features 
 
The main structural components of the Model 435-B package are as follows: 
 
1) Lower Body Assembly (Base), 
2) Upper Body Assembly (Bell), 
3) Lodgment/LTSS, 
4) Inner Container/Shielded Device, and  
5) Internal Impact Limiters. 
 
Section 1.1 of this SER includes a description of the structural protection features for the 435-B 
package. 
 
2.1.2 Design Criteria 
 
The design criteria for this package include a demonstration that the package remains leak tight 
during all imposed load conditions and deformations during testing sequences are consistent 
with assumptions used in analytical evaluations.  The purpose of the design criteria is to satisfy 
the following safety requirements: 
 
1) no loss or dispersal of radioactive contents during normal conditions of transport;  
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2) no escape of radioactive material exceeding one A2 per week; and 
 
3) no external dose rate exceeding 1 rem per hour (1 rem/hr.) at 1 meter from external 

package surfaces. 
 
The applicant identified the package as a Category I container with the following component 
classifications: 
 
1) Containment:  ASME Boiler and Pressure Vessel Code (ASME B&PV Code), Section III, 

“Rules for Construction of Nuclear Facility Components, Division I, Subsection NB – Class I 
Components” 
 

2) Non-containment structures:  ASME B&PV Code, Section III, “Rules for Construction of 
Nuclear Facility Components, Division I, Subsection NF - Supports” 

 
3) Lodgment and IC components:  ASME B&PV Code, Section III, “Rules for Construction of 

Nuclear Facility Components, Division I, Subsection ND - Class III Components” 
 
2.1.2.1 Loading and Load Combinations 
 
Loading and load combinations were developed using Regulatory Guide 7.8, “Load 
Combinations for the Structural Analysis of Shipping Casks for Radioactive Material.”  Loadings 
include heat, cold, pressure, vibration, and free drop for normal conditions of transport and free 
drop for hypothetical accident conditions.  These loads are combined with ambient temperature, 
insolation, decay heat, internal pressure, and fabrications stresses to achieve a full range of 
loading combinations. 
  
2.1.2.2 Acceptance Criteria 
  
The applicant confirmed the structural adequacy of the package and packaging by physical 
testing and to a lesser extent mechanics of materials methods.  Finite element analysis was 
used to determine worst case drop orientations as well as provide additional defense-in-depth to 
the licensing basis. 
 
The acceptance criteria were based on the allowable stress criteria presented in Regulatory 
Guide 7.6, “Design Criteria for the Structural Analysis of Shipping Cask Containment Vessels,” 
for primary membrane, primary membrane plus bending and primary plus secondary stresses 
for normal conditions of transport and hypothetical accident conditions.  Bolts were evaluated 
according to NUREG/CR 6007, “Stress Analysis of Closure Bolts for Shipping Casks.” 
 
2.1.3 Weights and Centers of Gravity 
 
Table 2.1-2, “435-B Package Component Weights,” of the safety analysis report summarizes 
the package configurations with varying weights and center of gravity locations. 
  
2.1.4 Codes and Standards 
 
Section 2.1.4 of the safety analysis report contains the codes and standards used for the design 
of this package and packaging.  In general, the applicant used the following standards and NRC 
guidance for the design of the package: 
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1) Containment -ASME B&PV Code, Section III, Subsection NB, 
2) Non-containment structural components - ASME B&PV Code, Section III, Subsection NF, 

and 
3) Design criteria and load combinations - Regulatory Guides 7.6 and 7.8. 
 
2.2 Mechanical Properties of Materials 
 
The staff conducted a comprehensive review of the materials listed in the Bill-of-Materials (BoM) 
and the safety analysis report.  Table 2.2-1 through Table 2.2-6 of the application shows both 
strength and materials properties used in the 435-B cask structural analyses.  Section 8.1.5.1 of 
the application, “Polyurethane Foam,” presents the details of acceptance tests for this material. 
Table 2.2-6 of the application, “Nominal Material Properties of 15 lb/ft3 Polyurethane Foam,” 
includes room-temperature crush properties of the polyurethane foam component.  
 
The staff requested additional information regarding the definition of the term “or equivalent” for 
“Lytherm Grade 1530-L or equivalent,” which is the refractory paper material used to line the 
upper and lower body assemblies.  This material is listed in the BoM as Item No. 18, 
Specification of Drawing No. 1916-01-01-SAR, sheet 1 of 7 and Item No. 10, Specification of 
Drawing No. 1916-01-03-SAR, sheet 1 of 2 of the safety analysis report.  The applicant 
proposed the following language for note Nos. 51 and 14: 
 
“Equivalent material must be refractory material made primarily from alumina silica fibers with a 
minimum melting point of 2,000ºF.”  Ultimately, the applicant changed the minimum melting 
point to 1,760 ºC (3,200ºF) and added the density of the equivalent material necessary to qualify 
as a suitable alternative material.  The applicant added note No. 51 on Drawing No. 1916-01-
01-SAR and note No. 14 on Drawing No. 1916-01-03-SAR to read: “Equivalent material must be 
a refractory material made primarily from alumina silica fibers with a minimum melting point of 
1,760 ºC (3,200ºF) and a product density of 6 to 9 pounds per cubic foot.” 
 
Furthermore, the staff reviewed the additional materials selected for the package and 
determined that these were acceptable and provided 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. 
 
The staff found the information provided by the applicant about the properties of the materials 
for the 435-B package components acceptable. 
 
2.3 Fabrication 
 
Section 2.1.2.3.1, “Brittle Fracture,” of the application states that, with the exception of the 
closure bolts, all structural components of the 435-B package are fabricated of austenitic 
stainless steel or aluminum, which are not susceptible to brittle fracture at low temperatures. 
The applicant further states that the closure bolts are fabricated from ASTM A320, Grade L43 
alloy steel bolting material, which is specifically intended for low temperature service. 
 
The staff concludes that all structural components of the Model No. 435-B package (with the 
exception of the closure lid bolts) do not undergo a ductile-to-brittle transition in the temperature 
range of interest (i.e., down to -40 ºC (-40 ºF)).  Therefore, brittle fracture is not a failure mode of 
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concern.  The applicant does not consider bolts as fracture-critical components because 
multiple load paths exist and bolting systems are generally redundant6. 
 
2.4 General Standards for All Packages 
 
2.4.1 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. 
 
2.4.2 Tamper Indicating Feature 
    
Two rain shield retention bolts have a lock wire security seal.  The seal must be destroyed to 
gain access to the closure bolts, which would indicate evidence of tampering.  Therefore, the 
package meets the requirements of 10 CFR 71.43(b). 
 
2.4.3 Positive Closure 
 
The applicant demonstrated positive closure by using two bolted rain shields, which protect the 
package closure bolts and vent and test ports.  These shields, in addition to the closure bolts, 
prevent unintentional opening of the package.  The applicant satisfied the requirements of  
10 CFR 71.43(c). 
 
2.4.4 Chemical and Galvanic Reactions 
 
Section 2.2.2 of the application, “Chemical, Galvanic, or Other Reactions,” specifies that the 
material from which the package is fabricated along with the contents of the package should not 
cause significant chemical, galvanic, or other reactions in an air or water environment.  The 
applicant further indicates that these materials have been previously used, without incident, in 
radioactive material packages for transport of similar payload materials such as the RH-TRU 72-
B (NRC Docket No. 71-9212) and the BEA Research Reactor Cask (NRC Docket No. 71-9341).  
A successful radioactive material packaging history combined with successful use of these 
fabrication materials in similar industrial environments ensures that the integrity of the 435-B 
package will not be compromised by any chemical, galvanic, or other type of reactions. 
 
The polyurethane foam is a rigid, closed-cell (non-water absorbent) material that is free of 
halogens and chlorides, as discussed in Section 8.1.5.1 of the application.  The lead gamma 
shielding in the LTSS or in the shielded devices is fully encased in a steel or stainless steel 
weldment and cannot be affected by water or atmospheric moisture. 
 
The application also states that the brass alloy vent port plug is very corrosion resistant.  Any 
damage that could occur to the material is easily detectable during the loading and unloading of 
the 435-B package.  Similarly, the alloy steel closure bolts, which are plated with corrosion-
resistant nickel plating, can be readily inspected at each use for the presence of corrosion.  The 
optional alloy steel thread inserts are plated for protection against corrosion.  The butyl 
elastomer (the containment O-ring seals) contains no corrosives that would react with or 
adversely affect the 435-B package.  This material is organic in nature and noncorrosive to the 
stainless steel containment boundary of the 435-B package. 

                                                 
6  Per Section 5 of NUREG/CR-1815, “Recommendations for Protecting Against Failure by Brittle 

Fracture in Ferritic Steel Shipping Containers Up to Four Inch Thick,” August 1981.   
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The staff concludes that during normal operation the 435-B internals will not be subject to 
continuous or frequent exposure to moisture or that any water intrusion is not likely to occur in 
great quantities.  The number of and galvanic potential between the different metals used in 
fabrication is low.  Therefore, the conditions required to create the possibility for galvanic 
corrosion is small.  Furthermore, visual inspections to be performed of the payload cavity at 
various timed intervals provide reasonable assurance against any significant corrosion that may 
occur. 
 
2.5 Lifting and Tie-Down Standards for All Packages 
  
The package does not incorporate any structural feature used as a lifting or tie-down device.  
Therefore, the requirements of 10 CFR 71.45(a)(1) and 10 CFR 71.45(b)(1) do not apply. 
 
2.6 Normal Conditions of Transport 
 
2.6.1 Heat 
 
2.6.1.1 Pressures and Temperatures 
 
Table 3.1-1 of the application, “Maximum NCT and HAC Temperatures with LTSS Payload,” 
includes the maximum calculated temperatures for the package.  The maximum reported 
temperature was 93.3 ºC (200°F), approximately.  The design pressure for the package is five 
times higher than the expected operating pressure.  The applicant estimated a maximum normal 
operating pressure of, approximately, 5 pounds per square inch gauge (psig) with the design 
pressure evaluated at 25 psig.   
 
2.6.1.2 Differential Thermal Expansion 
 
The applicant demonstrated, through calculation, that the 435-B package would maintain 
positive clearances between the inner cavity and the lodgment, both axially and radially, under 
normal conditions of transport. 
 
2.6.1.3 Stress Calculations and Comparison with Allowable Stresses 
 
The applicant calculated the stresses for internal pressure assuming a minimum margin of 
safety of 9.4.  The applicant noted that thermal loading gradients were relatively small and that 
thermal expansion was not of concern.  Therefore, the package would not experience additional 
stresses. 
 
2.6.1.4 Closure Bolts 
 
The applicant evaluated the closure bolt stresses for internal pressure, reduced external 
pressure, and bolt preload.  The calculated minimum margin of safety was 1.45.  The applicant 
satisfied the requirements of 10 CFR 71.71(c)(1). 
 
2.6.2 Cold 
 
The applicant evaluated the package for the cold condition of -40 °C (-40 ºF).  A cold 
environment would not adversely affect the materials of construction, including brittle fracture.   
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One exception considered was the remaining bolt preload after differential thermal contraction 
of bolting flange and bolts.  In this case, the applicant demonstrated that the closure bolts 
retained a large percentage of their original preload value, demonstrating a margin of safety 
of 42.3.   
 
The applicant satisfied the requirements of 10 CFR 71.71(c)(2). 
  
2.6.3 Reduced External Pressure 
 
The applicant evaluated the package for the reduced external pressure and demonstrated that 
the heat condition (internal pressure of 25 psig) stresses bounds the stresses generated by this 
evaluation (internal pressure 16.2 psig). 
 
The applicant satisfied the requirements of 10 CFR 71.71(c)(3). 
 
2.6.4 Increased External Pressure 
 
The applicant evaluated the package for the impact of increasing the external pressure in a cold 
environment including the determination of maximum shell stresses.  The stress results, when 
compared with allowable stress, demonstrated positive margins.  These analytical results 
demonstrated that the package is sufficiently robust in a cold environment with increased 
external pressure. 
 
The applicant satisfied the requirements of 10 CFR 71.71(c)(4). 
 
2.6.5 Vibration 
 
The applicant used the peak G load expected during normal conditions of transport to evaluate 
the performance of the package caused by vibration.  The stress analysis performed for this 
evaluation demonstrated that vibratory loads would not adversely affect the performance of the 
package.  Furthermore, the fatigue evaluations (in aggregate) demonstrated that the package 
would be sufficiently robust to withstand all direct and indirect vibration effects. 
 
The applicant satisfied the requirements of 10 CFR 71.71(c)(5).  
 
2.6.6 Water Spray 
 
Because of the materials of construction, the staff has determined that water spray is not a 
significant challenge to the structural design of this package. 
 
The applicant satisfied the intent of 10 CFR 71.71(c)(6). 
 
2.6.7 Free Drop 
 
Hypothetical accident condition drop test results, as well as defense-in-depth calculations, 
bounded the free drop test for normal conditions of transport.  The package drop orientations 
considered were identical for both cases and the package remained leak tight under 
hypothetical accident conditions.  The staff concludes that no further evaluation was required for 
normal conditions of transport. 
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The drop testing and analytical modeling (in aggregate) satisfied the requirements of 10 CFR 
71.71(c)(7). 
 
2.6.8 Corner Drop 
 
The corner drop is not applicable to this package design.   
 
2.6.9 Compression 
 
The applicant demonstrated that the maximum pressure caused by immersion bound the 
compression test requirement.  The hydrostatic pressure exerted on the package exceeded the 
equivalent pressure imparted by the compression test.  The applicant satisfied the requirements 
of 10 CFR 71.71(c)(9).  
 
2.6.10 Penetration 
 
The puncture tests, under hypothetical accident conditions, bounds the penetration test for 
normal conditions of transport. 
 
The applicant satisfied the requirements of 10 CFR71.71(c)(8). 
 
2.7 Hypothetical Accident Conditions 
 
2.7.1 Free Drop 
 
The primary means for certifying the package to meet this requirement was through physical 9-
meter (m) drop tests.  The applicant tested three certification test units7 in the following 
sequence: 
 
1) Drops - Six test series, which included end drops, side drops, and oblique drop orientations. 

   
2) Puncture Test - Using the same orientation as the drop tests and preceded by normal 

conditions of transport drops also in the same orientations.   
 
The testing considered hot and cold test conditions.  Following the range of damage in each of 
the test sequences, each certification test units was leak tested.  The leak tests met the 
definition of a “leak tight” package, thereby, satisfying the design parameter. 
 
The applicant performed further analysis using the initial finite element analyses used for 
determining worst case drop orientations.  In general, the analysis was in agreement with the 
test data.  The staff did not consider the benchmarking performed by the applicant to be fully 
complete due to the amount and type of instrumentation used during the testing phases.  
Nevertheless, the staff considered physical drop test as the primary basis for certifying the 
design of the 435-B package and the benchmarking analysis as defense-in-depth. 
 
The applicant performed additional calculations on various structural components and 
demonstrated that sufficient margin remained in the design of those components.  This margin 
would preclude failure of thermal and shielding functions of these components.  Specifically, 
strength calculations on closure bolts demonstrated a margin of safety of 1.04.  

                                                 
7  Also known as CTUs. 
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The drop testing and analytical modeling, in aggregate, satisfied the requirements of 10 CFR 
71.73(c)(1). 
 
2.7.2 Crush 
 
This evaluation is not applicable because the package weight exceeds the maximum weight 
required for this test.  

 
2.7.3 Puncture 
 
The applicant subjected the package to a penetration drop test using three certification test 
units.  This test consisted of dropping the package from six different orientations (with a total of 
seven drops) and a height of 1 meter on to a fixed steel bar.  Orientations included the following: 
 
1) CG over knuckle damage location,  
2) Oblique bottom down impact limiter damage location, 
3) Impact limiter side drop damage location, 
4) Side drop near rain shield location,  
5) Side puncture at knuckle damage location, and 
6) Side puncture on thermal shield.   
 
The applicant reported that no tears or cracks were observed in the containment boundary due 
to any of the puncture test orientations nor was the thermal shield ruptured.  The maximum 
deformation reported was less than 5 centimeters (2 inches). 
 
The applicant did note that the impact limiter did tear in one puncture test (i.e., test P1) leaving 
the polyurethane foam exposed to the fire transient.  As mentioned in Section 3.5.4 of the safety 
analysis report, this foam should prevent additional internal damage caused by the fire.  
 
The applicant met the requirements of 10 CFR 71.73(c)(3). 
 
2.7.4 Thermal 
   
2.7.4.1 Summary of Temperature and Pressures 
 
The applicant reported that the package reached a maximum temperature of 690ºC (1,274°F) 
during the fully engulfing fire, with other areas of temperature excursion above 426.7ºC (800°F) 
reported in the range of 525ºC to 628.9 ºC (977°F to 1,164°F).  This resulted in a calculated 
internal pressure of 9.4 psig, which is greater than the maximum normal operating pressure of 5 
psig and less than the value of 10 psig used for stress evaluations. 
 
2.7.4.2 Differential Thermal Expansion 
 
The applicant demonstrated through calculation that positive clearances were maintained under 
hypothetical accident conditions. 
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2.7.4.3 Stress Calculations and Comparison with Allowable Stresses 
 
The applicant performed stress calculations for the damaged package and the reported 
minimum margin of safety was 0.33.  The applicant noted significant conservatisms in the 
calculations may result on a margin of safety as high as 1.60. 
 
Further calculations were performed to consider the extreme range of stresses as defined by 
Regulatory Guide 7.6.  The minimum margin of safety reported for this evaluation was 1.08. 
 
The requirements of 10 CFR 71.73(c)(4) are met. 
 
2.7.5 Immersion – Fissile Material 
 
The material transported in the package is fissile exempt; therefore, the requirements of 10 CFR 
71.73(c)(5) do not apply. 
   
2.7.6 Immersion - All Packages 
 
The applicant demonstrated, through the use of equivalent external pressure, that immersion 
does not challenge the package.  A minimum margin of safety of 6.4 was reported.  The 
requirements of 10 CFR 71.73(c)(6) are met. 
 
2.7.7 Deep Immersion 
 
The contents have less than 105 A2, therefore, the requirements of 10 CFR 71.73(c)(7) do not 
apply. 
 
2.8 Evaluation Findings 
 
The staff reviewed documentation provided by the applicant including detailed calculation 
packages and test results to verify that statements presented by the applicant are accurate and 
within acceptable engineering practices.  Based on the review of the statements, 
representations, and supplemental calculations 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. 
 
 
3.0 THERMAL 
 
The purpose of this evaluation is to verify that the 435-B transport package provides adequate 
protection against the thermal tests specified in 10 CFR Part 71 and to verify that the package 
design meets the thermal performance requirements of 10 CFR Part 71 under normal conditions 
of transport and hypothetical accident conditions. 
 
3.1 Description of Thermal Design 

 
3.1.1 Thermal Design Features 

 
The thermal protection features include the following:  
 
1) Dual thermal shields over the cylindrical body shell,  
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2) A single thermal shield over the upper torispherical head,  

 
3) A closure bolt enclosure structure that provides distance separation and thermal protection 

for the closure bolt heads and upper surface of the upper body flange from the ambient 
conditions,  
 

4) An impact limiter that surrounds and encompasses the lower portion of the upper body 
assembly as well as the package base, and  
 

5) Internal impact limiters that are configured to restrict heat flow between the payload and the 
torispherical heads. 
   

The outer cylindrical shell features plastic melt–out plugs that are designed to relieve pressure 
generated by the thermal decomposition of the polyurethane foam during the hypothetical 
accident conditions fire event. 
 
3.1.2  Contents Decay Heat 

 
The application states that the maximum evaluated decay heat of the LTSS payload contents is 
200 watts and the maximum evaluated decay heat of the shielded devices contents is 30 watts.  
Table 1.2-1, “LTSS Payload Source Nuclides,” of the safety analysis report provides the LTSS 
payload source nuclides and Table 1.2-2, “Shielded Devices,” of the safety analysis report 
provides the shielded devices.  The staff reviewed both tables and calculated the decay heat 
values for each of the LTSS payload source nuclides as well as the shielded devices.  The staff 
confirmed that for the LTSS payload source nuclides, each nuclide is less than 200 watts and 
for the shielded devices, each device is less than 30 watts.  Only one shielded device can be 
transported at a time.  The thermal model conservatively uses 30 watts for the decay heat of the 
shielded device; the staff finds this maximum decay heat limit to be acceptable for the shielded 
device contents.  The operating procedures in Chapter 7, “Package Operations,” of the 
application include a step to ensure that when multiple isotopes are transported, the total decay 
heat is less than 200 watts.   
 
3.1.3  Summary Tables of Maximum Temperatures and Pressure 

 
Tables 3.1-1, “Maximum NCT and HAC Temperatures with LTSS Payload,” and 3.1-2, 
“Maximum NCT and HAC Temperatures with Shielded Device Payload,” of the application 
provide a summary of component temperatures for the normal conditions of transport and 
hypothetical accident conditions analyses conducted by the applicant.  The staff reviewed these 
tables and confirmed that the maximum calculated component temperatures were within the 
applicable temperature limits.  Table 3.1-3, “Summary of Maximum Pressure,” of the application 
shows the maximum pressures under the normal conditions of transport heat test and under 
hypothetical accident conditions for the cask cavity considering each type of payload.  The cask 
cavity pressure was calculated using the bulk average gas temperature which took into account 
all void volumes within the package.  The staff confirmed the maximum pressures in Table 3.1-3 
of the application using the ideal gas law.  The staff found the information in Table 3.1-3 of the 
application to be acceptable based on the staff’s confirmatory calculations and the information in 
Section 3.4.3.4 of the application, “Maximum HAC Pressures.” 
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3.2  Material Properties and Component Specifications 
 
The applicant included thermal properties related to the package in: 
 
1) Table 3.2-1, “Thermal Properties of Metallic Materials,”  
2) Table 3.2-2, “Thermal Properties of Non-Metallic Materials,” (e.g., thermal conductivity), 
3) Section 3.2.1, “Material Properties,” (material emissivity and absorptivity values),   
4) Table 3.2-3, “Thermal Properties of Air,” and  
5) Table 3.2-4, “Thermal Properties of Argon,” of the application. 

 
Temperature sensitive materials for the 435-B packaging include the following:  
 
1) Butyl rubber compound used for the containment boundary and vent/test port seals, 
2) Polyurethane foam used in the impact limiters, and  
3) 6061-T6 aluminum used in the internal impact limiters.   

 
Temperature sensitive materials for the payloads include the following:  
 
1) 6061-T6 aluminum used for the LTSS lodgment, 
2) Lead used for the radiological shielding of the sealed sources, 
3) Outer shell of the sealed sources, and  
4) Polyurethane foam used for dunnage/blocking of the shielded devices.   
 
Section 3.2.2, “Component Specifications,” and Tables 3.1-1 and 3.1-2 of the application include 
the maximum allowable service temperatures for the 435-B packaging and payload materials.  
The staff confirmed that the minimum allowable service temperature for all package 
components is below - 40ºC (-40°F).  The staff found the information in Section 3.2.2 of the 
application acceptable based on the staff’s confirmatory review of the material properties.   

 
3.3 General Consideration 

 
The applicant used the Thermal Desktop and SINDA/FLUINT computer programs to model the 
435-B packaging with the following assumptions: 
 
1) LTSS payload represented by a three-dimensional, half symmetry thermal model, which 

captures the full height of the packaging components for the normal conditions of transport 
evaluations.8   
 

2) Generic shielded device payload represented by a three-dimensional, quarter symmetry 
thermal model which captures the full height of the packaging components for the normal 
conditions of transport evaluations.9   

 

                                                 
8  Figure 3.5-8 of the application, “Combined Modeling of 435-B Packaging with LTSS Payload,” 

illustrates the 435-B packaging and LTSS thermal model used for normal conditions of transport 
evaluations. 

9  Figure 3.5-11 of the application, “Combined Modeling of 435-B Packaging with SD Payload,” 
illustrates the 435-B packaging and generic shielded device thermal model used for normal 
conditions of transport evaluations. 
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The 435-B exchanges heat with the surrounding environment through convection and radiation.  
Heat transfer between 435-B components is by conduction and radiation.  Heat transfer 
between the LTSS and the lodgment is by conduction, radiation, and convection.  Modeling 
convective heat transfer between the LTSS, the LTSS lodgment, and the interior of the 435-B 
packaging reduces the component temperatures under normal conditions of transport.  
Nevertheless, a sensitivity study performed by the applicant and described in Section 3.5.3.2 of 
the application, “LTSS and LTSS Lodgment Thermal Model,” showed there would be ample 
margin for the source capsule and the LTSS lead shielding, even without considering 
convection.  The applicant also stated and the staff agrees that modeling internal convection 
between the LTSS, the LTSS lodgment, and the interior of the 435-B packaging conservatively 
increases the average bulk gas temperature during hypothetical accident conditions. 
 
3.4 Normal Conditions of Transport 

 
3.4.1 Heat and Cold 

 
For the LTSS payload, the applicant assumed only one large source drawer, a maximum decay 
heat of 200 watts, and an ambient temperature of 38°C (100°F) for the normal conditions of 
transport hot conditions.  The applicant modeled the LTSS payload with and with no solar 
insulation considering the following additional assumptions: 
 
1) With solar insolation - Solar insolation was applied using a time-dependent sinusoidal heat 

flux described in Section 3.5.3.4 of the application, “Insolation Loads.” 
   

2) No solar insolation - The applicant demonstrated that the peak temperature for the 
accessible exterior surfaces of the packaging was less than 50°C (122°F) for non-exclusive 
use shipments.  (See Section 3.3.1.1 of the application, “Maximum Temperatures.”)   

 
The staff confirmed that these initial conditions were applied to the normal conditions of 
transport thermal analysis model with the LTSS payload.  Table 3.3-1, “NCT Temperatures for 
435-B Packaging with LTSS Payload,” of the application showed that the maximum calculated 
component temperatures for the LTSS payload were within the applicable temperature limits. 
 
For the shielded device payload, the applicant assumed a generic shielded device payload 
dissipating 30 watts of decay heat and an ambient temperature of 38°C (100°F) for the normal 
conditions of transport hot conditions.  The applicant modeled the generic shielded device 
payload with and with no solar insulation considering the following additional assumptions: 
 
1) With solar insolation - Solar insolation was applied using a time-dependent sinusoidal heat 

flux described in Section 3.5.3.4 of the application. 
   

2) No solar insolation - The applicant demonstrated that the peak temperature for the 
accessible exterior surfaces of the packaging is less than 50°C (122°F) for non-exclusive 
use shipments.  (See Table 3.3-2 of the application, “NCT Temperatures for 435-B 
Packaging with SD Payload.”)   

 
The staff confirmed that these initial conditions were applied to the normal conditions of 
transport thermal analysis model with the shielded device payload.  Table 3.3-2 of the 
application showed that the maximum calculated component temperatures for the shielded 
device payload were within the applicable temperature limits. 
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The applicant performed the normal conditions of transport cold conditions evaluation with a 
maximum decay heat for the LTSS payload and the shielded device payload, an ambient 
temperature of -29ºC (-20°F), and no solar insolation.  Tables 3.3-1 and 3.3-2 of the application 
include the predicted package temperatures for the LTSS payload and the shielded device 
payload.  The applicant did not perform calculations for the normal conditions of transport cold 
conditions without decay heat at an ambient air temperature of -40ºC (-40°F).  For this steady-
state thermal condition all package components will eventually reach -40ºC  
(- 40°F), which is within the allowable temperature range for all package components. 
 
3.4.2 Maximum Normal Operating Pressure 
 
In Section 3.3.2, “Maximum Normal Operating Pressure,” of the safety analysis report, the 
applicant calculated the package cavity maximum normal operating pressure based on the cask 
cavity bulk gas temperature and the ideal gas law.  Table 3.3-3, “NCT Pressures for 435-B 
Packaging,” of the application includes the package cavity pressure results for the LTSS 
payload and shielded device payload under normal conditions of transport.  The maximum 
normal operating pressure is conservatively defined to be 5 psig, which is below the design 
pressure of 25 psig.  The staff confirmed the maximum pressures in Table 3.3-3 of the 
application using the ideal gas law.  The staff found the information in Table 3.3-3 of the 
application to be acceptable based on the staff’s confirmatory calculations. 

 
3.4.3 Maximum Thermal Stresses 

 
Figures 3.3-1, “NCT Temperature Distribution for LTSS Payload,” and 3.3-3, “NCT Temperature 
Distribution for Generic Shielded Device,” of the application show temperature distributions and 
relatively modest temperature gradients for the 435-B packaging.  The 435-B packaging has no 
significant restraints against thermal expansion.  Therefore, the applicant concluded that 
thermal stresses due to normal conditions of transport temperatures were not expected to be 
significant.  The staff agrees with this conclusion based on the temperature distributions in 
Figures 3.3-1 and 3.3-3 of the application. 

 
3.5 Hypothetical Accident Conditions 

 
3.5.1 Initial Conditions 

 
The thermal models for hypothetical accident conditions are modified versions of the normal 
conditions of transport models.  These models include the following: 
 
1) Expected package damage resulting from the drop events that precede the hypothetical 

accident conditions fire,  
 
2) Change from vertical to horizontal orientation,  
 
3) Heat transfer to and from the base to simulate a fully engulfing fire,  
 
4) Changes to the package surface emissivities to reflect the assumed presence of soot and/or 

oxidization, and  
 
5) Simulation of the thermal performance of the polyurethane foam used in the impact limiter. 
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The applicant performed physical testing using a series of prototypic full scale certification test 
units to establish the expected level of damage sustained by the 435-B packaging as a result of 
the 10 CFR 71.73, “Hypothetical Accident Conditions,” free and puncture drops that precede the 
hypothetical accident conditions fire event.  Section 3.5.3.6, “Description of Thermal Model for 
HAC Conditions,” of the application includes the foam dimensional modifications to the thermal 
model considering bounding worst-case scenarios.  The applicant scaled the projected crush 
dimensions to reflect the full effect of temperature on the polyurethane foam structural 
properties since the warm drop test event did not fully capture the peak temperature of the foam 
at normal conditions of transport.  The thermally modeled puncture bar damage was also shifted 
in comparison to the certification test units’ damage to maximize the potential impact on the 
closure seals.  The staff agrees with the modeling assumptions described above based on the 
physical testing performed by the applicant. 

 
3.5.2  Fire Test Conditions 

 
The applicant assumed initial ambient conditions at 38ºC (100°F) with solar insolation in the 
hypothetical accident conditions thermal analysis.  The initial temperature distribution in the 
hypothetical accident conditions thermal analysis captures the peak shell temperatures during 
normal conditions of transport.  A fully engulfing fire consisting of 800ºC (1,475°F) ambient 
temperature with an effective emissivity of 1.0 at the start of the fire is used to simulate the 
average flame temperature of the hydrocarbon fuel/air fire event.  The ambient condition of  
38ºC (100°F) with insolation is assumed following the 30 minute fire event.  Although the 435-B 
can be transported by air, isotopes of americium and plutonium will not be offered for transport 
by air.  In addition the payload is fissile exempt.  Therefore the 60 minute fire test in 10 CFR 
71.51(f)(1)(iv) is not required.  A solar absorptivity of 0.9 is assumed for the exterior surfaces to 
account for potential soot accumulation on the package surfaces.  The transient analysis is 
continued for 8 hours after the end of the fire to capture the peak package temperatures.  The 
staff confirmed that these fire test conditions were applied to the hypothetical accident 
conditions thermal analysis model.   

 
3.5.3  Maximum Temperatures and Pressure 
 
Tables 3.4-1, “HAC Temperatures for Side Drop Damage with LTSS,” and 3.4-2, “HAC 
Temperatures for Head Down Drop Damage with LTSS,” of the application contain a summary 
of hypothetical accident condition temperatures for the side drop and head down drop, 
respectively, of the 435-B with the LTSS payload.  Tables 3.4-1 and 3.4-2 of the application 
summarize the end of fire, maximum, and post-fire steady state temperatures from the 
hypothetical accident conditions LTSS payload thermal analysis.  The staff reviewed the 
maximum calculated component temperatures under hypothetical accident conditions, for the 
435-B with the LTSS payload, and confirmed the temperatures were within their allowable 
values which can be seen in Tables 3.4-1 and 3.4-2 of the application.  The following figures of 
the application show the 435-B with the LTSS payload component temperatures as a function of 
time during the fire and post-fire: 
 
1) Figure 3.4-1, “Package HAC Temperature Response – Side Drop Damage with LTSS,” 

 
2) Figure 3.4-2, “LTSS HAC Temperature Response – Side Drop Damage,”  

 
3) Figure 3.4-6, “Package HAC Temperature Response – Head Down Drop Damage with 

LTSS,” and  
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4) Figure 3.4-7, “LTSS HAC Temperature Response – Head Down Drop Damage.”  
 
Table 3.4-3 of the application, “HAC Temperatures for Side Drop Damage with Shielded 
Device,” contains a summary of hypothetical accident temperatures for the side drop of the 435-
B with the shielded device payload.  Table 3.4-3 of the application summarizes the end of fire, 
maximum, and post-fire steady state temperatures from the hypothetical accident conditions 
shielded device payload thermal analysis.  The staff reviewed the maximum calculated 
component temperatures under hypothetical accident conditions, for the 435-B with the shielded 
device payload, and confirmed the temperatures were within their allowable values which can 
be seen in Table 3.4-3 of the application.  Figure 3.4-10 of the application, “Shielded Device 
HAC Temperature Response – Side Drop Damage,” shows the 435-B with the shielded device 
payload component temperatures as a function of time during the fire and post-fire.  Due to the 
higher heat load in the LTSS payload, the LTSS payload component temperatures bound the 
shielded device payload component temperatures.  The side drop payload temperature results 
would bound the head down drop payload temperature results for the LTSS payload.  
Therefore, while a specific analysis of the head down drop for the shielded device payload was 
not performed by the applicant, it can be concluded that the side drop component temperatures 
in Table 3.4-3 of the application provided bounding results for head drop component 
temperatures.  The staff agrees with this conclusion. 

 
In Section 3.4.3.4 of the application, “Maximum HAC Pressures,” the applicant calculated the 
maximum pressure under hypothetical accident conditions for the LTSS and shielded device 
payloads.  The maximum hypothetical accident condition pressure would be 9.4 psig.  The 
calculated pressure was based on the package cavity temperature and includes a small amount 
of polyurethane foam dunnage off-gassing based on the hypothetical accident conditions 
temperature of the foam dunnage.  The applicant used a conservative hypothetical accident 
condition pressure of 10 psig for either payload in the structural analysis.  The staff found the 
information in Section 3.4.3.4 of the application to be acceptable.  The staff confirmed the 
maximum pressures in Section 3.4.3.4 of the application using the ideal gas law and the foam 
outgassing information described in Section 3.4.3.4 of the application. 
 
3.5.4  Maximum Thermal Stresses 
 
Section 2.7.4 of the application, “Thermal,” addresses the maximum thermal stresses under 
hypothetical accident conditions.  The applicant calculated a conservative minimum axial and 
diametric clearance between the lodgment and the payload cavity to show that positive 
clearance is maintained.  The applicant calculated the margin of safety considering the stress in 
the containment boundary during and after the hypothetical accident conditions fire event and 
thermal stresses were not a concern.  The staff agrees with this conclusion. 
 
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 standards of 10 CFR Part 71. 
 
 
4.0 CONTAINMENT 
 
The purpose of this evaluation is to verify that the 435-B transport package containment 
provides adequate protection against radiation and to verify that the package design meets the 
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requirements of 10 CFR Part 71 under normal conditions of transport and hypothetical accident 
conditions. 
 
4.1 Description of the Containment System 
 
4.1.1 Containment Boundary 
 
The 435-B package provides a single level of leaktight containment, defined as a leakage rate 
of less than 1 x 10-7 reference cubic centimeters per second (ref–cm3/s), air, per ANSI N14.5, 
“Radioactive Materials - Leakage Tests on Packages for Shipment.”  The containment boundary 
of the 435-B package consists of the following elements: 
 
1) The upper torispherical head and upper body assembly lifting boss, 
2) The cylindrical side shell, 
3) The upper flange (attached to the upper body assembly), 
4) The lower flange (attached to the lower body assembly), 
5) The lower torispherical head, 
6) The containment elastomer O-ring seal, and 
7) The vent port block and brass vent port plug in the upper flange including elastomer sealing 

washer.                                 
 
Figure 4.1-1 of the safety analysis report shows the containment boundary.  Staff reviewed the 
discussion and figure of the containment boundary provided by the applicant found both 
acceptable. 
 
4.1.1.1 Containment Penetrations 
 
The vent port is the only containment penetration.  The vent port is located in a steel block 
welded to the upper flange, as viewed in Figure 4.1-1 of the safety analysis report.  It was 
designed and tested to ensure “leaktight” sealing integrity, which its leakage rate not exceeding 
1 x 10-7 cm3/s, per ANSI N14.5.  Staff reviewed the discussion of the containment penetration 
provided by the applicant and finds this discussion acceptable.   
 
4.1.1.2 Seals 
 
The application contains a discussion about the elastomeric portion of the containment 
boundary.  This portion consists of: 
 
1) A nominally 3/8-inch diameter,  
2) Bore type O-ring seal located in the upper groove of the lower flange, and  
3) A seal washer sealing element, which is comprised of an O-ring integrated with a stainless 

steel washer, for the vent port.   
 
The seals are made of a butyl elastomer compound suitable for continuous use between the 
temperatures of -53.9ºC to 121.1ºC (-65°F and 250°F).  These seals are capable of even higher 
temperatures during hypothetical accident conditions fire case transient.  Appendix 2.12.5, 
“Containment Seal Performance Tests,” of the safety analysis report includes further discussion 
of the thermal performance capabilities of the butyl rubber seals. 
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The lower body flange of the containment boundary has two O-ring seals.  The lower seal forms 
an annular space for leakage rate testing of the containment seal.  Sections 4.4 and Chapter 8 
of the safety analysis report contains a summary of the leakage rate tests for this package. 
 
Staff reviewed the discussion of the seals provided by the applicant and finds this discussion 
acceptable.   
  
4.1.1.3 Welds 
 
Within the safety analysis report, all the butt welds used in the containment boundary (including 
any welds to join plates prior to forming) are full penetration welds.  These welds are radiograph 
and liquid penetrant inspected to ensure structural and containment integrity.  Radiographic 
inspection is in accordance with the ASME Code, Subsection NB, Article NB-5000, and Section 
V, Article 2.  The liquid penetrant inspection should be on its final pass in accordance with 
ASME Code, Subsection NB, Article NB-5000, and Section V, Article 6.   
 
The fillet weld between the vent port block and the lower flange and the full penetration groove 
weld which closes off the vent port machining access hole are liquid penetrant inspected on the 
final pass in accordance with the ASME Code, Subsection NB, Article 5000, and Section V, 
Article 6.  Section 8.1.4 of the safety analysis report specifies that all containment boundary 
welds are leaktight. 
 
4.1.1.4 Closure 
 
The package closure includes 24 1-1/4-7 UNC socket head cap screws tightened to 300 ± 30 
foot pound-force (ft-lbf).  In Chapter 2 of the safety analysis report, the applicant shows that the 
closure lid cannot become detached by any internal pressure, normal conditions of transport, or 
hypothetical accident conditions events.  The impact limiter protects the closure joint, which is 
integral with the lower body assembly.  The vent port is the only containment penetration.  
Figure 4.1-1 of the safety analysis report shows the vent port location, which is in a steel block 
welded to the upper flange.  The applicant would design and test the vent port to ensure a 
“leaktight” sealing integrity (i.e., leakage rate not exceeding 1 x 10-7 cm3/s, per ANSI N14.5).  
Staff finds the discussion of the containment penetrations acceptable.   
 
4.2 Containment under Normal Conditions of Transport (Type B Packages) 
 
Section 2.6 and Section 3.3 of the safety analysis report include the results considering normal 
conditions of transport, as required in 10 CFR 71.71, “Normal Conditions of Transport.”  These 
results demonstrate that there is no release of radioactive materials, since the package is 
“leaktight” (see Section 4.1.5 of this SER) under any of the normal conditions of transport tests.  
Staff finds this analysis acceptable. 
 
4.3 Containment under Hypothetical Accident Conditions (Type B Packages) 
 
Section 2.7 and Section 3.4 of the safety analysis report include the results considering 
hypothetical accident conditions, as required in 10 CFR 71.73.  These results demonstrated that 
there is no release of radioactive materials, since the package is “leaktight” (see Section 4.1.5 of 
this SAR) under any of the hypothetical accident conditions tests.  Staff finds this analysis to be 
acceptable. 
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4.4 Leakage Rate Tests for Type B Packages 
 
Section 8.1.4 of this SER, includes a discussion of the leak rate tests applicable to the 435-B. 
 
4.5 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 Part 71. 
 

 
5.0 SHIELDING EVALUATION 
 
The purpose of this evaluation is to verify that the 435-B transport package shielding provides 
adequate protection against direct radiation from its contents and to verify that the package 
design meets the external radiation requirements of 10 CFR Part 71 under normal conditions of 
transport and hypothetical accident conditions. 
 
5.1 Description of Shielding Design 
 
5.1.1 Design Features 
 
The shielding design features of the 435-B package consist of the following components: 
 
1) 435-B package, 
2) LTSS, and 
3) Shielded devices.   
 
The 435-B package is designed to transport the LTSS.  The 435-B package itself offers little 
shielding.  The outer shell of the 435-B is 0.5 inches thick steel.  
 
The LTSS provides the shielding which features 85.8 mm lead shielding on the ends and 244 
mm lead shielding on the sides.  The shipper loads the sources into four recesses within the 
LTSS and sealed these within one of five special form capsules.  Each special form capsule 
source drawer features tungsten shielding at each end.  The length of the tungsten shielding is 
dependent upon the length of special form capsule utilized, and the tungsten length ranges 
between 88.5 and 214 mm.  The LTSS may be used with the T80/T780 drawer.  For the T80 
drawer, the shielding on each side of the source is 9.2 inches of lead.  For the T780 drawer, the 
shielding may be lead, tungsten, or depleted uranium.  (Also, see Table 1.1.1 of this SER.) 
 
The GC-3000 and GC-40 are two additional shielded devices addressed in this application.  The 
GC-3000 is heavily shielded with lead.  The lead thickness through the top lead plug is 
approximately 3 inches.  Additional shielding at the top is provided by a source holder that 
features approximately 2.35 inches (6 centimeters) steel shielding.  The minimum side lead 
thickness is approximately 4.5 inches (11.4 centimeters). 
 
5.1.2 Summary Table of Maximum Radiation Levels 

 
Due to the number of possible LTSS loading scenarios, the applicant used a simplified method 
to estimate dose rates for single isotopes.  The applicant estimated the dose rate from any 
combination of isotopes using the sum of fractions rule for: 
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1) Normal Condition of Transport (NCT) - The maximum dose rates on the surface and at 1 

m of the package are conservatively limited to 190 millirem per hour (mrem/hr) and 9.5 
mrem/hr, respectively.  
  

2) Hypothetical Accident Conditions - There is no damage to the LTSS, LTSS lodgment, or 
435-B package that affects dose rates.  

 
The dose rates calculated using this method are below the normal conditions of transport limits 
for non-exclusive use transportation.10  Therefore, the transport index (TI) will not exceed 9.5.  
Under hypothetical accident conditions, dose rates are the same as the normal conditions of 
transport dose rates at 1 m, or 9.5 mrem/hr.  The staff verified that this was consistent with the 
condition of the package. 
 
For the shielded devices, the applicant provided a summary of the maximum radiation levels for 
the package under: 
 

1) Normal Condition of Transport (NCT) for non-exclusive use transport.  (See Tables 5.5.3-
1 and 5.5.3-2 of the safety analysis report.)   
 

2) Hypothetical Accident Conditions at the distance of 1 meter from the surface.  (See Table 
5.5.3-3 of the safety analysis report.) 

 
For normal conditions of transport, the applicant estimated the dose rates for a Group 1 device 
(GC-3000) with a 3,840 Ci cesium-137 (137Cs) pencil source and for a Group 3 device (GC-40) 
with a 2,250 Ci 137Cs point source.  GC-3000 bounds the GC-40, therefore, hypothetical 
accident conditions dose rates estimates are only for the GC-3000.   
 
5.2 Radiation Source Specifications 
 
Table 5.2-1 of the safety analysis report contains a summary of the source terms for isotopes, 
which may be loaded into the 435-B (also see Section 1.3 of this SER).  These isotopes may be 
either alpha or beta emitters, but only the corresponding gamma and neutron emissions 
contribute to the dose rate.  The actinides may also be mixed with a (α, n) target nucleus, such 
as beryllium.   
 
The decay heat of the 435-B package is limited to 200 watts (see Section 3.1.2 of this SER).  
Therefore, each nuclide is also limited to 200 watts.  In most cases, the applicant used the 
ORIGEN-S module of the SCALE code version 6 (SCALE6/ORIGEN-S) to estimate the gamma 
and neutron source terms.  However, there was an error in the SCALE6/ORIGEN-S data 
libraries for iridium-192 (192Ir) and SCALE6/ORIGEN-S cannot be used to determine the gamma 
source for this isotope.  Therefore, for this isotope only, the applicant used SCALE44/ORIGEN-
S to estimate the gamma source term.  The staff performed confirmatory analyses to verify the 
source terms using ORIGEN-ARP as part of the SCALE6.1 depletion code. 
 

                                                 
10  Currently, transportation limits on the package surface and at 1 m from the package surface are 

200 mrem/hr and 1,000 mrem/hr, respectively. 
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5.2.1 Gamma Source 
 
Table 5.2.1 of the safety analysis report shows the allowable gamma source nuclides.  The 
applicant provides details of each gamma source including their gamma energies and the decay 
heat.  Table 5.2-14 of the safety analysis report includes the decay heat for each isotope in 
each source to be loaded in the 435-B.  The applicant used the ORIGEN-S module of the 
SCALE6 code package to calculate the neutron sources.     
 
5.2.2 Neutron Source 
 
Tables 5.2-15, 5.2-16, 5.2-17, and 5.2-18 of the safety analysis report summarize the neutron 
sources generated by 226Ra, 241Am, 238Pu, and 239Pu, respectively.  These results are based on 
1 Ci, except for 238Pu and 239Pu.  For the plutonium isotopes, the applicant assumed 1 gram of 
material.  The applicant used the ORIGEN-S module of the SCALE version 6 code package to 
calculate the neutron sources, assuming beryllium, chlorine, and oxygen (i.e., as target 
nuclides).   
 
5.3 Shielding Model 
 
5.3.1 Configuration of Shielding and Source 
 
The applicant analyzed all allowable shielding and source configurations of the 435-B package 
using the MCNP5 computer program.  The applicant did not model the LTSS lodgment explicitly 
in MCNP because it offered little axial or radial shielding, but it took credit for the axial 
placement of the LTSS within the package.  The bottom of the LTSS is 8.5 inches from the 
bottom of the 435-B package.  The applicant shortened the distance from the top of the LTSS to 
the inner top of the 435-B is 17.3 inches.  Therefore, the LTSS was simultaneously modeled at 
both the bottom and top of the package, and no models are required in which the LTSS shifts 
axially. 
 
For the 435-B package, the applicant placed the mesh tallies at the top, bottom, and side 
surfaces, as well as 1 m from these surfaces.  The top surface mesh tally was close to the top of 
the package as possible because the top surface of the 435-B is curved and the mesh tally is 
flat.  The staff verified that the number of dimensions of the MCNP code was appropriate for the 
package geometry, including the streaming paths.  
 
5.3.1.1 Shielding Configuration 
 
Table 5.3-1 of the safety analysis report includes key dimensions used in the MCNP model and 
Figure 5.3-1 of the safety analysis report shows the model geometry.  Some key assumptions 
used in the MCNP model were as follows: 
 
1) Reduced the height of the 435-B by reducing the cavity length,  
2) Conservatively modeled the upper and lower internal impact limiters as void, 
3) Took credit for the ½-inch impact limiter aluminum plates that form the top and bottom of the 

cavity,  
4) Neglect the thermal shield below the torispherical head, and   
5) Polyurethane foam fills the external impact limiter.  
 
Table 5.3-2 of the safety analysis report lists the key dimensions used to develop the LTSS 
models, and Figure 5.3-3 of the safety analysis report shows the model geometry.   



-    - 26

 
The LTSS has thick lead shielding on the side between the liner tube and outer shell.  Sources 
are inserted into each of four recesses within the LTSS drawer barrel.  The applicant made the 
following assumptions to model this configuration: 
 
1) reduced the radial lead thickness by 7 mm to account for tolerances, and 

 
2) reduced the lead thickness in the shielded flange by the index cap penetration depth of 10 

mm.  
 
The staff found that these modeling assumptions result in conservative dose rates. 
 
5.3.1.2 Source Configuration 
 
In Section 5.3.1 of the safety analysis report, the applicant describes the source configuration.  
There are two basic configurations11 that go into the LTSS that should not be used together (i.e., 
within the same LTSS).   
 
The large drawer features tungsten shielding at the ends.  Table 5.3-6 of the safety analysis 
report includes the dimensions of the large drawer and tungsten inserts.  Table 5.3-3 of the 
safety analysis report includes the LDs combinations allowed in the LTSS.  For any of the 
allowed combinations, a large drawer may be replaced with a shield drawer because a shield 
drawer has more shielding than a large drawer.  The applicant analyzed the sources as follows: 
 
1) short cylinder (point) or pencil (line) sources - sources like 60Co and 137Cs, and 
2) point sources - the remaining source nuclides.    
 
Tables 5.3-3 and 5.3-4 of the safety analysis report contain a summary of allowable 
combinations of source drawers and source types.  MCNP code models all allowable 
combinations of LDs and source nuclides.  For each MCNP model, the applicant made the 
following assumptions to determine the dose of a shipment with large drawer sources: 
 
1) One large drawer contains either 1 Ci or 1 g of source nuclide in a single large drawer,  
2) Three remaining LDs do not contain sources, 
3) No credit for self-shielding of the source or encapsulation material,   
4) Move the source locations within the capsules to maximize the dose rates due to streaming 

effects for the gamma emitters, and   
5) Use eight (x, y) source locations, as shown on Figure 5.3-4 of the safety analysis report.   
 
The applicant placed the sources either at the top or bottom of the capsule to maximize the 
dose rate through the ends of the LTSS.   
 
5.3.2 Material Properties 
 
As described earlier in this SER, the materials relied on for shielding are stainless steel, 
tungsten, lead, aluminum, brass, and polyurethane foam.  The applicant made the following 
assumptions for modeling the shielding capabilities of these materials: 
 

                                                 
11  LTSS basic configurations are the large drawer and the T80\T780 drawer. 
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1) Type 304 stainless steel with a density of 7.94 grams per cubic centimeter (g/cm3) (496 
lb/ft3) for the 435-B shell and other structural components; 
    

2) Tungsten (pure) with a density of 17 g/cm3 (1,061 lb/ft3) for the large drawer;  
  

3) Lead (pure) with a density of 11.35 g/cm3 (709 lb/ft3) for the LTSS; 
 

4) Polyurethane foam with a density of 0.224 g/cm3 (14 lb/ft3) for the lower assembly of the 
435-B (This value bounds the density required in Drawing No. 1916-01-01-SAR of the 
application.); 
 

5) Aluminum (pure) with a density of 2.7 g/cm3 (169 lb/ft3) for the 435-B internal impact limiter 
plates that form the top and bottom of the 435-B cavity; and   
 

6) Brass with a density of 8.07 g/cm3 (504 lb/ft3) for the T80/T780 drawer tube.  (The T80/T780 
drawer is similar to a large drawer, although the primary shielding material is lead rather 
than tungsten.)  

 
Staff verified that these material properties were within the MCNP input files submitted by the 
applicant.  (See Section 5.4.2 of this SER.) 
 
5.3.3 Methods 
 
Staff reviewed and evaluated the method used by the applicant for the shielding evaluation.  
The applicant developed each model and used the source isotope as a single point or line (as 
applicable) in a large drawer (see Section 5.3 of this SER).   
 
For the 435-B package, the applicant placed the mesh tallies at the top, bottom, and side 
surfaces of the, as well as 1 m from these surfaces.  The top surface mesh tally was close to the 
top of the package as possible because the top surface of the 435-B is curved and the mesh 
tally is flat.  Staff verified that the number of dimensions of the MCNP code was appropriate for 
the package geometry, including the streaming paths.  
  
The applicant assumed that there was no hydrogenous neutron shielding material that would 
lead to significant secondary gammas.  The applicant compared the neutron and secondary 
gamma dose rates for the radium chloride (RaCl2) source and demonstrated that the secondary 
gamma dose rate was at least two orders of magnitude less than the neutron dose rate. 
 
In terms of the T80/T780 configuration, the applicant used a similar approach.  In this 
configuration, the method was greatly simplified because there is only one type of drawer and 
only one source type (i.e., 60Co).  Therefore, it was sufficient to develop only a single geometric 
model with the source in several locations within the drawer. 
 
5.3.4 Input and Output Data 
 
The applicant provided sample ORIGEN-S and MCNP input files in Appendix 5.5.2 of the safety 
analysis report.  The Monte Carlo uncertainty associated with the limiting dose rate location is 
typically less than 5% 192Ir and 75Se.  These isotopes have weak source energies for the amount 
of shielding present, indicating that there is essentially no dose rate from these isotopes.  
Therefore, the applicant conservatively decreased the activity limits for 192Ir and 75Se by at least 
an order of magnitude from the calculated values. 
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5.3.5 Flux-to-Dose Rate Conversion 
 
Table 5.4-1 of the safety analysis report includes ANSI/ANS-6.1.1-1977 flux-to-dose rate 
conversion factors used in this analysis.  
 
5.4 Normal Conditions of Transport 
 
As already described in this SER, the applicant used the non-exclusive use dose rate limits to 
determine the shielding-based quantity limits for the proposed contents.  For normal conditions 
of transport dose rates, the applicant estimated the dose at the surface and 1 m from the 
surface of the 435-B package for each of the sources listed in Table 5.2-1 and configurations 
listed in Tables 5.3-3 and 5.3-4 of the safety analysis report.   
 
For the computer code (i.e., MCNP), the applicant used mesh tallies to determine the maximum 
dose rate for a unit source (1 Ci or 1 g), as described in Section 5.4.1 of the safety analysis 
report.  Results showed that in all cases, the 1 m dose rates were more limiting than the surface 
dose rates.   
 
Also, because of streaming effects, the gamma dose rate was sensitive to the location of the 
source within the large drawer.  Therefore, the applicant modeled the source in several different 
locations within the large drawer to determine the limiting configuration.  The staff verified that 
the locations selected would result in the maximum dose rates.  Table 5.4-6 of the safety 
analysis report includes the activity limit for each isotope, which is essentially the activity that 
results in a 1 m dose rate of 9.5 mrem/hr. 
 
For the T80/T780 analysis, the applicant only performed an analysis for a point source of 60Co.  
This analysis was separate from the large drawer analysis.  Activity up to 12,970 Ci of 60Co may 
be transported per 435-B and may be divided in any manner between the four T80/T780 
drawers. 
 
5.5 Hypothetical Accident Conditions 
 
Drop testing, discussed in Section 2.12.3 of the safety analysis report, “Certification Test 
Report,” showed negligible damage to the LTSS, LTSS lodgment, and 435-B package.  
Therefore, there was essentially no difference between the normal conditions of transport and 
hypothetical accident conditions shielding configurations.  Because the methodology was 
developed to result in a 1 m dose rate of 9.5 mrem/hr, the hypothetical accident conditions dose 
rate at 1 m would not exceed 9.5 mrem/hr.  This is significantly less than the limit of 1,000 
mrem/hr. 
 
5.6 Evaluation Findings 
 
The staff evaluated the adequacy of the description, methods, and analyses of the package 
design bases related to the shielding evaluation of the 435-B package and found them 
acceptable.  The staff reviewed the maximum dose rates for normal conditions of transport and 
hypothetical accident conditions and determined that the reported values were below the 
regulatory limit in 10 CFR 71.47 and 71.51.12   

                                                 
12  10 CFR 71.47, “External Radiation Standards for All Packages,” and 71.51, “Additional 

Requirements for Type B Packages.” 
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Based on its review of the statements and representations provided in the application, the staff 
has reasonable assurance that the shielding evaluation is consistent with the appropriate codes 
and standards for shielding analyses and NRC guidance.  Therefore, the staff finds that the 
package design and contents satisfy the shielding and dose limits in 10 CFR Part 71. 

 
 

6.0 CRITICALITY 
 

This package is for shipping sealed sources mainly of 60Co, 137Cs, 90Sr, 226Ra, 241Am, 192Ir, 75Se, 
238Pu, and\or 239Pu.  The total fissile mass limit for the 435-B package is 15 grams.  The quantity 
of fissile material transported in the package is fissile exempt.  Therefore, a criticality evaluation 
is not necessary. 
 
 
7.0 PACKAGE OPERATIONS 

 
The purpose of this evaluation is to verify that the operating controls and procedures of the 435-
B Transport Package meet the requirements of 10 CFR Part 71. 
 
7.1 Package Loading 
 
Staff reviewed the package loading instructions.  Chapter 7 of the safety analysis report 
includes loading and unloading instructions depending on the type of payload.  There are two 
types of payloads in the 435-B: LTSS or devices loaded into the inner container.  For the LTSS, 
a lodgment ensures that the LTSS remains in place during shipment.  The shipper must include 
a shielded device into the inner container.   
 
Regardless of the payload, the loading instructions include the maximum weight of source 
devices, heat load per isotope, and source capacity that can be loaded in the Model No. 435-B 
package.  Additionally, the instructions require visual inspections for identifying and addressing 
damage that could impair the integrity of the containment or foreign material in the cavity of the 
packaging.  Foreign material must be removed prior to shipment and damage repaired.  The 
package has a “tamper-indicating lockwire” on two adjacent rain shield bolts located on the 
same shield half.   
 
The loading instructions for the Model No. 435-B must be provided by the applicant.   Also, the 
package loading instructions includes torque values for components of the package.   
 
7.2 Loading of Contents 
 
7.2.1 LTSS 
 
Each of the four LTSS recesses shall be filled with either a T80/T780 drawer or a large source 
drawer (no empty recesses).  These two configurations should not be used together (i.e., within 
the same LTSS).  The T80/T780 contains a 60Co point source with a maximum activity of 12,970 
Ci.  No other sources are authorized for this drawer.  Each special form capsule is loaded into a 
large source drawer, which is filled with a tungsten shield plug.  Sections 7.1.4.2 and 7.1.4.3 of 
the safety analysis report contain the main steps for loading large source drawers and loading 
drawers into the LTSS, respectively.   
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7.2.2 Inner Container 
 
During loading, the shipper shall ensure that the cavity of the inner container is clean, dry, free 
of foreign material, and protect it from entry of precipitation.  Dunnage is placed at the bottom of 
the packaging and the shielded device (i.e., Group 1 or 3 Devices) into the inner container with 
its axis vertical.  Upper dunnage may be placed, as needed. 
 
7.3 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 lockwire” is in place.  
Section 7.1.3 of the safety analysis report includes the process for preparing the 435-B package 
for transport.  The procedures also require compliance with 49 CFR 17213 and 49 CFR 17314.  
The following sections summarize the process for preparing the possible payloads for transport. 
 
Also prior to transport, the shipper must perform a leakage rate test to confirm proper assembly 
of the package and demonstrate containment integrity.  The sensitivity of the test must be equal 
or less than 1 x 10-3 reference cubic centimeters per second (ref-cm3/s) air, per Section 7.6 of 
ANSI N14.5, “Preshipment Leakage Rate Test.” 
 
7.3.1 LTSS 
 
The shipper must follow these steps, sequentially, when preparing and loading the 435-B for 
transport: 
 
1) Qualifying the payload for transport – This includes verifying the activity and heat load 

limits, fissile limit, physical form restrictions, drawer configuration restrictions, dose limits, 
and exclusions from air transport.  (See Section 7.1.4.1 of the safety analysis report.) 
 

2) Preparing large source drawers – This operation shall take place in a hot cell (or 
equivalent setting).  These drawers can be loaded with special source or non-special source 
capsules.  The special source form capsule is centrally placed between two tungsten shield 
plugs.  (See Section 7.1.4.2 of the safety analysis report.) 
 

3) Loading drawers into the LTSS – This operation shall occur in a place that protects the 
worker from radiation exposure.  After loading the drawer(s) and separating the LTSS from 
any equipment, the shipper shall install the security plates on each end of the LTSS, close 
and fasten the end doors to the LTSS.  (See Section 7.1.4.3 of the safety analysis report.) 

 
The maximum heat load for the LTSS payload source contents is 200 watts per package. 
 
7.3.2 Inner Container 
 
The radiation levels at the surface of the entire device cannot exceed 200 mrem/hr at the 
surface and 1,000 mrem/hr at 1 meter from the surface.  Specifically, the procedures highlight 
that failure to meet these requirements disqualifies the device for transport.  Presence of defects 
that can significantly decrease the structural or shielding integrity of the device would also 

                                                 
13  49 CFR 172, “Hazardous Materials Table, Special Provisions, Hazardous Materials 

Communications, Emergency Response Information, and Training Requirements” 
14  49 CFR 173, “Shippers - General Requirements for Shipments and Packagings” 
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disqualify the device for transport.  Sections 7.1.2.2.1 and 7.1.2.2.2 of the safety analysis report 
includes the main steps for preparing the inner container devices for transport. 
 
7.4 Package Unloading 
 
Section 7.2 of the safety analysis report includes the unloading procedures for the LTSS and the 
inner container.  The consignee must also follow the procedure delineated in Section 7.1.1, 
“General Lifting and Handling,” when unloading the 435-B package.  When received, the 
condition of the tamper-indicating lockwire is checked and recorded.  Tampering devices are 
removed, the cavity of the package must be sampled to determine if contamination is present, 
and the cavity equalized to atmospheric pressure before continuing unloading the contents.   
 
7.5 Preparation of Empty Package for Transport 
 
The applicant specified that it would follow the requirements of 49 CFR 173.428 15 when 
preparing and transporting the 435-B package.     
 
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 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 
 
Each 435-B packaging will be visually inspected and measured to ensure that it is assembled in 
accordance with the licensing drawings.  Appendix 1.3.3, “Packaging General Arrangement 
Drawings,” includes drawings requirements for the 435-B packaging.  Prior to the first use, the 
applicant will comply with the requirements in 10 CFR 71.85, “Preliminary Determinations.”  
 
8.1.2 Weld Examinations 
 
The weld examinations and inspections will be performed in accordance with the applicable 
drawing requirements.  All welds are subject to visual examination in accordance with AWS 
D1.6 (or AWS D1.2 for aluminum).  Welds associated with the containment boundary are 
examined radiography and\or liquid penetrant techniques.  Radiographic inspection is in 
accordance with the ASME Code, Subsection NB, Article NB-5000, and Section V, Article 2.  
The liquid penetrant inspection should be on its final pass in accordance with ASME Code, 
Subsection NB, Article NB-5000, and Section V, Article 6.   
 

                                                 
15 49 CFR Part 173.428, “Empty Class 7 (Radioactive) Materials Packaging” 
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8.1.3 Structural and Pressure Tests 
 
The package does not incorporate any lifting devices that require load testing.  In terms of 
pressure testing the containment boundary, the applicant estimated a maximum normal 
operating pressure of, approximately, 5 psig, with the design pressure evaluated at 25 psig.   
 
8.1.4 Fabrication Leakage Rate Tests  
 
During fabrication, the containment boundary is leakage rate tested as described in Section 
8.1.4 of the safety analysis report.  The fabrication leakage rate tests are consistent with the 
guidelines dictated in Section 7.3 of ANSI N14.5.  The leakage rate test confirms the 
containment integrity of the 435-B packaging to a leakage rate not to exceed 1 x 10-7 ref-cm3/s 
air.    
 
8.1.5 Component and Material Tests 
 
Acceptance tests are discussed in Section 8.1 of the application.  The metallic materials of 
construction items important to safety are procured and fabricated to consensus industry 
standards.  The various structural components are fabricated from ASTM standard materials in 
accordance with ASME Sections III, V, and IX.  
 
The applicant also specified tests for ensuring the performance of the polyurethane foam used 
within the 435-B packaging impact limiter and the butyl rubber containment O-ring.  The 
applicant considers the characteristics of the impact limiter as critical for the structural and 
thermal performance of the package.  Section 8.1.5 of the application includes acceptance tests 
for the materials of construction and manufacturing processes associated with these two 
components. 
 
8.1.6 Shielding Tests 
 
Section 2.2.3 of the application discusses the effects of radiation. The applicant states the 
radiation associated with the source payload will have no effect on the containment or other 
safety components comprising the 435-B package.  Since the payload of the 435-B package is 
heavily shielded, the radiation exposure of the package materials (including the butyl rubber 
containment seal) is negligible.  There will be no harmful radiation effects on the packaging, 
thus requirements of 10 CFR 71.43(d) are met. 
 
8.1.7 Thermal Tests 
 
Thermal evaluations presented in the safety analysis report include acceptable thermal margins 
for the proposed contents, conservative assumptions, and heat transfer properties.  Therefore, 
testing would not be performed because the information provided by the applicant is reasonable 
to demonstrate compliance with 10 CFR Part 71 regulatory requirements.   
 
8.2 Maintenance Program 
 
8.2.1 Structural and Pressure Tests 
 
There are no structural tests necessary to ensure the continued performance of the package.  
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8.2.2 Leakage Tests 
 

8.2.2.1 Maintenance/Periodic Leakage Rate Tests 
 
During the 12-month period prior to shipment, or at the time of damaged containment seal 
replacement or sealing surface repair (whichever is sooner), the containment O-ring seal and 
the vent port sealing washer are leakage rate tested per Section 8.2.2 of the safety analysis 
report.  The maintenance/periodic leakage rate tests are consistent with the guidelines of 
Section 7.4 of ANSI N14.5.  This test solidifies the sealing integrity of the containment seals to a 
leakage rate not to exceed 1 x 10-7 ref-cm3/s air.    
 
8.2.2.2 Pre-shipment Leakage Rate Tests 
 
Prior to shipment of the loaded 435-B package, the containment O-ring seal and the vent port 
sealing washers are leakage rate tested per Section 7.4 of the safety analysis report.  The pre-
shipment leakage rate tests are consistent with the guidelines of Section 7.6 of ANSI N14.5.  
This test solidifies the sealing integrity of the containment seals to a leakage rate sensitivity of 
1 x 10-3 ref-cm3/s air.  The maintenance/periodic leakage rate tests, described in Section 8.2.2 
of the safety analysis report, can be performed as an option, in lieu of the pre-shipment leakage 
rate tests. 
 
8.2.3 Component and Material Tests 
 
Section 8.2 of the application includes a summary of maintenance requirements of the 435-B 
package components.  The maintenance program includes periodic testing, inspection, and 
replacement schedules.  Items included in the maintenance program are fasteners, seals, 
sealing areas, and the internal and external impact limiter.  The staff finds that visual inspections 
at various timed intervals provide additional reasonable assurance against material degradation 
that may occur. 
 
8.2.4 Thermal Tests 
 
There are no thermal tests necessary to ensure the continued performance of the package. 
 
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 that 
the maintenance program is adequate to assure packaging performance during its service life. 
 
 
9.0 QUALITY ASSURANCE 
 
The applicant is an organization under the U.S. Department of Energy (DOE).  The Los Alamos 
National Laboratory (LANL) Operations Support–Packaging and Transportation (OS-PT) 
organization provides quality assurance (QA) oversight and AREVA provides technical support 
for the 435-B package.  The DOE Order 460.1C, “Packaging and Transportation Safety,” 
contains the QA requirements for using NRC-certified packagings.  The 435-B will be under the 
LANL SD330, “Los Alamos National Laboratory Quality Assurance Program.”  Table 9.2-1 
includes a “cross-map” of the QA Program requirements of 10 CFR Part 71, Subpart H; LANL 
QA Program; and AREVA QA Program.  The package users would adhere to their quality 



-    - 34

assurance programs.  As this package is originally certified in the United States, it meets the 
NRC 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 435-B package. 
 
Condition No. 5.(b)(2), “Maximum Quantity of Material,” contains limits on the curie amount of 
the approved sources that can be shipped in each variation of the Model No. 435-B. 
 
Condition No. 5.(b)(3), “Maximum Weight of Contents,” limits the weight of contents that are 
allowed to be shipped in the Model No. 435-B. 
 
Condition No. 5.(b)(4), “Maximum Decay Heat,” lists the maximum decay heat of 200 watts for 
the LTSS payload source contents per package and 30 watts for the shielded device contents 
per package. 

 
Condition No. 6 specifies that “plutonium sources are not permitted for transport by air.” 

 
Condition No. 7 specifies that “americium sources are not permitted for transport by air.” 
 
Condition No. 8 requires that the operating procedures and the maintenance and acceptance 
tests listed in Chapter Nos. 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. 435-B package meets the requirements of 
10 CFR Part 71. 
 
Issued with Certificate of Compliance No. 435-B, Revision 0 
on July 18, 2014. 




