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1. GENERAL INFORMATION 
This chapter of the Safety Analysis Report (SAR) presents a general introduction and description 
of the model S300 packaging. The S300 packaging is identical to the S300 pipe overpack 
currently used as a payload container within the TRUP ACT-II 1, and is qualified as a DOT 7 A 
Type A transportation packaging. This application seeks validation of the S300 packaging as a 
Type AF-96 fissile materials shipping container per the definitions in 10 CFR §71.42

. 

The major components comprising the S300 packaging are discussed in Section 1.2.1, 
Packaging, and a detailed drawing of the package design is presented in Section 1.3.1, 
Packaging General Arrangement Drawings. 

1.1 Introduction 
The S300 packaging has been developed as a safe means for transporting a single Los Alamos 
Special Form Capsule (SFC). Radioactive contents consist of neutron sources, alpha reference 
standards, foils (e.g., threshold detectors), and other similar source configurations containing 
plutonium. As determined in Section 1.2.2, Contents, the S300 package carries a Type A 
quantity of fissile material. The S300 package is designed for transport via highway, rail, vessel, 
or air. The S300 is designed, fabricated, and used according to the Quality Assurance program 
requirements discussed in Chapter 9, Quality Assurance. 

As shown in Section 6.7, Fissile Material Packages for Air Transport, the S300 meets the 
requirements of 10 CFR §71.SS (f) and TS-R-13 §680 for the transport of fissile material by air. 
Since the authorized contents of the S300 include plutonium, and since it is not demonstrated 
that the S300 meets the requirements of 10 CFR §71.64, the S300 will not be transported by air 
in any airspace which is subject to the laws and regulations of the United States. 

1.2 Package Descripti"on 

1.2.1 Packaging 

1.2.1.1 Packaging Description 

As illustrated in Figure 1-1, the S300 packaging is functionally divided into three parts: 1) the 
impact-absorbing protection provided by the SS-gallon drum and dunnage, 2) the confinement 
vessel consisting of the pipe component, and 3) the neutron shielding provided by the high
density polyethylene (HDPE) shielding insert. Containment and criticality control are afforded 

1 U.S. Department of Energy (DOE), Safety Analysis Report for the TRUP ACT-II Shipping Package, USNRC 
Certificate of Compliance 71-9218, U.S. Department of Energy, Carlsbad Field Office, Carlsbad, New Mexico. 
2 Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive 
Material, 01-01-06 Edition. 
3 IAEA, Regulations for the Safe Transport of Radioactive Material, TS-R-1, 2009. 
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by the SFC. The S300 packaging is identical to the S300 Pipe Overpack, described in Section 
4.4 of the CH-TRU Payload Appendices. 

Overpack Components. The S300 package design utilizes a standard 55-gallon drum as an outer 
container. A standard bolted clamping ring secures the drum lid to the drum body. The drum, 
clamping ring, and bolt may be plated or painted carbon steel, or bare stainless steel. A rigid 
polyethylene liner (body and lid) is located within the inside periphery of the drum. The liner lid 
is pierced and the drum lid is fitted with a filter vent to allow continuous venting of the volume 
within the drum. Cane fiberboard dunnage is used within the poly liner to hold the pipe 
component in an approximately central position and to absorb shock. The lower shock absorbing 
buffer includes a sheet of exterior plywood. ·Using shims of fiberboard or plywood, the 
clearance between the dunnage and the interior surface of the liner lid is maintained to less than 
1/2 inch. 

Pipe Component. As illustrated in Figure 1-2, the pipe component consists of a cylindrical pipe 
welded to a flat cap at the bottom end and a pipe bolting flange at the other end. The pipe 
component is closed with a flat lid which is attached by 12, 7/8-9 UNC stainless steel bolts 
having a minimum tensile strength of 75,000 psi. The weldment and lid are made from ASTM 
Type 304 or 304L stainless steel mc.tterial. The lid features two lift rings located on the bolt 
circle, or optionally, a single, centrally located lift ring. A filter vent is installed in the lid. The 
lid/flange joint features a butyl or ethylene/propylene rubber 0-ring dust seal of nominally 3/16 
inch cross sectional diameter. 

The maximum outer diameter of the pipe is 12.8 inches, the outer diameter of the flange is 16.3 
inches, and the overall maximum length (including lifting rings and bolt heads) is 27.5 inches ... 
The minimum thickness of the pipe wall is 0.219 inches, and the minimum thickness of the 
bottom cap is 0.25 inches. The nominal thickness of the lid is 0.9 inches. 

Shielding Insert. The neutron shielding insert is a two-part a~sembly consisting of a cylindrical 
body and stepped lid which nominally fills the cavity within the pipe component. The shielding 
lid is held in place by the bolted lid of the pipe component. The insert is made from-solid, high
density polyethylene (HDPE) plastic. The thickness of the sides and ends is nominally four 
inches. Supplemental shield plugs having a thickness of two inches are used at both ends of the 
payload cavity. The remaining payload cavity is nominally 13 inches long and 3.5 inches in 
diameter. · 

Two specific SFC types are used ·within the S300 package, as discussed in greater detail in 
Section 1.2.2, Contents. 

1.2.1.2 Gross Weight 

The gross shipping weight of the S300 package is a maximum of 480 pounds. A summary of 
component weights is provided ih Table 2-1 of Section .2.1.3, Weights and Centers of Gravity. 

1.2.1.3 Neutron Moderation and Absorption 

The S300 package does not require specific design features to provide neutron moderation and 
absorption for criticality control. Fissile material in the payload is limited to an amount that 
ensures safely subcritical packages for both NCT and HAC. The fissile material limit is based 

1-2 
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on an optimally moderated and reflected configuration of fissile material. A finite array of bare 
SFCs is safely subcritical as discussed in Chapter 6, Criticality Evaluation. 

1.2.1.4 Receptacles, Valves, Testing~ and Sampling Ports 

A filter vent through the S300 packaging drum lid and a second filter vent in the pipe component 
lid comprise the only penetrations to the payload cavity. The SFC is not vented. No other 
receptacles, valves, testing, or. sampling ports are utilized on the S300 packaging. 

1.2.1.5 Heat Dissipation 

The S300 package is designed with a passive thermal system. The amount of decay heat generated 
. by the maximum payload is insignificant as discussed in Section 3.1.2, Content's Decay Heat. 

1.2.1.6 · Coolants 

Due to the passive heat transfer design of the S300 package, no coolants are utilized. 

l.2.1. 7 Protrusions 

· The external configuration of the S300 packaging is that of a standard 55-gallon drum, and 
consequently has no significant protrusions. 

1.2.1.8 Lifting and Tie-down Devices 

The S300 packaging is lifted, handled, and tied down using separate hardware designed for these 
purposes. Consequently, there are no lifting or tiedown devices which are an integral or 
structural part of the packaging. 

1.2.1.9 Pressure Relief System 

Containment of radioactive materials is afforded by the payload SF.C, which has no pressure relief 
devices. As discussed earlier, one filter vent is located in the drum lid and one in the pipe component 
lid. 

1.2.1.10 Shielding 

As discussed in Chapter 5, Shielding Evaluation, the payload sources emit alpha particles, neutrons, 
and minor gamma photons. The HDPE neutron shielding insert is used to demonstrate compliance 
with NCT dose limits. As will be demonstrated, no neutron shielding is required for compliance with 
HAC dose limits. · 

Of note, when transporting the maximum permitted contents for air transport of 206g of Pu (see 
Section 1.2.2, Contents), the surface radiation level does not exceed 200 mrem/hr (equivalent to 2 
mSv/hr). Therefore a special arrangement is not required in accordance with TS-R-1, §575 . 

1-3 
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1.2.2 Contents 
Contents are divided into two categories. Content no. 1 consists of plutonium-based neutron 
sources, and content no. 2 consists of general plutonium material, which includes alpha reference 
standards (e.g., check sources), foils (e.g., threshold detectors), and other source configurations 
containing plutonium. The plutonium used to manufacture the neutron sources is comprised of 
the following six isotopes: Pu-238, Pu-239, Pu-240, Pu-241, Pu-242, and Am-241. The 
radioisotope distribution representative of most sources is obtained from Section 5.5.1, 
Radionuclide Distribution Document LA-UR-09-06701, and is shown in Table 1-1. Neutron 
sources consist of plutonium mixed with target material such as beryllium. Other target 
materials such as boron, fluorine, or other light elements may be used; however, the beryllium 
target is bounding, as discussed in Section 5.2, Source Specification. Alpha reference standards 
are typically small disks of substrate material with a thin plutonium deposit on the surface, while 
foils are thin layers of plutonium sandwiched between cladding material. 

Total contents are limited to less than an Ar quantity using the sum of the fractions rule. Dose 
. rate measurements are made on all packages to ensure compliance with DOT regulations as 
. stated in Section 7.1.3, Preparation/or Transport. 

The S300 package transports a single Special Form Capsule (SFC) within the shielding insert. 
There are two different SFC models of similar design, carrying the designations Model II and 
Model III. Each is fabricated of Type 304 stainless steel, with a nominal wall thickness of 1/2 
inch, and bottom and threaded top cap thicknesses of 3/4 inch. The top cap holds a tapered 
sealing plug in pla'ce, and is designed with a shearable stem to preclude removing the cap once 
installed. The Model II has an additional impact plug held loosely in place with a snap ring. The 
capsule dimensions are given in the following table. 

. Capsule Outer Diameter, in Outer length, in* 

Model II 3.0 11.75 

Model III 2.5 7.0 

*After stem shear-off. 

The Model II SFC is shown in Figure 1-3, and the Model III SFC is shown in Figure 1-4. 
Additional discussion of the special form capsules is provided in Section 2.10, Special Form. 
Table 1-2 gives the maximum contents for the S300 package for the Model II and Model III 
capsules under non-exclusive and exclusive use for surface (i.e., land or sea) transport. A 
different criticality safety index (CSI) applies to the two content types. The CSI for content no. 1 
is 0.3, while the CSI for content no. 2 is 4.0. Table 1-3 gives the maximum contents limits for 
air transport, which is the same for both content types . 
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Table 1-1 - Representative Radionuclide Distribution for Plutonium Used 
in Sources 

Isotope Composition, Wt. % 

Pu-238 0.015 

Pu-239 92.6 

Pu-240 6.75 

Pu-241 0.62 

Pu-242 0.033 

Am-241* 0.025 

*The americium is present at the time of manufacture, and is additive to the plutonium. 
Therefore, lg of Pu will have 0.00025g Am-241 prior to decay, or a Pu+Am mass of 1.00025g. 

Table 1-2 - S300 Package Contents Limits for Surface Transport 

Maximum Contents, grams of Pu 

Non-Exclusive Use Exclusive Use 

Model II SFC I Model Ill SFC Model II SFC I Model Ill SFC 

Content no. 1, Neutron Sources, CSI = 0.3 

206 I 160 350 I 160 

Content no. 2, General Plutonium Material, CSI = 4.0 

300 I 160 300 I 160 

Table 1-3 - 8300 Package Contents Limits for Air Transport 

Maximum Contents, grams of Pu, 
Content no. 1 or no. 2 

Model II SFC Model Ill SFC 

206 160 

1.2.3 Special Requirements for Plutonium 

The S300 package contains a maximum of 350 grams of Pu in solid form. Therefore, no special 
. requirements apply . 

1-5 
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1.2.4 a·perational Features 

The S300 package is not considered to be operationally complex. All operational features are 
readily apparent from an inspection of the drawing provided in Section 1.3.1, Packaging General 
Arrangement Drawings, and the previous discussions presented in Section 1.2.1, Packaging. 
Operational procedures and instructions for loading, unloading, and preparing an empty S300 
package for transport are provided in Chapter 7, Operating Procedures . 

1-6 
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2. STRUCTURAL EVALUATION 
This chapter identifies and describes the principal structural design aspects of the S300 package, 
and demonstrates the structural safety of the packaging system and compliance with the 
structural requirements of 10 CFR 71. Demonstration of compliance is accomplished using a 
combination of performance tests, reference to previous demonstrations, and reasoned argument. 

For normal conditions of transport (NCT), demonstration of compliance is by testing of a S300 
package prototype (vibration, free drop, corner drop) and by reference to tests of similar 
packages (water spray, stacking, penetration). For hypothetical accident conditions (HAC), 
demonstration is by reference to tests of similar packages, showing that the environment 
provided for the SFC by the S300 package in the free drop, puncture, and fire tests is bounded by 
the tests used to qualify the capsules as special form. 

2.1 Description of Structural Design 

2.1.1 Discussion 

The S300 package is designed to transport a single Special Form Capsule (SFC). Radioactive 
contents consist of neutron sources, alpha reference standards, foils (e.g., threshold detectors), 
and other source configurations containing plutonium. 

The packaging is functionally divided into three parts: 1) the impact-absorbing protection 
provided by the 55-gallon drum and dunnage, 2) the confinement vessel consisting of the pipe 
component, and 3) the neutron shielding provided by the high-density polyethylene (HDPE) 
shielding insert. Containment of radioactive material is afforded by the SFC, per 10 CFR §71.4.-

The S300 package employs cane fiberboard dunnage within the overpack to provide attenuation 
of shock loading during normal conditions of transport (NCT) and hypothetical accident 
conditions (HAC). The pipe component, made of austenitic stainless steel, provides a compact, 
robust confinement for the SFC during NCT and during most HAC events. While the pipe 
component may not remain fully intact following the entire series of HAC mechanical test 
events, it nonetheless provides an environment that is less severe than the mechanical testing 
performed on the special form capsule during its qualification. The shielding insert provides, 
besides biological shielding of neutrons, further attenuation of shock and vibration. Of note, the 
shielding analysis documented in Chapter 5, Shielding Evaluation and the criticality evaluation 
documented in Chapter 6, Criticality Evaluation, demonstrate that an adequate level of biological 
shielding and subcriticality under worst-case moderation, respectively, are maintained by a bare 
capsule under HAC. 

2.1.2 Design Criteria 
The S300 package, in conjunction with the SFC, has been designed to meet all the applicable 
structural requirements of 10 CFR 71. The design objectives for the S300 package are twofold: 

2-1 
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1. Demonstrate that, under NCT, the S300 package maintains confinement of the SFC within 
the shield insert, and experiences an insignificant reduction in its effectiveness to withstand 
HAC; and 

2. Demonstrate that the environment afforded to the SFC by the S300 under HAC is bounded 
by the environment to which the SFC was exposed during special form qualification testing. 

Consequently, the design criteria for NCT are that the S300 package exhibit only mtnor damage 
subsequent to the NCT conditions and tests, including no damage that would materially affect 
the outcome of a subsequent HAC test. 

For HAC, the design criteria are that the S300 package protect the SFC from conditions more 
severe than those experienced in the special form qualification 9-meter free drop, percussion, and 
heat tests specified in 10 CFR §71.75. 

For air transport, no structural integrity is assumed for the hypothetical accident conditions 
defined in 10 CFR §71.55{f). Instead, the materials of the packaging and contents are assumed 
to reconfigure into a worst-case criticality geometry as discussed in Section 6. 7, Fissile Material 
Packages for Air Transport. 

Material properties are controlled by the acquisition of critical components to ASTM standards, 
as described in Section 2.2, Materials. 

The materials utilized in the S300 package are not subject to brittle fracture. The steel drum, due 
to its thin section (approximately 0.055 inches) is not susceptible to brittle fracture at cold 
temperatures. The pipe component and lid bolts are made from austenitic stainless steel, and are 
thus not subject to brittle fracture . 

The S300 package is normally used for one-time shipment and permanent storage, and is 
consequently not subject to cyclic usage fatigue. If used more than once, the only components of 
the S300 package which could be subject to cyclic usage stress are the fasteners. These items 
{the pipe component lid bolts and the drum closure ring bolt) are few and simple, and can be 
adequatelyinspected to ensure integrity prior to use. Fatigue associated with normal vibration 
over the road is discussed in Section 2.6.5, Vibration. 

2.1.3 Weights and Centers of Gravity 
Weights of the S300 packaging components are presented in Table 2-1. Due to the symmetric 
design, the center of gravity is located approximately at the geometric center of the package . 
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Table 2-1 - 8300 Component Weights 

Component Weight (lb) 

Overpack (drum, liner, dunnage) 180 

Pipe Component (empty) 180 

Shield Insert 90 

Special Form Capsule (Loaded) 30 

Total: 480 

2.1.4 Identification of Codes and Standards for Package Design 

The S300 package functions primarily as an overpack for the SFC. In lieu of reliance on the use 
of codes or standards in design, compliance with requirements is demonstrated via full scale 
testing of the S300 package for NCT, and via U.S. DOT special form certification of the SFC for 
both NCT and HAC. , 

2.2 Materials 

2.2.1 Material Properties and Specifications 
The S300 packaging is constructed of several common structural materials, such as carbon steel, 
stainless steel, cane fiberboard, and high density polyethylene (HDPE). The pipe component is 
made from ASTM Type 304/304L stainless steel, having a minimum yield strength of 25,000 psi 
and a minimum ultimate strength of 70,000 psi. The pipe component lid bolts are made from 
stainless steel having a minimum ultimate strength of 75,000 psi. The cane fiberboard dunnage 
is made from ASTM C208 material, having a minimum density of 14 lb/ft3

. . 

2.2.2 Chemical, Galvanic, or· Other Reactions 

The materials of construction are inherently resistant to chemical or galvanic corrosion. 
Deleterious corrosion or other reactions are not anticipated during normal use. In addition, all of 
these materials have been used in Type A packagings for many years without incident. 
However, if unusual corrosion of the carbon steel outer drum occurs, this can be readily detected 
during preparation of the packaging for use. Both the pipe component and the SFC are made 
from austenitic stainless steel. The other packaging components, such as HDPE and fiberboard, 
are not subject to chemical degradation or corrosion during normal use. 

High density polyethylene (HDPE) is a thermoplastic material based on chains of CH2 
monomers. It does not contain any corrosive ions such as chlorides. As a thermoplastic, the 
material melts without significant chemical change. Thus the solid or molten material is not 
caustic to the stainless steel used for the SFC. If the material is exposed to the hypothetical fire, 
the combustion products will consist mainly of carbon dioxide and carbon monoxide. The 
smoke may also contain low levels of aldehydes, ketones, organic acids or hydrocarbons. These 
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substances are generally not corrosive to stainless steel. Additionally, since the fire event is of 
limited duration, exposure to the combustion products of HDPE will have no significant effect 
on the SFC. · 

2.2.2.1 Effect of Contents on the SFC 

The SFC is made of Type 304 stainless steel, which is approximately 18% Cr, 8% Ni, and the 
balance Fe. During the hypothetical fire, the temperature of the SFC may be elevated to 800 °C 
(1,475 °F) for a brief period as discussed in Section 3.4.3, Maximum Temperatures and 
Pressures. The quaternary phase system of stainless steel with Pu is complex, but Pu is known 
to form a eutectic with Fe at 410 °C having approximately 10 atomic percent Fe. A review of the 
metallurgical data obtained from diffusion couples and irradiated stainless steel clad Pu metallic 
fuels was performed by Tsai, et. al. 1 In that study, the following formula was given for the rate 
of wall thinning of a stainless steel can due to Pu alloying at temperatures above 600 °C, which 
includ~s the maximum SFC temperature: 

R = e(6 75-9.850/T) 

where R is the rate of penetration {µmis), and T is temperature (K). At 800 °C (1,073 K), the rate 
of penetration is 0.088 µmis, or 3.465 (10-6

) in/s. The eutectic only begins to form above 410 °C 
{770 °F), but conservatively, the time duration for potential alloying will be taken as the entire 
fire duration of 30 minutes, plus one hour after the end of the fire (at which time the SFC 
temperature is back down to approximately 400 °F per Section 3.4.3), or a total of 5,400 seconds. 
The conservative overestimate of the penetration distance would therefore be 5,400s x 
3.465(10-6

) in/s = 0.019 inches. Since the thinnest SFC wall belongs to the Model II, having a 
thickness of V2 x (3 - 2.062) = 0.469 inches (see Figure 1-3), the maximum depth of penetration 
into the wall by the eutectic liquid (0.019 inches) equals only 4% of the wall thickness. The soak 
time at a temperature of 800 °C required to completely penetrate the SFC wall thickness is: 

0.469 
tsoak = ( 6)=135,354s=37.6hours 

3.46510-

This time period is far longer than the SFC exposure to high temperature. Thus, compromise of 
the SFC containment boundary by the possible attack of Pu on the SFC material of construction 
is not of concern. 

The SFC is closed with an air atmosphere. The ignition temperature of Pu metal in dry air can be 
as low as approximately 300 °C2

, which will be exceeded in the hypothetical fire accident 
condition. The combustion product would consist of Pu02; plutonium nitride (from the nitrogen 
in the air) does not form under these conditions. The Model II SFC has the largest internal 
volume of the two capsules. Conservatively ignoring the volume taken by the impact plug (see 

1 Hanchung Tsai, Yung Liu, Allen Smith, Nick Gupta, and Steve Bellamy, Potential Eutectic Failure Mechanism for 
Stainless Steel Cans Containing Plutonium Metal, Argonne National Laboratory, in Proceedings of the 15111 

International Symposium on the Packaging and Transport of Radioactive Materials, PATRAM 2007 . 
2 0.]. Wick, Ed., Plutonium Handbook: A Guide to Technology, Gordon and Breach Science Publishers.New York, 
1967. 
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Figure 1-3) and the internal payload materials, the length of the internal cavity of the Model II 
SFC is equal to: 

11.75-1.0-0.75-0.78 = 9.22 inches. 

The volume is therefore: 

V = rr/ 4(2.062)2 (9.22)= 30.79 in3 = 504.5 cm3 

Since one mole of air occupies 22.4 liters at STP, or 22,400 cm3
, the Model II SFC contains 

504.5/22,400 = 0.0225 moles of air, or, since oxygen comprises 21 % of air, 0.0047 moles of 02. 
Since the species formed by oxidation is Pu02. then it takes only 0.004 7 moles of Pu to 
completely consume all of the oxygen in the SFC. Since Pu weighs 239 g/mol, the weight of Pu 
consumed would be 0.0047 mole x 239 g/mol = 1.lg Pu. This represents a very small amount of 
chemical heat and reactant volume, thus, the possible combustion of the Pu with the available 
oxygen inside the SFC is not of concern. 

2.2.3 Effects of Radiation on Materials 

The radioactive contents of the SFC generate primarily neutrons via a a-n reaction. Most of the 
neutrons are captured by the shield insert before reaching any other components of the 
packaging. In any case, the payload represents a relatively weak source of neutrons, and no 
significant degradation of the materials of the packaging will occur. Thus, the requirements of 
10 CFR §71.43(d) are satisfied. 

2.3 Fabrication and Examination 

2.3.1 Fabrication 

The S300 packaging uses conventional processes for the fabrication of the packaging 
components. No special processes or techniques are used. All parts are fabricated or purchased 
in accordance with approved fabrication drawings. Pipe component flange and bottom end 
welds are made in accordance with the ASME B&PV Code, Section III, Division l, Subsection 
NG, Article NG-4400, and are complete joint penetration welds. 

2.3.2 Examination 

Each component of the S300 packaging is examined per the approved fabrication drawings to 
ensure acceptable materials and workmanship. Pipe component flange and bottom end welds are 
examined in accordance with the ASME B&PV Code, Section III, Division 1, Subsection NG, 
Articles NG-5230 and NG-5260, and accepted in accordance with Articles NG-5350 and NG-
5360. . 
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• 2.4 General Requirements for All Packages 

2.4.1 Minimum Package Size 
The minimum dimension of the S300 packaging is the drum diameter of approximately 24 
inches. Thus, the minimum four-inch requirement of 10 CFR §71.43(a) is satisfied. 

2.4.2 Tamper-Indicating Feature 
A tamper-indicating lock wire and seal is installed through a cross-drilled hole in the drum lid 
bolting-ring bolt. The drum lid cannot be removed without destroying the seal. Thus, the 
requirement of 10 CFR §71.43(b) is satisfied. 

2.4.3 Positive Closure 

The containment system of the S300 packaging is supplied by the SFC. Once closed, the SFC 
cannot be opened without destroying the capsule, thus meeting the requirement of 10 CFR §71.4. 
The SFC is carried within the shield insert, which is confined within the pipe component. The 
lid of the pipe component is attached by 12 bolts which are not accessible during transport. 
Thus, the SFC cannot be released from the shield unintentionally, meeting the requirement of 10 
CFR §71.43(c). 

• · 2.5 Lifting and Tie-Down Standards for All Packages 

• 

2.5.1 Lifting Devices 

No lifting devices are provided that are used to lift the entire packaging. 

2.5.2 Tie-Down Devices 

There are no tie-down devices which are a structural part of the S300 packaging. Either single or 
multiple packages in the same shipment may be palletized, with strapping, banding, shrink
wrapping, and/or netting used to secure and immobilize the packages. Failure of these restraint 
devices will not compromise the ability of the S300 package to protect the payload, satisfying the 
requirement of 10 CFR §71.45(b). For shipment as exclusive use, the S300 package shall be 
secured to a pallet or shipping skid at least four inches in height. ' 
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• 2.6 Normal Conditions of Transport 

2.6.1 Heat 

2.6.1.1 Summary of Pressures and Temperatures 

As presented in Section 3.3.1, Heat and Cold, the maximum S300 package temperature is 
165 °P. Since all cavities of the package are vented, the maximum normal operating pressure 
(MNOP) is equal to ambient. 

2.6.1.2 Differential Thermal Expansion 

The shield insert, made of HDPE, takes up most of the volume inside the pipe component. It has 
an· outer diameter of 11.8 inches and an assembled length of 24.8 inches. The pipe component 
has a minimum internal diameter of 12.0 inches and an internal length equal to: 

where: 

25.6 - 0.1 - 0.35 - 0.05 = 25.1 inches, 

25.6 inches is the nominal length of the body 
0.1 inches is the negative tolerance on body length 
0.35 inches is the maximum bottom plate thickness 
0.05 inches is the thickness of the lid step which protrudes into the cavity on the lid end. 

• The thermal expansion coefficient for HDPE is 0.0001 in/in/°F.3 The differential temperature is 
between the NCT hot temperature of 165 °P and room temperature of 70 °P, or 95 °P. The 
diametral (D-CLR) and axial (A-CLR) clearances are: 

• 

D-CLR = 12.0-11.8(1+O.OOOlx95)= 0.088 inches 

A-CLR = 25.1-24.8(1+ O.OOOlx 95)= 0.064 inches 

Note that the thermal expansion of the steel pipe component is conservatively neglected. 
Therefore positive clearances under NCT hot temperatures are maintained. 

2.6.1.3 Stress Calculations 

Since there are no interferences of components and no internal pressures, this section does not 
apply. 

2.6.1.4 Comparison with Allowable Stresses 

Since there are no stresses in the S300 packaging due to heat conditions, this section does not 
apply . 

3 CRC Press, Handbook of Tables for Applied Engineering Science, znct Edition, 1973, p. 152. 

2-7 



-• 

• 

S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

2.6.2 Cold 
As presented in Section 3.3.1, Heat and Cold, with an internal decay heat load of zero, no 
insolation, and an ambient temperature of -40 °F, the average package temperature will be -40 °F. 
None of the materials of construction {i.e., thin carbon steel comprising the 55-gallon drum, 
austenitic stainless steel comprising the pipe component and special form capsules, high-density 
polyethylene shielding, and cane fiberboard and wood dunnage) undergo a ductile-to-brittle 
transition at temperatures of -40 °F or higher. 

The inner diameter of the shielding insert is 3.5 inches, and the outer diameter of the largest SFC 
(the Model II) is 3.0 inches. At a temperature of -40 °F, the diameter of the shielding insert 
would be equal to 3.5(1 - 110 x 0.0001) = 3.462 inches, where the differential temperature from 
an ambient of 70 °F to -40 °F is 110 °F, and the thermal expansion coefficient for HDPE is 
0.0001 in/in/°F as stated above. The remaining clearance between the shielding insert and the 
SFC is 3.462 - 3.0 = 0.462 inches. Axial clearance of the SFC is greater than one inch. 

Therefore, the NCT cold event is of negligible consequence. 

2.6.3 Reduced External Pressure 

Since containment of radioactive material is afforded by the SFC, and since both the pipe 
component and the overpack drum are vented, the effect of a reduced external pressure on the 
S300 package of 3.5 psia, per 10 CFR §71.71{c){3), is negligible. 

2.6.4 Increased External Pressure 

Since containment of radioactive material is afforded by the SFC, and since both the pipe 
component and the overpack drum are vented, the effect of an increased external pressure on the 
S300 package of 20 psia, per 10 CFR §71.71 (c) (4), is negligible. 

2.6.5 Vibration 

The effects of vibration normally incident to transport have been evaluated by test, both on 
generic 17C, 55-gallon drums and on three S300 package prototypes. 

As documented in the U.S. Department of Energy Test and Evaluation Document for DOT 
Specification 7A Type A Packaging, Appendix D, Table D-24 (reproduced as Figure 2-1), the 
effects of the vibration test specified in 49 CFR 178.6084 on three generic 17C drums loaded 
with sand and lead bricks and weighing between 900 and 1000 lb, were negligible. 

. ' 

Specific testing of three S300 prototype packages was also performed as documented in 
Appendix 2.12.1, Type A Testing. The prototypes were identical in design and manufacture to 
standard production units. Using a steel bar as a simulated payload, the pipe component and 
outer drum were closed and fasteners torqued as for shipment. Each package was subjected to 
testing on a vibrating platform, where the sinusoidal motion had a peak-to-peak displacement of 
one inch. The packages were not restrained except by passive horizontal barriers at the edges of 

4 Title 49, Code of Federal Regulations, Part 178, Subpart K, Specifications for Packagings for Class 7 
(Radioactive) Materials, and Subpart M, Testing of Non-bulk Packagings and Packages. 
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the platform. For a test duration of one hour, each package was vibrated such that a strip of steel 
having a thickness of 1116 inch could be passed between the bottom of the package and the test 
platform. After the tests, the packages were opened and inspected. The test had no observable 
effect on the drum, the poly liner, shield insert, or pipe component. Only a small amount of dust 
was generated from sliding wear of the cane fiberboard components. Thus, the effect of 
vibration normally incident to transport, per 10 CFR §71. 71 ( c) ( 5), is not of concern for the S300 
package. 

2.6.6 Water Spray 
As documented in the U.S. Department of Energy Test and Evaluation Document for DOT 
Specification 7A Type A Packaging, Appendix D, Table D-24 (reproduced as Figure 2-2), the 
17C and 17H 55-gallon steel drums passed the water spray test as specified in 10 CFR 
§71.71 {c) {6) without damage or inleakage of water. The filter used in the drum lid is not capable 
of passing significant amounts of water. Furthermore, since the drum outer package is made of 
metal with a sealed and bolted lid, the water spray will have no effect on the materials of the 
package which could affect any of the subsequent tests. Thus, the effect of water spray is not of 
concern for the S300 package. 

2.6. 7 Free Drop 
For a package mass less than 11,000 lb, 10 CFR §71.71{c)(7) requires a free drop of the 
specimen through a distance of four feet onto a flat, essentially unyielding surface. The package 
should fall in an orientation for which the maximum damage is expected. In determining the 
worst-case orientation, it is noted that the primary consideration must be the retention of the 
drum closure lid. The worst-case.orientation for closure lid retention will be one for which the 
deformation at the drum lid closure ring is greatest. Other considerations, such as impact 
severity, are not governing for a package such as the S300 which has a relatively compliant 
response and for drops from the comparatively low height of only four feet. Since no significant 
damage occurs to the internal pipe component as a result of the much more challenging 30 ft 
HAC free drop, as discussed in Section 2.7.1, Free Drop, the pipe component cannot be 
damaged in the 4 ft NCT free drop. 

The worst-case orientation for drum lid closure ring deformation is the center of gravity (CG) 
over corner, lid down case. This is because the deformation of the package is concentrated in 
one location at the impact point. Other orientations may be considered as follows. In the top
down orientation (axis vertical), the entire drum lid closure ring would strike the ground at one 
time, and the deformation would be well distributed. It would thus not be possible to dislodge 
the drum closure lid in the top-down orientation. In a side-slapdown orientation, some of the 
kinetic energy would be applied to the primary impact end, and the remainder to the secondary 
impact end. This division of energy means that the deformation at the drum lid closure ring 
would be less than in the CG over corner case, where all of the energy is applied in one location. 
Therefore, the CG over corner orientation is worst-case. The drum lid closure ring joint should 
be placed at the point of impact, since the ring is not continuous at that point and somewhat more 
deformation can therefore be expected . 
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As documented in Appendix 2.12.1, Type A Testing, one S300 package was dropped from four 
feet in two orientations: one center of gravity over corner, and one horizontal. In each case, the 
drum lid clamping ring bolt was at the point of impact. The test target had a weight well in 
excess of 10 times the test package. Since the water spray test had no effect as documented 
above, the free drop test unit was not subject to water spray prior to the free drop test. 

From both tests, the damage was bounded by a crush distance of one inch (measured along a line 
from the theoretical corner of the drum towards the geometric center of the drum.) After testing, 
the lid remained securely fastened to the drum. There was no effect on the internal shielding or 
dunnage components, nor any effect on the pipe component. Thus, the effect of the free drop test 
is not of concern for the S300 package. 

2.6.8 Corner Drop 

This test does not apply, since the S300 package is a fissile material cylindrical package 
weighing more than 220 lb, as specified in 10 CFR 71.71(c)(8). 

2.6.9 Compression 

As documented in the U.S. Department of Energy Test and Evaluation Document for DOT 
Specification 7A Type A Packaging, Appendix D, Table D-24 (reproduced as Figure 2-3), a 17C, 
SS-gallon drum weighing 1,000 lb was loaded with a weight of S,S2S lb (a weight conservatively 
much greater than the required S times the weight of the actual S300 package which is S x 480 = 

2,400 lb) for 24 hours. There were no effects on the package, which passed the test. Thus, the 
effect of the compression test, per 10 CFR §71.71 (c) (9), is not of concern for the S300 package. 

2.6.10 Penetration 

As documented in the U.S. Department of Energy Test and Evaluation Document for DOT 
Specification 7A Type A Packaging, Appendix D, Table D-31 (reproduced as Figure 2-4), 17C 
and 17H SS-gallon drums, including bung filters, are capable of passing the penetration test 
specified in 10 CFR §71.71(c)(10) with negligible damage (small dents). Thus, the effect of the 
penetration test is not of concern for the S300 package. 

2. 7 Hypothetical Accident Conditions 
10 CFR §71.SS requires that packages containing fissile material be evaluated for criticality with 
the inclusion of any damage resulting from the NCT tests specified in §71.71 plus the damage 
from the HAC tests specified in §71.73. As demonstrated in Section 2.6, Normal Conditions of 
Transport, the damage from the NCT tests was negligible, and consequently its effects are not 
included in the HAC considerations below. The following sections describe the response of the 
S300 package and of the SFC payload to the hypothetical accident conditions. As discussed in 
Section 2.1.2, Design Criteria, the design criteria for HAC are that the S300 package protect the 
SFC from conditions more severe than those experienced in the special form qualification 30-ft 
free drop, percussion, and heat tests of the SFC, specified in 10 CFR §71. 7S . 
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2.7.1 Free Drop 
10 CFR §71.73{c) (1) requires a free drop of the specimen through a distance of 30 ft onto a flat, 
essentially unyielding surface. A comprehensive series of tests in the worst-case orientations 
was not performed on the S300 package; however, a conservative prediction of its response may 
be made as follows .. 

The effect of the free drop impact on the internal pipe component will be discussed first. The 
response of the pipe component to various impact orientations is documented in Ammerman, et 
al, which describes drop testing performed during qualification of the pipe overpack container 
for use in the TRUPACT-II package. The S300 is structurally identical to the pipe overpack 
container which is the subject of the report. The container was dropped 30 ft in both horizontal 
and vertical orientations. In the horizontal orientation, the pipe component lid was vertical, and 
the closure bolts were consequently loaded in shear by the weight of the pipe lid. In the vertical 
orientation, the pipe component lid was horizontal, and the closure bolts were consequently 
loaded in tension by the weight of the contents of the pipe and by the pipe lid. These two 
orientations bound the loading on the pipe component lid. In both cases, the pipe component 
was leaktight after testing. In the case of the S300, there is no requirement for the pipe 
component to be leaktight, since special form capsules are transported. Therefore, the pipe 
component will easily emerge intact from the HAC free drop test. 

Next, the response of the S300 drum overpack will be considered. Smith and Gelder6 report on 
30-ft free drop tests of the 6M Specification Package at various impact orientations. The 6M 
package is a drum package of similar size, weight, and construction to the S300. The weight of 
the package was 640 lb. The results showed that for the standard clamping ring, total loss of the 
drum lid could not be ruled out, particularly in the center of gravity over comer and shallow 
angle orientations. Blanton7 reports similar results from testing similar drum closures. 
Consequently, it would be conservative to assume that the S300 drum lid could be lost in the free 
drop test. In that case, the ejection of the drum contents, including the steel pipe component, 
might be possible. However, since the drum lid could not be lost until impact, which occurs at 
essentially zero elevation, the pipe component itself, which is located within a surrounding layer 
of shock-absorbing cane fiberboard, would not experience any significant damage from the free 
drop test. · 

From these considerations, it is concluded that, subsequent to the free drop test, the pipe 
component may be separated from the S300 outer components, but will remain intact without 
significant damage. This is a conservative assumption which bounds all other post-drop 
assumptions in which the package exhibits a greater degree of integrity. 

5 Ammerman, D. ]., Bobbe, JG., Arviso, M, and Bronowski, D.R., Testing in Support of Transportation of Residues 
in the Pipe Overpack Container, SAND97-0716, Sandia National Laboratories, April 1997. 
6 Smith, Allen C., and Gelder, Lawrence F., Drop Tests for the 6M Specification Package Closure Investigation, 
WSRC-MS-2004-00221, April 30, 2004 . 
7 Blanton, P. S., Responses of Conventional Ring Closures of Drum Type Packages to Regulatory Drop Tests with 
Application to the 997419975 Package, WSRC-MS-2002-00452, August, 2002. 
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2.7.2 Crush 
10 CFR §71.73(c)(2) requires that the crush test be performed on fissile material packages which 
have a mass not greater than 1,100 lb and a density not greater than 62.4 lb/ft3. Because the 
S300 package has a maximum weight of 480 lb and a volume of 8.13 ft3 (based on a diameter of 
22.6 inches and a height of 35 inches), leading to a maximum density of 480/8.13 = 59 lb/ft3

, the 
crush test is applicable. The crush test is specified as an impact of a 1, 100 lb mass falling from 
30 ft, striking a specimen oriented so as to suffer the maximum damage. Since a conservative 
evaluation of the free drop test concludes that the pipe component may become separated from 
the S300 package during the free drop test, the crush test must be considered to occur on the pipe 
component, resting on an unyielding surface. The crush test on the S300 pipe component is 
evaluated analytically using a dynamic finite element model. The analysis is discussed in detail 
in Appendix 2.12.2, HAC Crush Test Evaluation. The crush plate impacts the pipe component 
lying on its side, resting on an unyielding surface. Although the pipe bottom end and the 
adjacent part of the shielding insert are heavily deformed by the impact, the results show that the 
cavity of the shield does not deform significantly. In fact, the minimum deformed diameter of 
the shielding insert cavity is 3.38 inches (a reduction of 0.12 inches), which occurs at a location 
corresponding to the bottom end of the SFC. Since the largest SFC (the Model II) is only 3 
inches in diameter, it is clear that the crush test does not cause squeezing or pressure forces to 
occur on the SFC. Since the SFC was successfully qualified to 10 CFR §71.75(b)(l), which 
consisted of a bare, 30 ft free drop onto an unyielding surface, it follows that the crush test, in 
which no impact forces are imparted to the SFC, will not compromise the ability of the SFC to 
perform its containment function. 

Due to the impact of the crush plate with the pipe component, a shear load could be developed in 
the pipe component lid bolts. While Appendix 2.12.2, HAC Crush Test Evaluation, shows that 
closure bolt failure is unlikely, it may be conservatively assumed that all of the lid bolts shear 
off, removing the lid, and allowing the SFC to be separated from the pipe component. Of note, 
this separation occurs only as a consequence of the potential shear of the pipe component lid 
bolts. Since the potential separation of the SFC from the pipe component could only occur after 
impact, when the crush plate had essentially come to rest, no significant interactions between the 
SFC and the crush plate could occur. 

2.7.3 Puncture 

10 CFR §71.73(c)(3) requires the drop of the package onto a six-inch diameter steel bar from a 
height of 40 inches. Although the analytical evaluation discussed in Section 2.7.2, Crush, 
showed that the pipe component lid remained intact as a result of the crush plate impact, it is 
more conservative to assume that the SFC becomes separated from all other parts of the S300 
packaging and interacts directly with the puncture bar. 

Because the SFC is smaller than the puncture bar, the flat top of the puncture bar presents 
essentially the same target as the free drop target (i.e., flat and essentially unyielding). However, 
as required by 10 CFR §71.75, the SFC was dropped onto an essentially unyielding flat surface 
from a height of 30 ft during special form qualification testing, or nine times as far as in the 40-
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inch puncture drop test. Therefore the most conservative puncture bar test scenario is bounded, 
to a very significant degree, by the special form qualification testing performed on the SPC. 

Other, less severe outcomes could result from the free drop, crush, and puncture drop tests. 
While it is unlikely that the drum could survive all of these tests with its lid fully intact, the SPC 
could still be retained within the pipe component. The criticality consequences of this scenario, 
as well as the most conservative case of the release of the SPC from the pipe component, are 
considered in Chapter 6, Criticality Evaluation. 

2.7.4 Thermal 

10 CPR §71.73(c)(4) requires the exposure of the S300 packaging to a hypothetical fire. The 
most conservative assumption regarding the initial conditions of the S300 packaging before the 
fire, as discussed above, is that due to the mechanical tests (free drop, crush, and puncture), the 

· SPC has been separated entirely from the package and is exposed to the fire without any package 
components to shield it. The thermal evaluation is presented in Section 3.4, Thermal Evaluation 
under Hypothetical Accident Conditions. 

2.7.4.1 Summary of Pressures and Temperatures 

As shown in Section 3.4.3, Maximum Temperatures and Pressures, the effects of an exposure of 
a bare SPC to the thermal conditions of 10 CPR §71.73(c) (4) is essentially equivalent to the heat 
test of 10 CPR §71.75(b)(4), in which the capsule is heated to 1,475 °P for 10 minutes. Although 
the duration of the test is slightly different between the two cases (the test specimen is exposed to 
the 1,475 °P environment for 30 minutes in §71.73(c)(4), whereas the SPC is heated explicitly to 
1,475 °P for 10 minutes in §71.75(b)(4)), the maximum temperature in each case is essentially 
equal to the fire temperature of 1,475 °P. Since the special form heat test of 10 CPR 
§71. 7 5 (b) ( 4) was sustained by the tested capsules without loss of leak tight condition, then the 
SPC will remain leaktight following the HAC thermal test. 

The possible retention of the SPC within an intact pipe component during the HAC thermal test 
is not of concern. In that case, the polyethylene shielding material would begin to decompose 
due to the elevated temperature. Gases which could form as a result of decomposition would 
partially escape through the pipe component lid vent, and after decomposition of the lid 0-ring 
dust seal, which would occur shortly after the beginning of the fire, gases could also escape past 
the lid closure joint. Any pressurization of the pipe component which might occur would be 
external to the SPC. Since that would drive the tapered sealing plug further into its seat, it would 
have the tendency to enhance, rather than degrade, the sealing of the capsule. 

2. 7 .5 Immersion - Fissile Material 

10 CPR §71.73(c)(5) requires performance of the immersion test for packages containing fissile 
material. The criticality evaluation presented in Chapter 6.0, Criticality Evaluation, assumes 
optimum hydrogenous moderation of single SPCs and arrays of SPCs, thereby conservatively 
addressing the effects and consequences of water in-leakage . 
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2. 7 .6 Immersion - All Packages 
10 CFR §71.73(c)(6) requires performance of an immersion test under a head of water of at least 
50 ft. Since the test package may be undamaged, the condition applied to the SFC is merely one 
of external water pressure. Any effects on the S300 packaging components would be immaterial. 
The test water pressure of 21.7 psi would have a negligible effect on the relatively small, thick
walled SFC. The direction of pressure would also have the effect of driving the sealing plug 
deeper into its seat. Therefore, the immersion test is not of concern. 

2.7.7 Deep Water Immersion Test 

The S300 package is a Type AF package; hence, this requirement does not apply. 

2. 7.8 Summary of Damage 

The discussions of sections 2.7.1, Free Drop, through 2.7.7, Deep Water Immersion Test, 
demonstrate that the S300 package in conjunction with the SFC payload prevents release or 
dispersal of the radioactive contents of the SFC when subjected to all applicable hypothetical 
accident tests. In particular, the criteria established in Section 2.1.2, Design Criteria, namely 
that the S300 package protect the SFC from conditions more severe than those experienced in the 
special form qualification 30-ft free drop, percussion, and heat tests of the SFC, were met. 

The results of the special form qualification tests are discussed in Section 2.10, Special Form. 
The shielding and criticality control consequences of the separation of the SFC and contents 
from the rest of the S300 packaging under HAC is discussed in Chapter 5, Shielding Evaluation, 
and Chapter 6, Criticality Evaluation. 

2.8 Accident Conditions for Air Transport of Plutonium 
The S300 will not be transported by air in any airspace which is subject to the laws and 
regulations of the United States. Therefore, evaluation of the accident conditions specified in 
10 CFR §71.74 is not required. 

2.9 Accident Conditions for Air Transport of Fissile Material 
Packages 

10 CFR §71.55(f) requires that the package be subcritical subsequent to the application of a 
series of accident condition tests specifically applicable to the transport of fissile materials by air. 
The effects of these tests on the S300 have not been specifically evaluated. Instead, for purposes 
of the criticality evaluation, a worst-case reconfiguration of the package and contents materials is 
assumed. Under the bounding assumption, all of the materials of the package and of the contents 
are assumed to reconfigure into a spherical shape. Materials which moderate or reflect neutrons 
are placed in positions which lead to the greatest reactivity of the system. Materials whose 
presence reduce system reactivity are removed. The sphere is surrounded by 20 cm of water as 
required by 10 CFR §71.55 (f) (1). Details of the criticality analysis are given in Section 6. 7, 
Fissile Material Packages for Air Transport. The S300 package meets the requirements of 10 
CFR §71.55(f) (1) and TS-R-1, §680 for the air transport contents stated in Table 1-3. 
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• 2.10 Special Form 

• 

• 

The radioactive contents of the SFC consist of neutron sources, alpha reference standards, foils 
(e.g., threshold detectors), and other similar source configurations containing plutonium. The 
contents are contained within special form capsules of two specific types: Model II and Model 
III. Each capsule is approved by the U.S. Competent Authority, is of similar design, and differ 
primarily only in dimensions. The sealing technique is the same for both models. 

The Model II SFC, illustrated in Figure 1-3, is fabricated of Type 304 stainless steel, with a 
nominal wall thickness Of almost 1/2 inch, and bottom and top threaded cap thicknesses of 3/4 
inch. The contents are located below a snap ring that holds an impact plug in place axially, 
followed by a tapered sealing plug nominally 3/4 inch thick. The threaded cap is designed with a 
shearable stem to preclude removal of the cap once installed. The outer length of the closed 
Model II is 11-3/4 inches (excluding the shearable cap stem), and the outer diameter is three 
inches. The interior cavity length is 8-3/4 inches, and the interior cavity diameter is 2-1/16 
inches. The Model II SFC meets the requirements of 10 CFR §71.75 and is certified by the U.S. 
Department of Transportation. Manufactured to AEA Technology QSA, Inc. Drawing No. 
R20047, Rev. B, it carries the IAEA Certificate of Competent Authority Special Form 
Radioactive Materials Certificate Number USN0696/S-96. 

The Model III SFC, illustrated in Figure 1-4, is fabricated of Type 304 stainless steel, with a 
nominal wall thickness of 1/2 inch, and bottom and top threaded cap thicknesses of 3/4 inch. 
The contents are located below a tapered sealing plug nominally 3/4 inch thick. The threaded 
cap is designed with a shearable stem to preclude removal of the cap once installed. The outer 
length of the closed Model III is seven inches (excluding the shearable cap stem), and the outer 
diameter is 2-1/2 inches. The interior cavity length is 4-1/2 inches, and the interior cavity 
diameter is 1-1/2 inches. The Model III SFC meets the requirements of 10 CFR §71.75 and is 
certified by the U.S. Department of Transportation. Manufactured to AEA Technology QSA, 
Inc. Drawing No. R20048, Rev. B, it carries the IAEA Certificate of Competent Authority 
Special Form Radioactive Materials Certificate Number USN0695/S-96. 

Both capsules are assembled and tested according to written procedures. To ensure proper 
assembly, each capsule is checked with a gauge that measures how far the tapered plug has been 
inserted into the capsule body. Measurements of the tapered plug insertion are made both before 
and after the final tightening and shear-off of the cap stem. These measurements are recorded on 
the data sheet belonging to each capsule. If the measurements meet the standards established for 
the capsule design, proper assembly is assured. 

2.11 Fuel Rods 
The S300 package does not carry fuel rods; hence, this section does not apply . 
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Table E-1. Steel Drums--Compliance With Vibration Standard (49 CFR 178.608). . 

Specific packaging 

Packagings for dockets 
in this category that 
are pre-HM-181 are 
considered to be 
acceptable ba~ed on 
evaluation and/or by 
comparison with 
similar packagings. 

DOT-17C (UN1A2) 
(55-gal} 

No. 
tested 

2 

I 

Weight 
(1 b) 

1,000 

900 

Contents 

Sand and lead 
bricks 

Results Comments 

2 pass Drums were observed for 
leakage at filter·location, 
ring and bolt location, and 
bottom o.f drum; nothing was 
detected. · 

Flour/fluorescein 1 pass Drums were observed for 
sand, lead bricks leakage at filter location, 

ring and bolt location, and 
bottom of drum; nothing was 
detected. 

Figure 2-1 - Vibration Test Results for a DOT-17C Steel Drum 
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(Table E-1 from U.S. Department of Energy, Test and Evaluation Document for DOT Specification 7A Type A Packaging, DOE/RL-
96-57, Revision O) 
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Table D-1.a. ~later Spray Test Results for Steel Drums. 
STEEL DRUMS 

Specific packaging Test/Analysis Results 
DOT-6C, 5-gal By comparison, this drum would meet this requirement. 
DOT-6C, 10-gal By comparison, this drum would meet this requirement. 
DOT-17C, 5-ga1 By comparison, this drum would meet this requirement. 
DOT-17C, 30-gal By comparison, this drum would meet this requirement. 
DOT-17C, 35-gal Three loaded and three empty drums were tested an·d passed. 
OOT-17C 55-gal Three drums were subjected to this test and passed (Configuration RF-I). 
DOT-17C, 55-gal Three lids with the Nucfil 8 filters were subjected to the water spray test and no 
w/pressure relief device water passed through the filter (Configurations HF-1 and R.F-2). 
DOT-17C, 55-gal The same data shown for the 17C 55-gal drum would apply here (Configurations 
w/HDPE liner HF-2, LL-1, MD-1 and RF-3). 
DOT-17C, 55-gal One test unit package was subjected to the test conditions and passed 
w/HOPE vented liner (Configurations RF-4 through ~F-8). · [Dockets 89-l3-7A and 90-18-7A] 
DOT-17H, 30-gal Three drums were subjected to this test and passed (Configuration OR-1). 
DOT-17H, 3o-gal w/filter One test unit package was subjected to the test conditions and passed 

(Configurations AW-1 and FM-1). [Dockets 90-17-7A and 90-20-7A] 
DOT-17H, 55-gal Three drums were subjected to this test and passed. 
MS-24347-lb By comparison, this drum would meet this requirement. 
MS-24347-7b Two drums were subjected to this test and.passed. 
MS-27684-lb By comparison, this drum would meet this requirement. 
MS-27684-2b By comparison, this drum would meet this requirement. 
MS-27684-3b Three drums were subjected to this test and passed. 
MS-27684-6b By comparison, this drum would meet this requirement. 
MS-27684-Sb Three drums were subjected to this test and passed. 
MS-27683-7b Three drums were subjected to this test and passed. 
MS-27683-13b By comparison, this drum would meet this requirement. 
MS-2468J-2lb Three drums were subject~d to this test and passed. 
See Table D-1.b. Water Spray Test Results for Steel Drums (Packaging Specialtie_s). (2 pages) 

Figure 2-2 - Water Spray Test Results for a DOT-17C Steel Drum 

• 
Rev. 5, June 2010 
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(Table D-1.a from U.S. Department of Energy, Test and Evaluation Document for DOT Specification 7A Type A Packaging, DOE/RL-
96-57, Revision O) 
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Table D-24. Compression Test Results for Steel Drums. (2 pages) 

Authorized Test/analysis 
data and results gross Compression . Test 

weight test weight duration No. 
Specific packaging . (1 b) (1 b) (hr) tested Results Comments 
DDT-6C 5-gal 80 500 >24 1 pass .No detectable effect. 
DOT-6C 10-gal 160 928 >24 1 pass No detectable effect. 
DOT-17C 5-gal 100 520 >24 1 1 pass No detectable effect. 
DOT-17C 30-gal 500 Not tested0 Pass, based on testing of DOT-17H 

30-gal drum. 
DOT-17C 35-gal 400 2,060 >24 1 pass No detectable effect. 0 

Not testedb 
0 

DOT-l 7C 55-ga l 1,000 Pass, based on testing of DOT-17H l'T1 ...... 
55-gal drum.c ;o 

r 
I 

DOT-17C 55-gal 1,000 Not testedc Pass, based on testing of DOT-17H ID 

°' with pressure 55-gal drum. c I 
U1 

relief devices " 
DOT-17C 55-gal 1,000 5,525 >24 1 pass Passed. [Dockets 89-13-?A and ;o 

l'T1 

with HOPE liner 90-18-?A] < 
0 

DOT-17H 30-gal 500 2,700 >24 I pass No detectable effect. 
400 2,.069 >24 1 pass No detectable effect. [Dockets 

90-17-?A and 90-20-?A] 
DOT-17H 55-ga l 1,000 5, 100 >24 1 pass No detectable effect. 

MS-24347-ld 10 100 48 1 pass No detectable effect. 
MS-24347-?d 35 200 48 1 1 pass No detectable effect. 
MS-24684-ld 60 300 >24 1 1 pass No detectable effect. <: 

MS-27684-2d 110 Not tested Pass, based on comparison to test ~ 
c: 

data on comparable drum. 3 
CD 

MS-27684-3d 80 401 >24 1 pass No detectable effect. 
MS-27684-5d 80 500 >24 1 pass No detectable effect. 

Figure 2-3 - Compression Test Results for a DOT 17-C Steel Drum 
(Table D-24 from U.S. Department of Energy, Test and Evaluation Document for DOT Specification 7 A Type A Packaging, DOE/RL-
96-57, Revision O) 
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Specific packaging 
DOT-6C (5-gal) 

DOT-6C (10.:gal) 

DOT-17C (5-gal) 

DOT-17C (30~gal) 

DOT-17C (35-gal) 

DOT-17C (55-gal) 

DOT-17C (55-gal) 
Pressure Relief 
Device Nucfila Filter 

DOT-17C (55-gal) 
with HOPE Liners 

• 
Docket No. 71-9329 

Table D-31. Penetration Test Results for Steel Drums. (4 pages) 
Test/analysis results 

No. 
tested Location 

Lid at center 
Side at seam 
Lid near closure ring 
Lid at center 
Side at seam 
Lid near closure ring 

Not 
tested 

Not 
tested 

I Lid near center 
2 Lid near edge 

Side near seam 
Not 

tested 
3 Center of filter 

Lid center 
I Side 
1 Bottom 
1 Filter 

Results 
1 pass 
I pass 
I pass 
I pass 
1 pass 
I pass 

1 pass 
2 pass 
1 pass 

3 pass 

I pass 
I pass 
1 pass 
1 pass 

0.50-in. dent 
1. 00-in. dent 
0.25-in. dent 
0.50-in. dent 
0.75-in. dent 
0.50-in. dent 

Comments 

Pass, based on test data shown for comparable 
or lesser gauge steels. 
Pass, based on test data shown for comparable 
or lesser gauge steels. 
0.625-in. dent 
0.500-in. dent max. 
0.250-in. dent 
Pass, based on test data shown for comparable 
or lesser gauge steels. 
Air flow was established after each test with 
flour/fluorescein as contents. There was no 
visible evidence of loss of contents, and no 
loss of contents was detected under a black 
light. 
Minor damage 
Same result 
Same result 
Minor damage [Dockets 89-13-7A and 90-l8-7A] 

Figure 2-4 - Penetration Test Results for a DOT-17C Steel Drum 

• 
Rev. 5, June 2010 
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(Table D-31 from U.S. Department of Energy, Test and Evaluation Document for DOT Specification 7 A Type A Packaging, DOE/RL-
96-57, Revision O) 
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2.12 Appendix 

2.12.1 Type A Testing 
This appendix will detail testing that was performed on the S300 to qualify it as a DOT Type A 
package. Both vibration and free drop testing were performed on a S300 prototype in 2002. 

Three test units were tested, having the serial numbers and overall weights listed in Table 
2.12.1-1 below. Each test unit conformed to the drawings given in Appendix 1.3.1, Packaging 
General Arrangement Drawings, with the exception of the two, two-inch thick shield insert end 
plugs. Absence of those components would have no material effect on the test results. The 
payload consisted of a solid steel bar having a diameter of three inches, a length of 11.13 inches, 
and a weight of 22.5 lb. The steel bar provided an adequate simulation of the SFC, which, when 
loaded, is essentially solid metal. For testing, the test units were assembled and closed according 
to the packaging general arrangement drawings. 

Table 2.12.1-1 - 8300 Test Unit Serial Numbers and Weights 

Test Unit Serial No. Weight, lb 

lT 444 

2T 448 

3T 448 

2.12.1.1 Vibration Testing 

A vibration test is required to qualify packages as DOT Type A packages, as stated in 49 CFR 
173.24a(5): "Vibration. Each non-bulk package must be capable of withstanding, without 
rupture or leakage, the vibration test procedure specified in Sec. 178. 608 of this subchapter. " 
The vibration test requirements are found in 49 CFR 178.608. In fulfillment of this requirement, 
the three units were tested on a vibrating platfor.m. 

The vibration test machine was based on a wide flange I-beam, simply supported at each end, 
with a platform holding the test unit located at its center. A simple pivoting link provided lateral 
stability. Also mounted on the platform was a variable speed electric motor with a significant 
imbalance attached. By varying the speed of the motor and the amount of the imbalance, the 
beam was driven at resonance in a first mode of vibration. The test unit motion was not limited 
vertically, and was only limited horizontally by passive barriers which kept the unit from falling 
off of the platform. The amplitude of the motion was measured by tracing the platform motion 
using a pen attached to the platform against stationary paper. The peak-to-peak amplitude was 
one inch. The degree of vibration was such that a 1/16-inch thick steel strap could be passed 
between the test unit and the platform during oscillation, as required by 49 CFR 178.608. The 
frequency of the machine at resonance was approximately 4 - 5 Hz. The test setup is shown in 
Figure 2.12.1-1. 
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Each test was conducted for one full hour after the amplitude and the 1/16-inch bounce 
requirements were achieved. Upon completion of each test, the drum was moved to the floor and 
inspected. All tests had identical results. There was no evidence of cracking or other distress of 
the drum sidewall. The drum lid clamping ring bolt and all of the bolts of the pipe components 
were still snug. There was no damage to the shield insert components. The only change which 
occurred was a minor enlargement of the recesses in the upper dunnage. The recesses are 
provided to clear the bolt heads on the pipe component. No other damage to the upper or lower 
dunnage was found. This very slight damage could have no effect on the ability of the package 
to survive any other required tests. Therefore, the S300 passed the vibration testing. 

2.12.1.2 Free Drop Testing 

A free drop test is required to qualify packages as DOT Type A, as stated in 49 CFR 178.350(a): 
"Each packaging must ... be· designed and constructed so that it meets the requirements of 
§§173.403, 173.410, 173.412, 173.415, and 173.465 of this subchapter for Type A packaging." 
The acceptance criteria is found in 49 CFR 173.4120): "When evaluated against the 
performance requirements of this section and the tests specified in Sec. 17 3. 465 or using any of 
the methods authorized by Sec. 173.461 (a), the packaging will prevent--

(1) Loss or dispersal of the radioactive contents; and 

(2) A significant increase in the radiation levels recorded or calculated at the external 
surfaces for the condition before the test. " 

The free drop requirements are found in 49 CFR 173.465. In fulfillment of this requirement, one 
S300 test unit (serial no. 3TD, see Table 2.12.1-2) was tested using a drop pad having a weight 
of approximately 50,000 lbs and a steel impact surface. Since the test units weighed just over 
500 lbs each, the weight of the drop pad is well in excess of 10 times the test unit weight, and 
qualifies as an unyielding surface. 

The test series consisted of a one-foot drop sequence and a four-foot drop sequence. The one
foot drops were performed an accordan.ce with 49 CFR 173.465(c)(2), since the payload is 
fissile, and consisted of a drop onto each quarter of each rim in the center-of-gravity (CG) over 
corner orientation. One of the drops was directly on the clamping ring bolt. The one-foot drops 
were followed by two, four-foot drops according to 49 CFR 173.465(c) (1). One drop was in the 
CG over corner orientation, and the second was in the drum axis horizontal orientation. In both 
cases, the clamping ring bolt was at the point of impact. Each drum was dropped a total of ten 
times (eight, one-foot, and two, four-foot drops). 

Damage to the packages due to the drop testing was very modest, particularly in the case of the 
one-foot drops, for which damage was negligible. Damage due to the one-foot drops consisted 
in a small amount of bending of the upper or lower rims, but no deformation occurred in the wall 
of the drum proper. 

The four-foot, CG .over carrier drops deformed the area of the clamping ringjoint by an amount 
which was less than one inch in each case. Subsequent impact on the side at the same location 
drove the clamping ring legs in toward the center of the drum, but they still protruded from the 
side of the drum by at least 3/4 inches. There was also minor damage to the rolling hoops from 
side impact. However, the clamping rings were still snug to the drum in each case, and the 
clamping ring bolts were tight after all drops. Damage was modest enough that adequate wrench 
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clearance remained to allow removal of the clamping ring bolt. Inside the drum, all components 
were in near-new condition. The only evidence of impact was some chips and dust from the cane 
fiberboard dunnage. The drum wall at the clamping ring bolt location was bent radially inward 
by approximately 7 /8 inch, such that the drum poly liner was trapped in place. The bolts on the 
pipe component were tight, and there was no damage to the shield insert. 

In summary, the drop damage was limited to mirior deformations of the drum and lid in the near 
vicinity of the impact point. Deformations are summarized in Table 2.12.1-2. Photographs of 
the free drop test results are given in Figure 2.12.1-2 through Figure 2.12.1-7. There could be no 
loss or dispersal of the payload contents, and any increase in external radiation levels would be 
negligible. Therefore, the S300 passed the free drop testing. 

Table 2.12.1-2 - Free Drop Impact Deformations, inches 

Notes: 

Serial No. 

3TD 

Leg 

15/16 

Height 

3/4 

I. The serial number for the drop tests is carried over from the vibration testing; thus drop 
test serial number 3TD is the same package as vibration test unit 3T. 

2. The Leg dimension is measured from the original flat extreme top end of the drum to 
the top edge of the deformed clamping ring at the maximum deformation point, measured 
parallel to the drum axis, before th~ horizontal drop . 

3. The Height dimension is measured from the drum cylindrical wall surface to the 
outermost protrusion of the bolting components at the clamping ring joint, measured 
along a radius after the horizontal drop . 
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• 

• Figure 2.12.1-1 - Vibration Test Setup 

• 
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• 

Figure 2.12.1-2 - S300 CG over Corner Four-Foot Free Drop 

• 

• Figure 2.12.1-3 - Damage from CG over Corner Four-Foot Free Drop 
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Figure 2.12.1-4 - 8300 Side Four-Foot Free Drop 

Figure 2.12.1-5 - Damage from Side Four-Foot Free Drop 
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• 
Figure 2.12.1-6 - Lid Removed After All Drops 
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• 
Figure 2.12.1-7 - Pipe Component Internals After All Drops 

• 
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2.12.2 HAC Crush Test Evaluation 
As discussed in Section 2.7.2, Crush, a crush testis required for--the S300 package. Since a 
conservative evaluation of the free drop test concludes that the pipe component may become 
separated from the overpack components (as discussed in Section 2.7.1, Free Drop), the crush 
test will be considered to occur on the pipe component, resting on an unyielding surface. This is 
a conservative approach to the requirement, since a considerable amount of energy-absorbing 
structure is neglected, and thus damage to the pipe component or possibly the SFC will be 
potentially greater. 

In this section, the crush test is evaluated using analysis. The SFC has been qualified as special 
form under the requirements of 10 CFR § 71. 7 5, thus it provides a containment function under 
the severe conditions of a bare, 30-ft free drop (§71.75(b)(l)). This analysis will demonstrate 
that the impact of a 1, 100 lb mass falling from a height of 30 ft, and s~iking the pipe component 
so as to suffer the maximum damage, will not impart significant forces to the SFC. Thus, the 
crush test will not present any conditions that could compromise the containment function of the 
SFC. 

2.12.2.1 Methodology 

This analysis uses a half-symmetric FEA model using LS-Dyna (Version LS971S R2) to show 
that the cavity in the shielding insert for the SFC does not collapse as a result of the crush test, 
and does not apply any pressure or squeezing forces to the SFC. The dimensional output results 
of the payioad cavity will be used to demonstrate that the cavity remains sufficiently large 
enough to accommodate the SFC during the crush test. 

2.12.2.2 Assumptions 

The deformation of the pipe component will be greatest at the maximum temperature. A 
conservative temperature of 180 °F is used for material properties, which bounds by a significant 
margin the maximum NCT temperature calculated in Section 3.3, Thermal Evaluation for 
Normal Conditions of Transport. At lower temperatures, the materials will be stronger and more 
resistant to deformation. 

Friction is set to zero, which consequently directs most of the kinetic energy of the falling plate 
into deformation. A portion of the falling plate energy manifests as kinetic energy as the S300 . 
package accelerates in the horizontal plane. Applying friction to the model will reduce this 
kinetic energy and the acceleration, but it will also decrease the deformation of the pipe 
component. Therefore, the frictionless setting results in a more conservative deformation model. 

Of the two types of SFC, the larger Model II is used for this analysis, since less overall 
deformation of the pipe component and shielding insert would be needed to reach and apply load 
to the Model II SFC . 
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2.12.2.3 Model Description 

The finite element model is shown in Figure 2.12.2-1. The model is constructed according to the 
drawings in Appendix 1.3.1, Packaging General Arrangement Drawings. The payload consists 
of a single Model II Special Form Capsule (SFC) within the shielding insert. The assembled 
pipe component rests on an unyielding drop pad. A solid mild steel crush plate is positioned 
above the pipe component. 

The model takes advantage of the symmetrical design to reduce computation time. The model is 
symmetrically divided along its long axis, with the plane of symmetry perpendicular to the drop 
pad surface. The mass of each component in the half-symmetric model is one half of the full 
geometry mass. The masses and weights of the model components are ~ummarized in Table 
2.12.2-1. 

The model, including the drop pad and crush plate, consists of 12 parts, constructed from six 
material definitions. Over one million nodes are used to construct over nine hundred thousand 
solid elements. Constant stress solid elements with hourglass control are defined for all parts. 
Hourglass control for the solid elements is by the stiffness form of the Type 5 Flanagan
Belytschko method. 

Element mesh density throughout the model is balanced to allow observation of the high strain 
regions of the model without unduly increasing computation time. For example, the pipe 
component is modeled using 6 to 8 elements through the wall thickness, while the shielding 
insert uses 13 to 26 elements through the thickness. 

The model uses automatic single surface contact control, where every surface can have contact 
with all adjacent surfaces. As stated above, both static and dynamic friction coefficients are set 
to zero. 

2.12.2.4 Model Loads and Constraints 

The initial loads on the simulation model consist of the bolt preload, initial velocity of the crush 
plate, and force of gravity on all parts. Appropriate displacement constraints are applied to the 
symmetry plane and rigid drop pad. A bolt preload is applied to represent the 65 ft-lb tightening 
torque of the lid bolts. The preload is equal to approximately 11,000 psi tensile stress applied to 
each bolt using the *INITIAL_STRESS_SOLID command with dynamic relaxation. 

The initial velocity of the crush plate, established by a free drop through 30 ft, is 527.5 in/s. All 
parts in the simulation are under a gravitational load of 386.4 in/s2

• The gravitational load is 
applied to the model using the *DEFINE_CURVE and *LOAD_BODY_Y cards. The plane of 
symmetry is in the x-y plane through the center of the package along its length. All nodes in this 
plane are constrained from moving out of this plane. The bottom surface nodes in the drop pad 
are constrained from all translational and rotational movement. The drop pad is an immovable, 
rigid object. 

2.12.2.5 Material Properties 

The S300 Pipe Component is fabricated from Type 304/304L stainless steel, and the shielding 
insert is fabricated from High Density Polyethylene (HDPE) . 
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, 

2.12.2.5.1 HOPE Material Properties 

The temperature dependent material properties for HDPE are based on information from a 
research document by N. Merah, F. Saghir, Z. Kahn, and A. Bazoune, Effect of Temperature on 
Tensile Properties of HDPE Pipe Material, Plastics, Rubber and Composites, 2006, Vol. 35, No. 
5, 226-230. Yield strength vs. temperature and elastic modulus vs. temperature, taken from this 
document, are plotted in Figure 2.12.2-3 and Figure 2.12.2-4, respectively. 

As seen from the trend line in Figure 2.12.2-3, the yield strength is predicted to decrease linearly 
to a value of approximately 700 psi at 180°F. Conservatively, 500 psi will be used as the true 
yield strength of the material. 

The slope of the curve of elastic modulus in Figure 2.12.2-4 is shown to decrease over the span 
of the plot indicating a trend to a shallow slope as the temperature approaches 180°F. Only the 
last two data points in the plot are used to calculate the elastic modulus, which is: 

E = -277.98(180)+ 75,922 = 25.9 ksi 

As shown in Merah, the stress-strain curves tend to be quite flat after yield with essentially no 
strain hardening. Therefore, the material model used in the analysis has a tangent modulus of 
15.5 psi, which is approximately 0.06% of the elastic modulus. The HDPE properties are 
summarized in Table 2.12.2-2. 

2.12.2.5.2 Steel Material Properties 

Since either Type 304 or 304L stainless steel may be used in the construction of the pipe 
component, the conservative approach is to use the lower allowable values of 304L material. 
The crush plate is modeled as mild steel. Material properties for the crush plate are taken from 
A36 steel. Material properties for 304L and A36 are shown in Table 2.12.2-3. 

The published density for carbon steel and 300 series stainless steel is given as 0.280 lb/in3 and 
0.290 lb/in3

, respectively. The actual model densities are modified to achieve the component 
weights listed in Section 2.1.3, Weights and Centers of Gravity. 

The engineering stress and strain listed in Table 2.12.2-3 are converted to true stress-strain for 
input in the LS-DYNA material models (the *MAT_PLASTIC_KINEMATIC input card). The 
true stress and strain values for both yield and ultimate strength are calculated for both steels 
below. 

The common engineering relation between engineering and true strain is: 

<, ~ m( t) ~In(!+ e) 

where true strain is equivalent to the natural logarithm of the ratio between the strain length (L) 
and the original length (Lo) and e is the engineering strain. The relationship between engineering 
and true stress is: 
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where Sr and S denote the true stress and engineering stress values respectively. Since the 
modulus of elasticity is calculated from the linear 0.2 percent stress-strain curve to the yield 

' stress value, the engineering yield strain is therefore: 

SY 
ey =E+o.002 

where Sy and E are the engineering yield stress and modulus of elasticity. The tangent modulus 
is equivalent to the slope of the plastic region of the true stress-strain curve. Therefore the 
tangent modulus is calculated from the ratio between the difference of the true ultimate and yield 
stress and the difference of the true ultimate and yield strain. From these relations, and the 
values in Table 2.12.2-3, the true yield stress and strain for the two metals are calculated below. 

The drop pad is defined as a rigid body (LS-DYNA material card *MAT_RIGID). 

304L Stainless Steel 

True Yield Strength: S~ = s,( 1 + ( ~ + 0.002 J J = (21.9 { 1 + ( 2~ 1~:3 + 0.002) J = 22.0 ksi 

True Ultimate Strength: Su1 =Su (1 + eu) = ( 66.9 X1 + 0.40) = 93. 7 ksi 

True Yield Strain: 

True Ultimate Strain: 

Tangent Modulus: 

A36 Carbon Steel: 

8Y1 = ln(l + eY) = ln(l + ( 
2

1.
9 

+ 0.002)J = 0.00279 
27.6e3 

8u1 = ln(l + eu) = ln(l + 0.40) = 0.336 

E =Sui -Syt = 93.7 -22.0 = 215 ksi 
tan 8ut - 8yt 0.336 - 0.00279 

True Yield Strength: S~ =S,(1 +(S~ + 0.002 JJ = (33.3{1+(z!3~:3 +0.002) J = 33.4 ksi 

True Ultimate Strength: SUI =Su (1 + eu) = (58.0Xl + 0.23) = 71.3 ksi 

True Yield Strain: 8 yi = ln(l + eY) = ln(l + ( 
33

·
3 

+ 0.002)J = 0.00315 
28.9e3 

True Ultimate Strain: 8ut = ln(l + eu) = ln(l + 0.230) = 0.207 

Tangent Modulus: 

2.12.2.6 Results 

Etan = Sut -Syt = 71.3- 33.4 = 186 ksi 
8ut -8yt 0.207-0.00315 

The LS-DYNA simulation ran continuously for approximately 18 hours. For the 24 millisecond 
simulation, there were 50 distinct time steps recorded at an average interval of 0.5 milliseconds. 
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Figure 2.12:2-5 shows the time step for maximum crush of the package. The plastic deformation 
of the crush plate was negligible, thus virtually all of the energy went into the pipe component 
and shielding insert. Figure 2.12.2-6 shows the maximum bolt strain. Figure 2.12.2-7 shows the 
payload cavity during the crushing event. Table 2.12.2-4 and Figure 2.12.2-8 through Figure 
2.12.2-13 illustrate the time-based changes in the diameter. Figure 2.12.2-9, Figure 2.12.2-11, 
and Figure 2.12.2-13 show the deformation at the time point of minimum diameter. 

The maximum effective strain on the lid bolts of 0.3628 in/in is found in the lowest bolt pictured 
in Figure 2.12.2-5. This value is approximately equal to the true ultimate strain of the stainless 
steel used in for the bolts. The next highest bolt strain is found in the top bolt pictured in Figure 
2.12.2-5, having a maximum effective plastic strain of 0.2044 in/in, which is well below the true 
ultimate strain of the material. Therefore, loss of more than one lid bolt during the crush test is 
unlikely, and the lid remains part of the structural load path absorbing some of the energy of the 
crush plate. The peak effective strain of the worst-case bolt shown in Figure 2.12.2-6. 

The analysis shows that the central payload cavity resists collapsing in on the SFC. The pipe 
body and end plate show noticeable deformation from the crush plate, but do not fail. The pipe 
flange, lid and lid bolts survive the impact event intact, retaining the shielding insert and SFC 
within the package. 

The load transmitted to the HDPE shielding material is insufficient to collapse the payload 
cavity, and a gap between the cavity and the SFC is maintained at all times. The gap is 
monitored at each end and at the middle of the SFC throughout the event. The initial nominal 
clearance between the cavity and the SFC is 0.5 inches. The minimum clearance is 0.38 inches. 
Therefore, the SFC is protected by the S300 packaging from the direct effects of the crush load . 

Local permanent increase in the payload cavity is also seen to occur, for example, in Figure 
2.12.2-7. This results from "rattling" contact between the SFC and the relatively soft shielding 
insert cavity during the crush plate impact event. 

The S300 model energy is shown in Figure 2.12.2-14. The energy in the model behaves much as 
the energy in the benchmark model as shown in Figure 2.12.2-16. The energy of the system is 
198,669 lb-in due to the kinetic energy of the crush plate. The final kinetic and potential energy 
of the system is 16,800 in-lb and 179,484 in-lb, respectively, for a total system energy of 
196,284 lb-in. The 2,385 lb-in of energy lost represents approximately 1 percent of the total 
energy, similar to the results of the benchmark model in Section 2.12.2.8, Benchmark Model. 

2.12.2. 7 Conclusions 

As shown in Section 2.12.2.6, Results, the payload cavity does not collapse onto the SFC 
payload. Since compression of the SFC by deformation of the shielding insert does not occur, 
the crush test cannot compromise the containment integrity of the SFC. 

2.12.2.8 Benchmark Model 

A benchmark simulation was performed to assess the relative performance of the specimen 
material (HDPE) within the bounds of the problem set. To do this, a simplified crush model with 
similar characteristics to the 5300 crush test was created. The plastic deformation and global 
energy profile of the model were recorded for comparison to the 5300 simulation model. 
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2.12.2.8.1 Simplified Crush Model 

The benchmark model represents a simplified version of the crush model used in the analysis of 
the S300 and is shown in Figure 2.12.2-15. A quarter symmetric model of a solid bar ofHDPE 
material is crushed between a mild steel crush plate and a rigid steel plate representing an 
unyielding surface. The crush plate has the initial velocity of a 30 ft drop. A gravitational body 
acceleration of 386.4 in/sec2 is applied to the model. In its reduced symmetry form, the 
dimensions of the test specimen are 10.0 in x 10.0 in x 10.0 in. 

The mesh is similar to that used in the S300 calculation. The model consists of the crush plate, 
test specimen, and drop pad. The only energy term in the initial state of the model is the kinetic 
energy of the plate. The material properties, element material representation, hourglass control, 
friction, and contact definitions are all the same as .the main S300 crush model. 

2.12.2.8.2 Results 

During the simulation, the kinetic energy of the plate is transferred to the test specimen as 
internal energy. Energy used to cause elastic strain is available to return to the system as kinetic 
energy. The remaining energy will be absorbed by the HDPE due to plastic strain. The 
exchange of energy in the model is shown in Figure 2.12.2-16. 

Inspection of the global energy curves of the model initially shows a decrease in kinetic energy 
proportional to the increase in potential energy. The final portion of the simulation demonstrates 
a proportional relation as well, but with only a small increase in kinetic energy and a small 
decrease in potential energy. The total energy of the system remains nearly constant, with some 
minor loss (approximately 1 %) as expected due to hourglass effects or computational error due 
to single precision floating point calculations. 

The initial kinetic energy of the system is 99,000 lb-in due to the crush plate. The final kinetic 
and potential energy of the system are 4,892 lb-in and 93, 181 lb-in, respectively, for total system 
energy of 98,073 lb-in. The 927 lb-in of energy lost represents a negligible 1 percent of the total 
energy. 

2.12.2.8.3 Deformation 

Figure 2.12.2-17 shows the center maximum deformation of the test specimen. The deformation 
of the test specimen due to the crushing load is due to both plastic and elastic deformation 
(strain.) Given the shape of the simplified model, the stress and strain can be assumed to be 
nearly uniform over the test specimen. 

Using the center thickness as a basis of measurement the average strain for the package is (see 
Figure 2.12.2-17): · 

~ a= La -L = 0.1804 in/in 
La 

where L = 8.1961 inches is the maximum deformation and Lo = 10.0 inches is the initial length 
of the span. The average strain exceeds the yield strain by a large margin; therefore the strain is 
primarily plastic. Deformation in the HDPE for a given crush test should be expected to be 
permanent in nature. 
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From the final time step the average plastic strain for the package is (see Figure 2.12.2-18) : 

L -L 
E= 0 =0.1632in/in 

Lo 

where L = 8.3681 is the maximum deformation and Lo= 10.0 is the initial length of the span. 
Thus, the benchmark model provides reasonable assurance that the results of the crush analysis 
of the S300 pipe component are accurate . 

Table 2.12.2-1 Model Weight Summary 
Full Target 

Part Part Mass, Geometry Weight,* Diff. 
Component ID lb-s2/in WeiQht, lb lb (%) 

Special Form Capsule 1 0.0388302 30.008 30 +0.027 

Pipe Component 180.056 180 +0.031 

(empty) 2 0.1010420 78.085 

3 0.0303894 23.485 

4 0.0777609 60.094 

5 0.0160645 12.415 

6 0.00773467 5.977 

Shielding insert 90.137 90 +0.152 

11 0.1005960 77.741 

12 0.0143962 11.125 

13 0.000822243 0.635 

14 0.000822243 0.635 

Drop Pad 15 49.6916 38,401.7 

Crush Plate 16 1.42817 1,103.7 1,100 +0.34 

* Target weight taken from Table 2-1 . 
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• Table 2.12.2-2 Material Properties for HOPE at 180°F 

• 

• 

Property HOPE 

Elastic Modulus (psi) 25,900 

True Yield Stress (psi) 500 

Poisson's Ratio 0.46 

Density (lb/in3
) 0.035 

Tangent Modulus (psi) 15.5 

Table 2.12.2-3 Material Properties for Steel at 180°F 

Property 304L A36 

Elastic Modulus1 (psi) 27.6(106
) 28.9(106

) 

Engineering Ultimate Stress2 (psi) 66.9(103
) 58.0(103

) 

Engineering Yield Stress3 (psi) 21.9(103
) 33.3(103

) 

Total Elongation4 0.40 0.23 

Poisson's Ratfo5 0.31 0.30 

Density5 (lb/in3
) 0.290 0.280 

Notes: 
1. ASME B&PV Code, Section II, Part D, Table TM-1, Material Group G (Note 7) and Carbon 
Steel (C[0.30%). Linearly interpolated from values for 70°F and 200°F. 
2. ASME B&PV Code, Section II. Part D, Table U. Linearly interpolated from values for 100°F and 200°F. 
3. ASME B&PV Code, Section II, Part D, Table Y-1. Linearly interpolated from values for l50°F and 200°F. 
4. ASME B&PV Code, Section II, Part A. 
5. ASME B&PV Code, Section II, Part D, Table PR 

Table 2.12.2-4 Payload Cavity Deformation Summary 
SFC Minimum Remaining 

Location Dia. Margin 
Description· Nodes (in) (in) 

Bottom 933351 - 997977 3.3802 0.3802 

Middle 933373 - 997999 3.4438 0.4438 

Top 933394 - 998020 3.4106 0.4106 

Note: The Model II SFC is 3.0 inches in diameter . 
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Figure 2.12.2-2 - 5300 Crush Test Finite Element Model Mesh 
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Figure 2.12.2-5 - 5300 Pipe Assembly Under Crushing Load 
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Figure 2.12.2-6 - Maximum Effective Strain of Lid Bolts 
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• 

• Figure 2.12.2-7 - Cutaway View of Payload Cavity 

• 
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Figure 2.12.2-9 - Payload Cavity Bottom Deformation 
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Figure 2.12.2-10 - Payload Cavity Middle Diameter 

• Figure 2.12.2-11 - Payload Cavity Middle Deformation 
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Figure 2.12.2-17 - Maximum Center Deformation (t = 6.8 ms) 
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Figure 2.12.2-18 - Maximum Plastic Deformation (t = 30 ms) 
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3. THERMAL EVALUATION 
This chapter identifies and describes the principal thermal design aspects of the S300 package, 
and further demonstrates the thermal safety of the packaging system and compliance with the 
thermal requirements of 10 CFR 71. 

3.1 Description of Thermal Design 

3.1.1 Design Features 

The S300 packaging is a pipe overpack design contained within a 55-gallon drum that was 
developed as a safe means for transporting a single Los Alamos Special Form Capsule (SFC). 
The major components of the S300 package, as discussed in Section 1.2.1, Packaging, are: 1) the 
impact-absorbing protection provided by the 55-gallon drum and cane fiberboard dunnage, 2) the 
confinement vessel consisting of the pipe component, and 3) the neutron shielding provided by 
the high density polyethylene (HDPE) shielding insert. Containment and criticality control are 
provided by the SFC. Detailed drawings of the package design are presented in Section 1.3.1, 
Packaging General Arrangement Drawings. The S300 package has a maximum gross shipping 
weight of 480 pounds and is transported with the 55-gallon drum overpack in the vertical 
orientation. 

Since the radioactive contents are in .special form, the S300 package does not include any 
features specifically designed to enhance or control thermal performance. 

3.1.2 Content's Decay Heat 

The payload for the S300 package is a single Special Form Capsule (SFC) that is housed within 
the shielding insert. Two SFC models, designated Model II and Model III, are used. Each is 
fabricated of Type 304 stainless steel, with a nominal wall thickness of 0.5 inch and with bottom 
and threaded top cap thicknesses of 0.75 inches. As stated in Section 5.2.2, Neutron Source, the 
decay heat for the maximum payload of 350g of plutonium is bounded by 1.1 W. This value 
includes the conservative assumption that all of the Pu-241 has decayed to Am-241. The decay 
heat is applied as an equivalent surface heat flux to the inside surface of the SFC. For 
conservatism, the smaller SFC is used as the basis for this evaluation. 

3.1.3 Summary of Temperatures 

The maximum temperature of the S300 package payload and HDPE shielding under NCT is 
bounded by 151 °F, while the maximum temperature of the fiberboard dunnage is bounded by 
214 °F. Under HAC, the maximum temperature of the SFC is bounded by the HAC thermal test 
flame temperature of 1,475 °F. " 
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3.1.4 Summary of Maximum Pressures 

Since all cavities of the S300 packaging are vented, there is no internal pressure under NCT or 
HAC. 

3.2 Material Properties and Component Specifications 

3.2.1 Material Properties 

A standard 55-gallon drum is used as the outer container for the S300 package. The drum may be 
fabricated of plated or painted carbon steel, or bare stainless steel. Table 3.2-1 presents the thermal 
properties for Type 304 stainless steel and A36 carbon steel. The thermal properties are taken from 
the ASME material properties database1 and the density is taken from an on-line database2

. 

Properties for temperatures between the tabulated values are calculated via linear interpolation within 
the heat transfer code. The thermal properties of Type 304 stainless steel are also applicable to the 
SFC. 

The thermal properties of the HDPE material used as the shield inserts within the pipe 
component is based on a prototypic HDPE material3

•
4 (see product data sheets in Appendix 3.5.3, 

Material Data Sheets). The thermal properties of the material presented in Table 3.2-2 are taken 
from the Handbook of Polyethylene Pipe5

, while its density is obtained from the product 
datasheet. 

Cane fiberboard is used in the package for dunnage and impact protection. This material is 
typically used as sheathing material for building construction. The thermal properties under NCT 
conditions presented in Table 3.2-3 were obtained from testing conducted at the Savannah River 
National Laboratory6

. The thermal conductivity of the material is anisotropic in that the 
conductivity perpendicular to the fibers is lower than the conductivity parallel to the fibers. 

The thermal properties for air, presented in Table 3.2-4, are derived from the curve fits provided 
in Rohsenow, et. al.7 Because the gas thermal conductivity varies significantly with temperature, 
the computer model calculates the thermal conductivity across the gas filled spaces and between 
the package and the ambient as a function of the mean film temperature. All void spaces within 
the S300 package are assumed to be filled with air at atmospheric pressure since the package is 
vented to the ambient. 

1 ASME B&PV Code, Section II, Part D. 
2 Matweb, Online Material Data Sheets, www matweb.com. 
3 Neutron Shielding Material Catalog No. 201, Product Specifications 2003, Thermo-Electron Corporation, Santa 
Fe, NM, www.thermo.com. 
4 DriscoPlex® PE3608/(PE3408) Pipe, Pipe and Fittings Data Sheet, Bulletin PP 109, September 2006. 
5 Handbook of Polyethylene Pipe, Second Edition, Plastic Pipe Institute, Irving, TX, 75062, www.plasticpipe.org. 
6 Vormelker, P.R. and Daugherty, W.L., Thermal Properties of Fibe~board Overpack Materials in the 9975 · 
Shipping Package, presented at the 2005 ASME Pressure Vessels and Piping Conference in Denver, CO, Paper No . 
WSRC-MS-2005-00001. 
7 Rohsenow, Hartnett, and Choi, Handbook of Heat Transfer, 3rd edition, McGraw-Hill, 1998. 
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The emissivity of 'as-received' Type 304 stainless steel has been measured as 0.25 to 0.288
, while the 

emissivity of weathered Type 304 stainless steel has been measured as being between 0.46 to 0.509
. 

For the purpose of this analysis, an emissivity of 0.25 is assumed for the emittance from the SFC 
surfaces to account for the surface finish required for decontamination considerations. The exterior and 
interior surfaces of a standard 55-gallon drum fabricated of stainless steel are assumed to be 0.46 and 
0.30, respectively. The drums fabricated of carbon steel are assumed to have a minimum emissivity of 
0.8 on the interior and exterior surfaces to account for the coating used. 

The solar absorptivity of Type 304 stainless steel is approximately 0.52 10
, while the solar 

absorptivity of coated carbon steel is conservatively assumed to be 0.90. 

The surfaces of the cane fiberboard are assumed to have an emissivity of 0.8510 to account for 
both the surface roughness and color of the material. The same emissivity is assumed for the 
HDPE shielding material. 

3.2.2 Component Specifications 

Type 304 stainless steel has a melting point above 2,700 °F2
, but in compliance with the ASME 

B&PV Code11
, its allowable temperature is limited to 800°F if the component serves a structural 

purpose (e.g., the material's structural properties are relied on for loads postulated to occur in the 
respective operating mode or accidental free drop condition). As such, the appropriate upper 
temperature limit under normal conditions is 800 °F for stainless steel components. 

Similarly, while carbon steel has a melting temperature of approximately 2,750 °F, its allowable 
temperature is limited to 700°F in compliance with the ASME B&PV Code11

. The presence of a 
coating on the surface of the carbon steel drum will further restrict its temperature limit under 
NCT conditions. The typical coating is resistant to long term temperature exposure up to 250 °F 
and for intermittent exposure up to 275 °F12

• 

A continuous use temperature limit of 250 °F is applied to the cane fiberboard material based on 
thermal testing conducted in support of nuclear material packaging13

. 

The HDPE used in the shield insert has a manufacturer's recommended operating temperature 
limit of 180 °F and a melting temperature of approximately 210 °F, based on the produc_t data 
sheet in Appendix 3.5.3, Material Data Sheets. In contrast, the standard HDPE material used 

8 Frank, R., and Plagemann, W., Emissivity Testing of Metal Specimens, Boeing Analytical Engineering coordination 
sheet No. 2-3623-2-RF-C86-349, 1986. 
9 Azzazy, M., Emissivity Measurements of 304 Stainless Steel, prepared for Southern California Edison, September 
6, 2000, Transnuclear File No. SCE-01.0100. 
10 Gubareff, G., Janssen,]., and Torborg, R., Thermal Radiation Properties Survey, 2nct edition, Honeywell Research 
Center, 1960 .. 
11 American Society of Mechanical Engineers (ASME) Boiler & Pressure Vessel Code, Section III, Rules for 
Construction of Nuclear Facility Components, Division 1, Subsection NB, Class 1 Components, & Subsection NG, 
Core Support Structures, 2001 Edition, 2002 Addendum. 
12 Series 66 and 73 Product Data Sheets, Tnemec Company, Inc. 6800 Corporate Drive Kansas City, MO, 
www.tnemec.com. 
13 Varble, J.L., Watkins, R.W., and Gunter, A.H., Demonstration of Equivalency of Cane and Softwood Based 
CelotexTMfor Model 9975 Shipping Package, Savannah River National Laboratory Packaging Technology, Aiken 
SC. 
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for the drum liner has a higher melting point of approximately 260 °F2
.4. This temperature limit 

is appropriate for the HDPE drum liner since its loss is not important to the safety of the 
package. 

A rubber gasket may be used between the SS-gallon drum lid and body. Since the SS-gallon 
drum only serves to provide a protective overpack for the pipe component, loss of the rubber 
gasket is of no safety consequence. Because the payload is in special form, the elastomeric 0-
ring dust seal used in the pipe component performs no safety function. 

The minimum allowable service temperature for all 5300 package components is below -40 °F . 
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Table 3.2-1 - Thermal Properties of Metallic Materials 

Thermal 
Temperature Conductivity 

Material (oF) (Btu/hr-ft-°F) 

70 8.6 

100 8.7 

Stainless Steel<D 150 9.0 

Type 304 200 9.3 

250 9.6 

300 9.8 

70 27.3 

100 27.6 

Carbon Steel® 150 27.8 

Type A36 200 27.8 

250 27.6 

300 27.3 

Notes: 
Q) ASME B&PV Code, Section II, Part D, Material Group]. 
@ ASME B&PV Code, Section II, Part D, Material Group B. 

Specific Heat 
(Btu/lbm-°F) 

0.114 

0.115 

0.117 

0.119 

0.122 

0.123 

0.105 

0.108 

0.112 

0.116 

0.119 

0.122 

Table 3.2-2 - Thermal Properties of HOPE 

Thermal 

DensitX 
(lbmfin) 

0.289 

0.284 

Temperature Density Conductivity Specific Heat 
(oF) (lbmlin3

) (Btu/hr-ft-°F) · (Btu/lbm-°F) 

- 0.034 0.25 0.46 

Table 3.2-3 - Thermal Properties of Cane Fiberboard 

Temperature Density Thermal Conductivity, (Btu/hr-ft-°F) Specific Heat 
(oF) (lbm/in3

) 'Perpendicular to Fiber' 'Parallel to Fiber' (Btu/lbm-°F) 

77 0.0341 0.0595 0.1433 

125.6 0.0107 0.0364 0.0618 0.1481 

195.8 0.0422 0.0659 0.1665 
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• Table 3.2-4 - Thermal Properties of Air 

• 

• 

Dynamic Thermal Coef. Of 
Temperature Density Specific Heat Viscosity Conductivity Prandtl Thermal Exp. 

Number(?) 
(oF) 1bm/in3)<D (Btu/lbm-°F) (lbm /ft-hr) (Btu/hr-ft-°F) (oR-1)<» 

-40 0.240 0.03673 0.0121 

0 0.240 0.03953 0.0131 

50 0.240 0.04288 0.0143 

100 0.241 0.04607 0.0155' 

200 0.242 0.05207 0.0178 

300 0.243 0.05764 0.0199 

400 Use Ideal 0.245 0.06286 0.0220 

500 Gas Laww/ 0.248 0.06778 0.0240 Compute as Compute as 

600 Molecular wt 0.251 0.07242 0.0259 Pr= cpµ I k p = 1/(°F+459.67) 

700 = 28.966 0.253 0.07680 0.0278 

800 0.256 0.08098 0.0297 

900 0.259. 0.08500 0.0315 

1000 0.262 0.08887 0.0333 

1200 0.269 0.09620 0.0366 

1400 0.274 0.10306 0.0398 

1500 0.277 0.10633 0.0412 

Table Notes: 
Q) Density computed from ideal gas law asp= PM/RT, where R= 1545.35 ft-lbf/lb-mole-R, T= temperature 

in °R, P= pressure in lbf/ft2
, and M= molecular weight of air. For example, at 100 °F and atmospheric 

pressure of 14.69lbf/in2
, p = (14.69*144 in2/ft2*28.966 lbm/lb-mole)/1545.35*(100+459.67) = 0.071 

lbm/ft3 = 4.099x10-5 lbm/in3
• 

@ Prandtl number computed as Pr = cpµ I k, where Cp = specific heat, µ = dynamic viscosity, and k = thermal 
conductivity. For example, at 100 °F, Pr= 0.241 *0.04607/0.0155 = 0.72. 

® Coefficient of thermal expansion is computed as the inverse of the absolute temperature. For example, at 
100 °F, p = 1/(100+459.67) = 0.00179 . 
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3.3 Thermal Evaluation under Normal Conditions of 
Transport 

This section presents the thermal evaluation of the S300 package for normal conditions of 
transport (NCT). Under NCT, the S300 package will be transported in a vertical orientation. 
This establishes the orientation of the exterior surfaces of the package for determining the free 
convection heat transfer coefficients and insolation loading. The NCT evaluations 
conservatively assume an adiabatic condition for the bottom surface of the vertically oriented 
drum (i.e. there is no heat transfer to or from the ambient). 

3.3.1 Heat and Cold 

3.3.1.1 Heat 

The thermal performance of the S300 package under NCT is determined using a two
dimensional, axisymmetric thermal model of the packaging and its enclosed payload. Details of 
the thermal models and analysis methodology for NCT conditions are provided in Appendix 
3.5.2, Analytical Thermal Model. 

Table 3.3-1 presents the predicted peak S300 package temperatures under NCT conditions for 
the transportation of a SFC dissipating 1.1 W of decay heat. The evaluation was conducted for 
both carbon steel and stainless steel 55-gallon drum overpacks to ensure that the bounding 
transportation configuration was identified. The results with solar are derived from a transient 
modeling of the diurnal variation in the insolation loading, while the results without solar are 
obtained from a steady-state analysis. 

The results in Table 3.3-1 demonstrate that positive thermal margins exist for all packaging 
components. A minimum thermal margin of 30 °F (i.e., 180 - 150 °F for the HDPE shielding) 
exists for the packaging components. The temperature margins are adequate to cover potential 
modeling uncertainty, especially in light of the fact that the axisymmetric modeling approach 
used effectively applies the solar loading around the entire circumference of the 55-gallon drum 
overpack instead of only one-half of the circumference as occurs in actual operations. 

Figure 3.3-1 illustrates the typical heat up of the S300 package under NCT conditions and 
assuming a diurnal variation of solar loads. The transient results show that approximately 6 days 
are required to approach repeatable temperature cycles within the S300 package after its assumed 
loading at a uniform temperature of 68 °F. While the exterior shell of the drum overpack 
essentially reaches its peak temperature points after the first diurnal cycle, the insulating effects 
of the cane fiberboard dunnage and the HDPE shielding material delays the heat up of the 
payload for about 144 hours, with true temperature repeatability not occurring until 
approximately 300 hours after the start of the diurnal analysis. 

Figure 3.3-2 present the predicted temperature distribution within the S300 package at the point 
when the peak drum temperature is achieved, which occurs at the center of the drum's top. 
Figure 3.3-3 presents the predicted temperature distribution at the point when the peak HDPE 
shield material temperature is achieved . 
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Evaluation of the package for an ambient air temperature of 100 °P without insolation loads 
demonstrates that the peak temperature of the accessible exterior surfaces of the packaging are 
just slightly above 100 °P and well below the maximum temperature of 122 °P permitted by 10 
CPR §71.43(g) for accessible surface temperature in an non-exclusive use shipment. 

3.3.1.2 Cold 

With an internal decay heat load of zero, no insolation, and an ambient temperature of -40 °P, the 
average package temperature will be -40 °P per 10 CFR §71.71(c)(2). As discussed in Section 
3.2.2, Component Specifications, the -40 °P temperature is within the allowable operating 
temperature range for all package components. None of the materials of construction (i.e., thin 
carbon steel comprising the 55-gallon drum, austenitic stainless steel comprising the pipe 
component and special form capsules, HDPE shielding, and cane fiberboard and wood dunnage) 
undergo a ductile-to-brittle transition at temperatures of -40 °P or higher. Therefore, the NCT 
cold event is of negligible consequence. 

3.3.2 Maximum Normal Operating Pressure 
Since all cavities of the S300 packaging are vented, the internal pressure is equal to ambient 
pressure at all times . 
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Table 3.3-1 - NCT Temperatures for 8300 Packaging 

Temperature (°F) <D 

NCT Hot NCT Hot Stainless Max. 
Component NCT Hot without Solar Steel Drums Allowable 

SFC 151 116 145 800 

HDPE Shielding 

-Max. 150 115 144 180 Q) 

-Avg. 0 141 104 134 180 Q) 

Pipe Component 152 103 142 800 

Cane Fiberboard Dunnage 

-Max. 214 103 185 250 
-Avg. 0 169 101 156 250 

HDPE Drum Liner 222 101 191 260 Q) 

55-Gallon Walls 

- Side 189 100.2 173 250 © 

- Lid 233 100.1 206 250 © 

Notes: Q) Results assume a payload of l.lW. 
CV Average temperatures computed using a mass weighted average of the model nodes. 
@Recommended temperature limit of 180°F assumed for HDPE used as shielding given its 

importance to safety. The melting point of approximately 260°F is used for the standard HDPE 
material used for the drum liner since its loss is not important to safety. 

® Temperature criterion based on long term temperature limit for typical drum coatings versus the 
nominal 700°F limit for carbon steel under NCT conditions . 

3-9 



• 

• 

• 

S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

220+-++--+---+-+-+-+-l--+-*+--+---+-l-+--+.,+--+-hl--+---hf---+---lr+-l--hf---+--hl---+----hl--l--N--+--frl---i 

u.. 

0 24 48 72 96 

-<>---Drum Side 

-+--Orum Top 

-0- Fiberboard - Max. 

-- Fiberboard . Avg. 

_,._ HOPE · Max. 

--HOPE - Avg . 

~Pipe Component -Max. 

_._ Special Form Capsule - Max. 

-

120 144 168 192 216 240 264 288 312 336 

Time- Hours 

Figure 3.3-1 - S300 Package Transient Heat Up for NCT 
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Figure 3.3-2 - NCT Temperature Distribution at Time of Peak Drum 
Temperature 
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Figure 3.3-3 - NCT Temperature Distribution at Time of Peak HOPE 
Shielding Temperature 
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3.4 Thermal Evaluation under Hypothetical Accident 
Conditions · 

The most conservative assumption regarding the initial conditions of the S300 packaging before 
the fire is that due to the mechanical tests (free drop, crush, and puncture), the SFC has been 
separated entirely from the package and is exposed to the fire without any package components 
to shield it. 10 CFR §71.73(c)(4) requires that the package be exposed to a fire having an 
average temperature of 800 °C (1,475 °F) and a flame emissivity of 0.9 for 30 minutes. In the 
case of the S300, that would mean exposure of the SFC. The special form qualification testing, 
per 10 CFR §71.75, requires that the capsule be heated to 1,475 °F for 10 minutes. With regard 
to capsule temperature, these two requirements are essentially equivalent, as shown by a simple 
heat transfer calculation. Because it would have little effect on the results, the internal heat 
generation of 1.1 W is neglected. 

3.4.1 Initial Conditions 
As discussed in Section 2. 7.4, Thermal, the most conservative assumption concerning the initial 
conditions of the S300 package prior to the fire is that, due to the mechanical tests (free drop, 
crush, and puncture), the SFC has been separated entirely form the packaging and is exposed to 
the fire without any packaging components to shield it. The initial temperature of the SFC at the 
start of the fire is taken as 165 °F, which is conservatively higher than the temperature of 151 °F 
shown in Table 3.3-1. 

As noted in Section 2.7.3, Puncture, the HAC free drop, crush, and puncture drop tests may not 
lead to full separation of the SFC from the other components of the S300 packaging. If the pipe 
component survived the HAC impact events intact, the SFC would be located within the 
polyethylene shielding, located within the steel pipe component. This scenario would be much 
more favorable than full exposure of the bare SFC to the hypothetical accident fire, due to the 
considerable protection from fire temperature which would be afforded by the pipe component 
and shielding materials. Any combustion of the polyethylene shield material which might occur 
would be quite limited compared to the full fire environment. Therefore, the most conservative 
condition for the HAC thermal event is exposure of the bare SFC to the fire. 

3.4.2 Fire Test Conditions 
The standard conditions required by 10 CFR §71.73(c)(4) were used in the analysis. 

3.4.3 Maximum Temperatures and Pressures 
Since the capsule is compact and made of thick steel (diameter between 2.5 and 3 inches, and 
wall thickness approximately 1/2 inches), its internal temperature during the hypothetical fire 
may be assumed to be uniform compared to the environment temperature. According to 
Kreith14

, Section 4-2, 

14 Frank Kreith, Principles of Heat Transfer, 3rd edition, Intext Press, Inc., 1973. 
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Change in internal energy of 
the capsule during de 

net heat flow from the 
environment during de 

For a combination of convection and radiation, the transient heat transfer equation is (based on 
equation 4-1 of Kreith) : 

cpVdT = laAs(T~ -T4 )+ hA(TCX) -T)pe 

This can be rearranged for numerical solution as follows: 

T -T o-As(T~ -Tciw)+hA(TCX) -T0w) AB 
NEW - OLD +-~---~------L.J. 

cpV · 

According to 10 CFR §71.73(c)(4), the emissivity of the flame must be 0.9 and the temperature 
of the flame equal to 1,4 75 °F. Conservatively, a greater flame emissivity of i:: = 1.0 will be used 
in this analysis. 

The capsule which will reach the fire temperature the fastest is the one which has the largest 
surface area-to-mass ratio, or A/pV, where A is the total surface area, and the quantity pV is the 
weight, assuming solid steel. From the table in Section 1.2.2, Contents, and assuming a stainless 
steel density of 0.29 lb/in3

, the value of A/pV for the Model II (larger) SFC is e~ual to 5.2 in2/lb, 
while the corresponding value for the Model III (smaller) SFC is equal to 6.5 in /lb. Thus, the · 
Model III SFC will heat up faster than the Model II, and will be used in the following 
demonstration. 

A conservatively high convection coefficient of h = 10 Btu/hr~ft2-°F is used, as developed in 
Section 3.4.3.2, Forced Convection Heat Transfer Coefficient. The emissivity of the capsule is 
0 .8, per 10 CFR §71. 73 ( c) ( 4). The specific heat of the steel in the capsule has an average value 
of 0.13 Btu/hr-°F through the heat-up temperature range of 200 °F to 1,500 °F15

. Using these 
parameters with a straightforward numerical solution of the equation for T NEW, the capsule 
temperature would reach 99% of the environment temperature (i.e., approximately 1,460 °F) 
after an exposure of 19 minutes, as shown in Table 3.4-1 and depicted in Figure 3.4-1. The 
dwell time at the peak fire temperature would therefore be approximately (30 - 19) = 11 minutes 
before the end of the fire. Since 10 CFR §71.75 requires that the capsule be heated to 1,475 °F 
and held there for 10 minutes, the effects on containment of the requirements of 10 CFR §71.75 
and §71.73(c)(4) are essentially equivalent. Therefore, the requirements for exposure of the 
package (in this case, the SFC) to the HAC fire have been met by the qualification testing of the 
SFC. 

Since the test capsules were leaktight following the thermal qualification test (as documented in 
Section 2.10, Special Form), they will also be leaktight following the HAC, 30-minute fire test. 
In addition, it is noted that none of the materials of construction of the capsules would be 
affected by either the required temperature of 1,475 °F nor hold time at that temperature. 
Exposure to the combustion of any of the flammable materials of construction of the S300 
package {cane fiberboard, polyethylene) could not create conditions that would exceed the ability 
of the stainless steel components of the SFC to remain leaktight. A discussion of the effects of 

15 Cp = k/pa, where k (thermal conductivity) and a (thermal diffusivity) are taken from the ASME B&PV Code, 
Section II, Part D, Table TCD, averaged using data at 200 °P and 1,500 °P. Density (p) is taken as 501 lb/ft3

. 
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the capsule temperature on the plutonium contents is given in Section 2.2.2.1, Effect of Contents 
on the SFC. 

3.4.3.1 Post-fire Analysis 

At the end of the hypothetical fire, the SFC will cool down under conditions of a 100 °F ambient 
temperature and full regulatory solar conditions. Due to the fire, the SFC is assumed to have an 
emissivity of 0.9 and a solar absorptivity of 0.9. It will lose heat to the surrounding air by 
radiation and convection in still air with an initial temperature of 1,475 °F. It will gain heat from 
insolation. 

From 10 CFR §71.71(c)(l), the insolation for a curved surface is 10.24 Btu/in2 (400 g cal/cm2
) 

per 12 hrs, or 122.9 Btu/ft2-hr. Conservatively, the larger Model II capsule, which will cool 
more slowly than the smaller one per the reasoning stated above, will be used. The cylindrical 
area of the Model II is Ac= 0.77 ft2. Assuming the SFC is in a horizontal orientation after the 
fire, the ends of the capsule are "flat surfaces not transported horizontally", having an insolation 
of 5.12 Btu/in2 (200 g cal/cm2

) per 12 hrs, or 61.4 Btu/ft2-hr. The flat area of the SFC ends is AE 
= 0.10 ft2. Thus, the total heat input from insolation, post-fire, is: 

Q1 =(o.9)(Acx12Z.9 + AE x 61.4)= 90.7 Btu /hr 

The heat balance equation used for the fire case above is now: 

which can be written: 

For the post-fire analysis, cr, A, c, p, and V remain the same as in the fire case, Too= 100 °F, Epf = 
0.9, and the convection coefficient, hs. is defined for still air rather than the forced fire 
convection case as follows. 

From Guyer16
, equation 3-43, Chapter 1, the Nusselt number for a horizontal cylinder is: 

N = h5L = O 60 0.387Ra
116 

[ j
2 

u . + /27 
k (i+(o.ss9/Pr)9

'
16f 

The Rayleigh number, Ra, is: 

16 Eric Guyer, Handbook of Applied Thermal Design, McGraw-Hill, Inc., 1989. 
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The convection coefficient may be expected to vary over the temperature range of the SFC 
during the cool-down; however, it does not vary widely, and may be conservatively bounded. A 

. smaller value of convection will give the slowest (most conservative) cool-down rate. As time 
passes, the coefficient will differ only as a result of the differences in the temperature of the 
boundary layer air and of the temperature difference between the SFC and ambient, which at 
time 8 = 0, is equal to 1,475 - 100 = 1,375 °F, a,nd when·the SFC is nearly in equilibrium, say at 
a temperature of 200 °F, is equal to 200 - 100 = 100 °F. The appro;riate value for the distance L 1 

is the SFC diameter, equal to 3.0 inches or 0.25 ft. The quantity L = 0.016 ft3
. Properties of air 

are evaluated at the average film temperature and are taken from Table A-3 of Kreith. The 
evaluation ofhs for the two temperature extremes (hot SFC and near-ambient SFC) are compared 
in Table 3.4-2. As seen from the table, a value of still air convection ofhs = 1.0 Btu/hr-ft2-°F 
may be used as a conservative lower bound. This convection is assumed to apply to the entire 
SFC, including the flat ends. 

The solution to the time-dependent post-fire cool-down relation is shown in Table 3.4-3 and 
depicted in Figure 3.4-3. Afte'r 30 minutes, the temperature of the SFC falls to ~94 °F. After one 
hour (shown in Figure 3.4-2 only), the temperature is 402 °F. . 

3.4.3.2 Forced Convection Heat Transfer Coefficient 

The forced convection coefficient applied to the SFC during the HAC fire event is computed 
using the relationships in Table 6-5 of Kreith for a flat surface, where the characteristic 
dimension (L) is equal to the length along the surface and the free stream flow velocity is V. The 
average gas velocity is taken as 10 mis (equivalent to V = 118,080 ft/hr) as found from 
Schneider17

. The heat transfer coefficient is computed based on the local Reynolds number, 
defined as: 

ReL = VxpxL 
µ 

When the Reynolds number is less than 5(10) 5 and Pr> 0.1, Nu= 0.664 x Re~5 x Pr033
• A 

characteristic length of L = 0.208 feet is used, based on the capsule diameter of 2.5 inches. The 
properties of air (from Table A-3 of Kreith) are evaluated at the average of the fire temperature 
(1,475 °F) and the surface temperature at the start of the fire (165 °F), or 820 °F. At this 
temperature, the density, p, of air is 0.0309 lbm/ft3, and the dynamic viscosity, µ,is 0.0818 
lbm/ft-hr. Using these quantities, the Reynolds number is equal to 9,278. The Prandtl number at 
820 °F is 0.699. Using the equation above, the Nusselt number can therefore be calculated as 
56.8. The convection coefficient is therefore: 

he= Nu x k = 7.92 Btu/hr-ft2 -° F 
L 

17 Schneider, M.E., and Kent, L.A., Measurements of Gas Velocities and Temperatures in a Large Open Pool Fire, 
Heat and Mass Transfer in Fire - HTD Vol. 73, 1987, ASME, New York, NY. 
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where the thermal conductivity, k, is equal to 0.0290 Btu/hr-ft-°F. This value for the convection 
coefficient is conservatively rounded up to a value of 10.0 for the HAC fire evaluation in Section 
3.4.3, Maximum Temperatures and Pressures. 

3.4.4 Maximum Thermal Stresses 
Direct exposure of the SFC to the fully engulfing fire has been shown to be equivalent to the 
qualification testing performed on the capsule. Since the SFC was leaktight after qualification 
testing, thermal stresses are not of concern. 

3.4.5 Accident Conditions for Air Transport of Fissile Material 

With regard to air transport of fissile material, 10 CFR §71.SS(f) requires that the package be 
subcritical subsequent to the application of a series of accident condition tests, including a 
thermal test. A criticality analysis of the worst-case geometric configuration is performed in 
Section 6.7, Fissile Material Packages for Air Transport, which considers the presence of all of 
the moderating and reflecting material in the package. The effect of the thermal test on the 
criticality analysis is nil, since the fire cannot increase the amount of moderating or reflecting 
material, nor cause it to be located in a more reactive position than already assumed in the 
criticality analysis. The fire would in fact tend to decrease the availability of moderating 
material due to combustion. For these reasons, the effects of the fire test of 10 CFR 
§71.SS(f) {l)(iv) do not need to be specifically evaluated . 
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• Table 3.4-1 - Heating of SFC in Fire Event 

Time, min. Temp, °F Time, min. Temp, °F Time, min. Temp, °F Time, min. Temp, °F 

0.00 165 7.50 1,166 15.00 1,435 22.50 1,471 

0.25 211 7.75 1,185 15.25 1,438 22.75 1,471 

0.50 257 8.00 1,202 15.50 1,440 23.00 1,471 

0.75 302 8.25 1,219 15.75 1,443 23.25 1,471 

1.00 346 8.50 1,234 16.00 1,445 23.50 1,472 

1.25 389 8.75 1,249 16.25 1,447 23.75 1,472 

1.50 431 9.00 1,263 16.50 1,449 24.00 1,472 

1.75 473 9.25 1,277 16.75 1,451 24.25 1,472 

2.00 513 9.50 1,289 17.00 1,453 24.50 1,473 

2.25 553 9.75 1,301 17.25 1,454 24.75 1,473 

2.50 592 10.00 1,312. 17.50 1,456 25.00 1,473 

2.75 630 10.25 1,323 17.75 1,457 25.25 1,473 

3.00 667 10.50 1,333 18.00 1,458 25.50 . 1,473 

3.25 703 10.75 1,342 18.25 1,460 25.75 1,473 

• 3.50 739 11.00 1,351 18.50 1,461 26.00 1,473 

3.75 773 11.25 1,359 18.75 1,462 26.25 1,474 

4.00 806 11.50 1,367 19.00 1,463 26.50. 1,474 

4.25 839 11.75 1,374 19.25 1,464 26.75 1,474 

4.50 870 12.00 1,381 19.50 1,464 27.00 1,474 

4.75 900 12.25 1,387 19.75 1,465 27.25 1,474 

5.00 ·~ 929 12.50 1,393 20.00 1,466 27.50 1,474 

5.25 958 12.75 1,399 20.25 1,466 27.75 1,474 

5.50 985 13.00 1,404 20.50 1,467 28.00 1,474 

5.75 1,011 13.25 1,409 20.75 1,468 28.25 1,474 

6.00 1,036 13.50 1,414 21.00 1,468 28.50 1,474 

6.25 1,060 13.75 1,418 21.25 . 1,469 28.75 1,474 

6.50 1,083 14.00 1,422 21.50 · 1,469 29.00 1,474 

6.75 1,106 14.25 1,425 21.75 1,470 29.25 1,474 

7.00 1,127 14.50 1,429 22.00 1,470 29.50 1,474 
I 

7.25 1,147 14.75 1,432 22.25 1,470 29.75 1,474 
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• Table 3.4-2 - Evaluation of Post-fire Convection Coefficient 

Input Parameter HotSFC Near-Ambient SFC 

Tsurf· °F 1,475 200 

ilT, °F 1,375 100 

Film Temp., °F* 788 150 
p2g~/µ2, 1/oF ft3 52,272 1,305,000 

Pr 0.696 0.720 

k, But/hr-ft-°F 0.0284 0.0164 

Ra, p2g~/µ2L3 ilT(Pr) 800,389 1,503,360 

Nusselt (see above) 13.62 16.34 

h5 , Btu/hr-ft2-°F 1.55 (max) 1.07 (min) 

*Film temperature is equal to 112 x (Tsurf +Too), where Too= 100 °F . 

• 

• 
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• Table 3.4-3 - Cooling of SFC After Fire Event 

Time, min. Temp, °F Time, min. Temp, °F Time, min. Temp, °F Time, min. Temp, °F 

0.00 1,475 7.50 1,012 15.00 806 22.50 681 

0.25 1,449 7.75 1,003 15.25 801 22.75 677 

0.50 1,424 8.00 994 15.50 796 23.00 674 

0.75 1,400 8.25 985 15.75 791 23.25 671 

1.00 1,377 8.50 977 16.00 786 23.50 667 

1.25 1,356 8.75 969 16.25 782 23.75 664 

1.50 1,335 9.00 960 16.50 777 24.00 661. 

1.75 1,316 9.25 952 16.75 772 24.25 658 

2.00 1,297 9.50 945 17.00 768 24.50 655 

2.25 1,279 9.75 937 17.25 763 24.75 652 

2.50 1,261 10.00 930 17.50 759 25.00 649 

2.75 1,245 10.25 922 17.75 754 25.25 646 

3.00 1,229 10.50 915 18.00 750 25.50 643 

3.25 1,213 10.75 908 18.25 746 25.75 640 

• 3.50 1,198 11.00 901 18.50 741 26.00 637 

3.75 1,184 11.25 894 18.75 737 26.25 634 

4.00 1,170 11.50 888 19.00 733 26.50 631 

4.25 1,156 11.75 881 19.25 729 26.75 628 

4.50 1,143 12.00 875 19.50 725 27.00 625 

4.75 1,130 12.25 869 19.75 721 27.25 622 

5.00 1,118 12.50 862 20.00 717 27.50 620 

5.25 1,106 12.75 856 20.25 713 27.75 617 

5.50 1,094 13.00 850 20.50 710 28.00 614 

5.75 1,083 13.25 845 20.75 706 28.25 612 

6.00 1,072 13.50 839 21.00 702 28.50 609 

6.25 1,062 13.75 833 21.25 698 28.75 606 

6.50 1,051 14.00 828 21.50 695 29.00 604 

6.75 1,041 14.25 822 21.75 691 29.25 601 

7.00 1,031 14.50 817 22.00 688 29.50 599 

7.25 1,022 14.75 812 22.25 684 29.75 596 

Note: at time= 30 minutes, T = 594 °F . • 
3-20 



• 

• 

• 

S300 Safety Analysis Report Docket No. 71-9329 

16aa 

14aa 

12oa 

LJ.. 

~ 1aaa 
3 
E 
Cl! c. 
E eaa 
~ 
Cl! 
:; 
Ill 
c. 6aa 
8 

40a 

2oa 

a 

I · 

Temperature of Capsule in Fire Environment 
(Exposed to 1,475 F fire with 165 F initial temperature) 

I 

/ 
~ 

/ 1r I 

-------~·----

a.a 5.a 1a.a 15.a 2a.a 
Time, minutes after Start of Fire 

Figure 3.4-1 - Heating of SFC During Fire Event 

3-21 

Rev. 5, June 2010 

--

25.a 3a.a 



• 

• 

• 

8300 Safety Analysis Report Docket No. 71-9329 

1600 

1400 

1200 

.... 
e- 1000 
::I 
1§ 
Cl) 
c. 
E BOO 
Cl) 

I--
Cl) 

:; 
Ill g. 600 
(.) 

400 

200 

0 

\ 

\ 

"' ' ' I 

I 

0.0 10.0 

Cool-Down of SFC After HAC Fire 
(T0 = 1,475 Fin 100 F Environment) 

~ 
I I 

20.0 30.0 

Time, minutes after end of fire 

Figure 3.4-2 - Cooling of SFC After Fire Event 

3-22 

Rev. 5, June 2010 

I 

I 
40.0 50.0 60.0 



• 

• 

• 

S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

3.5 Appendices 

3.5.1 Computer Analysis Results 
Due to the size and number of the output files associated with each analyzed condition, results 
from the computer analysis are provided on a CD-ROM. 

3.5.2 Analytical Thermal Model 

The analytical thermal model of the S300 packaging and its authorized payload is developed for 
use with the Thermal Desktop®18 and SINDA/FLUINT19 computer programs. These programs 
work together to provide the functions needed to build, exercise, and post-process a thermal 
model. The Thermal Desktop® computer program provides graphical input and output display · 
functions, as well as computing the thermal mass, conduction, and radiation exchange 
conductors for the defined geometry and thermal/optical properties. Thermal Desktop® is 
designed to run as an application module within the AutoCAD™ design software. As such, all 
of the CAD tools available for generating geometry within AutoCAD™ can be used for 
generating a thermal model. In addition, the use of the AutoCAD™ layers tool presents a 
convenient means of segregating the thermal model into its various elements. 

The SINDA/FLUINT computer program is a general purpose code that handles problems defined 
in finite difference (i.e., lumped parameter) and/or finite element terms and can be used to 
compute the steady-state and transient behavior of the modeled system. Although the code can 
be used to solve any physical problem governed by diffusion-type equations, specialized 
functions used to address the physics of heat transfer and fluid flow make the code primarily a 
thermal code. 

The SINDA/FLUINT and Thermal Desktop® computer programs have been validated for safety 
basis calculations for nuclear related projects20

. 

Together, the Thermal Desktop® and SINDA/FLUINT codes provide the capability to simulate 
steady-state and transient temperatures using temperature dependent material properties .and heat 
transfer via conduction, convection, and radiation. Complex algorithms may be programmed 
into the solution process for the purposes of computing heat transfer coefficients as a function of 
the local geometry, gas thermal properties as a function of species content, temperature, and 
pressure. 

3.5.2.1 Description of 5300 Packaging NCT Thermal Model 

The S300 packaging is represented by a 2-dimensional, axisymmetric thermal model for the NCT 
evaluation. The various packaging components are defined using a combination of planar and 

18 Thermal Desktop®, Version 5.3, Cullimore & Ring Technologies, Inc., Littleton, CO, 2010. 
19 SINDA/FLUINT, Systems Improved Numerical Differencing Analyzer and Fluid Integrator, 5.3, Cullimore & 
Ring Technologies, Inc., Littleton, CO, 2010 . 
20 AFS Report AFS-TR-W-013, Rev. 0, Thermal Desktop@ and SINDAIFLU/NT Testing and Acceptance Report, 
Version 5.3, AREVA Federal Services, LLC, 2010. 
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solid elements. Program features within the Thermal Desktop® computer program automatically 
compute the various areas, lengths, thermal conductors, and view factors involved in determining 
the individual elements that make up the thermal model of the complete assembly. While 
axisymmetric conditions are assumed, the actual thermal modeling presents a 90° segment of the 
package since the Thermal Desktop® code does not provide an explicit option for axisymmetric 
modeling and to provide clearer graphical depictions of the modeling and the temperature 
distribution within the package. 

Figure 3.5-1 to Figure 3.5-4 illustrate 'solid' views of the S300 packaging thermal model. The 
model is composed of solid and planar type elements representing the various packaging 
components. Thermal communication between the various components is via conduction, 
radiation, and surface-to-surface contact. A total of approximately 1,940 nodes, 12 planar 
elements, and 37 finite difference solid cylindrical shapes are used to simulate the modeled 
components. The solid cylindrical shapes are a Thermal Desktop® computer program feature 
(i.e., FD solids) that permits a group of solid elements to be represented by a single entity. As 
such, the number of individual solid 'bricks' utilized in the modeling is actually significantly 
larger than the 37 value indicated above. 

As seen from Figure 3.5-1, the modeling accurately captures the geometry of the various 
components of the packaging, including the cane fiberboard used for dunnage and impact 
protection, the pipe component, the HDPE shielding material, and the special form capsule 
(SFC)- payload. The minimal spatial resolution provided by the thermal modeling is 
approximately 1.25 inches in the radial direction and 1.6 inches in the axial direction. All void 
spaces within the packaging are assumed to be filled with air at one atmosphere. The heat 
transfer across all air gaps is computed as a combination of conduction and radiation. 

Figure 3.5-2 illustrates the thermal modeling used for the 55-gallon drum and drum liner. Planar 
elements are used for these components since the temperature difference across these thin 
components will be small. The drum liner is assumed to be radially centered between the cane 
fiberboard and 55-gallon drum surfaces. This assumption leads to an approximate 0.23-inch 
airspace between the liner and the drum wall and between the liner and cane fiberboard surfaces. 
The liner is assumed to be supported around the ID of the 55-gallon drum with a varying air gap 
thickness between the liner and the dished end of the drum. A similar gap variation exists 
between the liner lid and the drum lid. For modeling purposes, a mean 0.25-inch air gap of is 
assumed at the bottom, while a 0.4-inch is assumed for the top air gap. The liner is assumed to 
be in direct contact with the base of the fiberboard dunnage, while an approximate 0.5-inch air 
gap exists between the lid of the dunnage and the inside surface of the liner lid. 

Figure 3.5-3 illustrates the 'solids' thermal modeling of the cane fiberboard and the pipe 
component. The figure demonstrates that the geometry of these package components is 
accurately captured by the thermal modeling. The fibers of the dunnage material is assumed to 
be oriented vertically for the sides of the dunnage and horizontally for the base and lid segments. 
These assumed orientations are used in the application of the anisotropic properties for this 
material. The potential presence of buffer sheet of exterior plywood at the base of the dunnage 
cavity is ignored for simplicity in the modeling of the dunnage. This modeling simplification is 
seen as conservative under NCT conditions since the higher thermal conductivity of plywood 
will act to lower the internal temperatures of the ·package . 
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Similarly, the thermal modeling of the bolts and lift rings of the pipe component is not 
considered to be necessary for the determination of the peak temperatures within the S300 
package. 

A nominal 0.15-inch air space exists between the ID of the cane fiberboard and the sides of the 
pipe component. This gap is increased to an estimated mean of 1.8-inches at the top of the 
dunnage cavity. An air gap of 0.15 to 0.7-inches is used between the lid of the pipe component 
and the lid of the dunnage. Direct contact is assumed between the base of the pipe component 
and the base of the dunnage cavity. 

Figure 3.5-4 illustrates the modeling used for the HDPE shielding and the SFC. Again, the 
geometry of these package components is accurately captured by the thermal modeling. Based 
on the nominal design dimensions, an air gap of 0.1-inches is assumed between the sides of the 
shielding and the pipe component, 0.5-inches is used between the top of the shielding and the 
underside of the pipe component's lid, and direct contact is assumed at the base of the HDPE 
shielding. 

The SFC is assumed to be centered radially within the shielding cavity and to be resting against 
the base of the cavity. Based on the conservative assumption of transportation of the small Type 
III SFC, a nominal radial air gap of 0.5-inches would exist. The SFC is assumed to rest on the 
shield end plug with the heat transfer from the base computed as a direct contact. Given that the 
air gap above the SFC could be large, the heat transfer via conduction across the air gap is 
conservatively ignored for this surface of the SFC . 

3.5.2.2 lnsolation Loads 

The principal thermal loading on the S300 package during NCT arises from insolation on the 
outer shell of the package. Since the S300 package is characterized by a thin outer shell, a 
relatively thick layer of low conductivity fiberboard dunnage and HDPE shielding material, the 
exterior package temperature will respond rapidly to the daily variation in insolation loading, but 
the payload will experience a much lower temperature swing. 

The 10 CFR §71.71{c)(l) specified insolation values provide the total insolation over a 12-hour 
period to horizontal, curved, and vertical surfaces. Application of these specified insolation 
values to the steady-state evaluation of the package's thermal performance requires converting 
the total insolation received on any surface to hourly averaged values (typically 12 or 24 hour 
averages). However, per IAEA Safety Guide TS-G-1.1 §654.421, the more precise way to model 
insolation is to use a time dependant sinusoidal heat flux. As such, the peak NCT temperatures 
for the S300 package are evaluated using a transient model and a diurnal cycle on insolation 
loading that provides the equivalent 10 CFR §71.71{c)(l) insolation over a 12 hour period. 

A sine wave model is used to simulate the variation in the applied insolation on the surfaces of 
the package over a 24-hour period, except that when the sine function is negative, the insolation 
level is set to zero. The timing of the sine wave is set to achieve its peak at 12 pm and peak 
value of the curve is adjusted to ensure that the total energy delivered matched the regulatory 
values. As such, the total energy delivered in one day by the sine wave solar model is given by: 

21 Safety Guide No. TS-G-1.1 (ST-2), Advisory Material for the IAEA Regulations for the Safe Transport of 
Radioactive Material, IAEA Safety Standards Series, International Atomic Energy Agency, Vienna, Austria, 2002. 
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J
18·hr . 

( n:·t n:) ( 24-hr) 
Q peak·sin 12-hr -:- 2 dt = -n:- ·Q peak 

6-hr 

Using the expression above for the peak rate of insolation, the peak rates for top and side 
insolation on a vertically oriented 55-gallon drum may be calculated as follows: 

Qtop = (soo cal
2

) • (_!!____) Qtop = 2.68 Bt~ 
2 

= 0.0447 Btu 
2 · cm 24hr hr-m min-in 

Qside = (400~) · (_!!____) 
cm 24hr 

Btu 
Qsside = 1.34 . 2 

. hr-m 
= 0.0223 Btu 

min -in 2 

Conversion factors of 1 cal/cm2-hr = 0.0256 Btu/hr-in2 are used in the above calculations. These 
peak rates are multiplied by the sine function and the surface solar absorptivity to create the top 
and side insolation values as a function of time of day. 

3.5.2.3 Description of Thermal Model for HAC Conditions 

The thermal model used for HAC is described in Section 3.4.3, Maximum Temperatures and 
Pressures. 

3.5.2.4 Convection Coefficient Calculation 

• The S300 package thermal model uses semi-empirical relationships to determine the level of 
convection heat transfer from the exterior package surfaces under the regulatory NCT conditions. 
The convective heat transfer coefficient, he, has a form of: 

• 

k 
h =Nu-

c L 

where k is the thermal conductivity of the gas at the mean film temperature and L is the 
characteristic length of the vertical or horizontal surface. The convection coefficient is 
correlated via semi-empirical relationships against the local Rayleigh number and the 
characteristic length. The Rayleigh number is defined as: 

R 
pzgc p L3~T p 

aL = 2 x r 
µ 

where 
gc = gravitational acceleration, 32.17 4 ft/s2 fJ = coefficient of thermal expansion, 0R 1 

Li T = temperature difference, 0 P p = density of air at the film temperature, lbm/ft3 

µ=dynamic viscosity, lbm/ft-s Pr= Prandtl number= (cp µ)I k 
L = characteristic length , ft k =thermal conductivity at film temp., Btu/ft-hr-0 P 
Cp = specific heat, Btu/ lbm -0 P RaL = Rayleigh #' based on length 'L' 

Note that k, cp. andµ are each a function of air temperature as taken from Table 3.2-4. Values 
for p are computed using the ideal gas law, p for an ideal gas is simply the inverse of the 
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absolute temperature of the gas, and Pr is computed using the values for k, cp. and µ from Table 
3.2-4. Unit conversion factors are used as required to reconcile the units for the various 
properties used. 

The natural convection from a discrete vertical surface is computed using Equations 4-13, 4-24, 
4-31, and 4-33 of Rohsenow, et. al., which is applicable over the range 1 < Rayleigh number 
(Ra)< 1012

: 

Nu T = CLRa 114 

CL - 0.671 
- V + (0.492/Pr )9116 )4'9 

N 
2.0 

u -------
L - ln(l + 2.0/Nu T) 

Nu1 = C;'Ra113 1(1+1.4x109 Pr/Ra) 

cv = 0.13 Pro22 
t (1+0.61 Pros1 )042 

Nu= hkL = [(NuL) 6 +(Nut) 6 ]116 

The natural convection from a vertical cylindrical surface is computed by applying a correction 
factor to the laminar Nusselt number (NuL) determined using the same methodology and Nut for 
a vertical plate (see above). The characteristic dimension, L, is the height of the vertical cylinder 
and D is the cylinder's diameter. The correction factor as defined by Equations 4-44 of 
Rohsenow, et. al., is: 

8 
Nu . = Nu L-Cylmder ln(l + b) L-Plate 

8 = 1.8x LID 

Nu~Iate 

hcL [( )6 ( )6Jf6 Nuvert Cylinder = k = NuL-Cylinder + Nut-Plate 

Natural convection from horizontal surfaces is computed from Equations 4-13, 4-25, 4-39, and 4-
40 of Rohsenow, et. al., where the characteristic dimension (L) is equal to the plate surface area 
divided by the plate perimeter. For a heated surface facing upwards or a cooled surface facing 
downwards and Ra > 1: 

Nu= hkL = [(NuL)10 + (Nut)10r10 

N 1.4 
uL = ln(l + 1.4/(0.835 x CLRa114 

)) 
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CL'= 0.671 

(1 + (0.492/Pr )9116 
)
419 

Nut = 0.14 x (1+0.0107 x Pr) x Ra113 

1 + O.Olx Pr 

Rev. 5, June 2010 

For a,heated surface facing downwards or a cooled surface facing upwards and 103 <Ra< 1010
, 

the correlation is as follows: 

N N 
2.5 u - u - __, ___ _..,... 

- L - ln(l + 2.5/Nu T) 

N T 0.527 R 1/5 u - a 
- (1 + (1.9/Pr )9110 )2'9 
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3.5.3 Material Data Sheets 
Neutron Shielding Material (Thermo-Electron Corp, Catalog No. 201 Product 
Specifications, 2003 

' 

~ System Specifications 

\ 

ProduclS Available 

camlog No. 201 is available in a wide variety""""' induding stabs. bricts. mds. and pellots. It is ca~ly shaped and cut using onlinar; 
WOOdwll!l:lng and rn111a1>wr1:1ng IJ)Cls. A3 an •~.ematMI lO shaping materlal In your"""' shOp. 1herrr<> BIClton COlporat1on CM also 
machine ca1a1og No. 201 to ''°"' tolinn;es according to YDIK 'l'Ccificatiooa. 

Neutron Shielding Material Specifications 

Composltlon Data 

Active Components: 
Hydrogen atom "'"1sity I cm3: 
Nat1.ral i$otope distribution: 
Boron alOrn demity I cm3: 
Natl.ral Isotope dis~ibutlon: 

Thennol Propertles 

Aeconvncncled T0!!2'rarure Llmil: 
Melting Point: 
Bolling Point 
Thormal Contftclivity: 
Heat Cspar:ity: 

1BO 'fl82.2"CI 4f-
210"ff98.8 "Cl 
300"f 1148.8 'Cl 
1 
N/A 

Weight pe:cant of all isotopes of boroo: 

6.&x 10" 
99.98'1\ 1H 
2.Sx Ul" 
19.S'l't llllland 
00.A'l't 118 
5.00'l't 
0.95g/cm' 

Clib:tal Cc.!lficlent of Expansion: 
linear (()efficient of Expansion: 

S.1 x Ill' 
2x10' 
NIA Total Oen~ty: 

Radiation Properties 

cross;e:;:tim: 
Ganvna resistance: 
Neutron reslsunce: 

Physical Properties 

APrioafance and Odor 
Slilte: 
Color 
cidor 

Mechanical PropertlCs 

Machining Of 201: 
Hird.iess: . 
Tensile Stre~h IASTM 00681: 
Compressive S11911gt11: 

· 2.00S!CM'I 
1. 5 x l(JIR 
~.Sx 1017 Nian' 

bricks. blocks.slabs 
,,'('hit•-

!MJodor 

Exce'lent 
NIA 
NIA 
800 PSI 

Vapor l'fossuro {llwn Hgt 
Vepor Oc11$ity IAir • lt 
Evaporation Rate {•thor•t t 
Percent Volat~B by Vol ... e: 
Specific Grll'lity (H20 • 1~ 

Chemical Properties · -· 

Chomlcal N.amo & Syl>on,ms: 
llado Name & ~= 
Olemi<al Family: 
Formuto: ·· · 
Solul>lity in Water. 

Reactlvlty Oat!' .. 

Aeactlve Materials 

N/A 
N/A 
NIA 
0.9 -1.0 g/an' 

B0<0lcd Poiyotllytono 
ca1a1og No. 201 

·:foi)'Ole!in's 
Mixtunt 1Cfl21 n. B 

. Negligible 

fleactive Acids N/A 
Aoactive 8ase;S . N/A 
Aeacti\'O:Mclal• and Metal Ccmpomds N/A 
lleac1iw Oxilfaing Agents • N/A 
flllll<li'<e llol1Jclng AQonts N/A 

Matertal lncomfl'!tlblllty 

Matsrials 10 A""ia: 
Halllldous Ooccmposltion Products 
Solid 
Liquid 
Gas 
llezoolcus Pclymeri101ion: 

N/A 

None 
None 
None 
Will N01 Oocut 

lbllucltkallln lfl• it. lrnt ....... l ~tJtli(W iS dikttodllr9l ~nv.M.l!wno--•~·....-:or ....... hW. llOUt~ 
"ZDXtTtwnDlcnnOl»pcn----~tnd~ t.llDMt. ....... Coritd•• ......... .t lt«tioBKmt~UfCATa\ O'JC4 

USk 
!il' ....... "lld 
S.C.Fe.INflS11 
USA 
e>l;'113Zll 
e>l;4313Sl511< 

UIC: .. fir.,... 
Bof\ll:od --98 -Pold'rglli79'R D91Setrgon 
&9'nd ~ 
"401189112121 t49Q913H1BO 
"4Q118911mila t49Q9131iml1H• 

www.lhermo.com/rmp 
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DriscoPlex® PE3608/(PE3408) Pipe, Pipe and Fittings Data Sheet, Bulletin PP 109 
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Figure 3.5-1 - Isometric View of 'Solids' Thermal Model for 8300 
Packaging 
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Figure 3.5-2 - View of Planar Elements for 55-Gallon Drum and Liner 

• 
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2 

Figure 3.5-3 - 'Solids' Model for Cane Fiberboard Dunnage and Pipe 
Component 
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Figure 3.5-4 - 'Solids' Model for HOPE Shielding and SFC 
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4. CONTAINMENT 
Containment of radioactive materials is provided by the SFC. See Section 2.10, Special Form, 
for more details on the SFC. Since the S300 package does not provide containment, this section 
does not apply . 
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5. SHIELDING EVALUATION 
This chapter documents the shielding analysis for the S300 transportation package with a 
plutonium neutron source. Plutonium generates neutrons via an (a,n) reaction with a target 
nucleus. The S300 may be used to ship plutonium neutron sources with any target nucleus, 
although beryllium is the most common target nucleus and generates the largest number of 
neutrons. Such plu,tonium/beryllium sources are known as PuBe sources. Plutonium foils and 
alpha reference standards are also an allowed content, although these items lack a target nucleus 
and generate a negligible dose rate compared to PuBe sources. Hence, this chapter does not 
explicitly address shielding of the plutonium foils and alpha reference standards. The plutonium 
mass of the foils and alpha reference standards is bounded by the plutonium mass of the PuBe 
sources. 

Both non-exclusive use and exclusive use conditions are considered. For non-exclusive use and 
air transport conditions, dose rates on the surface and 1 m are calculated for normal conditions of 
transport (NCT) and are ~hown to be less than the 10 CFR 71 limits of 200 mrem/hr and 10 
mrem/hr, respectively. For exclusive use conditions applicable to a closed transport vehicle, 
dose rates on the package surface, vehicle surface, and 2 m from the vehicle surface are shown to · 
be less than the 10 CFR 71 limits of 1000 mrem/hr, 200 mrem/hr, and 10 mrem/hr, respectively. 
For hypothetical accident conditions (HAC), the dose rates are less than 1000 mrem/hr at 1 m. 

' 

5.1 Description of Shielding Design 

5.1.1 Design Features 
The S300 packaging is a 55-gallon drum with polyethylene shielding inside of a 12-inch stainless 
steel pipe component (see Figure 1-1). The interior of the pipe contains radial and axial solid 
polyethylene shielding to provide an inner cavity with a diameter of 3.5 inches and a length of 17 
inches. Solid disks of polyethylene, two inches thick, are also placed at the top and bottom of 
the cavity, reducing the usable cavity length to 13 inches. External to the steel pipe component 
is fiberboard dunnage. A polyethylene liner 0.11 inches thick is placed inside the drum. The 
outer dimension of the S300 drum is that of a standard 55-gallon drum, i.e., nominally 24 inches 
in diameter and 35 inches in height. Plywood and fiberboard dunnage are also present in the 
drum above, below, and around the pipe component. Dunnage is added to the top of the package 
as required so that the gap between the dunnage and top lid is less than 1/2 inch. The dimensions 
of the package are provided in Table 5-1. 

The packaging includes polyethylene (shielding, p = 0.92 g/cm3
), stainless steel (pipe 

comRonent, p = 7.94 g/cm3
), dunnage (p = 0.224 g/cm3

), and carbon steel (drum, p = 7.8212 
g/cm3

). The material specifications are discussed further in Section 5.3.2, Material Properties . 
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Table 5-1 - 8300 Packaging Dimensions 

Component Actual Dimension (inches) 

Steel Pipe OD 12.8 (max) 

Steel Pipe length 25.6 

Steel pipe wall thickness 0.219 (min) 

Steel pipe floor thickness 0.25 (min) 

Steel Pipe lid thickness 0.9 

Diameter of Polyethylene Plugs 3.5 

Height of Polyethylene Plugs 2.0 

ID of Polyethylene Sleeve 3.5 

OD of Polyethylene Sleeve 11.8 

Inner cavity height poly sleeve 17.0 

Thickness poly sleeve lid 4.0 

Thickness poly sleeve bottom 22.7-17.0-2.0 = 3.7 

Outside drum height 34-13/16 

Thickness of bottom dunnage 2.1 

Height of pipe dunnage 21.4 

Height of flange dunnage 4.8 + 0.5 = 5.3 

Thickness of top dunnage (thickest 2.6 
location) 

OD of dunnage 21.5 (slightly smaller for top dunnage) 

ID of pipe dunnage 13.1 

ID of flange dunnage 16.6 

Drum liner thickness 0.11 

5.1.2 Summary Table of Maximum Radiation Levels 
The source may be contained within one of two special form capsules, the Model II and Model 
III. The Model II is larger than the Model III and therefore may hold a larger mass of source 
material. Maximum dose rates are provided for the following three scenarios: 

• Table 5-2: Model II Capsule containing 206 g Pu, Non-Exclusive Use 

• Table 5-3: Model II Capsule containing 350 g Pu, Exclusive Use {closed vehicle) 

• Table 5-4: Model III Capsule containing 160 g Pu, Non-Exclusive Use 
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The transport index (TI) is the maximum dose rate at 1 m from the surface of the package. For 
non-exclusive use, the TI= 7.5. The TI for the Model II Capsule bounds the TI for the Model III 
Capsule. 

The HAC dose rates are computed only for the maximum Pu loading of 350 g and are provided 
in Table 5-5. 

Table 5-2 - Model II Capsule NCT Dose Rates (Non-exclusive use) 

206 g Pu Package Surface (mrem/hr) 1 m from Package Surface (mrem/hr) 

Tl= 7.5 Top Side Bottom Top Side Bottom 

Gamma <11.3 12.4 11.3 <0.4 0.5 0.4 

Neutron <114.3 187.0 114.3 <3.8 7.0 3.8 

Total <125.6 199.4 125.6 <4.1 ,_ 7.5 4.1 

Limit 200 10 

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate 
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and 
neutron dose rates will not necessarily equal the total rounded dose rate value. 

Table 5-3 - Model II Capsule NCT Dose Rates (Exclusive use) 

350 g Pu Package Surface (mrem/hr) Vehicle Surface (mrem/hr) 

Tl= NA .Top Side Bottom Top . Side Bottom 

Gamma <19.2 21.0 19.2 <9.0 0.9 9.0 

Neutron <194.2 317.7 194.2 <91.2 11.8 91.2 

Total <213.5 338.7 213.5 <100.2 12.7 100.2 

Limit 1000 200 

2m from Vehicle Surface (mrem/hr) Occupied Location (mrem/hr) 

Top Side Bottom Top Side Bottom 

Gamma NA 0.1 NA NA <0.1 NA 

Neutron NA 1.6 NA NA <1.6 NA 

Total NA 1.7 NA NA <1.7 NA 

Limit 10 2 

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate 
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and 
neutron dose rates will not necessarily equal the total rounded dose rate value . 
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• Table 5-4- Model Ill Capsule NCT Dose Rates (Non-exclusive use) 

160 g Pu Package Surface (mrem/hr) . 1 m from Package Surface (mrem/hr) 

• 

Tl= 5.8 Top Side Bottom Top Side Bottom 

Gamma <8.8 9.6 8.8 <0.3 0.4 0.3 

Neutron <88.8 145.2 88.8 <2.9 5.4 2.9 

Total <97.6 154.8 97.6 <3.2 5.8 3.2 

Limit 200 10 

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate 
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and 
neutron dose rates will not necessarily equal the total rounded dose rate value. 

Table 5-5 - Bounding HAC Dose Rates 

350 g Pu 1 m from Package Surface (mrem/hr) 

Top Side Bottom 

Gamma 2.7 2.7 2.7 

Neutron 58.3 58.3 58.3 

Total 61.0 61.0 61.0 

Limit 1000 
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5.2 Source Specification 
The source is modeled as a solid PuBe13 neutron source, which bounds all other plutonium 
neutron sources and non-neutron sources. As the mass of the source may vary between 
packages, the source is computed for 1 g of plutonium. 

5.2.1 Gamma Source 

As the source is primarily a neutron emitter, the dose rate resulting from primary gamma 
radiation is a small fraction of the total dose rate. The gamma source is computed using the 
ORIGEN-S module of the SCALE6 code package1 and is extracted from the same output file 
used to compute the neutron source. A detailed discussion of the data and assumptions used to 
develop the ORIGEN-S input file is included in Section 5.2.2, Neutron Source. The gamma 
source for 1 g of plutonium is listed in Table 5-6. 

5.2.2 Neutron Source 

The neutrons are generated by both (a,n) reactions and spontaneous fission, although the 
spontaneous fission component is negligible compared to the (a,n) component. Plutonium used 
in neutron sources is comprised of the following six isotopes: Pu-238, Pu-239, Pu-240, Pu-241, 
Pu-242, and Am-241. Of these six isotopes, all are alpha emitters with the exception of Pu-241, 
which is a beta emitter. Therefore, Pu-241 decay does not directly generate neutrons, although 
Pu-241 decays to Am-241, which is an alpha emitter and does generate neutrons. 

The averafe plutonium isotopics used to generate the neutron source are obtained from LA-UR-
09-06701 and are provided in Table 5-7. This report is included in Section 5.5.1, Radionuclide 
Distribution Document LA-UR-09-06701. Note that alpha emitters with a shorter half-life 
contribute more to the neutron source than an equivalent mass of a longer half-life alpha emitter 
because the alpha activity is greater for shorter half-lives. Therefore, the magnitude of the 
neutron source is directly related to the isotopics of the mixture. 

Because Pu-241 has a half-life of 14.35 years, and since these sources may be 40 to 50 years old, 
it is conservatively assumed that all Pu-241 has completely decayed to Am-241. The "decay" is 
performed by simply treating the mass of Pu-241 as Am-241 and calculating the source at time 
zero; a formal decay calculation is not performed. Therefore, decay of the other plutonium 
isotopes is conservatively neglected. Note that the initial concentration of Am-241 is in addition 
to the mass of plutonium (see Table 5-7), so for 1 g of plutonium, the total mass of Pu+Am is 
1.00025 g. 

These isotopics are representative of the vast majority of plutonium neutron sources that have 
been generated. While the isotopics utilized do not necessarily bound all conceivable plutonium 
isotopics in regards to neutron source production, all packages will undergo dose rate 

1 SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing Evaluations, 
ORNL/TM-2005/39, Version 6, Vols. I-III, January 2009 . 
2 LA-UR-09-06701, Radionuclide Distribution in Plutonium-239 Material Used for Sealed Source Production, Los 
Alamos National Laboratory. 
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measurements at time of shipment, and the regulatory dose rate limits will not be exceeded if a 
PuBe source outlier is encountered. 

The neutron source is calculated using the ORIGEN-S module of the SCALE6 code package. 
PuBe has the chemical formula PuBe13 .

3 Therefore, 1 g of plutonium has 0.49 g beryllium to 
maintain a Pu:Be atom ratio of 1:13. The actinide masses input to ORIGEN-S are included in 
Table 5-7. ORIGEN-S computes the neutron source assuming that the plutonium and beryllium 
are homogeneously mixed. The resultant neutron source per gram of plutonium is summarized 
in Table 5-8 and has a total magnitude of l.519E+05 n/s. This source includes both spontaneous 
fission and (a,n) neutrons. 

All MCNP dose rate calculations are performed for a source strength corresponding to 1 g of 
plutonium. These dose rates may then be scaled upward based on the initial plutonium mass of 
the source. 

Although the vast majority of plutonium neutron sources would be PuBe, due to the many 
historical research programs conducted by the Department of Energy, non-PuBe plutonium 
neutron sources may exist. Therefore, it is desired to demonstrate that the PuBe neutron source 
in Table 5-8 bounds all other potential target isotopes. ORIGEN-S can compute (a,n) neutron 
sources for 19 different target isotopes, so these 19 isotopes are investigated. The 19 available 
target isotopes are listed in Table 5-9. 

Detailed information on most of the non-PuBe sources is either unknown or non-existent. 
Therefore, developing a physically accurate representation for each of the 19 target isotopes is 
not possible. The approach is to develop models assuming an infinitely dilute mixture of 
plutonium and target isotope simply for comparison purposes. This will result in a bounding 
source magnitude because the neutron source increases as the mass of target isotope increases. 
The infinitely dilute source is a theoretical maximum that bounds the true source from a 
physically accurate source description. For the infinitely dilute mixture, an arbitrarily large 
target mass of 1000 g is selected per 1 g of plutonium. 

The neutron source result for each of the target nuclides is summarized in Table 5-9. The target 
isotopes are listed in descending order of (a,n) neutron source strength. The PuBe source has the 
largest (a,n) neutron source strength and is therefore the bounding source type. The "Ratio to 
PuBe" column of the table is the ratio of the source strength for each target compared to the 
PuBe target. 

Of the non-PuBe sources, the only practical target materials with a non-negligible source 
strength are B-11 and F-19. The source ratio for B-11 and F-19 are 0.309 and 0.120, 
respectively, indicating that these sources, as well as other targets, are well-bounded by the PuBe 
source. 

The decay heat of the mixture is also computed by ORIGEN-S. The decay heat for 1 g of 
plutonium is 3.087E-03 W, or 1.1 W for a 350 g Pu source. This value is conservative because 
all of the Pu-241 is treated as Am-241. 

3 RE Tate and AS Coffinberry, Plutonium-Beryllium Neutron Sources, Their Fabrication and Neutron Yield, znct UN 
Geneva Conference, 1958. This reference is provided in Section 6.9.1, PuBe Neutron Source Paper. 
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• Table 5-6- PuBe Gamma Source 
Upper Energy Gamma source 

(MeV) for 1 g Pu (y/s) 

0.05 2.831E+08 

0.10 2.343E+08 

0.20 3.924E+05 

0.30 · 2.119E+04 

0.40 l.050E+05 

0.60 3.355E+04 

0.80 8.015E+03 
' 1.00 8.517E+Ol 

1.33 7.952E+Ol 

1.66 O.OOOE+OO 

2.00 3.302E+Ol 

2.50 l.975E+Ol 

3.00 l.131E+Ol 

4.00 1.002E+Ol 

5.00 3.330E+OO 

6.50 l.318E+OO 

• 8.00 2.554E-01 

10.00 5.375E-02 

Total 5.180E+08 

Table 5-7 - Plutonium lsotopics 

Isotope 
Half-life Composition ORIGEN-S Input 
(years) (Wt.%) Mass for 1 g Pu (g) 

Pu-238 87.74 0.015 0.00015 

Pu-239 24,119 92.6 0.9260 

Pu-240 6,563 6.75 0.0675 

Pu-241CD 14.35 0.62 0.0 

Pu-242 3.733E+05 0.033 0.00033 

Am-241~ 432.7 0.025 0.00645 

CDModeled as Am-241 in ORIGEN-S. 
·' 

~Am-241 is not included in the plutonium isotopics (i.e., the Pu isotopes alone sum to 100%). 
Therefore, 1 g Pu will have 0.00025 g Am-241 prior to decay, or a Pu+Am mass of 1.00025 g . 

• 
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• Table 5-8 - PuBe Neutron Source 
Upper Energy Neutron source 

(MeV) for 1 g Pu (n/s) 

0 O.OOOE+OO 
0.01 1.158E-01 

0.02 3.400E-01 

0.05 2.034E+OO 

0.1 6.163E+OO 

0.2 l.855E+Ol 

0.4 3.126E+02 

0.6 l.293E+03 

0.8 l.965E+03 

1.0 2.196E+03 

1.3 3.262E+03 

1.7 3.331E+03 

2.1 3.991E+03 

2.4 3.938E+03 

2.7 4.745E+03 

3.0 7.544E+03 • 3.3 9.792E+03 

3.6 9.489E+03 

4.0 1.172E+04 

4.4 l.071E+04 

5.0 l.448E+04 

6.0 l.518E+04 

7.0 l.349E+04 

8.0 l.496E+04 

9.0 l.139E+04 

10.0 7.087E+03 

12.0 l.050E+03 

15.0 5.l 77E-03 

20.0 2.945E-04 

Total l.519E+05 

• 
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Table 5-9 - Source Comparison of Available (a,n) Targets, Infinitely Dilute 
Mixture 

Target (a,n) Neutron Source Ratio to 
isotope for 1 g Pu(n/s) Pu Be 

Be-9 2.422E+05 1.000 
0-18 9.959E+04 0.411 
Ne-22 9.547E+04 0.394 
Ne-21 7.519E+04 0.310 
B-11 7.485E+04 . 0.309 
0-17 

I 

4.483E+04 0.185 
F-19 2.898E+04 0.120 
C-13 2.690E+04 0.111 

Mg-26 1.772E+04 0.073 
B-10 l.634E+04 0.067 

Mg-25 l.391E+04 0.057 
Li-7 7.141E+03 0.029 
Si-29 5.771E+03 0.024 
Na-23 4.814E+03 0.020 
Si-30 4.118E+03 0.017 
Al-27 1.633E+03 0.007 
Cl-37 1.474E+03 0.006 
N-14 O.OOOE+OO 0.000 
P-31 O.OOOE+OO 0.000 
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5.3 Shielding Model 

5.3.1 Configuration of Source and Shielding 
NCT shielding models consider damage from 4-ft drop tests, which is negligible as discussed in 
Section 2.6. 7, Free Drop. Damage is primarily confined to the rim of the package. The minor 
bending in the package rim is below the level of detail in the MCNP models because the 
protruding rims and locking mechanism are not modeled for simplicity. The MCNP model 
geometry is shown in Figure 5-1. Note that the model is simplified in the region of the pipe 
flange, although this simplification has negligible impact on the results. 

Subsequent to a drop, it is assumed that the source will be shifted to a position that would 
generate the highest dose rates, i.e., at the bottom center of the package for the bottom dose rate 
calculation, or to the side of the package for the side dose rate calculation, as shown in Figure 
5-2. It is conservatively assumed that the inner packaging would cease to be concentric if the 
S300 were lying on its side, closing the air gaps between the source and the dose rate locations. 
For simplicity, these air gaps are eliminated in the MCNP models in the side and bottom 
directions, although the thickness of each region is maintained. The net effect is to reduce the 
overall dimensions of the package, which conservatively brings the source closer to the dose rate 
locations. 

It is not necessary to calculate dose rates on the top of the S300 because dose rates on the bottom 
will bound dose rates on the top for the following reasons: 1) there is a steel plug within the 
capsule above the source, but none below the source, 2) the top lid of the pipe component is 
thicker than the bottom (0.9 inches vs. 0.25 inches), 3) the top dunnage is thicker than the bottom 
dunnage (2.6 inches vs. 2.1 inches), placing the package surface farther from the source, and 4) 
the polyethylene shielding is thicker on the top than at the bottom (4.0 inches vs. 3. 7 inches). 
Because the bottom dose rates bound the top dose rates, models with the S300 in an upside-down 
orientation with all air gaps closed between the source and the S300 lid are not developed. 

The sealed source is modeled as Pu-Be13, and any cladding material that encapsulates the source 
is conservatively neglected. The geometry of the source is consistent with 160 g Pu in a PuBe 
source, but this is not intended to limit the physical dimensions of the actual content to this exact 
configuration. The diameter of the source is 1.3 inches, and the height is 2.95 inches, consistent 
with the inner dimensions of the tantalum inner container manufactured by the Monsanto 
Research Corporation. A density of 3. 7 g/cm3 is computed based on the Pu mass and 
dimensional information. 

Each sealed source is also enclosed in a stainless steel special form capsule. Two special form 
capsule designs are available, designated as the Model II and Model III capsules. Dimensions of 
these capsules are provided on Figure 1-3 and Figure 1-4 for the Model II and III capsule, 
respectively. As the source is a neutron source only, the capsule provides little shielding 
(capture gammas are generated outside the capsule). As the capsule has little effect on the dose 
rates, rather than develop separate models for each capsule type, a "hybrid" capsule is developed 
to bound both capsule designs. The hybrid capsule combines the minimum thicknesses from the 
two capsule types, see Table 5-11. Note that the overall length, ID, and OD of the capsules has 
been adjusted so that no air gap is present between the capsule and the inner polyethylene sleeve. 
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This simplification has been made for modeling convenience and has no impact on the 
calculation. 

In the HAC configuration, the source is modeled as a point source. As the S300 lid may not 
remain on the package in an accident, it is assumed for the HAC models that the special form 
capsule has been ejected from the packaging. The source capsule itself is modeled in a 
simplified manner as a spherical shell of stainless steel with the same inner and outer radius of 
the hybrid capsule. The tally is calculated 1 m from the source over a spherical surface, which 
results in quick model convergence. Because the model is spherical, the top, bottom, and side 
dose rate values are the same . 
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• Table 5-10 - 8300 Overpack As-Modeled Dimensions 

Component Actual Dimension As-Modeled 
(inches) Dimension (inches) 

Steel Pipe OD 12.8 (max) 12.188 

Steel Pipe length 25.6 25.7 

Steel pipe wall thickness 0.219 (min) 0.219 

Steel pipe floor thickness 0.25 (min) 0.25 

Steel Pipe lid thickness 0.9 0.9 

Diameter of Polyethylene Plugs 3.5 3.5 

Height of Polyethylene Plugs 2.0 2.0 

ID of Polyethylene Sleeve 3.5 3.5. 

OD of Polyethylene Sleeve 11.8 11.75 

Inner cavity height poly sleeve 17.0 17.0 

Thickness poly sleeve lid 4.0 4.0 

Thickness poly sleeve bottom 22.7-17.0-2.0 = 3.7 3.7 

Outside drum height 34-13/16 35 

Thickness of bottom dunnage 2.1 2.1 

• Height of pipe dunnage 21.4 26.6 (combined pipe and 
flange dunnage) 

Height of flange dunnage 4.8 + 0.5 = 5.3 26.6 (combined pipe and 
flange dunnage) 

Thickness of top dunnage (thickest 2.6 3.1 (additional 0.5" 
location) assumed4

) 

OD of dunnage 21.5 (slightly smaller 20.588 
for top dunnage) 

ID of pipe dunnage 13.l 12.188 

ID of flange dunnage 16.6 12.188 

Drum liner thickness 0.11 0.11 

• 4 In actual practice, dunnage will be added to the top of the package so that the gap between the top dunnage and the 
lid is less than 1/2 inch thick. , 
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• Table 5-11 - Hybrid Capsule Dimensions 

Model II Capsule Model Ill Capsule Hybrid Dimension 
Component Actual Dimension Actual Dimension used in MCNP 

(inches) (inches) (inches) 

Overall length (not 
11.75 7.00 13.0 

including shearable cap) 

Thickness of cap 0.75 0.75 0.75 

Thickness of sealing plug 0.78 0.77 0.77 

Diameter and length of hole 
0.25/0.38 NA 0.25/0.38 

in sealing plug 

ID 2.062 1.50 2.562 

OD 3.00 2.50 3.5 

Side Thickness 0.469 0.5 0.469 

Bottom Thickness 
<1.0 when drill < 1.0 when drill 

0.5 
point included point included 

• 

• 
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20.92 " (overall) 

35" (overall) 

3.5" 

11.75" 

Figure 5-1 - S300 Packaging MCNP Model 
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• 

Source in bottom position 

• 

Source in side position 

Figure 5-2 - Source Positions for Bottom and Side Models 

• 
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5.3.2 Material Properties 

The material properties are provided in Table 5-12. The composition and density of common 
materials are taken from the SCALE Standard Composition Library5

. Compositions are input as 
either atoms per molecule or weight percent (wt.%), depending on how the composition is listed 
in the reference. The dunnage is assumed to have the same composition as redwood but with a 
density of 14 lb/ft3 (0.224 g/cm3), as shown on the SAR drawing. The PuBe density is 
computed, as discussed in Section 5.3.1, Configuration of Source and Shielding. 

Table 5-12 - Material Properties 

Polyethylene, CH2 (density = 0.92 g/cm3) (from SCALE) 
E.lement Library ID Atoms Element , Library ID Atoms 

Hydrogen 1001 2 Carbon 6000 1 

304SS (density= 7.94 g/cm3) (from SCALE) 
Element Library ID Wt.% Element Library ID Wt.% 

Carbon 6000 0.08 Manganese 25055 2.0 

Silicon 14000 1.0 Iron 26000 68.375 

Phosphorus 15031 0.045 Nickel 28000 ·9.5 

Chromium 24000 19.0 - - -

Dunnage - Composition: Redwood, C6H100 5 (density 0.224 g/cm3) 
(composition from SCALE, density from SAR drawing) 

Element Library ID Atoms Element Library ID Atoms 

Carbon 6000 6 Oxygen 8016 5 

Hydrogen 1001 10 - - -

Carbon steel (density = 7 .8212 g/~m3) (from SCALE) 
Element Library ID Wt.% Element Library ID Wt.% 

Carbon 6000 1.0 Iron 26000 99.0 

PuBe13 Source (density= 3.7 g/cm3) 
Element Library ID Atoms Element Library ID Atoms 

Plutonium 94239 1 Beryllium 4009 13 

5.4 Shielding Evaluation 

5.4.1 Methods 

MCNP5 vl.40 is used for the shielding analysis6
• MCNP5 is a standard, well-accepted shielding 

program utilized to compute dose rates for shielding licenses. A three-dimensional model is 
developed that captures all of the relevant design parameters of the S300 package. Dose rates 

5 Standard Composition Library, ORNL/TM-2005/39, Version 6, Vol. III, Sec. M8, January 2009. 
6 MCNP -A General Monte Carlo N-Particle Transport Code, Version 5, LA-CP-03-0245, April 2003. 
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are calculated by tallying the neutron and gamma fluxes over surfaces (or volumes) of interest 
and converting these fluxes to dose rates. 

The models are run in coupled neutron/photon mode to accurately tally gammas generated by the 
interaction of neutrons with the shielding material. Models are also developed for the primary 
gamma source, although the dose rate from the primary gamma source is negligible. 

5.4.2 Input and Output Data 
Six input/output cases are used to generate the results, as listed below. 

• S300BOTTOM2N: NCT neutron and (n,y) dose rates at the bottom of the package 

• S300BOTTOM2G: NCT gamma dose rates at the bottom of the package 

• S3000FFCENTER2N: NCT neutron and (n,y) dose rates at the side of the package 

• S3000FFCENTER2G: NCT gamma dose rates at the side of the package 

• S300HAC2N: HAC neutron dose rates (no secondary gammas are tallied because there is 
no hydrogenous shielding material in this model) 

• S300HAC2G: HAC gamma dose rates 

A sample input file (S3000FFCENTER2N) is provided in Section 5.5.2, Sample Input File. All 
cases are run with 1 g of Pu in a PuBe source and the results are scaled to the desired source 
activity . 

Russian roulette is utilized to accelerate program convergence. Convergence for this geometry is 
relatively quick, as the model geometry is not complex. The 10 MCNP statistical checks are met 
for all reported results, with the exception of the primary gamma dose rate 2 m from the transport 
vehicle. This dose rate is essentially zero and is acceptable. The 10 MCNP statistical checks are 
not provided for the mesh tallies, although the statistical uncertainty is low and the results are 
well behaved. 

5.4.3 Flux-to-Dose Conversion 

ANSI/ANS-6.1.1-1977 flux-to-dose-rate conversion factors are utilized for both neutron and 
gamma radiation. These factors are obtained from the MCNP user's manual and are provided in 
Table 5-13 . 
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• Table 5-13 -ANSI/ANS 1977 Flux-to-Dose-Rate Conversion Factors 
Neutron Gamma 

E(MeV) (mrem/hr)/(n/cm2/s) E (MeV) (mrem/hr)/(y/cm2/s) 
2.50E-08 3.67E-03 0.01 3.96E-03 
1.00E-07 3.67E-03 0.03 5.82E-04 
1.00E-06 4.46E-03 0.05 2.90E-04 

1.00E-05 / 4.54E-03 0.07 2.58E-04 
1.00E-04 4.18E-03 0.1 2.83E-04 

0.001 3.76E-03 0.15 3.79E-04 

0.01 3.56E-03 0.2 5.0lE-04 

0.1 2.l 7E-02 0.25 6.31E-04 

0.5 9.26E-02 0.3 7.59E-04 

1 1.32E-01 0.35 8.78E-04 

2.5 1.25E-01 0.4 9.85E-04 

5 1.56E-01 0.45 l.08E-03 

7 1.47E-01 0.5 l.17E-03 

10 1.47E-01 0.55 l.27E-03 

14 2.08E-01 0.6 l.36E-03 

20 2.27E-01 0.65 l.44E-03 

0.7 l.52E-03 

0.8 l.68E-03 

1 l.98E-03 

• 1.4 2.51E-03 

1.8 2.99E-03 

2.2 3.42E-03 

2.6 3.82E-03 

2.8 4.0lE-03 

3.25 4.41E-03 

3.75 4.83E-03 

4.25· 5.23E-03 

4.75 5.60E-03 

5 5.80E-03 

5.25 6.0lE-03 

5.75 6.37E-03 

6.25 6.74E-03 

6.75 7.llE-03 

7.5 7.66E-03 

9 8.77E-03 

11 l.03E-02 

13 l.18E-02 

15 l.33E-02 

• 
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5.4.4 External Radiation Levels 

For non-exclusive use, dose rates are computed at the package surface (r = 26.5662 cm) and 1 m 
(r = 126.5662 cm) from the package surface. For exclusive use, dose rates are computed at the 
package surface, the vehicle surface, and 2 m from the vehicle surface. Dose rates in an 
occupied location are not computed explicitly because the dose rate 2 m from the transportation 
vehicle is less than the occupied location dose rate limit of 2 mrern/hr, and the occupied location 
would be at a greater distance from the source. For the exclusive use calculations, it is assumed 
that the vehicle is a trailer with a width of 102 inches and that the package is on a pallet four 
inches high in the center of the vehicle. Because the trailer width results in a dose rate location 
of r = 129.54 cm at the vehicle side surface, this tally is essentially equivalent to the 1 m surface 
tally (r = 126.5662 cm) and the lm surface tally is conservatively used for both tallies. The 
bottom of the vehicle is assumed to be at the bottom of the four-inch pallet, and no credit is taken 
for shielding by the pallet or bed of the trailer. The tally 2 m from the side of the vehicle is 
located at r = 329.54 cm. 

The bottom tallies are computed with the source at the bottom center of the package (case name 
S300BOTTOM2N/G). Therefore, dose rates on the bottom surfaces are circumferentially 
symmetric about the centerline of the package, allowing concentric tallies that converge quickly. 
Segmenting surfaces are utilized to calculate the bottom dose rates in annular regions. 

The side tallies are computed with the source off-center within the capsule (case name 
S3000FFCENTER2N/G). Calculation of the side dose rates is more complex because the side 
dose rates are not circumferentially symmetric. Because the source is assumed to shift to the 
inner wall of the package, the side surface dose rate near the source will be higher than the dose 
rate on the opposite side of the source. To capture this non-symmetric effect, a cylindrical mesh 
tally is utilized. For the side tallies of interest that utilize mesh tallies (surface and 1 m), the 
mesh tally has a height of 2.95 inches (to coincide with the source height) and a thickness of 1 
cm. Circumferentially, the mesh is divided into 36 segments of equal width, or a segment width 
of 10°. Zero degrees corresponds to the positive x-axis (the location of the source) and the tally 
is indexed in the counterclockwise direction. A standard circumferentially symmetric tally is 
utilized for the 2 m side dose rate tally because the effect of radially shifting the source would 
not be detectable at this distance. 

Dose rates computed for 1 g of Pu in a PuBe source are provided in Table 5-14 through Table 
5-17. As expected, the maximum bottom dose rates at all locations occur at the center of the 
package, as shown in Table 5-14. The bottom dose rates bound the top dose rates; therefore, the 
top dose rates are not computed. 

The dose rates 2 m from the side of the vehicle are provided in Table 5-15. Dose rates are 
calculated in three axial bands (beside, above, and below the source). The height of the center 
band is equal to the height of the source. The dose rates are essentially the same (within 
statistical fluctuation) for the three axial tally locations. 

The dose rates at the package side surface and lm from the package side surface are provided in 
Table 5-16 and Table 5-17, respectively. Note that the same tally is used for dose rates 1 m from 
the package side surface and at the vehicle side surface. Dose rates are computed in 10° 
circumferential increments. The variation in dose rate with circumferential location is apparent 
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on the package surface, although the effect is much reduced at lm. In both cases, the dose rates 
are a maximum near 8 = 0° and a minimum near 8 = 180°, as expected. Comparison with the 
bottom dose rates indicates that the side dose rates bound the bottom dose rates. The side dose 
rates are bounding because the side has less shielding than the bottom. 

As the dose rates provided in Table 5-14 through Table 5-17 are for 1 g Pu in a PuBe source, 
these dose rates must be scaled to the actual source strength for the various scenarios. The dose 
rates for any arbitrary source may be computed by multiplying these dose rates by the actual Pu 
mass. In this manner, the dose rates for the various source strengths of interest may be 
computed. 

NCT dose rates are computed for the following three scenarios: 
• The largest source allowable within the Model II Capsule that does not exceed the non

exclusive use dose rate limits (206 g), 

• 350 g source in the Model II Capsule (350 g is the largest source allowed for the Model II 
Capsule) for exclusive use shipments, and 

• 160 g source in the Model III Capsule (160 g is the largest source that can geometrically 
fit in the Model III Capsule) for non-exclusive use shipments. 

The Model II Capsule NCT dose rates for non-exclusive use are provided in Table 5-18. For 
206 g of Pu, the limiting dose rate of 199.4 mrem/hr (limit= 200 mrem/hr) occurs at the side 
surface of the package, and the TI= 7.5. The limiting dose rate is intentionally chosen to be 
close to the limit to maximize the allowable source. The actual dose rate will be confirmed by 
measurement prior to shipment. 

The Model II Capsule NCT dose rates for exclusive use are provided in Table 5-19. For 350 g of 
Pu, the maximum dose rate of 338. 7 mrem/hr (limit = 1000 mrem/hr) occurs on the side of the 
package. 

The Model III Capsule NCT dose rates for non-exclusive use are provided in Table 5-20. It is 
assumed that 160 g is the maximum size of the source that may geometrically fit within the 
Model III Capsule, and the maximum surface dose rate of 154.8 mrem/hr does not approach the 
limit of 200 mrem/hr. The S300 containing a Model III Capsule has a maximum TI= 5.8, which 
is bounded by the TI of the Model II Capsule. 

The HAC dose rates are summarized in Table 5-21. The total dose rate for 350 g Pu is 61.0 
mrem/hr (limit= 1000 mrem/hr) . 
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• Table 5-14 - NCT Bottom Dose Rates (mrem/hr), 1 g Pu in PuBe 
Bottom Surface of Package 

Radial 
Location Neutron (J (n,y) O' Gamma (J Total O' 

(cm) 
0 to 2.5 0.55 1.5% 0.05 1.5% 1.43E-03 6.4% 0.61 1.4%. 

2.5 to 7.5 0.52 0.7% 0.05 0.6% l.30E-03 3.2% 0.57 0.7% 

7.5 to 12.5 0.42 0.6% 0.04 0.5% l.08E-03 2.4% 0.46 0.6% 

12.5 to 17.5 0.29 0.6% 0.03 0.5% 7.90E-04 2.3% 0.33 0.5% 

17.5 to 26.5 0.22 0.4% 0.02 0.4% 5.70E-04 1.8% 0.24 0.4% 

Bottom Surface of Vehicle 
Radial 

Location Neutron (J (n,y) O' Gamma (J Total O' 

(cm) 
0 to 2.5 0.26 1.8% 0.025 2.0% 6.29E-04 7.1% 0.29 1.7% 

2.5 to 7.5 0.25 0.8% 0.024 0.8% 6.47E-04 3.6% 0.27 0.7% 

7.5 to 12.5 0.22 0.7% 0.023 0.6% 5.75E-04 2.7% 0.24 0.6% 

12.5 to 17.5 0.19 0.6% 0.020 0.6% 5.14E-04 2.4% 0.21 0.5% 

17.5 to 26.5 0.05 0.2% 0.005 0.2% l.48E-04 0.9% 0.06 0.2% 

1 m from Bottom Surface of Package 
Radial 

Location Neutron (J (n,y) O' Gamma (J Total (J 

• (cm) 
0 to 7.5 0.02 2.3% 0.002 2.5% 4.18E-05 8.5% 0.02 2.1% 

7.5 to 12.5 0.02 1.8% 0.002 2.0% 4.61E-05 7.8% 0.02 1.6% 

12.5 to 17.5 0.02 1.5% 0.002 1.6% 5.55E-05 6.9% 0.02 1.4% 

17.5 to 126.6 0.01 0.3% 0.001 0.3% 2.91E-05 1'.3% 0.01 0.3% 

Table 5-15 - NCT Side 2m Dose Rates (mrem/hr), 1 g Pu in PuBe 

Axial Location Neutron (J (n,y) 
(cm) 

O' Gamma (J Total O' 

Above Source 0.005 0.4% 0.0003 0.4% l.29E-05 1.6% 0.005 0.3% 
Beside Source 0.005 0.3% 0.0003 0.4% 1.32E-05 1.5% 0.005 0.3% 
Below Source 0.005 0.4% 0.0003 0.4% l.29E-05 1.6% 0.005 0.3% 

• 
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• Table 5-16 - NCT Side Surface Dose Rates (mrem/hr), 1 g Pu in PuBe 

Circumferential Neutron cr (n,y) cr Gamma cr Total cr 
Location (deQrees) 

0 to 10 0.91 0.5% 0.06 0.6% 0.003 2.3% 0.97 0.5% 
10 to 20 0.91 0.5% 0.06 0.6% 0.003 2.3% 0.97 0.5% 
20 to 30 0.89 0.5% 0.06 0.6% 0.003 2.3% 0.95 0.5% 
30 to 40 0.87 0.5% 0.06 0.6% 0.002 2.3% 0.92 0.5% 
40 to 50 0.85 0.6% 0.06 0.6% 0.002 2.4% 0.90 0.5% 
50 to 60 0.83 0.6% 0.05 0.6% 0.002 2.5% 0.88 0.5% 
60 to 70 0.81 0.6% 0.05 0.6% 0.002 2.5% 0.86 0.5% 
70 to 80 0.79 0.6% 0.05 0.6% 0.002 2.5% 0.84 0.5% 
80 to 90 0.77 0.6% 0.05 0.6% 0.002 2.6% 0.82 0.5% 
90 to 100 0.75 0.6% 0.05 0.6%' 0.002 2.9% 0.80 0.5% 
100 to 110 0.74 0.6% 0.05 0.6% 0.002 2.6% 0.79 0.5% 
110to120 0.73 0.6% 0.05 0.6% 0.002 2.7% 0.78 0.6% 
120 to 130 0.72 0.6% 0.05 0.6% 0.002 2.7% 0.77 0.6% 
130 to 140 0.71 0.6% 0.05 0.6% 0.002 2.6% 0.76 0.6% 
140 to 150 0.71 0.6% 0.05 0.6% 0.002 2.7% 0.76 0.6% 
150 to 160 0.71 0.6% 0.05 0.6% 0.002 2.8% 0.76 0.6% 
160 to 170 0.70 0.6% 0.05 0.6% 0.002 2.7% 0.75 0.6% 
170 to 180 0.70 0.6% 0.05 0.6% 0.002 2.6% 0.75 0.6% 
180 to 190 0.71 0.6% 0.05 0.6% 0.002 2.7% 0.76 0.6% 
190 to 200 0.70 0.6% 0.05 0.6% 0.002 2.7% 0.75 0.6% • 200 to 210 0.70 0.6% 0.05 0.6% 0.002 2.7% 0.75 0.6% 
210 to 220 0.71 0.6% 0.05 0.6% 0.002 2.7% 0.76 0.6% 
220 to 230 0.70 0.6% 0.05 0.6% 0.002 2.6% 0.75 0.6% 
230 to 240 0.71 0.6% 0.05 0.6% 0.002 2.7% 0.76 0.6% 
240 to 250 0.72 0.6% 0.05 0.6% 0.002 2.7% 0.77 0.6% 
250 to 260 0.74 0.6% 0.05 0.6% 0.002 2.9% 0.79 0.6% 
260 to 270 0.75 0.6% 0.05 0.6% 0.002 2.8% 0.80 0.5% 
270 to 280 0.76 0.6% 0.05 0.6% 0.002 2.6% 0.81 0.5% 
280 to 290 0.78 0.6% 0.05 0.6% 0.002 2.6% 0.84 0.5% 
290 to 300 0.80 0.6% 0.05 0.6% 0.002 2.4% 0.86 0.5% 
300 to 310 0.83 0.6% 0.05 0.6% 0.002 2.5% 0.88 0.5% 
310 to 320 0.85 0.5% 0.06 0.6% 0.002 2.6% 0.91 0.5% 
320 to 330 0.87 0.5% 0.06 0.6% 0.003 2.4% 0.93 0.5% 
330 to 340 0.89 0.5% 0.06 0.6% 0.003 2.3% 0.95 0.5% 
340 to 350 0.89 0.5% 0.06 0.6% 0.003 2.4% 0.95 0.5% 
350 to 360 0.90 0.5% 0.06 0.6% 0.003 2.4% 0.96 0.5% 

• 
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Table 5-17 - NCT Side 1mNehicle Surface Dose Rates (mrem/hr), 1 g Pu 
in PuBe 

Circumferential Neutron er (n,y) er Gamma er Total er 
Location (deQrees) 

0 to 10 0.033 1.1% 0.002 1.2% 0.0001 5.0% 0.036 1.1% 
10 to 20 0.033 1.1% 0.002 1.2% 0.0001 5.0% 0.035 1.1% 
20 to 30 0.033 1.1% 0.002 1.2% 0.0001 5.2% 0.035 1.1% 
30 to 40 0.033 1.1% 0.002 1.2% 0.0001 4.7% 0.035 1.1% 
40 to 50 0.032 1.2% 0.002 1.3% 0.0001 5.1% 0.035 1.1% 
50 to 60 0.032 1.2% 0.002 1.3% 0.0001 6.1% 0.034 1.1% 
60 to 70 0.032 1.2% 0.002 1.3% 0.0001 4.9% 0.034 1.1% 
70 to 80 0.032 1.2% 0.002 1.2% 0.0001 5.9% 0.034 1.1% 
80 to 90 0.031 1.2% 0.002 1.3% 0.0001 5.0% 0.033 1.1% 

90 to 100 0.030 1.2% 0.002 1.3% 0.0001 5.7% 0.032 1.1% 
100 to 110 0.030 1.2% 0.002 1.3% 0.0001 5.1% 0.032 1.1% 
110 to 120 0.030 1.2% 0.002 1.3% 0.0001 5.6% 0.033 1.1% 
120 to 130 0.030 1.2% 0.002 1.3% 0.0001 5.2% 0.032 1.1% 
130 to 140 0.030 1.2% 0.002 1.3% 0.0001 5.5% 0.032 1.1% 
140 to 150 0.030 1.2% 0.002 1.3% 0.0001 5.3% 0.032 1.1% 
150 to 160 0.029 1.2% 0.002 1.3% 0.0001 7.0% 0.031 1.1% 
160 to 170 0.030 1.2% 0.002 1.3% 0.0001 5.6% 0.033 1.1% 
170 to 180 0.030 1.2% 0.002 1.3% 0.0001 5.6% 0.032 1.1% 
180 to 190 0.030 1.2% 0.002 1.3% 0.0001 5.2% 0.032 1.1% 
190 to 200 0.030 1.2% 0.002 1.3% 0.0001 5.3% 0.032 1.1% 
200 to 210 0.029 1.2% 0.002 1.3% 0.0001 .6.3% 0.031 1.1% 
210 to 220 0.030 1.2% 0.002 1.3% 0.0001 5.8% 0.033 1.1% 
220 to 230 0.030 1.2% 0.002 1.3% 0.0001 5.3% 0.032 1.1% 
230 to 240 0.030 1.2% 0.002 1.3% 0.0001 5.4% 0.032 1.1% 
240 to 250 0.030 1.2% 0.002 1.3% 0.0001 6.0% 0.032 1.1% 
250 to 260 0.030 1.2% 0.002 1.3% 0.0001 5.5% 0.032 1.1% 
260 to 270 0.029 1.2% 0.002 1.3% 0.0001 5.9% 0.032 1.1% 
270 to 280 0.030 1.2% 0.002 1.3% 0.0001 5.6% 0.033 1.1% 
280 to 290 0.030 1.2% 0.002 1.3% 0.0001 6.2% 0.033 1.1% 
290 to 300 0.032 1.2% 0.002 1.3% 0.0001 5.5% 0.034 1.1% 
300 to 310 0.031 1.2% 0.002 1.3% 0.0001 5.1% 0.033 1.1% 
310 to 320 0.033 1.1% 0.002 1.2% 0.0001 5.4% 0.035 1.0% 
320 to 330 0.032 1.1% 0.002 1.2% 0.0001 4.9% 0.035 1.1% 
330 to 340 0.033 1.1% 0.002 1.2% 0.0001 5.1% 0.036 1.0% 
340 to 350 0.033 1.1% 0.002 1.2% 0.0001 5.0% 0.035 1.1% 
350 to 360 0.034 1.1% 0.002 1.3% 0.0001 5.3% 0.036 1.1% 
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•. Table 5-18- Model II Capsule NCT Dose Rates (Non-exclusi_ve_u_se_) ___ __ 

206 g Pu Package Surface (mrem/hr) 1 m from Package Surface (mrem/hr) 

• 

• 

Tl= 7.5 Top Side Bottom Top Side Bottom 

Gamma <11.3 12.4 11.3 <0.4 0.5 0.4 

Neutron <114.3 187.0 114.3 <3.8 7.0 3.8 

Total <125.6 199.4 125.6 <4.1 7.5 4.1 

Limit 200 1 0 

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate 
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and 
neutron dose rates will not necessarily equal the total rounded dose rate value. 

Table 5-19 - Model II Capsule NCT Dose Rates (Exclusive us e) 
-

350 g Pu Package Surface (mrem/hr) Vehicle Surfac e (mrem/hr) 

Tl= NA Top Side Bottom Top Sid e Bottom 

Gamma <19.2 21.0 19.2 <9.0 0.9 9.0 

Neutron <194.2 317.7 194.2 <91.2 11. 8 91.2 

Total <213.5 338.7 213.5 <100.2 12. 7 100.2 

Limit 1000 20 0 

2m from Vehicle Surface (mrem/hr) Occupied Locat ion (mrem/hr) 

Top Side Bottom Top Sid e Bottom 

Gamma NA 0.1 NA NA <0. 1 NA 

Neutron NA 1.6 NA NA <l. 6 NA 

Total NA 1.7 NA NA <l. 7 NA 

Limit 10 2 

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate 
values are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and 
neutron dose rates will not necessarily equal the total rounded dose rate value . 

5-24 



• 

,. 

" 

• 

' 
S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

Table 5-20 - Model Ill Capsule NCT Dose Rates (Non-exclusive use) 

160 g Pu 

Tl= 5.8 

Gamma 

Neutron 

Total 

Limit 

Package Surface (mrem/hr) 

Top Side Bottom 
<8.8 9.6 8.8 

<88.8 145.2 88.8 

<97.6 154.8 97.6 

200 

1 m from Package Surface (mrem/hr) 

Top Side Bottom 

<0.3 0.4 0.3 1 

<2.9 

<3.2 

5:4 

5.8 

10 

2.9 

3.2 

v 
n 

Note: All reported dose rates are rounded to the nearest one-tenth, although the total dose rate 
alues are based on the sum of unrounded values. Therefore, the sum of the rounded gamma and 
eutron dose rates will not necessarily equal the total rounded dose rate value. 

Table 5-21 - Bounding HAC Dose Rates 

350 g Pu 1 m from Package Surface (mrem/hr) 

Top Side Bottom 

Gamma 2.7 2.7 2.7 

Neutron 

Total 

Limit 

58.3 

61.0 

58.3 

61.0 

1000 

58.3 

61.0 
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• 5.5 Appendices 

5.5.1 Radionuclide Distribution Document LA-UR-09-06701 

• 

•• 
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i ntrod\.iction 

Radipnuclide Distribution in Piu'tt>nium-239 Mat~rial 
· u~ed tor sealed Sc>ur~e Produ¢iiq~ 

llu!ltin M, Griffin P.E. 
oo~~ite soil re~ Rec:Oveni Project 
Los Aiarnos Natlona,I Lab.oratory 

Rev. 5, June 2010 

As eatfy: n$ the 19 50's, the ~1.S: government i;caliZcd the ni;ed tq.aUci\v 'distdqut!on ofriidi&.accivc 
materi~s for use in re·seilrc!i, industi:lal, :,ind medi~.il app~ca~ons:. As .a result; in 1954; the U.s, 
Att>o11c Bnc(ffy Af:t of l 946 was runendc<l fo prpvicfo·civifia.n ticciJ~s to i:adioac~ive ntntei:inl foe 
peaceful uses; a'ricl to. allo\v the lJ.s. to assis~ other c¢imtrlet in d~velqpir:ig their pea<;eful ni.+cle11.r 
programs; l' 111cse ef(orts resulted in distribution qf gove.mmcnt-rcactpr-firodu:CCd batches .of 
mdioactive material to ?eleqed. source manufacttirers for pr9.duction an9 distrlbj.!tio11 of S<i'a\ed 
~9ut¢es all over the -wo,rld .. 

Thr:st;: l;i~_td1tc';; of rndiom:;rive· rnato;ri:1] (qc;lu.ded plutonilnn~239 ("39Pu), 11o'd tended to v;u:y In the 
:t<:tual disti'ibutio11 of rdntcd nudldes. Several batches of~'~Pu materi9hvere sold for source· 
p~odmilion~.but since ~:!"Pli created t;y neutrpi1 r.fipture in urn1lil!m·-i:,s ·i'l~\rer oC:cu;., fr; :ai; 
i~otoplcnliy p\ir(' (oqn,.rhe exricc. nii.lii:nwdide distrlbut1on Ul i\ ''i'pu st':11,l~d SO(irc: ... c;arlno\ be 
~iredic:t:e'd WithoLll know)edg(. oftl1t' characterislir.s o[rnalerfols used in prbducf\on ·of fhe source
this ievd of docuinenbltlon is rio1':rivailrible. Th<: iso1·o[lic.dis1i·ib11tioi1 oT p,Iuto9ium nudities frt n 
~09Pu .source lr1dude~ mass norn'btts 23.8 la 242 !ls w~ll.:is-viu·ious kvc!s of drrughter products from 
ih~se init1nlisotope~· (duf W·nll'mrill decay).;- The sh<.'lrt half-life Qf'~3Pu ~sseni·inlly terrnihiites Ilit' 
pli1toniurn isotope pi;oducts ;1ti.uPt.1:' 

Ba¢kg.rounC! 

:h:'lpu sc.a.le,d sm1rccs: wcrc.mlinufaci:l!rcd for a variety ,C!fcsscncial uses; howcvet;<ovcr the yeart·n: 
significant 'numbe.r of (hem liaV'): b~n dC!=larc·d unwau·li:!d .11iid·arc no lon~r uocd b}' lhcirqwncr. In 
Public Ll!W 99 -240, titled <'Low-,leV:cl \Xlaste Policy Amendments Act of 198~} Congress assigned 
the'DeplU1mcnl qf .Encrgy (,D.OE) the responsibili.Ly for the rnanagenid~L and dispos;\l of"Gr~11~cr~ 
t!;i:m.Cl:.iss C" i:adioactivi; rrta(crial as dcfu1c~ in 1(.1C:ER6i.. ·This iilduqcs sea.led ~ciurccs conhi#lli1g 
259Pu, fn rcspo11sc tb Public Law 99-240; DOE t'stabllshcd lhc 6rt~Slll: So1;x~c Rccovecy Projccl 
(O~RP) fur die: specific purposes of rocovcring, rria..i:tagipg, and disposing of excess or unwanted 
sealed s()utces/mch ils those which cont;a~il U.S,-ofigi11 plutqriiiJm. 

After the t:ei:rorist ev:enrs ofSeptember. It~ 2001., i'Ji'pi.J and other s~iiled sources \vue identified as ~t 
nrnjo•'lrul11ernbility to U,S. se<;utity and dee[[Jed l:o have a high a~tractiVeness pi:ofile·froin j.l, 

hornda.nd security perspective. '.This res1,1ltf4 i11 ::i .rnmp-up of OSRP recow:cy activiti5!s and 
. highli~ht:ect the need for :t final dise9sltio11 9J;>tiq1i fo,r; di~µ¢ed ~·~Pu sealed souree~. 

'foe \\7:tStt Tsolatkiil Pilo.t Pfant ~V·JPP) w~s the 91\ly:disrosal pi!fhway av,1il:i.ble and remains the 
only .sn Ce ?·nd st:cute petrruinent disposal (ac:;il:ty fin "-''pu sources in th<! LLS. A~ suc;h, the· :;i1:u 
sources.recovered by:OSRP niustmeet WIPP W_a:si:e Acc:ep.rnnce Criteri~ (\VAC) p·rlor to 

l !J.S. \'.::origies:, ''11!• Ato"1ic Eii<?tgy .i\ct·6.f'J.954," Pubhc:'L•w S.'!..(O.i, '81"1 C<mgi °""" . 
2 G. M. ]Yfa!lad:, "A Plut<>ni"'\l 'Pnmt:,i" J~lt.fu\n>du<t{on t<,.Plu!cmi1un Oi~"''""Y •fld.il:> Jl.:tdioodi•i.ity,'1 !..<ts j.\lmt<>:<'1'1•liea1nl. 

l•ht>r.tlPt</ r.p.;;t LA-UF~Ci2.f£i94 Garnwy 2C05), pf!. 19-W, 
:l ":Fropein'es of l)[\J:om'"m !©top~,.'" tn pf,,ttmu"'' H,i;:.11Jtx!&_ A: G111ol< .•wtMT.rd>l!dµgy,. O.J ,\:Vick, ·~di~~! (li11'"1\merk11rrblud,,.u: 
.S.Ocl~ty, fa G;rll'lg~ Piik, illfu.>1'; .• 1980),. VOl. t Chop. t p. 3 . 
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.:dlsppsi.ti.on, Thest-AVIPP·'tjt'.i~e&"j,od11~eteqilirl'm~llrs fQi;·sJ?:ecl_fi"'-'i:fd,iol9gii;a),_c:h~4c~i.;it~'ltior .. :of· 
pack4ges to ~~ntify the quantitjes !ii'lg ,J.Yp'e~ .ofea,¢h .nldi?,il1,1¢lic!¢:,p~e~~r;t in the pad>i!i!;e pdo_r 1;0, 
~ispo~I." · · · · · · · · · ' · · · 

:Su~h,a;ri.ex?,'"ung requlreiiJC:rit bjWTPP·foh·ndlol6g1~!1] sllarn'cten:o:at.loyj presepted n du11_lerige:to· 
OS!tB i,11 'iq,eoti£icai,iq~ o:~j})eis.o~pl,stlisti:~U~p_n P,f ru:cfo",\rt)l~liRe~ :fo YJ~p4 $.~'alt,::d fi?~.c¢.s:. r.l,ie 
e~~q cotilpositieiti <)f~6ui:ee\; rtJii~(; fi;qn1. ugk~lo\vn barC:ht:s·(or.(t.:.Ve~ tniitt,tt~{ 9f di'ff~rei-\! zi:p\i. 
~11tc!\:..11.i.ttemU pfovjded liy tl,\~ gofemmi:!n~ to· sou~se rf!AJ'llifact1.!rert i~ diffii::uJi:·to.M~~r\n'ine fo<r 
\!i1ch irid'i\ii4uJil· se!tlei;t sjjii1#• To ·nlle~i~te-rij'is i::hrtll~nge~ 'tii:I :iJ.tefoate: ii!rcti:ft:1i:l.wos ·cJey~J9r?.e~ to. 
d~11i91)7,ipi\:.e tb~t d)ese $~Ure(:_~ foeet tl1~.\V~St~·:rt¢¢P,\:i.nce:•crit~r_~:tt WJri:. . . . 
'_WiPl:"(i\nd E!?A.Atcep~ilte 

Li':>s . .:Afunqs i'l'atihtial J;..al:ie,ir!J..tot;Y '(LAf,1L). fupo,rt rip¢a;. ·~r~an~uranic: Was te~J\cceptiinC(! Grire~ia. ip,r 
the Wa~te I~dh1tiori P ilot-l'liuit;~~ \Yils d¢y\;)o~cd. to f)t9iiid~ :the 11c.l;;css11£Y tce!in.k:ll ~si~ fO:r ov~clll 
r~diqiiJgiptl:<that;llc.if.-iizllftpn of~~9T,lu {:Jt)q:!)th~r··lJ6Wiiqe). ~el)lf!.-i: ~B~r¢e:13llclfa~~ ·for:~Po:i~liin,fe)Vi!=h 
~he WIPP WA[:.: Thc•rn(]ioltigi~iilchnmoteil~alion:~ist::~s~d. tb.<;i:cin is f?ascd on inf9riu!!ti?ri':i~,d 
data. dci~igr!11w~tli.s . .t\;c¢('p)'a.tile Kr\owledge. :(AfQ i?rdi.>r U .-s./~nV.ironiPon:mr Pi'Qt~r.;iio.il ~ncy 
.(EPA) ~idaoc:c. . · · · · · 

OSJU? de¢'tc<i t'o qiialify thiS . .AJ<1nformatj~4 by .l?c,:i=r J\eview·itl'at;¢.ccliinca :witfi 40 Cl?R l~4.:fa~) 
in P,i;dedo us~ :tl1~ r~poit'~ finclibgs a.s .):lu~ :foi;lrtda#oh: fi;>r rii.dlo.li:im9il duiric~ei:i±atiqn 9F~~~led ·· 
,sou·rc4. ¢9~ ta;ih!ng~~Pti~ ·'J,'J:i~: l;i4ii;S- fc?i: s9l£.ct\hg. th;l:;: i1\~11!i;id''\\,•at~iii~ ~,,tJi~ -~d:·t.Qit co~~ torr 
ies_tlng, such a~ .nc:in·'d.e:~~(itl.ve tis~ay ·(NOA.), is iiot po~i~le .Qr te\iubfo fo~· fAa~1y of tly:· ~011,rses -
paclci~ by;Qs~,iiz:id' hetau~e -0f the. ,;;a.iiq·d.06.idicf1tiitioi1 thaJ ail:cacty e.-ilstk i:egiirdIDg·s!'!a,lcCI 
sgijtce ·mn:nµF,i.:~ture/ ·. 
Dqf.tJi:riciltatloo ,eit\st.s b~i-,,itise s~l~d s(jtit\~es V,•ere ~:1t~Ut';lctured t(.) 'fil!fiil. l). .spe~fic. i:eq1i.U:em.e11tbr 
Jorwe:in ~ piJ:rf!c!1iai: t1ev1c_e, ·yhis. ls: In ·contrast. fo ()1he.t coirimi.#1 type~ or.~.;~te; ]Ike re'!iiCillll.T · 
deb-ri~ ii1.a~~\ (~e_; CRn't:til1ina~d.:glP~!!.S, p!!.per! etc:) genel'i,ted r!qdi, ~sprn~ oih~i (lcfiy'i,o/ it)vpfririS 
tr:insumni·c. !1lcdjq~¢fiYc:: rfili\t:riitt An. NDA'm~dsu_c~n1enris typft;:Ully<i:he.oitly watt<.) :Mei\tiff~n<i 
xjuai)tify:the mdlo·notlide,C01)i:e1\t:9'f a. p~cl\,i.g.e contil:if!tlig:.resi<lu.t1 debris W:.i.s~ffi.ateci;i1 b~t; t!ii~ 
rtiet:hc;Jd.db.~s imt \./i?f.k to:r. tlie 113'.Pu sr~'ll~(i soi.lrcdf pa~kaged bJ.dSRT:\ .. . . ' . ' ' ' , . : . ~ 

4 Pe91:' R~'Vi<~>v Panel \~n'>. i::qnvep~es:J ,in :Jctj:.i~n~~ witl1 Pl~'~1i~n:n¢1>irf NPRE<~· 129} 1 tit.i~~ "P~,~r.
Review. :fi:i·d:-tJgh;J:.evr.1 Nµdeir Wasr~:i,\epcisi!D.ti~s/' T:~e pni1el ~yali.lated, thfr ~\}( iii'lc?i;r1111c~o.n _ t:O 
'~ete~inc .iftlii; fritcitq!a'ti<?il-pt~pSisc:q ~or-t!~;in the- ~hai:?~l'cnz~~ion pro,,ms pic.sg11te{qy Lj\'NI. 
wri1- aecqi(nb:l~ ·ror 111e Tli~io,fog1criJ .c'J'u_1b1ttr:riz1Jtlpn CJht:iiled so.ii~' wi:t~te. in ccimplfu:ni::e *ith Jhe. 
\'{jf PP,W ,AC;. _Th~ M11l P~<:'t J1c:y;~-w P11ncl R."cp:oi.'t t:c'./n~iudc:d ih~.t th~ $pedific.cloeti!henpi.~ion =iJid 
)r1fofr'iafi_on.-ifiii~t~ucd·hy:¥'ML~yll.s·n'i:cei?tiil?lc,.s •. 

·•Ji. M~b{ly;f:i,· ~~;~~;.,.;~r~~~~.:~ia•ra.A'~#f:illCi. C!itlitjii l'1r.i'Jii·W~t~·fai>1~t>:on'~ot<P.'\'t;t;':·t.t,t:oilfintrmrin~of; . 
.. Enii;gy ~l,>s~~ l'i.MQ~rn;"F* D\:;!E.~'Ll'P:~W f:5.21·1tftVition.~::) (!'~~~ '.:i· ~. w!:3!l fo}:-9. . 
~1J.vf?c,;,s1,17~GN~n• .. ,·~,11<i1<igiOl'r;na!il':l"'fa~iioi:i-arAflini.·i'i'.Se.ilit!:.sO.u;<i;r{'~ti'rd-i·t;~~'''kl.i~WrPJ;l,'.''Lo-i;14iitrr;,i~ 
N:,tiiinat·t~h~~dtc!Y r~p)r-t::t:l'~:r:J:'..o•!-i:llW{jlimlJIY,·2DIJ;1)1 F";;i, . . 

~ j .. ilooa\,,i-L ~rruli,,YHA1:vll1: •],·s.t;.ciWa1'ft. 1'Seru.ed Sour~ea P~er R;;;.r .. ,.. p_;,~,,,~'.1 WMiimsi,on'Croµp: llitllnµµqn:J_\~en1~ 
::1JlOA!i pfo >lJ . .,:IfL . .· ' . ' 
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LANL Report Conclusions 

1\ccoreling to l,A,NL Repqrt'"Tpli1snnuiic Wasr~ A,ccepram;e Criteri/1 for;tl1e Waste fsqlation l:liki1 
Plant;" 2'0I0i..i sources were rhade. fur a V!lfiety of purposes fro!I1 weapons grade matedal 7 Thes~ 
plutqnium mater.iak were provided [C,.r i;otlrce rrwriufor.tur.e ·ir1 nccord:inr.~ .with the 1'.lriteriai ContTol 
and Accounl:llbility·requir~·nieuts existing at that time., This infom1atipn was cql)ected by tl,e. 
N\Jd.::.1r M~tt:riiils Mii,nagemeul :J.nd Safeguml~ Sy.stern (N.fvfMSS) in a dnl:llbnse format;., NfvllV!SS 
dab~asi:nists·over 2,000 knOW!l lJ,S .. ori_g1n S01ll'CeS·C01iciining pJutqnium for1iished by' fhe 
go~·errunerit 'ifr1d iriclbdes stiffic.ient infor,n\ntion on thi; rndionu\;lide distrih.ution and a.ssii\•·tlnlt!S .lo 
ai!ow the determinario1i of a rei:reseritatiye disirih1.ition of:rndionudides ~-:pccted t.o be E;(esent. in 
f1>.J'ip . •.. ' . 
' · u sources Ht nntgW<"O l.Jrne; 

Using .tfa; infoanirtlon In the N'?vl1\1SS da1:ibnse; JJn nvemt,re piutonium mClionudicle distril:iution wa.s 
c;nlci.tlated (qt:th.c. kn~w11 ilwcJ?.toryoF;9Pu sources. fridn•'idual s_caled sou(ccs f701iriining'-'3"Pu mny 
vru:y in tbt: i~otopk t;listribution of plutonium nuc~dcs (<lu1: lo production b:itd1 <liffc.rcne<;:s, so_l)rc;C 
m!ll1ufacturcr blending of dfft~rcnt batches prior .to so(!rcc cncapsulation,:A.11d natural-decay). 
Nt!,Vcrtliclds. an accc~l!nblc tc:pi:t:sculativt ritclionuclidc c)isLribµtiOtl U;ir ~.)'iiu sc.ulcd soui:cc.s was: 
dc\·c)opccl {!iid approved b.yPecr Review. The v~hics.i[\ '.Faylc 1 were determined to be ai;:c13pt;nblc 
by WIPP ~nd EPA as tllc: rcprcm:ntnt:i\rc f.tc.lionuclidc di'stribut:ion t<Hlsc for~3"P\.I sources- dc~tinc:d 
forclfopos\tibf! ·a.r \XfH'P. 

Gr:niis o·rNµClide Pllf . Mitss Percenl 
Nuclid~ Gr:ini of Ph.itoiiium Cano~~i) 

"'.Pu 6.so3~62 <7.0% . 

Tbble .1: Ripri'seritati1>t. R:adi0!/11c/i1J~ D.istrib1ditJ.11 
A~·,..m~;,..Ji'(};11 IA-CRM411 f6, Table 10 [j1. 22] 

Source !Vfom1focilire.r.~I11 fom\a tibn 

:Jn the U.S.; pl9ton1um sc:ale.,-1 sourc<;>s wci;c mll.!ltifucturcd/clistiibutcd by four critlties;Los AlaJl\os. 
Scientific):.aborulory, 1'!ou_ctd Laboratory (Mou11d); Momanlo Rc:scar~h Coq>. ('.rvlRC), and Nudc11r 
Matcoiiis & Equip. Co._ (NU.MEC). The phitohiuni sources ..,Yere lllJJ.hufucrurcd at Vllrious intervals 
from ~he 1950s to the c;ldy"l98(Js; Only Moun9, MRC, Afid NUMEC dist:ribu!i.7q th~ pluton:um 
source's conun:Cccinlly, with !Jpproval from the Atomic EnergyCorrun!ssio·n, 

1n thc'ir 1962 Cat\l)Qgand P'ncc List, MRC'statcs that the plutonium used ip b()th ~hcir:;;;"Pu alpha. 
squrces ruid 2391\r/Bc ncuti'l)n sourccs."va:ricsin composition; biit 1s.gcncrnlly abo..ur 92 pc'rccnt Plr 
~~9, 7pcr cent Pu.J4Q ii.ild 1 per cent Pu:~4~ plus Am 241;''"' Th.ii>, docu1nent i~ p·~o,i19~d,:irt pru:~. as 
Attichiricn~ A_. Mpurid, L;ibo~l\t6fy was 9pcrated by lV!bitsanto Jtescaich C9rpon1tio11·und~r coit.trn.ct 

i Vl~:1_rimt--> gr~~ lftfl.~~.~ 1m:jUije!f pb.~~J,l)pJ w\le!.M 1he 24'TJ.L·Ctmt,~!TiJ l~ .6*""11!!:\;.Jh• :SO~/o (Rf.t ~!'):l~t;. ~·-p~utoni.\trrr. fen 1n.lt'(H:l.(tc;!J.Otlr 
1'\nloniu.rn fn·mftr'WoikshOr.,·DOE op1~~ t,{/:rrhi;{J011t,ti;J],&,P:rnhfe;~.l.lt;1!1~ '1J;.1.rJiil1gr,o.n_,. D;c,., S~plt~ri11?irt· 29l ').99~ .. J~tij?~Qt'e: -

I.1~<tmQ«o Nu1J..,n"1 L.b'/1.niory drj~~i!~;,l UCRL-jC:J 15"3~·7; p. 23.) · . · . 
8 Martn1 .lvfatlena Ei;c:igy Sys~, Inc., "Nu~le~i M•lcriid:rM:m•gem"''~ •nd.Safegi;>rds'Sy:ilt•m," U.S:·D<:pt. tlf-B<!"1"gy NM1v!SS 
-t,epoi:t S~·l 1 I.i~g of S~.tl-Hi Sc.111ic~ t;y M:m11Elr.tur.t!r . .:t!Z of .12 .. .st~&So " 

~ :}.fon~•ntn Rcs=Ch·!=orp<>l~"""'' "Cil'>il!'lg "'1tl Pcice I.1st," (l\V..ch 190-:<)>PH;. il1 ai\d·ZZ-
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with 'ti1e· At<;>ll'lk Epergy·~ol:i:\@s'slp1:t;1 ir The.(e,fore; •the frer.c~11tagera.ppe~!lgi"n clie MR$ .caful~g 
{1\t:ta~~ient ~) · u,te a~~f9"ed · tQ :(ep~e~i;Jit tfh ~pu~ce~ tria.cl,i: :ii!tdt:t Hie 'Mound l:;iil:lo;!i~o.if .. ~1~ as .we.it · · · · · · · ·· ·· 
.;;lriillarly; a)9§5 i~tt_t'( (iqm~~VJvtE(;)n ~esponse to ~n \nC:t~lcy frqr!) 11 c·u~tome·r~;regn;tlingihe 
1$pt?~k>~~n~eiii:ofl'\l!¥EC plutqqi\iin~o~i;Ces:,s~ii!es th~t,the; i~otopl~.as.~ay of pfo(8i1iun1' ~· 
N.UfYIEC.source$ i,; 92%'Pi1~23~t 7%' J?u:240 m1d:l%·P1.H~+1.11 Tlii~ iJocilrnei:\t"i• provide~tht.>tein·· 
·i.s::Ji:~dim.knt~~ . . . . ., . . · . .. . . . . • . . .. . . . .. 

~lvl!tiiq'fuctvrer.As:saf Dutes 

Aii'~r<'!i-clY:~9.t'e~. pl~fu~1ii.im ~.ou·¢¢~w¢i;e ~~iif41C:d fu?i'IJ ihc·19$i;l~·ti:>tbtcajiy1,9$.Qs;. f$@,rii~ly; 
Jh~ ~'nv~4§_~: FC¢or1¥ ihi:l\iq?.!hc: opjiln~lits~lly ~nw:f o( 9''~r .~;.O'OQ ~dJtd: sop("~~ co_n~nlng:~tr1.1, . 
:I'h~~c~qre, t).ie v:itl~t~s for>m1tilil; lllferiiffe ;Mp l:hl! _la._test khoty.n dares·a£sour.:e pi:pdilf.tidtl'~:be 
!J~~a to:c:o.cmf caj~ul~~qn$, .'p~p~'.l)dlrt~/>.ri.tJ:t(:·~.$,f!t¢ts dftll<! ~P.iOY,,·~ne ot·U\Ore'~ftl_le foJ1ow~ 
·lis~n.rdalf! yijµ~s fui;:-j·Pu·~eR!cd s·pµrccprqd).!ctiqn csn!l9 :g·~ l!~(!P .for gepcr~esl :q~c!IJ c*ill{ttiq*: 

-~ Tije eatll~~t i$~y diite·s:tate~ in :NMry(ss i~ J~ri.iilir;'y 1; -~9.SQ. 

, ~ The 'tttest itssay 4ate:fr.C\rr(ffMfy[SSlsJu1ie-·~O;. I 9.? 1: 

· ;"• ·tfo.aly~s of;tlie :2.'2.14 .e:r,1tri~s fcii~9.l'ii ~ai.~cl s9ur~e ·ul NMMS$:j~elds an .a\'.ernge. as:say date 
.equiy.al.enr ~6 O.c(o!;ier 16; ft Q<J;;: - · · · ' · · · · · 

'Thf.se. cim bFused in lieu o'fkt1riwi).,,,so:U~e~srieclfii:,~sar diites, 
ldenrfficntibn-C>I0i>J;Lhrai·DeCJiy:pro·di.11::ts 

·. . ., ··'·· ·-· ·---··-··-· ----·- ..... 

'}JI rgplbacfiV:e m~te~l-ciec)l.ys'.:qvectUI!e tiiro tjailgnfu't piodtir,.ts;,and 2.l'~!.'u q~te~i'bJ li!!litlc>n 
~aptyi:e Is .ao .di'ffcrent .. ln i!dcli~!on·to_the 1rutiill ·pl~t90:iJ.uri: riuttid~s t,;sl'u, 2~l,5U/~0Eu; ~·~t}u, arid 
2~~l~~), AmctigiuriJ·,24l! a Il;iJ:iJril dd:;~y; p.c6d_uctof"1~Hu, i~ ii!s6. pt~st'mt;_ur .A,s · th-e'~~1 ~J d<;'¢n:y$ ·(th~. 
m·~s'-pc,tf'cn~ of it 9~crc.?s~s)·.IP.·1!,Sl!!IJpl~;~!:h~·itiriO.uri,t,of211f,.m sl'.1~s'.t'Cjuc¢fy- lf\ct¢.ase~. r.i:n!!: 
p~~en~e of'*11

.Jµl! "!n a Si:Jlfr~e:b~c6'nie~ :@p9~t.i~ s~V-i;!iil Yell!"~ ·of i;lt;~~f, '.ai~Cj".wilt coiittjl:)tite t.5 
'dQ'~e #tc.s me:is:U'i:ecl ·Jfo'm·olCkr :!3!it>u sc>i.l~d':s"o\lri;cs:: 2~1,.i\ffi· :is ri6f:.J1.:flsJille ma ft::rl;i.i a.rid .is ric;it' 
:~·etr¥i.~.naj to~#}~ q;ifi~itr :siJety. pf;~tritqriitlii,i :s~itlc:4 sout~F;s. · . ' -. . , . 
:othet daught~t p.codµct~ \Vi~'~l$i:i aris~ as .ih~ -Ce stilt of tll~ il:lt)i,c:al_ ~ei:ay ()f nudig{is }.n :t1~e p1u~9l)itm1 . 
~ourc.e.~ HchV:<!Ver,, tliese ai:ct:npt rdev!!-ilt fikthe.purpd$~~' o fihi.s· disc:Ussibn and :!Ire no(pr~sentcd 

· here (\1rlth i:il~ ~x~ep1lo1r-of?•tA11\), :ruft4edi'i.oii,~c.G(i(dirtis~¢-cl:ie'(J,s: p~artil'.l:ent~&f ·, · 
··Trru,1:sp9r,tit~b1i; £1it'.nP!!~nt 11uthqrityappr;q~is i:lp-11ot·hav¢ tc(ic'lenfify;a~i)ghi:e~ P!:9~l!cfy l;ri s~!!l~Cl 
s?urr.es·that9cCi.1i":1s p:.1.1'1'.of. tlii.: riill;l/.iil de.C'.J.Y, ch>lfo.pfthe ii;iO:tentsY ·· 

to ·. . . ·- · ·" · ·· . ; · · - : ·· . · · ·· - . · --- - - .. · · · · ·· · · 
!;J,i>; .ll.\limG;Uno.1!1 ~ow'iifr;s1on., '~ABCWith<iiaw~ ""a '$.uppil!irot'-PlµfumUm-Bwlllum'.Ni!>:f!\7n*1iii'<~~.i.\;AS¢:~,P,fii~.; 
D"2.8~ Novcinbllf'l 'l\i<H: . . .. . . 

11 K.l:i;. ~•u: i'T•xl;;.,: ¥.~l!!rf.tl"·.~Ei.t•Ap,. ~% •"''P~".~"' leti"': ·(b)J1,, 'RhorJo:'r4(lht1J.'1~1irii Scui11<:a c~,;i.,;:J""".,,f ·i9'15.., .. 
··l:l'ti'::.~ii?"~ •:P.1wx;ni~:r:iiiii>~1~i:P;ijjjx>~uoit'bfiGamn:i•."4r.Sri~i;'°Pfa>'i.A·fli.l'.i~,'.'·L;,,.;AJ;.m~:.l9.;:tt~,_,;.q:;,,fi<ti.ib:ey 

. 'ti!ii<iiH)HD'/" • .l.l·MS".U~;1.0'(S"Jlt.nibrd l~R:>)il':.2: . ' .. . . . 
ll:~,13'et!i; Ciµ:~!' ~f $.~~~-J:.l~:ei9[)1ll<>nt, ~~<-f>~rill:Mi:!ous .. Mnt.rul'Stinifa:i&i; U:S,'.tlei?tpt'a'rnnsport~&qrif c,IBeilb~tt,ir,t? · 
~" :O~fl.11'.,to1ent ->EEni;f# (Jilk~il,rEn•iJtoiifu~ }~~ei\~t;Jciv~.int.:er 2008: · · · 
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:Suminaf}': ~d i:'2o;ndi.is'idt1 

'Tl\~·~etlijlij ~:na!y~is :nbd.~cuLtiiQns· pres'f;!nted ii:i Los:Alru,n9~ '.Nn119oal Libotat.qt)'.;.¢£orl 
)..1\.-GP'·DMJf!(i ·cqru:!uded tliat~pluti::>~iiiin sm_i~es 'have· ii. iep,~~~nt:i.t;hre m,c.l!C>llifdide 
"C.!isJi{b.ur:ic{ri ,\.h\~fi _ini.:.judes,H3.i% ~"~u_,·O;SV(o 2,ll)pii,11nci "<1_% 7~ 1 Pu;p)U:$ ~II oth~'t !lucT!®s. 
·The ilje,thqd us,e~f ~o de'te.rul.i\ie· ~e~e pb·d:rl~.s· W'a$; a5:,ci;j:iclble tp: WIP:P al)d EPA-as_· a_ 
repi.;esentpr~"':~,ti9~9ill.lclid~ di~ tribuij(;iri'.'for~?pu: ~1?,i1rres'q~~tined .for ~iS_pqsi(iori'. it WWI\ 

Additionril rese(tfc:h·'into·~lu!-Ofl~titil: ~out~e riumu&~tufi[qii:e.i::l>i:ds, catAogs; sirid pthcr i:elit.t#c:L 
tfocume:ntatioµ -s4:d~ ·dµtt '.th~'tlh:e~ cornni~cfol tJ:s. ~uppl!ei:s :(fy{gllf!'.d; Ml\"C_;_anSI' 
NIJME9) ~/l~ke~ th~lr. pfoti;iri,il!i:i/ 'spu~0s-4t'.havfrig ii 'r~1iiailu<::ljo¢ :~ii~t.rib~fi<frf whtth 
·i.nchidcd'9.2"._1~ A~e:~J 7o/o ll~q; ·ap,d 11>.1h.'.!.,Pti. ~iriceifo pgt $p~c!fici1Jy 'st:Ati!d; w"' l\S~_uffi~· 
lfiese . .Va)ue~11reb11s~6 ou !iP:i"ite iiil!:fol n{artufadur\!r :f:;SlJY (la'L~,,\v11\ch.C:C,)11'¢! ni.ngeftonltl:IC:• 
lQ,50,s-to, th.e-caiW 1%.0s,, · · · · 

·lt~i£.u11~ersti>9Cl; thnttlr<:! oqgin_l\1 nud.~dc activitjt:s wili·.c;hllll~-ovtirJu:n'c·~µi!¢,paugl;tr~ 
prod~c~~, . .so~4 .as;\'41Am, appear.due: to nan1ral radi9iu;liye dec~Y,. :.l\lthough it' is, il:Ci,f~cquii:ed' . 
't0 ide!!~fy' tlicS.C? _sub,sdq\iq):\~_Qi.i~lii:fcs o'r .c9qjp~tJ:ni:: il,\.J tb9~ty ~ppro.va!s; :c~t!'.~ff!!'C.:fs qfs\ic)1 
dd~1gh.ti;'i .'nuclid~s m:ny:i;ontr:ibuttr tc;\· source dos~. trii".¢~ ugoi}:i;xickh~g'. -Do"se'. tate 
1pcasuf:\'ai.l!nt~ ·aic .tc~tltni~' lit tlic,pa~.k~ge s~rt~ce an~ ~(ort~ rii(!tiii/cir;·tf@~p9fuiti9µ, 
¢oril~Jiance vctifi~i:i9J1,[Srip:(tl;).shippient.11 · 

}3it$cd oil p,i~ops. i:~~caicb' ii,l:\g. an.a!ysls. a_ijil .t:h:ti ~~stiffip~6i).~. i;l!scu~s¢d:jibov~, 'Qc;v~lqpi!\~llt 
of a i9?rese~m.t1ve ra!'.i!o~ucUci~'.di~tiibutii:m· ~~~~Fu l\i_n'ier\;ii us~d foiis~~d st?i,irce' 
ptcidlic:ti~il· i~ fystifi~~l~ ~l:igli. (iiotc:~pceifil": dafu ~~ ncirkri:ow~ ... -.f:Io.wcvei', siil,c~thif~~sU"lts 
·pre~efited lfi. 1.J,\NL.Jtepott,:'".l'fi!-il~ili.1!.nic'\\?'aste .:1¥~J;eptiint;e ~rite~ fut tli!! W~~te[so~t!9.:i! 
f,'iloi::Plruit"i ilnp: the·v~li.t9's ti)llti!q by s.bu.rces· mililufacfotcrs dlffru:·sliglj.tly;:~ecottcilia!lc.m 
f?et:Ween t.he i;wo. i~·11f;c,;.sSi1ry, · · · · " · · · · 

rlonlie- p_urpos~.qfthi~ repq(1:~·.the ~~tj:-setsi;>EYilue~ ar~ .fecon~~I~d ;is·~hi;i\YriJ'n T~bii!' 2. 

· · ~;CP:.:04+9!·l6Yl.\I~~ E~pr~Slii'.\.I l . :j\iluri~rocliirei-.s' "Rccor!cllcd-Nalucs . 
. jisJ'}r;ims ofN\lc;lide-per (7r:i~1 of · l)oc1_1ilil)1~w~ 'yult(es : , · ;~xp1·~s.e~'As •· 
l'lidoriiuni C:ind :inrii'tiid\l:iss.o/o) Exiiresscd A& MasS,,:b/o Annn:iX. "Niass~?A.15 : 

L'-.·~_~' .... ·A..;."111;.;.1_ey..;. ..... • ___ ·:_2_:5..;0_0E;... •• _M.;.;.: .,,.<0.;.;:_02..;.5)_,,. · ___ ..Ji ... • ___ N..;..'otc...-..;..EJ;.;.x._p..;.lic.;.;.i.;..t...;.;._J'-.._..;.·_· o..;.··..;.jj25;.;.;...·._. ---"',I 

ff!b/i 2.; Repr#e1r/iiifz.>'i Rodio111irliile;D#t1jb1iii1msi1!. 
-2.·'~!:71 'l:.iat,etilil t1st,i(]orf iiiiliil S?aie4,S-O.t11re.Pfod;Mo1!' 

· ,tJi~-e~'ltt"t:i,.t:l(9nl?~!id~ ~is~s{b!jtign .~i:-~n}ndividi1iil h~.a.led so1;1rce:cohbifoli1g 2f'.Pi1 \Vi)i·v~I}" 
:di:f>~11~ingan)1..nU!iibei,_b'f.fa~totS,"n~pt¢v:iQ.U:sJY·st:itfd. ·Ho_,v~r;.gt>"ri~tallj $p.~ikirig;:ii. 

• . . f· . • . ... . . . ~ - . . . • . -- • " ' - '. 

' · ~4-' .i9, oiiR:-11::..,:l4~-~tiii~:J~·~Alroi~9/ib!i• iJr!i.l.~..!1,"'1.~fi t.l-'!""kt;<!''l-"Q11~;"' [t:ol.\i.. gr·&.;;;t.:~ R,.'~j ·. 
J''J!kil.iinitmi '(~i1tlis ~ ".'?it:a<ld.liP li! ~olly)Otr~ cliia fu;,~..;.;'tli~gm'.r..J,\;o-.-O;iu)) 1G~.;iilithe'Li~'il..1~fsgr.;fi""'1("~(;,·lt' tl1" 

rir.!nUf.;clWori'r;J;;":m•<iMr.l·V:ilu·~. · · · · · · · · 
''~A.rt.uciuril.\i--~:Jl.~~l{u•:n>.(o'.th!.i~(.1~_p~,ifur1i11,'Tlpt~ien~:.m;ffouiit.mdu<ilo,d in'ilwrh(;oi:ii!iiil.i.,..~1'"°"' 
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.rer,>re,;:enmtive n1.dip11)1clide distribution i.o ~.;vPt1 n):.1ter:'ial use,d fot inl~ial s.eiled source 
pf6du~t;on is .e"''lJeCtt>d to indµde. appc9i(irrratdy 92~(/o/o i:wPu, 6.15°!9 ~"'Tu, {J,t;i:i.<';O ~~1-Pu, iln.d 
<1% ·of tlJe other: nuclld1fs.as.shown in the fas.tcolptn!1 of'foble 2·;ibove. 

TI1is ri:prC:sen~n~ive. nidionudide .'d~srrihu~ion :for :'..'i>Pu·used in se:1ie:d sourc:e produ.ct~on cm1 
be \1SC9, 'in coniurictipn With the earliest kl'idWu, latest, oi: 3Y!;'.i:age i.\S.5ay d~tc- tecqrd.ecl'in 
)'.:f{\.fMSS as n·basis lt) perfom1 yan6~1~ an;lysis and t;ll)i:;4btions-for'pl1.1\GJ1illrii solttc,ts whe11 
the specific iso.topic breakdo\t;•n ,dim,. snc:Lt]w. corl:espondifig-. .assily.:!ate: .. is npt o-therwise 
~vniinb]e, 
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Attachment A 

CATALOG AND PRICE LIST 

ALPHA, BETA, HEAT AND NEUTRON SOURCES, 

AND THRESHOLD DETECTORS 

From 

POLONIUM 210 

PLUTONIUM 239 

NEPTUNIUM 237 

and 

OTHER AVAILABLE ISOTOPES 

. MONSANTO RESEARCH CORPORATION 
Dayton Laboratory 

1515 Nicholas Road 
Dayton 7, Ohio 

A subsidiary of Monsanto Chemical Company 
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'"Page· 

t~~R,QDJjg~~~N, 3 

· poj:.tCY 4 . 

·QWEIUNq··filW1'QISQT(/l?E,9. ~·. 

DELIVERY .AfID "SHIPPING t · 
.. ' ..• .,., .. ' - ,- ~~ ••. ~' • ·~- ., ·!i ,,. , 

J:>o:w6~:nwr· AP'E>RA. :sQuRti~s,, .$At/f!:3 JWD'. :'HEA.T sovRcJ£s· '8. 
P'olonium Alpha ~sourc:e- .;•.Item ~:I · · '9. 
l?o:r6r11.U.'iit, ·sa:1ts· ~:-rteni ·tr·· · · .i_i 

. 'E>oi.6Mum~>Heat souJ;tiei: ..... ·rt.em tit i2 
~f;tce~. 'Qf -?~J:oritti:ini:"-~lph~ · .~o~:r~e·s., ·~¥~~· «~.trd neat seiuJ;ce~ -~3 

POLdNIUM •NEUTRON. 'souric:Es- ' ' •' .JA 
· Iio16ri:i:um~l:l~r¥:i;H,illit Neci.tfa~. $ov,~c~. ·-:- · t#~m ·:t;V ~. 15 
·otn,~r. Ne\i~rc>.n,: ·$iJ~l{C1e.s. t;r,:o,~ ,Po);.~ni,Wii· . ;;:. ltem· v ir 
'Pr'J,c~s qf!' :PoJ.9~ium. Neup~e>r:i· Sourq·~!'I: lf? 

PLtrTOID'.Qlvl ·®FHA $0UROEtf ' ' "19 
· -.~;i,\:i_t,~~·:{µm A),P,i:i~· Sc,H,ifiie ~ It,eni VI,· :·20 . 

·f'r;tc:es: 'of '?lu,toriium. Alph~ ·~oti.t.::c$$ .?,i· 

>PLUTON;rtJM:.;o~Ef{fu;IUM NEUTRO~ ':sobRCES" ' ' ' 22:' 
· .«pJ.tl,c9ri:twn::,,.:a:er.:fl!1_imn · :Ne\ltiq~ · :$61,i;-tie ·;.. 'J:t~m v:r;i: ··23. 

i{fac~~·"o.f5 J?+J:tt;om,\J;rn,,-Be:&lJ,:ium ~¢utron ·~ou:rr.e,s" :2~ 

THRESHOLD' iDEFECT0$3· ' • " 
··;f'rom";?:t.tiTPNIW•L .'N':g.fiintrnITJM :AND ;tf@\N_iQM' . . ..... , ,. , . . .• 25· 
b.\;l~tjr:tp.tip!). 'Mc;i ft;ice.s of 'Jih;i:iesho;I_;d :;l)~Wti1!c;i~s. ~. :It~in 'YI~~-· ::·2p· 

13?,r~·· ;ANti.·1,4fSCFLiiAN:}SOVS SQtrff.qES 

~.¢ .. qF,,$p~q~~ 
:sli:tBi>iN.<i ·c.0.N:PAtNERs· 
' . ".- '. . ' ~ ' ... ~· . - . . , ' .. , 

·c·i\Lri3RATt0N oF .:s'dunoE:s. • ;. • . ~. •• • ;.>!. ·,. , • • -· 

PROPERTIES. :,OF, ;l{OLONf-:aM .216. . \. . . ~-. ' ' . .... . . ~. . ,,., . ' '. . . ,.... . : 

·tiECA.Y' QF .~.6tQ1'ltW1 · 

~·PP(:~r?t" . . . . . . , . . . . .. , .· . . . . . . . . . 
6 . pra~n:gs;. l'{S,:o;.1_, ~~'7.2:, . •N$~:3·;,. NS::~~ ·?;~·.,,5,. ·:J.'l'~~ . .,, .. 

·N~~qA} JIJS.;;~;, .. I'i~-'"~c1. 'N~'.~J;J:,. ;~§~=!:'Y:, ~s~:l5j ·N~.;.1g.)., 
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IN'.L'RODUCTION 

·This catc'!.1og deE;cr:l.bes .alpha, beta, heat and neutron sources 
an:d threshold .detectors ava·ilable from Monsanto Research 
Cocyoration~ a wholly owned sµbsig:i,ary o!" Monsanto .O):iemica'.L 
Cornp?.nr. · · · · · · 

Polonium 210 and "Plutonium 2.39 are .used for alpha and 
neU:tro:n sources. -Wh,en othe~ aipha-emittfog isotopes b~come 
available, theY wil.1 aJ.,sO. pe l,l.sed :f9r source f'/;lbrica:t;ton. 

Tne rtUJ$·e.r bf: l;l~ta ~mitters :i:S, so iarg13 t.ha~ no a,tt~m.P~ will 
be made to list tl).em. A:py that pan be. rele'ased ~i.1.1 be used 
as spectfi~d ih requi=s ts, wi t;:qin: tne limita·t.fons of our 
i'aci1Uie$. ·· · 

Heat s9urces from polqnium 210 in units qf a:tidut 1000 C1,lries 
each are: prepared) and several such capsules can be combined 
inti:> one sourc!'! .. 

'l'hresnoli:l detectors a:re mage i'rom plutonium ~39; uraniwn 238, 
uranium ?35 and neptunium 2.37. Non-rad.1,.oac.tive elemen:ts will 
§i.lso be Jiiac'kaged as de tee tors when ·reques tep_, 

Monsanto. I'le;searcn. QorPC?ratiotJ; inv.ibes your inquiries con.:.,· 
cern:i,ng s:pecial $OUrCeS Of arty type; C).S Well as de\reloprqent 
p;rojed'ts. For a¢ldit;iqnal in . .rormat·;ton~ ple(l.se wri·J;e or call 

Man~ger, Nucle<;tr Sou,rces p~pc:i:rtmerit; 
Dayt.on Lab¢raf:;ocy 
Monsanto Resear.ch Corporat:iori 
$tat.ion B~ :Box s 
J?ayton 7~ Ohio 

Telephone 268-,.5:481 (Area .Code 513') 
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POLICY 

·Mqnsanto :Researcn Cc;irpbration w:il;L prepare ra,d,i6active 
sources .aiic]. guar~ptee tti:em to meet t.h~ si;;and~rrds of' the 
Atqmic Energy Ooiiun:Lssi,citj. For th:'fs purjlose, a staff' 'o:f
tiighly trained scj,entists With broad· experience iti the 
.techno:;Logy oi' radibactii(e materia,J.,~ anci .d1,?v,i,c$,S 1~ main-
tained. · 

Every effort will 'qemacie to see ·that radio?-ctiye mater1ais 
go orily tq those traine~. to use tl\em and info;t?ajatlc)n i:i:n 
proper techniques w111 be readily a,w;dl;-a,b,le .• 

'!Monsa;ri~o 1'esear~h Corpora:ti.cin /3.sstiines no 
lifl,bHity i'or damag.e to sol?-rces after :ship.:.. 
went. Any items shown Q.~f'~ctiye at t,;he , 
tiine ·of ·sh:ipment wiH be replac;:ed .frt?e; cif 
charge•" · · 

Th:j.s po1icy supe;rse,des all others.; and 9rde~:>· will be 
a,ccepted only on the:abo'.re basis. The terms and cond:ttions 
or cµstom¢r purch,ase. oro,ers ,;:i.re .s·q. varied aqc;l .inu.;i.httid.inotl,~ 
th,a,t'they cahhob be accepted, 

- 4 -

5-36 



• 

• 

• 

S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

T~.fi! ·prc#edtl.r»e~. r~p o)?:ta.~n:I;ng .ap#rova:l:s· £,ol:'·.pqs::.·~~~f.C>iJ ~rj:i:}: tfse. 0£·. 

ra~iot!;sp.tpti,es··?-nd cr<ir. :;I?;:i_acihg. ·ipr¢:ers. tot them ?.·fiE!· V;a.!:-~~cl: .a,h,ci 

:s..'1P-4~pj;:. :to change .as -tll:e ·At;oiiile; "En~rgy· ,,.~-t 4~ ~mepal3Q.; .'A l;t:i;ii¥ns~ 

'fz:O.w ·.tl:le ·~t,omfi?. .. En.er~ Qi:miW,_~s.i?ri 15 ... _reqµl·rea ·'Br .. ~~11 ,w.M r~~·~~'Y'e' 
taa:ioi~~toP~.$, ,e.~«~Ii1; thos~f wn'.o :oper~t;e; ·tgc~i~~i~s: o.wn~~. 'Dy <t~¢ 

. -- - ' ' ' . 

·_cpirirtl;\;~!:!ion,.. :i.1'qnsi:i,h~o f{l;:ts~ai"9.b Qof.P,'.6fation m,uS:t: hilv.'e· a pop;j, .{jf 

~h¢' f1;Mn~-~· ·'tJ~f'i.:ire. shipm~n:i; .~4n. ·"t?~ · ma<J:e·~ 

Monsanto :Researcn ·Qqrp.6r~.~;:t/?n wi..1;i.: be,,:g:\.:ii.~ ·t(;> :.a'~siS,:t· a~:l :Who .\~tsh . 

:t;d. a;Pf-lY .t6p a liq~~e- or ·,pia:cEf B,n; 6r4·eF;. Ap~ij;o·~#o~ .f'9r, a.· 

ij,g~Ii~e i.s _m44e· ·tp: 

LiC:e.rtsin: · Branch , , . , E?; •• , .. , , , .. , , , . . • 
Dlvisioh of Licehsirig aria '.Regufat.:t-on 
:cf~.s. ~t~l!i:i¢. ·.EneJ;iiy' ;c'oliU!l+J?sJ.¢,rl · · ' '' ·. 
~1a;sh:tngtoh· :25; · D •. ' .Q • 
"<. ,,. , - • ' :' • 

N'on~t1~si:on?.il1e -i$9t9pe$, :s4ch:· as i>:o19n14Jil anti ·bett=t. :8nli~,t$t:~~ 
. . ~, .. . . ., . . "." ' . . 

~i~siorta~~~ fti41;i~xf.a~s; ·su?in :a:s .. i'u :2~9 -~~tjrl .. p-· ·?:3$:.. ·:r-e.qu:i,.re· fl/ a 

lJ:c711~~:~ (2) ~1rifo1,1:11:~~ '9rMr. ,oi:i J{atji 6rt;,;6.4p;. ~M: f3): :l·i;;~s·ei, a:r?;i'eeJ11e~~t,. 

·RpmL'OR;..64o ·ana t;-~¢ i~~!?i;i agrj?em~_iit ar~ b'i>.tai,p~~ "f)'.qm:" 

l••EG·; i-'(a:_t~ri~s -~e~~tii&~ .Pi'f44¢·1?« 
P-±oductJ..on· Divis.ion·• · · · 
·u j'h itOffiiC'-En~f ;;.-,. dc>nmiisiaon. 
"'., "', """ ... - '" ... .,,,f!Jf - -, . ". , ,, 
Foat:· .Of..fice .'Box E. · ·· · 
·9@:rt~~i$;. -~~:ii,~ess~~-

:~fte· .. PJi.f.Ghq,s}~ or1~.r .on, F(:irfri· ~9R.~6.4o :i:~. ~-s~rti; . t9.: Monsafi,.~i:) R~.s~arC,h; 

:c~.r}:i9rat,ton ·bY- 't.l}e ·cufl;toniei:''"M'li~ri ~Ile '),;~~~ .~~#~mi.~rit 'vait.'\:ieJ~l). 

c9nipi_~t ¢4 ~-
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\fu~n th~ ·iic~t:i$.~· .J.i;i · ~isr.ant:~a:,, :tne l:t~~en$;i!tg '!3ran~h; W:!,ii 1:S.uP.i>l.'Y :tf1:e · 
' ,' . ., / .. 

:.<!li.:L~:i'catiqrt, '.f&r. t,tif 4'.i1~s~p!:i~l:?l~ m?-t;Eir~acI1 if·o. t~e iaoftc-~t~r i:Ji'. ·Pne 

· The· :t>;~tii!JfC. .$~~rgy ~o.IIJffiif!~~b~ ~a,g· :8; .~r9~i'~m. of As~f&:~ance .tq. ·EQ.µC:a:

·j;-i(?n~1· in~:~~.i;\!,.~i9ni? ·When radttf1:s6:tpj;Je.s: a.r,~ u~~a. tqr: ediJo:a:f;iqnai: aiii:l 

:tr~ir:iin~ ~ui'Pos~s., ·Und.e.r' .tfi:i;ei .p~o~ram th~. ·~ris't:itµ:lftcin :~1;1.'Y.~ .on~Y.· ;t.h:~ 

·dlr'e:ct.e'd :to:·. . ' .- . ~ .ctibra1nator· 
N~cie!i-r E.~ti,ca,t;1;gn- a,n_d 'Training_ 
·U:. •. s:; Atcnni,q ·. Ene.rgy OC>iTimi.~fiion 
Wf:\~hin~tol\ :?:?1; :J:) .:; :o~'. · · 

·Fo!'~iE!;P; c;ountr'i¢s ~ha~ j-i~y¢' #: .;o9()~e.i'.at,;iy,e ag~~~mert~, ;1i;tl1' th~ .Unf.ted 

~$~.~ te.s ·with pr_ov4-~ion. f9;l:o t;ra:n~fe'r ·.pi 'rese_arch.' :mate#a[l;s . m8,y 'c:?:tlt~iti . , '- '. . - ·.:.. . •. . 

;r1a·s1;C?~B;'t>ie ·r?:4~9i::,ibtop¢~. ,,N~rr.,:ffa*iQt'l~:tJ~\e· ·~~9~9·p_~~ 'fi.P~ iobt~:t~~ole 
.ioi~~h9u,~ ~h.$ gp·o_p~ra'.~:L.ve agr~eJii~ri1;1 ~'b.ut '.a~Pt?¢~ti~ c':!f t;h,~ · ~q ,-:~;tyi~:L¢t'.i - . . . 
. oT:'.' lLic~n~~ri,g a,n4i ~egu1at+~.ti ,i~ reCj.t1;fa"~d·.. ··f<p:p~~~-~t';toii: !'or ai;iy radfo-. 

active mate:i:ii'i:t1 1.8 .·made :t6: 
- + - ' - • •- >"'- '- '• ·- > <" ~ • 0 > > • A -. • '-

J?\lr$¢~C?.r .. . .. . · .. _ .· . .. . 
:Division :o.r -Ifiternati'orill:l. .A:ff'airs .· 
u·~s; At;-Oii4'C' fu.i.erEil.Y.'¢9~~~~BJ;i · · 
·:\~~shin~~oh · 2.5:. p·, · §: ;. · 

~ue~.t.±<::ir:s .:c_qti~H~.rti~~g -,8rd:.e"r~s :f9r' ~~:i ra<?-.1;9a~~ive ifia:t~~-~ls sp:o\~1:9-· Be: 

:~r.e;c1: t !?.cl tli; 
i\iati.~ger:; ?fµql:§\~i :soµp¢.~iS· '})¢p~rJm!$.t 
·:Oay:~Qn Lai;>,ora:torY' · . · .. ·: · · · · 
'f.:l<;fr~eart1:;o· ~~eal:'fih ::gqcy&??a~~9n-. 
stat1'.on B; :Box ;g · · · · · · · · 
Dti.ytofi 7~-: on':i!ci- · 

· !t.ei.ephon~ 268·~548i f ~~~ :oosi~ ·?1~;) 

-:- .6 .'-
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DELiVERY AND .SHIPP~NG 

DELI.VERY 

'Standa:vd sources will ).isuallY be ship~ed w~1:;hd:n two to i'oµr weeks 

after receipt ·Of' the order, J,iCense and AEC' '.apprpYals, Mor.e 

·dei'inite $che\itt],.~s ¢a;n b$ gj, \ren wl)eh .the· oi:'.d.'i;,ir is pla,.c:eo.. 

special sources,; f'6·r whici'! ll!ater:i,~1s ~ust be. ordered_, can be 

shlj;iped within two to fa'Llr ·wee.k's ·after the materia]:s are received~ 

'SHIPPING 

The ,purchaser sholi.ld, des;i,gnate 'his ·pref'erence of: Mo~or Fr~:ighi;, 

·Railway E;xpfess, Air Fre:l,ght. or .Air EXpfess. !
1.£1rot;ec.tive Si.gnaturell 

is ·Obtainable for Railway or Air Express. An shipments are 

F .. o.l}. :Qaytan~ o:ri:to. 

- 7 -
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The plj.l.tonimll u_sed ii"~ alJ?ha sources varies in co~posi.tion,. but is 
g19neraJ;J,y about 92 per cent Pu ·239, 7 per cef:t~ :Pµ g4o a,nd l per -cent 

1?u 241 plµs Am. 241. The: alpha, inqrease wi11 approximatr:; two .per 

cent .per year ciue to ,Pt1. 241. 

-riuto'ri:iuril used in. alpha. sources is 1ea:sei1 .f'rcim ~he Atort1i'c E:n~~~Y 

commi.ssion. Because of the siltall !ifnounts used.J :the 1·ease- chapge j,s 

negligible. 

:rhe ~~urces f!.f~ .. quit~ s ta.ble· .at conqentrations of :i.o5 ·cprryctri
2

, As 

much a:? 107 cpJli/cm2 can be deposUed, but sources bf th:!,s stl;'en~tlJ. 

win show ·;3. slight aiph:a wipe an(! must,be carefully handle~; Heating 

the sourcei;i .several hours at 450°c gives b~tte!.'. adherence, ·'but 

broadens the energy dis tr;Lbift:l on, 

Because of' the long hjilf-lif'e or· plUt;bnium (24, 690 Years), t.~:Lqk 

deposits wni s~ow some se;t.f~absorption of alphas.. However, even 

.yrere a cioncei:ltrat1o:n .of ioa cJ5!1l/c~2 (L·44 mqcm2 ) atta,inable, th,e 

seli'-aoserpt.ion: w0u'ld 'Qe 9nlY abqut 4. .per ce.nt. 

Fol:'. cal{qration of. inst:i'il:metits, .large :i;re?, f?Olirces )1.old no great 

advant~g;e .ayer smaJ,.l ('lrea. source.s; ·unless pho~phors ·of hon .... i,iifif'orm 

respqns~ a,re used in tne. alpha mete·r, Toe .. e;kpense c;if pI:>epar;Lng ·:i.atge 

8,rea SOUTQeS WhiCn are uniform iB pot· jU~tified. 

• 'MOi'!SANTO RESEARCH CORPCl°RATtON e 
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( 

ITEM VI 

PLUTONIUM ALPHA SOURCE 

Plutonium alpha sources are electrolytically or electrochemically 

deposited on metal plates, per Drawing NS-9 in Appendix. A smooth 

hard surface is preferable, stainless steel being quite satisfactory. 

Sometimes it is desirable to flash-coat gold over plutonium to reduce· 

the possibility of contamination. A very thin copper coating before 

deposition of the gold leads to better adherence_and does not greatly 

affect the energy curve of the alphas •. 

At present, large area sources will be more satisfactory if made up 

from small units no more than one inch square. Inquiries concerning 

customer's requirements are invited • 

Quantity of Plutonium 

Maximum of 107 cpm/cm2 ; lower concentrations give better deposits 

Container 

Stainless steel, copper or nickel, 0.01 to 0.062 inch thick and 

0.25 to 1.0 inch round or square 

~ 
Gold will be plated over the plutonium if requested (Item VI-A). 
The thickness of gold may vary from 0.00003 to 0.00015 inch, with 
respective energy absorptions of 10 and 50 per cent. 

Uniformity of Deposit 

The uniformity of the deposit will be determined and held to 
±10 per cent on request (Items VI-Band VI-C). 

- 20 -

e MONSANTO RESEARCH CORPORATION e 

5-41 



• 

• 

• 

8300 Safety Analysis Report 

i·tem ··Numb'er' .. 

w:· .... ·?P:et:i . 
.Vf.;;,.A .;, .,g<;?fA; ,i)~~~i:i~ 

. ,,_'" . . . . 

Docket No. 71-9329 

.p·fu~,J,r$T' 

':PLUTONIUM ALPRA . 'SOURCES " . . .. · .. ; ~·' ~ "' . ~.· '. . . " . . •' •"""' -

:Pi-utordu:ih; . 
bi:iunts/n.iin: . 
t;o: 'a.r:{'/ qzjg 

y6 Jq~)6rrt-: 

ijj:7~: .~ .~~rtqi!rn.it~· a:.e~~~rt.e~ 
·V:i:-.C·. ~ j~o1d• '.plp.~~d . 

"" .u,nif.o~'t;Y:•·.d,~~e~p:ed 

~(>, ir;.1/~iq$ 

to io!/¢n[2 

Rev. 5, June 2010 

~rf rie(iteni 
.·$ '!?o . 

70 . 

le)Q 

, J,»f:lAes:· ~'!'~ ·t!p;~ ,on~ 'tc)' .,ten i~e~~ a,·nd, :tie. ;fgr, .fabr:~°'af;:ior]: oni§'A . 

. ijedu&tipni:f W.i·i1:· b.~· m~a,~ :qri 1.aI'.ger· <itiart~i:t;ies, ap,il,. q\iota,~:tC>ti:>' ·'1~11 
•., - . . .. '. . .. ". , ·" '. 

·crl;'tEi ·~n:t:P:Piiig :c9tj,tS,iti~# :f(;~ .. ~9.u.ht~. 9vl?r ;one. 
. .. ';· -. ~. ' - ' ; . .- -. . . ' . . 

·firl;iil..1.qu~~e .. ~~ ;the· :s~fu~ .~~ · ;f<;ir ·pol<?r::fiµIn ,:a4Iifi~ ·~qiJ,re,e~·J ;:D:rawfri~ N'S''"?' 

.;t9 ·AJ>P~zWti.; .. 

. . 

. Ji,rj,~~~ on; ·iiol;1,,-,S:~~~~ar9-'· £terns ·;or. ·S'ciurceiS P:i:i~ iistt;!~· w~],i 'l;>e qi,lote.ii wh~h 

4e·~~;t\L~ :'Qt; .~~¢· ·r~·qU:E:!s~e:<i '¢91:i1:'~e ·~:fe ·iu;rrii~h,e4 .. 

ij!4e._:1~J10.ye· v#(Je·s µ9 n6:t 'iJ:'.lciup.e the· ;¢~s.t: ·op P.li~ '-r~~ut-n~h~~ f!ttl}>P:i;n$.· 

· 9·9nta1~·el;'-'i:i;:i t~!i· 9n .. p~~e ~9· •. · :\?t1~ t~i~y lip- :l.nc:lµc;¢ ,~ ·fld.n~r¢~urpa'Q.1,e· 

. ·co~t~n~r-
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trlie p1titpn:1µm. us~ii :i;ri t+e'l.t~;t>on .s:oii#e.!ii: ·yar:l~.~ itl .:~dm.p·<;)_~J~i~n;: '\;il,1.t .i~ 
': ", •.• t ..' • ; • J ' • > • •• , • ' _, ~ 

'"gen¢~ai!l:~'ab:(>g~, 9g t>.e..:r ~¢nJ:; Pu ·~q9::o 7. :P~r ·c¢nt: P:u ·:~.40 an.a. i .. per l!e.nt: 
-- _. - ~. , ~ . ,. 

P.u. ?.~i j:Ji•u.:;l .~ ·24i:~ ··~ne tle~~ton· i-hpr~ai;e:· .. w:i,i~ .il.ppi'q~ii!i4~e; 't'wo tie:r 
cen:~ .per y~~r 4V:e. _to 1 .:P'ti: '.?J+l:,.. . . .- -- .... , . . ". ·· .... 

fil:ltofi..~:t,ln) .:io~#e$ #~ve' ·tl\e' ~dV~11t.ait,e 9t' ·a. J.O.t1g;. 9~tr·,;,~~t:~ ~~4~9o:q .. ?~~r~'t 
. ·and .. riea,riY. ·c~rist·a.nt .P:eµ;1;;r9n· emif:1s:19n .• · ·T.hey ·na"-~ th:e· .a:isa.civ~nta$e ·~r 

.i~~~~. 1'~Y~i~11i 1s~z¢ ·~nd, ~on~.1.mirorifr n:eM~rq~ .·d.is,tfifo~~lr:>tj; ....... . 

. p~U.t?ft:l.-fun' ).,fi·:·ric>t soi'd' >in the ·um...t.eci . .States but is, oh .. ~l'oari«·ffom. :tl'i.e: 

·:A.~·(;)niic. 'Ei:'i.¢!_'gy. Of.:>llunis§+qp., ' ~ii<?. tf!I1tai f.¢·e:; $22J'fo :P¢f" <!\lr'-1.~. !Je,r #ellr;. 
·is. pq~~f3q.t!=1d l:it the ·Af:P ! .M9n&afit'1' Re:3::earci1: Cotj)·qr~t:igfi pna,l::_g~~ C!r;i:i.Y, 

'fc§"f!. ·fi;i,)Jripa~ioh 9f; 1:):1,iJt9tii~ so~rc.~s.» 
"' •' " • "'" - .". - ' 'n • 

The ~otmt '.9r:·~1µtqn:L~m li.~r·!!_urie 1-:~ A~9ut·~'6 grf;ims ·~::r. *'1,1 ?39,~ .~14s' 
·P:lllQ~nt :is :r~r~rre9- ':tc;i:.?:~ ,emf. o1J.rj,~ 1# ·~[i~s "q·~;;aio~., 

:s:i:nce pil:\ltPni:wn i's ;a :fis~19nabJ;e 'ma.teri:aJ,,. Ii<? mo~~ '~ha;~ ::25, cµv±es 
, - . "'.. . .. - . . . - - . . .. - - . - - . . .. - . , ~ 

·wili· :'.bt3 s'ti~ppeq Jn,. on~ a9~ta),n~r:1 tJ1q).ig~ it-·;Iia.:13 b~en :~~IriohS'trat!:!d 
,. . ,,. ' -~' . . ,. ' 

t~c,i.~· p5t>, C!-l1Ff~s .a:~ a. plutp~Uin,;ti~rt+~:i~ .. so:\!r.c;e ·~$ s~f'¢,. :NQ. ftip'.r,e 

tl:lan ~p·. cu~i"e:s wi;i;t ·9,~ 1\iAt :tr1. ·one •s,o,ur~~ ·.PPn~~in¢t,. · 
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ITEM VII 

PLUTONiiIM~~~RYLLiuM NEUTRON SOURCE 

Rev. 5, June 2010 

The- methOd of fab:r;lc,a,t:i.ng plµt;onium-beryllium sourcei:i req,Uires a high 

m~ltJn.g weta·l :for the inner container; Tantalum is -used for the inner 

anci stainle;'!S ste.el for the 01J.ter .container. About pne-'-f'otii'1;h of t;he 

interna:L- volume iS void. 

The sources <ir.e made per Drawing NS-8 1n Appendix. 

'be made to fit special needs~ 

'.Neutr.on Emission 

'Other size-s i;iJ.,1 
~ .. 

:one curie ( 16 grams) .oi: plutonium when re;'lcted to form PuBf.:!13 emits 

appro~matel.y 1. 7 x io6 n/sec. Hence, tM emission f-rom the 1a-rgest 

5oµt'ce pre:p?-recl. (io m,tri~s)· is 1. 7'. ,x l07 n/sec • 

Neut.ran Energ;y-

The cortfigura'tior+ 9.f a plut6niuni-berY.lliiiin ~o~rc.e has som~ effect 

0n the spectrum. .A typical spectrum 9f' ·a 5-curi~ source ·was deter-
- . 

mined by r.L E, Anderson at 1'!ound Laboratocy (unpublished data). 

Gamma Emission. 

The 4 .• 45 m,ev ganuna ·from the alpha~neu.tron rea:ction o_n perylliuin ~s 

thi;i principal gamlT\a. The soi't ganimas f~om plutonium are absorbed. 

in the source container. 

Oper.at1n$Temperature 

Plu~onium-oe:eyllium s'burces:· are prepared a.'!< l500-?0oo6c but ·shoµid. 

not ·be ut:iec:'l. :fo·r 1\:lng. per;Lod~ ab9ve 76090,. as the c9mpe>i<1ti4 wil:l rep,,¢t 

Slowly wi.th the container at higher temperature::}" 

- 23 -
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l5$:0Ei :i;,t~ 
)'.>LUTONIUM,-,BERYLLiuM· NEUTRON_ SOURCES 

• .,.,, ' •. • - ~ ·~ •. , • . . i \ ': - . . - - - - • . ' - ., --~ . 

Rev. 5, June 2010 

· F.J?:ic~$ :a;:r~ '"for .tB,brf44'~j.i5il ·R:J:u~ ~h~. ?h~pp~~~: c.l:>b;t'a·in€¥l;'• Th¢.'ii:ias& 

d~ai!~~ tof: ·th.~. :Pi1Jt.~fi+:µni :1s :curj>E!ntl.Y.' lJ.;9/4 · .p~r :c e>:'tt:-,P,tjl; · ~nti,l.tJil~ ·i;nt '~ 

vd ue qp $,36 · pe~ g:t>aif!. 1;7;1 '.th:e .:cJ@P~d. ·$t~t~_s· (.$22 ;$0 .,p~r· .~oiJ$i~ p~~ 
' . . . ~ ,.. ·-- ' . ·. . •. .. . . 

~e'a:t-')';. , :FoI'.~ign .co.W11;F:i.~i? :wf.J:.i r:i¢$,qti~t;~ ~~ie: 'c:Ci~~.i:'~c;;t·~ .. wi~'h :th~ 

:J\Ec, :l:?:t:v:l.1?it>n or :t1t~·~~~tio~<4 Ai'ta:i.:rs. 

nraine !.at 
PiU:ttiniuni· 

'Q ,::.. 1 
l • ,_' 

i ·~ ·.~·. 

'·~~ .. ,,1€» 

$g 

··:tt8 
·.64 

·ttem .. '.vif ±::·PuBe · 

$5$ci 
.q25 

700· 
7fr5 
·S~o 

:925. 

'G~aj!Js . . .~ft 
I>,iutonium , 

:$6 

9~: 
'.1i2 

;J:?a 
'14'.4. 

i90: 

'.ttem .:vtr,;:PtiBe 
.i-1 tioo· 'I' ,,,J ,' .,.. 

·J:~07$. 

1,l.~Q: 

:i.,~g~ 

i.J.:3(50· 
' - ·- . 

'All ;pt':t¢:e'¢. ·aJ;'.~ Ji'~·o.~:: .i;5~yp:qrt .aria '.a:r~A!il>3~~~, ,to:'..q'hirti&e -wi!:tti,Q.ut; 'Pbti~e . 
.P.t:l~~js ;iot. n6nf~fjanq8:~ 1teijis .i:fr ~o*rai:l's 'ni;?t :J.ist.~.d, wHl b13, qu(J~eli 

.:w:n~n 4~~8,i,:i;s' or t~e! ~eg,u~.s~~~ 5·94r;·c'e :ar~· :ti;irl.rl;sJ1t;;¢.' 

',rh'e .~b9vf,? :¥Pica~ ~!lcl~q.~ .. :~~¢· '~ost~ ·°-:f ·the, sti~pp;i.n~ ~t>nt'~el,'~ ,Wt\:l.dl:l 

~p~; ~e~~cj.'\'l:h~· ,f9# 7;'.~u~i$. .. (?.r p~~ifu~·:•: si,z·~·;:; ·arirl, pf.:i:q¢s'. \()f.: ~h~ 'Qb;ri~airi~t,s · 

:a:r.e -:11s.t'ea; :pf. ·Jia,g;e., 29. ,. .. ·. . . ~·, .. :.., . '-~ ~'-. - . ~ ' . :r- \' i'·· 
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Attachment B 

~ ll, 196.5 
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tmd ue lfftop!C .. .., ~f tli.U plvteal= lit at fo110".;es 

t "°I• chat tiata data la •aiUcsleu~ for fOUr eauwcioa pnposo.. lf :JOU 
cbcMll~ dall'il •1 .fvrtUr tofonHloo,. plcue conttUt ae.. ~e wel.CGN t.11.e 
CllP.PO~bl!lilJ to lie of cerri.ca. 
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5.5.2 Sample Input File 

Sample case S3000FFCENTER2N: 
Neut& (n, gam) dose rates, 8300 
10 0 
11 4 
20 1 
30 1 
40 1 
50 0 
sleeve 
60 1 
70 1 
80 1 
90 1 
100 1 
110 1 
120 2 
bottom 
130 2 
140 3 
150 3 
board 
151 1 
160 3 
170 0 
180 5 
190 5 
200 
surf ace 
201 
210 
sur·face 
500 
501 
502 
503 
504 
505 
506 
507 
508 
999 

62 
63 
2 
3 
4 
5 
6 
7 
87 
8 
60 

-505 500 -501 #11 imp:n=l imp:p=l $source reg 
-3.7 302 -303 -510 imp:n=l imp:p=l $source 
-0.92 -63 2 -3 62 -158 imp:n=l imp:p=l $poly sleve 
-0.92 -63 2 -3 -159 158 imp:n=4 imp:p=4 $poly sleve 
-0.92 -63 2 -3 159 imp:n=16 imp:p=16 $poly sleve 

-63 5 -87 imp:n=16 imp:p=16 $void around 

-0.92 -63 4 -2 -158 imp:n=4 imp:p=4 $bottom poly 
-0.92 -63 4 -2 -159 158 imp:n=16 imp:p=16 $bottom poly 
-0.92 -63 4 -2 159 imp:n':"64 imp:p=64 $bottom poly 
-0.92 -63 3 -5 -158 imp:n=l imp:p=l $top poly 
-0.92 -63 3 -5 -159 158 imp:n=4 imp:p=4 $top poly 
-0.92 -63 3 -5 159 imp:n=16 imp:p=16' $top poly 
-7.94 6 -4 -8 imp:n=64 imp:p=64 $steel cont 

-7.94 -8 4 -7 (63: -4: 87) imp:n=16 imp:p=16 $steel cont 
-0.224 -550 -60 7 imp:n=16 imp:p=16 $dunnage 
-0.224 -550 8 -7 6 imp:n=16 imp:p=16 $side fiber 

-0.92 12 -10 550 -59 imp:n=16 imp:p=16 
-0.224 -550 12 -6 imp:n=64 imp:p=64 $bottom dun 

-550 -10 60 imp:n=16 imp:p=16 $sp top barl 
-7.8212 -13 -14 12 (59:-12:10) imp:n=16 imp:p=16 $barrel 
-7.8212 15 -12 -13 imp:n=64 imp:p=64 $barrel bottom 
0 (13: 14: -15) -100 -102 103 imp:n=64 imp:p=64 $ lm/vehicle 

0 
0 

2 
2 
2 
2 
2 
0 
1 
1 
1 
0 

CZ 

CZ 

pz 
pz 
pz 
pz 
pz 
pz 
pz 
CZ 

pz 

101 -103 -100 imp:n=64 imp:p=64 $ bottom vehicle 
(100: 102: -101) 600 -601 -602 imp:n=16 imp:p=16 $ 2m vehicle 

-7.94 
-7.94 
-7.94 
-7.94 
-7.94 

-0.92 
-0.92 
-0.92 

507 -500 -62 
500 -501 505 -62 
501 -502 -62 
502 -503 504 -62 
503 -506 -62 
502 -503 -504 
506 -3 -62 
508 -507 -62 
2 -508 -62 
-600:601:602 

imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=l 
imp:n=2 
imp:n=O 

imp:p=l 
imp:p=l 
imp:p=l 
imp:p=l 
imp:p=l 
imp:p=l 
imp:p=l 
imp:p=l 
imp:p=2 
imp:p=O 

4.445 $inner radius of poly sleve 3.5"id 
14.9225 $outer radius of poly sleve 

$ hybrid capsule 
$ hybrid capsule 
$ hybrid capsule 
$ hybrid capsule 
$ hybrid capsule 
$ hybrid capsule 
$ 2" plug top 
$ 2" plug bottom 
$ 2" plug bottom 
$ outside interest 

15.5067 $bottom of source (empty part) cylinder 
58.6867 $top of source (empty part) cylinder +17" 

6.1087 $bottom of bottom poly 
68.8467 $top of top poly 
5.4737 $bottom of steel container 

73.0377 $top of steel container 
70.7517 $top of steel container interior 
15.4788 $outer radius of steel container 
80.9117 $top of top dunnage 
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10 pz 
59 CZ 

12 pz 
13 CZ 

14 pz 
15 pz 
100 CZ 

101 pz 
102 pz 
103 pz 

88.7603 
26.4262 

0.1397 
26.5662 

88.9 
0 

126.5662 
-100.0 

188.9 
-10.16 

$top inside barrel 
$outside radius fiberboard 
$bottom inside barrel 
$outside radius barrel $ 0.14 cm thick 
$top outside barrel 
$bottom outside barrel 
$ 1 meter surf ace 
$ 1 meter surface 
$ 1 meter surf ace 
$ bottom of vehicle (4") 

Rev. 5, June 2010 

158 rec 0 . 0 12.4587 0 $splitting surface 
0 50.165 8.255 

159 

301 
302 
303 
304 
401 
402 
403 
404 
c RJM 
500 
501 
502 
503 
504 
505 
506 
507 
508 
510 
c 511 
c 512 
550 
600 
601 
602 

rec 0 
0 

pz 26.2255 
pz 32 .1183 
pz 39. 6113 
pz 45.5041 
CZ 2.5 
CZ 7.5 
CZ 12.5 
CZ 17.5 

pz 21.8567 
pz 49.8729 
pz 50.8635 
pz 51.8287 
CZ 0.3175 
CZ 3.2537 
pz 53.7337 
pz 20.5867 
pz 18.0467 
c/z 1. 6 0 1. 651 

pz 32.6517 
pz 39.0779 

CZ 26.1468 
pz -200 
pz 300 
CZ 329.54 

mode n p 
c 
c 

$ 
$ 
$ 
$ 

$ 

c pure polyethylene (density 
ml 1001 2 $MAT 

6000 1 
mtl poly.60t 
c 

0 8.9662 O $splitting surface 
57.15 12.065 

Tally Plane 
Tally Plane/bottom of source 
Tally Plane/top of source 
Tally Plane 

0.92 g/cc) 

c 304SS (density 7.94 g/cc) 
m2 6000 -0~08 

14000 -1. 0 
15031 -0.045 
24000 -19.0 
25055 -2.0 
26000 -68.375 
28000 -9.5 

c 
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c dunnage - redwood comp (from scale), 0.224g/cm3 from SAR drawings 
m3 6000 6 

1001 10 
8016 5 

c 
c source material Pu-Be13 
m4 94239 1 

4009 13 
mt4 be.60t 
c 
c carbon steel (density 
m5 26000 -99.0 

6012 -1.0 

7.8212 g/cc) 

cut:n $Implicit capture for neutrons 
c phys:p 4j 1 
cut:p j .01 0 

$Detailed photon physics over whole energy range 
$Analog capture for photons 

c 
sdef 

si2 
si3 

pos=l.6 0.0 35.8648 erg=dl 
ext=d2 rad=d3 axs=O 0 1 
3.7465 
1. 651 

c Neutron energy spectrum for lg Pu 
# sil spl 

h d 
0.00 O.OOOE+OO 
0.01 1.158E-01 
0.02 3.400E-01 
0.05 2.034E+OO 
0.1 6.163E+OO 
0.2 1.855E+Ol 
0.4 3.126E+02 
0.6 1.293E+03 
0.8 1. 965E+03 
1. 0 2 .196E+03 
1. 3 3.262E+03 
1. 7 3.331E+03 
2.1 3.991E+03 
2.4 3.938E+03 
2.7 4.745E+03 
3.0 7.544E+03 
3.3 9.792E+03 
3.6 9.489E+03 
4.0 1.172E+04 
4. 4 1.071E+04 
5.0 1.448E+04 
6.0 1.518E+04 
7.0 1. 34 9E+04 
8.0 1. 4 96E+04 
9.0 1.139E+04 
10.0 7.087E+03 
12.0 1.050E+03 
15.0 5.177E-03 
20.0 2.945E-04 

c totals 1.519E+05 
c 
c Tallies 
c 
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c ANSI/ANS-6.1.1-1977 Neutron Flux to Dose Factors (mrem/hr) 
deO 2.5e-08 l.Oe-07 l.Oe-06 l.Oe-05 

l.Oe-03 l.Oe-02 l.Oe-01 5.0e-01 
2.5 5.0 7.0 10. 0 
20.0 

dfO 3.67e-03 3.67e-03 4.46e-03 4.54e-03 
3.76e-03 3.56e-03 2.17e-02 9.26e-02 
l.25e-01 l.56e-01 1. 4 7e-01 1. 4 7e-01 
2.27e-01 

fc2 Neutron dose rates on surface side (mrem/h) 
f2:n 13 
fs2 -301 -302 -303 -304 
c 

l.Oe-04 
1. 0 
14.0 

4.18e-03 
l.32e-01 
2.08e-01 

fcl2 Neutron dose rates at 1 m side/vehicle surface (mrem/h) 
fl2:n 100 
fsl2 -301 -302 -303 -304 
c 
fc22 Neutron dose rates on surface top (mrem/h) 
f22:n 14 
fs22 -401 -402 -403 -404 
c 
fc32 Neutron dose rates at 1 meter top (mrem/h) 
f32:n 102 
fs32 -402 -403 -404 
c 
fc42 Neutron dose rates on surface bottom (mrem/h) 
f42:n 15 
fs42 -401 -402 -403 -404 
c 
fc52 Neutron dose rates at 1 meter bottom (mrem/h) 
f52 :n 101 
fs52 -402 -403 -404 
c 
fc62 Neutron dose rates on vehicle bottom (mrem/hr) 
f62:n 103 
fs62 -402 -403 -404 
c 
fc72 Neutron dose rates at 2 m from vehicle surface (mrem/h) 
f72:n 602 
fs72 -301 -302 -303 -304 
c 
fcl02 Gamma dose rates on surface side (mrem/h) 
fl02 :p 13 
fsl02 -301 -302 -303 -304 
c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s) 
del02 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30 

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80 
1. 00 1. 40 1. 80 2.20 2.60 2.80 3.25 3.75 4.25 
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11. 0 
13.0 15.0 

dfl02 3.96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4 
8.78-4 9.85-4 1. 08-3 1.17-3 1.27-3 1. 36-3 1.44-3 1.52-3 1.68-3 
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3 
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7 .11-3 7.66-3 8.77-3 1. 03-2 
1.18-2 1.33-2 

c 
fcll2 Gamma dose rates at 1 m side/vehicle surface (mrem/h) 
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• f112:p 100 
fs112 -301 -302 -303 -304 
c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s) 
de112 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30 

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80 
1. 00 1. 40 1. 80 2.20 2.60 2.80 3.25 3.75 4.25 
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11. 0 
13.0 15.0 

df112 3. 96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4 
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1. 36-3 1.44-3 1.52-3 1.68-3 
1.98-3 2.51-3 2.99-3 3.42-3 3. 82-3 4.01-3 4.41-3 4.83-3 5.23-3 
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7 .11-3 7.66-3 8.77-3 1.03-2 
1.18-2 1. 33-2 

c 
fc122 Gamma dose rates on surf ace top (mrem/h) 
f122:p 14 
fs122 -401 -402 -403 -404 
c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s) 
de122 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30 

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80 
1. 00 1. 40 1. 80 2.20 2.60 2.80 3.25 3.75 4.25 
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11. 0 
13. 0 15.0 

df122 3. 96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4 
8.78-4 9.85-4 1.08-3 1.17-3 1. 27-3 1. 36-3 1.44-3 1.52-3 1. 68-3 
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3 
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7 .11-3 7.66-3 8.77-3 1.03-2 

• 1.18-2 1. 33-2 
c 
fc132 Gamma dose rates at 1 meter top (mrem/h) 
f132:p 102 
fs132 -402 -403 -404 
c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s) 
de132 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30 

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80 
1. 00 1. 40 1. 80 2.20 2. 60 2.80 3.25 3.75 4.25 
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11. 0 
13. 0 15.0 

df132 3. 96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4 
8.78-4 9.85-4 1.08-3 1.17-3 1.27-3 1. 36-3 1.44-3 1. 52-3 1.68-3 
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3 
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7 .11-3 7.66-3 8.77-3 1.03-2 
1.18-2 1.33-2 

c 
fc142 Gamma dose rates on surface bottom (mrem/h) 
f142:p 15 
fs142 -401 -402 -403 -404 
c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s) 
de142 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30 

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80 
1. 00 1. 40 1. 80 2.20 2.60 2.80 3.25 3.75 4.25 
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11. 0 
13. 0 15.0 

df142 3. 96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4 

• 8.78-4 9.85-4 1.08-3 1.1 7-3 1. 27-;3 1. 36-3 1.44-3 1.52-3 1. 68-3 
1. 98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3 
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7 .11-3 7.66-3 8.77-3 1. 03-2 
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1.18-2 1.33-2 
c 
fcl52 Gamma dose rates at 1 meter bottom (mrem/h) 
fl52:p 101 
fsl52 -402 -403 -404 
c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s) 
del52 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30 

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80 
1. 00 1. 40 1. 80 2.20 2.60 2.80 3.25 3.75 4.25 
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 1,1. 0 
13.0 15.0 

dfl52 3. 96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4 
8.78-4 9.85-4 1.08-3 1.17-3 1. 27-3 1. 36-3 1.44-3 1.52-3 1.68-3 
1.98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3 
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7 .11-3 7.66-3 8.77-3 1. 03-2 
1.18-2 1.33-2 

c 
fcl62 Gamma dose rates at vehicle bottom (mrem/h) 
fl62:p 103 
fsl62 -402 -403 -404 
c ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s) 
del62 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30 

0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.80 
1. 00 1. 40 1. 80 2.20 2.60 2.80 3.25 3.75 4.25 
4.75 5.00 5.25 5.75 6.25 6.75 7.50 9.00 11. 0 
13.0 15.0 

dfl62 3. 96-3 5.82-4 2.90-4 2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4 
8.78-4 9.85-4 1. 08-3 1.17-3 1.27-3 1. 36-3 1.44-3 1.52-3 1. 68-3 
1. 98-3 2.51-3 2.99-3 3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3 
5.60-3 5.80-3 6.01-3 6.37-3 6.74-3 7 .11-3 7.66-3 8.77-3 1.03-2 
1.18-2 1.33-2 

c 
fcl72 Gamma dose rates at 2 m from vehicle side surface (mrem/h) 
fl72:p 602 
fsl72 -301 -302 -303 -304 
c 
del 72 

dfl 72 

c 
c 
c 
c 
c 
c 

ansi/ans-6.1.1-1977 fluence-to-dose, 
0.01 0.03 0.05 0.07 0.10 

photons(mrem/hr)/(p/cm**2/s) 
0.15 0.20 0.25 0.30 
0.60 0.65 0.70 0.80 
2.80 3.25 3.75 4.25 
6.75 7.50 9.00 11.0 

0.35 0.40 
1. 00 1. 40 
4.75 5.00 
13.0 15.0 
3. 96-3 5.82-4 
8.78-4 9.85-4 
1.98-3 2.51-3 
5.60-3 5.80-3 
1.18-2 1.33-2 

Mesh tallies 

0.45 
1. 80 
5.25 

2.90-4 
1. 08-3 
2.99-3 
6.01-3 

0.50 
2.20 
5.75 

2.58-4 
1.17-3 
3.42-3 
6.37-3 

0.55 
2.60 
6.25 

2.83-4 
1.27-3 
3.82-3 
6.74-3 

3.79-4 5.01-4 6.31-4 
1. 36-3 1. 44-3 1.52-3 
4.01-3 4.41-3 4.83-3 
7 .11-3 7.66-3 8.77-3 

A cylindrical mesh tally is placed around the package. 

7.59-4 
1. 68-3 
5.23-3 
1. 03-2 

The radial regions of interest are from 26.57 to 27.57 (surface) 
and 126.57 to 127.57 (lm). Circumferentially there are 36 

segments, 
c 
c 
c 
c 

each 10 degrees wide. Theta=O corresponds to the positive x-axis. 
radius=i 
axial=j 
circumferential=k 
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c 
fmeshl4:n 

fmesh24:p 

geom=cyl origin=O 0 0 axs=O 0 1 vec=l 0 0 
imesh=26.57 27.57 126.57 127.57 
iints=l 1 1 1 
jmesh=32.12 39.61 
jints=l 1 
kmesh=l 
kints=36 
out=ik 
geom=cyl origin=O 0 0 axs=O 0 1 vec=l 0 0 
imesh=26.57 27.57 126.57 127.57 
iints=l 1 1 1 
jmesh=32.12 39.61 
jints=l 1 
kmesh=l 
kints=36 
out=ik 

Rev. 5, June 2010 

c 
de24 

ansi/ans-6.1.1-1977 fluence-to-dose, photons(mrem/hr)/(p/cm**2/s) 

df24 

prdmp 
ct me 

j j 
300 

0.01 
0.35 
1. 00 
4.75 
13. 0 
3. 96-3 
8.78-4 
1. 98-3 
5.60-3 
1.18-2 
1 2 

'. 0. 03 0.05 
0.40 0.45 
1. 40 1. 80 
5.00 5.25 
15.0 
5.82-4 2.90-4 
9.85-4 1.08-3 
2.51-3 2.99-3 
5.80-3 6.01-3 
1.33-2 

0.07 0.10 0.15 0.20 0.25 0.30 
0.50 0.55 0 .. 60 0.65 0.70 0.80 
2.20 2.60 2.80 3.25 3.75 4.25 
5.75 6.25 6.75 7.50 9.00 11. 0 

2.58-4 2.83-4 3.79-4 5.01-4 6.31-4 7.59-4 
1.17-3 1. 27-3 1. 36-3 1.44-3 1. 52-3 1. 68-3 
3.42-3 3.82-3 4.01-3 4.41-3 4.83-3 5.23-3 
6.37-3 6.74-3 7. 11-3 7.66-3 8.77-3 1. 03-2 
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6. CRITICALITY EVALUATION 
The S300 is used to transport sealed neutron sources, alpha reference standards, foils (e.g., 
threshold detectors), and other similar source configurations containing plutonium. The contents 
are transported 'in one of two special form capsules, the Model II and Model III. Different mass 
limits are utilized for the two capsule designs, as the Model II is larger than the Model III. The 
following analyses demonstrate that the S300 package complies with the requirements of 10 
CFR 71.55 and 71.59. The criticality safety index varies based on the payload under 
consideration. · 

6.1 Description of Criticality Design 

6.1.1 Design Features 

The Model II or Model III special form capsule (SFC) is the only design feature credited for 
criticality control in the HAC array analysis. The HAC array is the only condition in which the 
reactivity approaches the upper subcritical limit. The pipe component is credited in the NCT 
analysis because it is undamaged under NCT. The presence of the polyethylene shielding 
allows for low reactivites in the NCT array condition because it isolates the fissile mass in each 
package. 

• 6.1.2 Summary Table of Criticality Evaluation 

• 

The upper subcritical limit (USL) for ensuring that the package is acceptably subcritical, as 
determined in Section 6.8, Benchmark Evaluations, is: 

USL = 0.9257 

The package is considered to be acceptably subcritical if the computed ksafe (ks), which is defined 
as keffective (keff) plus twice the statistical uncertainty (cr), is less than or equal to the USL, or: 

ks = keff + 2cr :'.S USL 

The USL is determined on the basis of a benchmark analysis and incorporates the combined 
effects of code computational bias, the uncertainty in the bias based on both benchmark-model 
and computational uncertainties, and an administrative margin. The results of the benchmark 
analysis indicate that the USL is adequate to ensure subcriticality of the package. 

The packaging design is shown to meet the requirements of 10 CFR 71.55(b). In the single 
package normal conditions of transport (NCT) models, credit is taken for the pipe component 
and polyethylene, although the dunnage and overpack is conservatively neglected for simplicity. 
In the single package hypothetical accident condition (HAC) models, optimum water moderation 
is modeled within the SFC and pipe overpack. In all single package models, 12inches of water 
reflection is utilized. 

Infinite reflection is utilized in all NCT array models because the polyethylene shielding material 
effectively isolates each package. In the HAC array cases, it is assumed that the SFCs are 

6-1 



• 

• 

• 

8300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

ejected from the pipe component and form a close-packed hexagonal array. Because no credit is 
taken for the pipe component, finite arrays are modeled for HAC. 

The contents are divided into two categories: (1) neutron source, and (2) general payload. The 
neutron source content consists of plutonium bonded to an {a,n) target nucleus, typically (but not 
limited to) beryllium. The general payload typically consists of plutonium alpha reference 
standards and plutonium foils. Other items containing plutonium within the general payload 
mass limits would also be acceptable for transport as a general payload, as no geometrical 
information is utilized in the general payload analysis. 

Analyses for the two contents are performed separately for the Model II and Model III SFCs. 
-The maximum results of the criticality calculations for each combination of SFC and content are 
summarized in Table 6-1. 

In addition, the air transport requirements for fissile material from 10 CFR 71.55(f) are also met. 
The air transport results are summarized in Table 6-2. Note that the USL for air transport is 
different than the USL for the primary analysis because a different computer program (and hence 
different benchmark cases) is utilized. Compliance with the requirements of 10 CFR 71.64, 
Special Requirements for Plutonium Air Shipments, has not been demonstrated, and therefore 
authorization is not being sought for air transport in any airspace subject to the laws and 
regulations of the United States. 

Table 6-1 - Summary of Criticality Evaluation 

SFC Model II Model Ill Model II Model Ill 

Payload type Neutron Source General Payload 

Pu mass limit (g) 350 160 300 160 

CSI 0.3 4.0 

Normal Conditions of Transport (NCT) 

Case ks ks ks ks 
Single Unit Maximum 0.1675 0.1381 0.3647 0.2979 

Infinite Array Maximum 0.1690 0.1386 0.3657 0.2982 

Hypothetical Accident Conditions (HAC) 

Case ks ks ks ks 
Single Unit Maximum 0.1994 0.1440 0.3910 0.3131 

Finite Array Maximum 0.9045 0.6772 0.9239 0.6138 

USL = 0.9257 
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• Table 6-2 - Summary of Criticality Evaluation, Air Transport 

SFC Model II Model Ill 

• 

• 

Pu mass limit (g) 210 (I) 160 

ks 0.8930 

USL = 0.9377 

(I) Note that 210 g of plutonium is conservatively used in the criticality analysis. However, as seen in Table 
1-2, the maximum allowable content for air transport is 206 g of plutonium. 

6.1.3 Criticality Safety Index 

An infinite number of packages is used in all NCT array calculations. Therefore, the CSI for 
each scenario is determined based upon the size of the HAC array. For the neutron source 
contents, an HAC array of approximately 350 packages is utilized (2N = 350) so that the CSI = 
50/N = 0.3. For the general payload, an HAC array of 25 packages is utilized (ZN = 25) so that 
the CSI = 50/N = 4.0. 

6.2 Fissile Material Contents 
The fissile material contains plutonium and is divided into two categories, (1) plutonium neutron 
sources, and (2) general plutonium material, including but not limited to threshold foils and alpha 
reference standards . 

The plutonium isotopics may vary between the various items, although the composition will 
always be compo~ed of the following six isotopes: Pu-238, Pu-239, Pu-240, Pu-241, Pu-242, and 
Am-241. It is conservatively assumed that Pu-239 is the only plutonium isotope in the mixture. 
Including all the plutonium isotopes would lower the reactivity, both by reducing the mass of Pu-
239 and increasing the mass of Pu-240, which acts as a poison. Pu-241 is more reactive than Pu-
239, but because Pu-240 is always present ill significantly larger quantities than Pu-241, it is 
conservative to simply model all plutonium as Pu-239. Therefore, the actual isotopic distribution 
is not needed to ensure criticality control. 

6.2.1 Plutonium Neutron Sources 

Plutonium neutron sources consist of plutonium mixed with an (a,n) target isotope, most 
commonly beryllium. Other targets isotopes, such as boron or fluorine, are possible, although 
are quite rare. Currently, there are several thousand known PuBe sources located around the 
world, while only several (<10) non-PuBe sources are known. For this reason, the criticality 
models address only PuBe sources. 

PuBe sources have been manufactured by several companies. PuBe sources manufactured by 
Monsanto Research Corporation consist of PuBe source material packed into a tantalum inner 
container, which is then clad in stainless steel (see Section 6.9.2, PuBe Source Dimensions). The 
density of the PuBe source material is approximately 3.7 g/cm3 (see Section 6.9.1, PuBe Neutron 
Source Paper). PuBe sources were manufactured in a variety of sizes, with the largest source 
having a mass of 160 g Pu. Rather than model a PuBe neutron source explicitly with the 
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tantalum and steel cladding, the PuBe is modeled without any cladding. Tantalum is a strong 
neutron absorber, and it cannot be show that all PuBe neutron sources generated by all 
manufacturers contain tantalum inner cladding. Therefore, tantalum cladding is conservatively 
neglected. While all PuBe sources are clad in steel to provide confinement as a sealed source, 
the steel is also conservatively neglected in the criticality models, since it also acts as a neutron 
poison. Although the cladding is not modeled, water cannot mix with the PuBe material because 
the stainless steel cladding is always present. 

The bare PuBe slug is modeled with a diameter of 1.3 inches, consistent with a 160 g PuBe 
source (10 Ci) per the Monsanto drawing (see Section 6.9.2, PuBe Source Dimensions). The 
height of the PuBe slug is selected to give the desired mass, 6.48 inches for 350 g Pu (for the 
Model II analysis), or 2.96 inches for 160 g Pu (for the Model III analysis). These dimensions 
are used for modeling purposes only, and are not intended to limit the actual sealed source . 
content to these exact dimensions. PuBe exists as a compound with the chemical formula 
PuBe13. Therefore, it is modeled in MCNP with 1 plutonium atom and 13 beryllium atoms at a 
density of 3.7 g/cm3

. 

6.2.2 General Plutonium Materials 
The general plutonium material may be threshold foils, alpha reference standards, or other 
source, solid-form quantities of plutonium small enough to fit within the two SFC types 
available. Threshold foils are thin foils of plutonium that may be clad in copper, nickel, 
aluminum, or other materials. Each foil typically contains between 1 mg to 5 g of plutonium. 
Alpha reference standards (alpha source) typically consist of plutonium electrolytically or 
electrochemically deposited on a thin metallic surface, typically stainless steel. Because alpha 
partic:les have a short range through solid matter, the mass of plutonium used in an alpha source 
is necessarily quite small (on the order of milligram quantities). 

Because the geometry of the general plutonium contents varies widely, no attempt has been 
made to model the actual geometry of these items. Rather, the plutonium is modeled both as a 
discrete lump, and as a homogenous mixture of plutonium and water, neglecting all cladding 
materials. These modeling extremes represent a more reactive condition than would be achieved 
by modeling the contents explicitly. For this reason, the general plutonium content has a much 
higher CSI than the plutonium neutron sources content. 

When modeling the general ·contents as a discrete lump, a cylindrical geometry is assumed in 
which the diameter is the same as the height. For 300 g plutonium, this lump has a diameter and 
height of 1.06 inches, while for 160 g of plutonium the diameter and height is 0.86 inches. A 
plutonium density of 19.84 g/cm3 is utilized. When modeling the general contents as 
homogenized over the SFC volume, full-density water is utilized. A variety of homogenized 
number densities are developed for different fissile heights and masses. As an example, the 
homogenized number densities for the maximum mass in the Model II and Model III SFC are 
summarized in Table 6-3. These number densities represent the mass homogenized over the 
entire SFC volume, which is the most reactive condition. The ratio of the hydrogen to plutonium 
number density (H/Pu) is also listed in the table below. This ratio is useful to assess the degree 
of moderation of the system . 
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Table 6-3 - General Payload, Homogenized Number Densities 

Model II SFC Model Ill SFC 

Pu Mass (g) 300 
' 

160 

SFCMaximum 532.2 143.9 Volume (cm3
) 

H/Pu 45.7 22.5 

Number Density Number Density 
Isotope (atoms/b-cm) (atoms/b-cm) 

Pu-239 1.4201E-03 2.8012E-03 

H 6.4955E-02 6.3107E-02 

0 3.2477E-02 3.1554E-02 

Total 9.8852E-02 9.7462E-02 

6.3 General Considerations 

6.3.1 Model Configuration 

The MCNP model used for NCT cases is a simplified version of the actual geometry. The entire 
55 gallon drum and dunnage are neglected for simplicity. This simplification is conservative, as 
it brings the water reflector closer to the fissile material in the single package cases; and greatly 
reduces the package to package spacing in the NCT array cases. The MCNP model geometry for 
the Model II SFC in a pipe component is shown in Figure 6-1. 

The actual dimensions and as-modeled dimensions of the pipe component and SFCs are shown 
in Table 6-4 and Table 6-5, respectively. The OD of the steel pipe is modeled at 12.8 inches, and 
the side, bottom, and lid of the pipe component is modeled with a thickness of 0.219 inches. The 
entire region between the SFC and pipe is completely filled with polyethylene, without modeling 
minor gaps. Six inches of polyethylene are modeled at the axial ends of the SFC, and the 
stainless steel pipe component bottom and lid are modeled in contact with the pqlyethylene. 
Therefore, for both SFC models, the axial length of the pipe component is shorter than the actual 
pipe component length, which is conservative for the NCT array. 

The modeling details for the NCT models are inconsequential because the payload is not 
moderated for NCT, and there are essentially no package to package interactions because of the 
large amount of neutron shielding. For this reason, all NCT array cases are performed with an 
infinite hexagonal array. 

No HAC testing was performed on the S300 package to conclusively demonstrate the post
accident condition of the overpack and pipe component. For the HAC single package cases, it is 
conservative for the SFC to remain inside the pipe component because the polyethylene 
shielding is a better reflector than water. However, for the HAC array cases, it is conservatively 
assumed that the SFC is ejected from the pipe component. This is conservative in the array case 
because it results in a tightly packed hexagonal array of SFCs with no polyethylene to isolate the 
packages. In addition, it is assumed in HAC that optimum moderation may occur within the 
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SFC, although testing has shown that the SFCs remain watertight when submerged in water and 
both SFCs are certified by the U.S.'Department of Transportation as IAEA Special Form. 

More details of the model configurations are provided in Section 6.4, Single Package Evaluation, 
Section 6.5, Evaluation of Package Arrays under Normal Conditions of Transport, and Section 
6.6, Package Arrays under Hypothetical Accident Conditions. 

6.3.2 Material Properties 
The material properties of the fissile material are discussed in Section 6.2, Fissile Material 
Contents. The material properties of the packaging materials are provided in Table 6-6. The 
composition and density of common materials are taken from the SCALE Standard Composition 
Library. Compositions are input as either atoms per molecule or weight percent (wt.%), 
depending on how the composition is listed in the reference. Water is modeled simply as 1 
oxygen atom for every 2 hydrogen atoms over a range of different densities. 

6.3.3 Computer Codes and Cross-Section Libraries 

MCNP5 vl.40 is used for the criticality analysis. All cross sections utilized are at room 
temperature {293.6 K). Pu-239 utilizes preliminary ENDF/B-VII cross section data that are 
considered by Los Alamos National Laboratory to be more accurate than ENDF/B-VI cross 
sections. ENDF/B-V cross sections are utilized for chromium, nickel, and iron because natural 
composition ENDF/B-VI cross sections are not available for these elements. The remaining 
isotopes utilize ENDF/B-VI cross sections. Titles of the cross sections utilized in the models 
have been extracted from the MCNP output {when available) and provided in Table 6-7. The 
S{a.~) card LWTR.60T is used to simulate hydrogen bound to oxygen in water, and the S{a.~) 
card POL Y.60T is used to simulate hydrogen bound to carbon in polyethylene. 

All cases are run with 2500 neutrons per generation for 250 generations, skipping the first 50. 
The 1 sigma uncertainty is approximately 0.001 for all cases. 

6.3.4 Demonstration of Maximum Reactivity 

The reactivities of the NCT cases, both single package and array, and HAC single package cases, 
are negligible. The maximum reactivity is obtained for the HAC array cases. For the HAC 
arrays with PuBe material, approximately 350 packages are modeled, which is in excess of the 
minimum number required to justify a CSI = 0.3. For the HAC arrays with the general payload, 
25 packages are modeled to justify a CSI = 4.0. All plutonium is conservatively modeled as 
Pu-239 because it is the most reactive. 

In the HAC array cases, it is conservatively assumed that the SFC is completely ejected from the 
package. Therefore, the SFCs are modeled in a close-packed hexagonal array with optimum 
moderation both within and between the SFCs. Ejecting the SFCs from every package is a 
highly conservative assumption, because a close-packed array formed of only SFCs is not 
credible. 

For the PuBe source payload, the fissile material is modeled as a single discrete lump of PuBe 
without tantalum, steel, or any other cladding, which could act as a poison. Water is assumed to 
enter the SFC, although it was demonstrated during the SFC certification testing that the SFCs 
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remain watertight subseque nt to an accident. For the general payload, the source is homogenized 
eactive than if the payload were modeled explicitly. Homogenizing 

moderation and neglects any cladding materials that may act as a 
payload also increases the reactivity compared to explicitly modeling 
in structural materials. 

with water, which is more r 
the payload increases the 
poison. Homogenizing the 
thin foils of plutonium clad 

Optimum moderation is so ught in all models. In the PuBe models, the water density is allowed 
beside the PuBe inside the SFC, (2) above the PuBe within the SFC, 
In the general payload models, various moderation conditions are 

fissile solution height, and fissile mass. The water density between 

to vary in three regions: (1) 
and (3) between the SFCs. 
examined by changing the 
the SFCs is also examined. 

Calculations are peformed 
different for the two SFCs. 
Model II is significantly hi 

both for the Model II and Model III SFC because the mass limit is 
The Model II bounds the Model III because the mass limit for the 

gher. The most reactive HAC array scenarios are as follows: 

• Case D32: Model II SFC, 350 g Pu in PuBe, 1.0 g/cm3 water beside PuBe, 0 g/cm3 water 
above PuBe, 0 glc m3 water between SFCs, ks = 0.9045 

• Case E24: Model II I SFC, 160 g Pu in PuBe, 1.0 g/cm3 water beside PuBe, 0.3 g/cm3 

0.3 g/cm3 water between SFCs, ks = 0.6772 water above PuBe, 

• Case G2: Model II 
1.0 g/cm3 water be 

SFC, 300 g Pu homogenized with water over the entire SFC volume, 
tween SFCs, ks = 0.9239 

• Case HS: Model III SFC, 160 g Pu homogenized with water over the entire SFC volume, 
tween SFCs, ks= 0.6138 1.0 g/cm3 water be 

Table 6-4 - S300 Pip e Component As-Modeled Dimensions 

Component Actual Dimension As-Modeled 
(in) Dimension (in) 

Steel Pipe OD 12.8 12.8 

Steel pipe wall thickness 0.219 0.219 

Steel Pipe lid thickness 0.9 0.219 

Steel pipe floor thickness 0.25 0.219 

Steel pipe length (flange to b ottom) 25.6 23.97 (Model II) 

19.21 (Model III) 

Poly side thickness 4.15 = (11.8-3.5)/2 4.68 

Poly top thickness 6.0 = 2.0+4.0 6.0 

Poly bottom thickness 5. 7 = 22. 7-2.0- 6.0 
17.0+2.0 
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• Table 6-5 - Special Form Capsule As-Modeled Dimensions 

Model II Capsule Actual As-Modeled 
Component Dimension (in) Dimension (in) 

Overall length (not including 11.75 11.75 shearable cap) 

Thickness of cap+sealing plug 1.53 = 0.75+0.78 1.53 

ID 2.062 2.062 

OD 3.00 3.00 

Bottom Thickness <1.0 when drill point included 0.5 

Model Ill Capsule Actual As-Modeled 
Component Dimension (in) Dimension (in) 

Overall length (not including 7.00 7.00 shearable cap) 

Thickness of cap+sealing plug 1.53 = 7.0-1.0-4.47 1.53 

ID 1.50 1.50 

OD 2.50 2.50 

Bottom Thickness < 1.0 when drill point included 0.5 

• , 

Table 6-6 - Material Properties 

Polyethylene, CH2 (density = 0.92 g/cm3
) 

Element Library ID Atoms Element Library ID Atoms 

Hydrogen 1001 2 Carbon 6000 1 

30455 (density= 7.94 g/cm3
) 

Element Library ID Wt.% Element Library ID Wt.% 

Carbon 6000 0.08 Manganese 25055 2.0 

Silicon 14000 1.0 Iron 26000 68.375 

Phosphorus 15031 0.045 Nickel 28000 9.5 

Chromium 24000 19.0 - - -

• 
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• Table 6-7 - Cross Section Libraries Utilized 

Isotope/Element Cross Section Label (from MCNP output) 

1001.62c l-h-1at293.6K from endf-vi.8 njoy99.50 

4009.62c 4-be-9 at 293.6K from endf/b-vi.8 njoy99.50 

6000.66c 6-c-0 at 293.6K from endf-vi.6 njoy99.50 

8016.62c 8-o-16 at 293.6K from endf-vi.8 njoy99.50 

14000.60c 14-si-nat from endf/b-vi 

15031.66c 15-p-31 at 293.6K from endf-vi.6 njoy99.50 

24000.50c njoy 

25055.62c 25-mn-55 at 293.6K from endf/b-vi.8 njoy99.50 

26000.55c njoy 

28000.50c njoy 

94239.69c 94-pu-239 at 293.6K from t16 pu239la7d njoy99.50 

• 

• 
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Figure 6-1 - NCT Single Package Model 
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6.4 Single Package Evaluation 

6.4.1 Configuration 

NCT 

Rev. 5, June 2010 

The NCT single package configuration is described in Section 6.3.1, Model Configuration. The 
NCT single package configuration is basically a pipe component without the overpack. The pipe 
component is reflected with 12 inches of water. 

NCT single package calculations are performed for the following 4 scenarios: 

• Case Al: 350 g Pu in PuBe, Model II SFC (neutron source payload) 

• Case A2: 160 g Pu in PuBe, Model III SFC (neutron source payload) 

• Case A3: 300 g Pu, Model II SFC (general payload) 

• Case A4: 160 g Pu, Model III SFC (general payload) 

In the general payload models, the plutonium is modeled simply as a discrete lump with a 
diameter equal to the height. The NCT single package results are summarized in Table 6-8. The 
reactivity values are very low for all four scenarios, although the reactivity is higher when the 
plutonium is compacted into a slug without beryllium. Case A3 is the most reactive, with ks = 
0.3647. This ks value is far below the USL of 0.9257 . 

HAC 

In the HAC single package evaluation, the SFC may be either inside or outside the pipe 
component, whichever scenario is most reactive. In the HAC single package cases, water is 
assumed to flood the SFC. For the PuBe neutron source payload, water is simply modeled in the 
void space inside the SFC. Water cannot mix with the PuBe material because it is sealed in a 
cladding of stainless steel, although the cladding is not modeled. For the general payload case, it 
is assumed that the plutonium may be either a discrete lump (same as the NCT fissile geometry) 
or homogeneously mixed with water. 

The HAC single package results are listed in Table 6-9. Cases Bl and B2 are for 350 g Pu (as 
PuBe) in a Model II SFC inside and outside the pipe component. Cases B 11 and B 12 are for 160 
g Pu (as PuBe) in a Model III SFC inside and outside the pipe component. In both cases, the 
system is slightly more reactive with the SFC inside the pipe component because polyethylene is 
a more effective reflector than water. 

Cases B2 l through B3 l are for 300 g plutonium (max) in a Model II SFC for the general 
payload. In Case B2 l, the plutonium is modeled as a single cylindrical lump with a flooded SFC 
inside the pipe component. Case B22 is the same as Case B2 l except the SFC is outside the pipe 

. component. Consistent with the results for the PuBe material, the reactivity decreases when the 
SFC is removed from the pipe component. Therefore, the pipe component is modeled in the 
remaining_ cases. In Cases B23 through B3 l, the plutonium is homogeneously mixed with water 
across the diameter of the Model II SFC for a range of different fissile heights and masses. As 
the height of the fissile mixture varies from 3 cm to 24. 7 cm (maximum), the degree of 

6-11 



• 
8300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

moderation changes. Of these homogenized cases, the reactivity is maximized at the maximum 
mixture height. Because reactivity is maximized at the maximum height, to further increase 
moderation, the mass of plutonium must be reduced. In Cases B29 through B31, a reduced 
plutonium mass is modeled as homogenized over the entire height. Reducing the mass increases 
the moderation but decreases the reactivity. Case B21 is the most reactive, with the fissile 
material modeled as a single lump. Typically, a homogenized representation would be more 
reactive than a single lump, but because the available volume within the SFC is small and the 
height is much greater than the diameter, the homogenized geometry is less favorable than a 
single lump for a single package configuration. 

Cases B41 through B49 follow the same methodology described in the previous paragraph for 
160 g plutonium (max) in a Model III SFC with a general payload. The results trend in the same 
manner, and the most reactive case (Case B41) is modeled as a single lump with a fully flooded 
SFC within the pipe component. 

Comparing all HAC single package models, the most reactive is Case B21, with ks= 0.3910. 
This case features a Model II SFC with 300 g of plutonium as single discrete lump and a fully 
flooded SFC inside the pipe component. This ks value is far below the USL of 0.9257. 

6.4.2 Results 

The NCT single package results are listed in Table 6-8, and the HAC single package results are 
listed in Table 6-9. 

• Table 6-8 - NCT Single Package Results 
ks 

Case ID Filename keff er (k+2cr) 

Al NS_II 0.1664 0.0005 0.1675 

A2 NS_III 0.1373 0.0004 0.1381 

A3 NSF_II 0.3637 0.0005 0.3647 

A4 NSF_III 0.2971 0.0004 0.2979 

• 
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• Table 6-9 - HAC Single Package Results 
Height Pu Mass ks 

Case ID Filename (cm) (Q) ketf er (k+2cr) 

PuBe Source, 350 g Pu, Model II SFC 

Bl HS II lump 350 0.1981 0.0007 0.1994 

B2 HS_II_EX lump 350 0.1915 0.0006 0.1927 

PuBe Source, 160 g Pu, Model Ill SFC 

BU HS III lump 160 0.1430 0.0005 0.1440 

B12 HS_III_EX lump 160 0.1354 0.0005 0.1363 

\ General Source, 300 g Pu Maximum, Model II SFC 

B21 HSF HS lump 300 0.3898 0.0006 0.3910 

B22 HSF_IIS_EX lump 300 0.3883 0.0006 0.3896 

B23 HSF_II_H03 3 300 0.2658 0.0006 0.2670 

B24 HSF_II_H05 5 300 0.2743 0.0008 0.2758 

B25 HSF_JI_HlO 10 300 0.3022 0.0008 0.3038 

B26 HSF_II_H15 15 300 0.3166 0.0009 0.3183 

B27 HSF_II_H20 20 300 0.3241 0.0009 0.3260 

• B28 HSF_II_H25 24.7 300 0.3275 0.0009 0.3294 

B29 HSF _II_M200 24.7 200 o-.3058 0.0009 0.3075 

B30 HSF _II_M250 24.7 250 0.3175 0.0009 0.3192 

B31 HSF _II_M275 24.7 275 0.3231 0.0009 0.3248 

General Source, 160 g Pu Maximum, Model Ill SFC 

B41 HSF IIIS lump 160 0.3122 0.0005 0.3131. 

B42 HSF _IIIS_EX lump 160 0.3103 0.0005 0.3113 

B43 HSF _III_H03 3 - 160 0.1999 0.0006 0.2010 
, 

B44 HSF _III_H05 5 160 0.1979 0.0006 0.1992 

B45 HSF _III_H 10 10 160 0.2095 0.0007 0.2109 

B46 HSF _III_H 13 12.6 160 0.2166 0.0007 0.2180 

B47 HSF _III_MlOO 12.6 100 0.1900 0.0007 0.1913 

B48 HSF _III_M120 12.6 120 0.1980· 0.0007 0.1995 

B49 HSF _III_M 140 12.6 140 0.2048 0.0007 0.2062 

• 
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6.5 Evaluation of Package Arrays under Normal Conditions 
of Transport 

6.5.1 Configuration 

The NCT array configuration is almost identical to the NCT single package configuration 
utilized in Section 6.4, Single Package Evaluation. The only difference is that the water reflector 
has been removed and replaced with a reflective hexagonal surface. This results in an infinite 
array of packages. The geometry of the Model III SFC in the array condition is shown in Figure 
6-2. Cases are run in which the water density between packages varies between 0 and 1.0 g/cm3

. 

The results of the NCT array cases are listed in Table 6-10. The reactivity changes very little 
when the water density between packages is varied. This indicates that the packages are 
effectively isolated from one another and that these differences are simply statistical fluctuation. 
In fact, the NCT array reactivity values are identical to the NCT single package results within 
statistical fluctuation. 

Case C22 is the most reactive, with ks= 0.3657. This case is for the general payload, Model II 
SFC, with 300 g Pu, and 0.25 g/cm3 water between packages. This ks value is well below the 
USL of 0.9257. 

6.5.2 Results 

The NCT_ array results are listed in Table 6-10 . 
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• Table 6-10 - NCT Array Results 
Water Density 
between SFCs ks 

Case ID Filename. (Q/cm3
) keff er (k+2cr) 

PuBe Source, 350 g Pu, Model II SFC 

Cl NA II WOOO 0.00 0.1681 0.0004 0.1690 

C2 NA_II_W025 0.25 0.1663 0.0005 0.1673 

C3 NA_II_WOSO 0.50 0.1657 0.0005 0.1667 

C4 NA_II_W075 0.75 0.1671 0.0005 0.1682 

cs NA_II_WlOO 1.00 0.1669 0.0005 0.1679 

PuBe Source, 160 g Pu, Model Ill SFC 

Cll NA_III_ WOOO 0.00 0.1368 0.0004 0.1377 

C12 NA_III_ W025 0.25 0.1374 0.0004 0.1382 

C13 NA_III_ WOSO 0.50 0.1367 0.0004 0.1376 

Cl4 NA III W075 0.75 0.1376 0.0005 0.1386 

C15 NA_III_ WlOO 1.00 0.1369 0.0005 0.1378 

General Source, 300 g Pu, Model II SFC 

• C21 NAF _II_ WOOO 0.00 0.3640 0.0005 0.3649 

C22 NAF II W025 0.25 0.3647 0.0005 0.3657 

C23 NAF_II_WOSO 0.50 0.3638 0.0005 0.3648 

C24 NAF _II_ W075 0.75 0.3629 0.0005 0.3638 

C25 NAF _11_ Wl 00 1.00 . 0.3634 0.0005 0.3644 

General Source, 160 g Pu, Model Ill SFC 

C31 NAF:.Jil_ WOOO 0.00 0.2968 0.0004 0.2975 

C32 NAF _III_ W025 0.25 0.2972 0.0004 0.2981 

C33 NAF _III_ WOSO 0.50 0.2969 0.0005 0.2978 

C34 NAF III W075 0.75 0.2974 0.0004 0.2982 

C35 NAF_III_WlOO 1.00 . 0.2972 0.0004 0.2981 

• 
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Figure 6-2 - NCT Array, Model Ill SFC, General Payload 
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6.6 Package Arrays under Hypothetical Accident Conditions 

6.6.1 Configuration 
For all HAC array models, it is conservatively assumed that the SFC is ejected from the 
overpack and forms a close-packed hexagonal array. Because this scenario does not take credit 
for the shielding provided by the polyethylene, it is necessary to model finite rather than infinite 
arrays. Optimum moderation is addressed, both within the SFC and between the SFCs. All 
models are reflected with 12 inches of water. The array assumptions, while conservative, are 
likely not credible, because every SFC is assumed to be ejected from every S300, and form a 
close-packed hexagonal array with optimum moderation. 

6.6.1.1 Neutron Source Configuration 

For any neutron source material, a CSI of 0.3 is justified. To justify a CSI of 0.3, at least 334 
packages must be modeled (2N = 334, N = 167, and 50/N = 0.3). Because modeling a large 
number of discrete packages in a hexagonal array can be cumbersome, a simplified modeling 
approach is utilized. The array boundary is modeled as a cylinder, and an infinite universe of 
packages in a hexagonal array is inserted into the cylindrical bounds. The effect of this modeling 
approach "slices" SFCs on the model boundary, as shown in Figure 6-3. 

To determine the dimension of the large outer cylinder, the unit cell area must be computed. The 
unit cell area of a hexagonal lattice with pitch Pis: 

A= ,J3 pz 
2 

For the Model II SFC, P = 7.622 cm, so that A= 50.3116 cm2
. The area of the cylinder is then 

the desired number of packages multiplied by area A. To add additional conservatism due to the 
package "slicing" at the boundaries, the total number of packages is increased by 5%, or 
334*1.05 = 350. 7. For an array in which there are two layers, the number of packages per layer 
is then 350. 7 /2 = 175.35, and the total area is 175.35* A= 8822.1 cm2

. This area corresponds to 
a circle of radius 52.9922 cm. The outer boundary radii for other scenarios may be computed in 
a similar manner. 

For the neutron source, the water is divided into three regions: (I) water beside the slug within 
the SFC, (2) water above the slug within the SFC, and (3) water between the SFCs. The water 
density is varied in each of these three regions to find the most reactive condition. 

Model II SFC 

For the Model II SFC, both two and three layer arrays are considered, as shown in Figure 6-3 and 
Figure 6-4. Both configurations have approximately the same number of packages. Results are 
summarized in Table 6-11. Cases D 1 through D 15 are the two-layer results, while Cases D21 
throufh D39 are the three-layer results. Initially, the water density is varied between 0 and 1.0 
glcm inside the SFC, with void between the SFCs (Cases DI through Dl 1for2 layers and 
Cases D21 through D31for3 layers). Maximum reactivity is achieved with full density water. 
Next, the most reactive 2 and 3 layer cases are run with reduced water density above the PuBe 
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(Cases Dl2 through Dl5 for 2 layers, and Cases D32 through D35 for 3 layers). In both cases, 
maximum reactivity is achieved with void above the PuBe, although the 3 layer model is more 
reactive (compare Case Dl2 with Case D32). Additional permutations are performed with the 
most reactive 3 layer model as the base model. In Cases D36 and D37, the water density beside 
the PuBe is reduced, which reduces the reactivity. And in Cases D38 and D39, water is added · 
between the SFCs. Adding water between the SFCs quickly causes a reduction in reactivity. 

The most reactive case with 350 g Pu in PuBe, Model II SFC, is Case D32, with ks== 0.9045. 
This configuration has 3 layers, 1.0 g/cm3 water beside the PuBe, void above the PuBe, and void 
between the SFCs. This value is below the USL of 0.9257. 

Model III SFC 

The Model III SFC with 160 g Pu in PuBe analysis is performed in the same manner as the 
Model II SFC analysis. Because the Model III SFC is smaller than the Model II SFC, the outer 
array dimensions are smaller, and 3 and 4 layer models are developed to maintain approximate 
parity between the height and diameter of the array. The 3 layer Model III SFC array 
configuration is illustrated in Figure 6-5; the 4 layer model is similar. 

Results for the Model III SFC analysis with PuBe are summarized in Table 6-12 and Table 6-13 
for 3 and 4 layers, respectively. More cases are required to find the most reactive case compared 
to the Model II analysis because maximum reactivity is achieved with low-density water above 
the PuBe and between the SFCs rather than void. First, cases are run over a range of water 
densities inside the SFC (Cases El through Ell for 3 layers, and Cases Fl through Fl l for 4 
layers). In both scenarios, the most reactive condition is with full-density water. Next, cases are 
run with full-density water beside the PuBe, and a range of water densities above the PuBe 
(Cases El2 through E21 for 3 layers, and Cases Fl2 through F21 for 4 layers). In both 
scenarios, the most reactive condition is with 0.3 g/cm3 water above the PuBe. Finally, cases are 
run with full-density water beside the PuBe, 0.3 g/cm3 water above the PuBe, and a range of 
water densities between the SFCs (Cases E22 through E31 for 3 layers, and Cases F22 through 
F31for4 layers). The most reactive case for 3 and 4 layers have similar reactivities, although 
Case E24 is the most reactive, with ks== 0.6772. Case E24 has 3 layers of SFCs, full-density 
water beside the PuBe, 0.3 g/cm3 water above the PuBe, and 0.3 g/cm3 water between the SFCs. 
This ks value is far below the USL of 0.9257, which indicates that a smaller CSI could be 
justified for the Model III SFC, if desired. 

6.6.1.2 General Payload Configuration 

For the general source material, a CSI of 4.0 is justified. To justify a CSI of 4.0, 25 packages are 
modeled (2N == 25, N == 12.5, and 50/N == 4.0). Because the number of packages is much smaller 
than the PuBe analysis, an integer number of packages are modeled and no packages are "sliced" 
at the model boundaries. 

Models are developed both with a discrete fissile material lump, and homogenized with water. 
This approach is taken because the exact payload geometry is not modeled. The homogenized 
modeling is performed first, followed by the discrete fissil'e material lump models. 

Model II SFC 

Results are summarized in Table 6-14 for the Model II SFC with a 300 g plutonium general 
payload. Cases G 1 through G23 are the homogenized models. Initially, the models are 

6-18 



• 

• 

• 

S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

homogenized with water throughout the entire SFC volume and full-density water between the 
SFCs. Three different single-layer arrangements of 2S packages are investigated in Cases G 1 
through G3. These three arrangements (Configurations 1 through 3) are shown on Figure 6-6. 
Case G4 is a 2 layer model, with 13 packages on the bottom layer and 12 packages on the top 
layer. Configuration 2 (Case G2) is the most reactive of the first four arrangements, and is used 
in the remainder of the models. 

In Cases GS through G14, the water density between SFCs is varied between 0 and 0.9 g/cm3
. 

Decreasing the water density between the SF Cs decreases the reactivity. In Cases G 1 S through 
G 1 7, the height of the homogenized cylinder is reduced, and full-density water is modeled at the 
top of the cavity. Reducing the fissile height decreases the reactivity. In Cases G 18 through 
G22, the mass of plutonium is reduced to allow more moderation. Reducing the mass of 
plutonium reduces the reactivity. Because the most reactive case has full-density water between 
the SFCs and is at the maximum possible fissile height, an additional case is run to investigate 
the effect of increasing the moderation by increasing the SFC pitch. In Case G23, the pitch is 
increased slightly to 7 .8 cm, and the reactivity drops compared to Case G2. Therefore, of the 
homogenized cases, Case G2 is the most reactive. 

Cases G31 through G39 are the discrete models for the Model II. In these models, the fissile 
material is modeled as a discrete lump at the bottom of the SFC cavity. There are two regions in 
which the water density may vary; (1) beside the fissile material lump, and (2) between the 
SFCs. The water is always at full-density within the SFC above the fissile material lump to 
maximize reflection, as the array is only a single layer. In Cases G31 through G3S, the water 
density beside the fissile material lump is varied from 0 to 1.0 g/cm3 with full-density water 
between the SFCs. Case G3S, with full-density water beside the fissile material lump, is the 
most reactive. In Cases G36 through G39, the water beside the fissile material lump is modeled 
at full-density, while the water density between the SFCs is varied between 0 and 1.0 g/cm3

. The 
reactivity changes between Cases G36 through G39 are within the statistical uncertainly of the 
method, although Case G39 is the most reactive discrete model, with ks= O.SlSS. 

Comparing the most reactive homogenized model (Case G2) and discrete model (Case G39), the 
homogenized model is significantly more reactive than the discrete model. Therefore, the most 
reactive general payload model for the Model II SFC with 300 g plutonium is Case G2, with ks = 
0.9239. This value is below the USL of 0.92S7. Although the mostTeactive case is approaching 
the USL, a number of very conservative assumptions are utilized to obtain this result. 

Model III SFC 

The Model III SFC analysis is performed in the same manner as the Model II SFC analysis 
described above. Because the reactivity of the Model III HAC array is significantly less than the 
Model ff SFC array, a reduced number of cases is performed to simplify the analysis. It is 
inferred based on the Model II SFC analysis that Configuration 2 is bounding, reactivity is 
maximized using the maximum mass of plutonium homogenized over the full SFC cavity height, 
and minimum SFC pitch. Therefore, only five homogenized cases are run (Cases Hl through 
HS), in which the water density between the SFCs is varied. Results are provided in Table 6-lS. 

One discrete lump model is run (Case H6), with full-density water inside and between the SFCs, 
to demonstrate that the homogenized configuration is significantly more reactive than the 
discrete representation . 
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Case HS is the most reactive, with ks= 0.6138. This value is well below the USL of 0.9257 . 
Because the most reactive case is far from the USL, a lower CSI could be justified, if desired. 

6.6.2 Results 
Results for the HAC array cases are summarized in the following tables. Model II SFC results 
for the neutron source material is in Table 6-11. Model III SFC results for the neutron source 
material are in Table 6-12 and Table 6-13 for 3 and 4 layers, respectively. Model II SFC results 
for the general payload is in Table 6-14, and Model III SFC results for the general payload is in 
Table 6-15 . 
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• Table 6-11 - HAC Array Results, PuBe, Model II SFC 
Water Water Water 
Beside Above Between 

Case Pu Be Pu Be SF Cs ks 
ID Filename (g/cm3

) (g/cm3
) (q/cm3

) ken O" (k+2cr) 
2 Layers 

Dl HA_II_R2_ WIOOO 0 0 0 0.5495 0.0009 0.5512 
D2 HA_II_R2_ WIO 10 0.1 0.1 0 0.6527 0.0010 0.6547 
D3 HA_II_R2_ WI020 0.2 0.2 0 0.7066 0.0010 0.7086 
D4 HA_II_R2_ WI030 0.3 0.3 0 0.7350 0.0010 0.7370 
D5 HA_II_R2_ WI040 0.4 0.4 0 0.7561 0.0011 0.7583 
D6 HA_II_R2_ WI050 0.5 0.5 0 0.7672 0.0010 0.7693 
D7 HA_II_Rt_ WI060 0.6 0.6 0 0.7804 0.0011 0.7826 
D8 HA_II_R2_ WI070 0.7 0.7 0 0.7859 0.0012 0.7883 
D9 HA_II_R2_ WI080 0.8 0.8 0 0.7919 0.0011 0.7940 

DlO HA_II_R2_ WI090 0.9 0.9 0 0.7976 0.0011 0.7998 
Dll HA_II_R2_ WI100 1.0 1.0 0 0.8062 0.0011 0.8084 
D12 HA_II_R2_ WI100_ WTOOO 1.0 0 0 0.8884 0.0011 0.8906 
D13 HA_II_R2_ WI100_ WTO 10 1.0 0.1 0 0.8822 0.0012 0.8847 
D14 HA_II_R2_ WI1 OO_ WT020 1.0 0.2 0 0.8708 0.0012 0.8732 
D15 HA_II_R2_ WI1 OO_ WT030 1.0 0.3 0 0.8607 0.0012 0.8631 

3 Layers 

D21 HAJI_R3_ WIOOO 0 0 0 0.5709 0.0010 0.5729 

• D22 HA_II_R3_ WIO 10 0.1 0.1 0 0.6757 0.0010 0.6778 
D23 HA_II_R3_ WI020 0.2 0.2 0 0.7269 0.0011 0.7290 
D24 HA_II_R3_ WI030 0.3 0.3 0 0.7518 0.0011 0.7540 
D25 HA_II_R3_ WI040 0.4 0.4 0 0.7630 0.0012 0.7653 
D26 HA_II_R3_ WI050 0.5 0.5 0 0.7784 0.0011 0.7807 
D27 HA_II_R3_ WI060 0.6 0.6 0 0.7869 0.0012 0.7892 
D28 HA_II_R3_ WI070 0.7 0.7 0 0.7927 0.0012 0.7951 
D29 HA_II_R3_ WI080 0.8 0.8 0 0.7989 0.0011 0.8010 
D30 HA_II_R3_ WI090 0.9 0.9 0 0.8002 0.0012 0.8025 
D31 HA_II_R3_ WI100 1.0 1.0 0 0.8022 0.0012 0.8046 
D32 HA II R3 Wll 00 WTOOO 1.0 0 0 0.9023 0.0011 0.9045 

D33 HA_II_R3_ WI100_ WTO 10 1.0 0.1 0 0.8948 0.0012 0.8973 
D34 HA_II_R3_ WI1 OO_ WT020 1.0 0.2 0 0.8854 0.0011 0.8877 
D35 HA_II_R3_ WI1 OO_ WT030 1.0 0.3 0 0.8750 0.0012 0.8775 
D36 HA_II_R3_ WI080_ WTOOO 0.8 0 0 0.8837 0.0012 0.8862 
D37 HA_II_R3_ WI090_ WTOOO 0.9 0 0 0.8957 0.0012 0.8981 
D38 HA_II_R3_WI100_WTOOO_WX010 1.0 0 0.1 0.8960 0.0012 0.8984 
D39 HA_II_R3_ WI1 OO_ WTOOO_ WX020 1.0 0 0.2 0.8896 0.0012 0.8921 
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• Table 6-12 - HAC Array Results, PuBe, Model Ill SFC (3 layers) 
Water Water Water 
Beside Above Between 

Case Pu Be Pu Be SF Cs ks 
ID Filename (Q/cm3

) (Q/cm3
) (Q/cm3

) ken a (k+2cr) 
El HA_III_R3_ WIOOO 0 0 0 0.4792 0.0009 0.4S10 
E2 HA_III_R3_ WIO 10 0.1 0.1 0 0.5240 0.0009 0.5257 
E3 HA_III_R3_ WI020 0.2 0.2 0 0.5567 0.0009 0.55S6 
E4 HA_III_R3_ WI030 0.3 0.3 0 0.5SOO 0.0009 0.5S18 
E5 HA_III_R3_ WI040 0.4 0.4 0 0.5950 0.0010 0.5971 
E6 HA_III_R3_ WI050 0.5 0.5 0 0.6059 0.0010 0.6079 
E7 HA_III_R3_ WI060 0.6 0.6 0 0.6102 0.0010 0.6122 
ES HA_III_R3_ WI070 0.7 0.7 0 0.6136 0.0009 0.6154 
E9 HA_III_R3_ WIOSO O.S o.s 0 0.6175 0.0010 0.6195 
ElO HA_III_R3_ WI090 0.9 0.9 0 0.61S5 0.0011 0.620S 
Ell HA_III_R3_ WI100 1.0 1.0 0 0.6204 0.0010 0.6224 
E12 HA_III_R3_ WI100_ WTOOO 1.0 0 0 0.6257 0.0010 0.627S 
E13 HA_III_R3_ WI100_ WTO 10 1.0 0.1 0 0.6437 0.0010 0.6457 
E14 HA_III_R3_ WI100_ WT020 1.0 0.2 0 0.64SS 0.0010 0.650S 
E15 HA_III_R3_ WI100_ WT030 1.0 0.3 0 0.6556 0.0011 0.6579 
E16 HA_III_R3_ WI100_ WT040 1.0 0.4 0 0.6536 0.0011 0.655S 
E17 HA_III_R3_ WI100_ WT050 1.0 0.5 0 0.650S 0.0010 0.6529 
EIS HA_III_R3_ WI100_ WT060 1.0 0.6 0 0.6442 0.0009 0.6460 

• E19 HA_III_R3_ WI1 OO_ WT070 1.0 0.7 0 0.6379 0.0009 0.6396 
E20 HA_III_R3_ WI100_ WTOSO 1.0 O.S 0 0.6343 0.0010 0.6363 
E21 HA_III_R3_ WI100_ WT090 1.0 0.9 0 0.6254 0.0011 0.6276 
E22 HA_III_R3_WI100_WT030_WX010 1.0 0.3 0.1 0.662S 0.0010 0.6647 
E23 HA_III_R3_ WI1 OO_ WT030_ WX020 1.0 0.3 0.2 0.66S6 0.0011 0.6707 
E24 HA III R3 Wll 00 WT030 WX030 1.0 0.3 0.3 0.6750 0.0011 0.6772 - - - - -
E25 HA_III_R3_ WI1 OO_ WT030_ WX040 1.0 0.3 0.4 0.674S 0.0010 0.6769 
E26 HA_III_R3_ WI 1 OO_ WT030_ WX050 1.0 0.3 0.5 0.6733 0.0010 0.6753 
E27 HA_III_R3_ WI1 OO_ WT030_ WX060 1.0 0.3 0.6 0.6734 0.0011 0.6756 
E2S HA_III_R3_ WI 1 OO_ WT030_ WX070 1.0 0.3 0.7 0.6700 0.0011 0.6722 
E29 HA_III_R3_ WI100_ WT030_ WXOSO 1.0 0.3 O.S 0.6697 0.0011 0.6719 
E30 HA_III_R3_ WI1 OO_ WT030_ WX090 1.0 0.3 0.9 0.6653 0.0010 0.6672 
E31 HA_III_R3_ WI100_ WT030_ WX100 1.0 0.3 1.0 0.6620 0.0012 0.6643 
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• Table 6-13 - HAC Array Results, PuBe, Model Ill SFC (4 layers) 
Water Water Water 
Beside Above Between 

Case Pu Be Pu Be SFCs ks 
ID Filename (Q/cm3

) (Q/cm3
) (Q/cm3

) ken cr (k+2cr) 
Fl HA_III_R4_ WIOOO 0 0 0 0.4739 0.0009 0.4756 
F2 HA_III_R4_ WIO 10 0.1 0.1 0 0.5205 0.0008 0.5222 
F3 HA_III_R4_ WI020 0.2 0.2 0 0.5528 0.0009 0.5546 
F4 HA_III_R4_ WI030 0.3 0.3 0 0.5740 0.0009 0.5758 
F5 HA_III_R4_ WI040 0.4 0.4 0 0.5908 0.0010 0.5927 
F6 HA_III_R4_ WI050 0.5 0.5 0 0.5971 0.0010 0.5991 
F7 HA_III_R4_ WI060 0.6 0.6 0 0.6053 0.0010 0.6073 
F8 HA_III_R4_ WI070 0.7 0.7 0 0.6096 0.0010 0.6115 
F9 HA_III_R4_ WI080 0.8 0.8 0 0.6132 0.0011 0.6155 
FlO HA_III_R4_ WI090 0.9 0.9 0 0.6142 0.0010 0.6161 
Fll HA_III_R4_ WI100 1.0 1.0 0 0.6168 0.0011 0.6191 
F12 HA_III_R4_ WI100_ WTOOO 1.0 0 0 0.6227 0.0010 0.6247 
F13 HA_III_R4_ WI 100_ WTO 10 1.0 0.1 0 0.6399 0.0011 0.6420 
F14 HA_III_R4_ WI1 OO_ WT020 1.0 0.2 0 0.6493 0.0011 0.6515 
F15 HA_III_R4_ WI100_ WT030 1.0 0.3 0 0.6499 0.0010 0.6520 
F16 HA_III_R4_ WI100_ WT040 1.0 0.4 0 0.6493 0.0010 0.6514 
F17 HA_III_R4_ WI100_ WT050 1.0 0.5 0 0.6472 0.0011 0.6495 
F18 HA_III_R4_ WI 1 OO_ WT060 1.0 0.6 0 0.6416 0.0010 0.6437 

• F19 HA_III_R4_ WI1 OO_ WT070 1.0 0.7 0 0.6350 0.0010 0.6370 
F20 HA_III_R4_ WI100_ WT080 1.0 0.8 0 0.6297 0.0011 0.6318 
F21 HA_III_R4_ WI1 OO_ WT090 1.0 0.9 0 0.6220 0.0011 0.6241 
F22 HA_III_R 4_ WI 100_ WT030_ WXO 10 1.0 0.3 0.1 0.6600 0.0011 0.6622 
F23 HA_III_R4_ WI1 OO_ WT030_ WX020 1.0 0.3 0.2 0.6653 0.0010 0.6673 
F24 HA_III_R4_ WI1 OO_ WT030_ WX030 1.0 0.3 0.3 0.6678 0.0011 0.6701 
F25 HA_III_R4_ WI1 OO_ WT030_ WX040 1.0 0.3 0.4 0.6717 0.0010 0.6736 
F26 HA_III_R4_WI100_WT030_WX050 1.0 0.3 0.5 0.6705 0.0010 0.6725 
F27 HA III R4 WHOO WT030 WX060 1.0 0.3 0.6 0.6717 0.0011 0.6739 
F28 HA_III_R4_ WI1 OO_ WT030_ WX070 1.0 0.3 0.7 0.6673 0.0010 0.6693 
F29 HA_III_R4_ WI1 OO_ WT030_ WX080 1.0 0.3 0.8 0.6646 0.0011 0.6668 
F30 HA_III_R4_ WI1 OO_ WT030_ WX090 1.0 0.3 0.9 0.6638 0.0011 0.6660 
F31 HA_III_R4_ WI1 OO_ WT030_ WX100 1.0 0.3 1.0 0.6605 0.0011 0.6626 
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• Table 6-14 - HAC Array Results, General Payload, Model II SFC 
Homogenized 

Water 
Pu Between 

Case Mass Height SF Cs ks 
ID Filename (Q) (cm) (q/cm3

) keff cr (k+2cr) 
GI HAF_II_Cl 300 24.7 1.0 0.9186 0.0014 0.9213 
G2 HAF II C2 300 24.7 1.0 0.9216 0.0012 0.9239 
G3 HAF_ll_C3 300 24.7 1.0 0.9067 0.0012 0.9092 
G4 HAF_II_R2 300 24.7 1.0 0.8227 0.0012 0.8251 
GS HAF _II_ C2_ WOOO 300 24.7 0 0.8940 0.0013 0.8965 
G6 HAF _II_ C2_ WO 10 300 24.7 0.1 0.8994 0.0014 0.9023 
G7 HAF _II_ C2_ W020 300 24.7 0.2 0.9005 0.0013 0.9030 
GS HAF _II_ C2_ W030 300 24.7 0.3 0.9072 0.0013 0.9097 
G9 HAF _II_ C2_ W040 300 24.7 0.4 0.9088 0.0014 0.9115 

GIO HAF_Il_C2_W050 300 24.7 0.5 0.9110 0.0013 0.9136 
Gll HAF _II_C2_W060 300 24.7 0.6 0.9158 0.0012 0.9183 
G12 HAF _Il_C2_ W070 300 24.7 0.7 0.9166 0.0014 0.9194 
G13 HAF _Il_C2_ W080 300 24.7 0.8 0.9177 0.0012 0.9201 
G14 HAF _Il_C2_ W090 300 24.7 0.9 0.9188 0.0013 0.9214 
GI5 HAF _Il_C2_HIO 300 10 1.0 0.7304 0.0013 0.7330 
G16 HAF _II_C2_H15 300 15 1.0 0.8263 0.0012 0.8288 
G17 HAF _Il_C2_H20 300 20 1.0 0.8843 0.0012 0.8868 

• G18 HAF _Il_C2_M200 200 24.7 1.0 0.8804 0.0012 0.8828 
G19 HAF _II_C2_M225 225 24.7 1.0 0.8924 0.0012 0.8949 
G20 HAF _II_C2_M250 250 24.7 1.0 0.9044 0.0013 0.9069 
G21 HAF _II_C2_M275 275 24.7 1.0 0.9120 0.0013 0.9146 
G22 HAF _Il_C2_M295 295 24.7 1.0 0.9153 0.0013 0.9180 
G23 HAF _Il_C2_P2 300 24.7 1.0 0.9101 0.0014 0.9129 

Discrete Lump 
Water Water 

Pu Beside Between 
Case Mass Lum~ SF Cs ks 

ID Filename (g) (g/cm3
) (g/cm3

) keff cr (k+2cr) 
G31 HAF _IIS_C2_ WIOOO 300 0 1.0 0.4945 0.0008 0.4961 
G32 HAF _IIS_C2_ WI025 300 0.25 1.0 0.4988 0.0009 0.5005 
G33 HAF _IIS_C2_ WI050 300 0.5 1.0 0.5023 0.0008 0.5039 
G34 HAF _IIS_C2_WI075 300 0.75 1.0 0.5086 0.0009 0.5103 
G35 HAF _IIS_C2_WIIOO 300 1.0 1.0 0.5128 0.0008 0.5144 
G36 HAF _IIS_C2_ WIIOO_ WXOOO 300 1.0 0 0.5120 0.0009 0.5137 
G37 HAF _IIS_C2_ WIIOO_ WX025 300 1.0 0.25 0.5131 0.0009 0.5149 
G38 HAF _IIS_C2_ Wll 00_ WXOSO 300 1.0 0.5 0.5127 0.0009 0.5145 
G39 HAF _IIS_C2_WIIOO_WX075 300 1.0 0.75 0.5139 0.0008 0.5155 
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• Table 6-15 - HAC Array Results, General Payload, Model Ill SFC 
Homocienized 

Water 
Pu Between 

Case Mass Height SF Cs ks 
ID Filename (Cl) (cm) (a/cm3

) ken O' (k+2a) 

Hl HAF _III_ C2_ WOOO 160 12.6 0 0.5698 0.0012 0.5721 
H2 HAF _III_C2_ W025 160 12.6 0.25 0.5818 0.0011 0.5841 
H3 HAF _III_ C2_ W050 160 12.6 0.5 0.5916 0.0011 0.5938 
H4 HAF _III_C2_ W075 160 12.6 0.75 0.6045 0.0012 0.6068 
HS HAF III C2 WlOO 160 12.6 1.0 0.6114 0.0012 0.6138 

Discrete Lump 
Water Water 

Pu Beside Between 
Case Mass Lum~ SF Cs ks 

ID Filename (o) (o/cm3
) (g/cm3

) keff O' (k+2a) 

H11 HAF _III_ C2_ WI 100_ WXl 00 160 1.0 1.0 0.4227 0.0008 0.4243 

• 

• 
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• 

Water reflector 

• 

Figure 6-3 - HAC Array, Model II SFC, PuBe Payload (2 layers) 

• 
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• 

• 

Figure 6-4 - HAC Array, Model II SFC, PuBe Payload (3 layers) 

• 
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• 

• 

Figure 6-5 - HAC Array, Model Ill SFC, PuBe Payload (3 layers) 

• 
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• 

Configuration 1 Configuration 2 

• 

Configuration 2, x-z view 

Configuration 3 

Figure 6-6 - HAC Array, Model II SFC, Homogenized General Payload 
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• 

• 
Cl n 1A" ~ (1 

Figure 6-7 - HAC Array, Model II SFC, Discrete General Payload 
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6. 7 Fissile Material Packages for Air Transport 
The applicable licensing requirements for air transport of fissile material are contained in 10 
CFR 71.SS(f). These requirements are implemented by assuming that the S300 packaging 
materials and contents are reconfigured in the most reactive spherical geometry, reflected by 20 
cm of water. 

The analysis is performed for 210 g Pu-239, which bounds the non-exclusive use limiting value 
of 206 g Pu-239. The analysis demonstrates that the package is safely subcritical when 
reconfigured as described above. 

The criticality analysis for air transport is performed using the KENO V.a module of the 
SCALES code package. Note that the criticality analysis in the earlier part of this chapter was 
performed using MCNPS vl.40. KENO rather than MCNP is utilized for the air transport 
calculations, since, for the simple spheres used in this analysis, KENO simplifies input 
preparation compared to MCNP,. 

The approach is to assume that all of the contents and packaging material arrange in the most 
reactive spherical geometry in the air transport accident. Because the S300 contains a large mass 
of polyethylene, which is a superior moderator and reflector than water, the most reactive case is 
essentially 210 g Pu-239 optimally moderated and reflected with polyethylene. The most 
reactive conditions has ks= 0.8930, which is less than the USL of 0.9377. Note that the USL for 
the air transport analysis is different than for the primary analysis because it is based on a 
different computer program and a large set of thermal benchmarks . 

The full analysis, including benchmarking, is fully described in Section 6.9.4, Air Transport 
Criticality Analysis. 

6.8 Benchmark Evaluations 
The Monte Carlo computer program MCNPS vl.40 is utilized for this benchmark analysis1

. 

MCNP has been used extensively in criticality evaluations for several decades and is considered 
a standard in the industry. · 

The ORNL USLSTATS program2 is used to establish a USL for the analysis. USLSTATS 
provides a simple means of evaluating and combining the statistical error of the calculation, code 
biases, and benchmark uncertainties. The USLST ATS calculation uses the combined 
uncertainties and data to provide a linear trend and an overall uncertainty. Computed 
multiplication factors, keff, for the package are deemed to be adequately subcritical if the 
computed value of ks is less than or equal to the USL as follows: 

ks = keff + 2cr :S USL 

1 MCNP5, "MCNP-A General Monte Carlo N-Particle Transport Code, Version 5; Volume JI: User's Guide," LA
CP-03-0245, Los Alamos National Laboratory, April 2003 . 
2 USLSTATS, "USLSTATS: A Utility To Calculate Upper Subcritical limits For Criticality Safety Applications," 
Oak Ridge National Laboratory. 
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The USL includes the combined effects of code bias, uncertainty in the benchmark experiments, 
uncertainty in the computational evaluation of the benchmark experiments, and an administrative 
margin. This methodology has accepted precedence in establishing criticality safety limits for 
transportation packages complying with 10 CFR 71. 

The same MCNP code and cross section library and the same computer platform were employed 
in the calculation of the multiplication factors for the benchmark experiments as for the model 
runs. 

6.8.1 Applicability of Benchmark Experiments 

The configurations modeled in the S300 analysis utilize either solid or aqueous plutonium with 
varying degrees of moderation. Because many of the S300 cases are neither fast nor thermal and 
fall into an intermediate energy spectrum, a combination of fast, intermediate, and thermal 
plutonium benchmarks are utilized. The critical experiment benchmarks are selected from the 
International Handbook of Evaluated Criticality Safety Benchmark Experiments3 based upon 
their similarity to the packaging and contents. 

A total of 102 critical benchmark experiments are used in the benchmark analysis. Of these, 26 
are fast, 42 are intermediate, and 34 are thermal. Fast benchmarks have an energy corresponding 
to the average neutron lethargy causing fission (EALF) >100 keV, thermal benchmarks have an 
EALF < 0.625 eV, and intermediate benchmarks have an EALF that falls between these two 
bounds. The benchmark experiments utilized are listed in Table 6-16. 

• 6.8.2 Bias Determination 

• 

The USL is calculated by application of the USLST ATS computer program. USLST ATS 
receives as input the keff as calculated by MCNP, the total 1-cr uncertainty (combined benchmark 
and MCNP uncertainties), and a trending parameter. 

The uncertainty value, cr1atat. assigned to each case is a combination of the benchmark uncertainty 
for each experiment, <Jbench. and the Monte Carlo uncertainty associated with the particular 
computational evaluation of the case, <JMCNP. or: 

( 2 2) V2 O"total = O"bench + O"MCNP 

These values are input into the USLST ATS program in addition to the following parameters, 
which are the values recommended by the USLST ATS user's manual: 

• P, proportion of population falling above lower tolerance level = 0.995 (note that this 
parameter is required input but is not utilized in the calculation of USL Method 1) 

• 1-y, confidence on fit = 0.95 

• a, confidence on proportion P = 0.95 ·(note that this parameter is required input but is not 
utilized in the calculation of USL Method 1) 

• ~km, administrative margin used to ensure subcriticality = 0.05 . 

3 International Handbook of Evaluated Criticality Safety Benchmark Experiments, Nuclear Energy Agency, 
NEA/NSC/DOC(95)03, September 2009. 
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These data are followed by triplets of trending parameter value, computed kerr. and uncertainty 
for each case. A confidence band analysis is performed on the data for each trending parameter 
using USL Method 1. All benchmark data used as input to USLST ATS are reported in Table 
6-17, Table 6-18, and Table 6-19 for fast, intermediate, and thermal spectra, respectively. 

Two trending parameters are identified for determination of the bias. First, the EALF is used in 
order to characterize any code bias with respect to neutron spectral effects. The EALF is trended 
separately for each of the three spectral groups (e.g., fast, intermediate, and thermal), as well as 
over the entire benchmark set. The hydrogen to plutonium number density ratio (H/Pu) is also 
used as a trending parameter for the thermal solution benchmarks, as the general payload uses a 
homogenized representation. 

The results of the USL analysis are summarized in Table 6-20. Of the four EALF benchmark 
sets, the minimum USL is achieved ·with the intermediate spectrum benchmarks, with a USL = 

0.9257. The EALF based on H/Pu is 0.9403, which is significantly higher. Therefore, a USL of 
0.9257 is recommended for this analysis. 

The most reactive neutron source case (Case D32) has an EALF = 1.6607E-5 MeV, which is 
within the range of the intermediate benchmark experiments. The most reactive general payload 
case (Case G2) has an EALF = l.0158E-6 MeV, which is also within the range of the 
intermediate benchmark experiments. Case G2 also has an H/Pu = 45.7, which is slightly below 
the range of the benchmark experiments (minimum = 86. 7). However, the USL for this 
parameter is constant and rather high, and many of the fast benchmarks have no water (H/Pu = 
O), which indicates that MCNP is behaving acceptably for this parameter. 
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• Table 6-16 - Benchmark Experiments Utilized 
Series Title 

Fast Benchmarks 

PU-MET-FAST-001 Bare Sphere Of Plutonium-239 Metal 
PU-MET-FAST-002 240Pu Jezebel: Bare Sphere of Plutonium-239 Metal 
PU-MET-FAST-004 Unmoderated Plutonium Metal Cylinder Array - Phase II 
PU-MET-FAST-005 Benchmark Critical Experiment of a Plutonium Sphere Reflected by Tungsten 
PU-MET-FAST-006 Plutonium Sphere Reflected by Normal Uranium Using Flattop 
PU-MET-FAST-008 Benchmark Critical Experiment of a Thorium Reflected Plutonium Sphere 
PU-MET-FAST-009 Benchmark Critical Experiment of a Plutonium Sphere Reflected By Aluminum 
PU-MET-FAST-010 Benchmark Critical Experiment of a Delta-Phase Plutonium Sphere Reflected By 

Normal Uranium 
PU-MET"FAST-012 Uranium-Reflected Array of Plutonium Fuel Rods 
PU-MET-FAST-013 Copper-Reflected Array of Plutonium Fuel Rods 
PU-MET-FAST-014 Nickel-Reflected Array ofPlutonium Fuel Rods 
PU-MET-FAST-015 Iron-Reflected Array of Plutonium Fuel Rods 
PU-MET-FAST-017 Moderated Plutonium Metal Cylinders Array - Phase II 
PU-MET-FAST-018 Benchmark Critical Experiment of a Delta-Phase Plutonium Sphere Reflected By 

Beryllium 
PU-MET-FAST-019 Sphere of Plutonium Reflected by Beryllium 
PU-MET-FAST-020 Sphere of Plutonium Reflected by Depleted Uranium 
PU-MET-FAST-021 Beryllium- and Beryllium Oxide-Reflected Cylinders ofPlutonium 

• PU-MET-FAST-024 Polyethylene-Reflected Spherical Assembly of 239Pu(o, 98%) 
PU-MET-FAST-025 Spherical Assembly of 239Pu (o, 98%) with 1.55-cm Steel Reflector 
PU-MET-FAST-026 Spherical Assembly of 239Pu(o, 98%) with 11.9-cm Steel Reflector 
PU-MET-FAST-031 Polyethylene-Reflected Spherical Assembly of 239Pu(a, 88%) 
PU-MET-FAST-032 Steel-Reflected Spherical Assembly of 239Pu(a, 88%) 

Intermediate Benchmarks 

PU-COMP-INTER-001 k"' Experiments in Intermediate Neutron Spectra for 239Pu 
PU-COMP-MIXED-001 Unreflected Slabs of Polystyrene-Moderated Plutonium Oxide 
PU-COMP-MIXED-002 Plexiglas-Reflected Slabs of Polystyrene-Moderated Plutonium Oxide 
PU-MET-MIXED-001 Critical Experiments with Heterogeneous Compositions of Plutonium, Silicon 

Dioxide, and Polyethylene 
PU-MET-FAST-011 Benchmark Critical Experiment of a Water Reflected Alpha-Phase Plutonium Sphere 
PU-MET-FAST-027 Polyethylene-Reflected Spherical Assembly of 239Pu(o, 89%) 

Thermal Benchmarks 
PU-SOL-THERM-001 . Water-Reflected 11.5-Inch Diameter Spheres Of Plutonium Nitrate Solutions 
PU-SOL-THERM-002 Water-Reflected 12-Inch Diameter Spheres Of Plutonium Nitrate Solutions 
PU-SOL-THERM-003 Water-Reflected 13-Inch Diameter Spheres Of Plutonium Nitrate Solutions 
PU-SOL-THERM-004 Water-Reflected 14-Inch Diameter Spheres Of Plutonium Nitrate Solutions 0.54% To 

3.43% Pu240 

• 
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• Table 6-17 - Fast Benchmark Experiments 
Case EALF 

ID Filename k O"mcna O"bench O"total (MeV) 
BFl PUMF-001 1.0006 0.0006 0.0020 0.0021 1.26E+OO 
BF2 PUMF-002 1.0000 0.0006 0.0020 0.0021 l.27E+OO 
BF3 PUMF-004-Cl 0.9983 0.0007 0.0030 0.0031 l.21E+OO 
BF4 PUMF-004-C2 0.9969 0.0006 0.0030 0.0031 1.17E+OO 
BF5 PUMF-005 1.0121 0.0006 0.0013 0.0014 9.84E-01 
BF6 PUMF-006 1.0008 0.0007 . 0.0030 0.0031 1.06E+OO 
BF7 PUMF-008 1.0081 0.0007 0.0006 0.0009 l.05E+OO 
BF8 PUMF-009 1.0057 0.0006 0.0027 0.0028 l.15E+OO 
BF9 PUMF-010 1.0003 0.0006 0.0018 0.0019 l.17E+OO 
BFlO PUMF-012 1.0040 0.0007 0.0021 0.0022 9.52E-Ol 
BFll PUMF-013 1.0033 0.0007 0.0023 0.0024 7.88E-01 
BF12 PUMF-014 1.0133 0.0006 0.0031 0.0032 7.86E-Ol 
BF13 PUMF-015 1.0088 0.0007 0.0026 0.0027 9.64E-01 
BF14 PUMF-017-Cl 0.9970 0.0006 0.0030 0.0031 7.82E-01 
BF15 PUMF-017-C2 0.9985 0.0007 0.0030 0.0031 3.98E-Ol 
BF16 PUMF-018 1.0024 0.0006 0.0030 0.0031 9.02E-01 
BF17 PUMF-019 1.0043 0.0006 0.0015 0.0016 7.64E-01 
BF18 PUMF-020 0.9998 0.0007 0.0017 0.0018 l.13E+OO 
BF19 PUMF-021-Cl 1.0068 0.0004 0.0026 0.0026 7.77E-01 
'BF20 PUMF-021-C2 0.9948 0.0006 0.0026 0.0027 8.64E-Ol 

• BF21 PUMF-024 1.0022 0.0007 0.0020 0.0021 6.36E-Ol 
BF22 PUMF-025 1.0020 0.0006 0.0020 0.0021 l.19E+OO 
BF23 PUMF-026 1.0035 0.0007 0.0024 0.0025 l.09E+OO 
BF24 PUMF-031 1.0050 0.0007 0.0021 0.0022 l.88E-01 
BF25 PUMF-032 1.0027 0.0007 0.0020 0.0021 1.17E+OO 
BF26 PUCM-001-Cl 1.0232 0.0009 0.0041 0.0042 9.67E-01 

• 
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• Table 6-18 - Intermediate Benchmark Experiments 
Case EALF 

ID Filename k O"mcno O"bench O"total (MeV) 
Bll PUCI-001-Cl 1.0100 0.0008 0.0110 0.0110 2.98E-04 
BI2 PUCM-001-C2 1.0290 0.0013 0.0068 0.0069 l.68E-03 
BI3 PUCM-001-C3 1.0279 0.0013 0.0067 0.0068 3.16E-05 
BI4 PUCM-001-C4 0.9975 0.0014 0.0066 0.0067 3.80E-05 
BIS PUCM-001-CS 1.0127 0.0014 0.0072 0.0073 l.54E-06 
BI6 PUCM-002-COl 1.0300 0.0008 0.0046 0.0047 5.0SE-03 
BI7 PUCM-002-C02 1.0288 0.0011 0.0046 0.0047 4.42E-03 
BIS PUCM-002-C03 1.0229 0.0011 0.0046 0.0047 3.62E-03 
BI9 PUCM-002-C04 1.0192 0.0011 0.0046 0.0047 2.66E-03 
BilO PUCM-002-COS 1.0155 0.0012 0.0046 0.0047 l.99E-03 
Bill PUCM-002-C06 1.0256 0.0012 0.0075 0.0076 9.57E-05 
BI12 PUCM-002-C07 1.0244 0.0012 0.0075 0.0076 8.76E-05 
BI13 PUCM-002-C08 1.0221 0.0013 0.0075 0.0076 7.lOE-05 
BI14 PUCM-002-C09 1.0202 0.0012 0.0075 0.0076 5.94E-05 
BI15 PUCM-002-ClO 1.0337 0.0014 0.0073 0.0074 4.25E-06 
BI16 PUCM-002-Cl 1 1.0327 0.0013 0.0073 0.0074 4.63E-06 
BI17 PUCM-002-C12 1.0289 0.0013 0.0073 0.0074 5.22E-06 
BI18 PUCM-002-C13 1.0294 0.0013 0.0073 0.0074 5.56E-06 
BI19 PUCM-002-C14 1.0326 0.0013 0.0073 0.0074 5.69E-06 
BI20 PUCM-002-ClS 1.0318 0.0013 0.0073 0.0074 5.65E-06 

• BI21 . PUCM-002-C16 1.0279 0.0013 0.0073 0.0074 5.25E-06 
BI22 PUCM-002-Cl 7 1.0047 0.0013 0.0055 0.0056 4.91E-06 
BI23 PUCM-002-C18 1.0129 0.0012 0.0055 0.0056 6.37E-06 
BI24 PUCM-002-C19 1.0103 0.0013 0.0055 0.0056 6.67E-06 
BI25 PUCM-002-C20 1.0141 0.0013 0.0055 0.0057 6.69E-06 
BI26 PUCM-002-C21 1.0139 0.0012 0.0055 0.0056 6.82E-06 
BI27 PUCM-002-C22 1.0168 0.0013 0.0055 0.0056 6.54E-06 
BI28 PUCM-002-C23 1.0075 0.0013 0.0068 0.0069 7.07E-07 
BI29 PUCM-002-C24 1.0085 0.0013 0.0068 0.0069. 7.lSE-07 
BI30 PUCM-002-C25 1.0105 0.0012 0.0068 0.0069 7.21E-07 
BI31 PUCM-002-C26 1.0125 0.0013 0.0068 0.0069 7.29E-07 
BI32 PUCM-002-C27 1.0110 0.0013 0.0068 0.0069 7.42E-07 
BI33 PUCM-002-C28 1.0132 0.0013 0.0068 0.0069 7.44E-07 
BI34 PUCM-002-C29 1.0133 0.0013 0.0068 0.0069 7.53E-07 
BI35 PUMM-001-C81-1 1.0097 0.0008 0.0037 0.0038 4.67E-03 
BI36 PUMM-001-C81-1A 1.0052 0.0008 0.0032 0.0033 3.41E-03 
BI37 PUMM-001-C81-2 1.0082 0.0008 0.0025 0.0026 2.46E-04 
BI38 PUMM-001-C81-3 1.0099 0.0009 0.0025 0.0026 5.57E-05 
BI39 PUMM-001-C81-4 1.0100 0.0008 0.0025 0.0026 l.32E-06 
BI40 PUMM-001-C81-5 1.0100 0.0008 0.0025 0.0026 l.28E-06 
BI41 PUMF-011 0.9976 0.0007 0.0010 0.0012 8.68E-02 
BI42 PUMF-027 1.0046 0.0007 0.0022 0.0023 7.1 lE-02 

• 
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• Table 6-19 -Thermal Benchmark Experiments 
Case EALF 

ID Filename k O"mcnn O"bench O"total (MeV) H/Pu 
BTI PUSTOOl_COl 1.0037 0.0010 0.0050 0.0051 8.74E-08 352.9 
BT2 PUST001_C02 1.0055 0.0010 0.0050 0.0051 l.llE-07 258.1 
BT3 PUST001_C03 1.0071 0.0010 0.0050 0.0051 l.34E-07 204.1 
BT4 PUST001_C04 0.9997 0.0010 0.0050 0.0051 l.50E-07 181.0 
BT5 PUST001_C05 1.0032 0.0010 0.0050 0.0051 l.58E-07 171.2 
BT6 PUST001_C06 1.0061 0.0010 0.0050 0.0051 3.46E-07 86.7 
BT7 PUST002_C01 1.0030 0.0010 0.0047 0.0048 7.08E-08 508.0 
BT8 PUST002_C02 1.0036 0.0010 0.0047 0.0048 7.24E-08 489.2 
BT9 PUST002_C03 1.0015 0.0010 0.0047 0.0048 7.73E-08 437.3 
BTlO PUST002_C04 1.0043 0.0010 0.0047 0.0048 8.06E-08 407.5 
BT11 PUST002_C05 1.0054 0.0010 0.0047 0.0048 8.43E-08 380.6 
BT12 PUST002_C06 1.0026 0.0010 0.0047 0.0048 9.23E-08 333.5 
BT13 PUST002_C07 1.0059 0.0010 0.0047 0.0048 9.96E-08 299.3 
BT14 PUST003_C01 1.0022 0.0009 0.0047 0.0048 5.78E-08 774.1 
BT15 PUST003_C02 1.0036 0.0009 0.0047 0.0048 5.91E-08 742.7 
BT16 PUST003_C03 1.0050 0.0009 0.0047 0.0048 6.15E-08 677.2 
BT17 PUST003_C04 1.0009 0.0009 0.0047 0.0048 6.23E-08 660.5 
BT18 PUST003_C05 1.0059 . 0.0009 0.0047 0.0048 6.48E-08 607.2 
BT19 PUST003_C06 1.0061 0.0010 0.0047 0.0048 6.86E-08 545.3 
BT20 PUST003_C07 1.0046 0.0009 0.0047 0.0048 5.88E-08 714.8 

• BT21 PUST003_C08 1.0061 0.0010 0.0047 0.0048 5.95E-08 692.1 
BT22 PUST004_C01 1.0030 0.0009 0.0047 0.0048 5.31E-08 981.7 
BT23 PUST004_C02 0.9978 0.0008 0.0047 0.0048 5.33E-08 898.6 
BT24 PUST004_C03 0.9998 0.0009 0.0047 0.0048 5.42E-08 864.0 
BT25 PUST004_C04 0.9981 0.0009 0.0047 0.0048 5.53E-08 842.0 
BT26 PUST004_C05 0.9993 0.0009 0.0047 0.0048 5.41E-08 780.2 
BT27 PUST004_C06 1.0009 0.0008 0.0047 0.0048 5.44E-08 668.0 
BT28 PUST004_ C07 1.0054 0.0009 0.0047 0.0048 5.53E-08 573.3 
BT29 PUST004_C08 1.0003 0.0009 0.0047 0.0048 5.60E-08 865.0 
BT30 PUST004_C09 1.0004 0.0009 0.0047 0.0048 5.82E-08 872.2 
BT31 PUST004_C10 0.9999 0.0009 0.0047 0.0048 6.26E-08 971.6 
BT32 PUST004_Cl 1 0.9989 0.0009 0.0047 0.0048 6.79E-08 929.6 
BT33 PUST004_C12 1.0030 0.0009 0.0047 0.0048 5.55E-08 884.1 
BT34 PUST004_C13 0.9996 0.0009 0.0047 0.0048 5.50E-08 925.5 
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• Table 6-20 - USL Determination 

Benchmark Range of Applicability 
Set Parameter Minimum USL 

Fast EALF 0.18775 < x < 1.2668 0.9368 

Intermediate EALF 7.0677E-07 <= X <= 0.086784 0.9257 

Thermal EALF 5.3086E-08 <= X <= 3.4638E-07 0.9377 

All EALF 5.3086E-08 <= X <= 1.2668 0.9316 

Thermal H/Pu 86.700 < x < 981.70 0.9403 

• 

• 
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6.9 Appendices 

6.9.1 PuBe Neutron Source Paper 
The reference paper "Plutonium-Beryllium Neutron Sources, Their Fabrication and Neutron 
Yield" by R.E. Tate and A.S. Coffinberry (1958) is reproduced on the following pages . 
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Reprint from 2nd UN Geneva Conference. 
Printed by Pergamon Press, Lom/qn. 

P/700 USA 

Plutonium-Beryllium Neutron Sources, Their Fabrication 
and Neutron Yield 

By R. E. Tate and A. S. Coffinberry* 

The· (a, n) nuclear reaction has been utilized for 
twenty-:five years as a source of neutrons. Mechanical 
mixtures were prepared from an alpha emitter, usually 
Ra2

2
6 or Po210, and an element of low atomic number 

usually beryllium. Now, however, nuclear reactor~ 
produce other alpha-emitting isotopes which can also 
~e used as neutron sources when combined with beryl
hum.l Of the transuranic elements available as pro
ducts of reactor operation, plutonium is the most 
abundant: ~ investigati~n of the neutron-emitting 
charactenstics of plutonium-beryllium alkiys was 
deemed desirable and such work was started at Los 
Alamos in 1949. 

It was found that plutonium-beryllium alJoys 
make very satisfactory neutron sources for low-flux 
applications. In particular, the compound PuBe13 
possesses several advantages over mechanical mixtures 
of polonium and beryllium or radium and beryllium 
alth?ugh th~ yield of neutrons per second per cubi~ 
centimeter is not as large. The neutron yield and 
e~ergy spect:um. of polonium-beryllium sources vary 
with the gram sizes of the constituents as has been 
pointed out by Stewart)! These source~ also require 
frequent time-dependent yield corrections. Disadvan
tages of radium-beryllium neutron sources include 
their hig_h c.°st and their high gamma-ray background. 
The pz:tnc1pal a~_vantage of plutonium-beryllium 
sources is the stability of the neutron yield with respect 
to time, which derives from the 24,360-year half-life3 
of Pu239• The growth in neutron flux is computed to 
be only 0.14 % in 20 years if suitable plutonium is used. 
Another important characteristic of PuBe13 is that it 
is the only commonly employed neutron source for 
which a specific weight of source material has a known 
and predictable neutron yield. 

The metallurgical phase diagram of the plutonium
beryllium binary system has been reported by Kono
beevsky4 and by Schonfeld, 0 and it is characterized by 
a single compound PuBe13 melting at a temperature 
estimated to be a.bout 1950°C. The compound is face
centered cubic and has a measurable range of homo
~eneity. 6 Its density, as calculated from X-ray data, 
1s 4.35 g/cm3• PuBe1a is very brittle; its microhardness 
exceeds 575 kg/mm2• It is resistant to oxidation and, 

• University of California, Los Alamos Scientific Laboratory 
Los Alamos, New Mexico. ' 

unlike many intermetallic. compounds of plutonium, 
does not disintegrate into hazardous powdery material 
in the laboratory atmosphere. 

THE NEUTRON YIELDS 
Stewart 2 has determined the neutron spectrum from 

a PuBe1a source and by integration has obtained a 
total yield of 1.28 x 106 neutrons per second for the 
source, or 6.1 x 104 neutrons per second_ per gram of 
PuBe13. Considering the possibilities for error in the 
method, this. value appears to be in reasonably good 
agreement with an average value of 6.8 x 104 neutrons 
per ~econd per gram obtained by comparing several 
specimens of PuBe1s with Los Alamos secondary 
standards. A value of 6,7 x 104 neutrons per second 
per gram for PuB~1a has been reported by Kono
beevsky: 4 If, r:o~ knowing the isotopic composition, 
the speciftc activity of the plutonium used by Runnalls 
a_nd Boucherl is assumed to be 1.4 x 10s disintegra
tions per minute per milligram, the neutron yield of 
PuBe1a reported by them is calculated to be approxi
mately 6.1x104 neutrons per second per gram. 

When work on the plutonium-beryllium system 
was begun at Los Alamos in 1949, calculations were 
made to predict the neutron yield as a function of 
alloy composition. The method used was one that had 
b~en employed by Bethe 7 in calculating the proton 
yield of the (a, p) reaction for fluorine as compared to 
the proton yield of calcium fluoride. Because the form 
of the plutonium-beryllium phase diagram was 
completely unknown, and values of the highest 
possible neutron yields throughout the system were 
sought, it was assumed in making the calculations that 
all composi~ons consisted. of a homogeneous single
phase alloy (1.e., the plutomum atoms were considered 
to be uniformly distributed throughout the beryllium 
atoms). It is apparent that, with respect to the (a n) 
reaction, plutonium acts strongly as a diluent in all~ys 
h~ving a high plutonium content and beryllium 
similarly dilutes the· beryllium-rich compositions, so 
that the maximum theoretical neutron yield for the 
hypothetical solid solutions, continuous from pure 
plutonium to pure beryllium, will occur at some 
intermediate composition determined as the resultant 
of two effects: {I) The energy of the alpha particles is 
dissipated by both plutonium and beryllium atoms in 

-427 . 
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proportion to their numbers and to the stopping 
powers of the plutonium ai:i,d beryllium atoms. (2) 
Alpha particles are supplied for the (a, n) reaction in 
proportion to the number of plutonium atoms present. 

In the computation, Sru/SBe is assumed to be inde
pendent of energy, an assumption which seems to be 
approximately correct.s 

The number of alpha particles per second per gram
atom of alloy may be written as The yield of neutrons per alpha particle from the 

alloy is inversely proportional to the stopping power 
of the ailoy per beryllium atom, i.e., 

neutrons/alpha particle (alloy) ,..., 
I 

(Nl'uSPu +NBeSBe)/Nn; (l) 

where SPu and. SBc are the respective stopping powers 
per atom of plutonium and beryllium and Nl'u and 
Nile are the numbers of plutonium and beryllium 
atoms. Then, in comparison with pure beryllium, 

neutrons/alpha particle (alloy) 
neutrons/alpha particle (pure Be) = 

· SBe 
(NPuSPu+NneSBc)/NB; {

2
) 

Since the number of neutrons/alpha particle (pure Be) 
is the thick target yield Y for (a, n) reaction in Be, 

neutrons/alpha particle (alloy) = 
y NBe (3) 

NFu{Sl'u/SBe) +NB.' 

alpha particles/sec/gram-atom = 

6.02 x 1023Wl'u/(NFu +N:ae), (4) 

where .>. is the decay constant for plutonium, i.e., the 
number of alpha particles per second per plutonium 
atom, 

The product of expressions (3} and (4} is the number 
of neutrons per second per gram-atom of alloy. This 
calculation has been made for a series of compositions 
using the best currently available data for Spu, SBe. Y 
·and .>.. The results are tabulated in Table 1 and plotted 
in Fig. 1. The yield of PuBe13 is listed in Table I as 
18.1x105 neutrons per second per 6.02 x J023 atoms. 
Conversion of this value·to yield per gram of PuBe1s 
gives 7.1x104 neutrons per second, to be compared 
with the best Los Alamos experimental value men
tioned above, 6.8 x 104 neutrons per second per gram 
of PuBe1a. 

If the actual phase diagram of the plutonium
beryllium system represented a continuous series of 

Table 1. Calculation of the Theoretical Neutron Yields of Plutonium-Beryllium Alloys 

Aiom l\·ndroiu Alpha f>arlicl<S Nt''Utrons 

t::;ff;r:,,, N Sru Nn.Sn. fm per sec jJ4r sec 
Pu5Bc 1'ruSPu+N"'"5:s, alpha Ptr 6.02~0" parlicle e.02x 10•• 

a.to mt clams 

0.00 S.88 0.0000 0.00 54.Z x 1010 o.o 
0.10 5.30 0.0185 1.26 x 10-e 48.8 6.2 x ios 
0.20 4.71 0.0407 2.77 43.4 12.0 
0.30 4.12 0.0677 4.60 37.9 17.4 
0.40 3.53 0.1018 6.92 32.5 22.5 
0.50 2.94 0.1454 9.88 27.1 26.8 
0.60 2.35 0.2063 14.0 21.7 30.4 
0.70 1.77 0.2835 19.3 16.3 . 31.5 
0.80 1.18 0.404 27.5 J0.84 29.8 
0.90 0.59 0.604 41.l 5.42 22.3 
0.9286• 0.42 0.689 46.8 . 3.87 18.1 
1.00 0.00 1.000 68.0 0.00 0.0 

• PuBe1 
Notes on the experimental data used in the calculations: 
1. The mean energy for alpha particles from Pu239 is 5.14 Mev.10 
2. The experimental stopping power of plutonium is not available. The stopping power of lead 

for alpha particles is used as an approximation. The mass stopping power of lead for 5.14 Mev 
alpha particlesll is 0.225 Mev/mg/cm2. . 

3. The experimental stopping power of beryllium for alpha particles is not available. The 
stopping power for protons is converted to the stopping power for alpha particles by the relation 
Sa= 4Sp at the same velocity; i.e., at one-fourth the energy. 

The mass stopping power of beryllium for 1.25 Mev :f'rotonsn is 0.220 Mev/mg/cm2• Thus, the 
mass stopping power of beryllium for 5 Mev alpha particles is computed to be 0.88 Mev/mg/cm2. 

4. The mass stopping powers are given in footnotes (2) and (3). However, atomic stopping 
powers are required for the ratio Sr0/Sn.. The atomic stopping power is related to the mass 
stopping jJOwer by the relation 12 

Sa= S,,.A/N, 
where A is the atomic weight and N is Avagadro's number. The ratio of the atomic stopping 
powers is, therefore, 

~ = 0.225 x 207 = 5.88. 
Sn. 0.88x9 

5. The thick target yield of beryllium for 5.14 Mev alpha particles is 68 neutrons per 106 alpha 
particles. is 

6. The decay constant of plutonium is computed from the 24,360-year half-life 8 by the relation 
~ = 0.6931/T • 
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solid solutions, then the theoretical neutron yields 
would be as expected. However, the existence of the 
compound Pu~1s. ~nd the negligible solid solubility 
both of plutomwn m beryllium and of beryllium in 
plutonium, give rise to alloys which, except in the 
~e. of pure PuBe13, consist of crystals of PuBe1a 
d1stn buted throughout· a matrix of either plutonium 
or beryllium. Thus the neutron yield of pure PuBe13 
should lie on the curve of Fig. 1 and have the value 
indicated for 92.86 atomic per cent beryllium. But, 
fo~· all .other compositions, the actual neutron yield 
will be ·less than that computed for solid solution 
alloys, and if there were no (a, n) interaction between 
the crystals of PuBe13 and the matrix phase in which 
they are contained. the neutron yield per cubic centi
meter of alloy would be simply proportional· to the 
volume of PuBe1s per unit volume of alloy. On a 
~m-atomic _(instead of unit volume) 'basis, these 
yields would lie along the two dashed straight lines in 
Fig. 1 identified as "rule of mixtures" values. 

Jn Fig. 1 are plotted some experimental points 
rep.resenting the !lcutron yields of real alloy specimens. 
It is seen that. m the two-phase alloys consisting of 
crystals of PuBc13 in a matrix of plutonium, the 
experimental yields, although smaller than the solid
solution values, arc always greater than those re
quired by the rule of mixtures. This is because there 
are bciyllium atoms near the surface of the PuBe13 

cr¥s~als. tha~ lie with!n the range of alpha particles 
ongmating in plutonium atoms of the matrix. The 
alpha radiation which passes through the interface 
fro"'. the mat~x. fato PuBc13 augments the alpha
parhcle :flux W?thm a zone bordering the interface and 
thus increases the rate of (ex, n) reaction within this 
portion of the PuBe13. Because the surface area to 
volume ratio depends on crystal size, it follows that, 
for a given composition of plutonium-beryllium alloy, 
the smaller the PuBe13 crystals contained in the matrix 
phase, the larger the neutron yield will be. This effect · 
is illustrated in Fig. l by the experimental points 
representing specimens containing different sizes of 
crystals. An extremely fine grain size of .the PuBc13 
"".oul?• of course, appr~ach ~e condition of uniformly 
distributed atoms realized ideally in a solid solution 
or in the crystal structure of pure PuBe13. Thus 
although higher neutron yields per gram-atom of ano; 
are obtainable from alloys richer in plutonium than 
PuBe1a. only for the exact composition PuBe13 is the 
neutron yield predictable. 

In alloy~ containing more than 92.aG atomic per 
cent bc.ryllmrn the PuBe1s crystals occur in a matrix of 
beryllium. Under these circumstances a much smaller 
contribution to neutron yield additional to the rule
of-mixtures value results from a flow of alpha particles 
across the interface between the PuBe13 and the 
beryllium matrix. In this case, alpha particles from 
plutonium atoms within the PuBe13, but near the 
surface. of the crystals, react with beryllium atoms in 
the matrix, as well as with those within the compound. 
Although not shown in Fig. 1, experimental values 
for the neutron yields of these alloys were found to lie 

qo1:105·-···-r-· t .... -- , .. ..,_., ___ ~ 
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Figure 1, Neutron yield of p.lutonlum-beryfllum alloys 

in the narrow region between the straight line and the 
curYe at the extreme right of Fig. 1. 

Rwmalls and Boucher1 have demonstrated nicelv 
the dependence of neutron yield on the form and 
aggregational state of the component elements. In an 
investigation of beryllium-rich alloys of plutonium 
they obserYed, among other similar effects, a marked 
increase in neutron yield when the alloys melted. 

Because plutonium is a product of the nuclear 
reactor, its isotopic composition is a function of 
reactor characteristics and operation. The stability of 
the neutron yield of a plutonium-ben·llium source 
~epends on the 24,360-year half-life o{ Pu239, Other 
lsot.opes present are Pu238, Pu24o,· and Pu24I. The 
amount of Pu238 with its 89.6-year half-Hie in currently 
available plutonium is relatively small and the larger 
amounts of Pu240 have a 6580-year half-life. 111e effect 
of these-isotopes on the rate of emission of neutrons is 
not significant for periods of ten to "twenty years. If, 
however, an appreciable amount of PuZ41 is resent, 
the a~pha-active daughter Am241 ·with its 2. year 
half-hfe alters the number of alpha particles per 
second per gram-atom and the virtue of a neutron 
source of constant yield is lost. 

Coont has calculated that the growth in rate of 
emission from a plutoniwn-beryllium source is related 
to the Pu24l content in the following manner: 

g~ = 1 + k (1- exp(-t{l8.6)], 

where 
Qi = the neutron emission rate at the time t 

years, 
18.6 = the mean life of PurMt in years, 

and 

t = the time in years from the start of Am24l. 
accumulation due to beta decay of Pu1l41, 

Qo= the neutron emission rate in the absence of 
any Am24l. 

t J. H. Coon, private communicatfon • 
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The quantity k is obtained from the following 
expression: 

l.27a(Pu241)/T(Am~l) 
k = a(Pu2S9)/T(Pu239) +a(Pull40)/T(Pu24D) 

+ l .27(a(Pu238)/T(Pu23B)) 
where 

a = the relative abundance of the isotope, 
and T = the half-life of the isotope. 

The numerical factor 1.27 appearing in this ex
pression for k is the ratio of the number of neutrons 
produced by 5.48 Mev alpha particles (Am241 and Pu238) 
and by 5.14 Mev alpha particles (Pu23B and Pu240). 
This numerical value is taken from the experimental 
work of Runnalls and Boucher.l 

As a numerical example, the growth in the rate of 
neutron emission is 2.6% in 20 years from a plutonium
beryllium source prepared from plutonium containing 
0.06% Pu241, The growth is only 0.04% in 20 years 
from a similar source prepared from plutonium con
taining 0.003% Pu241. Thus it is clear that the most 
useful neutron sources to be obtained from plutonium 
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Fl1ure 2. Nlckel source containen; for PuBe1s 

and beryllium have exactly the composition PuBe13 
and are fabricated from plutonium containing a 
minimum amount of PuZ41, 

FABRICATION OF THE SOURCES 

Like all alloys of plutonium, those of plutonium and 
beryllium are prepared in suitably equipped glove
boxes in order to minimize the hazards of handling 
the plutonium. The first plutonium-beryllium alloys 
were prepared at Los Alamos in 1950 by F. W. 
Schonfeld, C. R. Tipton, and R. D. Moeller. A satis
factory method for preparing them is to weigh appro
priate amounts of the two metals into a beryllium 
oxide crucible. It is important to load the heavy 
plutonium metal on top of the lighter beryllium metal. 
Because the· size of the melts is kept small for health 
physics reasons, it is helpful to load a single piece of 
each metal in order to obtain good alloying. If several 
small pieces are loaded, some may hang onto the 
crucible wall and not enter the melt. The crucible is 
heated by means of a tantalum susceptor in an induc
tion furnace containing an argon atmosphere. At 
compositions corresponding to PuBe13 , the two ele
ments react vigorously as the temperature approaches 
l 150°C, and the heat of this reaction suddenly 
carries the temperature.of the small mass to approxi
mately 1400°C. This exothermic reaction yields a 
friable mass having the character of coke. If the mass 
is further heated to about 2000°C it coalesces. Upon 
cooling, a hard, brittle ingot of PuBe13 is obtained 
which possesses evidence of considerable solidification 
shrinkage. Runnalls and Boucherl have reported 
another method of preparation, namely, the reduction 
of plutonium trifluoride by powdered beryllium. 
After the reduction, beryllium triiluoride is distilled 
off leaving a fluoride-free alloy of plutonium and 
beryllium. 

The alloys are encapsulated in order to permit their 
being handled in the laboratory without danger of 
spreading radioactive contamination. Capsules suit
able for containing PuBe1s should.· meet the following 
requirements: 

1. They must be rugged in order to minimize the 
possibility of breaking a container. 

2. They must be easily loaded and permit rapid 
sealing in order to minimize neutron exposure to 
personnel preparing the sources. 

3. The seal must be tight in order to preclude the 
possibility of spreading radioactive material. 

4. Magnetic containers are desirable, as they lend 
themselves to remote handling by magnetic methods. 

Three styles of containers which have been evolved 
at Los Alamos are illustrated in Fig. 2. The one-inch 
cylindrical container was designed for a source strength 
of 106 neutrons per second, the larger spherical con
tainer for 4.5 x 1011 neutrons per second, and the 
smaller spherical container for 6 x 104 neutrons per 
second. Nickel has proved to be a satisfactory material 
from which to machine these capsules. 
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Loading and sealing the capsules is done in glove
boxcs. The cylindrical container (Fig. 2a) ·is loaded 
with crushed PuBc13. Lumps of the compound, either 
the coke-like material or dense material produced by 
melting, are placed in the container. The lwnps are 
simultaneously crushed and packed to a bulk density 
of approximately 3.7 g/cm.S by ramming them with a 
suitable tool. The spherical containers (Figs. 2b and 
2c) are loaded with a lump of matcdal that has been 
melted and solidified in a beryllium oxide crucible. 
Frequently, in breaking the crucible away from the 
compound, the lump of compound is broken. This may 
make it difficult to fit the material into the container. 
Even if the lump is a single piece, the most compact 
source suggested by the X-ray density is not obtained 
because of a pipe formed in the ingot on solidification. 

Capsules are sealed by induction brazing, using a 
preplaced hard solder ring. A solder containing 56% 
silver, 22% copper, 17% zinc, and 5% tin (American 
Platinum Works Silvaloy No. 355) and a paste-type 
flu>: containing fluorides and borates (Handy and 
Harrmm Handyflux) have been found to give satis
factory results. The joint and solder are coated with a 
minimum amount of flux, the solder ring is positioned, 
and the flux is pennitted to dry before the capsule is 
placed in the contaminated glove-box. After the 
capsule is loaded, it is placed in a soldering jig. For 
the smallest source the soldering jig is also used to 
hold the capsule during loading. Heat for soldering is 
applied by means of a single-tum coil connected to a 
r£ transformer. After soldering, traces of oxidation and 
flux are removed from the capsule by pickling it in a 

hot solution of hydrochloric acid and cupric chloride. 
It is then rinsed in hot water. 

Before each capsu1e is considered to be satisfaetory, 
it n).Ust pass a leak test. This test is conducted by 
placing the capsule in a small pressure vessel in which 
a helium atmosphere is raised to a pressure of 200 psi. 

· After 30 minutes the pressure is released, and the 
capsule is dropped into ethanol or a similar liquid 
having low surface tension. Leaks are indicated by 
helium bubblP.s streaming from the capsule. Containers 
wh'1ch leak may be resoldered, or they may be opened 
and the material recanned. 

Because all of the canning operations· have taken 
place in a group of contaminated glove-boxes, the 
exterior of the capsule is contaminated and must be 
cleaned. This is done best by scrubbing the capsule to 
remove loose material from the surface and then 
vapor plating it in an atmosphere of nickel carbonyl 
to form a coating 5 mils thick. 

The final step in the. preparation of these sources is 
to have them calibrated in a graphite column 1L~ing 
the technique described by Graves ~d Froman.D 
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6.9.2 PuBe Source Dimensions 
The following page shows a scanned copy of the original data sheet from Monsanto Research 
Corporation dated September 5, 1961 showing PuBe neutron source and container dimensions. 
This information is representative of PuBe neutron sources, but is not intended to represent 
actual dimensions of all sources to be placed in this container, since PuBe sources were also 
generated by other manufacturers and custom sizes may exist. 
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6.9.3 Computer Input Listing 
Four sample array cases are provided to illustrate the various packaging and payload models. 
The single package cases have the same geometry except with a 12 inches water reflector. 

• NCT Array, Case Cl, Filename NA_II_WOOO 

• HAC Array, Case D32, Filename HA_II_R3_WI100_WTOOO 

• HAC Array, Case G2, Filename HAF _II_C2 

• HAC Array, Case HS, Filename HAF _III_C2_W100 

Case Cl, Filename NA_II_ WOOO 
8300 
10 
15 
20 
30 
40 
50 
999 

10 
11 
12 
13 
14 
15 
c 

4 -3.7 
0 
2 -7.94 
1 -0.92 
2 -7.94 
0 
0 

pz 0 
pz 1. 27 

11 -21 -20 
(20:21) 11 -12 -14 
(-11:12:14) 10 -13 -15 
(-10:13:15) 33 -34 -30 
(-33:34:30) 32 -35 -31 
(-32:35:31) -50 
50 

pz 25.9588 
pz 29.845 
CZ 2.6194 
CZ 3.81 

$ bottom of SFC 
$ inside bot SFC 
$ inside top SFC 
$ top of SFC 
$ IR SFC 
$ OR SFC 

$ PuBe radius 

imp:n=l $ PuBe 
imp:n=l $ inside SFC 
imp:n=l $ SFC 
imp:n=l $ poly 
imp:n=l $ pipe 
imp:n=l $ water 
imp:n=O 

20 
21 
c 
30 
31 
32 
33 
34 
35 

CZ 1.6510 
pz 17.7302 $ PuBe height (-1.27) 

$ IR pipe 
$ OR pipe 
$ bottom of pipe 

CZ 15.6997 
CZ 16.256 
pz -15. 7963 
pz -15.24 
pz 45.085 
pz 45.6413 

$ inside bot of pipe 
$ inside top of pipe 
$ top of pipe 

c 
40 cz 46.736 $reflector 
41 pz -46.2763 $ re£lector 
42 pz 76.1213 $ reflector 
c 
*50 hex 0 0 -15.8 0 0 61.5 0 16.257 0 

mode n 
c 
c pure polyethylene (density 0.92 g/cc) 
ml 1001.62c 2 $MAT 

6000.66c 1 
mtl poly.60t 
c 
c 304SS (density= 7.94 g/cc) 
m2 6000.66c -0.08 
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14000.60c -1. 0 
15031.66c -0.045 
24000.50c -19.0 
25055.62c -2.0 
26000.55c -68.375 
28000.50c -9.5 

c 
m3 1001.62c 2 $ water 

8016.62c 1 
mt3 lwtr.60t 
c 
c source material Pu-Be13 (density 3.7 g/cc) 
m4 

c 
kcode 
sdef 

si2 
si3 

94239.69c 1 
4009.62c 13 

2500 1.0 50 250 
pos=O.O o .. o 1.27 
ext=d2 rad=d3 axs=O 0 1 cel=lO 
0 16.4602 
1. 651 

Case D32, Filename HA_II_R3_ WI100_ WTOOO 
S300 
10 
15 
999 
c 
c 
c 
100 
105 
110 
120 
130 
c 
c 
c 
200 

10 
11 
12 
13 
14 
15 
c 
20 
21 
c 

0 -51 10 -53 fill=2 imp:n=l 
3 -1. 0 
0 

(51:-10:53) 54 -55 -52 imp:n=l 
-54:55:52 imp:n=O 

Universe 1: SFC 

4 -3.7 11 ~21 -20 imp:n=l 
3 -1.0 11 -21 20 -14 imp:n=l 
0 21 -12 -14 imp:n=l 
2 -7.94 (-11:12:14) 10 -13 -15 imp:n=l 
0 -10:13:15 imp:n=l 

Universe 2: Array 

' 
0 -50 fill=l lat=2 imp:n=l 

pz 0 $ bottom of SFC 
pz 1. 27 $ inside bot SFC 
pz 25.9588 $ inside top SFC 
pz 29.845 $ top of SFC 
CZ 2.6194 $ IR SFC 
CZ 3.81 $ OR SFC 

CZ 1.6510 $ PuBe radius 
pz 17.7302 $ Pu Be height (-1.27) 

u=l 
u=l 
u=l 
u=l 
u=l 

u=2 

Rev. 5, June 2010 

$ Pu Be 
$ water beside Pu Be 
$ water above Pu Be 
$ SFC 
$ between 

50 hex 0 0 0 
CZ 43.2679 
CZ 73.7479 
pz 89.535 
pz -30.48 
pz 120.015 

0 0 29.845 3.811 0 0 
$ inner reflector 

$ lattice 
51 
52 
53 
54 
55 

$ outer reflector 
$ top of array 
$ bottom reflector 
$ top reflector 
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mode n 
c 
c pure polyethylene (density 
ml 1001.62c 2 $MAT 

6000.66c 1 
mtl poly. 60t 
c 
c 304SS (density= 7.94 g/cc) 
m2 6000.66c -0.08 

14000. 60c -1. 0 
15031.66c -0.045 
24000.50c -19.0 
25055.62c -2.0 
26000.55c -68.375 
28000.50c -9.5 

c 
m3 1001.62c 

8016.62c 
mt3 lwtr.60t 

2 $ water 
1 

c 

0.92 g/cc) 

c source material Pu-Be13 (density 3.7 g/cc) 
m4 94239.69c 1 

4009.62c 13 
c 
kc ode 2500 1. 0 50 250 
sdef pos=O.O 0.0 0.0 ext=d2 rad=d3 axs=O 0 1 
si2 0 77 
si3 44 

Case G2, Filename HAF _II_C2 
S300 
10 0 -51 10 -13 fill=2 imp:n=l 
15 3 -1. 0 (51:-10:13) 54 -55 -52 imp:n=l 
999 0 -54:55:52 imp:n=O 
c 
c Universe 1: SFC 
c 
100 4 9.8852E-02 11 -12 -14 imp:n=l u=l 
120 2 -7.94 (-11:12:14) 10 -13 -15 imp:n=l u=l 
130 3 -1. 0 -10:13:15 imp:n=l u=l 
c 
c Universe 2: Array 
c 
200 0 -50 lat=2 imp:n=l u=2 

fill=-5:5 -5:5 0:0 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 1 1 1 1 1 3 3 
3 3 3 ·1 1 1 1 1 1 3 3 
3 3 3 1 1 1 1 1 3 3 3 
3 3 1 1 1 1 1 1 3 3 3 
3 3 3 1 1 1 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
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c 
c Universe 3: 
c 
300 3 
301 3 

10 pz 
11 pz 
12 pz 
13 pz 
-14 CZ 

15 CZ 

c 
20 CZ 

21 pz 
c 
50 hex 
51 CZ 

52 CZ 

53 pz 
54 pz 
55 pz 
56 so 

mode n 
c .. 

-1. 0 -56 
-1. 0 56 

0 
1. 27 
25.9588 
29.845 
2.6194 
3.81 

1. 4107 
4.0915 

0 0 0 
25 
55.48 
89.535 
-30.48 
60.325 

100000 

Water 

imp:n=l u=3 
imp:n=l u=3 

$ bottom of SFC 
$ inside bot SFC 
$ inside top SFC 
$ top of SFC 
$ IR SFC 
$ OR SFC 

$ Pu radius 
$ Pu height (-1.27) 

0 0 29.845 3. 811 0 0 
$ inner reflector 

$ outer reflector 
$ top of array 
$ bottom reflector 
$ top reflector 
$ dummy 

c pure polyethylene (density 0.92 g/cc) 
ml 1001.62c 2 $MAT 

mtl 
c 
c 
m2 

c 
m3 

mt3 
c 
c 
m4 

c 
mt4 
c 

6000.66c 1 
poly.60t 

304SS (density= 7.94 g/cc) 
6000.66c -0.08 

14000.60c -1. 0 
15031.66c -0.045 
24000.50c -19.0 
25055.62c -2.0 
26000.55c -68.375 
28000.50c -9.5 

1001.62c 2 $ water 
8016.62c 1 
lwtr.60t 

source material Pu 
94239.69c 1.4201E-03 
1001.62c 6.4955E-02 
8016.62c 3.2477E-02 

Total 9.8852E-02 
lwtr.60t 

2500 1.0 50 250 kc ode 
sdef 
si2 
si3 

pos=O.O 0.0 0.0 ext=d2 rad=d3 axs=O 0 1 
0 25 
18 
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Case HS, Filename HAF_III_C2_ W100 
S300 
10 0 -51 10 -13 fill=2 imp:n=l 
15 3 -1. 0 (51:-10:13) 54 -55 -52 imp:n=l 
999 0 -54:55:52 imp:n=O 
c 
c Universe 1: SFC 
C' 

100 4 9.7462E-02 11 -12 -14 imp:n=l 
120 2 -7.94 (-11:12:14) 10 -13 -15 imp:n=l 
130 3 -1. 0 -10:13:15 imp:n=l 
c 
c Universe 2: Array 
c 
200 0 -50 lat=2 imp:n=l u=2 

fill=-5: 5 -5:5 0:0 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 1 1 1 1 1 3 3 
3 3 3 1 1 1 1 1 1 3 3 
3 3 3 1 1 1 1 1 3 3 3 
3 3 1 1 1 1 1 1 3 3 3 
3 3 3 1 1 1 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 

c 
c Universe 3: Water 
c 
300 3 -1. 0 -56 imp:n=l u=3 
301 3 -1. 0 56 imp:n=l u=3 

10 pz 0 $ bottom of SFC 
11 pz 1. 27 $ inside bot SFC 
12 pz 13.8906 $ inside top SFC 
13 pz 17.78 $ top of SFC 
14 CZ 1. 905 $ IR SFC 
15 CZ 3.175 $ OR SFC 
c 
20 CZ 1.4107 $ Pu radius 
21 pz 4.0915 $ Pu height (-1.27) 
c 
50 hex 0 0 0 0 0 29.845 3.176 0 
51 CZ 21 $ inner reflector 
52 CZ 51. 48 $ outer reflector 
53 pz 35.56 $ top of array 
54 pz -30.48 $ bottom reflector 
55 pz 48.26 $ top reflector 
56 so 100000 $ durmny 

mode n 
c 
c 
ml 

pure polyethylene (density 
1001.62c 2 $MAT 
6000.66c 1 

0.92 g/cc) 
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mtl poly.60t 
c 
c 304SS (density= 7.94 g/cc) 
m2 6000.66c -0.08 

14000.60c -1. 0 
15031.66c -0.045 
24000.50c -19.0 
25055.62c ·-2. 0 
26000.55c -68.375 
28000.50c -9.5 

c 
m3 1001.62c 2 $ water 

8016.62c 1 
mt3 lwtr.60t 
c 
c source material Pu 

Docket No. 71-9329 

m4 94239.69c 2.8012E-03 $H= 12.6206 
1001.62c 6.3107E-02 $M= 160 
8016.62c 3.1554E-02 

c Total 9.7462E-02 
mt4 lwtr.60t 
c 
kcode 
sdef 
si2 
si3 

2500 1.0 50 250 
pos=O.O 0.0 0.0 ext=d2 rad=d3 axs=O 0 1 
0 14 
18 

Rev. 5, June 2010 

• 6.9.4 Air Transport Criticality Analysis 

• 

The applicable licensing requirements for air transport of fissile material are contained in 10 
CFR 71.SS(f) and TS-R-1, §680. These requirements are implemented by assuming that the 
5300 packaging materials and contents are reconfigured in the most reactive spherical geometry, 
reflected by 20 cm of water. 

The analysis is performed for 210 g Pu-239, which bounds the non-exclusive use limiting value 
of 206 g Pu-239. The analysis demonstrates that the package is safely s,ubcritical when 
reconfigured as described above. The air transport analysis applies to both the neutron source 
payload and general payload, as separation of the plutonium and beryllium is considered. 

The criticality analysis for air transport is performed using the KENO V.a module of the 
SCALES code package. Note that the criticality analysis in the earlier part of this chapter was 
performed using MCNPS vl.40. KENO rather than MCNP is utilized for the air transport 
calculations. Both programs are well-accepted in the criticality community and generate similar 
results. Because KENO V.a is used in the air transport analysis, the air transport analysis utilizes 
its own benchmarks and has a separate USL. 

The approach is to assume that all of the contents and packaging material arrange in the most 
reactive spherical geometry in the air transport accident. Because the 5300 contains a large mass 
of polyethylene, which is a superior moderator and reflector than water, the most reactive case is 
essentially 210 g Pu-239 optimally moderated and reflected with polyethylene. The most 
reactive conditions has ks= 0.8930, which is less than the USL of 0.9377 . 
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Because the package will likely be severely damaged or destroyed as the result of a design basis 
aircraft accident, it is assumed that all source and packaging material for a single S300 may 
reconfigure in the most reactive geometry. The source may be moderated with the packaging 
materials, but it is assumed that the source is not moderated with water (i.e., no water intrusion). 
This approach is consistent with 10 CFR 71.55(f) (2). In any case, because the S300 has a large 
mass of polyethylene, which is a superior moderator and reflector compared to water, allowing 
water intrusion into the fissile sphere would reduce the reactivity. 

Before the model can be defined, the mass of the constituent materials must first be determined. 
The S300 source and packaging materials are defined in Table 6-21. The densities reported are 
from the SCALES manual4

• Note that the plutonium and beryllium densities are for pure metals, 
and not the densities within the PuBe source material. The dunnage (made of fibrous cellulose 
material) is neglected because it will have a negligible effect on the reactivity compared to the 
other materials. 

The source is assumed to be comprised of 210 g of plutonium. Becal).se the ratio of beryllium to 
plutonium atoms is 13:1 within the PuBe source, the mass of beryllium is computed to be 103 g. 

The total polyethylene mass includes both the shield insert and drum liner. The mass of 
polyethylene used, 120 lb, bounds the summed masses of the 90-lb shield insert (Table 2-1) and 
of the 110-mil, Type IV poly drum liner. Because the quantity of polyethylene is large, there is 
sufficient polyethylene to both optimally moderate and reflect the plutonium. 

The PuBe source may be clad in an inner layer of tantalum and an outer layer of stainless steel. 
The dimensions of these materials are shown in Section 6.9.2, PuBe Source Dimensions. 
Because the source mass (210 g Pu) does not correspond to an actual physical source, the masses 
of stainless steel and tantalum in the source are computed in an approximate manner by 
multiplying the respective quantities for a 160 g Pu source by 1.5. These values are reported in 
Table 6-21. The analysis shows, however, that the mass of tantalum and stainless steel do not 
affect the conclusions and are not required to be present as sealed source cladding. 

Stainless steel is also present in both the special form capsule and the pipe component. The mass 
of a Model II special form capsule may be derived from the dimensions provided on Figure 1-3. 
From this figure, the overall length and OD is 11. 75-in and 3-in, respectively. The inner cavity 
has a diameter of 2.0625-in and length of approximately 11.75 - 0.75 - 0.78 = 10.22-in. Based 
on these dimensions, the Model II mass is computed to be 6.4 kg. From Table 2-1, the pipe 
component has a mass of 180 pounds. Therefore, the total mass of stainless steel, when 
combining the source cladding, special form capsule, and pipe component, is approximately 88.3 
kg. 

The drum is fabricated of carbon steel with an approximate mass of 60 pounds, or 27.3 kg. 

A number of model configurations are developed. Each model is composed of concentric 
spheres, with the innermost sphere as a mixture of plutonium and polyethylene. The remaining 

4 Standard Composition Library, ORNL/TM-2005/39, Version 6, Vol. III, Sec. MB, January 2009. 
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packaging materials are utilized as reflectors, and the outermost layer is always 20 cm of water. 
. The beryllium, while bound to the plutonium, is modeled both within the fissile sphere and 
external to the fissile sphere to determine the most reactive configuration. In each series of 
cases, the H/Pu ratio is adjusted over the range from 600 to 1,300 to determine the most reactive 
condition. · 

A total of five configurations are developed. These configurations are summarized in Table 
6-22. In Configurations A through D, the plutonium and beryllium are assumed to separate, 
while in Configuration E, the plutonium and beryllium are assumed to remain mixed. In 
Configuration A, only sufficient polyethylene needed to moderate the fissile sphere is utilized. 
The remaining polyethylene is ignored and the fissile sphere is reflected with water. 
Configuration B is similar to Configuration A, although the polyethylene not needed to moderate 
the fissile sphere is treated as a reflector. Configuration C is similar to Configuration B, 
although the beryllium is treated as an additional reflector. Configuration D is similar to 
Configuration C, except the carbon steel, stainless steel, and tantalum are treated as additional 
reflectors. Configuration E is similar to Configuration B, although beryllium is added to the 
fissile sphere. 

The radius of each region is determined using the masses and densities defined in Table 6-21. 
The geometry of each configuration is summarized in Table 6-23. The number densities within 
the fissile sphere are also provided in this table. 

As an example, the geometry of Configuration B is shown in Figure 6-8. The geometries of the 
other configurations are similar and may be inferred from the data in Table 6-22 and Table 6-23. 

• 6.9.4.1.2 Material Properties 

• 

The fissile sphere number densities are provided in Table 6-23. 

The reflecting materials are comprised of stainless steel, carbon steel, beryllium, polyethylene, 
tantalum, and water. The default material properties and densities within SCALE are utilized for 
these materials. 

6.9.4.1.3 Computer Code and Cross Section Libraries 

Calculations are performed with the three-dimensional Monte Carlo transport theory code, 
KENO-V.a vS.0.25

• Note that in the standard single package and array criticality analyses, 
MCNPS and not KENO is used in the analysis. KENO is used for the air transport calculations 
because the geometry is simple, and the use of KENO facilitates the input preparation. 

The SCALE-PC vS, CSAS25 utility is used as a driver for the KENO code. In this role, CSAS25 
determines nuclide number densities, performs resonance processing, and automatically prepares 
the necessary input for the KENO code based on a simplified input description. The 238 energy
group (238GROUPNDF5), cross-section library based on ENDF/B-V cross-section data is used 
as the nuclear data library for the KENO-V.a code. 

The KENO code has been used extensively in the criticality safety industry. KENO-V.a is an 
extension of earlier versions of the KENO code and includes many versatile geometry 
capabilities and screen plots to facilitate geometry verification. The KENO-V.a code and the 

5 SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing Evaluation, 
ORNL/TM-2005/39, Version 5, Vols. I-III, April 2005. 
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associated 238GROUPNDF5 cross-section data set are validated for proper operation on the PC 
platform by performing criticality analyses of a number of relevant benchmark criticality 
experiments. A description of these benchmark calculations, along with justification for the 
computed bias in the code and library for the relevant region of applicability, is provided in 
Section 6.9.4.3,Air Transport Benchmarking Evaluation. · 

Mod~ls are run with 1000 neutrons per generation for 850 generations, skipping the first 50. The 
, 1-sigma uncertainty is approximately 0.001 for all cases. 

6.9.4.1.4 Demonstration of Maximum Reactivity 

Maximum reactivity is demonstrated by optimally moderating and reflecting 210 g of Pu-239 
with the available polyethylene and 20 cm of water. The stainless steel, carbon steel, and 
tantalum are also used as reflectors, but are less reactive than the polyethylene reflector and 
therefore are not required to be present as sealed source cladding. The configuration that utilizes 
beryllium mixed with plutonium is statistically equivalent to the configuration that utilizes 
beryllium as an independent reflector. The most reactive case is Configuration E, Case TES, 
with H/Pu = 1000 and ks= 0.8930. This value is less than the USL of 0.9377. 

Table 6-21 - Packaging/Source Materials and Masses, 

Sc>liCI -

Material 
Densi~ 
(g/cm) Item Mass {lb) Mass (kg) 

Pu-239 19.84 Source -- 0.21 

Beryllium 1.85 Source -- 0.10 

Tantalum 16.6 Source -- 0.4 

Polyethylene 0.92 Packaging 120 54.4 

Source -- 0.3 

Special form 
-- 6.4 

Stainless steel 7.94 
capsule . ' 

Pipe 180 81.6 component 

Total -- 88.3 

Carbon steel 7.8212 Drum 60 27.2 
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• Table 6-22 - Model Configurations 

Fissile Sphere (R1) Configuration Reflector 

A Plutonium/polyethylene R2: Water 

B Plutonium/polyethylene R2: Polyethylene 

R3: Water 
c Plutonium/polyethylene R2: Beryllium 

R3: Polyethylene 

Rt: Water 

D Plutonium/polyethylene R2: Beryllium 

R3: Carbon steel 

R4: Stainless steel 

Rs: Tantalum 

R5: Polyethylene 

R1: Water 

E Plutonium/polyethylene/beryllium Ri Polyethylene 

R3: water 

• 

• 
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• Table 6-23 - Geometry and Number Densities 
Configuration A 

H/Pu R1 (cm) . Rz (cm) 
Pu-239 H c 

(atom/b-cm) (atom/b-cm) (atom/b-cm) 
600 9.8709 29.8709 l.3131E-04 7.8789E-02 3.9394E-02 
700 10.3900 30.3900 l.1260E-04 7.8818E-02 3.9409E-02 
800 10.8619 30.8619 9.8551E-05 7.8841E-02 3.9420E-02 
900 11.2960 31.2960 8.7620E-05 7.8858E-02 3.9429E-02 
1000 11.6991 31.6991 7.8872E-05 7.8872E-02 3.9436E-02 
1100 12.0762 32.0762 7.1712E-05 7.8883E-02 3.9441E-02 
1200 12.4311 32.4311 6.5744E-05 7.8892E-02 3.9446E-02 
1300 12.7668 32.7668 6.0693E-05 . 7 .8900E-02 3.9450E-02 

Configuration B 

H/Pu R1 (cm) Rz (cm) RJ (cm) Number 
Densities 

600 9.8709 24.1727 44.1727 
700 10.3900 24.1727 44.1727 
800 10.8619 24.1727 44.1727 Number 
900 11.2960 24.1727 44.1727 densities the 

1000 11.6991 24.1727 44.1727 same as 

1100 12.0762 24.1727 44.1727 
Configuration 

A • 1200 12.4311 24.1727 44.1727 

1300 12.7668 24.1727 44.1727 

(continued) 
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• Table 6-23 - Geometry and Number Densities (concluded) 

Configuration C 

H/Pu R1 (cm) Rz (cm) R3 (cm) R4 (cm) 
Number 

Densities 
600 9.8709 9.9161 24.1802 44.1802 
700 10.3900 10.4309 24.1802 44.1802 
800 10.8619 10.8993 24.1802 44.1802 Number 

900 11.2960 11.3306 24.1802 44.1802 
densities the 

same as 
1000 11.6991 11.7314 24.1802 44.1802 Configuration 
1100 12.0762 12.1065 24.1802 44.1802 A 
1200 12.4311 12.4596 24.1802 44.1802 

1300. 12.7668 12.7939 24.1802 44.1802, 

Configuration D 

H/Pu R, (cm) Rz (cm) RJ (cm) R4 (cm) Rs (cm) Rs (cm) R1 (cm) 
Number 

Densities 
600 9.8709 9.9161 12.1770 16.4603 16.4675 26.0258 46.0258 

700 10.3900 10.4309 12.5263 16.6546 16.6618 26.0258 46.0258 

800 10.8619 10.8993 12.8571 16.8446 16.8516 26.0258 46.0258 Number 

900 11.2960 11.3306 13.1718 17.0303 17.0372 26.0258 46.0258 
densities the 

26:0258 
same as 

1000 11.6991 11.7314 13.4720 17.2121 17.2188 46.0258 Configuration 
1100 (}2.0762 12.1065 13.7595 17.3902 17.3967 26.0258 46.0258 A • 1200 12.4311 12.4596 14.0354 17.5646 17.5710 26.0258 46.0258 

1300 12.7668 12.7939 14.3008 17.7357 17.7420 26.0258 46.0258 

Configuration E 

H/Pu R1 (cm) Rz (cm) RJ (cm) 
Pu-239 H c Be· 

(atom/b-cm) (atom/b-cm) (atom/b-cm) (atom/b-cm) 

600 9.9161 24.1802 44.1802 l.2953E-04 7.7716E-02 3.8858E-02 1.6838E-03 

700 10.4309 24.1802 44.1802 l.1128E-04 7.7896E-02 3.8948E-02 l.4466E-03 

800 10.8993 24.1802 44.1802 9.7540E-05 7.8032E-02 3.9016E-02 l.2680E-03 

900 11.3306 24.1802 44.1802 8.6820E-05 7.8138E-02 3.9069E-02 l.1287E-03 

1000 11.7314 24.1802 44.1802 7.8223E-05 7.8223E-02 3.9111E-02 l.0169E-03 

1100 12.1065 24.1802 44.1802 7.1175E-05 7.8293E-02 3.9146E-02 9.2528E-04 
1200 12.4596 24.1802 44.1802 6.5292E-05 7.8351E-02 3.9175E-02 8.4880E-04 

1300 12.7939 24.1802 44.1802 6.0308E-05 7.8400E-02 3.9200E-02 7.8400E-04 
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6.9.4.2 Air Transport Results 

The geometry and materials of the various configurations investigated are summarized in Section 
6.9.4.1.1, Model Configuration, and Section 6.9.4.1.2, Material Properties. The results of the 
five configurations analyzed are reported in Table 6-24. The most reactive case for each 
configuration is listed in boldface. Note that in all cases, the most reactive condition occurs for 
H/Pu of either 900 or 1000. These variations are most likely the result of statistical fluctuation. 

In Configuration A, water is the only reflector, while in Configuration B, the polyethylene not 
used to moderate the plutonium is also used as a reflector. Configuration B is ·more reactive than 
Configuration A, which is expected because polyethylene is a superior neutron reflector than 
water. 

Beryllium is a superior neutron reflector than polyethylene, so in Configuration C, a beryllium 
reflector is added next to the fissile sphere. However, because very little beryllium is available, 
the thickness of the beryllium reflector is small, and the reactivities of Configurations B and C 
are statistically equivalent. 

In Configuration D, the remaining metals (i.e., carbon steel, stainless steel, and tantalum) are 
added in successive layers between the beryllium and polyethylene reflectors. The reactivity 
drops slightly, indicating that the reflection provided by the metals is slightly less than the 
reflection provided by the polyethylene. Therefore, it is conservative to neglect these metals. 

In Configuration E, the beryllium is assumed to remain bound to the plutonium, which is the 
most likely scenario based on the nature of the PuBe alloy. Only polyethylene and water are 
used as reflectors, as it has been established that inclusion of the metals lowers the reactivity. 
The reactivity of Configuration E, Case TES, is the most reactive of all models, with H/Pu = 
1000 and ks= 0.8930. However, the maximum reactivities of Configurations B, C, and E are 
statistically equivalent, and the presence of beryllium in the model has essentially no influence 
on the results. All results are below the USL of 0.9377 . 
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• Table 6-24 - Air Transport Results 
Configuration A 

Case ID Filename H/X k O' k+2cr 
TAI PW 600 0.8539 0.0011 0.8561 
TA2 PW 700 0.8682 0.0012 0.8706 
TA3 PW 800 0.8765 0.0010 0.8785 
TA4 PW 900 0.8781 0.0010 0.8801 
TA5 PW 1000 0.8801 0.0009 0.8819 
TA6 PW 1100 0.8799 0.0010 0.8818 
TA7 PW 1200 0.8768 0.0011 0.8790 
TA8 PW 1300 0.8723 0.0009 0.8741 

Configuration B 
Case ID Filename H/X k O' k+2cr 

TBI PPW 600 0.8697 0.0010 0.8717 
TB2 PPW 700 0.8814 0.0010 0.8833 
TB3 PPW 800 0.8864 0.0010 0.8884 
TB4 PPW 900 0.8894 0.0010 0.8914 
TBS PPW 1000 0.8905 0.0010 0.8925 
TB6 PPW 1100 0.8885 0.0010 0.8905 
TB7 PPW 1200 0.8859 0.0009 0.8877 
TBS PPW 1300 0.8807 0.0010 0.8827 

Configuration C 

• Case ID Filename H/X k O' k+2cr 
TCI PBPW 600 0.8716 0.0010 0.8736 
TC2 PBPW 700 0.8804 0.0011 0.8826 
TC3 PBPW 800 0.8881 0.0010 0.8901 
TC4 PBPW 900 0.8904 0.0011 0.8926 
TC5 PBPW 1000 0.8905 0.0010 0.8925 
TC6 PBPW 1100 0.8884 0.0009 0.8903 
TC7 PBPW 1200 0.8863 0.0011 0.8885 
TC8 PBPW 1300 0.8792 0.0009 0.8810 

Configuration D 
Case ID Filename H/X k O' k+2cr 

TDl PBCSTPW 600 0.8666 0.0011 0.8688 
TD2 PBCSTPW 700 0.8797 0.0009 0.8815 
TD3 PBCSTPW 800 0.8857 0.0010. 0.8877 
TD4 PBCSTPW 900 0.8871 0.0010 0.8891 
TD5 PBCSTPW 1000 0.8867 0.0010 0.8887 
TD6 PBCSTPW 1100 0.8851 0.0010 0.8870 
TD7 PBCSTPW 1200 0.8789 0.0010 0.8809 
TD8 PBCSTPW 1300 0.8753 0.0009 0.8771 

(continued) 

• 
6-60 



• 

• 

• 

S300 Safety Analysis Report Docket No. 71 -9329 Rev. 5, June 2010 

Fissile 
Sphere 

Table 6-24 - Air Transport Results (concluded) 

Configuration E 
Case ID Filename H/X k CJ k+2CJ 

TEI PBMIXPW 600 0.8657 0.0010 0.8677 
TE2 PBMIXPW 700 0.8801 0.0010 0.8821 
TE3 PBMIXPW 800 0.8869 0.0010 0.8888 
TE4 PBMIXPW 900 0.8901 0.0010 0.8921 
TES PBMIXPW 1000 0.8910 0.0010 0.8930 
TE6 PBMIXPW 1100 0.8887 0.0010 0.8907 
TE7 PBMIXPW 1200 0.8836 0.0010 0.8855 
TES PBMIXPW 1300 0.8809 0.0010 0.8829 

Figure 6-8 - Configuration B Sample Geometry 
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6.9.4.3 Air Transport Benchmarking Evaluation 

The KENO-V.a Monte Carlo criticality code has been used extensively in criticality evaluations. 
The 238 energy-group, ENDF/B-V cross-section library employed here has been selected based 
on its relatively fine neutron energy group structure. This section justifies the validity of this 
computation tool and data library combination for application to the 5300 air transport criticality 
analysis. 

The ORNL USLSTATS code, described in Appendix C, User's Manual for USLSTATS Vl.O, of 
NUREG/CR-63616

, is used to establish an upper subcriticality limit, USL, for the analysis. 
Computed multiplication factors, kerr. are deemed to be adequately subcritical if the computed 
value of keff plus two standard deviations is below the USL as follows: 

ks = keff + 2cr :S USL 

The USL includes the combined effects of code bias, uncertainty in the benchmark experiments, 
uncertainty in the computational evaluation of the benchmark experiments, and an administrative 
margin of subcriticality. The USL is determined using the confidence band with administrative 
margin technique (USLSTATS Method 1). The result of the statistical analysis of the 
benchmark experiments is a USL of 0.9377. Due to the significant positive bias exhibited by the 
code and library for the benchmark experiments, the USL is constant with respect to the various 
parameters selected for the benchmark analysis. 

6.9.4.3.1 Applicability of Benchmark Evaluations 

A total of 196 benchmark experiments of water-reflected solutions of plutonium nitrate are 
evaluated using the KENO-V.a Monte Carlo criticality code with the SCALE-PC v5, 238 
energy-group, ENDF/B-V cross-section library. The benchmark cases are evaluated with respect 
to two independent parameters: 1) the H/Pu ratio, and 2) the average fission energy group 
(AEG). 

Detailed descriptions of the benchmark experiments are obtained from the OECD Nuclear 
Energy Agency's International Handbook of Evaluated Criticality Safety Benchmark 
Experiments7. The critical experiments selected for this analysis are presented in Table 6-25. 
Experiments with beryllium and Pu as the fissile component are not available. The only 
experiments with beryllium in the thermal energy range identified from the OECD Handbook 
contained U-233 as the fissile isotope. Thus, 31 benchmarks with U-233 and beryllium in the 
thermal energy range and 15 benchmarks with U-233 and no beryllium also in the thermal 
energy range are evaluated. With respect to validation of polyethylene, CH2, in the models, 
some of the U-233 benchmarks contained polyethylene and some of the plutonium experiments 
contained Plexiglas, which also contains carbon. 

All criticality models fall within the range of applicability of the benchmark experiments for the 
H/Pu ratio and AEG trending parameters as follows: 

6 NUREG/CR-6361, Criticality Benchmark Guide for Light-Water-Reactor Fuel in Transportation and Storage 
Packages, March 1997. · 
7 International Handbook of Evaluated Criticality Safety Benchmark Experiments, Nuclear Energy Agency, 
NEA/NSC/DOC(95)03, September 2007. 
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Range of Applicability for 5300 Range of Applicability for Trending 
Package Criticality Analysis Parameters 

600 :'.SH/Pu Ratio :::; 1,300 45 :::; H/Pu Ratio :::; 2, 730 
214:::; AEG:::; 218 171:SAEG:::;220 

Only thermal benchmark experiments are analyzed, as all 5300 air transport models are highly 
moderated. 

6.9.4.3.2 Bias Determination 

The USL is calculated by application of the USLSTATS computer program. USLST ATS 
receives as input the keff as calculated by KENO, the total 1-cr uncertainty (combined benchmark 
and KENO uncertainties), and a trending parameter. 

The uncertainty value, O"totat. assigned to each case is a combination of the benchmark uncertainty 
for each experiment, O"bench. and the Monte Carlo uncertainty associated with the particular 
computational evaluation of the case, O"KENo. or: 

( 2 2)\/2 
O'total = O'bench + O'KENO 

These values are input into the USLSTATS program in addition to the following parameters, 
which are the values recommended by the USLSTATS user's manual: 

• P, proportion of population falling above lower tolerance level= 0.995 (note that this 
parameter is required input but is not utilized in the calculation of USL Method 1) 

• 1-y, confidence on fit= 0.95 

• a, confidence on proportion P = 0.95 (note that this parameter is required input but is not 
utilized in the calculation of USL Method 1) 

• dkm, administrative margin used to ensure subcriticality = 0.05. 

These data are followed by triplets of trending parameter value, computed keff, and uncertainty 
for each case. A confidence band analysis is performed on the data for each trending parameter 
using USL Method 1. All benchmark data used as input to USLSTATS are reported in Table 
6-26. ' 

Two trending parameters are identified for determination of the bias. First, the AEG is used in 
order to characterize any code bias with respect to neutron spectral effects. The USL is 
calculated vs. AEG separately for four scenarios: 

1. U-233 experiments without beryllium 

2. U-233 experiments with beryllium 

3. Pu experiments 

4. Combined Pu experiments and U-233 experiments with beryllium 
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Note that several of the U-233 benchmarks (with beryllium) are quite poor (k- 0.97). Because 
the U-233 fissile isotope introduces a component that is not relative to the calculations performed 
for the S300 package and may have a distinct bias of its own, comparison of the USL for the 
U-233 experiments with beryllium to the USL for those without beryllium allows the effect of 
the beryllium reflector to be separated from the effect of the U-233 isotope. Next, the H/Pu ratio 
of each experimental case containing Pu is used in order to characterize the material and 
geometric properties of each sphere. The U-233 results are not considered in the trending with 
respect to H/Pu as this parameter is not directly applicable. Finally, the Pu experiments are 
combined with the U-233 (with beryllium) experiments. 

The USLs calculated using USLSTATS Method 1 for the benchmark combinations discussed 
above are tabulated in Table 6-27. The USL (AEG) calculated based on the combined results of 
the U-233 (with beryllium) and Pu experiments of 0.9377 is chosen as the USL for this analysis. 
This USL value is 0.0017 below that of the Pu experiments alone. 

At the high AEG values applicable to S300 package, the U-233 benchmarks without beryllium 
result in a lower USL (0.0019) than calculated from the U-233 benchmarks with beryllium. Both 
of the U-233 USL values are lower than the Pu experiment USL values, indicating that the 
U-233 isotope in the experiments has a more significant effect on the USL than the beryllium. 
Thus, the USL based on the combined results of the U-233 (with beryllium) and Pu experiments 
chosen adequately accounts for any bias attributable to beryllium. 

In addition, the USL calculated for the Pu experiments using the H/Pu ratio as the trending 
parameter do not differ significantly from the USL for the Pu experiments using AEG, and are 
bounded by the chosen USL value of 0.9377. USLSTATS calculates constant USL values with 
respect to the H/Pu ratio, indicating no appreciable trend with respect to this parameter. 
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• Table 6-25 - Benchmark Experiments Utilized 
Series Title 

PU-SOL-THERM-001 Water-Reflected 11.5-Inch Diameter Spheres Of Plutonium Nitrate Solutions 
PU-SOL-THERM-002 Water-Reflected 12-Inch Diameter Spheres Of Plutonium Nitrate Solutions 
PU-SOL-THERM-003 Water-Reflected 13-Inch Diameter Spheres Of Plutonium Nitrate Solutions 
PU-SOL-THERM-004 Water-Reflected 14-Inch Diameter Spheres Of Plutonium Nitrate Solutions 

0.54% To 3.43% Pu240 
PU-SOL-THERM-005 Water-Reflected 14-Inch Diameter Spheres Of Plutonium Nitrate Solutions 

4.05% And 4.40% Pu240 
PU-SOL-THERM-006 Water-Reflected 15-Inch Diameter Spheres Of Plutonium Nitrate Solutions 
PU-SOL-THERM-007 Water-Reflected 11.5-Inch Diameter Spheres Partly Filled with Plutonium 

Nitrate Solutions 
PU-SOL-THERM-009 Unreflected 48-Inch-Diameter Sphere Of Plutonium Nitrate Solution 
PU-SOL-THERM-010 Water-Reflected 9-, 10-, 11-, And 12-Inch-Diameter Cylinders Of Plutonium 

Nitrate Solutions 
PU-SOL-THERM-011 Bare 16-And 18-Inch-Diameter Spheres Of Plutonium Nitrate Solutions 
PU-SOL-THERM-014 Interacting Cylinders of 300-mm Diameter Spheres of Plutonium Nitrate 

Solution (115.lgPu/L) in Air 
PU-SOL-THERM-015 Interacting Cylinders of 300-mm Diameter with Plutonium Nitrate Solution 

(152.5gPu/L) in Air 
PU-SOL-THERM-016 Interacting Cylinders of 300-mm and 256-mm Diameters with Plutonium 

Nitrate Solution (152.5 and 115.l gPu/L) and Nitric Acid (Zn) in Air 
PU-SOL-THERM-017 Interacting Cylinders of 256-mm and 300-mm Diameters with Plutonium 

• Nitrate Solution (115.1 gPu/L) in Air 
PU-SOL-THERM-020 Water-Reflected and Water-Cadmium Reflected 14-inch Diameter Spheres of 

Plutonium Nitrate Solutions 
PU-SOL-THERM-021 Water-Reflected and Bare 15.2-inch Diameter Spheres of Plutonium Nitrate 

Solutions 
PU-SOL-THERM-024 Slabs of Plutonium Nitrate Solutions Reflected by 1-inch Thick Plexiglas 
U233-SOL-THERM-OO 1 Unreflected Spheres of 233U Nitrate Solutions 
U233-SOL-THERM-003 Paraffin-Reflected 5-, 5.4-, 6-, 6.6-, 7.5-, 8-, 8.5-, 9-, and 12-inch Diameter 

Cylinders of 233U Uranyl Fluoride Solutions 
U233-SOL-THERM-015 Uranyl-Fluoride (233U) Solutions in Spherical Stainless Steel Vessels with 

Reflectors of Be, CH2, and Be-CH2 Composites 
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Table 6-26 - Benchmark Experiment Data 
No. Case Name keff O"KENO O"BENCH O"TOTAL AEG H/Pu 

1 PUSTOO I_ CASE_l 1.0080 0.0011 0.0050 0.0051 212.494 352.9 
2 PUSTOOl CASE 2 1.0102 0.0010 0.0050 0.0051 209.982 258.1 
3 PUSTOO 1_ CASE_3 1.0126 0.0011 0.0050 0.0051 207.749 204.1 
4 PUST001_CASE_4 1.0068 0.0010 0.0050 0.0051 206.409 181 
5 PUSTOO 1_ CASE_5 1.0095 0.0011 0.0050 0.0051 205.787 171.2 
6 PUSTOO 1 CASE 6 1.0085 0.0010 0.0050 0.0051 195.740 86.7 
7 PUST002_CASE_l 1.0076 0.0010 0.0047 0.0048 214.684 508 
8 PUST002_CASE_2 1.0093 0.0009 0.0047 0.0048 214.459 489.2 
9 PUST002_ CASE_3 1.0066 0.0010 0.0047 0.0048 213.805 437.3 
IO PUST002 CASE 4 1.0104 0.0009 0.0047 0.0048 213.351 407.5 
11 PUST002_CASE_5 1.0125 0.0010 0.0047 0.0048 212.894 380.6 
12 PUST002_CASE_6 1.0080 0.0010 0.0047 0.0048 211.961 333.5 
13 PUST002_CASE_7 1.0113 0.0012 0.0047 0.0049 211.138 299.3 
14 PUST003 CASE 1 1.0066 0.0010 0.0047 0.0048 216.626 774.1 
15 PUST003_CASE_2 1.0067 0.0010 0.0047 0.0048 216.438 742.7 
16 PUST003_CASE_3 1.0084 0.0009 0.0047 0.0048 216.067 677.2 
17 PUST003_CASE_ 4 1.0086 0.0010 0.0047 0.0048 215.944 660.5 
18 PUST003 CASE 5 1.0115 0.0010 0.0047 0.0048 215.528 607.2 
19 PUST003_CASE_6 1.0100 0.0010 0.0047 0.0048 214.967 545.3 
20 PUST003_ CASE_ 7 1.0112 0.0009 0.0047 0.0048 216.485 714.8 
21 PUST003_CASE_8 1.0097 0.0010 0.0047 0.0048 216.331 692.1 • 22 PUST004 CASE 1 1.0076 0.0010 0.0047 0.0048 217.461 981.7 
23 PUST004_ CASE_2 1.0043 0.0009 0.0047 0.0048 217.415 898.6 
24 PUST004_CASE_3 1.0041 0.0009 0.0047 0.0048 217.240 864 
25 PUST004_CASE_ 4 1.0043 0.0010 0.0047 0.0048 217.028 842 
26 PUST004 CASE 5 1.0034 0.0010 0.0047 0.0048 217.259 780.2 
27 PUST004_CASE_6 1.0065 0.0009 0.0047 0.0048 217.190 668 
28 PUST004_ CASE_ 7 1.0099 0.0009 0.0047 0.0048 217.033 573.3 
29 PUST004_ CASE_8 1.0041 0.0010 0.0047 0.0048 216.915 865 
30 PUST004 CASE 9 1.0048 0.0010 0.0047 0.0048 216.587 872.2 
31 PUST004_ CASE_l 0 1.0070 0.0009 0.0047 0.0048 215.880 971.6 
32 PUST004_CASE_l 1 1.0052 0.0009 0.0047 0.0048 215.116 929.6 
33 PUST004_ CASE_l 2 1.0065 0.0009 0.0047 0.0048 217.031 884.1 
34 PUST004 CASE 13 1.0048 0.0009 0.0047 0.0048 217.078 925.5 
35 PUST005_ CASE_l 1.0079 0.0009 0.0047 0.0048 217.079 866.4 
36 PUST005_CASE_2 1.0089 0.0010 0.0047 0.0048 216.910 832.7 
37 PUST005_CASE 3 1.0076 0.0011 0.0047 0.0048 216.726 800.7 
38 PUST005 CASE 4 1.0099 0.0009 0.0047 0.0048 216.361 734.4 
39 PUST005_CASE_5 1.0095 0.0008 0.0047 0.0048 215.902 666.1 
40 PUST005_CASE_6 1.0097 0.0010 0.0047 0.0048 215.448 607.9 
41 PUST005_CASE_7 1.0069 0.0009 0.0047 0.0048 214.994 557.2 
42 PUST005 CASE 8 1.0048 0.0008 0.0047 0.0048 216.897 830.6 
43 PUST005_CASE_9 1.0040 0.0010 0.0047 0.0048 216.677 788.9 
44 PUST006 CASE 1 1.0056 0.0009 0.0035 0.0036 217.611 1028.2 
45 PUST006_ CASE_2 1.0078 0.0009 0.0035 0.0036 217.462 986.2 
46 PUST006 CASE 3 1.0072 0.0009 0.0035 0.0036 217.147 910.9 • 
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• No . Case Name ken O"KENO O"BENCH O"TQTAL AEG H/Pu 

47 PUST007 _CASE_2 1.0092 0.0010 0.0047 0.0048 198.875 102.6 
48 PUST007 CASE 3 1.0046 0.0010 0.0047 0.0048 199.604 110.11 
49 PUST007 _CASE_5 1.0089 0.0010 0.0047 0.0048 209.856 253.3 
50 PUST007 _CASE_6 1.0061 0.0010 0.0047 0.0048 209.694 247.3 
51 PUST007 _CASE_7 1.0076 0.0010 0.0047 0.0048 209.796 250.5 
52 PUST007 _ CASE_8 1.0011 0.0010 0.0047 0.0048 209.565 246.5 
53 PUST007 CASE 9 0.9988 0.0010 0.0047 0.0048 209.627 246.5 
54 PUST007 _ CASE_l 0 1.0027 0.0011 0.0047 0.0048 210.442 275.5 
55 PUST009_CASE_l 1.0197 0.0007 0.0033 0.0034 219.728 . 2579.3 
56 PUST009_CASE_2 1.0245 0.0008 0.0033 0.0034 219.816 2706.5 
57 PUST009 CASE 3 1.0240 0.0006 0.0033 0.0034 219.832 2729.8 
58 PUSTO 10 CASE 1.11 1.0161 0.0010 0.0048 0.0049 214.116 471.3 
59 PUSTOlO CASE_l.12 1.0130 0.0010 0.0048 0.0049 214.881 527.7 
60 PUSTOlO_CASE_l.9 1.0211 0.0010 0.0048 0.0049 210.101 259.3 
61 PUST010_CASE_2.11 1.0134 0.0010 0.0048 0.0049 214.879 542.3 
62 PUSTO 10_ CASE_2 .12 1.0139 0.0009 0.0048 0.0049 215.519 600.5 
63 PUSTO 1 O_ CASE_2 .9 1.0182 0.0009 0.0048 0.0049 212.377 346.8 
64 PUST010_CASE_3.11 1.0126 0.0009 0.0048 0.0049 215.027 . 542.3 

65 PUST010_CASE_3.12 1.0200 0.0010 0.0048 0.0049 216.242 707 
66 PUST010_CASE_3.9 1.0126 0.0010 0.0048 0.0049 214.301 470.4 
67 PUSTOlO CASE 4.11 1.0064 0.0010 0.0048 0.0049 215.363 588.7 
68 PUSTOlO CASE_4.12 1.0150 0.0009 0.0048 0.0049 216.856 825.1 

• 69 PUSTO 10 CASE 5 .11 1.0061 0.0010 0.0048 0.0049 215.735 646.5 
70 PUST010_CASE_6.11 1.0176 0.0010 0.0048 0.0049 213.329 402.3 
71 PUST010_CASE_7.11 1.0055 0.0010 0.0048 0.0049 214.804 519.8 
72 PUSTOll CASE 1.16 1.0142 0.0010 0.0052 0.0053 215.821 733 
73 PUSTOll CASE 1.18 1.0001 0.0009 0.0052 0.0053 217.686 1157.3 
74 PUST01 l_CASE_2.16 1.0199 0.0010 0.0052 0.0053 215.637 705.5 
75 PUST01 l_CASE_2.18 1.0071 0.0009 0.0052 0.0053 217.520 1103.2 
76 PUST01l_CASE_3.16 1.0214 0.0010 0.0052 0.0053 215.294 662.8 
77 PUST01 l_CASE_3.18 1.0024 0.0009 0.0052 0.0053 217.526 1109.8 
78 PUST011_CASE_4.16 1.0131 0.0010 0.0052 0.0053 215.190 653.4 
79 PUSTOl l_CASE_ 4.18 0.9990 0.0009 0.0052 0.0053 217.314 1053.7 
80 PUST01 l_CASE_5.16 1.0109 0.0011 0.0052 0.0053 214.156 550.7 
81 PUSTOll CASE 5.18 1.0086 0.0009 0.0052 0.0053 217.078 995.4 
82 PUSTOll CASE_6.18 1.0055 0.0009 0.0052 0.0053 216.477 870.4 
83 PUSTOll CASE_7.18 1.0066 0.0010 0.0052 0.0053 217.354 1056.4 
84 PUSTO 14_ CASE_l 1.0077 0.0012 0.0032 0.0034 205.465 210.2 
85 PUST014_CASE_3 1.0054 0.0010 0.0032 0.0034 205.499 210.2 
86 PUSTO 14_ CASE_ 4 1.0035 0.0011 0.0032 0.0034 205.494 210.2 
87 PUSTO 14_ CASE_5 1.0065 0.0011 0.0032 0.0034 205.508 210.2 
88 PUST014 CASE 6 1.0072 0.0011 0.0032 0.0034 205.514 210.2 
89 PUST014 CASE 7 1.0070 0.0010 0.0043 0.0044 205.439 210.2 
90 PUST014_CASE_8 1.0063 0.0010 0.0032 0.0034 205.438 210.2 
91 PUST014 CASE 9 1.0044 0.0010 0.0032 0.0034 205.480 210.2 
92 PUSTO 14_ CASE_l 0 1.0069 0.0011 0.0032 0.0034 205.499 210.2 
93 PUST014 CASE 11 1.0054 0.0010 0.0032 0.0034 205.519 210.2 
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No. Case Name keff O"KENO crsENCH O"TOTAL AEG H/Pu 
94 PUST014 CASE_l2 1.0057 0.0010 0.0032 0.0034 205.525 210.2 • 95 PUSTO 14_ CASE_l 3 1.0078 0.0010 0.0043 0.0044 205.424 210.2 
96 PUST014 CASE 14 1.0047 0.0010 0.0043 0.0044 205.440 210.2 
97 PUST014_CASE_15 1.0069 0.0010 0.0043 0.0044 205.509 210.2 
98 . PUST014 CASE 16 1.0070 0.0011 0.0043 0.0044 205.533 210.2 
99 PUST014_CASE_l 7 1.0069 0.0010 0.0043 0.0044 205.527 210.2 
100 PUSTO 14_ CASE_l 8 1.0080 0.0011 0.0043 0.0044 205.442 210.2 
101 PUST014_CASE_19 1.0070 0.0010 0.0043 0.0044 205.456 210.2 
102 PUST014 CASE_20 1.0063 0.0010 0.0043 0.0044 205.508 210.2 
103 PUST014_CASE_21. 1.0065 0.0010 0.0043 0.0044 205.516 210.2 
104 PUST014 CASE 22 1.0039 0.0011 0.0043 0.0044 205.533 210.2 
105 PUST014_CASE_23 1.0062 0.0011 0.0043 0.0044 205.534 210.2 
106 PUSTO 14_ CASE_24 1.0080 0.0011 0.0043 0.0044 205.385 210.2 
107 PUST014_CASE_25 1.0041 0.0011 0.0043 0.0044 205.430 210.2 
108 PUSTO 14_ CASE_26 1.0056 0.0010 0.0043 0.0044 205.479 210.2 
109 PUST014 CASE 27 1.0041 0.0011 0.0043 0.0044 205.516 210.2 
110 PUSTO 14_ CASE_28 1.0073 0.0011 0.0043 0.0044 205.524 210.2 
111 PUSTO 14_ CASE_29 1.0053 0.0011 0.0043 0.0044 205.527 210.2 
112 PUSTO 14_ CASE_30 1.0073 0.0011 0.0043 0.0044 205.427 210.2 
113 PUSTO 14_ CASE_31 1.0013 0.0012 0.0043 0.0045 205.417 210.2 
114 PUS TO 14_ CASE_33 1.0036 0.0010 0.0043 0.0044 205.477 210.2 
115 PUST014_CASE_34 1.0049 0.0010 0.0043 0.0044 205.480 210.z" 

• 116 PUST015 CASE 1 1.0056 0.0011 0.0038 0.0040 201.235 155.3 
117 PUST015_CASE_2 1.0079 0.0010 0.0038 0.0039 201.270 155.3 
118 PUST015_CASE_3 1.0064 0.0011 0.0038 0.0040 201.276 155.3 
119 PUST015_CASE_ 4 1.0078 0.0011 0.0038 0.0040 201.307 155.3 
120 PtJST015_CASE_5 1.0064 0.0010 0.0038 0.0039 201.319 155.3 
121 PUST015_CASE_6 1.0090 0.0011 0.0038 0.0040 201.342 155.3 
122 PUST015 CASE 7 1.0077 0.0010 0.0047 0.0048 201.232 155.3 
123 PUST015 CASE_8 1.0054 0.0011 0.0047 0.0048 201.244 155.3 
124 PUST015_CASE_9 1.0057 0.0011 0.0047 0.0048 201.284 155.3 
125 PUST015_CASE_10 1.0066 0.0010 0.0047 0.0048 201.338 155.3 
126 PUST015_CASE_ll 1.0052 0.0011 0.0047 0.0048 201.213 155.3 
127 PUST015_CASE_12 1.0026 0.0011 0.0047 0.0048 201.247 155.3 
128 PUST015 CASE 13 1.0049 0.0010 0.0047 0.0048 201.292 155.3 
129 PUST015_CASE_14 1.0060 0.0012 0.0047 0.0049 201.329 155.3 
130 PUST015_CASE_15 1.0085 0.0010 0.0047 0.0048 201.196 155.3 
131 PUST015_CASE_16 1.0056 0.0010 0.0047 0.0048 201.233 155.3 
132 PUST015_CASE_l 7 1.0073 0.0010 0.0047 0.0048 201.285 155.3 
133 PUST016 CASE_l 1.0056 0.0011 0.0043 0.0044 201.232 155.3 
134 PUST016_CASE_2 1.0050 0.0010 0.0043 0.0044 201.259 155.3 
135 PUST016_CASE_3 1.0071 0.0010 0.0043 0.0044 201.300 155.3 
136 PUSTO 16 CASE 4 1.0068 0.0011 0.0043 0.0044 201.297 155.3 
137 PUST016_CASE_5 1.0065 0.0011 0.0038 0.0040 205.458 210.2 
138 PUST016_CASE_6 1.0053 0.0011 0.0038 0.0040 205.487 210.2 
139 PUST016 CASE_7 1.0064 0.0010 0.0038 0.0039 205.503 210.2 
140 PUST016 CASE 8 1.0081 0.0012 0.0038 0.0040 205.531 210.2 
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• No . Case Name keff O"KENO O"BENCH O"TQTAL AEG H/Pu 
141 PUST016 CASE 9 1.0056 0.0010 0.0033 0.0034 205.610 210.2 
142 PUST016_CASE 10 1.0062 0.0011 0.0033 0.0035 205.553 210.2 
143 PUST016 CASE 11 1.0060 0.0011 0.0033 0.0035 205.527 210.2 
144 PUSTOl 7 CASE 1 1.0047 0.0010 0.0038 0.0039 205.532 210.2 
145 PUSTOl 7 CASE 2 1.0059 0.0011 0.0038 0.0040 205.502 210.2 
146 PUSTOl 7 CASE 3 1.0064 0.0011 0.0038 0.0040 205.497 210.2 
147 PUSTOl 7 CASE 4 1.0035 0.0012 0.0038 0.0040 205.497 210.2 
148 PUSTOl 7 CASE 5 1.0054 0.0011 0.0038 0.0040 205.494 210.2 
149 PUSTOl 7 CASE 6 1.0073 0.0011 0.0038 0.0040 205.493 210.2 
150 PUSTOl 7 CASE 7 1.0061 0.0010 0.0038 0.0039 205.494 210.2 
151 PUSTO 1 7 CASE 8 1.0076 0.0011 0.0038 0.0040 205.514 210.2 
152 PUSTOl 7 CASE 9 1.0028 0.0011 0.0038 0.0040 205.490 210.2 
153 PUSTOl 7 CASE 10 1.0059 0.0012 0.0038 0.0040 205.496 210.2 
154 PUSTOl 7 CASE 11 1.0061 0.0011 0.0038 0.0040 205.526 210.2 
155 PUSTOl 7 CASE 12 1.0063 0.0010 0.0038 0.0039 205.520 210.2 
156 PUSTOl 7 CASE 13 1.0064 0.0011 0.0038 0.0040 205.495 210.2 
157 PUSTOl 7 CASE 14 1.0056 0.0012 0.0038 0.0040 205.475 210.2 
158 PUSTOl 7 CASE 15 1.0066 0.0011 0.0038 0.0040 205.535 210.2 
159 PUST017 CASE 16 1.0063 0.0011 0.0038 0.0040 205.496 210.2 
160 PUSTOl 7 CASE 17 1.0072 0.0011 0.0038 0.0040 205.509 210.2 
161 PUSTO 17_CASE_l8 1.0056 0.0010 0.0038 0.0039 205.509 210.2 
162 PUST020 CASE 1 1.0086 0.0009 0.0059 0.0060 215.478 596.5 

• 163 PUST020 CASE 2 1.0086 0.0010 0.0059 0.0060 215.614 615.6 
164 PUST020 CASE 3 1.0063 0.0009 0.0059 0.0060 216.510 743.8 
165 PUST020 CASE 5 1.0085 0.0010 0.0059 0.0060 213.989 462.9 
166 PUST020_CASE_6 1.0091 0.0011 0.0059 0.0060 213.643 450.5 
167 PUST020_CASE_7 1.0024 0.0009 0.0059 0.0060 216.280 722.9 
168 PUST020 CASE 8 1.0078 0.0011 0.0059 0.0060 210.643 341.1 
169 PUST020 CASE 9 1.0001 0.0010 0.0059 0.0060 214.044 543.2 
170 PUST021 CASE 7 1.0107 0.0010 0.0032 0.0034 215.394 662 
171 PUST021 CASE 8 1.0034 0.0010 0.0065 0.0066 197.693 125 
172 PUST021 CASE 9 1.0111 0.0009 0.0032 0.0033 215.118 634 
173 PUST021 CASE 10 1.0114 0.0008 0.0025 0.0026 218.032 1107 
174 PUST024 CASE 1 1.0004 0.0009 0.0062 0.0063 191.669 87.5 
175 PUST024 CASE 2 1.0010 0.0011 0.0062 0.0063 191.830 87.5 
176 PUST024_ CASE_3 0.9998 0.0009 0.0062 0.0063 191.900 87.5 
177 PUST024_CASE_ 4 1.0023 0.0010 0.0062 0.0063 192.020 87.5 
178 PUST024 CASE 5 0.9990 0.0010 0.0062 0.0063 192.017 87.5 
179 PUST024 CASE 6 0.9992 0.0009 0.0077 0.0077 173.510 44.9 
180 PUST024 CASE 7 1.0096 0.0010 0.0053 0.0054 201.087 143.9 
181 PUST024 CASE 8 1.0073 0.0010 0.0053 0.0054 201.162 143.9 
182 PUST024_ CASE_9 1.0062 0.0010 0.0053 0.0054 201.192 143.9 
183 PUST024 CASE 10 1.0082 0.0010 0.0053 0.0054 201.338 143.9 
184 PUST024 CASE 11 1.0064 0.0010 0.0053 0.0054 201.377 143.9 
185 PUST024 CASE 12 1.0065 0.0009 0.0053 0.0054 201.435 143.9 

• 186 PUST024 CASE 13 1.0051 0.0009 0.0053 0.0054 201.438 143.9 
187 PUST024 CASE 14 1.0021 0.0010 0.0053 0.0054 197.700 115.8 
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• No. Case Name ketf O'KENO O'sENCH O'TOTAL AEG H/Pu 
188 PUST024_ CASE_l 5 1.0008 0.0010 0.0053 0.0054 197.735 115.8 
189 PUST024 CASE 16 1.0010 0.0010 0.0053 0.0054 197.813 115.8 
190 PUST024_CASE_l 7 l.Ci032 0.0011 0.0053 0.0054 197.945 115.8 
191 PUST024_CASE_18 1.0079 0.0010 0.0051 0.0052 211.991 367.3 
192 PUST024_ CASE_l 9 1.0093 0.0010 0.0051 0.0052 212.024 367.3 
193 PUST024_ CASE_20 1.0074 0.0010 0.0051 0.0052 212.035 367.3 
194 PUST024 CASE 21 1.0100 0.0009 0.0051 0.0052 212.085 367.3 
195 PUST024_CASE_22 1.0062 0.0009 0.0051 0.0052 212.110 367.3 
196 PUST024_CASE_23 1.0050 0.0010 0.0051 0.0052 212.118 367.3 

197 233STOO 1 CASE_l 0.9953 0.0008 0.0031 0.0032 218.369 NA 

198 233ST001CASE 2 0.9970 0.0007 0.0033 0.0034 218.181 NA 

199 233ST001CASE_3 0.9970 0.0007 0.0033 0.0034 218.001 NA 

200 233STOO 1CASE_4 0.9962 0.0007 0.0033 0.0034 217.823 NA 

201 233ST001CASE_5 0.9953 0.0007 0.0033 0.0034 217.647 NA 

202 233ST003CASE_ 40 1.0027 0.0011 0.0087 0.0088 192.739 NA 

203 233ST003CASE_ 41 1.0157 0.0011 0.0151 0.0151 191.259 NA 

204 233ST003CASE_ 42 1.0018 0.0010 0.0087 0.0088 191.871 NA 

205 233ST003CASE_ 45 1.0044 0.0011 0.0126 0.0126 180.273 NA 

206 233ST003CASE_55 1.0090 0.00.13 0.0122 0.0123 176.193 NA 

207 233ST003CASE_5 7 1.0200 0.0012 0.0087 0.0088 203.986 NA 

208 233ST003CASE 58 1.0118 0.0011 0.0087 0.0088 209.418 NA 

209 233ST003CASE_61 1.0066 0.0011 0.0087 0.0088 211.700 NA 

• 210 233ST003CASE 62 1.0033 0.0010 0.0087 0.0088 213.014 NA 
211 233ST003CASE_65 1.0022 0.0010 0.0087 0.0088 216.508 NA 

212 233ST015_CASE_l 0.9908 0.0011 0.0075 0.0076 175.184 NA 
213 233ST015_CASE_2 0.9857 ·0.0011 0.0070 0.0071 173.488 NA 

214 233ST015 CASE_3 0.9879 0.0011 0.0068 0.0069 181.085 NA 
215 233ST015_CASE_ 4 0.9879 0.0011 0.0041 0.0042 181.085 NA 
216 233ST015_CASE_5 0.9850 0.0012 0.0055 0.0056 172.110 NA 

217 233ST015_CASE_6 0.9725 0.0011 0.0099 0.0100 171.621 NA 

218 233ST015_CASE_7 0.9833 0.0011 0.0070 0.0071 179.940 NA 

219 233ST015_CASE_8 0.9714 0.0011 0.0067 0.0068 171.274 NA 

220 233ST015_CASE_9 0.9654 0.0011 0.0050 0.0051 171.006 NA 

221 233ST015_CASE_10 0.9848 0.0013 0.0051 0.0053 174.998 NA 
222 233ST015 CASE 11 0.9930 0.0012 0.0075 0.0076 181.573 NA 

223 233ST015 CASE 12 0.9940 0.0012 0.0069 0.0070 180.251 NA 

224 233STO 15 CASE 13 . 0.9886 0.0012 0.0069 0.0070 179.462 NA 
225 233ST015 CASE_14 0.9954 0.0011 0.0036 0.0038 187.100 NA 
226 233ST015_CASE_l5 0.9862 0.0011 0.0060 0.0061 178.849 NA 
227 233ST015_CASE_16 0.9854 0.0012 0.0043 0.0045 178.537 NA 
228 233ST015_CASE_l 7 0.9896 0.0013 0.0029 0.0032 186.127 NA 
229 233ST015 CASE 18 0.9718 0.0012 0.0056 0.0057 178.030 NA 
230 233ST015 CASE 19 0.9694 0.0012 0.0052 0.0053 177.852 NA 
231 233ST015_CASE_20 0.9920 0.0011 0.0079 0.0080 193.394 NA 
232 233ST015 CASE 21 0.9947 0.0011 0.0070 0.0071 192.209 NA 

• 233 233ST015_CASE_22 0.9924 0.0011 0.0062 0.0063 191.601 NA 
234 233ST015 CASE 23 0.9931 0.0011 0.0055 0.0056 191.115 NA 
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235 233ST015 CASE 24 0.9870 0.0012 0.0051 0.0052 190.756 NA 
236 233ST015_CASE_25 0.9946 0.0010 0.0023 0.0025 196.906 NA 
237 233ST015 CASE 26 0.9907 0.0011 0.0066 0.0067 204.058 NA 

238 233ST015 CASE 27 0.9956 0.0010 0.0063 0.0064 203.644 NA 
239 233ST015 CASE 28 0.9925 0.0010 0.0058 0.0059 203.384 NA 

240 233ST015 CASE 29 0.9911 0.0011 0.0051 0.0052 203.169 NA 

241 233ST015_CASE_30 0.9900 0.0010 0.0048 0.0049 203.045 NA 

242 233ST015 CASE 31 0.9901 0.0011 0.0055 0.0056 202.981 NA 

Table 6-27 - Calculation of USL 

Number USL vs. 
Benchmark Set Case of Cases USL vs. AEG H/Pu 

U-233 without Be 197-211 15 0.9273 NA 

U-233 with Be 212-242 31 . 0.9292(!) NA 

Pu 1-196 196 0.9394 0.9392 

Pu + U-233 with Be 1-196, 212-242 227 0_9377<2l NA 

(1) Calculated at maximum AEG of the set (204.06). USL increases with AEG such that this is conservative for the 
AEG of the S300 package calculations (approximately 214 to 218). . · 
(2) Range of applicability is 198.11:SAEG:::;219.83 

6~9.4.4 Sample Air Transport Model 

• A sample model is provided for the most reactive case (PBMIXPW for H/Pu == 1000) 
=csas25 

• 

HAC single H/X= 1000 mass= 210 
238groupndf5 infhommedium 
pu-239 1 0 7.8223E-05 end 
h-poly 1 0 7.8223E-02 end 
c 1 0 3.9111E-02 end 
bebound 1 0 1.0169E-03 end 
bebound 2 1.0 end 
ta-181 3 den=16.6 1.0 end 
carbonsteel 4 1.0 end 
ss304 5 1.0 end 
h2o 6 1.0 end 
polyethylene 7 1.0 end 
end comp 
dummy 
read param nsk=SO gen=850 end param 
read geom 
global unit 1 · 
sphere 1 1 11.7314 
sphere 7 1 24.1802 
sphere 6 1 44.1802 ~ 

cuboid 0 1 44.1802 -44.1802 44.1802 -44.1802 44.1802 -44.1802 
end geom 
end data 
end 
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7. PACKAGE OPERATIONS 
This section describes the procedures used for opening, loading, closing, and unloading the S300 
package. 

7 .1 Package Loading 

7 .1.1 Preparation for Loading 
The S300 package should be loaded in a clean area that is protected from inclement weather. 
Provisions should be made for personnel protection and ALARA. 

After placing the S300 package in position and securing the work area, loosen the drum 
clamping ring locknut and bolt and remove the drum lid, inner liner lid, and the top spacer and 
shims, exposing the lid of the pipe component. 

Using the lifting ring(s) on the top of the pipe component, lift the pipe component from the S300 
package. Alternately, the pipe component may be left inside the S300 package during loading. 
Remove all twelve of the 7 /8-9 UNC lid attachment bolts and remove the pipe component lid. 
Using the wire bail, remove the shield insert lid. Remove the upper two-inch thick polyethylene 
shielding plug. Ensure the lower two-inch thick polyethylene shielding plug is in place at the 
bottom of the shield insert cavity. Inspect all parts for damage and replace or repair as 

• necessary. Ensure that the pipe component 0-ring is in good condition. 

• 

7 .1.2 Loading of Contents 
The radioactive contents of the S300 package must be contained inside a SFC before placement 
into the package. The maximum loading of the SFC shall comply with the limits given in Table 
1-2 for surface transport modes or Table 1-3 for air transport. Inspect, load, close, and evaluate 
the closure of the SFC according to an approved procedure. When complete, lower the SFC into 
the shield insert cavity. Ensure that no more than one SFC (of any authorized type) is placed . 
within the cavity. Place the upper two-inch thick polyethylene shielding plug on top of the SFC, 
and replace the shield insert lid. Ensure that the shield insert lid contacts the shield insert body, 
and that the lid is not supported by the contents. 

7 .1.3 Preparation for Transport 

Optionally coat the pipe component 0-ring with a light coat of vacuum grease, and replace the 
pipe component lid. Using a light coating of an approved thread lubricant, install the twelve 
7 /8-9 UNC lid attachment bolts hand tight. Optionally, a thread locking compound may be used 
on the bolt threads. Using a star pattern, tighten the bolts to a torque of 65 ± 5 ft-lb. After 
completion of the star pattern, check the tightness of each bolt sequentially. 

If the pipe component was remqved from the S300 package, use the lifting ring(s) to lift the pipe 
component and replace it into the S300 package. Ensure it is seated properly in the cavity 
provided. Replace the top spacer and shims, ensuring that the side of the top spacer having the 
recesses is facing down, and that the top spacer .is properly seated over the bolt heads and lift 
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ring(s). Using the inner liner lid, measure the distance between the top spacer (or shim,.if 
present) and the underside of the inner liner lid. If the distance is greater than 1/2 inch, add 
shims as necessary to achieve a clearance of less than 1/2 inch. Then replace the inner liner lid. 

Replace the drum lid and ensure it is seated properly on the drum. Ensure that a locknut is 
present on the bolt between the two clamping ring lugs. Tighten the drum clamping ring bolt to 
a final torque of 40 ± 5 ft-lb, tapping around the clamping ring using a soft-headed hammer 
while tightening the bolt. When fully tight, spin the locknut towards the unthreaded clamping 
ring lug and tighten. Optionally, if inadequate bolt threads exist to tighten the locknut against the 
unthreaded lug, the locknut may be tightened against the threaded lug. 

Install the tamper indicating wire and seal through the cross-drilled hole in the drum clamping 
ring bolt. If the S300 is to be shipped by exclusive use, ensure that the package is secured to a 
pallet or skid at least four inches thick. Determine the surface contamination level of each 
package per 49 CFR § 173.443.1 Monitor the external radiation level of each package per 49 
CFR §173.441. For an exclusive use shipment, the shipper shall provide written instructions to 
the carrier per 10 CFR §§71.47(c) and (d). 

The S300 package is now ready for transport. 

7 .2 Package Unloading 
U pan receipt of the S300 package from the carrier, it may be immediately unloaded or optionally 
stored indefinitely in a safe and secure manner. Note that, due to the purpose for which the S300 
package is intended, unloading of a package is not typically performed. Most S300 packages are 
stored with the payload intact and not reused, except as payload containers within a certified 
Type B package. 

7 .2.1 Opening the Package 
The 5300 package should be unloaded in a clean area that is protected from inclement weather. 
Provisions should be made for personnel protection and ALARA. After recording the condition 
of the tamper indicating device, remove the device. 

After placing the 5300 package in position and securing the work area, loosen the drum 
clamping ring bolt and remove the drum lid, inner liner lid, and the top spacer and shims, 
exposing the lid of the pipe component. 

Using the lifting ring(s) on the top of the pipe component, lift the pipe component from the 5300 
package. Alternately, the pipe component may be left inside the S300 package during unloading. 
Remove all twelve of the 7 /8-9 UNC lid attachment bolts and remove the pipe component lid. 
Using the wire bail, remove the shield insert lid. Remove the upper two-inch thick polyethylene 
shielding plug. · 

1 Title 49, Code of Federal Regulations Part 173 (10 CFR 173), Shippers - General Requirements for Shipments and 
Packagings, 01-01-06 Edition. 

7-2 



• 

• 

• 

8300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

7 .2.2 Removal of Contents 
. After removal of the two-inch thick upper polyethylene shielding plug, the SFC is exposed. 
Remove the SFC and place in safe storage. 

7 .3 Preparation of Empty Package for Transport 
If the S300 package is to be transported empty after an initial use, the following procedure shall 
be employed. Ensure that the SFC has been removed from the shield insert cavity. Place the 
upper two-inch thick polyethylene shield plug into the cavity, and replace the shield cavity lid. 
Replace the pipe component lid and thread in the twelve 7 /8-9 UNC lid attachment bolts hand 
tight. Using a star pattern, tighten the bolts to a torque of 65 ± 5 ft-lb. After completion of the 
star pattern, check the tightness of each bolt sequentially. 

If the pipe component was removed from the S300 package; use the lifting ring(s) to lift the pipe 
component and replace it into the.S300 package. Ensure it is seated properly in the cavity 
provided. Replace the top spacer and shims, ensuring that the side of the top spacer having the 
recesses is facing down, and that the top spacer is properly seated over the bolt heads and lift 
ring(s). Replace all of the shims that were removed (if any). Then replace the inner liner lid. 

Replace the drum lid and ensure it is seated properly on the drum. Ensure that a locknut is 
present on the bolt between the two clamping ring lugs. Tighten the drum clamping ring bolt to 

· a final torque of 40 ± 5 ft-lb, tapping around the clamping ring using a soft-headed hammer 
while tightening the bolt. When fully tight, spin the locknut towards the unthreaded clamping 
·ring lug and tighten. Optionally, if inadequate bolt threads exist to tighten the locknut against the 
unthreaded lug, the lock.nut may be tightened against the threaded lug. Finally, remove or render 
non-visible any shipping labels required to be displayed on loaded packages. 

The S300 package is now ready for empty transport or indefinite storage . 
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8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 

8.1 Acceptance Tests 

8.1.1 Visual Inspections· and Measurements 
The S300 packaging is subject to the conventional visual inspections and measurements 
normally incident to fabrication and purchase of components. 

8.1.2 Weld Examinations 
c 

Pipe component flange and bottom end welds are examined in accordance with the ASME 
B&PV Code, Section III, Division 1, Subsection NG, Articles NG-5230 and NG-5260, and 
accepted in accordance with Articles NG-5350 and NG-5360. 

8.1.3 Structural and Pressure Tests 

No structural or pressure tests are applicable to the S300 package. 

8.1.4 Leakage Tests 
Because the pipe component is designed only to retain the shielding insert and SFC under NCT, 
a leakage test is not required. 

8.1.5 Component and Material Tests 
No acceptance tests are performed on S300 packaging materials or components. 

· 8.1.6 Shielding Tests 

Due to the simple design and construction of the shield insert as a right circular cylinder 
machined from a single billet of HDPE material, no shielding tests are needed for the S300 
package. 

8.1.7 Thermal Tests 
Since the heat generation of the payload is negligible, thermal tests are not applicable to the S300 
package. · 

8.2 Maintenance Program 
For purposes of ALARA, the S300 Package is loaded and closed once, then sealed with a 
tamper-indicating device. The.multifunction S300 is used as a transport package, a storage 
container (if required), and a final disposal container. The S300 may be transported more than 
once and stored if necessary before final disposal at the Waste Isolation Pilot Plant (WIPP). If it 
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is required to inspect the contents of the S300 or open it for any reason, that activity shall be 
performed according to the procedures in Section 7.0, Package Operations. 

To ensure that the S300 is in unimpaired condition, it shall be visually inspected before loading 
and prior to each transport. The visual inspection shall provide assurance that: 

• The drum closure lid is properly installed and the clamping ring is intact and tight. 

• The tamper-indicating device is intact. 

• The drum has not experienced corrosion to the extent that its structm;al integrity would be 
. impaired. Note: Loss of paint or surface corrosion that does not impair the structural 
integrity of the drum is acceptable. ' 

• There are no penetrations through the drum or closure lid (except for the vent filter), 
there are no gross deformations of the drum or closure lid that could significantly affect 
structural integrity, and no evidence of water entry into the drum. 

• There are no other indications which could prevent the S300 package from meeting the 
requirements of 10 CFR 71. 

If a S300 package fails visual inspection prior to any transport, it shall be removed from service, 
. and repaired and recertified, or replaced as necessary. Any replacement components shall 
comply with the drawings provided in Appendix 1.3.1, Packaging General Arrangement 
Drawings . 
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9. QUALITY ASSURANCE 
This chapter defines the Quality Assurance (QA) requirements and methods of compliance 
applicable to the S300 package. The S300 package described in this SAR is identical to the S300 
pipe overpack currently used as a payload container within the TRUPACT-II package; and has 
been used as a qualified DOT 7 A Type A transportation package by OSRP for a number of 
years. 

The QA requirements for packaging established by the NRC are described in Subpart H of 10 
CFR Part 71 {10 CFR 71). Subpart His an 18-criteria QA program based on ANSI/ASME 
NQA-1. Guidance for QA programs for packaging is provided by NRC Regulatory Guide 7.101

. 

The QA requirements of DOE for the use of NRC certified packaging are described in DOE 
Order 460.1B2

• 

The S300 packaging is designed and built for, and used by DOE; and must be approved by the 
NRC for the shipment of radioactive material in accordance with the applicable provisions of the 
DOT, described in 49 CFR 173, Subpart I. Procurement, design, fabrication, assembly, testing, 
maintenance, repair, modification, and use of the S300 package are all done under QA programs 
that meet all applicable NRC and DOE QA requirements. 

The DOE Field Offices for shipping and receiving sites inspect and approve the respective 
shipper's and receiver's QA programs for equivalency to the NRC's QA program requirements 
in Subpart Hof 10 CFR 71. Non-DOE users of the S300 package may only use it when 
approved to do so by the NRC . 

QA requirements for the S300 package are discussed in the Contact-Handled Transuranic Waste 
Authorized Methods for Payload Control (CH-TRAMPAC). QA programs applicable to 
procurement, design, fabrication, assembly, testing, use, maintenance, and repair of the 
TRUPACT-II are also noted in Chapter 9.0 of the TRUPACT-II SAR. The certification and 
packaging QA requirements are based on the Carlsbad Field Office (CBFO) Quality Assurance 
Program Document {QAPD) and 10 CFR 71, Subpart H, Packaging and Transportation of 
Radioactive Material, Quality Assurance. 

The Central Characterization Project (CCP) was established by the Department of 
Energy/Carlsbad Field Office (DOE-CBFO) to provide more efficient and cost effective 
characterization and certification of transuranic (TRU) waste using the resources of multiple 
corporate and national laboratory entities. 

The CCP is the first centralized TRU waste characterization and certification project in the DOE 
complex. The Waste Isolation Pilot Plant (WIPP) Management and Operations contractor, 
Washington TRU Solutions, LLC {WTS), manages the project, with technical support from Los 
Alamos National Laboratory (LANL) and Sandia National Laboratory (SNL). These two 
primary subcontractors provide operational support for CCP characterization operations in the 

1 U.S. Nuclear Regulatory Commission, Regulatory Guide 7.10, Establishing Quality Assurance Programs for 
Packaging Used in transport of Radioactive Material, Revision 2, March 2005. 
2 U.S. Department of Energy Order 460.lB, Packaging and Transportation Safety, 4-4-03. 
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field. Collectively, the subcontractors, WTS, LANL, and SNL personnel are all members of the 
CCP team. 

The CCP is tasked with characterizing and certifying all aspects of TRU waste (e.g., Pu/Be 
sources) for disposal at WIPP. Accordingly, the CCP team must comply with DOE/WIPP 02-
3122, Contact-Handled Transuranic Waste Acceptance Criteria for the Waste Isolation Pilot 
Plant (CH-WAC). . 

The CH-WAC establishes the specific physical, chemical, radiological, and packaging criteria 
for acceptance of defense TRU waste shipments to WIPP in S300 packages. The CH-WAC also 
requires that the CCP produce documents, including a certification plan that addresses the 
applicable requirements and criteria specific to packaging, characterization, certification, and 
shipping of TRU waste, such as Pu/Be special form sources, to WIPP for disposal. 

To accommodate the aforementioned requirement to develop a certification plan, the CCP has 
produced document CCP-P0-002, Transuranic Waste Certification Plan ~swell as CCP-P0-
003, CCP Transuranic Authorized Methods for Payload Control. Within these documents reside 
requirements for effective application of a QA program founded on the CBFO QAPD and 10 
CFR 71, Subpart H. 

The CCP team implements the Quality Assurance Plan (QAP) established in Section 4.0 of CCP
P0-002. This QAP establishes the overall QA program requirements as well as establishes 
measures for design, procurement, fabrication, testing, use, inspection, examination, 
maintenance, repair, modification, handling, storage, shipping, and cleaning. The DOE-CBFO 
approves the QAP before transuranic material is packaged and transported to the WIPP or other 
sites. 

Compliance methods are documented in DOE-CBFO approved programmatic Transuranic Waste 
Authorized Methods for Payload Control (TRAMPACs) and/or waste-specific data TRAMPACs. 
The DOE-CBFO managing and operating contractor performs surveillance of users' payload 
compliance procedures or data package to ensure the requirements of this CH-TRAMP AC are 
met. The DOE-CBFO periodically audits users' payload compliance QA programs. 

In addition to CCP QA requirements, OSRP must also comply with the extensive Quality 
Assurance Program (QuAP) at Los Alamos National Laboratory (LANL). The QuAP is the 
approved institutional description of the overall management system at LANL that provides a 
level of confidence that both its business management and technical processes are effective and 
efficient. 

The LANL QuAP is issued under the authority of the Laboratory Director and reflects the values 
of LANL senior management. It is consistent with requirements of the prime contract and 
LANL Governing Policies on performance, safety, and safeguards and security, and it promotes 
compliance with federal, state, and local regulations and codes. 

This QuAP establishes the LANL quality assurance program requirements for site-wide 
implementation and is to serve as the basis for LANL quality assurance program acceptability. It 
is designed such that implementation of the full scope of requirements as stated in DOE Order 
414.1, Quality Assurance (current contractual version), constitutes compliance to nuclear safety 
quality assurance criteria required by 10 CFR 830, Subpart A, Nuclear Safety Management 
Quality Assurance Requirements . 
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In the interests of ALARA, OSRP recovery team members handle recovered radioactive sources 
as little as possible. Therefore, when sources are packaged by OSRP at the recovery site for 
transport, they are actually ready for final disposition at WIPP (or interim storage at LANL if 
necessary). Since the multi-function S300 must be able to serve as transport packaging, storage 
container, and disposal container, OSRP is required to comply with all aspects of CCP QA and 
LANL QA program descriptions whenever packaging Pu/Be sources into an S300 container. 

A detailed discussion of the LANL/CCP QA program which governs OSRP packaging 
operations is presented on the following pages to demonstrate compliance with 10 CFR 71, 
Subpart H. 

9.1 Organization 

9.1.1 LANL/Central Characterization Project Organization 
The responsibilities for transuranic (TRU) source management of the LANL/CCP are distributed 
within various organizations. This section identifies the organizations involved and describes the 
responsibilities of and interactions between these organizations. 

9.1.1.1 Central Characterization Project Management 

CCP management has overall responsibility for successfully accomplishing activities. 
Management provides the necessary planning, organization, direction, control, resources, and 
support to achieve their defined objectives. Management is responsible for planning, 
performing, assessing, and improving the work. 

CCP management is responsible for establishing and implementing policies, plans, and 
procedures that control the quality of work, consistent with requirements. 

CCP QA management responsibilities include: 

• Ensuring that adequate technical and QA training is provided for personnel performing 
activities. 

• Ensuring compliance with all applicable regulations, DOE orders and requirements, and 
applicable federal, state, and local laws. 

• Ensuring that personnel adhere to procedures for the generation, identification, control, 
and protection of QA records. 

• Exercising the authority and responsibility to STOP unsatisfactory work such that cost 
and schedule do not override environmental, safety, or health considerations. 

• Developing, implementing, and maintaining plans, policies, and procedures that 
implement the QAPD. 

• Identifying, investigating, reporting, and correcting quality problems. 

• Members of the CCP management are responsible for achieving and maintaining quality 
in their area. Quality achievement is the responsibility of those performing the work. 
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Quality achievement is verified by persons or organizations not directly responsible for 
performing the work. 

• CCP management empowers employees by delegating authority and decision making to 
the lowest appropriate level in the organization. 

• Figure 9.1-1, LANL/CCP Organization, is a functional organization chart pertaining to 
TRU characterization and certification activities of LANL/CCP. The following 
subsections identify the organizations that oversee LANL/CCP and describe the roles and 
responsibilities of key positions chargep with implementing the requirements defined in 
the QA plan . 
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Figure 9.1-1 - LANL/CCP Organization 

9.1.1.2 DOE-CBFO Quality Assurance Manager 

The DOE-CBFO QA Manager provides independent oversight of QA activities of the CCP . 

• 
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9.1.1.3 DOE-CBFO Office Director, Office of Characterization and 
Transportation 

The DOE-CBFO Office Director, Office of Characterization and Transportation, provides overall 
policy direction and oversees CCP characterization and certification activities and approves the 
QA plan. 

9.1.1.4 CCP Manager 

The CCP Manager is responsible for the day-to-day management and direction of CCP activities. 
The CCP Manager is responsible for: 

• Ensuring successful CCP/site interface. 

• Ensuring CCP plans and operations are coordinated, integrated, and consistent with 
DOE-CBFO programs, policies, and guidance. 

• Coordinating CCP activities and functioning as principal point-of-contact (POC) with 
DOE-CBFO and other regulating agencies. 

• Reviewing and approving the QA plan. 

9.1.1.5 CCP Site Project Manager (SPM) 

The Site Project Manager (SPM) is the principal POC with DOE [including CBFO and National 
TRU Program (NTP)] for technical activities associated with TRU. The SPM coordinates with 
the CCP Waste Certification Official (WCO) and Transportation Certification Official (TCO) 
and oversees CCP activities to ensure that TRU is characterized and certified compliant with 
WIPP requirements. Specific responsibilities assigned to the SPM include the following: 

• Developing, maintaining, reviewing, approving, and implementing CCP procedures and 
plans. Development, approval, and implementation of procedures and plans will occur at 
the earliest time consistent with the schedule for accomplishing the activities. 

• Scheduling revisions and distributing CCP procedures and plans and forwarding these 
documents (if significantly revised) to DOE-CBFO for review and approval before 
implementation. The term "significantly revised" means non-editorial changes in 
accordance with the QAPD, Section 1.4.3. 

• Ensuring CCP personnel receive appropriate training and are properly qualified, so that 
suitable proficiency is achieved and maintained. 

• Obtaining Acceptable Knowledge (AK) information from waste generators regarding 
U.S. Environmental Protection Agency (EPA) hazardous waste codes. 

• Assigning additional EPA hazardous waste co~es to TRU waste based on analytical 
results, as applicable. 

• Reviewing and approving interface documents. 

• Waste selection and tracking . 
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• Halting characterization or certification activities if problems affecting the quality of 
certification processes or work products exist. 

• Validating and verifying characterization data. 

• Reconciling verified data with data quality objectives. 

• Evaluating and reconciling AK information with characterization data. 

• Preparing and submitting SPM Data Validation Summaries, Waste Stream Profile forms, 
Characterization Information Summaries, Waste Stream Characterization Packages, and 
QA/Quality Control (QC) reports to DOE-CBFO. 

The SPM may delegate any of these activities to another individual; however, the SPM retains 
ultimate responsibility for ensuring that CCP certification requirements are met. 

9.1.1.6 CCP Site Project Quality Assurance Officer (SPQAO) 

The SPQAO provides QA oversight and planning for TRU characterization and certification, 
verifies the implementation of QA requirements, and provides day-to-day guidance on quality
related matters. The SPQAO has the authority to stop CCP work activities if quality is not 
assured or controlled. The SPQAO has no responsibilities unrelated to the QA Program that 
would prevent appropriate attention to QA matters. The SPQAO is responsible for verifying the 
achievement of quality by those performing the work. As shown in Figure 9.1-1, LANL/CCP 
Organization, the CCP SPQAO reports directly to the WTS QA Manager, so that required 
authority and organizational freedom are provided, including sufficient independence from cost 
and schedule considerations. The SPQAO's specific responsibilities include: 

• Reviewing and approving CCP procedures and plans; including the QA plan. 

• Interfacing with WTS QA for activities in CCP-P0-008, CCP Quality Assurance 
Interface with WTS QA Program. 

• Coordinating and participating in internal and external audits and assessments to verify 
compliance. 

• Tracking compliance and evaluating trends in compliance with QA objectives. 

• Performing assessments of testing, sampling, and analytical facilities. 

• Tracking and trending CCP nonconformances and corrective action reports. 

• Verifying CCP corrective actions. 

• Validating and verifying data at the project level. 

• Submitting semi-annual and other QA/QC reports to the SPM and DOE-CBFO. 

• Coordinating responses to CCP nonconformance reports (NCRs) generated by DOE
CBFO or other external assessment organizations. 

• Reviewing and approving supplier and subcontractor QA Plans. 

• Reviewing interface documents . 
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• Providing guidance to all CCP organizations concerning identification, control, and 
protection of QA records. 

• Comparing Visual Examination (VE) and radiography data, and calculating 
miscertification rates. 

• Stopping work if quality is not assured or controlled. 

• Providing day-to-day guidance on quality-related matters. 

• Maintaining liaison with participant QA organizations and other affected organizations. 

• Developing, establishing, and interpreting QA policy and ensuring effective 
implementation. · 

• Interfacing, as appropriate, with the DOE-CBFO staff, participants, and other 
stakeholders on QA matters. 

• Assisting subordinate organizations with quality planning, documentation, quality 
measurement, and problem identification and resolution. 

• Initiating, recommending, or providing solutions to quality problems through designated 
channels. 

• Ensuring that further processing, delivery, installation, or use is controlled until proper 
disposition of a nonconformance, deficiency, or unsatisfactory condition has occurred. 

• Coordinating with responsible management on resolution of differences of opinion 
involving the definition and implementation of QA Program requirements. · If not . 
resolved, progressively elevating the issues to successively higher levels of management 
as necessary. 

• Ensuring that a graded approach is used to exercise control over activities affecting 
quality to an extent consistent with their importance. 

• Interfacing with the CCP WCO and TCO on matters related to waste characterization, 
certification, and transportation. · 

The SPQAO may delegate one or more individuals to perform the above functional 
responsibilities; however, the SPQAO retains ultimate responsibility for ensuring compliance 
with CCP QA requirements. ' 1 

9.1.1. 7 CCP Waste Certification Official (WCO) 

The CCP WCO is responsible for reviewing data and information necessary to document TRU 
payload containers prepared for shipment to WIPP meet specified criteria. The WCO 
coordinates activities related to waste certification. Specific duties and responsibilities of the 
WCO include the following: 

• Certifying that packages and shipments meet CH-WAC requirements. 

• Interfacing with the CCP SPM, TCO, and SPQAO on matters related to characterization 
and certification . 
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• Stopping certification activities if problems affecting the quality of certification processes 
or work products exist. 

• Ensuring that certification data entered into the WIPP Waste Information System 
(WWIS) are accurate and demonstrate the acceptability of the material for transport to 

· and disposal at the WIPP. 

• Reviewing the applicable CCP plans and procedures and any other waste certification
related documents. 

• Reviewing the QA plan. 

• Preparing responses to deficiency reports. 

The WCO may delegate one or more individuals to perform the above responsibilities; however, 
the WCO retains ultimate responsibility for ensuring compliance with CH-WAC requirements. 

9.1.1.8 CCP Transportation Certification Official (TCO) 

The CCP TCO documents and certifies that payload containers and assemblies to be transported 
meet the requirements of CCP-P0-003. Specific responsibilities of the TCO include: 

• Reviewing the applicable CCP transportation plans and transportation procedures. 

• Interfacing with the CCP SPM, WCO, and SPQAO on matters associated with 
transportation. 

• • Reviewing and maintaining CCP-P0-003. 

• 

• Ensuring that data used in completion of the transportation documents are accurate and 
demonstrate that the waste is acceptable for transportation. 

• Preparing and signing Payload Container Transportation Certification Documents and 
Overpack Payload Container Transportation Certification Documents. 

• Preparing and signing Payload Assembly Transportation Certification documents. 

• Assisting the SPQAO with preparation of responses to deficiency reports in 
transportation matters. 

• Ensuring that the transportation data entered into the WWIS are accurate and demonstrate 
that waste is acceptable for disposal at WIPP. 

• Reviewing interface documents. 

• Halting transportation certification activities if problems affecting the certification or 
work process exist. 

9.1.1.9 WTS Quality Assurance Manager 

The WTS QA Manager is responsible for specific activities that relate to the CCP scope of work. 
These include: 

• Performing independent assessments of CCP activities, in accordance with the CBFO:
approved WTS QA Program and implementing procedures. 
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• Providing inspection services support for procurement, including source inspections . 

• Providing vendor qualification and maintenance of the WTS Qualified Suppliers List for 
vendors used by CCP. 

9.1.1.10 CCP Vendor Project Manager (VPM) 

• Monitors the List of Qualified Individuals to confirm that only qualified personnel 
perform waste characterization activities. 

• Ensures that in-process documents and the documents are transmitted to the CCP Site 
Project Office as soon as practicable per CCP-QP-008, CCP Records Management. 

• Ensures applicable Material Safety Data Sheets are maintained and available to support 
operations. 

• Notifies the CCP Project Manager of any abnormal events associated with safe operation 
of CCP characterization activities for reporting purposes. 

9.1.1.11 LANL/CCP Project Manager 

The LANL/CCP Project Manager is the primary liaison between LANL and CCP for successful 
implementation of the QA plan. Specific responsibilities include: 

• Confirming that characterization activities are conducted at LANL per the Statement of 
Work requirements, the Interface Document, and the CCP schedule . 

• Providing primary oversight responsibility for project safety and compliance for CCP 
personnel at LANL. 

• Providing CCP personnel and equipment to support characterization, certification, and 
transportation, as required. 

• Providing support to the CCP Site Project Manager (SPM). 

• Receiving documentation of required LANL site-specific training. 

• Providing weekly production reports to the DOE-CBFO and LANL Production Control 
as required. 

• Receiving reports of LANL oversight activities and formally responding, as required. 

• Interfacing with DOE-CBFO and DOE/Los Alamos Site Office (LASO) upon request. 

9.1.1.12 LANL Director 

• Retains the ultimate authority and accountability for the QuAP and its implementation at 
LANL. 

• Ensures that overall institutional vision, values, standards, and management systems that 
define the QuAP are established and documented in policies and procedures. 

• Ensures that resources necessary for effective implementation of the QuAP are provided . 
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• Fosters an environment that promotes and supports the identification of issues and 
resolution for continuous quality improvement. 

• Appoints the Quality Steering Group Chair to administer the QuAP. 

• Approves the QuAP and supports its implementation. 

9.1.1.13 LANL Quality Steering Group 

• Oversees and guides the development and implementation of the QuAP. 

• Endorses the QuAP institutional support documents. 

" Reviews and interprets quality documents and policy issues. 

• Provides recommendations regarding quality assurance policy issues to support the 
Quality Steering Group Chair key decisions. 

9.1.1.14 LANL AssociateDirectors 

• Account for directorate compliance with quality assurance requirements [e.g., 10 CFR 
830, Subpart A, DOE 0 414.1 (current contradual version), and DOE/NNSA QC-1]. 

• Determine and provide resources (e.g., budget, personnel, materials) to accomplish 
required work activities. 

• Serve as the directorate representative on the Quality Steering Group . 

• Appoint directorate and/or division representatives to serve on the Quality Network. 

• Ensure the flow down and effective implementation and enforcement of quality assurance 
requirements within their directorates. 

• -Ensure that applicable quality standards and quality requirements are. identified for the 
work to be performed. 

• Develop/approve directorate/division and program quality assurance supplemental 
documents (where applicable) and QuAP implementation plans within their directorates. 

• Ensure that LANL customer and programmatic requirements are integrated into the 
scopes of work activities (e.g., ISM, Integrated1Safeguards and Security Management, 
Conduct of Operations). 

• Foster an environment that promotes identification and comprehensive correction of 
quality issues that support continuous quality improvement. 

• Support the identification and recommendation for policy, process, or procedure changes 
that improve quality and efficiency within their directorates and/or throughoµt LANL. · 

• Perform and ·provide a summary management assessment report to the Quality Steering 
Group Chair and Laboratory Director annually that evaluates the adequacy, effectiveness, 
and implementation of management systems performance within their directorates. -
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9.1.1.15 LANL Performance Surety Division 

• Provides formal operations and oversight for interdivisional and inter-directorate 
services. 

• Develops and implements integrated management systems that document performance 
indicators, measure performance status through investigations, and regularly report 
results to LANL senior management (e.g., issues management, authorization basis). 

9.1.1.16 LANL Division Leaders/Program, Project, and Office Directors 

• Determine quality assurance program requirements based on work scopes and develop 
and/or approve quality assurance program documents and implementation plans within 
their divisions/programs/projects/offices. 

• Approve quality assurance supplemental documents and implementation plans within 
their divisions/programs/projects/offices (where applicable). 

9.1.1.17 LANL Institutional Quality Management Group 

• Provides procedures, processes, tools, and quality training to assist organizations in 
implementation of the QuAP. 

• Serves as a resource to systematically manage potential quality concerns, issues, and 
problems. 

• • Provides inspection, quality assurance compliance and performance assessments, and 

• 

program development support services to LANL. 

• Reviews directorate and/or division quality assurance supplemental documents and 
QuAP implementation plan~ for compliance with the QuAP requirements. 

• Coordinates and chairs the Quality Network and disseminates quality-related information 
to Quality Network members. 

• Independently assesses the QuAP implementation utilizing a risk-based process to 
determine assessment scope. · 

9.1.1.18 LANL Quality Network 

• Assist in the development and implementation of the QuAP. 

• Share quality-related information (e.g., defective items, product recalls) among workers 
within directorates, divisions, programs, and offices and identifies and helps to resolve 
multi-organizational quality issues. 

9.1.1.19 Members of the LANL Workforce (at all levels) 

• Implement their organization's procedures to meet QA requirements. 

• Comply with administrative and technical work control requirements . 
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• Identify and report issues to the responsible manager for resolution and continuous 
improvement for the work being performed. 

• Seek, identify, and recommend work methods or procedural changes that would improve 
quality and efficiency. 

9.2 Quality Assurance Program 

9.2.1 General 
The CBFO QAPD establishes the QA program requirements for programs, projects, and 
activities sponsored by the CBFO. CCP-P0-002, . .Transuranic Waste Certification Plan, Section 
4.0, Quality Assurance Plan describes and implements the CBFO QAPD requirements for 
LANL/CCP. CCP-P0-002 is based on the CBFO QAPD as it applies to the characterization, 
certification, and transportation of TRU material and therefore incorporates the applicable 
requirements from the regulatory and committed QA source documents identified in the CBFO 
QAPD. Section 4.0 of CCP-P0-002, Transuranic Waste Certification Plan, fulfills the 
requirements for a transportation QA plan as required by 10 CFR 71, Subpart H for the S300 
packaging. 

The scope of the integrated Quality Assurance Program Requirements for Nuclear Facilities 
(NQA-1) Program is to ensure that all items and activities that are important to the safe 
containment of TRU Waste at WIPP comply with program objectives. Applicable criteria are 
identified in the individual element descriptions contained within the CCP-P0-002, Transuranic 
Waste Certification Plan, Section 4.0. 

The LANL/CCP QA program is developed and maintained through an ongoing process that 
selectively applies QA criteria as appropriate to the function or work activity being performed. 
Applicable QA criteria consist of the following: 

• Title 10 CFR Subpart 71, Packaging and Transportation of Radioactive Material 

• Title 10 CFR Part 194, Criteria for the Certification and Re-Certification of Radioactive 
Material 

• Title 10 CFR 830.120, Quality Assurance Requirements 

• ASME NQA-1, Quality Assurance Requirements for Nuclear Facility Application 

• DOE 0 414.1, Quality Assurance 

• USDOE DOE-CBF0-94-1012, Quality Assurance Program Document 

The LANL/CCP QAP is inclusive of applicable requirements from criteria noted above and 
addresses the following as applicable for this SAR:· 

• Organization • Records 

• Quality Assurance Program • Work Process 

• Implementation of the QA Program • Procurement 

• Personnel Qualification and Training • Inspection and Testing 
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• Quality Improvement • Management Assessments 

• Documents • Independent Assessment 

Table 9.2-1 depicts how the requirements of 10 CFR 71, Subpart Hare addressed within the 
LANL/CCP QA program. 

The CCP Manager is responsible for ensuring implementation of requirements as defined within 
the QA program as well as the requirements of this SAR including design, procurement, 
fabrication, inspection, testing, maintenance, and modifications. Procurement documents are to 
reflect applicable requirements from 10 CFR 71, Subpart H, ASME NQA-1 and the QA 
program. 

LANL and CCP management assesses the adequacy and effectiveness of the QA program to 
ensure effective implementation inclusive of objective evidence and independent verification, 
where appropriate, to demonstrate that specific project and regulatory objectives are achieved. 

All LANL/CCP personnel and contactors are responsible for effective implementation of the QA 
program within the scope of their responsibilities. Personnel responsible for inspection and 
testing are to be qualified, as appropriate, through minimum education and/or experience, formal 
training, written examination and/or other demonstration of skill and proficiency. Objective 
evidence of qualifications and capabilities are to be maintained as required. As appropriate, the 
initial employee training should consist of the following: 

• General employee indoctrination 

• • Program indoctrination 

• Radiation/industrial training 

• QA program training 

• 
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Table 9.2-1 - QA Program Requirement Cross-mapping 

10 CFR 71 CCPQA 

Subpart H Title Plan Description 
Application to CCP 

Implementation 
Requirement Section 

1 QA Identifies organizations and their relationships in 4.1 Applicable 
(71.103) Organization performance of activities affecting quality. 

2 Describes basic methods for establishing a documented QA 
QA Program 4.1 program that implements requirements of 10 CFR 71, Applicable 

(71.105) Subpart H. 

3 Package Design Describes design control measures established for 
4.1 Not Applicable 

(71.107) Control structures, systems, and components. 

Describes procedures for ensuring that applicable regulatory 
4 Procurement requirements, design bases, and other requirements 

Document Control 4.7 necessary to ensure adequate quality are suitably included Applicable 
(71.109) or referenced in documents for procurement of material and 

services. 

5 Instructions, Describes documentation of instructions, procedures, or 
Procedures, and 4.5 drawings to ensure that safety criteria have been met. Also Applicable 

(71.111) Drawings describes QA review and concurrent processes. 

6 Describes documents to be maintained by the QA program 
Document Control 4.4 and how those documents may be changed, reviewed, Applicable 

(71.113) approved, and issued. 

7 Control of Purchased Describes procurement planning, sources, bids, evaluations, 
Material, Equipment, 4.7 awards, performance control, verification activities, control Applicable 

(71.115) and Services of non conformances, and records. 
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10 CFR 71 CCPQA 

Subpart H Title Plan Description 
Application to CCP 

Implementation 
Requirement Section 

8 Identification and Describes procedures to track materials to prevent the use of Control of Materials, 4.6 Applicable 
(71.117) Parts, and Components incorrect or defective items. 

9 Control of Special Describes procedures to monitor special processes such as 
4.6 Applicable 

(71.119) Processes welding, radiography, and heat-treating. 

10 Describes the planning and use of inspection procedures, Internal Inspection 4.8 Applicable 
(71.121) instructions, and checklists. 

11 
Describes requirements and procedures for testing materials 

Test Control 4.8 
in accordance with original design and testing requirements. Applicable 

(71.123) Also ensures that the test results are documented and 
evaluated by qualified individuals. 

12 Control of Measuring Describes procedures for ensuring that measuring and test 

and Test Equipment 4.8 equipment is properly calibrated and appropriate actions Applicable 
(71.125) should the equipment be out of calibration. 

13 Handling, Storage, and Describes procedures for ensuring that containers and 
4.8 packaging are preserved, prepared, released, and delivered Applicable 

(71.127) Shipping Control 
in good condition. 

14 Inspection, Test, and Describes methods for the identification of the inspection, 

Operating Status 4.8 test, and operating status of items including the Applicable 
(71.129) application/removal of tags, markings, or stamps. 

15 
Inspection, Test, and Describes the identification, segregation, disposition, and 

Non conforming 
Materials, Parts, or 4.7 evaluation of items that do not conform to design and Applicable 

(71-131) 
Components construction criteria. 
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10 CFR 71 CCPQA 

Subpart H Title Plan Description 
Application to CCP 

Implementation 
Requirement Section 

16 Described procedures for identifying, reporting, and 
Corrective Action 4.7 obtaining corrective actions from suppliers for defective Applicable 

(71-133) material. 

17 Quality Assurance Describes, the establishment of quality assurance records, 

Records 4.5 content, indexing and classification, and appropriate Applicable 
(71-135) II!ethods for storage, preservation, and safekeeping. 

18 ~ 

Audits 4.9 
Describes internal and external audit programs applicable to Applicable 

(71.137) both in-house and major suppliers. 
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9.2.2 5300-Specific Program 
The S300 was designed and tested as described in Chapter 2, Structural Evaluation, of this SAR. 
QA requirements are invoked in the design, procurement, fabrication, assembly, testing, 
maintenance, and use of the packaging to ensure established standards are maintained. Items and 
activities to be controlled and documented are described in this chapter. 

9.2.3 QA Levels 
Materials and components of the S300 are designed, procured, fabricated, assembled, and tested 
using a graded approach under a 10 CFR 71, Subpart H equivalent QA Program. Under that 
program, the categories critical to safety are established for all S300 packaging components. 
These defined quality categories consider the impact to safety if the component were to fail or 
perform outside design parameters. 

Graded Quality Category A Items: 

These items and services are critical to safe operation and include structures, components, and 
systems whose failure could directly result in a condition adversely affecting public health and 
safety. The failure of a single .item could cause loss of primary containment leading to a release 
of radioactive material beyond regulatory requirements, loss of shielding beyond regulatory 
requirements, or unsafe geometry compromising criticality control. 

Graded Quality Category B Items: 

These items and services have a major impact on safety and include structures, components, 
and systems whose failure or malfunction could indirectly result in a condition adversely 
affecting public health and safety. The failure of a Category B item, in conjunction with the 
failure of an additional item, could result in an unsafe condition. 

Graded Quality Category C Items: 

The.se items and services have a minor impact on safety and include structures, components, 
and systems whose failure or malfunction would not significantly reduce the packaging 
effectiveness and would not be likely to create a situation adversely affecting public health 
and safety. 

The CCP QAPD graded assessment results for the S300 are shown in Table 9.2-2. 
Table 9.2-3 identifies the level of effort for package activities appropriate for each quality 
category element. 
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Table 9.2-2 - QA Categories for Design and Procurement of 8300 
Subcomponents 

Component Subcomponent Category 

Pipe Flange A 

Shells and Heads Cylindrical Shell A 

Pipe End Cap A 

Lid A 
Vessel Closure 

Closure Bolts A 

Seals Containment 0-Ring Seal A 

Pressure Relief Devices Filter Vent A 

Shield Insert Body B 
Neutron Shielding 

Shield Insert Lid B 

Drum 55-Gallon Drum and Lid B 

Fiber board B 
Dunnage 

Plywood B 

Lifting Devices Lifting Device B 

Package Hardware Outer Rigid Polyethylene Drum Liner c 
Pressure Relief Devices Drum Filter Vent A 

-
Weld Filler Metal A 

Miscellaneous Thread Locking Compound (optional) c 

Vacuum Grease (optional) c 
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• Table 9.2-3 - Level of Quality Assurance Effort per QA Element 

QA 
QA Level of QA Effort Category 

Element 
·A B c 

QA Organization 

• Organizational structure and authorities defined x x x 
1 • Responsibilities defined x x x 

• Reporting levels established x x x 

• . Management endorsement x x x 
\ 

QA Program 

• Implementing procedures in place x x 
2 

• Trained personnel x x 

• Activities controlled x x 
Design 

• Control of design process and inputs x x x 

• Control of design input x x x 

• • Software validated and verified x x x 
3 

• Design verification controlled x x x 

• Quality category assessment performed x x x 

• Definition of commercial or generic item (off-the-shelf) not x 
related to A or B component 

Procurement Document control 

• Complete traceability x x 
4 • Qualified suppliers list x x 

• Commercial grade dedicated items acceptable x x 

• Off-the-shelf item x 
Instructions, Procedures, and Drawings 

5 • Must be written and controlled x x 
• Qualitative or quantitative acceptance criteria x x 

Document Control 

• Controlled issuance x x 
6 

• Controlled changes x x 
• Procurement documents x x x 

• 
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• QA 
QA Level of QA Effort Category 

Element 
A B c 

Control of Purchased Material, Equipment, and Services 

• Source evaluation and selection plans x x 
• Evidence of QA at supplier x x 
• 

7 
Inspections at supplier, as applicable x x 

• Receiving inspection x x 
• Objective proof that all specifications are met x x 
• Audits/surveillances at supplier facility, as applicable x x 
• Incoming inspection for damage only x 

Identification and Control of Material, Parts, and Components 

• 
8 

Positive identification and traceapility of each item x x 
• Identification and traceable to heats, lots, or other groupings x x 
• Identification to end use drawings, etc. x 

Control of Special Processes 

• • All welding, heat treating, and nondestructive testing done by x X, 

9 qualified personnel 

• Qualification records and training of personnel . x x 
• No special processes x 

Inspection 

• Documented inspection to all specifications required x x 
• Examination, measurement, or test of material or processed x x 

product to assure quality 
10 

Process monitoring if quality requires it x x • 
• Inspectors must be independent of those performing operations x x x 
• Qualified inspectors only x x x 
• Receiving inspection x x x 

Test Control 

• Written test program x x 
• Written test procedures for requirements in the package x x 

11 
approval 

' 

• Documentation of all testing and evaluation x x 
• Representative of buyer observes all supplier acceptance tests if x 

specified in procurement documents 

• • No physical tests required x 
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• QA 
QA Level of QA Effort Category 

Element 
A B C· 

Control of Measuring and Test Equipment 

• Tools, gauges, and instruments to be in a formal calibration x x 
12 program 

• Only qualified inspectors x x 

• No test required x 
Handling, Storage, and Shipping 

13 • Written plans and procedures required x x 

• Routine handling x 
Inspection, Test, and Operating Status 

• Individual items identified as to status or condition x x 
14 

• Stamps, tags, labels, etc., must clearly show status x x x 

• Visual examination only x 

Nonconforming Materials, Parts, or Components 

• • Written program to prevent inadvertent use x x x 
15 

• Nonconformance to be documented and closed x x x 

• Disposal without records x 
Corrective Action 

16 
• Objective evidence of closure for conditions adverse to quality x x x 

QA Records 

• Design and use records x x 

• Results of reviews, inspections, test, audits, surveillance, and x x 
materials analysis 

• Personnel qualifications x x 
17 

• Records of fabrication, acceptance, and maintenance retained x x x 
throughout the life of package 

• Record of package use kept for three years after shipment -X x 

• All records managed by written plans for retention and disposal x x 

• Procurement records x x x 
Audits 

18 • Written plan of periodic audits x x x 

• Lead auditor certified x x 

• 
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Upon custodianship of the S300 packages by LANL, functional classifications will be used for 
site operations and activities related to the S300. The method of classification is documented as 
follows. 

The package-specific safety documents identify systems, structures, and components (SSCs) that 
are important to the safety functions for transportation. As appropriate, the hazard analysis and 
accident scenarios in the safety basis documents help identify SSCs that must function in order to 
prevent or mitigate these events. These SSCs are then identified using the classification system 
found in the NRC QA Category system provided in NRC Regulatory Guide (RG) 7.10. The 
categories as defined in RG 7 .10, and listed below, are analogous to Safety Class, Safety 
Significant, and General Service that are identified for facility SSCs. 

Quality Category A: 

Critical impact on safety and associated functional requirements - items or components 
whose single failure or malfunction could directly result in an unacceptable condition of 
containment, shielding, or nuclear criticality control. This is functionally equivalent to 
"safety class" designation used for nuclear facility safety. 

Quality Category B: 

Impact on safety and associated functional requirement - components whose failure or 
malfunction in conjunction with one other independent failure or malfunction could result 
in an unacceptable condition of containment, shielding, or nuclear criticality control. 
This is functionally equivalent to "safety significant" designation used for nuclear facility 
safety. 

Quality Category C: 

Minor impact on safety and associated functional requirements - components whose 
failure or malfunction would not result in an unacceptable condition of containment, 
shielding, or nuclear criticality control regardless of other single failures. This is 
functionally equivalent to designations given to components that do not meet "safety 
class or safety significant" criteria used for nuclear facility safety. 

The CCP shall assign a Design Authority (DA) who shall identify critical characteristics when 
they identify design attributes necessary to preserve the safety support function. As necessary, 
the DA also ensures critical characteristics are included in this SAR by the identification of SSCs 
and their QA Category designations. Additionally, this SAR shall include the safety function, 
design, and operational attributes necessary for reliable performance. The DA applies design 
criteria to the design, operation, and maintenance of each critical SSC including recommended 
codes and standards, as required by RG 7.10. QA requirements shall be applied as necessary to 
assure the SSCs can perform their function. 

9.3 Package Design Control 
As required by CCP-P0-002, Transuranic Waste Certification Plan, design processes shall be 
established and implemented to satisfy the requirements of CCP-P0-002, Section 4.0. These 
requirements are to be in accordance with: 
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• 10 CFR 830.122 (f), Criterion 6 - Performance/Design1 

• DOE Order 414C, CRD, Attachment 1, 2.b.(2), Criterion 6-Design 

Requirements are implemented to ensure processes and procedures are in place to ensure design 
features of packaging systems are appropriately translated into specifications, drawings, 
procedures, and instructions. Design control measures are established for criticality, shielding, 
thermal, and structural analyses under both normal and accident condition analyses as defined in 
DOT and NRC regulations. . 

The LANL/CCP will be responsible for maintaining the package and this SAR. The design 
documents (e.g., drawings and specifications) are controlled by incorporation into this SAR, 
which will be reviewed and approved by the U.S. Department of Energy - Packaging 
Certification Office and the NRC. 

The design of the S300 will be performed under an NRC-approved QA Program as required by 
CCP, but is not applicable to this QA plan. Design inputs will consist of a CCP statement of 
work, applicable DOE orders, national standards, specifications, and drawings. 

Procedures are established to control design activities to ensure that the following occur: 

• Design activities will be planned, controlled, and documented. 

• Regulatory requirements, design requirements, and appropriate quality standards will be 
correctly translated into speeifications, drawings, and procedures. 

• Competent engineering personnel, independent of design activities, perform design 
verification. Verification may include design reviews, alternate calculations, or 
qualification testing. Qualification tests are conducted in accordance with approved test 
programs or procedures. 

• Design interface controls will be established and adequate. 

• Design, specification, and procedure changes will be reviewed and approved in the same 
manner as the original issue. In a case where a proposed design change potentially 
affects licensed conditions, the Quality Assurance Program shall provide for ensuring that 
licensing considerations have been reviewed and are complied with or otherwise 
reconciled by amending the license. 

• Design errors and deficiencies will be documented, corrected and corrective action to 
prevent recurrence is taken. 

• Design organization(s) and their responsibilities and authorities will be delineated and 
controlled through written procedures. 

Materials, parts, equipment, and processes essential to the function of items that are important to 
safety will be selected and reviewed for suitability of application . 

1 DOE, Code of Federal Regulations, 10 CFR 830.122, Quality Assurance Criteria, U.S. Department of Energy, 
Washington, D.C .. 2006. 
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Computer programs used for design analysis or verification will be controlled in accordance with 
approved procedures. These procedures will provide for verification of the accuracy of computer 
results and for the assessment and resolution of reported computer program errors. 

9.4 Procurement Document Control 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, procurement/acquisition 
processes and related document control activities shall be established and implemented to satisfy 
the requirements of CCP-P0-002, Section 4.0. These requirements are to be in accordance with: 

• 10 CFR 830.122{d), Criterion 4 - Management/Documents and Records 

• 10 CFR 830.122(g), Criterion 7 - Performance/Procurement 

• DOE Order 414C, CRD, Attachment 1, 2.a.{4), Criterion 4 - Documents and Records 

• DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 7 - Procurement 

Requirements are implemented to ensure processes and procedures are in place to ensure 
appropriate levels of quality are achieved in the procurement of material, equipment, and 
services. Quality Level and Quality Category designations assigned by the Design Authority are 
used to grade the application of QA requirements of procurements based on radiological material 
at risk, mission importance, safety of workers, public, environment, and equipment, and other 
differentiating criteria. Implementing procedures will provide the logic process for determining 
Quality Levels used in procurement of equipment and subcontracting of services. Procedures 
shall be in place to ensure processes address document preparation and document control, and 
management of records meeting regulatory requirements. Procurement records must be kept in a 
manner that satisfies regulatory requirements. 

LANL/CCP will be responsible for initiating procurement actions for packaging and spare parts 
from a supplier with a 10 CFR 71, Subpart H QA Program. 

Implementing procedures shall ensure that procurement documents are prepared to clearly define 
applicable technical and quality assurance requirements including codes, standards, regulatory 
requirements and commitments, and contractual requirements. These documents serve as the 
principal documents for the procurement of structures, systems and components, and related 
services for use in the design, fabrication, maintenance arid operation, inspection and testing of 
storage and/or transportation systems. Procedures shall ensure that purchased material, 
components, equipment, and services adhere to the applicable requirements. Furthermore: 

• The assignment of quality requirements through procurement documents is administered 
and controlled. 

• Procurement activities are performed in accordance with approved procedures delineating 
requirements for preparation, review, approval, and control of procurement documents. 
Revisions to procurement documents are reviewed and approved by the same cognizant 
groups as the original document. 

• Quality requirements are included in quality-related purchase orders as applicable to the 
scope of the procurement referencing 10 CFR 71, Subpart H or other codes and 

• standards, as appropriate. 
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• LANL/CCP procurement documents will require suppliers to convey appropriate quality 
assurance program requirements to sub-tier suppliers. 

• LANL/CCP procurement documents will include provisions that suppliers either 
maintain or supply those QA records which provide evidence of conformance to the 
procurement documents. Additionally, procurement documents shall designate the 
supplier documents required for submittal to LANL/CCP for review and/or approval. 

• LANL/CCP shall maintain the right of access to supplier facilities and performance of 
source surveillance and/or audit activities, as applicable. A statement to this effect is to 
be included in procurement documents. 

Procurement documents shall also address the applicability of the provisions of 10 CFR 21 for 
the Reporting of Defects and Noncompliances. 

9.5 Instructions, Procedures, And Drawings 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, instructions, procedures, 
and drawing work processes and applicable quality improvement activities shall be established 
and implemented to satisfy the requirements of Section 4.0. These requirements are to be in 
accordance with: 

• 10 CFR 830.122(c), Criterion 3 - Management/Quality Improvement 

• 10 CFR 830.122(e), Criterion 5 - Performance/Work Processes 

• DOE Order 414C, CRD, Attachment 1, 2.a.(3), Criterion 3 - Quality Improvement 

• DOE Order 414C, CRD, Attachment 1, 2.b.(l), Criterion 5 - Work Processes 

Requirements are implemented to ensure processes and procedures are in place that achieve 
quality objectives and ensure appropriate levels of quality and safety are applied to critical 
components of packaging and transportation systems utilizing a graded approach. The program 
shall ensure processes and procedures in place to identify and correct problems associated with 
transportation and packaging activities. 

Implementing procedures shall be established to ensure that methods for complying with each of 
the applicable criteria of 10 CFR 71, Subpart H; 10 CFR 72, Subpart G; 10 CFR 50, Appendix B, 
or ASME Section III, as applicable, for activities affecting quality during design, fabrication, 
inspection, testing, use and maintenance are specified in instructions, procedures, and/or drawings. 
In addition: 

• Instructions, procedures, and drawings shall be developed, reviewed, approved, utilized, 
and controlled in accordance with the requirements of approved procedures. These 
instructions, procedures, and drawings shall include appropriate quantitative and 

. qualitative acceptance criteria. 

• Changes to instructions, procedures and drawings, are developed, reviewed, approved, 
utilized and controlled using the same requirements.and controls as applied to the original 
documents . 

• Compliance with these approved instructions, procedures and drawings is mandatory for 
LANL/CCP personnel while performing activities affecting quality. 
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Specific activities by LANL/CCP regarding preparation of packaging for use, repair, rework, 
maintenance, loading contents, unloading contents, and transport, must be accomplished in 
accordance with written and approved instructions, procedures, specifications, and/or drawings. 
These documents must identify appropriate inspection and hold points and emphasize those 
characteristics that are important to safety and quality. Transportation package procedures are to 
be developed and reviewed by technical and quality staff and shall be approved by appropriate 
levels of management. 

9.5.1 Preparation and Use 
Activities concerning loading and shipping are performed in accordance with written operating 
procedures developed by the user and approved by the package custodian. Packaging first-time 
usage tests, sequential loading and unloading operations, technical constraints, acceptance limits, 
and references are specified in the procedures. A pre-planned and documented inspection will be 
conducted to ensure that each loaded package is ready for delivery to the carrier. 

9.5.2 Operating Procedure Changes 

Changes in operating procedures that affect the process must be approved at the same 
supervisory level as the initial is.sue. 

9.5.3 Drawings 
Controlled drawings are shown in Appendix 1.3.1, Packaging General Arrangement Drawings, 
of this SAR. Implementation of design revisions is discussed in SAR Section 9.3, Package · 
Design Control. 

9.6 Document Control 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, document control 
activities shall be established and implemented to satisfy the requirements of Section 4.0. These 
requirements are to be in accordance with: 

• 10 CFR 830.122(d), Criterion 4 - Management/Documents and Records 

• DOE Order 414C, CRD, Attachment 1, 2.a.(4), Criterion 4 - Documents and Records 

Requirements are implemented to ensure processes and procedures are in place to address 
document, document control, and for the management of records. Records (engineering, test 
reports, user instructions, etc.) must be maintained in a manner that conforms to regulatory 
requirements. 

Document control activities related to the design, procurement, fabrication, and testing of S300 
components; and SAR preparation shall be controlled. 

Implementing procedures shall be established to control the issuance of documents that prescribe 
activities affecting quality and to assure adequate review, approval, release, distribution, use of 
documents and their revisions. Controlled documents may include, but are not limited to: 

• Design specifications 
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• Design and fabrication drawings 

• Special process specifications and procedures 

• QA Program Manuals/Plans, etc. 

• Implementing procedures 

• Test procedures 

• Operational test procedures and data. 

Requirements shall ensure changes to documents, which prescribe activities affecting quality, are 
reviewed and approved by the same organization that performed the initial review and approval, 
or by qualified responsible organizations. Documents that prescribe activities affecting quality 
are to be reviewed and approved for technical adequacy and inclusion of appropriate quality 
requirements prior to approval and issuance. Measures are taken to ensure that only current 

· documents are available at the locations where activities affecting quality are performed prior to 
commencing the work. 

Package users are responsible for establishment, development, review, approval, distribution, 
revision, and retention of their documents. Documents requiring control, the level of control, 
and the personnel responsibilities and training requirements are to be identified. 

Packaging documents to be controlled include as a minimum: 

• Operating procedures 

• • Maintenance procedures 

• Inspection and test procedures 

• Loading and unloading procedures 

• Preparation for transport procedures 

• Repair procedures 

• Specifications 

• Fabrication records 

• Drawings of packaging and components 

, • SAR and occurring supplements 

Revisions are handled in a like manner as the original issue. Only the latest revisions must be 
available for use. 

Documentation received from the supplier for each package must be filed by package serial 
number. These documents are to be retained in the user's facility. 
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9. 7 Control Of Purchased Material, Equipment And 
Services 

As required by the CCP-P0-002, Transuranic Waste Certification Plan, the control of purchased 
material, equipment and services and applicable quality improvement activities shall be 
established and implemented to satisfy the requirements of Section 4.0. These requirements are. 
to be in accordance with: 

'• 10 CFR 830.122(c), Criterion 3 - Management/Quality Improvement 

• 10 CFR 830.122(g), Criterion 7 - Performance/Procurement 

-• 10 CFR 830.122(h), Criterion 8 - Performance/Inspection and Acceptance Testing 

• DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 3 - Quality Improvement 

• DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 7 - Procurement 

• DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 - Inspection and Acceptance 
Testing 

Requirements are implemented to ensure processes and procedures are in place to ensure 
appropriate inspections and tests are applied prior to acceptance or use of the packaging or 
component, and to identify the status of packaging items, components, etc. Requirements shall 
ensure processes and procedures are in place such that appropriate levels of quality are achieved 
in the procurement of material, equipment, and services. Quality Level and Quality Category 
designations by the Design Authority are used to grade the application of QA requirements of 
procurements based on radiological material at risk, mission importance, safety of wo.rkers, 
public, environment, and e'quipment, and other differentiating criteria. Requirements shall 
ensure processes and procedures in place to identify and correct problems associated with 
transportation and packaging activities. 

Activities related to the contrnl of purchased material, equipment and services shall be 
controlled. Control of purchased material, equipment, and services consist of the following 
elements: 

• Implementing procedures shall be established to assure that purchased material, 
equipment and services conform to procurement documents. 

• Procurement documents shall be reviewed and approved by authorized personnel for 
acceptability of proposed suppliers based on the quality requirements of the item/activity 
being purchased. 

• As required, audits and/or surveys are conducted to determine supplier acceptability. 
These audits/surveys are based on one or all of the following criteria: the supplier's 
capability to comply with the requirements of 10 CFR 71, Subpart H; 10 CFR 50, 
Appendix B, or ASME Section III that are applicable to the scope of work to be 
performed; a review of previous records to establish the past performance of the supplier; 
and/or a survey of the supplier's facilities and review of the supplier's QA Program to 
assess adequacy and verify implementation of quality controls consistent with the 
requirements being invoked . 

I 
I 
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. • Qualified personnel shall conduct audits and surveys. Audit/survey results are to be 
documented and retained as Quality Assurance Records. Suppliers are re-audited and/or 
re-evaluated at planned intervals to verify that they continue to comply with quality 
requirements and to assess the continued effectiveness of their QA Program. 
Additionally, interim periodic evaluations are to be performed of supplier quality 
activities to verify implementation of their QA Program. 

• Suppliers are required to provide objective evidence that items or services provided meet 
the requirements specified in procurement documents. Items are properly identified to 
appropriate records that are available to permit verification of conformance with 
procurement documents. Any procurement requirements not met by suppliers shall be 
reported to LANL/CCP for assessment of the condition. These conditions are reviewed 
by technical and quality personnel to assure that they have not compromised the quality 
or service of the item. 

• Periodic surveillance of supplier in-process activities is performed as necessary, to verify 
supplier compliance with the procurement documents. When deemed necessary, the need 
for surveillance is noted in approved quality or project planning documents. 
Surveillances are to be performed and documented in accordance with approved 
procedures. Personnel performing surveillance of supplier activities are to be trained and 
qualified in accordance with approved procedures. 

• Quality planning for the performance of source surveillance, test, shipping and/or 
receiving inspection activities to verify compliance with approved design and licensing 
requirements, applicable 10 CFR 71, 10 CFR 50 criteria, procurement document 
requirements, or contract specifications is to be performed in accordance with approved 
procedures. 

• For commercial "off-the-shelf" items, where specific quality controls appropriate for 
nuclear applications cannot be imposed in a practical manner, additional quality 
verification shall be performed to the extent necessary to verify the acceptability and 
conformance of an item to procurement document requirements. When dedication of a 
commercial grade item is required for use in a quality-related application, such dedication 
shall be performed in accordance with approved procedures. 

To ensure compliance with procurement requirements, control measures shall include 
verification of supplier capability and verification of item or service quality. Procurements of 
S300 components are required to be placed with pre-qualified and selected vendors. The 
vendor's QA Plan must address the requirements of 10 CFR 71, Subpart Hand defined 
requirements. A graded approach is used based on the QA Levels established in Table 9.2-2. 

The approach used to control the procurement of items and services must include the following: 

• Source evaluation and selection 

• Evaluation of objective evidence of quality furnished by the supplier 

• Source inspection 

• Audit 

• • Examination of items or services upon delivery or completion. 
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9.8 Identification And Control Of Material, Parts And 
Components 

As required by the CCP-P0-002, Transuranic Waste Certification Plan, activities concerning the 
identification and control of material, parts, and components shall be established and 
implemented to satisfy the requirements of Section 4.0. These requirements are to be in 
accordance with: 

• 10 CFR 830.122(e), Criterion 5 - Performance/Work Processes 

• 10 CFR 830.122(g), Criterion 7 - Performance/Procurement 

• 10 CFR 830.122(h), Criterion 8 - Performance/Inspection and Acceptance Testing 

e DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 - Work Processes 

• DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 7 - Procurement 

• DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 - Inspection and Acceptance 
Testing 

Requirements are implemented to ensure processes and procedures are in place that achieve 
quality objectives and ensure appropriate levels of quality and safety are applied to critical 
components of packaging and transportation systems utilizing a graded approach. The program 
also ensures processes and procedures are in place such that appropriate inspections and tests are 
applied prior to acceptance or use of the packaging or component, and to identify the status of 
packaging items, and components. The program shall ensure processes and procedures are in 
place to ensure appropriate levels of quality are achieved in the procurement of material, 
equipment, and services. 

Activities related to the identification and control of material, parts and components shall be 
controlled. The requirements for identification and control of material, parts, and components 
consist of the following elements: 

• Implementing procedures are established to identify and control materials, parts, and 
components. These procedures assure identification of items by appropriate means 
during fabrication, installation, and use of the items and prevent the inadvertent use of 
incorrect or defective items. 

• Requirements for identification are established during the preparation of procedures and 
specifications. 

• Methods and location of identification are selected to not adversely affect the quality of 
the item(s) being identified. · 

• Items having limited shelf or operating life are controlled to prevent their inappropriate 
use. 

Control and identification must be maintained either directly on the item or within documents 
traceable to the item to ensure that only correct and acceptable items are used. When physical 
identification is not practical, other appropriate means of control must be established such as 
bagging, physical separation, or procedural control. Each packaging unit shall be assigned a 
unique serial number after fabrication or purchase. All documentation associated with 
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subsequent storage, use, maintenance, inspection, acceptance, etc., must refer to the assigned 
serial number. Verification of acceptance status is required prior to use. Items that are not 
acceptable must be controlled accordingly. Control of nonconforming items is addressed in SAR 
Section 9.15, Nonconforming Parts, Materials, or Components. 

Each S300 package will be conspicuously and durably marked with information identifying the 
package owner, model number, unique serial number, and package gross weight, in accordance 
with 10 CFR 71.85(c). 

Replacement parts must be identified to ensure correct application. Minute items must be· 
individually packaged and marked with material certification, size, cure date, and shelf life, as 
appropriate. Replacement bolts must be source traceable, certified; marked to reflect their 
American Society for Testing and Materials (ASTM) or ASME designation, and segregated from 
other materials and fasteners to prevent misuse or installation of unacceptable bolts. Items that 
have limited calendar-life cycles, operating-life cycles, or shelf life must be controlled to 
preclude the use of expired items. Processes shall be in place to replace aging items before 
failure or expiration. · ' 

Assessment of the S300 packaging parts according to safety significance is shown in Table 9.2-2. 

9.9 Control Of Special Processes 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, activities for the control 
of special processes shall be established and implemented to satisfy the requirements of 
Section 4.0. These requirements are to be in accordance with: 

• 10 CRF 830.122(b), Criterion 2 - Management/Personnel Training and Qualifications 

• 10 CFR 830.122(e), Cdterion 5 - Performance/Work Processes 

• 10 CFR 830.122 (g), Criterion 7 - Performance/Procurement 

• DOE Order 414C, CRD, Attachment 1, 2.a.(2), Criterion 2 -·Personnel Training and 
Qualifications 

• DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 - Work Processes 

• DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 7 - Procurement 

Requirements will be implemented to ensure only trained and qualified personnel perform 
transportation and packaging activities. The program shall ensure processes and procedures are 
in place that achieve quality objectives and en~mre appropriate levels of quality and safety are 
applied to critical components of packaging and ·transportation systems utilizing a graded 
approach. ·1 

Activities related to the control of special processes shall be controlled. The requirements for 
control of special processes consist of the following elements: 

• Implementing procedures shall be established to control special processes used in the 
fabrication and inspection of storage/transport systems. These processes may include 
welding, non-destructive examination, or other special processes as identified in 

• procurement documents. 
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• Special processes are performed in accordance with approved procedures . 

• Personnel who perform special processes are to be trained and qualified in accordance 
with applicable codes, standards, specifications, and/or other special requirements. 
Records of qualified procedures and personnel are to be maintained and kept current by 
the organization that performs the special processes. 

Package users are responsible to ensure special processes for ·welding and nondestructive 
examination of the S300 during fabrication, use, and maintenance are controlled. Equipment 
used in conduct of special processes must be qualified in accordance with applicable codes, 
standards, and specifications. Special process operations must be performed by qualified 
personnel and accomplished in accordance with written process sheets or procedures with 
recorded evidence of verification when applicable. Qualification records of special process 
procedures, equipment, and personnel must be maintained. 

Welders, weld procedures, and examination personnel are to be qualified in accordance with the 
appropriate articles of ASME BPVC, Section III, 2 Subsections NB (for containment 
components) and NG (for criticality control components); ASME BPVC, Section IX, "Welding 
and Brazing Qualifications";3 and ASME BPVC, Section V, "Nondestructive Examination."4 

Containment vessel and criticality control component structural welds must be examined by 
nondestructive methods using radiography and dye penetrant techniques and must meet the 
requirements of the ASME BPVC as cited on the design drawings. 

Special processes for QA Level A and B items must be performed by qualified personnel in 
accordance with documented and approved procedures. Applicable special processes performed 
by an outside supplier such as welding, plating, anodizing, and heat treating, which are controlled 
·by the suppliers' quality program, are reviewed and/or witnessed in accordance with procurement 
requirements. 

9.10 Internal Inspection 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, internal inspection 
activities shall be established to satisfy the requirements of Section 4.0. These requirements are 
to be in accordance with: 

• 10 CRF 830 .122 (b), Criterion 2 - Management/Personnel Training and Qualifications 

• 10 CFR 830.122 (h), Criterion 8 - Performance/Inspection and Acceptance Testing 

• DOE Order 414C, CRD, Attachment 1, 2.a.(2), Criterion 2 - Personnel Training and 
Qualifications 

2 ASME, 2004, American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section III, Rules for 
Construction of Nuclear Power Plant Components, American Society of Mechanical Engineers, New York, NY 

3 ASME, 2004, Arrierican Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section IX, Welding 
and Brazing Qualifications, American Society of Mechanical Engineers, New York, NY 

4 ASME, 2004, American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section V, 
Nondestructive Examination, American Society of Mechanical Engineers, New York, NY 
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• DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8-Inspection and Acceptance 
Testing 

Requirements are implemented to ensure only trained and qualified personnel perform 
transportation and packaging activities. The program shall ensure processes and procedures are 
in place to ensure appropriate inspections and tests are applied prior to acceptance or use of the 
packaging or component, and to identify the status of packaging items, components, etc. 

Activities related to internal inspection shall be controlled. The program requirements for control 
of internal inspection consist of the following elements: 

• Implementing procedures shall be established to assure that inspection or surveillance is 
performed to verify that materials, parts, processes, or other activities affecting quality 
conform to documented instructions, procedures, specifications, drawings, and/or 
procurement documents. 

• Personnel performing inspection and surveillance activities shall be trained and qualified 
in accordance with written approved procedures. 

• Inspections and surveillances are to be performed by individuals other than those who 
performed or supervised the subject activities. 

• Inspection or surveillance and process monitoring are both required where either one, by 
itself, will not provide assurance of quality. 

• Modifications and/or repairs to and replacements of safety-related and important-to
safety structures, systems, and components are inspected in accordance with the original 
design and inspection requirements or acceptable alternatives. 

• Mandatory hold points, inspection equipmen~ requirements, acceptance criteria, 
personnel qualification requirements, performance characteristics, variable and/or 
attribute recording instructions, reference documents, and other requirements are 
considered and included, as applicable, during inspection and surveillance planning. 

9.10.1 Inspections During Fabrication 

Specific inspection criteria are incorporated into the drawings (see Appendix 1.3.1, Packaging 
General Arrangement Drawings of this SAR) for the S300 packaging. Inspection requirements 
for fabrication are divided into two responsible areas that document that an accepted S300 
package conforms to tested and certified design criteria. These two areas are: 

• In-process inspections performed by the fabricator. 

• Independent surveillance of fabrication activities performed by individuals acting on 
behalf of the purchaser. 

The vendor (fabricator) is required to submit a Manufacturing/Fabrication Plan prior to the start 
of fabrication for approval by the customer. This plan shall be used as a tool for establishing 
witness and hold points. A review for compliance with procurement documents is normally 
performed as part of the surveillance function at the vendor's facility. The plan shall define how 
fabrications and inspections are to be performed, processes to be engaged, and qualification 
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requirements for personnel. Inspections must be documented and records delivered in individual 
data packages accompanying the package in accordance with the procurement specification. 

Independent surveillance activities will be performed by qualified personnel selected with 
approval of the customer. 

9.10.2 Inspections During Initial Acceptance and During Service Life 

Independent inspections are performed upon receipt of the S300 packaging prior to first usage 
(implemented by package user procedures) and before loading and prior to each transport. Post
loading inspections are also performed prior to shipment. Inspection to be implemented by the 
package user (by qualified independent inspection personnel) must include the following: 

• Acceptance - Ensure compliance with procurement documents. Per Chapter 8, 
Acceptance Tests and Maintenance Program of this SAR, perform (as applicable) first
time-usage inspections, weld examinations, pressure tests, structural tests, foam tests, and 
leakage rate tests with the use of approved procedures that implement the requirements of 
ANSI N14.5-1997, American National Standard for Radioactive Materials-Leakage 
Tests on Packages for Shipment. 5 

• Operation - Verify proper assembly and verify that post-load leak testing (if applicable) 
is carried out as discussed in Chapter 7, Package Operations, of this SAR. 

• Maintenance - Ensure adequate packaging maintenance to ensure that performance is not 
impaired as discussed in Chapter 8, Acceptance Tests and Maintenance Program of this 
SAR. 

• Final - Verify proper contents, assembly, marking, shipping papers, and implementation 
of any special instructions. 

9.11 Test Control 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, test control activities 
shall be established and implemented to satisfy the requirements of Section 4.0. These 

. requirements are to be in accordance with: 

• 10 CFR 830.122(e), Criterion 5 -Performance/Work Processes 

• DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 - Work Processes 

Requirements are implemented to ensure processes and procedures are in place that achieve 
quality objectives and ensure appropriate levels of quality and safety are applied to critical 
components of packaging and transportation systems utilizing a graded approach. 

Activities related to test control shall be controlled. The requirements for test control consist of 
the following elements: 

5 ANSI, ANSI N14.5-1997, American National Standard/or Radioactive Materials-Leakage Tests on Packages 
for Shipment, American National Standard Institute, Inc., New York, NY, 1998. 
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• Implementing procedures shall be established to assure that required proof, acceptance, 
and operational tests, as identified in design or procurement documents, are performed 
and appropriately controlled. 

• Test personnel shall have appropriate training and shall be qualified for the level of 
testing which they are performing. Personnel shall be qualified in accordance with 
approved, written instructions, procedures, and/or checklists. 

• Tests are performed by qualified personnel in accordance with approved, written 
instructions, procedures, and/or checklists. Test procedures are to contain or reference 
the following information, as applicable: 

- Acceptance criteria contained in the applicable test specifications, or design and 
procurement documents. 

- Instructions for performance of tests, including environmental conditions. 

- Test prerequisites such as test equipment, instrumentation requirements, personnel 
qualification requirements, fabrication, or operational status of the items to be 
tested. 

Provisions for data recording and records retention. 

• Test results are to be documented and evaluated to ensure that acceptance criteria have 
been satisfied. 

• Tests to be conducted after modifications, repairs, or replacements of safety-related and 
important-to-safety structures, systems, or components are to be performed in accordance 
with the original design and testing requirements or acceptable alternatives. 

Tests are required when it is necessary to demonstrate that an item or process will perform 
satisfactorily. Test procedures must specify the objectives ofthe tests, testing methods, required 
documentation, and acceptance criteria. Tests to be conducted by vendors at vendor facilities 
must be specified in procurement documents. Personnel conducting tests, test equipment, and 
procedures must be qualified and records attesting to qualification retained. 

9.11.1 Acceptance and Periodic Tests 

• The fabricator must supply QA documentation for the fabrication of each S300 packaging 
in accordance with applicable drawings, specifications, and/or other written requirements. 

• The package user must ensure required S300 packaging pressure tests, structural tests, 
foam tests, or leakage rate tests, as applicable, are performed prior to first usage. 

• Periodic testing, as applicable, will be performed to ensure the S300 packaging 
performance has not deteriorated with time and usage. The requirements for the periodic 
tests are given in the Chapter 8, Acceptance Tests and Maintenance Program of this 
SAR. The results of these tests are required to be documented and maintained with the 
specific packaging records by the package user. 
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• 9.11.2 Packaging Nonconformance 

• 

• 

Packaging that does not meet the inspection criteria shall be marked or tagged as nonconforming, 
isolated, and documented in accordance with Section 9.15, Noncoriforming Parts, Materials, or 
Components. The packaging must not be used for shipment until the nonconformance report has 
been properly dispositioned in accordance with Section 9.15. 

9.12 Control Of Measuring And Test Equipment 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, activities pertaining to 
the control of measuring and test equipment shall be established and implemented to satisfy the 
requirements of Section 4.0. These requirements are to be in accordance with: 

• 10 CFR 830.122{h), Criterion 8 - Performance/Inspection and Acceptance Testing 

• DOE Oi:der 414C, CRD, Attachment 1, 2.b.{4), Criterion 8-Inspection and Acceptance 
Testing 

Requirements are implemented to ensure processes and procedures are in place to ensure 
appropriate inspections and tests are applied prior to acceptance or use of the packaging or 
component, and to identify the status of packaging items, components, etc. 

Activities pertaining to the control of measuring and test equipment shall be controlled. The 
requirements for control of measuring and test equipment shall consist of the following elements: 

• Implementing procedures shall be established to assure that tools, gages, instruments and 
other measuring and testing devices {M& TE) used in activities affecting quality are 
properly controlled, calibrated and adjusted to maintain accuracy within required limits. 

• M& TE are calibrated at scheduled intervals against certified standards having known 
valid relationships to national standards. If no national standards exist, the basis for 
calibration shall be documented. Calibration intervals are based on required accuracy, 
precision, purpose, amount of use, stability characteristics and other conditions that could 
affect the measurements. 

• Calibrations are to be performed in accordance with approved written procedures. , 
Inspection, measuring and test equipment are to be marked to indicate calibration status. 

• M& TE are to be identified, labeled or tagged indicating the next required calibration due 
date, and traceable to calibration records. 

• If M& TE is found to be out of calibration, an evaluation shall be performed and 
documented regarding the validity of inspections or tests performed and the acceptability 
of items inspected or tested since the previous acceptable calibration. The current status 
of M& TE is to be recorded and maintained. Any M& TE that is consistently found to be 
out of calibration shall be repaired or replaced. , 

Special calibration and control measures on rules, tape measures, levels and other such devices 
are not required where normal commercial practices provide adequate accuracy . 
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• 9.13 Handling, Storage, And Shipping Control 

• 

• 

As required by the CCP-P0-002, Transuranic Waste Certification Plan, handling, storage, and 
shipping control activities shall be established and implemented to satisfy the requirements of 
Section 4.0. These requirements are to be in accordance with: 

• 10 CFR 830.122(e), Criterion 5 - Performance/Work Processes 

• DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 - Work Processes 

Requirements are implemented to ensure processes and procedures are in place that achieve 
quality objectives and ensure appropriate levels of quality and safety are applied to critical 
components of packaging and transportation systems utilizing a graded approach. 

Activities pertaining to handling, storage, and shipping shall be controlled. The requirements for 
handling, storage, and shipping control consist of the following elements: 

• Implementing procedures shall be established to assure that materials, parts, assemblies, 
spare parts, special tools, and equipment are handled, stored, packaged, and shipped in a 
manner to prevent damage, loss, loss of identity, or deterioration. 

• When necessary, storage procedures address special requirements for environmental 
protection such as inert gas atmospheres, moisture control, temperature levels, etc. 

Package users shall ensure that components associated with the S300 are controlled to prevent 
damage or loss, protected against damage or deterioration, and provide adequate safety of 
personnel involved in handling, storage, and shipment (outgoing and incoming) operations . 
Handling, storage, and shipping must be accomplished in accordance with written and approved 
instructions, procedures, specifications, and/or drawings. These documents must identify 
appropriate information regarding shelf life, environment, temperature, cleaning, handling, and 
preservation, as applicable, to meet design, regulatory, and/or DOE shipping requirements. 

Preparation for loading, handling, and shipment will be done accordance with approved 
procedures to ensure that all requirements have been met prior to delivery to a carrier. A 
package ready for shipment must conform to its shipping paper. Specific handling 
precautions for the S300 are given in Chapter 7, Package Operations of this SAR. 

Empty packages, following usage, must be checked and decontaminated if required. Each 
package must be inspected, reconditioned, or repaired, as appropriate, in accordance with 
approved written procedures before storing or loading. Empty S300 packagings are to be 
tagged with "EMPTY" labels and stored in designated protected areas in order to minimize 
environmental effects on the containers. New and unused S300 packagings do not require 
an "EMPTY" label. 

Routine maintenance on the S300 packaging may be performed as deemed necessary by package 
users and is limited to cleaning, rust removal, painting, light metal working to restore the original 
contours and replacement of damaged, worn, or malfunctioning components. Spare components, 
such as bolts, will be placed in segregated storage to maintain proper identification and to avoid 
misuse. Specific maintenance precautions for the S300 are given in Chapter 8, Acceptance Tests 
and Maintenance Program of this SAR. 
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• 9.14 Inspection, Test, And Operating Status 

• 

• 

As required by the CCP-P0-002, Transuranic Waste Certification Plan, inspection, test, and 
operating status activities shall be established and implemented to satisfy the requirements of 
Section 4.0. These requirements are to be in accordance with: 

• 10 CFR 830.122{e), Criterion 5-Perforrnance/WorkProcesses 

• 10 CFR 830.122{h), Criterion 8-Perforrnance/Jnspection and Acceptance Testing 

• DOE Order 414C, CRD, Attachment 1, 2.b.{l), Criterion 5 - Work Processes 

• DOE Order 414C, CRD, Attachment 1, 2.b.{4), Criterion 8-Inspection and Acceptance 
Testing 

Requirements are implemented to ensure processes and procedures are in place that achieve 
quality objectives and ensure appropriate levels of quality and safety are applied to critical 
components of packaging and transportation systems utilizing a graded approach. In addition, 
processes and procedures shall be in place to ensure appropriate inspections and tests are 
applied prior to acceptance or use of the packaging or component, and to identify the status of 
packaging items, components, etc. 

Activities pertaining to inspection, test, and operating status activities shall be controlled. The 
requirements for inspection, test, and operating status consist of the following elements: 

• Implementing procedures shall be established to assure that the inspection and test status 
of materials, items, structures, systems, and components throughout fabrication, 
installation, operation, and test are clearly indicated by suitable means, (e.g., tags, labels, 
cards, form sheets, check lists, etc.). 

• Bypassing of required inspections, tests, or other critical operations is prevented through 
the use of approved instructions or procedures 

• As appropriate, the operating status of nonconforming, inoperative or malfunctioning 
components of a storage/transport system (e.g., valves, switches, etc.) is indicated to 
prevent inadvertent operation. The application and removal of status indicators is 
performed in accordance with approved instructions and procedures. 

• Any nonconforming items are identified and controlled in accordance with Section 9.15, 
Nonconforming Parts, Materials, or Components, of this SAR. 

Package users shall ensure that the status of inspection and test activities are identified on the 
item or in documents traceable to the item to ensure that proper inspections or tests have been 
performed and that those items that do not pass inspection are not used. The status of 
fabrication, inspection, test, assembly, and refurbishment activities must be identified in 
documents traceable to the package components. 

Measures established in specifications, procedures, and other instructions shall ensure that the 
following objectives are met: 

• QA personnel responsible for oversight of packaging inspections can readily ascertain the 
status of inspections, tests, and/or operating conditions . 

• No controlled items are overlooked. 
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• Inadvertent use or installation of unqualified items is prevented . 

• Documentation is complete. 

9.15 Nonconforming Materials, Parts, Or Components 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, control of 
nonconforming materials, parts, or components shall be established and implemented to satisfy 
the requirements of Section 4.0. These requirements are to be in accordance with: 

• 10 CFR 830.122(c), Criterion 3 - Management/Quality Improvement 

• DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 3 - Quality Improvement 

Requirements are implemented to ensure that processes and procedures are in place to identify 
and correct problems associated with transportation and packaging activities. 

Activities pertaining to the control of nonconforming materials, parts, or components shall be 
controlled. The requirements for nonconforming materials, parts, or components consist of the 
following elements: 

• Implementing procedures shall be established to control materials, parts, and components 
that do not conform to requirements to prevent their inadvertent use during fabrication or 
during service. 

• Nonconforming items include those items that do not meet specification or drawing 
requirements. Additionally, nonconforming items include items not fabricated or tested 
(1) in accordance with approved written procedures, (2) by qualified processes, or (3) by 
qualified personnel; where use of such procedures, processes, or personnel is required by 
the fabrication, test, inspection, or quality assurance requirements. 

• Nonconforming items are identified and/or segregated to prevent their inadvertent use 
until properly dispositioned. The identification of nonconforming items is by marking, 
tagging, or other methods that do not adversely affect the end use of the item. The 
identification shall be legible and easily recognizable. When identification of each 
nonconforming item is not practical, the container, package, or segregated storage area, 
as appropriate, is identified. · 

• Nonconforming conditions are documented in NCRs and affected organizations are to be 
notified. The nonconformance report shall include a description of the nonconforming 
condition. Nonconforming items are dispositioned as use-as-is, reject, repair, or rework. 

• Inspection or surveillance requirements for nonconforming items following rework, 
repair, or modification are detailed in the nonconformance reports and approved 
following completion of the disposition. 

• Acceptability of rework or repair of nonconforming materials, parts, and components is 
verified by re-inspecting and/or re-testing the item to the original requirements or 
equivalent inspection/testing methods. Inspection, testing, rework, and repair methods 
are to be documented and controlled. 
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• The disposition of nonconforming items as use-as-is or repair shall include technical 
justification and independent verification to assure compliance with design, regulatory, 
and contractual requirements. 

• Items dispositioned as rework or repair are reinspected and retested in accordance with 
the original inspection and test requirements or acceptable alternatives that comply with 
the specified acceptance criteria. 

• When specified by contract requirements, nonconformances that result in a violation of · 
client contract or specification requirements are to be submitted for client approval. 

• Nonconformance reports are made part of the inspection records and are periodically 
reviewed to identify quality trends. Unsatisfactory quality trends are documented on a 
Corrective Action Report (CAR) as detailed in Section 9.16, Corrective Action, of this 
SAR. The results of these reviews are to be reported to management. 

• Nonconformance reports relating to internal activities are issued to management of the 
affected organization. The appropriate Quality' Assurance Manager shall approve the 
disposition and performs follow-up activities to assure proper closure. 

• Compliance with the evaluation and reporting requirements of 10 CFR 21 related to 
defects and noncompliances are to be controlled by approved procedures. 

9.16 Corrective Action 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, requirements for 
corrective action shall be established and implemented to satisfy the requirements Section 4.0. 
These requirements are to be in accordance with: 

• 10 CFR 830.122(c), Criterion 3 - Management/Quality Improvement 

• DOE Order 414C, CRD, Attachment 1, 2.b.(3), Criterion 3 - Quality Improvement 

Requirements are implemented to ensure that processes and procedures are in place to identify 
and correct problems associated with transportation and packaging activiti.es. 

Activities pertaining to corrective actions shall be controlled. The requirements for corrective 
action consist of the following elements: 

• Implementing procedures shall be established to identify significant conditions adverse to 
quality. Significant and/or repetitive failures, malfunctions and deficiencies in material, 
components, equipment, and operations are to be promptly identified and documented on 
a Corrective Action Reports (CARs) and reported to appropriate management. The cause 
of the condition and corrective action necessary to prevent recurrence are identified, 
implemented, and followed up to verify corrective action is complete and effective. 

• The SPQAO is responsible for ensuring implementation of the corrective action program, 
including follow up and closeout actions. The SPQAO may delegate certain activities in 
the Corrective Action process to others . 

9-41 



S300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

• 9.17 Quality Assurance Records 

• 

• 

As required by the CCP-P0-002, Transuranic Waste Certification Plan, activities associated 
with QA records shall be established and implemented to satisfy the requirements of Section 4.0. 
These requirements are to be in accordance with: 

• 10 CRF 830.122(b), Criterion 2 - Management/Personnel Training and Qualifications 

• 10 CFR 830.122(d), Criterion 4 - Management/Documents and Records 

• 10 CFR 830.122(e), Criterion 5 - Performance/Work Processes 

• 10 CFR 830.122 (h), Criterion 8 - Performance/Inspection and Acceptance Testing 

• DOE Order 414C, CRD, Attachment 1, 2.a.(2), Criterion 2 - Personnel Training and 
Qualifications 

• DOE Order 414C, CRD, Attachment 1, 2.a.(4), Criterion 4 - Documents and Records 

• DOE Order 414C, CRD, Attachment 1, 2.b.(1), Criterion 5 - Work Processes 

• DOE Order 414C, CRD, Attachment 1, 2.b.(4), Criterion 8 - Inspection and Acceptance 
Testing 

Requirements are implemented to ensure that only trained and qualified personnel perform 
transportation and packaging activities. The program shall ensure processes and procedures are 
in place to address document preparation, document control, and management of records. In 
addition, the program ensures processes and procedures are in place which achieves quality 
objectives and appropriate levels of quality and safety are applied to critical components of 
packaging and transportation systems utilizing a graded approach. Finally, the program ensures 
processes and procedures are in place to identify appropriate inspections and tests are applied 
prior to acceptance or use of the package or component, and to identify the status of packaging 
items, components, etc. 

Quality assurance records shall be controlled. The requirements for quality assurance records 
consist of the following elements: 

• Implementing procedures shall be established to assure control of quality records. The 
purpose of the Quality Assurance Records system is to assure that documented evidence 
relative to quality related activities is maintained and available for use by LANL/CCP, its 
customers, and/or regulatory agencies, as applicable. 

• Approved procedures identify the types of documents to be retained as QA records, as 
well as those to be retained by the originating organization. Lifetime and Non-Permanent 
records are retained by CCP or its customers, as appropriate. Records are identified, 
indexed, and stored in accessible locations. 

• QA Records are maintained for periods specified to furnish evidence of activities 
affecting the quality of structures, systems, and components that are safety-related or 
important-to-safety. These records include records of design, procurement, fabrication, 
assembly, inspection, and testing. 

• Maintenance, records shall include the use of operating logs; results of reviews, 
inspections, tests, and audits; results from monitoring of work performance and material 
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analyses; results of maintenance, modification, and repair activities; qualification of 
personnel, procedures, and equipment; records of calibration of measuring and test 
equipment; and related instructions, procedures, and drawings. 

• Requirements for indexing, record retention period, storage method(s) and location(s), 
classification, preservation measures, disposition of nonpermanent records, and 
responsibility for safekeeping are specified in approved procedures. Record storage 
facilities are established to prevent destruction of records by fire, flood, theft, and 
deterioration due to environmental conditions (such as temperature, humidity, or vermin). 
As an alternative, two identical sets of records (dual storage) may be maintained at, 
separate locations. 

• LANL/CCP shall retain required records for at least three (3) years beyond the date of 
last engagement of activities. 

9.17 .1 General 
Sufficient records must be maintained by package users to furnish evidence of quality of items 
and of activities affecting quality. QA records that must be retained for the lifetime of the 
packaging include: 

• Appropriate production-related records that are generated throughout the package 
manufacturing and fabrication process 

• Records demonstrating evidence of operational capability; e.g., completed acceptance 
tests and inspections 

• Records verifying repair, rework, and replacement 

• Audit reports, and corrective actions 

• Records that are used as a baseline for maintenance 

• Records showing evidence of delivery of packages to a carrier and proof that all DOT 
requirements were satisfied. 

9.17 .2 Generating Records 

Package user documents designated as QA records must be: 

• Legible 

• Completed to reflect the work accomplished and relevant results or conclusions 

• Signed and dated or otherwise authenticated by authorized personnel. 

QA records should be placed in a records storage area as soon as is feasible to avoid loss or 
damage. Individual package QA records must be generated and maintained for each package by 
the package serial number. 
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• 9.17 .3 Receipt, Retrieval, and Disposition of Records 

• 

• 

The CCP has overall responsibility for records management for the S300. Package users are 
responsible for maintaining records while they are in process and for providing completed 
records to the CCP Document Control. A receipt control system shall be established, and 
records maintained in-house or at other locations are to be identifiable and retrievable and not 
disposed of until prescribed conditions are satisfied. 

Records are to be available for inspection upon request. 

9-44 



8300 Safety Analysis Report Docket No. 71-9329 Rev. 5, June 2010 

• Table 9.17-1 - Quality Assurance Records 

Quality Assurance Record 
Retention 

period 

Design and Fabrication Drawings LOP+ 

Test Reports LOP+ 

Independent Design Review Comments LOP+ 

Safety Analysis Report for Packaging LOP+ 

Vendor Manufacturing and Inspection Plan LOP+ 

Material Test Report of Certification of Materials LOP+ 

Welding Specifications and Procedures LOP+ 

Procedure Qualification Record LOP+ 

Welder or Welding Operator Qualification Tests LOP+ 

Record of Qualification of Personnel Performing Radiographic and LOP+ 
PT Reports 

Weld Radiographs LOP+ 

Liquid Penetrant Reports LOP+ • Dimensional Inspection Report for All Features LOP+ 

StructuralTest Reports (by Vendor) LOP+ 

Leakage Test Reports (by Vendor and annual) LQP+ 

Leakage Test Reports (Acceptance) LOP+ 

Visual and Dimensional Inspection upon Receipt of Packaging LOP+ 

Leak Testing Personnel Qualification Records S+ 

Package Loading Procedure S+ 

Leak Test Results (post loading) S+ 

Unloading Procedure S+ 

Preparation of Empty Package for Transport S+ 

Maintenance Procedures LOP+ 

Repair Procedures LOP+ 

Procurement Specifications LOP+ 

Audit Reports LOP+ 

Personnel Training and Qualification Documentation LOP+ 

Maintenance Log LOP+ • 
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Corrective Action Reports LOP+ 

Nonconformance Reports (and resolutions) LOP+ 

Incident Reports per.IO CFR 71.95 LOP+ 

Preliminary Determinations per 10 CFR 71.85 S+ 

Routine Determinations per 10 CFR 71.87 S+ 

Shipment Records per 10 CFR 71.91(a), (b), (c), (d) S+ 

LOP+ Lifetime of packaging plus 3 years S+ Shipping date plus 3 years 

9.18 Audits 
As required by the CCP-P0-002, Transuranic Waste Certification Plan, audit requirements shall 
be established and implemented to satisfy the requirements of Section 4.0. These requirements 
are to be in accordance with: 

• 10 CFR 830.122(i), Criterion 9 -Assessment/Management Assessment 

• 10 CFR 830.1220), Criterion 10 -AssessmentJindependent Assessment 

• DOE Order 414C, CRD, Attachment 1, 2.c.(1), Criterion 9 - Management Assessment 

• DOE Order 414C, CRD, Attachment 1, 2.c.(2), Criterion 10 - Independent Assessment 

Requirements are implemented to ensure management assessments are performed on a regular 
basis. Management assessments are planned and conducted in accordance with written 
procedures. In addition, the program will be independently assessed periodically in accordance 
with procedures. 

Activities pertaining to audits and assessments shall be controlled. The requirements for audits 
and assessments consist of the following elements: 

• Implementing procedures shall be established to assure that periodic audits verify 
compliance with all aspects of the Quality Assurance Program and determine its 
effectiveness. Areas and activities to be audited, such as design, procurement, 
fabrication, inspection, and testing of storage/transportation systems, are to be identified 
as part of audit planning. 

• CCP audits supplier Quality Assurance Programs, procedures, and implementation 
activities to evaluate and verify that procedures and activities are adequate and comply 
with applicable requirements. 

• Audits are planned and scheduled in a manner to provide coverage and coordination with 
ongoing Quality Assurance Program activities commensurate with the status and 
importance of the activities. 

• Audits are performed by trained and qualified personnel not having direct responsibilities 
in the areas being audited and are conducted in accordance with written plans and 
checklists. Audit results are documented and reviewed by management having 
responsibility for the area audited. Corrective actions and schedules for implementation 
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are established and recorded. Audit reports include an objective evaluation of the 
quality-related practices, procedures, and instructions for the areas or activities being 
audited and the ·effectiveness of implementation. 

• Responsible management shall undertake corrective actions as a follow-up to audit 
reports when appropriate. The SPQAO shall evaluate audit results for indications of 
adverse trends that could affect quality. When results of such assessments so indicate, 
appropriate corrective action will be implemented. 

The SPQAO shall follow up on audit findings to assure that appropriate corrective actions have 
been implemented and directs the performance of re-audits when deemed necessary . 
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