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CHAPTER 1 - GENERAL INFORMATION 

This chapter of the Best Theratronics F-431 Transport Package Safety Analysis Report (SAR) presents 
a general introduction to and description of the Best Theratronics F-431 transport package. Figures 
1.la, I.lb, and 1.2 show the main dimensions and materials of this package. 

1.1 INTRODUCTION 

The Best Theratronics F-431 transport package has been developed as a safe means of transporting 
Best Theratronics' Gammacell-1000 and Garnmacell-3000 (GClOOO and GC3000) irradiators 
containing cesium-13 7 sealed sources. 

Each F-431 packaging has a payload of only one GCIOOO or GC3000. The F-431 provides impact 
and thermal protection for the radioactive contents. Containment is provided by the sealed source and 
shielding by the GCIOOO or GC3000 irradiator shield. 

Each F-431 packaging is assigned a unique serial number. Therefore a typical model/serial number on 
the identification plate is "F-431 Serial number XX" meaning F-431 is the model and XX is the 
numeric serial number of the packaging. The GCl 000 or GC3000 head inside the F-431 will have a 
different serial number from the F-431.-

This safety analysis report demonstrates that the F-431 meets the requirements of IOCFR Part 71, 
Packaging and Transport of Radioactive Material, and the requirements for type B(U)-96 Packages 
as defined in IAEA TS-R-1, Regulations for the Safe Transport of Radioactive Material. 

1.2 PACKAGE DESCRIPTION 

1.2.1 Packaging 

July 2019 

The F-431 is a stainless steel cylinder 1,067 mm (42 in.) in outside diameter, 1,283 mm 
(50.5 in.) tall and placed on a removable mild steel skid 1,118 mm x 1,003 mm x 203 mm 
(44 in. x 39.5 in. x 8 in.). It has a cylindrical cavity 559 mm (22 in.) in diameter by 813 mm 
(32 in.) tall. The empty overpack weighs 1,050 k 2 300 lb. includin the skid. The maximum 
wei ht of its contents is 1 225 k 2 700 lb.). 

Other features related to the thermal protection are vent holes that relieve pressure that develops 
between walls during an accidental fire. These vent holes are plugged with plastic pipe plugs 
that are designed to melt in the fire. Four vents are located in the main cover inside the lifting 

ockets and four on the main bod . The inner cover has four vent holes an 
a 19 mm (3/4 in.) hole locate 

(see Figure 1.2). 
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For overhead lifting the F-431 overpack is equipped with four hoist rings on the top surface. 
For tie-down, the F-431 is fitted with a collar. The tie:-down collar clamps around the mid
section of the F-431 and has four lugs to which the tie-downs are fastened. 

The F-431 package provides its contents with impact and thermal protection. Containment is 
provided by sealed sources and shielding by the GCIOOO or GC3000 irradiator. 

The gammacell irradiator is held in position inside the F-431 cavity with shipping braces. A 
different brace design is used for each gammacell model, and the braces are typically made 
from wood. To facilitate air transport, the shipping braces may incorporate steel plates in order 
to reduce the Transport Index. Regardless of the gammacell model and the design of the 
shipping braces, the maximum weight of the F-431 payload (i.e. gammacell and its shipping 
braces) shall not exceed 1,225 kg (2,700 lb.). 

The features of the GCIOOO and GC3000 are summarized in Table 1.1. The GCIOOO and 
GC3000 consist of a lead-shielding cask, and a source cavity, which houses up to eight Cesium-
137 sealed sources inside a source holder. The source holder is a stainless steel assembly and 
sometimes includes additional tungsten or other shielding metals. It serves as a cradle for the 
sources, and also provides shielding for the sealed sources. The maximum total activity of 
Cs-137 is 113 TBq (3,050 Ci). 

The procedure for preparing the F-431 for shipment is described in Chapter 7. 

The F-431 package is identified with appropriate identification plates and labelling affixed 
on the fireshield. 

The engineering information drawings of the F-431 transport package are provided in 
Appendix 1.3.2. 

/:: ... :.,I.>:f;/;;:,I,};:~)lr~~l~i,1:;,f~ll\ijt!!,~;~r1iJi§,£fQ,~~ h: ... . :;.,, · i:.i1-' f ;~~, - ·· ·:::·;'..j:,I~: 
Gain111'~c:e,II . : ij'ittecf . ' ''N.omin., : ' N(?~inal .· ,; ,~0,rnfn,~1 ~~. §t~~r:s·11~11, ).ppJ;Cl~i!llat~'': 

. :: )M9ae1'?' : ' :Capacity · · F'.Oiamitet 'H,eigtit' 'ti.'flickness':' :: ·<'.thii:k11~ss •-'"' 'Wei'glif '\"" 
'' ,, ' ' _; ' ,,,,· . "' ,' . ' ,,-

GC1000 

GC3000 

113 TBq 
(3,050 Ci) 

113 TBq 
(3,050 Ci) 

457mm 
(18 in.) 

457mm 
(18 in.) 

610 mm 
(24 in.) 

610mm 
(24 in.) 

150 mm 
(6 in.) 

110 mm 
(4.35 in.) 

9.5mm 
(0.375 in.) 

9.5mm 
(0.375 in.) 

1,054 kg 
(2,324 lb.) 

1,091 kg 
(2,404 lb.) 
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1.2.2 Operational Features 

The outside surface of the package is smooth and can be easily decontaminated. 

In order to facilitate tie-down for shipment, a tie-down collar is added at the time of shipment. 
There are no other special operational features, and no other features are added at the time of 
transport. 

1.2.3 Contents of Packaging 

The primary purpose of the F-431 overpack is to transport the GCI 000 and GC3000 irradiators. 
These are blood irradiators with lead shielding encased in a steel shell. The radioactive sources 
are Cesium-137 in the form of cesium chloride compressed powder pellets. The radioactive 
material is contained inside stainless steel capsules. These are described in Chapter 4. The 
maximum activity inside the package is 113 TBq (3,050 Ci), which generates about 15W 
of decay heat. The sealed sources are double walled stainless steel with a cylindrical shape. 

The radiation levels do not exceed 200 mrem/h at the surface of the package and the Transport 
Index is s 10.· 

1.3 APPENDICES 

This section contains the following appendices. 

Appendix 1.3 .1: Specification Sheet for the F-431/GCOOO Package 

Appendix 1.3.2: F-431 Engineering Information Drawing 
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CHAPTER 2 - STRUCTURAL EVALUATION 

This chapter presents structural evaluation demonstrating that the Best Theratronics F-431 package 
design meets all applicable structural criteria. The F-431 package is evaluated and shown to provide 
adequate impact protection for the payload. Normal and hypothetical accident condition evaluations 
are performed in accordance with regulatory requirements. The evaluations of the F-431 are based 
on tests that were performed on the Best Theratronics F-430 transport package. The test data for the 
F-430 is presented in Appendices 2.10.3a and 2.10.3b. 

2.1 STRUCTURAL DESIGN 

2.1.1 Description 

July2019 

The F-431 packaging consists of three basic components. They are: 

1. 

3. Removable skid;which facilitates the handling of the F-431 packaging. 

Shielding is provided mainly b:xthe GClOOO or GC3000 shielding head, and contai11:ffient is 
provided by the sealed source inside the shielding head. 

For tie-down, a collar is fitted around the F-431. The tie-down collar incorporates four lugs to 
which the tie-down chains are fastened. 

For overhead lifting, there are four hoist rings located on the top of the container, and four 
forklift pockets. 

The cavity of the F-431 container provides space for the gammacell head. Up to eight sealed 
sources are loaded into the GClOOO or GC3000 head. The outer assembly of the sealed source 
is made from stainless steel type 316L and is defined as the CONTAINMENT. 
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The removable skid is formed from mild steel plate (ASTM A-36) and is designed to facilitate 
handling and stacking of the F-431 container. 

2.1.2 Design Criteria 

July 2019 

2.1.2.1 Basic Design Criteria 

This section describes the design criteria used to assess the package performance. 
The load combinations and factors used in the assessment of the package design are 
as specified in the applicable sections of the regulations. 

Primary containment is provided by the sealed sources. 

2.1.2.1.1 Containment Structures 

For Normal Conditions of Transport (NCOT), the assessment criteria 
used ensures that the stresses in general do not exceed the lesser of 2/3 · 
of yield stress or 1/3 ultimate tensile strength. 

For Hypothetical Accident Conditions of Transport (HACOT), the 
failure of any component is not permitted to affect the ability of the 
package to meet the requirements of the regulations. The failure of any 
component that would potentially affect the ability of the package to · 
meet these requirements is analyzed, and in general, the stresses are 
shown to be less than the static ultimate strength of the material. 

Structural analyses use the static models and values of static yield 
strength of the materials to represent dynamically loaded components. 
These results are conservative since the dynamic strength of a material 
is typically greater than the static strength [5]. 

2.1.2.1.2 Non-Containment Structures 

For Normal Conditions of Transport (NCOT), the assessment criteria 
used ensure that the stresses in general do not exceed the lesser of 2/3 of 
yield stress or 1/3 ultimate tensile strength at the temperature. For lifting 
and handling loads, the maximum allowable stresses are one third of the 
material yield strength. 

For Hypothetical Accident Conditions of Transport (HA COT), 
the failure of any component is not permitted to affect the ability of the 
package to meet the requirements of the regulations. The failure of any 
component, which could potentially affect the ability of the package 
to meet these requirements, is analyzed and in general, the stresses are 
shown to be less than the static ultimate strength of the material at the 
temperature. 

The F-431 overpack and the internal fixing brace are permitted to exceed 
yield stress for accident conditions. The acceptance criterion for all 
impact related loads within the container is that the steel envelope 
surrounding the lead shielding (the GCIOOO or GC3000 irradiator) does 
not breach in normal and accident conditions 

Structural analyses use the static models and values of static yield 
strength of the materials to represent dynamically loaded components. 
The results are conservative as the dynamic strength of a material is 
typically greater than the static strength [5]. 
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2.1.2.2 Miscellaneous Structural Failure Modes 

2.1.2.2.1 Brittle Fracture 

2.1.2.2.2 

Fatigue concerns associated with normal vibrations over the road are 
addressed in section 2.6.4. 

2.2 WEIGHTS AND CENTERS OF GRAVITY 

Tue total design weight of the Best Theratronics F-431 package, including a payload of 1,225 kg 
(2,700 lb.), is 2,270 kg (5,000 lb.). The package is nearly symmetrical, therefore, the center of gravity 
(cog.) is very near the geometric center of the container. The center of gravity (cog.) of the F-431 
package is 570 mm (22.4 in.) from the top of the removable (shipping) skid, or 800 mm (31.4 in.) 
from the ground. 
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2.3 MECHANICAL PROPERTIES OF MATERIALS 

I 
I 
I 
I 
I 
I 
I 

* Properties at 23°C 
**Compressive stress at 50% strain 

• • y 
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2.4 GENERAL STANDARDS FOR ALL PACKAGES 

This section d~nionstrates that the F ~4:h transport colitailierco:mplies with the general standards for all 
packaging. · 

• a) MininiIJm Pa~kage Size · 

The height and diameter of the F-431 are i29 cm (50.7 in.)and 107 cm (42 in.) respectively without 
the shipping skid. Both these dimensions are greater than the minimum:required dimension of 10 cm 
~~ ' ,,,,' ''' ' 
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b) Tamper-Indicating Feature 

A "lock wire" or equivalent will be used between the main cover and the body of the package during a 
loaded shipment as illustrated in the Engineering Information Drawings (see Appendix 1.3.2). Damage 
to this device provides evidence of tampering. 

c} Positive Closure 

See section 2.4.2 for discussion of the positive fastening devices for the containment system. 

d) Chemical and Galvanic Reactions 

See section 2.4.1 for discussion on chemical and galvanic reactions. 

e} Valves 

There are no valves or pressure relief devices on the F-431 package. 

f) Package Performance under Normal Conditions of Transport 

See section 2.6 for demonstration of the package performance under normal conditions of transport. 
It is demonstrated that: 

• There would be no loss or dispersal of radioactive contents. 
• There would be no significant increase in external radiation levels. 
• There would be no substantial reduction in the effectiveness of the packaging. 
• There would be no increase in external radiation levels in excess of 20%. 

g) Temperature of Accessible Surfaces of the Package 

In Appendix 3. 7 .1, it is demonstrated that the temperature of the accessible surface of the package, 
with the package in still air at 38°C (100°F) and in the shade, is 39°C. This is less than the 50°C 
(122°F) limit, for non-exclusive use shipment, and for shipment by air. 

h) Features for Continuous Venting during Transport 

There are no features on the F-431 package to allow for continuous venting during transport. 

2.4.1 Chemical and Galvanic Reactions 
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2.4.2 Positive Closure 

Closure of the package is maintained using threaded fasteners at the following locations: 

• Main cover is fixed to the main body 
• Inner cover is fixed to the main body 

A wire seal is incorporated into the cocoon closure to ensure that it cannot be inadvertently 
opened. The procedure for preparing the F-431 for shipment is discussed in Chapter" 7. 

2.4.3 Lifting Devices 

The F~431 package can be lifted using four hoist rings on its top surface. Each hoist ring can 
swivel and tum to take a load of 3,200 kg (7,000 lb.) in any direction (see appendix 2.10.6). 

The F-431 can also be lifted using fork lift pockets attached to the top of the package. A lifting 
analysis is included in Appendix 2.10.7. 

2.4.4 Tie-down Devices 

The F-431 is fitted with a tie-down collar that fits around the F-431 and rests on four bosses 
that protrude from the outside surface of the package. 

The stress analysis of the tie-down arrangement is presented in Appendix 2.10.2. Under a tie
down load due to 10 g, 5 g, 2 g acting concurrently on the F-431 package, the calculated 
stresses in the package do not exceed yield stress. 

2.4.5 Maximum Normal Operating Pressure 

Under the accident conditions of transport (ACOT) the maximum pressure inside the sealed 
sources would be 106 k.Pa. Since the temperatures and pressures will be lower under normal 
conditions of transport, the maximum normal operating pressure inside the sealed source will 
be less than 106 k.Pa. This is significantly lower than the 700 kPa permitted by the regulations 
[3]. 

2.4.6 Assessment of the Tie-down Collar Bolted Connection 

Stresses in the bolts that fasten together the two halves of the tie-down collar were considered 
as to tension, shear and bending. Analysis is included in Appendix 2.10.8. 

2.5 ADDITIONAL REQUIREMENTS FOR TYPE B PACKAGES 

This section describes how the standards for type B packages are satisfied. 

1) When subjected to the tests for Normal Conditions of Transport section 2.6 of this analysis shows, 

• there is no loss or dispersal of any radioactive material, 
• there is no significant increase in external radiation levels, 
• there is no substantial reduction in the effectiveness of the packaging, and 
• there is no increase in external radiation levels in excess of20%. 

2) When subjected to the tests for Hypothetical Accident Conditions of Transport section 2. 7 of this 
analysis shows, 

• the loss or dispersal of any radioactive material is less than A2 per week, and 
• the external radiation dose rate is less than I Rem per hour (10 mSv/h) at 1 meter from the 

external surface of the package. 

3) The containment of the radioactive material after the tests for the Normal and Hypothetical 
Accident Conditions of Transport is provided by the sealed sources. 
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2.5.1 Load Resistance 
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In this section, it will be shown that the F-431 package can support a distributed load equal to 
the greater of five times its weight or 13 kPa times the vertical projected area of the package. 

The outside diameter of the F-431, including the bumpers, is 1,065 mm (41.94 in.). Therefore 
the projected area of the package is 0.89 m2 (1,380 in.2). This area times a pressure of 13 kPa 
yields a force of 11.6 kN (2,600 lb.). Since this is significantly less than five times the weight of 
the package (111 kN or 25,000 lb.), the latter force will be used in the analysis below. 

The smallest area for normal stresses is the outer shell. 
A= nDt = 3.14 * 36.7 * 0.105 = 12.1 in.2 (7,800 mm2

) 

Normal stresses produced by the load of5 times 5,000 lb. are cr = 25,000/12.1 = 2,066 psi 
(14.2 MPa) 

The smallest area for shear stresses is the fillet weld on the ribs that attach lifting pockets to 
the lifting brace band. 

As= 4L(0.707t) = 4 * 5.62 * 0.707 * 0.19 = 3.02 in.2 (1948 mm2
) 

The load on one lifting pocket is one quarter of the total stacking load, or 25,000/4 = 6,250 lb. 

Shear stress in the fillet welds then is 't = 6250/3.02 = 2069 psi (14.3 MPa) 

Bending stresses are: 
CJ= 6LFy/[bh2

] = 6 * 5 * 6,250 I [4 * 0.707 x 0.19 x 5.622
] 11,048 psi (76 MPa) 

For combined tension and shear, the maximum normal and shear stresses are: 

crn = 1/2 [ CJ + 'Y( cr2 + 4-r2
)] 

crn = 1/2 [11,048 +-V(l 1,0482 + 4*2,0692
)] = 11,423 psi (79 MPa) 

cr. = 1/2-V( cr2 + 4't
2
)] 

cr. = l/2-V(l,1482 + 4*2,0692
)] = 5,899 psi (41 MPa) 

Therefore it is safe to stack 25,000 lb. (11,340 kg) on top of the F-431 container. 
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2.5.2 External Pressure 
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The outer assembly of the cesium-137 sealed sources is the containment system for the F-431 
package. It will be shown that the capsules are capable of withstanding pressures far in excess 
of 170 kPa (25 psi) as specified in this section. 

Chapter 4 provides a description of the sealed sources. The following analysis bounds the 
maximum tube and end cap stresses for a 25 psig external pressure. 

Two (2) regions shall be analyzed. They are: 

• The cylindrical tube. with the minimum wall thickness. The worst case is the C-378 sources 
(0.025 in. wall thickness and 0.63 in. outside diameter) (see table 4.1). 

• The end cap. The worst case is the C-378 sources (0.63 in. diameter with minimum 
thickness of 0.025 in.) (see table 4.1). 

2.5.2.1 Stress in Cylindrical Tube 

The maximum hoop stress due to external pressure p is given by: 
0'2 = pd/2t 

Where 
p = external pressure = 25 psig 
d = mean diameter= 0.63 - 0.025 = 0.605 in. 
t = wall thickness of tube at the end cap region= 0.020 in.(min.) 
Ci2 25 X 0.605/(2 X 0.020) 

378 psi 

2.5.2.2 Stress in the End Cap 

The maximum bending stress due to internal pressure pis given by [11]: 

Where 

ab = k pr2/t2 

p external pressure = 25 psig 
r = radius of end cap= 0.63/2 0.315 in. 
t = thickness of the end cap 0.025 in. (min.) 
k = 0.75 [11], based on the plate edge fixation. 
O'b = 0.75 X 25 X 0.3152/0.0252 

= 2,977 psi 

Note that this analysis is conservative because the radius of the end cap was assumed 
to be the same as that of the source. In reality the radius of the end cap is smaller. 
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2.5.2.3 Factor of Safety and Margin of Safety 

For SS316L, the minimum tensile strength is 25,000 psi. 
Factor of Safety (FS) 

FS = Allowable stress/ Applied stress 
= Yield Stress of ss316/ stress in end cap 
= 25,000 psi/2,977 psi 

8.4 

Margin of Safety, MS 
MS =FS-1=8.4-1=7.4 

In summary, due to external pressure of25 psig in the sealed sources, 
the maximum hoop stress in any of the sealed source tubes = 378 psi 
the maximum bending stress in any of the.sealed source end caps= 2,977 psi. 

Based on a yield stress of25,000 psi for SS316L, the sealed sources have a Factor of 
Safety of 8.4 and a Margin of Safety of 7.4. 

Therefore the containment, (i.e. the outer assembly of the C-1000, C-1001, C-3000, 
C-3001, C-378, IS0-10000 and RAMC0-50 sealed sources) will maintain its 
structural integrity. 

2.6 NORMAL CONDITIONS OF TRANSPORT 

The following sections demonstrate that the F-431 transport package meets the regulatory 
requirements for the normal conditions of transport. In particular, it is shown that: 

• there will be no loss or dispersal of contents, 
• there will be no structural changes reducing the effectiveness of the shielding, 
• there will be no changes affecting the ability of the package to withstand the hypothetical accident 

conditions of transport, and 
• There will be no increase in external radiation levels in excess of 20%. 

2.6.1 Heat 
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A detailed thermal evaluation of the normal conditions of transport as they apply to the F-431 
Package is reported in Chapter 3, Section 3.4. 

2.6.1.1 . Summary of Pressures and Temperatures 

For 3,050 Ci of Cs-137 in sealed sources inside the cavity of the F-431, the maximum 
steady state source temperature was determined to be less than 326°C under the 
Normal Conditions of Transport (see chapter 3, section 3.5.3). 

In chapter 3, section 3.5.6, it is demonstrated that the sealed source can withstand the 
pressure resulting from a temperature rise to 326°C. Therefore, the sealed source can 
withstand the maximum internal temperature resulting from the Normal Conditions 
of Transport. 

2.6.1.2 Differential Thermal Expansion. 

The F-431 and its payload will be unaffected by the thermal gradients predicted for 
the Normal Conditions of Transport. Temperatures are relatively low and do not 
impose significant stresses. 
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2.6.1.3 Thermally Induced Stress 

In chapter 3, section 3.5.6, it is demonstrated that the maximum temperature in the 
sealed sources is 326°C due to ACOT. The resultant pressure inside the sources is 
106 kPa (15 psi). Since the temperatures and pressures under Accident Conditions of 
Transport (ACOT) are higher than under Normal Conditions of Transport (NCOT), 
the maximum stress in the capsules will be less than 106 kPa (15 psi) under NCOT. 

In section 2.6.3 below, this pressure will be considered in conjunction with a 
decrease in ambient pressure. The resulting capsule stresses will be analyzed. 

2.6.2 Cold 

A steady-state ambient temperature of -40°F (-40°C) would not adversely affect the ability 
of the package to contain its radioactive contents or shield the environment. There are no 
liquids present within the package to freeze under these conditions nor are the materials used in 
the construction of the package subject to brittle fracture as discussed in section 2.1.2.2 of this 
chapter. 

Because of the low internal heat generation (15 Watts) and the high thermal conductivity of 
the lead, stainless steel and carbon steel, the primary materials used in the construction of 
the gammacell, no steep thermal gradients exist in the gammacell to cause thermal stresses. 
Similarly, because of the low heat and the large size of the F-431, the thermal gradients across 
the F-431 are very small and do not result in appreciable stresses. 

2.6.3 Pressure 

The containment for the package is provided by the sealed sources. As discussed in section 
2.5.2, these sources are capable of withstanding an external pressure of25 psia. 

The internal pressure in the sealed sources must also be considered. The worst case would 
occur when the sealed sources are at their maximum normal operating temperature, and the 
F-431 experiences a dramatic drop in atmospheric pressure. Paragraph 619 ofIAEA TS-R-1 [3] 
requires that packages transported by air have a containment system capable of withstanding 
a reduction in ambient temperature to 5 kPa. The following discussion considers thermally 
induced stresses in the sealed sources in combination with a drop in ambient pressure. 

In Chapter 3, section 3.5.6, it is demonstrated that the maximum temperature in the sealed 
sources is 326°C due to ACOT. The resultant pressure differential is 106 kPa. Assuming a drop 
in ambient pressure of 100 kPa, the total effective pressure inside the sealed sources is 206 kPa. 
However, in section 2.5.2 it was shown that the sealed sources are capable of withstanding an 
external pressure of 170 kPa (25 psi) with a factor of safety of 8.4. In other words, the sources 
can withstand an external pressure of 1,428 kPa. Due to symmetry, the sources are capable of 
withstanding this pressure internally. Therefore the sealed sources can withstand the internal 
pressure caused by thermal expansion and a drop in ambient pressure. 

2.6.4 Vibration 
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2.6.4.1 Sealed Sources 

The C-1000, C-1001, C-3000, C-3001 and C-378 sealed sources have been tested to 
a minimum o(Class 3 vibration test requirements of ANSI N542 [4] or ISO 2919 
[12]. This test requires the capsules to be subjected to vibrations ranging from 25 to 
500 Hz at SG peak amplitude and 90 to 500 Hz at lOG peak amplitude. This test is 
significantly more severe than any vibration that the sources will encounter during 
normal transport [8]. Due to the similarity in design and weight, the C-1001, C-3001, 
IS0-1000 and RAMC0-50 sealed sources are also capable of withstanding any 
vibration encountered during normal transport. 
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2.6.4.2 Packaging 

2.6.4.3 

Fasteners for the inner and outer cover and on the tie-down collar may be Susceptible 
to the effects of vibration. Therefore, these assemblies utilize standard spring lock 
washers, which prevent the bolts from loosening. 

2.6.5 Water Spray 

Water leakage is prevented by a neoprene gasket 3 mm (1/8 in.) thick bet_ween the main cover 
and body of the package. Polyurethane foam vent holes are plugged with plastic pipe plugs, 
% in. NPT. Therefore, the F-431 can withstand the water spray test during normal transport 
without any loss of integrity. 

2.6.6 Free Drop 

July2019 

10 CFR 71.51 [1] and IAEA TS-R-1 §646 [3] require that the package be designed such that if 
it were subjected to the Free Drop Test, that it would prevent loss or dispersal of the radioactive 
contents and a significant loss of shielding integrity. Since the F-431 has a mass less than 
5,000 kg, the required height for the Free Drop test is 1.2 m (4 ft.). 

In section 2. 7 below, it is demonstrated that the F-431 is capable of withstanding 9 m Free 
Drop tests and Puncture tests without significant damage to the sealed sources or the shielding. 
Specifically, it is shown that: 
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1. The sealed sources are undamaged and are still contained inside the gammacell irradiator. 

2. There is no measurable increase (less than 20%) in the surface radiation on the F-431 
transport package. 

Therefore, the F -4 31 could also survive the less severe 1.2 m drop test and meet the regulatory 
requirements. 

2.6.7 Corner Drop 

10 CPR 71.71 (c) (8) [1] and IAEA TS-R-1 §722 [3] require that this test only be performed 
on fiberboard, wood, or fissile material rectangular packages not exc.eeding 50 kg ( 110 lb.) and 
fiberboard, wood or fissile material cylindrical packages not exceeding 100 kg (220 lb.). Since 
the F-431 exceeds 100 kg in weight, this test is not required by the regulations. 

2.6.8 Penetration 

The F-430 test specimen was tested by dropping 6 kg steel round bar (3.2 cm in diameter with 
hemispherical end) from 1. 7 m onto the container. Two drops were performed in two different 
locations (top and side). Only small dents were observed. Refer to the Test Report provided in. 
Appendix 2.10.3a and/or 2.10.3b. Since the F-431 is constructed with the same materials, it 
would experience the same results. 

2.6.9 Compression 

The effect of package compression are discussed in section 2.5.1. 

2. 7 HYPOTHETICAL ACCIDENT CONDITIONS 

This section demo~strates that the performance of the F-431 Transport Package, meets all regulatory 
requirements when subjected to the hypothetical accident conditions of transport. 

2.7.1 Free Drop 
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In this section, the performance of the F-431 will by evaluated by comparison with other 
packages that were subjected to the Free Drop Tests. The F-431 will be compared to the F-430, 
on which the F-431 design is based, and to the GC3000 irradiator, which was subjected to a 
free drop without any impact protection. 

2.7.1.1 Comparison of the F-430 and F-431 

The F-430 Package was designed and manufactured by Best Theratronics. A full 
scale prototype was manufactured and subjected to the regulatory tests, including the 
free drop test. 

The F-431 design is based on that of the F-430. The F-431 is smaller, and is intended 
to transport smaller and lighter payloads. The two packages are shown in Figure 2.2 
and their features are summarized in Table 2.2. Other than the differences in 
dimensions, the F-430 and F-431 are constructed identically. 
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Figure 2.2; F-430 and F-431 Transport Packages 

Package weight 

Cavity height 

Cavity diameter 

Max payload weight 

Inner cover 
fasteners 

Outer cover 
fasteners 

1,410 mm (55.44 in.) 

3,175 kg (7,000 lb.) 

820 mm (32.25 in.) 

915 mm (36.0 in.) 

1,820 kg (4000 lb.) 

2. 7 .1.2 Prototype Testing 

1,065 mm (41.94 in.) 

2,270 kg (5,000 lb.) 

815 mm (32.0 in.) 

560 mm (22.0 in.) 

1,225 kg (2,700 lb.) 

Fastener431/Fastener4ao =. 
1.0 

Fastener431/Fastener430 = 
1.0 

The analysis of the Free Drop test will refer to testing done with the F-430 and the 
GC3000. The F430 test specimen was subjected to three free drop tests from 9 m and 
four puncture tests. The results of these tests are presented in Appendix 2.10.3a 
and/or 2.10.3b. The GC3000 was subjected to one 9 m test without a protective 
overpack. The results of this test are presented in Appendix 2.10.4. 
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2.7.1.3 End Drop 

The F-430 was dropped inverted from 9 m onto its end. After the test, there was no 
compromise in the integrity of the package. The results are presented in Appendix 
2.10.3a and/or 2.10.3b. The F-431 is expected to perform equally well as a result ofa 
9 m Free Drop test onto its top or bottom. This is further supported by the testing 
performed on a GC3000 with no protective overpack. The GC3000 was dropped 
from 9 m onto an unyielding surface (refer to Appendix 2.10.4). After the drop test, 
the GC3000 was subjected to a radiation survey, and no increase in the radiation 
levels was measured. Also, there was no visible damage to the simulated sealed 
sources. 

2. 7 .1.4 Side Drop 

The F-430 test specimen containing a Gammacell 40 (GC40) was dropped from 9 m 
onto its side. The impact caused the skid to break free of the package, the bu.ers to 
colla se locall and the foam to crush 2 in. deep on the side of the package. 

on the exterior of the package (i.e. between the F-43 an 
t e target , on the interior of the package (i.e. 
between the pay oa an t e F- . T s 1s because the contact area between the 
F-430 and the drop target is much less than the contact area between the payload and 
the F-430, as illustrated in Figure 2.3. 

~ak decelerations measured on the F-430 payload (i.e. GC40)
- (refer t ... A endix 2.10.3 a and/or 2.10.3b) The average de~ 
approximately As a result of the drop, four bolts were broken on the main 
cover. However, e cover remained securely attached and there was no breach in the 
stainless steel skin. Inspection of the GC40 after the drop tests were completed and 
showed that there was no significant damage to the GC40 (shielding) nor the 
simulated sealed source (containment). 

To determine the effect of a side drop on the F-431, the geometries of the F-430 
and F-431 will be compared. A 9 m side drop would cause the bumper and
- The depth of crush in the F-431 is a function of the dimensions an~ 
of the package. Specifically, the crush depth, o, is proportional to the weight of 
the package, inversely proportional to the length, and approximately inversely 
proportional to the cube root of the diameter. 

ooc w, 
o ex: 1/H, 

o ex: 1/ Dy; 
where 
o = crush depth 
W = weight of the package 
H = height of the package 
D diameter of the package 
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In equation form, 

X 
s: =5 *(WF431] *(HF430] *(DF430 J 

3 

U F431 F430 W H D 
F430 F431 F431 

Substituting the package ' s scale ratios from Table 2.2, we find that 

6F431 = 6F430 *Q.81 

Thus we expect that the amount of deformation for the F-431 would be almost the 
same as that of the F-430. Similarly, the acceleration experienced by the payload 
would be essentially the same. 

Therefore, the F-431 would survive the 9 m Free Drop test with no significant 
damage. Specifically, the package's ability to provide shielding, containment and 
protection against fire would not be compromised. 

Contact area between 
payload and F-430 

Contact area between 
F-430 and target 

Figure 2.3: Contact Areas for 9 m Side Drop 

2.7.1.5 Corner Drop 

In this orientation, contact area of the package with the target is minimized, and 
therefore the amount of deformation is maximized and the deceleration is minimized. 

measured in the range 
- (refer to Appen 1x .1 . a an or .1 . as a ost 1 entlcal 
geometry in this orientation, and so the deformation of the container on impact would 
be similar. Since the F-430 sustained only moderate damage from this test, and since 
this orientation is the least damaging for the payload, the F-431 would also fare well 
during this test. 

2.7.1.6 Conclusions 

The different orientations for the 9 m Free Drop Test have been analyzed by 
comparison with the tests performed on the F-430 package and the GC3000. It 
was demonstrated that the tests would not result in significant damage to the F-431 . 
Specifically, the F-431 would continue to provide radiation shielding, containment, 
and protection from an accidental fire . 
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2.7.2 Puncture 

The full-scale F-430 test specimen was subjected to four 1 m puncture tests in a variety of 
different orientations (refer to Appendix 2.10.3a and/or 2.10.3b). The damage caused to the test 
specimen was minor when compared to the results of the Free Drop Test. Specifically, no 
additional bolts were broken and the lid remained attached securel to the acka e. The outer 
skin of the acka e 

The F-431 is similar to the F-430 in that the stainless steel outer skin is the same thickness and 
Since the F-431 is a 

2. 7 .3 Thermal 
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The temperature increases within the F-431 package resulting from the hypothetical accident 
thermal evaluation are presented in Chapter 3, Section 3.5 and in Appendix 3.7.1. These 
temperature increases have minimal effects on the performance and integrity of the package. 
This is further discussed in Chapter 3. 
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2.7.3.1 Summary of Pressures and Temperatures 

There is no increase in pressure inside the F-431 cavities due to the hypothetical 
accident conditions of transport thermal test, as discussed in Section 3.5.4. The 
maximum temperature inside the Gammacell is 151 °C. The maximum temperature 
and pressure inside th.e sealed source are 326°C and 106 kPa, respectively. 

2.7.3.2 Differential Thermal Expansion 

The maximum differential thermal expansion occurs during the fire test when the 
outside surfaces are exposed to the flame while inside the overpack temperature rises 
relatively slowly. However, no significant thermal stresses are e~ected as the 

acka e is free to ex and and contract and since the material o 
the matena w1 ow in 

2.7.3.3 Stress Calculations 

The stresses caused as a result of the hypothetical accident conditions of transport 
thermal test are discussed in Section 3.5.5. Since the thermal gradients are low in 
the containment system and in the Shielding Head, the thermal stresses in these key 
components are negligible. The pressure inside the sealed source is calculated in 
Section 3.5.6. It is concluded that the sources can easily withstand this pressure. 

2.7.4 Water Immersion 

The water immersion test, with an external gauge pressure of water of 21 psi (145 kPa), will not 
have a significant effect on the performance of this package. This is justifieq as follows: 

1. 

2. g I I I I I t g y y 
water. 

3. The stainless steel Cs-137 source capsules were shown in section 2.5.2 to be capable of 
withstanding a pressure in excess of 170 kPa (25 psi). 

2. 7 .5 Summary of Damage 
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Nine drop tests were performed on a full-scale F-430. Since the F-431 is a smaller and lighter 
package, many of the F-430 test results are applicable to the F-431. The F-431 was also 
assessed by comparison with the GC3000, which was subjected to a 9 m drop without 
protective packaging. 

By comparison, it was demonstrated that the damage to the F-431 packaging would be as 
follows: 

1. There would be no cracks in the body of the payload irradiator. The source capsules would 
suffer no visible damage. The lead housing would have only minor dents and scratches. 

2. The payload would not pierce the F-431 cavity. The inner lid would not lose any bolts and 
would keep the contents shielded from fire. 

3. The main cover would stay in place. 
4. Radiation levels following the drop testing would not increase measurably. 
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2.8 SPECIAL FORM 

The sealed sources that are transported within the F-431 are discussed in Chapter 4. The applicable 
Special Form Certificates are included in the appendices to Chapter 4. 

All source models, with the exception of the RAMC0-50 source, have been certified to meet the 
requirements of Special Form Radioactive Material. In this section, the RAMC0-50 source will be 
compared to the other source models in the F-431, and it will be shown that the RAMC0-50 source 
satisfies the requirements for Special Form. 

The C-378, C-3001, and C-3100 source capsules were tested and shown to meet the Special Form 
requirements of the IAEA Safety Series TS-R-1 [3]. The Special Form Certificates CDN/0017/S-96, 
GB/373/S-96, and CDN/0035/S-96 are included in Appendices 4.4.1, 4.4.5 and 4.4.13. The C-1000, 
C-1001, C-3000 and IS0-1000 source capsules were tested and shown to meet the Special Form 
requirements of earlier versions of the Regulations for the Safe Transport of Radioactive Material. The 
Special Form Certificates CDN/0011/S, GB/372/S-85, CDN/0012/S-85 and USA/0192/S are included 
in Appendices 4.4.2, 4.4.3, 4.4.4 and 4.4.6. The requirements for the qualification of Special Form 
radioactive material as specified in 10 CFR 71 Section 71.75 are identical to those specified in the 
IAEA Regulations [l, 3, 14, 15]. 

The C-3100 Source testing was done in accordance with International Standard ISO 2919:2012 (E) 
Edition [13]. 

The RAMC0-50 sealed source has not been certified to meet the requirements for Special Form 
Radioactive Material. However, in the following paragraphs, it is shown to meet the requirement for 
Special Form Radioactive Material by comparison with the C-378, C-1000, C-1001, C-3000, C-3001 
and IS0-1000 sealed sources. Furthermore, the Sealed Source Registration for the RAMC0-50 . 
Source, NR-0880-S-804-S, states that these sources would be expected to maintain their containment 
integrity for normal conditions of use and the accidental conditions which might occur. The 
registration certificate is included in Appendix 4.4.12 

2.8.1 Description 
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The C-378, C-1000, C-1001, C-3000, C-3001, C-3100, IS0-1000 and RAMC0-50 Sealed 
Sources are depicted in Chapter 4, Figures 4.2 through 4.9. 

The C-378, C-1000, C-1001, C-3000, C-3001, C-3100, and RAMC0-50 models are made with 
type 316L stainless steel. The IS0-1000 model is made with type 304L stainless steel. All 
models have the following features 

1. an outer stainless steel capsule with fusion welded end cap 

2. an inner stainless steel capsule with fusion welded end cap 

3. Cesium-13 7 radioactive material in the form of Cesium Chloride. 

The dimensions of the seven source models are summarized in Table 2-4. 
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,, ,. 1:Jin,:iE;n~i,ont,(:'/1, • ., 1nn1) :/; ./,(ini) :+ '}.(if'!,).:'· ,,,,:(in,) •..• ,·\(il).)::t.:c •. ·,:cfo;J ·. ,, .. •,:· (i~·.) ,,;}>Ci_niF i , 

Outer Tube 0.D. 0.620 0.500 0.500 0.687 0.687 0.692 0.497 0.500 

Tube Wall Thickness 0.025 0.035 0.039 0.035 0.039 0.039 0.035 0.020 

Capsule Length 10.99 10.69 10.69 10.69 10.69 10.69 10.68 4.500 to 
5.375 

End Cap Diameter 0.577 0.444 0.427 0.631 0.614 0.616 0.431 0.460 

End Cap Thickness 0.025 0.315 0.039 0.315 0.039 0.30 0.315 0.100 

2.8.2 Free Drop 

The requirements for the Free Drop Test as specified in 10 CFR Part 71 Section 71.75(b)(l) 
are identical to those of the IAEA Regulations to which the C-378, C-1000,C-1001, C-3000, 
C-3001 and IS0-1000 capsules were tested and certified. See the Special Form Radioactive 
Material Certificates in the appendices to Chapter 4. 

Since the RAMC0-50 source is very similar to the other source designs and shapes and has a 
length and weight of approximately one half of the other models, it would suffer less damage 
and therefore pass the Free Drop Test. 

2.8.3 Percussion Test 

The requirements for the Percussion Test as specified in 10 CFR Part 71 Section 71.75(d)(l) 
are identical to those of the IAEA Regulations to which the C-378, C-1000, C-1001, C-3000, 
C-3001 and ISO-I 000 capsules were tested and certified. See the Special Form Radioactive 
Material Certificates in the appendices to Chapter 4. · 

Since the RAMC0-50 source is very similar to the other source designs, shapes and weights, 
it would also pass the Percussion Test. 

2.8.4 Bending 

July2019 

The requirements for the Bending Test as specified in 10 CFRPart 71 Section 71.75(b)(3) 
are identical to those of the IAEA Regulations to which the C-378, C-1000, C-1001, C-3000, 
C-3001 and IS0-1000 capsules were tested and certified. See the Special Form Radioactive 
Material Certificates in the appendices to Chapter 4. 

Since the RAMC0-50 source is very similar to the other source designs and shapes and has a 
length of approximately one half of the other models, it would suffer less damage and therefore 
pass the Bending Test. 
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2.8.5 Heat Test 

The requirements for the Heat Test as specified in 10 CFR Part 71 Section 71.75(b)(4) 
are identical to those of the IAEA Regulations to which the C-378, C-1000, C-1001, C-3000, 
C-3001 and IS0-1000 capsules were tested and certified. See the Special Form Radioactive 
Material Certificates in the appendices to Chapter 4. 

Since the RAMC0-50 source is very similar to the other source designs, shapes and weights, 
it would also pass the Heat Test. 

· 2.8.6 Leaching Assessment 

The C-378, C-1000, C-1001, C-3000, C-3001 and IS0-1000 Sealed Sources have been shown 
to be leaktight (see the Special Form Radioactive Material Certificates in the appendices to 
Chapter 4). By definition, since the sources are leak.tight, there will be no release of radioactive 
material. Therefore the sources meet the leaching assessment criteria. 

Since the RAMC0-50 source is very similar to the other source designs, shapes and weights, 
it also satisfies the leaching assessment criteria. 

2.8. 7 Summary 

The C-378, C-1000, C-1001, C-3000, C-3001, C-3100 and IS0-1000 Sealed Sources have been 
certified to meet the requirements for Special Form Radioactive Material. 

The RAMC0-50 source has been demonstrated by comparison also to satisfy the requirements 
for Special Form. 

2.9 FUEL RODS 

This requirement is not applicable since the F-431 does not transport fuel rods. 

2.10 APPENDICES 

This section contains information in support of the analysis, assumptions and discussions presented 
in the various sections of Chapter 2. For convenience, it is divided into subsections, which are 
referenced in the body of this chapter or submission. 

Appendix 2.10.1: List of References for Chapter 2 

Appendix 2.10.2: Tie-down Analysis of the F-431 Package 

Appendix 2.10.3a: F-430 Test Report, IN/TR 1604 F430 

Appendix 2.10.3b: Supplementary Safety Analysis Report for the F-430 Transport Package, 
IN/TR 6088 F-430 

Appendix 2.10.4: Test Report for GC3000 Removable Plug, IN/TR 1691 GC3000 

Appendix 2.10.5: 

Appendix 2.10.6: Hoist Rings 

Appendix 2.10.7: Lifting Analysis for the F-431 Overpack 

Appendix 2.10.8: Assessment of the F-430 Tie-down Collar Bolted Connection 
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APPENDIX 2.10.1: 
List of References for Chapter 2 

[l] 10 CFR(Code of Federal Regulations), Chapter 1, Part 71 - Packaging and Transportation of 
Radioactive Material, 1-1-97 Edition. 

[2] U.S. Nuclear Regulatory Commission. Regulatory guide 7.9, Standard Fonnat and content of Part 
71 applications for approval of Packaging of Type B, Large Quantity, and Fissile Radioactive 
material, Revision 1. January 1980. 

[3] IAEA Safety Standard Series No. TS-R-1, Regulations/or the Safe Transport of Radioactive 
Material. 1996 Edition (Revised). Vienna, 2000. 

[4] US Department of Commerce/National Bureau of Standards. NBS Handbook 126, American 
National Standard N542; Sealed Radioactive Sources, Classification, 1977. 

[SJ J. H. Evans, ORNL. Proceedings of the 4th International Symposium on Packaging and 
Transportation of Radioactive Materials, Miami Beach, Florida, September 22-27, 1974. 
"Experimental Studies of the Strain-Strain Properties of Cask Materials under Specified Impact 
Conditions", pp. 232-243. 

[6] ASME BPV Code, Section III. 

[7] .. 

[8] RDT Standard No. F-8-11 T, Fuel Shipping Container Tie-down for Truck Transport, Division of 
Reactor Research and Development, US, ERDA. January 1975. 

[9] W.R. Holman & R. T. Langland. NUREG/CR-1815; UCRL-53013, "Recommendations for 
Protecting Against Failure by Brittle Fracture in Ferritic Steel Shipping Packages up to Four 
Inches Thick". 

[10] American Society for Metals. Metals Handbook, Volume I, Tenth Edition. Ohio, Materials Park, 
1990. 

[11] McGraw-Hill Book Company. Mark's Standard Handbook for Mechanical Engineers, Eighth 
Edition. 

[12] ISO 2919, Radiological Protection Sealed Radioactive Sources General Requirements and 
Classification. 1999. 

[13] ISO 2919:2012 (E) Radiological Protection Sealed Radioactive Sources General 
Requirements and Certification. 

[14] IAEA Safety Standard No. 6, Regulations for the Safe Transport of Radioactive Material. 1985 
Edition (As Amended 1990). Vienna. 1990. 

[15] IAEA Safety Standard No. 6, Regulations for the Safe Transport of Radioactive Material. 1973 · 
Edition. Vienna. 1973. 
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APPENDIX 2:10.2: 
. Tif!-.down :Aiialy~i$ .of ·the :f;.431 _ Transp'ori:Pack~g~. 

1. :lN.T:ROPUCTION : .. · 
. . '" . . .. . . .. , . 

. . · · : : In this appendix~: the F-431 package til;l-down arrangement is -analysed with respect to the requirements : 
:: : oflO CFR:7f45(b):[1]. The strength:ofthe tie-down sysiern:is evaluated ba·sed:on accelerations of.: : ·· 

ti:u~; ir~nsport vehicle. The accelerations are :listed in Table A2. l o.:2-( T:he 'tie-down arrangement is 
. illllstrated ~ l'igure A2.10.2:..CL . 

.. . .. 
: •: The F-43 Us usedin conjunction with :a. tie-down collar tha(gfrdles the F-43:1 a:tinid:-beight. The tie.;::: ::_ 

. . dowti:cbllar 1ncorjiorates four. lugs h,· which the tie:.down chains are attached. it rests on four oblong ... 
:boises;.W:elded to the:ci,rtllltiference of the F-431: : :: . . . ... 

. . 10 

Ho.r;izol)~I; _ II): transverse difl;lct\qnj:. :5 
·~--,-,--,----~~~---,---~~---'----~------' ...... 

·. 2. • ·. · .SHIPMENT :DESCRIPTION · 
'' .. 

. Asfaridard, open top frailer is normally used for. the shipm.ent of one F-431 paclrngt;?. The lower encj. of. 
. . the tie-down ~haj.p.s are attached to the: frame of the trailer wbile the upper ep.d .is attached to the hi.gs : . . • • 
: · · : on the tie:-down. c61ia.r .. Chocks .are usedt6 prevent sliding oftlie package aloniihe floor of the trlriler.:: •. · . 

.. , .. , 

fi9ure A2.10.2-1: f-431 T_ie~Down Arrangement:· 
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STRESS ANALYSIS OF THE F-431 WITH MAXIMUM TIE-DOWN FORCES 

3.1 Finite Element Analysis 

The tie-down system was analysed with a three dimensional model constructed using 
ProMechanica Structure 2 . The F-431 was modeled as a right cylinder, made up oflayers 

The features of the model and their properties 
are 1ste m Ta e . . - . T e pay oa e.g. GClOOO or GC3000) was simulated by a 
hollow cylinder made of lead. The lead thickness was selected in order to produce a total mass 
of 5,000 lb. The exact geometry of the tie-down collar and the shipping skid was modeled. The 
tie-down chains were modeled as beam elements. Only three chains were modeled, since the 
fourth was found to have no tensile load. The chocks were simulated by constraining the 
corners of the skid from translation. Similarly, the bottom of the tie-down chains were 
constrained from translation. The accelerations listed in Table A2.10.2-1 were applied to the 
model. 

The model statistics are listed in Table A2.10.2-3. The stress results are shown in Figure 
A2.10.2-2 . 

Type: P-element, 
Beams: 3, Shells: 1995, Solids: 21566 

23564 

8 

Multi Pass Adaptive 

3.2 Tie-Down Collar Stresses 

The stresses in the tie-down collar are shown in figure A2.10.2-3. 

The highest stresses in the model occur in one of the tie-down collar lugs. Figures A2.10.2-4 
and A2.10.2-5 show the stresses in the lug that is loaded with the tie-down chain with the 
highest load. In Figures A2.l0.2-4 and A2.10.2-5 the maximum stress i . This is 
safely below the yield strength o 

stiffener, adjacent to the lug 
This is safely below the 

Figure A2.10.2-6 
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Figure A2.10.2-2: Tie-Down Stresses in the F-431 

The stress in the bolts that fasten together the two halves of the tie-down collar must also be 
considered. This stress will be calculated. It is assumed that only one bolt per side bears the 
entire load. Furthermore, the reduction in the bolt load due to the friction between the collar 
and the F-431 skin will be neglected. 

The maximum load in the tie-down chains is 20,000 lb. The horizontal and vertical components 
of this force are 14,140 lb. each. Since the vertical component of the tie-down force is borne by 
the oblong bosses, the bolts are subjected mainly to tension. 

cr=F/A 
where a = stress in the bolt 

F = the load in the bolt= 14,140 lb. 
A= stress area of the bolt, based on the root dia. = 0.431 in.2 (root dia. = 0.741 in.) 

Therefore cr = 32,790 psi 

The bolts 

This analysis is very conservative since only one of the bolts was considered. 

Page 37 of 126 



IN/TR 1913 F431 (D) 

F-431 Transport Package Safety Analysis Report 

Figure A2.10.2-3: Stresses in the F-431 Tie-Down Collar 

Figure A2.10.2-4: Stresses in the Tie-Down Lug 

Figure A2.10.2-5: Stress Distribution in the Tie-Down Lug 
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Figure A2.10.2-6: Stress Distribution in the Tie-Down Band 

3.3 Stresses in the F-431 Main Body 

July 2019 

The stresses in the bosses and the boss ring are shown in Figures A.2.10.3-7 and A.2.10.3 -8. 

The results show that the stresses in the F-431 are highest in the skin, just above the internal 
band. The maximum stress is 20 610 si. This is safely below the minimum yield strength of 

Figure A2.10.2-7: Stresses in the F-431 Skin and Inner Ring 
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Figure A2.10.2-8: Stresses in the F-431 Skin and Inner Ring 

5. CONCLUSIONS 

The maximum stress in the body of the F-431 package is 20,610 psi when the package and its payload 
are sub·ected to the rescribed accelerations. This stress is safely below the minimum yield strength 

The maximum stress in the tie-down collar is - when the package and its payload are 
sub· ected to the rescribed accelerations. Thi~ elow the minimum yield strength of 

Therefore, the tie-down system for the package satisfies the requirements of 10 CFR 7 l .45(b) [ 1 ].6. 

6. REFERENCES FOR APPENDIX 2.10.2 

[1] 10 CFR (Code of Federal Regulations), Chapter 1, Part 71 - Packaging and Transportation of 
Radioactive Material, 1-1-99 Edition. 

[2] Pro/MECHANICA STRUCTURE Version 23.3(311), Parametric Technologies Corp. Waltham 
MA, 2001. 
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APPENDIX 2.10.3a: 
F-430 Test Report 

IN/TR 1604 F430 (1b) 
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IN/TR 1604 F430 (1) 
. . 

:: -~,430 Test Report,:: . 

·:. :1::: :1NTRODUCTIQl~,t:: • 
' . . . . - . . . ' 

: • Tlie :p ,.43 0 transport •pac~age has been :d~signed to ship GC-:4Q ({J.pper and Low~r I-leads 
separately)~ and·other units that will fit the transport cavity and do not exceed the 
c_<;mt~ineriiayfoad capacity 6f4300.lb (1~_59~g)J: B:ec~use of.its irregufar shape_at1d larg~r • :· 

'.. II1ass the GC-40 LO\yer H~ad was test~d inside: the new overpacki-ather than die 1Jpper 
·: Head:·: 

Thi~ test report provide~ the results of regulatory tests oii the full scile ·F-430 test· 
. . specimen to meet :JAEA Safety Series: No. 6~ Regulations fodhe. S.afe Transport of:: . 

·. ·Radioactiv~ l\1~teriais~ i 985 ecUti9i:J. (as amended 1990) [1 j and i O CFR: .P:art il. [2] . 
. requirements.:. Where applicable, :a .description of tests and _detailed •test:procedures are. : : . 
included. . .. · 

.. 
. . . ' 

. Tests were:conducted_ acc~rdirig toJN/TP ~493 F4"30 (2)test pla~ iri:Fall of:1999 ... 



. . ... INITR 160ll F430 (1) 
Page No: tfof 51 · 

: : F-43.0 Test Repo.rt : . : 

· 2;. · . . PRl:~DROP:TESTS . . 

. 2. t • · · Inspect F-430 Test Specimen -for Fit 
Reoor(Type .. .. .. .. . . Uafo ·or test · · 
Pre-Drop .... · .:· · :July 20, 1999.::: .. 
Test Nanie/Descriutio:O: .. Test.Number Test Plan 

. InspectF-430 .Test Specimen foifit s:1:r: • .. · IN/TP l49Tf'.430 (2). 
Test Details . : : . . . : : .. : . . · · . . . . ·. . .. .. · · · .. 
1. Fittmg of main cover ·w:~~ :Checked. .. . . . ' .. 
2. Fitting• of inte.rnal bri:iGe: oil both GC-40. fower head specii:netis .(drop. test sp~cimen,A, iion-

' drop test specimen ·B) was checked.:: • : • 
}. • Fitting of fot~tniil brace with .GC~40 ·10\\rer head (both sped:qiens A ~nd Bj:ihs1de transport• 

e~vityl wr:is checked. . .. . . . : . '. : : ' . . ... : .• 

1--'0_.;.....b:...:s.e_rv_a_ti_o_n_s:'-: ;.;... .. .;..;.· ·...;. .. ..;......... ___ ___.;. .. ...;..· :;...;· :.;..... '-.. ·;.;...· .;..._ ___ .;...c_ .. ....;. .. ....;.....;.. .. .....;_ ___ ...;..;...;·.;....: _ .. _ .. .;.;. .. _______ .. -t ..... . 

1. Th~ main cover fit on the main body of the. COil.tainer without iJ;J,tetference when align~d· in 
&ne: position. This p6sitiob.: was marked ·on the niating flanges· with: i groove (i_nste~d t>f ~ . 

• .. guide pin); Ifniaiii cover was:tumed to align with a different flange on the main body, 
. . interf~r~nce o:t"ma1n cover with th~ body was ()bsetv~d. : • . . • · ·.: • : · : · · 

2. Internal• fixing brace fi_tt~d b.oth GC-40 low:ef h~ad specimefl1? ~iit~i4e the container:) I the: 
· .. ·.·.brace rested on. the fop face ( cone: Uange) of the irrad{~fo:r\ ·and had 1/16" fa"%.": clearance · 

: . with, the irradh1.tor side to' side :anci frtJiit to back. . . . . . . . ' . . . ' . ' . . 
3. Drop test specimen A with the· fixing brace was:installed inside the transport cavity during 

. inanufactutjng ... Sipce tlie racli~l clearance between the fjxing biiJe ~h~ the. ~ayity ·was.• •. 
: : .• small and µori;.uiijJorm, GC-40 haq to ~e rotated by ap9uf 3,5° away frqm:the .fr:ont-to-back. 

centerline (Figure 1)." ·· .. 
4. Non"'.di-op test specimen J3: fitted inside the :c~vity with the inner brace without rotaJion; .... 
. . ···That is, the irradfator cylinder axis.'+'.as aligned with the:container fronHq~b~ck axis. 

Results :: .. .. ... ;; .. .. ··· :: .: :: ....... .. 
l .. : When· properly aligned', maiii cover fit.ori the body of the· coritairier without interferenc£, as' 
; ·::.: required. Alfbqlt: l).oles were align.ed. iQ accommoqa:t~ ;sJ~teen 5/8" bolts: ii. /: .• • • .. 
2. Oufside of the container: the:intemal fixing ~race •titted properly 011 both GC-40 iri:adfatots . 

. 3.. . Ii:J.side: the F.-430 container both spechneris A and: B .fi:t.ted. with the: fixing brace on,. but had 
. to be rotated as teciuired to fit.: · · · .. · · · : . · · 
(~onclusio11s : .. 
1. J\:fa:~ C9ver fitted on• th:e co11tainer body.•: I;~i;ger:radial clearanc~; rtildJocating pin ~i;; : •. · · 

: recommended for future containers.' . ' .. 
2 .. :: :Internal fixing: bface fittec;l <;>ver both: sp·ecimens A and B: of GC:-40.. : 
3. 1nt~m~l fixing brace with ~itller specimen o.fQ-CAO fitted inside tl:ie:transport cavity "'7itli 

. difficulties, andlargercavify:diameter.is required on future conhiiners. ' 
4.' • Internal compt,nents of GC-40 ( so~c.e drawer and duiiilily source) fit property, 
s: . One: of the purposes :Of clrop test #4 was to clleck jf the. sharp comer. of GC~40 base plate : 

6ould pierce through the .cavity wall. Trimfog:GC-40 by 35~ :meant.that this possible .. 
< piercing w'ouid b_etter be testeq in drop test #7. · · · · · · · · · · 
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Pers•mnel Name 

. IN/TR 160.4 F430 (1b) 

: : ·F143:0 Test Report : . 

Title 

.. 

· :Page No: 6 of 51 

. ature / Date 
Test Co.riclucted by: :Jiri Krupka .. Package Engineer 

. . :Reviewed by:; 

Appro:v.ed: by: 

Benjamin Pi:ieU:r 

Davei\Vhitby 

M Al N COVER VIII TH 
8~SEGMENTED FLANGES · ·· -nwo sis" BaL1s·1N.· · 

... EACH FLANGE;) :(: : .. 

LEFT 
f'o"T[ ·• • · -

FRONT :VJEW .. " . ' 

OVERPACK F-430 

QC Te¢h11idari 

• SemC>r QCTechrt,ici~n: 

. JBACK \ 
SDURC[C:,.'.440 

·RIGHT· .... 

. ;80!-.T 2 

BOLT 1 

... 1 ·· .. . . .. . 

FRONT 

....... NOTE: BOl..TS NUMBERED COUNTER CL.OCKWI SE 

·· Figure 1, Orientation of GC-40 an.cl Bolt Numbering . 
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., '' 

.... ' .. 

2.2 Weigh :F.430' iest Specimen ... 

Rei>_ort Type . . 'Date .of lest · · 
Pre-Drot>:: Au!rtist 9, :1999 

· Test Nanieioescription ... Test Number' I: Test Plan '' 
Weigh F-430 'test:Suecimen 
TestDetails · : · · · .. · · .. . ' . . . ' . ' . . . . . . . 

. 'I'he F-430 compone~ts were weighed in. Industrial Operation.s. of MDS Nordio13:. 

Equip~ent . . . . . . : : : . . . . . . . . . . . . . . . · · 

1. Measurement System International digital scale ( overhead load cell): . 
Model: Portawiigh Jvlbdel 4300, Sirjaf No: 40524/67782~: M.DSN Inventory No: 13531 
Calibrated:. 03/07/1 '191 (recalibrated fa April 2000 without correction) . . . : · 
Capacity: 20;0001b, Accur~cy;: +/- 51b. . . : : . . . . . . 
2. Mettfoi Biilance · · · · · · · · · · .. 

:fype P3, Serial :No:, 230493, MDSN I~ventory No: 6-745:00(>, 
Calibi:a~¢4: B. May, 1999 ... 
Capadiy: 3000g ,:l· lg ··· :. · . · 
3. Toledo Scale .:·· .. :. 
Model 2184,Seri.al No: 585 5_524--STL, ::l'vlbSNinventor{Nd: 6-:-745-85 .· 
Calibrated:). October, 1999 :: .. . .. ·· · 

· G~pacity: 400lb +/- O.Jlb 

Results. ·· ... .. .. 
. Main Body {including skid 'arid plywood inserts)=: 17 60 lb. 
Main Cover =:745Ib: · · · · · · · 
Inrier -Cover.= 160 lb · · 

" 

Intema[!3:r~9~ = 460 lb . . . . .. . 
· GC-40 drop test Sp(:cin'len A (iiicludin;g :source drawer an<l, dtinimy source) == }835 lb 

: :GC-40 non-drop test :specimen B (SN 0044, including dia.wer and source) . • 273S: lb 
Soutce_D~~er 28.8 lb :: . . . :: . . . . .... 
Dumniy Source C-~4~ = 264 g: . · · · .. : · .. 

·conclusi-on.s: . ' ' ' .. 
". .. . .. ,, 

:fhe total weight of the F-430/GC-40. test specimen was· ~9.6() lb. 

Personnel .. Name. .Title.: . Signature / Date : : 
Test Conducted by:·. Jiri Krupka · Package E11~eer 

Review~d by: Beµj~in Prieur QC Technician 

:Approved by: : Dave Whitby : •. Senior QC Technician 
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.. 
.. .. . .. . 

2.3 Dinie'.nsional Mea.SL1rehlent of F-430. T:est Specimen.· 

Report :Type Date of Test 
J;>r~-Drop ·· :.·. :August9; 1999 .... · 
ri'est Name/Desc:ript~on .. · Test Number . 'I'est Plan 
DimensionafMeasurement.of F.-:430 Test 5.1.3. : - · IN/TP_ iM>3 f 430 (2) 

. . . Specimen . : -

Test Details 
The ;F-430 p~rtiiient dimensioµ~ :wete rec·otded ... R~f~i to Figure). · · .... 
Restilt:s/Ob.s~rvations . . . . · · .. _ .. 

. . Dimension Nominal:Vahie [in] Measuted:Vaiue [in] Comrtie:nts 
A: 61.88. . 61.75, 6L50 .. 
B 50;22: . :50.20~ 50.30 .:: :: :.: Note 1 
. C:. 50:00 . 50.00, 49.90: 
D:: 50.00 49.75, 50:.<)_0:·: : 
E 31.00: 3.Li5, 31.12 
F 18.75~ 1.8.56 . 
G: 44.50 44.50, 44.80:: : : 

8.00 ... 8.00 .. 
I :2.75:: 
J.: 7.00 7.25 

7.00 . 7.20. · 
L 44:00:. .43.9~~ 44.00 Note 1 
M. . 13.20, ,12.90. · 

9.50 9.50, 9.40:.:. · 
0 1.50 . L50. 

. . J> : 2.60, 2.80 . 
Q. 33.75 33.75 . 
R·: 3550 .·. 35.50. N6tet ·: 
Note l: ... . .. 
. All diamet~rs were. slightly ~tit of roun<:l; but within. acceptable limits ( max 3/8":);: · . . 
:ConcJusi,ons . 

· · · No devfatiori. listed above affect ·the form, fit of function of the F-430/GC-40, and had rio : 
significant effec~ :<:>~: _c(mtainer' s perftjtn:i~rice and evaiuatipµ,::; . . . . . 

Personnel ... : . Nanie.:: : Title:• : · : • · : · Sienature I i>ate •: 
Jest Conducted by: : · Jiri Krupka •: · • · Package F:ngili.~er 

-Benjaajin Prieur • QC. Technician 

Dave Whitby Senior QC Jec_hnician 

" 

.... 
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Figurf2, ~-430 Container/P:re-Drop DimeQsjon.s 

pa~e No: 9 of 51 · 



IN/TR 160~ F4:30 (1) 

:: F43.0 Test Report: .· . 
Pa~e No: 10 of 51 · 

·2.4. . Dimensional Measurem_ent ·of Gc·-4o [)rop iest Specinien: · • . 

Rei>~rt Type · · : · · · • Date of Test • 
Pre-bn)1L = AugUSt 9~ 1999 

· Test NameiDescription · . ·. : tesfNiimber· · Test Pian . 
Dimensional Measurement ofGC-:-4<L •·:. 5.1.4 IN/'fP 1.493 F430 (2): 
Drop '(~stSt,ecimen 

T~tDetaiis 

Th~ :GC-40 pertinent dimensio,ns: wete recorded: I,lefor to=F1~e 3 .- · ·:. · .. : · 
.. .. . . 

. . . The Joifowhig_ dimensions were bhosen _as refer~ilte f~r. before and: :after :drop comparis6n!. The. 
nominal values are omitted as the measured values are relevant to the evaluation: of the 
performa..:t;t~~ :of tlie dc-40. · .... 

. . . Results/Observations. · 

:i:>frnension. . Nominal Value =[in]. .Measured Vahie [inJ.. ... -Comments 
A : ;24.8; 24.9 .. .. 

13.75; B;S:I. 
c· 10.50 ..... 

D 6:88 
. G. ·· =43r 

H 4.31 ... 
I 
J .. L43: 
K 4.59 
L 1.38 
M 
N<. .. S:87 : · 
.0: 5.56 . · · 
p . -0;87 

.. . . '' ' 

. . The abo.v_e data are in ten de~ for comparison of ~<?fore .and after <fyop testing.:: See sec~iO!J.. 5 3 3' 
Per~o11i,._eJ: . •: • J'itle : Signatur¢ {[),a;t~ : 
.. ' . .. . ''.' 

Test Conducted 11:)y:. . . Jiri Krupka • .. Packa~e: Eng;ineer 

Review~~ by: 'J?enjru:nin Prieur : t~C:Technician · 
'' . . . 

Approved by:· Dave Whitby • · . .. . . ~enior QC technician. 
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IN/TR 160~ F~30 (1) 

. : : F:-43:o Test Report::: : ; 

. .. '.. .,. 

2~5 ... Di'T!~nsiorial Measurement ·of C~O D_ummy Source· 
· · D~te of T~st · ·= 

Au st 9, i999 
Test':Pian 

: • Dimensional Mea:sui.em:ent of C-440 : : • · : : 5~ 1.5 iN/TP 1493 F430:(2):. : 
Dumip . : So:urce 
Test Details. . 

·• J?urnmy source w~S h~11ally inspected :~d .outside dimensioiis :were recorded;:;·. I; .. :: .. .. . .. . .. ,, '' '' .. , . 

Results/Obs.ervations 

· • :\fistial inspection:· :dieim, smooth. derit~fr~e =surface .... 

· J)iarrieter: . l .5p8" · 
= • ~ength: 1.696" · : 

. Dummy• source sli<ies freelf intb. the so.urce cavity inside tlte source: drawer .. hltemal.retairHng 

. ring that keeps •source fo place was installed and provides a slight axial movement ·of source 
. : insid~ the ~avity (approxwiatel:y o.02oi'):. . . . . . . : : . : .... 

Conclusions 
. . . . 

The above/data are intendectfor.comparison of_be.foieand after drop.;tes~ng. See section5.3A. 

. : Reviewed by: 

Approvec[ by: 

Tith.~ . . . .Si nature I D.ate. 
r~l<age Engineer . 

. . : ;Benjamin Prieµrl:.:.: QC Technician: • 

Dave: ~itby Seriior: QC Technician : : . .. ... .. 
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. . 

: : : F;~~:o Test Report::: : : 

... ' . .. 

2:6 .. Helium-Leak Test of:C~40 i)i.irrfrny S~_Ur'?e 
. :Report Typ~ · . : :Date of Test · 

Pre-Drotf \; '. August:14/1999 
: Test Name/Description :Test Number· TestPlan 

·· :Helium 1:,eak TestofC;.440 lJummy ·:,: •s.1.6 lN/TP 1~?~ F430 (2) 
Source 
Test Details . : . . . . 
·daltbrated helium Jeak tester: Model:: :Vatjan Auto-test 9417:: 

. . ·· Serial riinnber: :DJAE 2001 

Results/Observations : : 
. , . . . . 

· H:eJi\.ini Leak t~sting wa~ performe<;i on C440 capsule #J 271 · pi:i9r to. drop :t~sting within.:. 
• • ;oveq,ack F-430/$¢.:.4(lprototype. · .. . . .. . . . . . . . . 

Tl;le cap~ule: was Helium pr~ssiirited (pombed). for 2 .hours at 300 psL •: · · 

. : Immediately followirig pressurization, th~: so1,1rce cap~ule 'wai helium l~al.c test~d. and no. . . . 
leaks were detected to 1 X 10-9 :std cc/sec. · · •: · : ; : . . · · .. · : . · · : •: 

Conclusions . : 

DririnnY: ~<>;Urce passed heliu~ leak tesfoig: . : . 

: -Personnel :Name Title 
. Test Com:lu~ted ·: . Jo)mC'ijlbertsoii . ·: . Met..LI;1.borafoiy 

by: 
: _Reviewed by: : · · Jin Krupka . - . Package Engineer 

Approved/by: John Siuitli · Quality Assurance • . 

Si2nature I Date 
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:: f:430 Test Report:: :; : . 
·. Pa!Je No: 14 of 51 

. ·2~ 7 .. . lns:p~ctiori ·ors·ourc~ ·Drawer. 

· Report Typ~. · · · : · · · · · : :Date of '];'est · 
Au2.Ust :9;: f999 

Test Nameii>escription : Test Number . I Test:Plan .. 
:: Inspection of SoufoiDrawer · 5.1.7 . IIN/TP 1493 F430.(2):: __ ::. 

Test Details•·· ... .. .. . 
I?ummy source Was Visually irispeqted an,<l: .~utside dimensiOllS were. recorded.·· 

·Results/Observations . 

. ' ' ' . 

yjS11al inspection;:. Clean, smooth dent~ftee surface. 

Diameter: : 2.476" 

·T:· . th 28 63'·' .... : . .c,eng : .. :: :· 

Source draw et slides :freely into the cavity ins1dtHhe GC-40 lower liead. It is lield axially ·. 
-with bronze nuts (one on each endi. These nuts were fmger tight before and after drop 

. :testing and p:rovidbd zero axial. clearande for the source drawe'r:: ...... . 
' ".. . ,. . . . 

.. Conclusions : . 
.. . 

The a.boye (data are intended: fot ~omparison of l:>~(ore: and after dtop testing. See section· 
5.3~6~ .. · · · 

Personnel .. 
'.fest Conductecl . 
by: 

. •Reviewed .by: · 

Nam¢· . • Till¢· 
. Jiri Krupka . Package Engn;ieer . 

: 'Benjamin_ Prieui : · ·: QC 1)~chnicfari. • 

· Dave Whitby . SeriiofQQ 
Technician:::. : : 

: :Si!!llature / Date 
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. 2:s ... Radiation Survey · 
Rep~rt Type 

... 
Uate of.'.fe_st .. 

Pre-Drop•· August),t999, F-430/Gc.:40 ~pecimen A· ... 
... " 

.. . August 9, 1999, F-430/GC~40 Specimen B 
Test Name/Descdrition 

.. 
· Test Numbe.r. ••I. Test Plan 

Radiation: Survey 5.1.8 ... .. I IN/Te l493 F43o c2) .. 

• Oe$cription . : . 
This report detaikth~ radiation survefrestilts of the F-430 6verpack prototype as 611tlined in the · · • .. 
F-430·1'ci;f Plan IN/TP 1493:f 430 (2). 

Procedure 
The GC-:401ower head specimen A (with lead d,urrimy weights) ancl.:B (without lead dummy 

.. weights)/~(!re loaded.with a CA40 source by sbui2e Production in Ceil 06. The activity •. . 
: • : measurement results ofthe source are:as follows: 

Source Type SeriaI·Niimher Activity " Date of : . Radionuclide: " " 

.. .. .. 
C.o.O:tent M¢~s'Q.re 

"' 

:c,.440 " •A1065 .i:737.Ci 1998.April 21 cs.:.137 .. ·: 
Activity.;1t the time of the sur:vey w_as 1687 Ci · 

TheJoaded head wa,s)han located in a11 area; oflow radiaticm:background levels(< Q.02 m_R/h) . 
. The.GC-40.b,~ad was then surv.eyed as perprocedm:e-Cff-QC/TP-:-0001.(2), which irieetsor 
exceeds tlie technical requi~eme11ts of the QC slifvey in procedure IN/Irvf 0309 GC40: J;he: 

.. readings taken at the :one meter distance from the contai:rief surface were taken using the ion 
•: chamber, _instrumeht &nly, so as to simulate actual sh_ipp1ng condition,s. . . . . 

l'h~ instriirileiitation used· foitlie su_rvey is as follows:. 
' . .. . . . ... 

" .. .. .. .. 

Make Model Serial.No.· Calib,ratfoiI 'Date· .. · Probe· Type 
" 

Victoreen •. " 471 ... " 1432 j999July 23 ion Chamber 
.. 

.. 

Berthold :R.afo/F 2000. 1999 August01 Geiger Mueller 
... .. .. ... " 

The lieacl was then loaded in.~o \~he F-430 overpac;kptototype and prepite4 as if for ship111e4t: 
.. The F-430 was .then ·Surveyed ai per CO-QC/IT '-0001. (2). The highest readings attained for each 

·:: :are•a; was recorded :and_ detailed on the:follo\ving figures. Figtire; 4, GC-40 (Spechrien A) Inside 
.. ·F-430 Overpack, Pre:.Drop Survey Figure 5, GC-40 (Specimen B) Inside F-430 Overpack; Pre~ ... . . ... . . . . . . ... . . . .... 

Drop Sllf;Veyfjgure 6, GC-.40 (Sp~cimen A), Pfe-:Drop Survey, arid:Fjgure 7, GC-40{Spechnen 
B); Pre-Drop Survey( . . . . . . . . . . . . . 

Com·ments·· 
.. Th~ radfatfoi1 fields a,round the GC-:40 and f-430 were typica,lly low other than a few localized 

. : . :aie~s. most readings \vere barely detec~able above the backgrorind levels. . . ' 



..... 
· GM: :o::14.mR/h.contact · · 
ion: 0.10 inRJh tontact 

IN/TR 160:4, F4\30 {1) 

: : • ~,430 Test Report : · · 
Page No: 1Efof 51 

GM: 0.10 iriRlh contact. 
jcin: 0.05 mR/h coiitabt:. 

,. "' .. ' 

:GM: 0.08 mR/b. contact·· 
:ioii: <0.05 mR/h contacf 

GM: <0.05 mR/h cont~ct.: · 
.Ion: '<!0.05:mR/h contact · : 

~ .,.,..-G-M-::_,<-.0-.. 0-5-mR/--h-c-on-ta-c-t-. -.: · · 

Ion: <0.05 inR/h contact . 

. . .. . . ... 
: : • Nc,t~: All TI m~as.1;11:~zjj~ncts at 1 meter d.i~W.tiG~ from the coQ~µwr: &ruface were ::;_ 0,0$ mW:h . 

• : i Figure 4, GC-40 (Sp~cimen A) Insid~ F :-430 Overpacl{; Pre':"Drop Survey: I:. 



GM: 0.30 inR/h :contact 
.loh::0.22 mR/h contact: . 

. . . 

IN/TR 160~ Ft\30 (1) 

: : : f'.43:0 Test Report: 

. : GM: 0.15 mR/h contact 
Ion: 0.10::tnR/h contact . 

. .GM:· 0:30 niRih contact · 
Ion_:: 0,2Q n;iR/h contact.· 

Ion: 0.2Q n;tlllh ~9p.tact 

\ 
. : . \ ~--------~ 

GM: <,0.()5 mMi contact 
: lon·: <0.05 mR/h contact.·· . 

.. .. - .. .. .. 
: : .Note: All Ti measur¢rqe~ts at 1 meter dis~!iri.9e from the container· surface were :::; 0:20: µffi/h . 

. . Figure S, GC-40 :(Specimen B) Inside F~43·0 Overpack~ :Pre-Drop Survey : 



' I :· 

. : · : I 0.20 mR/h ® 1 

GM: 0:30 mR/h contact 
Ioh: 0.24 mR/4. coritac{ 

GM: 3.5 niR/J.i.contact 
· Ion::. 0.32 mR/h contact : 

IN/TR 160~ F~:30 (1) 

::.·F43:o Test Report::: 
·· Pa~e No: 18 of 51 · 

GM: 0.30 mR/h contact 
. Ion: 0.20 iriR/h contact. · 

I 0.30m1Vh@:1 meter · · 1 

I 02QmR/h@:lnieter •··• j 

: : •: •·:Figure 6,. GC~40 :(Specimen A), P~e~Drop Survey · 
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. : . ·f'.,43.0 Test Report : • · ------------------~---------------··· .... 

1. 0.40_m1Vh@.l 

GM: 160 iiiIVh tontact 
: Ion: 60 mR/h contact - -. 
· (inside cone). . -: · 

GM: 2.Z: mR/h contact 
Ion: .0.40: niR/h 

-~-~· · : GM:· 0.45 mR/h c6iikci 
Ton·: 0:32 mR/h contact 

;030 .mR/h ® c · · · I 

: I 0.20 mR/h ® 1 

. -- : Figur_e 7, _Gc.:40 (Specimen B), Pre.;Dfop. Survey -

Personnel · · · · :Name 
Test Concluded by: Dave Whitby 

• • ]!~viewed by: . · ; Jiri Krupk~· : . 

Approv~d:by: John Smith 

Title 
Ip.du_sti-ial Quality -
·control -
Packag~ E:ilgiileer 

- . Quality Assurance 

I 
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··2~9 ·· · Ste~dy-State ihermal Test 

Date of Te.st 
July 26 _:_; August 8, 1999 

. Test Number Test Pian 

- Page No: 20 of 5~ 

Stead State Theitnal.Test =:5J.9 ·: IN/TP 1493 F430(2) • 
EQUIJ?.J.VIE~T: .. 
HP Computer, MDS Nordioninventory.No:C2007 
HE> Monitor, MDS No,rdion Inventory: ;No.: Ml 150 
FLUKE Hydra Logger.Software, Versio1i3.0 : .. 
FL~ }Jydra Data Acqu~s~tfo:t;t Unit, Model i~~O, SN 5577551, C~ll~rated Aug. 27, 99. i};~e 
attached NDR form> . . .. . . . . . . . . . . . . . 

.. . 
Terminal.Box-with 2o·T-type_thennocmiples (0 .. 035'' diamefor,:20 :tt long) 

THERMOCOUPLE INSTALLATION:· · 
twenty thennocoupfos: were installed_ at locations shown j.n ;Figure 9, and heldih position with 
a duct fiipe::.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

A hole: was drilled (0.50" diameter) through the:niain cover and inrier:c,over to reach points.:: 
:inside the cont{iiljer; The hole was.tl).en:se·ated with a duqt.tilpe. . ... 
Tcf measure source temperature, the souici drawer had a: groove_ machined to iiccoirunodate . 
leads (or two: thermocouple& (#0. and 5). A small hol¢ was then drilled towards the center pf 

· · · =the dra-wei- :\'vh_ere th~ tips of the two the11notouples were em.b_edded'. · N6 = glue was. used sfo.ce . · 
the groove and· tll.e hole provided a sri~g fit for the thenno~x>uple leads . 

. , . . 

SOURCE LOADING AND PACKAGE ASSEMBLY: 
' , . .. . . . . ' ... ' . . ,, ' - ..... 

The non-drop test specimen of GC:-40 lower head (SN .004-1) was loaded with C-440 live 
•sotirce (SN Al065; heht generated by this source:;.vas apptoi> 15W correspondinito 1737 Ci} 
Source :drawer was equipped with two therniocouples to measure s.ource temperature. : : . · : • : . : 

· After source· was foa4e~ in the dc-40 uµit; it ~~s ihstrume:ntecl witlf additional thermocouples, · 
irlserted in the f.:430 transport cavity :witli the stainless steel :fixing brace iµ pl~ce. : Both covers 
were closed and balance oftliemiocouples was installed on the outside of the container; •.. : . 

. G}qsur~ :bolts were tightened: but torqµe was ntihrieasured .. Gasket~: oh ilin~r aQ.d. matn covets . 
:were in place. · · · · · · 

MEASUREMENTS: 
· Temperatures were scanned· and recorded every ·hour until steady state conditions. were . 
tia.ched. .. · .·:: : .. .. · · · · 
Test sehi was indoors hi the Cobalt area of M1::>'S Nordion, March Road, Kanata . 

. . . ResultsiObservations. . . 
:St~ady state conditioris were reached:in:about 11 days'witli ariibient temperatures between 21 . 
and 22°C .. Maximum temp~rature was the ·source• temperatrire, whic:h xose from 24. 7 to:.·:. 
28.9°Ci •• 

. See Figure 8 fqr ~et(ltled temperati.rre h1~ioiies. 
Acburacy ofresults fa within.+/:. 0.7°0 as the.FLT.JXpDa:ta Acquisition Unit Wai found 0,2°c 
out of tol~rance ran e +/- o:s0c· 
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Steady State Temperatures (Selected Locations) 
GC-40 Lower Head Inside F-430 Overpack 

Elapsed Time (hrs) • 

Steady State Temperatures (all thermocouples) 
GC-40 Lower Head inside F-430 Overpack 
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- Source 

- GC-40 Surface 

--Cavity Top 

- Inside Cover 

- Ambient Top 

--TC1 

--TC2 

29 -1 ---------=====~::;;;:~r====, TC3 

--TC4 

28 +------· 

27 ---

0 
-; 26 - - -
::::i 

~ 25 
a, 
C. 
E 24 -t----.,-, 
a, 
I-

......... . - "' __ __,1 

Elapsed Time (hrs) 

Figure 8, Steady State Temperatures, F-430/GC-40 

--TC5 

--TC6 

--TC? 

--TC8 

--TC9 

TC10 

TC11 

TC12 

-- TC13 

--TC14 

--TC15 

TC16 

--TC17 

--TC18 

--TC19 

TCO 



IN/TR 1604 F430 (1) 
Page No: 22 of 51 

F-430 Test Report 

10 

2 
7 8 

16 17 0,5 

18 

1 11 6 

4 

FRONT VIEW RIGHT VIEW 

Figure 9, Thermocouple Locations 

Conclusions 

Temperature rise was relatively small due to small heat generated by the source. 

Personnel Name Title Si2nature / Date 
Test Conducted by: Jiri Krupka Package Engineer 

Reviewed by: Dave Whitby Industrial Quality 
Control 

Approved by: John Smith Quality Assurance 
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2.12 Penetration Test 

Date of Test 
Se tember 9, 1999 

tion Test Number Test Plan 
Penetration Test 5.1.10 IN/TP 1493 F430 2 
Test Details 

A 6 kg steel bar, 3.2 cm in diameter, 96 cm long with a spherical end was dropped from a 
height of 1.7m onto the surface of the container, so as to penetrate inside and damage the 
radioactive source. 
One flat and one curved surfaces were selected in such locations, where the support was the 
weakest, and the distance to the source was closest. 
Results/Observations 

None of the 1.7m drops penetrated the surface of the container (stainless steel sheet 0.105" 
thick). 
The largest dent depth was approximately 3mm (1 /8") deep. Refer to the attached figure. 

Conclusions 

The container passed the penetration test as per IAEA regulations for transport packages (Type 
A). 
Personnel Name Title Si nature / Date 
Test Conducted by: Jiri Krupka Package Engineer 

Reviewed by: Benjamin Prieur QC Technician 

Approved by: Dave Whitby Senior QC Technician 
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2.11 Modifications to GC-40 Lower Head 

To demonstrate good crush properties and strength of the F-430 container, additional weight was 
attached to the GC-40 drop test specimen A (Figure 10). This extra weight was in form of lead 
poured in cavities of the body of the GC-40 unit. The total added weight was 1100 lb, which 
was calculated by weighing both GC-40 specimens A and B (SN 004-1 ). 

A groove (0.230" wide, 0.150" deep) was made on the surface of the source drawer to 
accommodate thermocouple leads to measure source temperature during steady state. 

Small tapped holes were made on the front and back faces of the GC-40 drop test unit (specimen 
A) for attachment of accelerometers. Refer to AECL Drop Test Report, Appendix 1. 

DUMMY WEIGHT: 
LEAD CAST IN PLACE 
ESTIM. MASS = 415 lb 

0.50 --++---
DUMMY WEIGHT: 
LEAD CAST IN PLACE 
ESTIM. MASS = 880 lb 

i---- 13.00 --~ 

Figure 10, Dummy Weights On GC-40 

2.12 Modifications to F-430 prototype 

The F-430 container was built as a full-scale prototype. The only modifications made were holes 
for thermocouple and accelerometer wiring. These holes ( 1/2" diameter) had no effect on the 
container' s performance during regulatory testing. 
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The drop tests were performed at Chalk River site on October 13 and 14, 1999. Full details of 
the tests are included in Appendix 1, AECL Test Report, F-430 Testing. 

All closure bolts and nuts were numbered to keep track of their location (Figure 1). Exterior 
(main cover) bolts are numbered 1 to 16, interior cover bolts are numbered 17 to 36 ( clockwise 
when viewed from the top, starting from the front of GC-40 irradiator). 
The order of drop tests deviated from the test plan in order to best demonstrate container's 
performance: 

Test #1: 
Test #2: 
Test #3: 
Test #4: 
Test #5: 
Test #6: 
Test #7: 
Test #8: 
Test #9: 

Normal 1.2m Free Drop Test: Upright orientation. 
Normal 1.2m Free Drop Test: Top edge orientation 
9m Free Drop Test: Upside down orientation 
9m Free Drop Test: Top edge orientation 
1 m Pin Drop Test: Impact top center of container 
lm Pin Drop Test: Impact side center of container 
9m Free Drop Test: Horizontal (side) orientation 
1 m Oblique Pin Drop Test: Impact side center of container 
1 m Pin Drop Test: Impact segmented flange (horizontal orientation) 

All bolts were tightened to an 80 ft-lb torque prior to drop testing. 
After test #1 , the container was opened and the contents were visually inspected. GC-40 unit 
with its brace dropped down by about Yi" (Figure 11 ). No damage to the GC-40 was observed. 
The container skid bent as shown in Figure 12 
For the remaining eight drop tests bolts #7 and #23 were removed to prove redundancy in 
number of closure bolts. All bolts were again tightened to a 80 ft-lb torque prior to drop test #2, 
but were not re-torqued after. Tightening of bolts was checked by hand only ("finger tight" 
check). 

For more damage assessment see section 4, Post Drop Tests. 
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Figure 11, Brace position after drop test #1 (original position marked with black line) 

Full picture history of all drop test is available on a CD-ROM, or black and white prints (8" x 10"). There 
are 84 pictures numbered (by AECL) 9910-23698-1 through 9910-23698-84. Fast speed video during 
impact was also made for all drop tests (available in VHS format, MPEG digital format, and 16 mm film). 

Figure 12, Damage after 1.2m normal drop. 
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4. POST-DROP TESTS 

4.1 Damage Assessment of F-430 

Report Type Date of Test 
Post-Drop October 22, 1999 
Test Name/Description Test Number Test Plan 
Damage Assessment of F-430 5.3 .2 IN/TP 1493 F430 (2) 
Test Details 
Upon receiving of the container from the drop test facilities in Chalk River (October 19, 1999), the 
container was brought to Nordion's Cobalt area for inspection. 
Results/Observations 
The Skid: 
Bent during drop tests # 1 and 3. It came apart from the container body during drop test #7 when 
the W' bolts sheared off. 
The Main Body: 
Bottom edges were deformed by the skid during drop test #1 (Figure 12) and still a little more 
following drop test #3 under the weight of the skid and the flapping motion of the skid' s feet 
during impact (Figure 13). 
Bumper was flattened during test #7 (Figure 13), some bumper weld cracks were observed after 
this test (Figure 15). Outside skin was pierced during tests #6 (Figure 16) and #8 (Figure 14) 
One flange segment was bent during test #9 and one segment during test #7 (Figure 13). 
Internal damage was mostly in the area of the outer crush foam. Transport cavity was not pierced 
and no weld cracks were observed. 
Inner Cover: 
Inner cover with all seven bolts remained in place. The cover caved out during drop tests #3, 4, 
and 5, as internal brace pushed against it. 
Main Cover: 
After all nine drop tests the main cover stayed in place with six out of 15 bolts remaining (Figure 
16). Five bolts were lost during drop test #4, and four during test #7. 
Top edge was crushed in tests #2 and 4 (Figure 13). Lifting pockets were deformed during test #3 
(Figure 15). One flange segment was bent during test #9, but no bolt was lost (Figure 13). 
Inner Brace: 
The top spacing piece (Figure 18) came apart from the band and ribs that surrounded the GC-40 
unit. Impact was absorbed in the fins (six upright plates) of the top spacing piece. The band and 
ribs remained in place fixing the GC-40 unit in the center of the transport cavity. 
Conclusions 
All components performed as expected and protected the contents against impact. See section 5 
for detailed discussion. 
Personnel Name Title Signature / Date 
Test Conducted by: Jiri Krupka Package Engineer 

Reviewed by: Benjamin Prieur QC Technician 

Approved by: Dave Whitby Senior QC Technician 



INfTR 1604 F430 (1) 
Page No: 28 of 51 

F-430 Test Report 

Figure 13, F-430 Post-Drop, Front View 

( 4" squares in background) 

1. Damage after 9m side drop test #9 (tie down rings were removed prior to drop test) 
2. Damage after 1.2m top edge drop 
3. Damage after 9m upside down drop 
4. Damage after 9m top edge drop 
5. Bottom edges deformed by the skid after drop tests #1 and #3. 
6. Flanges bent after tests #7 and 9. 

Overpack is put on the skid without attachment (all eight Yi" bolts were sheared in drop test #7. 
After drop testing the main cover was left with six closure bolts still in place. 
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Figure 14, F-430 Post-Drop, Front-Right View 

( 4" squares in background) 

1. Damage after 9m side drop. 
2. Pierced skin after Im oblique pin drop. 

Page No: 29 of 51 
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Figure 15, After 9m Inverted Drop Test (#3) 

1. Bumper weld cracks occurred in the area of internal lifting brace (yellow lines) likely 
due to different structural stiffness. Weld cracks were observed in four locations 90° 
apart. 

2. Prior to drop test# 3 hoist rings were removed from the top surface of the overpack 
for safety reasons. 
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Figure 16, F-430 Post Drop, Left View 

( 4" squares in background) 

1. Six remaining bolts that hold main cover in place. 
2. Piercing of outer skin after Im side pin drop (test #6). 

Page No: 31 of 51 
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Figure 17, Front View without Main Cover 

( 4" squares in background) 

Page No: 32 of 51 

Note: All seven bolts holding the inner cover remained in place after 9 drop tests. Internal 
cover deformed after inverted drop test when contents pushed on it. 
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Figure 18, Top Part of Inner Brace 

Page No: 33 of 51 

Figure 19, Lower Part oflnner Brace with GC40 Inside F-430 
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Figure 20, Detail of Skin Damage after Oblique Pin Drop 

Figure 21, Detail of Skin Damage after Side Pin Drop 

Page No: 34 of 51 
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42 D amage A ssessmen t f GC-40 0 

Report Type Date of Test 
Post-Drop October 22, 1999 
Test Name/Description Test Number Test Plan 
Damage Assessment of GC-40 Test 5.3.3 IN/TP 1493 F430 (2) 
Specimen 
Test Details 
The GC-40 pertinent dimensions were recorded. Refer to Figure 3 
The following dimensions were chosen as reference for before and after drop 
comparison. The nominal values are omitted as the measured values are relevant to the 
evaluation of the performance of the GC-40. 
Results/Observations 
Dimension Nominal Value rinl Measured Value [in] Comments 
A 24.81 
B 13.81 
C 10.50 
D 6.88 
G 4.31 
H 4.31 
I 0.63 
J 1.44 
K 4.59 
L 1.38 
M 5.59 
N 5.90 
0 5.56 
p 0.78 

The only visible damage that the GC-40 suffered (with additional weight of 1100 lb) 
were local dents around the circumference of the cone flange (Figure 22 and Figure 23) 
caused during 9m inverted drops by the top ribs on the internal fixing brace (Figure 18). 
Source caps closure bolts remained in place (finger tight) keeping source securely in its 
stored position. 
All components were freely disassembled and dummy C-440 source removed without 
any visible damage to either the source or the source drawer (Figure 24). 
Conclusions 

The GC-40 irradiator (lower head) with extra 1100 lb of weight survived three 30-ft, two 
4-ft, and four pin drop (3-ft) tests without damage to the shielding or containment (see 
section 5.3.5) 
Personnel Name Title Si2nature / Date 
Test Conducted by: Jiri Krupka Package Engineer 
Reviewed by: Benjamin Prieur QC Technician 
Approved by: Dave Whitby Senior QC Technician 
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Figure 22, GC40 After Drop Testing (Left Side) 
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Figure 23, Detail of GC40 Flange 

Arrows point to dents caused by impact against internal fixing brace. 



IN/TR 1604 F430 (1) 

!=~43:o Test Report : : 
· Page No: 37 of 51 

. • • Figure 24, GC40 Back. View (Drawer with. Duminy Source) 

Afte;r qrop testing sourct) drawer and dummy ~puree, undamaged, ~lidc;dreely out of.th~ 0(~40 
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4~3 .. · Dim,ensional Measurement of c44o llommySc>urce· 
RepQrt Type Date of 'Jest 
Post-Drgp • · Octobef 44;.1999 

: Test Name/Description ... Test Number· TestPlan 
Dimensional Mea:suiement ofC-440 .•· 5.3.4 IN/TP 1493 f430.(2f: :. 
Duminv Source .... 
Test Details· .. . · 

: : :Dµwmy source w~~ vis:i,ially inspected :aii4 .outside dimen~~9~: were recorded;: i: : . : . : . 
Results/Obs.ervations 

-- .. 

· •vistu),l inspection:.: diein, smoot4 dent~free ·surfac~ .. 

Diameter: · 1.568" 
• Length: 1.696." : • 

Dunimy source sli.d~s freelf info the. S9UfGe .cavity inside th<-'l source drawer .. m,temal 
. : r~taining ring that :ke~p~ source in place \Vas installed ahd provides a slight a~iat • • · 
. movement.of source •inside the. c~vity (approximately 0.020") • 

Condusioils . 

·• ·No _damage to the duintny source was. (leteded. 

Personnel : · .·nt1~= · · . Signature /. 
Date::.· 

Test Conducted • • • • Jiri .Krupka : : Package Engineer 
. . . 

by: ..... 
~eviewed by: . Benjamin Prieur ·: .. • . QC Tech;nician 

· · Dave:)Vhitby . Seilior QC ·technician::.·:. 
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. 4A .. Helium Leak Test of C"!440 Durrimy So.urce 

. Report Type. · · · Date of Test · 
Post-Drop::•· Decemhei:' 16, 1999 

: Test 'Name!I>escrip~ion Test Number· TestPlan 

Helium I:,e~-Tesi of C-440 pummy 5J.5 ·· ·• iNiTP 1493 F430 (2) 
Source.: ·· 

. . Test Details .. .. ... .. ... .. 
Ca.lib.rated he.limn leak te.ster: . Model:· Varia:o.Auto-test 947 • · · 

·•: s:erial number: ·oJAE 2001 

Results/Observations.·• 
.. .. 

Helium ·teik testing .was ·petfortned on C440 capsute #. 1271 after drop. testing within 
•• :overpack F-430 f.CiC-40 prototype. 

The caps~lewas Helium pressurized (bombed)foi-2 hours at 300 psi.: :· .· 

• lrtunediately fo1lowitig pressurization, the Source capsuie :Washeli~111 leak tested ~d no. 
leaks were detected to 1 X 10-9 :Std cc/sec. 

C~mclusioiis : : 

. •nummy source passed helium leaktesfaig after a s,eries of 9 drop tests .inside F ~430/GC-
40 transport container. . ... 

. -· ' 

• • J.,·ersonnel Name Title Signatiite / .Date 
Test Co11ducted by: John Culbertson Met. Laboratory : 

•. :Reyiewed by: . · Jiri Krupka Package Engineer 

Approv¢ffby: Johri Smith Quality Assurance 
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4.5 . Inspection ofs·ourcE! Drawer 

. Reii()rt Tyo~. · D.ate .of I:est · . 
Post-Dr.op:: : . : October 22, 1999 
Test Name/Description . Test Nifrnber ·· I Test Plan 

·• :IiisoectionofSouree:brawer :S.3.6 .· ::::l:lNJTP 1493 F43.0{2) 
Test Details · · 
Dummy" source: was visually inspected and .outside: dimension.s. :i.yere. recorded. -

·Results/Observations· . : · 

. . Visual inspecticm;:: Clean, smooth de11t ~free surface. 

Diameter: ;:2.476" 

L. · . gth 28 63'' : .. : .. . en : . ·::. ·· 
. . ' ' . ' ' 

Source. drawer slides freely li1t6 :the cavity ins1de:tlie GC:-40 _ lower head .. ]t is 11.eld axfally •: · 
with bronze nuts ( one on each end).. These nuts were finger tight before and after drop testing . 

. arid provided zero. axiafcleara~c~. . . . . . . . : . . . . . . . . . . 
. "., - '. 

: .Conclusions . 

No damage· to the dummy source Was detected .. ··· 
,,, .. -· . .. . .. 

: :Personnel ::: ;:_: ]_a_m_e _____ +--T_it_le ______ -+_S_,i2.._1n_i_·t_ur_·e-'-/_D_at_e_~ 
Test Conducted by: :Jir_iKrilpka .:P.apkage Engineer _ ... 

. ~eviewed by: : Benjamin:ptjeur .. · QC Technician 

Dave•Whitby . :Senior QC Technician[; • : 
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4~6 ... Ra~i~tion Survey · 

Test Number · TestPian· . 
·::. 5.3.7 1N/TP 1493 F430. 2. :•. :. 

" 

.. ~e~criPtiOtl" . . . . ... ._ . . . . . ··· · . . ·· ·· · ·· · .. 
: : • This report details the radiation survey results of the F-430 • ov.erpack prototype as• outlined in the . • • · 
· ·:F-430 Test.Plan INiTP 'i4~HF43.0. (l)'~ffor thepacMge was drop.tested, ~t:the'Chalk River:,· 

NuclearX~o.oi;atory Facility.:: ' . ''' ' ' " ' ' . ' ' 

:Procedµre . . . . . . . 
The drop: test~:d GC-40, Spe.eitt1en: A ( with lead ~ullllily weights),: an4 GG·AO, Specinien:B : : 

.. (without lead. dummy weights) wer~ load,ed with the• same G-440 ·source: that was. used iri •tlie ·pre- . . · 
: \; :cirdp configurat1on.: Source Product1on: lo~4id the head 1n C~eti 06, just as was ~9fie ~efore the 
' . drop test.: ,The :activity 'measurement results of the source are as follO\VS: ' 

"' "' '" '" 

" :Source Type : . Serial Number : '~ctivity . Date of Radionuclide 
" .. " 

" " . •:: Conten~ •Measure . " " 

" " 

C-440: Ai065 " : 1737 Ci i998 April.21 : Cs-137. " " 
'" 

,., 

· · Activity·at the time of the survey·wa~ · 1671. Ci "' 
,., .,, 

;The loade.d h:ead W~S than locatedin a1i'areii'. Ofl{)\¥.,radiati~n backgr()und levels(< 0.02 :rnR/h). 
The GC;>4Q; Specimen A v.ra~ su,::veyed as per ·pto~~du,re CO-QCJIT.:OOOJ (2), which lll¢ets Q.:c: 

. eJCceeds the technical requirements ·ofihe QC survey inprocedure lN/IM 03.09(:l~4b. The 
'': readings taken at .the :one meter distance from the. container surface were taken using the. ion 

chamber instrument only~ so: as :t6: simulate actm1l · TI yalues recordecl at tiµie of shipnient; · • · 
· The :instrinneiit~tion 11s.ed for the survey ·\.Vas as follows: · 

'" " "' '" " 

Ma}{¢:.:: Model Serial No. Calibration Date. ·.·.Chamber Typ·e ·:. · 
Victoreeii.:: 471 : 1432 1999 July 23 : :•.Ion Chamber.:•:. 

" " " 
" 

" 
.. 
" 

" 
···Bicron .:Surveyor B6llW ·. 1999.NovJl· Geiger· Mueller 

- . 

Specimens \A and B were loaded :into the F-430 overpack prototype :and prepared as if for· I 
· sbipnieiit.' The F-430. W?-8 theh sunreyed .as. pef CO-QC/IT-'OQQ ~ (2) .. The liighes~, t:e.adings: 

•:: attained for each cttea:'\Vas recorded. and:d~tailed in Figi.µ-e: 25~ :Figure 26, and .Ffaure:27. 

Comments•• - . . . . . . -

... The radiation fields armmd the GC40:and •F-430 were iypica1Iy:Iow. Other than( a:few localized : : : 
· areas, mos{ readings were barely 9etectable' apove the .backgiouild levels ... · 
There wa:s Httie measurable <liffe~~nce in reading~ petween the pre-dtop iurvey and the posi:-<lrop 

' survey. There was a small increase in readings atthe damaged areas, onIYbecause the meter' 
: ; co11ld be placed C,lQS~rJo the SOUTC<{ p9s1ti()n, not necessafily :que to any los~ tj6J;iie~ding. . 
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. : The:n~~i~ Acceptance Crit~ri~ of8"0%"ofthe ~egul~tory lirnit:(1000 ~e~/h) was easily 
: satisfiied when corietted t9 tlw maximum a:Ilow~ble activlty.>:: . . . . . 

. . . . . ' . 

GMt b. i3 niR.lh contact 
. . . Ion: . 0 .05: riiR/h con.tact 'GM: O.lOmR/h contact 

Ion: ·o.os·:rriR/b contact 

GM: 0 . .()6 p:iR/h contact 
. . . Ion:-<0.:05' inR/h contact · 

· GM: 0.06 nilVb co.nfact 
:·. 1on: .<0.05.mR/hcontact 

(in deoi-ei;sion) 

'\ .. 
GM: <0.05 riiR/h contac;t . 

: Jon: <0.05 mR/h colitact · : 

· Note: Ali T1 measurements at·i meter distance from.the con:tainersurfacewere ~ 0.05:mR!h.· 
Deformatio:it afte:,r drop not shown • : . . . . 

· Figure 25, (;C.:40 (Specimen J\).lnside F.;.430 Ovt!rpack, i>ost~Drop Survey·: . 



... : ·1 0'.12 mIVh@ 1 meter • 

dNi:i:oj mR/h contact. 
. · Ion: 0.24 mR/h contact 

. ·: · : GM: 2. 7 mR/h cbiltact 
Ion: o..:30 riµVh contact 
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. . Iiin: 4.0 mR/h contaCt · · 0 
. OM: to mR/h contact .. 

/·I. 0~.15_mR!h@ 1 meter_: <: I 

GM: 03 in.R/h contact 
: Ion: 0.20 mR/h contact:· . 

. < I C>.14 mR/h@ 1 ·meter 

.. Figure 26, GC~O (SpeciIDeil A), P()st"'.D.rop: Stitvey. 

-· 



) . 

Gl\1: :o.40 mR/h contact::· 
foni 0.30 mR/h·contact ·.: 

" ... 
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GM:.0.1~ in!Yh contact 
· Jon: O:lChnR/h contact .· 

... GM: 0.40 iitlVh contact 
ifoii: 0.25 mR/h: contabt: · · 

.... 

· GM: .0.5. mR/h: contact 
lbn: :0.3:IbR/h contact : . 
(in de'oression). 

1'T ote: · All Ti 'ineasun:ments af 1 :niet~r. dist~nc~ frorii: the container. sµrface were· $ 0 .20. mR/h. · · · 
Deformatiot;i: af):el;" drop not show~ · . 

Figure l7; GG-40 (Specimen 13) :inside F-430 pv~rpack, Post-Dn>p Survey 

... 

Personnel. 
" :Name 

... " 

Title .Signature l D.ate . 
Test Condti.cted Dav~ Whitby lJ;J,dtjstnal Quality.' 
by: Control. 
Reviewed by: 

" 

: Jiri Krupka · 
... 

Package Engineer 
. . . . 

" " 

Approved by: John Si:nith Quality Assurance " " 

. .. ... 
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4:7 •:: Steady Stat~ T_h~rmal Tes_t _:,;; 

:Report Tvpe. .. :: ::J)ate of Test ... : .. 
Post-Drop November 18; 199~i • 
Test Nalhe/Description : : : TestNri"mber I TesfPfari. 

-- Page No::4/fof 51 -

Steady State Thermal Test .. :5.3.8 :JIN/TP 1493 F43Cf(2) 
Test.Details ·· · .. ·· 

... 
_EQUIPMENT: · . . : . . .. 
::flp Computer; MDS Nordion Inventory No. C2007 
HP:Mo.i;i~tqr; Mbs Nordiop._ ~n:ventc>ry No: Mll50: ·: 
fLUKE Hydra Logger.Sciftware, Vers_ion _3:0: : · · · · · · · : 
FLUKE Hydra Data Acquisition Unit, :Model 2620, SN 5577551, CalibnitedAug. 27, 99 
·Terminal Box wlth:20 T .. type t4emi6:c6lipies (0.035"-diaiileter, 20.ft longj : ..... . 

. ' .... 
... '' ...... . 

TJIERMOCOUPL:E INSTALLATION~ 
Twenty thermoc6uples were insta11¢ditt similar locatiolis ~.shown in Fig: :,;:~rt4:held in 
position with a duct tape. . . . . . . . .. 
f ~Om :pre~dtOp_ r~_sµlts _it. was .appar~11-t th~tjusi: a feW lqc~~io1;1s. needed tO b~ w.~a~~ed :tO i: · .. 
establish the stecidy: state temperatures. j :This time the• sotrrce •temperature w~s riof measured 
iriside the source ilia:w~r. ln&tead, the GG-40 body ~op surface was monitored;alon,g with 
transp9rtj~avity temperatut¢ it:the top, temper~ttii-e:inside main coy:et, and ambient· ..... 
teniperatiri-e on top, of the ·container. : : . . . . . . . 

SOURCE LOADING AND PACKAGE ASSEMBLY: .. . ... 
The drop test specimen. of GC:-40 lower .head- was loaded. with C-440 live source (SN:•:· 
i\1065, heat gen~ratecl by this sofu"c_e_ ~aS: :approx. 15W cot.responding to 1737 :ci). 
After source wadoaded in the GC.:40 un:it,.it was instrumented with .thermocouples, 
insert¢4 fu \he F-430 transpprt ·cavity with the ~tain!ess steel fixing J>raqe in place. Both : 
covers wei-e"clos:ed_but with orily:t\v() bolts "iri e·achcover:sothat covers wou~clstay in piace. 
(After drop testing inany holes did not align on the main: cover. . 

MEASUREMENTS: . . 

Temperatures were sc~ed and recorded. every hour until ~t~.:tdy state condjtioils_ were 
i-e~ched. · : • · · · · · · · · · · -- · · · · · · · · · : · · · · .. 

Test set; up: was indoors itI :the :Cobalt area ~f ~S ·N ordion, Marc;h ;Ro.ad, Kanata. __ .•• . . 

Results/Observations : .... 
Steady state: conditjo.Q.S were reacp.ed in apout g: days with ~m,bient temperatures ~round 

. .. . . . . . . . 
23. 0 c. .. . · · 
Maximurr1 temperature measured was the lrradiator surface tempet3:ture, which rose fr()In ·. · · 
26.2 t0:28~0?C. ·-· 
See Figure 28[<;,_r qetailed temperatu.re histories. 
Ifoe to .preserved: iiitegrity .of the container after drop testmg (both covers· stayed iii place, 
no direcflhermal path was: cieat¢d) these post:-:drop results are virtually identicalto "thpse: : 
oqtaiiied pnor to dr9ptest1rig.. . . . . . . . .. .• . . .. . .... 
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Conclusions 
The container retained all its integrity and thermal protection after series of 9 drop tests. 

§: 

28 

27 

26 

Post-Drop Steady State Temperatures (selected locations), 
GC-40 Lower Head Inside F-430 Overpack 

----·-----

22 +---

---- -- ---- - -------

0 ,- N M V ~ © ~ ro m O ,- N M ~ ~ ~ ~ 
,- N M V ~ ~ ~ ro m ,- N M V ~ ~ ~ ro 

,- ,- ,- ,- ,- ,- ,- ,-

Elapsed Time (hrs) 

- Pig Surface 

- Cavity Top 

- Inside Cover 

- Ambient Top 

Figure 28, Post-Drop Steady State Temperatures, F-430/GC-40 

Personnel Name Title Si2nature / Date 
Test Conducted by: Jiri Krupka Package Engineer 

Reviewed by: Dave Whitby Industrial Quality 
Control 

Approved by: John Smith Quality Assurance 
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5.DISCUSSION OF TEST RESULTS 

5.1 Inspect For Fit Test 
The inner brace plays an important role during transport since its function is to keep the contents 
in the same position inside the cavity. It aligns the surface of the GC-40 with the surface of the 
cavity distributing the weight evenly on the inner walls of the container. 
Since the fits of the brace inside the container were too tight, it is recommended that future 
containers be made 0.5'' larger in diameter (from 35.5" to 36.0"). 
In summary, the inner brace proved itself as a suitable means to restrain the GC-40 lower head 
inside the transport cavity of the F-430 container. 
The above conclusions also apply to the inner brace for the upper head (see Figure 29). 

5.2 Dummy Weights on GC-40 

1100 lb of additional lead was poured in the cavities of GC-40 lower head to prove the container 
crush properties and capacity. 
This lead provided additional shielding to the GC-40 drop test specimen A. Therefore, standard 
GC-40 lower head (SN 004-1), Specimen B, was also surveyed inside the F-430 before and after 
drop testing using the same C-440 source to estimate the effect of drop testing on shielding 
integrity. See pages 15 and 41 for radiation survey results. 
The extra lead inside the cone cavity does not contribute to the structural strength of the GC-40. 
On the contrary, it impedes the strength, making drop testing more conservative. Except for 
contact readings inside the cone maximum readings for both GC-40 specimens are on source 
drawer end plates (see Table 1). Therefore the relative comparison of radiation survey results for 
specimens A and B before and after drop testing gives sufficient indication of the overpacks 
performance and effects of drop testing on the shielding of GC-40 irradiator. 

Table 1 Pre-Drop Radiation fields for GC-40 Specimens 

Field Point Specimen A (mR/h) Specimen B (mR/h) 
Surface Field at lm Surface Field at lm 

Front Source 3.5 0.20 2.2 0.20 
Drawer Cover 
Rear Source 7.0 0.34 7.5 0.34 

Drawer Cover 
Top Surface 0.30 0.20 160* 0.40 
Right Side 0.30 0.30 0.45 0.30 

* Inside Cone as per Figure 3. For other locations refer to Figure 6. 

5.3 Drop Tests 

Test #1: 1.2m Upright orientation. Both covers and the removable skid remained securely 
attached. The principal damage was to the skid, and to the body of the container near the feet of 
the skid. The GC-40 irradiator was placed on four layers of 3/4" plywood. After this first drop 
test the two covers were removed, and it was observed that the contents "sank" inside the cavity 
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on average by 1/2". No visible damage was observed on the GC-40 irradiator or inside the 
container cavity. No damage was noted that could affect the subsequent 9m drops. 

Test #2: 1.2m Top edge drop. Both covers and the removable skid remained securely attached. 
The principal damage was to the body of the container, locally around the impact area. The 
crush distance was approximately 2". Center of gravity was directly over the point of impact 
since the container remained standing on the top edge it impacted. No damage was noted that 
would affect the subsequent 9m drops. No damage was noted that could affect the subsequent 
9m drops. No damage was noted that could affect the subsequent 9m drops. 

Since the increase in radiation levels did not rise by 20% after all drop tests it is thereby implied 
that radiation levels did not increase by 20% after the first normal drop tests (#1 and #2). 

Test #3: 9m Inverted drop (for maximum deceleration, the top four hoist rings were removed 
prior to this test) the high-speed video shows that the container bounced once 8-1 O" high after a 
short delay on the target surface. This gives and indication of internal deformation and a spring 
back action of the contents. The lifting pockets deformed in the middle, but did not flatten 
completely. External deformation vertical distance was less than 1/2" and internal about 3". 
Due to rain and wet surface of the container, the accelerometer connections loosened and the 
signal was lost, hence no deceleration values were recorded for this drop test. The G values are 
estimated at 360"/3.5" = 103g (drop test height divided by deformation distance). All fifteen 
exterior bolts remained in place (one bolt was removed prior to all drop tests). Bolts were 
checked by hand, and confirmed as finger _tight. The previous two 1.2m drop tests did not 
significantly damage the package that would change the outcome of drop test #3. 

Test #4: 9m Top edge (for maximum deformation) the container bounced once 12-14" high this 
time without visible delay. Center of gravity was directly above the impact point since the 
package remained standing on its edge. External deformation vertical distance was 4" and 
internal distance was likely less than 1 ". This would give a G value estimate below 90g (360/4). 
However, from the accelerometer readings the maximum accelerations were 122 g's (front of 
Gc40) and 139 g's (back of Gc40). Five bolts in a row were lost during the impact (3, 4, 5, 6, 
and 8; bolt 7 was removed prior to all drop tests) which opened up a 1/2" gap between the cover 
and the body in the area where the bolts were missing. The segmented flanges also shifted about 
1/2" in this area. The previous drop testing of the package did not change the outcome of this 
drop test. 

In Test #5: lm Inverted Pin Drop (to penetrate top flat surface) there was no penetration 
through the stainless steel skin likely because the pin hit on the internal cross brace. The dent 
was only about 1/2" deep. Container rolled over on its side and suffered no other major damage. 
The shipping skid stayed on with all bolts in. If the pin just missed the internal cross brace the 
stainless steel skin surface might have ruptured, but likely not more than it did in the following 
pin drop test. 
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Figure 29, F-430 / GC-40 Main Components 
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In Test #6: lm Side Pin Drop (to penetrate side curved surface) the regulatory pin did cut 
through the container's stainless steel skin exposing about 30in2 of the FR-3708 polyurethane 
foam. The maximum depth of the penetration into the package was about 3". This failure was 
expected, and the magnitude of the foam exposure was one of the test objectives. Crush 
protection was not lost since there are a total of 6" of FR-3708 foam all around the package. 

Test #7: 9m Side Drop (to split open the package) This orientation yielded the highest measured 
deceleration (1 57 and 164 g's). First a comer of the skid impacted which sheared the skid's 
eight 1/2" bolts and the skid was projected about 6 feet from the point of impact. Then the two 
bumpers impacted immediately followed by a vertical rebound 14" high. The deformation on 
the main body was only about 2". The theoretical magnitude of deceleration would than be 
360"/2" = 180g, neglecting the crush distance of 2.5" for the bumpers and the shearing of the 
skid bolts. 
The lowest point from which 30-ft height was measured was the skid's front left corner with the 
package in horizontal position. This resulted in additional 9" of drop height when measured 
from the target surface to the bumpers (the next item to impact target after the skid). After the 
drop test 4 bolts were lost on the main cover (1 , 2, 15, 16), leaving six bolts (9, 10, 11 , 12, 13, 
14). The main cover opened up a gap of 15/16" with the main body. The performance of the 
package was significantly affected by the previous tests. This cumulative damage adds 
conservatism to the drop test results. 

During test #8 (lm oblique pin drop) the package's skin was pierced exposing 35in2 of 
polyurethane foam. This is considered the worst possible damage that the regulatory pin drop 
could cause the F-430 container. There is no other "softer" area or location on the outside of the 
package that could cause more damage to the thermal protection, shielding and containment. 

Test #9 (lm side pin drop) was the final attempt to remove the main cover from the container. 
Three flanges in a row had both bolts in place (total of 6 bolts were remaining, see Figure 16). In 
this side pin drop the pin hit the middle flange (with bolts 11 and 12) in attempt to break the bolts 
and to cause the container to split open, as there were no bolts around 260° angle opposite the 
side of impact (Figure 14). After the drop test, all bolts stayed in their place and the main cover · 
did not open. 



IN/TR 1604 F430 (1) 
Page No: 51 of 51 

F-430 Test Report 

5.5 Integrity of Thermal Protection 

Steady state testing before and after drop tests prove that the container did not lose any of its thermal 
protection capabilities. Exposing 35 in2 of the crush foam to the fire is a very small fraction from the total 
outside surface area (11780 in2), and is actually beneficial to the heat removal during accidental fire by 
venting fumes and gasses outside of the package. Additionally, the polyurethane foam when exposed to 
fire will create an intumescent char that has a very low conductivity. 

5.6 Integrity of Containment 

Helium leak test after drop test proved that containment was not lost. The dummy sealed source remained 
leak tight. 

5.7 Integrity of Shielding 

No weld fractures were observed on the GC-40 irradiator, therefore shielding was not damaged after nine 
drop tests. 

6. CONCLUSION 

The F-430 transport container with GC-40 lower head (with additional 1100 lb weight) passed the testing 
requirements as prescribed by IAEA Safety Standards (Series No. 6, 1990) and complies with the general 
standards for all packaging as specified in 10 CFR 71 SS 71.43. 
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APPENDIX 1 
AECL Test Report, F-430 Testing, AECL Document No. A-17048-TN-1 
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1. : : INTRODUCTION: ... 

. . . . . . . . 

: Vertical drop: tests and puncture. tests were performe.d on the F-430. tes.t speciinen :dming 
Oci9her i3~J4, 1999, aitht::A.EyL drop test:f~:qil~1:y Jocated at ¢hi1Jkj~iyer, Ontario; C1µ1~. 

. . . . . . .. . . ' ' '' ' .... 
: • These tests were: witnessed by representatives from MDS; Nordion, Menova Engineering, .. .AECB and USNR.c: . · . . . . . . . . . . . . . . . . . . . . ...... . 

. . ., . . . .. 

.. . ,. . . 
: : : · : :N)ne drop tes~ \\Tete :performed, ~ a. variety of orien~ti~ns'. ".f ri-axial accel~roineter blocks 

= were inst:al!ed ofr llie F-430 t~st specimen,: in thr~e locations~ fo. reconl deceleration.data.: .... : · 
.. 

... . . '' 

Visualrecords·w¢tfniade us1ng· a ilotrtial video· camera, :}righ~spee(f fiiiri c:ariiera: < . . ...... . 
(500 fr~es.per second)~ alld stili cainera:: Bd~f q~alitatlve field o~servatioiis were recorded: 
by the. AECL engineer (R Birchall) after e&ch drop. test, and are part =orthis document. . : : · 

.. Qetailed :qiiantitative .and quaiitatjve ·OQSer,vatloIIS were rec9rded after ea~h drop test by: 
: •:: • :MOS Nordioil aiid M~nova Engirieetjti.fi personnel, as: witµ~ssed by the MDS }fordion Quality 

. Assura11ce =engineer, aiul ar~ not: part of this document. . . . . .. 

. • :This report rder~ni;es the photographic record; print µiunb~rs: 9910-23698-.1:. tq . · 
: 991,0-23698,.84.: The high.spee~ filni=ttruisfer to A VI ti:hiff6tm.at.is .referenced by filenames · 
shota.avf to shoti.avi. 

.. 

2.· ·. RJ:FERENCES. 

· •·MDs Nordiondocument: 
. . . - ' . . . 

F-43()'J;estPlan, IN!TP ~493}''.430 (1) 

3. :: FA¢:iLiTIES 

. .. ' .. 

• •:. • i\:ECL (Aton:iic Energy of Canada liiinit~d) maintains a :drop. test facility at ¢halk River 
Laboratories (CRL ), loc.ated at: Chalk River, Ontario. The drop: test .tower is 65 ft high; the : 
piaiirriiuri drop hejghds 50:ft: Th!;: impact'targefhas a sJ;Uf~Cy area:of 48 :ft2.. . . . :. : . • · · 

.. .. .. , . 
. . : : The impacttargetcorisists of a steel' plate mounted on a concrete pad with a fotalmass· of . 

approiimately 80 ton. nu~: entire target is embedded in granite :bedrock :to provide an•• ... 
.. essentialiy infini{e mass .. The 'ste~l-~einf<;>tced concret.e pitd.is :i'o 't't by 10 ft by 10 ft deep witlt. 

· •: · : · a co~pressiye strength of ~;ooo psi. : The steel plate is 8 ft by. 6 ft. by 4 ~nchei thick, . 
AST,M,:A203 Grade E. Tapp:edJoles are prov~ded ~~ the top pl~t~ :for. t~e installation of a:high 

..• strength pla:t~ and p~cture piir for.impacuestirig ... (Ref: AECL Dwg; EAS 11-2002) . 

. . . . P~cture pins were supplieti by MDS Nordion: .. ·: 



4. : : TESTING 

Conditions:== 

Drep height= 1.2m'·:, .· :: 
Orientation: : :Upright drop • = 

Time:of drou: 9:55 AM, Oct. 13, 1999 < 
Photograph,iC: :re~ord: 

'910".l3698-1 .. . . : Verification ofl~.q2th .of steel rod: .. 
·9910:.23.698-Z F43Q; pr~-:..-Ji:op~-

.. 

. .. 
9910-23698.-3 to F-430, _p9~t~~op. .. ... .. .. 

991. 0,.;23698-9 
' . . . 

.. .. ... .. 

'. .. 

.. ... .. ... 
.. •· 

.. " •· 

.. 

··· :A:_:17048.-1N-1 :-: : · 

.. . . .. : .. .. .. 
·• 

:Rev.O 
·pa:geZ 

.. 
... 

.. .. : 

.. 

. ,,io..:i369s.,10 to· . '= = Post-:drop. re_oiovttl rif F-430 upper futpsct limiter . .. 
.. 

9910-23:698-13.: .. .. 
.. . . .. .. .. ·•· .. 

9910.,23698-tS . P.ost..:drop reinovalof F~430 lid .. 
.. .. .. .. 

· Ffold ()bservations: 

: : . .I .. Skid. deformed per photographic •record. 

:·2.:i311ige on bottom yertlcal surface asperpiwtographic re~otd; ::= =· 

3. No crticked:weids . 
. . 

• : 4~ :Removed impact limiter: [for post-drop inspection] 
.... '' . 

5. Remove4: lid. '[for post-drop inspection] 

. . .. .. .. .. 

. . . . . . 

.. 

. 6.:Jnsjde: ri2'' ~314" clrqpwithiri'coiitainer. [rf{er t,{photowaph.9"Jo:.iJ698-1:5J 

... 
'' . ' 

... . . . 

.. 

.. 



... 
..... ''' 

: Test No .. -2· · ... 

Condition~: · : : • . 

Prop height 1.2m 
· Orientation: .. Too coiner dr:op .. 

Time of drop: 11::45 AM;:oct. 13, 1999 . 

. Photogr~p~ic record: 

9910-23698-i.6.: . · · · F-430;pre-i:frop. · · 
.99.t~:.,23698-11 to ::::F-:430, post-drop~•;: .. · 
9910-23.698 . ..:28 < · · · 

...... · Field observ·atfoi:ts: 
.. .. .. , .... 

· 1.· ·[F.:430] rested.on·iiiipacted face ... 

2 ... De.nt as.per\photogr:aphic record. 

:, A-17048.-TN..:1 
.: Rev. O 

·· ·pa:geJ 

: · J.:: [ F-c430] did not :roll after impact, [line of ib.Ipact] through ¢en.tr~ of Gravity:· 

Test No~ 3 

.. ·. Conditions: 

· Drop height ·9m 
Orientation: : Inverted drop : 
Temperature: 1 OJ) 0 C": .. 

Photogriphic record: . 

9910-2~6~8~3,0 to F-430~ po~t~drop. 
9910-23698-41 • • 

Field:obser:vatjon~:.: • 

1. Did not tip.\:: 
: . 2.; Symmetric defonnatfo1i. 

3. Stacking :pqckets on head ;coppressed as per phqtographic record .•. 

. . . 4. ()Iie bolt lni~sing· ($tripped) fr~~ ·skid. : : ·. 

· 5. Cracked weI4 on back left bumper, · 
.. . 

·: . 6.,. Crush ·shield defonned. p.er phofogiaphic .record,:· 



. . . . ' 
.. ·.:: Test'No.4 · 

Conditi«,,i$:: · 
.. ' 

J)rop height = 9rti • 
· Orientation: .. Top comer dt.:oo .. 
Temperature;: .fO.O °C 
TUn~·of drop: 2:J;O P.M, Oct. 13, 1999. 

· ·: . Photogr~phie.r~cord:· .. 

. 9910-23698-42.to. ·· F-430,]itist.:.drop.· 
9910~23698-51 : : . : : _ ... 

Field observations: 

= 1:-::Cnish shield defol',llleQ. as per photowaphic=i:ecord. 
... ... .. "' . . .. . ... 

f 'i•'tve (~) l>olt~ mis.sing [from c,rushshieid, a/te{drop],'. ' 

·= Test N.o. 5 :· 

. . . . . . 

Conditions: 

•. Photog.-aphic. r~cord: = =. = ·. = 

99\0~i3698-53 to : .. · F'.-430, post-dr~P.•.: 
· 99i0:0:23698-57. 

Fiel~ observatiotis: 
. . . . . 

• · L :Dent, no _te_ari11:g [as p:er photo.graphic record]. 

"" 

· =A-17048.-TN..:i .:==· · · · 

:::·Rev, o 
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··:·Test No .. 6 · 

'' 

. Photogr~ph.ic. record:. 

9910:-23698-58. to_. · F :-430, pre-drop. 
9910~23698-59 :: ''' 
9910-23.69.8..:60 "to 
99.lQ-23698-64 • • 

• F:ield.pbservations: .. • 

F-430, pos.t..:drop. 

1. Dent by :pin'.:(i.ls per photographkr~cord]. 
' ' '' ., ' .. 

: • 2.·:: [Side wall] tom; as. pet photographic tecotdi · • 

.•. Test No .. 7 > 

• CQJid,itjons: 

Drop hei~ht = .9m 
Orientation: Side 'ckoP·.: ·: 

. Te:in:pera,ture: .9.5°C . 
Time of drop::: 4:46 PM, Oct. l3,J999 

.. Pllotographic'recortl:· : · 
" '" " '" 

9910-23.698 . ..:65 · F-430, pre-drop. 
9910-23.698-66.to . F .,430, ·:ifost-drop. 
9910:.23698-73 .. .. "' .. .. .. .. 

Field observations: 

I·: S~id off [detached frori.r F-430 during b:np_act]. 

.. 
.. 
... 

.. .. 

.. 
.. 

.. :::: :A~:17048.-TN.:t 
: Rev.O 

·· ·"Page5 

"' .. 
" .. .. 

.. 

· 2. Gap between qppedimitei:·and body. [refer to photQgraph 9910-2l698-68] · 

· · · · · • . 3. Body ·flattened on impact sidi:HiSjJCr phot.ographic record. 
' ' ' 

• 4. Additional six bolts missing. 
' .. . . . . 

5. Bracket pushed in. [refedo phot~graphs 9910..:23~9.s..:71, -73] 



: Test No. B· · 

Conditio~~;: 

... 
Photogr~ph.ic record:. . . . ·: · 

9910~23698-74·: . · ·· F-430;pre-drop. · · 
,99,1~~~3698-75 to' :J\':430, post-drnpJ;; .. 
9910-23.698 . .:79. · • 

.. · Field·observatlons: 
.. ,,, .. ,. 

· l. Tom [byph1] as peiphoto~aphic.record. :. 

2 .. spiit at centre:of tetlf a~ per.photographic r,ecord·. : : • 

Conditions: : . 

: · . brep height = lmpaot:zone 1 m above.top: of pin 
Orientatiom : Side pin drop:: , . · : 
Temperature: 2.8 c:ic · 
Time:ofdrop: 9:501:.iM,Oct.14, 1999 

Photogr;iph,ici record: 

9910:..23698-80 : : . : F~30. pre-drop.:: 
·9~Jio~i3698-fU.to ::F~43~; posJ•d.rop.::: 
9910-23.698-84 : 

: F(¢1~ observations: • : · 
. ,, ' 

1. Bracket ~ent ll1ward. [asper.photo.graphic recorti] . 
: . 2_. Nci:[additionalJbrok~ri. welds. 

· J.' Cover st~y~~ on. · 

. . . ' 
· :: :A::1704.8.-TN-1 · 

::. Rev.O 
· Page(i 
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DE(:E:LE.RATION M)tA~'QR;EMENT DVR.JNG:DROP TE$~~ OF: A 
F-430.0VERPACK • :. . 

........ 

John Trc;,.in~, ymration amt Tr.i~oJogy Unit 

1. : 'INTRODUCTION . 

. . lmpactte§ts:wen: c~ndiict~d bna F-4:3.0 OJerpackcontaining ~:GC~40Lower Headiri~id~:.:• 
:The Vibration and Tribology Uni~:wcts ·aslced to gathe! ~~tad1:111ng the impact oftliis package:: 

.. • to: address structural concern~,.·. All drops were performed •as• iequeste~ onto aii unyielding .. - · 
surfa~~ ~iii~ various orieiiH1Jipr,.s. . . . . 

.. .. . . 

2. : INSTRUMENTATION 

Th~ pa9ka'ge was instrumeµt¥d: with low im,pe<;l)~hc~ accelerometer~, ¥apable of mec:!,SU@g.: ·: 
. . 2500 g ;arid wi~standing a• shbck loa<:I of 500(fg. : the ac<::eler9Ihefors were t~sted prior t<f:. •: 

• mounting them in the package to verify:tlieir operation, since the majority:of them would not:: 
: be accessible for replacement once the })ackage was dosed; : After the package was closed; the .. : 
accelefQrileters were again: t¢~ted for signal :mt¢gnty before the drop te~t, Decelerat10n :$ign~ 

· · were ·stored on aJnulti-cham:iel tape t,eqorder (TE.AC II1odel XR7000~ QA# 4:56.:768) for later 
• ::analysis. Figure# lshows.the locatiofrofthe flCcel~r.onieters•an~ Figure:#.2,shows their. 

orientatioJl•~n the G-40:L?w~rHead and F-13.00:verpack. 

· : 3. . CALI BRA TfON: 

• Ail accel~rqmeters wer~ .calibrated b:efore and after .the drops.: : A hand-J;ieid shaket 
(B&K{:~iibration Excit~r J.yp~ 4294, QA# FS.1217) was used:its:aji[~icitation soutce; :This 

.. >shaker vibrate~ a:t.159Jj Hz and P!Od(IC;es aiui.ccelerat~on level of LO'g: Eacll_accelerometei :: 
• • •. Was mounted: oli the shaker and coniiecte.d to an amplifier (Kistler Dual Mode Model 5010, 

QA # 459~239). The a~c~jerqµieter sensitivity s~ttmg was adju~t~J a;nd the output voliag¥ • · • 
.. measured us4i,g a voltmet~t•(Keithley Multim~tet Model 2001" QA:#B5871). ~esults•are ·· . 

: • )i~ted in Table#} iilthe •as found' coliirrrns. The sensitivity ~etting was the11: changed till the 
.... output read 1:00 Volts .. Theresultirig sensitivity was then noted in the .'.as left' column of· .. · . 

Ta~ie:# i: T;his procedtjre w::is. repeated in part l'int(documentecfin)taQie # 1, to venfy ti;i~ · · 
: Cbndition of the acc_eli,rometers aftef .the drops were COIIlplt::ted 

Calibr~tiori.Certificate~ forthdnstruments :us~~ ar¢ attached in, A.l)petu:ljx 2. 



Table fl.1::: :Accelerometer Caiibration 
'. . . 

:A~:17048.-TN-'i ·:: 
:::·Rev.O 

·· ··pa:ge.s 

Accelero1T1eter Sens_itMty .. . Date of Calibration. Measured Acceleration (g's) Date of Calibration Mf!as~_red Acceleratlcm (g's): .. . .. 
· · tsei-ial #). . (mV/g) · :(before drop test)· .. ... .. .. .. ·(~r drop ~est)· · 

.. .. .. .. . as found as left ... as found.· .. as left .. ... : . a~UoiJnd. 
,. 2500 . 1.50 1.45 . 99/09/30 .0.97' 

.. 
" .1.00 · 99111/04 .. o:9a · 

" .. .. .. 
·:: _67.42: 2.16 1 !!,14 : 99/09/30 .. 0.90 .1.00 .. 99/11/04 .. : .. 0.99 

" .. 
6952 2,22: 1.82 99/Q9/3Q 0.82 

.. 1.00 · . 99/11/0.4: ·1.00. : ... .. . . . .. 
9745 ::. 1:55: 1.45 .. '99/09/30 0.94 ... .. 1.00 .. 99/11/04: .. 1.00. .. .. .. .. .. .. .. .. " 

.. 1303, 1.70 M~- 99/09/30 .. : '0.98 J.00 .. 99/11/04 .. 0.99 

. ::: 1302: 1.99 .:1:1a· 99/09/30 " .. 
:.:o.9o :1.00:: 99/11/04 

.. .. 
0.99 .. .. .. .. .. .. 

2503 1:69· 1.61 99/09/30 0.95 : 1.00 99/11/04· .1.00 .. .. .. 
.. 2501 ·:: 1.10: 1,56 99/09/30 Q.92 -·~~:: 99/11/04 .·0;99:.--

. : 2525 1.72 .1,59 99/09/30 " 0.93 99/11/04 0.99 : ... .. .. 

4. : TEST'RESUL rs:: 

The signals stored on tape :coµtain both the deceit!ration frequency :mid all natural freq11e~cies 
. of all parts-of the. package and c6ntents_ excited oii impact.. _Natural :frequencies are iisuaI1y : : 

.. 

.. 

.. 

'. : :higher frequencies having higher amplitudes and should there.fore be filtered: out to reveal the . 
: true_ deceleration :frequ~cy. 'Jt was cietemi~ed; l?Y. µsirig various filter ~~ttings,: that _anytlµl).g. 
abdve: :640 Fiz showed thes~ iiatural frequencies: / • . . . . . . . . . · · . . . . . . 

. - . . . . 

iAEA Safety ·series No.3 7; Paragrapfr A:.:601.14:, suggests a cut-off frequency range of ·. . · · 
100:to•200:Rz, multipff~d byi:factor (100/ml3 ;where m = rriasifof package [Mgf :A{per tbis guideime:· ... ' .. ' . .. .. . .. . . .. '' ... ' ' . 

··•. :• .. :(100 t9.200 Hz}:>/.(100/3 .. 17 Mg)11~:. 316 Hz .to ·631 Hz 
. .. . . . .. '. 

Th~refore the selected 64_(): ~Z.fi).ter setting fa <) ,:5%. higher than tli"" tipper end of t~e :i:AEA 
. : :suggested range.:' . : ' . 

.. 
' .. 

The:~~o@e4 data was ~na,lyzed:using a La~WEW:program whfoh: w~s adapted froin a.. 
·. pr~vioiis1ydeyelop~d. program; 'This prC>grain was ·verified 1,y analyihig a previous drop test . · 

': • :where results\vere:ac.quired using a strip' chart recorder (the .traditional method) ..• : 
.. The.gtjph~ on pages' 13.;.i9 shQW the signal~ aller being filterech~ that anything abov¢: 

... 640Hii~·etiminat_ed. · · ·· · ·· · ·· ·· · ·· 

... .. 

.. .. 

.. .. 
.. 

. . 
.. 



,. . 

I 
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.,, . . .... -· 

. Analog dat_afro1frthe tape-re9o_rdenvas filte_red using aNatfoiial-Ins~entSCXI:-1.141 •. 
corifigiirabl~ 8-channerelliptic;'lowpass filter. The"fHter was conne.ciedJo a data acquisition • 
. card (National hi~~µients ·type A. T .. fyf!:0-16:E-1 O) msta11¢q. ip. a Deil ·personc:1.l ~oµiputer. the.· 

. : • · : : digital samplmg 'tafo .is 8_0QO_ samples1secon<J.. _D,ata provided m EX;~el file format is referenc~d 
by fil~11a1nes "Drop# 1'xlt to "Drop# 9.x.l('·< •:: ... 

'' .. ... . . . .. ' 

.:. :.·Table #·2:.Sum1;miry ofMax~_111uni Measur.edlleceleration . 
. of Drops=#] :to. #9. .. . 

· • = • . I g's l 

Accelerometer 
Location 

Accelerometer: Dr<>p Drop: :Drop Drop Drop: .:Drop . Drop :•orop: !)ro~ . 
(Serial #) : . #.1. • · : #2 #3 :: · . : .#A : ·• #5 #6 · • · #7 #8 : : #9. : · · · · 

" isoo. 36 -47 :i:.o·s -60 -if: 19 -113 1,.0$' -20 

6742' 30 . -17 (OS · -ff! . -: . ·g . -10 · . 99 . . . -$. . . · 26 · . 

" 

6952 NIA : ·: .. 15 LOS .. · :.a2 . : N/A . 23 · : 46 . -10 . . · 24 · 
.. 

9745. 
.. 

N/A 36.: :LOS -37 .. N/A : · • 20 161: : ~14: 42 

• · . Back of GC-40 : 1303 :. 36. :• ::-43 LOS· : ~.101 .: -19 11 . · N/A :• 

t302' N/A 10 .:: Lb:S 88 ·NIA: .. -23 -18 

· 2503 N/A \: : · Removed from Jests-·--·-- ---·---------... 

Bqttom. Qf Jkid N/A RefDpved from tests------- ----·------

· < 2525 . · -65 ·: . . Removed from test!?-· . -: _;_-_~_·_· -· ~-~-'"'"-'::'"7:"_:_ _ _._. -· --~-'--' 

l;>rop # f: . 1 :2m upright ~rop . 

: : . Dror> # 2: 1.2m top co~er .drop 

Drop # 3: . 9rn .inverted drop 

. . prop # 4:• • 9m .fop corner drop. 

· ~rop # 5: Inverted pindrop:(impact zone:1m:ab~ve·top of pin) ;: 

· ·.: Drop 'I#- 6: . S_ide. pin drop• {inip~ct zone 1 m above fop qfpin) .. 

Drop# 7~: 9!f1 S_ide drop 
· · Or<>P # a·: . ·ob.lkju~ pi~ _d!'PP :(impact zone 1 m :abqve top of pin) 
: Dn.,p # 9: Side pin cli-c>p: (impact zone 1 m ab,o\fe t()p of pin) 

· Note 1: . NIA : = Accelerometer·in·trarisVE)rse orientation~: . 
. . ·. :The sensing :element of an acceleromete.ds oriented along: its iongitudinal axis. Thus:.: 

: .. When an accelerom'eter is Ori!3nted in ·the transvers!3 r:Jirection to the direction of drop/ no. 
valid measurement can: be made. . : : . .. .. 

. . The frabe~• tor these accei~rdril~ter. results. are n•6t ihbwn in the graptii: • 

Note 2: :LOS = Losi Of Signal (see Section·id). • 
.The traces: for· these accelerometer resu'its are n9t shown. in the. grc1ph~:.: . 

. · : : Note. 3: .Maximum •c1ecele~tions in• this table do. not .necessarily occur at the same instant in _time: 



:.5 .. COMMENTS. 

. . . 5~1 Losses ·~£.signal 

Df<?p test#· 1 

.. 
. .. '.,. 

• A:.:17048.-TN-'i 
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j\t some timej~st-.prior to the drop <;:llbie # 6 connectipg ~o :*c¢el. # 1302, ideyelop¢d a short i 
: (probably l:>f:'cause or rain) thus no dafa was obtain~d. Thfa cable was replaced lot subseq)Jent 
drops<• .. . . . . ... 

• Drop Test# 3· 

... " .. . .. 
. . . Normally the leads. ar:e taped :to the package prior to a drop to. relieve: strain on the leads: and 

: :co.nnectors during inipact. This was)iot possible at the tjµi~ of these drops sjb.~e ·the package•. : : : : • : : . 
. was,w~rftom the rafo. :Wiping the ·package dry to make the .tape· aqµete ciici'tiot wor;k. )\.~ ~: . . 
consequence, with the_ exception of one lead (aced.:# 13~2),, the male· connec_tors were: pulled . 

• • o~t -of their matillg :connectors when ~pact occurred an.d th.e• ~ignals were lo~t..: •.. 
... .., ''' 

Drop Test#A 

. . . 
• •:: : ):' qr subsequentj:l,rop,s the umbilicaU~ads were taped to the lea;ds on the oth¢.r side of the 

con;nectot t6 minimize str~1n:on the connecto:r: .. iI.owever, the lead from accel. # 9745 was·.· 
.. disemili.ected upon impact during drop# 4. [Resiilt' appears valid ootil point of di.sconrieet]:: 

.. Drop Test# 8 
.. ''' .. 

' . . . . . . . . . . . . . 

· • .During drop # 8 :the_ lead from accet; # 2.soo develope:d a short which was: repair.e.d prior to the 
: : next.drop .. 

. . .. .. . .. .. 

Ih1ibortom• acc~le.romefers ( see :Figure # l) were present. only for Drop # 1. While -setting• up . 
· : •fqr Drop # 2 i.t \Y:as• shown that th~s~ •?ccel~rometers w.ei;~ ·g<)iiig to be da.D?,ag~:WJ.thout some.• 
: protection; It was dedd.ed by). Krupka (Menova Engiii,iieiirig).and ~ ... :Menna (MbS Nordiort) · . 
thaft~ese ~ould no longer: ~e:fequired. . . : ... 
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Placeme·r1t of AcceleroirJeters on GC:-40and F-43QQyerpack 

·::.:--Front. . : 
A¢c(;)le:t;orneters 

Bottom·· 
. Accelerometers 

::; (Drop #1 only):•_ .. 

'.FIG.URE #1: Lo~a.tfon ~f Accelerometers 

Back 
•·Accelerometers .. 



Accel # 2500 ~ 

Accel # 6952 

II 

Accel # 2501 -
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--- Accel # 6742 

I 
/ 

Front accelerometers 
(front view of GC-40 Lower Head) 

~ Accel#1303 

,/ 

/ 

Accel # 2525 

Accel# 2 03 

Back accelerometers 
(back view of GC-40 Lower Head) 

Bottom accelerometers 
(bottom view of skid) 

FIGURE #2: Orientation of Accelerometers 
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Front Accelerometers Drop # 6 

Deceleration vs Time 
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Work Order Number 
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Calibration Set Type 3506 s.n. 1137339. 
The Standard Calibration Set is calibrated by laser-interferometer in accordance with ISO 5347. 

RESULTS: 

The following documented Acceleration Level result is valid with the instrument under test placed in the 
vertical position. The load mass documented below corresponds to the mass of the measuring 
accelerometer from the Standard Calibration Set 

Acceleration Level : 

Frequency: 
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Date of Calibration : 22-Jun-98,... 

Calibrated by : 

Type No. 

3458A 
3506 

Serial No. Cal. Date 

2823All758 05 Nov 97 
1137339 10 Sep 97 

Cal. By 
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S. Tierney 
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ATOMIC ENERGY OF CANADA LTD. 
BUILDING 409 CALIBRATION LAB 

REPORT OF CALIBRATION 
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CHAPTER 1 - GENERAL INFORMATION 

1.1 INTRODUCTION 

The Best Theratronics F-430 transport package has been developed as a safe means of transporting 
self-contained irradiators (SCI). The F-430 was designed principally to transport the Gammacell 40 
Irradiator (GC40) (see Figure 1). 

The F-430 provides impact and thermal protection for the radioactive contents. Containment is 
provided by the sealed source and shielding by the SCI. 

This report describes some changes to the GC40 design due to the incorporation of additional security 
features and their affect on the safety analysis of the F-430. 

The changes to the GC40 were implemented to delay the potential unauthorized access to the sealed 
sources from the outside of the irradiator. There are two versions of the new de.sign. The first version 
is intended to be installed on existing devices at licensees' sites (field retrofit) and the second version 
will be incorporated on new devices during manufacturing (in-house). The design is the same for both 
versions (see Figure 2). This Safety Analysis Report (SAR) demonstrates that the F-430 overpack can 
safely transport the new GC40 design. 

1.2 PACKAGE DESCRIPTION 

1.2.1 Packaging 

The design of the F-430 is described in the existing SAR [1]. Except for changes to the 
payload, the design ofthe.F-430 is unchanged. 

The F-430 is a stainless steel drum 1.27 m (50 in.) in outside diameter, 1.27 m (50 in.) in 
height, placed on a removable steel skid 1.27 x 1.27 x 0.20 m (50 in. x 50 in. x 8 in.). It has a 
cylindrical cavity 0.914 m (36 in.) in diameter, 0.895 m (35.25 in.) in height. The main 
materials of construction are 304L stainless steel and rigid polyurethane foam. 

1.2.2 Contents 

March 2012 

The Gammacell 40 (GC40) is a self-contained irradiator used primarily for research. It consists 
mainly of an upper and a lower shielding head, each containing one Cs-137 sealed source. 

The proposed design changes have no affect on the operation of the GC40 when it is installed 
in the laboratory. However, the new features added to the device make it harder to dismantle 
and this has an impact on how the device is prepared for shipment. The different designs of the 
GC40 and the process of preparing the shielding heads for shipment are discussed in the 
following paragraphs. 

When preparing the GC40 for shipment, the device is partially disassembled from the 
laboratory configuration. The covers, the drive systems and the mechanical interlock are 
removed and the shielding heads are separated. 

Page3 of 19· 
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During transport, it is important to secure the source drawer from movement within the head. 
Currently, this is done with two redundant means. First, the Retaining Ring is removed from 
one end of each head and a Shipping Tube is installed (Refer to Figure 1 ). The Shipping Tube 
has the same outside diameter as the Source Drawer and it fills the length of the bore not 
occupied by the Source Drawer. When the retaining ring is replaced, the Shipping Tube and 
Source Drawer are blocked in place. 

In order to further secure the source drawer, Shipping Plates are fastened to each end of the 
shielding heads (Refer to Figure 1). The Shipping Plates block the Source Drawer Assembly 
inside the bore. The Source Drawer Assembly consists of the Source Drawer and the Drawer 

· Interlock Bar. The Drawer Interlock Bar is part of the GC40 mechanical interlock. This steel 
bar is I inch square and passes through the Retaining Ring during operation of the GC40. 
However, when the Shipping Plates are installed, the Source Drawer Assembly cannot move. 

The proposed new design of the GC40 incorporates many additional fasteners with security 
features. Because of the new features, it is not practicable to remove the mounting plates for 
transport (Refer to Figure 2). Therefore the Shipping Tube cannot be installed on upgraded 
units. However, the Source Drawer Assembly is secured from movement with Shipping Plates. 
The new Shipping Plates are very similar to the existing Shipping Plates. They fasten to the 
GC40 shielding head using the same fasteners as before (four 3/8-16 socket head cap screws. 
Additionally, a Y2-20 socket head cap screw fastens through one of the Shipping Plates into the 
Source Drawer. This further secures the source drawer. 

An important feature of the existing Shipping Plate is the fact that it is partly recessed in a 
coumterbore on the GC40 shielding head. In the event of an impact, the force on the shipping 
plate is borne by the interface with this counterbore, as well as the fasteners. The new Shipping 
Plates maintain this feature (refer to Figure 2). 

Because the Mounting Plates are left in place for transport, the weight of the GC40 shielding 
heads each increases by approximately 7 kg (15 lb.). The effect of this slight increase in weight 
is discussed in Chapter 2. 
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1.2.3 Special Requirements for Plutonium 

The F-430 does not contain plutonium, therefore this section is not applicable. 

1.2.4 Operational Features 
The F-430 is a simple package from an operational perspective. There are no valves or piping. 
The package consists of a main body, and inner lid and an outer lid. The procedure for 
preparing the package for shipment is described in Chapter 7. 

1.3 REFERENCES 

[1] Menna, Blair. Safety Analysis Report for the F-430/GC40 Transport Package, MDS Nordion 
Technical Report No. IN/TR 1608 F430, March 2010. 

1.4 APPENDICES 

Appendix 1.4.1 F-430 Engineering Information Drawing 
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Appendix 1.4.1: 
F-430 Engineering Information Drawing 

F643001-001 rev P (sheets 1 & 2) 
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CHAPTER 2 - STRUCTURAL EVALUATION 

This chapter presents the structural evaluation that demonstrates that the Best Theratronics 
F-430/GC40 package design meets all applicable structural criteria. The F-430 SAR [1] presents the 
overall experimental verification and evaluation of the F-430. This supplementary SAR demonstrates 
that the proposed design changes for the GC40 also satisfy the regulatory structural requirements. 

2.1 DESCRIPTION OF STRUCTURAL DESIGN 

The design criteria and the codes and standards for the F-430 package design have not changed. 

The principal structural members and components of the F-430 package have not changed. The inner 
bracing has not chang,ed, Only the means of securing the Soµrce Drawer from moveIQe~t has changed. 
The impact of this change is discussed in Section 2.7. 

The weight of the new GC40 head design increases by approximately 7 kg (15 lb.). The weights of the 
various GC40 head configurations are listed in Table 2-1. The F-430 structural analysis in the F-430 
SAR was based on a payload weight of 1740 kg (3835 lb.) and a total package weight of 3175 kg 
(7QO!) lb.)[1]. Sjnce the weight of the GC40 remains less than that in. the origin~l analysis, the existing 
analysis is still valid. 

Table 2.1: GC40 Head Weights 

GC40 UppetHead (Original Design) . 1157 kg (2550 lb.) 

GC40 Lower Hea9 (Original Design) ., 1241 kg (2735 lb.) 

GC40 UpperHead (New Design) 1164 kg (2565 lb.) 

GC40 Lower Head (New Design) 1248 kg (2751 lb.) 

GC40 Test Specimen 1740 kg (3835 lb.) 

2.2 MATERIALS 

The mechanical properties of materials are addressed in IN/TR 1608 F430 [1]. The discussion 
regarding material properties, specification, chemical and galvanic reactions and the effects of 
radiation are unchanged. 

2.3 FABRICATION AND EXAMINATION 

The fabrication and examination processes for the F-430 are unchanged from the original SAR [1]. 

2.4 GENERAL STANDARDS FOR ALL PACKAGES 

The proposed design changes to the F-430 contents have no affect on the package's ability to satisfy 
the general standards for all packages. Therefore the analysis in IN/TR 1608 F430 [1] remains valid. 
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2.5 LIFTING AND TIE-DOWN STANDARDS FOR ALL PACKAGES 

Although the weights of the GC40 Upper and Lower Heads have increased slightly, the original 
analysis of the F-430 contained a margin for an increase in weight. The existing analysis in IN/TR 
1608 F430 [1] is based on a total package weight of3175 kg (7000 lb.) and a GC40 test specimen 
weight of 1740 kg (3835 lb). The new maximum weight of GC40 heads is 1248 kg (2751 lb). This is 
less the weight of the test specimen and therefore the analysis remains valid. 

2.6 NORMAL CONDITIONS OF TRANSPORT 

The design changes to the GC40 do not affect the performance of the F-430/GC40 under the normal 
conditions of transport. The original analysis in IN/TR 1608 F430 [1] remains valid and the 
effectiveness of the package will not be reduced as a result of the normal conditions of transport. 

2. 7 HYPOTHETICAL ACCIDENT CONDITIONS 

2.8 

The F-430/GC40 was subjected to the hypothetical accident conditions of transport by test and 
analysis. The test specimen included an additional 500 kg of lead added to the GC40 payload. A single 
test specimen was subjected to nine drop tests including three drops from 9 meters. 

After the drop tests, the GC40 was inspected and found to have suffered very little damage. Thisis 
because the F-430 overpack absorbed almost all of the energy and the GC40 is cradled firmly inside 
the Inner Brace. The Shipping Plates were completely protected during the drop tests. Since these are 
the only features that.have changed as a result of the design change, the new shipping configurations 
will also survive the drop !est without damage. 

The changes to the GC40 have.no affect on the performance of the F-430/GC40 with respect to 
thermal or water imn1ersion. Therefore, the original analysis for the Hypotheticaf Accident. Conditions 
remains valid. 

ACCIDENT CONDITIONS FOR AIR TRANSPORT OF PLUTONIUM 

The F-430 does not contain plutonium, therefore these requirement are not applicable. 

2.9 ACCCIDENT CONDITIONS FOR FISSILE MATERIAL PACKAGES FOR AIR 
TRANSPORT 

The F-430 does not contain fissile material, therefore these requirement are not applicable. 

2.10 SPECIAL FORM 

The special form sources inside the F-430 are not changing and therefore the analysis in IN/TR 1608 
F430 [1] remains applicable 

2.11 FUEL RODS 

This requirement is not applicable since the F-430 does not transport fuel rods. 

2.12 REFERENCES 

[1] Menna, Blair. Safety Analysis Report for the F-430/GC40 Transport Package, MDS Nordion 
Technical Report No. IN/TR 1608 F430, March 2010. 
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CHAPTER 3 -THERMAL EVALUATION 

This chapter presents a thermal evaluation demonstrating that the Best Theratronics F-430/GC40 
package design meets all applicable thermal criteria. The original F-430 SAR [1] presents the overall 
analysis and evaluation of the F-430. 

3.1 DISCUSSION 

The proposed changes to the GC40 will have no impact on the thermal evaluation of the F-430. 

3.2 SUMMARY OF THERMAL PROPERTIES OF MATERIALS 

A summary of the thermal properties of materials is presented in IN/TR 1608 F430 [1] and remains 
valid. 

3.3 TECHNICAL SPECIFICATIONS OF COMPONENTS 

Technical specifications of components is addressed in IN/TR 1608 F430 [1] and are unchanged. 

3.4 THERMAL EVALUATION FOR NORMAL CONDITIONS OF TRANSPORT 

The therinal analysis of the F-430 under the Normal Conditions of Transport is presented in IN/TR 
1608 F430 [1]. The original analysis conservatively assumed that the internal heat generation was 
100W. The heat generated by the GC40 is unchanged. 

Two analyses were performed for the Normal Conditions of Transport; a steady state analysis and a 
12 hour transient analysis. Both analyses assumed an ambient temperature of38°C and solar heat 
fluxes as defined by the Regulations. 

The steady state analysis was conservative and ·overstated the temperatures inside the F-430. On the · 
top of the F-430, where the solar heat flux was greatest (800 W/m2), the temperature reached 126°C. 
On the sides of the F-430, the temperatures were lower (typically around 89 °C), since the solar 
heat flux was lower ( 400 W /m2). Moving from the outside toward the center of the package, the 
temperatures dropped across the outer layer oflow-density foam to around 125°C. Due to the heat 
generated internally by the Gammacell, the temperature increases across the inner layer of high-density 
foam, typically to about 133°C. The highest temperature (143°C) occurred inside the GC40 shield. 
Since the Gammacell shield is made of highly conductive materials (steel and lead), it has a relatively 
uniform temperature of around 142°C. The new features added to the Gammacells (also steel) will 
have no impact on the temperatures of the Gammacell shield. 

The transient thermal analysis was more realistic. The solar heat fluxes were applied for a duration of 
12 hours. The highest temperature (124°C) occurred on the outside top surface of the F-430. On the 
sides of the F-430, the temperatures were lower (typically around (86°C). The temperature gradients 
were most significant across the thickness of the top of the F-430 overpack. Across the outer layer of 
polyurethane foam, the temperature drops to about 80°C. Moving closer to the center of the package, 
the temperatures start to increase again due to the heat generated by the sealed source. However, 
temperatures inside the F-430 overpack are relative stable, ranging from 80°C to 96°C. Because the 
temperatures across the GC40 are very uniform, the new steel components will have no affect on the 
transient thermal analysis. 
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3.5 HYPOTHETICAL ACCIDENT THERMAL EVALUATION 

The analysis of the F-430 during the hypothetical accident thermal conditions showed that the thick 
outer layer of polyurethane foam was very effective in insulating the Gammacell inside. At the end of 
the 30 minute fire, the outside surface of the F-430 overpack was near 800°C, but the temperature 
dropped to 200°C over the first few inches of the polyurethane foam. Inside the overpack cavity and 
throughout the Gammacell shield, temperatures were relatively uniform at around 100°C. Since the 
temperature gradients inside the overpack were very small, the changes to the Gammacell would have 
very little effect on the temperatures at the end of the 30 minute fire. 

Immediately after the fire was extinguished, the outside surfaces of the F-430 began to cool. However 
the heat absorbed in the outer layers of the overpack continued to flow inward toward the payload. 
This heat transfer was slow and temperatures inside the Gammacell shield peaked 18 hours after the 
fire. During this period, the temperature gradient from the inside of the F-430 overpack cavity wall to 
the inside of the Gammacell shield was only about I0°C. Since the temperature gradient inside the 
overpack cavity was very low, the small changes to the Gammacell would have no effect on the heat 
transfer. 

3.6 REFERENCES 

[1] Menna, Blai.r. Safety Analysis Report for the F-430/GC40 Transport Package, MDS Nordion 
Technical Report No. IN/TR .1608 F430, March 2010. 
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CHAPTER 4 - CONTAINMENT 

The containment system for the F-430 is defined as the sealed sources which are located inside the 
GC40 shielding heads. Since the sealed sources have not changed, the containment analysis presented 
in IN/TR 1608 F430 remains valid. 
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CHAPTER 5 - SHIELDING EVALUATION 

The 1'-430 overpack is not intended to serve a shielding function. Shielding is provided by the GC40 
shielding heads. The modifications to the GC40 design affect the exterior of the radiation shields and 
have no affect on the shielding performance. Therefore the shielding analysis presented in IN/TR 1608 
F430 remains valid. · 
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CHAPTER 6 - CRITICALITY EVALUATION 

The requirements of this chapter are not applicable since the F-430 package does not transport fissile 
materials. 
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CHAPTER 7 - PACKAGE OPERATIONS 

This chapter describes the procedure for preparing the F-430/GC40 for shipment. The intention is to 
ship heads without the additional security features ( existing design) and with the additional security 
features (modified design). 

7.1 OPERATING PROCEDURE 

The original F-430 SAR [1] presents the complete procedure for preparing the F-430/GC40 for 
shipment.. 

The process of preparing the GC40/F430 for shipment consists of three main steps: 

1. Dismantling the GC40 device 

2. Securing the GC40 shielding heads for shipment 

3. Loading the GC40 inside the F-430·and preparing the F-430 for shipment. 

· Only the process for securing the GC40 shielding heads for shipment has changed. The changes are 
minimal and are described below. The specific changes to the work iµstructions are listed in Table 7 .1. 

Because it is not practical to remove the extra security hardware, it is not possible to install the 
Shipping Tube ( or "Tube Spacer") inside the bore of the GC40 heads. On devices that have the new 
security hardware, the step for installing the Shipping Tube is omitted. 

The upgraded GC40 devices will use the new shipping plate. The procedure for installing the new 
shipping plates is unchanged, except that one additional Y:i-20 UNF screw is installed. 

The process ofloading the GC40 into the F-430 and preparing the F-430 for shipment is unchanged. 
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Table 7.1: Changes to Operating Procedures 

Section 7.2.1, Step 8 
Section 7.2.2, Step 9 
Section 7 .2.3, Step 9 

Section 7.2.1, Step 12 
Section 7.2.2, Step 13 
Section 7.2.3, Step 13 

"Install the end Shipping Plate to the 
source head using the four 3/8-16 UNC 
x 45 mm long socket head screws 
provided" 

"Unscrew the upper Source Drawer 
retaining ring and insert the Tube 
Spacer over the interlock bar into 
Source Drawer bore. This tube retains 
the source in the Safe position during 
shipment." 

Section 7.3.1, Step 2, a) a) "Insert the drawer shipping spacer in 
the source tube." 

Section 7 .3.1, Step 2, b) b) "Screw the locking rings into the 
source tube at both ends of the 
respective heads." 

Section 7.3.1, Step 2,c) · c) "Install the drawer shipping plate at 

7 .2 REFERENCES 

. both ends using four 3/8-16 UNG x 
1.75 in. long ASTM A490 socket 
head screws or the approved 
equivalent. Torque each screw to 
20 to 22 Nm (180 to 200 in-lb.)" 

To the current instructions, add 

"If the GC40 has the upgraded security 
hardware, install the %-20 UNF socket 
head screw provided. Torque to 85 ft-lb." 

To the current instructions, add 

"If the GC40 has the upgraded security 
hardware installed, this step is omitted." 

To the current instructions, add 

"If the GC40 has the upgraded security 
hardware installed, this step is omitted." 

To. the current instructions, add 

"If the GC40 has the upgraded security 
hardware installed, this step is omitted." 

To the current instructions, add 

'.'!f the GC40 has the upgraded security 
hardware, install the %-20 UNF socket 
head screw provided. Torque to 85 ft-lb." 

[1] Menna, Blair: Safety Analysis Report for the F-430/GC40 Transport Package, MDS Nordion 
Technical Report No. IN/TR 1608 F430, March 2010. 
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CHAPTER 8 -ACCEPTANCE TESTS 
AND MAINTENANCE PROGRAM 

The Acceptance Tests and Maintenance Program for the F-430 are described in IN/TR 1608 F430 and 
are unchanged. 
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CHAPTER 9 - QUALITY ASSURANCE 

On May 1, 2008, MDS Nordion sold its teletherapy and self-contained irradiator businesses to Best 
Medical. The former MDS Nordion operations are now known as Best Theratronics Ltd. At the time 
of the sale, MDS Nordion transferred to Best Theratronics the F-430 Transport Packages and all of the 
associated designs and procedures. 

9.1 BESTTHERATRONICS QUALITY ASSURANCE PROGRAM 

Best Theratronics continues to operate and maintain the F-430 transport packages in accordance with 
the original procedures and drawings that were transferred from MDS Nordion. 

Best Theratronics' Quality Assurance has been approved by the USNRC. The approval certificate is 
attached in Appendix 9 .2.1. · 

9.2 APPENDICES 

Appendix 9.2.1 USNRC Quality Assurance Program Approval 
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APPENDIX 9.2.1: 
USNRC Quality Assurance Program Approval 

For Radioactive Material Packages 
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IN/TR 1913 F431 (D) 

F-431 Transport Package Safety Analysis Report 

APPENDIX 2.10.4: 
Test Report for GC3000 Removable Plug 

IN/TR 1691 GC3000 (1) 

Note: the following report discusses two test specimens. 
Only the bare GC3000 specimen is relevant to the F-431 safety analysis. 
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.. ,-

... . .. 
: IN/TR :1691 GC3000. :(1): • . . .. '' .. 

.. .. .. .. . 
. Test Report for tl:Je ·GC-300Q Ren,o'(able Plug: : . 

.1. U\ITRODUCTIOl\f 
.. .. .. . .. . 

• : : • . : T 9 .siq1plify the: removal. 9f the ~oµice holder from OC-J 000 arid GC.~30.00 irradiators; hou~ings_ C~U), be : 
modified to accommodate twd :internal retaining rings which keep the source plug in place; This eliminates 

. the ne~ci to :grind.off the V~grriove \Veld iµ.qrder tC> ieiribye the source pltigs OlHurtent iµ-adiafu1's; ·:: 
.. .. . . 

. · to prove the strength of this new plug· dosur~ design; the GC~3000 was selected for drop testing. · 
GC-30_00. 'si_n 119 and 120 *:~te selected for drt>p:teiting. These unifii bothhi~luded a tungitenpiate cast 

·. ~ide the lea<t shielding.' The hingsten pl~~es: slightly incr~sed tbe :weight of the ·GC.:.~0.00 shieldiiig·head· · 
: : .. relative to the cilireni design. The droif t~sted configuratfon •fa described in Appenilix F~ : : . . .. ' ... , .. ''' '. .. . .. . .. . .. . . ....... ' 

.. , . ' .. . . . .. '"' ... ,, ' 

'f4e.fusttest specimen; ·!!/ri.119,.was subjected:ttj~ 9•~:pjnverted drop ()~.¢~.I?are GC-300Q ~N.elcli,ng 
. head. The second.iesrspecimen, s/n 12(); was tested inside· the ·current dnnn-styie o:v.erpack. It was : : . 

· . :sqbjec:ted. to tin~: 9 ri:J. .drop ~d two 1 Iii: pill .dr<;>ps~ . · : : : · : · · · · · : : · . : · : 
. . . . . 

. _Tests were: con~~e.d accordiiig to. JN/f P 15S9 GC:lOOO (1). test. plan on: Ocfolwr 14, l 999 .. : : •: .. 

. . . , 

2. PRE~DROP TESTS .. 
. ' . . . 

· · · · ·2.1 lnsp~ct:~~;.~QOO Test:Spec_itjlens for F!t 

. 2~1 .'1 Test Detail~· : : • · 

. . : {}(::>3000 ( siri 119 and 120.) 'plug closure areas :w,ei'~ inspected by:vi~~ally :Observing the. 
: nU~t weld, closure pl:ug• fit, ~.d internal sti~p )irig fit 

: 2~1.2 .. Observations · ·: 
... . ,. . .. 

· · The <Jµt~ide diameter Qri l;,qtµ:plugs (sin 119 ~d 1io) had to be ftlrp~9 :d9wn to minimwti • •. 
clearance:with tlle plug seat since ~e· piug seat slightly deformed after weldmg .... : . . 

.. ... •' ... . .. . .. 

''' ,, 

Both specimens are suitable for. dr~p testing to verify ;str~ng_th of plug closure. 
. . . 

2.1.4 : Coricllisions 
. .. .. . .. . '' '... ',,. 

Provisions ·must -b.e• made for this· ne.w pltig closure design: to avoid plug intei:ference with 
_th_e ho~ilig.: For: pto~uctiqn units :ivelding s~m.tld be don~ prior to, m_achining. hi :this case,. . 

: : b:Qth:sp~imens wer~ IQQ_dij.jc~tions of existin~ u#ts.: 

2'.2 ·: VV~igh Test Spe,~hh~'1S 
The GC-3poo <:~mponents w.ere:weig~ed in Industrial :qpeia:tions at MDS Nor<lioil. 

: i;~.1 Equipm~11t •. : · •. : • 
.. ' .. 

•: 2:2.1; 1: . _Me_asuremiint Syste,m _ International Di9ital Scale• (overhead lo_ad cell) 

: :Portaw~igh Model 430o;:sbriai No: 40524/677~2; M.DSN Inventory :No: :f3531 
Calibrated: 03/07/1997. (recalibrated in April 2000 without correction) ... 
Capacity: 20,000 .ib., Accuracy::+/~ :Sib~:•• · · · · · · 
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.. 

i .. 

... ''' . jN/TR:1~91 GC30o:0(1): 

.. Te~f Rep~ut for tt.,e GC'-300() .Rer11oyab1e· Plug: : .. 

2. 2. 1.2 • Mettler Balance 
.. . . . .... '... " . ,. 

Type P3, $etj~r ;No: 230493, MPS:N. Iµventory No: 6-'745~_00~ : 
Calibrated; 13 May., 1999 : : · · · 
t~pa¢ity: 3000 g +/ .. jg . 

::M()d~l 2184, Serial No:}8~ s:524-STL, MI>SN.JnvebtoryNo: 6-:74?:-8~ :· · 
·Calibrafoq.: 9 AtJ~st, 1999 : . .. · .. · 
Capacity: :40.0}b; +l- 0.1 lb. 

. . .. 

: .:::~~2 .. ~ Results: : : : ... 

•: G<:;-:JO~O (s/n 119) (exc~u~g two dummy sottrces) = 2,270 lb. : : 
. Pluo· for s/n 119 =.28 lb:· . e, . .. .• 

Sourceholdti(ors/n 119=3.2lb/:;. ·::. 
: : Dummy Sources. ( staibl¢ss steelround bars.; 0:-~9 .in .. &a:, i 0.67 in. long)= i .13 ·16." eacp. · 

.. 

GC-300Q Js/n l20) ( excluding t\VQ :dmnri:iy sources) : . ·2;zss lb. 
. Plug for sin 120 :=:= 2~ lb.. . · · · 
•· S<;mr;ce·holder for s/n 1;20 ~ 3:2 lb. 

GC-3000{s/n 120) inside metal~ (~n 43) = 2,940 lb. : 

2.2.3 : CQnclµsions 
.. . 

The total iweight of the GC-3000 ( s/n 11 ~) bare specune11: was 2,272 lb., and otth~ : . · 
:· QC.,.~000 (s/ri 120)inside metal dri.iiii (s/n43).was 2,942 lK 

' . . . ' . . . . . . . 

2;3 : :Radiation Survey 
... ·rhei following js a suniriuiry of the:pr~-drop sUJ.Veys don(;). on the, GC-'3000 ( sin: l 19 arid 120) .. 

Aprll20Q3 

For m6re detaiis refer to Appenci.IX:.A.: . . . .. . . : .. . . 
. . . . . . . . . . . . . . . . 

s/n 119 . _ 1,423 + 1,434 = 2j857 C! .. 

1,43{+ 1_,46~ =·2,897 Ci 

· · ·: :1oo·m.R/h. 
(back, undE!r plate) • . · 

· 1:00mRih .. 
: :(b~~I<; u,:ider plate) 

. • : : · 3 .. o. mR/ti . 
(back, 1in~_er plate) 

.. ·• · -4.0 inruil .. 
. ; ; x~~C!<, under plate). 

. . page 4 of 18 



. . . . . . ' . . 
.. Test Report for t~e·Gc:.300Q Rerno'l(able Plug• •.. 

' ' ... 

. 3 ... DROP TESTS 
Th~ q.rqp. te_sts were perf <mned ;it. Chalk Rivei: Lal?qr.i.tories :(CRL) Q!l O.ctol:>er · 14;: l 99.9~: S~e Apper,.dix :0 • . · .. 
for AECL Test Report, GC~3000 Testing. . . . . . . . 

• :The order of the, dre>p tests deviated: fr9m: tli~ test plan as fo\lo~s:•: • 
. . 

Te:st#l:::9•m. inverted drop whJdjare GC-300() (s/n ll9). 
• Te'st#:2;' i. ril·pin drop with ·ctc:~3000 (sin 120) itis1de trietal drwn (s/il 4°3)i ... 
• • .. Test #3: 9 m•inv:erted r;omer drop with oc:.3.000 (sin 120) UJ~iq.~·w.etal drum (s7nA3); .. 
. Test if4::.trn pm drop With (}C;3000 (sin i20):inside meta.id.rum (sin 4:,)., . . ... 

. .. . . . 
• . . . : ... The drop tests ~¢f¥· documented wjth tjpsei;vations, photQgraphs ~d video tapes. 

,, .. 

4. POSt~O.ROP TESTS: .. :.• 
. . . . . . . 

4.1 . Damage. A!;sessment• of G.C~3~00 (sin •119) 

4.1.1 •: T~st Details 

· Upon re'ceiving the specim:ens from the drop test facilities at CRL (OctoberJ9, 1999), · 
they were bro\}gbt to MDS N ordiorf s C()balt Operatidns :area for inspection: . . 

4.1.2 · Re.suits/Observations : •. · · · 

April 20Q3 . : . : 

Maximum de¢elet.ition was measur¢d at 180g (refer tri Aj>'peric:lix D) . 
.. . . 

. : Oi:i~ :sc1;ew from the plug cover plate broke off(see· F,igure 1 ). The two ~~ining rings kept . 
. the source pl~g in place ( see Figure 2). Side view of tlle llllpacteci surface fs sho\Vll iri . . . 
Figure 3_:: : : : .. • 

, .... 

•: The tipper retaining ring :bent:slightly and was= difficult to remove with ihcnetaining ririg . : •: 
pliers. T~e lqwer retaining ring rerna4ied:flat. . . . . . . . . . . . . . . . . 

• • The plug jammed inside the cavity and could nofbe removed using the:existing threade.d 
. : h6le.(#in~24) or by tapping a larger threa,:iethol~ tb pull the .plug olif iiiiirtg the weight of: 

the GC-3QO().: The initial attempt to ,reµ:iqye the shieldjpg phig\yas abandonid ip. Qctqber 
· 1999 .. · .. . . .. ... . . .. : . . . .... 

In December 2Q02; another attempt was made fo: r~rilove the. shielding plug: The G.G~~OOO .. 
was fastened: in:an intra-site shipping frame, and the fran:ie was: clamped to the shop floor. 

. . •:A? ton hoist ·was ris~ to. pull out' the shielding p_Iug: A huige aj,ptoxiinately· i mm high 
: · Wij.S pbs~ed in the w~U of the plug cavity; n;earest:the axial centr~Ji.p.e of the GC~3000. : 

Correspotiduigiy; i small dent was observed in the side of the shielding pluf. . . 

: The ~ource holder was ~sq found to be jatjlmed. Jtwas removed with the 5 ton hoist. A 
. : buige in the source. cavity approximately 2' i:ni::ri •high was .observed about 5 cm from the 

top of the :cavity: at1d nearest the axial)ce~tre line of th.e <iC-30QO. . . . 
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IN/TR 1E>91 GC3000 (1) : 

.. ' 

. Test Report forthe·GC-300Q Removable Plug :·· 

. ' . . . . . ' ' 

The source h()lder Was found to be betiHiy less than (t5111Ill. Except for a hurr:on one of 
. the upper source ·openings (see Figure 4), there was.no other damage .. 

' The ditinmy sealed sources were neither bent nor damaged. : 

. 4.1 ~3 : : Conclusions. . 

April 20Q3 ... 

. . . . . ' . 

The design of the removable plug using two retaining rings (1/8 in: thick;"5,75 in; .bore· 
diameter)proved t() be strong enough td keep the pluginplace during the 9 fu ac,cid~ntal 

. • • drop pf the faire GC,JOOO. The bare GC-3000 sq:ffei;ed moderate damage, but there \va~ 
•. no damage to the dutnmy so.urces. · · · · · · · · · · · 

. Figure 1: · 
GC~3Q.QO 1 sin 119) After 9rn Prop l))st 

(on a shippio~ frame) ' 

Ii. Fmir:socket head cap screws holding the axialtiea.ring retaining plate were flattened .. 

· 2. Hoist rings: ~eilt ~d fractured (cainti off during loading ofGC-3000 back ~nto: the .•• 
· ShiJ?plllg frame): ... 

3 • · .Plug cover plate rertialiied iti:place~ One bolt on the plug c_over plate broke o.ff. 
4. Rotor stop was also damaged as it impacted the target (steeljJlate). 

.. . . . ., " .. 

:page 6 of 18 



Aprll 2003 

IN/TR 1 ~91_ GC~OOO (1) 

. Test Report for the GC .. 300() Remo'(able Plug .. 
' . ,. . - . 

·· figure 2. • 
GC-3000 (sin 119) Plug Detail 

(cover removed) 
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April 2003 

IN/TR 1691 GC3000 (1) 

Test Report for the GC-3000 Removable Plug 

Figure 3 
GC-3000 (s/n 119) Impacted Surface 

(Side View) 

Figure4 
GC-3000 (s/n 119) Dummy Sources and Source Holder 

Page 8 of 18 



IN/TR 1691 GC3000 (1) 

Test Report for the GC-3000 Removable Plug 

4.2 Damage Assessment of Metal Drum {s/n 43) and GC-3000 {s/n 120) 

4.2.1 Test Details 

April 2003 

Upon receiving the specimens from the drop test facilities at CRL (October 19, 1999), 
they were brought to MDS Nordion's Cobalt Operations area for inspection. 

4.2.2 Results/Observations 

The following series of pictures describes the test specimen's condition following the three 
drop tests. The first Im pin drop test following the 9 m drop missed the pin and had to be 
repeated. This, however, caused no significant damage to the package that would adversely 
affect the subsequent drop tests. 

Figure 5 Telephoto View of GC-3000 (s/n 120) Inside Metal Drum (s/n 43). 

Figure 6 Right View of GC-3000 (s/n 120) Inside Overpack (s/n 43): steel rope came off 
as hoist rings fractured after 9 m drop test. 

Figure 7 Metal Drum Closure Bolt Detail: closure ring ends were touching before 
drop testing. 

Figure 8 Metal Drum Flame Cut Opened (Front View). Deformed crush shield is seen in 
top section of drum on the floor to the left. 

Figure 9 Metal Drum Flame Cut Opened (Rear View) 

Figure 10 GC-3000 (sin 120) Inside Metal Drum (s/n 43) 

Figure 11 Top Detail after Uncovering Thermal Layer. 

Figure 12 Removing GC-3000 (s/n 120) from Metal Drum (s/n 43) 

Figure 13 Bottom View of GC-3000 (The1mal Layer Removed): the GC-3000's surface is 
burned from the torch used to cut open the metal drum. 

Figure 14 Lower Crush Shield inside 

Figure 15 Top Surface of GC-3000 (s/n 120): three of five plug cover bolts were sheared 
by crush shield. 

Figure 16 GC-3000 (s/n 120), Plug Cover Removed: Both internal retaining rings still in 
place after drop testing. 

Figure 17 GC-3000 (sin 120), Plug and Source Holder with Dummy Sources Removed: 
After removal of two retaining rings, the source plug, source holder and source 
dummies were removed freely with no sign of damage. 
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April 2003 

IN/TR 1691 GC3000 (1) 

Test Report for the GC-3000 Removable Plug 

4.2.3 Conclusions 

The metal drum and upper crush shield and thermal blanket were damaged by the drop 
tests. The GC-3000 shielding head suffered superficial damage. The source holder and 
dummy sources were undamaged. 

Figure 5 
Telephoto View of GC-3000 (s/n 120) Inside Metal Drum (s/n 43) 

(Background with 4 in . squares) 

1. Point of impact in drop test #2 (1 m oblique drop, the first drop with s/n 120 inside 
metal drum). 

2. Damage after 1 m oblique pin drop (test #2) when skid impacted the drop test target. 

3. Point of impact and damage after drop test #3 (9 m inverted comer drop). 

Page 10 of 18 



"' . . . .. '"' ' 

. ·:IN/TR 1691 GC3000 (1) 

. . . Test Repc;,rt for ttae GC-3000 .Removable Plug •. 

. .. 

Figure 6 .. . .. 
· •Right View of GC~3000 (s/n 120) Inside .Overpack (s/n 43) • · . •: · · . 
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:IN/TR :1691. GC3000 :(1) : 

. ie~t Report for the GC-3000 Removable Plug 

Figure 7. 
" . "' . 

· . Metal .Drum Closure B.olt Detail 
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:INirR 1691 GC3000 (1) 

. Test Repc;,rt for the GC'-3000 Removable Plug .. 

. . . . . . -

:Figur~9 · 
Metal Drum Flame Cut Opened (RearView) 

April 2003 P1:1ge 13 of 18 



.. ... . . .... ' 

:IN/TR 1~91 GC3000(1) : ... 
. . . ' . . . . . . ' . . 

... : Test Repc,,rt for t_t1e ·Gc:;.300Q .Re"'ovable Plug' = . 

. . :Figllre 11 • .. 
Top [)etail after Uncovering: Thermal .Layer:: 
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April2003 

IN/TR 1691 GC300.0 (1) 

Test Report for the GC-3000 Removable Plug 

Figure 12 
Removing GC-3000 (sin 120) from Metal Drum (s/n 43) 

Figure 13 
Bottom View of GC-3000 
(Thermal Layer Removed) 
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... . . .. 

Aprll 2003 . · · 

·:INJTR:1691_ GC3000.:{1):: ... 
. ... .. .. .. 

. . . Test Report for tt.,e GC-3000 .Remo'(able· Plug· : . 

Figi.tre14 
. . . Lower Crush Shield. insi.de · ·. 

•- .· Figure 15 · 
.. Top Surface of GC-3000 (sin 120) . 
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, ..... . 
. ::IN/TR 1~91_ G~300lt(1):: . 

. . . . 

.. . ..... Test RepQrt tor tl:ie·GC'-3000.Rem~vablePh.ig : 

. Figure 16 
•. GC-3000 (sin 120), .Plt:ig Cover Remov~d : : . 

Figure 17 . 
GC-30oo•(s/ii: 1·20), Plug and Soi.irce Holder 
. : with Dummy s.ources Removed . 

April20Q3 ... ~~ge17of1S 



.... 
. . . . . ' . . 

... . . . 
. :IN/TR 1 ~91 GC30o:o :(1): • 

. . . Test Rej:>Qrt for tl)e ·GC:-300Q Remo~able Plug • 

4~3 • :R~d.iation Surv~y 
- .. . . ' " 

The folfowmg is a summary:ofthe:i11diation surveys done on the GC-3000 (s/n:-i19 and 120). ::· 
For more\tetails i:efer to Appendix:A: . . . . . . . . . : . . . 

. .. '. 
Post-drop tesL : 1~415 + 1,419 =:2,8t34:Cf . 90 mR/li .. 3.5 mR/h 
. . . ' . 

sin 120 : Pre,:,dr:op ·test _ 1,434 :: t,463 = 2,897 Ci 100-mR/h :4.0.mR/h 

2.s· mRih : 

·The.radiation survey te·sults show that there· is no:measurable shielding :c()nceni wtth the GC-3000 . ... -, . .. '''. .. ... . . . .... ' .. ,,, .. 
: : Jfi~. (ound that aft~i: the ,ctrop test, the integritf qf :the shielding: aja,tep~ remained in~f M4 . · • 

radiation :fiel~ 'levels are well l)efo'Y regulatory limits. : : .. : : . : . : 

. . . . . . . ' 

5. DISCUSSION OF RESULTS 

. •5.1 . _Drop• Tests 
. ' .. ' . 

I the· removable phig on :the; GC-3000 withstood 9:m drop testing without any crush pro~tion 
(metal dniiri and crush sliieid): Tile same perfonnatice is ~xpectat' with the plugs .on tlie oc~ fopo : . . 

. as they~~ ligb~r than that oft4e GC~30.00: . 

When tlle _GC~3000.wasteste<i inside the steeldrtinl overpack; the crush sliield.perfotnied w.ell llnd 
the GC'-3QOo; was retained in th~ dt:i;mi.; 

5:2 . integrity of Cont~in111ent 
. . 

There wa~ :no: visible damag~ :to .• u.ie :dummy sources. : : . . . . 

. s:a·::1ritegrity <>f Sttieiding· .. 
. . . . 

No weid_thictures were obseiv~d;o:nthe GC-3000 irrf.{dtator:even when it:w~s.dr~pped bare. 
. . . . : Radiation survey~ :demcm.strated that the Jeag ~d :tungsten did j:iot: shift sufficiently iµsid~. th~ • 

. : : :specimens _to cause rut :increa_se Ill radiatlordevels; 

... 6~ . CONCLUSIONS 
. . . . ' . 

The design •of the removable plug using two retainmg• rlngs (1/8 in, thick; 5.75 in. bore diameter) proved · 
: jo be strong eholigh tt>:keep the plug iri_pla6~ during the 9 m\ilcbidental drop of the l>are 9C-3000. The · · 

. . . . . .. desigii. cb~ge is equally; suitab.k: for the GC~ 1900:. · • . · • . · 

The steel .drum ovetj>ack provides additional protection during· the drop tests and the crush shields absorb .. ... . . .. '". . . .. ' . . . . . ... 

• . : • • :i:nuch of the itn~~(} : • : 
... ' . 

Whe'li: a :bate GC-3000 shielded head is subjecited to i:he:regulatory drop tests; :there is no s1griificant 
. · damage and iio liectease in shielding or cClntainment . . . . . . . . . . . . . . . . 
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: : .. Re,.Issued R~port frir GC,.3000. Reghlatciry Test 
. SIN: :119 &:120 

. . . . ' . - . . . 
. Radiation Survey Before The Drop Test : .. 

Prepared By: 

Reviewed By: 

'. ;, ,· ,,,,, 
···· ...... ~·-···· 

Date:. 2~, . . / J;. 
· K.:0'.Hai'a, Se11ior Radiation P_hysicist 



Radiation;Survey Before the Dro1,:'Fest 

•. The GC-3000 &In l l9)and 120 were lo~ed with two Caesim-137 sources: 

oc~3000 SIN Source.SIN: . Source A~tiyity :o) · 
A1099:::: l4.54 Ci · : . · 

Source SIN . : · 
Al086 

. Source Acthlity (2r · 
.-1~6.6 c:r 

120 . :: :AI090 ... 1466 Ci .:·· )\:1092 1495Ci 
.. . .. 

Soi;trc~ .were measured as of Qctobei: 16 1998, the cae~iuin sources are in three p(}wder form caesfom-.13 y · · · 
. . . . capsules, which. are. then double encapsulated resulting in :One. ~aps~le. C-30001 source_ drawing n_umhet: : . · . : 

. : · GA61600 ( refer to .QC Source Document) .. The capsules were loaded as per GC-1000 and ac:3000 
: : : loading procedtire: CO~C6/0P-0009 (7) in :Celf 06 within Industtia:I op6rations, MDS Nordion, :Kanata on 

1999 ~eptember 21. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . ' . . - . . 

. · .. The GC-3000 was :s~~yed first in accoi:daµce ·with procedure JN/I;M oi09 GC3000E (6) .. 'T4e ,reading and 
: ;location ofhigll activity readings "Hot spqts'.' are listed. Both G<;:'s :wei:e surveyed on Septeniber:27 1999, 

the:ilecayed:scmrce curie co;ite~fto'stirvey date: 
.. .. ... " '" 

:GC-3000 SIN. 
.. 

:.Source SIN · · SotirceActivitv (I) Source SIN Source· Activitv (2) 
119 .. Al099 " ::1423 Ci .. :Al086 :::1434:Ci ... ... " ... ·120 . A1090 :. 1434-ci ·:. Al092 

.. 
1463 Ci: 

.. 
.. 

The de; s were consec.utiveiy piaced on the levelator. for the survey; each GC bad their shipping stand .. 
: •:. : fastened at the tlm~:Pf:the: surveys. · · · · · · · · · · · · · · · · · · · · 

. . .. 
Both GC's \Vere surveyed with fuio_ ~alibrated instriimentsas. outlined in the R~~atfon Integrity for Neiv : 
· Transport Packaging J>rocedU:re CO~QCffP .. 0901 J2) .. Met or exceeded radiation requirements lis_ted iii .. 

· · : : Functional and:Final Assembly Inspection of the. GC-3000 Elan procedure IN/IM 0517 GCI000/3000 (8) 
. • • · · atid Radiation Surv~y Report for the .GC-Jcjo(i Efan IN/IM 0209 dC3000E (6), Based on the type of·· 

instnm,1¢nt"ation and the las(calibia.tlon data, all rea:dings wouid be within +.i- $% cifthe actual. Each : : · · . 
· s~ction top,: bottom; fi:ont; back; S1de A&B of th<;l.GC was divi<;led into fournreas, the 4ighest re~ding roi: . 

. : ~ach location oµ both GC's were recoi:daj~·s~e:~ttached. · · · · 
. . . 

Note: The shipping stands were fastened at the time ofthesirivey, which made the location of the sections: : · 
. easier •it:>: ideritify. The GC ·chamber tin. both units werci itf th~:open position during th~ survey, a readirig : . was recorded on the ittside of the chamber:. : . . . . . . . . 

. Equipri:ierit :usecl:_ 

Meter• 

· Vk:toreen 471 
Bicron $urvl;lyor 2000 

. :SerialNiimber 

1432 
i\M4Q 

Calibration Date' : . · · 
... 

· : O~tober i2 1999 
November~S 19?9. -



GC3000 SIN: 119 
Surface: Top 

Description 
L.F. Quadrant 
R.F. Quadrant 
R.F. Quadrant 

Over Plate 
L.B. Quadrant 
R.B. Quadrant 
Over Chamber 

0 

BACK 

I 
I --------------r--------------

0 
0 

1 
I 
I 
I 

FRONT 

8 
Figure 1. GC3000 Radiation Survey Top. 

(0 

0 

Contact Read" 1 ter Read" 
Location Victoreen (mR/h) Bicron (mR/h) Victoreen (rnR/h) 

A 0.0 0.10 0.26 
B 0.0 0.15 0.40 
C 0.0 0.01 0.18 
D 1.0 0.03 0.42 
E 2.0 1.00 0.52 
F 2.2 1.20 0.52 
G 16.0 30.0 0.50 

Table 1. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.50 
0.50 
0.40 
0.62 
0.60 
0.65 
0.60 



GC3000 S/N: 119 
Surface: Bottom 

0 0 

FRONT ....... .. ..... .. ~ .... ... , ....... ............ ......... .. 

8 
Figure 2. GC3000 Radiation Survey Bottom. 

Contact Read· 1 ter Read· 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L.B. Quadrant A 0.0 0.05 0.0 
U.B. Quadrant B 0.0 0.04 0.0 
U.F. Quadrant C 0.0 0.14 0.0 
U.F. Quadrant D 0.0 0.04 0.0 
Under Chamber E 0.0 0.03 0.0 

Table 2. GC3000 Radiation Survey Readings. 

0 

Bicron (mR/h) 
0.03 
0.03 
0.04 
0.01 
0.02 



GC3000 SIN: 119 
Surface: Back 

TOP 

0 0 
············· ····· ······ ··· ················ ·········· · ··· ······················ ···· · u- ··T···u · 

0 0 

BOTTOM 
Figure 3. GC3000 Radiation Survey Back. 

on ac ea me C t tR d. 1 me er ea mg t R d" 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L.T. Quadrant A 28 30 1.0 
R.T. Quadrant B 40 40 2.0 

Front Plate C 70 80 2.4 
Under Plate D 62 100 2.2 

R.T. Quadrant E 30 30 1.4 
R.B. Quadrant F 20 30 2.0 

Table 3. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
1.3 
2.0 
3.0 
3.0 
2.0 
2.0 



GC3000 S/N: 119 
Surface: Front 

Chamber in 
Ooen oosition 

TOP 

BOTTOM 
Figure 4. GC3000 Radiation Survey Front. 

C t tR d. on ac ea mg 1 meter R d. ea mg 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L. T. Quadrant A 0.0 0.01 0.0 
RT. Quadrant B 0.0 0.01 0.0 
L.B. Quadrant C 0.0 0.01 0.0 
RB. Quadrant D 0.0 0.01 0.0 

Inside Chamber E 0.0 0.09 0.0 

Table 4. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.02 
0.02 
0.02 
0.00 
0.02 



GC3000 SIN: 119 
Surface: Side A 

Radiation label 

TOP 

BOTTOM 
Figure 5. GC3000 Radiation Survey Side A. 

C t tR d. on ac ea m2 1 t R d. me er ea m2 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L.B. Quadrant A 1.0 1.5 0.22 
L.B . Quadrant B 0.3 0.5 0.10 
R.T. Quadrant C 0.0 0.1 0.00 
R.B. Quadrant D 0.0 0.1 0.00 

Table 5. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.50 
0.30 
0.04 
0.03 



GC3000 SIN: 119 
Surface: Side B 

8 

TOP 

·································································+·····················································•·· ····························· ····················+··············································································· 

BOTTOM 
Figure 6. GC3000 Radiation Survey Side B. 

C t R d" on act ea mg 1 meter R d" ea mg 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (rnR/h) Bicron (mR/h) 

L.T. Quadrant A 0.0 0.2 0.00 0.03 
L.B. Quadrant B 0.0 0.3 0.00 0.03 
R.B. Quadrant C 1.4 2.0 0.22 0.45 
R.T. Quadrant D 0.9 1.0 0.22 0.40 

Table 6. GC3000 Radiation Survey Readings. 



GC3000 SIN: 120 
Surface: Top 

C ontact 
Description Location 

L.F. Quadrant A 
R.F. Quadrant B 
R.F. Quadrant C 

Over Plate D 
L.B. Quadrant E 
Over Chamber F 
R.B. Quadrant G 

BACK 

I 
I --------------r--------------
1 
I 
I 
I 

FRONT 

Figure 7. GC3000 Radiation Survey Top. 

R d" ea mg 1 
Victoreen (mR/h) Bicron (mR/h) 

0.0 0.12 
0.0 0.11 
0.0 0.03 
1.2 0.50 
1.9 2.00 

18.0 30.00 
1.8 2.00 

meter R d" ea mg 
Victoreen (mR/h) 

0.40 
0.40 
0.10 
0.40 
0.50 
0.45 
0.40 

Table 7. GC3000 Radiation Survey Readings. 

Bicron (m.R/h) 
0.70 
0.60 
0.45 
0.60 
0.70 
1.00 
0.90 



GC3000 SIN: 120 
Surface: Bottom 

FRONT ......................................... . . .................. .. ............... .... BACK 

Figure 8. GC3000 Radiation Survey Bottom. 

C t on act R d" ea mg 1 meter R d" ea mg 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L.F. Quadrant A 0.0 0.02 0.0 
U.F. Quadrant B 0.0 0.04 0.0 
U.F. Quadrant C 0.0 0.20 0.0 
U.F. Quadrant D 0.0 0.09 0.0 

Under Chamber E 0.0 0.04 0.0 

Table 8. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.02 
0.30 
0.03 
0.03 
0.02 



GC3000 SIN: 120 
Surface: Back 

TOP 

0 0 
... .................................................. ................. ···································o- ····1······0-································· 

---+-----+-----------! 
0 0 

BOTTOM 
Figure 9. GC3000 Radiation Survey Back. 

C t tR d. on ac ea mg 1 t R d. me er ea mg 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h) 

L.T. Quadrant A 19.0 30.0 1.5 1.5 
R.T. Quadrant B 18.0 30.0 1.2 2.0 
L.T. Quadrant C 21.0 40.0 2.2 3.0 

Front Plate D 70.0 90.0 2.5 3.0 
R.B. Quadrant E 16.0 20.0 2.1 3.0 
Under Plate F 70.0 100.0 2.6 4.0 

Table 9. GC3000 Radiation Survey Readings. 



GC3000 SIN: 120 
Surface: Front 

Chamber in 
Ooen oosition 

0 

TOP 

BOTTOM 
Figure 10. GC3000 Radiation Survey Front. 

on ac ea 102 C t tR d" 1 me er ea me; t R d" 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

R.T. Quadrant A 0.0 0.02 0.0 
Inside Chamber B 0.0 0.30 0.0 
L.B. Quadrant C 0.0 0.03 0.0 
L.B. Quadrant D 0.0 0.02 0.0 

Table JO. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.02 
0.03 
0.03 
0.02 



GC3000 S/N: 120 
Surface: Side A 

0 

TOP 

BOTTOM 
Figure 11. GC3000 Radiation Survey Side A. 

C t tR ct· on ac ea m2 1 t R ct· me er ea m2 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L.T. Quadrant A 0.70 2.00 0.10 
R.B. Quadrant B 0.00 0.05 0.00 
L.B. Quadrant C 0.30 1.50 0.00 
L.T. Quadrant D 0.05 0.30 0.00 

Table 11. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.18 
0.04 
0.15 
0.05 



GC3000 SIN: 120 
Surface: Side B 
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Radiation label 

TOP 

BOTTOM 
Figure 12. GC3000 Radiation Survey Side B. 

C ontact R d" ea mg 1 meter R d" ea mg 
Description Location Victoreen (mR/b) Bicron (mR/b) Victoreen (mR/h) 

L.T. Quadrant A 0.00 0.30 0.0 
L.B. Quadrant B 0.00 0.30 0.0 
R.T. Quadrant C 0.70 2.00 0.0 
R.B. Quadrant D 0.20 0.30 0.0 
R.B. Quadrant E 0.00 0.04 0.0 

Table 12. GC3000 Radiation Survey Readings. 

Bicron (mR/b) 
0.03 
0.03 
0.40 
0.13 
0.04 
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Introduction: 

GC3000 sin 119 was subjected to a 9m drop test with no protective overpack. The unit was dropped inverted, and as a 
result of the impact, the steel shell and lead shielding were deformed. 

The initial attempt to remove the shielding plug, shortly after the drop test, was unsuccessful. The impact of the drop 
test caused the lead to slump, and the shielding plug was jammed. The weight of the entire GC3000 shield (2200 lb), 
was not enough to pull the plug free. 

The next attempt to remove the plug was successful. The GC3000 was loaded in an intra-site shipping frame, and the 
frame was clamped to the floor. A 5-ton hoist was used to pull out the plug. The shielding plug cavity was inspected 
and a bulge was identified closest to the centreline of the GC3000 shielding head. The source holder containing the 
dummy sources was also jammed. It was removed in the same way. A bulge was identified closest to the centreline of 
the GC3000 shielding head, about 5 cm down from the top of the source cavity. The GC3000, the source plug and the 
source holder were machined in order to remove the interference in order to facilitate re-assembly. The amount of steel 
removed from each part was approximately 2 mm. 

The post-drop test survey is similar to the test survey conducted before the drop test, on 1999 September 27. The 
measurement locations are the same as those surveyed before the drop test. 

The GC-3000 s/n 119 was loaded with two Caesim-137 sources, Model C-3001, as described in Table 1. 

Table 1. C-3001 Measured Activity 

Source Serial Number Source Activity Measurement Date 

Al493 53 .13 TBq (1 ,436 Ci) 2002/05/24 

A1501 53.28 TBq (1 ,440 Ci) 2002/05/24 

The sources were loaded as per GC-1000 and GC-3000 Loading Procedure CO-C6/0P-0009 (7) in Cell 06 within Ion 
Technologies Operations, MDS Nordion, Kanata on 2003 January 9. The GC-3000 was fastened in its intra-site 
shipping frame and was placed on the Levelator for the survey. The radiation survey was performed on 2003 January 
10. The source activities as of the survey date are listed in Table 2. 

Table 2. C-3001 Decayed Activity 

Source Serial Number Source Activity Reference Date 

Al493 52.4 TBq (1415 Ci) 2003/01/10 

Al501 52.5 TBq (1419 Ci) 2003/01/10 

The GC-3000 was surveyed with two calibrated instruments as outlined in the Radiation Integrity for New Transport 
Packaging Procedure CO-QC/TP-0001 (2) . The measurement error for the readings is+/- 5%. Each face (top, bottom, 
front, back, left and right side) of the GC3000 was divided into four quadrants. The highest reading for each quadrant 
was recorded. 

Note: The shipping frame defined each of the quadrants. The square top frame was bolted to the top of the GC-3000 
and partially obscured points F and Don the top of the GC3000, as was the case with the pre-drop test survey. The 
shipping adapter was fastened to the top of the rotor during the survey. This also limited the proximity of the meters to 
the surface of the radiation shield during the survey. No chamber guard was affixed to the GC3000 at the time of the 
radiation survey. The chamber was in the Load position. 



Equipment: 

Meter Serial Number Calibration Date Calibration Due Date 

Victoreen 471 1432 2002 Sept 17 2003 Sept 17 

Bicron Surveyor 2000 C311H 2002 Dec 22 2003 Jun 22 

Results: 

The measurements results are listed in Tables 3 through 8. 

Conclusion: 

The measurement data shows that there was no significant increase in the radiation fields from the GC3000. It is found 
that after the drop test, the integrity of the shielding material remained intact and radiation fields levels are well below 
regulatory limits. · ·· 



GC3000 SIN: 119 

Surface: Top 

Description 

L.F. Quadrant 

R.F. Quadrant 

Front of Plate 
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Figure 1. GC3000 Radiation Survey Top. 

Table 3. Radiation Measurements on Top of GC3000 s/n 119 

Contact Reading Reading at lm from Surface 

Location Victoreen (m.R/h) Bicron (mR/h) Victoreen (m.R/h) Bicron (mR/h) 

A 0.7 0 0.5 0.8 

B 0.3 0 0.5 0.8 

C 0.2 0 0.5 0.8 

D 2.0 0.5 0.5 0.8 

E 3.0 0.4 0.6 1.0 

F 2.0 0.4 0.6 1.0 

G 13 30 0.6 1.1 
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Figure 2. GC3000 Radiation Survey Bottom. 

Table 4. Radiation Measurements on Bottom of GC3000 s/n 119 

Contact Reading Reading at lm from Surface 

Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h) 

Left Side A 0.0 0.0 0.0 0.0 

Right Side B 0.0 0.0 0.0 0.0 

Front C 0.0 0.0 0.0 0.0 

Front Centre D 0.0 0.0 0.0 0.0 

Under Chamber (Back) E 0.0 0.0 0.0 0.0 
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Figure 3. GC3000 Radiation Survey Back. 

Table 5. Radiation Measurements on Back of GC3000 s/n 119 

Contact Reading Reading at Im from Surface 

Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h) 

R.T. Quadrant A 27 25 2.0 2.0 

Top Centre B 10 13 2.0 2.0 

Face of Plate C 58 75 2.2 3.5* 

Bottom of Plate D 60* 90* 2.4* 3.0 

L.T. Quadrant E 6 3 2.0 2.0 

Bottom Centre F 25 50 2.0 3.0 

* denotes exact location of maximum reading measured over entire area. 
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Figure 4. GC3000 Radiation Survey Front. 

Table 6. Radiation Measurements on Front of GC3000 s/n 119 

Contact Reading Reading at lm from Surface 

Location Victoreen (mR/h) Bicron (mR/h) Victoreen (rnR/h) Bicron (mR/h) 

A 0.0 0.0 0.0 0.0 

B 0.0 0.0 0.0 0.0 

C 0.0 0.0 0.0 0.0 

D 0.0 0.0 0.0 0.0 

E 0.0 0.0 0.0 0.0 



GC3000 SIN: 119 
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Figure 5. GC3000 Radiation Survey on Left Side. 

Table 7. Radiation Measurements on Left Side of GC3000 s/n 119 

Contact Reading Reading at lm from Surface 

Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h) 

L.T Quadrant A 0.1 0.5 0.0 0.0 

L.B. Quadrant B 0.3 0.3 0.0 0.0 

R.T. Quadrant C 0.0 0.0 0.0 0.0 

R.B. Quadrant D 0.0 0.0 0.0 0.0 
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Figure 6. GC3000 Radiation Survey Right Side. 

Table 8. Radiation Measurements on Right Side of GC3000 s/n 119 

Contact Reading Reading at lm from Surface 

Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h) 

L.T Quadrant A 0.0 0.0 0.0 0.0 

L.B. Quadrant B 0.0 0.0 0.0 0.0 

R.B. Quadrant C 0.4 0.6 0.0 0.0 

R. T. Quadrant D 0.3 0.2 0.0 0.0 
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Radiation Survey After Drop Test 
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Radiation Survey After the Drop Test 

After the regulatory drop test, there was minimum to zero deformation to the shielding material. The 
GC-3000 has undergone modifications since the drop test, therefore there are shielding variations between 
the before and after drop tests. 
This survey is similar to the before drop test survey conducted on 1999 September 27, the target points 
initially surveyed on the before drop test were surveyed again on the GC-3000 after the drop test. 
The GC-3000 s/n 120 was loaded with two Caesim-137 sources: 

GC-3000 SIN Source SIN Source Activity (1) 
120 All85 1447 Ci 
120 Al 188 1445 Ci 

Sources were measured 1999 September 07, each cesium source contains three powder form caesium-137 
capsules, which are then double encapsulated in one C-30001 source, drawing number: GA61600 (refer to 
QC Source Document). The sources were loaded as per GC-1000 and GC-3000 loading procedure CO
C6/0P-0009 (7) in Cell 06 within Industrial operations, MDS Nordion, Kanata on 2000 November 20. 

The GC-3000 was surveyed first in accordance with procedure IN/IM 0209 GC3000E (6). The reading and 
location of high activity readings " Hot spots" are listed. The GC-3000 was surveyed on 2000 November 
22, the decayed source curie content to survey date: 

GC-3000 SIN Source SIN Source Activity (1) 
120 All85 1407 Ci 
120 A1188 1405 Ci 

Total: 2812 Ci 

The GC-3000 was placed on the elevator for the survey, the GC-3000 had it's shipping stand fastened at the 
time of the surveys. 

The GC-3000 was surveyed with two calibrated instruments as outlined in the Radiation Integrity for New 
Transport Packaging Procedure CO-QC/TP-0001 (2) which met or exceeded radiation requirements listed 
in Functional and Final Assembly Inspection of the GC-3000 Elan procedure IN/IM 0517 GCI000/3000 
(8) and Radiation Survey Report for the GC-3000 Etan IN/IM 0209 GC3000E (6). Based on the type of 
instrumentation and the last calibration data, all readings would be within+/- 5% of the actual. Each 
section top, bottom, front, back, Side A&B of the GC was divided into four areas, the highest reading for 
each location on the GC-3000 was recorded, see attached. 

Note: The shipping stand was fastened at the time of the survey, which made the location of the sections 
easier to identify. A square steel frame was bolted down to the top of the GC-3000 at the time of the 
survey which partially covered points F and D. The shipping adapter was fastened to the top of the 
chamber during the survey, this will affect the result of the radiation field . A 3/8" thick plate was fastened 
to the front of the GC-3000, the plate covers the opening of the chamber, couldn't identify whether the 
chamber was open or closed at time of survey. 

Equipment used: 

Meter 
Victoreen 471 

Bicron Surveyor 2000 

Serial Number 
1368 

A054Q 

Calibration Date 
December 20 2000 

May 2 2001 

Cal. Due Date 
January 20 2001 

November 2 2001 



Conclusion 

After the review of the survey results, there are no measurable shielding concerns with the GC-3000. It is 
found that after the drop test, the integrity of the shielding material remained intact and radiation fields 
levels are well below regulatory limits. 
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Figure 1. GC3000 Radiation Survey Top. 

ontact R d" ea mg 1 
Victoreen (mR/h) Bicron (mR/h) 

1.3 0.6 
1.1 0.7 
1.2 1.5 
13 20 

0.26 0.04 
1.4 0.4 

0.24 0.05 

meter R d" ea mg 
Victoreen (mR/h) 

0.8 
0.76 
0.6 
0.7 
0.4 

0.52 
0.58 

Table 1. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.5 
1.0 
0.8 
0.5 
0 .6 
0 .8 
0.7 



GC3000 SIN: 120 
Surface: Bottom 
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Figure 2. GC3000 Radiation Survey Bottom. 

C ontact R d' ea m2 1 meter R d' ea m2 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L.F. Quadrant A 0.1 0.03 0.22 
U.F. Quadrant B 0.18 0.05 0.2 
U.F. Quadrant C 0.2 0.09 0.22 
U.F. Quadrant D 0.28 0.01 0.2 

Under Chamber E 0.2 0.04 0.18 

Table 2. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.05 
0.04 
0.07 
0.04 
0.08 
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Figure 3. GC3000 Radiation Survey Back. 

C t tR d. on ac ea mg 1 t R d. me er ea mg 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L.T. Quadrant A 7.0 7.0 1.6 
R.T. Quadrant B 8.0 6.5 1.8 
L.T. Quadrant C 14 20 2.2 

Front Plate D 64 65 2.5 
R.B. Quadrant E 6.2 9.0 2.2 
Under Plate F 50 90 2.4 

Table 3. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
2.0 
2.0 
2.5 
2.0 
2.0 
2.0 
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Surface: Front 

3/8" Plate covering 
chamber. 

0 

Description Location 
R.T. Quadrant A 

Inside Chamber B 
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L.B. Quadrant D 

TOP 

BOTTOM 
Figure 4. GC3000 Radiation Survey Front. 

C t tR d" on ac ea m2 1 t R d" me er ea m2 
Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h) 

0.01 0.0 0.02 0.07 
0.02 0.05 0.02 0.08 
0.02 0.07 0.02 0.06 
0.02 0.07 o.oi 0.06 

Table 4. GC3000 Radiation Survey Readings. 
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Description Location 
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Figure 5. GC3000 Radiation Survey Side A. 

on ac ea me: C t tR d' 1 me er ea mg t R d' 
Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) Bicron (mR/h) 

0.6 1.1 3.6 0.5 
1.0 0.4 1.2 0.0 
0.8 0.3 3.0 0.3 
1.8 0.02 1.0 0.0 

Table 5. GC3000 Radiation Survey Readings. 
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Figure 6. GC3000 Radiation Survey Side B. 

on ac ea m2 C t tR d" 1 meter R d" ea mg 
Description Location Victoreen (mR/h) Bicron (mR/h) Victoreen (mR/h) 

L.T. Quadrant A 0.24 0.12 0.2 
L.B. Quadrant B 0.3 0.12 0.2 
R.T. Quadrant C 0.7 1.4 0.2 
R.B. Quadrant D 0.4 0.1 0.2 
R.B. Quadrant E 0.3 0.03 0.2 

Table 6. GC3000 Radiation Survey Readings. 

Bicron (mR/h) 
0.3 
0.5 
0 .6 
0.16 
0.15 
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1. INTRODUCTION 

A-17048-TN-2 
Rev. 0 
Page 1 

Vertical drop tests were performed on two MDS Nordion test specimens, a bare GC-3000 
irradiator and a second GC-3000 irradiator inside its transport container (steel drum), on 
October 14, 1999, at the AECL drop test facility located at Chalk River, Ontario, Canada. 

These tests were witnessed by representatives from MDS Nordion and Menova Engineering. 

Five drop tests were performed, in a variety of orientations. An accelerometer was installed 
on each test specimen to record deceleration data. 

Visual records were made using a normal video camera, high-speed film camera 
(500 frames per second), and still camera. Brief qualitative field observations were recorded 
by the AECL engineer (R. Birchall) after each drop test, and are part of this document. 
Detailed quantitative and qualitative observations were recorded after each drop test by 
MDS Nordion and Menova Engineering personnel, as witnessed by the MDS Nordion Quality 
Assurance engineer, and are not part of this document. 

This report references the photographic record, print numbers 9910-23698-1 and 
9910-23698-85 to 9910-23698-107. The high speed film transfer to AVI file format is 
referenced by filenames shotj .avi to shotn.avi. 

2. REFERENCES 

MDS Nordion document: 

Drop Test Plan for Removable Plug on GC-3000, IN/TP 1559 GC3000 (1) 

3. FACILITIES 

AECL (Atomic Energy of Canada Limited) maintains a drop test facility at Chalk River 
Laboratories (CRL), located at Chalk River, Ontario. The drop test tower is 65 ft high; the 
maximum drop height is 50 ft. The impact target has a surface area of 48 ft2

• 

The impact target consists of a steel plate mounted on a concrete pad with a total mass of 
approximately 80 ton. The entire target is embedded in granite bedrock to provide an 
essentially infinite mass. The steel-reinforced concrete pad is 10 ft by 10 ft by 10 ft deep with 
a compressive strength of 5000 psi. The steel plate is 8 ft by 6 ft by 4 inches thick, 
ASTM A203 Grade E. Tapped holes are provided in the top plate for the installation of a high 
strength plate and puncture pin for impact testing. (Ref.: AECL Dwg. E-4511-2002). 

The puncture pin was supplied by MDS Nordion. 



4. TESTING 
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Note on test numbering: These drop tests were done immediately after testing of the 
MDS Nordion F-430 (nine drop tests), and the original test numbering (starting at Test No.IO) 
has been retained. 

Test No. 10 

Conditions: 

Drop height = 9m 
Orientation: Inverted drop of bare GC-3000 
Time of drop: 10:30 AM, Oct. 14, 1999 

Photographic record: 

9910-23698-85 Bare GC-3000, pre-drop. 
9910-23698-86 to Bare GC-3000, post-drop. 
9910-23698-87 

Field observations: 

1. Depressed top surface [as per photographic record]. 

2. [Sample chamber] plate came off. 

3. Bolts flattened [as per photographic record]. 

4. Lifting rings bent [as per photographic record]. 

Deceleration record: 

The trace for Accel #7228 shows a deceleration peak of 180 g. 



Test No. 11 

Conditions: 

Drop height = Impact zone lm above top of pin 

A-17048-TN-2 
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Orientation: Oblique angle pin drop of GC-3000 inside the Transport Container 
Temperature: 3.6 °C 
Time of drop: 11 :30 AM, Oct. 14, 1999 

Photographic record: 

9910-23698-1 Verification of length of steel rod. 
9910-23698-88 GC-3000 inside the Transport Container, pre-drop. 
9910-23698-89 to GC-3000 inside the Transport Container, post-drop. 
9910-23698-94 

Field observations: 

1. Lid did not come off. 

2. Lid retaining bolt pushed in as per photographic record. 

3. Skid bent. 

4. Pin hits first [before the skid hit ground] . 

Deceleration record: 

The trace for Accel #4713 shows the first deceleration peak of -14 g when the container 
hits the pin, and a second deceleration peak of -38 g, occurring 0.0159 seconds later, 
when the skid hits the ground. This interval can also be seen in the AVI file (shotk.avi) 
in Frames 228 to 234. 



Test No. 12 

Conditions: 

Drop height = 9m 

A-17048-TN-2 
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Orientation: Oblique angle (65°) drop of GC-3000 inside the Transport Container 
Temperature: 4.5 °C 
Time of drop: 1:10 PM, Oct. 14, 1999 

Photographic record: 

9910-23698-95 GC-3000 inside the Transport Container, pre-drop. 
9910-23698-96 to GC-3000 inside the Transport Container, post-drop. 
9910-23698-102 

Field observations: 

1. Top section of drum [upper crush shieldJ depressed as per photographic record. 

2. Lid did not come off. 

3. No new openings in drum. 

Deceleration record: 

The trace for Accel #4 713 shows a deceleration peak of 56 g. 
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Test No. 13 " ..... . 

Conditions: · : • 

·: Pllofographic record:: : : . • .. 

: : Fielcl. observation~.: 

' i. lmpa~t'[target] on lid bolt: 
• : · • : L M_issed pm; [Test rel/one as ·restNo, 14] 

· Decelera~ion re.cord: · · 

. . . . . . : J'he :trace for Acee PM 711 shcrws a deceleta~ion peak of4lg tvllen the skid hits the : 
ground; ' ...... . 

Test No~ 14 

.. 

. Conditions::• • · · 

PhotogratpJi:~~ record: 

·: '-9l0"'.l3698-104 to : : : ::<:~~-3000 insidf tij¢ ';fransport Coµ.tatn~r, post-drop._:; 
99i0~23698-107 · 

:. • .Field.Qbservation~: ... 
. " . . . ' . . . 

: [No-h'e.made'. . Lid didndt:coll_'le oft.as p~t:photographit; recJrd.f 

: . · : : . Deceleration record:. 

· The trac1. for Accel #47i3 shows the_ first deceieration p~ak of 17 g'when -the contain~r' 

.. 

hits the ptn,A:ri.d a. second dece1¢t~Hpµ peak of 4o' g,: qcchrring o.os 13: se~~nds later, wheii , = · 

. : the skid hits the gr()un(l: . Thfs iri.tervalcali_also:be seen in tile 1\Vl file (shotn.avi) in. 
: Frarrie.s 169 to 207 .: 
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DEC:EL.ERATION MEJ\8:tJilEMENT D{!RING DROP TES:I'S OF 
· · ·. ·: :two GC-3000 IRRADIATOR TEST SPECIMENS··. 

,. . ·- .. . . . ,. 

John Trt):inp, Vfbration and;Tn~oJogy Unit : : 
. .. .. . ., . . 

1. ·INTRODUCTION· · 

. .. . .. . .. 
Imp;ict:tests were condµcted on two MDS Nordfon: test specim¢tis; :.;i: J)ii)ie GC-3000ji:ra.dhitor 

. . . ~d a =sec6nd qc.30,00 1midiator i11sid~ its transp6rt:ccmtainer.. The: Vibn~tion and Tribofogy .. 
. : : · : •Unit was asked ~o gat~er data during the fmpact of these :Packages to add:res~ :sti:uctural 

:. : concerns: All'diops were perfonned as requested onto aiiuriyielding.surfaceusing various. 
orientatjQIJ.~! · · · · 

.. 

2. •: INSTRUMENT A ti ON:·. 

. . - . . . . . 

: •• : : :The packages :were instrumented with low impedance =ac~elerometers, capable of measuring 
... isoo g:a:nd·witbstanding· a:~ho~k load ofsooo g: The acceierornet~OD$ide tlie tran~poct > . : 

contaµiet:was.tested p~or:to hlotlllting it in th~ p~ckage,to verify its 6petatio1,1,, sin~e ihvould .. 
· : not be accessible: for =replacemenf once :th~ package was: ()lose4. After the tr~nspoit container•: 

''' : was closed, the accelerometer was again tested .for signal integrity before the drop 'test..' . ' ' 
Deceler,atioµ signals were:~tqreq. on a mutti:.'ch~np.il:tape record~r•(TEAC model XR70QQ,. :: 

••. · •. QA# 456~26~) f<>t:later analysis.: ;Figure # i ·shows tlle QQ,-3000 inside .its ttttnsport contaJrier 
: : •. : and th~ placement of the ac:celeroineter; :and. Figure # 2 shows tl:te lJar~ GC-3000 an<i. the 

placement of the accelero,R1et~r.. . 

· ·· ·· · 3;· CALIBRATION: 

' . ,.. . .. , ... 

: :All acceleronieters:were calibrated before ·and after the drops. · A hand-held shaker 
" : (B~KQ:Llil;>ratiori Exciter Type 4294; QA# FS 1217) wtis: used as an. ex,citatior{source. This .. 

shaker: yibtates at 159 .0 Hz, •a~d.JJroduces an ac¢ele'ration level df t:p \i{ :Each accel~roµi~t¢1'. 
••. · : ·'Yas mounted on the· shaker ·and ccmn~o.ted to ·au amplifier_ (Kistler· Dual M;ode ModeI'.5010, . 

: :QA # 456-239). : The :accelerometer:sensitivity setting was adjusted and the. output voltage 
measqred:using a voltn:i~tir(Keith}ey MultipiitetModel 2001, :QA #;;135871). Reslil~;ar¢': .· 

.. li~ted {rt Table .#.1.in the ~iii f'ti@d'. columns.· Thtfsensitivity settiiig w~s then cha,nged :tiil=the . 
: ; : •• :d11tput read LOO:Volt~. The resuliing:seri~itivity was then rioted in the 'as:le~' :c.o.fomn of 

· ·Table# L'Thisprocedure was:repeated in partand.docririierited :in Table# 1, fo verify the. 
~~n4it1()ii pf: the accelero,;rieters: after the drop$\v~r~: completect' . . . . . : : . . .. 

: · • ·calibration Certificates: for the instruments used ~e attached in Appendix 2: • · .. 

... . 

.. . 



.. ... 

·.••Table# i:\<tccelerometetCalibr.ation. 

. . . 
• A:-17.048.-TN-2 · 

•:·Rev.O 
·pa:ge:7 

Accel~ro!J1eter · · · Sensitivity . . . .Date of Caliblcltion l'J!easured·Acceleration (g's) Date of Calibration Measured Accelerati!)n (g's} 
.(~er)a1}#) (mV/g): : .. (before drop test>: · • .(after drop test) • · . . . . . 

asfou.nd as·leff · as found- . as left· 

7228 ::. 2:22: 2.10 '99/09/30 0.95 ... .. 1.00 .. " .. 
--4713· 2.02 I .1-9t 99/09/30 :• .. :'0.95 :~w -

. . . 
4 .. ::TEST'RESULTS:: 

. . . 

. , ... ' . '' .. ' 

99/:11104: .. .. .. 

99/11/04 

.. 
' ... ·- -

•:o.gs_ 
0.99 · 

The: signals stored on tape :c9ntain both the deceleration frequency ind all natural frequencies 
. o(ail.parts.of~h¥ pa~k:age:ancict:u1te~t$ ~xciteii:on:impact .. Na,ttira1:frequ~ijci~~ are usually.·: . 
: ;higher frequericices 11aying higher amplitticles and should th~refore be filtered out to reveal the • 

: : tiue:deceJ.eratiori frequency .. ~twas determined; by using various filter settings, that anything 
above :(i4-0. Uz showed the~¢ n~~· i:requericies; '.:: .• 

· · · • !AaA Sa.fety Series No,37, ParE:lgraph A:.601.14., suggests a cut-off fyequen2y tarige of . . . 
. . . . . • • . . . . . . . 1/3 . . • . . . . . . . . . 

lOO•to)qq·IIz, rnult1phed: l>y a factor (I QO/m): . ; \Vhere m = mass of p~ckage [Mg]. :As:p~r 
. . • this guideline:. 

···. nareGC-3000::· . (l00to200Hz) :~ (100/L04Mg)1/3 
. =::. 458.Hz:to 916.Hz. 

GC.:.3000in container: .{100 to 200 Hz) ·x (I.OOil.50 Mg)113 ~ 405 Hz to s1o•Hz: : 
\ Therefore the 64:0 l:lz filter setting f~ll!~ .within the IAEA: s~g~ested range;: 

. . . . . . ' . ' . . ... 

The•rec:oided data was a:nalyze4:using aLabV~'\Vprogram which~~~.~dapted from a::,-. 
: .prevfously·develop.ed-pro·gram. This program was verified·by-arialyzing a previous drop test, : 

: : : ·where results' were )\~quired using a• sfqp qhart recorder :€th~ traditional m~tp.Q~t : • : . 
Th~ graplJs on pages It~ 15 .sliow the signals ~ftet being filtere<f s0: that ·anything ab<>v~ .. : · .• · • 
640 .Hz :is eliminated .. 

. . . AnaJog qat~ froni'th~ tape rey_or9er Wa~ fiit~red -q~iµg a'Natiorial :(nstn,nneilt scxi~ ll 41 ·:. · .. · 
configiirable 8-channef~llipt~c lowpass filtel\ the:filter was conn:e~t~4:to a data acquisith?n 

.·::card (National histruments type AT-:-M10;.l6E-10) insfaged in:a Dell personalconiputer. The:· 
: digital. sampling rate -is .8.00.0. samples/seccmd. .D.at.a provided in E¥el file foiniat is referenced . : .. 
by fil~11aii1~$ "Drop # i O.~Jsi• •. ,9 "Drop # i4.0ls'' ; ·. · · · · · · 

Table # 2 is a '.sllllimlll'Y of the deceleration data. 
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Tald~ # 2: Summary of l\tiaximum'.M,~~~ured Decelet~don 
· · ··· ·· · · · of Drops:il:1.0 to #14 · · ·· · · · · 

· ·· ·· · [g'S] 

: Accelerometer : . 
: · · : : . : :Location 

Bare GC,-3000 
.. -:(st.J"fl!if . 

Accelerometer Qrop : . Drop 
(Serial#) :#.10 . #11 

· .·7228 

Prop : · ···Drop 
#12 :· : #13 

" ... : : : GC-3QOO i!')side . 
transport .container 

(SNJ20L: .. 
< -38 · . 56 

· ::: K;;rop # 10: 9m 1nyertecl drop of bare c;;¢~~Q0Q;: 

Drop# t1: : . • Oblique angle pin drop_ of GC-3000 inside_ the Transport Containe_r. : : · 
. . . . -·· .. 

Drop .. ::: 
#14: 

17 

D.rop# fa: . . ~m oblique :angle .(65°) drop ~f GC-3000 friside the Transpo:rt c·ontainer. : . · 

Drop f#_1~: . 'Sid(f piri drop of <3C-~OOO inside the J~al)sport Contafner;. (MiSSE!d the pin) : •. 

Drop# 1.4:: : .. : .Side pin drop of<3C-;3000 inside the Trarisport.~ontainer. 

· 5) ... COMMENTS 

. - . . . 

: . : The first deceleration graph (Page l 0) shows the signal for the bare GC-3()00: drop. The next:. 
. : : four d¥~elerat1on.: gtaph~ .(Pages 1 i ...,.;i4f show tll.e signals forthe OC-:3000 •insid~: its,tra11spoq : 

contai11e( : : . . . . . . . . . . . 

.. .. . 
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Figure _#2.: Bare GC-3.000. 
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: . CALIBRATION CERTIFICATES . 

DescripUo:n • · : M~!(e and Model 

:Multi:-~l:l~nher·ta·pe re~rder·.-: 'TEAC.Mot;el·Xij7_000. . . 

•• ' ' >. 

Hand-held sh~ker:: : B~K:G~libration Exciter TYi:>~4294 

• VQltmefer Keithley Multime.ter Model 20M: 

· A::1704.8.-TN-2 
Rev.O 

· · Page 1s 

' A~Ct:. tlA Number 

. #456:.26&· 

·: #:f$ :ri:11 

#B5871 



957-10896 
Work Order Number 

Certificate of Calibration 

Issued to: 

AECL-CHALK RIVER LAB 
CENTRAL WAREHOUSE 
BLDG 457 

CHAULK RIVER, 
KOJ lJO 

Calibrated by: 
Calibrated Date: 

-i Recall Date: 

ONT, CAN 

Don Cleveland 
June. 24, 1999 
June 22, 2000 

Description: DATA RECORDER 

Manufacturer: TEAC 

Model #: XR-7000 

Serial #: 772733 

Asset #: C00021 

Procedure: SEE DATA SHEET 

Cal. State: AS FOUND 

This certificate attests that this instrument meets or exceeds published specifications for the parameters tested and has been calibrated with 
standards traceable to one or more of the following: National Institute of Standards and Technology (NIST), the National Research Council (NRC), 
fundamental or natural physical constants with values assigned or !!Ccepted by NIST or NRC, ratio type or self calibration techniques, comparison to 
consensus standards. Evidence of traceability is on file at our metrology laboratory. The calibration environmental conditions are as recorded. The 
collective uncertainty of the measurement standards used do not exceed 25% of the applicable tolerance for each characteristic calibrated unless 
otherwise stated. The results documented in this certificate relate only to the item(s) calibrated or tested. Calibration interval assignment is the 
responsibility of the end user, when not specified Canadian Instrumentation Services Group will assign an appropriate calibration interval. This 
certificate may not be reproduced, except in full, withoutthe written approval of Canadian Instrumentation Services Group. 

The measurement standards used for this calibratioh are supported by a quality system which meets the intent of ISO/IEC Guide 25 and the 
requirements of-ISO 9002-1994- (OMI Certificate #002612) and the CISG QA Manual Rev.1.1. 

Standards Used: 

Tool # Description 

ST244560 PRECISION DMM 

ST299961 CALIBRATOR 

Issue Date: June 2 4 , 19 9 9 

Calibration Due 

October 14, 1999 

February 28, 2000 

.... \\11 s, .. ,. 
~~'"''"o"' 

~®' ~ ~ 
Approved By: ~~~ 

1091 Monaghan Road• Peterborough, Ontario K9J 5L4 • Phone: 705°748-5225 • Fax: 705-748-4559 • 1-800-419-3419 • Website:www.cisg.net/i 



West Caldwell Calibration Laboratories Inc. 

Certificate of Calibration 
for 

DUAL MODE AMPLIFIER 

Manufactured By: KISTLER 
Model No.: 501 O Serial No.: C70224 

Calibration Recall No.: C5164 

Submitted by: 

Customer: Mr. Brain Luloff 
Company: ATOMIC ENERGY OF CANADA LTD. 

The subject Instrument was callbrated to the Indicated specification using standards traceable to 
the NaUonal Institute of Standards and Technology or to accepted values of natural physical constants. 
This document certifies that the Instrument met the following specification upon Its return to the submitter. 

West Caldwell Calibration Laboratories Specification No. 

Upon receipt for Calibration, the Instrument was found to be: 

Within ( X ) 

Outside ( ) see attached data 

the tolerance or the Indicated speclflcatlon. 

5010 KIST (see attached) 

West Caldwell Calibration Laboratories' calibration control system meets the following requirements, 
MIL-STD-45662A, ANSI/NCSL 2540-1, and ISO 9002 

Callbratlon Date: 
Certificate No: 

CallbraUon Due: 

August 20, 1999 
C5164-1 
August 20, 2000 

&est Caldwell 
Calibration · 

-u-nc_om_p-rom_l_se_d_ca_l_ib-ration Laboratories. Inc. 

Approved by: 

Ste.118 
5200 Dixie Road 
Mississauga Ont. 
L4W1E4 

Telephone 
(905) 624-3919 
Fax 
(905) 624 -3926 



Spectrl! Technologies Inc. 
90 Leacock Drive 

Pointe-Claire, QC H9R IHl 
Telephone: (514) 695-8225 

Fax: (514) 695-4808 CERTIFICATE OF CALIBRATION 
Brllel & Kjmr 

O spectris group 

Pa e I of 2 

CUSTOMER : Atomic Energy of Canada Ltd. 

Calibration Exciter Type: 4294 Serial No. : 1218159 Ref No.: 4319 

CALIBRATION CONDITIONS : 
Air Temperature : 22 °C Air Pressure : 1013 hPa Relative Hwnidity : 57 % 

PROCEDURE: 

The calibration is performed by measurement of the Acceleration Level , using Bruel & Kjaer Standard 
Calibration Set Type 3506 s.n. I 137339. 
The Standard Calibration Set is calibrated by laser-interferometer in accordance with ISO 5347. 

RESULTS: 

The following documented Acceleration Level result is valid with the instrument under test placed in the 
vertical position. The load mass documented below corresponds to the mass of the measuring 
accelerometer from the Standard Calibration Set. 

Acceleration Level : · 

Frequency: 

Load Mass: 

159.0 Hz 

40 grams 

The above results are traceable to N.I.S.T. 

The estimated uncertainty for Acceleration Level is ±0.6 % at 95% confidence level. The calibration 
standards used are documented below. 

CALIBRATION SYSTEM 

LD. 

27 
35 

Description 

Multimeter 
Calibration Set (B) 

Date of Calibration: 22-Jun-98.-

Type No. 

3458A 
3506 

Calfurated by: lll~{J- &cokcao-
M. Iacobaccio 

Serial No. 

2823A11758 
1137339 

Cal. Date 

05 Nov 97 
10 Sep 97 

Cal. By 

Hewlett-Packard 
B&KDenmark 

Certificate issued : 22-Jun-98 

~ Approved by:------------
S. Tierney 

Reproduction of the complete certificate is allowed. Parts of the certificate may only be reproduced after mitten permission. 



ATOMIC ENERGY OF CANADA LTD. 
BUILDING 409 CALIBRATION LAB 

REPORT OF CALIBRATION 
CUSTOMER WORK ORDER NUMBER: 

UNIT UNDER TEST: Keithley 2001 Verify (FRONT) Part 1 
PROCEDURE NAME: Keithley 2001 Verify (FRONT) Part 1 
SERIAL NUMBER: 0545140 
ASSET NUMBER: B5871 
CUSTOMER: Bldg. 456 Brian Lulloff 
CUSTOMER PURCHASE ORDER NUMBER: 

RESULT 
NOTIFY USER (IF> 0) 
FAILED FINAL TESTS 

CALIBRATED BY 
TEMPERATURE:: 
RELATIVE HUMIDITY 

STANDARDS USED 
Instrument Model 

Fluke 5700A 
Fluke 5725A 

REMARKS: 

PASS 
0 
ill 

Joseph Soucy 
24.s 0 c 
85. 0% 

Asset Number 
· - 409-101. 

409-101 
As Found/As Left Results 

Cal Date 
16-Jun-99 
16-jun-99 

DATE: 19-Jul-99 

·oue Date 
13-Dec-99 
13-0ec-99 
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· · =coror coded to ciisilng~iih · · · 
l:ietween :UNC (Red) and 

Melric?'(~i!ter} ,hread types 

u.~: F>aierlt 5.352.056 

HR-125'.M: : . HR-i25: ·. 
Patented . Patented 

• Rated at •t 00% o.t .90° angle . . . . . . 
• Each product iu:is ti ·Product Identification Coqe (PIC) (or material ... 

. traceability along with a. ',}.!ork:~og Load Limit=andthe name·trosby : 
. :or ··co·· stnrlJ.p.::d iQto it = = = . . . . . · .. = • · = . . . . . 

• All components nre Alloy Steel - ;Quenched nnd Tempered, . 
• Available in: UNC.and Metric thread sizes. : : .. -
: • ONC threads available in sizes from soo pou~ds .~o jo,ooo pounds 

Working Load Limi~ wiib:a: <!~sign factor of5 tO: =L : ·:. ·: 
• Metric threads available in sizes fr.oltj 4~0 leg to 16.900 kg and dual· · 

rated in both I 4 ~<>: J and 5 to I design fat.tor. · = = · · · 

. •· 36~ swivel arid I 80° pivot action. . . . . . . . : : . . · . . 
=• :I 00% individually prooft~sted-;to 2-1/2 times the \vQrking Load Limit. 

witli certificatio!l a!ld Statistically Magnetic Particle inspected. (G~ : · 
be fumis~ed. JOO% Magnetic ParricJej.nspected when request~.d·a~ · .. 
time of order)'.: : : . •: . .. : . : : . : . . . . . · .. · • · : : · : 

• Fatigue rated to 20,000 cycies at 1-1/2 times the \Vorkirig Load Limit. 
•. Jitdividually packaged ~ong with proper application insriuctions . 

and warning information. : · · · · · . 
• Bott is secur~: witb:patented retainini, riiig which requires: no . : : : . : . : : 
. . modification to threads; Thi~ _method allows fqr easy disassembly · · 
• · and assembly of hoist ri11g fQr thorough examination of all components: 

. Replacement _lci1S ~ available. : . . . . . · · · : : . · . : . . . . . . . · 
• Bolts are indi:vidually ProofTestecf. : . : • · · • . . = · • · 

• Multiple Bolt: lerigths available t9 meet specific application requite~ : : 
ments.·• · · 

... ' 

..... 

Pa~e I off .. 

. r"I: : . 
fjil: .. 

·;.;,): . . : : ;t ~ _: . 
ti ; : 
\:. . 
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A: . . SEE AP.PUCATION AND . 
WARNING INFORMATION 

see Pages 1_"!4··:~.-i$ • 

" 

11 lfltCN · : : . . 
. ""~ ~11,.ECTlO, . 

. :f-

. : HR,125 Working 
Stock : · Load Umit• 
No. : · : : :(lb~.) . 

Paget47; 
., ..... . 

.. . UNC THREADS; 

P:l!!C I t)f t: ....... ' . 

~ 
Liilll· . 

Top washer bas th!!following fe:itqre~i: • 
:·· : .... '.·:' 

•• . The Working Load Liinit and 
R~com.mended Torque value aie 
penna.IJ~f/.tJy ,stamped into each . 

. y,asher. · · · · : · · · · 
· · · •• · .Washer is color c~dei:f for easy 

• · idencification 
Red - UNC :thread 

: : 80tT SIZE IDE~TlFICATION 

The size oft~~ oolt will be stated ii; iri :the- following 
exampl~ .. lllus«ation shows meaning of&.lc::~ . . . 

. _dimension given. · · · · · · · 

. . . . 
: , ... 

~/_1~~~18ll1.SO•• 

. ~oil :oiaineter __J . 

...... ______ leaght of Bolt_. _____ -+"-' 

(&om aider he.ad) .. : 

ensions . 
(in.) . 

"Ultimatelo.a~~5~imei1tteWolkingL~dUtnlt: : •. : :: : I ::: : : •· ·:: : .• •. 
t Long bolts are designed to be used wilh !l'!~•(r!etaJ.(l,e •• aluminum) work piece.:While .Ute long b~lls-may: also lie \J!>.ed.wllh ferrous metal · 

.. (i.e.,steel & iron) wotlf piece. short bolts are designed for ferrous work pieces only. : · .. · . : · . . · · · tt B~II specification is a Grade _8 Alloy socket head cap jlcrev,, tQ ASTM A 574. All threadi; li~ed are UNC • 3A. 

NC>TF.: F;iir S:11~d:rl A1,plic:uio11lf. see 1>\1uc: 1.i11. 

03/05/2000 



.:·er-·.: ... 
:· .:· :. . :· :" :. · PageH4.:" .. 
. CROSBY S'IIVIVl;l HOIST .RING_ 
WARNINGS ANO APPLICATION• . 

· . INSTRUCTIONS. . ..... 

. .. 
... ' : : 

~-; :. 
,( .. : 

. . ' . . ' . ' . 

• Uads:may ~lip or fall if proper lfobt :Rin~ ~"lemhly :ind 
IJRing prnttdu·res :ire not used. . -. . . . . 

. . :• : A falling load m:1y.ca~ se!"iillis injury or d.,-.1111; 

:• . U5!l only ~uin_e Crosby p;itts •:1~ ~P!I\C~ltt\:nls. · 
• Rend. understand :and follow :ill in,cructi~il:<;di:1!!r-.1m.~ 

and di:in friform:llion before UliiRj: SWi~•ci ~~i~I rinit 
. _assembly; · · : · · · . · · : .. 

HA-125 :: 
: • : . : (Aed Wasnerj . 

HR .. 125.M·· 
(SilverVl/utiet) · 

~·foist Ring Appli~~d~n : 
: Assembly Safety · · 

.. • Use swivel ~9ist ring only with a fem:n.i.$ · .. 
· metal.(steel. iron} or soft metal (Le., : · · · 

: . aluminum) loads ( work piec:e}. · . 
Do.not leave threaded ~nd of hoist ring in . 
allimirii.tin loads fo.r Jong time periods due .to 
corrosion; .:· . · · · :•: ·: · . 

·• . After determiiiing the.loads on each hoist'• ... 
ring, select the proper size hoist ring using : · 
tbe:Working Load Limit ratings• in Table 1 for 
UNC threads andTable 2 for Metric· ·. · · 
threads. . ·· ·:· 

·• -Drill and· tap the work piece. to the correct · 
. size to a· minimum depth of orie,.half the 

threaded shank diameter plus the threaded · 
shank length. See rated load limit and bolt 
torque requirements imprinted on topcif the 

. swivel trunnion'. ( see Table :1 · ;:ind/ or table· : · 
: 2)::· •- . .. ..... 

• Install hoist ring. to recommended torque 
with a torque. wrench making sure the • : ... 
bushing flange meets the load (work piece) . 

: · surface.. : .. · · .. · · . 
•: . Nev~r .u~e spacers between bushing flange . 

· and mounting surface: · · · · · · . · 

...... 
Hoist Ring. lftSpectfori ni,aintenance 

• Always inspect hoist ring befo'r'e: use . 
. • Regulariy inspect hoist ring p~rts: tt=ig; 3) · 

. • · • • N!:!ver use hoist ring that shows signs ot. · 
corrosion, wear or damage. . . . .. 

• Never use hoist ring if baii is.betit bi' 
elongated:: : . . . . . . . . · · · · · .. 

. .. ••. Always be sure threads· on shank and . . . . : · 
. • • : • : receiving holes. ctr~ ~,~an. not damaged;.:. • •.. 

anq fit prqper:ly. : · · · · . · . < 
•. Always ;check with torque wrE1rich before 
. . u;sing an already installed hoist ring; : · · • · 

•.. ••. Always make sure) .th~r~: are no spacers:::· . 
·. • (washers) used between bushing flange·•· 

and .the mou·nting surface; Remove any 
space~ (w~s.hers) and retoi:qQe•before use. 

· · ••_Always ensure ftee movement of bail. Tlie · : 
· · : . bail should pivot 1 $0~ and swivel 360°. (Fig: • . • • 4) ... . . . . .. .. . .. . . . .......... . 

• Alw~y~ ~ :sure totat work :pie~e •surface is 
. in .contactwith .hoist ring .bushing mating .. 
. surface. Drilled and.tapped hole must.be •. 

~0° to load {work pie¢~):\,Urfa<:e. 

· . • Always select proper load rated lifting· • 
· • .device for use with Swivel l;oist Ring. • · ~lfnspectton 
• • Attach lifting device ensuring free flt to hoist: · .. · : . · 

ring baif'.(lifting ring}. (Fig; :1 f: : : . . . . . . . . · ~·. 
: · • Apply partial load and check proper rotation wear 

I . 
.·RIGHT 

. .. , . 
and alignni!!!nt Jhi=re should be no : : . · •... · • 

: interference between load (work piece) and· · 
· hoist ring bail. (Fig. 2) · · ·: · •: · . · · 

.• ·SpecialNote: wtieo a Hoist Ring is 
installed with .a retention nut the •nut must · 

.. ha\fe_ full thread: ~i'lgag~l'T!ent and must meet. 
• one of t!'le following stmdards to develop · 
· th~Wo.rl,<ing Load Limit (WLL).:: 

1.· ASTM ·A-S63 (A) Grade O Hex Thiel< · 
: . . . (8) Grade OH Standard Hex 

2. SAE Gr.ule 8 ~ :s1aiidard Hex . . . 

. : .. ' : ''' . " 

. ' .. . f· ... 

~ I 
.. ~\t 
~ ... 
<mi) 

I 
J 3W .. 

Rotation 

'')" ·! • : ··- : . 

-., .. 

. http://www~thecrosbygroup;conv'Crosby/b~dy~ t44~htm. • 03/05/1.0.00 ... : 



. I 

= Page : I _4~ 

P-1:. 
I.I 

C· pt·hdfr1;2, :);:re{,. 
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dPERATINC3.SAFETY: :· 

.. Never. exceed the capacify of tne $Wive! .... : 
hoist.ring; see Table 1 fot-UNC:threads and 
Table 2 Metric threads. . . · · · . • . . . . . . 

·•· . When using UffinQ: s-Urig·S of tvJo or m~r~: . . . 
legs, make stire ~1; Jc;,rces in the legs ~:e • ·• 

· · calculat9;i;i lJ~ing the angle from: the. ve~cal 
to th1deg:aod select the propersi:ze swivel 
hoist ring to allow for the angular=torces. . . . 

: :(Note: Sling a~gl~ 'M.ll'de-rate ~ling: <: 
.. ~embers (cha1n;rope. •orwebbrng) butw,11 · 
not: o~ra_te.swivel hoist ririg cilj:la'city.) 

·WACNG. 

... .. Table: 1 : .. .. Table2 

.[J_. 

.. , ,. '.,' , .... ' ; .. 
Buel<.111'19.may OC?l' i.f : I : · · 

. . !ti& Joaa 1$ not stiff : : . : ] " 
:.·: enoughtoroslst!h&•· : :. : 

~essMI ]Ol'COS 
· wl'lieh result rrom I 

ihl? angrii1a, I 
loading. : • i.: · 

HR-t25 .Swivel HoiSt Rings_. .. HR· 125 : Me~~ Swivel Hoist Rings• 

.. .. 
.. .. Effective 

:·Thtead 
Working·Load Torqwa"' 

.. :Projection . : 
: •eo1t Sizett •-· umir in Length·· :· 

·· ·(lbs;) ... Ft.Lbs ... · lin.J • · .. .. ·on.) 
nuu+ · .. I I ,,, ,o • 111 X 1.:,u . : ,:,i:, 

~-- ·::I 12 3/8 • 16 X 1:50: ·. .59 

I 28: · 'J{2. -:13 X 2.00 .71 
'" ;?50~ I 28· 112, 13 x 2.50 1;21 ... " 

4000. . 60 " I 5f8·-11.x 2.00 ··.11 
4000+•. 

.. :so .. 5/8 • 11·X 2.75: 1.46 
5000 .. :100 I 3/4. 10 .x.2.:25 : " : .~.6 

5000+ 100. ~4:~ ·10 X 2.75 1,46 · 

7!)00 100 .. . 3/4 •10 X 2.75 :90 .. 

7000•:" ·1 ·. ·100 i ;,,,4 • 10X 3;50: 1.65 
auuu '.' ICU HQ•~:)( r., /0 ,1:IU 

8000+ " 
.. :160 I 718-9x3.SO " 1,.tiS .. ... 

10QOO 230: :1 ~·ax3.00 1.15: · .. 
; : 1-0000+ 230 ·:1 :1. •:8 X 4.00 .~1F:. 

.. .. 
"lnfJljlJ: .. ..... ,u I 1•11,. • f'X -.;gu. ' f L...LL 

24000:- .. :. 800 1-1/Z • S·x 6,50: . I 2.98 
.,uuuu I l:: • .,..11-:.X.b;:l!J: :.1: ..:.llll 

•. · ummate 1oaa 1s o mm:s:tne wonung .i.oaa um1t. mal1(1aua11y proot. 
: . .. tested to 2·112 times thewoodng'.Load Limit. . . : .. : . · 

.•,. : The.tightening torque values shown are based upon 11:tre:ads belrig 
· · · clean. dry and ~e of ltmricatii:lri. · · · : · . . : · 

Long bolts are designed to be used with sc:,ft metal (i.e •• aluminum) : · 
work piece. VVhile lhe long bons may also l:ie. used with ferrous 
metal (I.e •• steel & Iron) .work pieces. short baits are designed for 
fem:ius work pieces only. · • · 

tt Solt specification is a Grade 8 Allay SOCket head cap screw to 
: :ASTM A 574. All threads are UNC-3A. · 

'Jl,'.0~1ng Load I . .. limit 
.... •(Kg}.. .. 

Ata :Ata_ .. 
5:1 · 4:1: Torque .. 

Design Oesigr1: 
Fai:1ort · Factort 
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Effective· 
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APPENDIX 2.10.7: 
Lifting Analysis for the F-431 Overpack 

1. INTRODUCTION 

The F-431 transport package has a maximum weight of 5000 lb. The package can be lifted using four 
hoist rings or two forklift pockets located on the main lid assembly. The general arrangement of the 
package is shown in Figure A2.10.7-1. The internal construction of the main lid assembly is shown in 
Figure A2.10.7.,.2. 

2. LIFTING FORCES 

The package can be lifted using the four hoist rings and a sling. The tension in each leg of the sling 
will be equal. 

Resolve forces vertically: LFy= 0 
W =4F cos a 

where 
w 
a 

= weight of the container= 5000 pounds. 
= 45°, angle of sling with the vertical 

Therefore 
F = W/[4 cos a] 

= 5000/[4 X COS 45°] = 1768 lb. 

Horizontal component, Fx 
Fx = F sin a 

= 1768 x sin 45° = 1250 lb. 

Vertical component, Fy 
Fy = F cos a 

= 1768 X COS 45° = 1250 lb. 

The package also can be lifted using two of the forklift pockets on the main lid. In this case the load on 
the forklift pocket will be vertical, and shared equally between each pocket. 

Fy =W/2 
= 2500 lb. 

3. STRESS ANALYSIS 

3.1 Stresses in Hoist Rings 

The ultimate load for the hoist rings is five times the working load (refer to Appendix 2.10.6). 
Each hoist ring has a working load limit of 7000 lb. When four hoist rings are used to lift the 
package, the total ultimate load is 140,000 lb. Therefore, the hoist rings have a Safety Factor 
of 28 against failure. 

3.2 Stresses in Lifting Brace 
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3.2.1 Lifting Lug Block 

The lifting lug block weld is under tension due to force F . The area under tension, 
AT, is the fillet weld . The support 
provided by 

Average tensile stress, a 

cr =-
block weld is under shear due to force Fx. The sheared area AS 

Average shear stress, i-
i; =Fx/AS 

For combined tension and shear, the maximum normal and shear stresses are: 

3.2.2 Inner Brace With Inner Ring 

Where the inner brace attaches to the inner ring, the loading can be approximated by 
a cantilever beam simply loaded with force F and supported at the outside wall of the 
overpack. The area under shear resulting from force Fy is: 

II I 
Average shear stress, 1: 

'C =--
Tensile stress due to force Fx is assumed to be borne entirely by the weld between 
the inner brace and the inner ring. 
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\ 
Average bending stress, cr 

(j --For combined tension and shear, the maximum normal and shear stresses are: 

O'n = 1/2 O' + ..J cr2 + 41:2 ] . 

I --
1 -----3.3 Stresses in Flange Segment 

Average shear stress, -r (in the flange fillet weld) is 

For combined tension and shear, the maximum normal and shear stresses are: 

O'n = 1/2 [cr + ../( cr2 + 4-r2
)] · 1---.~-

3.4 Stresses in Flange Bolts 

Average tensile stress, cr 
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3.5 Stresses in Forklift Pocket 

July2019 

The forklift pocket has three highly stressed fillet welds during normal lifting. Each pocket will 
carry half of the overpack weight. 

3.5.1 Pocket With Base 

3.5.2 

3.5.3 

Pocket Base With Skin 

Gusset With Inner Ring 

Where the gussets attach to the inner ring, the loading can be approximated by a 
cantilever beam simply loaded with force W/2 and supported at the outside wall of 
the overpack. Force W/2 is equally distributed to the pocket base plate (two forces 
W/4) as shown in Figure A2.10.7-2. The weld area under shear resulting from force 
Fyis: 

Ill I 
Average shear stress, -r 

,: =W/2/AS 

--For combined tension and shear, the maximum normal and shear stresses are: 
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3.6 Failure Under Excessive Load 

If excessive load were applied when the F-431 is lifted using the hoist rings, failure would 
occur in the main lid. Specifically, if the F-431 were restrained and the lifting load were 
increased beyond 27 tons (11 times the weight of the F-431), the package could be damaged in 
one or more of the following ways 

If the load continued to increase, eventually -A similar result would occur if excessive load were applied to two of the forklift pockets. 

This would be a very .unusual occurrence during handling, and would be considered to be an 
emergency. The shipment would not proceed any further. Best Theratronics would be contacted 
for disposition. 

Nevertheless, the damaged F-431 would continue to satisfy the requirements of the regulations. 
Specifically, shielding and containment would be maintained, as these functions are 
independent of the overpack. Furthermore, the damaged package would be able to survive the 
accident conditions of trans ort. The main lid would remain attached to the main body .• 

c~.ter.3 
s w a - c n survive t e 3 mmute ire test wit out t e protection provi ed 

Therefore, the F-431 would continue to satisfy the regulations after failure of the hoist rings or 
· the forklift pockets due to excessive loading. 

4. SUMMARY 

The analysis has shown that the F-431 can be lifted safely. Table A2.10.7-1 summarizes the results of 
the lifting analysis. All of the Safety Factors are greater than three, and therefore the F-431 satisfies the 
requirements of 10 CFR 71.45 (a). 
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) 

FigureA2.10.7-2:-
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APPENDIX 2.10.8: 
Assessment of the F-430 Tie-down Collar Bolted Connection 

/ 
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~Nordion 
Science Advanting Health 

July 23, 2004 

Mr. Shawn A. Williams 
l>roject Manager 
Licensing Section 
Spent Fuel Project Office 
Office of Nuclear Material Safety and Safegunrds 
Mail Stop: 13 D13 
United States Nuclear Regulatory Commission 
One White Flint North 
l 1555 Rockville Pike 
Rock:vme; MD 
20852-2738 

Your file: 71-9290, 71-9310 

RE: Request for Additional Information Related to the Certificate of Compliance No. 9290 
MPS Nordion'sModel No. F-430 and Certificate of Compliance No. 9310, MOS 
Nord ion's Model F-431 

Dear Mr. Williams: 

This letter is in response to the U.S. Nuclear Regulatory Commission's (NRC) Requ~st for 
Additional lnfonnation {RAJ) dated July 22, 2004, The additional infonnation requested relates 
to the need foran analysis of the bolt stresses considering the gap in the tiedown collar joint. 
Please find attached a. report, which analyses the bolt stresses in the tiedown collar joint. 

Please note that the original design as submitted February 20, 2003 included n gap in the tie-down 
collar. · 

J trust this infonnation will enable the staff to complete their review. 

lf you have any questions or require further infonnation please feel free to contact me by 
telephone at (613) 592-3400 extension 2421 or by email at rncharette@mds.nordion.com. 

Yours sincerely 

f'a-LA-·1~ 
Marc-Andre Charette 
International Transport & Nuclear Initiatives 
Manager, Regulatory Affairs 

Attached: ASSESSMENTOF F-430 TIE-DOWN COLLAR BOLTED CONNECTION 

Copy to: Mike Krzaniak, Blair Menna, Luc Desgagne, MDS Nord ion 
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ASSESSMENT OF F-430 TIE~noWN COLLAR 
BOLTED CONNECTION 

The stresses in the bolts that fasten together the 1Wo halves of the tie-down collar were 
considered. 

The maximum load jn the tie-down chains is 27,750 lb. The horizontal and vertical 
components of this force are 19,620 lb. each. Since the vertical component of the tie
down force is borne by the oblong bosses, there is no vertical force borne by the bolted 
connection. The horizontal tie-down force, howevert can potentially exert tension, shear 
and bending stresses on the bolted connection. These stresses are considered as follows; 

Tension 

The component of the horizontal tie-down force acting in the direction of the axis of the 
bolts applies tension on the bolts. As a worst-case condition, the entire horizontal tie
down force is co1:1sidered to act along the axis of the bolts (see Figure 1). 

t 19,620 lb. 

Bolt Pair 

Figure 1: Tension on Tie-Down Collar 

The tensile stress in the bolts, O"t, is calculated from; 

When:, 

Ft = the load on the bolts= 19,620 lb. 
A1 = tensile stress·areaofthe bolts, based c;m the root diameter (d = 0.741 in) 

= 7td2/4 • 4 bolts = 7t(0.741)2/4 "'4 bolts= 1.725 in2 



... . ;· 

Therefore, 

O'i = FJAt = 19,620/1.725 = 11.374 psi 

The bolts (ASTM A193 Grade BS Class2) have a yield strength, cry, of80,000psi. 
Therefore, the safety factor for the bolts in tension, SFr, is; 

SF,= O'y/0'1= 80,000111,374 = 7 

The component of the horizontal tie-do,vn force aetingin the direction perpendicular to 
the axis of the bolts applies shear Qn the bolts. As a worst-case condition, the entire 
horizontal tie-down force is considered to·actperpendict.llarto the axis of the bolts (see 
Figure 2). · ·· 

Arl,!:a where the . 
collar bears on 
the container In the 

r . 
' . I . 

Figure 2: Shear on Tie-Down Collar 

Bolt Pair 

The shear is also borne by the oblong boss welds and by the tie-down collar bearing onto 
the container itself. The total area bearing the shear force, As, is calculated by; 

Abolts = 
Aboss = 

= 

As = Abolts + Aooss + Acontaincr 

shear area of bolts= At= J .725 in2 

shear area of boss welds 
(2,0*X* l .5 + 1.5*2.0)* (O, l2)weld size*2 bosses = 2 .• 982 in2 



• 

Acontlincr = 

= 

area when: the tie-down collar bears on the container, whieh is 
conservatively assumed to be over a 45° arc in a plane perpendicular 
to the load (see Figure 2). where the radius of the container is 25.14 in. 
and the height of the collar is 9.0 inches. 
sin(4S0 )*25.14*9.0 = 159.990 in2 

Therefore, the total shear area is, 

A5 = 1.725 + 2.982 + 159.99:;: 164.697 in2 

The shear stress across the section, 'ts, is calculated from; 

Where, 

Fs = the shear load= 19,.620 lb. 

Thus, 

't5 = FJAs = 19,620/164.697 == 119 psi 

Note that almost all the shenr load is borne by the tie-down ·collar bearing on the 
container. If it is conservatively assumed that the yield strength of the section to be the 

yield strength of the compressed foam.which has a yield strength, 0'1rof 198 psi, the 
safety factor for the section in compression, SFsc, is calculated as; 

SFsc= ayr/ts== 198/119 = 1.7 

If one considers the yield strength of the shell, the safety factor will be higher. 

The bolts have a yield strength, cry. of 80,000 psi. Therefore, the safety factor for the 
bolts under the shear stress, SFs, is; 

SFs= O'y*0.6/ts= 80,000*0.6/l 19 = 403 



.... 
... 
r 

Bending 

As there is a gap at the bolted connection, the shear force calculated above applies a 
bending moment .on the bolts. · 

Conservatively assuming the entire shear stress to act on a pair ofbolts, the bending 
force, Fb, can be calculated as;· 

\Vhere, 

t's = 119 psi from the previous section ' 
A1,= cross-sectional area of2 bolts ==1td2/4 * 2 =1t(0.741)2/4 * 2 = 0.863 in2 

Therefore, 

~I)= 119*0.863 = 103 lb. 

!he bending stress in the bolts, ab, can then be calculated b~, 

Where, 

M = moment at the root of the bolts (see Figure 3) 
= Fb• (mc1Ximum gap between bolts+ thickness of bolt flanges) 
= 103*(1.o+2.0) = 30~ lb-in 

c = radius of bolts= (0.741/2) = 0.371 in 
I = section modulus of bolts= 1td4/64*2 = 7t(0,741)4/64*2 = 0.03 in4 

M 

0 

JJ.0" 
. . 

i 

Bolt Pair 
Figure 3: Bending on Tie-Down Collar Bolts 
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.. 

Thus, the bending stress in the boltsis; 

O'b = 309*0.371/0.03 = 3,821 psi 

The bolts have a yield strength of, (j y of 80,000 psi, Therefore, the safety .factor for the 
bolts in bending, SFb, is; 

Summary 

The safety factors on the bolts in tension, shear and bending were conservatively 
calculated to be 7, 403, and 21, respectively. It should be noted that a large amount of 
conservatism was used in the calculation of the load imparted to the bolts in shear and in 
bending. The contain~r would absorb most -0f the shear and bending forces and the bolts 
would be subjected mainly to tension load. The minimum safety factor for the tie-down 
collar aml container-under the tie-down force is governed by the compressive strength of 
the.foam resisting the load. · 
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CHAPTER 3 - THERMAL EVALUATION 

This chapter presents thermal evaluation demonstrating that the Best Theratronics F-431 package 
design meets all applicable regulatory criteria for thermal design. The F-431 package is evaluated and 
shown to provide adequate thermal protection for the payload. Normal and hypothetical accident 
condition evaluations are performed in accordance with regulatory requirements. The evaluation of the 
F-431 is based on analysis and tests that were performed on the Best Theratronics F-430 transport 
package. The analysis and test data for the F-430 are presented as Appendices. 

3.1 DISCUSSION 

3.1.1 Thermal Design Features 
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3.1.2 Thermal Analysis results 

The thermal analysis of the F-431 is detailed in Appendix 3.7.1. The significant results of the 
thermal analysis are: 

1. Temperatures of all accessible surfaces of the package will be less than 50°C in the shade 
with an ambient temperature of38°C. 

2. An insolation heat load of 800 W/m2 on the top surface of the package, 400 W/m2 on the 
sides, and an ambient temperature of38°C will not damage the containment and shielding 
systems. 

3. The package is able to survive the regulatory fire test without damage to the shielding or 
containment systems. 

3.1.3 Decay Heat 

The F-431 has as a maximum capacity of 113 TBq (3,050 Ci) of Cesium-137. This is equivalent 
to 15W of decay heat generated as follows [1]: 

113e12 dis/s * 816 keV/dis * (l.602e-16) J/keV = 14.8 W 

In order to make the analysis conservative, a decay heat of 50W generally was used in the 
thermal analysis (see Appendix 3.7.1). The decay heat is discussed in detail in section 3.5.6.1. 

3.2 SUMMARY OF THERMAL PROPERTIES OF MATERIALS 

The thermal properties of the materials used in the F-431 packaging as a function of temperature are 
given in Table 3.1. This table is reproduced from Appendix 3.7.1. 
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3 Air [2] 

5 

6 Air With 
Conduction and 
Convection 
Steady State 
[App. 3.7.1] 

6 Air With 
Conduction and 
Convection 
Transient 
[App. 3.7.1] 

7 Lead [4] 

12 Mild Steel 
Including Lead
Steel Contact 
Resistance 
[2, 5] 
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559 527 685 

1090 927 1090 

• 

-73 

327 

727 

330 10686 800 

8131 

-73 0.53 127 0.99 -73 434 127 487 

327 1.35 527 1.63 327 559 527 685 

727 1.86 927 2.11 727 1090 927 1090 
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3.3 TECHNICAL SPECIFICATIONS OF COMPONENTS 

3.3.1 Standard Construction Materials 

3.3.2 

The steel, lead, and neoprene are commercially available and meet the requirements of the 
standards specified in Table 3.2. 

Structural Steel ASTM A36, CSA G40.21-50W 

Pure Lead ASTM 829 

Neoprene ASTM D2000 

3.4 THERMAL EVALUATION FOR NORMAL CONDITIONS OF TRANSPORT 

3.4.1 Thermal Model 

July2019 

3.4.1.1 Analytical Model 

The Finite Element Model for the F-431 is based on the model used for the F-430 
(refer to Appendix 3.7.2). The two packages share almost identical designs. The 
materials of construction are identical. The main difference between the containers 
is their size. 

No physical testing was performed on the F-431. Rather, the analysis of the F-431 is 
performed by modifying the geometry used in the F-430 model. 

The F-430 thermal analysis and results are included in Appendix 3.7.2. The first step 
in this model was to validate the FEM steady state model by comparing its output to 
the results obtained during the steady state temperature test on the full scale 
prototype. The next step was to run the "validated" F-430 FEM under the different 
regulatory conditions. 

The F-431 finite element model was created by scaling the dimensions in the F-430 
model. The same assumptions, material properties and boundary conditions were 
used as in the F-430 analysis. 

3.4.1.2 Test Model 

The thermal analysis of the F-431 was based on the analysis of the F-430. A full
scale F-430 prototype was built and tested. The Test Report, including the steady 
state thermal testing is included in Appendix 2.10.3. This testing was used to validate 
the F-430 thermal model. 
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3.4.2 Maximum Temperatures 

The analysis of the F-431 is presented in Appendix 3. 7 .1. The thennal results for the Nonnal 
Conditions of Transport are summarized here. 

With an ambient temperature of 38°C, 50 W of internal heat load, and no insolation heat 
loads, the maximum temperatures are 71 °C inside the Gammacell cavity, 68°C inside the 
transport cavity, and 39°C on the outside of the F-431. The maximum source temperature is 
conservatively assumed to be the same as under the Accident Conditions of Transport (326°C). 

Since the surface temperature of the overpack in the shade is not greater than 50°C, the F-431 can 
be transported as a "non-exclusive use" shipment, and may be shipped by air. 

3.4.3 Minimum Temperatures 

As there is no minimum activity specified, a minimum temperature of -40°C is defined. 

3.4.4 Maximum Internal Pressure 

There will be no pressure build up in the F-431 cavity as the covers are not pressure tight. 

3.4.5 Maximum Thermal Stresses 

July 2019 

The maximum thermal stresses during the normal conditions of transport arise from the 
temperature distribution given in section 3.4.2 above. As the temperature gradients are very 
low there will be no significant thennal stresses in the F-431 overpack during nonnal 
conditions of transport. 
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3.4.6 Evaluation of the Package Performance for Normal Conditions of 
Transport 

Tern erature sensitive materials used in the Best Theratronics F-431 

The sealed sources are defined as the containment system of the F-431 package. The double 
encapsulated sealed sources have been demonstrated to meet Special Form requirements and, in 
particular, the 800°C (1,472°F) temperature test. Since there is a large margin of safety between 
the maximum source temperature and the Special Form temperature test, containment is 
assured under the Normal Conditions of Transport. 

The maximum temperature of the lead is 1 l 7°C. This is safely below the melting point, 327°C, 
and shielding will not be compromised under the Normal Conditions of Transport. 

Finally, as the accessible surface temperatures of the F-431 do not exceed 50°C, the F-431 can 
be transported as a non-exclusive use shipment. 

3.5 HYPOTHETICAL ACCIDENT THERMAL EVALUATION 

3.5.1 Thermal Model 

July 2019 

3.5.1.1 Analytical Model 

The Finite Element Model for the F-431 was summarized in section 3.4.1.1 and is 
described in detail in Appendix 3.7.1. The following additional features were added 
to the model for the analysis of the Accident Conditions of Transport. 

The output temperatures from the Normal Conditions of Transport (steady state solar, 
Load Case 2A) became the input for the 30-minute fire transient thermal analysis. 

3.5.1.2 Test Model 

The thermal analysis of the F-431 was based on the analysis of the F-430. A full
scale F-430 prototype was built and tested. The Test Report, including the steady 
state thermal testing is included in Appendix 2.10.3. This testing was used to validate 
the F-430 thermal model. The F-430 thermal analysis is included in Appendix 3.7.2. 
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3.5.2 Package Conditions and Environment 

3.5.3 Package Temperatures 

July2019 

The results of the transient analyses are presented in Appendix 3.7.1. Temperature histories for 
selected nodes are plotted in this Appendix. The maximum lead temperature was found to be 
151 °C. The model used a series of conservative assumptions. In spite of these assumptions, a 
substantial margin of safety exists relative to the 327°C melting point of lead. 

The maximum source temperature is estimated to be 326°C in section 3.5.6.1. This is a very 
conservative estimate. Nevertheless, the sources will continue to provide containment at this 
temperature. 

See Table 3 .3 for temperatures at various locations of the F-431. 
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• • • • • .. • • • .. • .- • • .. • ..... • • .. .. .... • - - -* Temperatures are taken at end of 12 hour transient. 
•• Temperatures are maximum values during the fire transient at the given time in parentheses. 

The effects of the conservative factors used in the analysis is discussed in Appendix 3.7.1. 
The most significant of these are the assumptions of zero contact resistance at the start of the 
fire unim eded flow of hot gases over the shielding vessel an 

The results indicate a substantial margin of safety in the design. Therefore the F-431 meets the 
thermal requirements of the regulations under the normal and hypothetical accident conditions 
of transport. 

3.5.4 Maximum Internal Pressures 

In the cavity of the F-431 there will be no pressure build up during accidental fire as the covers 
are not pressure-tight. 

3.5.5 Maximum Thermal Stresses 
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3.5.6 Evaluation of Package Performance for the Hypothetical Accident 
Thermal Conditions 

July2019 

Transient analysis has shown the F-431 to complete the regulatory fire test without the 
initiation of lead melt. In all cases, peak lead temperatures were found to be significantly less 
than the melting point, particularly in light of the conservative assumptions used in the model. 

The results of the thermal analysis show a substantial margin of safety in the design. Therefore 
the F-431 meets the thermal requirements of the regulations under the normal and hypothetical 
accident conditions of transport. 

3.5.6.1 Sealed Source 

The thermal model in Appendix 3.7.1 does not include the Cs-137 sources. (The 
sources were simulated by applying the appropriate heat generation to the walls of 
the gammacell cavity). Since no source temperatures are available, these will be 
calculated below based on the wall temperature of the gammacell cavity. 

The decay energy from Cs-137 consists of 566 keV gamma photons, 62 keV of 
atomic electron energy and 188 keV of beta radiation [l]. The majority of the gamma 
photons are shielded in the lead shielding in the gammacell. However some of this 
energy is attenuated and converted to heat in the sealed sour(?e itself. For slender 
sources such as the ones used in the GClOOO and GC3000, the self absorption is 
about 4% and the wall absorption (in the stainless steel capsule tubes) is also about 
4%. Therefore, the total absorption in the source capsule is 8% of 566 keV, or 45 
keV. The balance of the gamma photons, 521 keV, are transmitted through to the 
gammacell. 

Assuming that 100% of the atomic electron energy and 100% of the beta energy are 
attenuated in the source capsule, the total heat generated in the capsule is 295 ke V, or 
36% of the total energy. The following analysis will conservatively assume that 50% 
of the total energy is converted to heat inside the source capsule. 

The rated capacity for the F-431 is 113 TBq (3,050 Ci) of Cs-137. This activity 
generates 15 W of heat. Therefore, the heat generated inside the source will be 50% 
of 15 W or7.5 W. 

The heat flow from the sealed sources to the gammacell is via convection, conduction 
and radiation. To be conservative, only convection will be considered here. Also, 
since concentrating the total activity of Cs-13 7 inside a single source represents the 
worst case, only one source will be considered. 

The convective heat transfer from the source to the air inside the gammacell cavity is 
given by: 

Q = hA)Ts -TJ 

Where h = convection heat transfer coefficient 
As= surface area of the source= 0.01 m2 

Ts= source temperature 
Ta air temperature 

Similarly, the heat transfer from the air to the gammacell cavity walls is given by 

Q = h~(Ta -Tw) 

Where Aw= surface area of the gammacell cavity= 0.06 m2 

Tw= cavity wall temperature 

Combining the two equations and rearranging gives 
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Q( 1 1 ) 
h As+ Aw 

Typical values for h for free convection fall in the range of 5 -25 W/m2K [2]. For this 
analysis, h will be taken to be 5 W/m2K. 

Substituting into the equation gives 

Ts-Tw 175°C 

In appendix 3.7.1, the maximum gammacell cavity wall temperature was found to be 
151 °C. Therefore the maximum source temperature is 3 26°C. 

This is a very conservative estimate of tht, source temperature for the following 
reasons: 

1. Conduction heat transfer through the source holder was neglected. 

2. Radiation heat transfer from the sealed source was neglected. If the source 
temperature were this high in reality, the radiation heat transfer would be 
significant. 

3. 50% of the source's energy was assumed to be converted to heat inside the 
source capsule. 

The source capsules meet the requirements for Special Form Radioactive Material 
and are capable of withstanding a temperature test at 800°C (1,472°F). Therefore, 
the integrity, of the source capsules is sound. 

The maximum source temperature in the hypothetical thermal test is 326°C, which 
is less than the melting point of SS316L (1,260°C). Therefore, the SS316L 
encapsulation will not melt. 

Internal pressure build up due to temperature increase is calculated as follows: 

t:.P = P. (T2
) P. = I Ol.3(273 + 326)- lOl.3 

I T. I 273+ 20 
I 

t:.P = 106kPa = 15 psi 

This is a very low pressure, which will not cause the capsule to fail. 

Based on the above arguments, the integrity of the sealed sources is maintained 
during the fire test. 

3.5.6.2 The Containment System 

The Special Form sealed source is defined as the containment system of the F-431 
package, and these were discussed in the previous section. 

3.5.6.3 Shielding 

For 50 W of decay heat, the thermal model calculates no lead melt. Consequently 
there is no loss oflead shielding from the F-431. 

Therefore, the integrity of the lead shielding of the F-431 is sound. 
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3.7 APPENDICES 

This section contains the following appendices. 

Appendix 3.7.1: Thermal Analysis of the F-431 

Appendix 3.7.2: Thermal Analysis of the F-430 

Appendix 3. 7.3: 
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APPENDIX 3.7.1: 
Thermal Analysis of F-431 Overpack 

IN/TR 1922 F-431 (1) 
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. .1 .. INTRODUCTION 

.. : . TW.s :fq)O~ .is a summary of the ~alysis peiforµied .to. detennine tlie tj::ie.i:n~aJ ~ehaviour of ¢.e .. 
F ~43,1: o\tetpack, loaded: with a: Gammacell, be fort\ dllring and after •the IAK-'\ regulatory fire :test [! J. 

. .A three-dimensional eighth.:.sectioil:model was constiuc:ted, using the ANSYS finite element code : ·.: 
• Version 6.o [2],. to s:hnmate the fire test the solid modei • finite ele:ment mesh, ll'Ul,terfal properties, 

· · · boundary coriditfotis aild load:c~ses·us~d:iii the·ANSXS simi.iiati6:tis are·disc.ussed.' Resuitsofphysi~al · · · · 
testing and fmite element si;m.ijl~tjons previously p~1:fQ11Tied on a similai: :p4Gkage design, the f:~3():: 

: . ovei:pack (3J, are· discussed arid con,ip~ed to ven:ty tlie thermil}modeL . . . . . . . . . . . . 

Tile (iµite .element mod~f fqt the. F-431 is based oii the. model used for tli~ J_?:-430 [3]. The hvo packages 
share almost identical designs; the materials of construction are identical. The main difference:betw.een 

. . the containe~ is: il:ieir size. . . . . . . . . . . . . . . . . . . . . . . . .. 

. . . . . . . ' . . 

The fJ.nit~ element analysi~:of:i;he·F-430 was vali<Jat~.against the th~ITilal~esting perfonned Qn a:full 
.. scale prbtotype [3l No physital fosting wasperfcitni~dbn the F-43L R~ther;the analysis ofilitd,-43J 
• Js perfonned by Jpqp.ifying the geometry iist;9 in the F-430 :rµ~d~E The same apprQ~ch was used in 
. · ·determining the asstitnptions, materiafproperties and boundary conditions for the-:i:<'-43flmalysis. · 

These ate discussed in the foll~vling sections. : · · · · · · · · · · · 

• : . The results of the :an~lysis show the~e•ii ~o lead melt in the Gannn~cell contained iii the :F-431 overpack 
wJ:ien it is .subjected to t~e regulatory fire. tesF . . . . . . . . . . . . . . . . 

The f-43.1 overpack loade<i With :a Gammaceli:is: ~h6Wn in Figure 1.: A thre.e~climensional, eigb:fh:se<?tion 
.. solid 1nodel of thqnajn components of the f-431 overpa9k and. Gammacellwa~ constructed; as sho~ 

• : . : in Figures 2 and:3.. Jliis model was :getietated from boolean S()ltdsand boolean·opetations (subtractions;.: 
. u.njons) ()reated within A;NSYS. .. These solids were then assigried·material properties; irieshed, an<i. · 
boundary. conditions and loading applied as described.in the following sections. A one-eighth siciion 

. : was modelleci to: take advantage of the symmetry of i:Iie p~ckrtgt_': and reduce. tlie: siz¢ and compiexity ·or 
: • . :the model. .. · · · · 

. nie.ittodelfor the F-431: wits based on .the previottsly verifie~ mod~lot:theF430 o.verpack [3]; Whic~ .is . 
. ·similar in size apd ¢onstruction. The two overpacks are cq:tµpai~d· in Figure 4. 

3. MATERIAL PROPERTIES 
.. . . 

• • : : : : .. Material prop'erti¢s were required for niil!f. steel, stainless steel, lead, air and foam jilsulatj.on as shown 
.... in Table J. The properties requited included density, .thermal conductivity :and specific heat The specific 

heat 6(foa,d incorporated th~:1~tent heat of fusfo11 (24,750 J/g) to simitlate the phase change ilieii:the 
· material melts (11ote that lead melt wa~ p.Qt encountered ii;i. any oftlie load case icen,~os). 

Ccmvection coefficients anci slirface emissiviti~s requfred to define the ~eaHransfer by convection : . : 
and radiation .on the outsidifof tlie ()Verpa~k are discussoo. .in Sec.tion.43.: The :cppdµ9tipQ, convection . 

. and radiation heat transfer across the air space between the Gamniacell and the overpack, and the required : 
· ·material. properti~s; are discussed. in sectlon 4.2. . . . . • • . . . . . . . . . . . 
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: JN/TR 1_92,2 F43l:(1f 
... .. . .. 

· Therrru;il Analysis·ofttie'f:'431 Overpeck:.·: :· 

The lead:.ti,:.steel contachesisfarice at the Gani.macell oliter shell waimoddled. by modifyfug.: · · 
. the coiidtictiqn coefficient of the ~teel out.er ~hell tri inciu~e an equival~Jit ~fr- gap of 0,02. in; ·::: 
: .[4 and Appendix A]. the contact resistance was removed :for:the tire simulation: to: alfow: the 

: : · ·inaximll;lll. ~oi.irit t>fheat to p~netnite 'futo the centre_ of tlie pfu;k~ge. · · · · · · 

· Above"465°C, T10J: . : : 
• · : : To account f ~r !his~: th~ foam was asstiine~. to take on the c~ilduction properties: of ~i~ :at ~emperatures: . : I i : · · 

above;, ~~5.°C. . . . . . 

' . . 

::4~ FINITE ELE:IVll;NT MESf1,_:E~()tJNDARYAN:CfLOAD CONC>il"IONS 
... . . .. 

4.1.:: Three~DimenS:ional: Eig~t~.-S~ction Moel el. Mesh : · · ·. : · .. · · 
. . ' . . . . 

The solid:ajodel:'was meshed 'using thennal three-diineµsioµ~ tetragonal eletji~Iit~ :[2 and 
Appendix B]~ as· shown in Figure 5. the optimal -mesh den·sity :shown in the figures was achieved by .. 

. ' ':: :refining the mesh to_ the :p_oint where the teinpehlture results were hot 9:ependent on the ~~h :density. 
The m~sh Qsed for the simuli!Jiop~ p~ented in thi~ i-epi;,i:t ~ontained 25,388 ~Jem~nts and 4,689 . 

. nodes. The: integrity of _th~ elerrients ( co~e.<?tivity, asp~cti. t:atios at1d internal ~gles) .~s automatically • : 
.. checked by ANSY:S _pri~rto the run. 

'.' ,, .. 
· · · : : .. 4.2 Heat tr:anster Across the :1n~~rnal Air Spc1c&; • .. : · 

: • The heat transfer aCI'QSS the. air space betw~n:the: Gammacell and: the :9:Verpack inner fr-anie jg 
tcirtiprised of _cp~ductibn, ctmvection. and :fudiatibn;: · · · · · · · · · 

H~3;t transfer by c~:mdue;tj.Qt,- occurs thr01;i.ght4e ~ir and through the·s:upport structure of th~ .. 
·. Gruiunacell. Convectfon heat transfer through•the air is accouirted.1or by an effective th~i:riial . 
. . ·coridu~tivity 15]~ as caicuiated iri Appendix c. The air :in~ide tlie package ;wiH. t~nd to circulate:: 

due to the•temperature gradients• acioss the air space transfenfag additional heat :by free convection. •• : 
: T~e ~ffective thennai conductivity is th~ therrilal conductivity th~t i stationary fluid: sh<?ui~ 'nave 
: :to 'transfer. :the _sa,me.ainourit Qf lwat l;lS _the moving t}µiq. A. total -therimd <;Qnqu_ctiv~ty for the air'. 
space is c_alduated (Appendii C):tci:combine the contribtitio~ of the condiict~o~ ~:tid convection: 

. a~ro~s the" arr spa9e. .. , .. . . . . . 
. .,. . ,., 

. Radiation across the afr:space is-modelled by a radiation enclosure [2 and Appendix Bf as shown · · 
in Figure :6_: Th~: Gammacell ~urlltc~, painted grey, 'Was: g1vbn an emissivity of o:s~ while the . 
smi.t;tl~ss steel surfaces qf the iri.ner frarntr and· tJ.oor of the overpack we~ assigned an: emisi;;ivity of 

: : ;o.s [ ~]. The symnie~ s~aces of the radiatlc.¥enclosure are giy~~ a :very low emisiivity bf 0.01, 
such tij~t t;l.1.¢y 1;,ehave as mirtj:ir¢9 ~rit;faces, reflectip.g lie~t ·t,ack into the t}iicfQSl,lfc;,.: 

. the: actual radiatfon heat 'transfer across the. air. space will be foss than: that modelled;. since the 
: : blockiJ:'lg effects _or the Gatnn1acell support :structure are. _neglectJ,r. fhe:111diation heat .tta.n~ret ~s, 

therefore, poii1Se1Vatively modelled. • • · · 

4.3 CQO:Vection and i{~~i.ation Bouhd~ry Conditiom~ 

Convettio~ ind radiation bollildaty cilnditions used in :the:model are shown :ii(F1gtire 7. 
. ' . - . . ' . . . . . ' . . ' . 

· · :ci>~vection was appl~¢d: qi:l the outer sw.fac¢ :c>f tl)_e overpack by s¢.le¢ting the external n9des_ · • 
arid.applying a.oonvedfori coefficient-(cafoulated in Appendix D) arid ainbienrtemperature as 
a surfate:i~ad, ·· ··· · · ·· ··· · · · · · : · 

... 
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JN/TR ,1.9~~ F43:t '(1):. ·: 

· Thern'lal An,lysis ·tif the :F-431 Overpa~k : 

,,, .. , 

: • T~ model the radfation &.n the outer surface: of the: overpack, sitrfa.ce•elements [2 anci Appendtx B] 
· were u.sed to deµne a radiation matrix with view factors conservatively S\;lt to 1 ,0 .. A space riode 

external to :the model was used to define the ambient temperature for the ·radiating :surface 
· elt,ments:'Fot th~ steady state cciri.dltioil; an-emissivity tif0.5:was us~d. for th~ stiinless st~l .. : 
. : :SUrf&ce elements [8]. :f.or fl;le fire condition :ifu:e,rnjssivity of 1.0 wa.s :cpn,servatively usedJor ..• : 
. 'ilie 's-urface elements: . . . . . . . . . .. . . . . . . . . . . . . . . . . . 

4;4 .::Internal Heat Generation 

The dJ~ay .of the Cs-137 carrie4 ins.ide the F-431 overpack generates 4.84 W of:heat per kCi, 
. .b.ased on :S66'keV ofphoton energy,:62 .keV ofatomkieleatron energy and 188le'V of continuous·.: 

: : ra4iation [ 6], as calct1lated: below: . . . . . . . . 

. . 

1000 Ci/kCi'!' $,7e+10 dis/s/Ci:t8l6.keV/dis * l.60ie~I6)/keV * 1 W/J/s;={84W/kCi 

Tiie·lllaximum all6w~bie ~ctivity in the'F-43fis}.05 kCi of ds"'.1:37flj for a total heat ()Utpllt 
. . of 14:8:W ( 4,84 *3'.05)'. Over. three :~imes this heat load;.nr 5() w; was· applied fqr all load cases, 

including ilie, •simulation of the_ re~latory fire, as a worst-·case internal heat lead, •• ; 

• • T~e internal heat geli~rate~:in the Gamrria_c~il :Was applied as a'. ui#f6i1n :heat generatiori ()Ji the 
inside cif tlie Gmunacell source cavity; The heated elements and the applied be1;tt generation rati:is 

. are. showii in Figure 8: Self:-atterttuitiort ()f t~e capsules :gd1erally results in fowet radiation fields iii:. • 

. th¢ axial dimension i:t.n.d p.igher radial fields, This effect was igi;i.o~d in the model due to th~ small 
.: ; size of the. cavity and the :tow heatge~eratioil of the source ... 

4~5 . :s.olar Heat LQad ... • 

. Figute s shovv~ .the ei~hients :that were subjticted to the sola.r :heat flux• r~quired 1:>y .the regulat1b~s 
[ 1]. A heaf llu:x.: of 400 W /m2 •was &pplied to the side cif the overpack and :a heat: flux of 800 W/m2

: •. •. · 

was applied to fue1op _of the overpack a/;' p~r the regulations'. :fhis. heat flux was applied b~th as . . . 
: . : • :~ ~t~dy state loa~ ~d a~ !l- transient lo~d :ayer. ii hours as sp~cj:fj.~g J.n: the regulation~ f9i th~ 

Nonnai ·co:tidfrions of Transport?: to determine the respoi¥: of the overpai:lk fo both conditions.::. 

. . ' . . 

4.6 . Fire Test Transient Load 

The IA.EA fire test [1] was applied}y defining a tnmsten~ te!nperature curv~ f6t tl1e ambient 
. temperature as shown- in Figure 9: This curve was applied to• the conve9tion boiuidazy conditions·· . 
: ;arid ~e node represeJ?-tirtg'the ambient temp~iiooie for the exte'rn~l r~~ation matrix (Se~tion4:.3). 
. . The 30 :minute, ~00°C 'fire Wl:!S follqvy,~d by 'a one· minute ramp-down to pre-fire ambient. 

temperatures;f'ollowed by a 2LS:hour:(l,288 mim.iie) oool~down period. this f ;28:8 minutes 
: ofcooling was sufficitmt to allow all teajperatutes to"reach their aja:xitmnn values. 

. . . ' . . . . 

The solar h!i1;tt flux discussed fo :Section 4.5 was applied for 12 of the 21 S hour c.ool down period : • . 
as reqwn;;d :by: the regulations [i]; • . . . . .. . . . . . . . .. 

.. 

. To SU11ulat~ the ~ff eds of iriq(;!as~d convection totbe ~nviromnerif; the COllV(;!Ctjon p.eat traiisfel'. 
coeffidentoii. the outside of the. ov~rpack was set tC> 19 W/tr/0 c, as calculated in Appendix D. ·: 

. . . . . 
. . Tq ajaximise the radiatfori .heat transfer during the fire, a conserv~tiye• ¢missivity of 1.0. wils · . · 
. used for, the outside staiitless steel surface-of the overpaclc.. .. 
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· ·Therm,1 An~lysis ofthe:F-431.()verpack: · 

• : Also_ to simulate a:W(?rst~case fire conditio~i -tlie:tead-to-steel contact; resistance at the . : • · · · 
· . :0atriin.acell QUt~r Sheff was l'yillOVed. . . . . . . ... 

5. LOAD 'CASES 

' ; The ANSYS input µl_es for all of tli~ follqwing load case :~ceilarios considered are l,i~ted iri Appendix ;E. : ' '.: 

. ' 

5A •:L<>ad Case 1: St~a~i,:State, so·w:~s'."1;37, No Solar;Lc,ad, 38°C Ambie~( 
. ' . . 

This loi;1d_ case was used to determine the steady state behiwiour of the mod~l W:i:th. no insolatiori; 
. .S.teady stiie Mrtditionswere us~ with 50 W.(Section :4A) 6f cesium-,1_37 lo~d~d ib.to.the ... 

: : Gi4riwtacell. The ainqiet;i_t t¢mperature outside pf.the overpack w~r ~sswn.ed to be 38°<;: ~:; · · 
' per• tiie regul~tions [ 1J; ' . . ' ' .. . ' . 

5.2 '. :L~ad Case 2: Stea~{ State/Tra·~sient~_ :50 w Cs-iai,. Soiar Load, 3s0 c· :Ambient 
... '.. . -· 

... 'tins ioad ~ase ~s identlcai"to:Loiid Case 1, except t:pat,tJ?:~- s_olar hea.t" load discussed in Section 4;.5 : : 
. _was appli:ed. : • : : : 

. • :This• load ~a_se show~: th~ effe~t <>f_the solar loid with a 38°C ambietit temperature und~r :stbady .. 
state cqnc,ljtiqps and applied as ~ 12 hour transient ~s reqilired by the regulations [1 ]. 

' . . .. 

s:3 :.:L<>ad Case 3: Fir~ Transient, 50 vv_;t:~~137, Solar Lo,~d:;,38°C Ambi~rit[•._:: 
. . . . 

This load: Pase shows the_ response of the F-431 overpack and Gammaceff to:the: iAEA regulatory: •: 
fire _test [l'j; · · · · · · · · · · · · · · · · · · 

. Transie,it co:odjtjons were used with mitial fomperatures·frorn the steady state ~i;1lysis in Load. : 
Case 2; whktl:ie: ambient temperahtre:outside of th~ oYerpack assumed to be 389.C :as per the .. . .. .. . .. . . .... ' . .. .. ''. . ..... 

)egufations [1]. 

The transient loading consisted ofthe"iAEA regulatory f'i:re: loading [1], a:s discussed in Section 4.6> . 
. . The modei ~as 1oade~ with 50. W 6f.cesiurri-13_7 (Sediori 4A). ami p.ad the -~rilai:loaq _(Section 4.5):: : . · 

• : applied after the fire,:dm:ni:~ the cool-down:of:the: overpack, as: required: by the regulati~ns( 

::.; !:;·5.4 Load'.Ca,e.4.: 

· : J~i:t ioad case is idertticial to Load Case 3 ,: ~x~ep.~ that the thertnal conductivity of the oil~ :f ciam 
.. \vas in~reaseq to a· value of 35 W /rr1°C, similar "to l~ad. Th.is :change 'siiriu\ates av:e~y" conservative · 

worst-ciase;scenario where all o:f ilie .outer foam is ctushed.so as to provide rio: thermal insulation ' 
: :to tJ:ie fire. Tht:i retiiaitidet of tlie materi~Iptop_erues· and io~g are identical to Loaj. Case. 3 in. 

. . • • thal th~ in11er foani in~ ajr i,p<1ces remain. .fo: provide resi_stance t9• thi fn;e an~ solar loa~l; • • : : 
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:IN/TR _1_9~2 F43:t:(:1)•:.•: 
... . 

· Thermal Analysis of the f:-431 Overpack' 

. 6 .. RES UL ts AND DISCUSSION .. 
"' . ' . ' . . . . . . . . . 

. . 6;1 Load Case 1: St~adyState~ 50 W C:s-t37; No Solarload, 38°C Ambient 

.. The calculated ~teadi state temper~ture distribtitioi;i in. the overpack for this loa_d case is shown in . 
Figure 1 L J'eniperature results atyarious points within: :tlie tnodel are listed: in table 2. . 

. .. . .. 

. ~-2 • Load. Ca$e 2: Steady State/Transient, SQ W. cs~137, Solar [..pad, 38°C Ambient . 

The cakliiat~d. steady state teinperatµre distribution'. iii/ ~e overpack for this: i()id. case is shown in. (. • : · 
Figure 12. Temp~i;iltw:e r~sults at vario~ pojiits in the modelare ~o;nipared to those .ofL~aq Case 
:i,: Whic~ is_ the same• rt1dclel \\'ithout the sofad6ad, ill ':fable 2. The :r~sU:lts_ Sh()W an apptoxlinately . 
46°C i:nc.(eas~ iii the internal• tewperatores, a 79°C i1wrea~e: on the top anq a 44:0c increase on fue. : .. 

. .side of th~ •o-ierpack wh_en the soiat loa~ is applied.· Therefote1. the. s~lar heat fllbt ilpplied.as a steady· . 
. . . s~te:Joad has a significant effect on the int~pii:iltemperatures of ~he:9~erpack. Note;:h9.w~yer~ that 
. •even for this .worst-case 2ondition, the maxiiiruni temperature in' the :lead shielding, 117°"c~ is still 
well beiow the :Inelting point oq~attJ27°C [9]. . . . . . . . . . 

., . . ... 

: • :the regulations orily require the solar load: to be applied over a 1 t hi:>ur .period, or during daylight 
hours. :So tlle .solar lieat'fiux 'was also appHeci as a transient loacf(Section 4.5)to detenrune how -th~ .. · 

. maxim-.,uir ~tnpentture reach¢q iri l 4. hours. compar¢s :tQ th.e· stea~y state tewpei:at;ures c~lculate4 . • • · 

. . : : F tgute .13 shows the. temperature distributicin iii the overpack at .the end• of the 12 hour :trari.sient. 
The maxiiµuin temperature ri,ached iri the lead shidlding is :76°C, much lo~~ tliari:for the steady ... 

. state case (1 i 7°C),. The maximum surface temperature reached, 1 l 7°C, is virtually the same as 
thaffor the steady sbite case (118°C), however. . . . . 

Therefore; :thle s(eady state model ·of fb.e solar heat flux. ov¢~stimates the internij •9.verpack 
teinperattir~S tha:t would be. readied hi a 12 hour insolatl6ri period~ The tem.peratitr~s for the .. : 

• • ste~4Y state model~ h9W:eyer, are still all well belqw lead melt (m*4num temperature ofl 17~G 
. . . as compared: to 327°C. for lead .melt), and therefore,. show unequivocally that the. oveipack meets 

the reqttlr'~rnents of the regulations under solar load'. .• : . . . . . . . . . . 

· .6.3 . Load _CasEJ ~: Fire Transient, .50 w= Cs~137-,- Solar Load; =3~°C ·Ambient .. 
. . . 

. The calcrilatedtewpera.ture.distribritioi1i11 tne overpack:30 :m.inutes.into the:traiisient. (ii$ ~h~ frre .. • • 
: is: tuined oft) is sliown fu Figure 14. The calctllated temperature distribution in the overpa~k at 

· · · : the tiine of maxinumf 1Jad' t~mperature (39 ;(iOO s; 11 hrs) is. sho~n fu.• Figure 15. The caicuiak<,i . 
temperature distribution in the lead: elements only, at the time of maximum lead temperature 
{3.9,_600 s~· 1 i hti), is sh<>wn in Fig(n'~ 16; Max.irm.un·tciiri~rature re~ults at 'v~ous points: · 

·: within the model are listed in Table 2. 

The trahsfont temperature res-iilts: at the key locations shown :in Figure 1 o" ar~ shown in Figures .. 
· 11 tprough 23. All ·onhe ·temper:ituie transi¢n,ts show te~peratur¢s p~low the melting t~~perature 

• : oflead, 327°C. The rtiaximum temperariu-e' reached in the lead, J23!"°G at 39,600 s (1 t:hrs)~: was 
at the da111nu1.cell cavity. . . . . . . . . . . . . . . . . .. 
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· ·Thei'mi;il Ani;ilysis·ofthe F-431._0'(erpack :.·· 

s:4 . : :LQad Case 4: :si_rntilaJion of Darn~g~d: Outer Foam U~der Fire Tri!m;_ieil~: 

The cafouiated temperature distribution in the overpack.at the time of ma:idniui:n lead temperature · . 
. O o,soo s; • 3 hrs} i_s shown in Figur~ 24. Jh~ calculated• teinper~ture <listribtitiori: in tlie 1~ad elenieilts • • · · 

.: only; at the time ofmaxhnum lead tempera.tur~ (10,800 s, 3 hrs) .is shown in Figure 25. Maximum 
· •teirtp~rature results at 'viin6tis points within: th~ •niodel.are listed lli Tabfo 2. . . . . . . . . 

.. , . 

. A~ expected, the maximum lead temperature :was .higher and peaked earlier than fa Load Cas~ 3, · · 
: : ;siiice: the outer foain provra:ed no resistance; .10: t~~ heat of the fire; Jiie: maximum tertipe!.a~~; 

"ie·ached-in th~ )ead was 15 l°C, which is 28°C higher than, in: Load Case J; but ·s~ll: well below : · 
the meltn1i;tetr11Jerature oflead;}27~C, even in such a forst-case scenario:{; 

... 7 ... CONCLUSIONS· 

: • • • •. · · The results of the siimilated IAEA fire test •showed uo. lead riielt m• the. Gammacell :modelled inside the 
F~4Jl oyeipack. The maxi111uii1 iead temperati.tre ,reiich~d was 151 °C, \Vell below 327°C, the.n;ielti:rig point 

. oflead. Ill reality, (he maximum: lead temperature expected dutjng such a regulatory fire would be inµch . 
. • : .. lower than thls, ~:<?ris_id~ring the exttenielf donservative aSsurti.j)hbns used in the nio~eL . 

The F~3 l .overpack and• Giit'.nµiacell analysed in tliis _report passed the IAEA regulatory fire test .. · .. 
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IN/TR 1922 F431 (1). · . . . . . . 

Thermal An~lysis of the :f'-431 ,Overpack · · 

·•Figure 1: F-431/GammaceU Transport Package;. . . 
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Thermal Analysis of the F-431 Overpack 
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~---- GAMMACELL 

BACK VIEW 

Figure 2: F-431 Overpack Solid Model 

INNER CAVITY 

GAMMACELL 
OUTER MILD 
STEEL SHELL 

STAINLESS 
STEEL 
OUTER SHELL 

Page 12 of 35 



April 2003 

OUTER 
SHELL 

IN/TR 1922 F431 (1) 
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AIR (Condu~tion only) 
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and Radiation Enclosure) 
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Figure 3: F-431 Overpack Solid Model Components 
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Thermal Analysis of the F-431 Overpack 

Figure 4: Comparison of F-430 and F-431 Overpacks 
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BACK VIEW 

Figure 5: F-431 Overpack Finite Element Mesh 
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Thermal Analysis of the F-431 Overpack 

FRONT VIEW OF ENCLOSURE 

BACK VIEW OF ENCLOSURE 

EMISSIVITY= 0.01 
(Mirrored Surfaces at 
Symmetry Planes) 

EMISSIVITY = 0.8 
(External Surfaces of 
Gammacell) 

EMISSIVITY = 0 .5 
(Inner Surfaces 
ofOverpack) 

Figure 6: Radiation Enclosure for Internal Air Space 
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Thermal Analysis of the F-431 Overpack 

NODE 999999 ------4•~• 
External to Model 
for Radiation 
Set to Same Ambient 
Temperature as for 
Convection Boundary 
Conditions 

RADIATION 
BOUNDARY 
CONDITIONS 

Entire External 
Surface Radiates 
to Node 999999. 
Form Factor = 1.0 

Steady State 
Emmisivity = 0.5 

Regulatory Fire 
Emissivity = 1.0 

OUTSIDE VIEW 
OF OVERPACK 

CONVECTION BOUNDARY 
CONDITIONS 

Regulatory Steady State 
h = 5 W/m2°C and 
Ambient Temperature =38°C 

During Regulatory Fire 
h = 19 W/m2°C and 
Ambient Temperature =800°C 

Figure 7: Radiation and Convection Boundary Conditions 

April 2003 Page 17 of 35 



April 2003 

IN/TR 1922 F431 (1) 

Thermal Analysis of the F-431 Overpack 

ENERGY EMITTED BY SOURCE 
Worst-Case Energy Emitted by Source = 50 W 

HEAT LOAD OUT OF CAVITY 
Energy out the cavity is divided 
by eight since only 118th of the 
cavity is modelled. 
Then, 

Qcavity = (50/8)/Area in m2 

= 6.25/0.0017 = 3677 W/m2 

SOLAR HEAT LOAD 

------ A heat load of800 W/m
2 

is applied to the top of 
the overpack 

A heat load of 400 W /m2 

is applied to the sides of 
the overpack 

Figure 8: Internal Heat Generation and Solar Heat Load 
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Figure 9: IAEA Regulatory Fire Curve 
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Thermal Analysis of the F-431 Overpack 

Figure 10: Key Nodal Temperature Locations 
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ARS:YS 6 . 0 
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Figure 11: Steady State Temperature Distribution for F-431 Model 
With 50 W Cs-137, No Solar Load and 38°C Ambient: Load Case 1 
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Figure 12: Steady State Temperature Distribution for F-431 Model 
With 50 W Cs-137, Solar Load and 38°C Ambient: Load Case 2 
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Figure 13: Temperature Distribution for F-431 Model With 50 W Cs-137, 
Solar Load and 38°C Ambient After 12 Hour Transient: Load Case 2 
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Figure 14: Temperature Distribution at End of Fire (1860 s) 
for F-431 Model: Load Case 3 
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Figure 15: Temperature Distribution at Maximum Lead Temperature 
(39,600 s, 11 hrs) for F-431 Model: Load Case 3 

Page 25of 35 



April 2003 

IN/TR 1922 F431 (1) 

Thermal Analysis of the F-431 Overpack 

M ISYS 6 . 0 

-

12Q . 5 .36 
120 . 82~ 

D 121.1.12 B 121.401 
121. 689 

D 121 . ~n 
D 122 . 265 
D 
D - 122 . 55 . 

122 . 42 
12] . l.J. 

Figure 16: Temperature Distribution in Lead Elements at Maximum 
Lead Temperature (39,600 s, 11 hrs) for F-431 Model: Load Case 3 
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Figure 21: Temperature Transients for Selected Nodes from Figure 10 
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Figure 22: Temperature Transients for Selected Nodes from Figure 10 
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Figure 24: Calculated Temperature Distribution in the Overpack 
at Time of Maximum Lead Temperature (10,800 s, 3 hrs) 
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Figure 25: Calculated Temperature Distribution in the Lead Elements Only, 
at Time of Maximum Lead Temperature (10,800 s, 3 hrs) 
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170 ... 

. . . 3 -. LFAfl.:-STEEL. Jl/NCTION - : : . : . 

: ~) No bond;.; 

April2003 

.. i'1heri." f abric~~ion. is ~ad~ witho~t. tcy:i.ng to. ol;itliin: bondi~i beb.een lead . 
,: .... ' -• •". . .. '''. ' . ·: .'." .. 

and outei•:sti~lt, shrinkage .iicctirif during cooling ~ffe~ casting due: to : 
.~he: ·difference ~f dilafition coeffi~ienis cif lead ~/si;:~ei/ 

The import;::a~ce of shrinka~e 4epeb.ds on casting: :niei:hods and out~r sli~li:: 
cif.qi¢n$ ions . and . niatei:ia ls: •. 

'' '. . . ' . 

With a: ~tt,1,.:~~less steel outer .shell and adeqtiat:~ c~sting method~• shrfo-- · · 

l<age is 01:i'. the order of .4"' ,.;.,--;;~. i-. e. for inst'ance 2 ma at the _radius fi:iii . 
:a:. t>ac1'aging ot 1: m: Aiame_ter. 

With a ~ii~ :s~eel outer shep:, whose dilatatiori: ~&efficient is :iQWe.r: : : 
. . . ' . . . . 
than for stainle'ss ,s.teel-, shrinkage: may l>e greater. 

· b) Lead bonded ~: · · 

Borii!iiig can be obt~in~d ~y various ·proce:sses' which we will. not expla~I) . 
" "" ' .. .. .. . ...... . 

here.· 

Let ·~s say only that bo7;'l.ding can b~: ea.si;ly achieve on ~n 9pen steel wall • 

. . ft ::ts 11!1:lC~ 1!10:i:'e. di.ff ieuit J.n1;1i(ie a stJ~f ve~sel practii:afr/closed. It is 

also mo·re,:1;11tbcult with stainl~~s steel than with mild steel. 

. ~~ ~~~ding is peif e~~ ,: .which can be: cliick~,1 by ultra-s~n:ic, :inspection, 

thermat bqi;i_d ~hould also I?~ p:er:fei:: t. 

This .is actually :obtained for instanc*! w~tl:i· a plane st;j~e.1 w(a1t and a 

· ceitafn thickness -~{ ie~d bonded, the out~i surface,,.ef thid i~a:d be~ns 

bare. 

. ... 

_On 1:lle other han~,.:ou~ .experie~ce sliQws tis :that in the: dse: of -p_aclta-. 

gings a~d -in: :spite of a petfec t bcinding to the outer shell, ul txia-,.!Joni c_: 
- che.ckf!!d~ th~;tf: is· alvays. · sorii~ dis~repancy · betwfi~ri '~hJrmal · t~s.t ~nd : ~ai~ ·. 

. . . . . . . . ' . 

culations for the heat: tnnsmission t;hroughthe inner :sbijll/l.ead/outer 

shell assembl.y~. 
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::CO~~~ed with calc~lat:l<ms based on: .!!: perfeC.t thermal bo~ding:, tests 

.. show tMt lil. fact there ·is a· c,r.c,:;d.n. extra re-sist.~tu::e to the· !Hiliisa~e. 
of heat. 

· . : Thus,: QJ:l. 1,1, seri.es. of six ~¢ie:ntical. ·cy:tiridri~a,1 . ?O ):oµ · packagings . 

{constrbcted b;y. the Societ.e ~y<>n~aise de Plotnb¢r,(e lndustrielle) • an 
''. .. 

extra.: resistance:·to the passage of· heat :compared with calculations is 

.. found: equival_ent to :an ,a;i_r, gap d: 'lS:::,.i varyi~g sl~ghtly around t'!'tii; 

value a~cor4;Lng to the packagi~g. U,ltrasonic: i~sp~ction, however,: .. 

Sh9Wed. per£ ect. oµte;1-: :Sqdl/iead. bon:diti~::: .: . 

.. 

~ere are, 'a nuober .\"lf possiliie: eipl.anations : : 

.. 
- tlie: calcu~at_ion ·cannot be :ve:cy _accurate particu_la;-1y ·1,itien :there. is .. :· 

a gr~~t}.tt;f:l\!rence betw;eei{the outer sheli s~ita~e: area and ~he :tun.er 

... ~avity surface_ area. This was the case for the six packa$irigs mention-: 

ned: abov.e. 

· ·If the heat flux introduced in the calculation :is" the fl\l.'t .oli th~ . 

: : foner cavity, :t:her:e: is then good."atr.eement between tests and cal

culation.:· 

·7'.'$oncing to the out.et s"hell has a·tend~i:l.cy to work against: hooping on 

the· inner .shell;· 

":'. iacl_c. of° homoge\fei~y: in; 'tl:ie. lead· mass \;?h$c;:h is. being dr"a"W1}._ b9th. towards:· 

the outer shell. and: towards the imier :shell. 

- .Traces t>f dxi.4~ qy~r. a vaijing s1,1;i;f~ce area i.i.t :the qut~~d!i! sheiillead . 

interface (whieh::d.o:e(not shown ilp :with :ultra-sonic: :co~ttpl$) • 

.. .. . .. 
We have iio·kriowlddge pf the results ·obtain~d of 'other: constructors·; 

·, . . '' 

c) Ee.'ri.avior in the therna.1 test "' : ' '. 

In :the case of not.bonded lead, an aii: g~p: of say, 2 min, ~c:rre.sponds. 

to a. t'empera!:.U.rl:l drop Of Sj!Vera]. ~undred degl.".ees, fo,: .the. inif~l . . ' . 

heat fl-µx~:S involved in the :tni:itmal test. 
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APPE.ND.D( B: 
. ANSYS:Finite_Element Oescriptions=t2l·:: 

: :~.70 SOLID70 3-D Thepµal S9.lid 

Mu~ys.:s. ··~ 
Mecffani:al·: .r· . 
~&;~:· 

. Lllea!Rl!s 
: TMl'mal.: . f'. 

i!m:itj S'~D.,. 
Emag 2-0·., 
fLDTRAN · 
Pie~~si · · -: :I?: : ·: 
ED .. :.. i, 

SOLID70 ·ha~ .a tli.re1:l~dimensional t~erµ-iat conduction capahtl)ty.: '.f4e. element has eight no~~s with a single degree o(fi~eaoin, 
temperature; at each node. The element is= applicable to a three-dimensional, steady-state or: transient thermal analysis .. The .element 
. a]sQ ·ca'n compensate for mass transport ·heai flow'frohi .a ·co'nstant veioc!ty: field. If.th~ modei coiitairii)ig the:conductini solid ·el¢meilf: . 
. ~is ~lso to be analyzed: structurally, the element shoul~ ~e. replaced by an equivalen~ stFuctural element (stjdi asSOLID45). A siinil~r ~ . : 

· · thermal element, with niid~edge node capability, is described in Section4:90 (SOLID90). · · · · 
An option ~xists: that allows the eleinenp9; rnqdel nonlinear ste~<Jy-~tat~ fluid flow tbroug\r 1qiorqµs medium. With ~hjs optjon, the 
. thermal parameters are.interpreted=as ariafogcius fluid flow parameters. For example, the temperature.degree of freedom becomes 
eqil:i\ialent to a pressute d~gr~e :of freedom. See: Sectiort: 1 ;i'.70 of the ANSYS Tlieoiy Reference for more ~etilili:." about this element.: 

Figure 4;7~,l SOLID70 3-D Therm1ll S~lid· 

M 

~o; 
I _ i_ - K;; • · : . 
. . . . \ . . . ' . 

. J: -
: : (Rj sm C)pti on) 

.. z K 
:.·::)--·:.·: - . . . ' . . 

. . 
- .... . ... . . 

. . . . . . . . . 

·: ''' -.· -. · .... ·:::: ·: 
.. :·: - y 

...... - ' 

- (Tetrahedron Option) 

X 

4.70.Hnimt_Dat_a . : .. 
- -

The geome~; ~od~ locations, and the ,c;o~rd1riate system for tbi~:~lenie~t are shown in Figure 4. 70-1. The element i~ :<:ieflne<i by 
. eight nodes and· the ·orthotropic material :properties. Orthotropic material directions. correspond fo 'the. element cooi:diriate· directions. 
Th:e element coordina(e ~st~~:orientation is as !}es9riti~d in Section 2.3. &pe~ifo; heat and density a~e igno~d· for steady-state: 
sohitions: Properties notiriprii:default as describedin:Section 2.4._ . . . . . . . . . . . .. . . .. . . . . . 
Element:loads. ~re:described in Section 2. 7: Convections or neat fluxes. (hut not both) may b.e input as surface loads at.the element 
faces as ~h~ PY t~e circled numl;iei:s :oµ :Figure 4. 70-1. . . . . - . . . . . . . 

·Heat generation rates may be input as element 1:iody· loads at the nodes. lfthe node I heat generation:rate H6(1) is input, and an· 
: 9tl)ers.11re unspecified,' th~ ciefa;ult to HG(I). -. · . . . . . .. - . . . . . : · . . 
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: · · Therm@I An@.lysis of the :F431. pverpack : 
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The nonlin~~r. pqrous flow option l~ se.Ject~d with KEY OPT(?)=:' l .. For this option, tempefll:turi, is interpreted as pfes.~ure ~nd the 
absolute. petrneabilities of the medium :are input as material properties KXX, K YY, and KZZ. Properties DENS and VISG are used 
• f9i: the:mass density a~d yi~~osjty of the fluid. I>rop~!tl~s ¢ and MU are u~id in. c.aii;;ulating the coefflcients:of:permeability as::. . .. 

: : ~e~c.ribed in Section 14 .. 10 of'the ANSYS Theory Referen~e; Temperature ~ouridary ~onditions input;with the!! command are . : 
interpreted a·s pressure boundary conditions, .and heat flow boundary .conditions input with the:E .command are interpreted as mass 
flowrate:(m~~sJt~~). . ,. .,. . . :: " • ·. :. ... . . ..... ' ' 
·Amass trarispoit option is· available with KEY0PT(8). With this option· the velocities vx; VY, 'arid. VZ must be input as real . · 

: : ¢ohstants (in the elenibnt ¢otjrdinate system). Also; teniperatures should b~ spe,cifie(l along the entir~ inlet botindary to assure a 
· ·. stabie sqlution. Wi~ mass triuispoft, you should.use sp'ecific heat(C)and'i:lensfty (DENS) material properties m~tead of enthalpy. 

(ENTH);: 
. A sqmrnary of the element inpµt .is given 111 TaQl,e 4. 70-1. A. general descrjptiQI1 pf .el~inendnput is gjye11, in Se~tion 

. . . . . . ' 

· · . : Table 4. 70-1 SOLID70 Inpiit Siunmary 

Element Name::. S0LID70 
Nodes I, :J; K, L· M;:N, 0 P 

. : • Degrees of J'EMP : : 
.. Freedom· 

Real Constants• · · 
Material 

. Pr.i erties 

Surface 'Loads . 

0 :~ EV:alu~te {ilm coefficien( (if My) at average film teiµp~~turi;: 
. (TS+tB)/2 

KEYOPT(2) • 1 - Evaluate at element surface temperature, TS ·: 
2 :- Evaluate atfluid bulk teJ,llperatqre,.TB · ... 
3 - E:valuate at differential tein eratuie · TS-TB 
0 :.: Evaluate film coefficient (ifany) at average film temperature; · . 

KEYOPJ'(4) . : · : (TS + TB)/2 . . . . . . 
: · .. 1 - Evaluate at:eleirierit surface tern erature,:TS: ·:.:: 

O - Standard'heat transfer element : 
: . : l(EY,0PT(7) l ; l\lon1ineat: steady-state flµi4 :aQw analogy element : : 

tern erature de. ee of freedom inte reted as ressure 
· · · · 0 - No mass transpb.n ¢ffects 

KEVQPT(8) : ·· · · ·· ·· · ·· · · 1 ;.: Mass trans ort with VX; VY; VZ' . · 

.... ' 

· · 4.10·.2 ·output µata 

The sol~tiq~ Qu~i;it,associated with t):ie ~lii.mep.t is in two foqn~: • •. : · 
: ' • ' nodal tempei:attjres included in the overall no.dal solution 
. · .•: additional efonient:output as shown in Table ;<1..70-2 .. 

.,HGO ,:HG 

Heat flowing oqr<;,f. the ·element is considered:to be positive. lf KEY:OIT(7);,;, ( the sian~rd tti.imnai output should be in~rpfeteci as 
the analogmis fluid flow output. The e~einen(output directions are parallel to the elem~nt c~ordim1te system. A gener~f description 
of solution· i:nitput is given-in. Sectfon'2.2. See the ANSYS Basic' Analysis· Procedures Guide foi wa'ys to view results~, . . . ... 

• :1'1\~ foJlowing notation is:used 111 Table 4.70-2: . . . . . . .... : ... 
· · A colon(:) in the Name column indicates .the itein can be accessed by. the 'Corilponerit Name method [ETABLE, ~l(see 

Section 2'.2.2). The O and R columns.indicate the availability of:the items in the file Jobname:OUT (0) or in the results: file (R), a 
V. indicates that thecitqrn is always= avaiiabie, :ii ntµnJ:ler refi:;rs to:~table footnQ,e wp.iqh dest'rities wl).ep. tl).e item is coriditiotilll/y, 

. available, and a - indicates tliatthe item is not available. : . . ' 
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Thermal An1;1lysis ofthe •f:-431 ()yerpack : .. 

Table 4.70~i-SQLiD70 Element Output Definitions 

Nam¢ · Definition · · 0 R 
· EL· • Elemerifoumber . . . . . . . : . : y Y 

NODES- . Nodes I,J,k;r.:;M,'N,:o,P y y· •. · 
MAT : Material number•· Y · Y 
VOLu.• Volume. . . : . : Y Y 

· CENT:.: x; Y. Z Center location XC, YC, ZC : : : . . . . . . Y 
HGEN : · Heat generations HG(I); HG(J), HG(K);:HG(L),lIG(M), HG(N), lIG(O),.HG(P) Y · - · 
TG: x; t z; SVM:: Thennal graqient:comoonents and vectQI: S\!U) ilt_c~troid y y • : . 
TF: x; · Y, t, $UM. . Thermal flux· (heat flow rate/cross:sect:fonal ·area) components and vector sum at centroid · Y .. Y • 

• FACE FaceJabel. ·· ... •: .. l 

NODES • Face nodes 
HFILM · · Film co.efficient at each node of face . · · 

: TB.ULK Bull.(tep:ipei:ature at each rtod~ pf{ace 
· · tA vG · . Average face temperature : . 

HEAT RATE· · . Heat flow rate across tace by convection: 
HEAT RATE/AREA Heat.flow rate per'i.11iitarea across face by convection 

. HFA VG Average filin coefficient of the face : . 
. . · · TBA;VG . . . . A vefage face. bulk temperature: • 

HFLXA VG . · · · Heat flow rate per unit area across face-¢at.Jsed•by input heat flux·· 
f{FLUX: · -: · • • • : · : Heat flux at each •node of face 
PRESSURE GRAD Total pressure gradient an~ itsX,Y; and z components: .. 

: "MASS FLUX Mass flow•rate per unit cross~sectfonal area 
FLUID VELOCITY Total fluid velocity and its X, Y, and Z :components 
1. Output if a surface load is input · · · · · · · 
). Output ifKEYOPT(?,;;1 · •.. . 

,. . . 

' . . . . . 

. 1 · 1 · 
l: ... 

: · · l . -1 . 
I: :l · : .. 

1 

.1. 
- . ':1 

. 2 

.2 
2: 

Table 4. 70-3 lists output available tbrciugh the ET ABLE coniimitid using the Sequence Number niethod. See Chaptef 5 of tlie 

.. 

. .... 

AN SYS iiasiti Aiialvsis Procedures Gziide !iijd !Section •ortliis: mru;mal for more iP:fotill:a~iqn, The following tiot~i\o:n il? :used in 
'fa~le.4.70<'l:' · 
· · · · · Name output quantity as ·defined in the Table 4. 70-2. 

: : Iterp - preqetepnined itelil · iat:,el for ET ABLE· cornnranq. 
FCn: - se.quence number for solution iieins for element Face !1: 

. : T~l;,le 4.70-3 S0LID'701,ten;i:and Sequence N~mher~:for the ETABLE '111,d ESOL Commands 
. " 

Name · Item ... FCl FC2 ::FCF FC4 FCS ... FC6 
, AREA NMisc.: · 7 ... 1:3 : : . · 19 
itFAVG NMiSC 2 8• 14 20 26 32 

_• TAVG: : NMISC 3 . 9: 15 27 33 
10 : 16 : 22 34: 

HEAT RATE: NMISC.: :S. :: 11 23 29. 35 
HFLXAVG ... NMISC 6 12: . 18 24 30 36 

. 4,7oj Assum~tions and Restricti?"ns: .... 
' " " ' 

The element' inust.tiot have a zero vohime, 'This occurs most frequently when the element.iinot numbered properly .. Eleriien'ts may 
be:nuinbered either a$ shQWii. fo Figure 4.70-1 (i~ ~y ·!)aye: the planes IJK;(; and Ml'J"OP interchange,( A pn)nror tetrahedron shap~(,i : 

. •element may be formed by defining duplicate node:immbers as described in Section 2.8. . . . . . 
The specific hear arid.enthalpy are evaluat.ed. at each i~tegratioh point to ail~ for abrupt changes (such as for melting) within a .. 
coarse grid. lf~e thermal element)s to~~:i:eplaced by a S0LID45 structural element with itirf!l;C~stresses requestecft)i~thermal 
· element shouH:I be oriented such that face IJNM and/or .face KLPO is a free surface .. · 
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. . ., . " ... 
A free surface~fttie element (i.e.,.no~ adj~cent to another element.and not subjected to a bounqary constraint) is assµmed to be 
adiabatic; T.herriial :transients having .a fine irifegration time step and a severe thermal gradient at the surface will: also :require a fine 
niesb. ll.t the surface. . . . . . . . .. . . . . . . . . . . ... . . . . . . . . . 

. : . If~YOPT(8)>0, un~yrnmem_cmatrices are pr<_1duced.::. 

4.70.4 Pl'oc:Juct ,f:l~strictions 

. When u~ed in the ptoduct(s) listed:beiow/ the stated product~specifit: kstrictions apply io this eierilent in addition tci ihe :g~neral 
: : !lSS~mptions and restricti_qns giv~n in the previous S!"Ctlori._. . . . . . . . . . . . . 

ANSYS{l'b,eruial' . 

. . . . . . 
. . : · , This element does not nave the mass transport or fluid flow optfons .. KEYOPT(7) and KEY:OP.T(S) can only be set to: O 

(default). . : ·. · · · · . · · · · · · · .. · · 

• : ; Th~ Y;X, VY, and VZ re~l cqn_st,an~ are not applica~Ie:: ... 
• : : 1_"ne :'0~.c and MU material' ~~op(?rties are not applfo~ble. : : : . 
• . The elemenl does not have the birth and death feature. 

4.57 SHELL~1 Thermal Shell 

: : Muq,,-11:,'si::s· 
. til@i:han.:·a1 

Sl!Vcl!lral : : · 
LS-D'INA ·: 
U1eaiP11s 

· riteimai' 
. Emag 3-D 

: : Em1l"g l•D . 
. FLOTflPN : 

Pl!!p)Mt. 
ED 

....... 

. : SHELL57 is a three-dimensional element having in~plane' thermal conduction capability. The element has· foui: nodes with a sirigle. · · 
: : degree Q{ fr~ed,om, temperature, at. e.ach l').oqe. The ·conducting shell element-is applical:i\e t9. a thre~dim~rtsional,. ~te~qy-state or·· . : 

transient thermal analysis. See Sec~on 1A57. of the ANSYS theory Reference for more details ~bout this element: : . . . . 
If the modeh:ontairiing the conducting shelJ element is to be:analyzed structurally, the elemenfshould be replaced by im:equivalent 

: i,J.rµctural element (such ,i~ SHELL63). If both ili~pl~tl a1:n:l transverse con.~uc};_io:11 are needed, a thewla( i,p\id:eiement (such as . . . 
. : : ~OLJD70 or SOL!D90) _shcmld be used. · · · · 

Figure 4;57~f ~~µ57 Thermaj S~eil : . 
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Therm;,1.1 Anc;11ysis oftheff:431 <lverpack: 

4.57.1 Inpnf~~t.a : 
. '' .. ' ,. . .. 

--- . . . . . 

: '.fhe geometry, node l~cat!~ri~, 'arid coordinate systenis. for. this element are shown: iil Figure 4.57-1. tlie element is defined by four ·. 
· :noi:les;:four thicknesses, a material direction angle,:imd the:material properties:. : : 

The elem:ent ffil\Y Pl\Ve variable thi~kneSS.; '.file thickness'is aS$Umed :~O v,ary smootliiy oyer the: a~a of the eiement; with' the • . 
thickness: input at the four nodes. if the •eterrient has a constant thickness, only TK.(I) need be' input. If the thickne'ss is not: constant, 

·all.fourthick:tiesses:mustbeinput.:· ... : '.." .. ... . . .. .. ... : '.." : .. :: ... 

: : Orj~otropic material d1rectio~s 'iorrespond to the eh,i!'llenf c:oordinate direction.s. the. element coordin:at~: system orientation is as 
. ··.described in .Section 23. Properties not. input default as described in Section :2A. :The element Xcaxis' may'.be :rotated by an angle· 

THETA.(indegt.ees). . . . . . : . · ·· : . 
Element loads aie,descnoed in Section 2. t Convections may·be fuprit as surface loads at .the element faces as showri by the circled 
n,utnbers on Figure 4.57-L . . . . . : : . . . . .. . .. . . . .. . .. . . . . . . . .. 

. . fl eat g~neration rates :in!1Y:l?t: ipput as element bo4y lo~cls at the nodes. If the ~ode 1 heat generation ra~~ l:IG(I) is input, and al! 
others are urispecified, they default:to HG(I). ·: · · 
A summ;iry ~fthe: element input is givAA, ~rt)~ble 4.57-1. A geMi;~IAe$cription of elenie~t)~pu( is given in Section ;L V: • : : 

: : Table. 4.57-1 SHELL:57:Summary Input 

Element Name : SHELI.:57. : · · 
.. : .. 

.. .. 

Nodes: ... 
.. I, J, K,L .. 

... : .. .. ... : : " .. .. : .. " . .. .. .. ... .. ... .. . .. 

O:e1trees of Freedom . :·TEMP 
.. .. " .. .. 

: TK (:i ),T~ (J), TK (KfTK (L), '.fH!:}'J:A .. .. .. .. 
Real Constants .. (TK (Ji; TK (K:),: TK (L) default fo TK .( l )) · .. ... .. : "' 

Material .Prooerfies KXX, KYY;:DENS, C, ENTH ... ... .. ... .. .. .. .. . .. .. .. .. .. .. 
. . Convections: .. " 

.. 
: facll 1 (1-J-K-L) (bottom; -Z side), 

.. 
.. 

Surface Load$: face 2 (I~J-K-L)'(top, +z side) .. 
... " Heat Fiuxe~:: : . · .. ... 

.. .. 
· · face J (I-J~K:[) (bottom, -Z side) 

.. . , ... 

: : : f~ce i (1-J-K-L) (top,'+,?; :Sidei.: .. .. ... .. .. .. . .. 
Bodv:Loads 

.. 
Heat Generations: HG fl), HG (:J),.HG. <K), HG (L) 

.. ... 
Soecial :Features Birth arid death .. .. .. .. 

.. . 0 - Evaluate film coefficient (if any) at average.film tem})erature; (TS+ TB)/2 
.. 

l(EYOPT(2) 
···I•~ Evaluate at element.surtJ~ce temperature, TS : 

. : • 2 <Evaluate. at flui.d bulk temperature,. rB .. .. ... .. 
.. ... .. 3 - Evaluate. af differential temperature, ITS·~ TBI .. 

: : 4.57.2 ;output Data 
.. . ... ' 

The solution outpufassociated with the element is in two foriris: . 
• : : nodal :ternperatures included :jji the overall nodal soluti<>n : : . 

·:. · ~: . adcliti0ll3f el¢ment .<:>~tpllt as ShOWD In :Table· 4.57~2 . . . . . . . . . 
: fleat fl.owing out of the ele~ent is considered to•be positive. The element :outplit rliiections are parallel·~ the element coordinate .• : 

system. A general description of solution output is' given in· S.ection 2.2 .. See the AN SYS Basic Analvsis Pi"Ocedures· Guide for ways .. 
to view res1:1!ts. : . . . . . . . . . . . .. . . . .. . . . . . . 

. The followirig riotation. is.used in Table 4.57-2: 
. :A ~i)loh (:) in the Naoic colurtm< indicates the item can b.e:accessed by the Compdnei:it Name method IETABLE, .!iliQb] (see 
•: Section 2.2.2) .. 'f4e O antfR:c0Ii.im11s ~ndicat~ the avaiiabillty ,of,~~ i~ms in.the file: Job,nam~.QU)':(OY or m ilie res'!llts file, (R), a . • . : : , 

y indicates that the item is always availaole;. a number refers :to a. table footnote which descrities when the item is condiiionally 
available; atid:a• ~indicates thatthe :it¢ftlis not available. . . . . . . . . . . . . . 
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Table (S7~2SilELL 57 Elcmenf;O!Jtpqt Definitions 

Nam¢· 
.: : EL· 

NODES::· 
MAT 
AREA: 

· CENT.'. x; Y, Z 
HGEN :·· .. 
TG: x; Y.: SUM . 

TF:. X,. Y, SUM 

.. FACE 

AREA 

: Definition 

.... . . ' . . 

: Elen1ent number 
Nodes - I, J;K, L. 
Material number .. 

: :corivecfiori face area 
Cehtedocation XC, YC, ZC: .. : · .. : 
Heat generations HG(n; HG(J), HG<K);HG(L}. ·: 
Thermal graciient cotnponents and vect~r ~llll1 at ~entroid 

: Thermalfl.ux (heat flow ~te/cross-.sectional area} 
. components and vector sum af centroid 
· Face· 1aoer ... 
Face area ·: 

NODES : · : : .face 11odes : · 
: HFiLM · Film coefficient 

·· tAVC{ .. : Averaii:e face temperature. · · 
TBULK·: Fluid bulk teinperahu'e · 
HEAT RATE·· . Heat flow rate across• face .by convection · 

. IHFAVG · Average •film coefficient of the fi~ce · 
: Average face b~lk teP1perature• : • . . . .. . 

HFLXAVG Heat flow rate per unit area across face caused by input heat flux 
HEAT RATEiAREA: Heat flow rate.per unifarea across face by convection 
HEATFLUX : Heat flux ·at each node of face .. : 

..... 
- ... 

0 R 
y y. 
y y 
y y 
y y 

- y 
:y ~ 

y y 

y y 

.1 1 . 
l . 1 

.:·· 1 '~ 
..... : : :i:' 1 .. 

1 . 

J : 
. - : 1 

:l: • 
1 -

Table 4.57-3 lists. output available ihrougfrthe ET ABLE command using the Sequence :t'!illl1ber lt!ethod. s·ee Chapter 5 ~fthe 
. ANSYS Basic Anal vs is Procedures Guide and Section 2.2.2 .2 of this manual for inore: information. The follo:wirig notation is used in . 
j·ableA.57-3: .. :·: . . ... . . .. . . . . .. . . . . .. . . 

Name -·output quantity as ·defi,ned in:the Table 4.5T-2. 
Item - fredetermined Item laoel fo(ETABLE command• 

:T:ibfo 4.57-3 SHELLS? Ite~ aftd Sequence NumlJen, for the ETABLE:an!f ESOL Commands 

Name Item BOT 
AREA NMISC ·.:. L 
HEAVG NMISC 2 

· .: TAVG: · .: NMISC 3 
TBAVG:: NMISC:: 4: 
HEATRAXE•: NMISC.. • :'i:. 
HFLJ{AVG NMiSC 6 

... 
. . · · . 4.57-.3 Assumptions and ·Restrictions . . 

TOP 
7 

... : 9: :. 
10 
11 
1.2• . 

Zero are~ eleine~t~. ~re not allowe4; This 9~~~ most frequently ~h~ ~he elements ani '.no~ µuµib~red properly. The eie~~_t; must 
·not taper down to a zero thiekness 'at ·an:y coiner.· The four nodes defuiing the element should lie' in' an·exact flat·plane; however; a . 

: • sm~li .Qut-of-plane toleranc;:e i~ P.~nnitted so that the:~Ie:ment may have a sltgbdY warped shape. A W~mhig ~cis~age will be . 
. produced if an element is more flian.slightly warped (i.e.; if ~ny of the three global 'Cartesian components' of any comer normal. 
differs from .the:cortesponding component of the element normal by more than .00001). A.triangular element may .be. forme<l'by 
. defining:duplicate K at1d L i;iode .numhers•as des<:ribed in Section 2.8. . . . . . . . . . . . . . . 
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4.S7.4 Prodiict:Restrictions 
...... '' . .. . ...... . 

\Vh~ used in the proquci(s) lis_ted below, the sfated product-specific rest:t:ictions apply to this element in addition to the general 
• • a_ssilm{)tions and restrictio11s ):\iven in the previous section. : · 

ANSYStrhermal . . .. . , .... 

. : :r~~ birth and death speci:11 (eature is not allowed. : : • · 

4.SO MATitixso SuIJerelement • 
iii,~~sis·• -~ 
Meclran.:111 I"' · · 
slllicfuiai . .. -~ · 
LS"D'tNi>.' :.: 

. uiealf'lis 
• TIJeK0:11 : ' . .;;;: •. 

Emag 3-D 
·• Em~g2-.D . 

~!;~.f ... Ii"· .. 
ED. . I"'·· 

. . . . . . . . . . . . . . . . . 
. MA TRIXSO is a group of previously assembled ANSYS elements that is treated as a single element: The. sriperelement, once . : 

. : : geiiei:ated, may be inc;iuded. iii li!tly ANSYS moqeJ~~<l ii'sed. in any analysi~ iyp¢: (dr Which it is applipab)~ .• 'th.e :$uperelement cin : • · 
greatly decrease the:cost of many analyses .. Orice the superelement inatrfoes have been fornied; they are stored on• ii file a.nil can be 
used in ~the{atialys.es as any other. ANSYS. ~]ement. Multipl¢ I<kd ~ectors may also be ·stot-ed:with the superelemtmt :matrices, 

· th-ereJ:>y allowing various !oa<ljng options. See S~ction) "t~() ofthe ANSYS Theory R.eference 'tor.more detail$ a~out this element: 

.... 
Figure 4750-1 M.A,TRIXSO Super.element .. · · 

z.: 

····)--::~· y 

.. 
X. . . . 

4.50.1 I~pufi>~t.a : 
. .... .. 

• J'h'e 'superelement, which)s a -mathematical matrix iepr:esentation of an arbitrary structure, has no fiked geQmetrical identity an.d is 
· •conceptually shown in Ftgiire:4.50-1. Any analysis using a superelement as one.of its:element types ;is .caHed 1:1 ~uperelement u~e • : 

pass ( or run).' The .degrees of freedom are the·inaster degrees• of freedom specified during the generation pass. : .. 
The eleriient:ii:aini is MA TRIX50 (the :~µl)ipe( 50 or the nam:~ MATRJx.50 should be irtput for ttie: variable EN AME QQ the. ET 
· co~~nd): The· SE comman~ i~ µsed to ·define a: superele.ment.' SE reads the supere.lenierit from Jobname.S.UB ( defaults· to . 

: • file:SUB) in the working directory. The material number !MAI] is only used when·material dependent:fuimping [MP ,DAMP] is : 
presi':ni. :The real con$taiil Tobi~ riumber [REALj is rtot\ised. The appropriate eietn~ni type number [TYPEj, hciwever; must b~ . . . . 
entered.· · · · · · : · · · · · · · · · · · · · · · · 

An element• ibad vebtor is generated a16Iig with .the element lit ea~h load step of the superel~in~~it ·~eneration pass. Up •to in load 
• ve9~ors may be genera~eq, L<xtd 'vectors may be:prqportionately scaled in the :tJSe pass. The scale factpr .is inp,ut On the element • 

· .. : surface l_oad _comma_nd [SEE]: The_ load_ label is .input as. SEL y, tlle _load key is •the load yec_tor number, and •the loa~ val!}e is the . 
scale factor .. The load vector numb:er is .determined from the load step number associated with 'the superelement generation. If a 
superelernent: J0:a4. v:ector has a z~ro s9al~ f~gt\)r ( or is not scaie4 ·~t ~11),: this load vector ii; nc:>t fr1ch,1ded in the anaJy!itS: :AnY ·~umber 

· oflciad vector-scale factor ·cimibfuations may be rised in. the use pass. .. · · ·. · . · : : · . < : · .. 
. :rlie J.<EYOPT(l) optfon ii fQt the special case ~he~ the. s.uperelement is t~ b~ U$edwith a T4 nonlin~atity,:such as for radiatioh.::: 
the File:SUB for this case may be constru9t~4 directly by the user or may be generated hy AUXI2, ·the radiation matrix generator ... 
A summary of th4?. element input is giveii in_ Table 4.50-1. A ~enera[description of elemenfinput. is given in Section 
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' . . . . . . . . 

Table 4;50-:l MATRIXSO Input s~~ma~y · 

Element 
Naine. 
Nodes . . None input (supplied by.element) 
Degrees.or::: . .. .. 
Freedom . . . As de~!Jllit:ied fro,ni the induded Qlewtint types (ii inixtui:e of mul.tHi.eld degtees :of fTIJ.edpm is 1_1pt alfowed) . : 

: ~cal None . . Constants 
Material : DAMP 
Prooertfos · 

. Surface Surface load effects may be applied.through·a generated loail. vector arid scale factors;:Use the SFE command to 
· · Loads . . . . . imooiY: scai~: fadtOts with LAS=:' SELV, LKEY =; loa4 vector nufub~r:(:3'1.maxunum), and VAL].,;; scale.factor.. • 

Bodv Loads Body loads mav be ·applied through a generated load vector and scale factors -as• described for surface load~ .... 
Special:· 
Fe·atures 

Radiation (ifKEYOPT(l) I); Large ro~ati<;>ri 

• : · • · · · · 0 - Norm.Iii supstn;lcture : · · · · KEYOPT(l). . . . . ...... . 
· . · l .- Special radiation substructure 

KEYOPT(6) o·~ .D~ not print nodal forces. 
: . . . . 1 - Pnn;t nodal .for¢es 

4.50.2 O!]tput :Pata 
· Displacernehts ~rid forces may be print~ f6t each (master)degr~e offrdedomin a strui:tuial silpeielement in the :,;use;,: p:a~s'. 

. :Th~ n~dal forces may be ()Utput.1fKEYOPT(6)=1l.11le sfress distribution witl).in the.~uperelement arid th,e expanded nodal 
. displacements can be•obtained from.a subsequent stress pass . .ln addition to the database.and substnicturdiles from the. generation:. 
run, File.PSUB:must be saved from the s~perelement "use" pass:and. itiput to the expansio11 p1,1i,s °(ifan expansion.:pass i$ desired). 
A general description ()f solution outputis given in S,ection 2.2. : : . . . . . . . . . . . . . . . 

: :~.SO~ :Assumptions ~ml Re~tt~~tions 

A superelement: may contain elements ofany type. See the !! corruriarid for degree of freedom field groups. Superelenierits. of 
different fieli:i. types may be mixed: within tl).e: µse run. The nQµlin~ar t:10.i:tion of any element in~luQed in a superelemeni wii~ be 
· ignored imi:1 any oil in ear element will maintain its initial status. throughout the analysis. Superelenients may contain other. . . 
sup~teiements. · · · · · · · · · · · · · · · · · · 

· . Toe PCG solver does not support MA TRIX50 elements. . . . 
The relative locations of the superelement attachment points in the norisilperelement portion of.the model (if any) should match the 
initial supereieriient ge9m~tzy. : : . : . . . . . . . . . . . : . . . . . . ... : : 

. :If ihe superelement coptl!-ins ~ niass matrix, acceleratioii fACEL] defined in the use run will be applied. to the:superelement. If:a . 
load vector containing acceleration effects is also applied.in the use run, both accelerations (the ACELconiimmd and the load · 
vector) W,tll ~e. ~ppl1ed to the supe~~iem.ent.· Similarly, if the iup1m~lement contains a d~µipi~g m~trix ( as specifie4 in: ili<i generation 
run) and Cl an~~ ;damping multipliers tALP.~ and BETA] ar.~ :det;i~e4 in the use run, aMition~ldamping effects 'YiH be _applied 
· to the·superelement. Care· shotlld:be taken to avoid duplication of acceleration' arid damping effects.=· 
••~~re and thermal ~ffe~is may be included i~ :a s'!iper~ie!lJ.ent only throvgh H~ ioa<J.yectors. 

The diin~nsionality of the superele~ent correspond to the maximum. din?erisioriality of ~y elerm;nt used In its generatio~'. ~WO· . 
dimensional superelements should' only be us~ in two-dimensional:arialyses, and three;dimensio11al superelemertts in tlir:ee:-. 
. dimensional analyses, . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 

: : See Section 17 .6 of the ANSYS:Theo,y Referen,ce for a discussion of the substruct_ure matrix assembly pr,ocedrire . 

. 4.50.4 Product.Restrictions 

When UiiCcl. irt :t4~ pfoduct(s) listed: hefow, the :stated product~sp~<:jfi<i r¢$trictions apply to ~i.S ¢•etttent in additiotJ• tt;i th.e 'gj:J:leral 
• assumptions and restrfotioiis given in the previous s~diori: : . . . . . . . . . . . . . . . . 

ANSYS/Structµr11l . 

KEYOPT(ij=o : 
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ANSYS/1'11,erm!J.l 

:. • . This elemel).t may be .used as a radiati~n substrµcture only. KEYOPT.(i)-d¢faults to l inst~~d cit.o:and:cannot be chatigeJ.: . 
•• · The DAMP ~ateria(property, surfac~ io~4!!, ~1).4 :body loads are nof;ippiicable. · · · · · · · 
• : • Th~ _large 'rotation special feature is not applicable.::. 

: : C~ap~~r 4: Radiation 

4.1 Whatls.Radiation? 
. . . . . . 

.Radiation is the transfer of e1:1ergy via electromagnetic )Naves: Tlie•waves travel at th_e speed of light,.and energy transfer requires no .. 
. : medium. Thermal radiation is:just a small band en .the electromagnetic spe:ctrum.• Because the heat flow: that radiation causes varies· 
: with the Jounh power. oftlie body'~ ab~olute temperature; radiati9n an~lyses are: hfgl:ity i:ionJinear. . : · . . . . . . : · 

4.2 Analyzi!)~ Ra~iation Problems 
.... , .. . .. . .. 

The ANSYS program provides .tliree methods foi: radiation analysis, each riiea'nt for a different situation:· 
.. : .• : You can use:LINKJI; the radiation link el~m~nt; for simple probieli:is ihv.olving radiation b:e@eeri two points or sevei-al .. < pairs ·9f points. · · · · · · · · · · · · · · · · · · . · · · · · · · · · · 

• . •Yoii can· use the surface effect elements, SURF19, SURF2·2, SURFl51, and SURF152 for radiation between a ·surface and a ptiirit. · · · · .. · · · ·· · · · · · · · · · · · · .. · · · · · · · · · · · ·· 
• Use the AUX.17 ra4iatipn matrix generator fQ~ tJl9re generalized radiatiQn problems involving two or !IlOre surfaces. '{OnJy : 

• : · ... the ANSYS/Mriftiphysics, ANSYS/Mechari.ical, and ANSYS/Tnennal programs offer A UX:12.) • : 
You can µse: th~ :three radiation analysis n)ethods for eith~r tr~sient ~t steady-state ther:mal analyses. Radiation fs a .nonlinear 

. phenol)lenori; so you \ViH~eed. an iterative soiut.i()n to reac4 a ·converged S())Utjon. . . . . · . . . . . . . 
. The unit of temperature also plays an importantrole .in'radiation analysis; you pei:foim radiation calculations in-absolute temperature • · 

.. • :µnjt~, Therefore, if yqu !iefin~ yo:ur model data in tid@~ \if ~egrees Fahrenli.efr9_r ijegtees Celsius, yqu rrtl)st:specify a temperature•:· · · 
offset: 460° for the Fahrenheit systein and 2T3° for the Centigrade system. . . . 
To specify_a:temperature offset, us¢ either of the following: . . . . . 

:cominand(s): 
.. . TOFFST 

.GUI: 
. : M~in. Menu>Preproi;es~or>Loads> Analysis Opti9n~ . 

· · .. : Main Menu:>Sol~tion>.Analysts C>ptions 

4.3 Using LJ:N(91~ the Radiation:Lin.k itleµient 

. LINI<3 l. is ·a two-node~ noi1liI1eat line eiement· th:at cakuli;it~ the heat floW caused by radiation between two points. The eiemertt 
: \ i:equfr~s you to specify, iri the:fonn ofreal constants: : · · · · · · · · · · · · · · .. 

• : . An effective radiating surface area. 
• :Forth factor 
• · Emisiiviif . 

... · .. The Stefan-Bol~~n constant . .., .. .. .. . ... 
· · Limit your use .of the LINK3 l analysis .method fo simple 'cases. where you know; or: can calculate easily by' hand; the radiation fonri • · · 

factors. : · · · · · · · · · · · · · 

·4.4 Us~n:g the·surface Effect Elements 
.. , ' .. ''. 

: 1\. c~nvenient way to model radiation between a suifacf1:1nd a point is to ~se s~rface effect elements superimposed on surfaces th.at: 
emit or recefveradiation. ANSYS provides s.uch elements: SURFl9 an,d·suRFI51 for nvo~dimensional models, and SURF22 and 
SURF I Si foi thr~e-dimensional m:qde1!!; t4e element option k.EJOPT{9) activates radfatio~ tor t.4ese elements. '.f'.he Jqtjn_ factor can 
be .specified as a rea1 constant (defaults fo 1) rising K.EYOPT(9}'· l; orjrou can calculate a cosine effect (using K.EYOPT(9)=2 or 3)-

: frcim the basic element orj~n~tion and the extra: :node· JO:cai,on. . . . : . . . . . .. 
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4.5 Using AI;,X12,. the Radiation Matrix Ge~erator . . . . 
. . . . . . . . ' . 

• Qt:fered in the ANSY~/M~ltiphysics, ANSYSfM.echariical; and ANSYSmiemlal programs only, this:inetho_d works for genera))zeif.. 
· : : radiation problems inv.olving several surfaces receiving 'and emitting radiation, The method involves generaling a matrix of forin ·· · 

. . factors· ( view fa~tors )' between radiating sw(aQes and using· th¢ mat$. as a siiperelemenrin the tnepnai'anaiysis. you also c~ . 
include hidden or partially hidden surfaces; as. well as a "space node'" that can absorb radiation energy. . . . 
The AUX12 ii.rtii.lysis:method COJISists" oi thtee: steps:· .. . .. : . . : . . . .. .. . . . .. 

: : , .. PCf{ne the radiating s1:1~~~s·._: · · · · · · 
· . 2. Generate the radiation matrix.: 

3. Use the r;¥iiatjon matrix in the theqna(~alysis. 

,,• .. .. 
· · · · 4.5.1 · Defining the_ Radiating Surfaces 

. . ' ' . . . . . . . . . . 

To define the radiating surfaces, you create a.superimposed ri:iesli .of LINK.32 elements in 2;D inodels and SHELL57: elements in 3-
D· modeis. Td do :so; perform thd6il6Wirti !Mks:· .. .. . . . . . . .. . . . . . .. ....... 

: : J·. i3uifd the thermal rrioqe) ·in:th~ preprocessor (PRE).'1). ~diating surfaces 49. not support symmetry CCJnd1iion:s, therefore model~:· 
· ·. involving radiating srirfac·es can ·not take adyanfage of geometric .symmetry and :must therefore be modeled completely. The radiating : . . 

surfaces\1sµally ~refaces of a 3-D tnodel ~nd edg~ of a 2-D model,: ~s shown below: . . . . . . 

• Fi~_ure 4-1 Radiating s~rfaces for 3-D and 2-D models · 

.. 'i.·-· ,.,.,_.__,,., · · Radiating· · 
surfaces . 

... ' ... ' ., ,.. . . 
: :2.. ~1,1perimpose the racliati11g:sllrfaces with a mesh ofSHELL57 elements fa .H? m_odels or LINK32:el~meriis in 2-D models, as ... 

shown in: the 'graphic below. The b'est way .fo·do this is to first create a .subset of the surface nodes, and then generate the: surface 
element~ :usiµg 9~e: pf the following: · · · · · · · · · · · · · · · · · · · · · · · 

• :cciintnimd(s): 
.. • :ESURF 
GUI: . 
. Mai:n Menu>Pteptocessor?><;reate>Ele.tn:en'ts>S._ff'. Effect>Eitr:i ·N(id!! . 
. Main Menu>Preprocessor>.Create>Elements>Surf Effect>No extra Node. .. : · 

. . : : :Make sure to first abtiviite.the proper elementiYpe fot:the surface eleme~ts. Also, if the surfaces att,:tci have different 
em{ssiv#ies, !{SSign different rnatetjal reference numbers: bef~re.creating the elements,. . . . . . . . . . . 
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Caution::Raqia(fng surface mesh of SHELLS7 or LINK32 ei~me.nts:f!IUSt match (node ior node) the underlying sofid eleinent mesh. 
If it does noi match; the resulting thermal:so/ution will be incorrect: . : : . 
• Th:e ·orientation of th¢ sup~ritnpcJsed elements is :impprtant.: AUX:12 assumes tbat:th¢ "viewing" dire~tio~ (that 'is, the directiori of •• 

. . · :radli;ition) is along +z.; for:SHELL57 elements f.\114 :al9ng:+Ye for LINK32 el~llle~ts (where e denote~:tJ:ie pu~ard normal direction:: 
of the element coordinate system).: Therefore; :you must mesh'the superimposed elemerifs so that tlie radiation occurs from ( or to) the 
proper f~~e; Th¢: 91'.QeT in which th¢: el~m,e~f~ podes are defined ·~9nt£9]g the element odentiticin,. <'IS shown beloW::: . . . . . . 

·::.:. ::I 
· 3-0 ·object · ···.~Object·· 

. . - . . . . . . . . 

3. Define a space node, wliich simply is anode that absorbs radiant-energy not'ieceived by other surfaces in tlie·model. Location.of 
this nodtiis Mt hriportant. An opetl'systerii: rtsually requires 1rspa¢e ~oi'\e. However,you sho.illd tt~t specify a spac'e nQdJjJ,::a 
clC1Seqsj,stem.: . . . . .. . . . .. .. . : : . . . . . . . . . . . . . . . . . . 

•: ~.5;2 Generating the Alb(I2 R:Jdiation Matri~ • •: · 
. . . 

Calculating the 'radiation matrix requires the following inputs: 
• : : N:6de$ :!l.rid elements that mrtke tip the radiating surface~: : 

... •·: Model dim~~siona\ity (2-D or 3-D) . . . . . . . . 

· • : Emissivity and StefatFBoltzmann constant : : • 
• : • Th~ _method used to calcj.i_fate. the. form factors (hidden ~r visible) 
• . A space _node, if desired.: 

. : '.f 0: gellerate the matri~, perf~~ these steps: 

1. EnterAU:}{U;us{ng one ofthese:me.tho4s: 

:CQ!'):Jtnand(s): 
··:. ··-la.I.!m 

GUI: 
Main Menu>Radiation Matrix: 

1. Sele'ct the nodes .arid eleinerifs that make up the. rai:liatiori surfaces. An easy way fo do this is to select elements by type and then . . . 
select all •attachbd :nodes. To perfotin tnes~ ti!sks, use the Gui path U:tllity Menu> Sele~t:-Eniities or the comrnati.ds ESEL.S, TYPE 

.and NSLE: i{you haye defin,ed ;i space nocie; remember to seiecdi: • .. . . . . . . . . . . . ·.:: .... 

· 3. Spedfy whether this is i2~D model or. a 3~0:tnodel,:using either of the following:·· 

Command(s):: : · 
. . G.EOM 

ouf · 
Main 1\1'.en°'>):t~d~~tion l\fatrix>Qth~~ $etl:icngs 

· AUX:12 uses different algorithms to calculate the form factors for 2:0 and 3aD models respectively, :AUX12 assumes a 3-D 
: hi:odel by default. TWi:>-(iirn,ensional models:m;iy b:~ either planar (NDiV yali:i~ ':'P), or axisymmetiic (Nbiv value> 0), with··· 

. • pfanar as the default: Axisymmetric .models are:expiuided internally fo a 3.;o model, with NDIV representing. the number of 
axi~ymniefi'ic ~ections. For example, :setting NDIV to H)in~icates }O sections, each sp~nnirig 36 degrees. : . . 
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Therrru;11 An;;tlysis ·ofth•fF:-431 overpack • · 

4. Define the.emissivity using either m.eth~d shown below. Emissivity·defaults to unity. (1 .. 0) . 

. G~nimand(s): 
•:.EMIS 

GUI: ' . . . ' 
Main.Meriu>Radiation Matrix>Emissivities : · 

.. .. '" '' .. '' 

· ·. S. Define the.Stefan-Boltzmann constant using either method shown below. The Stefan-Boltzmann constant defaults to 0.119E~ 10.: 
Btu/hr-iii-R\(In 8:1. Units, the constllnt ~ait.he value 5.67E~8 W/11?2-K.4.) : : : •• : • • : : : . : : : • 

Command(s): 
.. :fil:.Ef: 

GUI: 
· M!l.i~ t\'ienu>Radiati911 Ma.t.rix>Otiier Settings 

· ·. 6. Specify how to calculate•forrti fl}ctors, 1:1sing eith~r i>tthiif9llowing, 
. . . . . . . . . . ' . . . 

. Command(s): · 
:. VTYPE 

GUI: 
Main M:el!~>R;adiation Matrix>)Vrit~ Ma,trix ... 

. : .. You can choose oetween the hidden and min-hidden methods: 
: : • The non-hid~en• method calculates thi fottn.'f~<;tQfS from every e1¢ni~nt :fO eyery other e}em.~nt :reg~rd!css of any blocking·. 

: eleme,nts. · · · .. · · · · · · · · · · · · · · · · · .. · · · · · · · · · · 

• The hidden method ( default) first uses a hidden-line algorithm to detennine which elements are "visible" to every. other 
: · eleirteht. (A ''target" elertient iii t,i!l'ible to a "viewirtg" eltirtent•if their normals pbittt td\Vitrii each other ind ti:ie~ irte no 

blocking eleinents}Then, fonn factors are c~Icu.fated as follows:• . . . . . . . . . . 
· · • · .. Each. radiating oi' "viewing" element is enclosed with a unit .hemisphere (or: a. semicircle iri 2-D)~ 
• . : All ·tatget ·or "receiving" elements are projected onto the hemisphere or semicircle, . . . 
• Td ~aicuiatethe fqrn:i factor, :a ptedeteWlin.ed number. ci:f:rays lire projepted from :the viewing element to the hemisphei:e or . 

semicircle. Thus, the form factor is the:ra.~o of the number of rays iilcidenfon the projected s1:1rfacl? to the number of.rays . 
emitted by the viewin1felement. In general;:accurncy of the fonn.factorfincreases with the number ofrays. You can· 

: : in~rease the number of rays 0a· tlit; NZONE field OJ'.l thi V'TYPE command Qi;- .th~· Wri~e Matrix menu: optloni both 
: indicate the number of radi~l samplmg zones. . . : : . 

)f necessary, design!}te t~e; space node using ~tther of.~~ methods sho~ be~o..y; .. :; 

Command(s); · 
SPAClf 

GUI: .. 
Main Menu.>.Radiation Matrix>Other Settings 

. . . ' . . . . . . . . . 

• lt p'se:either the WRITE ~o~and or the Write M~trix menu option to\vrifo the radiation matm)o th~ fil~ jobname.SUB. lfyou. · 
: : want to write more than one radiation matrix, use a separate filename for each matrix.. To print your. matrices, issue the command : · 

.. MPRINT,l before issuing 'tlie WRITE coinn1ai:ui . . . . . . . . . . . . . . . . . . . . . . .. 

· 9. Res~l~ct ~11 riotles and elen1ents using eithei" o.fthe followi~g: . 

· Conimand(s): 
ALLSEL. 

GUI::· 
. . . lJtiQty Menu>Select>F;Y~rY.tJ:iil'!g 

Yoii IlO\V have:the radiation matrix written as a superelerrietit on a·file. 
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Therm~I Analysis ·ofthe :F --431. Overpack: 
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4.5.3 Usi~g llie: Radiation Matrix :in t~e\ Thermal Analysis: .. ''. .. '. .. .. . .. . "" .. . . . 
: .i\fter writing the radi~tioi:i: !D_atrix, re-enter the ANSys preprocessor (PREP7) ~nd ·~ead the matrix in:as a sup1yrelement. To do so,:: . 
. :perfo_D? these steps: 

1. Re-enter tfi.e pi:eprocessor using :one ~.f these methods: 
Command(s):· 

:: iPREP7 
. GUI: .... 

Main Men'IJ>Pi'.eprocessor . . . . . . 
. Specify MATRIX.SO (the superelement) as .o~e of th_e elemeiittypes .. 

: : ~. Switch the element typ~ p~iilt~r to the superelenieilt ~~ng either of the folicn,ying: • 
Command( s): : . . . 

TYPE::::: . 
·GUI:.· ..... . 

.. . . . 
: : Mai_1tMenu>Prepro:cessoi?,-l\llodeJing-Create>Ele:ments>Elem Attributes:: 

3. Read in the siiperelement matrix:using one 'of these methods:.:· · 
Command(s)i .. . . .. . . . .. · · 

. :: SE 
·· .::our:.•• 

Main ~~nu:>J'reprocessor>-Mod~~g.:Create>Elcments>~S~pereleinents-From .$)JB FiJe . 

. 4. Either unselect or delete the· superimposed m~sh ofSHELL57 or LiNK32 elemt;ih.ts', using either ofthe" following: 
<Gcimmand(s): ·· ··· · ·· · · · · ... · · . . ... 

. 'EDELE 
GUI: . 

. Main Menu>Preprocessor>-Modelirig-Delete>.Elements .. 
' (rhe thermal analysis d~es:~ot require these el~m~nts:) 

5. Exit from :th~preprocessor and ~nte~ :t1ie SOLUTION process~~- . : . 
.. . . .... 

'' : ~- Assign the known bciu~dary ~ndition to the spac~ _riode using either oftlie foUowmg: 
• : Command( s ): .... ' '1!:£ 

GUI: .. 

MainMenu>Sblrition·>-Loads-Apply ... (et~.) · · . 
· · · : • T~is boundary typically is•a: temperature (such as airib\ent temperature), _l?ut ~lso. may be a heat floV\'; ·T~e houndary condition:•· · 
: : : : value should r_eflect·the actual .environmental' conditions being.modeledc' . : ' 

. . . . . . 

_7 •. Proceed with the :thennahnalysis aS:eX:plaine4 in _the other chapters of t~is manual. : · . 

: • ~.~ )ie~ommendations (or IJsing Space Nodes· ... .,, . 

Although modeling radiation does not always require a space node, the decision.' to or not to use. one can affect tite i:iecnracy of your. . . 
thermal a!J11ly~i~ ~esµlts. Keep the tollo\Ving ·r.ecommendatioris about spa~e node usage ~n mind as you build your model.: : .. : ,. .. . . , .. 
4.6JConsiderationS: ror:i~e·'Nbn-hidden Method ... 

... . .... ,, "' ., .. .. 
'The nonchidden method· of forin' factor calculation· usually is accurate enough for iuiy system without requiring 'special .attention to . : : : . 
space n0<;les. Gfinerally, you shou/d,nq( -sp¢cify a space node for.~-cl!)),ed system, but you s/iouli/ Specify one for a~ open ~ystem . 

. Oply o_ne situ.atfon reqJ.!ires special attention: whe!l ~~de ling an :opeii sys~.IP "'.hich includes :gray:body radiation ( eniissivicy :is less . 
. . than 1 ), you must use:a space node to ensure accurate. r~sults. 
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4.6.2 Considifratfons for the ffidden Method 

: for. the hidden method, of fomi factor calculation,· th~ .accuracy of the form factor calculations within: AUXl2 can affect the acciiracy . 
·: ofthe:radiation calculated :to:the space node. Because inaccuracies in the calculations accumulate at the 'space node, the relative : : .. 

error'iri.thespaq~nqdeformfactorcanbe:~li;aggeratedtna'clqsed·or;µi,a,rlyciosedsystetn. . . . . . . . . ,, . 
When using ilie:hidden method, you may need to increase the:number of rays used in the foiin;factor calculation and tci refine the 
mesh in ordet to inake the·form factors fu_ore ~ccurate. lf this is'ftot pcisslble, consider the folioWirtg tips when definiiiithe space 

,nod,e: : · .. · · · : : · · · · ·. · ·: . · . : 

... 

• ' '.For.a closed system iri which all radiating'suifacesform an enclosure 'and do not radiate to space,:do 'riot use.a space:node: ' ' 
• • • If the iiattire of the problem .malces it acceptable to simulate fudiation betweeri the rai:liating surfaces oniy (ignciririg 

. radtat10D to. ~p8C!l ), tJiet,1 do no~ SpeCt.fy, !l space nqde. This appro!¥,h j~ yalid. only Whert mo.d~Jing_blaclj:. body radiation 
(where emissivity~: l ). . . .. .. : .. 

. . : '!i: For a nearly cl6S:ed system, if you must account. for radiation to space; then mesh the opening •and:coristrain the 
· • teipp~rature of the nodeS: ,n the. 9periing to the tempiraw:r~ of space. The form factor tq space will then :~e q~icµlated 
. : eXPliciUy. and more acctlrately. · · 

• . For an op~ri system where iii ere are significannosses· to. ~pace, you can us.e :a space node· (with a specified boundary · 
condition) t;:i cap~rtl t!1e lost radiation wit4: a~qeptable accuracy: µsing Q19q~rate mesh refip;em~~t:anc,1:a moderate nujiibe_r:: 

· · :•ofrays:· .. · 

4.7 Genera)q~iclelines for AUX,2.::: . 

. : BeJl)w are some general gui~elines for using the:AVX.lZ approach to radiation a~~Jysis: 

. : ' : : .- : .. Th.(11)01')-hidden method !>liould. be U!>ed ifand· oti1y jf a)l ~he; radiating :surface.s J,ee e:aclt other :tully.:lf1he. m;m~hi\l,dten 
: :method iirnsed for cases:where any blocking effect exists,:there will be significantiriaccuracies in view factor calculations, 
•: a~a the:subsequent thermal aualysis=results can be ph)1~iealiy. 1naccurate, or the ptobfoni might not even 'cortyi:itge.•: 

. · • The hidden :met}i94-requires significa~riy l~nger computer time ~han: tJ1~·n.On-hidden metho~. 'therefore, use it only if. 
blocking surfaces are .P!esent or if surfaces: cannot be grouped. : : .. : : : . . . . 

• : : In 'soine .cases, you may be able' to group radiating surface's .SO that each group JS isolated :completely from the otlit;r groups 
. in tert)'l!?'ofradiation heat transt~, 1n such cases, yqu c~ save significant tim~ by qreaJ1.~g a separate ra4iat{qµ niattjx for 

each group using the nori-hidderi method. (This is true so fong as· no· blocking effects e'xist:within a group.) You can do this . · 
· . : by selecting :the: de$Jre4 group of radiating surt'Jces 'before writing t)i¢' til~ttix.. . . . . . . .. 

: • : . For th.e hjdden method,: i11creasil,lg t.he: number of ~ys usually produces more .accurate fqrm factors. · · 
• ·:For.both hidden and non°hidcieri methods, the finer the:mesh ~f the radiating surr,ace: ~foments, the more accurate ~re the 

: form factors. However, wheri •bidden method is used, it is particularly important fo have a fairly refined mesh in ·oroer.to. 
obtain the sam~: lev~lof accuracy in Vl~W faci9r computation as 'the. 1,1orr~hidden method. Ev:ent: thqµgir increasing the • 

.. nmnber. ofraysused(col'!trolled by NZONE argriinent <:>fthe ~:coi.nin3:nd) llelps in accuracy,:for !I coarse mesh; .. : : · 

. : increasing NZONE to even its.rna)!:imum limit might no.t. yield·an accurate solution.for :the hidden method .... 
• : : J:gr ~isymmetric models; 1,1i:iqµ~ ~o axisymmetric ~cw~ pr9,vjde reasonably aq:).tt!lt¢ foi;m factors. Eleme.Iit$ shquld have 

reasonable aspec:t ratios whey they are ;expanded to a 3-D model.: . . . . . . . .. 
: : . •.: LINK.32 eleine'rits, :which are used as superirriposed radiation surface: elements in 2-D planar or: axisymmetric models; do: . 

.. · : not dire<;tly support the axisymm~t,ri~ option. 'Iii axi$Ymrn~tric models; iherefo:re, be ~µi:e:to delete (or 'un;select) .the111 · 
: : before doi.ng the thermal imalysis. . . .. . 

'J'h~oi:¢tically, the summattori of view factor from any r~diating surface to all ,c>thei radiating surfaces sh,ouldbe, to for a closed 
system. This is. printed as·* h * * . FORM FACTORS: ** '' *.*. TOTAL'c' Value:Coi each radiating sriifuce if the:view factors for · 
radiating:su.r:fac~s :ate printed using: the MPRINT ,I command. For 6pen' systems, the stimmati~ti should always be less tiiah 1.0 . 

. One W!lY of checking wh~ther ~h~ view factor calcub1tions ~re correct or :no,t is. to. use the MPRiNT;l, cpm!TI:and, .and check if th,e . 

. summation of view factors for any radiating surface. exceeds 1.0. This can happeri if the non-hidden inethod is• inadvertently used for : · 
: : c.afouJating view factors iietwe~ radiating surfa,cei, \yjtj,; :1:/lqcking effects. : : '' ' . . ' '' ' '' 
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· Thermal Am,1lysis ·of the :f:-431. overpack • · 

APPEND.DC C: 
: . · Internal :Air Space: He-at Transfer: C~foulatitins 

. Effective· K t~ A;ccount for Convecti~ri Across Air Space : 
.. · Fi;ee cor,.vectfon.heattra,nsfer ~cross the:aii space between the:Gariit1).acell.and the iriner wall of the . 

overpack .t~ be represelite~ :by ~ effective therm:at conductivity, ketr, Wl.rit~ f.s the thermal: conductivity 
.. ·. ~hat a ·stationary·fluid should have t9 ~f~r the same ~ount qf heat ai the inqving :ilt,1id [5]. The air 

: ••• : .. :space is approxiriiated:as the annular space.between long concentric cylinders ot concentric spheres. : : 
. . . Tlie c~n'relation.' for' ~ff i~ th¢ri of the form: . . . . . . . . . . .. . . . . . 

k 
:·. :· elf = :: ••(f :: Pr . Y14

:; ( :.\)1/4 
0.386 . .. . . . . ) . :·.Rae=·: ... . .. 'k ·. 0.861 +Pr:. . ·. . ,, .. . . ' 

: where, k: is the thermal conductivity 6f tlie fluid at the: film temperature, 

Pr is th¢ Prandtl number: fqr the fluid at the fiu,i t~inpei:ature, and 
... ' .. . .. .. ,., .... 

. : R. * 
... : :«c . 

. . • where Di, Do and L . .ire defined in the folfo~ing figure, 

.. : and, 

where; : i is the acceletation 4ue to gravity . 9 .fmJs2, 

April2003 . 

.. rns the .uiv.erse of ihe filn) jernpera~e iii: degie~ K.elvin, . 
V is the! :kip.ewatic viscosity o( the ~Uid at the film ~Illper.ature, 

. . . •. ct is thc:dliehiial diffusivity of the: :thrid at the filtn tehlperature;. 
: . • • Ti and To are the t¢tjlperature of the. surfaces .as defined in the 'figt,tr~ above, and. · 

· the •filru teniperahrre, t ;,.: (Ti + To )/2. · · 
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.. .. 
Thei'ni~I Analysis ·of the F43.1. Overpack • · 

. .. . ' " . 

... . .. 

E~e~~veJc:Under Steady=State Conditions : 
. . 

... .Under steady:sui.te :¢oµditions for Loacl:Ctis~s 1 and 2 (Sections :5) and 5.2, respe~µv¢ly), Ti is the 
. : : . temperature measured ;On· the outside ·of the Gammacell,. while t,ds ;the temperature•measured on the . 

iti~ide \\tall; of the overpabk: ;F~~fu, the expenm:~ntal ni~a:surements of the; Ciartnnacell in the :F ~4:~<):. •:: 
· · · .··: overpack[3];:Tt ~· 27~C ancf to· 2i: :26°C:; .. · 

. . . . . . . . . . . . . . . . . 

... Tlieref,ore, ·the filn1 tempe~ttire,. T. (27+ 26)/2' =· 46.5°C, and the requif~d ~ir properties are [ 5.]; .. 

: f3 '1i(26.5+27~} = 0:0033 K\ k ~ 0.02~ W/m°C, V f5.9xf ~'~ in2/s, a 26:3xi0'6nf/~, ~d .. 
:Pr.:= Q.707. : 

.. '' ' 

. The·outer diameter of the Gariunac:ell lead.casing inthe•J;:431.overpackis•,:oi ':7.18. in:==. 0:46 m:· · · :: ... 
.. 

· • · •The diru_netet lo th~ .iriiide wall of the ov~rpack, Do, .is the dt~tahce• from tl).e center: bf th~ GammaceU:. 
to th~ innerF-431 overpack;wall.multiplied bytw.~. [: 

: ~:: : : .. )'his yields, I>o,=r22. in. 0.56 m .. : 

Tlie qis(ari~e L is then, (Do . : Pi)/2 (0.56-0.46)/:2 ~. 0 .. 05 m. 

• . From the eqtiati<i>n,s in the previous sec#:on. •. : 

. Ra ... ,;,, . :!:>i81*0.0033*(27.~ 2.6)(<>.0.5)3: .:9 .. 6'8xl03 
. L 15:9.xl0-6 * 26.3:tl0'6 : : . 

.. '" 

3.85.::d04 . 

kefT::: ( 0 ?Or.·.·· ',t4 
( · · · ',f\lf4 · · 

. = 0.386 .. ·. · · 
1
.· .·.3'.85x10 J ·: 4 ... :f. :< · 

... : ... k ·: ·. 0.861 + 0.707 · 
' ... ' 

. . . . ' . 

~iithen;• 

... . . . . . . . . 

E:ffe~ti~eK Under Regulatory Fire Conditions .... • . 

· .. µnd~t ·regtiiatory fire condition/; for Load. Case 3 (Sectit>n 5 .3),: :n is the· temperature 9n .the outside of· 
. :the Gammac¢U; whil~ Jo is the ten;iperntm:e 9n the inside wii.U qf t\le overpack Th~~e temperatures ar¢ •:: 

.. conservati.v:eiy estimatecl ·a~; Ti ·::: :27°C ( steady stiite: temperature) artd T<> ·".'7 · 800°C ( frre tetlipet,a!me): .. 
, ... ' '. . 

Therefore, t~e fi.ln:i.:t~rilperature, T .· (Z7+800)/2 414°C, aiid;th~ required airprop.erti~s are [5], 
. "' ., . ,, 

· · · · · · · . . . . . ·1 · · . . . · · · . . 6 2 . . . . · · . -6 2 : · · . . . . . 
(3 1/(414+273) = 0.0015 K; k = 0.052 W/Ih°C, V""' 68.0xlO- m /s, a.= 98.0xlO m /s,:and Pr= 0.7. . .. .. . .. .. . ,. .. . '' ,. . .... 

. . ..... . 

. . . • : : The dimension~ Do; Di and L are a~ .iQ th~ previous sectiqn .... . 
.. ,. .. .. . 
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· · Therm~_l An~lysis of th,fF-431 pverpack • 

Frmn the :previous equatloris? : 

. Ra 
.. L. 

9i8i:l'O;OOJ5*.(SOO~:Zi)(<i.os)3 
2

.
13

~10s · • 

68.0xio:-:6 *98:0xl0-6 

.. • .. ·••• [1n(o 56/0 46)1'! : : · . ··· : . :• s · · Ra · ::;= · . · · · · · · · · · . • . • . J · · · · · · · * 2-.l3xl05 == 8.48xl O · · 
• C : \(0.05)3(co.16)tt+(0.56f315J: : : :; 

·: .::(:: . .. \114 .. :: .. :: ·.. : . : 
·· · · · ·· 0 7 I .. (, · · · ·· 'V,14 ·· . ··· 

• 0:386 .... ::·· _· ··;·-: . ·,sASxl()5 J. := ·9.6 
0.861 +0.7 .. · ::. :· ., . . . . . . . . . . ' ' . . . . . 

... 

. •lcetr is then: . : : : keff = 9 .6 ~:o~OS2 := 0.5 WJ ,jj':'C' . 

_Confribtitfo~ -of-Heat Transfer Tb.roug~ Steel Across Air Spa~e : . · ... 

• • .. Heat transfer: bf cdrtdtiction oc-curs •through the air and throiigh the support structri.te bf the Gammacell. 
The o-.acell is support~d mainly by wood:~i~ on its top and botto~. The surface area supported by 
the wood• inserts is about 30% ofthe total area o:fthe Gammacell . 

. . · · The total .theii:nai c6nductivity of the afr spa~e is cal~ulated by tortibining. the .eff ec:tive thermal . . . 
conqi;i_ctjyity (calculated abo:ve) tq account forcot1vection and the contril:mtfori of conduction:tbro:Ugh 
.the w6bdtrtserts~· ·. .. .. . .. . .. . .. .. • • . .. . . . ... 

For all t~mperattires~ the: combjrwd theririal conductiyity, k, is calculated a~ fQllows; . 

wlie~~ k.;ff is the eff ectiv¢ _thermal conductiyity to account for convectic:m;: and 
• k\V i_s tlie ~ermal conductivity of_plywood := 0.12 W.lm°C [Bk · 

· • · •. S9, f<;lf example; :wider ~e r~gulatorY:fire ·concliticm.s,. 
· : k= 0.5*0.7 +0.l:2*0.3 0.4 W/m°C . ·· 

... The thermal analys:is for the F-430 [31 ~d1,1.s{9ered a steel:bra,ce wb¢re the surfa~e -~e~ sµpported by . : . '. 
. . <the-steel brace wa:s:about 2%-of the total area ofthe.Ganiinaceil. Therefore, the foilowmg equation fork 

w~sused,.•; · .... · · ··· · ···· · ···· 

wb.ere1. \~1 is the thennhl cotiductivity or steet:i · 

: : . So, for exampleiuridel' tlie regulatoiyfu:e con~iti?.DS, _kst ~ 16.6W/tr1°C_ (from Table f),:and tlierefore; . · •. 
k= 0.5*0.98 + 1_6.6~0;02 = 0.8 W/in°G. 
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Thermal An~lysis ofthEfF-431 .overpack: · 

., ,, ' ... 
Tci allow far future changes to:the bracing geometry in the F-431, (for exainple, an all-steel or 

. a combinatfon woo.d and steefbrac~ ), the equation' fork used ill: the:, F-430 modelis also µseiiii the F-431 
: .model. This is a:reasonable assumption since the value fork across the air space has little impact on the.::· • . 
. . final reslllts lis th~ p6lyurethane fofun 1~• th~ dominant th~miai shieid; For·example, dilrin:g the regulafo:fy • • ' . 

fi.i'e test; the temperature gr~di.ent across the polyiire~e foam is apprQiiinately 600°C, wherea~ .the 
·grad1ent across the:a:ir:space'is appit)xihiately,20°C (refetto 1!igure 14): . .. . . . .. ... 
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APPENQIX D: 
·oerivation · of Heat ·transfer Coefficients : : · · 

' .. . . . .... 

' . . . . . 
.The heat transfer. coefficients used jn the .F-431 analysis were chosen to match empirical results for the 

. : F-430 overpatk rn This appendix den'lohstrates that the·valt;i.es:tised are reaso~able in :comparison With : 
. . approxh;r1ate 'relatioris for air.· !t also calculates bo~diJ}g values for tµe he~t .~ansfer coefficient for.~. . . 

cyiinder hi a fire enviroiirneiit; :for all steady siate:calculations, the temperatures of the applieabie. surfaces .. . .. 
. : aie taken ftoiri fu;t_':. stt_':ady state .analysi(ofthe.F430 overj:iacl{[3];: . . .. . . . . . ....... . 

.. . , .. 
Hea(tran:sfer Coefficient fo~ ·steady State and :So!ar Load Analr:s~s:. 

. . . . 

· · · .. ·. nie· F~431 overpack cart be ~pptoximated as: a cyiilittb:r :in the cro~s flow :olthe: air with a diatiibter,' bi 
• · .. :Of 36. 72 in. : : 0:93 ro.: The flow of gas: qV;'er the outside of th¢ :o:V¢rpack is esti:niiiteq: t9 W,ce place at a: low· . 

. v~lbcity:offOmis(3.3ft./s)_.:.·.·:. .. . . . . . .. . .. . . .. .. . .. . .. .. . .... 

. . ' ' . 
. : ·From Incrop¢ra ~n<;l Dewitt [ 5], the he~t tran.sfer coefticieµt takes the form: 

where: D is. th~ _average width o.f cro~~ section of the ov~rpiick= 0.93 m 
.. C;n ~e :cotistants that depehd on the Reynolds ntimbef (uD/v) ... 
• k thermal conquctivity of the fluid 

'.. . .. v:= kinernatfo viscosity of the fluia' 
Pr P:~cltl number for th~ fluid 

.• u free stream velocity 
... . . ... 

. . . . : The property val1,1es of k, V and Pr ate e'valll;llted at the fil.rri t¢iriperature, which i~ d¢.p.p.ed as the mean: of .... : .. 
: ';. the wall and free:stream fluid temperatures.:: . . . ' . . . ' . . . 

. The wall temperature was ili.easliie<i as 21 °C on. the 6utskle of the F 430: oVerpa~k, \Vhile the :.UUbieiit_ .. 
. ·temperature wa~ 2l 0 C: The film teniperahrre is, therefore; 2l ?C and, from IncrQp~ra(and Dewitt [5], the .. 

• : · property vahies: ru-e 'k ~ 0.026 Wini 0c; v=~ L6E-5 m2/s and: Pr~()~ 707. This yields: a Rdynolds number : 
ofabQut :so;ooo. At this· value: of Re, the constants C arid n are 0.027 and 0.805, respectively[5]: : . 

· ·:. · . Substifutirtg in the !1PPr6priate ~iiiues in the .above equation yields. a heat transfer coeffici~nt of: 

.. ' .h' o:o26(0.027)0.0~0.93il.6E~5)°-805:7Q7°:333 ~ 4.6 W/m2 °C :. 0.93: ... . . .. ... . . . .. 

'' .•... A value of 5,0 w)J,i2°c was used iri the aiilllysis'. 
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-• .]N/TR 192.2 f431.:(1)': . 
. . . . . . ' . . . . . 

· Thermt;1I Anf,llysis of thEn:;~431 Pverpack : · · · 

H~afftaosfer Coefficient During the Fire 'feS:t:. 

• :At the start of tb.e fire; the wall temper<!-ture is 21 °c on the oµts~de of the overpack: Tiie :mm temperatu.r~ 
.. ···is; therefore, :4 l'i °C atid; :from)ncr&per~ ~d Dewitt[5]? iht(ptbperty value,s ar~ k;;, 0.052 W/m~C,. v:~. · 

6.6E-'5. ri/& and Pr =0.693) Thi~ :Yields a ReyµolQ~ rnµpber of about :2op;ooo., At this valu~ of R¢, ¢.e 
·.·.constants C and tl are o.oi7 and· 0.805; respectiveiy [sf The· flow of hot gases over the.outside· of'the 

• • • .• •:: overpack is a~suilled to take place ~t _a)ugb. velocity of 1 o.o: itl/s•:. . : ... : . . .. 
(3rs; fi/s) [11]. 

· · · ·substituting in the ilppropriate values in the equation from tlle previous section: yi~id~ :a· heat transfer •: 
· : : • :cQ~ffi9ient9f: :•, 

. • •h:~ d:052(0.027)(10:0*0:93/6;6E~5)°:805.693°·3:n ,;,;:f8.7.W/m2.°C •: 
. o:~J3 

A vaiu,e! of l 9 .o w tm2 0r;, w~s con,servativety used in:t_h~ analysis or the ,regulatory fire. 
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:: JN/TR _1922 F431.:(1f : 

... .. .. . .... 
· Therm;;11 Am;lly_sis ·of the 'f:.-431. Overpack 

APPl;ND.D( E: 
· · ANSYS lnpufi=H,is toi Load C:ases · 

.. : .. : ·This appenclli(itic_ludes ali o°tthe irijiut'.fil_es used in the ruialyses of the °F.43i oyerpil.ck. Each offue.iiiput. : .. 
: · : .. :ijles (*. inp) peif qnti :different tasks a$ cles~ribed below. S~ :Si;:4tio11 5 of the m~iQ. b.ody. of this report fo.i • • . 

descnptions of the Load Casesa , . . . . . . . . . . . . . . . . . . . . . . . 
..... 

,. : ;, . . ·: . 
· · lnput·Fil~: · : · 

. •, . . .:, . 
.... ,; .. 

. . · .. ',·:· 
Descriptia.11: : : 

: . ·. ,",, ·'· 

· Modela.inp ~odel of F~431.ovefP"ack fo{ Load Cases ·1 · and 2_ .. ; .. :.: 

· · . : : • : foada.Jnp . :Coad inp_iJtfQr ;;;t1?ady state Load. Calle;; 1 a_nd 2::: > . : : ... . . . . . . . . 

Loadsolara:fnp! Load inp:~t f9r: tran_sient solar loaqinsi { t2 ~our insolation): for :Load _Case 2 
.. .. . . . ... .. . ... .. . . . .... 

. : Fn,odela.inp : _Mod_elof F-431 overpack for regulatory fire trarnsierit Load Case 3 : : 

· · Mbdfite~.inp . · · · ·M6t1~1 · bf: modifi~d F-431 o\/eij>i:.ck for rEig ulatory fire tran~ient Load Case 4 

. Loadfirea,i.np : . . . L_oad_ inp.ut .for raguJat(?ry _fire _transif4nt: Iioad (;as~s. 3 _and 4.: . : : · · · 

.. The file bff4~ 1.inp:listed in the transieiif load input hies (loacisolara:inp and loadfli"~ii:-ihp) is a file 
: • : : . '(;":Ollta_inin~ th.e Wti~l .ste~dy stat_e t~p~i;aiure ~ondition of tl;ie ti'io.d.el from Load Ca~e( i .• : .. 

... 
' . . . . ' 
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: . IN/TR t9~2 F431 (1f. 
.. .. ,.. .. 

·Therm;:,11 Am,1lysis of the F-431.0verpack •··· . . . .. ' 

.. ! modela.inp mpdata.kJQ<,7,7,22,24 
·: 1 : ·. ·: ! foarn' 2 -:8 lo: 

/prep7 : : · inptemp 
cv=39.37: mptemp, 1 ;o,260;40Q;540,800 

. cdread,solid,modei . . . inpdata,dens,8, r, 128, 128,64,51,5. 
. . : I rriate~al properties mplemp : · : · 

· · : ! mild steel . -· mptemp, f0,260,400,465,800 : ....... . 
.. mptemp.t~73;127;32i527,727,927 : · · . ·. !'llpdata,kxx,8, 1,Q:038,0;Q~8;0.038,0.054,0. · 

mp,dens;1,8:131 •: ·.. ·. 07 
.mpdata,kxx,1,1,41'.0,42.2,39..7,35.Q,27.6,27: : 'inp,c,8,1959 . 
. 6 :· . . . ! : . . 

mpciata,c, 1, 1,434,487,559;685; 1090, 1090 ! radiation emissivities 
ifciam 1 ;. ·40 lb . · . . . . . . . . . · . mp,einis,9,('fci1 · 
mptemp : . : : . · . . : mp,emis, 10,0.8 : 
. rnpt~mp,t ,0;260;..io6;~.Q.BO.O. . . : ·:. • mp,en:ijs, 11.,0.5• · 
.roi:ida.ta,dens,2,1,641,6.41.~~.25!3,26 ! : . . . 

: : ropt~mp . . ! IJiild s.teel with contact resistance : . 
mptemp,1,o.260,400,465;soo · . . mptemp . 
mpdata,k:xx,2, 1·,0.087,0.087,0.087,0.054,0. · · : inptemp, 1,-73, 127,327,527,727,927 
07 ... .. · · • · : · inp,dens,12,8131 . : : : : ·. · · 
inp,6,2;1959 mpdata,looc,12, 1,0.53,0.99, 1.35, 1.63: 1.86,2 

: Ia/r. . · : • .11 · · · : . · · .. · · · 
· mptemp: . . . . _mpdata:c:12,{434,487,559,685;1090;1090: . 

mpternp,1,-73,127,327,527,727,927 . · · : ! 
mpda~a.densi3, 1, 1.7458,0.8711,0.5804,0A. : : . : vdel, 1,3 

. 354.,0.3482,0.2902 . . . . . . . . ! 
mpdata,kxx,3, 1,0.0181,0.0338,0.0469,0.05 csys,!5:. : 

. 13;0:0667,0.0763 . . . .. . . . . ! : . . . . . . 

mpdata,c,3,1,1067,1'014,1051,1099,1141,1 .. : ksel;s,loc,x,0.457· 
175 · .. · · · · · .. : kmodif,all,0.280.: 
1 ~dil;lli.on surfaces . . ksel,s,loc,~.Q-460 

. : tnp,erois,4,0.5 krii~if;all;0.2/l3 
··I stainless steel kset,s,Joc,:x;o:485. 

mptemp : : · · : · krnodif,all,0.308: : 
rnpternp,1,-73;127,327,527,727,927 · : ksel,s,loc,x,0.488 
mp,dens,5,7900 · · · · kmodif,all,0:311 

. : mpdata,kxx,5, 1, 12.6, 16;6, 19.8,22.6,25.4,28 ksel,s,loc,x,ci.498 
· · . • ;o • · · · · · · : · • · • : kmodif;all;0:321 

mpdata,~,5.1 AP2;515,557,582,611,640 · : · ksel,s,loc,x,0.~8 · 
! . . . : kmodif,all,0.361 

· ! air includirig conduction and convection· ksel,s,loc,x,0.559 · 
. · across cavity · · · · · krriodif,au;o .387 
. : mpdata,dens,6, 1, 1.7458,o:a:z11 ,o:5804,0.4 ksel,s,loc,x,0;564 

354,0.3482,o:2so2. · . . . . . . . · krnodif,all,0.392: •. 
1<xx1 =41 :0·0.02+'0.es·o.1 

. kxx2=42.2*0.02+0:98*0.1 
. : ~:;1=39.7*0.02+0.98*0;1 . · · 
: : k.*4:=:=35.0*0.02+0.98*Q, 1 .• : . 

kxx5=27 .6*0.02+.(J:98*0.1 
kxx6=27 '.6*0.02+:0.98*0.1 

• • · · kf!el,s,loc,x,0,6345,0.6355' 
krriod.if,all;Q.463 
ksel,s,loc;x,0,6375,0.6385 

: . · . kmodif,all,0.466 : · 
· allsel 

. mpdata,kxx;6;1;kioi1;kxx2,kxx3,kxx4,loo<5,kx • :. ! .. 

. x6: · · · · · · ksel,s,loc,z,0:356 
: mpdata,c,6,1, 1007, 1014, 1051,1099, 1141, 1 kmodif;all;;,o.321 

. . 175 . . . . . . . . . . . . .. ~sel;s,!oc:z.0.39f? 
! · . ~rnodif,all,,,0.361 

.I lead · : · · ksel,s,loc,z,0.4035,0.4045· ·: 

. mpter.rip krhodif,all;;,0.369 
: : rnpfernp, 1,20,327,330,800 : · kse1,s;1oc,i,0:4085,0.4095 

mpdata,dens;7, 1, 11340, 11005: 10686; 1068 · kmodi(an;,,o.374 
6 · .. · · · · · : ksel,s,loc,z,0.417 
mp~mp .. . . . . . . · : icrJ,Qdif,aH..,0.382 · 
. roptelTlp, 1,-23,27, 127,~?7.~27 ,328 · k~'?l,s,19,c,z,Q.4445,0.4455 
Ji:ipt~mp,7,331,332, 1 OQO : .. : · · kniodif,all;,,0.409 
mpdata,c;7, 1,121,129,132; 136; 142;6188 · . kse1;s,loc;z;o.44a5,o.4475 
mpdata,c,7,7,6188,159, 159 · : kmodif,all,,,0.412 
rnpternp · · · · · · · · · · . : ksel,s,loc,z,0.457 
ini>temp, 1,-213,-21, 123;:221;s21;521 km6dif,ai1; .. t1.422 

· •n:ii:itemp,7,727,927 : : : : : : . . . . kse!,s,loc;z,0.472 
mpdata,kxx, 7, 1,~5,3/),34,33,31, 19 . kmodi(all;,.0.437. 
Apri1200~ 

ksel,s,loc;z,0;475 
kmodif,all;,,0:440 · .. : · 
kseJ;s;loc,z,0.495 

: • kmodif,all,..0.460 
. kse1;s;1oc,z,0.500 . 
kmodif,ail;,,0.465· : · · 
ksel,s,roc:z,9:~345,0;6355 

· krn9(!if;all,,.0.600 
: • l<sel,s,loc,z,0.6375,0.6385 : : . . 
· . l<niodif;all..,0.603 . 

anse!,below,valu: . : .. 
ksel,inve.· ·· · · 
lsel,inve · 

. : asei,inve 

. : vsel)nve 
vdel,all 
adel,all 

·ldel,all 
.:kdet,a11 
•i: .... 
allsel 
k,1,0,0,0. 

. v,14,26,56,56;10, {44A4 

.1· :· 
.. l:;sys.,O: 

vlscale, u.1.'(o:228/0.28),(0.305/0.409),(0 .. : 
228/0.28) : : : : · . . . . .. 

. vsbv, 1,2;,deleie,keep• 
: vlS<:ale;2,2, 1,(0.213/0.228><(0.2~0i0.305),(0 

. ;213/!).;228) . 
vsbv,2, 1 ;,9elete;~¢~p: . 
vlscale,1',1, 1,(0.0076;210.213),(0.1397/0.290 · 

. ),(0.00762/0.213) : · ... 

. ysbv,1,2.,delete,delete: 
•a11sel. · 
! 
I add stainless sieei shell volumes 
Vl'/d~,4,7;9 . . . . . . . 

. nurnmrg,kp 
:i : : : 
!'meshing properties 
/uis,msgpop,3 : : : 
mshkey,O ··· · 

. irishape, 1,3d 
·i : .. 
i'niesfi•airspace arourici pig:• 
et, 1,70 
type,1 

. esize, 1.5/cv 
: mat.a . 
iirriesh;3 . 
mat,12 : : 
vmesh,12 
ma~.5 · 

· : )irri(?sl'!, 1 
.. i:: :.· . 

! create inner.radiation enclosure 
et,3,57 

·type;3 .. 
! :: .. 

inai,9 . . . . .. 
asel,s,af!:l.a,,9..11:. 
arnesh,aU 

mat,10 
: · asel;s;area,.4 

asel,a,area.,1 . 
amesh,all · 
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· Therrru111 Ani,ily_sis ·of the :F: 43.1. :Ove"rpack · 

mat,11 
asel,s,area)!"3,3;f . · 

· ames~ •. ail · · · · · · 

. : : asei,s,arel3,,9,11 
asel,a,are13,,3_~,34 
esla,s 

·nelem.· 
. : ensym,0,,0,all 

.::a11se1.:· 
! 
et,1,70 
ty~,1 

. :mcif,7 
.::vmesh,13 

mat,2 
vmesh,5·: 
.mat,2 
.vniesti,6 

>i:iat,3, 
vmesh,8::· 
mat,8 
vmesh,10· 

.mat,8. 
:vniesh,11 i . . . . 

! create oute_r. surl.ac~ 
?J~el,.s,area,,41 : · 
_ l3sel,c!;area,,52 

: : n.sla,s; 1 
chi ,ciutsurf,node . · 
asel,s,area,,4:1 · 
nsla,s,1 : · · · · 

. cm,ssurf,node 
: : asel,s,area,,52 
· . nsiais: 1 : . 

cm,tsurf,nod_e- · 
allsel .. 
. crilsel;s,outsurf 

.:,· 

. i ·create outer.radiation elements : 
eall 
et,2,57 
r,4,1'.Q· 
typ:e,2 

. mat.4 · 
real,4 
esurf 
· n,999999,0:75,0)s·,-b.75 
allsel: . 

· · :esei,s,type,,2 
nelem :; ·· 
nsel,r,loc,y,0.f:l01:.Q.El03 

·esln,s,1 · 
. : esel,r,type,,2 

. : : cni,ioprad,elem 
esel,s,typej . 
cmsel,u,toprad . 

. cm_,sid_erad,elem : 
:all~e1· · 

·:1. :-:. 

: · esln,s,O 
·:. :nelem 

.. nsel,u;node,,683 
nsel,u;node,;2209 
esln,s;1 . . . . 

: . : esel,r,type,, 1 
: : . : cmsel,u,topshell: 

helem·· · 
cni,sidestiell;elem 
allsei::· ·· ·· 

. !calculate volume "o(side outer shell 
· elements ·· ··· · · 
. t:l)lsel,s,s\deshei°I · 
*get,tqtel,eleili,,count 
*get,riiihel,eleni,,num,min 

. · ~get,maxel,elem·,;riurri,rilaic. · · 
·.tvol=O ..... 

: · · *do,i, t,totel, 1 . 
*get,evol/elein,minel,volu 
!vol ,; :ivoi ~ evol 

. *get,ininel,elern,minel,hxtt) .. 

. *enddo 
· qside := (400*0.44139)/tvcil · 
!calculate,volume of bottom outer shell 
elements:. 

. . cmsel,s;tcipshell . 
*get,totel,elem,,count . 

: : : : . : . : *get,minel,elem,:,nuiri,min: . : . 
*gei,niaxel,e!em,,num,max 
!veil ::o_. 
~do,i, 1,tote1;1 

· : ·•get,evol,elem,niinel,volu : 
: ··.::!vol= tyol + evol· · · · · · 

*get,m1nel,elem,minel,nxth 
*enddo· . . . 

. qtcip·,; (acio·ci:11055)t1v91 
: allsel 

! 
firii 
/ai.ix12: · : : · 
vtype;0,2Ci : · · · 

· stef,5.7e-8 
· · . · ~mis,4,0.5 

emis,9,0:01 .. · 
eniis.:1. o;Q.8 . 
eriiis,-11;0.5 · · · 

· · : · esel,s,type,,3 
: write,radmat1 

. allsel .. 
space;999999 
cmsel;s,tcipracl 

·nelem .. 
: nsel,a,node,,999999. : 

· · iNrite,radrnat2 · · 

allsel: · 
cmsel,s,siderad: .. 

.nelem ·· 
nsel,a,node,,999999 · 
wri.te,r?drii?t3 
allse_r:,: 

!create outer shell. divisions for solar load · 
applicaticili . : · 

·. fini 
/prep? 

. cmsel,s,tsurr· 
esfn,s;o · 

·=nelem. 
n"sel,r,Joc,y,0.59!:l,0.604 
esln,s, 1 · 

. esel,r,type,,1 ·: 

. cm",!opshell,elem 
. : cnise_l;s,ssurf 

April 200;3 

· . · et,4,5o, 1 . 
type,4. . 
se;racfrnaii . · 

· . et,5,!50; 1 · · 
·. J:ype,5 
· se/admc!t2. 
se;radmat3 : · · 
! .· 

./view;1;-1,1,1 

. /vup,1;y 
ifacet, riorm 
! end offiie . · · 
) l_oadaJnp .. · · 
) 

: : J .apply .internal heat generation: : 
sfa, 19, ~ ,hflux,((15/8)/0.0017177)*(0.00167 · 
21/0.0017177) . . . . 
sfa,5, 1,hflux,((15/8)/0.0017177)*(0.000045 

. !304iQ.0017177) 
:,) :: .. 

rapply"e~emal convection and set initial . 
ambient temp· · 
cmsel,s,outsi.Jif : · · 

. sf,all,conv,5.0,21 
::allser. 

d,999999,temp,21 
toffst,273: · 
! 

· ! 11,1!1 analysis 
: fini. 
/scilve 
timint,off. · 
esel,u,type,,2,3 

·solve.· · ·· ·· 

. : i:run analysi~ with _50 W of heat,:oi-: 1:1.5 W 
on 1/8 sectior:i .. 
! apply int¢rrii;i! .he~t generation · ·, 

· sfa, 19,1,hf!Ux;((50/8)/0.001-7177)*(0.00167 
.. 2170.0017177) . : : .. 
: sfa;5, 1 ;hflux,((50/8)/0.0011177)*(0;000045 
604/0.00°f7f77i: . . . . . . . 
solve ·: ··· · 

. ! 11)!1 analysis with 38 G,an:ibier:it · 
· : Gnisel;s,outsurf 

sf,all,conv,"5.0;38. · 
allsel ·· 

. d,999999:tenip,38 · · 

. esel,u;type,,2,3 
· : s_oive. : · 

! run analysi~: With Sqlar load 
. crnsel,s,t<ipshell: : . · · 
. nelern· · 

· : bfe,"all;hgen, 1,qtop 
.. cnisel,s,sideshell . 

nelem ·: .. ·· 
bfe,all,hgen,:1°,qside · 

:~,i$e"1· · 
: : es¢l,u;type,,2,3 

.. solve· 
! end offile . · · 
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! loadsolara.inp · ! . . 

· I apply intemai heat generation .. · . . 
: : 1:;fa.~911,hflux.((50/8)/0:001?:17:1:)*(Q.00167 

· . ·2110:001717() . . . . .. 
sfa,5, 1,hnux,((50/8)/0.0017177)*(0.00j)Q45 
604/0.00.t7H7) : · 

·fini · · ·· · · 
. :/solve . 

. : . : : ! apply external convection:and:set'initlal 
ambient temp . . . 
cmser,s,outsorl . 

.sf,all.1:9ni.i,5.0;36.0 · · 
all$!!• · · 

. • t0ffst,273 
! 
anlype,trans;new.: . 
. time, 1e-Ef · : : 
. esel,u;type,,2,3 

. • . : • I _inpu_t:i_nitial temperatur~~ fr9m: ~~ C steady 

. :time,19200 
solve . 

time.43200• . : 
. ·solve 

time.46800· 
kbc,1. :· : 
bfedel;all,hgeri 

. .·solve 

· time,5040.0· 
solve.··· 

.. ·.·time,54000 
.solve 

time,51600 : . · 
so(v1{ ·· 

state with no SOIi:\~ IQa:d 
/inp,bff431,irJP. · : . · 

. timint,off · 
.:: :: · .!ime,61200 

· ... ·:: : :.·solve 
. outres;an,none 

· : ouires;nsol 
· so1va· · 

time,1 . · 
.ddel,all 

: : timin.t,on 
. " hisrcli ,on 

kbc,1 
1 set ambient 'temp 
il,999999,temp,38 

: : i ·apply solar load 
. . . .. cmser:S.~ideshelf 

nelem .. 
bfe,all,hgenJ,qside. · 

. cmsel,s,topshell 
: rielerri .. 
· . bfe,all,ligen, 1,qtop. 

allsel · · 
esel,u,~,,?;? : · 

'SO[\/e -: 

.·ume;200 
solve 

·time;400 
:solve· . 

time,800. 
solve 

. :time,1200 
:•solve: 

time,1600 
. solye . .. 

: tirn~.20.00 
solve 

. time,2400 . 

. solve:· 

. time;3600 · 
solve · 

.time,4800 
':solve: 
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tirrie,64800. : · 
solve' .. 

•time,68400 
sqlve :· .. 

. tinie;12000 
·· · solve 

time,75600 
solve: 

··ume,79200 
· ·. •j;olve 

1 endoffile 

. ! . fmodela.inp 
: ! •. 

· · · iprep1 . · 
cv=39.37 
cdread,solid;mocie! . 

. :, n)at!irial properties 
• : .1. n:\ild steel 
· mptemp.1,~13,121-.321.s21,121,e21. 

mp,dens;1,8131 · · · 
mpdata,kxx,1,1.41:d,42.2,39. 7,35.0,27.6.,27 : · . ... 6:. . . . . . 

: • rnP.(l_a~.c. 1, 1,434,487,~59.~~~.1.090, 1090 
!'foam 1 :- 40 lb . . 
mptemp·: 
mptemp,1,o;wo;400;540,800 

· hipdata,dens,2, 1,641,64'1,321,256,26 
: mpteinp " " . . 

= · · rnptenip, 1,o.2ao,400,4a5;aoo • • 
mpdata,kxx,2,.1,0;087,0.087,0.087,0.054,0. 07 . .. .. . .. 

mp,c,2;1959 ·· 
:'.i air .. 

mptemp 
mptemp:1,-73,127,327,527,727,927:: 
mpdata,dens;3, 1,1.7458,0.8711,0.5804,d_4 : : . 
354,0.3482.,0.2902 . . . . .. 

. · mpdala,kxx,3, 1,0.0181,0.0338;0.0469,0.05 
'73;0J)667,0.Q!E;l3. . . .. . .. . .. 
mpdata,<;,3, 1,:1.007,1014, 1051, 1099,1:141.,1 : 
175 

· I radiatiori surfaces 
: mp;einis,4,0.5 

. : . : : l:siainless steel 
mptemp·.· · · 
mptemp,1,-73,127,327,527,727,927 · 

. mp,dens)i,7900: • · · · 
. : mp9ata,kxx,5, 1, 12.6, 16i6J.9.8i22.6,25.4,28 . ;o :-: .. 

mpdata,c,5, 1,402,5.15,557,582,611,640 
! " . . . . . 

. I air including conduction and convection . 
. ac~ cavity ·. .. •. 

. . ·. mpdata,dens,6, 1, 1.7458,0.8711,0;5804,0.4 
. . . 354,0.34~2.0.2902 < . . . . . . . . . 

kxx1 =41 :o·o.02-i;o.9!'l*0.5 
1®<2=42:2*0.02+0'.98*0.5 

. kxx3:;:39.7*0.02+0.98*0;5 
: : kxi<4=35.0*0.02+0.98*0:5 : 
. kxx5=27.6*0.02+.0;98*0.5. 

kxx6=27;6*0.02+-0.98*0.5 . . : 
. mJ!d!'lta,kxx,6,1•,kxx1;kxx2,kxJ<3,kxx4,kxx5;kx : · 
xa• .. ·. 

· • rriP.<1aw.c.a.1, 1001.1014, ws1 i10~9.1141, 1 . 175 ...... . 

! 
!lead 

'inptemp 
.• mpteinp,1,20,327,330,800::. 

mpdata,dens,7,1,; 11:340, 11005,10686,1068 .. 
6 
mptemp·: .... 
mptemp, 1,-23,27, 127,227 ,327;328 

•mpteinp,7,331,332,1000 :: .. 
· mpdaia,c,7,1,127,129,l32,'f36,142,6188 . 

mpdata,c;7,7,6188;159,159 . 
mptemp : :· :·.. . . . 
mp~epip, 1,-273,-27, 123,227;32?;527 

: . JtlP.len:ip,7,727,927 .. 
mpda!a,log(,7,1,35,35,34,33;31, 19 . 
mpdata,kxx,7,7,22,24 
I foam 2:-:a 1b ... 
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mptemp : . · · : · ksel,s,loc,z,0.500 . ,esla,s· · 
mptemp,:f,0;2so;400,540,800 · · · kmodif,all..,0.465 : : nelem:: 
mpdata,deris,8; t f28, 128,64,5:1,5 . ksel,s,loc,z,0.6345,0.6355. . . . . ensym;o,,O,all · 

: : m!)temp . . . . • . . . kmodif;all;,,ci.~oo allsel . 
. · mptemp, 1 M/~Q,490,465,800 : . . !(sel,s,loc;z,o:6375,0.638l;i I 

mpdata,k)9(,8,1,Q.0;38,0.038,0.038,0.Q54,0. : : · kmodif,all,,.0.60~ : ~t.~,7:0 
07 . : · .. allsel,below,volu: • Jype,1:: 

·mp,c,8;1959 · · · ksel,inve. · · · mat,7 · 
·I· :· · · lseJ,inve· ·. • · vmesh,13 

. : : i radiai/on emissivities · asel,inve : . · . mat,2 
mp,emis,9:0.01 . . . . . : .. · vsel,inve . vmesh;5 
mp,emis;io,Q.~ : . . vdel,all • mat,2. 
mP,,ell)iS, 11',0.5 . . . acjel,all VmeSh,6 

:! · : · : · . . . . . ld~l,all. · · : · mat,3 
: : ! .niild. steel with contact .resislaiice : kdel,all: : • · vmesh,8· : 

mptemp ·. · I · mat,8 · : 
mptemp,f,-7:3;127,327,527,727,927 . . . allsel : : iirriesh,10 
. mp.dens: 12,8131 : . . : · : : · k, 1,0,0,0. . . . ·. mat,8.: 
. mpdata,kxx, 12, 1,0.53,0.99,1.35; t63, 1.86,2 v,14,26,56;56;10, 1,44,44 vmesh, 11: 

: : :11 · . . . . ! . I . 

.. mpdata,c,12,1,43<t,4~7.559,68i;,'fo90,1090 !::SYS,0 . . . :. . . . ! Cf\:)Steoutersurface. · 
! ·. ylscale, 1, 1, 1,(0.228/ll28),(Q.305/0.409),(0. ·: : : j:ls¢1,s,f,lrea.,41 

.vdel,1,3 ·228/0.28) • ·· ·asel;a;area,,52 
! vsbv, t,2.,delete,keep . . . . . nsla,s, 1 : : 

. csys,5: vlscale;2,2',:1,(0.213/0.228),(0.290l0.3ti5};(0 cm,outsurf,riode:. 
! . . . . :213i0.228) . . .. . . . . . . asel;s,area.,41 
ksel,s,loc;x,0.45t: : . · vsbv,2, 1.,delete,keep · : . · : risia,s, 1 
kmodif,all;0.280 : · · · · • vlsqal~, 1, 1.~ .(\l007.62/0.213),(Q.13~?/0,290 : cm,ssurf,nod.E! . 

• ~i$1.~.loc,x,0.460 ),(Q.007!>2/0,213} asel,s,ar~a .. q:? 
: l<modif,all,0.283 vsov,1:,2,,\'.lelete,delete nsla,s, 1 

· ksel,s,loc,x,0.485 · .. allsel · cm,tsurf,rioae· · 
kmodif,aH;0.308 : . : ! . . . : allsel . . 

· ksel,s,loc,x,0:488.: . : . : . ·.: I add stainless steel sheili volumes .. crrisel;s,outsurf 
kmodif,all,0.311 vadd,4;1:9 : ! . . .. 

: : ksel,s,foc,x,0.498 nummrg,kp . . ! create oater. radiation elements 
· kmodif,all,0.321- . ! . . . . . ea!l . . . . . . . .. 

ksel,s,loc,x,Q .. 538: ! meshing proper:Ues .. . et,;2,57 
kmodif,all,0.3€\1 . : . : . : /uis,msgpop,3 ·: M, 1.0 • 
. ksel,s,loc,x,0.559 mslikey,O . . type,2 

: :kiriodif,all,0.387 mshape,f,3d . mat,4 
. ksel,s,loc,x,0.564 ! . . . .. . . . . . real,4 . . 

kmodif,afl;0.392 : · . ! mesh air space:around pig . esurf . · 
:et,1,70 · · · · · . n,999999,0.75,0.75,-0.75: : 

. kSe!,~,l9c,x,0.6345,0.6355 
: : !<iliQdif.!:111,0.463 

ksel,s,loc,x,OJ,375,0.!5385 · 
kmodif,alJ,0.466 
allsel · 

·I 
: ksei,s,loc,z,0.356 
• kmoct1t.a11,,,0}2~ 
ksel,s,loc,z,0 .. 396-
kmodif,al.t;,,0.361 · .. 

tyµ,e, 1" · . . allsel . . . 
esize, 1,5/Qv . esel,s,type,,2: ·. · · 
mat,6 : • : • · . nelem . · 

· vmesh,3 . nset,r,loc,y,0.601,0.603: 
. mat,12 : : : esln,s;1 . 
vmesh,12. · . . eseli,type;,2 ·. · . · 
mat,5 · · · . . cm,toprad,elem : : : . 
vmesh,1 : · . esel,s,type,.2: · · · 

· · . · . · i . <:msel;u,toprad 
: : . : ! create inner radJation enplqsure : • i::111,l:lic!~rad,elem 
· · · et,3,57 . · allser · ksel,s,Joc,z,0.4035,0.4045 

.• kmodlf,an,,,o.369 type,3: . . : ' ! . . . . . 
: : ksel,s,loc,z,0.4085,0.4095 · 

kmodif,all,,:0.374 . ·. ·: 
ksel,s,loc,z,0.417: . 
. kmodif,al(,0.382 

. : ks~!.s,ioc,z,0.4445,0.4495 

. : kniddif,all,,.0.409 
ksel,s,loc,;::,o:4465,0.4475 
kmodif,all;,,0.412. · 

.ksel,s,loci,z,OA57 : .. 

. kmodif,all,,,0.422 
: :ksei,s,loc,z,0.472 

. . kmodif,all,,;0.437 
ksel,s,loc,z,Q;47~: : · 
kmodif,all;.,0.440 : · 
. ksel,s,loc,z,0.495 

: • krriodif,all,,,0.460 

Aprll 200;J 

! . . . !create outer shell divisions for solar load : • : .. 
..... · inat,9 . application 

.. asel,s,area,,9, 11: : : cmsel,s,tsurf 
• : · . amesh,aU . . . esin;s'.o . 

meit..1.0 
· asel,s,area,,4 

· . asel,a,area,,7 
amesh,aH 

mat,11 . 
aser;s,area,.33,34 

.~mesh.all · 

asel,s,area,,9,-11 
asel,aiarea,,33,34 . . . . . 

nelem .... 
nsel,r,!oc,y,Q;q951;0.so4 

· esln;s;1 
: : esel,r',type,, 1 
. crri,fopshell,e!em 
cmsel,s,ssurf .. : 
esln,s,O . : · · 
nelen:i-: 

: : hs!:)l,u,i:iode,,683 
· hsel;u;nod(;!,,2209 

esln,s, 1 
esel,r,type.,1 : : : : 
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cmsel,u,topshell: · 
nelem 

. cm,sidestieil,eiern 
:allse( . 

· • : ic:alculate l{OI\JJTI.8 qf side outer Sheli 
elements:: ... 
cmsel,s,si.deshell • . 

. •get.totel,elehi,;cotiilf 
: •get,minel,elem,,num,min .... 

. : . : : ~gei,maxel,elem,,num,max:::. 
tvol=O ..... . 

*do,i, 1,totel, 1 . • : . 
. •get,evoi.elem:rriinei,volu 

. : · tv6! = tvol + evol 
: : •'get,rninel,elem,minel,nxtli : : : 

*enddo ·· · · 
qside = (400"0A4139)/tvol 

. !calculate volume of bottomouter.sheli 

.elements 
. : • cmsel;s,lopshell 
... *get,totel,elem,,cpui:it 

•get,minel,el~l)i,,huhJ,min 
. ~get,maxel,elem,;nurii,max 
.tvol·=:O· . 
·~do;i, 1,lotel, 1 
··gef,evol,elem,minel,voiu 
tvol = tvoi + evo( · · · 
. *get,minel,eiein,minel,nxth . 

. ~erJddo 
· :qtop = (800·0.11oss)1tvo1 

· · a11se1 · · · 
! 
fini 
iaind2: 

: \i,type;o,20 
stef,5.7&-8 
emis,4,0,5 
emis,9,0.-01.: 

· emis, 10,0.a 
. erriis, 11,0.5 

· esei:s.type,.3. 
wlite,radinatt 
allsel · ·· 
sp,;1C!3,999999 . 

: : cm:sel,$,toprad 
· · · · ·nelein . 

nsel,a,!10,de,.999999' · 
write,radniat2 : : : : : · · 

.:allsel 
: ; cmse,;s,sklerad 

nelem · "· 
nsel,a,no,<!e.,9999~9: : 
· wlite,radrriat3 · · 

. allsel . 
·•fini 

/prep7 
et,4,50, 1 · : 
type,4 . 

. : se,rjadmat1 
· e1.s;~,1 

type,5 
se,radmal2 : : : 

. se,radmat3 · .. 

. I. : . 
. /view, 1;-1, 1, 1 
· ivup,1,y 

/facet.norm 
.! . 
. ! .end .of file 
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. - . . ' . ' . . 

: · ! modfirea.inp 
I 

· /prep7 · 
cv,;,39:37:: 
¢rea{solid,model 

: · ! material propecties .. 
· ! mild steel . . . 
inptemp,1 ,-73; 127;327,527, 727·,927 
mp,dens,1:a131 · · · : . 
mpdata.kxx,:1)1,41.0,42.2,39. 7;35.iJ,21:6,27 . :0 ..... . 

. . : mpdata,c, 1, 1,4~4,487,~5~,(585, 1090, 1090 
· · · ! foam 1 -,40 .lb · . . . . 

mptemp .. 
: mptemp, 1,0,260,400,540,l300 ... 

. mpcfata,dens,8,1.,128,128,64)51}i . 
mptemp· ... :: · .: 
rnptemp,1,0,200,400,405,ac,o 

. mpcl~ta,kxx,8, 1,35,35,35,35,3!'i . · · 
: : mp;c,8;1959 .. r . .. . . 

! radiation emissivities 
mp,emis;9,Ci.01 : ·: 

. mp,emis, 10,0.8 
· : mp;eitiis, 11,0.5 

I 
mpterop : : : ··· · . . ! mild steel w.ith ¢9ritact resistance 
mptemi>., 1.,0,260,400,540,800·: . : : : : ·: : : mptemp ·: · · 

. · mpdata,dens,2, 1,641',641,321,256,26 . iriptemp, 1,-73, 127,327-,527,727,927 
·.mptemp . . . . .:mp;dens,12,8131 .. . .. •: . 
. mptemp,.1,0,260;400;465;800 . mpdaia,kxx, 12, 1,0.53,0:99,'1:35, 1.63, 1.86,2. . 
mpdata,kxx,2,1,o.087,0.087,0:o87,0.054,0. .11 · ... · · · · 
oi · · · · · · · · · mpdata,c;1i,\4?4,.487,559,685,1090, 1_Q9.Q : 
rnp,c;2J959 1 
I air : : Yde.1, 1,3 

· · inptemp . . . . . · ! : 
mptemp,1/l3;127,327,527,727,927. • csys,5 
mpdaia,dens;3, 1, 1. 7 458,0.8711,0:5804,0.4 ! ... 

· . 354,0.3482;().2902 · · · · · · · · · · · ksel;s,loc;x;().457 
.. : mpdata,kxx,3,1,0.0181,0.0338,0.0469,0.05 .. kmodi(all,0.280 

· · · · : ·:.: 73,0.0667,0.0763 . : : : : : · · · · : . : : ksei;s;foc.~.0,4~0 . 
mndat~,ci3:1.1001.1014,1051.,:10~9,1~41.:1 kmodif,a!l,0.28;3: . 
Hl5 : ksel,s,loc;x,OA8!;i= 
! radiatiori surfaces · · kmodif;all;o:308 . 

·: inp,emis,4,0.5 ·: . : ksel,s,!oc,x,0.488 
· 1 stainless steel· . : : kniodif;all,0.311 
mptenip . : . . . . . . . . ksel,s,loc,x,o:498 . 
mptemi:i, 1 .• ~n 127,327,527,727,927, : . . kmodif,ail;0.321 : : . 
mp,dens,5,7900 . . . . . ksel,s,!oc;x,o:538: . 

· tnpdata,kxx,5, 1,12.6,1616, 19.8,22.6,25.4,28 : . krriodif;all,0.361 
: · : ;O . ksel;s;lpc,x,0.559 

mpclata,c;5;1;402,515,557,582,611,640. ·: kmodif,all,0.387. · 
! . . . . . . . . .. ·:. . . kse!,s,loc;x,0:564: 
! air including' conduction and convection . . kmodif,ail;0.392 . 

. · : . across cavity . . . kse1,s;1oc,x,0.6345,0.6355 . 
. : mpdata,dens,6,1, 1_.745~;0,8711,0.5804,0.4.. ·: kmodif;all,0.463 · · 

351,0.3482;0.2902 . kse!;s,loc,x,0:637/),IJ.6385 
kxx1=='4:1.Q·O.Q2+0.9B·0.5 kmodif,all;0.41?6 : . · 
kxx2=42.2•0.02+o.sa•o.5. . ;:il!sel 

. · .. kxx3=39.7·0.02:.:0.98~0:5:. · 
: kxx4=35.0*0.02f0.98~0;5, 
kxxs=21.6*0.02+0:9a·o:s · 
kxx6=.27.6"0.02+o.98*0.5 
mpdata,looc;6; 1,kJ\x1 ,[<x?<2,kxx3;kxx4;1ooc5,kx 

:'x6 .. 

.!. : . 
. : : ksel,s;lcic,z,0.356 

· · krriodi(all,;,0.321 
ksel,s,loc;z,0:396: • 
kmodif,all;,,0.361' 

: mpdata,c,6, 1, 1QQ7,:10.14,JQS1, 1099, 1141, 1.: 
: ks~1;$;1oc,z,0.4035,0.4!),45 •. 

: : kniodif,all,..0.369 
!<sel;s,loc,z,0.4085,0.4095 175 

! · · kmodif,all;,.0:374: : 
! lead · ksel,s,loc;z,OA:17' : : • 

.. · mptemp . kinodif;all,,.0.382 
: : .. mptemp, 1,20,327,330,800 . . • ksel,s,k:lc,z,0.4445,0.4455:: •. 

. mpdata.~ns,7,1,11340',11009,10686,1068 .. kmodif;a!l.,,0.40!! . 
6 · ksel,s,loc;z,QA49!>,0:4475 
mptemp : · · • · 

· · tnptemp,1,-23,21;127,227,327,328 
• · ·. mptemp,7,331,332;1000. · 

mpdata,c, 7, 1, 127, 12Sf; 1'32, 1'.36,142,6188 . . 
m·pdata,c),1:a1a8, 159,159 . . 
mJ}t~mp ; : . . .. : : : 

. mptemp, 1,-273,-27, 123,?~7;327,527 
·. mptemp,7,727,927::. 
· tnpdatci,kxx,7,1,35,35,34,33i31,19 . 
m'pdata,kxx,7,7,22,24 
! fciarri2-:8.lb 

kmodif,all,,.QA 12 · : : • 
· kser;s,loc.z,0.457 
: l<niodif,all ... 0.422 

· . ksel;s;lcic,z,0.472 
kmodif,ail; ,.0.431. 
ksel,s,10c;z,6;475 . 
kmc:iqif;an;,.oA4ci · 

: : !<sel,s,l9C,2,0.495 
· krrioaif,all,,.0.460 
ksel,s,loc;z,0.500 
kmodif,an; .. ~.465 • • 
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. . 
ksel,s,loc,z,0.6345,0.6355 
kmodif,au;,,o.aoo: 
· ksel,s,loc,z,"ci.6375,i>.6385 · 
kmodif,all,,,0.603 . 

'': allsel,below,volu 
ksel,inve :- · .. · 

·nelem 
• • : ensym,0,,0,all 

.. allsel 
! .: 
et,1,76: ·· 

: 'type,1 
lsel,inve. · ... . :mat,7 

· asel,im1e · 
: vsel,inve 

:•vdel,ali: 
adel,all 
ldel,all 
kdel,alJ 

-I :·:. 
: a11se1. •: 
k, 1,0,0,0· .. 
V, 14,26,56,56;10:,1 ,44,44 

.l ' .... ·:::: ' 

. csys,O . . . ; .. 
· :yJs~le,1, 1, 1,(0.228/0.28),(0;3tj5/9.409),(0. 

· · vmesh,13. 
mat,2· · :. 
vmesh,'5 :· 
inat,2 

:Ymesh,6 
· · tn_at,3 · · 

v!Tjesh,8 : : : 
mat.IF::·: 

. ·vmesh,10 
· .mat,8 

· · vmesh,11 . 
! :. . 

1 cre~i~ oi.itElr surface 
228/0.28). · · · . . ·: · . ?sel,s,area,,41 . · 
vsbv,1,2,;del~te,keep ;:isel,a,area,,52 · 

. vlscale,2;2, 1-,(0.213/0.228),(0.290/0.305);(0 · hsla,s, 1 . 
.213/0'.228) . . . cm,outsuif,node 

. :vsov,2,:t,,delete,keep . . . . . asel,s;area,,41 
.. viscaie;1,1;1,(0.00762/0.213),(0.1397/0.290 . nsia;s,1 .... 

),(0.0076210:213); : . : . . cm,ssurf,node '' 
. vsbv, 1,;2,;delete,delete : asel,s,area, ,52 
'ansel: nl,la,sJ : : : 

::1 crn,tso(f,riede 
· · · I add stainless steel i,hell volumes · . allser · · · 

vadd,4,7,9 cmsel,s,outsurf· :· 
nummrg,kp .. •:: :· •t 
' i . . . ! create 'citiier radiation elements 

. Jni~hing properties eail .. . . . ' 
/ois,msgpop,3 . ei,2,si : : : · · 
mshkey,O .. . t,4,1.0 
mshape, 1;3d : type,2 

·1 · · . mat,4 · .. . 
: Trriesh .air space around pig: · real,4 : . : .. .. 

et,1,7()' .. ... esurf··:: : : ·: 

type,1 
esi_,;e, 1 ;5/cv 

::tncit;6 .. 
. Vniesli,3 

mat,12 .: 
vmesh,12: 

·mat,5. · · 
• :vmesh,1 

·: .. ·1. 
! create inneri~d.iat!on enclosure 
et,3,57 
type,3 

.:1 . ' 
·· . •mat,9• 

asel,s,area,,9, 11: .. 
amesh,aH· 

mat,10· 
: •asel,s,'!)rea,,4 

asel,a,area,,7 · · .. · 
amesh,alr : : .. 

. 11 
,area,,33,34 

' ·. aniesh:au. ' 

. asel,s,area,,9·,n • · 

. asel,a;area, ,33,34 
··esla,s·: 
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: . n,999999,0.75,0:75,a0.75 : 
•• •;:illsel · .. · 

e51?l,s;typ9,;?-: 
nelen:i:·· .. 
nsel;r,loc,y,o.ao1.o.603 

: esln,s,1 · 
: esel,r,type,,2 

· cm,toprad,elem 
esel,s,type,,2 . 
cmsei;o;tciprad ' 
cm,siderad,elenJ: 
allsel 
! . ' . ' 
!create·otiter shell divisions for solar load 
applicaiioii .. : : 

. cmsel,s,tsurf 
·.esln,s,O 

''nelem. 
nset.~.!Oc,y,0.599,0.604 
esln,Si1: 

· i?sel,r,type,, 1 
· cm,topshell,elem• 
· cmsel,s,ssurf. · · 
esln,s,O. : · : . · 
neiem•'' '. 

· ·. ·. nset;u,node,:683, · 
·. risel,u,node,,2209 

· -·esll'),s,1 . 
esel,r,type;, 1 · · 
crrisel;u1t~p~hell 

.nelem· 
. : cni,sideshell,elem 
· ansel · 

!calculate:voll!meof.~ide outer shell '. 
elements· 

: qnjs~l;s,sideshell 
: : ~get,totel,elem,,count 

•get;mrnel,elem;,num,min' 
*get,maxel,elem,;iuirri,max 
tvol=O ..... 

· *do,i,1,totel, 1 
: : : ~ge~.~yol,elem,minel,volu 

·tvol·= tvol + evol. 
*get;min¢1,elem,:rniMl,nxth 
*enddo : 

· qside. = (400*0.44139)/lvol · · . 
: : !calculate volume of tori'. ouit:ir shell. 

elements ' ' .. . ' . . 
cmsel,s,topshell: · 
*get,totel.~lirt1,,count 

· •get;minel,elem,,num,mjn 
: : :*'gf)lt,maxel,elem,,num,m~ : . · 

tvdl =O 
*do,!, 1,totel, 1. . 
*get,evo1;e1ein,rriinel,volu 

. !vol·=. !vol + 'evof .. ' 
': '*get,ininel,elem,minel,nxth: .. : 
. *'enddci .. ' 

qtop = (&00*0; 17:0SS)/tvol 
allsel .· · .. · · ·· · 
I· 

·•fini 
/aux12 
vtype,0,20 
stef,5,7S:.8 · · · 

. : err)i.s;4;0.5 
· .. : • l:!rnis,9;0.01 

emis,10,Q.8 
emis,11,0.5:: · 

. esel,s,type,;3 · · 

. write,radmat1 
••ansel ·: 

space,999999 
cmsel,s,topra<;f 

.nelem 

. nsel,a;node,,999999 
: : write,radmat2 

allser. 
cmsel,s,s1derad : : 
nelem ·:·. · .. 

. n~i;~;node,,999999 
• : write,r!:!dmat3 

a11ser 
fini 
/prep7 
et,4,so; 1 

·:type,4, 
se;radmat1 
et,5,50,1-: 
type,5 
se;radmat2 

: se;r:admat3 
r • • . 
/view,1,-1;1,1 
/vup, 1,y . · · · 

. ffac;e~.110rm ' 
.:1·: 

Fehd,bftile 
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! loadfirea.inp ' I ... : · · · 1 apply external convectlon:imd set ambient : 
::: ::. :tempbackto38C ·· .. 

. tinie,22800 
::solve: 

· I apply intemai heai'generation:. . . . . . . cmsel;s,outsurf . 
: : sfa,:19, ~ ,hflux,((50/8)/0:001!177r(0.00167 sf;all,comi, 19.0,38 

: ·2110:001717('). . . . .. allser:::: ·· ·· 
sfa,5,1,hVux,((50/8}/0.0017177)"(0.00P04!,i, : . : d,999999,temp.~8 
604/0.00'.17177) : : . . ! apply solar load: 
1 · · · · cmsel,s,sideshell · · 

:finf: · neiem :: · · 
/solve · . . . . bfe,aJIJigen,1 ;qs!de 
I apply external convection and set initial . . . · cmsel,s,topshell. 
ambient (~mp : : . · .. · nelem · · 
-cmsel,s,olJtsurf · ... ·. b~.all,hg~n.1_,qtop· · 

. :sf,$11,tonv,19.0,800.0 allsel.: .. : 
. : :ausel.:: esel,(l;fype,;2,3 

toffst,273. · · : . · . · solve 

· · · : , · lime,2000 . 
solve' ' 

I 
'antype,trans;new 
tirrie,1&6 

·• : ElSei,.u,type,.2,3 . . . . . . . . .... 
! input initial tempeiptures from 38 C ~teady : · .. ~me,2200 
state with ho)iola:r: load ·. solve 
/inp,bff431,inp: : 

. tirriint;off 
: : oufies;all,none 
. ouires,nsol 

solve · 

!i.111'.e,1 · 
:•ddel,all . .._ 

tiinlnt;oh. 
lnsrch,on · 
kbc,1 · 

: j apply external convection a~d:5et'ambient 
: firE! telllp 
cmsel,s,outsurf. 
sf,all,conit, 19;0;~()0 
allsel ... 
· o,999999,temp,800 

: :esel,ti,type,.2,3 · solve · · 

time,200 : 
soixe. : 

: : !iniE1.40.0 
·· . solve · 

time,aoo:: 
solve 
·time;160o· .. 

. :solve• . 
11rrie ;1 s6o 

solve 

. time, 1920 
kbc;o_:: 

April 200;J 

lime,2400· 
so(ve · 

: iime,3000 
: : ·solve. 

til)ie.~od . 
.sotve· 

•ume,4800 
solve" . 

. . lime;6000 
: solve 

time,8400. 
solve::. 

: time,10800 
:solve 

time, rnztio 
i;cilve-·:: : : ... 

time,15600 
solve . 

time, 18000 . · · 
:.' .·solve 

· · time,2040.0· 
solve: .. 

. . ->" 

time,25200 . : · · 
.~Qlve 

: : time.2asoo 
. solve . 

time,32400. 
''solve·: 

· · tirrie;360QO 
solve 

'time;39600 
:solve· .. 

lime,43200 . 
salve · · 

.. : time,46800 
. solve·· . 

time,50400 : : : 
kbc,1. · · 

: bfedel,ali,hgen 
soive : 

time,54000 : · · 
·solve 

. · time;staoo 
solve · 

. till)e,61200 
. · sal_l(e: · 

time,64800 
solve · 

. tinie,68400 
·: soive_:: 

time,72000 
.solve 

: : tinie.1saoo 
. saive' . 

time,79200 · · · · · 
-.~o\ve·: 

!'ehd'offile 

..... 
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.1~ INTRODUCTION 

IN/TR 1 ~45: ~430 (2) 

Thermal. Ari~lysis of F-430:0v~rpaqk ..... '' .. .. ·-·.' ,, 

-- .. ·-- .... 
. ..•.. Page No: •3 of 40. 

Thi~ repqrt: is a summary;of the analysis perform~~. t<>' determine the• thernil:!,L behaviour of the; F.~30 
. oyerpaddoiided with a. Gaminacell-40 pefore, during and a:ft;vi: tl;ie IAEA regulatory fire Jest:[ lJ ·. • 

· · · : : A three-dimensional eighth-section mod~l was constructed,. usfog· the ANSYS fndte element code : : 
: •Version.5.5.3 ·[2j;:to simulate the ftte·te~t: the solid model, finite element mesh~ nfateri~i properties,·• 

botindiu;(coilditions and lmtd tas~s used in the•At:JSYS: simulations are .. di~ctissed. Results•of:physical 
. testing •performed.on the package· a~d the _finite• element' s_imulation.s "are' presented an4 compared to• 

• •. 'r~rify the therimiJ. nii:>dvl. 

The results of the analysis show there is no lead meldn :the Gammacell:40 :contained in the F~430 . 
· overpack *hen it is .~~bjetttdi to· the reguh1tory :fit~: : : . . . , . . . . . . . . . . . . 

2. SOLID. MODEL GEOMETRY 

:: The F-430 overpaddoaded with th~ Gaminacell-40 is shownitiFigure 1. A t:hiee:-dimensional, eighth-.·· 
. : : · : . •s•ection solid model •ofthe.main compoiie:iits•bfthe F-430' over-p•ack and Gammaceff40 was.constructed~ 

as sho\Vti;iil Figures 2 and 3i T~is)nodel was gen,erated from booleari. S()~ids ·and boolean operati~ns: 
... (subtractions, union~) ~reated witliiµ AN~YS. These solids wer~.theii assigned .material properties-;: 

. meshed, and boi.:qi;daiy conditions arid Jqading applied as described in the following ·sectfons. A one- ·: 
' ' . eighth section was modelled to take •advantage of the symirtetry of the package and:redO:ce the, size'. ' 

and: cdi,l'lple~ty of the m9del. / . ; · · · · · · .. . : · · · · · · · 

'' .. 
3. •. ·MATE~IALPROP.ERTIES ·. :· . 

. . . . . 
. Material properties were· required for mild steel, .sfairiless s.teel, lead; arr arid foam insulation as shown 
iii Tables 1 arid 2: The properties re.quired:included density, ther.miil conductivity and specific heat. ·: 

. '' ' The .specific.heat· of iead incorporated •tlie=iatent.heat of fusio'ri: (24)50 J/g) to .siintilate the phase change ' . 
when $.e ml:j.terial melts (note tQ,a( lead melt was 11oten¢ountered in any ofth,e load case scen~tjs).. 

' .. . .. 
' " 

Convection coeffl.:ci~nts and surface:em.issi'vities required to:dewie:the heat transf~i::by i;onvection 
· : · • : !Uld radiation on ·the C)tltside ·Of the overpadc 'are discussed· in' Sectfon 4.3. The·condiictfoii, convectiori 

anct ra4i~tibn heat transf~! a¢tciss' the air space ~et'\v~eti the Gammacell-40: atid the overpac~,• iind the 
. required material pr()}J~rties, are discussed. in: Sectfori 4.2 .. · 

' .. . .. ., ,., . . .. ' .. .. . .. '' 
. ·The lead:-tQ-steel contact resis~ce af llie 'Gainmace~H·O outer shell was moq.~lled by modjfying_ · 

the. poiidudion coefficient of: the steel outer shell :fo include an equiv.aleiit air gap of 0.02" [3 :and:. : : 
· · ··.·Appendix A]. The contact resistance was removed· for the.fire sirnulatfon 1:o· allow the maxm:iwri .. 

:aillOUllt of beat to:pbnetrate into the:~Iitr~•<>f:the package.: . :::: :. . .. .. 

Abov~465~C, UH•• 
· • · '.f o account foi: this, :the foam was as.sUJJ1.ed to take on the :conduction properties .of .air: anemperatures: 
· :a:bove465 °c: ·· .. · ::. · ·· : · ·· · · 

.. . .. . 
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IN/TR 1 ~45: f:430 (2) 
· ... Page 'No: 4 :OJ 40 

.4~: FINITE EL~l\li~f\JT MESH,' ~qUNDARY AND:LOAD CON01Jl9NS 

4J · Tf:iREE-DIME~:s1QNAL EIGTH-$.ECTiO:N MODEL: Mt;SH:: 
. . ' ' . . . . 

The solid model :was meshed usi:o:g: thermal three-dtmensfonal tetragonal elements: [2 and Appendix : . • 
·B],. as: showh m Figure 4: ·)11J opthii~i ·m_esh d<::n:sity shti\"trrt fu. the figures w~· ~cfil~".ed by _refiriitlg: . . 
: :¢.~• ~esh to the pq~nt wh~r~ the tempera~e results were not 4epei:id~Ii1 on the meslf d~tistty. The 

.. mesh U~ed· for tJ:ie sim.iilatioi:J.s. presented in this report COJ;J,~ip.ed 4 7, 0 f8' eJements. l:!ll<f8,3 89. nodes. . : . 
The intigrify of the elements:(cciririectivity, aspect iatfos '.and internal angles): is•automatically " "." 
:checked by· ANSYS pti~r to the run. . . . . . . . . . . . . . 

4.2 HEATT~N$FER ACRO.$~ THE INTERNAL A0i SPACE:: 
....... 

. ·-. ' " ' . . .. 

. Tlie heat transfer atross :the air space between'. the Gammace1140: arid the overpack itmer frame is 
. : . : tob:iprised of conductfot( c61;wection an:d radfatibn.. . . " " : .. ".. """ . " .. 

H~at transfer by conduction occms•thiough the .afr ·and •through the ~teel support structure. of the ·::: • ·· .. 
. J}zj:riwacell-40. Tire tQtal cQnduction area Qfthe ~tee! component~ is :calculated in AppepcJjx C to 
··lie: about 2-percent •orthe overall- conduction area; The- remaining 98: percent of the conduction. · 

occurs through lhe air. · · · · · · · · · · · · · 

: :C:dn~ection heat tifulsfei :through the air is :apJotirited for by aii effe~tive thermal coi:iducti;jty [ 4 ], 
as ciilcuJated in App"eridix'C .. '.fhe air _inside the package wm: tend to circulate due to the . . 
temperature: gradients across the(iiii•space transferrfug:iiddjtipnal heat bY: frei:conyection. 
The· effective. themial conductivity "is. the. thennal conductivity .that a. stationary flwd should .have . 

: . : :to transfer the sani~ _aiiiount of heat as th~ rtioiling fluid. . . . . " " . . . : . " " " 

. ' . . . ' . ' . . . 

A totalthennai c:onductivity (of tlle air space is ca14ut3:i;e~.(Appendix C) tq:c_oJjl~ine the 
. . :~9!ltribution of the coii~µ~tfon and convectjcm: across the air spac¢ .. : : .. ·: 

. .. -- ' .. 

Radiation across the air space: is modelled by a radiation enclosure [2 and Appendix B], as shown : . 
in figure Si :The Gamma~ell-40 suiface, pa~ted grey~ •was: given an emisshtity '.6f0.8? w.hile the .. 
:s~inless steel surfaces of the inner frame and ~oor of the oveipack \Vere assigned an ~i;nissivity of 

· : .. o 5 [7]. Th.e ~ytllllletry surface~ <:>f th_e radiation •encl9sµr_e are given a• very low ~m.issivity:of o .o 1 , .. 
such that tl:iey;behave as mirrore~ ~\rr~ces, reflectin.g:h.eat back into the enclosin-e: 

: :TJ:ie (ictual radiation !:teat; tr~sfer across th~ :air space will be iess: th~ that modelled, ~ii:ic~ tlie 
·: · · blocking effe~ts of the G~acel1~40 support structure are p.eglected.- The radiation heat transfer . . . 

is, therefor~; qo~:servatively nio4~1~¢d~. · · .. 
""" ... "". 
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. ,. . . .. . 
4.3 CONVl:CTION AND RAOIA'flON BOUNDARY-CONDITIONS .. 

·• . " ,. 

GQriyection and n1<;1iatjp11 b.oundary conditi6:n& used in the mo4eUi.rc- ~hown in Figur¢ t\ ... 
. .. . ., . ,. ,, ; ' .. 

. . . . ' ' . . . . . . . ' . ' 

Convection was· applied on the outer surface of the: ove(pack by selecting the .external nodes 
and appiyfog :it convection coefficient( calculated in App~ndix D) and anibfondemperature as : :a ~urface load. . . . . . . . . . ' . . . . . . . . . . . . . 

. . . . . 
To model .~he radiation on the oµter surface of the oveqni9~ · surface elements [2 and Appendix.BJ .. · • · 
.were 1,1sed fo defme a radiation-matrix with view factors conservatively set-fo Lo.• A space node · • 
external to the model.was used to define: the ambient temperature fqr the radiating surface: •. 
bleinints. For th_e steaily ·stii:te condition; •arii elilissivity. of 0.5 was• uiedj'or. the .stainless• ~teel. 
surface el~.meht~: [7]. For the fir~:coµdition an emissivity:of 1.0 was conseryatively used for 
the S1,ll'face dei:rients. · · · 

. . ' . . . . . . . 

4.4 INTERNAL HEAT GENE.RATION 

The ~focay of the C:s'-1~7: carried inside the f:430•overpack ge11eriites4.84 W ofhe3:t'p~r~c:i, 
-.::b.ase!f:on 566 keVof photo1;1 energy, 621,ceV o:fatomic electron. enerigyand 188 keV:of:co:ritinuous 

radiation [o], as calculated belc)\:v:.: . . . . . . . . . . . . . . . 

i.ooo·ci/kCi * 3.7e+f6. dis/s/Ci * 816 keV/dis:*J.602e-16 J/keV*. lW/J/s = 4.84 W/kCi 
. . . 

The overpack iri the physicartest used to verify the m_odel [6] was loaded with L72 kCi of Cs-B7 
for a totarheat ou:tp_ut. of ~.3 W (4.84*1. 72), Th~ maximum :expected ht;:at load to be µ-~sported m · .. 

. the F~430 overpack is about 50 W. Twiee this heat load, or 1 dO W; was applied for all. other load 
:6a.Sei,: including the shn:iilatlon of the regui~tocy fire, as a worst-<iase iritemal h_eat foad; •: · 

The i:nteni~T h~at generated iii th~:dammacellAO was~ppliedas a uniform heat gJneration.on the·: 
: :inside: of the Gamma¥elH-O source cavify.J'h¢ h_eated elements iiDdJh¢ applied heat gener:ati:on 

.. ··rates are shown in Figure•?: Self-attenuatiori:oftlie caps1,1Ies -generally results in lower-radiation 
fields in the·axfai dimension and higher radial fields. This effect was ignored iii the model due·to: 
the s_mall"i;ii:~ 6"tth_e cavicy.and the ·16w heat generation: t>ftlie.~ourc~:· . : . . . . . .. : . 

.. 

• · : 4.5 SOLAR t,IE;AT LOAD 

• . Figure 7 shows the ele:m:ei:its that were subjected ·io the solar heat:tliix required by the reguiatlons 
: .• [ 1]: A heat .fl~ of 400 :W/m2 was applied to the .side o_f the overpack and a :q.eat flux:or 800 .W/m2 

was applicµ tQ the top of the QV~rpack ·as per the regulati<>DS: This heat fll,IX. was applied both as 
-~ .steady state load, .and as a transierit-loacJ over .12 hours as. spe4::i:(ied jn the regulations for the • 
, Nonna! Conditions of Transport, to determine:th~ response oftheov.e11_Jack to both c011ditio11s. 

• .. 4.6 FIRE TE:$T TRAN SIEN"( l;C>Ai> 
. The. lAEA fire test [1 J was applied by defining .a transient tenipenihire curve for the ambient: 
. temperature as shown fa Figure 8. This curve was applied to: the convection boundary coric:titfons 
and the rtode 'representing the afubfonttemperature fot the external radiation matrix (Section 4.3): • •: • ·. · . .. .. . . . . .... ''. ' , ..... ' ''' .. - ,, . ' ... 
Jhe· _30 minute, 800°(;: :fi.re was followectby :~ 9he minute ramp.:.dqwn to pre-frre amJ:,iei:it.: . 

. . . tei:pperatures, followed. l?y a 19.5 hour (1J7Q niiuute) cool-do"W"Q pei:iod~ This 1170 tiiw.~_tes. · 
of cooling; :was· sufficient to al_lo:w. all :temperatures to ~each their maximum v.ah1es: 
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...... ' 

·: .• tJ:ie: solar heat flux discussed in Section)l-.5: was. applied for 12 of:the: 19.5 hour cool down: period 
as require4:by the regulations:t~r ·: · · · .. · · · · · · · · · · 

. To :simulate the effects. qf increased conye<;tjoµ to the enviromµ~nt, ihe · convection hellt. ~nsfer 
. : coefffoie.nt. 9p. t:1:e outside:of th,e 9yerp11ck was set to.la W /rrl'?C, :as cafou\at~q h,1 Appendix D .. _ 

. . . . . 
To i:naxiniistd:he radiation heat transfer during the fire; a:conservative emissivity :of 1.0 was . 

: :us~d for the outside staifiles:s steel surface {)f tlie Qverpack. · · · · · 

Also to si111ulat~ a worst-case fir(?·coti4ition, the lead-t9 .. ~teel contact resistru.ic~:at the 
G~mµiacell-40 outer sh~ll was removed, . · · 

... . . . . . . 

$~=··LOAD CASf:S.:·: 

Th~ANSYS input files for.aii ~fthe followingjoacfcase scenarios con#dered are listed iltApp~~dix E. 

:5.1 LOAD:CASE;1 (VALIDATION)::STEADY STATE, 8.3 w cs:-137,::N.O SOLAR 
. . ~OAD,· 21°CAMB11:NT . .. .. . .. . . .. . .. . . .. . . . . . 

... Tliis' foa,d cas~ ·~~: usbd to ~erify tQl;l. sieady state :behaviQ.ur, of the mod~l, Steady stite conditiops · ·: 
were used with. 1.72 kCi or 8.3 W (Se£tion 4.4) of cotiak.:60 loaded into :ihe\Oanirnacell-40. . . . ... 
This. was ·a simuiation· ofa phys1cai thernial 'test.performed on the·F ~430 overpack containing a 

: :Ciitirunacell-40 loaded:\\!it~.C-198's [6]~N<fs6Iarload was appli~d ~s the physical t~st:~~S-: :: 
conduct¢d: irido.ors. 

. . .. 

the· ~bient temp:erafure at the side and boitoni:of the overpack was taken from the ;physical test 
.•. dafatobe21°C. .. .. . .. '' · · '' · .. '' 

: ·s.2 LOAl:fCAse·2: STEADY STATE 100 W Cs~137 NO·SOLAR'LOAD 21°c · 
' . . . . ' " ' . J .. ' ' ' ' " ' ' ' .. ' ' 

:AMBIENT 
".. . 

This lo~d ~~s¢ .isidentical to J;.,o*4 C.ase 1 (Section: 5.1)1 except the inteni~l:l;ieat generation in the: · · 
·G~acell-40 cav.ity w~sip.creased ·to 100 W .froni 8.3 w: A11 inter,r:ud:heat generation o:O 00 W 

: !was. used as a worst-case condition and fa twke the maximuni:expected heat load to be foinsported 
·· 111.tlie·F::439·0:verpack(Section4:4). :· . .. . .. . . . .. . .. . . ....... . 

.. 

Jhis load case. shows: the ~ff ect of the inci:e~~~d .intemai heat gen¢riltioti between th~ te~~. and 
-: .. :wc,~t-;-ease internal 4¢~t Jq~d conditions.; . : : : : : • . . . . . ..... 

. .. '' '' 

· · · · 5.3 · LOAO CASI:• 3~ STEADY Si A iE-, 100 W Cs~137, .NO SOLAlf LOAD, 38°C · : : :AMBIENT . ' ' . . . ' ' . . . ' . . ' ' . ' 

This load cas~ kidentical to Load C~se 2 (Section·S.3); extept with the ambieiit•temperature 
at tp.~ :side lfud bi>tt.om · of the ovetpacf assumed to be 3•1h::: iis. per ·th~· reghlatfohs· [1]: 
... . . .. .. 
This"foad cas~ shows the effect of\ht'l increased ambient ~e!.llperatiirebetween·the test arid 
regulatQl)' #nbi~nt condition'& .. 
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.. . .. .. ' ... 
. 5.4.:LOAD C~SE .:I: STEADY ~TATE/TRANS1Ef'1T, _100 W:Cs~137, SOLAR=LOAD, 

38°C AMBIENT .. 

this load case is identicai:to Load Case3 (Section 5.3), except that 1:he solar heat load di~cussed 
· • .. in SectiQn 4.5 was applifd. · · : · · · : : : : · · · : : · : : · 

. . . - . . 
Tlus l9ad case shows.the !!ffect of thesol;rrlQaQ with:a: 38~C a:c;rilJi~t temperafure\u~der steady .:· :: : . : . 

: state conditions and applie~ as a 12 hour: transient as required:b}'. :the regulations [l}.= . . 

: ~.5 LOAo:c.Ase. ~= FIRE TAAN.Slf:NT, 100 W ¢~·'.1~7, SOLAR :~OAQ;:38°C 
AMBIENT 

... This lo<ld cilse ~how's the respon~e of the F-43,0 ov~rpa~k and Gammace~lAo: _to. the iAEA 
regulatQryfrr¢Je~t [I]. 

. . . . . 

:Transient conditions :were .used with initial temperatures from :the ,sieady state analysis fa =Load 
Case 3 :(Section 5.3) above, w1tli :the ambient temperature at the side and bottom of the overpack : .. 
_assumed tJ=b~ 38°C as per the r~gillatfons [l]. · · · · · · · · · · · 

. . ' ' . . 
: The transient l9adin1f consisted of.the IAEAregrilat9ry fire ~oadiiig [I]; a~ ru.s~u.ss~d in Section 4.(? .. 
The model. wa,s loaded with l 00 W pf cobalt-60 (SectionAA) and had the solar load (Section 4;5): --
.applied after ihJ fire, during the cool-down of the. oveipaik~ :as .requ!red by the regulations. . . . . . . . . 

5.6. LOAD.CASI; 6: SilVIUL.ATtON OF bANiAGEQ OUTER i=OAJUI UNPEit°FIR.E 
TRANSIENT·: . 

. • . • :11iis_ load case is identi.cal _to Load Case. 5, :e:x¢ept that the thetjnal c9i;iductivity of the. 011ter _f9aro 
was inc;rea~e<Jt9:a value of3~·W/ir)..°C~ similar to I~ad;•nii~ change simulate~ ·a.yery conservative.• 
worst-case scenario where all of the: puter foam is crushed:SO as to provide OQ thermal insulation.:·. 
:to the: fire. The remainder of the material properties and loading are :identical to Load Case ·s :in 

. : :that the inner foam atid tt:ir •spaces remain t6 ptovide_ re~istan~e t6 th~ fire 1:lll4 solar loaiL I: : • 
. . 

. . . ' . . . . . . 
.. 6. Rl:SlJLTS AND QISCUSSION' . . 

fi.1 LOAO:CA.SE:1 (VALIDATIPN)::STEADY STATE, 8.3 W cs·~1~1,:N:o SOLAR•: 
LOAD·, 21°C AMBIENT 

. . . 
·: : tlie: t~lculated steady ~tate:temperature distribtitfon in the ovetpaik:is :shown in Figure 9. Table 3 ... 

lists the:t~i;np~ratures from the e,cp~rinient and the analy#s: a:t the key locat~<.>:n~ :s~own in Figure 1 Q; (: • . 
wl].er~ thermocouple tetl)p~ra:ture: readings were taken in tlie :e:xperin:iep.t. The :correlation -is -good · .. 

: [indicating the approxt~tf0!1S Used in the ~~l>7sis are appropriat,e.. : : . . 
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.. : The. largest differential between measured iind ealculated temperatures was for the Gari:iniacell-40 
cavity. The:c~foiilated Gamni~c~il~4(l'eavity temperature\..vlis about 3°C low.er(than the experk ... 
. m.ental value.: This difference was expected_ sin9e _the. air space bet;weyn the :Gaiiuiiacel\-:4:0 .fil1d the:: •. · 
U11J..er'frame ofthe:i:)\'l,'lrp~ck was modell¢d ~s ap:open air spac·~ a,1.1d p.one of the G~~ceU-40 

· : · • support structure. was: included to. reduce: the size and complexity of:fue model. Similarly, :the• steel .. 
lining of the internal cavity, aild:th~: subsequent lead-steel interface and air resista'nce, were not:: : . ' 
modelled~· Th~ heat flow 01:11 of the •padkage was, therefol'e; l-ilightly. overestimat~d :d_ue to .the_. . . .. 

::appro?(imation. This wa$:co.nsidered an acc~ptabl¢ trade-off, hcnyyv¢r;,in that the heat flow ipto 
'. 'the overpack during the fire transiept would: also be higher thairiii reality and, therefore, a worst-

case coliditiori is:modelled. ·: · · · · · · · · · · : · 

. f:t2.:::LOAD CAS.E 2: STEADY _$TATE/100 .. W C$.-~37_, NO SOLAR 1,.QAD/21PC: 
AMBIENT: .-- .... 

. . . . . 

_ The calculated steady st;lte· temperature distrib11tion in the overpa,ck: for this load case is sliown in 
-: Figure 1 _1 .. r ~mp~ratiire results at vatjqus points within the model are comp~~d. tQ those of Loa,:! . 

Case 1 (Sectfon.6.1), which is thesarrie model with:8.3 W. of Cs 137, in Table 4.:The results sho~rn •: · 
.27-40°C teinpeniture increase in th~ :overpack and an il.pproiimately 50°C t~i:npe1iture .increase in: . 
. the dammacell-40; wherea~ the temperature_s t>ri :the outside of tht!·tiyerpack are similar; Therefore, 
the irici;-ease ip. iµtei:nalheaf generatio1.1 from S:.3 · fo. 100 W c_atises a significant j~rease ii:dhe . 
internal temp~afures of the over:pack .and Gammace!l-40, which was expected. diie to the 
mawntiide cif the increase. '' ' ' ' ' '' '. . ' ' ' ' ' 

. . '. ' . 

· : 6.3 LOAO CASE 3: STEADY STATE, 100 W :C$·137, NO SOLAR ~OAD, 38°C 
AMBIENT:·:.. . . 

· . The calcµb1ted steady state ten;iper11-tµr~ distribution in th.e overpack for: this 1011-d case is shown in 
Figure l2, T~:r;nperature results at v!!-rfous points within th~ model are compared to those of Load : 
.Case 2 {Section 6.2), :which is the sanie model with: a 21 qC ambient temperafuie:, in Table 4. . · 
. The results show a 15-l 7°C increase in ~11 of the· model temperatunis for an increas~ in ambfont 

: '. :tenip~rature of 11°c: Therefore,. th~ modei temp~ratures increase: hpproxjmately in proporti6n _with ' 
the ambientt¢niperature in the ~t~aijy ~tate condition.: J'hjs :unear extrapolatj9n: was expected since. · . 
heat transfer at these temperatures is: primarily due to' conduct.ion and c;orivedion~· which are .linear ' ' 
:relations. ' " '': ' '' . ' ' ' ' ' : : ' . 

: · : 6.4 _1,..0AD CASE 4: STl:ADY STATE/TRA~SIENT(100 W C;;-:137,: SOL.ARl.,.QAD, 
.38°C AMBIENT: . . 

The cal~uMei:J steady state temp_er~ture distribution: it;,. th~ overpack for this. load case is showri in:.. : : : · 
.Figure 13; :Temperature fl,')Sults at various points in the model are compared• to those of Load Case: S : : · • 
. :(Section 6.3), which is the same model without the solar load; The r.esu.lts show an approximately 

· ·. :sd0c iQ.creasc;, in the 'internal temp~ratures~ i"!n •g7°c incre_ase on the fof an.d a 4_9°C inci~ase tin the 
side of th~ overpack when the solaflQad is applied:: Tb~r¢foi"e, the solar heat:flwc applied as a '' 
steady state load has a significant•effect.onthe internaitern:peratures ofttieoverpack Note; . 

• however, that even: for this.worst-case cbnditibn~ the maximllftl temperature in the l~ad:shieiding, 
i42°C, ~s still weli befow:tlie meltit1g point ijf l~d,_327°Q. ' ' ' ' . ' ' " ' '' 
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· The regulations oniy:i:equire the solar load: to be applied over a 12 hbut period, or during daylight 
hours. So the s·olar heat flux wa~ als_o ~pplied as a transient: load (Section: :4.5) to determine how tlie. 
maximum 'temperature re;:i.ched iii 12 hours.compares•to the:steady staty terilpefati.ires c_al~u,lated.: · · · · 

" " ' 

,, ,. 
· • . : :Figure 14 shows the i:eniperatµre d,istriJ:mtion in the 9v~rpa,ck at.the end of th~. l '.l h.our: transient 

The maximum temperature reached:iti the lead shielding :is 95°C, much fower than for the steady 
.state case {i42°C). The.ma_ximutn ~tirfa~e temperature:t~ached, 124.°C, is vfrttially the same as 
:that for the steady state case (126°C), how~vef. : .. 

Therefore,:th~ st~ady state mod~l of ~e solar heat flll?{oyerestimates the int{)nial 9verpack 
temperatures that would. b~ reached in ·a. 12 hour insolatiori period. The temperatures for the . . 

: steady state modelj howfvei-, are still all :well below lead melt (ma:xfo:ium temperature of i:42°C 
"" ~s •Jortipared to 327°C: for lead me19,. and theriiote,, show_ une"qrti~b6~1iy .that the overpa:6k rtieets '" 

the reqµirei.iien,~: of the regul~ti~~s :m\der solar loa~I. 

. 6~5 •LOAD CASE 5: FIRE TRANSIENT,'100 W.Cs~t37, SOLAR LOAD,.38(jC :·. :· 
. AMBIENT • • : . . . . . . . . 

The 6alculated teritpe;ature ·distribution fu. the :overpack 30 m1nut~s into the transient ( ~~ the fire 
: ·•:IS ttirbed off) _is showti iii Figure 15. The citctiiateq temperattite distribiltion in_ the ovetp~ck: ~t 

the time of_m:axiinum lead teri1peratur¢ (64,800 s, 18 J:irsY.jsshown in Figure lti. ·The calculated 
terp.p~rature: distril;>Ution in the lead elements qnly, "at the tiriie of ma,xirrniin lead: temperature" ' 
: :( 64,_800 s, 18 hrs ),}s :sµownJn Figure 17. : : : : . . . . . . . ... 

The tratisiert(i~mperature restilts"at' the key locations shoWn m Figure 10 :are: sho\v.n in Figures : 
· 1 R throligh :24.: An of the_ tempei:1:ittire transients _shtiw t~rhpetatures l)elo~ th~ fuelting temperature: . 

. . • o,flead, 327°C. Tij.¢ m~iti:\l,llll temperatµre t¢aqhed in the lead, 192~c :<:it 64,800 s 08 hrs); was 
at tlie G:ammaccll-40 cavity~ . . . . . . . . . . . . . . . . . . .. 

6~6 :LOAD CASE 6: SIMULATION OF DAMAGED OUTER FOAM UNDERFIRE 
•• • < T <T T > 

·TRANSIENT.· 

The c;alcufate~f t~mperature distribtiticiil _in the overpaek at the time .of maxiriiirin foad temperature:•: : 
: :(15,6()0 s, 4 hrs 20:111it1Jis)hown in Figur.e:2?.- The calculated tempeniture distributio.t;1.: ir(tQ.e 

. • · · lead ·element~ oi;uy; afthe: time of n:;ia~riium: lead temper~ture. ( l 5;600 s, 4 hrs ;,.o min;} is :shown 
in Figu~e 26.. : : : · · · · · · · · : · · · · · · · 

:,t\S ·~~pected, the niaxiiniirhlead tempertiture: Was:higher and p'.eak.ecfe~lier than in l:,oacl Case 5, 
" since the out~r f qa:iri provide4 no resi_stance fo the heat ·of tp.~ fire. The in!lJCim1.µn .temperature 
reachecf inJp.e: 1¢~ was 128°C, wltich:is 26°C higher th.a~ n;i, Load Case $., bµ\ ~tiU well below : · · 
the. melting· temperature oflead~ :3"27°C, evell in .such a worst-case: s~enario. . . . . . . 
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Good: ~gte~µient between th{ ~xp~rimental measu.r¢theI1tS of the transpoi:t p~:kage steady :state •• 
· iemperatures and the ·A,NSYS siiirulated results was obtaip.ed. ·: 

. . . . . . . ' . ' ' . . 

....... ' .... . ..... 

. The results. of the IAEA fire tes.t showed no lead melt 'in the Gairii:nacell AO ln.odelled iiiside the· F~.43 O . 
overp·i~k. :i'he maximum 1ea4 telllperature reached :was. l 28°C, well :belo\V 327°C, the melting; point of 

: . · le~d. In reality, th~ ·m:aximum lead temperature expected duri~g s11ch a regulatory fire.would be much· 
• lower than this, c<;>nsidering the extren'i~It~.onservative asslµl_lp~iqns used in the mqdel,. : 

. The F-'43:0 .. ov~rpac~ and Gaumiac~IIA~ analysed :ii). thjEi report_ passed the )AE.t\ re~latoiy fire t~st, 
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...... TABLE 1: Mat~iial Properties C?f IVIUcl Steel, Air and 

· :j';Materi~I· · · · 
· :Aessription 

3 I Air [4] 

I 

])en~itt. : : 
p "': ' 

(kg/m3) ::. ;:l . .'' 
' " •• j • "';:. ·~. • ·.:< 

. 8JS1, ~C ., :· :k oc ~: J .:oc C l..°CJ C 

.-73 41.0: :12J 42.2 -'.73::: :4~4 127 487:. 
... . . . 

327 )9.:7 527 . 3?;0 ( . 327 559 . : 527 : . 685 

· 727 27.6 : :927.: 27.6 727. )0,90 927 1090. 

0 c I p J :~c: I p 0c I= k oc k ··• ., ' . ..... .. 
. ... , .. 

I:: :• • •= , I 1111 • 1111 ... ' . . . .., ''. ' . . . 

• I II • ·•:•: • • '1111:i 
J
' ... . '' ,,, . . ' . . . 

,, . '. . . . ... .::I :.::. •: 
"' 

0 c I p , I ~c I p 0 c. I: k: oc le . :·· .. 

l:'::l:• I• l .. •t• 11111 •·:11111 
• 1 •1:•, I• I 11:}1111111 •1:1111: 

1•:1•1 I :I•I•• 
0c I p • . C?C.· p oc .. : k oc k· ,: 

" 
oc C . .:oc. C 

'" 

~13 I J.75 127 0.87 . -73 O.OIS : 127 : 0.034 -73 )om 127 1014:t 
..... . .. . . 

327 I o.58,• · ?.27, 0.44 327::: :0.041 527 . o .. Q57: : 327 1051 . ~2,7:' . 1099 
I ...... :·· . I 

721.1 ,0.35 927 0.~29.: . 727 0.067 :::9·p=. 0.076 727. · :1141 927 1175 .. 
..... ' ••• I : 1.:.1 .. ; : .:. : ; ... 

1 
.~· I<; ; ~. 

·:·:1:• • ••• . . :=• . • •. : •. 
" 

.•. 1 •• , •• • : . •• 
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Thermal: ~r,~IY;sis of F-430 0:"~rpa*k 

.. ·: TABLE 2: Material Properties of Air Including C:onduction and Convection, Lead, 
. . - .. : . a~~ _Milc:f Stee'a lnclu~ing C_ontact Resist.ance _ . . . . . 

. :~aterial 
# DescHpti~n · .. 
-6 . Air With : 

Conduction 
:: :anc;l. 

Convec.tiqti: 
. Steady State·: 
[App. C] 

· 6. Air With· 
Conduction 

·anc;l
convection: 

. Transient 
TAPP· C] 

· 7. -_L_ead [8] 

· i2 · Mild Steel · 
Inclucf,ipg: 
Lead:.Steel: 
Contact 

: Resistance . 
[3,:4 and I• • 

.App.Fj: •· . 

· ri~n~ity : ' · • .. Tli~~~ii:1 tJ~c1~cuv1i;;. . . · · · .. _ siiicttJ~ He;( -' 
·p· , .. - .. 

(J,lgJm3) 
. c:k .. :: ·- C 

:_ '. (W/in~q- :: ' '· (J/kg°(;) ,.·. : 

p oc :P 

'-73 1.75 127. 0.87 -73. 1.02 i i7 : 1-.04 -73 1007: 127 .1014 
.. 

327 0.58 : '527 0.44 fil 0.99 -. 527 'ii.90 327.. 1051 '527 1099 

"' 
•, 

72'i : 0.35 927 d.iif 727. . .fi. 75 : : 927: 0.75 727 l i-41 927. .1175 : 

-73 1.75 - ti?. 0.87 -73' ' 1.51 li7 1.53 ~73 1007 ' 127 .1014· . 
..... 

·327 0.58 527 0.44 327 1.48· ·. 527 1·~39 ·: 327·· 1os1 · 521 ·to99 .. 

nr , o.35 921 : o.21i • 121 1.24 921 L24 . 121 fr.in.. 927 11 

·20 :11340. 321 -1 ioos -213 35 :..21. 3s -23 121 21. 129 
... •, 

330 10686 800 10686 'i23 34 227 33 : 127 . l32 227 136 

·: -··· 327. 31 527 - ·19 . 327 142 328 6188 . 

727 22 ·. 927 . 24 331 6188 332 159 

.. sJ31. 

-73 0:53 :.127 

3Z7: us 527 L63 327 559 st; < 685 

727 i.86:· :927 2.11 727 1090 927 1090 
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.. :TABLE 3: Comparison of Load Ca~e:1:Steady State E:x1>erimental and J:\NSYS Results : . 

. . .. . ~ ' . 
. . . . ANSYS :N"~d~. . ' . 

.. · (see Figur¢·1 ~). . : · : · 

Inside Ganu:nac;:ell..:40 · cavity 6359/6423 ... 
. . . . . . 

. Outsid~ Gammacell-40 on ~ylii:idrical surface 26 

Outside GarinmtceH-40 on end surface : . . : 

Inside i~er frame - top • 14 

Inside inner:frame : .. side •· l· 

Inside outer frame 

Outside ovetpa~k ~. top 5128 

Outside ovetpack - side 5141/5444 . 

: : :lj:xperii;1:1,e~t . 
·, (oc)' 

29 

21: 

:26 

2fr 

:26 

24: 

21 

2r 

.. 

·.: ·.ANSYS .. 
·· ·. (<icr·.. . . ": 

,.,, :·· .. ,'.. 

26/26 

25 

25· 

25 

.. :25 

. .. 
23 

•"> 
:21 

21/21: 
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Thermal. An~lysis of F-430 OV~rpaqk ........ , ...... . 

. ; : . TABLE 4: Comp.~rh;on of Load Case~: 1. Through 6 •.. 

.. ..... . ... . , . ' 

·· ·:.·PageNo: 14of40 

···.\·· .. ;· .. ,.:, ... ::,.:::,..·:::'.', ·:.':. :··::'::.::::· = x.,:.·,. :::,.'·· .. . :·: :. . ... : ··•··· ...... , ,:~ . • ·:.: ... :,,,.··,·,-:,.· .. ·., 
;Des~tjpfio.n . : :·AN&YS:. J,;oad<Jttse: :Lo!!,~·~a~e. Load'<::ase: ~Load Case Load Case Load Case '':Load Case· c:t:~:or ;::_:.;; i:- Ji '. l}:. f .: • • : .f ; ·. ,./~ :) : ,. -4~ ·< :;.:_;\}:. :> . . ('' ... 

. : . ., . :-St~~i'fy.'.: , . )t~ad;. :st~i~y': Ste~dy . :1:~a~~ient, Fire : : . S~idaJion 
:statef: '. >:·State;- :·: State;':.:·· State; .. , ."IO'frw· ·'Transient, '.Q(Diimaged 

;·. : :, 8.3 \V '. 100.W: ;.. lOOW · :=."1oo)v <, Cs~137,:' ,;)p~w Outer Foa'ni: . 
i'.J~s,,137, ... •:,-Cs.,;:ii7/t:,::cs-.i37; ,, .<;s~jJj/ Solar· 1 .''·~$':l~7; Und~riti:re 1 · · 
'No Sola'r· . ·tfo Soliir No.Solar.·.. Solar .. to~c'I\' ·. Fi_re/Sola:r' ::rr~µsient** 

.. Loaii:: >·Load · ".'..Lii~i:.':, L~acl : · ::jg0c· . Load**-· .. :: · .. 
" ::· -21°c'' ' .. 21°c' :. ,: . jg'0c' ··:. ;'' 38°C .. ·:A~tii~;t;. ·: 38'?C ,., .: . ; .·· . 

'•', 

'{ 

. . :. : . .'.,r . .• . . ,. • . _: )}:; :J~~:i~,t .;,\.~-~~~~( :, ::'~Jll,~!tnf :,,: ~~~1:~~t; : . . . ·:=· ,. '. ·.· : ~-rt,iti,i~µt, :, •· C. •· . ' . : ~; :, : : .. : 

Inside 
Gaiiima,c!-'lll-40 · · : 63591 · 26/26 · · 

6423. : 

Outside 
Gannmicell-40 
on ~ylmdrical 
surface 

Outside· 
Gartiinhcdl-40 
on end surface 

Inside 
inn~rfy~111~ -
top 

Inside 
inner :frani.e -

Inside. outer· 
frame:· 

Outside 
9yerp~cl-.
top_ 

26 

178 .. :.: 25 

14 25 

I 25 

·2274 

. 75/75 :. 

: 70. 

69. 

64 

63 

so· .. 

.. 22. 

Outside 
overpack
side· ... ' 

'5:141/ 
5444 

2I/2E : 23/23 

91/90 . :'143/142·. 96/95. 

86 )38:: 91 

84 :136: 89 

80 86 

80 132: 86 

66 125 ·. 

39 ... 

· 40/40 89/89 86/86· 

. .102/101 •:. :i:28/127 
(64,800 s) (15,600 s) · : 

.98 
:(~4,800 s) 

.. :97 
. (64,800 s) 

94: 
. '(~7,600 s) 

... 94: 

'.(~7AOO s) 

89. · 
::(3~,4~0) 

f25 
(15,600 s): 

123 
(15,600 s) · · 

138 
(8,400 SJ': : : 

19.l 
(3,000 s):. 

: 779. 
(1,86:0 s !:: 

... 7:90 

. (U~60s)· 

798/797 ... :783/783 
(1~860 s) (1;860 s) 

.. : : * Temperatures .are taken at end of l:i hour transient. 
. ** Temperatures ·are maximum values diiruig tne· fire: transfont at the give~ tinie ill parenth¢ses:, 
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STEEL BRACE 

GC-40 
LOWER HEAD 

LAYERS OF 
PLYWOOD 

FIGURE 1: F-430/GAMMACELL-40 TRANSPORT PACKAGE (TEST SPECIMEN) 
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Thermal Analysis of F-430 Overpack 

FRONT VIEW 

....... 
JI'•" 

BACK VIEW 

(Conduction, 
Convection and 
Radiation) 

GAMMACELL-40 
INNER CAVITY 

GAMMACELL-40 
OUTER MILD 
STEEL SHELL 

STAINLESS 
STEEL 
OUTER SHELL 

FIGURE 2: F-430 OVERPACK SOLID MODEL 
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STAINLESS STEEL SHELL 

AIR (Conduction only) 

AIR (Conduction, Convection 
and Radiation Enclosure) 

LEAD 

MILD 
STEEL 
OUTER 
SHELL 

GAMMACELL-40 

FOAM 

FIGURE 3: F-430 OVERPACK SOLID MODEL COMPONENTS 

Page No: 17 of 40 



AIR 
(Conduction 
only) 

IN/TR 1645 F430 (2) 
Page No: 18 of 40 

Thermal Analysis of F-430 Overpack 

BACK VIEW 

GAMMACELL-40 
MILD STEEL SHELL 

STAINLESS 
STEEL 
OUTER 
SHELL 

(Conduction, 
Convection and 
Radiation) 

STAINLESS 
STEEL 
OUTER 
SHELL 

FIGURE 4: F-430 OVERPACK FINITE ELEMENT MESH 
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Thermal Analysis of F-430 Overpack 

FRONT VIEW OF ENCLOSURE 

BACK VIEW OF ENCLOSURE 

EMISSIVITY= 0.01 
(Mirrored Surfaces at 
Symmetry Planes) 

EMISSIVITY = 0.8 
(External Surfaces of 
Gammacell-40) 

EMISSIVITY= 0.5 
(Inner Surfaces 
of Overpack) 
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FIGURE 5: RADIATION ENCLOSURE FOR INTERNAL AIR SPACE 
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Thermal Analysis of F-430 Overpack 

NODE 999999 ------~...._~ 
External to Model F • 
for Radiation 
Set to Same Ambient 
Temperature as for 
Convection Boundary 
Conditions 

RADIATION 
BOUNDARY 
CONDITIONS 

Entire External 
Surface Radiates 
to Node 999999. 
Form Factor = 1.0 

Steady State 
Emmisivity = 0.5 

Regulatory Fire 
Emissivity= 1.0 

OUTSIDE VIEW 
OFOVERPACK 

CONVECTION BOUNDARY 
CONDITIONS 

Steady State to Match Physical Test 
h = 4 W/m2°C and 
Ambient Temperature = 21 °C 

Regulatory Steady State 
h = 4 W/m2°C and 
Ambient Temperature =38°C 

During Regulatory Fire 
h = 18 W/m2°C and 
Ambient Temperature =800°C 

FIGURE 6: RADIATION AND CONVECTION BOUNDARY CONDITIONS 
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Thermal Analysis of F-430 Overpack 

ENERGY EMITTED BY SOURCE 
Energy Emitted by Source for Load Case 1 = 8.3 W 

Energy Emitted by Source for Load Case 2 = 100 W 

HEAT LOAD OUT OF CAVITY 
Energy out the cavity is divided 
by four since only 1/4 of the 
cavity is modelled. 
Then, 

Load Case 1 
Qcavity = (8 .3/4)/Area in m2 

= 2.1/0.003 = 700 W/m2 

Load Case 2 
Qcavity = (100/4)/Area in m2 

= 25 .0/0.003 = 8333 W/m2 

SOLAR HEAT LOAD 

,--~~---- A heat load of 800 W/m
2 

is applied to the top of 
the overpack 

A heat load of 400 W/m2 

is applied to the sides of 
the overpack 

FIGURE 7: INTERNAL HEAT GENERATION AND SOLAR HEAT LOAD 
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I I I 
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 

Time (s) 

FIGURE 8: IAEA REGULATORY FIRE CURVE 
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FIGURE 18: TEMPERATURE TRANSIENTS FOR SELECTED NODES FROM FIGURE 10 
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Appendix A 
Excerpt From Transnucleaire Report on Package Analysis [3] 

R PO T ON TH ,IMPLIC.A IONS O THE 
TESTS REQUIREMENTS_ FO f:I TYPiE 8 

PACKAGI SA A STUCIY CJF 
PRACTI AL SOLUTIONS 

:7 IC. !>fo, ~~ . 

Page No: A-1 
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3 - IZAD-STEEL JUNCTION -

a ) No bond -

When fabricat'on is made without trying to obtain bonding between 1 ad 

and outer shell, shrinkage occurs during cooling after casting due to 

the difference of dilatation coefficients of lead and steel . 

The importance of shrinkage degends on casting methods and outer shell 

dimensions and materials. 

' With a stainless steel outer shell and adequate casting method, shrin-

kage is on the order of 4°/oo , i .e. for instance 2 1IE1 at the rad ius for 

a packaging of 1 m dia:neter. 

With a mild steel outer shell , whose dilatation coefficient is lower 

than for st~inless steel, shrinkage may be greater. 

Lead oonded -

oon~ing can be obtained by various processes, which we will not explair~ 

here . 

Let us say only that bonding can be easily achieve on an open steel wall ; 

it is much more difficult inside a steel vessel practically closed . It is 

also more difficult w'th stainless steel than with mild steel. 

If bonding is perfect, which can be checked by u1tra- sonic inspection, 

thermal bond should also be perfect . 

his is actually obtained for instance with a plane steel wall and a 

certain thickness of lead bonded the outer surface of the lead being 

bare, 

On the other hand, our experience shows us that in the case of packa

gings and in spite of a pet:fect bonding to the outer shell, ultra-sonic 

checked, there is always some discrepancy between thermal test and cal

culations for the heat transmission through the inner shell/lead/outer 

shell assembly, 
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Compared with calculations based on a perfect thermal bonding, tests 

show that in fac there is a cert in extra resis nncc to the passage 

of heat. 

Thus, on a series of six iden ical cylindrical 20 ton packagings 

(constructed by the Societe Lyonnaise de Plomberie I ndustr ielle), an 

e:<r.ra resistance to the passage of heat compared with calculations is 

found equivalent to an air gap cf '15:-:,, varying slightly around this 

value according to the packaging. U,l trasonic. inspect i on , however, 

showed perfect outer shell/lead bonding . 

There are: a r.u.':lbe::: o possible explanations : 

The ca l culation cannot be very accurate particularly when there is 

a great diff~rence be~Neen the outer shell surface area and che inn~r 

cavity surface area. This was the case for the six packagings mention

ned above . 

If the heat flux introduced in the calculation is the flux on the 

inner cavity, i:here is ·then good agreemen between tests and cal

culation . 

- Bonding to the outer shell has a tendency to work against hooping on 

the bner shell . 

Lack of homogeneity in the lead mas s which is being drawn both to,...ards 

the outer shell and towards the inner shell. 

- Traces of oxide over a varying surface area at the outside shell/lead 

interface (wh icb does not shown up with ultra-sonic controls) . 

We have no knowl~dge of the resulcs obtained by ocher constructors . 

c) Be.'la.vi or in the themal test -

In the case of not bonded lead, an air gap of say , 2 llllll , ccrresponds 

co a temperature drop of several hundred degrees, for the initial 

heat fluxes involved in the thermal test . 
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.. . . Apperidix- .B . 
. . Ansys Finite Element Descriptions [2] 

4.70SOLID70 3-D Thermal Si)lid . : • 
Muqi;i~sts ···.-, 
M11cnanta1 · ·.v 
St11:icb!ta( · .. 
~~D'\'t>J,'I·. 
UleatP,l,ls•: 
Th~im:ii : : : ·.:I".'. 
Em.ig :H:i . · 
Emag !~D 
FlOTRPN 
Pft!P,Oi.t · ,. I"' 
ED .,... I"' 

. . . 

. " 
'"' .. . . . . . . 

..... 

: .. SOLID70 has a t!:u;e~m:iensional themial C(>nduction capability. the.eletiient has eight nodes W:iH1 ~ ,single degree of freedom,:. : . 

. ... 

· temperature, at each h6de .. The. element is applicable to. a three,.diniensiohali steady-state pr.tians'ienHhennal analysis.The elementalso can 
compensate for mass transpot1.hea\ flow from a consiantyelc;icity field. If the model:con~aining the conducting.soltd element is also to be . 
analyzed sfi'.ucturally, the element should be replaced by an:equiValent structural element :(such as SOLID45). A similar thermal element;·: 

... : ... ·: with mid-edge no4e· capability, is described in ·section 4.90 (S0LID90);. . . . . . . . • : . . . . . . . . . : : . . . . 

. . • •. : : An option exists :that:allo:ws the element to model nonlinear steady-stare flµid: flow through a pol'ous medium. With this :optil'.!o,:the thermal 
. . . . parameters' are interpreted as analogous fluid' flow' parameters. For example; llie:temperatuie degree of freedom becomes equivalent to a . 

pre~sµre:degree of freedom. Se¢ Sectiqn 14. 70 of the A1V$YS)°'hiory Reference for ro:o~: de~ails about this element. : . . 

Figure 4.70-l SQLlQ70 3-D Thermal :soli~ 

M~• ··o,P 
·: .. : .. 

:: l' K,L 
·._. . 

:r .... 
(Ri sm 0¢ on) . 

··'~•~. 
J. 

(Tetrahe~n (9.Pti:On) 

. 4.70,llnput J:)at11 . 

. The geometry, node locafions, and the coordinate system for this element are shown in Figure 4. 70-L The element is defined by: eight 
. . . : ~ode~ ~nd the orili.6tropfo m~tetjaJ properties: Orthotrqpic materi\!l"directions 'coirespond to .the element Coq1;'diµate llirectiort::i. The el(;)ro.elJj 

coordinate ·system orientation is. as described in Section 2.3. Specific heat and density are ignored for steady-state solutions. Properties not . : 
innut:d~fi.1µlt as described in l?e9tion 2:4. . . .. . •. · . . . . . . . .. 
Element loadSare desririoed in Section Convections or heat fluxes (but not both) may be ii:iptit as .surface loads at the ·elein'entfaces as 

. . . . . . . shown by the:circled:nµ111bers on Figure 4. 70~1; : . • •: • . . . . : : ; : : . · . . : : . · .. 
Heat generation.'rates riiay be input as. element body loads at the .node's. If the node I ·heat generation tate HG(I) is input, arid all others are 
unspecified; they default to HCi(I);: : . . . . . . . . . . . . . . . 
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. .. 
· .. · • The nonlinear porous fl.ow option is select~d with .KEYOPT(7)= t:For tJ-!is option, temperature ts :i_nt~rpreted as pressure and :th~: !1.b~olute 

permeabilities of the medium ate input as material properties: KXX, KYY, and KZZ: PrpPerties DENS and VISC are. used for the mass · 
den:5itiandviscosity of the flujd:. Properties C and MU are:used_in calculating t~e ~oefficfonts of permeability~ described in Section ••. 

· 14:70 of the ANSYS .]'he9ry Refererice: Tempera tune boundacy ·conditions input with the!! command. are interpreted as pressure boµndaty · 
. . . conditions, arid heat flO\Y. boundary conditiO!iS iiiput with the f con:urn1nd ~re interpreted as mass :flo\V :rate (mass/time).: . . . : : . _ . 

: A.111J:1ss n:ansport option 'i's ~vaiJ!ll?le.with KEYOPT(S).. WitlJ. tl).is option the :velocities YX, YY, and VZ rnu,st be i_np,ut _as real colisfan~. 
(in the element coordinate ·system). Also, temperatures shoulil be specified along the entire· inlet boundary to assure a· stable solution.· 
With:~iiss (ransport, you sho).11<.J:u:Se _specific heat (C) and 4e~sity (DENS) materia_l properties instead of enthaipy {ENTH). · 

. ·: A summary oflhe ·~lement input is given in 'fable A 70-1. A general de~cription of element input is given in Section .i.r .. 

· Table 4 .. 70,4 SOLID70 Input Smnmary · 

, vy; VZ IF KE:YOPT 8) > 0 . 
, KYY, KZZ, DENS,(;:, ENTH, VISC, MU (YISC'and MU used only ifKE:YQPT (7) = l. Do not use . 

NTH with KEYOPT(Spi): . . .. . . . . . . . . . . . . . . . . . . 

· Convectiqn:s: : . · ... 
ace 1 (J-1-L-K), face.2 (I-J-N-M), face 3 (J:KsO-N), . 

. . ~ce 4 (K-L-P-0), face .'.?-{l;-'IsM-P), face 6 (M'-N-0-P): : . · 
eafFluxes: 

ace 1 (J-1..::i;., . ..:Kj, f'ace 2 (1-J-N-M); fac~ 3.(J4(-0-N), 
face 4 :(K~L-P-0), face 5 (L-I-M-P , face 6 (M-N-0-P) 

eat:Generations:HG (I); HG.(J), HG (K), HG (L);Hff(M), HG (N), HG(O; HG.(P) 
· irth and death. . . . . . 
- Evaiuate ~Im coefficient (if any) at average film temperature,_ • 

(TS+ TB)/2 : : . · 
1 .. " .Evaluate at element surface ~emperature, TS 

- Evaluate at fluid bulk temperature, TB 
... 3 "Evaluate at differential temperature J TS~ TBJ · 

0 - Evaluate fjJm coefficient (if any):at'ayer~ge film temperature;· 
(TS+ TB)72: 
i · -Evaluate at element surface temperature, T~ ... 
0 ~ Stanc;iai:d h~t transfer elemen( _ . . 
1 - Nonlinear steady-state fluid flow analogy element 
tern erature . . of freedom int : : . . . d as 

No mass transport ef'fecJs : · · 
. - fviass transport with \TX, yY, VZ 

4.70.2 (fotput Data 

: The solution output associated with the element is. in two forins: . 
• nodal t¢mperii.tures included in th¢ overall nodal solution · · 
.• . aMitiotiai eleme~t.outp~tasshow:ti in table4.70-2 . . . . 

Heat flowing out of the element is:i::onsidered to be positive. If KEYOPT(7)= 1, the .standard thermal output should:be inteipreted as the . 
. anaiogous fluict fl!)W oµtput. The eierneij~ o~tput directions are paraJ}el to th~ element :coordi11~re ~$tern .. A generai desc;ription of solution : 

· · · output is given in.Section 2.2. See the ANSYS Basic Analysis Procedures Guide for ways to view .results. 
: The following n_otati~~ is used in Table 4.70-2::: . · . _ • ·.. · · · . · __ . . ..... . 

A colon(:) in the Name co!umii indicates the item can be accessed by the Component Name method [ET ABLE, ESOLJ (see Section . 
2.2;2): 'fhe O and R columns iijdicate the availability of t~e iten:i~ in the file Jobnam,e: OUT :(0) orin the result~ :ftie IB), a Y indicates that 

- the item is always available, a ntirilber·refers to a table footnote·which describes when the 'item is conditionally available; -and a.-indicates · 
· : . : that the item is not available. · · · · · · · · · · · · · · · · · · · · 
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(,:: : ·:.:: Table 4.70-2 .s(}~flf1:Q~~lement Output .D~fi~it,~ns 

mber 

. eai gene!ations HG(I}, HG(J), HG(K)) HG(L), HG(M),H_(i(N), HG(O), HGCT>)':. : . 
hefll).al gradl~ni-components arid v:ecto.r sum at centroid 

er;maJ. flux :(heat J;lp,v n;tte/crpSS-SectioriaJ a_efl) !;O!llpOl'\e'ntS aifd:vector_ $Un:J: at centroid.:. 
label 

. flow)'ate across face by convection: . 

verage face: bulk te!11perature . : · · 
eat flow:rate• per unit area across face caus~ by input heat fliix. : : 
eat flux at each node of face : 

. pressure gradient and its X, Y, and Z coinponerits. 

otal. fluid :velocity ~nd its X, Y, and Z cqmjlonents 
. · : · l. Output ifa:surface load is input 

. 2. Output ifKEYOPT(7J=I 

TaQk4;70-3 lists output ayailii.~ie:tfyrcmgh the ET ABLE ~qrnmand using the S~qui;,n~e=Nmµber method. ~ee Chapter 5 of the'-'-'-'-"'-"""~= 
· A1ialvsis Procedures Guide and· Section :2:2.2.2 .of this rnaniuil for more·infonnation. The. following notation is used in· Table 4: 70-3: 
. Name - outp11t quantity as defined in tfy~ T~bie: 4. 70-2 . . . . . . . . . . . . 

. Item - ptedetehnihed Item label for' ETABLE command 
: FCn •. sequence number for. so.lution items for elem~t Face n 

• Table 4.70-3 SOi;JD10 item and Sequencf Nuinbers for the ET AB Lit and Efil!b Comniiin4s. 

· 4.70.3 A.ssumptioiis aiid Restricti.ons 
. ., . ' . .. ' ' . . . ' ' 

The ·element must not have a zero ,volume. This occurs niost frequently when the element is not numbered proper1y .. Elements may be 
. numbered e1¢.er as $01.Vp in Figure 4. 10~1 ot ~;iy have the planes:IJKL fil1d. ~OP :interchanged: A prism ortetrahedr9n shap~d.e}ement . 

· .. may be formed bf defining duplicate node numbers. as described in Section 2.8. 
. The specifi.c heat and entlt~py are e'7\lluated at each iµtegration pomt fo nII<iw fQr abrupt c}:tanges ( such as .for melting) within• a: <doatse grid.· . . 

If the thermal element is to be.replaced by a SOLID45 structural element with surface sti:e'sses requested, the thermal element should be .. · .. 
. oriented such that face UNM and/oda'c~ KLPQ i.s a, free surface. . . . . . . . . . . . . . . . 
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• : : .. : A free surface of: fu.e :e!en;ient (i.e., not ad.j<!cen.t ~o _another element and not sµbjected to a bound11cy :C9n~traint) is assumed to•J,e)a9:iabatic. 
Thetinal. transients having ii firie integration time step and a sev.ete thermal gradient at the .surface will also: require .a .fine mesh at the: · surface; . . . . : . . . . . . . . . . . . . . . 

· .. ifKEYOPT(8)>0, uns)1mllletrid rtiairite.s are prS)duced. · · 

4.70.4 Product Restrictions 

.. 
.. . . 

When.used in the product(s) listed below, the stated product-specific restrictions apply to this element in addition to the general 
as~uiµpµ9)1S and restrictions g1~~ri 1!} tµe previous sectiqn.. • : • : · : : . : : : . : : : : . . : : : : : • : : : 

ANSYS/fherma( . . . 
. .. . 

. : • \: 'J;his element does n9\ h~ve the mass transport _qtf(¥id. flow options. KEY;QP'iJ1f and K.EYOPT(8) ~.<!n !)nly be set to O ( detault). . 
• . : The VX, VY., and VZ real constants are not applicable: ... 
• The V1SC imd MU material ptopertiei are not applicabl¢. 
• . Tile element does. µot h1ive t1le birth: aiid. de11* feature .. 
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SHELL5i i? a three-dimensio~l}l J1ehient having in-plan¢ the~l\l conduction ci:ipab}jf ty; .t:4e element has foll): n_o!le~ ~th a single d~gr~tl: • • • • · 
· . · of freedom,. temperature, at each n·ode: The conducting shell element is applicable to ·a three-dimensional; steady-state ·or transient theirrial'. . . 
·: analysis.SeeSect,ipn:}4,57oftheANSfST/i¢o,yReferenceformore\:fetat!s:~~outthiselement. ::.· :: · · ::. :: .· 

: If the. model containing the conducting shell eleniei:it is. to. be analyzed structurally, the. element sliciilld •be replaced by ari. ·eqiiivalenf 
~lrll;ctur~l element (such as SHELL63). If both in-plane ~l).d transverse conducth~n are n~eded, a thermal solid ~lement'(such as SOL1D70 . 

. or SOLID90) sho~ld be used.: : · · · · · · · · · 

. : Figure 4.57-l _SHI£LL57 Thermal Shel~ . : •: 

. z'.. :: . ' . . . - . . 

. 
.. .. . . )--
.... 

. y 

.. . . 

/x . > .· 

L 

4.57.1 Input Data . \: : · 

.) .. . · 
: ~---·· 
. : t' : . :J . KQ) 

·M·····K,L . .. ' ' . . . 

. • . .. :J 
I ..... 

(Triilllgiilar Option) 

. . ' ' . . ' 

. : The g~metry; node iocaiions, and coordimiie systems for thi_s e~emenfani shown in Figure 4:57~ LThe element is. defined by'.four nodes, . 
four:thicknesses, a material direction angle, and the material properties. 
The •element may have variable thickness. The thickness 1s assumed to vary smoothly ovedhe area of the element, with the thickness input : . 

· at the four nodes. :tfthe element has a constant thickness, only TK(i) ne~d:b~ input. If the thickne~~- i$ not constant, all four thicknesses 
::_ :: mustbeinput. ·· .. · ··.:. · · .. ·. · :• .. · ·· · 

. . Orthotropic:inaterial directjons coi;respon.a' to tlie elel'!lenr coord~ate directions. :The· el~l_Ilem coordinate system ori!')11,qition is as described' 
in Section 2 .. 3. Properties not iriputdefault as described iri Section 2.4. The element x~aiis· may be rotated by an angle THETA (in degreesf : 

. Element ioiids ·are described in ·section 2. 7. Corwe<;tions may be lnput as s_urfaceloads a(tlie element fa<;:es as shown by the cir<;:led . . . . . . 
numbers on Figure4,57-l. . · · · · · · · · · 

. Hea~ generation-rates may be u_i~t i:is element body loads_ at th_e 11,odes. iftlie node I he.at generation rate HG.(I) is_ inp~ and all others are_ . 
unspecified; they default to HG(I)i · . . · 
J\. si:il11Il!ary:ofthe element)nriuris given in Table 4.57-l:J\ gei:ieral description of eien:ierit input is given i~ Section2.l. 
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: : Table 4.57-11;,l;iiq:,t ~7; Summary Inp:ut 
.. 

Element Name SHELLS.?:: 
.. .... .. . ... .. 

Nodes I,J,K,L 
.. 

. Degrees of Freed1>m·: .. rrnMP ... .. . . . .. 

· Rea.I C~nstants rI'K ( 1 )1 TK (J), TK (K), TK (J:,, ), Tf:{ETA .. 
TK (J}; 1:'JS (K), TK (1=) default to TK ( I )) 

.. 
" .. .. " 

Material Properties . · 1KXX.KYY,:DENS;C,ENTII 
Convections; . . , . .. 

face 1 "(D~K-L) (bottom, ~z side);.·. 
.. 

" 
" " · fac:.i :~ (I:i:~-L) (top, +Z side}:. : : $urlace Loads Heaf Fluxes:. .. 

.. ~: l (I-J-K~L) (bo~o~, -Z side) 
" .... .. .2.(H-K:L) (top, +z side) ., .. 

. Body Loads • Heat G~neiations: HG (I),HG:(J); HG (K), HG (L) : 
Specfai Fe·atures . Birth •and death .. .... .. .. .... .. 

" " .. . ... . .. 

.. 
.. 

... .. 

.. 

.. 
... 0 - Evaluate film: co(,)ffigient (if any) at average film temperature, (TS "' TB}/7 .. 

" I. - Evaluate at element surface temperature; TS : .. 
.. 

iKEYOJ>T(2) . 
2 - . Evaluate at fluid bulk (emperature; TB 
3 7•Ev~luate at differential:temperatute, ITS TBI .... .. 

. • 4.57.2 Output Dafa: : · .. 

The ~olutjon output associated w,ith die element is in two forms:: . 
ii . nodal temperatures ini::hided in the ov~ll nodal so1tition · 

. : Page No: ·s.-6 
..... ' .. . ..... 

.. 

.. 

. .. , 

. . .. 
" 

" 

. .. .... 

... 
" ... 

.. 

.. 
" .. 
, ... 

.. 

.. 
.. 

" .. 
" 

. .. " " 

• additiopal ~)einent output as shoWll iri, Ta~le 4.57-2 · .. 
. . . Heat .flowing :ouf of the element is considered •to be 'positive. The elerrierit output directions are paralfel to the element coordinate system. 

A gi;m~I description of sqlutiQn ciutput is given in S~tipn 2.2. See the ANSYS Basic A'nati;sis Procedures: Guide fpr ways to view rci;ultll, · · 
The following notation is used fu Table 4.57-2: . . . : : : · : . . . . .. 

A colon(:) in the :l'!ame·column indicates th~ ji~ can be accessed by t}le Component Name niethQit [ET ABLE, ™J (sc~ Sec.tion 
: 2.2.2). The o:and R columns indicate the availability of the items in the file Jobname.OUT (0) or iri the:results file (R); a Y:indicates that 

the item _is always available, ·a n~ber refers fo a tab!~ footnote. whfoh describes: when tile item IS conditionally avaHable, and a - indicates 
that the:item is not available. · · 



.... 

IN/TR 164? f:430 (2) 

Thermal Ari~fysis of F-430 Overpa~k 

• Table 4.57-2 ~HELL 57. Element Outpud~e~nitions 

. ermat flux (heat flpw ~te{cross~sectiotial l!re.i) . 
omponents .and vector suniat centroid . . 

.. 
label 

l.lfa surface load is input 

Tabie 4:57~3 lists output availabie.t!ttough the ET ABLE d6rilrtiaild using the Seqtiertce•Number method. See Chapter 5 .of the ANSYS'Basi~ • 
Analvsis Procedures:Gitfde and Section:2.2.2.2 of this manual for inore infuiniation. The following notation is used in Table 4.57~3: 

Name ; outpuf quantity as defined in th~ T~ble 4.57-2 . . . . . . . . . . . . . . . 

• Item, •-· predetermined Item, labeHor ET ABLE comm.and: · · 
.. . .. 

. Table 4.57-3 sm:q,S7 Item and Sequence .Numbers for the ETA8LE and ESOL Command~.· 

4.57.3 Assuniptioiis aiid Restrictions 
' . . . . . 

Zero area elements are not:allowed: .This occurs most: frequeni.ly when the elements are not numbered properlf The element must not taper • · 
: down to a 'zerp thic~e~ :at any comer. 'fhe four. n.o4es defming tile eleme11t 51).ou}d Jie lil an (!XliCt fl!\~ pJ~e; however; a Small QU~-Q(pJane 

.. tolerance is permitted:so that the element may have .a slightly watped shape. A warning message:will be.produced if an elenient is more 

. . ~an slightly warped (Le:; i,f any o:f the three giobal Cartesian, CO!}lponents of any comer noririal differs:fr01Il the, cqrrespondmg component 
of the element normal by rilore: than ,0000 I). A triangular element may be formed by defining duplicate Kand L- riode ·numbers as 
described iii Secti()n 2.8. . . . . . . . .. . -. .. . . . . . : • • · .. 

4.57.4 Product R.~sfyic~ons 

.. When ~sed iri the product(s)listed. j:)elow, the stated product-.sp~ific restrictions applywtl\is element in addition:t9 tlie generai .. 
assumption~ and restrictions gi~eri iri the previous sectio~. : . . . . . : - . . . . . . 

. . ANSYSffhermal 

The birth arid death special feature is hot allowed. 
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~~~;. -~ 
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. - - . ' . . . . . 
MA TRp{50 is a group of previously: assembled ANSYS e_le~enis that is treated as a ~ingle element. The superelerrient, once generated, . . 
may be :iIJ.c)µded in any AN SYS .mo.del and used in any ~11Iysjs type for which jt ii{ }lpplicaple. The supereJemcnt ¢~ greatly dccreas:e tl\~: . : · 

' cost of many analyses. Once the superelement matrices have been fonned, they are stored on a ·file and cari be rised in other analyses as any 
· • other ANSYS eleroeiii. :Multiple load vectoµ; niay• !}lso be stored with :the ~upirelement matrices; ~hereby allowing various Miding 9ptions . 

. · . · See Section.14.50 ·ofthe ;4NSYS Theory Reference for more .details about this element... . ... 

. Figure 4.50-1 ~ TRIX50 Siiperelement .. 

.. . ,. 

z 

)-···· 
' ' ' 
' .. 

'' ..... ' y 
' ' 

l{ . . ' . ' : ' ' 

4.50.1 Input Data . • 
.. .. 

. The superelemerit, which is a mat~ematical matrix representation of an arbiiraiy structure, has no. fixed ge<?metrical .identity arid is. : 
concepttlally shown in Fi@.re 4,so~ L Any analysis u$ing a si;iperelement as one :ofit.s element types is called itsuperelement use pass 
(or. ru:nfThe degrees of freedom are the master degrees of freedom spe9i~ed during:the generation pa~.. . . . . . . .... 
The element name. is M;ATRIXSO (the number 50 .or the name MATRIX.SO spould be input for th~. y~able ENAME on the ET !:Oll1Il1and). 

: The SE command is used to define a superelenient; :fill; reads the supereleriient from Jobname.SUB.(defaults to file.SUB) iti:the working 
directory; The.matedai nurnber[MAT] is oniy used '\;\'hen·mate_ri/lf dependent damping[MP,bA.Mi>j is present The.r~al constant tab.le 
number~ is not used. The appropriate element type ·ni.uriber [TYPE], however, imist be entered. 
An eiemenf h;iad ve~r is generated afong with ,the element at each load step of the superelement geQer11tion pass .. tip' to 31 load vectors . 
may be generated, Load vectors may be :proport[oilately scaled in the use pass: The scale factoris:inpufon the element surface load 
corrnnan4 [SFE): The load label i.s input as SELV,'the load key is the foad vector number, 11nd tlie:loadvalue is.the mde factor; The load 
vector riumber is detennined from the load step number associated with the superelemeht generation. If a supereleinent load vector has a ... 
zero•scate factor< or is not scale~ at 1111), this load vector is:~ot ;iµcluded in the ~alysis. MY: number of Ioa~ vector.:.s9a1e factor ·. · · 

: combinations:maybe.used in the use pass: : .. : . · · · · · < : .. · ·. - : · · · : .. : 
_ The KEYOPT(l) option is for the special c~~ where the superelemen(is to .b1: used with a t': no~linearity, such as for radiatjon; t~e 
· · · file.SUB (or this case may be coni,trl!cted ·directly by the user or may be generated by ·AUX12, the radiation matrix generator. · 

A summarf of the element:input-is :giyen in Table 4.50-L: A ~en~ral description :of e/errietitinput is given fo. Section 2J. 
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. ·: Table 4.50-1 MA'f:~~O Input Summary.· . . · 

s determiiled; lro~ the included element ~~s ( a mixture of m~lti-fjel4 degrees of freedortl is riotjall<iwed) 

urface load effects may be applied thiougli a generated· load vector and scale factors. Use the SFE command to · 
upply scale factors witli LAB=:$ELV, LKEY~ load vector number (3l_maxiinul!l); ancl_VALJ = scale factor.·. :_: 
ody loads, may bt'l applied through a generated load vector and scale-factors as described (or surface_ loads. 

: Nonn~l substructure . . . . . . 
1 ·~:Special radiation .substructure. 

- Do not print nodal forces 
I - _Pp.Qt nodal ;forces .. 

· 4.50.2 Out1nit Dafa · 

l)ispiace~erits and forces may be printed for each (maste~);d~ie.e offreedom iri a s~cituial superelement_in tlie: "rise''. pass. The nodal 
f9rces may bt, output ifl~.EYOPT( 6)= I. :The StrtlSS -distribution wi$in the i;:uptirelement and the expand~ nodal displacements 9!11).· pe 

· obtained from a subsequent stress pass. In addition. to the database and ii:ibstiucture files from the: generation run, File.DSUB: must be saved 
. p-om the s11pereleinent "use" pass and input to the expansion pass (if aii :expiuisi()n pass .is qesired): A general description or solution output . 

is given iri Section 2.2. 
. . . . . . . . . ' . . . 

· 4.50.3 Assumptions:and Restrictions : · 
" . 

· • A superelement may ico:ntain elements of ariy: type. See the .Q comlllarid for clegree of freedom fielcl groups. Superelemeiits of different field 
types· ~ay qe mixed within, the·use l'l,Ui. The nonlinear portion. Qfpny element included in a superelement will be igrto~ and any bilinear' 
elerrienf will maintain its initial status throughout the analysis; Superelements may contain .other superelements.: . : • . . . . 
The i>C<i solver doe~ not support MAnuxso t;lero,ents: . . . . . . . . . . . . . . . . . . . . . . . 

· The relative focationS:Of the superelemeiit attachment points in the:nonsuperefoment portion of the rriodel (if any) should match the initial 
: • sup~relement geometry.: . . " . . . . '.. . . .. . . . '' . . . . . . . 

If the. stipetelement contains a mass matrix, acceleration [ACEL] defined in the :use run will be applied to the superefoment. If a load vector : : · 
c_onfaining acceleration effec~ 1~ a1so:applied in the U:se ru11, both accelerations (the ACEI.; command and the:foad Vector) will be applied•: .. 

·. ·. to the superelemeiit. Similarly, if the superelemerit contains a damping·matrix (as specified in the generation run) and a.:and ~ dainping 
. : : multipliers [ ALPilA: a,n9 BET A] are de:fin~~ )ti t!:ie use run, additi\mar~pi~g effects will be appli~ t.o the superelem-ent; C:are. s)!ould be 

· · · taken to avoid duplication of acceleration and· dinriping effects: . · · · · 
Pres~ure: and thennal effects ll)!lY ~~ iricluded in a supere,ltlm~nt Rnly through its' lo!J.;;i: vect~rs . 

. The 'dimensionality of the supere1eme'rit correspond.to thi:' ii:uiximum dimensionality of ariy element used .iii its generation. Two- , 
dimensional superele.~ents should only be u.sed: in two-dimension~! analyse~· and three-dimensioµal ,superelements in tliree~ditn!')nsional 

: : analyses. . . 
See ~ectfon: 17 .6 of the ANSYS Theory Reference for a disc~~siori of the substructure. matrix assembly proceaure:. : .. : · . 

.. ,. .. 
4.50.4 Produc~ Restricti_ons · 

. When used in the:prq~U\:t(s) listed be1ow, th;e ·s~ate4 product-specific i:~~tri;;:tio~s apply to this ele~ent in addition to the:ge1_1~· 

. assumptions and'iestiictions gi:ven in the previous section. . 

ANSYS/Sfructural 

KEYOPT(l)==O · 

ANSYSffhermal 

• Thi~ ekmetit i.riay be used as ~ radiation substructure only. KEYOPT(I) defaults to· 1 instead bf O and cannot be changed'.. 
• . The DAMP material pr<:lperty, surface loads, an<:l l;,ody loads ·are:imt applicable. . . . . . . . . . . . . . 
• • : The large rotation specia~ feature is not applicable.: 
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4.1 What Is Radiation? : 

•.: IN/TR 164f>: F430 (2) 

Thermal. Ari~lysis of F-430 Oy~rpa¢k 
Page• No: '£:HO· · 
. . 

•. •: Radjatjon is. the transfer•of energy vfa ~lecti:omagnetic wav.es. Thewaves travel at the ~peeq oflight,:and:energy traµsfer requires no 
inediuni, Thennal radiation is just a small band on the electromagnetic spectrum. Because: the heat flow that radiation causes varies with 
ihe f~µr;tq power or the body'f ai,solute temperature, i;adfatiofr analyses are highly nonUnear, · · · · · · . 

· · · 4.2 Analyzing ~di~tion Problems 

. . • J'he ANSY:S progniril pro"'.ides tlu:ee methods' fbr tiidjation apalysis; each in•eaiit. for a different situaticirt:: . 
. • .. You can use LINK3.1; the radiation link element; for simple problems involviiig•radiation between two poinis or several pairs of · 

: : points. . . . . . . . . . .. . . . . . . . . . . . . . . .. . " . 

• You c~ use the surface effect el~i:11etits; SURF19, SURF22, SURF.151, and SURF152.forl!ldiation between a surface arid a 
point. 

• pse the AUX12 radi!!#o:n \natrix generator for more generalized radiation probi~ms involving two o~ xriore surfaces. (Only tlie .. 
ANSYS/Multiphysics,.ANSYS/Mechanical, ariil ANSYS/Thennal progniins offer AUX12.) .... 

You can use the thre<;_r!l4iation analysis methoqs·for ehhei .. transiei:it orstt:Ady~siate thern:iaf analyses, Radiation is a nonlinear phe11orrienoii, 
so you will need ari iterative solution to reach a:converged solution. : : : : . . · ... 

. . • The uniJ of temperature also.plays an iniportant:rofo in radiation. analysis; you perform radiation ·caicufaifop.s in ab.solute temperature .units. 
Therefore; if you define yO:ur model data in terms of degreesFahlenheit or degrees Celsius, 'you must specify a temperature offset: 460° for · · 

. the Fahrenheit sys1em an~ ni6 :for the Centi~e system; . . : . . . . . .. . . . . . . .. 
· To specify a temperaJure offset, use either of the following: 

· Comm~t:1tl(s): · 
: TO.FFST 

. GUI: 
. • Mai~ M'ln~>Pr~proi:essor>L<1ads;>A.nalysis Option, 

Mai~ M.enu>Solution>Anal~sis ~ptions · 

. 4.3 UsingLINK31,.the Radiation Link Element .. 

LINK31 is a two-tjode, nonlinear line elem~t that calculates the heat .fl~w caused by radiation b_etween two points. The. eleip.erit requires 
you to specify; in the form.of real constants: · · 
. . : • .. An effective radiating surface area 

· · • : Form factor , 
• Emjssi>:'ity: · 
• The Stefan~Bciltzmann constant. 

Limit your use of the LINK31 _ analysis method to sinipie_ cases ~here you know, or. C:an: calculate easily by hand, th.e radiation form factors. 

4.4 Using the Surface. Effect Elements . 

. A convenient·wayfo:model radiation between Ii ~tirface and a point is:f<>'use·s~rface effect elements ~~p~rimposed on surfaces that.emit or 
. : receive radjation: .ANSYS provide.s such elements: SURF l 9 anq SURFf5 i for two-dimensional models, and SURF22.and SUR.Fl 52 for 

threes.dimensional models.:The:eleinerit option KEYOPT(9) activates radiation for these:eleinents. The forin factor can be specified as a.· 
reai constant ( def!lµ~ts to 1) .ustiig KEYOfYf(9)= 1, or you can cakul!!-te, l,l ~osin~ effect ( using KpY.QPT(9r2 or:3) from the ~a~ic. element : 
orientation arid the extra node location. · · · .. 

• 4.5 UsingAUX12;theRadiation.MatrixGencrafor. 
'.' ... 

Offered iri the ANSYS/Multip~ysics; ANSYS/Mechani~;: ajld A.-NSYS/Thermal P!"~grarris .only, this method ;W:6rks for generalized . . . 
. radiation problems mvolving several' siufaces receiving and emitting radiation. The method 'involves _generating· a matri]5. of form ~ctors 

.. (view factorsJ between radiating surfaces and using.the matrix as a superelement in the thermal analysis. You also can include hidden or 
· : : piµti.~lly 1:ti<lden .surfaces,:as Wl'lU as .a ''.space noi:ie~· tha( can "b~oi:l,:radiation energy. . . . . . . . . . . . . . 

The AUX12 analysis method consists of three steps: · · · 
~ .. Def;iqe: the radiating surfu.c~s. . . . 

· 2. Generate the radiation matrix. 
• 3. Use the raqia~o11 r11atrix in the thennal ai;i~ly~is •. 
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· ~.5.1 Defining the Radiating Surfac_es: 

To ~efine t~e radiating surfaces; ·you create a superimpose<! mes~ of LINK32 elements in_ 2sD models and SH~lJ..:57 ~foments in 3-D 
. models: To "do so; perfm;nnhe following tasks:- . 
. 1. Build the thennal model in the preprocessor (PREP7). Radiating surfaces do not support symmetryc·onditions, therefore.models 

' : . in:vo)ying r~diatihg :surfaces i;:ap, not_ tal<e advantage ;of geotneti;ic symmetry and mm;t tttei:efore b~ modeied coiµpJe~lY.. The ni&fating . 
surf~ces usually are faces of a_ 3~n model and edges ~r a -~"D model, as shown helo~:. : • · · 

. Figure 4-1 RadiatinlJ su·rfaces for 3-D and ~~»-models 

Rildiaiitig : 
· surfaces 

3-0 

. 2. Superimpose tlierililiating surfaces with a:mJsn of SHELL57 elements in 3.~D models or Li:NJ<:32 ~l~ents in 2-D models; ~:shown in 
... : the graphic. below. The best way ti;, do this is tcdfo;t create a .subset of the sud'ace node~, ai;id theii generate the surface elenieiits using one 

of t~e following: · · · · 

· • Command(s)i 
.. . ESURF_ 

OUT: . . . . . . 

Mahi 'Menu>Preprocessor>Create:>.Elements>Surf Effed>Extra Node 
'. Maiii Meii~>P.reprQcesso'r>C~ate>Elements>SurfEff~ct>N~ extra Nodt) . 
. Make sure to first activate the proper element type fot the surface elements. Also, if the surfaces •are to have different emissivities, 

. assign different materiaJ re_ference numbers before c~ating the eieinents:. . . . . . . . . . . . . 
' 

figure 4":2 ~Uperimposing eJe1nentS !)n radiating S~rfai:1;1s: .. : ; 

Superimposed · meshes for radiating · sur:ra.ces · . 
. . (shciwn separated .. for claril'J} . · · · · · · 

: Caution: Racfiatiiig $urfqce mesh o/SHELL57 qrUNK32 elements lfl~t ~~qt¢h (node for node)the u1:1d¢rlying solid el(;!ll¢h!:1t/eyh; If it 
does notincitch, the resulting theimalsolution will be.incorrect. : . . ' ' . . . . . . . . . 
Jbe ~peht~µon of the supe,rimpcise<t ~lements is impeirtaµ(i\"lJXJ2 assumes tlu\t the ,;vj~i_ng" direction (tha( j~; the <:lirection ofrad\atiei~) · 
is along +z~ for S elenierits arid along+Y. for LINK32 elements·(where e denotes the outward noiin'al direction of the .element 

: .. coordinate systetµ): . . . ore, you must m\:~h tlle: ~µperimposed eieme~ts(so that the radiation O~<:~ frqm ( or to) the proper_ f~~: _The 
order. in which tlie :element's nodes are. defined contro_ls the element·orieri.tatiori, as shown below: · : 
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: . : : Figure 4-3 o:r:i~nting ~-h~ superimpose~ ~ie111ents 

--
. ' .1 .. 

3-0 Object.· 2-0 Object 

. Pag·e: No: B: 12 . -
. . 

.. .. . . .. "' .. . ..... 
3. Defrne· a space node, which simply-is a node that absorbs ·radiant energy not received by other surfaces in the model. Location of.this 
rto$}s )1\)t: important. An ()pe~ ~y$teIP usually requir!!S ~ Space l;l_Ode. However, yoi/~bqu/qnot specify a space: ~o~~jqr a closed system.-:. 
. . . . . . . . . . . . . . . 

. . . : 4.5.2 Generating tri'1 AIJX12 Radiation M3frjx : .. 
. . . . . . . . . .. ... . .... 

· · · · · • Calculating the radiatiorfmatrix requires thiffollowing inputs: . 
· . • ; · Nodes and elem~nts_ tha~ ;make up the radiating _surj:';ices 
: .. · -, : · Model dimensionality (2;ff6r 3-D) 

• . Emissiv.fty anl Stefan-Boltzmann :~oristllht 
• Tht: metJ1co~ :qsed to calculate the ;fqpn faqtors (hidden or; visil;)le) . · , 
• A space node, if desifed;. · : · : 

To generate the matrjx;_irerforrri these ·steps: · 

.... L.Enter AU:X:12 usirig•orie of these methods:• 

Coiriinand(s): 
/AUX12 . 

. GUI: 
Main Menu>Radiation Matrix . 

. . · 2. Select the l)ode.s aii!l ·elements that miik,:e :UP th;e radiation surfac~s. J\n -eiisy· way to do this ts to se1¢¢t elements by typ¢ 81)9 Hien Select all 
. •:: •.:.:: attached nodes. To perform these tasks, use the GUI path Utility Menu:\>: Seleet>Entities or the. commands ESEL.S, TYPE arid NSLE. If 

you have defined a space node; ,:ei;ne_rtiber to select it: . . . . . . . . . . . . . . . . . . . . . 
. ' ' . 

: 3. Specify w4ethet t4~s .i~ a ·2~D-modelqr a 3~D mp<,l.ei, using either of the followmg: 

· Command(s): · 

: GE01" 

·.< GUI: 
: Main Menu>Radiatfon Matrix>Other .S~ft;in~.:: . . . . . . . . . . . . . . . . . . . ... 

· AUX12 uses different algoritl11ns:to calculate the fortn factO:rs for 2-D and 3~0-inodels: respectively. AUX:12 .assumes a 3-D model by : · 
• • ~efaril_t. Two-dimensional models may be either plaiiar (:NDN value ,;Q), or axi~yriun~_tric (NON value >: 9); with planar as the : . : . : 

default. Axisymmetric models are expanded i~ternally to a 3-P· modfll, with·NDN representing the nilrober ofaxisymmetijc sections:· 
For example; :settini NDIV to 10 indicates] lO_sections, each spannin~J6 degrees. . . . . . . .... 

. . . . - . ' 

4. J?efiri.e the emissivity using either method shown below .. Emissivity defaults to UI1ity:(LO). 

6;nrimid(s): · 
EMJS 

GUI:·:· . 
. Main Menu>Radiation Mattix>Emissiyities 
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. ... . .. 
: • 5. Define the $tet3:n-B~ltzmann constant using eitµ~ method sho~ be)ow. The Stefan-Bolt:;;mann: cpn_stant defaults to Q.l f'?]::-' i(p3tulhr-

in~-R\ (Iit S.I. Units, the coiistahthasthe value 5.67E-8 '\\f/m2~K4
.) · : · • • : : : · : . : : · : · 

comirtand(s): 
STEF . 

GUI: .. :. 
i\Iaiti N,fe~~>Radiation Mii.tt~>Q(h¢r Se~ngs 

· . . 6. Specify how t9 ~aiculate form factors; us,iµg ~ith.f;lr of the followjng: • : · 

to~m~~d(s): 
··vTYPE_ 

.•: GUI: 
Main Menu>Radiation Matrix>Write Matrix 

•• y ciu. cim choose between:fu~ hidden and non-hidden°mitnods: , , 
• . , The non•hidden method. calculates the forrri factors from every elemetii io every other element regardless of any blocking , 

elements: , , , , • , , , : , , , , • • , , , , , , , • , , , , , 

. • . The hidcteri metl10d ( de(ault) first uses a hidden-lin,e algoritliiiito determine which elements are ''.visible'.' to, every other element. 
(A "target" element is visible to a ''viewing'.' element iftheir normals point toward each other and there are rio blocking 
eiem~nts.), Tµen, form factors are calculated as• f olfows: . . . . . " . . . . . . 

• Ea'ch radiating or "viewing" element is enclosed with a unit hemisphere ( or a semicircle in :2-D). 
• AU :targ~t Ji :"receiving" elem~t.s i\{e\prpjected onto the herrtii,phei:e or semicircle. • · · · · 

: • .. : .. To calculate the form fa~t~r; a predetermined number of rays are projecie4 ~9111_ the viewing e1emen~ t~ th~· hemisphere or : 
•:. semicircle. Thus; the form factor is the ratio of the number of rays incideritori •the projected surface to .tlie.number of rays einined : : 
. . by the viewing element.'In general; a<:c~racy of the form factors;increases with the number of rays.' You can increase .th<,:,nlllllber . 

of rays: Via Jhe.NZONE field on the VTYPE command or the Write.Matrix menu option; 1:!oth indicate the number of rac,iial 
.sampling zones. , , , , . , , , , " , , , , , , , , , . , , , , , , , , 

. 1. Ifnecessai:y,_ designate the space node usiilg eith~r oftlie methods. sh<?wn.below: 

Command(s): 
SPACE 

GUI::. 
Main Menu:>Radiatioii Matrix>Other S~ttinijs: . : 

. , , 

8. Use either the WRITE command .or the Write Matrix.menu option to write the radiation matrix to the file Jobhame.SUB. If you want .. • · 
jo write in.ore than one radiatjo~ .ma.true, use a separate ~let1ame for each matrix; To print your matrices, issue :the command MPRINT, 1 · . . 

· . before issuing the :"1RITE command. 

· : 9.· Reselect. ali ·ntid~s •and elements. using eith~t bf the following:. 

Comma;nd(s): 
ALLSEL 

GUI: 
Util(ty Me"u>Select>Everyt~iitg: , , 

You now have th.e. radiation matrix. written as a superelenierit on a file:·. 

4.5.3 · U~ing the Riidiation Matf4. i~ the Thermal .;\.nalysis. 

Afl:et: writing the radiation m~tri~·re;-e,nter the ANSY'.~ p~proc~~or (PREP7) anc,l reac,l .the matrix in as a sµp¢telepl~nt To do so, peefofi:n: : 
• these steps: · · · · · · · · · · · · · · · · · 

.. - . . 
. L Re-enter the preprocessor using one of these methods: 

ColllID~nd(~): . . . . . . 

.·~.-
,·GUI: 
: • Main Menu>Prepro~essor 

• Specify MA TR1X50 (the superelement) as one ofthf element types. 
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· : 2. Switch the :elemenf type pointer to th~ .superelement using either ofilic_l following: 
Coniinand(s): 

:TYPE . ou'i:-.. -. -. 
• Main Menu>Prepr(!~essor>-Modeling..Cr~ate>F;iements>Eleni Attiib*es: 

. . 
3. Read:in the superelemerit matrix using one of these methods:· 
¢ortini.~4(s): · · · · · · 

SE 
·.,GUI:- . ',. . 

. Main M,en~>Preprocessor>-Moclelin1fCreate>Elements> -Supereleinents:-From .SUB file 

. 4. Either uti.~elect.or. delete th~ iupeiiiriposed mesh of SHELL57 or LINK32 eleineilts; usirig either of the. following: · · 
· · Command(s): · · · · · · · · · · · 

EDELE. 
G'UI: ... 

. ' . . . . . . 
Main Menu>Preprocesso:r>-Moileling-Delete>Ele(ne1Jts. : : 

. (The "thermal amilysis' does not require these elements.) . 

. : 5 .. Exit.frorn the preprocessor and enter the SOLUTION processor. · 

6. A~·sigil the known boundarycoliditfon to the space:nod~ u~infeither of the f~llo~ing:· · 
Command(s): · · · · · · · .. · · · · · · · · 

Q,.[ 
. GUI:·· 

Main Menu>Solution >-Loads~Apply ... (etc.) . 
. . . This boundary typically is a temperature (such.as ambient temperature), but also may be. a heat flmy. The boundary condition _value 

should refle~t the actual environme:ntal co'l)ditions being modeleq,: · · · · · 

· 7. Pio~¢ed with the thermal an~iy~is as explained in the o$er chapters of this manm~j. 
. . . . . . . . . . ' . . . . 

. 4.6 Rec~tnrttend~tfons for U$ihiSp~ce Nodes 

Although modeling radiation does not always require a space node, the: decision to or not to use one can affect the accuracy of your thennal 
. : analysis results.-:keep the following recommendations about spa_ce node usage in mind as yoti build your model. . . . . . . . .. 

. . . - . 
4.6.j J~9ns~derations for (be N~~;.;~i!lden Method 

. The non-hidden ~~tho<:J'of form factor caic~lati.o~ usually is accurate ~t;tpl).gl,t"or any system witli9ut ~quiring special attentfo-q to space 
nodes. Generillly,:yofr should not specify a space node for a closed·sysfem; :but you should specify one. for an open system. Only'one 
!,ituatio~. requires spedal attention: wh:en modeiing ~ open systeµi which iriclu<;!es gray _b9dy radiation"< emissivity .i~ less than i ); 'yol,l must· : . 
use:a:Space node to ensure acci;u-a~e .r~~ults. . . . . . . . . . . . . . . . . 
. . . . ' ' 

· • 4.6.2 Consideratiinis.for the Hidden Meth.rid: .. 
. . . . 

.. · . : • For ~he hidden method: of form. factqr calculation; the accuracy of the. fomi 'factor calculations within AUX 12 can affect the accuracy of the . 
radiation calculated to the space node: Because inaccuracies in the calculations accumulate at the space notle, the telative error in the 'space 
node forin factor can be exaggerated in a closed or nearly closed system. . . . ·. . . . . . . . .. 

. • When· using t)le hidden method, you may need to increase .the iiumper of rays used in the fofQl faetor: ~lc;ulation ancl to refine tl,1¢ mesh in 

. . order to make the: form factors more accurate." If this is not possible, consider the following tips wheri:defining the space node: : : .. 
. . • F:ot a tl6seii :system in whiqh an ·raciiittfui smfaces fonn ~n eticlosUre and do· not :radiate t~ :spli<5e, do not. use a: spac~ iioae: 

. : • if the nature of the problem. makes it acceptablt} _to ~imulate radiation be~~eri ;tli~ radiating surfaces ()Illy (ignoring radiation to: .. 
: space), then do. Iiot specify a space node. This approach is .valid only wheMnodeling.black body radiation· (where emissivity= l f . 

• For: a f!early dosed system, if you ,must account for radiatioi,. to ~pace, then mesh t~e OR(lnll!g and constrain th:e t~p~rature of the 
nodes.iii:the opening to the temperature of space. The fonn. factor:to:space will then .be calculafed explicitly and riiore: accurately. 

• for an open system where there are significant iiJises to space, you can usi ii !,p!(ce node (with a specitied Jjoundary condition) :tQ • 
. : capture the lost r~diariori .vith acceptable accuracy lising moderate me.sh_ refinement and a mod~t~:rnunber:of rays. . . . 
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... : 4.7 General Guidelines forAUX12 

Bel~w are· some general guideliri,es:fot using the AUX12 approach to radiation analysis:: . . . . . . . . . . . . .... 
•· · The non-hidden method· should be used ifaiid' only if all the radiatii::ig surfaces see ~ch other fully. If the noh~hidden .method is · 

used for-cases where any blocking effect exists, there will be:significant inaccuracies in:vievdactor calculations, and the . 
. subseqti~hi thetmal analysis results: c~n b~ physically inaccut.tte; 'or the problem might'..itot :evJxi converge. . . . . . . . 

. • . • The hidden method requires significantly longer co~puter time than the non-h.idden method. Therefore/use it only ifblocl<lng_: 
....•. : surfaces are presenfor·if'suifaces cannot be grouped; .. : 

• 1n soin~ :c;ii$e~; you may be able· to. grqup radiating surfaces s9: tiiat _each group is isolate~ ~qnipietely from the othe.~ gi-o~ps in 
terms of:radiation heat transfer. In such cases, you can save significant time by creating: a separate radiation niatrix:for each group 

.. µsing the.non~liidden mt;~pc,t. (This is true so long ~s np blocking' effects exis.t 'Yithin 'a group.fy OU can dQ-~lus byseiecting the 
: : desired group ofradiatirig surfaces before writing the matrix. 

• : For_ the hidµe~ nietlioif, increa!ling thfl nuµi'ber of rays usµally.produces niore aceiir!lte fo~ factors: .. : . 
• For both hidden and non-hidden metliods~ the finer the niesh:ofthe radiating surface elements, the more accurate are the form 

factors. jfoWeVer, Whi;JU hidcj.eh llteth6d j~:used, it is papicuJ~tly itn~ortant tO. have a falt·iy tefitied mesh in order-f()'.QJ:jtaitl:the 
. . same level of accuracy. i11 view factor computa~on 135 the non-hidden method: Event though increasi11g. the number of rays used . 
. ·: (controlled by NZQNJ:<: argument of the~ .coirlit)and) helps in ~<;cµtacy; {ot a coarse mesh, inct{la~ing NZONE to even J~: 

maxiimiin limit might not yield 'ati accurate solution for the liidileit. method. . . . . . . . . . . . 
• For axi$ynuneJric models, about 2Q :~isymmetric sectors pr~vide reasonably accurate thrm factors. Elements shQtlid bav:e 

reasoriable.aspect ratios :'Nhey they ·are expanded to a 3-:-D model. . . . . . . . . . . . . . . . ..... 
·: • ·: LINK.32 elements, which are used as superimposed:radiation surface elements. in. 2-D planar or axisyilirnetric models, do not 

. directly suppo!1 the axisymmetric option, In axisyrnmeitjc.models, therefore, be su~. to del_ete ( or unselect)'them before doing 'ilie . 
thermal ~lysis. · · · : · · · 

Theoretically, the summation o_f .view factor from any radlatih.g surface to all other radiating surfaces should be 1 :o for a closed system: 
'.fh_is is i>rn.i~ed as ***** F<;>_ru.t FACTORS ***** T()TAt=)'.'alue for each radiating surface if the view factors Sor radiating surface~ are : 
printed using the MPRINT, 1 command; Fot open systems, the suipmation shQuld always be less than) .Q. One way of <;necking w~ether 

· the view factor calculations are correct or ncii is'to use the MPRINT, l :conirnimd, and check if the:Sinnmation of view factors for any 
·. · radiating surface exceJds: 1 .. 0. This caµ happ~rt i(tlie non-nid!feq niethod is inadyertently -used for i:aiciilatipg view fa~tcits b~tweeti: . · 

radiatin& surfaces with blocking effec~s. . . . ' . . . 
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.Appendii.C . 
· · · Internal Air Spc1c~ Heat Transfer Calculations • 

EFFECTIVE K TO ACCOUNT FOR CONVECTION ACROSS AIR SPACE·· 

.. • : Free convection:he.at transfer acrosS:Jhe air space between.the Gammacell-40 a:nd the inner wall of the 
. • • • • ·. • overp11ck can be represented by 'a.ti e:ffectj.ve tliern:ial ·,ionductivity, ~tI~ whtch fa the· th.~ip:ial 'c6hdrt6t~vity ·• 

. thaf aStationary fluid should :have to transfer the :Same amount of heat as the moving· fluid [ 4]. The air : : 
. space.is apprtjxirn.ateci as tlie.arin\ilar ~pace between long coiiceiitnc cyliricl~rs or concentric spher~s: .. 

: : The. correlatfon f ot ~ff i,s. then :of.the form: . . . : . . . . . . . . . . 

..... . : : ·k~g:: ·.-: ...... : :( .. • Pc ·.-:\114·::(: :.·:··)04 .. ·: 
-·-· · - 0 386 · · · · · · Ra · · · · . : . : '. :-:- • . . : :: . . C. : : , : 

. : . k · : . ·: . .. . . 0.861:+ Pr) . .. . . . .. .. · • • 
. . . . 

. where; le' i~ the tliermai conductivity. Qf the fluid 'at the filr;n tefup~i-ahlre, . 
Pr :is tlie, I>randtl numb€!r for tlie fluid at the fihn te.mperature, and•.: 

.. .. 
where Di, Do ·and Lare: defined in tli~ following figure; 

ttnd·· . -~ 

:.·•Ra1;· -· 
•gfl(ti.~To)I/ 

va. 
. . .: : .. ·. • : . : . . .• : 2 : .. · . 
. where, g 1s tli~ acceleration due t<>:grayity = 9.8 mis r : · 

·~:is the inverse of the film temperature in degrees KelviII; •. 
: : . V is the kinematic viscosity of the: fluid :at. the. filtn temperature;• 

a is the thermal diffusivity ofthe fluid at the film:teinperature, 
. Ti and T6 Af"e the temperafure of ~he surfaces ~s· &fined in the figut~ above, and . 
. die film tempelcltur~; T = (Ti + To)/~;. : . 
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Elt'FECTIVE K UNDER STEADY STA:J:'E ICONDITIONS • · · 

· . I · Under steady state conditions forJ,oad;cases I through):(Sections 5) tpi'.oilgh 5.5, respectiy~ly)/fi is 
. . . . . . the temperature measured: .on the outside of tlie Gairiniacell-220;. while To· Is the: telllper~ture measured : : . 

. on the inside .wall ofth~ ,overpack_. From. th~ experim~ntal measurements,. _Ti = 27°C and :To=. 26°C .. 
' . ' 

Thereforej the :film temperature, (27+26)/2. "': 26:S<:>C~ and the required air properties. are [4:]J : : • 
... .. ' . . . . .. . . .. . . . 1 . "' . . . · ·2 . . ... 2. . . . .. . .. 

~ =·1/(26.5+273) = 0.0033 K, k=.Q .. 0,26 W/m°C, v = 1$:9xl0-6m /s; ~ =·2~,3.xJ0-6 m Is, and Pr=();707 ... 
'. . ''' 

The outer diameter of the Gammacell-40 l~ad:casing, Di= 16.riu~·0.41 m. 
. . . ' . . . . 

· . · The diameter to the inside wall of: th~: ~verpack, Do, :is the: distance from the• c~nter of the Gatnriia~ell-40 
' to the. irrner overpack wall multiplied by two .. ' 
Thisy1elds, Do= 17.5*:~ i)S in 0.89 m: . . 

' . The distatj9~ L is. tl;ien, (Do - :Oi)ii. ;=, (().89-0.41 )/2, ~ o.~4 m . 

. From the equ.atio,ns in the:previous section; 

9:81"'0;0033*(27~26)(0.24)? . 
.. :.·_·R .. aL·. = l.07xl0 6 

. 1s'.9xto--6 *.2(i3~19~6 .:, : 

·- 0.386.' ::o.?O?': .· :< {{68xl05}'
4 .= 6.4 

k~ : ( :: .. : .. )1/4 

k :: : ;:: '' 0.861+0~707)-

. . . . . 
;EFFECTIVE K U:NDER: REGULATOR)' J?IRE CONDlTIO:N'S · 

. .. . . 
· · · . Under regulatory fire conditions .for: Load Case 5 (Se~ti{)n 5.5), Ti is the temperature on the ~1:1tsid':l of 

· the-Garruriace11~40, while To is the temperature ori tlie :inside wall ofthe overpack. These tetriperafures .. 
are: ¢dn~~rvatively estirti~ted as, Ti 279C: (st~a4y state temper~trtre) and To = 800?C (fire temperature); 1 · . : . 

Therefore; tlie illrµ• temperatur:e, . (27+800)/2 :::; 4I4°~, and the reqµired air properties ~T~t4L: : 
· · · · · · · :: · : ' ·al · ·: :: . ·: '.:! : : i: ·: · J3 = 1/(414+273) "".' 0,0015 K , k.=c= 0.052 W/mqC, v= 68.0xl0-6 tn· /s;:a. ~ 98 .. 0xW-6 m ts, and Pr':".' 0'.7.· 

· · · . · The din1ertsiotis D6, Di and. L ate as th the previous section .. 
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: Froi:n *e preVioiis equations, ; 

,, ' 

_ .: 9:s1*0:oois*(soo:21)co.24y • 2j 6x101 

:· · · · 68.0xl0-6:* 9·gJ)xl0-6 

'' ,, ', ·[1t/o.:s9fo)n)]4
··' ',' ' ... ' '' ' ' 

· Ra* = : .. :: · \ : ., : · · *2.36xl07 =· 3:71xl06 

' C ,· (0.24)3((0Alf315.+(0.89f315 )5. . · ... ' .···· 

k 
' : '!11. : 

•·k 

-•' kerr is the.n: .f3:.9:l'0.052 . O.T W.fm°C 

' .. . ... , .. .. " 

·_:,CONTRIBUTION OF. HEAT TRANSFER THROUGH STEEL ACROSS AIR SPACE : · . 

. Hea:t traiisfor.by condrttti6n b9curs. through th~ air and through• the ste~l support structur'e of the . 
. . . . • Gammacell-4q,jspecifically ~e top steel brace. 'f4e contribution of the co11duction throug~ t~e top: 

steel Qra<;:e is calcul~ted·as. {Qllows·: ' ' . ' 

The. cqncluction arei of:th~ t()p steel brace i.s-~b~µt, 

..• Number of ijii~ :af9und diame(er ~ ~; : Width Q(fllls. •= 0.5'', 

. . Con~uction area of the steel-brace ·is, therefore, B • 0.5 * 8 24·in2
• : . 

.. . . . ' ' . 
. T.,,: gth ffi 8"' . , : :.u.:.i:i o ms=:== : : • .. 

. . : : · Percentage oftQtalarea is then lQ0*.(24/1018) 2: I}(. • 

TOTAL THERMAL CONDUCTIVITYtlF AIR SPACE . . . 

'. '. Jhe tQtal thern1ii.l bonductivity of the air space i~ calculated by co~biriing• the e(fectiv_e. thermal •'' ' 
colitlrictivity to accoun~Jcir tonvection and:the ,6,ontribution of:~9tidU:ction through:tp.d:steel support. 

· stiuctirre of the GaniiriacellAO. 
- - . . . . . 

Fof:all temperatures~ th.econibined thermal conductivity, k, is ~alc,ulated as follow~; 

k == ~tr*<>.9.8 + kst*O.Oi : 

wh(!te; ~rr is the effective. thermal conductivity tp account f9r ¢pJ:lve~tion, and 
.. -~:is thetherina1 conductivity.of steel.. . . ..... ''. 

. . . . . . . . . 
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. . . _Append ix .D . . . 
: · Derivation ol Heat Transfe·r Coe.fficients 

. ' ' . . . 

: The heat ttarisfet coefficie11ts used fo the analy~is were chcisen to·ma;tch the empirical results; This appendix· •. · 
deriionsh:ates that the vilues used are reasonable. m comparison with approximate relati.orciJor air. It also • • •. 

. ·: calculates bo@q.iilg values for the:.lleat transfer· coeffici~nt·for·a·cylinder in:a. frre :environment For all ... 
: steady state calculations,. thf? temperatures of~e applicabfo.surfa'?eS are taken:from th~ St~dy state•analysis. 
pf~e:F'-130 oveipaqk, :L.o~:case 1, Sectio~-S;l:'and 6.1. 

HEAT TRANSFER COEFFiCIENTFOR STEADYSTATE AND SOLAR:i.,OAD ANALYSES .. , .. .. .. .. .. . 
. .. . . ,. . ' 

' .. ' .. . . 
The-F~430 overpackcan-be. approximated asa cylinder in the cross flow of the air with a diameter, D, · 

. of so.ii~ =:=.1.2~ ~- Th~ :flb-,iof gas over•the=outs1de .of t.lle c;,verpack is ~timated fo takipface at a. lo:w' 
. : velocity of LO tn/s. (3 .3 ft/s ). . . . . . . . . . .. · : . : . 

. .. . ....... . 

,Frdrnitlcmpera and pe\yitt :[4], the heat transfer coefficient fa¥es:tp.~form: 
.... 

ii ~ kiri * CClilllv tProJ33• •• ·.• • · 

. . 
where:·D is the average width of cross sectfonoftheoverpack = 1.28 ni .: 

. . .. • C,U: ·are constants th~t d~end:onthe.Re~~lds:nUI11ber{ltl:>i~) ... 
k = th~ri:tiiil ~nductivity of.the fl\ri:d 

... v: ~ kinematic viscostfy of the fluid : 
·J>r .. Prandtl.number fofthe fluid. 
u = free ~trijatji velocity 

. . . 

. . The property values of k, V and Pr are evaluated at the filrrdemperature, which is:defined as the meari:of the .. waU Jmd free stream •fluiif temperatures. : . . .. . . . . . . . . . .. . . . . . . . . . . 

...• The wall temperature was measurect' as 21 °C on the outside of the overpack;· whiie the ambient temperature 
· : was. 2 J ?<;:::.=ni:~: filrri ~emperature i~; tiiere{ore, 2.1 °qan:a, from. Incropera •an:ct D~Wi1f. [ 4],. the prop~rty· values . 

.. . . . .. . . 2 . .. . . . .. . . . .. . . . 
are¥ =.:_0:026 W/m°C, .. l:(iE-5 m Is ~d P:t:~ 9.707. This yielcls:aReynolds numb~r,:of_1ibout 80,000; At•. 

: this value of Re; the constants G and:n.are 0.027and0;8Q5, respectively:[4]; Substituting in the appropriate 
: • : values in tl:ie •abe>Y~:eq,uation yi¢l9(a(.ll~t transf~r cpefij~J~µt of: . . .. · · · · · · 

h = 0.026(0.027)(i..O*l .28fl.6E-5)0
:
805;707°·333 

·· 4.3 Wlm2 °C: • 
. : 128 . . 

A y~l~e· c,f 4.0 W/m2°C:~ µsed in the analy~{s, :: 
. . ' ' . . . ' ' . . . . . . . . ' . . . , . 

! : : 
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. HEATTRAN,SFEJi.COEFFI(;llf,N'f iJliiuNG:THE. f'l/:V! TEST: 

. : : At the start. of the: fire, the wall :temperature is 21 °C on the outside of the. overpack. The film :temperature is, . .. . . . .. ' ' . . ., ' . ' . . .. . . . . .. . . . . ... 
therefore; 411 °C and, from: Incropera and Dewitt f4], the property ·values are k = 0.052 W/m °C, v = 6.6E-:5 
2'"''" ....... ...... ....... ....... .. . 

. in /s arid J>r =0.(:i93. This yield$ a Reynplds nilihber of about.200;000: A~ this ya.1,ue of Re; the constants C ·: 
· · : and n are 0.02,7 ~4 0.805, respectiyely.[4]. The flow of:hofgases over the plltside of the overpacki( 

assl.lllled to take place at a high vefocifyof 1.9:0 .mis (32.8 ft/s) [1~]; . : : · · 
',.' ... 

. : · . : · · Substituting iii.the appropriate values in the equation fr.oi:n ·the previous section yields a heat transfer: ·: 
: c9efliciet;1to:( •· : :: .. : · ·· · .. ·· ·· ·· · .. ·· 

. . . 

: · · it~:OJ)52(0,027)(10.0* f28/6,6E-5)0·80s.693°·333' =:= 17-.5 W/m2 °C : · • · 
... : );28 . . . . . . :·.:.: 

.. . . . .. 

. A.v~I~i Qf 1 g.o W !rrl 0(\wis.conservatively µ&¢d :in _the analy$i~ of th~ regt1I~t<?ry ftrei: j:: : 
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. ,AppendixE 
ANSYS lrip~t :Fi.les for load Cases 

... .. 
·Tb.is.appendix. includes· aff ofthe input files used in the· analyses of the :p ..:43 0 overpack~ Each of . 
:Jh~ iiiput files (*:.inp) p~eform different1*Sksas described b,~16w<see Sectioµ 5:gfthe main body 
of this: report for descriptions ·of the toad Cases. • · 

. ITnn,itHle 
·t:r::-· .... · ·-------+-..... -----'-"~---..;..;..------...;.,;.,.;.....;.... ___ ~...;.;..~-------11 

t>e~cription 

' . . 

ModeI1:1.inp: · Modyl qf.f!43P overpack forJ~pa<:{ Cases 1, 2, 3 ani:I:4:: · . . - . . . ' 

• (.6ada.inp L~ad input for steady state Load Cases lJ :~,: 3: and 4 
.. ' 

LoadsolarJnp . · Load inp~t:f:ortransient solad~ading (12 hour irisofatio11) for Load Case 4. . .. 
• Mbdfirdry,. . Model of F-4301 overpli.ck for regulatory fir~transient Load:case 5 

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

. Load-tire.mp : · • · . Lo~d .input: for reg1.µatory fire• transient .LQa.d C::::l;_ise 5 

'Tlle file bff430jnp listed fo. the trartsient load inpiit files. (load~olar:inp arichoadfirejnp) is: i fiie' 
.. : containing the initial steady state temperature condition of tb:e: m.odel from Load :case 3. 



! modelainp : 
! 
/prep?: 

· : /facet,norml 
·· cv=39.37 . 
· cdread,s9lid,model 

! materil\l properties 
! .11'\ml st¢el. : : 

·. mptemp,1,-73,127,327,$27;727,927 
· .. mp,dens,1,8131 .. 

: mpdata,kx.x,l,f,4t:o,42:2;3'9.7,35.0,27.6,21.: 
6 . .. . . . . 
inpdata,c;1,1;434,487,559,68s,1Mo,Hi9o · 
i'foani'l-40'lb . . . . .... 

mptemp 
·: mptemp,1,0,260,400,540;800 

mpdaia;den,s,2, 1,641 ,641,321,256,26 
tnpt~~P:: .. . 

. inptemp;l,0,260,400,465,800 · 
· mpdata,kxx,2,1~0.Q87;0'.087;0.087,0.054,0.0. 

: :: 7 
!llp,c',2, El59 : ' .. . au::. 
inptemii · 
mptemp,1,-73,127,327,'527;727,927 

. mpdata,dens,3,1,I.7458,0.8711,0.5804,0.43 

. 54,0.3482,0.2902 . . . . . . . 
inpdata,kioi,3,1,0.0181,0.0338,0.0469,0.<i57 
3,0.0667,0.0763 . . . . . . 

·: mpdata,c,3,l,1007,foi4,iOs'l,1099,1141,ll : 75 . .. . . 

! radiation surfaces' 
tnp,\:11Us;4,o:s 
! stain!~ *el 

. mptemp 
mptemp, 1,-73, 127,327,527,727,927 

· mp,dens,5, 7900· · · · · · · · · 
inpdata,kxx,5, l, 12.6,16.6, 19.8,22.6,25.4,28. 0 . .. . .... 

· inpdati,c,5,1,402,515,557 ,582,6i 1,640 ! . . . . . 

! air including conduction arid convection 
across cavity . : . . . 
mpdata,dens,6,1,l. 7458,0.8711,0.5804,0.43 

. 54,0.3482,0.2902 . . . . . . . . . 
. . kxx1=41.0*0.02+o.98*0.2. 

kxx2=42.2*0.02+o'.98*0'.2 : : 
kxx3=39_.7*0;02+-0.98*0.2 
kxx<l==3S:.!)*(),02+o.98*0.2 
kxx5=27.6*0:02+o.9.8*0.2 
kxx6=27.6*0.02+o.9.8*0.2:. · 

: : mpdata,kxx,6,l,kx.id:,kxx2,kxx3,kxx4,kxx5, : . kxx6 ........ . 

inpdata,c,6,'.l;t007,1014,105J;1099;1141;1 i 1s.•· .. .. ·· .. ·· 

! lead 
· 1nptemp 

inPt~_mp;\,20;327,330,800 . . . .. 
ropdata,Qe!1,S~7 ,1, 11340, 11005; 1 0686, ]O(j86 

: mptemp · 
. mptemp,1,-23,27,l~n221,~:?7,328 
· mptemp,7,331,332;1000 : · ·: 

inpdata,c;7 ;l;I 27,129,132,136, 142,6)88 
inpdata,c;1,1,61ss,159,1s9 · · · · · 
mpwriip· · · 

: · mptemp,1,-273,-27,:123;221,327,527 
·· mptemp,7,727,927' · · · · · 

mpdaia;kxx,7,l,35,35,34,33,31,i9 
!J1pdaiii.,1cx~,1. 1 ,22,24 
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'!foam2·-81b 
mptemp: .. :. · 
mptemp;i;o;i60,400,540,80~ . 
'1}pdata,dens,8, I, 128,1~8,64,5:1,5 
~ptemp . :: ..... 

· inpt<:rnp,1,0,26Q,400,465;800 · · . . . 
mpdata,kxx,:l'l,l,0.038,0.o38,0.03&,0.Q~4,0_.9: 
7 

· mp,c,8,1959 
! .. 

: ! 'radiation emissivities . 
mp,emis,9,0(0l 
mp,emis;I0,0.8: · 

. mp,emis,n,o.s 
! 

.. : ! mild steel with contacfres1stance 
mptemp:: .. 
mptemp;l,-73,12.7 ,327,527,727,927 

. ~p,dens, 12,S 131 . . 
inpdata,kxx, 12, I ,0;53,9 .. 99,) .35; 1.63, 1.86,2. 

.H .... 
mp<!ata,c; 12; I ;434,487,559,685, 1090, 1090 .. 
! . . . . . 

. ! add stainless• steel shell volumes: · 
vadd,4,7,9 

•-.nummrg,kp 
i . 
! meshing properties 
/uis;msgpop;3: 

. mshkey,O 
inshape, 1,3d 

•(' 
! m~sh ajr s~ace around pig 
et,1,70. · 
type.I 
ei;ize, 1.5/cv 

·mat,6 
vmesh,3. 
mat;I2: • 

. vmesli;2 . 
inat,s 

:vmesh,12 ! ... 

! create:inii.er. radiation enclosure 
et,3;57 .. · · .. 

· · type,3 
·)•• 
mat,9 . 
asel;5,areit;,46,27. 

. asel;a,areil;,29 
ainesh,all 

inat,10 
asel;s,area;,2i,i5 
~esh,ail · · 

inat,11 
: asel,s,area,,33,34 
am~h,all · · 

asel;s,area,,26,27 
: : llj;el,a,area,,29 

· asel,a,area,,33,34 
esli,s 
nele'm 

· ensyin;o,,O,all 
·: a.Ilse! 
·r: 
et,1;70 
type,! 

riiat;i 
vmesh,i 
mat,2 
vn:iesh,5 

.... rtia~2: 
· · vmesh,6 , 

mat,3 
vmesh,8_ 
mat,s: 
\imei;h,10 

· · : : riuit,8• 
vmesh,11 
! . 

. : Page No:· ·E-2 

l.create outer su.r:t'ace 
· · · asei,s;area,,4 I 
: : asel,a;area,,52 

nsla,s,1· · .. 
cm,outsurf;node: 
asel,~,atea).f · · 
Ijsla,s;l 

: : ~ri\,ssµrf,node 
asel,s,area,,52 
nsla,s,I· 
cm,tsurf;no'de • 

.. allsel · 
: . cmsel,s,outsurf ! ... 

! creat~: outer radiation elements 
eall 
et.2,s1 

•••:r;4,LO 
.. type,2 

mat,4 
real,4 
e.surf 
ti,999999,0.75,0.75,-0,75 : : 

·allser 
esel,s,type,,2 .. 
nelem · · 
nsel,r,loc,y,0:63'6;o.638 

· eshi,s;1 . 
· : • : eseI,r;type,,2 

cm,toprad,eiem: 
esel,s,type,;i: · · 
c_msel,u',toprad 

. .. C:1!1,siderad,elem 
: a;l!lji:l: 
! . 
!create outer ~hell diyisions for solar load:: · 
;ipplic;ation· · · 

... cmsel,s,tsurf 
: : · . esln,s;O 

· riefoni . 
nsel,r,loc,y,0:634,0.639 
esln,s,1 .. · · · .. 

esel,r;type,, 1 
cm,topshell,elem 

: cmsel,s,ssurf 
esln;S,0 
nelem. 
~lh,s;l 

· tj,_el,r,type,, I 
· : : cirisel,u,top~heU 

nelem · 
cm,sideshell,elem 
allsel · .. · · · . 
!calculate volume of side outer shell 

: : : . elements 
cmsel,s;s1deshell . 
•get,totel,elein,,coimt 



*get,minel,elem,,nmn,min 
'."get,maxel,eleiri,,nuiri,nuii . 
tvol.,,,-0 :: .. 
*do;i; i;toiel) 
*get,evol,elem;minel, volu .. 
tvol = tvol + evol : : · · · 
_*get,m4lel,1:lem,n:iirt~l,tDtth. 
*en\ido : : 
qside .. (400"0.63846)/tvol 
!calculate volm:ne ofbWom: outer shell 
elements 
cmsel,s,topshell · 
*get,totel;elem,,count 
~ge~iniriel,elem,,num,min 
*get,maxei;eiem;,num,max .. 
tvol = 0 · · · · · 
*do,i, 1, tote!, l 
: *get~evol,e_lem,minel, volu 
tvol :=,, tvol -t evol 
:*get,mitiel;eiem,minel,rxtJ:i. 
*enddo .. 
qtop = (800*0.J .1923)/tvi:tl 
;illsel · 
! .. 

. *go/s!cip : 

. fini 
. : /aux12 
· vtype;0;20 

stef,5 :? e+S : 
ernis;,i;o:S: 

·. emis,9,0.01 
. . ernis, 10,0.8 
· emis, 11,0.5 . 

~sel,~,typ~,,3 · 
wr\tc,jadrhatr 
allsel 
space,999999 

· : cmse(,s,toprad · 
nelem. . . 
nsel;a;ncide,,999999 
,vrlte,radniat2 
allsel 

: cmsel,s,siderad . 
nelem ·: .. 
nsel,a;node;,999999 

. write,tadn1at3 
allsel 

• fini 
fprep? 
,skip:.· 
et,4;so;r 

· · type,4 
se,radmatl 

. et;S,50, 1. 
iype,5 · · · 
se,radinat.2 

· : se,radmat3 
! 
! end of file . 
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. ! :loada.inp 
l 
! apply interiiai heat generation 

. sfa,12,f,i:iflux;(2:1,o,003)*0.66 
sfa,13,l,hflux,(2.l/0.003)"0.33 . 
l 

· ( ilpply extei;nal cohvt':~tion: alicfset initial . 
amljient ~emii 
cms_el,s(oµtsµr;f: : 

· gf,all,conv,4.0,21 
allsel 

: d,999999,temp,21 · 
toffst,273 . · · 
! .. 

. ! .run anaiys!S 
i'ini 

:/solve 
timint,off 
esel;u,typ~,,?;3 ·:. 

. solve · 

· · -J~n analysis with)Oj) W: ofJ-!elit, or 25 W 
on l/4 sectiqi;i' . · . 
! apply internal beat generation 

. sfa,1'2,f,lifltixi(25.0/0.003)*0,66 : 
sfa, 13, l ,hflux,(25 .0/0.003)*0.33 
solve · .. .. 

! run analysfs with 38 C ambient : 
cmsel,s;outsurf.:. 

· sf,all,conv,4.0,38 
allsel 

: d°,9~9999,temp,38 : 
esel;u,type,J;J: 
solv.~ 

! r:un analysis with ·solar.foiid 
: cmsel,s,topshell . 
nelem . . 
bfe,all,hgen,l ,qtop 

. cmsel,s,sidesbelr 
•: nelem 
· : bfe,all,hgen, l ,qside. 

allsel · · · · 
esel;u,type,,2;3. 

. solve ..... 

!Joadsolar.inp r ... 
! apply 'internal heat generation 
sfa, 12, 1,hflux;(is;oto.003)*0.66 
sfa,13,l,hflux,(25.0/0.003)*~.'33 : · 
!:'. 

· fini· 
/solve . . . 
! apply _extei\'l!ll;C<)µyection and set in.itil!I 
~mlii~ttemp · · · · 
cimsel,s,outsurf 

.. sf,all,conv,4.0,38.0 . 
allsel · · 
toffst,273 . : : · 
! . 

. . . antype,trans,new 
: : : time;ie-6 

esel,u,type,,2/ : . . . . . . 
! input initi3:I tempe_ratures from 38 C. steady : : 
state. with no sol at 'load . 

· /jnp,liff430,inp 
: : timint,off 

outres,all;norie ·: . · 
outres,nsol: : 
solve. · 

: : : . time;! 
ddei,an. 
timint,on 
lnsrch,on . · 
kbc,i: 
!(set _3:mbient temp 

· d,9999?9,temp,~8 
! apply :sollll' I~ : 
cmsel,s;~iclespelr: 
i1Qk,ni 
l:ife,all,hgen,l ,qside 
cniseI,s,topshell 
nelem · · 
bfe,all,hgen; l ,qtop 
allsel · .. · " · · · 
esei;u;type,,2,3 

. . solve• 

time,200 
solve- · 

: : tim1:;400 
solve 

tjme,800 
. solv.e 

· tinie, 1200 
solve · 

tinie;i600 
: s~lve 

time,2()_00 
solve : . 

. tii;nt':,+400 
.. solve' 

time,3600 
solve· · · 

: : tiine; 4800 
solve · 



. . time, 19200 
solve 

time;43200. : : 
: solve 

: lime,468.00 
!<be,\ .. 
1:>;fe.del,all;hgen 

·: solve 

time,50:400 
solve. . 

· . · Hme,54000 
· · solve 
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... ,, '.. . ..... ' .. 

: · . : : . ! :modfire.inp ... i. 
/prep? ... 
/facet,nonnl: . 

· 1::v=39.37 
... c_qread,solid,model 

· ! inl)terial piµpeyties · 
! mi.Id st~I : : 
rnpt~mp;I;-'Z3,127,327,527,727,9n. · 

.. ·:.·mp,dens,1,8131 : · · ... : 
: · i.ipdata,kxx, 1,1,4 L0,4Z:.2,39.7 ,35.0,27 .6,27. 

·6: . . ... ·.·: 

mpdata,c,l,i;434,487,559,685,1090,1090: · : · 
! foam h401b:. . .. . . 

·mptemp. 
•• inptemp,1,0,260,400,540;8~0: .: 

: mpdata,dens,2,1,641,641 ;321,256,26 
rnptemp:: ·: : . 
mpt!Jmp;~ ,0;26(!,;400,465,800 . . . . . . . 

. mpdata,kxx,2,l ,O.Q87 ,0.087 ,0.()87 ,0.054;0.0 · 
1 
rilp,c,2, 1959 
! air 
mptemp::· .. 

.mptemp;1;•73;127,327,527,727,927 ·. 
mpdata,dens,3,1,l .7458,0.87H,o.5804,0.43 

·: 54,0.3482,0.2902 : : . . : .. 
· iupdata,kxx,3;1,0.0181,0.0338,0.0469,0.057 
3,0.0667,0.0763. . ... 

. mpdata;c;3,i;I007,1014,1051,1099,1 i4I,i i: 
.. 75 

i .radiation surfaces 
•mp,~mis,4,LO" . 
! ~inlel!s s~el 
mpt~.mp-:: : ... 

·:. · mptemp,l,·73,127;327,527,727;927 
: · inp,dens,5, 7900 .. 

: nipdata,kxx,5,1, 12:6, 16.6, 19;s;22.6,25.4,28. 
0 : . . . . 

mpdata;c;S,1;402,515,557,582,61 i,640:. : · !.· .. . .. . . " ... 

•. i air including conduction and convection 
: across cavity . . : . . : . 
mpdata,dens,6,l,l.7458,0.8711,0.580(0.43 . ·: 
54,0.3482~0.2902 . . . . . 

. kxxl'=41.0*0.02+o.98*0. 7 
kxx2=42.2*0.02+o.98*0.7 : · 
kxx.3=39.7*0.02+~.9~,i<ip . 
kxx<l=35.0*!),02to.98*0. 7 
kxx5=2J.p*!),02to.98*0.7 
kxx6=27.6*0.02+o.98*0..7. 
mpdata,kxx,6,l,kxxl,kxx2,kxX:3,kxx4,kxx5, 

·.kxx6 . .. . :· .. 
. inpdata,c,6;1,I007;tol4;l05l;J099;1141;11 · 75 . .. . . ,, . 

! ·. 
·!-iead 

::_mptemp . . 
·mpt~mp,1,20,327,330,800 · · . . 
mP4ata,~ens,7,1,11340,11oos,10686,.10686 · 
mp~mp :: :·:.•: 

.. · mptemp,1,-23,27,1:27,227;~~7,328 
: inptemp,7,331,332,1000 · 

· rilpdata,c,7,l,127,129,132,13"6,l42,6188 
mpdata,c,7, 7;6188,159,159 
mpti:mp: . 

· mpterrip, t;-273,·27, 123,227,327,527 
: : inptemp,7,727,927: · · · 

.. : : mi>da1a,1cxx,1,1,3s;3s,!!4,3:i;3 t,19 
mpdaia,fu,7, 1,22,24 
! foam i~ 8 'lb · 

. Page No: E-4 

mptemp 
mptemp, 1,0;260,4oo,5·4o;soei · 
mpdata;de115,S,i~Ji8,128,64,51,5 

. . IDP.lel!IP· . . .. 
. _ iµpt_emp,l,0,260,400,465,890 : . 

. . . tj'ipdata,kxx,8, 1,0.038,!).038,0.!)3.8;0,054,0.0 
·7. 

mp,c,8;,1959. · 
I ••••. . . . 
b'a\liation emissivities . 

'. mp;emis,9,0.01 
.. : : mp,emis,l 0,0.8 

mp,emis,11,0.5: · 
! 
!.mild steel with contact'resistance.. 

.. mptemp . 
. • •:. 1nptemp,1,.1J,121,321,s21,721;921 

mp.dens, i 2:s 1:3:1 . . 
mpdata;kx.J!.i12, j ;0)3,0.99, 1.35, 1.63,l .8~;:i; : 

. -1_1 
.. -ljlpdata,c, 12,l,434,48'Z,559,685; 1090,1090 

E. .. 
I add st;iihless *e)-~hell volumes 
vadd,4/1,9 : : · 
nummrg,kp ·: · 

.!:· . 

. !:meshing properties 
.. /uis;nisgpop;3 · 

mshkey,O . : · · 
ms.hape,1,3:d:: · · 
J: . 

. . fo1esh air space aroun<:I pig · · 
et,1,70. . · 
type.I . .. 
esize,l.~/cv•: 
iT!at,6 
vm~h.3 

·: ma:1.;r 
vmesh,2 
mat,5 
vmesh,i2 · 
!:·:. 

. .. : !;create inner radiation enciosure 
et,3,57 · · · 
type,3 • 

.. tjlat,9 
. . : · ase;l,s;area,,26,27 

asel,a,a,ea,,29 · 
amesh,all . : : · 

mat,10 
. ... asel,s;area,,22,25 

.. aniesh,all 

mat,11 · 
asel,s:area,,33,34 

. amesh,all 

asel,s,area,,~6,27 
asel,a,ar~a,;29 : · : 
~I,a;area,,33,34 

: · .. · esla,s 
·:nelem 

ensyrn,0,,0,all. 
allsel · · · 
l.· 
e~t;10 

. : type;i 
mat,7 
vmesh,1 



.: mat,2 
· vmesh,5. 

inat,2: : 
vmesh;6: 
mat,3 
vmesb,8 

· !llat,8 
vm~~h;l9 
!1:lati8:: ; 
vmesh,11 
! 
! create.outer.surface. 
asel,s,area,,41 
asel;a;area,,52 nsla,s;i .. ' . 
cm,outsurf,node 

· asel,s,area,,41 
ns'1a,s;1. . . 
cm,ssurf,no<!e 
asel,s;area;,52 . 
nsla,s,1 
cm,tsurf,node 
.illsel · 
cmsel;s,Qutsµrf 
f, ":: .. 

! create outer radiation elements 
eall 
et;2,57 · 
i-,4,1.0· 
type,i • 

. mat,4 
· :· real,4 

esurf. · 
~.9~~99~;0:75,0.75,-0.75 
?)!~el:: 
esel,s,type,,2 
nelem 
nsel,r,loc,y,0.636,0.638 
esln,s,l . . 
esel;r,type,,2 : 
i:in)oprad;elem 
esel,s,type,,2 : 
cmsel,u,toprnd. 
cm,siderad,elem 
allsei: · · 
i· ... 
!create outer sh~ll divisions· for solar load 
application · : : · .. . . 
cmsel;s;t,sµi.:f: 
esln;$;0 
neleiii. 

· · nsel,r,loc,y,0.634,0.639; · 
esln,s,1 · · · · 
esel,r,type;, l · 
cm,topslielf,elem 
cmsel;s,ssurf 

·. esln,s,O 
nelem 

·: esln,s,l 
esel,r,tyfie,,1 
cmse1;'1,topshell 

·• nelem 
. . cm,sideshell,elem : : · · 
: allsel . 

!calculate vplume of side outer shell. 
elements: 
cinse1;s,sideshe11 · 

· *get,totel,elem;,count 
*get,minel,elem,,num;min ... 
*get,maxei,eiem,,num,max 
tvol:.,;,o :· · 
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·:. *do,i,1,totel,l 
' '*get,evol,elem,minel; vofo.. 

tvoi = tvol + evol 
*get,minel,eieni;minel,nxth 
~enddo · · · · 

. qside = ( 400*0.63~46)/~y~l . . . 
!calculate volume of bottom outer shell 
elertien~ · · · · 
cmsel,s;fqpslielr : 

· *-get,totel,elem,,coµrit 
*get,minel,elem,,num,miil : · 

: *'get,maxel,elem,,rium;iiiax 
tvof=O. · · 
*do,i,1,totel;l 
*ge~evoi,eleni,rninel, volu . 
tvol = tvol + evol · · 

: . *get,minel,elem,minel,nxth":' 
*enddo .. · · · 
qtop = (~9i)io.3:l923)/tvol 
allsel 
! . 

· : :t'go,:skip 
fini: 
/auxl2::: · 

. vtype,0;20 
stef,5. 7 e-8 

· ·. emis,4, 1.0 
. emis,9,0:01. 
emis,10,0.8 · 
emis, 11:,ii.s : · 
esel,s,type.,3 
write,radmatl 

•a1isel 
spa¢e,99999.9 
cmsel,s;tqpf!ld ·. · · 

·nelem 
n.sel,a,node,,999999 

: wiite,radmat2 
allsel 
cmsel,s;siderad : . 
nelem' ..... . 

nsel,a,node,,999999 
· · : wiite,radmat3 

allsel · · · 
:skip ::. 

. fini . .. 
/prep7 

. et;4,50,1 
type,4 
se,radm~(l 

. e1,s;so, r • · 
type,5 

· · . se,radmat2 
. se;radmat3 · 
! . 

! end of file : 

Uoadfire.inp 
! . 

. • Page No: E-5 

! apply 'internal heat generation 
sfa, 12, l ,hflux;(.25; 0/0 .003}~0.66. 

.. sfa,l3,1,hflux,(25.0/0.003r().33 : 
1:: 
fini' 
/solve . . . 
! apply .exten'l;il:co,tivection and set in.itiiil : . 
i\ml?i,int temp 

. cmse),s,outsurf 
. : ; St,all,conv,1.8.0,800.0: 

allsel · · · 
toffst,2 7.3 . : : 
!. 

.. aritype,trans,new 
: thne; i e-6 
esel,u,type,,i): . . . . 
! input initi~l \empe.ratures from 38 c: stea~y : · 
s~te. with no ·solar load . 

· /jr'lp,bff430,inp 
' : : : timin(,off 

outres,all;m:irie' · 
outres,nsol : . ' 
solve. 

. time;! 
· ddei,an 
timint,on 
lnsrch,on . : : · 
kbc,i: 
r•apply external convection· and:set ambient 

: : fire ·temp . · · .. · · · .. 
cmsel,s;out.s.urf:: 
sf,all,cqnv,rn .. o,s90. 
i\l)s\ll: 
q,999999,temp,800 

. esel,ii,type,,2,3. 
solve · 

time,2o'o 
'·solve. 

· · · · time;400 
solve · 
time,800 
solve · 
tii;ne; 1600 

· s):ih'.e 
time,18.60 
solve 

time;l920 
kbc,O: .... 
r apply .external convection and set ambient . ' 
temp back to·3fl> . . 
cmsel,s;outsurf: ·:. • · 
sf,all,conv, 18.0,38 
allseJ. 

· : • d,9999~9,temp,38 . 
! apply :solt!f load : 
cmsel,s;~iqe5'\el.I' : . 
i!c;l~rrj 

' 1:jfe,i\l.l,hgen, l ,qside 
· : c'rrisel,s,topsbell 

nelem · 
bfe,all,hgeri;t,qtop . 
allsel· .. · .. · · · 
esel(u',type,,2,3 

: solve• 

time,2000 : : : 



· · solve 

time;220·0 
solve:: :· 

time,2400 
solve 

time;3()00: 
solve 

time,3600. -
solve'' . 

ifn:ie,4800 · · 
solve 

time,6000 
solv~;· :. 

time,8400 
· · solve 

time;l08W .. 
solve•• 

: time,13200 
solve 
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dme,15600. 
solve 

. time,18000 
's~lve 

tim~,20~00 : · 
solv:ti . : : : : 

·. iime,22800 
. solve. 

time,25100 : . 
solve . ' ' 

· · · tiine,28800 
solve 

'tjme;32400 . 
' • : solve 

time,36000 
solve 

time,39600 
·•.solve 

tiine;43200 
solve' 

time,46800 · : 
' soive: 

· · · tinie,50400 . 
kbc,1 
bfedel,a!I,!igell · 
spl\;e 

: tinie;54000 . 
solve 

time,57600 
.. solve' 

time,61200 · 
solve : 

... tJ(ne,64800 
: > spl)(t( 

time,68400 . · 
~olve. 

time;72000 
solve 

. : Page No:· ·E.-6 
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CHAPTER 4- CONTAINMENT 

This chapter identifies and discusses the package containment for the Normal Conditions of Transport 
(NCOT) and the Accident Conditions of Transport (ACOT). 

4.1 CONTAINMENT BOUNDARY 

4.1.1 Containment Vessel 

July2019 

The containment vessel for the F-431 is defined as the scaled sources which are located inside 
the source cavity. The source cavity is a weldment inside the Gammacell shielding head. The 
opening to the source cavity is blocked with the Shield Plug which is secured either by a 
continuous weld, double retaining rings, or four screws. 

The sources are cradled in the Source Holder, which is a stainless steel assembly and 
sometimes includes additional tungsten or other shielding metals. The source holder also 
provides attenuation for the sealed sources. _It weighs up to 6 kg, including the sealed sources.

The location of the scaled sources is shown in Figure 4.1. The scaled source models arc 
illustrated in Figures 4.2 through 4.9. 

Figure 4.1: Gammacell Shielding Head 
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The different models of sealed sources that are installed inside the source cavity are 
summarized in Tables 4.1 and 4.2. The maximum total activity ofCs-137 is 113 TBq 
(3,050 Ci). Except for the RAMC0-50 sources, all of the sources have been certified to meet 
the Special Form requirements of 10 CFR 71 SS 71.75 [1] or IAEA TS-R-1 [2]. Although the 
RAMC0-50 sources were never certified as Special Form, it was demonstrated by the 
manufacturer that they satisfy the requirement of Special Form. Furthermore, this source has 
been approved for use by the NRC. Refer to the registration certificate in Appendix 4.4.12. 

,, :,, w<' '',{" ~ ' < 'a/'/ ,·,, ,, ,, '"(,•/; " 0, , l C • <), ' ,.;-,,t ~ ,' :'·_: " ,· •,",','<' .: 

' Table 4.1 :' Details of Cs-137 Sources 
; '-,,· .. ,, '• :, ' . ' ., J' ,:' 

,' ~-

I·),., .,, .. "J!f:t. , . ', . ·~· . ... ·:f.: .. , ,., /, . Ji: \t/Z ~"-:, ,. ; ,. :, }2,C :<ii, ... ,,.. , 'i'· , ff·:Maxini'Lim'''·· >:··. < :w, · .. ·•,,,:,,,,, .. •.·::; _ .. ,Ji,,,,:··1-J"':,,·· ,:; l;,t '.,,,,, .. , 
',.' ·' <'« ·:, '· ' '""'' '<' ' '"' ,.-·,, ' ,< ,·', ,'.. '', ·;;, ,', ''J ,·:, ·;·' .. ; !', 

. · Source Activity of , · Overall . _ ... . : __ · _ 1WaH . .· .Special Form 
,:if'. ",,rqip~e.iy·;,(, , ~ tq~713t• ; >,;,,;, :(~.c ,H~ig~! -· :;,. · ~,~ .'. Di~ijleiet ; ,' IN£~n~if ;;gertifi~at~ ~p. ; 

C-378 20.4 TBq 279.2 mm 16.1 mm 0.6mm · CDN/0017/S-96 
(550 Ci) (10.99 in.) (0.63 in.) (0.025 in.) 

C-1000 26.6 TBq 271.5 mm 12.7 mm 0.9mm CDN/0011/S 
(720 Ci) (10.69 in.).- (0.50 in.) (0.035 in.) 

C-1001 30TBq 271.5 mm 12.7 mm 1.0mm GB/372/S·-85 
(810 Ci) (10.69 in.) (0.50 in.) (0.039 in.) 

C-3000 56TBq 27.1.5mm 17.5 mm 0.9mm CDN/0012/S-85 
(1,500 Ci) (10.69 in.) (0.69 in.) (0.035 in.) 

C-3001 60TBq 271.5mm 17.5 mm 1.0mm GB/373/S-85 
(1,620 Ci) (10.69 in.) (0.69 in.) (0.039 in.) 

C-3100 56.25 TBq 271.5 mm 17.58 mm 1.0mm CDN/0035/S-96 
(1,520 Ci) (10.69 in.) (0.69 in.) (0.039 in.) 

IS0-1000 26.6 TBq 271.3 mm 12.6 mm , 0.9mm USA/0192/S 
(720 Ci) (1068 in.) (0.50 in.) (0.035 in.) 

RAMC0-50 14.8 TBq 114 mm (early design) 12.7 mm 0.5mm See Note 
(400 Ci) 137 mm (late design) (0.50 in.) (0.020 in.) 

Note: The RAMC0-50 source was never formally certified as meeting the requirements of Special Form Radioactive 
Material. However, it was tested by the manufacturer (Oak Ridge National Laboratory) and demonstrated to satisfy the 
requirements for Special Form. 

GC1000 RAMC0-50 8 121 TBq (3,264 Ci)* 

IS0-1000 4 107 TBq (2,880 Ci) 

C-1000, C-1001 3 80 TBq (2, 160 Ci) 

C-3000, C-3001, C-3100 2 113 TBq (3,048 Ci) 

GC3000 C-1000, C-1001 3 80 TBq (2, 160 Ci) 

C-3000, C-3001, C-3100 2 113 TBq (3,048 Ci) 

*The GC1000 was formerly registered to contain a maximum activity of (3,264 Ci) of Cs-137 in RAMC0-50 sources. 
These sources have not been manufactured for 20 years, and their activity has now decayed significantly below the 
proposed Cs-137 limit for the F-431 (3,048 Ci). 

Page 77 of 126 



IN/TR 1913 F431 (D) 

F-431 Transport Package Safety Analysis Report

4.1.2 Containment Penetration 

There are no penetrations into the containment system. 

4.1.3 Seals and Welds 

4.1.3.1 Seals 

There are no seals in the containment system. 

4.1.3.2 Welds 

The sealed sources are double encapsulated. Both encapsulations are sealed with a 
fusion weld at each end. 

4.2 REQUIREMENTS FOR NORMAL CONDITIONS OF TRANSPORT 

This section uses the applicable analysis and discussion from Chapter 2 to demonstrate that 
the integrity of the package containment system is maintained under the normal conditions of 
transport. 

4.2.1 Release of Radioactive Material 

The tests for Normal Conditions of Transport were discussed in Chapter 2. The F-431 was 
compared to the F430 Transport Package and to the GC3000 which was dropped from 9 m 
without a protective overpack. By comparison, it was demonstrated that there would be no 
release ofradioactive material as a result of the tests for the Normal Conditions of Transport. 
Specifically, it was demonstrated that the Gammacell would be retained inside the F-431, that 
there would be no measurable increase in surface radiation for the· F-431, and that the sealed 
sources would be undamaged. 

These test results are further supported by the test for Special Form Radioactive Material that 
was performed on all of the source models. These tests are much more severe than the tests for 
the Normal Conditions of Transport. The tests for the Normal Conditions of Transport allow a 
leakage rate of 2 x 10-6 TBq (54 µCi) per hour (A2 x 10-6) (Para 71.51 (a)(l) of Ref. [1], while 
those for Special Form certification allow a leakage of0.05 x 10-6 Ci(0.05 µCi) (Para 71.75 
(c)(2)(vi) of Ref. [1]). 

Therefore, no radioactive material will be released from the containment system as a result of 
normal conditions of transport. 

4.2.2 Pressurization of Containment System 

Under the normal conditions of transport, the only mechanism that would cause an increase 
in pressure inside the sealed sources is the thermal expansion of the air inside the capsules. 
The maximum temperature of the outer encapsulation of the sealed sources under the Normal 
Conditions of Transport is 326°C (see Chapter 3, Section 3.5.6). In Chapter 2, Section 2.6.3 it 
was shown that the sources can withstand the pressure generated at this temperature. Therefore, 
the sealed source can withstand the maximum internal temperature resulting from the normal 
conditions of transport. 

4.2.3 Coolant Contamination 

This factor is not applicable to the F-431 since it does not contain any coolant. 

4.2.4 Coolant Loss 

This factor is not applicable to the F-431 since it does not contain any coolant. 
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4.3 CONTAINMENT REQUIREMENTS FOR HYPOTHETICAL ACCIDENT 
CONDITIONS 

In Chapter 2, section 2.7, it was demonstrated that the F-431 can withstand the accident conditions of 
transport. Specifically, it was demonstrated that if the F-431 were subjected to a 9 m drop test followed 
by a 30 minute regulatory fire test, there would be no breach in containment. This was supported by 
full scale tests on the F-430/GC40 and a GC3000 that was drop tested from 9 m with no protective 
overpack. After the testing, there was no measurable damage to the simulated sealed sources. 
Therefore, the F-431 can withstand the Accident Conditions of Transport without an escape 
of radioactive material. 

4.3.1 Fission Gas Products 

This requirement is not applicable since the F-431 does not contain any fissile material. 

4.3.2 Release of Contents 

The analysis in Chapter 2 showed that as a result of the tests for the Hypothetical Accident 
Conditions of Transport, there would be no significant damage to the contained irradiator and 
no release of the contents from the shield. 

4.4 REFERENCES FOR CHAPTER 4 

[1] 10 CPR, Chapter 1, Part 71 -Packaging and Transportation of Radioactive Material, 1-1-99 
Edition. 

[2] IAEA Safety Standard, No. TSsR-1, Regulations for the Safe Transport of Radioactive Material, 
1996 Edition (Revised). Vienna. 2000. 

[3] NR-0220-D-102-S, Gammacell 1000/3000 Registration of Radioactive Sealed Sources and 
Devices Safety Evaluation of Device. 2002. 

[4] NR-0880-D-806-S, Gammator Model M., M34, M38 Registration of Radioactive Sealed Sources 
and Devices Safety Evaluation of Device. 1995. 

[5] NR-0880-D-808-S, Gammacell 1000 Registration of Radioactive Sealed Sources and Devices 
, Safety Evaluation of Device. 1995. 
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4.5 APPENDICES 

Appendix 4.4.1: C-378 Special Form Certificate 

Appendix 4.4.2: C-1000 Special Form Certificate 

Appendix 4.4.3: C-1001 Special Form Certificate 

Appendix 4.4.4: C-3000 Special Form Certificate 

Appendix 4.4.5: C-3001 Special Form Certificate 

Appendix 4.4.6: IS0-1000 Special Form Certificate 

Appendix 4.4.7: C-378 Sealed Source Classification Designation and Performance Certificate 

Appendix 4.4.8: C-1000 Sealed Source Classification Designation and Performance Certificate . . 
Appendix 4.4.9: C-3000 Sealed Source Classification Designation and Performance Certificate 

·. . "· 

Appendix 4.4.10: C-1001 Sealed Source Test Certificate 

Appendix 4.4.11: C-3001 Sealed Source Test Certificate 

Appendix 4.4.12: Registry of Radioactive Sealed Sources and Devices, Safety Evaluation of Sealed 
Source, Certificate No. NR-0880-S-804-S 

Appendix 4.4.13: C-3100 Special Form Certificate 
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APPENDIX 4.4.1: 
:::: •c .. :.ua Spe.cialForm Certific.ate·• 

Certifi.cation 
CanadiarfNuclear Commission canadienne 

: : S;ifety ·commission:. . cle surete nucl~aire • .. 

'' , .... .. .. . .. . 

. "" ..... ' ..... ' 

sritc~ FOR."lVI RADJ()Ap.'IVE ~TE~ CERTMCATE N()~ (;l)~/q017/S..96, (REY~~) .. ]: 

.. ~o.:A.z.236-0 : A~ril 10,:2002 
' ' . . ' . . . . ' ' 

. . . The Canadian Nticle_ar Safety Cominissiori,:CCNSC) hereby certi_fies that the capsule design ~s •described 
· : . belQw has been detnonstra.ted ~ · meet the .n::gulatory. requirements prescribed foi :special .. form . 

: . riidioactive material as 4efuied. in the Canad,ian_ . P.qckaging and TrOJZSpart j pf Nuclear Subj_tances: · : . 
Regidationsl1l _and the IAEARegiila~o~sE2l ~bject to the foI1owir1g limi_tatio:iis; terms .and conditions.·::: • : : . 

... ' 

CAPSULE IDENTIFICATION 

·. ~S N,ordi~ C-378 Capsiile[:. · · 

CAPSULE DESCRIPTION 

· · TI.i:e l:-378 capsule, as ~w1f on. MD$ Nordion l)raW:ixi.g No. GI20201-140 (issue C) consists of an : : 
· · IS0-1 ooo sealed source capsule lbr:ther encapsulated in ·a 3 l6L. stainless steel :capsule 0.64 nun· thick.• 

The dimexisiQlµi Qf the C-378 capsiµe .are :approximately 279.22 mm iong by 16.05i:iirn dianieier at the 
... end caps'. The total~ of the capsule is approicitrultely 300 grams. · . . . . . . 

. M:illl.$'alion of the c;jp~~~ 11hpwnon attachedPt'ilWW:g No .. C-378 (1~1,1.~:3);·: : · 

AUTIIOIUZED RADIOACTIVE CONTENTS 
.. . . . ... 

~ ~aj,_sule is authorized to con~ not more than '2Q.4 '.ffi.q of Cs-137 ll;l: the Joi:I~·i:9f pressed or t~inped \ 
es~ 13T~ride powder encapsillated within an ISO-l 000 capsule.·: 

.. . QUALITY ASS~CE . 
.. . 

· · The quality !IS~~~ progi:aniine: fq~ ~ C-:378•. capsule :shall.be in 8fX9tdante witii tbe l'.(lquirements: of: • . 
. MDS Nordicµ, Operating Procedure 1'J'o. JN/QA 0562 AOOO .{2)Pl and the Technical Specifications 
· : . : • Nos. IN!fS 14&T COOO (2) and IN/fS :0474 COOO (5) for design; ma:iiufacture, testing, dociltttentatian 

arid. nispection, as requi(e,(~Y ~aJ'iigraph 310 of the .iAEA.:Ilegulationsl2i.: · : : ':: : : : · 

.fagel of/de2 :. 

C.artad~ 
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CDN/0017/S-,96, :<RE.V, 0) Page 2 of/de 2 : · Canad~·: -
: EX:PiRYDATE. 

. ?tA<f,(.L\&..<:: 
P. Nelson .. ·:. ·. · 
Design~ted: Officer pursuant to : • . . . . 

· · S\lP~~ctioD 37:(2)3}oithe·:. ·. < · .. · · · .. · 
: \ • ~ucl~ar Safety and (:oritro! :A~t 

. REFERENCES 

{lJ . Can.adjan Packaging ~d Trm,sport of:Ni.icl~.~Up$t!ces :Regulauons,. ~O;IY~000-208, 
31 ~a.y 2000. . : 

c21 Intematli,na( Atomic Energy Ageiicy. Safety Standards Ser:i:Cs N9, rs.:.R-1 (ST- l Rey1s~4)/Regulations 
for the $afe Transport ofRadioac,:ti".~~are,rlaI. 1996 Editicm (Revised). . . 

: Pl • Or ]at~t current revi:siori.: • • ' ' 

: I NOTES :· 

: l.: !levisi:On O:April 10, 20~2:, C>riginal issue. 
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.. APPENDIX 4.4.2: 
: ·:. c.;1 Q()Q Sp~cial: Form. C~rtific:ate •: : 

is•:0111 :39 FR Nr:i ENG AND coMM • · ·· s13: s92 s?-is· •to !:isfss34 

<..;ertiticatjo:n ...... . 
.. ... . . .. . 

I'· :....1· · Atontic ~~ . • ·: Commimo~ ii; contrite : · 
""": ... : :Control Board · • • d~ l'&ergie ato~:idq~~ : : . 

: ·S~~ FORM RADIO:ACTIVE MATERIAL\c.ita';r.lFICA1E NO. ci:>NLOOU/S, (REV.:4),:::: \::.:: 

...... . .. .. . 

The Ato~~ Eii~ · Control Board: ii.eieby ~es that the a,ipsll;les~ as described. below, :have been 
demonstrated to.meet the regulatory .requ,iI:ements prescribed fur special fOtlll radioactive· niat!li:ial as 
defln~ iJ,1 ·the Canadiart lrahsport Packaging of Rmlioaatve Materials. B.egularions and in th~ IAE.~ 
Re,~ons*, subject to :the (oJ,ki~g limitations, tenris and conditions. 

CAPSur,irmEN'ffll<;:ADQN .. 

:MOS Norfilon Inc. ~~~61.'type g•tapsule and c.:.1000 Capsule .. 

. C:APSUI,E DFSCRTPJIO'ff .. : 

· · ·me c~16i'Type 8 c:ap~~ ~ ~h~~ On Nordion Dmwfug No: 0:120~01-100 (Is~e :.(3), is.a: oylindrieal, 
... welded, 316(; staiilless steel, doub.Je..~~ ~. The di~ensums of:the capsule are 4(hnm. diameter 

: by 43 ~ long: · · · · · · · · · · · · · · · · .. 

. The C-1000 Capsule, as sliown'on Nordion Drawing No. G:120201-102, (Issue B), is a cylindri~, ;clded, 
· 3161. stdnl~ sre,el,(doubJe.walled capsule. Theoi.mensionsofthe~are 12.7 mm diameter'by 271.5. 
: tnm .lon~ .. : · · · · · · .... .. · · · : .... : • · · .. · · .. · · · · .. · · · · · ·' · · 

.... 

lllustmtlons of the capsules ~)SllQwn on attached Drawing Nos, C·l6l, Type 8 (Rev, 0) and c.:.1000,:': . , · .. · (Rev:·o): · · · · · · · · ·· ·· · · · ·· · · · · · 

·· TheC-161 Type.B~is authorized to:<xJniahinotmore thari 80~'(2160 Ci) of ~u#t:-i~7).n 102.g . 

't:: 

. . • :of ~um chloride. : The. C-1000 .capsule ls authorized ·"ta c;onta.irt · not more than 26~6 TBq (720 Ci) of .. · .. : 
cesium-~37 in 34g of cesi~ ~hiorl~e. : . : · : ·.: : · : : : : : . ; : .. 

. ;Page 1 of/de 2 
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July2019 
. : P~ge 83 of 126 



JNiTR 191a F431 :(o):\ 

DEC 1s··:01: 11,40 FR ..!N~·1w1"-··-=E;:;;N:.;::.G:..,;.:.:;:A;.;:N.:;;D...;;,C,;;:;.O.,M_M ____ s..,1.·3 ..... :s_s_2....,s_7_7 .. s_T_o_· .. s.s.1·_s_s_3_4 _____ .p_~_:0 __ ·2 ... ·)_.0 ... 4_ 

..... CDN/0011/S; ~:V· 4) ·Canad~ 

. E.XPm" DATE 
This certiiicate, ~4~s June 30, 2003::: · . . . . 

. . . " .. ·:::: ·: 

Gk·:· .. ·::::.·: ' ' . . ' . . . 
. , ... 
,. ' ' ' 

.·,""·!.:~ 
: . · R. Thomas . 
·· Director .. ... · · 

¥ate.rial~ .:8.eguhltio~ Division. 

REFERENCE 

. "'· · : \ Iritemational Atomic' ietiY. Agem;y Saftfy:~ :No. 6, Reguta:tfu.iiii to/ihe Sate·'.l'~~ ~f : . 
~oacttve:Materials, 1973 Re'!,iseq Edition (as amended).:: · · 

NOTE$ .. 

!. Revision o: r~y s, 1990. Original certlficate. 
· .. 2. Revi$.n :fr June 4, 1991. C-10()() _capsule added. . . . . . 'i-... . . . . . . . . . . . 

· ;:i. . ~ri 2: November 20, 1991. Capsule Desci'jpti(ln and Authorl.zed Contents revised. 
4 •. · ~~on :3: Aprit'..i?8, 1995 •. Certificate renew1:xL: . . ·; : : . · 
5. >:;Revisi~4: June25, i999. ~~~wed. · 
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. F-43l Transport Paclcat;fe •saf~.ty Ai:ial,y~is 1R~port. 
. . . . . . 

. APPENOIX 4.4.4: 
· · • · c.;3000 Special Form Certificate•. 

oE:c 19')31 11:41 FR Nil E}IG'AND COMM 

. ·1· · ... · .. I: · · · · <;anadi~n. N~ciear • ·c~mmi!lsio_n. ca~adi~no.e · · 
. . : : Safet:Y, C.~mmission de siirele n:u.t::1.eaire 

SPECIAL FORM RADIOACTIVE MATE~AL CERTIFICATE NO. CDN/~012lS..SS, (RE~. df; ! : . 
' . . . . ' . . . . . . 

· · 30-A2:-22s-o •. No.vember 9, 2000 

.. ... . ' . 
The C:µt!idian Nuciear; Safety _Co~siion hereby certifies that th~ ~apsule, as described bclri~~ has been 
deinonsttated to meet the regwatOI)' tequirements prescribed fur special form radic;,actjve material as de~ed . 
iii: the· C~an. Packaging : ioiiJ Transport. of Nuclei:lr. Subscan.ces. Regiilaiiorisl11 . . and . in the· IAEA . 
Regulatlons12

li ~bje~i: to tlie fullowin& ~mitatfons, terms and conditions. 

·. CAP~ULE IDENTIEJCATlON 
... ' 

MDS Norilfo~ _Inc. C~3000 Capsule•· 
..... ' 

· · c~µi,.E DE.SCRIPTION_ 

The C-3000 Capsule, iis !ilio*11·on MDS. Norclion rita~g .No. Q 12oi~1-104 (kss~~ ~), i11 II: cylindrl~aL . 
welded, 3i6~ staµiless steel, double-w~le'1 capsule. The dimension_s of the capsule are 17.5\mrit diameter 

· • ... by 27 l.5 mm long, ~e approximate total mass is 280 8: 

• • ~ illustration of the clipsuie i~. shown on attach~ P.ia~~g No. C-3000, :(Rey, C,).. ; • 

AUTffOJµZ~p::JM:DIQACTJVE·cONTENTs 

The C-3000 capsule is ~utl)o~~ to contain not :qior~ ~ 56 TBq (1500 C)) ~f ~i~-137 in 74 g cif cesiUl'II · 
. ~iilonde:p!=llets.. .. .. . . .. : . 

.. . 
QllALIT\' A'SSURANCE ... '' .... 

· · The ~iuility Assumic~·Pro~for the C-3000 soutce:a~s~bly design ~h~U. b~.~ .accordance w1th MOS. ·. • 
. . N~t<iiori;s: Docu:n:i.ent No; QSF b(f (8)131 ''Industrial Imidfatfon Quality Manual'' whii::h meets the applicable:· ·: 

requirements of Paragraph 209 ofthe J.AEA.:Regulationslll. u~ iind:~onsignors of these S0'!,11'C~ shall satisfy . 
the transport. and m-~sit storage : quality. assurance requfremeilts of Paragraph +09 of the IAEA 
Regulations121• · . . · · · • 

·:.· .. Page i of/i:ie 2 ·· 

Canad'a 

.. 
. .. . ,. ' 
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DEG 19 •:0 r 11 : 41 FR NI I. E:N(;i, AND COMM : . . .s:1 ::r 592 8778 TO 59;16934 

CDN/OOlil~S~:(REV. 2) 

EXPIRY DATE::. . 

• • Tliis:certificate expires Noteuib~ 30, 2004. 

REFERENCES-

)>age 2 of/de 2 · 

. :;: >:qif-L:·. 
· ·p_:Eyre. . . :· · 

Designated officer pursuant to 
subsection 31(2)(a) of the 
Nuciear Safety and Controi :kt: 

: .. [I]' . . . : Canadi~ P.ackWng and Tomsport ofNuclear :Substances Regulations, SORJ2000-208, ·31 Mily 2~00 .. 
. . t:ii . . futemational .Atoiriic Enci'gy Agency Safety 'Sciies No .. 6, _Regu]atioris foflhe Safe Transpoti: t:i 

Radioacti~e~aterial, 1985 :Ed~tion(As Amended 1990)~•: : 

July201.9 

1'l . :br subsequent approv~d:revision. 

NOTES-• 

. 1, :Re0.si~n 0: ri~~ber) ~- t 991. Original ceriificate: . 
i:: Revision 1: Noveniber:22; 1996. Certificate renewed. . 
i. itevi~ioii 2: · 1'!'overnber ii. 2o'i:lo. :cert.µicate rerieweii.· · 
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APPENDIX 4.4.6: 
. : : 150 .. 1000. Speci~I Form Certificate 

£:i3 592 9778 Tb 5B_:.!_§S;f3.1 

: •DQ Seve/1111 Sll'UI, S.w; · 
: . DBA c::.a.T.IFicus:ClF:~ ~- ::_ "'atl\lllgl<>"'1>.c. :oeeo . 
. . . . . : SPRdUi !'O'Rl!.JW>±OM:'l'IVB IIID1til,LS .. 

CBmY.ICM:'a :ll1Jlldlt USA/01,2/~# · }!:!M:Sl:Oll' 4 

· ~his certifilfll.l that: the sou.z::ce deseribed : has been d!micnsti'~ted to -t : . the 
i-e~l.at~ requ.irements fo:r: special; fci,;:!(l'i;:aciloacti'le !Btiµ-.pQ .• a~_~:i::eseribed in.t~e:. 
:cer;ule~ons of the Intmatio~l., 7:"tomic Enei:Sl' ·Men,;:l" .. A~ct the United stat_e~ of 
-~a: :for the uanspcrt: :of::i::acli.oai:t:i.ve mat.erial.s •. · ·· 

:· .. '. 

. . . 

1. Scnu:ce :rueiitj.fiaaj;ion • Isoi!iedJ;:.it. ~~d~l ISo-1000 ~11fll'?t~~ prior to 
.Jwie. 3o,.·u.ll8. ·: . ··· 

.•. 2 ~: : ' 5~~ Jleac:r:iption .;. : As; ~own iii the at'ta~l'!ed ~atWIIJ, t:he ~du:z;i;:~ : is . a 
welded. c!Qllble . imcaj;isulati~ _cq~r.ucted: of •Type 304L stainless steel.. 
OUte1::.aJMn$.i,ons /;\re 1.263: 0111 (6.497") in diameter:. 'arid 27.127 cm· 
( 10 .• 68."F~:1,~9th. . . . . .. . .. 

3 •. Radioactive Content.s:.-:Ni;,t ma:te than 2~.64 'J:l!q.(:720 Ci) of Cesimn.:.1:t1.as 
.. qi¥J~um chloride po~~r;: .P~r capsale. •. : : : : : ·:: : · : ; : : : 

4. Expiration Date - This certific~te. expires July 3~~ ~!I.D;,.:. 

.. 

'this.:· c~ficate is i~s~d ··iii accordancs:. wi.tb.: · piu:ag,::apb 803 . o:I:.. J::hfai · :ob:A 
·Re911la.tions and Section 173:..47'6 of Titie 49 o; t.lia. code of F~al. Regulations, ill responee .tci the ·petition aud . iilfo;rm.a~ · ~ted "..1'il.M ·g, 1998, submitted: ·J:iy MPS 
Mor~n, ltana.ta,· : l):n.1:ario, ClilJ!.il~, . ..na :i.11 c;,011eide:X'a.t:icn of ot.he>:: info:mat.iQn on . 

· '.file ill this ~f:Lci':-, . : : ... 

JUL to 1998 

l "Saiet.y Series ·No. G, Regul.a.tions '.fc,,:: the Safe :Traiisport:.; of Dad.io11ct.i,v~ 
satei:ials; 1973 Rav.ised . BdJ.t:icn, a111 .amended;•· : . plll>U.s:n.ed by the tlit:fl!;r11.~t:i.otw.l 
.Atolnic ~~ A9ency (IAEA), v~a, AustJ:ia;· ... . .. · · 

2 Title As, .. code -~f Fede1:al. ~gu~tj.o~a, Parts 100 .. · 199; .. iin.i.ted stat.eii of 
· . .l!.me:rica. · · · 

... 
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. APPENDIX 4.4.7: 
C-378:Sealed SpurcEf Chts$ific~t.iC?n D:esignation and Perform~oce. Certificate: . 

. SEALED SOURCE . . . ' . 
.. :G~$SlFICATl0N:P~$IGNATION ANO PE;RFORMANCS:· 

· : · Sealed.sources·are cfassified:in accord with standards es.tablishe.d t,y. · 
THE AMERICAN NATIONAL ST ANOARDS INSTITUTE (ANSI) and · 

THE:INTERNATIONAL ORGANIZATION FOR STANDARDiZATION (!$9) 

:·:: GEATIFlCATENO:: 103A DATE: 02-09-04: : : :: 
.CAPSUlEMODEL: C-378 Sealed.source assembly : .CONTENTS: Cesium-137: 

DRAWING. =~1?09~(,)H40: · 

. CAPSULE MATERIAL:.: 316L Stainless Steel. . OVERALL DIAMETER::0.632" 

· 1;:NcAP!;!UL,Aiior,f Tnp1a• ·: oveR~L.t., LENGTH: 10.993" 

ANSI CLASSU:IC.ATIQN AND PERFORMANCE SXANDARDi1i : : .. ANSI 97E64334(5} 
.. 

H30/99/E64334(5) 

CLASSIFIED PERFORMANCE STANOAR0<2J 

TEST CLASS 
.. 

: METHOD REMARKS· ... 

TEMPERATUl:IE . 6 
.. . TEST. PA~~ 

EXTERNAL· . 4:•:: .. .. TEST•· • .. . PASS .. 
PRESSURE 
'[!\IIPACT 3 · .. TEST PASS 

VIB~ATl()N . :.3' TEST•· PASS 

PUNCTURE : 4 iES'i: ·PASS 

l;!E;ll!DING TEST 5 TEST PASS 

· : (1) See definition on reverse side 
(2) See Table 1. Periomiarice Standards on reverse side 
(3) Th.is certiiicate was revised to refied ~ typographical eharige ~n the impact workshe~I :C ~Q g ~as changed Id 20!).9 i~: : 

_ the Test paragraph), . .. . . . . . .. . . . .. . : . ' .. ' ..... 

··COMMENTS!• Capsule:integrity evaluated by: Helium leak test (ANSI/HPS :N43.6 - 1997; Annex•.( paragraph 
· · · · · · A2.2.5 or A?,2.6) · · · .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

"I., 

.. '" '. .. ,, ' ' ,, '. 
. It is hereby certified that 1he described sealed· source ineetii the requirements and c:lassiffcatlon specified iri American . 

National Standard :N43.6-1997 "Sealed Aadioactlve sources, Classification~ :and in International Standard, ISO 2919-
: 1_999(E), "Radiation P.roiection .- S.ealed Aadioisotope Sources-:- General Requirements l':llld Classilicatlo1i · .. 

. : . , .... ~ :: . : .. .' -~ . . . ~· . . 

:. Test!!!dby. ~.... . .... · .. 

TIiie 

Date. : 

. Materials Technologist: 

f ¥ 6}aot)., 

·.AiJproilect BJ:,-~~·:~~. 
Title • Manager; Package Engineering. : · · 

Date. C~,s·;.-:f+:t>~-. 
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REFERENCES 
.11lDEFINITION • CLASSIFICATION DESIGNATIONi: 
:The classifi~alion of a sealed source ·stiatl be designated by ihe c;p:<:Je\~Ns) followed by ,wo\ligits:io indicate lhe year of approvai of ttie: 
American .National Standard. used io deierriiin_e me classification.followed by .3 le!le~ af!d five digits .. : ·. · . . . . : . · ·. ·. : : ·.: 

The leller shall:be e:ilhe:r:a·~ or an E. The Jetter c,;:qiltiignaies that the contained aclMty does nol exceed lhe maximum levels 
estabUmie_d by ·ANSI; : The letter .E designates that the :contal~!;l.d ac;tivlt;, e)!ceects·1na•maiamum 1iwe1.s e~tal:>lished b'y ANSI.. . . . 

~~ rrii<;figlt shall be the class nuroliet ~lc;h describes the ~erforina~cit standards for temjlera~ie:: . 

The second diQii'shall be the class number which describes the perlormancit slarida(dS:1-0r external pressu~~

.The t~ir_d digit shali bl'! the clas.s nui:nb!!lr which. desciiioes t~e f erlormance .&1iindaids :~r iri,~.aol. .. 

The. fourth. digit shall be the class number which describes the perfoimance standards for vibration. : 
,, -.. . . .. ' ... ·:::. ·: :· .. ·::: :.·: :· .·::: 

The filth digit shall tie ttie class number which d~c!i!J~s tfy,i performance sl~d~ds fc>r puncture • 

. : 121.TABLE.1-.PERFORlillANbESTANDARDS: 

Temperature . 

Eitternal 
Pressure 

2 
. . -40•c 120 min) 

: ·+ao0c (till . · 
' ... 

.. :: 3. 
:.iwc 120:m1n1 

. +180°0 (1h): .. 

25 kNlm2 abs. 21;. ~Nlm2abs. 
.. (3.6 lbfiin') to 2 MNJm2 

!t? al!'10,P'1ere · · · (200 !bfiln2i 
abs. 

.Cl:.ASS 

4 :· .. · 5 
.4o•c (20:min) · . · ,40.·c 120 mini 
+4006c-(111} and ..ooo0c (th) w,d. 

. thermal shock themia( sh~k · 
: 400•:c 10 2o•c soo0c to 2.<J°c : 

25kN!rrf~s .. 
to 7 MN/lri · 
<101s1b1nrh 
abs. 

25 kNlm2 abs. 
lil70-MN/m2 

(10153 lbflin2
) 

abs. . 

.4o·c·120 mln) : 
+aoo0c 11 hl and 
thermal sho~ 
sorf'c1o20 c 
25 kN/m2 abs.: · 
to 17P. MN/i:r.2 : : 
.(24 B56 lbfl!n2)· 

!!OS. 

X 
· Special Test 

Special Test 

l_ml)aCi. ·· No Test : 50 g(LSoz).:: 200 g (7 ~) : 
from 1 m (3.28 . . from J.ril. ·. 
It) 

2 kg (4i1 lb) 
from1m :· 

5 kg (11 lbl liom : 20 kg lt411JJ . Special Tesf 
)m from .1 m 

. Vibration No Te.sf· 

· Puncture · Ni>'Tesf 

· · alld rreo drop ten. · · · 
:times·toasteel · 
: SU1face from r.s 
:!11(41921!) 

30 min 25 to 500 
Hlat5gpeak · 
. amp. 

: 1 g (15.4 .WI . 
:llllfTl .t m:(3.28 
·m :.. .. 

30.mlii 25·io so 
Hz at 5 g peak 

-amp. and 50 10 . 
90 Hz at O. 635 
mm amp. peak 
lo peak and 90 
16500 H~ a.I 
10.9 .. 
·10 g (154 gr}· 
from 1 m 

90 min 2510 80. 
Hzal1.5mm: :. 
.amp. pealdo · · 
peal< and 80 lo 
20C-O Hz. at 20g 

.. ... 

50 g (1.1e·ozr 
fro(!) t:m 

Not Used 
" 

.. .. 
:iO<l 9.(10.e oz) 
from 1 m 

". 

.. .. 

Not used .. .. 

.. 

.. 
.. 

1 kg (2.2 lb} 
:irorn 1 m 

.. .. 
.. 

Special Test 

Sp~cial Test: . 

.. " 
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. . . . . . . . . . APPENDIX 4.4.8: . . . . . . . . . 
C4000 :Se.cded. SQurce: Cla$Sification .Designatior:w and. Performance Certificate .. 

.. ,. . . . .. .. . " 

CERTl'FIGATE.. 

. ·, ... 
:· I; 

CERTIFICATI: NO: 70 April lO,: · l.9.91:: 

. : . CAPSULE MODEL: . . ClOOO CONTE~TS:· .cs Cl pres11ed pe:i.ie.~s. •• 
·· .:: : :·QRWG.NO: Gl2020l-l02 

Juty201:9 

CAPSUl,E ~.JTERIAL:. 316L ~tll:l.nless Steel 

E~CAP$UL:A'rlON: Double 

. :OVERALL DIAMETER:: 0;5'':. : . 

· · OVERALL LENGTii: . 10. '6!:1011 . 

.. ''' 

: : ANS1.~ss1F1~AT10N ANDPERl=QRlll!A~cE.STANDARD <11 ... . 1 ANSrn E65546 .. 

CLASSIFIED .PERFORMANCE SYANDARD.m .. : . 
TEST : CLASS 

6 .. ::Test 
EXTERNAL' : . . . . ... 

5 
. 

. · : . PRESSURE Test·· 

·::: :.i~A~. 

viaR~TI()~ . : 
: PUNCTURE : 

5 · ·. Tf!St 

4 : : . : 'Test 

(1 l See d:l!inilian cin !8'111188 sld& . 

·· ::Pass 

Pas!> . 

·. Pass . 

·:. ::Pass 

Pas~ 

(Z) a Table 1.:Pmformence Standard! 01'1 reveillil:aid!I. : . 
(3)~:~tlo.llilSlalldardNM2•19771sallllllllc!lolANSIN5.1C)•11M!B ... · · 

. : : . REMARKS 

... COMMENTS: ] : . 
: . f: All capsules w.e;:~ ,1iite8r1ty testei;( <~:Ji~: :ieak test> £~1ii:)wing each 1nd1viduar 

performanc:e .. test. No lii,akage ~ccurred in any. capsule·, : . .. : ... < 
: .:' :.· - :· .: .. :. :· .: .. ;.· :· :::·::· .. 

7:h!!: cap~ule :bas also passed :cias:s .6 of the ANSI: ~433;1~1977. Spec.:ia1· Billrttl · te.st · 
: £.or Category 1. d~y 9.torage g4111ma irradiators. 

·l 

: : : It is h8reby~rt/fiedlh~t thed~~ibedsttsled~u~ ~~ the speci({Bdstanda~ ~~~fl.~ fn ~Ame~ : .. 
NatiOnal $af'/t:!arp N542, 1977-Sealed Radioactive Sources. Classification': This standard. compo,~ wilh the 
c_fassificationandf)elforrr,am;s.,lfq!Jtrements·otJS029.19"tSBO(EJ.:: : · · · . : : : : : ·· ·· · 212!: .. . ,: · 

Testedbr.: .J~ .. Culbertson thorizs~ G .A~:. Bul'bidge ~ : 
. TJtie . . . . Sr. :Met; Tee.tin Manager §~ks:~e Eng. 

:.Date : ~i:j<>i\::tl. . _//04/fo 

,......_NORD/ON. 
'1, :tii#INTERNA710NALWC . .. . . . . . . ' . 
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REFEREN~E!; , .. 

. • (I) ~Ef'INITION • CLASSlflC4'.ri0.N DESIGNATION:: 

The 61~sslfu:ation of Iii sealed aOlllee shall bl c:lellignetsd by Ole code ANSI lollowvd tiy \¥/0 dlgilll to indicate lhii· year of approval of fie 
American National Standa111 used 10 del&nnlf!& "1!1 c:-.ilil:aticn lollowed llj, ii fililer and live digits. . . : ;: . : . :: . 

The ~wir ~ale' be elihor a Coran e. The ~ftllr C design$11 lliat i\l! C!lritalnlld. ~ity does na! eicceed Ille maximum levels 
established by ANSI. T;lle IIJ!IDr ii::d!isi;na1113 ht the canlllintc! activilp eXQIIIJda the maximum fe1!~11i 9j;labll~d by ANSI. 

: : . nie lirlll digit shaR b& 1110 elw riumlilirlMllch.deccribei 1118 pe~ ·etanc1atd& forlempllrall~. . . 

The ~'1!1 ~~ ~~I be "Ille cful nun1'ier wlll~ ~lies the ptrlorman~sla~ .~:eXlemal lffl!Qllra. : : 

'.nil! third digit shil lie the clasuum~er iimicli desaibea 1118 pe~ staniliuds for Impact; 

; : The fo\lrlh digit sh~I be 11111.da!S number which del!C!ibes l!'Ml ~rlo/inah<;e Standards !or vibration; : . 

: ·~fifth digit shal be !he et~ n~~~~ich ~«. !lie perfli~ ~dalds for punc~. · · . 

·12>TABL~1 ~:eekFoRMANCEST~DA~o~;'.•; ·· · · 

:1 ... 2 4 :. . :5 6 : .... : ; X 

Temper11u,:e . : •No t1111.f : -40'C (20 min) · :;.jo•c'(20 htin) :4P'C (20 min) . -4D'0 (20 min) . -40'0 {20 mini : •si,iieiai 
+400'C·(1h)aml ..eoo·c (1h) and :~oo·o (111) and Tesf . 

... 
111'1pae1 

Vlbhllfon 

. Puncl.ure . . · 

+80'C0h): +1BO'C(lh): 
'J, • . !henna! shock lhermal shock··· · :llie!J!181 shock 

: ~·c; to:ao·c soo·c to:ao:cf: · :eoo·c to 20·c 

No test 2kg (4.4 lbj 
lrllm1m · 

. s lqi (i1fbJ 
> from 1.m 

.NoTesi 30mln25l0SOO 30'mln·2!il050 SIOmln251o.80: NotUsed 
. HzlllSgpeak: .Hiatogpeak Hut!.Smm 

·amp; · amµ.andliOto .•.. Jit!a!IID 
DOHUI0.63$ peakandBOto 
mm amp. peak to 2000Hzat 20g 
peak and ao to · .. · · · · 
~Hzat10g 

. NoT811r . 1 g{1UQl').miin 'fog(1S4gr) . 500:(1.~0Z) 
.1~(3~111 · lromtm :· :lrom.1m 

Not Utllid :~ial 
'fest .. 

Spacial .. 
Teat:· 
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APPENDIX 4.4.9: 
C~3000 Sealed SQurce C1aS$ifi.cation .Desig'~ation and .Performance c'ert:ificate 

:.1 

July 2019 

....... 

C.ERTIFICATE 
... . ..... SEAL~Q$QURCE .... . .. 
CLASSIFICATION O.E:SIGNATION.:AND PERFO.RMANCE 

Sealed sources are classified in.accord with standards established by·• 
: .THE AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) and 

THE INTERNATIONAL ORGANIZATION FOR STANDARDIZATION {ISO) 

CERTifil¢Al'.E Nd: 74 DATE::. Novemb~r :i2;:i99f 
:cAPSULEMODEL: ~:-:-3.ooo: CONTENTS: Cs :c1 i>iessed pelle~.s 

. : DRWG. NO: . :0120201-104 

CAPSULE MATERIAL: 316L Stainless Steel • OYERA.lL'CIAMETER: 0.687":: 

· ·ENC~PSULATIONi Dou.bl!;!· :OVERAlliL.ENGTH.: ·10. 690" 

Cl-ASSIFIEO PERFORMA~CE ·STANli~RD. (2). 

·.: .• :.:TEST 

TEMPERATURE 
EXTERNAL·· 

· · : PRESSURE 

··.::IMPACT .. 

VIBAATIC?N: . 

· CLASS:: 

6 

'5 . 

4 

METHOD:.• 

Comparis~n .. : 

· Comparison 

: :Comparison 

.. . 
:. REMARKS· 

9.<?mp11r~d with G-1000 : . : 

Compar~d with c..:.ropo 

.¢o!11p~red with c-1000.: : 

.: 6: ... Comparis~n : . Compared wit:h :C.;,~000 . .. 

( 1) See defin~ion<>ri reverse side .. . .. . . 
(2) See Table 1; Performance Standards on reverse side .. 

. . (3) Am&!ican National Standard ~542-19n is a revision ot ANSI .N5, 10:1968 . " · 

.. COMMENTS: 

l 

. . ' 
: :The. C-3000 capsule :fras .been compared to :the ·c.:.1000 capsule (ANSi Ce::tificate ~o.70);: : 

By colliparis·o~.to C-1000, th.e G::3.000: capsule also' ~e~ts;Class 6 of tile M.,Sl : 
N433. l.,-1917: Special Bend Te.st::t:o:t Category 1 Dry Stota,ge Gm:una Irraqia~.<;r~s .• : 

... '' 

. it °;s h~reby certified ih~t th~ deicribe~ seaied·~ourc~ ~ts· th~ ~peclfi.ed standard ~s p~~;.;ribed iri <3J Americ~n 
National Standard N542-t977 "Sealed Radioactive Sources. Classification·. This standard complies:wlth the 

.. ctassif,cation ancfperlormance requirements o(ISO 29.19•.1980(E). : : . . . . .. . : : ~: : · : . ~ /! : 
TestecibJI. :· i Culbertsonr"'(:7 :: .: Authorized G.A:,. Burbidge ~Q ::. : 

. . . . . . . \.-':-" . . . . . . . . 
Title Sr. MeL ·Te.ch:. . . \ .) : Titie ·:: Manager, Packase.Erig. 

· :Oale Nov. 22. 199r :. .Date : : ··-· .::,;;NO:a.,:Vc,a._2:..;2:..,_""19""'9'-'l._ ____ _ 

.. . 

.. ~.-.·NORD/ON .... 
. '1, ,....,,INTERNA TIONAL./NC. . . . . . . . 
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/ .. : . \ 

REFERENCES 

... ~~)DEFINITION• CUS$~~A,:10N DESIGNAT!ONi: : . 

'The classiffcation of a sooled sourco:shal) _be d\lslg~ted by the codG A~SI loPow~d by' two digits to indicat~ the year:.;, approval ol 1he 
Aroe~ao Natio,ial Standard used IO J~l&rmina lbe:classlficatlon followed II)': a .~r:and five digits. . . : • : : : : . : . : 

... :111e !elte; llhaH b.e eiliier'a C cranE. The letter C des111ria1es lhallhS c:ontait\9d acdvily doa~ noi ~~c:eed Iha ma~imum levels .. 
. . astablishod by ANSL ~:11111.er E,(/Higi,ates that lhe ecinti!i~~ ilclivjly exceeds Iha m.bimum lilVelS 8$lablished by ANSI. : . 

. The lirstdgit shall b~ llie i:ia~ :riuint,er whk:h descti~ tlie lienormanca standards far teniperaiure .. 
The s~fl4 ~~11: shall be !he class n~inbor whl~ ~cribas lhe perlllrmi!nee sian~: for axtamal pressute. 

. · . · Th~ ih~idi~f shilllbe thecla.ss numb~r\ilhi~ ~~sdibes the pertcnmm~ s~~ ~; impact: · · · 

: . '. . : The hlurth digit s~i be lhe d~sti number which dascriiias the ·p~rlor~co standards tor ~i1:1ra1!q~ : : 
' ' . ' . ,- . ' ' . . ' . ' ~ . : ' ' . . . . . 

. . . Tiu, filtlr d~II shall be !tie class numb.er wh1oll°~'!~ri~es Ille performance staridaitj~ '!\>r puncture. 
,_ ' • < ,, •••• 

<2> TABLe:1 :• PERFORMANCE STA~b.Atio$: . ,, . ' . 

... . 

··:.TEST . :QLA~ 
.. : 1 2:. 3 4 ::: : . 5 :e .:·· X 

'. 

.-40-C (20 min)' · ...io·c (20 min) 

.~91C:{1h) +180'0 (th) 
. . ..io·.c (20mlri{ . 0:.-.io·c (20 min). ;40'C t2o'min) ... : Special 
:+400'C(th)and -t600:C(1h)and :f800'C(1h)and Test 

External 
. Pr~ssure 

. . . :No Test 

Impact : . . : , . :No:Test 
·•J 

T 

Vlbralloit . . .N9 T~ 

· · i>uricluru No Test 

:ttmrmal shock lhemlal shock : : thermal shock 
:4oo·c to ?.O'.C . .so;rc:to i!l>'C • · llao·c 10.20:c . 

: · 25 kNlm2 abs. 25 kNm-12 ah!i : . 
lo 10 MN/m2 · JO 110 'ti.tN!nl .. 
(10 153 tl!lln2): : (24 858 lbrtin2) 
abs. · · · : : ?!>s, 

· Special 
· Test 

S0g(1.8oz) : ·2!JP9(7oz} 2 kg (4,4 lb) : · 
fiom1m ·· 

5kg (11 lb) 
llomlm 

20 kg (44 lb) : • . Special 
from 1 m (3.2811.) .from 1 m 

· and frlle drop ten · ·· · · 
times to· a sll!el 

.:~f/llm 
·: 1:sm(4.9211) 

from:, _m::. : : Test 

30 min 25 ~ &» 3Qmin 25 Ill SO 90 min 25 IO SO : Not Used NotUS!id: . :spoc1a1 
· rest . Hzat.5g.peak· H.zat5gpeak. Hza11.smm·· 

. amp. : . · amp. and50 Ill i!lllP, pall to 
90 Hz al0.635:. peak and so 10 
mm amp:peak IC 2000 Hz at 20g 
ri~.arid 90 tD : · ·: 
·600 Hz_at10g 

i g (15.4~r} from 10 g (154;grl .. !iO g (1.76 oz) 
:fm.(3.2.Q h) from 1 m· · · :rrom.1 m 

30Q g;( 1o.6. oz): · :t kg (2.2 lb) 
frcm1m ::. :. from 1m 

... 
. .. ''' 

.. :.· : '·.: . N. : Al.~1nl"i1.c· IA# : •.•.. ·· · .· :. ::. : · · · · ·. . .. •: m 'NA.n . . ~J!Jc.Y · :.· : < .: .. 
: 447 March Rlllld, P.O. BoKl35iJD. Kanala. Qllluio, Can.ttla KRK 1x_s 1'.~f.: (61:JJ 692-2790 T*.f:llJ53) 41.6!! Fax: (613) 692-6937 · · . 
· '447 chemill March. CP •. I 3/ioo; ~ Ontario. Canada Ktl<: 1XB TtH.,· {613) 692-2790 Tell1x: (1)63) 4162 Fax: (613) 692,6937 · .. · 
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APPENOIX 4A.12: 
... Registry of Radioactive Sealed Sour:ces and ·Devices, Safety. Evaluaticm of Sealed 

· · · Source,:c~rtific:ate No. NR-()BfJQ.;S-804-S · · · · 

July2019 

REGISTRY : OE'.: RA.J)IOACTIVE SEALi;;:p Jlql;JRCES AND DEVIGES . 
. SAFETY : EVALU:~~ION. 'OF . •SEALED . S.Ot1RCE . 

·Wl.,,;.:. .. NR.: o8eo:.:s-.8o4-s 

$Bl\I,EP :S<U:iB.CB ·i;rvpE· Irradiator Source 

· · · · · · · . ~-. ·: RAi-iCo:•So-.oRNL . 

DISTRIBUTQR;: 

MANUFACTURER; 

. IS6Tot>E;; · 

Cesium-137·•· 

LEAK TEST . : EBBOJIENCY: 

· · · : .Isomedix Inc• • 
. . : •(:formE!rl.y ~adiatieirt · M!iC.hin~ry 

Gorp,) 
ll ~poll9 prive 
Whippan:j,; 'N.J: · 07~81. 

.. : O~k Ridge N,at:l,pna;l Lab 
. J? .• Q. Box 200:8 

. Oak. ·Ridge, · TN 37831. · 
. . . . 

···. 4.20 Ci. ~15 •. 5 TBg:)' 

::. : 6 months 

PRINCIPAL USEi · · · (J) Gaml$ Ir:tadiator, Cat~gory, I· 

· . CUSTOM: m:y:rcE; YES: NO 
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.. . . 

. REGISTRY. OF ·RADIOACTiVE:·SEALED. sotJRcE:S :iNn. DEVrcEs · 
SAFETY(: EyALUATION OF: :S$:LED SOURCE:· 

.. '. 
~:_:May ll, 1995: :: PAGE 2 Pf_:5; 

The• :RAMaO-:SQ--:ORNL: s't,~tc::~ is designed: •frir: use. primarily• iii self."'.' : 
··contained Gammator irradiators llianufa.ctUl':ed and :distributed by: : 

Isomedix,' Inc. (formerly .Radiation Machinery· ;Cc:>:rp.). The •so.~c::e 
were pr~uced'in -three variations. 

' ..... 
In all•·daSles., the·•cesium:..1:37 material• of•the .source ·consists.o.f. 
pellets of ces-i:wn chloride which. are placed between spacer.s into .. 
the inner c:apsu1e tut>e of>tii~ c1oub1e wan •eri~i>s~iation. •~ti~.:•.: 
:i,nner _c;apsule is 11'!ade_p:f type Jl6L sta:inless steel tubing 0.450" 
(l.:J;4 c~) diameter with 0.020 11 co:·os1 em) walls. •This :is plugged 
cih both·•ends. and. placed'inside .the o'uter·•capsule, which··is .made .. 

. ·Of type 3•16L s_tainless stee~ tutiing 1/2" (L27( em) diameter _wi~' 
•:0.020 11 (0!051~~) walls. ~o~·:~e inner a?lp. oµt~r capsules J!l:+~·:.: 
plugged.aµd sealed by.~e'.l.ding. 

. Fozi th.e firs.t d.es'igrt:j :the activ.e. lengt.h ~f .the capsule is 3 .• 2.". 
ca.1 cm) and the overall length of th• cai:,s~le is 4.5" c1L4 cm). 

: : : :The cesium dens_ity in the !i!o~r;c_~:Pellets is. ~ .• ;J .. gm/cc co.20~: ·· 
· lbm/f~3

), and the: lineal<activity :a:lollg :tJ:ie 3. 2-inch a.tj:iye 
ler\gtb. ·is approxiiaately 120 Ci/ inch: :ci•. 75 TBq/cm) using ·4 
.pellets~· The. nominal source strength ls :3ao ci (14 TBQ) ·:±5.t,. or 

: · ·a maximum o_f 399 curies ( ~4 ~.s :TBq) • · • · · · · · 

':rn th'4!! .. s~cond design, :,:.tie dimensions ·rell:lainecf unchanged, .but the 
total•11'ominal source .strength was:lncreased to 400ctities (14.B 
.TBg)'~: ·.·: ............ ::. ·: ..... · ·: · ·::.: ·:. . .... ·: .. ·::: ·.· ....... . 

. The third:;d~~ig~: of this ~O\ll'.C:&:.•is similar: i;C!: ~n,~ second ~CQ~:!;i_O 
~ode:l·,. _e;x:cept that: the.. active length" is .increased :to· 4 inches 
r10:.2:cm) from the original 3.2 inches: (8.1 cm) length~ .rrhe 
.curie : content. remained •the same. . The cesium .. density•: in ·the 
source pe:l.l~ts was decreased t:rom 3.3 to ~-!.? -~/cc (from o:.2Q6 ::to· 
0.162 lbm/tt{):i c1,nd the lin•a:1:a.e:tivity aloni;t• the: 4-inch length·:•: 
was decreased from approximately 12o·to.100 Ci/inch {fr()Di l.75 to 
1•;4.6'TBq/cm) by usirig :5·.pellets instead of 4 pellets~:· :This 

. . .increased the overall •iength' of. the source . ( including: its ,doub,:i.e. 
. . •: encapsulat.ie>n) from the odgin:~f · 4. 5 inches ( l~. 4 cm) to ~. 375 · 
· · • · : :inches ( 1~ • ? : diQh The outer: dlameter remained ·unchanged at O. 5' · 

iJ1c~. (1-27 cm). · · · ·· · · · 
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. · REGISTRY .oF RADIOACTIVE ·sEALED · soURcEs AND DEVICES 
' . SAl'~ EVALUATION' O.F. s:EALEo SOURCE 

•• •. • . :. m2.....i. mt~OSfHhS,-804-S 

LABEI,ING; 

. Isomedix reports there were· no labefs• <:>n . these sources. .However, . 

. the sources.:were shipped with devices, and the devices wer~ ... ' ' 
:: labeled.· .. -- · · · 

. PX&GJWJ;. 

·: See attacrunerit.l. 

coNtltTJQNS OF ·HORMAXi USE; · 

.. These seal~d \t;ources a.re designed for use in Isomedix Inc. 
Galli.ma.tor irradia1:ors .• under labora~ory conditions with ambient 
tenii>~ratures and· n~n.nal:: atmospheric p:tEtssure. 

. ' . . . . 

: ' : ':. PROTOTYPE :i.'ESTUIG; 
. . . . . . .. . . . 
The:liAMco-so-oRNi sources have been in.use since api>ro,cimately .1969. . . .. . ..... . 

• · tXl'.Qlw.a ·· BAPXA'ltoU LEVELS; · · · : · 

The. ·caiculated radi~t:ion levels frtjin: ttli:s 400-cur.te.: •s9u,r:ce of 
. ce·sI~.;;137 are as· tallows: 

·: J)'ist:ance 

5 cm:. 
·30. cm 

·· ~qo: c~ 
52,800 
1,4~7: 
:• 13.2 

DUALITY.· ASSURANCf: ~n•: CONTROL: 

~ 

528 :. 
- 14 .i : · 

1.32 

The· ~iJ.iiu~act~~~ (ORNL) states· that both the inner and cuter . _ 
capsules :ar~ te!!ited for leaks :by (a) a visual inspection :anc;l. (b)
an ethylene'glycol partial vacuum .bubble test. ·'!'he .outer capsule 
of the fabricated source is retested a: •second time ,by::m:ethod (b) : 
after ~e source '.h~s ~1:m subjecte,f t<:i 200°c for one: hour. 
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· . Rim:tsTR:"i OF RADIOACTIVE SEALED SOURCES AND DEVI_CE;S . 
SAF:~Tt EVALUATION:OF::SEA.LED SOURCE 

NR;.,oaso.:..,s ... so4-s . ' ' . ' . - . . -~:. May 11, 1995<.: P..AGE 4 QF::s. · 

..... 
SE.A.LED SOURCE ~YPE;:·:: Irradiator_ .Scn2rce · 

' ldIMlT~TTONs')'.\NDiOR OTHER ci:msl;nERATJONS -OF USE; 

' • :'!'hill! sources may be :distributed.to persons .specitici~lly 
licensed: by the NRC :or an. :Agreement :St~t~:-: ·' I .. 

... 
• ~~~dling, 's1:orag~r, :use, 1.r.insfer, and 'disposal ai:'e •to ·be 

d~termined b)': 'the_· 1.1censing :au~~ori:ty. · · 

• These. sources are r~qqir~d. to be ieak :tested at inte~a;ts: : · 
not :to exceed .'6 montll!l!: ,µsi,ng teehnigQ~S app~oved by t_h~F · • -: 
:l.;.~ensing authority and capal:Jle of detecting o.-oos 

.. •~.icrocuries J 1~_5): Bq) of removab:,l~ . contamination:· : .. 

• This regist.ration stieet
0

anct the infortnati~ri contained within 
the .r~~-e:r.~nces shali ri~t):t• changed wi~c:iu;:.: the writt_etl: : 

· c;u:isent of ~e· n.c. · · · · 
' SAEE'J.?X. ·uu,xs_xs_ SUMMARY;• ' ' 

.. : : The Model_ RA:MCQ..-50-0RNL scnµ::ces. · :are not ~erit; •products 
1n~nufactured by qak· ·R;i,dge National L.ll~~atory for: use. in: Isomedix . 
:In~,· c:l~vices. The J1evic:es in which : they were used wer.~ · . 
disccntinued . and · thif company .no .longer · provides service ·or . 
support to th~se devices.: . : : : . . : : : · . : 

. ~ased, <;>I) review of the .J:itodel RAMCO•SO~ORNL sources~ an<l. -the 
inf:or'.l!Wltion and test·aata cited l:ielcw;. we continue to :conclude 
that •these sources are•·accept~ble'' for •licensing purposes.;' ' 

. . .. . . . ' ,. . . . " .. 

Furthermo~~:~; ~~ :continue ·~c;{:~c;,l)clude that .t;h~~~:•sources w~ui4: tie• 
4ilXP·ec:t;ed to maintain ~~eir containment integrity for normal 
conditions of useaiid the accidenta1·conditions which might occur· 
durTng' · uses. specified in this. certiflcate. . . . . . . . : ·.: • : : . . . 

.. . .. . .... 
... 
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·· .REGISTRY OF RADIOACTIVi::' SEALED SOURCES AND DEVJ;GES 
' sAFE~'i : EVALUATION OF : szju:.ED SOURCE ' 

·::mt....:. NR..;oaso.;.-s~so4-s ~ May 11, 199~ PAGE 5 Of ·s :· . 

.. 
. SEALED SOURCE TyPE: Ir-radiator Sc:iur'c:e• 

: REFERENCE~; · 

The: :following supporting documents for • tile Model RAM~b~S<>-ORNL 
.are hereby incorporated 'by refereri'ce 'and are m?de a part ·o.f this 
'registry do_cument. ' . . . ' ' 

• ISOJ!lecffx. Inc:. letter dated September 22, 1993, ricitirig that 
. : : · the entire irradiator business : was . sold to AECL: :in 1983, and 
··•that .. it ~s .. now· owried:by.N:or.dfon•:rntez:-nati?n?i ··: .... 

• Isoniedi~):n~. letter :d~ted August 13; i9~1,.':requesti~~ •: 
t.e.rmination of the registry for the:Model RAMCO~SO.;.ORNL 

· s.ources • 

• Oak Ri4g~: National Labora•tory letter ;Of: Jtiriei 18, 19Bo: 
enclc;,sing .:t~st procedures:·for their sources•: 

' ' . . 

-~ :i:s6medix Inc~ lette~ dated February 20, 1980, deiscri:bing 
''. sources for their •cievices. ' ... : .. : : : .. 

• Oak ~idg~ National Lab~ratory report·dated ·June 18, 1980; · 
'' describing sc,urt:e. testing proceiiures 

• Ericlosur~.for Radiation Mac~inecycoq,. letter dated ,say 28, 
1968, ciesc:ribing changes in. RAMC0-50..;.0RlU.:sc;jurce design: · 

•. Enclosure for'Radiation.Machiriefy.corp. iette~ iiated 
December 19, :19~7; drawing o~ RM'f<::0'."'.50-0RNL ~OU'.!::Ce .. .. : :.·· . .. .. .. . .. 

ISSUING AGENCY; • . · 

U.S. Nuclear _Regulatory Comm~~si~n· 

• Date: May n.: 1995 Reviewer; 

Date: _May 11. 19~5 :: .~o.ncurrence: 
·:::~·.: 
· · Steven L. Baggett : · 
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. APPENDIX 4:4.13: 
. CNSC Canadian Certificate No;: CON/0035/5~96 (Rev. 0) 

. ' ' "' 

... ' .. .. . . ... ' ' -c·(ir)(!,11:,'$ Nuclc~r lte(t11!ator· · : : : 
. l'o,gaoi!"'te de t.!8te1~~nfa1ii;:r1 : . 

. . . nucl~ire du (bn.~~~ . : : tanaditl!D Cc.rtific.a~e NO'.: CDN/00351S -9Ci .{RM': o) 
Issu~ DAU:: '.No~-19-2014 

. l:.· 

. Eitpiry oiic! Nai<i.J0.-101, . 
· · : • : . C'NSC File: 30~Bs.e1~2: • : 

: Certificate. : · 
· CDNJ003S/ S:~6 <Rev. O> · 

..... Special Form . 

The special form radioactive material identffi~ below is certified hy the Canadiru;i Nµclear Safety 
. . (;_Qmmisrrioo pursumit to paQI~ph 21 (l )(h) of the Nuclear Safety and Control Act and Section 7 of the 
· · : :Packaging and 'f mnspori of Nuclear Subott:mcis Regulations, and t~ Che l996 Editfon (Revi$C!i) ~f the 

IAEA lu!m~lat/(!ns for the Safe 1i'~ns11,ori: of lladioactive Mtiteri,~I: · · · · 

Designer: : : . 
MflkdMoiJcl; · : . : 

Be$! Therntr'ontcs 
C3100 ... :: 

. : ' ' : CAPSI,JLE D,t!SCRIPT(ON 

The C3 IOO ~HPSJilc=, usshown.on Best TherntronicsDrawin~ No. Gt 431.0l-OOJ (Is~~ S), wnsisis oHwo 
.. ~ed stainless steel ~ capw]es further ~S\llat~d in' a stainless steel ~c. • · · 

. : An illuf!tmtion !)f ihc ~a~e hi ~non. ~Umi;h~ Dra~ing l,lo. C]lO() (lssue A). : . 
' . The configirianon of the capsule is as follows: 

· : Shape: Cylinder 
. Mass: 0.3 kg 
Length: 271.S::inni 

. Wi~th; · • n1a 

Shiel~ n/a . . . . 
OUter Casing:· . Stainless Steel 
Height:: .. :•· #a: 

.. Pi1U11eter: · · · T1;ss mm 

•AUTHQRlUp tµDIOACTIVF,: CONTENT& .. 

· This c~~t~is ~u~horizeihocontrlnri~triiorethan S,6,25 TBq ~fCs:i137 in.~fonµ t;ifp~seci ottamped . 
· . :c~-i:37 chloride powd~ within two inner encapsulations. : . . : . • . . : . . : . . : 

••• Canadian Nucre.ir · Comm~on canadi8Jln.e · 
• Safety Commisslari· de sOref:i nuorearre 

: I 

. '"'~ . dw \...la.Ilft .. d 
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.. . . . . . 

: ~!1,ut:ir1~r ii.epyl;;,ti;r: 
L~a,,tt,l'lle<i:l!! 11!gl\,f1,-;t;,,:1;,t~.-c 
nud~,11,11, :~ C..!1;1-11'/il 

... 
.QUAL1ll:AS$UBAISO: 

C~~ Ccitit1eate No.: CDNm.l,l~ S -9' (Rn-. C) 
.. -tsi11~ O.tt:· Nol'-19-lOH 

Expiry Oak: Nijv..J!1-lOi9 
. . . : .. : . CNSC, Fifei jij~BS-1;.i : 

· . ; . Qwility 11ssmnncc fc,,' ~ d~.~ign. mnnuli!ctuii. t<:sting. dm:wnemooon] use, :m~intenance Bild ~tio~ of · 
.·::2be:caps1:1lt::1>haH bein~tmcewith: .. ·· · · · 

• a~J'b~rotronies Document No~:5~05-QA-02 (2)•::"S~~ Smm:c Qrutllty Plan~· .. 
: ,; .Desi Thcratronic:s ~ru No. IN!TS l.$73 COOO (C), "TechAfcal SpeclfJCntion for Sealed::· 

· SOW\e"'tS" ... . . .. . ... . . . . .. ... . . .. .. . 
.. . 

• Bcsdbemtronics Docunient No'. mrrs 2714 cooo (tj,: "t~hntcal Spccifi~~:f~r; $1:aicd Sowces : 
. : coniiiinii:ig c~1l~f" .. : · · · · · · · · · : . : ·: : . : : · ·. ·:. : -: : · ·:: · > · : 

: • Pac~eging o~d f ~port ofNuclC1}1' Su~~ ReguJ11.tfoll$ · 

• ~AEI\ jegulatir.im 

: .; • <ir latest cum::n.trevision 

$,faille .. . . . . ..... 
Designated ()ffieer p~i ~O'p~p!i 37(2)(a) of 
the .t,4uel~:Smety Md Conm,1 Act : : · . · 

·Can.dw.·· · a· ct 
. . . -
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CHAPTER 5-SHIELDING EVALUATION 

5.1 INTRODUCTION 

The F-431 overpack has been designed to transport self-contained irradiators with a maximum weight 
of 1,230 kg (2,700 lb.) including internal frames and braces. The maximum permissible activity is 
113 TBq (3,050 Ci) ofCs-137. 

Shielding is provided by the self-contained irradiators (e.g. GClOOO or GC3000). The GCIOOO and 
GC3000 are very similar in design and construction. They are lead-filled welded steel constructions. 
Their basic features as they relate to shielding are listed in Table 5.1. The GClOOO and GC3000 are 
illustrated in Appendix 1.3.2. Their laboratory configurations are described in the Radioactive Sealed 
Source and Device Registration NR-0220-D-102-S (refer to Appendix 5.5.1). 

_.. .·. • . ; , . Table.5.1: Features o"tthe ~;q1~00and GC-3CIOO .. 

GC1000 113 TBq (3,050 Ci) 140 mm (5.5 in.) 9.5 mm (0.375 in) 

GC3000 113 TBq (3,050 Ci) 105 _mm (4.1 in.) 9.5 mm (0.375 in) 

Each gammacell has specific acceptance criteria for radiation shielding. When loaded with the Cs-137 
source(s).at the time of manufacture, the radiation levels do not exceed the following: 

GClOOO: 

• 125 mR/h maximum at the surface of the shield 
• 3 mR/h at 1 m from the surface of the shield 

GC3000: 

• 135 mR/h maximum at the surface of the shi~ld 
• 6 mR/h at 1 m from the source centerline 

5.2 SOURCE SPECIFICATION 

The self-contained irradiator contains radioactive material in double encapsulated sealed sources. 
These typically have been certified to meet the requirements of Special Form sealed sources. 

The F-431 is authorized to contain not more than 113 TBq (3,050 Ci) of Cesium-137. 

5.3 MODEL SPECIFICATION 

No models were used. Shielding evaluation was based on test results. 

5.4 SHIELDING EVALUATION 

When the gammacell is installed inside the F-431, typically the radiation levels are less than 30 mR/h 
on the surface of the F-431 and less than 1 mR/h at one meter from the surface. Under no 
circumstances will the F-431 be shipped if the radiation fields exceed 200 mR/h on the surface of the 
F-431 or 10 mR/h at one meter from the surface (refer to Chapter 7). 

In order to demonstrate the effects of the accident conditions of transport on the shielding, a full-scale 
GC3000 irradiator was subjected to a 9 m drop test, without the F-431 overpack. The test specimen 
(without the FA3 l overpack) was subjected to a radiation survey before and after the drop tests. The 
results are presented in Appendix 2.10.4 and are summarized in Table 5.2. 
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·.. ' 

J.;,· 
Suifac.e'·Radiation* .1 Radiati()n Fielcfat 1 m from Surface*· 

!( "" . ' - .,_,,, '< ' .~ '• ,'-~. ' ' ~ 

I• 

Location . 
. 

Top Surface 30 30 0.65 1.1 

Left Surface 1.5 0.5 0.5 0 

Right Side 2.0 0.6 0.45 0 

Back Side 100 mR/h 90 mR/h 3.0 mR/h 3.5 mR/h 

* The radiation measurements were performed on the GC3000 shield without the F-431 overpack. 

The results show no significant increase in radiation levels after the drop tests. The gammacells 
are extremely robu:;;t structures and their shielding performance is not compromised even by a 
9 m drop test without a protective overpack. In Chapter 3, it was demonstrated that the F-431 
sufficiently protects its payload from the effects of the regulatory fire test. Therefore, when installed 
inside the F-431, the only increase in radiation fields would result from a shift in the position of the 
self-contained irradiator inside the F-431. This would result in a reduction in source-to-dose distance. 

Since there was no dose points that remotely approached 1 R/h at 1 m from the surface of the GC3000 
when surveyed without the F-431, then there would be none when the irradiator is packaged in the 
F-431, regardless of its position inside. This satisfies 10 CFR Part 71, Paragraph 71.51(a)(2) and 
IAEA TS-R-1 paragraph 656. 

Furthermore, since the GClOOO is virtually identical to the GC3000 (same manufacturing process, 
same overall dimensions, same steel shell thickness, same weld sizes, and slightly greater lead 
shielding thickness), the GCIOOO also satisfies the requirements of the Regulations. 

5.5 APPENDICES 

Appendix 5.5.1 Registry of Radioactive Sealed Sources and Devices, Safety Evaluation of a Device 
Certificate No. NR-1307-D-102-S. 
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APPENDIX 5.5.1: 
Registry of Radioactive Sealed Sources and Devices, Safety Evaluation of a Device 

Certificate No. NR-1307 -D-102-S 

(22 pages to follow) 
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REGISTRY GF RADIOACTIVE SEALED SOURCES JI.ND DEVICES 
SAFETY EVP..LUATION OF A DEVICE 

{AMENDED lN ITS ENTIRETY) 

NO.~. NR-1307-D-102-S DA'l'f; : May 15 , 2015 PAGE: 1 of 16 

DEVICE rl'YPE: Ga.In.ma Ir radiator ---·---· _._, ... ______ . 

:MOD.Et.: Garmuacell lCOO-A, B, C, or D and 
Gan:unacell 1000 Elit:e-·A, 3, C, D, 'I'ypo I or Type II· and 
G;;lrtunacell 3000 Elan--A, B, C,. ~rype I br 1':yrle TI 

DIS'I'RIBUTOR, 

MANUFACTURER: 

?BALED SOURCE MODEL 
DESIG!:'-TA'I':';:ON: 

ISOTOPE:: 

Cesimn-137 

LEAK TEST 'F'REQUENCY: 

i?RINCIPAL.USE: 

CuSTOM DEVICE: 

Best Therat~onics Ltd. 
7643 Fullerton Road 
Springfield; VA 22153 

Best The:r'"atronics Ltd. 
-113 :March Road 
Ottawa, Ontario 
Canada. K2K OE4 

Isomedix. RAMC0-50 or IS0-1000 
MDS Nordion C-1000, C-3000 
Best 1~eratronics C-1001, C-3001, 
Best Therat:ronics c-378 
Best Theratronics C3100 

3,264 c~ries (120.8 TBq~ 

6 months 

(J) Gamm.a Irradiat.or, Category I 

---·-· YES NO ~---X 



REGISTRY O? R..l\DIOACTIVE S3ALED SOURCES fl.ND DEVICES 
SAFE'I'Y EVALUATION OF A DEVICE 

{AMEND;ED IN ITS ENTIRETY) 

NO. : NR-1307-D-102~S DATE: May 15, 20l5 PA.GE: 2 of 16 

DEV:tCE_TY~ Gar.-::ma. Ir-radiator 

DESCRIPT;J:ON: 

The GanunaceJ.1 1000, 1000 $lit:e; and: 3000 Elan a.re fully self-
contained irra.diators. 'I'he weight ra:r..ge for the Gammace11 1000 
and 1000 Elite is 2500 to 2800 lbs (1134 to 1270.1 kg)_ The 
weight range for. the Gatrmacell 3 000 Elan is 3 000 to 3300 lbs 
(1360- 8 to 1496. 9 kg·}__ Each unit contains a sample chamber w.i th 
a bui1 t·· in turn::able which provides dose uni for:rdty for the 
sample when rotating, The A, E, C, D, Type I, and Type 11 
designations refer to the various configurations of sources 

.· vJ:hich tan b~ .prov·ided with each unit. Doubly encapsulated 
sources ar-e fixed in a source holder designed specifically 
according to the unit and source selected. The ;3qurce }:).older, 
with sources installed, is inserted into the source cavity of 
the unit a!'ld a cover is either bolted or fully welded ·in place 
to prev'er,: access. ';['he V\').rious source cdnfigurations allowe6. 
are described .later in this document. 

'I'he Ganunacell l 000 measures 24 inches wiae by 24 inches in 
len:gt:h by 65 inches in height (60.96 cm r,vide by 60.96 crn length 
and 165,1 cm in height). The_sample chamber accepts beakers up 
to 8 inches (20. 3 cm} in height and 3 inches (7. 6 cm) in· 
diameter ~0.25 gal.lon {0.96 liter) capacity)_ The sample 
chamber is introduced into the radiation field by manually 
turning the rotor 1800 by means of a lever. Irradiation of the 

· sample will continue u;ntH t:P.e sample chamber is returrted to the 
' load' -- 'unloaci' pos i. t ion. 

In October of 1988, AECL divided a portion of its source and. 
device production between two separate entities (Theratrortics 
International Limited and No1·dion International, Inc.) . At that 
time only the Garrmacell lOOQ was being manufactured. AECL ceased 
all marn,.1facture, distribution and servicing of the Oammacell 
1000 irra.diators and Nordion International, :tnc., took over the 
manufacturing and $ervicing re$ponsibilities-for these devices. 
'The Garnm.acell 1000 is r!O longer supplied as a new unit. 

The GamrnaceJ.l 1.0DO Elite is an updated version of the Gammacell 
1000. Operation of the unit has been mecha~ized in order to 
simplify operation and provide more precise irradiation. The 



:i\EGISTRY OF RADIOAC':'IVE SEALE.'.:> SOURCES AND DEVICES 
SAFE'I'Y EVALUATION OF A DEVICE 

(AMl!:NDSD IN :CTS ENTIRETY) 

NO.: NR-1307-D··102-S May 15, 2015 PA.GE: 3 of 16 

Gamma Irradiato,r 

DESCRIPTION' (Con~__Li.. 

unit is housed in a fire resis:.ant cabinet which measures 30 
inches to 33 inches wide by 2:6 inches to 3-2 inc.hes length by 56 
inches t:o 63 inches in height (76. 2 to 83, 82 cm wide by 66 cm to 
81.3. cm i.n lengt;h p,n,d 1.42.2 to 160 cnt in height). A.ccess to the 
sample chamber is gained by opening a do-or in the cabinet., P..:n 
interlock sy8tem prevents operation of the unit when the _door is 
open. manual lever whi-ch was used ·to introduce the e 
ch:;;i.mber to and from the ra.di.ation f;ie.1.d hi3-S been ;replaced a 
DC motor. 'J:his motor is controlled by digital DC components 
which /;ire program."'lled from a control panel on the cabinet face. 
Fron this control panel unit can be pro~ramrned to rotate a 
sample into the. radiation field for a prescribed tim.e 
a.utomati return it to r:he 'load'-· •unload' ;iosi tion. A DC 
battery backup has been ttdded ~ihich, when input power is lost, 
i.JJill cc,nplete the current programmed cycle; however no 
additional will be initia until power is restored. 

is continuously recharged whil.e. input power 
is available. 

'l'he Gammacell 3000 :Blan is essentially similar to t:he· Garrnnacell 
1000 Elite. only differences between the two will be discussed. 
'f'he sample chamber of the GarrrmaceJ.1 3000 Elan has, been enlarged 
t:o accommodate sai.-r.pl.e beakers of up to O. 69 gallon (2. 6 liter} 
capaci .As. a consequence of this, radiation· Shielding ;,,;as 
slightly reduced. In order to compensate for the reduced 
shielding, secondary shielo.ing cqnstruq.t:ed of is bolted 
onto the rear and side of the existing x:adic!-tion shield at the 
time of installation. 

The c-1000 and C-300-0 sources are rnanufcJ.ctured °rJy Westinghovse 
Hanford Co.,. USA for the exclusive use in the Gammacell 1000 
Elite and Garomacell 3000 Elan research irradiators. The SPt1rces 
are not registered by the NRC under any other name or 
.man\1facturer. These sources a.n~ similar in design and 
construction. Both are doub.1y encapsulated usin9;r 316L stainless 
steel capsules th fusion welded end caps and contain cesium.,.... 
137 pe11ets in the form of :t)ressed cesium chloride powder. 
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?,JR-13 -D-102-S May , 2015 

DEVIS,£ TXPE: Garnma !rradLator. 

4 Qf' 16 

Nominal activity for the C-1000 is 600 (22.2 TBq) +20-%, -10%, 
and f·or the 000 is 1,270 Ci (47.0 'rBqJ +20%, -10%. Nominal 

e wall t:.hic};:ness for both sources is O. 035 inches ( 0. 89 
mm). 

T;ie C-1001 and c-3091 sources are manu.factured .by Reviss 
Services Ltd. { formerly AEA •rechnolog--1 QSA, Inc,, .Amersham 
Ca.:::poration) for the exclusive use in the Ga:mmacell 1000 Elite 
ar:.d Gamrna.cell 3000 Elan research irradiat:ors. The. sources are 
not tered by the :-JRC under any other name or manufac::urer. 
These srn,irces i;i:re similar in design and cor..struct:tcn to the 
1000 and C-3000. The only significant differences between the 

100'1 and the C-1000 sources and the C-3001 and C-3000 sources 
is that the C-1001 and C-3001 contain cesiun:1-137 encapsulated in 
;::hree inner capsules instead of a single capsule and the nominal 
v,rall thickness of the C··-1001 and C-3001 sources O. 039 
{ 1. 0 mm) as compared to O. 03 5 { 0. 89 m.m) . 1'1.ll sources are 
doubly er:capsulated 316L stainless steel '\"1.ith fusion 
weld.ed end c.aps and contain cesiTut1-137 in the forrn cesium 
chloride pot.fder. Norninal ty fqr the C-1001 590 Ci 
(21.9 TBq} wit;h a maxim-.J.m activity of 810 {30. 0 TBq) and for: 
the C-3001 nomina.1 activity lr.'.2'70· Ci (47 .0 TBq) with a 
maxir:mm activity of L620 Ci (60.0 -rBq). 

The inner capsule of; the Model C-1000 ltlE;:!~sures 9'.840 inches in 
lerigtb by 0.375 inches 'i.n diameter {25.0 cm by 0.953 cm) and is 
sealed by £.us ion we1d at each end by O. 250 thit:k by O. 317 
inches diameter (0.635 cm by 0.805 cm) end caps. ~I'he outer 
capsµle measures 10.690 inches in by 0.500 inches in 
diameter f .15 cm by 1. 27 cm) qrid is sealed by fusion vveld at 
each end by 0,375 int:hes thick by 0.442 inches in diameter 
( 0. 953 cm by 1.12 cm) end caps. 

Each of inc.er capsules of the Model C-1001 measures maximu:rn 
3.47 inches in length Q.406 inches in diameter (8.805 cm by 
1.03 cmJ and is sealed by fusion weld at each end by 0.075 
inches thic;k by O. 328 inches in diai."lleter ( 0. 19 cm by O. 834 cm} 
e:::id caps. 'l'he outer capsule measures 10. 690 inches in length by 



REG:IS'l'RY OF RADIOl>..C'lTVE SEALE'D SOURCES AND DBVICES 
SAFE1'Y EVALUA'l'TON OF A DEVJ.CE 

(At"lENDED IN :rTS E..~!RETY) 

NO.: NR-1307-D-102-S. DATE: . May 1.5, 2015 ?AGE.: 5 of ::. 6 

pEVICE_ TYPE: Gam:rna Ix-radiator 

DESCRIPTION (Cont.) ; . - HO-·--~--... H-•~--

0.50 inches in diameter (27.15. cm by 1.28 cm} and is sealed oy 
fusion tveld at eaei.11 end by O .114 inches thic.k by O. 427 inches in 
\ ' ' 

di.ameter (0.290 cm by 1.084 cm_) end caps. 

'I'he inner capsule of the Model: C-3 000 measures 9. :84D .inches in 
length by 0 .. 562 inches in diameter (24.9 c:n by 1.43 cm) arrd :is 
sea.led by :tusion <Ai'eld, a\: each end by O. 250 inches thic}: by O. 50 
inches in diamet.er end caps ( 0. 64 cm by l. 2 8 cm) . The outer 
capsule measures 10.690 inches i:µ length by 0.687 ..:.nch2s in 
diam~t:er (27.15 cm by I.75 cm) and is sealed by fusion weld at 
each end by O. 37 5 .inches thick by O. $3 0 inches fr. diameter ehci 
caps (0 . .95 cm by l.60 cmi. 

Each of the inner capsules of the Model C-3001 measures maximum 
3.467 inches in 1engt:h by {L593 inches in diameter (8.8065 cm by 
1.5065 cm} and is'se,aled by fusion weld at each end by 0.075 
.inches thick by 0.513 inches in diameter end caps (0 .. 19 cm by 
1.31 cm). The outer capsule measures 10.6.90 inches in length by 
0.687 inches in diameter (,27.15 cm PY 1.74 cm) and is sea1ed by 
fusion we.ld at each end by O .114 inches thick· by O. 618 inches in 
diameter end caps ( 0. 29 cm by ::. . 56 cmi . 

RAMC0-50 sot:rce is constructed of 316'.L stainless steel and. 
contains cesiw·n--137. ISO-lOCC scurce is co:t1strl)cted or 304:L 
stainless steel and contains cesium-137. The IS0-1000 or the 
RP-.MC0-50 sealed sources for GC~lOOO or GC-3000 models arE) no 
longer manuf~ctured. 

The .Model C-378 sealed source is :r:na,nufactured fc:t exclusive u.se 
in the Gaf<'unacell 1000 Elite and· Garmr.acell 3 000 Elan research 
irradiators. 'l'he sources are not: registered by the NRC under 
any other i1.ame or :manu:f.actur.e. The Model C-·3 78 sealed source is 
an over-encapsulation of the IS0"-1000 approved sealed source. 
with an adc[itional outer shell of 31GL stainless steel. The 
maximum activity for each Hodel c---378 cesiurn-137, source is 550 
curies (20.4 '1'3q). 
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SAPE'I'Y EVAL'()ATION OF A DEVIC.E 
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WO .. : NR~J 307-D-102-S May 15, 2015 PAGg, 6 

Gamrr,a Trradiator 

rhe outer capsule has a maximu..1TI length of 10,993 inches ( 279 ·. 22 
mm), ·a maximum diameter of 0.632 inches (Hl.05 mm) with a 0.025 
inche.s ( 0. 64 1rml wal 1 tb.ickness. The C-3 7 8 is produced by 
i:nsen:ing an active used leak tested IS0"-1000 capsule int:o the 
C 3 7 8 ·body with one end cap ali·eady welded place. The 
fina.l end cap is then inserted and fusion .welded. The 
lf!?;mufacturer provides a one year warra:nty for the C-378 source. 
H.o,,1ever 1 the manufacturer ex.peats the physical and vmrking l.ife 
of the source to be unlimited. 

16 

r.rhe Model C3100 sealed source is manu£actured £or exclusive use 
in the Gammacell 1000 Elite i:lnd GanimaCEill 3000 Elan research 
irr:adlators. Sealed source model C3100 is a direct replac~ent 
fo~ the C3001 source model. Modei C310D sources contain cesiu:m-
137 in the fo:nn of cesium chlor'ide. The maximum activity for 
eac.h C3001 source capsule is 1520. 3 Ci (56. 2·5 TBq) of cesiu:m-
137. 

The C3100 source capsule consists of two sealed 316L stainless 
steel inner.capsules ft:i.rtlle:r encapsulated in a 316L oute;r 
stainless steel capsule. Each inner capsule has a length .of 
4.667 inches (118.S.5 innl.) and a diameter of 0.506 inches {12.85 
:mm) i with an ifiner wall thi.ckness of 0.041 inches (l.OS mm). 
The outer capsule has a maximum length 01: 10.6'89 inches (271.5 
mm),. a maximum diamete:i:7 of 0,692 inches {17.58 mm), with a wall 
thickness o.f O. 039 incnes (1 mm}. The tb,ickness of the end caps 
is 0.375 inches (9.525 mm). Caps are. press fit into position 
apd fuf;lion welded. Model C3100 sealed sources have a 
recommended working life of 15 years. However, the recommended 
working life may be extended by Best Theratronics based on 
inspection .and technical asses.sment. 

T.be sour(;es are installed into source holders designed 
specifically for each source type. 1X'he source holder, with 
sources insta],led, is then inserted into the source cavity of 
the unit and a cover plate is we.lded over the cavity to prevent 
access to the sources. The sources are installed according to 
the activity requested by the cnstomer. 1rable 1 shows the 
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NC.: NRwl307~D-102-S DA!I'.E: May 15, 2015 ?AGE: 7 of 16 

DEVICE TY.PE: Garn.ma Irradiator --- .... -- .. ··-~·-"-'·· ...... -
DESCR1PTIOK (Cont.) : 

allowa:.ile configurations for· the sources l.oaded with maximam 
activity for each model. 

Table 1 

Garrrracell 11.!Il1ber of sources Max. Activ~ty (Ci) 

·-····--~··--------

1000 

-~----------

1000 Elite 

JOOQ Elan 

2, 4, 6, or; B RF1':CQ-50 so'.lrces 

1 21 ; or 4 ISO...,JOOO sources ~., ,.:, I· 

---· ---------.. 

1, 2 
' 3, or 4 IS0-1000 sources 

Any cocnbination of. C1000/Cl001, 
C3000/C3Q01/C3100, o:r C378 
sources, up to 3 sources 

3264.0 

2880.0 

2880.0 

3048.0 

---~---···--.. ·----~---·~-·-······,...,. .. __ ,_.,. ..... :-------~---

Any corr.bination of ClCOO/ClOOL 
C3000/C3001/C~l00, or c;378 
sources, up to 3 sources 

3048.0 

--······ -u····----·----
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NO. : NR-·1307-D-102-S May 15, 2015 PAGE: 8 ot 16 

Gamma Irradintor 

The devices are labeled in accordance with the requirements ,of 
S~ct:ion .20.1901, 10 CPR /?art 20 and with the requirements cf 
~..:r;;sr N433 .1-1977, ''Sa.f.E':l Design and Use of Self Contained, Dry 
Source Storage Ga:r::ma Irradiators (Category I l. ·· The labels are 
affixed to the exterior of ;.he by sct·ews and contain the 
radiation syrrbol, isotope, activ.ity, !l);Odel number, serif::.l 
rr;.imber, name cf· :manufacturer, arid the words "CAUTION·-RA1HOACTIVE 
MATERIAL". 

following infor.rna.:: is engraved on Lhe C-1000, C-3000, C 
1001, and c-300l. sources: 

For th.e C-1000 
NIJ 
Cs137E 
XXXX (Serial Nu~ber} 
Radiation Syrnbol 
or 
Radioactive·· 

For the C-1001 
NII 01; MDSN or BTL 
Csl3 7E: 
C1001 
XXXX .( Serial Number) 
Radioactive 

Jror the C3100 
B'l'L 
C3100 
XXXX (.Serial Number} 
Cs137 
Radiat;.i·on Symbol 
or 
Raoioactive 

?or ::.he C-3 000 
NII 
Cs137C. 
XXXX ( al Number) 
Radiation Symbol 
or 
Radioactive 

For the c-30Dl 
NII or MDSN or B'IL 
C$l37F 
C3001 
XXXX (Serial Number) 
Radioactive 
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DEVICE 'I'YPE: Gararr,a Irragiator 

LAB:':Llf\T.G (Cm~)_:_ 

9 of 16 

'I'be :cUowing is engraved on the outer surface of tr:e c--378 
sources: 

MDS.N or B'l'L 
Csl37G 
C378 

I 

XXXX (Serial Numbe.r} 
RA.DIOACTIVE 

DJ:AG.R.AHS: 

J;.t tacbnents l through 6. 

CONDITIONS_ OF N<;JRM.A.L USS: 

The G,un.rnacell 1000, Gqmrnace:!.l 1000 Elite, and the Garnrnacell 3000 
:S::lc;1.n are low dose rate irradiators desi'g:ned to :Lrradi.ate 
biological er other samples rec:t;.1iring low dose rate, (e.r,r., 
blood and biooci components to eliminate small lymphocytes, 
sprout stimulation of· seeds and tubers, non--spo,::ulati1:i_g bactf!:)'."ia 
and molds ---- pasteurization ari.d sterili zati.ons, viruses, 
polyrnerization, etc.) .. 'I'he irradiato.rs would be located in 
laboratory environments ai1.d ,,,rill be used only by personnel. 
trained in radiati6n safety. 

PRO'rOTYPE TESTING : ·-··-· -------------

'rhe manufacturer claims that the devices comply with P .. NSI 
N433.l-1977. The Gammacell 1000 has been :in use for over 15 
years without any reported p.roble::ns. 'I'he Ganunacell 1000 Elite 
and 3000 Ela):1 are essentially similar to the Gammacell 1000 and 
for: this reason the manufact:urer claims the_y are expected to 
perform wi -ch comparable reliap.il.:i. ty. 

'rhe RA.MC0-.50 a;:1d IS0-1000 sealed SQltrces have passed special 
torr:; tests conducted by thee manufacturer, Oak Ridge Nationa.l 
Laboratory. T.he C-1000 and C-300D sealed sources have passed 
special fo:rn'i :t;:ests conducted by the manufacturer and have. been 
tested to and received a rating of 77E65546 c;1.s pe.r. ANSI :N542-



REG.:S'.I'RY Of R.J:\OI0AC'11 IVE SEALED SOURCES AND DEVICES 
SAFETY EVALUATION OF A D3VICE 

(AMENDED IN ITS ENTIRETY) 

NO.: NR-1307-D-102-S DATE: May 15, 201$ PAGE : 1 0 of 16 

J.?f?_y'ICE TYPE: GarrJ.ITta Irradi.ator 

PROTOTYPE __ TBSTfNG~nt . ) : 

1977. The C-1001 and C·-·3001 sealed sources have passed special 
form tests conducted by Ame:rsham Corpc:r.a.tion. 

I 

1'he C-378 sealed sources have Pf,.ssed speciaJ. form te;sts 
performed by NDS Nordion and have achieved a rating of 
%E64334 (5) as per ANSI N43. 6~-19'97. iYIDS Noraj_on subjected :.his 
sealed source model to a bend test to satisfy ISO 2919.1999(E) 
requirements. 

The Mod¢1 C3100 sealed sources were tested to .IAEA special fonn 
requirements by B.est Theratronics and have achieved an :rso 
2919:2012 E65646 classification. 

NDS Nordion re9orted that the Ga.mz:nacell 1000 ha;; an average dose 
rate J.es.s t:hc:.n 0,5 rnretn/hr (5 µSv/,br) at 1.97 inches (5 cm) from 
its surface when loaded wi:::h maximum activity. 

The Garrunacell 1000 El.ite is self-shielded and care be safelv 
operated ir" an existing lab environrfl.ent. The manufacturer 
clai:ns. that with the secondary shielding in,stalled :.he Gam~acell 
3000 3lan can be safely operated i::: an existing lab environment 
as w.el.l . When loaded w:. th maximum activity the external 
radiation levels tor these devices in the transient condition 
have been ca.lculated by Nordion t.o be no greater than 5.0 
:nrem/hr (50 µSvihr) at 1.97 in¢hes (5.0 en:) from the accessible 
surface of .the unit and 0.5 mrem/h.r: (5 µSv/hr) at 39.4 inches 
(100 cm) from the accessible surface of the unit. 

Wit.h the devices in the • in use'' or ''not in use" condition the 
exterr:al radiation levels have been calculated by :Nordion to be 
no greater than 1.0 mrem/hr (10 µSv/hr) at 1.97 incbes (5 cm) 
from the accessible surface of the i.ri;1it and 0.05 tnrern/hr (0.5 
p.Sv/hr) at 39. 4 inches (100 cm) from the accessible surface of 
the unit. 
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SAFETY EVALUA?ION OF A DEVICE 

(AMENDED IN lTS -ENTIRETY) 

i.\10. : NR-1307-D-102-S May 15, 2015 

'.JEVICE 'f'YPl::: Gamma Irradiator 

QU:ALITY _ASS(;RF,J,JCE __ AND CONTRQ::.i:_ 

PAGE: 1 1 
_t .l.. of 16 

Best. Therat.ronics maintair:ts a quali::y a.ssurance ar'l:d c:ont.r.ol -
program (QA/QC) which has been.deemed acceptable for licensing 
purposes by NRC and is ISO 9001:2008 certified. The manufacture 
of Model C3100 sealed source is covered by Best Theratronics' 
QA/QC program. A copy cif t.he prograzr. is 0:1 file wi tb the NRC. 

LIMI'PATIOXS A1"\JD/OR OTHER CONSIDERATIONS OF USE; 

o The irradiators and sources :shall be distributed only to 
pe:r'sons $pecificaJ. ly l. icensed by the N:l.C or an As:;sreement 
State. 

o Hand.ling, Storage, Us2, Trans fer, and Disposal: To be 
deter:r.ined by the licensing autr.ori ty. 

o- The irradiators shall be leok tested at_ i.nt.ervals not to 
exceed 6 months usirig t:echniques capq.ble of; detect..ing O. 005 
mi.crocurie ( 185 Bq) of removable contamination. 

o REVIEWER 1':0'UE: The secondary shielding for the Gamrnacell 
3000 Elan must be installed at the time of delivery to the 
user's facilicy and prior to the in~tial use of the device. 
This installation must be performed by Best Theratronics or 
persons specifically licensed by the NRC or an Agr~ernent 
.State to perform service on this device. 

o The Model C-1000, c-1001, C-3000, C-3001, C-378~ and C3100 
sealed sources are approved by tlle NRC :f;or use in the 
Gammacell 1000 and Gannnacell 3000 Series irradiators. 
These sources are not·registered on a separate certificate. 

o ':'his registration sheet and the information contained 
within the references shall not be changed without the 
written conse:i.t of the NRC. 
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Ga:nrna Irr:1diator 

'ftd.s certificate su_persedes NR-D220-D-102-S.. MDS l~ardion has 
·t:ransferred the manufacture and distribution of these devices to 

t Theratronics. The quality co:ctrol programs remain the same 
and the technical capability to a.d·ninister these programs nas 
11ot been chap.ged. The transfer limited to the name change, 
no changes were made in the design, fabrication, o:r operating 
procedures. 

Gat!Lrni;i.cell 1000 was de.e,.c.1.ed accept.able for licensing purpose$ 
in 1979. At that the device was manufc;'l.ctured by :some.dix, 

. and ibuted .by AECL. 

The Ga:nm.-:acell 1000 Elite was acceptable for licensing 
purposes in 1990. · 'Phe unit has a. simplified ope.rat:ion from that 
of. the Gamma.cell 1000. "The cavity door has been equipped with 
an interlock to prevent _the sample chamber. f.:r.om rotating t•ihen 
the door open. reduces the of hand injuries and 
r:a:diation exposure. Tne unit is :mere stable due. to a lower 
certi:er of gravity and larger base. Nos ficant chanqes were 
made to the source 1:ousing as compcired .to t.he Gaw.rnacell 1,000. 

Ga:Tu1',acell 3000 Elan is .identical to the Garnmacell 1000 Elite 
in operation and essent:i.ally lar in design. Slight change:S 
in tt1e sarnple cha:rtibe;rr, sou.rec c.av:i t·y, rot·or and exterio·r 
appearance were rnad~ for the Ga!Tu.1J;acel1 3000 ElatL These changes 
do not affect the safety of the device and do not significantly 
change the radiation profile of unit.. Since the -Gammacell 
1-000 and Ga:rrmacell 1000 Elit.e tvere deemed acceptable for 
licensing and that the changes made do not affect the safety of: 

device, the Gair.macell 3000 Elan is deemed a.t:ceptable for 
specific licensing p·urpcses. 

The c-1000 source is essentially s:l.milar to the IS0-1000 source. 
The c-·3000 source is identical in construction to the c-1000 
source, but with a sligr:-cly larger diameter and a higher 
activity. The C-:ooo source has been subjected to tests 
sufficient to receivB an ANSI N.542-1977 rating of 7'7E65546 and 
by comparison the c-3000 source has received the sa.me rating. 



) 

REG'.r.STRY OF RlillIO.ll.CTIVE SEAL'.i" . .:I) SOURCES AND DEVICBS 
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?AFETY _Al,"'iJALYSIS_Su1"IH.P,RY_(Cont.): 

.For th2se reasons the C-1000 and C-3000 sourcea are. cl.een1ed 
accep:ao1e for use in the Ga:s.c"acell 1000 Elite and Gam.rnacell 
3000 Elan. 

The C--1001 source .1.s essentially simila:.· to the C··-1000 source 
and the C-3001 s6urce is essentially similar to the C-1001 
source. The C-1001 and c-3001 sources are expected to be able 
to withstand similar conditions to t.t.e C-1000 and C-3000 
sources. 

The c--3 78 has an acld:L tiona.l enca_ps-ulation of rso-1000 approved 
source with a leak testeij single outer shell. The C-378 sealed 
source has passed special form tests performed by :tviDS Nordion 
and have been tested to and achieved a rating- of 96E64334 (5) a,;;, 
per AN.SI :\<4.3.6-1997. 

The Model C3100 sealed source is a direct replacement of the 
Model c-3001 sealed source. The C3100 sealed source has passed 
special fonns test performed by Best Theratronics and has 1:>een 
tested to and achieved an !SO 2919 classification of E65646. 
Based on our review of the information and test :results provided 
by Best Theratronics we conclude that the Model C3100 sealed 
source is acceptable for licensing purposes when used in the 
Garnmacell 1000 and Gammacell 3000 series irradiators. 
Furthermore, we conclude that the Model C3100 source would be 
expected to ~aint.;ain its integrity for normal and accidental 
conditions of use which might occur during uses specified in 
this ceJ;tificate. 

We continue to conclude that these devices and sources would be 
expected to rnc;1intain their containment integrity £or normal 
co1cditions of u:se specified in this certificate. 
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NR-1307-D-10.2-S DA?g; May 15, 2015 

Gamrna I:r:radiator 

do9u.1l~rit:.s for the Garnrnacell 1000 'I'he following SUJ?:&mrt.ing 
re.search irradiatdr are 
made a part of this 

incorporated by reference and are 

Isomedix, Inc. letters dated May 9, 1980 and ... ·c:ine 1980 
with enc:osures to. 

o ORL'JL letter dated June 18, 1980. c Energy of Canada, 
Ltd. letter; dated Ju·ne 2, 1983 with enclosures thereto. 

The following supporting docll.c'Tlen.t.s for t.he Gammacell 1000 te 
irradiato.r are hereby incorporated by reference a.nd a.re 

made a part of: this document. 

~ Atomic Energy of Canada, Lt.d. letter: dated August 20, 1986 
with enclo.sures thereto. 

o Nordior: I.nternationa1, Inc. letters dated Decew.ber, 8, 1~88 
.and April 11, 1990 with enclosures thereto. 

lowing supporting docu.'llents for the Gammacell 3000 Ela::1 
:i.rradiator, C-1COO, and C-3000 sources ar:e hereby 

,,,...._""',-"'"""'"' ted by reference and are made a part of this try 
document. 

o Nardi on Intexnati.0,:1.q.l; Inc. letters dated Septerr.ber 5, 
1991, September 24, 19.91, November 4, 1991 1 December 17, 
1991 and December, 20, 1991 wit:h enclosures 

~ Nordion Ir:.ternational, Inc. facsimile received November 22, 
1991. MDS Nordion, Inc., letters dated Se;pternber 25, 1997, 
and January 13, 1998, with enclosures thereto. 

I 
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DEVlCE !JPE: Gam;na Irradiator 

The :following supporting documents f.o:r the C-1001 a.nd c--3001 
sources are hereby incorporated by reference and are: made a part 
of this. registry document_ 

o 1,fordion International r Inc. letters dated June 4, 19.9 3, and 
March 18; 19 9 3, with enclosures theret,o. 

o Amer-sham Co.tt::oration · s letter, in support af Nordion' s 
ication, dated Decem..')er ~6, 1992 1 with enclosures 

thereto. 

o MDS Nordion., Inc., lei:ters dated Sept~mber 25, 1997, and 
January 13, 19981 •,vitb enclosures .thereto. 

o MDS No.rdlo!'l letter da::.ed Dece:mber 14, 2001, requesting nane 
and address c::iange. MDS Nordion letter dated Sept&tlber 18, 
2003, and electronic mai1 dated Novewber 24, 2003, with 
enclosures thereto. 

The following supporting docu.rnents for t.he C·-37S sources are 
hereby itic;orporat.ed by reference and are made a part of this 
regi.stry docun1en t _ 

a MDS Nordion letters dated May 23 i 2002 1 and September 16, 
2002, th enclof:iu.res thereto. 

e Best 'Iheratronic.s letter dated Narch 20, 2008, with 
enclosures thereto. 

c, Best The.ratronics J,.e:ter and e~rnaiJ dated Septernber 9, 
2010, with enclosures thereto. 

o Best Theratronics letters dated June 28, 2011, with 
enclosures thereto. 
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NO.: NR-1307-D-102-S DATE: May 15 , 2 015 PAGE: 16 of 16 

DEVICE 'I'YPE: Ganuna Irradiator 

REFERENCES (Cont.): 

o Best Theratronics letters dated November 17, 2011, and 
April 27, 2012, with enclosures thereto. 

o Best Theratonics email.s dated April 27, 2012, 1-:Vith 
enclosures thereto. 

The :following supporting docu.rnents for the C3100 sources are 
hereby_ incorporated by reference and are mc:l.de a part o.f this 
registry documento 

o Best Theratonics letters dated December 3, 2014 
(!>IL15005A339), March 25, 2015 (ML15090A673), April 24, 2015 
(ML15117A055), and May 1, 2015 (ML15124A003}, with 
enclosures thereto. 

ISSUING AGENCY: 

D.S. Nuclear Regulatory Commission 

Date: Mav 15, 2015 Reviewer: 

Date: May 15, 2015 ~~·-
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Dl;::fIC:E 'rYPE: Ga.m.ma Irradiator 

TtlAATA!KE OAl'IE 

/ 

CHAlN ROTOR OfWE 

Model Gamm~cell 1000 El~te 

1 of 6 

Fl.OOR A.~.R 
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NO.: NR- l30'7-D-182··S Pf.::'.I'.?.:.:.. May 15, 2015 [:.':I"fACHMENT: 2 of 6 

DEVICE TYPE: Oarmnc;1. Irrad,iator .. __ ..., ________ , . .)._..-~~·-·-~--

" 
•• 

-MAIN !»-i)El...O 
:..me-: 
~ i,;,;.;i.,..1)1, 
i:._~~ 

n. ~c::;oc:...""'!1.~~~ 
ti.l<:;"'1""="""'1-=:o 
11"""1 
>1.=====o..,.c:::,,,.!l»C>•<:11'1;:t,1 
1.1.C:.....,..,.,, 
~~ 

~I<== n.!=~ 
n~·~~':d~.:rct.,~ 

Ganm1aoell 3000 Elan 
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Garr.ma Ir:cadiatoc 

C-3000 Source Capsule

A't''l'ACHMENT: 3 of 6 

C-3001 soul."ee capsule

Security-Related Information
Figure Withheld Under

10 CFR 2.390 
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D8V:::CB TYPS: Gamma Irradia::o:r: 

Security-Related Information
Figure Withheld Under

10 CFR 2.390 
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Gamma Irradiator 

Security-Related Information
Figure Withheld Under

10 CFR 2.390 
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N"S.-1307 <J-102-3 DA'!'E: �Iay 

C3100 Source Capsule 
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Security-Related Information
Figure Withheld Under

10 CFR 2.390 
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F-431 Transport Package Safety Analysis Report 

CHAPTER 6 - CRITICALITY EVALUATION 

The requirements of this chapter are not applicable since the F-431 package is not intended to transport 
fissile materials. 

July 2019 Page 113 of 126 
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F-431 Transport Package Safety Analysis Report 

CHAPTER 7 - OPERATING PROCEDURES 

This chapter describes the operating procedures for the F-431 package. The following operations 
are described: 

1. Loading the GClOOO or GC3000 into the F-431 Overpack and preparation for shipment, 

2. Unloading the F-431, and 

3. Preparing an Empty Packaging for Shipment. 

7.1 COMPLIANCE AND RESPONSIBILITY 

1. It is the responsibility of Best Theratronics to ensure that the radioactive material transport 
packaging is approved and maintained in compliance with the approval certificates. 

2. It is the responsibility of Best Theratronics personnel or its qualified agent to ensure that the 
operations described by these procedures are followed and that the F-431 transport package is 
prepared for shipment in compliance with this procedure and any supplementary regulatory 
requirements. 

3. Only trained personnel shall prepare the package for shipment. 

4. The package shall contain only isotopes in quantities and form specified on the Transport 
Package Design Approval Certificate. Only package configurations listed on the Certificate 
shall be shipped. · 

7.2 PROCEDURES FOR PREPARING THE GC1000 OR GC3000 FOR SHIPMENT 

1. Remove the Gammacell covers. 

2. Perform a contamination test. The level of non-fixed radioactive contamination shall be 
determined by wiping an area of300 cm2 of the external surface by hand with a dry filter paper, 
or a wad of dry cotton wool, or any other material of this nature. The maximum permissible level 
of contamination is 4 Bq/cm2 (104 µCi/cm2

). 

3. Remove the Gammacell from its stand. 

4. Install the rotor lock. 

5. Install the chamber cover. 

7.3 LOADING AND PREPARING THE F-431 PACKAGE FOR SHIPMENT 

July2019 

1. Ensure that the lower inner brace is in the bottom of the F-431 cavity. 

2. Place the Gammacell head into the transport cavity. 

3. Install the upper inner brace and the vertical supports around the Gammacell. 

4. Close cavity with internal cover and secure cover with -5. Close the container with the main cover and secure it with -6. Install a tamper evident seal between the main cover and the body of the package. 

7. Check the radiation fields on the external surface of the overpack and at 1 m, to determine which 
of the Radioactive I or II or III Category labels is appropriate (see Table 7.1). The maximum field 
at the surface of the package must be less than 200 mrem/h. The maximum field 1 m from the 
surface of the package must be less than 10 mrem/h. 

Page 114 of 126 
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F-431 Transport Package Safety Analysis Report 

8. Perform a routine wipe test on the unit to check for removable contamination. The level of non
fixed radioactive contamination shall be determined by wiping an area of 300 cm2 of the external 
surface by hand with a dry filter paper, or a wad of dry cotton wool, or any other material of this 
nature. The maximum permissible level of contamination is 4 Bq/cm2 (10-4 µCi/cm2

). 

9. Ensure that at least one Identification Plate and at least one Radiation Caution Plate are securely 
affixed to the exterior of the F-431. 

10. Affix two appropriate category labels to opposite sides of the package. Complete the required 
information regarding the contents (i.e. radionuclide, activity, transport index, etc.). 

Note: The 'J?_adioactive Category label depends on the measured radiation fields. The requirements are 
summarized in Table 7.1. The TI is the highest reading obtained in mremlh at 1 metre from any 
external surface of the package. 

/ ~~'~0, ~:/: C,'./ , . .-: -., :> '_'.'.~ :U j;t}~(:f?,~~~.p,\"'~~j,,;,~t:~:•o. 
, L,~v~I c,1,t .Ext~roal ·. , , ' , ~. ,~ra;ri~BO';l~~e>5 
. flac:~a~~,;: _. t,,,,' 1 (V·l, / 

Radioactive I (white) ;,; 5.0 µ Sv/h (0.5 mrem/h) 

Radioactive II (yellow) >5.0 µ Sv/h (0.5 mrem/h) 

:,; 500 µ Sv/h (50 mrem/h) 

Radioactive Ill (yellow) >500 µ Sv/h (0.5 mrem/h) 

;,; 2,000 µ Sv/h (200 mrem/h) 

;,;1.0 

> 1 and 

::;;10.0 

1 T.I. - Radiation level in microsieverts per hour at 1 m from the external surface of the package divided by 10 (mrem/h at 1 m). 

July 2019 

1. Affix two UN number labels. These labels must be printed with both the "UN2916" marking and 
the proper shipping name "Radioactive Material, Type B(U) Package". Note: one label must be 
affixed next to each of the Radioactive category labels. 

2. Affix the "ship to" label and the appropriate shipping documents to the package. 

3. Complete the Shipper's Declaration, the Emergency Response Form, and the Waybill. 

4. Include the applicable Transport Package Design Approval Certificates with the shipping 
documents. 
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7.4 PROCEDURES FOR UNLOADING THE F-431 PACKAGE 

7.4.1 Receipt of F-431 Transport Package 

1. Visually inspect the F-431 transport package for damage and deterioration. Immediately 
contact Best Theratronics regarding any damage or deterioration that may affect the 
integrity of the package. 

2. Check and verify that the tamper-proof seal is intact. If the tamper-proof seal is not intact, 
contact the RSO at the customer's site or Best Theratronics for further disposition. 

3. Check all external surfaces on the package for contamination. 

4. Perform a radiation survey of the assembled package. If the radiation fields are higher than 
anticipated (e.g. if the TI exceeds the value on the category label), contact the RSO at the 
customer's site or Best Theratronics for further disposition. 

7.4.2 Unloading the Gammacell from the F-431 

1. Move the F-431 Overpack to a location accessible by overhead crane, using a 4-legged 
lifting sling rated to at least 2270 kg (5000 lb.). Note: that the maximum weight of the 
transport package is 2270 kg or 5000 lb. 

2. Perform a routine wipe test on the exterior of the F-431 to check for removable 
contamination. The level ofremovable contamination shall be less than 4 Bq/cm2

• 

3. Remove 

4. Remove 
place. 

and, using the same lifting slings as in 

remove the cover and set it in a safe 

5. Remove the inner top brace from the Gammacell. Lift the Gammacell shielding head from 
the F-431 cavity. 

6. Perform a radiation survey of the Gammacell. Radiation levels should not exceed 2 mSv/h 
(200 rnrem/h) on accessible surfaces of the Gammacell or 0.1 mSv/h (10 rnrem/h) at any 
point one meter from the surface. If the radiation fields exceed these limits, contact Best 
Theratronics immediately. 

7. Put the internal fixing brace inside the F-431, close both covers and move the F-431 to 
storage. 

7.5 PREPARATION OF AN EMPTY PACKAGE FOR TRANSPORT 

1. After the overpack is empty and on the trailer truck or in the designated staging area, monitor 
around the overpack to confirm that it is empty. 

2. Check all external surfaces on the overpack for contamination. 

3. 

4. If the shipment originates in the USA, cover the "Radiation Caution" with "EMPTY" labels. For 
shipments originating from other countries, cover the "Radiation Caution" but do not attach 
"EMPTY" labels. 

5. Remove the Category labels. 

6. Affix address label to the container. 
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CHAPTER 8 - ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 

This chapter discusses the acceptance tests and maintenance program used on the F-431 transport 
package, in compliance with the applicable subsections of 10 CFR Part 71. Best Theratronics has a quality 
assurance program in place governing all aspects of the F-431 overpack ( design, manufacturing, testing, 
use, inspection and maintenance etc.). 

8.1 ACCEPTANCE TESTS 

All inspections and tests of the GC 1000, GC3000 and the F-431 overpack prior to the first shipment 
are an integral part of the manufacturing process. The manufacturing process and its quality assurance 
requirements are established in a technical specification that is maintained by Best Theratronics in 
accordance with its Radioactive Material Transport Package Quality Plan (refer to Appendix 9.3.2). 

8.1.1 Inspection 

The F-431 package and the GC 1000 or GC3000 are visually and dimensionally inspected for 
any non-conformance in materials or fabrication using applicable codes, standards and 
drawings. In particular it is ensured that: 

· 1. The dimensions are in accordance with the engineering drawings, 

2. The components fit together properly, 

3. All fasteners are in place and properly installed, and 

4. Welding is in accordance with the engineering drawings. 

8.1.2 Structural and Pressure Tests 

Inspections and tests to ensure the structural integrity of the package are an integral part of 
the manufacturing process. All critical materials, components, welding supplies, fasteners etc. 
are subject to the quality program. All critical components and subassemblies are inspected to 
engineering drawings and/or specifications at key points in the manufacturing process. -

Should an inspection or test fail to meet the prescribed criteria, corrective action shall be in 
accordance with the Radioactive Material Transport Package Quality Plan. 

No pressure testing is required for the GCIOOO, GC3000 or F-431 overpack. 

8.1.3 Leak Tests 

Containment is provided by Sealed Sources. The Sealed Sources are subjected to the following 
tests during manufacturing: 

1. Leakage testing by hot-liquid bubble test per ISO 9978 or a test of equivalent or better 
sensitivity. 

2. Dry wipe contamination testing per ISO 9978 or a test of equivalent or better sensitivity. 

There are no leak tests specified for the F-431 .. 

8.1.4 Component Tests 

July 2019 

8.1.4.1 Valves, Rupture Discs, and Fluid Transfer Devices 

This section is not applicable since there are no valves, rupture discs or fluid transfer 
devices on the F-431 package. 
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8.1.4.2 Gaskets 

The F-431 overpack and its components undergo inspection prior to each shipment 
from Best Theratronics, Kanata, Ontario, Canada. The gaskets are visually examined 
for defects. The seal surfaces are visually examined for nicks or damage. 

New gaskets may be installed on the F-431 during the regular or annual inspection 
and maintenance. 

8.1.4.3 Miscellaneous 

8.1.5 Tests for Shielding Integrity 

Shielding is provided by the GClOOO or GC3000. The GClOOO and GC3000 are subjected to a 
thorough radiation survey as part of manufacturing. The acceptance criteria are as follows: 

When installed in the laboratory configuration; 

1. the maximum radiation fields on the external surface of the GClOOO shall not exceed 
125 mrem/h. 

2. the maximum radiation fields on the external surface of the GC3000 shall not exceed 
135 mrem/h. 

3. the maximum radiation fields at 1 m from any accessible external surface of the GClOOO 
shall not exceed 3 mrem/h. 

4. the maximum radiation fields at 1 m from any accessible external surface of the GC3000 
shall not exceed 6 mrem/h. 

There are no neutron sources in the F-431 package. 

8.1.6 Thermal Acceptance Tests 

Thermal acceptance testing is not required for each F-4 31, since the internal heat 
the GClOOO or GC3000 is low 15 Watts and the thermal radients are low. 

8.2 MAINTENANCE PROGRAM 

This section describes the maintenance program used to ensure the continued performance of the 
F-431 overpack. The F-431 package is inspected prior to each loading. The inspection and 
maintenance is carried out as per the Best Theratronics Radioactive Material Transport Package 
Quality Plan (see Appendix 9.3.2). 

8.2.1 Structural and Pressure Tests 

July 2019 

Prior to shipment of the package, all critical components are visually inspected to ensure that 
they are undamaged and continue to meet the requirements of the applicable engineering 
drawings and specifications. 

Page 120 of 126 



IN/TR 1913 F431 (D) 

F-431 Transport Package Safety Analysis Report 

No pressure testing is required for the F-431 overpack. 

8.2.2 Leak Tests 

The GCIOOO and GC3000 are leak tested at regular intervals, typically every six months, using 
a technique capable of detecting 185 Bq (0.005 microcurie) ofremovable contamination. A 
valid leak test certificate is a mandatory requirement for shipping. 

No leak testing is required for the F-431 overpack. 

8.2.3 Subsystem Maintenance 

The inner braces inside the transport cavity are subjected to regular visual inspections. If these 
inspections reveal damage such as cracks, the components are repaired in accordance with the 
same standards that were used for manufacturing. · 

The lower inner brace is removed and the cavity is cleaned. W om or cracked plywood is 
replaced. 

On an annual basis, the screws on the hoist rings and on the tie-down collar shall be re
tightened to the specified torque. 

8.2.4 Valves, Rupture Discs, and Gaskets on the Containment Vessel 

July2019 

The F-431 container undergoes inspection and maintenance prior to each shipment from Best 
Theratronics, Kanata, Ontario, Canada. The gaskets are visually examined for defects. The seal 
surfaces are visually examined for nicks or damage. New gaskets may be installed on the F-431 
during the regular or annual inspection and maintenance. 
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8.2.5 Shielding 

Radiation surveys are performed on the GClOOO or GC3000 and the F-431 prior to every 
shipment. With the GClOOO or GC3000 loaded inside the F-431, the acceptance criteria are 
as follows: 

1. the maximum radiation fields on the external surface of the F-431 shall not exceed 
200mrem/h. 

2. the maximum radiation fields at 1 m from any accessible external surface of the F-431 shall 
not exceed 10 mrem/h. 

8.2.6 Thermal 

No thermal testing is required on the F-431 overpack. 
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CHAPTER 9 - QUALITY ASSURANCE 

This section describes the Quality Program in place at Best Theratronics Ltd., Kanata, Ontario, 
Canada, as it applies to the F-431 Transport Package. Best Theratronics Ltd. has an IS090001 
registered quality assurance program in place governing all aspects of the Transport Packaging 
(design, manufacturing, testing, use, inspection and maintenance etc.), and is approved by USNRC; 
(Quality Assurance Program Approval No. 0943, Docket No. 71-0943, dated August 28, 2015, refer to 
Appendix 9.3.1). 

9.1 BEST TH ERA TRONICS QUALITY ASSURANCE PROGRAM 

The Quality Assurance Program at Best Theratronics is as per document 5.05-QA-01 "Radioactive 
Material Transport Package Quality Plan", attached in Appendix 9.3.2. 

9.3 APPENDICES. 

This section contains the following appendices. 

Appendix 9.3.1: USNRC Quality Assurance Program Approval for Radioactive Material Packages, 
Approval No. 0943. 

Appendix 9.3.2: Best Theratronics Radioactive Material Transport Package Quality Plan 

Appendix 9.3.3: Best Theratronics Sealed Source Quality Plan 
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· APPENDIX 9.3.1: 
' '' USN.RC Qtiality Ass,.lra:nce Progl'.'arn _Approval for:' 
. : . Radioactive Materiai Packages, J\ppr_oval No. 0~43· 

. .. .. .. ··:, :· :: . . . .. ..·:· 

_P.l~i!a~t 'to'ttte ~mi:: Ena'V)' Act Qf 1~. as arne."lded. tiia Gw:rgy ~enrgariizclion Act ~f 1~7 4, ii~ llffl'!nded, and Tale 10: C~ o( 
: Facrer.:11 ~ulatlDflo, Cl\llpfor. 1; :fa~: 71. a~ In m!\;W;o on sla!tmim13 arid nipi~$ef)l:'.!~n~: ~,to!o10 mad~ in I~ .. 4 :li!f. lhfl: 
ilr,.;arilzilt:oh nsmed In Imm 2, tne· Qulll11}1 ~ra£le!! Pto;iriim ider..tl!led in l!em 4 Is norou, 11pprove-:.t . Thi!· a)li:toi,:al is issued lo 
S!ltisl'; !he l'llQ!,lM~ of ~cticm 71.101 ot w Cfi~ ?<'lit. n. Tmuppro\ial luullJ~d w Q!i' iipplliC'.liblo Nm, 1mg1,laliein$c ilml Ofdora 
ol the Nlldllar :R!lf;iyl~ry CJ:lfflm~n t1'DW ct ho~r. fn:of!Gd arid to if!)' Ctl(l!fji~;~Clfu:ld below. '. . : . : : .. : : 

1. w.wi· ·. . · 
: :Bl:l~t Xneratmnles. Ltcl.: ,: : 

ITRi:ri' ..CCM~ 

413MarclrR~d:::. . . ... . ' 

CIT,''' '' ' '. 3. llCOeT.-MF : . 

: O~taw~.: Ontario, Can.id a • '. ' . ' 
. ..... . 

7Hi9-11_3: ·:.:: 
· •- QUA!.ITY ~~!,CE m:x!AAli AM.,_TIO!, QATE!5) 

February 27, 2000. a~d April 24, 2!)13:: · 
. J a.Jt(lff11'.ll1S . 

1: A~li1f:ltl_'*3 conducted regarding tmnsportation p.ackaijings ar.e to be execut,;ic(ian.~r.applice'ble crifat!a ~f: 10 : 
. . CAA Part 71,.SubpartH Authorized activities _Include: design, procurement. fabrication, assembly, testing, 
· • · modification, inali:i.too,ar¢e, nipair, and:use:of ttaosportatlon paclrag!ngs;. ·:. · · · · · · · 

- . . . . . . . . . 

2. Reoords ·shall be marntalned rn: accordance wiih :the provisions of 10 CFR):i~,:t 7( Specifically: 
' --:·. .. .. ;. ·::. :· .. ,. ·::. :·. .. '''··' .·· 

a. Records ofeacll shipment of lioonsep material shall be maintarn~d for 3 years after:thatshlpment 
[10 CFR 71.91(a)f. : _. . · . . . 

: : I).: )~~-OS providing fivldtioc~ of pa<;kaging quality $~U>~ malntalned fO( 3 yetciis after tte life of th-e: · · 
· packagfng(f0~~11.01(d}j:' · ·:: · : : · : .. : · •- ·: · · 

.c .. R~cofd~: describ.if\1 activilie.s affect1J~ P:ilckagl~ qua~- !i'thalf be m~l~t~inetl for'3 yeais after this . 
Quality Assurance ProgJ'.'aqp\ppr()i/aJ istermlnali:ic!f10 CFR 71)35]. · · · · · · 

• : : • : . : : . ·,·.: -: '. : • ':,; • ' t ' ' ' - ·-~. '.: : •:' ··: . • .•. • • 

·3 ~l~nnoo and ~ie .iudlts of ~t aii~ <i(~ Q~lily A$Jvhanoe f.i'ogram 1:.1!1all be CCln~U:cte<:f In 
'acccn:.lence with vait(oo ptoceduros or Cfl~P!d!s_~. :by ~pp_rciprla~tyJr~imid perspnnel not.having direct ' 
rei.ponsipility in the areas being audited, in ac:cQn:lanc:ev,1ffl.10 CFR 71. 137. : . · · · 

: . . : : : .. . ' . . . . : : ': ·:·( .. ~: . " . .. 
.\-.. · .... 

CA1E . .. 

S;.>618~' f ,?; . ·\' . . -~ . 
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I 

\ APPENDIX 9.3.2: 
Best Theratronics Radioactive Material Transport Package Quality Plan 

5.05-QA-01 (C) 
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APPENDIX 9.3.3: 
Best Theratronics Sealed Source Quality Plan 

5.05-QA-02 (2) 
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