
CAEL,.
T SSOClATES

Aspect Transport
Package Thermal

Analysis

January 30, 2014

ENGINEERING ADVANTAGE

© 2014 CAE Associates



Radioactive Material Transport Package CA SAT
'NW1ASSOCIATES

ZAArOO00
T0.00 5.a00 Cin)

2.500 7.500

www.caeai.com ENGINEERING ADVANTAGE 2



Transport Package Solid Geometry

* The transport package solid geometry is
simplified into a 2D axisymmetric representation.

" The transport package consists of 10 distinct
bodies

__ CA A.

'4WASSOCIATES

1. Drum
2. Insulator
3. Pipe
4. Shell
5. Upper Support

Ring

6. Lower Support
Ring

7. Uranium Shield
8. Insert
9. Bulk Capsule
10. Iridium

I
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Transport Package Solid Geometry

e Material Assignments for Solid Parts:
- Drum (1) - AISI 1020

- Insulator (2) - Kaolite 1600 / Thermo 12

- Pipe (3) - Galvanized Steel

CA A

'-VASOCIATIES

- Shell (4) - AISI 304
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Transport Package Solid Geometry

* Material Assignments for Solid Parts:
- Upper Support Ring (5) - Brass

- Lower Support Ring (6) - Brass

CAFJ
T ~/SSOCIATES

- Uranium Shield (7) - Uranium

- Insert (8)- AISI 304

- Bulk Capsule (9) - AISI 304

- Iridium (10) - Iridium
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Material Properties - Metals CAri

0

0

Density values are in kg/m 3

Specific Heat Capacity values are in J/kg*K

Thermal Conductivity values are in W/m*K

NT/ASSOCIATIES

Material Density Specific Heat Capacity Thermal Conductivity Emissivity

AISI 1020 7870 486 51.9 0.92

AISI 304 8000 500 16 0.36

Brass 8500 390 110 0.22

Galvanized Steel 7833 465 52 0.23

Iridium 22650 1300 147 0.87

Uranium 18950 120 27.5 0.15
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Material Properties - Insulators

* Thermo 12
- Density: 230 kg/m 3

- Specific Heat Capacity: 1005 J/kg*K
- Thermal Conductivity:

CAE4&.
_rASSOCIATES

- Emissivity: 0.85

* Kaolite 1600
- Density: 400.5 kg/m 3

- Specific Heat Capacity: 836.8 J/kg*K

- Thermal Conductivity:

- Emissivity: 0.94
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Flow Domain "AE
TASSOCIATES

. The flow domain was extracted based on an axisymmetric representation
of the transport package. The fluid inside and outside of the transport
package is modeled as air.

nrn 21 m
OOD moo

10.00 30.00

www.caeai.com ENGINEERING ADVANTAGE 8



Material Properties - Air CAE&
ASSOCIATES

* Air in the internal flow pockets is modeled as an ideal gas for all conditions
with the following transport properties:
- Thermal Conductivity = 2.61e-2 W/m*K

- Specific Heat Capacity at Constant Pressure = 1004.4 J/kg*K

- Dynamic Viscosity = 1.831 e-5 kg/m*s

* For Condition 1, the external air is modeled using the properties of air at

500C.

- Density = 1.093 kg/m 3

- Thermal Conductivity = 2.76e-2 W/m*K

- Specific Heat Capacity at Constant Pressure = 1006 J/kg*K

- Dynamic Viscosity = 1.95e-5 kg/m*s

* For Condition 2 and Condition 3, the external air is modeled as an ideal
gas with the same transport properties as the internal flow pockets.
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Transport Package - Drum CA A
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Transport Package - Insulator CAk
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Transport Package - Pipe
CA A.
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Transport Package - Shell
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Transport Package - Support Rings CAE
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Upper Support Ring
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Transport Package - Uranium Shield CA
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Transport Package - Insert
1 0.439"
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Transport Package - Bulk Capsule CA i S A
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Transport Package - Iridium CAE&
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3.6.2.1 ASPECT 12K Analysis of the Effect of the Uncertainties in the Package Conditions and
Properties on the Resultant Surface Temperature under the IAEA Normal Thermal Condition

An evaluation of the effect of the uncertainties in the package conditions and properties on the resultant
surface temperature under the IAEA Normal Thermal Condition.

The IAEA Normal Thermal Condition (Shade) requires the maximum surface temperature of the package
not to exceed 50 0C when in the shade in an ambient temperature of 380C. The analysis performed by
CAE Associates (reported 06 Nov 13) and presented in Section 3.6.1 demonstrated that with a decay
heat load of 58.1 Watts, the maximum surface temperature was 490C and the average surface
temperature was 45.20C.

We have undertaken several analyses to evaluate the effect of uncertainties on this result.

Heat Load

The first analysis considered the sensitivity of the decay heat load on the results of the calculation.

CAE repetitively performed the IAEA Normal Thermal Condition (Shade) simulation, consistently using
the same material properties, but varying the decay heat load. The resultant surface temperatures from
these simulations were:

Decay Heat Average Surface Maximum Surface
Load (Watts) Temperature (°C) Temperature (°C)

0.0 38.0 38.0
44.3 43.6 46.5
58.1 45.2 49.0
60.0 45.5 49.3

Note: Data for 0.0 Watts is implied

A linear, least-squares fit of this data results in a temperature relationship of:

T = 38.026 + 0.18901W
with a residual of 0.9999

Consequently, the maximum surface temperature is relatively insensitive to small changes of decay heat
load. The analytical relationship indicates that a heat load of 63.3 Watts would be required to reach the
maximum allowable surface temperature of 50'C. The proposed heat load for the package is 8.4% lower
than this maximum value, assuring conservatism.

Material Properties

This surface temperature is a steady-state heat transfer condition. As such, at least as a first order
approximation, the maximum temperatures are relatively independent of the thermal conductivities and
specific heats of the materials within the package. These values would affect the time sensitivity of the
package reaching its steady-state temperatures, and would affect the temperatures of the internal
components, but as long as the spatial distribution of heat is not significantly changed, these values for
the internal components will not affect the steady-state temperature values of the outside surface. Once
the package reaches its steady-state equilibrium temperatures, the package will dissipate heat (from the
outside surface) at exactly the same rate as it generates heat. And this dissipation occurs through
convection and radiation from the outside surface.

App 3.6.2.1-1



To validation this postulate, CAE performed two simulations of the IAEA Normal Thermal Condition
(Shade) using the same heat load (44.3 W) but using insulation with significantly different thermal
properties:

Thermo 12 Kaolite 1600
Density (kg/m3) 230 401
Specific Heat Capacity (J/kg-0 K) 1005 837
Thermal Conductivity (W/m-"K) 0.054 0.192
Emissivity 0.85 0.94

The results (reported 30 Oct 13), showed significantly different internal component temperatures, but
virtually the same maximum surface temperature:

Thermo 12 Kaolite 1600
Drum Surface (Maximum) 45.80C 45.60C
Drum Surface (Average) 43.70C 43.60C
Drum Bottom (Maximum) 46.20C 46.50C
Drum Bottom (Average) 43.00 C 43.30C

Consequently, we can conclude that the maximum temperatures are very independent of the thermal
conductivities and specific heats of the materials within the package and the only variances that could
affect the final result would be in the values of the convective heat transfer coefficient and emissivity.

The outer surface of the package is painted with Krylon Flat Black which is reported to have emissivity in
the range from 0.95 to 0.97 (http://www.infrared-thermoqraphv.com/material-l.htm). For conservativism,
our initial analyses used an emissivity value of 0.92.

Analysis

To evaluate the impact of these parameters of convective heat transfer coefficient and emissivity, we
have made a simplified analysis of the "average" temperature of the outside surface of the package in still
air and an ambient temperature of 380C using various values for the convective heat transfer coefficient
and emissivity.

To assure conservatism, the following assumptions are used:

The decay heat (58.1 watts) is deposited in the exterior surfaces of the outer container.

The outer container is perfectly insulated. Heat is transferred from the outer container to the
environment by means of convective and radiative heat transfer.

The temperature of the external surface of the package is uniform. Although this assumption is
not precisely valid, it is reasonable as long as there are no significant gradients of surface
temperature. In the ANSYS analyses performed by CAE which are noted above, the difference
between the average temperature and the maximum temperature for two diverse insulating
materials was only 3.20C. Therefore, this analysis could be considered representative of this
,average" temperature.

Using these assumptions, and a steady-state heat relationship:

qin = qo.,

qi,, = qdeca = 58.1W

and

App 3.6.2.1-2



q=., = q, + q,

where: qc: Convective Heat Transfer
qr: Radiative Heat Transfer

The convective term, qc, can be expressed as convection from the cylindrical side surface, qc-side, and
from the cylinder top surface, qc-top:

qc = qc-side + qc-,op

Convection from the Side

From Holman,1 the convection term from vertical (side) surfaces, qc-sde, can be expressed as:

qc-.de : h,-.,eAside (T,, - T, )

where: hc-ide: Average Convective Heat Transfer Coefficient for Vertical (Side) Surfaces
Aide: Area of the Vertical (Side) Surface

and
Aside = 27grz

where: r. Radius of the Outer Container (0.184 m)
z: Height of the Outer Container (0.521 m)

Also from Holman, the Average Convective Heat Transfer Coefficient for Vertical (Side) Surfaces, hc-side,

can be expressed as:

h7e_•ie _ 5kNu-
4z

where: k: Thermal Conductivity
Nu,: Nusselt Number

Over the range of temperatures for this problem, from data provided by Holman Table A-5, the Thermal
Conductivity as a function of temperature (OK) can be expressed as:

k = (0.003393)+ (7.586x10-5 )T

Also from Holman, Eq 7-28, the Nusselt Number for vertical constant heat flux surfaces can be expressed
as:

Nu_ = 0.60(Gi* Pr)°2 °

where: Gre: Modified Grashof Number

Pr Prandtl Number

The Modified Grashof Number is expressed as (Holman Eq 7-30):

_g/3q 1,z 4
aG.z 4-

Wv
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where: g: Gravitational Acceleration (9.8 m s 2 )
8. Volume Coefficient of Expansion = 1/T (K- 1)
qw: Constant Heat Flux through the wall (W/m2 )
v: Kinematic Viscosity (m2/s)

Over the range of temperatures for this problem, from data provided by Holman Table A-5, the Kinematic
Viscosity as a function of temperature ('K) can be expressed as:

v = (1.3333x 0-o5)+ (9.768x1o-8)T

The Prandtl Number is expressed as (Holman Eq 5-39):

V

a

Over the range of temperatures for this problem, from data provided by Holman Table A-5, the Prandtl
Number, as a function of temperature (OK), can be expressed as:

Pr = (0.7755)- (0.00022)T

The values of k, fi, and vare evaluated at the film temperature, which is taken as the average between
the wall temperature and the ambient temperature.

Convection from the Top

From Holman, the convection term from top surface, q-top, can be expressed as:

q -,op = h,-,oP A,op (T- Ta )

where: hc-tp: Average Convective Heat Transfer Coefficient for Top Surface
Atop: Area of the Top Surface

The value for h-tp is based on a "characteristic dimension", defined in Holman Eq 7-39 as

A zr2 r

P 2?rr 2

where: A: Area of the Container Top
P: Perimeter of the Container Top
r. Radius of the Container Top (0:184 m)

Also from Holman, the Convective Heat Transfer Coefficient for Top Surface, h-top, can be expressed as:

kNuL
- L

where: k: Thermal Conductivity

NUL: Nusselt Number

Again, from Holman, Eq 7-40, the Nusselt Number can be expressed as:
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NuL = 0.13 * (GrL * Pr)0.
333

where: GrL:Grashof Number
Pr. Prandtl Number

The Grashof Number is expressed as (Holman Eq 7-21):

GrL = V(i 2 T. )L
V

According to Holman, the values of k, fl, and vare evaluated at the temperature Te, defined as:

T, = T,,, - 0.25(T,,, - T )

Radiation from All Surfaces

The radiative term, qr, can be expressed as:

q~ =ar-4 (72-T4qr 11-A T,4 t

where: qr: radiative heat transfer
oY Stefan-Boltzman Coefficient (5.669 x 10e W/m2 0K)
e. Emissivity
Atota,: Surface Area of the Container
Ta: Ambient Environmental Temperature (38'C; 311 0 K)

We use this relationship to calculate the average outside surface temperature of the package.

For validation of this methodology, we compared this to the results determined through an ANSYS
simulation performed by CAE associates as noted above. Using a decay heat load of 58.1 Watts and an
emissivity of 0.92 (lower than the range of values reported for Krylon flat black painted surface), CAE
calculated an average temperature to be 45.20C. This manual calculation provided a result of 45.15 0C.

Therefore, we conclude that this calculational methodology is suitable to examine the effects of certain
variations in these parameters.

As a first step, we examined the effect of changing the convection heat transfer coefficient by a very large
value: 20%. This caused a change to the average temperature of only 0.5 0C. Consequently, the outside
surface temperature is not very sensitive to large changes in the convection heat transfer coefficient.

Secondly, we examined the effect of changes in the emissivity. These results are shown in the table
below:

SI TayI ATav

0.92 _ 45.15 0.00
0.90 45.25 0.10
0.88 j 45.35 0.20
0.86 - 45.46 0.31
0.84 45.57 0.41
0.82 45.68 0.53
0.80 45.79 0.64
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0.75 46.09 0.94
0.70 46.42 ' 1.27

These results show that a change in emissivity of 20% results in less than 10C change in the external
temperature. Consequently, although the external temperature is more sensitive to changes in emissivity
than to changes in the convection heat transfer coefficient, even quite large changes in emissivity cause
only small changes in external surface temperature.

Finally, we examined the combined effect (where the convective heat transfer coefficient was changed by
the same proportion as the change in emissivity). These results were:

S Tavl ATav

0.92 45.15 [ 0.00

0.90 45.32 0.17
0.88 45.49 0.34

0.86 45.67 . 0.52

0.84 45.87 0.71
0.82 46.06 0.91
0.80 46.27 1.12
0.75 46.84 1.69

0.70 47.48 2.33

Even in this case, with both emissivity and the convective heat transfer coefficient changed by more than
10%, the maximum surface temperature changes by less than 1°C. Therefore, base on the ANSYS
results provided by CAE associates (using a decay heat load of 58.1 Watts and an emissivity of 0.92, the
maximum temperature was found to be 490C), we conclude that the package would still satisfy the IAEA
criteria of 50'C if the uncertainty of the value for the emissivity of the Krylon flat black painted surface
were as large as 10%.

As a final step in the analysis, CAE performed an additional simulation (reported on 23 Dec 2013) using
two different values for emissivity:

Emissivity = 0.92 Emissivity = 0.85
(3% lower than (10% lower than
actual) actual)

Drum Surface (Maximum) 47.70C 48.20C
Drum Surface (Average) 45.2°C 45.60C
Drum Bottom (Maximum) 49.00C 49.40C
Drum Bottom (Average) 44.80C 45.20C

We conclude that with even large values of uncertainty in the material properties, the maximum surface
temperature of the ASPECT 12K will satisfy the requirement of IAEA Normal Thermal Condition (Shade)
that the maximum surface temperature of the package not to exceed 500C when in the shade in an
ambient temperature of 380C.

I Holman JP, Heat Transfer, 8 th Edition, McGraw Hill, 1997
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3.6.1 ASPECT 12K Type B(U) Thermal Analysis Under the Normal Conditions of Transport

3.6.1.1 Analysis of the Package Temperatures at 38 0C in the Shade: Assessment of Two Different
Inorganic Insulation Materials; CAE Associates Report dated 30 October 2013

3.6.1.2 Analysis of the Package Temperatures at 38 0C in the Shade: Assessment of Maximum
Permissible Decay Heat Load; CAE Associates Report dated 06 November 2013

3.6.1.3 Analysis of the Package Temperatures at 380C with Solar Insolation; CAE Associates Report
dated 12 November 2013

App 3.6.1-1
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CFD Analysis CA A.

ASSOCIATES
* CAEA has previously analyzed Aspect's redesigned radioactive transport package'under the

three thermal conditions below as required by 10 CFR 71 for a Type B(U) package. In order
to meet the requirements set out in 10 CFR 71.71 c2 (condition 1), the non-organic Kaolite
1600 insulation was chosen which allows for a decay heat load of 58.1 W while maintaining a
maximum drum surface temperature of 490C.

* To assess the uncertainty in the predicted drum surface temperature for the given input
parameters, Aspect is interested in modeling the redesigned radioactive transport package
under 10 CFR 71.71 c2 (condition 1) with a reduced drum surface emissivity value. Based on
CAEA's previous analyses, the drum surface emissivity value is likely to be the principal input
parameter controlling the drum surface temperature under condition 1.

10 CFR 71.43g A package must be designed, construced, and prepared for transport so that
10 CFR 71.71 c2 in still air at 38 deg C (100 deg F) and in the shade, no accessible surface of

a package would have a temperature exceeding 50 deg. C (122 deg. F) in a
nonexdushie use shipment

10CFR 71.71cl The package design shall be designed so that under ambient conditions
TSR1 651,652, 653, (temperature 38C (100F) and solar insolation conditions), heat generated by
654 the radioactive material shall not under normal conditions of transport

adversely affect the package in such a way that it would fail to meet
containment and shielifng requirements if left unattended for a week.
Insolation data is as follows:
Surface Form / Location Insolation for 12 hrs/day
Rat surface transported horizontally
- Base None
- Other Surfaces 800 W/m2

Rat surface not transported horizontally
-Each surface 200 Wnr2

Curved Surfaces 400 W1 m
2

10 CFR 71.73c4 Under the conditions of the hypothetical thermal accident condition (800o0
(Hypothetical Accident for one hour), there would be no escape of radioacive material and no
Conditions) external radiation dose rate exceeding 10 mSvsh (1 rem1h) at I m (40 in)
TSR1 728 from the external surface of the package.

This would require calculating the most severe thermal stress conditions that
result during the fire test and subsequent cooldown.
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Flow Domain CAEAi&
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. The flow domain was extracted based on an axisymmetric representation
of the transport package.
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CFD Model - Condition 1 CA~k
-r ASSOCIATES

" 2D, Steady State, Conjugate
Heat Transfer, Internal and
External Radiation

* Boundary Conditions:
- External Air at 380C
- Iridium internal heat

generation of 58.1 W
- Package sits atop a flat

surface at 38°C

* Drum Surface:
- Emissivity = 0.85

* CFX-P.~ ..wIys1,~g~.Ldc.ut~.Kad.teje~1 U

On t - wgo

G Mdv*Tww

it 32: Jn&A-eSdki &2

M1 3it JnffbToSok1%mCXk, i~ to
DýOdi 32 Dnnlontlo

M it E aTT~lwSi~de 2
b=A32: f. Onn i L_;':

qUEwU]

DrTYR 3 m rýýimtfo

zJ 3P AwMUO

it 0 0700 (in)
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Component Temperatures CAri.

TASSOCIATES

Drum Surface Emissivity = 0.92 Drum Surface Emissivity = 0.85

Component Average Temperature [*C] Maximum Temperature [*C] Average Temperature [0C] Maximum Temperature [°C]

Bulk Capsule 189.6 197.5 190.1 198.0

Uranium Shield 173.9 180.5 174.4 190.0

Shell 166.0 170.4 166.5 170.9

Insulator 73.3 170.0 73.7 170.5

Drum (Internal) 45.1 49.0 45.5 49.4

Drum (Outer Surface) 45.2 47.7 45.6 48.2

Drum (Bottom Outer Surface) 44.8 49.0 45.2 49.4
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Temperature Contours

Temperature
Contour 1

2.000e+002

1.840e+002

1.680e+002

1.520e+002

1.360e+002

1.200e+002

1.040e+002

8.800e+001

7.200e+001

5.600e+001

4.000e+001
[c]

CAj~
'*4ASSOCIATES

ANSYS
R14.5

y

0 0500 1.000 (M)

0250 0.750

www.caeai.com ENGINEERING ADVANTAGE 8



Velocity Vectors CA•k

VelocitvI1I.000e+000
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Streamlines - External Flow

Veloci~ty
Streamline 1
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Temperature Contours - External Flow CAEASA.

Temperature
Contour I
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Temperature Contours - Interior CAEL
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Temperature
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Temperature Contours - Bulk Capsule
'-4WASSOCIATES

Temperature
Contour I
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Temperature Contours - Uranium Shield CAri.
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Temperature Contours - Shell
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Temperature Contours - Insulation CA A.
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Temperature Contours - Drum CAEA&
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Temperature Contours - Drum CAEL
ASSOCIATES
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CFD Analysis CAAEk

gyASSOCIATES
" CAEA has previously analyzed Aspect's redesigned radioactive transport package with

Kaolite 1600 insulation under condition 1 OCFR 71.71 c2 (condition 1) and 1 OCFR 71.71 cl
(condition 2).

" Aspect is now interested in analyzing their transport package under 1 OCFR 71.73c4
(condition 3).

10 CFR 71.43g
10 CFR 71.71 c2

A package must be designed, constructed, and prepared for transport so that
in still air at 38 deg C (100 deg F) and in the shade, no accessible surface of
a package would have a temperature exceeding 50 deg. C (122 deg. F) in a
nonexclusive use shipment.

10CFR 71.71cl
TSR1 651,652,653,
654

The package design shall be designed so that under ambient conditions
(temperature 38C (1007F) and solar insolation conditions), heat generated by
the radioactive material shall not under normal conditions of transport
adversely affect the package in such a way that it would fail to meet
containment and shielding requirements if left unattended for a week.
Insolation data is as follows:
Surface Form I Location Insolation for 12 hrs/day
Flat surface transported horizontally
- Base None
- Other Surfaces 800 WWm2

Flat surface not transported horizontally
-Each surface 200 W/m2

Curved Surfaces 400 W/ m2

10 CFR 71.73c4 Under the conditions of the hypothetical thermal accident condition (800oC
(Hypothetical Accident for one hour), there would be no escape of radioactive material and no
Conditions) external radiation dose rate exceeding 10 mSv/h (1 remih) at 1 m (40 in)
TSR1 728 from the external surface of the package.

This would require calculating the most severe thermal stress conditions that
result during the fire test and subsequent cooldown.
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CFD Model - Condition 3 - Fire Test CAEA&

TASSOCIATES
• 2D, Transient, Conjugate

Heat Transfer, Internal and
External Radiation

* Boundary Conditions:
- Iridium internal heat

generation of 58.1 W

- Fire Conditions (convection
and radiation) applied to all
external drum surfaces for 30
minutes.
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Fire Conditions CA A

7ASSOCIATES

* To model the fire, convective and radiative heat fluxes are applied to the
external surface of the drum. These fluxes are characterized by the
following parameters:
- Flame convective heat transfer coefficient: 56.1 W/m 2*K

- Flame emissivity: 1

- Flame temperature: 8000C

" The above values were determined based on a review of the literature:
- Nakos, J.T. and N.R. Keltner, "The Radiative-Convective Partitioning of Heat

Transfer to Structures in Large Pool Fires", Heat Transfer Phenomena in
Radiation, Combustion, and Fires, ASME-HTD-VoI. 106, New York, 1989.

- Ju, H., Greiner, M., and Suo-Anttila, A., 2001 "Computer Simulations of a
Generic Truck Cask in a Regulatory Fire Using the Container Analysis Fire
Environment (CAFE) Code," Presented at the 13th International Symposium
on the Packaging and Transportation of Radioactive Material (PA TRAM), CD-
ROM, Chicago, Illinois, September 3-7, 2001.
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CFD Model - Condition 3 - Solar Insolation CAE&

T ASSOCIATES
" At the end of the 30 minute fire

test, the fire boundary conditions
are replaced by the solar
insolation conditions and the
transient analysis is continued.

* Boundary Conditions:
- External Air at 380C
- Iridium internal heat generation

of 58.1 W
- Solar Insolation Heat Flux:

• 800 W/m 2 applied to the top
external drum surface (Red)

• 400 W/m 2 applied to the side
external drum surface (Blue)
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Temperature vs. Time

Maximum Temperature vs. Time

CA~k

_ASSOCIATES
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Temperature vs. Time
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Temperature vs. Time

Maximum Insulator Temperature vs. Time
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Temperature vs. Time CA A.

TASSOCIATES
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Temperature vs. Time

Maximum Pipe, Shell, Uranium Shield Temperature vs. Time
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Temperature vs. Time CAE&
'r /SSOCIATES
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Maximum Component Temperatures CA A.

-r /SSOCIATES

Component Temperature after 30 Min [°C] Maximum Temperature [°C] Time

Iridium 238.9 275.0 3 hrs, 43 min

Bulk Capsule 238.1 274.1 3 hrs, 43 min

Insert 234.4 270.5 3 hrs, 43 min

Uranium Shield 221.1 257.1 3 hrs, 42 min

Shell 211.8 246.5 3 hrs, 26 min

Pipe 211.4 246.1 3 hrs, 24 min

Insulator 799.2 799.2 30 min

Drum (Internal) 799.6 799.6 30 min

Drum (Outer Surface) 799.6 799.6 30 min

Drum (Bottom Outer Surface) 799.6 799.6 30 min
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Temperature Contours - Fire Test CA A.
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Temperature Contours - Solar Insolation CAr
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Appendix 3.6.4 ASPECT 12K Type B(U) Thermal Analysis in accordance with 10CFR71.73(c)(4)
and TSR1 Paragraph 728 (Package Under the Hypothetical Accident Fire Condition)

This section presents the predicted system temperatures and pressures for the package under the
hypothetical thermal accident condition specified in IAEA Paragraph 656. As described in Section 3.3.1,
the thermal analysis of the package is performed by computer simulation by CAE Associates using
ANSYS CFD analysis using very conservative simplifying assumptions.

The analysis of the performance of the ASPECT 12K under these conditions is presented in Appendix
3.6.1. The maximum temperatures achieved by the various components of the maxiBulk container were
determined to be:

Table 3.5 Summary of Maximum Package Temperatures

Component Maximum
Temperature

Bulk Capsule 425.6 °C
Uranium Shield 473.3 °C
Shell 618.5 'C

Notwithstanding this result, our subsequent analysis of the performance of the containment and shielding
of the package, is based on the conservative assumption that all components of the package reach a
temperature of 800 *C.

Containment (Special Form Capsule)

The ASPECT 12K package is designed solely for the transport of Special Form Radioactive Material.
These Special Form capsules act as the containment for the radioactive material. As described in
Section 3.6.5, the Special Form capsules are demonstrated to maintain their integrity at a temperature of
800 °C without release of any of the radioactive contents.

Inner Cavity

The inner container cavity (the location where the Special Form capsules are located), although enclosed,
is not sealed; no "O"-rings, gaskets or other sealing devices are employed. This cavity is open to the
atmosphere. Therefore, there will be no pressure build up in this cavity as a result of the container
achieving a temperature of 800 'C.

Container Body

The stainless steel housing containing the depleted uranium shield is sealed by means of the welding of
the housing. The space between the uranium shield and the housing is filled with air. Under the
assumption that the air behaves as an ideal gas, the pressure within this special form capsule would be
calculated from:

A2 -- P,T 7
T,

where: PI: Atmospheric Pressure at the time of sealing (101 kPa)
P2: Pressure resulting from the Maximum Hypothetical Accident Temperature
T1: Temperature at the time of sealing (20 'C or 293 K)
T2: Maximum Hypothetical Accident Temperature (800 'C or 1,073 K)

From this relationship, the maximum pressure within this space due to the hypothetical thermal accident
temperature would be 370 kPa.

This increased pressure within the housing would result in increased stress. We can assume that this
space behaves as a thin-wall pressure vessel. The tensile stress induced in a thin-walled pressure
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vessel from an internal pressure can be described by Barlow's formula (Machinery's Handbook, 22nd
Edition, page 327):

Pdi
O'--

2t

where: P: Pressure Differential 269 kPa (39 psi)
di: Inside Diameter 162 mm (6.38 in)
t: Wall Thickness 3.09 mm (0.122 in)

From this relationship, the tensile stress generated within the stainless steel housing is 7.05 MPa (440
psi).

The longitudinal stress for the container is calculated from:

Pd 2

o-, (d + 2t)2 - d 2

where oa: Longitudinal Stress
P/: Longitudinal Pressure: (270 kPa or 39.3 psi)
d: Inside diameter of the Cylinder (162 mm or 6.38 in)
t: Thickness of the Cylinder (3.09 mm or 0.122 in)

For the stainless steel housing, the longitudinal stress is calculated to be 3.47 MPa (505 psi).

At a temperature of 870 'C (1600 OF) the yield strength of type 304 stainless steel is 69 MPa (10,000 psi).
Therefore, under the conditions of the hypothetical thermal accident, the stress generated in the housing
is only 10.2% of the yield strength of the material at the test temperature.

There will be no thermal stress as a result of differential thermal expansion of the materials of the inner
container. The construction of the inner container plug positions the uranium shield surrounded by a
copper spacer inside a machined cavity in a Type 304 Stainless Steel. Copper has a larger linear
coefficient of thermal expansion (1.66 x 10-5 m/m -K) than Uranium (1.39 x 10`i m/m-K). Therefore, as the
temperature increases from 20 0C to 8000C, the clearance between these parts will increase. Similarly,
Type 304 Stainless Steel has a larger linear coefficient of thermal expansion (1.73 x 10-5 m/m-K) than
Copper (1.66 x 10-5 m/m-K). Therefore, as the temperature increases from 20 'C to 800 'C, the
clearance between these parts will also increase. Consequently, there will be no thermal stress as a
result of differential thermal expansion of the materials of the inner container plug.

The construction of the inner container body positions the uranium shield surrounded by a brass spacer
inside a machined cavity in a Type 304 Stainless Steel. Table 3.7 provides the radial dimensions and
clearances which exist at the time of construction (20 °C) and at the hypothetical thermal accident (800
°C).

Table 3.7 Differential Thermal Expansion of Inner Container Body in the Radial Direction

Radial Expansion @ 20 -C @ 800 -C
Uranium Shield Outside Diameter cc = 1.39 x 10-5 m/m 0C 92.0 + 0.1 mm 93.0 + 0.1 mm
Brass Ring Inside Diameter a = 1.90 x 10-5 rn/rn C 92.5 + 0.1 mm 93.9 + 0.1 mm
Minimum Clearance 0.3 mm 0.7 mm
Brass Ring Outside Diameter a = 1.90 x 10-5 m/m 0C 98.0 + 0.1 mm 99.5 + 0.1 mm
Stainless Steel Inside Diameter a = 1.73 x 105 rn/rn 'C 99.0 + 0.1 mm 100.3 + 0.1 mm
Minimum Clearance 0.8 mm 0.6 mm

Therefore, as the temperature increases from 20 °C to 800 °C, the clearance between these parts will
also increase. Consequently, there will be no thermal stress as a result of differential thermal expansion
of the materials of the inner container body in the radial direction.
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Table 3.8 provides the axial dimensions and clearances that exist at the time of construction (20 °C) and
at the hypothetical thermal accident (800 'C). In this case, the components are assembled in contact with
one another as shown in Drawings B170101, B170210, and B170300. As the temperature increases, the
Stainless Steel expands a greater amount that the combination of the Uranium and Brass ring.

Table 3.8 Differential Thermal Expansion of Inner Container Body in the Axial Direction

Longitudinal Expansion @ 20-C @ 800-C
Uranium Shield Height a = 1.39 x 10r5 m/m °C 216.0 + 1.0 mm 218.3 + 1.0 mm
Brass Ring Thickness (2 ea) a = 1.90 x 10-5 m/m OC 3.2 + 1.0 mm 3.25 + 1.0 mm
Stainless Steel Height a = 1.73 x 105 m/m r'C 222.4 + 1.2 mm 225.4 + 1.2 mm
Minimum Clearance 0.0 mm (Contact) 0.6 mm

Therefore, as the temperature increases from 20 0C to 800 0C, the clearance between these parts will
increase. Consequently, there will be no thermal stress as a result of differential thermal expansion of the
materials of the inner container body in the axial direction.

At a temperature of 8000C, the surface of the uranium shield would be expected to oxidize. However, the
air-filled space between the depleted uranium shield and the housing has a volume of only 783 cm 3

(0.783 liter). For analysis, we assume this volume is filled with air at atmospheric pressure. This is a
conservative assumption, as during the seal welding process, the temperature of the stainless steel, and
therefore the contained air, would be elevated, thereby reducing the initial pressure. However, for
conservativism, no account is taken of this reduced pressure. Assuming air occupies 22.4 L/mol at
atmospheric pressure, and further assuming that oxygen represents only 20% of the volume of air, this
volume would contain 4.21 x 1021 molecules of 02 or 8.42 x 1021 atoms of oxygen.

The metal uranium forms several oxides:

* Uranium dioxide or uranium(IV) oxide (U0 2, the mineral Uraninite or pitchblende)
* Uranium trioxide or uranium(VI) oxide (U0 3)
" Triuranium octoxide (U30 8 , the most stable uranium oxide, yellowcake typically contains 70 to 90

percent triuranium octoxide)
" Uranyl peroxide (U0 4)

For conservativism, we assume that the only oxide formed in this cavity is U0 2, the most "uranium-rich"
oxide. Again, conservatively assuming that all oxygen atoms are consumed in forming oxides of uranium,
then the 8.42 x 1021 atoms of oxygen would consume 4.21 x 1021 atoms of uranium, which would
represent 1.66 g. Assuming that this mass of uranium was removed uniformly over only the outside
surface of the uranium shield (1088 cm 2), then the reduction of shield thickness would be less than 1 gm.
For 192Iridium, this would represent an increase in the exposure rates of 0.015%, far below the 10 mSv/hr
permitted by the regulations at the conclusion of the hypothetical accident conditions.

To verify that oxidation of the surface of the uranium shield under the hypothetical thermal accident
condition would not cause an increase in the radiation levels prescribed by IAEA Paragraph 651 and to
verify that the test temperature would not result in thermal stresses that would compromise the package
safety, a physical test was performed using a reduced scale model as described in Section 3.6.6.

Outer Container

The external container, although enclosed, is not sealed. Therefore, there will be no pressure build up in
this container during the hypothetical accident condition.
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Appendix 3.6.5 ASPECT 12K Type B(U) Thermal Analysis in accordance with 10CFR71.73(c)(4)
and TSR1 Paragraph 728 (Special Form Capsule Under the Hypothetical Accident Fire Condition)

This analysis demonstrates that under the conditions of the hypothetical thermal accident condition, there
would be no escape of radioactive material from the containment of the ASPECT 12K package.

As shown in Appendix 3.6.4, under very conservative assumptions, the source capsules used with the
ASPECT 12K container when transporting the maximum heat load would reach a temperature of only
425.6 'C. However, since the ASPECT 12K package is designed solely for the transport of Special Form
Radioactive Material, for purposes of this analysis, the capsules are assumed to reach the Special Form
test temperature of 800'C. The Special Form capsules provide the primary containment for the
radioactive material.

The special form capsules are assumed to be filled with air. For this analysis, we assume this volume is
filled with air at atmospheric pressure at 20 'C. This is a conservative assumption, as during the seal
welding process, the temperature of the capsule, and therefore the contained air, would be elevated,
thereby reducing the initial pressure. However, for conservativism, no account is taken of this reduced
pressure.

It is assumed that during the test, the special form capsule achieves a temperature of 800'C. Under the
assumption that the air behaves as an ideal gas, the pressure within this special form capsule would be
calculated from:

p, P7,

T,

where: PI: Atmospheric Pressure at the time of sealing (101 kPa)
P2: Pressure resulting from the Maximum Hypothetical Accident Temperature
T1: Temperature at the time of sealing (20 'C or 293 K)
PI: Maximum Hypothetical Accident Temperature (800 'C or 1,073 K)

From this relationship, the maximum pressure within this capsule due to the hypothetical thermal accident
temperature would be 370 kPa.

Although many special form capsules may be used with the ASPECT 12K, the most vulnerable special
form capsule to be used with the ASPECT 12K would be fabricated from stainless steel and have an
outside diameter of 13 mm and a wall thickness of 0.3 mm. (Titanium has higher yield strength than
stainless steel, and therefore a capsule with similar dimensions would be less vulnerable.) The tensile
stress induced in a thin-walled pressure vessel from an internal pressure can be described by Barlow's
formula (; Machinery's Handbook, 2 2nd Edition, page 327):

Pdi

2t

where: P: Pressure Differential 269 kPa (39.3 psi)
di: Inside Diameter 12.4 mm (0.488 in)
t: Wall Thickness 0.3 mm (0.012 in)

From this relationship, the tensile stress generated within the stainless steel capsule is 5.68 MPa (871
psi).

The longitudinal stress for such a capsule is calculated from:
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Pd2

x, -(d+2t)2 - d2

where a,: Longitudinal Stress
PI: Longitudinal Pressure: (270 kPa or 39.3 psi)
d: Inside diameter of the Cylinder
t: Thickness of the Cylinder

For this same most vulnerable special form capsule (diameter of 13 mm outside diameter and 0.3 mm
wall), from this relationship, the longitudinal stress is calculated to be 2.72 MPa (417 psi).

At a temperature of 870 'C (1600 'F) the yield strength of type 304 stainless steel is 69 MPa (10,000 psi).
Therefore, under the conditions of the hypothetical thermal accident, the stress generated in the most
vulnerable source capsule is only 8.2% of the yield strength of the material at the test temperature.

There will be no thermal stress as a result of differential thermal expansion of the materials of the special
form source capsule as this capsule is fabricated from a single material. In each special form capsule
design, there is sufficient clearance between the contents and the capsule to preclude any thermal stress
as a result of differential thermal expansion of the content mateials against the material of the special
form source capsule.

In addition to this analysis, all special form source capsules authorized to be transported in the ASPECT
12K will have been successfully subjected to the Special Form thermal test of 800 'C.
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Appendix 3.6.6Test Report

By: Kiet Phan

Date: 05 August 2010

Subject: Depleted Uranium (DU) Collimator Thermal Testing

The objective of this test is to determine whether there would be any loss in shielding after performing a
thermal test for 60 minutes. For this test piece, a Depleted Uranium (DU) collimator was supported by a
brass ring on both ends and encased in 304 Stainless Steel as shown in Figures 1 & 2. The test sample
was designed to contain a ratio of entrapped air to uranium surface slightly greater (1:3) than for the
maxiBulk container (1:4). The clearance between the uranium and brass rings and the clearance
between the brass rings and the stainless steel shell were the same for the test sample as the clearances
in the maxiBulk container.

UPPER SUPPORTING
BRASS RING

LOWER SUPPORTING

,N,,-DU COLUMATOR

Figure 1: DU collimator container Figure 2: DU collimator container in section view

The DU collimator's diameter and overall length was measured before it was painted and encased. The
top outside diameter was measured to be 1.550 inches, the bottom outside diameter was 1.560 inches,
and the overall length was 1.815 inches. After the DU collimator measurements were taken, the
collimator was sprayed with a light coat of enamel paint, and the test piece was fabricated and inspected
in accordance with drawing 990196, revision 0. A liquid penetrant weld inspection was performed, and
the results showed that the welds were acceptable.

Three radiation measurement locations were etched around the outer shell (Figure 1) and one was
etched on the bottom (Figure 2) of the container. On 02 August 2010, a radioactive source with an
activity of 0.834 Ci was loaded into the container. An initial radiation survey was conducted at the four
etched radiation measurement locations. The survey was made using a Model ND 2000 survey meter
(serial number 2356) and a Victoreen 410 survey meter (serial number 23962). The Model ND 2000
survey meter was most recently calibrated on 18 June 2010, and the Victoreen 410 was calibrated on 11
February 2010. The initial exposure rate that was measured at each distance is presented in the table
below. Upon the completion of the survey, the radioactive source was removed from the test piece.
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Measured Exposure Rate (mrem/hr)At surface At 1 m

A 820 15
B 410 12
C 1500 12
D 4000 44

Table 1: Initial Exposure Rate

On 3 August 2010, the thermal test was performed. The DU collimator container was placed into a
Thermolyne 1400 furnace (Figure 3), Model FB1415M, SN 348911124432, in an air environment that had
been previously preheated to 800 °C (1472 °F). The temperature returned to 800 'C after 3 minutes.
Once the temperature of 800 °C was reached, the test sample remained in this position for 60 minutes,
while maintainin a furnace ter erature at 8000C (Figure 4.

Figure 3 Figure 4

At the end of this period (Figure 5), the container was removed from the furnace (Figure 6) and set aside
until the container reached room temperature.

3.6.6-2



F,

X

Figure 6

After the container had reached room temperature, a radioactive source with an activity of 0.821 Ci was
loaded into the container. A radiation survey was conducted at the four etched radiation measurement
locations. The survey was performed using a calibrated Model ND 2000 survey meter (serial number
2356) and a calibrated Victoreen 410 survey meter (serial number 23962). The final exposure rate was
measured at the surface and one meter from the surface and is presented in the table below. Upon
completion of the survey, the radioactive source was removed. A liquid penetrant weld inspection was
performed, and the results showed that the welds were still acceptable.

Measured Exposure Ratio (mrem/hr)
At Surface At 1 m

A 820 15
B 410 10
C 1500 12
D 4000 44

Table 2: Final Readings

On 04 August 2010, the DU collimator was removed from the container so that it could be measured.
The top outside diameter was measured to be 1.560 inches, the bottom was 1.555 inches, and the overall
length was 1.810 inches. There was some loose oxide powder found in the outside shell of the tested
container.

DU Collimator Measurements
Location Initial Measurement (in) Measurement After Testing (in)

Top Outside Diameter 1.550 1.560
Bottom Outside Diameter 1.560 1.555

Overall Length 1.815 1.810
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Figure 7 Figure 8

It is concluded that there was not any loss in shielding after the DU collimator was heated at 8000C for 60
minutes. The satisfactory post test weld inspection verified that there was no excessive thermal stress as
a result of differential thermal expansion of the materials during this temperature test.
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4.0 Containment

4.1 Description of the Containment System

The containment system for the ASPECT 12K consists of the special form radioactive source capsules.
The actual containment for the radioactive material is the welded radioactive source capsule, certified as
special form radioactive material under an IAEA Certificate of Competent Authority.

These source capsules may be fabricated from stainless steel, Types 304, 304L, 316 or 316L, or from
Titanium or Vanadium. They may have diameters ranging up to 13 mm and have wall thicknesses as
small as 0.3 mm.

There are no penetrations of the containment. There are no drain or fill ports, valves, seals, test ports,
pressure relief devices, lids, cover plates or other closure devices. The source capsules are seal welded
using a weld process that has been demonstrated to be acceptable for certification of the radioactive
source capsule as Special Form radioactive material under an IAEA Certificate of Competent Authority.

There is no mechanical closure as the containment is seal welded.

4.1.1 Special Requirements for Damaged Spent Nuclear Fuel - Not Applicable.

4.2 Containment under Normal Conditions of Transport

The source capsules that are used as containment in this package shall have all been certified as special
form radioactive material as delineated in IAEA Safety Standards Series No. TS-R-1, Regulations for the
Safe Transport of Radioactive Material 1996 Edition (Revised), and 10 CFR 71. Prototype capsules have
been subjected to the test conditions specified in 10CFR71.75 and have demonstrated the leak-tightness
specified in this section (<1 ýtPa m3 s1 as prescribed by ISO 9918 and IAEA TS-R-1). This testing
provides sufficient demonstration that the containment criteria of 1 0CFR71.51 for normal conditions of
transport have been satisfied. This demonstrates that there will be no release of radioactive material
under the normal conditions of transport.

There will be no generation of combustible gases within the special form capsule.

4.3 Containment under Hypothetical Accident Conditions

Source capsules used as containment in this package shall have all been certified as special form
radioactive material as delineated in IAEA Safety Standards Series No. TS-R-1, Regulations for the Safe
Transport of Radioactive Material 1996 Edition (Revised), and 10 CFR 71. Prototype capsules have been
included in the prototype package subjected to the hypothetical free fall and puncture test conditions as
described in Sections 2.7.1 and 2.7.3.

The performance of the most vulnerable special form source capsule under the hypothetical thermal
accident condition is described in Appendix 3.6.5. Under the conditions of the hypothetical thermal
accident, the stress generated in the most vulnerable source capsule is only 8.3% of the yield strength of
the material at the test temperature.

There will be no thermal stress as a result of differential thermal expansion of the materials of the special
form source capsule as this capsule is fabricated from a single material. In each special form capsule
design, there is sufficient clearance between the contents and the capsule to preclude any thermal stress
as a result of differential thermal expansion of the content materials against the material of the special
form source capsule.

In addition to this analysis, all special form source capsules authorized to be transported in the ASPECT
12K will have been successfully subjected to the Special Form thermal test of 800'C.
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The performance of the most vulnerable special form source capsule under the hypothetical immersion
accident condition is presented in Section 2.7.4. The maximum stress generated within the most
vulnerable stainless steel special form source capsule, which serves as the containment, is 5.68 MPa
(871 psi), which is less than 9% of the yield strength of the stainless steel capsule material at that
temperature.

Therefore, the stresses generated during the hypothetical thermal accident condition are well below the
allowable stresses (yield strength of the material).

4.4 Leakage Rate Tests for Type B Packages

After having been subjected to the test criteria for special form radioactive material, prototype source
capsules have all demonstrated the leak-tightness sufficient to satisfy the criteria of IOCFR71.75.

As part of the qualification as special form radioactive material, prototypes of each source capsule design
are subjected to the tests prescribed in IAEA Safety Standards Series No. TS-R-1, Regulations for the
Safe Transport of Radioactive Material 1996 Edition (Revised), paragraphs 704-709 (and 10 CFR 71.75)
After having been subjected to these test conditions, prototype capsules have demonstrated the leak-
tightness specified in paragraphs 710-711 (<1 1iPa m3 s1 as prescribed by ISO 9918 and IAEA TS-R-1).

This provides sufficient demonstration that the leak tightness requirements have been satisfied.

Appendix 4.5 - No documents
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5.0 Shielding Evaluation

Adequate shielding design was confirmed by actual measurements of radiation profiles from the prototype
shield, and by actual measurements of resulting radiation levels after the numerous tests performed for
normal conditions of transport and hypothetical accident conditions. Theoretical calculations were not
used.

5.1 Description of Shielding Design

5.1.1 Design Features

Gamma shielding is provided by depleted uranium shields and plugs that are at least 99% pure. The
overall dimensions are depicted on drawings contained in Appendix 1.3. The contents are not neutron
emitters, nor are the shields utilized as neutron absorbers.

For the maxiBulk and miniBulk, the contents are contained in special form capsules in a cavity in the
center of the steel encased depleted uranium shield. The plug (which is also depleted uranium encased
in steel) is bolted onto and into the cavity. The minimum amount of depleted uranium shielding in the
maxiBulk inner container in any direction is 63mm (2 1/2"). The minimum amount of depleted uranium
shielding in the miniBulk inner container in any direction is 53.3mm (2.1").

For the 10 channel inner container, the contents are held in position in the bottom of each of the 10 tubes
by a screw on cap, and a cover is bolted in to place over the inner container. The minimum amount of
depleted uranium shielding from the bottom of a tube in any direction is 50 mm (2").

The entire inner container is held within the cavity in the outer container by the inner lid and the outer
container cover.

5.1.2 Summary Table of Maximum Radiation Levels
(extrapolated to the Capacity of 250 TBq (6,750 Ci) of 192Iridium)

Package Surface 1 m from Package Surface
mSv/hr (mrem/h) mSv/hr (mrem/h)

Top Side Bottom Top Side Bottom
Normal Conditions of Transport

Gamma 0.219 (21.9) 0.905 (90.5) 0.447 (44.7) 0.011 (1.1) 0.025 (2.5) 0.014 (1.4)
Neutron NA NA NA NA NA NA

Total 0.219 (21.9) 0.905 (90.5) 0.437 (44.7) 0.011 (1.1) 0.025 (2.5) 0.014 (1.4)
10 CFR

71.47 (a) or
Paragraphs530 and 531 2 (200) 2 (200) 2 (200) 0.1 (10)* 0.1 (10)* 0.1 (10)*

of TS-R-1
Limit I I

Hypothetical Accident Conditions
Gamma 0.011 (1.1) 0.025 (2.5) 0.014 (1.4)
Neutron NA NA NA

Total 0.011 (1.1) 0.025 (2.5) 0.014 (1.4)
10 CFR 71.47 (a) or Paragraphs 530 and 531 of TS-R-1 Limit 10(1000) 10(1000) 10(1000)
*Transport index may not exceed 10
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5.2 Source Specification

5.2.1 Gamma Source

maxiBulk miniBulk 10-Channel
Max Activity Pwr Max Activity Pwr Max Activity Pwr

Radionucide mW/Ci TBqg Ci W TBq Ci W TBq Ci W
`•Iridium 8.59 250 6,750 58 81 2,200 19 56 1,500 13

-75Selenium 5.12 370 10,000 51 370 10,000 51 56 1,500 8
Y192Ytterbium 5.38 56 1,500 8 56 1,500 8 56 1,500 8"'37Cesium 6.97 250 6,750 47 5.6 150 1 19 { 500 3.5

60°Cobalt 16.7 0.022 0.6 0.01 0.003 0.08 0.001 0.031 0.8 0.013

5.2.2 Neutron Source - Not Applicable

5.3 Shielding Model

5.3.1 Configuration of Source and Shielding

The shielding evaluations were performed with 192Iridium special form capsules in a production model
maxiBulk inner container. The inner container was bolted into the outer container as normally prepared
for transport. Shielding surveys were performed before and after normal conditions testing and after
hypothetical accident conditions tests. The only effect of the tests on the packaging and its contents
under normal conditions of transport and hypothetical accident conditions were denting and crushing of
the outer container. The position of the maxiBulk inner container within the outer container will not be
affected under normal conditions of transport and hypothetical accident conditions. Section 5.1.2
contains detailed information regarding the dose rate at the top, bottom and side of the ASPECT 12K
when loaded with 250 TBq (6,750 Ci) of 192Iridium. The dose rates were significantly lower than
regulatory requirements.

The minimum amount of depleted uranium shielding in the maxiBulk inner container in any direction from
the closest side of the center source cavity is 63mm (2 1/2 in). The minimum amount of depleted uranium
shielding in the miniBulk inner container in any direction from the closest side of the inside cavity is
53.3mm (2.1 in). For the 10 channel container, the minimum amount of depleted uranium shielding in any
direction from the end / bottom of the source tube is 50 mm (2 in).

The locations with the maximum radiation levels were in the center of the side of the outer container, and
the maximum radiation levels on the top and bottom were also located in the center.

5.3.2 Material Properties

Shielding models were not used, the shielding evaluations were performed with an 192Iridium special form
capsule in an actual production model maxiBulk inner container, with the inner container bolted into the
outer container as normally prepared for transport. The only effect of the tests on the packaging and its
contents under normal conditions of transport and hypothetical accident conditions were denting and
crushing of the outer container. There was a small dent in the side of the maxiBulk inner container after
all testing was complete; the dent did not affect the operability of the package.

The shielding properties of the depleted uranium will not degrade during the service life of the ASPECT
12K package. Depleted uranium is not temperature sensitive nor will it experience changes in material
densities at normal or accident conditions.
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5.4 Shielding Evaluation

5.4.1 Methods

Measurements were taken on the surface of the prototype before and after the normal conditions of
transport tests, and after the hypothetical accident conditions tests.

The measurements were performed using a calibrated Model ND 2000 survey meter with a calibrated
external probe equipped with a GM tube. The largest diameter of the external probe is 25mm (1").
Measurements were made by scanning the probe along the entire surface and both ends of the package
as prepared for transport. The highest readings located on each side, and at the top and bottom, were
recorded. See Appendix 5.5.2, Shielding Efficiency Test Report

Because the axis of the radiation detector is located 12.7 mm (0.5 in) from the surface of the package, the
measured radiation levels were corrected to determine the true "surface" radiation exposure rate using
the relationship:

Ij.... (d + 12.7))2 I: ,,dd 2

where: , Measured Exposure Rate
Islay, True Surface Exposure Rate
d:. Distance from the Source to the Point on the Surface

These results were also extrapolated to a capacity of 6,750 Ci.

Measurements were also made at one meter from the surface of the package, but these measurements
were below the sensitivity of the instrument used. Therefore, the exposure rates at one meter were
calculated using the relationship:

l,,,d2 = II,e , (d + 1000)2

where: I, ,,...: Exposure Rate at one meter from the surface

As described in 2.12.2.1, a comparison of the measurements taken before and after the normal
conditions testing demonstrated that there was no increase in the radiation levels as a result of this test.
As described in 2.12.2.3, a comparison of the measurements taken before and after the hypothetical
accident tests also demonstrated that there was no increase in the radiation levels as a result of this test.
These measurements demonstrate that the ASPECT 12K meets hypothetical accident condition
requirements.

5.4.2 Input and Output Data - Not applicable

5.4.3 Flux - to - Dose - Rate Conversion - Not applicable

5.4.4 External Radiation Levels

Test results demonstrated that radiation levels are within limits for a Type B package. The highest
readings at the top, bottom and each side of the ASPECT 12K were in the approximate center, the
location physically closest to the radioactive source. The radiation levels were consistent with the shape
of the shielding, there is approximately the same amount of depleted uranium shielding in all directions
around the inside cavity.

There were no streaming paths or voids, and radiation readings were not averaged. The shielding did not
sustain any damage, and remained intact during normal condition and hypothetical accident condition
testing. The only notable damage to the outer container consisted of several dented areas, so survey
readings were taken along the surface following the contour of any dents. See Appendix 5.5.2, Shielding
Efficiency Test Report
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5.5 APPENDIX

5.5.1 List of References - None
5.5.2 Shielding Evaluation
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5.5.2 Shielding Efficiency Test Report

Test Report

By: Andres Contreras

Date: 16 January 2014

Subject: Aspect 12K Shielding Efficiency Test

Measurements of the radiation exposure levels surrounding an Aspect 12K, SN 002, containing maxiBulk
inner package SN 003 and containing 67.9 Ci of 192Iridium was made on 16 January 2014. The survey
was performed using a calibrated ND2000 survey meter, serial number 10974.

The entire surface of the package was scanned using the survey meter and the highest exposure rate
observed on each surface was recorded. Because the axis of the radiation detector is located 12.7 mm
(0.5 in) from the surface of the package, the measured radiation levels were corrected to determine the
true "surface" radiation exposure rate using the relationship:

I.....(d + 12.7))2 =lsrifd 2

where: Ineas: Measured Exposure Rate
s True Surface Exposure Rate

d: Distance from the Source to the Point on the Surface

These results were also extrapolated to a capacity of 6,750 Ci.

Measurements were also made at one meter from the surface of the package, but these measurements
were below the sensitivity of the instrument used. Therefore, the exposure rates at one meter were
calculated using the relationship:

ISIl d
2 = IIe er (d +1000)2

where: hineter: Exposure Rate at one meter from the surface

The results of these measurements were:

Measured Distance Corrected Surface Exposure
Exposure From True Exposure Rate

Rate , Source Surface Rate at 1 meter
(mR/hr) To Exposure Extrapolated Extrapolated

Surface Rate to Capacity to Capacity
_ _(mm) (mR/hr) (mR/hr) (mR/hr)

Top 0.20 ! 292 0.22 21.9 1.1
Front 0.80 1 197 0.91 90.5 2.5
Right 0.80 1 1971 0.91 90.5 2.5
Back 0.60 197 0.68 67.6 1.8
Left 0.60 1 197 0.68 67.6 1.8
Bottom 0.40 215 0.45 44.7 1.4

App 5.5.2-1



6.0 CRITICALITY EVALUATION

Not Applicable, contents not fissile.
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7.0 Package Operations

7.1 Package Loading

7.1.1 Preparation for Loading

Ensure that written instructions exist for preparing the ASPECT 12K for loading. These written
instructions must include the following steps at a minimum:

1. Verify that the contents are special form and appear on the Certificate of Competent Authority
issued by the regulating authority, and that the Activity contained is less than or equal to the
authorized activity.

2. Ensure that the package complies with the conditions of approval in the Certificate of Competent
Authority. Verify that the package meets the design identified in the package approval. The
package must have a nameplate that was installed after fabrication and inspection indicating that
the package met the conditions of the package approval at that time.

3. Visually inspect bolts for cracks, and replace any unsuitable bolts with those supplied by the
manufacturer.

4. Verify that the package is in unimpaired physical condition. Surface dents and small holes are
allowable in the outer housing, the drum, providing that the inner container is secured in the
center of the drum. Surface dents that do not impair the proper transport and operation of the
inner container are also allowed.

5. Verify that the package is properly labeled.

6. There are no special controls or precautions for handling the package.

7.1.2 Loading of Contents

Ensure that written instructions exist for loading the ASPECT 12K. These written instructions must
include the following steps at a minimum:

For miniBulk/maxiBulk

1. Load the special form capsules into the center cavity working from a properly shielded area or hot
cell.

2. Insert shielded plug into container over the center cavity, and bolt it in place with two stainless
steel bolts.

3. Position cavity in stainless steel container lid over the plug of the miniBulk/maxiBulk. When
properly placed, it will sit roughly flush with the side of the package.

4. Bolt the container lid in place using two eyebolts (to assist in lifting) and two hex head cap

screws.

5. For miniBulk, install spacer around inner cavity in the outer container.

6. Place the inner container in the cavity in the outer package.

7. Remove the eyebolts and replace them with cap screws. The eyebolts can be placed in the
groove of the monolithic thermal ceramic insulator lid within the outer container to ensure that
they are available for use to assist in lifting the inner container when needed.
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For 10 channel container

1. Load as many as 10 sealed sources, one each, into the tubes working from a properly shielded
area or hot cell.

2. Install a tube fitting over each tube end.

3. Close top and secure with eyebolt.

4. Place the inner container in the cavity in the outer drum.

Load the inner package into the outer container.

1. Place the upper insulation above the inner container between the inner container top and the
outer container lid.

2. Additional equipment may be transported in the space between the insulation and the drum lid
providing that the final weight requirement is met.

3. Install the drum lid. Bolt the lid to the drum by using supplied stainless steel bolts. Bolt the lid
ring and apply a tamper seal to it.

7.1.3 Preparation for Transport

Ensure that written instructions exist for preparing the ASPECT 12K for transport. These written
instructions must include the following steps at a minimum:

1. The level of removable radioactive contamination must be as low as reasonably achievable. The
contamination may be determined by measuring the activity on wipes taken from representative
areas using an absorbent material and moderate pressure. Packages may be shipped on a non-
exclusive use basis only if outer surface contamination levels are less than the values given
below. It is it is the shipper's responsibility to ensure that the following conditions are met.

49 CFR 173.443 and section 508 of TS-R-1 require that the non-fixed (removable)
contamination on the external surfaces of the outer package being shipped on a non-
exclusive use basis not exceed 10- PCi/cm 2 (0.0001 PCi/cm2 ) averaged over a 300 cm 2

(46.5 in2) area of any part of the surface assuming a wipe efficiency of 0.10 (or the actual
wipe efficiency may be used).

2. Measure the maximum surface radiation level of the outer package, the drum. This radiation
level must be as low as reasonably achievable, and not exceed 2 mSv/hr (200 mR/hr). Measure
the maximum radiation level at one meter (39.4 in) from the surface. This radiation level must not
exceed 0.1 mSv/hr (10 mR/hr).

3. Ensure that the tamper seal is properly applied.

4. There are no pressure relief valves utilized on the ASPECT 12K.

5. The outer container's handles are the only structural parts of the package designed to meet lift
and tie down requirements.

6. The outer package will be properly marked, labeled and described on a shipping paper in
accordance with 49 CFR 172.310 and 172.403, and paragraphs 535-540, 542-543, and 546 of
TS-R-1.
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7. Written instructions to the carrier are required for packages that require exclusive use shipment,
but the ASPECT 12K is designed not to require exclusive shipment.

8. There are no special instructions needed to safely open the ASPECT 12K.

7.2 Package Unloading

7.2.1 Receipt of Package from Carrier

The consignee must establish written procedures for receiving and safely opening the ASPECT 12K
package in accordance with applicable regulations. These procedures must include, at a minimum, these
requirements.

1. Make arrangements to either receive the package when the carrier offers it for delivery, or to take
possession of the package expeditiously at the carrier's terminal.

2. Monitor the external surface radiation level as soon as practical after receipt. The package must
be monitored within 3 hours after the package is received during normal working hours, or not
later than 3 hours after start of business the next working day if it is received after working hours.
(All radioactive sources in the ASPECT 12K package are classified as special form radioactive
material, so it is only required to monitor the external surfaces of the package for removable
contamination if there is evidence of degradation of package integrity, such as package that is
crushed or otherwise damaged.)

3. Check the external package for excessive dents or damage if they might reasonably be expected
to impair the inner package, including the presence of the tamper seal and lid bolt indicating that
the package is, and has been, securely closed.

4. Make any required notifications if the above requirements have not been met prior to proceeding
to unload the package.

5. The 10 channel container may be unloaded one source at a time into an industrial radiography
device or source changer using an exchange tube. For other inner containers and other
circumstances, a hot cell may be the only way to provide adequate shielding during the unloading
process.

7.2.2 Removal of Contents

Caution: The inner container may be hot to the touch, gloves are recommended for use in handling inner
container.

1. Remove the tamper seal and outer container lid and bolt ring.

2. Remove any additional items that may have been shipped in the upper portion of the drum.

3. Lift the inner insulation lid to expose the inner container; there is a handle that may be used for
your convenience.

4. Use the provided eye bolt(s) to assist in lifting the inner container out of the drum.

5. Remove the inner container to a suitable location for transferring its radioactive contents.

For the maxiBulk or miniBulk container, follow these remaining steps

1. Loosen and remove the four bolts from the lid of the inner container
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2. Remove the lid, exposing the container's plug.

3. Remove the two inner bolts.

4. Lift the plug, use appropriate measures, the plug weighs approximately 3.5 kg (8 pounds).

5. Transfer special forms.

For the 10 channel container, follow these remaining steps:

1. Loosen and remove the eyebolt from the lid of the container.

2. Remove the lid, exposing the source tube caps.

3. Loosen the source tube caps and transfer sources.

7.3 Preparation of an Empty Package for Transport

1. Test to verify that the ASPECT 12K package does not contain a radioactive source by checking
the radiation levels. This test should be performed by authorized and monitored personnel who
have been trained in radiation safety and equipped with a properly operating survey instrument.

2. The empty packaging contains depleted Uranium and may be shipped as either a labeled
radioactive material package or as an excepted package, article manufactured from depleted
Uranium as required by applicable U.S. Department of Transportation regulations.

3. Perform a contamination survey of the internal surfaces of the package (inner container cavity
and underside of the lid). If the non-fixed surface contamination exceeds local requirements for
empty package shipment, decontaminate as necessary.

4. Assemble the package in the same manner as a loaded package, (with the exception that there
will not be any radioactive material loaded in the package. Secure the inner container in the outer
container, close the inner lid, and tighten bolts. Reinstall padlocks, and outer container cover,
ring, and ring bolt. Apply tamper seal.

5. Perform a radiation survey to confirm that the package is empty and meets the requirements for
shipment of empty packages.

7.4 Other Operations

Not Applicable; there are no special operational controls needed.

7.5 Appendix

None
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8.0 Acceptance Tests and Maintenance Program

8.1 Acceptance Tests

This section describes the tests and acceptance criteria for those tests that are performed during and at
the completion of package fabrication to confirm that each ASPECT 12K is fabricated in accordance with
the drawings referenced in the package approval.

The acceptance testing is performed in accordance with a quality assurance program meeting the
applicable elements of 10 CFR 71.37 (10 CFR Subpart H) or TS-R-1 paragraph 310. Components and
materials for package construction are subject to a QA receiving inspection, in process inspections as
appropriate, and final acceptance inspections. Prior to shipment, each packaging is conspicuously and
durably marked with its model number, serial number, gross weight, and package identification number.

8.1.1 Visual Inspections and Measurements

Receiving, in process and final acceptance inspections are performed to verify that the packaging has
been fabricated and assembled in accordance with approved engineering documents including drawings
listed on the certificate of compliance. Dimensions and tolerances specified on engineering documents
are confirmed by measurement. Nonconforming material may not be accepted for use unless it meets
the conditions of the package approval.

8.1.2 Weld Examinations

Internal and external weld examinations are performed to verify packaging fabrication in accordance with
approved engineering documents. The location, type and size of the welds are confirmed by
measurement. These visual and dye penetrant weld examinations are performed by trained and qualified
personnel in accordance with the applicable ANSI/AWS code:

AWS D1.1, Structural Welding Code - Steel

AWS D1.3, Structural Welding Code - Sheet Steel, for carbon steel in thicknesses 4.8 mm (3/16 inch)
thick or less

AWS D1.6, Structural Welding Code - Stainless Steel, for stainless steel in thicknesses 1.5 mm (1/16
inch) thick or greater

8.1.3 Structural and Pressure Tests

Structural acceptance tests are not required because of the rugged design and durable materials of
construction. Weld examinations and visual inspections verify structural integrity. Pressure tests are not
indicated because there is no possibility of a pressure build up which would affect the structure of the
containment or the integrity of the package.

8.1.4 Leakage Tests

The source capsules that are used as containment in this package shall have all been certified as special
form radioactive material as delineated in IAEA Safety Standards Series No. TS-R-1, Regulations for the
Safe Transport of Radioactive Material 1996 Edition (Revised), and 10 CFR 71. Approved special form
capsules have been subjected to the test conditions specified in 10CFR71.75 and have demonstrated the
leak-tightness specified in this section (<1 p.Pa m3 s1 as prescribed by ISO 9918 and IAEA TS-R-1). No
other components are subject to leakage tests.

8.1.5 Component and Material Tests

Packaging components and material is inspected in accordance with a prior to use to verify that
engineering specifications are met. The acceptance testing is performed in accordance with a quality
assurance program meeting the applicable elements of 10 CFR 71.37 (10 CFR Subpart H) or TS-R-1
paragraph 310. Components and materials for package construction are subject to a QA receiving
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inspection, in process inspections as appropriate, and final acceptance inspections. In addition, the DU
shield and plug are inspected using a radiation survey. See section 8.1.6. These tests must be
performed prior to first use of the package.

8.1.6 Shielding Tests

A radiation survey is performed on the ASPECT 12K shield and plug as part of the final inspection. This
test assures that no defects, voids or streaming paths exist in the shielding. Prior to shipment with a
source assembly, the package is surveyed to assure compliance with transportation requirements.

8.1.7 Thermal Acceptance Tests

There are no tests that are appropriate (or required) to demonstrate the heat transfer capability of the
packaging as it has been demonstrated, through testing, that the ASPECT 12K meets normal and
hypothetical accident condition thermal requirements.

8.1.8 Miscellaneous Tests - Not applicable

8.2 Maintenance Program

The ASPECT 12K transport package requires no periodic maintenance. As a normal part of package
preparation and receipt, the package should be routinely inspected for damage, faulty operation, and
excessive radiation levels. These requirements are in section 7.1.1, Preparation for Loading.

8.2.1 Structural and Pressure Tests

Periodic maintenance is normally not required to ensure continued structural performance of the ASPECT
12K because of the rugged design and durable materials of construction. Periodic pressure tests are not
required because there is no possibility of a pressure build up which would affect the structure of the
containment or the integrity of the package.

8.2.2 Leakage Tests

The only leak tests that are applicable are those for removable contamination related to the special form.
There are no package leakage tests required.

8.2.3 Components and Materials Tests

The bolts must be visually inspected for cracks prior to every shipment. Replace any unsuitable bolts with
those supplied by the manufacturer. The condition of the drum, including the foam, must be inspected
prior to every shipment. Denting of the drum and some degradation of the foam is normal. Foam that is
crushed or pulverized to the point that the inner package does not sit snugly should be replaced.

8.2.4 Thermal Tests

Periodic thermal tests are not applicable to the ASPECT 12K. There are no components which would be
thermally degraded by typical use and transport.

8.2.5 Miscellaneous Tests

Not Applicable, no further maintenance testing is required

8.3 Appendix

Not Applicable
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9.0 Quality Assurance

9.1 U.S. QA Program Requirements - Not applicable

9.2 Canadian QA Program Requirements

Aspect Technologies Ltd. maintains a Quality Assurance (QA) program that meets the requirements of
Paragraph 310 of TS-R-1 as referenced in Paragraph 13(a) of the PTNS Regulations. IAEA Safety
Series 113 was followed in the establishment of the program. All elements applicable to designers of
transport packages have been included in the QA program per IAEA Safety Series 113 Table I.

9.3 APPENDIX

9.3.1 List of Documents: Aspect Technology Ltd. Quality Assurance Program

9.3.2 Aspect Technology Ltd. Quality Assurance Program
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QUALITY ASSURANCE PROGRAM

Revision 1
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Aspect Technology Ltd. Quality Assurance Program Revision

1.0 QA Program

1.1 The quality of all Aspect Technology, Ltd. (ATL) products is controlled by ATL's quality
assurance program. All activities important to transport package safety are implemented
in accordance with this QA Program, and appropriate supporting documentation approved
by appropriate levels of management.

1.1.1 This QA Program and supporting documentation (as applicable) contain
appropriate requirements for accomplishing these activities.

1.1.2 Evidence of conformance to these requirements is maintained as quality records.

1.2 ATL, through its quality assurance program, provides control over activities affecting the
quality of its products and their components to an extent consistent with their importance
to safety. The application of QA requirements is commensurate with their safety
significance.

1.3 ATL's quality assurance program requirements and procedures are based upon the
following considerations concerning the complexity and proposed use of the package and
its components:

1.3.1 The impact of malfunction or failure of the item to safety;

1.3.2 The design and fabrication complexity or uniqueness of the item;

1.3.3 The need for special controls and surveillance over processes and
equipment;

1.3.4 The degree to which functional compliance can be demonstrated by
inspection or test; and

1.3.5 The quality history and degree of standardization of the item.

1.4 The status and adequacy of the quality assurance program are reviewed at established
intervals.

1.5 Managers of all departments participating in the QA program regularly review the status
and adequacy of that part of the quality assurance program which they are executing.

2.0 Organization

2.1 Aspect Technology, Ltd. (ATL) is responsible for the establishment and execution of the
QA Program. Quality Assurance Management is responsible for implementing,
maintaining and continually improving the quality system. ATL may delegate any part of
the quality assurance program, but still retains responsibility for the program.

2.2 The authority and duties of persons and departments performing activities affecting the
safety-related functions of products and product components, including functions
associated with attaining quality objectives and the quality assurance functions, are
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documented within this Quality Assurance Program and supporting quality documents.

2.3 QA Management Responsibilities

2.3.1 Assure that an appropriate QA Program is established and effectively executed.

2.3.2 Verify that activities affecting functions important to safety have been correctly
performed.

2.3.3 QA Management reports to top management to assure that the required authority
and organizational freedom, including sufficient independence from cost and
schedule when opposed to safety considerations, are provided and has direct
access to the levels of management necessary to assure effective execution of
all portions of the quality assurance program.

2.3.4 QA Management and individuals performing quality assurance functions have
sufficient authority and organizational freedom to: Identify quality problems;
initiate, recommend, or provide solutions; and verify implementation of solutions.

2.3.5 Persons and departments assigned quality assurance functions have the required
authority, responsibility and organizational freedom for assuring effective
execution of any portion of the quality assurance program, at any location where
quality assurance activities are being performed, and have direct access to the
levels of management necessary to perform this function.

3.0 Document Control

3.1 All instructions, procedures, and engineering documents, including changes, which
prescribe activities affecting quality are controlled through documented procedures as
described in ATL's supporting work instructions and procedures.

3.2 These procedures assure that documents, including changes, are reviewed for adequacy,
approved for release by authorized personnel, and distributed and used at the location
where the prescribed activity is performed.

3.2.1 A master document listing is maintained and documents are distributed in
accordance with instructions and procedures to ensure the availability of current
documentation and preclude the use of obsolete or superseded documents.

3.2.2 Individual departments and QA are responsible for reviewing, approving and
distributing documents and revisions to documents and for ensuring that the
documents meet applicable internal and regulatory requirements.

3.2.3 Procedures and work instructions which describe inspections or include
inspection hold points must be reviewed and approved by QA prior to use and
upon revision.

3.2.4 Procedures and work instructions which define testing, calibrations and special
processes must be reviewed and approved by QA.
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3.3 These procedures assure that changes to documents are reviewed and approved.

4.0 Design Control

4.1 This QA Program and implementing procedures and instructions assure that applicable
regulatory, certificate, and design requirements are correctly translated into specifications,
drawings, procedures, and instructions.

4.2 These measures include provisions to assure that appropriate quality standards are
specified and included in design documents and that deviations from these standards are
controlled.

4.3 Materials, parts, equipment, and processes that are essential to their safety-related
functions are selected and reviewed for suitability of application.

4.4 Documents involving product and package design are reviewed, approved, released,
distributed, and revised in accordance with written procedures.

4.5 Design control measures provide for verifying or checking the adequacy of design by
methods such as design reviews, alternate or simplified calculational methods, or by a
suitable testing program.

4.6 Individuals or groups other than those who were responsible for the original design, (but
who may be from the same department), are designated for the verifying or checking
process.

4.7 Where a test program is used to verify the adequacy of a specific design feature in lieu of
other verifying or checking processes, ATL performs suitable qualification testing of a
prototype or sample unit under the most adverse design conditions.

4.8 ATL applies design control measures to items such as the following:

4.8.1 Radiation shielding, stress, thermal, hydraulic, and accident analyses;

4.8.2 Compatibility of materials;

4.8.3 Accessibility for in service inspection, maintenance, and repair;

4.8.4 Features to facilitate decontamination; and

4.8.5 Delineation of acceptance criteria for inspections and tests.

4.9 ATL subjects design changes, including field changes, to design control measures
commensurate with those applied to the original design.

4.10 Changes in the conditions specified in a package approval require regulatory approval.

5.0 Procurement Control
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5.1 Documented procedures and instructions assure that adequate quality is required in
procurement documents for material, equipment, and services, whether purchased by
ATL or by its contractors or subcontractors.

5.1.1 Procurement documents contain a description of the material, equipment or
service sufficient to adequately define the item to the vendor.

5.1.2 This description includes, as applicable, engineering requirements, material
requirements, specifications, codes, standards, inspection and test requirements.

5.1.3 Procurement documents for radioactive material package components contain
the Quality Classification and Category assigned in accordance with regulatory
guidance and supporting procedures and work instructions.

5.1.4 Documented approval of original and revised procurement documents is required.

5.1.5 Nonconforming material is processed in accordance with documented
procedures and instructions.

5.1.6 Procurement documents are Quality Records and are maintained in accordance
with 8.0, Quality Assurance Records.

5.2 To the extent necessary, ATL requires contractors or subcontractors to provide a quality
assurance program consistent with the applicable provisions of this program.

5.2.1 For suppliers and sub-tier suppliers of special process services, calibration
services and components critical to safe operation, applicable portions of the
supplier's QA programs are evaluated and their approval is documented prior to
product acceptance.

5.2.2 Procurement documents for radioactive material package components contain
Quality Requirements including, as applicable, supplier conformance to NRC's 10
CFR Part 21, material certification requirements and calibration requirements.

5.2.2.1 Suppliers are required to provide evidence of conformance to Quality
Requirements.

6.0 Non-Conforming Materials, Parts or Components

6.1 Documented procedures and instructions are used to ensure that materials, parts, or
components that do not conform to ATL's requirements are controlled to prevent their
inadvertent use or installation.

6.1.1 These documented procedures and instructions include, as appropriate,
requirements for identification, documentation, segregation, disposition, and
notification to affected personnel, departments and organizations.

6.2 Nonconforming items are reviewed in accordance with documented procedures and
accepted, rejected, repaired, or reworked.
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6.3 The review of nonconforming items is performed by the Material Review Board,
composed of quality assurance and management personnel.

6.4 Records of nonconforming items are maintained in accordance with section 8.0, Quality
Assurance Records.

7.0 Corrective Action

7.1 Conditions adverse to quality, such as deficiencies, deviations, defective material and
equipment, and nonconformances, shall be promptly identified and corrected in
accordance with documented procedures and instructions.

7.1.1 Corrective / preventative action appropriate to the condition shall be determined,
performed and recorded in accordance with documented procedures and
instructions.

7.2 In the case of a significant condition adverse to quality, documented procedures and
instructions require determining the cause of the condition and the corrective action(s)
necessary to preclude repetition.

7.2.1 The identification of the significant condition adverse to quality, the cause of the
condition, and the corrective action taken are documented and reported to senior
management.

7.2.2 These corrective action reports are maintained in accordance with 8.0, Quality

Assurance Records.

7.3 Quality Assurance is responsible for maintaining the corrective action system.

8.0 Quality Assurance Records

8.1 ATL 's documented records retention program assures that records sufficient to describe
and provide evidence of activities affecting the quality of packages are identifiable,
maintained, legible and retrievable.

8.1.1 These quality records include those identified elsewhere in this Quality Assurance
Program, and, in instructions, procedures, and engineering documents required
to prescribe quality assurance activities, including closely related specifications
such as required qualifications of personnel, procedures, and equipment.

8.2 Procedures and instructions prescribe the creation, review, approval, transfer, distribution,
storage, location, and assigned responsibility for Quality Assurance Records.

8.3 Quality Record retention periods are established and documented in accordance with
procedures and instructions which prescribe internal and regulatory requirements.

8.3.1 ATL shall retain quality records for 3 years beyond the date when ATL last
engages in the activity for which this Quality Assurance Program was developed.
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8.3.2 If any portion of the written procedures or instructions is superseded, ATL shall
retain the superseded material for 3 years after it is superseded.

9.0 Staff and Training

9.1 Personnel are indoctrinated, trained and qualified as appropriate in their quality
responsibilities.

9.2 Personnel performing activities affecting quality are provided indoctrination and training as
necessary to assure that suitable proficiency is achieved and maintained. Additional
training will be performed as indicated by periodic audits or evaluations.

9.3 Training records are maintained in accordance with 8.0, Quality Assurance Records and
supporting procedures and instructions.

10.0 Audits

10.1 Documented procedures and instructions prescribe a comprehensive system of planned
and periodic audits to verify compliance with all aspects of this Quality Assurance
Program, to determine the effectiveness of the program and to promote continuous
improvement.

10.1.1 Scheduled internal audits shall be conducted at least annually.

10.1.2 Unscheduled audits may be performed more frequently in specific areas, as
appropriate.

10.2 Audits are performed in accordance with documented procedures, instructions and / or
checklists by appropriately trained personnel not having direct responsibilities in the areas
being audited.

10.2.1 Audits shall be performed by personnel with no direct line responsibility for the
function audited.

10.2.2 Audit personnel shall be trained and capable of accomplishing audit functions.

10.2.3 Audit results and recommendations (if any) are documented and maintained in
accordance with section 8.0, Quality Assurance Records.

10.3 When required, corrective action is taken in accordance with section 7.0, Corrective
Action.

10.4 Audit reports are reviewed by management having responsibility in the area audited.

10.5 Follow-up action, including re-audit of deficient areas, is taken where indicated.

11.0 Instructions, Procedures and Drawings

11.1 Activities affecting quality are prescribed by documented instructions, procedures, or
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engineering documents of a type appropriate to the circumstances.

11.1.1 These documented instructions, procedures and engineering documents
describe the method for compliance with applicable license, regulatory and
internal requirements.

11.1.2 These instructions, procedures, and engineering documents are mandatory.

11.1.3 These instructions, procedures, and engineering documents shall be prepared
and controlled in accordance with section 3.0, Document Control.

11.2 The instructions, procedures, and engineering documents must include appropriate
quantitative or qualitative acceptance criteria that when met, assure that important
activities have been satisfactorily accomplished.

12.0 Control of Purchased Equipment, Material and Services

12.1 Material, equipment, and services purchased by ATL shall be controlled in accordance
with documented procedures, instructions and engineering documents to ensure that they
conform to the procurement documents.

12.1.1 When conformance to procurement documents can be assured through
examination of products upon delivery; material, equipment and services are
inspected in accordance with section 15.0, Internal Inspection.

12.1.2 When conformance to procurement documents cannot be assured through
examination of products upon delivery, or, when this examination is impractical or
inappropriate, or when results are not definitive due to the complexity of the
product; documented procedures and instructions provide for source evaluation
and selection, objective evidence of quality furnished by the contractor or
subcontractor, inspection at the contractor or subcontractor source and / or other
measures, as appropriate.

12.1.2.lVendors are evaluated in accordance with documented procedures and
instructions to assess their capacity to meet quality, regulatory and
purchase requirements based on the importance to safety of the items or
service to be procured.

12.1.2.2Objective evidence of quality such as product samples / prototypes,
material certificates, certificates of conformance, inspection reports, test
results, as appropriate, may be required to be furnished by vendors.

12.1.2.3Supplier facilities may be audited to verify implementation of their quality
assurance program and ATL's requirements, as appropriate.

12.1.2.4ATL assesses the effectiveness of the control of quality by these
suppliers at intervals consistent with the importance, complexity, and
quantity of the product or services.
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12.2 ATL has documentary evidence that material and equipment conforms to procurement
specifications available before installation or use of the material and equipment. This
documentary evidence is maintained in accordance with 8.0, Quality Assurance Records.

13.0 Identification and Control of Purchased Equipment, Material and Services

13.1 Documented identification and control measures are designed to prevent the use of
incorrect or defective materials, parts, and components.

13.1.1 These measures provide the means for physical identification using stamping,
tags, travelers or other suitable means throughout fabrication, installation and
use.

13.2 Documented procedures, instructions and engineering documents define a graded
approach to the serialization and traceability of materials, parts, and components, as
appropriate, throughout fabrication, installation and use.

14.0 Control of Special Processes

14.1 Special processes include welding, heat treating, and nondestructive testing.

14.2 Special processes are documented and controlled in accordance with applicable codes,
standards, specifications or requirements.

14.2.1 Special process documentation is reviewed and approved in accordance with
section 6.0, Document Control.

14.2.2 The method for accomplishing each special process is documented by
procedures, instructions and engineering documents.

14.2.3 Requirements for the use of specific special processes are documented in
procedures, instructions and engineering documents.

14.3 Special process personnel are trained and qualified using documented procedures in
accordance with applicable codes, standards, procedures and instructions.

14.3.1 Training and qualification records are controlled in accordance with section 8.0,
Quality Assurance Records.

15.0 Internal Inspection

15.1 Inspections of activities affecting quality are required to ensure conformance with the
documented instructions, procedures and engineering documents which prescribe their
acceptance criteria. Procedures, instructions, engineering documents and purchasing
documents describe receiving, in process and final inspections where necessary to
assure quality and include hold points, inspection equipment requirements, recording
instructions and other requirements as appropriate.

If this Quality Assurance Program is not printed on light green paper it is an uncontrolled copy.



Aspect Technology Ltd. Quality Assurance Program Revision
11

15.1.1 Personnel performing inspections are required to be trained.

15.1.2 Inspections are required to be performed by individuals other than those who
performed the activity being inspected.

15.1.3 Inspection results are recorded and maintained in accordance with 8.0, Quality
Assurance Records.

15.1.4 Inspection personnel training / qualification records are maintained in accordance
with 8.0, Quality Assurance Records.

15.2 If direct inspection of processed material or products is not carried out, provisions are
established for indirect control by monitoring processing methods, equipment, and
personnel.

15.3 Both inspection and process monitoring are required when quality control is inadequate
without both.

15.4 Final inspections require conformance to finished item specifications and resolution of
current and previous nonconformances.

16.0 Test Control

16.1 All testing required to demonstrate that packaging components will perform satisfactorily
in service is identified and performed in accordance with documented procedures,
instructions and engineering documents which incorporate regulatory and package
approval requirements.

16.2 These documented procedures, instructions and engineering documents contain:

16.2.1 Test prerequisites.

16.2.2 Instructions for performing test.

16.2.3 Accept / reject criteria.

16.2.4 Test instrumentation requirements.

16.2.5 Personnel training requirements.

16.2.6 Environmental conditions, when required to ensure they are suitable.

16.2.7 Method of recording test results.

16.2.8 Evaluation of test results.

16.3 Test results that provide evidence that packaging components will perform satisfactorily in
service are maintained in accordance with section 8.0, Quality Assurance Records.
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17.0 Control of Measuring and Test Equipment

17.1 Documented procedures, instructions, records and engineering documents ensure that
tools, gauges, instruments, and other measuring and testing devices used in activities
affecting quality are properly controlled, calibrated, and adjusted at specified times to
maintain accuracy within necessary limits.

17.1.1 In house calibration standards are traceable to nationally recognized standards.
If no known recognized standard exists, the basis for the calibration is
documented.

17.1.2 Calibration records are traceable to the item being calibrated.

17.1.3 The next calibration period is indicated on the item's label or tag.

17.2 When calibrated equipment is found to be out of calibration, measures are taken to
validate previous inspection and test results.

17.3 Equipment that is consistently out of calibration shall be repaired or replaced.

18.0 Handling, Storage and Shipping Control

18.1 The handling, storage, shipping, cleaning, and preservation of materials and equipment to
be used in packaging is documented in procedures, instructions and engineering
documents to prevent damage or deterioration.

18.2 Radioactive material packages are durable and stable and they are not subject to
deterioration during storage in a normal warehouse environment, therefore, no special
protective environments are required.

18.3 Radioactive material packages are shipped and received in accordance with documented
procedures, instructions and engineering documents that describe regulatory and internal
requirements.

19.0 Inspection, Test and Operating Status

19.1 Documented procedures, instructions and engineering documents contain requirements
for indicating the status of inspections and tests performed upon components and
completed packaging.

19.1.1 Status indicators include tags, labels, color coding, travelers, stamps, or other
suitable means.

19.1.2 Status indicators clearly identify acceptable and unacceptable items as necessary
to preclude inadvertent bypassing of inspections and tests.
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