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CHAPTER THREE

THERMAL EVALUATION

3.1 DISCUSSION

The TN-RAM is designed to passively reject payload decay heat under normal conditions of
transport and hypothetical accident conditions while maintaining appropriate packaging
temperatures and pressures within specified limits. An evaluation of the TN-RAM thermal
performance is presented in this chapter. Objectives of the thermal analyses performed for this
evaluation are:

* Determination of packaging temperatures with respect to containment system material limits;

* Determination of packaging component temperature gradients to support calculation of
thermal stresses; and

* Determination of the cask cavity temperature to support containment pressurization
calculations.

The packaging components considered in the thermal evaluation are the cask body, the lid, the
trunnions, the thermal shield and impact limiters. The body consists of cylindrical stainless steel
shells which surround a lead shell. The lid also contains lead surrounded by stainless steel plate
material as described in Chapter 1.0. Temperatures calculated for the components in the
packaging support thermal stress calculations and permit selection of appropriate temperature
dependent
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mechanical properties used in the structural analyses. Temperatures are also calculated to
demonstrate that specified limits for seal materials are not exceeded.

The design of the steel encased wooden impact limiters is described in Chapter One. There are
no temperature limits specified for the impact limiters; however, these components are
considered in the thermal analysis because of their contribution as a thermal insulator. Since the
impact limiters cover the lid and bottom regions of the cask, it is assumed that all decay heat is
rejected radially out of the package. Similarly, the impact limiters protect the lid and bottom
regions from the external heat load applied during the hypothetical thermal accident event.

Several thermal design criteria have been established for the TN-RAM.

* Containment of radioactive material is a major design requirement for the TN-RAM.
Therefore, seal temperatures must be maintained within specified limits to satisfy the
required containment criteria (Chapter Four) under normal and accident conditions. A
maximum equilibrium seal temperature of 437 'F is set for the silicone 0-rings under normal
and accident conditions. This limit applies to all containment boundary seals used in the cask
closure lid and containment penetrations.

* In accordance with 10 CFR 71.43(g) (Ref. 3-1) the maximum temperature of accessible
package surfaces in the shade is limited to 185°F for exclusive use shipments.
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* Maximum temperatures of containment structural components must not adversely affect the
containment function.

In general, all the thermal criteria are associated with maximum temperatures. The ability of the
containment system structural materials to function properly under lowest service temperature
conditions is discussed in Section 2.6.

The TN-RAM is analyzed based on a maximum heat load of 500 watts. The analysis considers
the decay flux to be uniformly distributed on the cavity surfaces. The thermal evaluation
concludes that with this total heat load and distribution all design criteria are satisfied.

A description of the detailed analysis performed for normal conditions of transport is provided in
Section 3.4 and for hypothetical accident conditions in Section 3.5. A summary of results from
these analyses is shown in Table 3-I.
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For the thermal accident condition the results of the analysis are seen in Figure 3-8. The
accident condition analysis was carried out with ANSYS model which used lead and steel
thickness consistent with the design. The results show that the maximum lead temperatures occur
at the end of the fire, whereas the maximum seal temperatures occur during post-fire.

The TN RAM has two options for the cask lid design. One design option has a lead shield disc
integral with the steel lid and the second design option has a lead shield disc separate from the
steel lid as shown in Drawing 990-710.

The thermal analysis results are not sensitive to the design differences between the two lid design
options because the amount of heat rejected in axial direction is negligible due to the presence of
impact limiters which act like insulators.
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Table 3-1
Summary of Results

Normal Conditions of Transport
Maximum Temperatures

Outer Surface (thermal shield) 143 OF
Outer Shell (flange region) 144 OF
Lead 148 OF
Inner Shell/Cavity Wall 146 OF
Lid 146 OF
Lid Seals 145 OF

** Average Cavity Gas Temperature 176 OF
Maximum Outer Surface Temperature Without Insolation 109 OF

Accident Conditions
Maximum Transient Temperatures

Outer Surface (thermal shield) 1173 OF
Outer Shell 801 OF
Lead (behind trunnions) 612 OF
Inner Shell/Cavity Wall 470 OF
* Cavity "Cold Wall" (Peak) 220 OF

Lid 499 OF
Lid Seals 397 OF

** Average Cavity Gas Temperature (Peak) 500 OF

* Peak value of the minimum (coldest) temperature on the cavity wall during accident
** Cavity wall temperature +30 OF

Rev. 13 I
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3.2 THERMAL PROPERTIES OF MATERIALS

Table 3-2 lists the thermal properties of materials used in the thermal analyses. The values are
listed as given in the corresponding references. The analysis uses interpolated values when
appropriate for intermediate temperatures where the temperature dependency of a specific
parameter is deemed significant. The interpolation assumes a linear relationship between the
reported values.

Thermal radiation effects at the external surface of the packaging are considered. The external
surfaces of the TN-RAM are assumed to have an emissivity of 0.85, a typical value for
weathered stainless steel surfaces. For solar absorptivity, a conservative value of 1 is used.
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Table 3-2
Material Thermal Properties (3-2)

Used in

Density
(Ibm/ft3)

Specific heat
(Btu/lbm-°F)

Thermal
Conductivity
(Btu/hr-ft-°F)

Emissivity

Weathered

Oxidized

Stainless Steel

body, lid
thermal shield

488

0.11

Lead Air

body, lid thermal shield

705

0.03

8.0 @32°F
9.4 @212°F
10.9 @ 572°F
12.4 @ 932°F

20.1 @ 32°F
19.0 @ 212-F
18.0 @ 572°F

0.0154 @ 100°F
0.0212 @ 400°F
0.0286 @ 800°F
0.0400 @ 1500°F

0.85

0.80

Wood Properties (3-8)

Thermal Conductivity of Wood
k

[Btu/hr-in-°F]
Min. Max.

0.0019 0.0135

Wood conductivity parallel to the grain is 1.5 to 2.8 times greater than the conductivity across
the grain (3-8). Therefore, during afire accident the maximum wood thermal conductivity is taken
to be 2.8 times that of the bounding maximum conductivity across the grain to maximize heat
input from fire to the cask. The maximum thermal conductivity during fire transient is:

K= (2.8) *(0. 0135 Btu/hr-in-°F) = 0. 03 78 Btu/hr-in-°F

During the transient analyses the thermal mass of wood is conservatively neglected. These
material properties for wood are also the same as those used in NUHOMSe- MP197 transport
packaging (3- 0).
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3.3 TECHNICAL SPECIFICATION OF COMPONENTS

The only packaging component for which a thermal technical specification is necessary are the
seals. The seals used in the packaging must be made of silicone equivalent to Parker 0-ring
compound S604-70. The critical parameters to demonstrate equivalency to the Parker 0-ring
compound S604- 70 are listed in the following table:

Parker 0-ring
Critical parameters compound S604- 70

Durometer hardness 65-75
Temperature range -62 to +225 °C
Elongation, % 160
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3.4 THERMAL EVALUATION FOR NORMAL CONDITIONS OF TRANSPORT

3.4.1 Thermal Analysis Model

The thermal evaluation of the TN-RAM packaging is performed using the ANSYS computer
program (Reference 3-3). ANSYS is a large scale, general purpose finite element computer
code, which can be used for steady state or transient thermal analyses.

3.4.1.1 Thermal Analytical Model

The geometry and dimensions used for the thermal analysis model of the TN-RAM are shown in
Figure 3-1. The model represents the top half of the packaging and includes the body, lid,
trunnions and the thermal shield. Because of symmetry, it is only necessary to model a 450
sector. The model is three dimensional and allows heat transfer in the radial, circumferential and
axial directions.

All cask components are modeled using SOLID 70 elements. Radiation along the gap is modeled
using the A UX]2 processor with SHELL5 7 elements used to compute the form factors. Heat
transfer across a 0. 125 in. air gap in the thermal shield is modeled as a combination of radiation
and gaseous conduction. The conduction path provided by the thermal wire is modeled using
SHELL5 7 elements. Figure 3-2 is the ANSYS finite element plot of the model.
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Thermal Model for TN-RAM Cask
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Figure 3-2
ANSYS Finite Element Model for the TN-RAM Cask
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Because the contents of the packaging are irradiated solid materials with a low decay heat load,
the temperature of the contents is not a major concern and is not evaluated. Therefore, the cavity
liner is not included in the model.

The heat flux is applied along the cavity wall surfaces (lid and cask body). The total heat load is
500 watts. Solar radiation is considered as a constant heat flux applied on the SURF152
elements overlaid on the outer surface of the transfer cask. The amount of the solar heat flux
over a 12-hour solar day defined in [3-1] is averaged over a 24-hour period to calculate the
solar heat flux. The average solar heat flux is considered as the maximum amount of solar
radiation that is available for absorption on any surface. This value is multiplied by the
absorptivity of the packaging outer surfaces to calculate the amount of solar heat flux that each
surface absorbs. The solar heat flux values applied in the model for normal conditions of
transport are as listed in Table 3-3.

Heat dissipation from the surfaces exposed to the environment of the model is by radiation and
natural convection. The total heat transfer coefficient H, is defined on Page 3-19A through Page
3-19D.

I
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3.4.1.2 Thermal Test Model

The low decay heat load and the resulting low temperatures preclude the necessity for a thermal
test of the TN-RAM packaging.

3.4.2 Maximum Temperatures

The evaluation of maximum temperatures includes the 500 watt payload decay heat, 100 'F
ambient temperature and insolation. A separate case is analyzed with no insolation to determine
the maximum accessible surface temperature in the shade as specified by 1OCFR71.43(g). The
resulting calculated packaging temperatures are shown in Table 3-4. The temperature
distribution in the model is shown in Figure 3-3.
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Table 3-3
Solar Insolation for Normal and Accident Conditions of Transport

Surface Shape Insolance Total Solar Heat Flux Solar Solar Heat
(gcal/cm2) Average over 24 Absorptivity of Flux in the

[3-11 Hours Cask Outer Model
(Btu/h r-in) Surface (Btu/hr-in)

Curved 400 0.427 1.0 0.427
Flat, Vertical 200 0.213 1.0 0.213
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TABLE 3-4
THERMAL ANALYSIS RESULTS FOR NORMAL CONDITIONS OF TRANSPORT

Packaging Component Maximum Temperatures

Outer surface, with insolation 143 OF
without insolation 109 OF

Outer Shell (flange region) 144 OF
Lead Shell 148 OF
lnner Shell/Cavity Wall 146 OF
Seals 145 OF
* Average cavity gas temperature 176 OF

* Cavity wall temperature +30 TF
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ALL COMPONENTS ANSYS 10.0A1
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Figure 3-3
Temperature Distribution Based on Normal Conditions of Transport with Insolation and

Decay Heat Load of 500 Watts
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3.4.3 Minimum Temperatures

Under the minimum temperature condition of -40 'F ambient, the resulting packaging
component temperatures will approach -40 'F at equilibrium. Since the packaging materials,
including containment structures, impact limiters and seals, continue to function at this
temperature, the minimum temperature condition has no adverse effect on the performance of the
TN-RAM.

3.4.4 Maximum Internal Pressures

There are no gases generated due to the chemical or galvanic reactions as noted in Section
2.4.4. Further, since organic materials are not allowed, there are no gases generated due to
radiolysis as noted in Section 4.2.2.

A review of the TN-RAM cask thermal evaluation without solar insolation shows that the
maximum temperature among all the cask components is 115 YF and is only 15 YF higher than
the ambient temperature of 100 °F. This shows that the heat load of 500 watts is very low and
that the maximum temperature rise in the cask components because of the internal heat load is
limited to 15 °F. However, to evaluate the internal pressure, it is conservatively assumed that
the average cavity gas temperature is 30 YF higher than the inner shell for all conditions.
Therefore, the average cavity gas temperature for NCT is 176 YF (146 YF + 30 YF).

The maximum internal pressure is calculated assuming:

" Cavity gas is saturated with water vapor. The partial water vapor pressure is based on the
minimum cavity wall ("cold wall") temperature.

" Average cavity gas temperature

= maximum cavity wall temperature +30 'F

= 146 + 30 'F

= 176OF

" Cask is closed and sealed at 70 'F and 1 atm (14.7 psi)

Partial water vapor pressure at cavity "cold wall" temperature (146 'F)

P, = 3.44 psia (Ref. 3-5)
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Partial air pressure at 176 OF

Pa = 14.7 x (176 + 460)/(70 + 460)

= 17.64 psia

Total cavity pressure

= Pw+Pa

= 3.44 + 17.64

= 21.08 psia (6.38 psig)

NOTE: The maximum normal operating pressure is conservatively assumed to be 30 psig.

3.4.5 Maximum Thermal Stresses

The maximum thermal stresses during normal conditions of transport are calculated in Section
2.6 of Chapter 2.

3.4.6 Evaluation of Package Performance

The thermal analysis for normal conditions concludes that the TN-RAM design meets all
applicable requirements. The maximum temperatures calculated using conservative assumptions
are relatively low. The maximum temperature of any containment structural component is
146 OF which has an insignificant effect on the mechanical properties of the containment
materials used. The maximum lead temperature (148 OF) is well below allowable values. The
seal temperature during normal transport conditions is well below the 437 OF long term limit
specified for continued seal function. The maximum accessible surface temperature of 109 °F is
below the specified 185 OF limit.
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3.5 THERMAL EVALUATION FOR HYPOTHETICAL ACCIDENT CONDITIONS

3.5.1 Thermal Analysis Model

The analysis assumptions and model consider the packaging condition following the hypothetical
accident sequence of 10 CFR 71.73. The hypothetical accident model is developed using
ANSYS computer code [3-3] to obtain the maximum component temperatures under accident
conditions. It is similar to the model described in Section 3.4.1.1 with impact limiters. The finite
element model of the cask is shown in Figure 3-4.

To permit radiation heat transfer across the air gap in the thermal shield, the ANSYS radiation
superelement, Matrix50 is used. Radiation along this gap is modeled using the AUX 12 processor
with SHELL57 elements used to compute the form factors. Heat transfer across this 0.125" air
gap in the thermal shield is modeled as a combination of radiation and gaseous conduction. This
gap is retained during fire due to the presence of thermal wire. Surface emissivities of 0.8
(typical for oxidized steel surfaces [3-2]) are used for the stainless steel surfaces within the air
gap. The wire maintaining the air gap dimension is also modeled assuming perfect contact
between the wire and adjacent shells. This assumption makes the analysis conservative for the
accident evaluation.

The three dimensional model represents the top half of the packaging which has four trunnions
exposed to the thermal environment. The conduction path provided by these trunnions will make
the top half of the packaging hotter than the lower half which has two trunnions. It would be
conservative to use the temperature distribution in the upper half for the lower half of the
packaging.

Impact Limiters are included in the ANSYS model. Analysis in Chapter Two and

[INTENTIONALLY LEFT BLANK]

3-18



1509C Rev. 10 1

testing on similar designs confirm that free drop and puncture damage do not measurably alter
the thermal performance of the packaging. The steel encased wood impact limiters are locally
deformed from the 30 foot drop, but they remain firmly attached to the cask. The impact limiters
in their partially crushed condition still serve as effective thermal insulation. In order to
maximize the effect of the fire on cask components during and after the fire accident, the impact
limiter finite element model is modified to reflect the deformation due to a 30foot drop. The
deformation of impact limiters is considered uniform around the circumference and in the axial
direction. Crushed impact limiter configurations based on side, corner and end drops are
considered:

1. Damage of the impact limiter due to the side drop results in a maximum impact
limiter crush depth of 12.48 ". This results in a decrease of impact limiter outside
diameter to 66. 79" = 91.75" - (2x12.48 ")forfire and post-fire transient
conditions.

2. Damage of the impact limiter due to end drops results in a maximum axial
deformation of 9.05 ". However, to account for an uncertainty in the maximum
height of the impact limiter due to the corner drop, a crush depth of twice the
value reported for end drop is considered to determine the maximum impact
limiter thickness in the axial direction. The central part of impact limiters are
modeled with a uniform axial height of 6.27" = 24.37"- (2*9.05').

Under exposure to the thermal accident environment the wood at the periphery of the impact
limiter shell would char but not burn. Hence, the steel encased wood impact limiters still protect
the lid of the cask from the external heat load applied during the HAC fire.

Although unlikely, the worst-case damage due to a hypothetical puncture based on
I OCFR 71. 73(c)(3) [3-1] may result in the tearing off the outer steel skin and a portion of the
wood from the front impact limiter, and exposure of the partially contained wood to the
hypothetical fire conditions.

A study offire performance of wood at elevated temperatures and heatfluxes [3-11] shows that
the surface temperature for the rapid spontaneous ignition of wood is between 330 'C and
600 °C (626 0F and 1,112 0F). Based on a standard fire test (ASTMEJ119, 1988) reported in [3-
11], if a thickpiece of wood is exposed to fire temperatures between 815 'C and 1,038 'C
(1,500 'F and 1,900 'F), the outermost layer of wood is charred. At a depth of 13 mm (-0.5')
from the active char zone, the wood is only 105 'C (220 'F). This behavior is due to the low
conductivity of wood and fire retardant characteristics of char. It is also shown that the char
forming rate under high temperature fire conditions is between 37 mm/hr for soft woods and 55
mm/hr for hard woods. Redwood has a char rate of 46 mm/hr [3-11].

The thickness of redwood at the center of the TN-RAM cask impact limiter is 14.25 inches (362
mm). Considering the char rate for redwood, it takes about 7.6 hours until the char reaches 13
mm above the inner surface of the center cover plate. At that moment the maximum char
temperature would be imposed at the impact limiter inner surface.
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(Redwood thickness -13) / char rate = (362 -13) = 7.6 hr.
46

It takes another 17 minutes until the last 13 mm of redwood is charred.

13
(thickness of last portion of hot redwood) / char rate =- = 0.28 hr = 17.0 min.

46

During the last 17 minutes, the inner surface of the impact limiter is exposed to the high
temperature of charring wood. The impact of charring wood on the cask is maximized if
charring begins immediately after the fire and continues for 17 minutes.

To bound the problem and remain conservative, it is assumed in the finite element model that the
inner surface of the impact limiter inner cover is exposed to a 1,112 'F maximum char wood
temperature for 30 minutes immediately after the end of fire. No heat dissipation is considered
from the open surface of the torn wood segment after charring, assuming conservatively that this
surface is entirely covered with a thin layer of low conductivity wood char.

Considering the size of wood segments and location of seals, the worst case scenario occurs
when a middle segment of wood (ID 32.31" to OD 52.5") is torn away.

Heat dissipation from the outer surface is by radiation and natural convection to an ambient at
1 00°F before and after thermal accident. Solar Insolation is added to the model before and after
the 30 minute fire. Total heat transfer coefficient Ht is defined as:

H, =hr +h,

where,

hr = radiation heat transfer coefficient,
hc = free convection heat transfer coefficient.

3-19A
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Air properties used only in computing the total heat transfer coefficients are calculated based on
the correlations listed in the following Table.

Thermal Properties of Air (3-9)

Specific Heat Dynamic Viscosity Conductivity
(kJ/kg-K) (N-s/m 2) (W/m-K)

c, =: [A(N)TN u/= ItB(N)T N k =I[C(N)TNJ

A(O)= 0.103409E+1 For 250• T < 600 K C(0)= -2.276501E-3
A(I)= -0.2848870E-3 B(0)= -9.8601E- 1 C(1)= 1.2598485E-4
A(2)= 0.7816818E-6 B(1)= 9.080125E-2 C(2)= -1.4815235E-7
A(3)= -0.4970786E-9 B(2)= -1.17635575E-4 C(3)= 1.73550646E-10
A(4)= 0.1077024E- 12 B(3)= 1.2349703E-7 C(4)= -1.066657E-13

B(4)= -5.7971299E-1 I C(5)= 2.47663035E-17

For 600_< T < 1050 K
B(0)= 4.8856745
B(I)= 5.43232E-2
B(2)= -2.4261775E-5
B(3)= 7.9306E-9
B(4)= -1.10398E-12

Prandtl Number for Air used in Natural Convection Coefficient Calculations

Temperature (OF) Prandtl Number
-100 0.737
80 0.715

260 0.705
440 0.701
620 0.699
980 0.701
1340 0.710

The radiation heat transfer coefficient, hr, is given by the equation:

hr, F I 2 [ 1(T4- T2 ] Btu/hr _ ft2-° F
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E
F 12

G
Ti
T2

= surface emissivity,
= view factor from surface to ambient,
= 0.1714 x 10-8 Btu/hr-ft2-oR4,
= surface temperature, OR,
= ambient temperature, OR.

The following equations from reference [3-9] are used to calculate the free convection
coefficients.

For horizontal cylinders:

h Nu k
D with

D = diameter of the horizontal cylinder,
k = air conductivity.
NuT =0.772 C, Ra/ 4  C, = 0.515 for gases [3-9].

Nu, = 2f
ln(1 + 2f/NuT) Nusselt number for fully laminar heat transfer with

0.13
(NUT)0.

16

Nu1 =, Ra"13

~~~ 0 l~j0.0107 
Pr)

Nu [ kNu,)- + (Nu,)-]/

Nusselt number for fully turbulent heat transfer

for horizontal cylinders [3-9].

with m=10 for 10-'°<Ra<107

Ra=GrPr ; Gr= g (T. -)D'

For vertical flat plates:

- Nu k
L with

L = height of the vertical plate,
k = air conductivity.
NUT =C Ral/4

Nu, 2.0

ln(l+2.0/NuT ) N

Nu, = C~v Ra/3 N

¾ = 0.515 for gases [3-9].

[usselt number for fully laminar heat transfer.

[usselt number for fully turbulent heat transfer with
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CV _ 0.13Pr0 22

(1 + 0.61 Pro'- )o_42

Nu=[(NU,)- +(Nu,)m-]!/ with m=6 for 0.1<Ra<10'2

Ra=GrPr ; Gr= g,8 (T.-
V 2

Tables 3-5, 3-5a, and 3-5b give the values of Ht as a function of surface temperature, T,, for an
ambient temperature of 100 OF.

Initial conditions before the thermal accident are established by performing a steady state
analysis with a packaging heat load of 500 watts and an ambient temperature of 100 'F with
solar insolation.

During the thermal accident, heat absorption at the outer surface by radiation and convection is
considered. A bounding convection coefficient of 4.5 Btu/hr-ft2 -°F is considered during burning
period based on data from (3-7). The convection and radiation from fire to the packaging outer
surface are combined together in the form of total heat transfer coefficient. The correlations to
calculate the total heat transfer coefficients during fire are defined as:

H,_-ire = hrfire + hc-fire

where,

hrfire = radiation heat transfer coefficient during fire, and

hc-fire = bounding convection heat transfer coefficient during fire.

The radiation heat transfer coefficient, hr-fire, during fire is given by the equation:

hr-fire = F0  T -T2 Btu/hr _ ft 2 -OF

where,

Efire = emissivity of fire,

FO = outer packaging surface absorptivity,

G = 0.1714 x10-8 Btu/hr-ft2 -OR4,

T1 = fire temperature, OR, and

T2 = surface temperature, OR.
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Table 3-5
Total Convection and Radiation Heat Transfer Coefficient Before and After

the Thermal Accident for Horizontal Cylindrical Surfaces

Ts fF] H, [Btu/hr-ft2-F]
115 1.64
135 1.89
155 2.08
175 2.24
195 2.38
215 2.52
235 2.66
255 2.79
275 2.92
295 3.05
315 3.18
335 3.31
355 3.44
375 3.57
395 3.71
415 3.85
435 3.98
455 4.13
475 4.27
495 4.42
515 4.57
535 4.72
555 4.88
575 5.04
595 5.20
615 5.37
635 5.54
655 5.71
675 5.89
695 6.08
715 6.26
735 6.45
755 6.65
775 6.85
795 7.06
815 7.27
835 7.48
855 7.70
875 7.92
895 8.15
915 8.39
935 8.63
955 8.87
975 9.12
995 9.38
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Table 3-5a
Total Convection and Radiation Heat Transfer Coefficient Before
the Thermal Accident for Impact Limiter Vertical Outer Surface

Ts [OF] H, [Btu/hr-ft2-F]
115 1.46
135 1.66
155 1.81
175 1.94
195 2.06
215 2.17
235 2.28
255 2.39
275 2.50
295 2.60
315 2.71
335 2.82
355 2.93
375 3.05
395 3.16
415 3.28
435 3.40
455 3.52
475 3.65
495 3.78
515 3.91
535 4.05
555 4.19
575 4.33
595 4.48
615 4.63
635 4.78
655 4.94
675 5.11
695 5.27
715 5.45
735 5.62
755 5.80
775 5.99
795 6.18
815 6.37
835 6.57
855 6.78
875 6.99
895 7.21
915 7.43
935 7.65
955 7.88
975 8.12
995 8.36
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Table 3-5b
Total Convection And Radiation Heat Transfer Coefficient Before And After The Thermal

Accident For Impact Limiter Vertical Inner Surface

Ts fFF Hj [Btu/hr.-ft-F]
115 1.54
135 1.70
155 1.83
175 1.94
195 2.04
215 2.14
235 2.24
255 2.34
275 2.44
295 2.54
315 2.65
335 2.75
355 2.86
375 2.96
395 3.08
415 3.19
435 3.31
455 3.43
475 3.55
495 3.68
515 3.81
535 3.94
555 4.08
575 4.22
595 4.36
615 4.51
635 4.67
655 4.82
675 4.99
695 5.15
715 5.32
735 5.50
755 5.68
775 5.86
795 6.05
815 6.25
835 6.45
855 6.65
875 6.86
895 7.07
915 7.29
935 7.52
955 7.75
975 7.99
995 8.23
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Table 3-5c
Total Convection and Radiation Heat Transfer Coefficient After the Thermal Accident for

Vertical Impact Limiter Outer Surface Below the Torn Area
Ts fFF H, [Btu/hr-ft2-F]

115 1.48
135 1.63
155 1.75
175 1.87
195 1.97
215 2.08
235 2.18
255 2.28
275 2.38
295 2.49
315 2.59
335 2.70
355 2.80
375 2.91
395 3.02
415 3.14
435 3.26
455 3.38
475 3.50
495 3.63
515 3.76
535 3.89
555 4.02
575 4.16
595 4.31
615 4.46
635 4.61
655 4.76
675 4.92
695 5.09
715 5.26
735 5.43
755 5.61
775 5.79
795 5.98
815 6.17
835 6.37
855 6.57
875 6.78
895 6.99
915 7.21
935 7.43
955 7.66
975 7.90

995 8.14

0o1
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Table 3-5d
Total Convection and Radiation Heat Transfer Coefficient After the Thermal Accident for

Vertical Impact Limiter Outer Surface Above the Torn Area
Ts fFj H, fBtu/hr-ft2 -F]

115 1.69
135 1.88
155 2.03
175 2.15
195 2.27
215 2.38
235 2.49
255 2.59
275 2.70
295 2.81
315 2.91
335 3.02
355 3.13
375 3.24
395 3.36
415 3.48
435 3.60
455 3.72
475 3.85
495 3.98
515 4.11
535 4.24
555 4.38
575 4.53
595 4.67
615 4.83
635 4.98
655 5.14
675 5.30
695 5.47
715 5.64
735 5.82
755 6.00
775 6.19
795 6.38
815 6.58
835 6.78
855 6.98
875 7.19
895 7.41
915 7.63
935 7.86
955 8.09
975 8.32
995 8.57
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Table 3-6 gives the value of Ht as a function of T. Ht is used as a boundary input during the 30
minute duration of the thermal radiation environment.

It is assumed that the surface of the packaging is covered with soot during the post-fire
conditions. To bound the problem, the thermal analysis uses a solar absorptivity of 1.0 for the
packaging surfaces during the initial and post-fire cool-down period.

Solar radiation is considered as a constant heat flux applied on the SURF 152 elements overlaid
on the outer surface of the transfer cask. The amount of the solar heat flux over a 12-hour solar
day defined in (3-1) is averaged over a 24 hour period to calculate the solar heat flux. The
average solar heat flux is considered as the maximum amount of solar radiation that is available
for absorption on any surface. This value is multiplied by the absorptivity of the packaging outer
surfaces to calculate the amount of solar heat flux that each surface absorbs. Figure 3-5 illustrates
the boundary conditions applied for the post-fire case. The solar heat flux values applied in the
model for initial and post-fire conditions are as follows:

Insolance Total solar heat flux Initial and Solar heat flux
(gcal/cm2) average over 24 hours Post-Fire in the model

Surface shape (3-1) (Btu/hr-in2) absorptivity (Btu/hr-in2)

Curved 400 0.427 1.0 0.427
Flat, Vertical 200 0.213 1.0 0.213
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Table 3-6
Total Convection and Radiation Heat Transfer Coefficient During the Thermal Accident

TTre f hc hr H,
PF] fF] [Btu/hr-f - [Btu/hr-in - F] [Btu/hr-in2 -

OF] OF]

226 1475 4.5 0.095 0.126
251 1475 4.5 0.096 0.127
276 1475 4.5 0.098 0.129
301 1475 4.5 0.100 0.131
326 1475 4.5 0.101 0.133
351 1475 4.5 0.103 0.134
376 1475 4.5 0.105 0.136
401 1475 4.5 0.107 0.138
426 1475 4.5 0.109 0.140
451 1475 4.5 0.111 0.142
476 1475 4.5 0.113 0.144
501 1475 4.5 0.115 0.146
526 1475 4.5 0.117 0.148
551 1475 4.5 0.119 0.151
576 1475 4.5 0.121 0.153
601 1475 4.5 0.124 0.155
626 1475 4.5 0.126 0.157
651 1475 4.5 0.128 0.159
676 1475 4.5 0.131 0.162
701 1475 4.5 0.133 0.164
726 1475 4.5 0.135 0.167
751 1475 4.5 0.138 0.169
776 1475 4.5 0.140 0.171
801 1475 4.5 0.143 0.174
826 1475 4.5 0.145 0.176
851 1475 4.5 0.147 0.179
876 1475 4.5 0.150 0.181
901 1475 4.5 0.152 0.184

1001 1475 4.5 0.162 0.193
1101 1475 4.5 0.170 0.201
1201 1475 4.5 0.174 0.205
1301 1475 4.5 0.164 0.195
1401 1475 4.5 0.080 0.111
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Figure 3-4
TN-RAM Finite Element Model Mesh for Fire Accident Analysis (30 Min Fire Duration)

Solar Heat Flux, Convection
boundary condition for heat
transfer to ambient.

Uniform Heat Flux is applied to
the inner surface.

1112 'F Smoldering Temperature for
30 Min after Fire

Figure 3-5
Typical TN-RAM Model Boundary Conditions (Smoldering Post Fire Case Shown)
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The total heat transfer coefficients, Ht, used for the range of package temperatures representative
of post-thermal event conditions are shown on Tables 3-5, 3-5a, and 3-5b.

3.5.2 Packaging Conditions and Environment

The condition of the TN-RAM following the fee drop and puncture drop accidents is discussed
in Section 2.7.1.5 and 2.7.2, respectively.

The packaging is assumed to be initially at steady state in an ambient temperature of 100 'F with
500 watts of payload decay heat. The effects of solar radiation are neglected during the accident.
They are considered during the normal transport and post-fire conditions. During the accident
the packaging is exposed to a radiation environment of 1475 'F for 30 minutes. The radiation
environment is characterized by an emissivity of 0.9 and the outer surface of the packaging is
assumed to have an absorptivity of 0.8. A bounding convection coefficient of 4.5 Btu/hr-ft2-°F is
considered during the 30 minute fire accident based on data from Reference (3-7). Cooldown of
the packaging after 30 minutes of exposure to the accident environment is based on 100 'F
ambient air temperature, insolation and a surface emissivity of 0.85.
To bound the heat conductance uncertainty between adjacent components, the following gaps at

thermal equilibrium are assumed:

0.03" gap between the lead in the cask and the outer shell.

0.1" gap between the lead in the shield disc and the shield disc liner.

0.03" gap between the cask flange and the impact limiter shim.

0.03" gap between the cask lid and the impact limiter liner.

These gaps are conservatively replaced with adjacent solid materials during the 30 minute fire
transient to maximize the heat input from the fire into the cask. For the post-fire conditions the
gaps are assumed to be the same as those during Pre-Fire initial conditions.

3.5.3 Package Temperatures

The maximum transient temperatures of the packaging components based on analyses performed
using the thermal model are presented in Table 3-7. The peak temperatures occur in small
regions directly beneath the trunnions for Lead and Outer Shell regions. The temperature
distribution at the end of the 30 minute fire accident is shown in Figure 3-6. Each color band
shows the range of temperatures for the particular region. Each color in the legend is
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Table 3-7

Thermal Analysis Results for Accident Conditions

Packaging Components Maximum Transient Temperatures

Temperature Time*

Outer surface (thermal shield) 1173 OF 0.5 hr
Outer Shell 801 OF 0.5 hr
Lead Shell 612 OF 0.5 hr
Inner Shell/Cavity Wall 470 OF 1.1 hr
Seals 397 OF 1.1 hr
Cavity Cold Wall (Peak) 220 OF
**Average cavity gas (peak) 500OF -

Lid 499 OF 1.0 hr

* Time from start of thermal accident event

** Cavity wall temperature +30 OF

Rev. 13 1
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Figure 3-6
Temperature Distribution at the End of 0.5-hour Hypothetical Fire Accident, All Components
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identified by the maximum temperature for the range represented by that color.

The results of the analyses show that the lead temperature reaches a maximum of 612 °F
(322 °C) 0.5 hours after the start of the thermal accident. This temperature occurs at a single
point behind the trunnion at its centerline and is significantly below the melting point of 621 IF
(327 IC) for lead. The temperature is significantly lower at locations other than this point. The
maximum temperature distribution in the lead region at this time is shown in Figure 3-7. The
maximum seal temperature is 397 IF (203 'C) which occurs at 1.1 hours from the start of the
thermal accident. Figure 3-8 shows the history of maximum component temperatures during
Fire and Post-Fire periods in the thermal model.

3.5.4 Maximum Internal Pressure

The maximum cask cavity internal pressure during the hypothetical thermal accident is
calculated as shown in Section 3.4.4 with an average gas temperature of 500 °F and a "cold wall"
temperature of 220 OF.

Partial water vapor pressure at cavity "cold wall" temperature (220 IF),

Pw = 17.19 psia [3-5]

Partial air pressure at 500 IF,

Pa = 14.7 x (500 + 460) / (70 + 460)

= 26. 63 psia

Total cavity pressure

Ptotal = Pw + Pa

= 43.82 psia (29.12 psig)

This pressure is lower than the MNOP of 30 psig.
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Temperature Distribution at the End of 0.5-hour Hypothetical Fire Accident, Lead Regions of

Packaging
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Figure 3-8
History of the Maximum Component Temperatures during Fire and Post Fire Periods
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3.5.5 Maximum Thermal Stresses

The maximum thermal stresses during the hypothetical thermal accident are calculated in Section
2.7 of Chapter Two. The thermal-stress analysis is performed using the cask model described in
Section 3.4.1.1.

The maximum thermal stresses in Appendix 2.10.1 are calculated using the average temperature
distribution at the time the individual temperatures peak and at the time after they equalize.

The average inner shell, outer shell and lead temperatures used in the thermal stress analysis are
411 'F, 560 'F and 473 'F respectively as shown in Appendix 2.10.1, page 2.10.1-18 at the time
the individual temperatures peak. The corresponding average temperatures in the analysis in
Section 3.5.3 for inner shell, outer shell and lead shell are 371 'F, 556 'F and 435 'F
respectively. This shows that the values used in Appendix 2.10.1 are bounding.

The average inner shell, outer shell and lead shell temperatures are 460 'F, 470 'F and 460 'F
respectively as shown in Appendix 2.10.1, page 2.10.1-18 at the time they equalize. The
corresponding average temperatures in the Section 3.5.3 analysis for inner shell, outer shell and
lead shell are 452 'F, 445 'F and 453 'F respectively. This shows that the values used in
Appendix 2.10.1 are bounding.

Therefore, thermal stress calculation in Appendix 2.10.1 remains bounding and no revision is
required.

3.5.6 Evaluation of Package Performance

The lead temperature remains below the melting point and the analyses presented in Chapters 2,
3, and 4, show that the package will withstand the hypothetical thermal accident without
compromising the structural integrity of the package.
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CHAPTER FOUR
CONTAINMENT

4.1 CONTAINMENT BOUNDARY

The containment boundary of the TN-RAM is formed by the containment vessel walls, bottom,

flange and lid up to the innermost of the two concentric lid O-rings, the O-ring itself, the cover

and O-ring on the vent port, and the pipe, housing, O-ring and cover of the drain port, as shown

in Figures 4-1 and 4-2.

4.1.1 Containment Vessel

The containment vessel consists of the inner shell, the bottom head, the closure flange, the lid

plate, and the closure bolts. The inner shell is a 35 inch I.D. right circular cylinder with an 111

inch cavity height formed from 0.75 inch plate. To this are welded the bottom, a 0.5 inch thick

flanged only head, and the closure flange.

The lid is a 2.5 inch thick plate, and is bolted to the closure flange by sixteen 1.5 inch diameter

bolts. For the purposes of containment, the lead, steel shell, and bottom plate which are attached

to the inside of the lid are not considered part of the containment boundary. Similarly for the

optional lid, the shield disk is not part of the containment boundary.

The shell, bottom, closure flange and original lid are fabricated from type 304 stainless steel. The

lid portion of the optional lid isfabricatedfrom XM-19 stainless steel.
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4.1.2 Containment Penetration

There are two penetrations through the TN-RAM containment vessel, the drain port through the

bottom and the vent port through the lid.

The vent port is a 1.56 inch diameter hole straight through the lid with no fitting. Containment is

provided by a 0.71 inch thick, 4.92 inch diameter blind flange with three 0.50 inch bolts and one

O-ring.

The drain port consists of a 0.75 inch I.D., 0.113 inch wall pipe and a housing which are welded

together. This assembly is welded to a 0.75 inch diameter hole in the shell at the bottom head.

Containment is provided by these components and by a 1.25 inch thick 5.25 inch diameter blind

flange with an O-ring, which is mounted to the housing with three 0.50 inch bolts. The housing

encloses a quick-connect coupling which is not considered part of the containment boundary.

Both port covers (blind flanges) and the drain port pipe and housing are fabricated from type 304

stainless steel.

4.1.3 Seals and Welds

The following welds are part of the containment:

* the longitudinal weld of the shell

* the circumferential welds between the bottom head and the shell

* the circumferential weld between the flange and the shell

* the weld between the bottom head and the drain port pipe

* the weld between the pipe and the drain coupling housing
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All welds are full penetration welds performed in accordance with the requirements of the

ASME Boiler and Pressure Vessel Code Section III, Subsection NB-4241 for a Type I butt joint.

Non-destructive examination includes radiographic and liquid dye penetrant methods using the

acceptance standards of ASME Section III, Subsection NB-5300.

The following seals form of the part of the containment boundary:

" the inner silicone O-ring on the lid

* the silicone O-ring on the vent port cover

* the silicone O-ring on the drain port cover

All seals are face-mounted in dovetail grooves on the lid and covers. The volume of the grooves

is designed to allow sufficient room so the mating metal surfaces can be brought into contact by

the bolts, thereby ensuring uniform seal deformation. All surfaces in contact with the seals are

machined to a 63 microinch (maximum) Ra surface finish.

All seals are protected from damage during the hypothetical thermal accident by the insulating

properties of the impact limiters which keep the seal temperatures below their 43 7 'F operating

limit (Ref. 4-1, Table A3-13) as demonstrated in Chapter 3. The low temperature operating limit

for this material is -65 'F (Ref. 4-1, Table A3-13). Therefore, the cask will maintain an adequate

seal throughout the full range of temperature specified in 10 CFR 71.71 and 71.73 for normal

and hypothetical accident conditions.
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The lid is provided with two concentric O-rings with access to the annular space between them

provided for leak testing. The outer O-ring is not considered part of the containment boundary.

Leak testing of the penetration cover seals is accomplished by means of a vacuum bell.
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4.1.4 Closures

The closure devices consists of the lid, the port covers, and their associated bolts. Bolt

installation torque values are selected to achieve compression of the O-rings resulting in

metal-to-metal contact between the lid or cover and the corresponding mating surface. As

demonstrated in Chapter 2, hypothetical accidents will not result in yielding of any closure bolts,

ensuring that the same degree of sealing is provided under both normal and accident conditions.

The lid is closed by sixteen 1.50-8UN x 7.00 bolts equally spaced on a 45.00 inch diameter bolt

circle, and torqued to 950 ft-lb.

The vent and drain port covers are each closed by three 0.50 inch diameter bolts torqued to

25 ft-lb.
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4.2 REQUIREMENTS FOR NORMAL CONDITIONS OF TRANSPORT

The TN-RAM is designed to meet the requirement of 10 CFR 71.51 for a Type B package that
"no loss or dispersal of radioactive contents, as demonstrated to a sensitivity of 10-6 A 2 per hour"

will occur under the tests specified in 10 CFR 71.71 for normal conditions of transport.

4.2.1 Containment of Radioactive Material

The TN-RAM is designed to carry dry irradiated solid materials, and therefore, there are no

radioactive liquids or gases to be contained. However, reactor hardware can include surface

contamination ("crud"). The crud can spall and possibly form an aerosol in the cavity

atmosphere which could present a potential dispersion situation. However, studies and

observations (4-2) show the crud to be very stable and adherent. The typical chemical

composition of materials in this aerosol would be primarily oxides of the constituents of reactor

hardware metals themselves, and as such includes radionuclides such as Co-60, Mn-54, Fe-55,

and Ni-63. If there was any failed fuel in the reactor or storage pool along with the hardware,

there might also be minute traces offission products.

Although the possibility offorming and releasing a crud-aerosol is minimal, a leakage rate can

be calculated for this phenomenon. It is most probable that the crud particles will plug the small

holes through which gas leakage usually occurs, (Ref 4-4). However it will be assumed that the

particulate leakage rate is the same as the gas leakage rate. The major radionuclide of concern

in crud is Co60 . Reference 4-2 reports maximum measured spot crud levels on
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spent fuel rods for various GE BWR plants as 110-180 jiCi/cm2 at discharge. Assuming that

crud levels on irradiated hardware are the same as on fuel rods, an overall average value 25%

higher than the smallest maximum spot activity of 110 p.Ci/cm 2 can be used for irradiated

hardware. The irradiated hardware is typically utilized in the reactor for several years and then

may be stored in the fuel pool for several more years. Assuming an "effective" decay time of

approximately 5.3 years (Co 60 half-life), the Co 60 crud activity becomes:

110 x 1.25 x 0.5 = 68.8 gCi/cm2

In Chapter 1, typical contents for the RAM packaging are described. Of those described, the

control rod blades (CRB) have the greatest surface area.

The CRB is essentially a cruciform shape with a width span of approximately 10 in. It is

approximately 157 in. long with 0.35 in. thick plates and weighs about 130 kg. The calculated

surface area for a CRB is:

A = (8 (10-0.35)/2 +4X0.35)x 157 = 6280 in2 =40,516 cm2

Assuming a shipment of only CRBs, using typical values from Chapter 1, the number of CRBs in

a shipment is:

3785 (Ci/shipment) - 16

1.8E - 3 (Ci/g) x 1.3E6(g/CRB)

The activity of Co60 (crud) on the CRBs in the containment is:

40,516 cm2/CRB x 16 CRB x 68.8 P Ci/cm2 = 44.6 Ci

Spallation of the crud from the irradiated hardware must occur if an aerosol is to form for

possible release. Test data have been reported (Ref. 4-5) estimating spallation fractions of
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0.05 for BWR fuel rods under "normal" conditions. Of the fraction that spalls from the rods,

only a certain fraction of that becomes an aerosol due to agglomeration, plating-out, etc.

Because the irradiated hardware is "handled" quite extensively in the fuel pool, a good majority

of the easily removable crud will be removed in the fuel pool. For conservatism, it is reasonable

to assume that 15% of the crud will spall from the irradiated hardware and all of the spalled crud

will become an aerosol capable of leaking from the containment. Therefore, the activity of the

aerosol is:

44.6 Ci x 0.15 = 6.69 Ci

The free volume in the containment is the TN-RAM cavity volume less the waste volume and the

liner volume. The RAM cavity volume is:

7E/4x352 x 111 x 2.543 = 1.75E6 cc

Assuming the packaging has its maximum payload, 9500 lbs including a liner, the payload

volume is:

9500 lbs9500 lbs= 5.45E5 cc
2.205E- 3 lbs/g x 7.9g/cc

The minimum free containment volume is:

1.75E6 - 5.45E5 = 1.21E6 cc

Following the ANSI methodology (Ref. 4.3), the activity in the containment that could escape is:
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6.69 Ci6
CN - = 5.53x10- 6 Ci/cc

1.21x10 6 cc

The maximum permissible release rate is A2x1 0 6Ci/hr

For Co60 , A2 -1 1 Ci. Therefore:

11.xLO 10-6 Ci/hr -9
RN - 3600 sec/hr= 3.060 Ci/sec

The maximum permissible leakage rate during transport is:

L N 3.06x - 5.53x10-3 cc/sec
N CN 5.53x10- 6

Next, the reference air leak rate in cc/sec is calculated using the calculated radionuclide release
rate and the calculated activity density. ANSI N14.5, Annex B, Ref. 4-3 provides example
methods for calculating leakage through a cylindrical capillary for continuum and/or molecular
flow conditions. Example 19 provides the method for the following calculation. The following
formula is used for calculating the reference air leakage rate,

L. =(F, +FXP.- Pd)" (,incm3/sec

where,
Lu is the upstream volumetric leakage rate (cc/sec),
Fc is the coefficient of continuum flow conductance per unit pressure (cc/atm-sec),

F (2.49x10 6 .D 4)

F, - (ada)

Fm is the coefficient of free molecular flow conductance per unit pressure (cc/atm-sec),

3.81x103 .D 3  .

F. 
(aPa)

where, D is the leakage hole diameter (cm), a is the leakage hole length (cm), ýt is the fluid
viscosity (cP), T is the fluid absolute temperature and M is the molecular weight (g/mol).
Pu is the upstream fluid pressure (atm),
Pd is the downstream fluid pressure (atm) and
Pa is the average stream pressure (atm). The average stream pressure is calculated as a linear
average,

4-5C



C-1411 Rev. 1] I

P. -- I(P. + d
02

a is the assumed length of the leakage path, 0.5 cm.
All the variables are given except the leakage hole diameter as well as the maximum allowable
leakage rate, Lu. The diameter can then be found by iteratively solving the equation given an
Lu.
Using the values given for normal conditions, the resulting leakage hole diameter, D is found. In
this case,

D = 1.46 x 10-3 cm

So that the expression for Lu holds

o- [ "(1l' (.6 lO''-374)""]'
L 2.49x106 .(1.4610 )) ("1 1 3( '6 1 -) .29 (1.62-1 1.31)

(0.5*0.0218) + (0.5*1.31) 2921.62 "1.62)

= 5.53x10-4 cc/sec

Using this value of D, the resulting standard leakage rate can then be found using the same
equation but with input parameters corresponding to standard conditions. The resulting NCT
reference air leakage rate LNR is

LNR = 6.87x10-4 ref cc/sec
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4.2.2 Pressurization of Containment Vessel

The TN-RAM contents will not include any organic materials. Therefore neither hydrogen nor

other gases will be generated by radiolysis and there will be no flammable gas hazard.

Assuming the cask cavity is closed 70 'F and 1 atm and that saturated water vapor is present, an

equilibrium cavity pressure at 21.08 psia was calculated in Section 3.4.4. This is by definition

the maximum normal operating pressure (MNOP), however, a conservative value of 30 psig is

used for design and analysis purposes. The TN-RAM is tested to 1.5 times the 30 psig MNOP in

accordance with 10 CFR 71.85(b).

4.2.3 Containment Criterion

The following leak tests are specified in accordance with ANSI N 14.5, Section 7 (Ref. 4-3):

* Manufacturing and periodic verification tests shall determine that the leak rate for the

entire containment is no greater than 6.87x 10-4 ref cc/sec with a test sensitivity better than

3.4 x 104 ref cm 3/s.

* Assembly verification tests for the lid seal and port covers with a sensitivity of at least

1x 10.3 ref-cc/sec shall find no detectible leak.
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4.3 CONTAINMENT REQUIREMENTS FOR HYPOTHETICAL ACCIDENT
CONDITIONS

The release of radioactive material is limited to 10 A2 of krypton-85 and A2 for other radioactive

material per week under the conditions of the hypothetical accident tests of 10 CFR 71.73, in

accordance with 10 CFR 71.51 (a)(2).

4.3.1 Fission Gas Products

There are no fission gas products in the TN-RAM contents.

4.3.2 Containment of Radioactive Material

Assuming that all of the Co 60 (crud) on the irradiated hardware (calculated in Section 4.2.1),

becomes an aerosol, the available activity is:

44.6 Ci 36.9x10- 6 Ci/cc
CA = 1.21xl0 6 cc

and the maximum permissible release rate

I ICi/week =18.18x10 6 Ci/sec
RA = 6.05x10 5 sec/week

RA 18.18x10-6
And L = - - - 0.49 c/eAnd LA CA 36.9x10" 6

It can easily be seen that the leak rate for the normal conditions of transport is more restrictive.
Thus the NCT leak rate bounds and will be the basis for all TN-RAM leak testing.
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4.3.3 Containment Criterion

The leakage tests are specified in Section 4.2.3.
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Table 4-1 10 CFR Allowable Release Rates for the TN-RAM Transport Cask

Effective Allowable Allowable Concentration Leakage

A2  Release Release Rate C1  Rate
Case (Ci) Rate (Ci/sec) (Ci/cc) (cc/sec)

A2x 10-6 per
NTC 11 hour 3.06E-09 5.53E-06 5.53E-04

HAC 11 A2 per week 18.18E-06 36.9E-06 0.49

Table 4-2 Allowable Leak Rates for the TN-RAM Transport Cask

Maximum Permissible Leak - Normal Conditions

Lu (cc/sec) Fc+Fm (cc/atm-sec) D (cm) Pu (atm) Pd (atm) Pa(atm) T (K)

5.53E-04 1.11E-03 1.46E-03 1.62 1 1.31 374

Air Leak Test at STP

Fc (cc/atm-sec) . Fm (cc/atm-sec) LNR (ref cc/sec) P, (atm) Pd (atm) Pa (atm) T (K)

1.22E-03 1.51E-04 6.87E-04 1.00 0.01 0.51 298
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Figure 4-1
TN-RAM Containment Boundary Components (original lid)
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FIGURE 4-1 (Continued)

1. Drawing not to scale. Features exaggerated for clarity.

2. Dashed line ( -- indicates containment boundary.

3. Containment boundary components are listed below:

1. Cask body inner shell

2. Lid assembly outer plate, closure bolts, and inner O-ring

3. Bolting flange

4. Vent port cover plate, bolts, and seals

5. Drain port cover plate, bolts, and seals

6. Drain tube

7. Drain coupling housing
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TN-RAM CONTAINMENT BOUNDARY COMPONENTS

Figure 4-2
TN-RAM Containment Boundary Components (optional lid/shield disk)
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FIGURE 4-2 (Continued)

1. Drawing not to scale. Features exaggerated for clarity.

2. Dashed line (_____ - indicates containment boundary.

3. Containment boundary components are listed below:

1. Cask body inner shell

2. Lid assembly outer plate, closure bolts, and inner O-ring

3. Bolting flange

4. Vent port cover plate, bolts, and seals

5. Drain port cover plate, bolts, and seals

6. Drain tube

7. Drain coupling housing

Rev. 9
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CHAPTER FIVE
SHIELDING EVALUATION

The shielding evaluation for the TN-RAM package is performed to demonstrate compliance with
10 CFR 71.47 and 10 CFR 71.51 as applicable.

The TN-RAM package is designed to transport a payload of 9500 lbs. (4309 kg) of dry,
irradiated and/or contaminated non-fuel bearing solid materials (with only trace quantities of
fissile material as limited by 10 CFR 71.15) in secondary containers containing a maximum of
30 000 Ci of 60Co or equivalent. The package is shipped exclusive-use in an open transport
vehicle. The cask is designed to be shipped horizontally during transportation with the lid end
facing in the direction of travel. The lid end is considered the top in this evaluation.

The dose rates are computed using MCNP5 v]. 40 [5-3].
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5.1 DESCRIPTION OF SHIELDING DESIGN

The TN-RAM package is a Type B shipping cask with steel inner and outer shells. Bulk lead
poured between the shells during fabrication is used for shielding radially and axially at the
bottom. The lid contains lead for shielding at the top. Impact limiters at the top and bottom are
used to provide protection for drops. Four trunnions at the top and two trunnions at the bottom
are used for handling and support the cask when it is transported A cavity drain facilitates the
removal of water after loading. A vent through the lid is used for operations as required.

No credit is taken for the secondary container in the TN-RAM package to meet the shielding
requirements.

5.1.1 Design Features

The TN-RAM cask contains steel and lead in the radial and axial directions to provide gamma
shielding. The inner shell has 0. 75 inches of steel radially and 0. 5 inches of steel at the bottom.
The outer shell has 1.5 inches of steel radially and 2.5 inches of steel at the bottom. Between the
shells, lead is poured with a minimum of 5.75 inches radially and 5.69 inches at the bottom.
Shielding at the top is provided by either lid option. There are a total of 3 inches of steel and
5.88 inches minimum of lead in the original lid. The optional lid has a total of 3.375 inches of
steel and 5.68 inches minimum of lead A thermal shield between the impact limiters is 0. 25
inches thick and provides additional radial shielding.

More detail is provided in Section 5.3.

5.1.2 Summar Table of Maximum Radiation Levels

Normal conditions of transport (NCT) dose rates are computed for an exclusive-use transport in
an open vehicle. Therefore, the following limits apply:

* 10 CFR 71.47(b) (1): the external surface of the package must be below 200 mrem/h,

* 10 CFR 71.47(b)(2): the outer surface of the vehicle must be below 200 mrem/h,

* 10 CFR 71.4 7(b)(3): any point 2 mfrom the outer lateral surfaces of the vehicle must be
below 10 mrem/h, and

* 10 CFR 71.4 7(b)(4): any normally occupied space must be below 2 mrem/h unless personnel

follows the requirements of 10 CFR 20.1502.

Normally occupied spaces are assumed to be 5 m from either end of the package.

The NCT surface dose rates use the top and bottom of the impact limiter as the basis for the
surface of the package axially. The radial surface of the cask is the basis for the side dose rate.
The 2 m dose rate basis is from the extents of the impact limiters in all directions. The maximum
NCT dose rates are shown in Table 5-1.
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Maximum dose rates for a normally occupied space which is assumed to be 5 mfrom the top and
bottom of the TN-RAM package are shown in Table 5-1

Hypothetical accident conditions (HAG) external dose rates are computed using the surfaces of
the cask as the basis for the I m distance as prescribed by 10 CFR 71.51 (a)(2). Compliance with
release doses per 10 CFR 71.51(a)(1) and 71.51(a)(2) is shown in Chapter 4. The maximum
external HAC dose rates are shown in Table 5-2.
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5.2 RADIATIONSOURCE

5.2.1 Gamma Source

The TN-RAM is evaluated to transport 30 000 Ci of 60Co or equivalent consistent with the
maximum for Category HIpackages. More than 99% of the disintegrations result in two gammas
with energy of1.1732 and 1.3325 Me V Lower energy emission is considered to have the energy
of the aforementioned gammas which is conservative. The source intensity is asfollows:

(30 000 Ci) (3.7x1010 disintegratons ) ,(2 disintegration) 2 2.22x"x 15 i'/S.

If the source is not completely 6°Co, the maximum energy is limited to the following:

15 1321.325\(2.2 2x10 -' (1.13+. , MeV = 2.78 ZeV/s.

The source is the same for the NCT and HAC evaluation. The evaluation methodology uses
continuous energy cross sections so the energies for the gammas can be input and simulated
directly. The energy distribution of the gammas is one half of the total intensity for each energy.
The spatial distribution within the various source regions is isotropic in the axial direction and a
power law distribution in the radial direction.

Cobalt-60 conservatively represents the potential source of dry, solid, non-fuel bearing
hardware. Other activated material is bounded by the gamma emission from cobalt-60.

5.2.2 Neutron Source

The TN-RAM package is not licensed to transportfissile material greater than the limits
prescribed in 10 CFR 71.15. No neutron generating source material beyond an inconsequential
amount as a result of surface contamination is to be transported. Therefore, no neutron source
is evaluated.
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5.3 SHIELDING MODEL

5.3.1 Confiouration of Source and Shielding

A full, three dimensional model of the TN-RAM was created in MCNP5. Major features were
modeled explicitly. The same cask model was used for the NCT and HAC analysis with minor
variations as required. An axial cross section view of the TN-RAMpackage for NCT is shown in
Figure 5-1.

Key dimensions for the cask and impact limiters are shown in Table 5-3. Dimensions are taken
from the drawings provided in section 1.3. The "Dimensions used" column in Table 5-3
corresponds to the sample input file in Section 5.5.2.

Nominal dimensions are used everywhere except for the lead, which is modeled at its minimum
respective thickness based on location. The modeling of the lead results in an air gap between
the shells, which would not exist in the as-built package. This false gap does not contribute to
any lead slumping; rather, it is included to preserve the dimensions of all modeled components.

The four upper and two lower trunnions are modeled because the steel displaces lead used for
shielding.

The impact limiter model was simplified. Rather than include all the steel components in the
impact limiter, only the steel shell was modeled, and the impact limiter was completely filled
with balsa, which has no significant impact on dose rates. However, it preserves external
dimensions of the impact limiter in the model. The dimensions form the basis for some of the
NCT surface dose rates and all of the 2 m dose rates.

The cavity drain is modeled because it displaces lead in the bottom. The drain sleeve outer
diameter is the most critical dimension to ensure the proper amount of lead is removed.

In the HAC evaluation, the model is the same as NCT with the following differences. The
combination of the tests prescribed in 10 CFR 71.73 as applicable result in no loss of steel or
leadfrom the cask body which makes up most of the shielding provided by the package. The
impact limiters are removed and replaced with air even as they are shown to remain attached
under all postulated tests as described in Section 2.7.6. The cavity in the HAC model has no
stainless steel material inside. The cavity is filled completely with air. This allows for the most
conservative results because no self-shielding is present.

Lead slumpfor HAC was analyzed; however, per the discussion in Section 2.7.1.1, lead slump is
not expected However, for conservatism, a one-eighth-inch gap was considered at the top of the
radial lead shielding. It is not expected for lead slump to occur anywhere else due to the design
of the cask.

5-5



E-10621 Rev. 13 I

All source configurations are contained in a postulated 1 inch thick secondary container. The
secondary container is modeled as air,; however, the secondary container is part of the contents
and the 9500 lb (4309 kg) maximum payload. The mass of the secondary container reduces the
mass of source bearing contents. The dimensions of the postulated secondary container are
shown in Table 5-4. The remaining payload mass of 264 7 kg is considered to be the mass of the
source bearing contents for the shielding evaluation. The secondary container was assumed to
be 108 inches tall and sits on the bottom of the cask cavity. Some space is expected to remain at
the top for the secondary container lid and handling equipment. The secondary container lid
and bottom were modeled as simple disks.

Four source bearing configurations are modeled Each configuration is limited to a mass of
2647 kg of stainless steel. The first configuration is a homogenized cylinder sized to fit the
interior of the secondary container. This results in a homogenized density of1.90 g/cm3 . The
dimensions of the homogenized source are shown in Table 5-5. This source configuration
considers the effects of lower density material throughout the secondary container.

A disk source is postulated if the source bearing contents are shifted to the top or bottom. The
disk is stainless steel at full density and radius to fit inside the secondary container. The height
is calculated to meet the mass target of 2647 kg. The second configuration is a disk source
placed at the bottom of the secondary container; the third configuration is the same disk source
placed at the top of the secondary container. The disk source dimensions are shown in
Table 5-6.

The final source configuration is an annulus. This source configuration moves the source
bearing contents to the edges of the secondary container. The height and outer radius of the
annular source are sized to fit the secondary container. The inner radius was calculated to meet
the mass target of 2647 kg. The center of the annulus was filled with air. The annulus is
stainless steel at full density. The dimensions of the annular source are shown in Table 5-7.

The four postulated source configurations are shown in axial views in Figure 5-2 and in radial
view in Figure 5-3. The radial views are slices through the approximate center of the respective
source region.

For the HAC evaluation, the source was placed inside the package using the homogenized
source dimensions and location. For the HAC evaluation with lead slump, the source
dimensions were the same as the HAC evaluation, but the source was shifted up to maximize the
source near the opening created by the postulated slump. An axial cross section view of the
TN-RAM package for HAC is shown in Figure 5-4. The location of the lead slump is shown in
Figure 5-5.

5.3.2 Material Properties

All the steel in the model is assumed to be stainless steel type 304. The elemental composition
and density are shown in Table 5-8 [5-2]. The source bearing material was also assumed to be
stainless steel type 304.

The elemental composition and density of dry air used in the model are shown in Table 5-9
[5-2].
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All the wood in the impact limiter was assumed to be balsa. Balsa has a lower density than
redwood The balsa elemental composition and density used are shown in Table 5-10.

Lead usedfor shielding was assumed to be pure lead at 11.34 g/cm3 .
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5.4 SHIELDING EVALUATION

5.4.1 Methods

The software package, Monte Carlo N-Particle (MCNP5), is used to evaluate the TN-RAM
package. MCNP5 is a robust, well-supported Monte Carlo transport code from Los Alamos
National Laboratory utilized to compute dose rates for shielding licenses [5-3].

A three-dimensional model is developed that captures all of the relevant design parameters of
the package and contents. Dose rates are calculated by tallying the gamma fluxes using mesh
tallies in the areas of interest and converting these fluxes to dose rates usingflux-to-dose rate
conversion factors.

Simple Russian roulette is used as a variance reduction technique for most tallies. The
importance of the particles increases as the particles traverse the shielding materials. The
geometry of the package and contents is modeled in a lower universe. This lower universe is
filled in the top-level universe where the geometrically based importance splitting occurs.

5.4.2 Input and Output Data

A sample input file is provided in section 5.5.2. Tallies in the sample were the same for all
analyzed configurations.

5.4.3 Flux-to-Dose-Rate Conversion

The ANSI/ANS 6.1.1-1977flux-to-dose-rate conversion factors for gamma rays are used in this
evaluation [5-1]. The factors are shown in Table 5-11.

5.4.4 External Radiation Levels

Dose rates are calculated using the mesh tally feature of MCNP5. Radial tallies are segmented
axially between 20 and 22 cm. Axial tallies are segmented radially approximately 22 cm. There
is no angular segmentation for any tally. The cask is angularly symmetric except for the
trunnions and the cavity drain. Dose rates for NCT use the impact limiter surfaces as the basis
for the top and bottom. The cask body is the basis for the NCT side dose rates. The width of the
vehicle is not defined; therefore, the surface of the vehicle is assumed to be coincident with the
radial surface of the impact limiters. The ends of the vehicle are assumed to be coincident with
the top and bottom of the package. Tallies are shown in Figure 5-7. Red lines denote surface
tallies used to show compliance with 10 CFR 71.47(b) (1) and 71.4 7(b)(2). Blue lines denote 1 m
HAC tallies used to show compliance with 10 CFR 71.51(a)(2). Green lines denote 2 m NCT
tallies used to shown compliance with 10 CFR 71.4 7(b)(3). The tally numbers correspond to the
sample input file in Section 5.5.2.
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Other than the trunnions and the cavity drain, the radial and bottom lead shielding is not
displaced. The lead in the original lid contains a penetration for a vent. However, the vent plug
contains more lead axially than the lid so the penetration is of no consequence during
transportation. The optional lid has no penetration through the lead shielding. The optional lid
contains three steel lifting plugs. These displace some lead in the optional lid. These features
were modeled in the comparison described in Section 5.4.4.3.

For HAC, dose rates are taken with the surface of the cask as the basis. While the impact
limiters are shown to remain attached to the cask during all postulated accidents as prescribed
by 10 CFR 71.73 as applicable (Sections 2.10.2 and 2.10.3),for the purpose of the shielding
evaluation, the impact limiters are removed from the HAC model and replaced with air. The
HAC dose rate tallies are similar to the NCT tallies. No angular segmentation is used Radial
or axial segmentation is approximately 22 cm.

5.4.4.1 NCT dose rates

A summary of all the NCT dose rates for all source configurations evaluated is shown in
Table 5-12.

For the radial 2 m dose rate, the annulus has the maximum dose rate of 9.14 mrem/h. However,
this is statistically the same as the homogenized source configuration at 9.13 mrem/h. The
annulus forces more of the source to the side of the cask cavity, but has additional self-shielding
due to the higher source material density. These dose rates are below the limit of 10 mrem/h.
Additionally, the relative uncertainty on both is one percent which is approximately 0. 1 mrem/h.
The dose rate plus three sigma uncertainty is still below the 10 CFR 71.47(b) (3) limit.

The 2 m top dose rate from the top of the impact limiter maximum was 1.55 mrem/h with the disk
top source configuration. This is below the limit of l0 mrem/h. This dose rate is also
statistically the same as the homogenized cylinder top dose rate of 1.51 mrem/h.

The 2 m bottom dose rates from the bottom of the impact limiter maximum was 2.29 mrem/h with
the disk bottom source configuration, which is below the limit of 10 mrem/h.

The maximum radial surface dose rate occurred with the homogenized cylinder configuration
and was 82.1 mrem/h below the 10 CFR 71.47(b)(1) limit of200 mrem/h. The dose rate here
was on the surface of the cask body which sliced through the trunnion.

The maximum top surface dose rate occurred with the annulus source and is 10.0 mrem/h, which
is below the limit of 200 mrem/h. This dose rate is statistically the same as the top surface dose
rate for the homogenized cylinder source of 9.88 mrem/h and the top surface dose rates for the
disk top source of 9.98 mrem/h. The uncertainty on these dose rates is approximately 5%.

The maximum bottom surface dose rate occurred with the disk bottom source as what 19.9
mrem/h, which is below the limit of 200 mrem/h.

The external surfaces of the package were assumed to be coincident with the external surfaces of
the vehicle. These dose rates satisfy both the requirements of 10 CFR 71.47(b) (1) and 10 CFR
71.47(b)(2).
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The occupied space for personnel was assumed to be 5 mfrom either end of the package. The
maximum top dose rate was 0.22 mrem/h and 0.20 mrem/h for the bottom with the homogenized
cylinder configuration. Therefore, personnel do not have to follow the requirements of 10 CFR
20.1502.

5.4.4.2 HAC dose rates

A summary of all the HAC dose rates for the two HAC configurations is shown in Table 5-13.
All dose rates in this table are taken 1 mfrom the external surface of the cask. The maximum
radial dose rate is 328 mrem/h which is below the 10 CFR 71.51(a) (2) limit of 1000 mrem/h.
This dose rate is a result of the postulated lead slump. The maximum top HAC dose rate is 119
mrem/h, which is below the limit of 1000 mrem/h. This dose rate was also with the lead slump
configuration because the source was shifted to the top. The maximum bottom HAC dose rate is
176 mrem/h, which is below the limit of 1000 mrem/h. This occurs with the base HAC case.
However, this dose rate is statistically the same as the HA C lead slump bottom dose rate of 173
mrem/h. Both have 3% one sigma uncertainty.

5.4.4.3 Original lid versus optional lid

A comparison was made between the original and optional lids. The optional lid has 0.2 inches
less lead than the original lid, but adds 0.375 inches of steel. Using the homogenized source
configuration, both lids were modeled, and the top surface dose rates for NCT were compared.
A dose rate distribution for both cases is shown in Figure 5-6. One sigma error bars are
included for each case. As shown in the figure, the cases are statistically the same at the center
where the dose rates are highest, and the original lid is higher moving outwards from the center.
Therefore, the original lid was used in the development of the NCT and HAC dose rates
presented in this chapter. Additionally, there is sufficient margin to the limit at the top, which
more than adequately cover the minor differences between the lids.

5.4.4.4 Cavity Drain

The cavity drain was modeled explicitly. The cavity drain tube displaces lead directly under the
cavity. Bottom dose rates are marginally higher than the top as a result. However, due to the
increased distance from the cask and material of the impact limiters during NCT, the dose rates
radially are bounding for all configurations. The cavity drain has no appreciable impact on the
dose rates.
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5.5 APPENDIX

5.5.1 References

5-1 American Nuclear Society, "American National Standard Neutron and Gamma-
Ray Flux-to-Dose-Rate Factors, "ANSI/ANS-6.1.1-1997 (N666), LaGrange Park,
Illinois.

5-2 McConn Jr, R. J. et al., "Compendium of Material Composition Data for
Radiation Transport Modeling, "PNNL-15870, Revision 1, Pacific Northwest
National Laboratory, March 2011.

5-3 X-5 Monte Carlo Team, "MCNP-A General Monte Carlo N-Particle Transport
Code," Version 5. Los Alamos National Laboratory, April 2003. Available from
RSICC as Software Package CO0730MNYCPOO.
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Table 5-1
Summary of NCT Maximum Dose Rates

Dose rate Relative l] Limit
(Iren/h) uncertainty J (mrem/h) Configuration

Surface
Homogenized

Side 82.1 0.01 200 Cylinder
Top 10.0 0.05 200 Annulus
Bottom 19.9 0.04 200 Disk, Bottom

2m
Side 9.14 0.01 10 Annulus
Top 1.55 0.04 10 Disk, Top
Bottom 2.29 0.09 10 Disk, Bottom

5 m

p0.22 0.01 2 Homogenized
TOP O. 22_O._01 Cylinder
Bottom 0.20 0.01 2 Homogenized

Cylinder

Table 5-2
Summary of HA C Maximum Dose Rates

Dose rate Relative ]a Limit
(mrem/h) uncertainty (mrem/h) Configuration

Im
HAC void with leadSide 328 0.0O1 1000 slm
Slump

HAC void with leadTop 119 0. 02 1000 slm
slump

Bottom 176 0. 03 1000 HA4C void
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Table 5-7
Annulus Source Geometric Description

Proprietary Information Withheld Pursuant to
10 CFR 2.390

Table 5-8
Stainless Steel Material Composition

Element Stainless Steel (weight fraction)
Carbon 0.04

Silicon 0.5
Phosphorous 0.023

Sulfur 0.015
Chromium 19
Manganese 1

Iron 70.172
Nickel 9.25

Density 7.92 g/cm3

Table 5-9
Dry Air Material Composition

Element Air (weight fraction)
Carbon 0.0124

Nitrogen 75.5268
Oxygen 23.1781
Argon 1.282 7

Density 0.0012 g/cm 3

Table 5-10
Balsa Material Composition

Element Balsa (atoms/b cm)
Hydrogen 5.941 0-3

Carbon 3.57.10-3
Oxygen 2.97-10-3

Density 0. 16 g/cm3
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Table 5-11
Gamma Flux-to-Dose-Rate Conversion Factors

Energy (Meg' mrem/h/l/(s cm2)
0.01 3.96E-03
0.03 5.82E-04
0.05 2.90E-04
0.07 2.58E-04
0.1 2.83E-04

0.15 3.79E-04
0.2 5. 01E-04

0.25 6.31E-04
0.3 7.59E-04

0.35 8. 78E-04
0.4 9.85E-04
0.45 1.08E-03
0.5 1.1 7E-03

0.55 1.27E-03
0.6 1.36E-03
0.65 1.44E-03
0.7 1.52E-03
0.8 1.68E-03
1 1.98E-03

1.4 2.51E-03
1.8 2.99E-03
2.2 3.42E-03
2.6 3.82E-03
2.8 4.01E-03

3.25 4.41E-03
3.75 4.83E-03
4.25 5.23E-03
4.75 5.60E-03

5 5.80E-03
5.25 6. 01E-03
5.75 6.37E-03
6.25 6.74E-03
6.75 7.11E-03
7.5 7.66E-03
9 8.77E-03

11 1.03E-02
13 1.18E-02
15 1.33E-02
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Radial
max:

Top mw
Bottom
max:

Radial
max:

Top mw
Bottom
max:

Top:
Bottom:

Table 5-12
Summary ofAll NCT Configurations

Dose rate Relative lo Dose rate Relative lJ Dose rate Relative la Dose rate Relative la
(mrem/h) uncertainty (mrem/h) uncertainty (mrem/h uncertainty (mrem/h) uncertainty

Annulus Disk, Top Disk, Bottom Homogenized Cylinder

2 meters from the impact limiters

9.14 0.01 4.34 0.01 2.72 0.02 9.13 0.01

1.4 0.05 1.55 0.04 0.33 0.16 1.51 0.05

1.97 0.1 0.61 0.17 2.29 0.09 2.11 0.11

Surface of the impact limiter (top and bottom) or cask body (radial)

80.4 0.01 81.9 0.01 77.9 0.01 82.1 0.01

10 0.05 9.98 0.04 1.86 0.09 9.88 0.05

18.8 0.05 3.43 0 009 19.9 0.04 18.5 0.05

5 meters from the ends of the impact limiters1

0.21 0.01 0.18 0.01 0.03 0.02 0.22 0.01
0.20 0.02 0.07 0.02 0.13 0.02 0.20 0.01

These tallies are averaged over a large surface to show that an operator in the vicinity of
the package with experience less than 2 mrem/h.

1.
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Table 5-13
Summary of All HAC Configurations

Dose rate Relative lor Dose rate Relative ]a
(mrem/h) uncertainty (mrem/h) uncertainty

HAC void HAC void with lead slump
1 meter from the surface of the cask

Radial 156 0.01 328 0.01
max:
Top max: 110 0.03 119 0.02
Bottom 176 0.03 173 0.03
max:
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Figure 5-1
TN-RAM NCT Model
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Left. Disk Bottom, Right: Homogenized

Figure 5-2
Source Configurations-Axial View
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LeeAnnulus, t:Disk Top

Left: Disk Bottom, Right Homogenized

Figure 5-3
Source Configurations-Radial View

5-30



E-10621 Rev. 13 I

Figure 5-4
TN-RAM HA C Model
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Figure 5-5
Location of lead slump
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Figure 5-6
Lid Comparison
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Tally 164 (re)

- Tally 104 (re)

C Tally 14 (rz)

Tally 34 (rz)
Tally 54 (rz)

Tally 114 (re)

Tally 74 (re)I/

Figure 5-7
Tally Locations
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CHAPTER SIX

CRITICALITY EVALUATION

Not applicable for the TN-RAM packaging.
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CHAPTER SEVEN
OPERATING PROCEDURES

This chapter contains TN-RAM loading and handling procedure guidelines which show the

general approach to cask operational activities. The information in this chapter will be used to

prepare site specific procedures. Operational steps which must be performed in order to

maintain the validity of cask transport regulations and safety analysis conclusions are identified

by underlined procedural steps.

The procedures in this section are for those activities associated with the loading and transport of

irradiated materials from user facilities to burial sites. Cask loading is normally performed wet

with the cask oriented vertically in a spent fuel pool, and cask unloading operations are normally

performed dry with the cask oriented horizontally at a burial site.

An optional two-piece lid consisting of a shield disk and outer lid plate can also be used in a dry

top-loading facility and a dry top-unloading facility.

The final steps of cask acceptance testing are performed at the loading site prior to the cask being

transported for the shipment.
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7.1 PROCEDURES FOR LOADING PACKAGE

7.1.1 Receipt of Empty Package

7.1.1.1 Upon cask arrival on the transport vehicle, perform receipt inspection to check for

damage or irregularities and perform a radiation survey.

7.1.1.2 After removing the security wires, remove impact limiter attachment bolts and

remove the front and rear impact limiters using a suitable crane and two legged sling.

7.1.1.3 Remove the front and rear trunnion tie-downs.

7.1.1.4 Attach the lift beam to a suitable crane hook and engage the lift beam to the two front

trunnions.

7.1.1.5 Rotate the cask from the horizontal to the vertical position.

7.1.1.6 Lift the cask from the transport vehicle. Place the cask in the preparation area.

7.1.1.7 Disengage the lift beam from the cask.

7.1.1.8 If necessary, clean the cask external surfaces of road dirt.
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7.1.2 Wet Loading

7.1.2.1 Remove the lid gasket port plug and detorque the lid bolts in an approved sequence.

Note: The cask may be filled with water in the preparation area (lid on or off) or as the cask is

lowered into the pool with the lid off.

7.1.2.2 Remove the cover from the Vent port.

7.1.2.3 Install the lid lifting attachments.

7.1.2.4 Remove the cask lid.

7.1.2.5 Engage the lift beam(s) to the cask.

7.1.2.6 Lift the cask from the preparation area and position over the cask loading area in the

pool.

7.1.2.7 Lower the cask into the pool while spraying the cask with clean water.

7.1.2.8 Continue to lower the cask until it is on the pool bottom.

7.1.2.9 Disengage the lift beam(s) from the cask.

7.1.2.10 Deleted

7.1.2.11 Deleted
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7.1.2.12 Install the cask seal surface protective cover.

7.1.2.13 Using the appropriate handling tool and suitable hoist, load the cask cavity. Verify I

that the cask is full or install appropriate component spacers to restrain the contents

during transport. Record the contents and location on the cask loading report to the

extent practical.

7.1.2.14 Remove the cask seal surface protective cover.

7.1.2.15 Inspect the 0-rings in the lid for damage and replace if defects are noted, with new

o-rings which have been determined to be free of defects and have a current shelf life,

in accordance with the following. Record inspection results on the cask loading

report.

7.1.2.15.1 Remove the defective O-ring.

7.1.2.15.2 Clean the O-ring groove.

7.1.2.15.3 Inspect the new O-ring to determine that it is free of defects.

7.1.2.15.4 Position the O-ring uniformly around the lid over the O-ring groove.

7.1.2.15.5 Press lightly at four diametrically opposite positions.

7.1.2.15.6 Continue to press the O-ring at diametrically opposite positions until it
is fully seated in the gasket groove.

7.1.2.15.7 Inspect the new O-ring to verify that it is free of defects. Record
inspection results on the cask loading report.
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7.1.2.16 Transfer the lid to a position directly over the cask cavity. Establish correct lid

orientation and lower the lid until fully seated. Visually verify proper lid installation.

7.1.2.17 Continue lowering the lift beam(s) and engage the lift beam(s) to the cask.

7.1.2.18 Raise the cask to the pool surface, survey the cask for safe radiation levels and check

that the lid is properly seated. Wash down exposed cask surfaces and lift beam

surfaces with clean water.

7.1.2.19 Install two or more lid bolts hand tight.

7.1.2.20 Slowly remove the cask from the pool while thoroughly washing all exposed surfaces

with a clean water spray.

7.1.2.21 Move the cask to the preparation area.

7.1.2.22 Disengage the lid lifting attachments and lift beam(s).

7.1.2.23 Survey and decontaminate the cask surfaces as required to permit safe working

conditions.

7.1.2.24 Inspect the lid bolts. Replace defective bolts and note any defect indications on the

cask loading report. Apply a light coating of an approved lubricant to the bolt threads

and install all 16 lid bolts. Tighten to hand tight. Torque all lid bolts to 950 ±50 ft-

lbs. in several stages using an approved torouin2 seouence.
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7.1.2.25 Install the Vacuum Drying System (VDS) to the lid gasket port and vacuum dry the

lid O-ring interspace until the pressure is reduced to 10, +2, -0 mbar.

7.1.2.26 Perform a pressure rise leakage test for assembly verification of the cask lid. The

leakage rate is calculated as:

V*AP*298
LR = t*1013*T

where V = test volume (cc)

AP = measured pressure difference (mbar)

t = elapsed time for the test (sec)

and T = temperature of test (OK)

It is assumed that over the relatively short duration of the test (1-2 min.), the change

in temperature is insignificant. The acceptance criteria is that LR be no greater than

1 x 10-3 std-cm 3/sec.

If an O-ring has been replaced, the maximum allowable leak rate is 6.87x 104 ref

cm3 /sec with a test sensitivity better than 3.4 x 10-4 ref cm3/sec. A helium mass

spectrometer method or equivalent performed in accordance with written, approved

procedures shall be used.

7.1.2.27 Install the lid gasket port plug. Remove the Drain port cover, and drain the cask.

7.1.2.28 Connect the VDS to the Vent port and the drain bottle to the Drain port.

7.1.2.29 Using the VDS, lower the pressure in the cask to approximately 40 mbar. Isolate the

vacuum pump and vent the cask to allow residual moisture to condense and collect in

the drain bottle. Repeat several times until no more water collects in the drain bottle.

7.1.2.30 Disconnect the drain bottle from the Drain port.
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7.1.2.31 Perform the cask dryness verification test as follows:

a. Evacuate the cask cavity until a stable vacuum of 10, +2, -0 mbar is indicated.

b. Isolate the VDS from the cask cavity.

c. Verify that the pressure rise over a period of 10 minutes does not exceed

6 mbar. If this pressure rise is exceeded repeat steps a and b until the

acceptance criteria is satisfied.

NOTE: If the pressure rise for successive tests is constant or increases, a leak in the system is

indicated and must be corrected before proceeding.

7.1.2.32 Remove the VDS connector from the vent port.

7.1.2.33 Install the Vent and Drain port covers and bolts. Torque the bolts to 25 ±5 ft-lbs.

7.1.2.34 Place the test bell over the vent cover and use the VDS to reduce the pressure in

between the vent port 0-ring and the 0-ring on the test bell to 7-10 mbar. Isolate the

VDS and perform a pressure rise leakage rate test of the vent port cover. The

calculated leakage rate, using the equation in 7.1.2.26, shall be no greater than

1 x 10-3 std-cm 3/sec.

If an 0-ring has been replaced, the maximum allowable leak rate is 6.87 x 10-4 ref

cm3 /sec with a test sensitivity better than 3.4 x 10-4 ref cm3/sec. A helium mass

spectrometer method or equivalent performed in accordance with written, approved

procedures shall be used.

7.1.2.35 Repeat the test of Steps 7.1.2.34 for the Drain port cover.

7.1.2.36 If any test indicates a leakage greater than the allowable rate, the leakage area shall be

identified, repaired as needed and the test repeated until the acceptance criteria is

satisfied.
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7.1.2.37 Re-engage the lift beam to the cask.

7.1.2.38 Lift the cask off preparation area, place the rear trunnions on transport vehicle rear

trunnion supports and rotate cask from the vertical to horizontal position. Disengage

the lift beam from the cask.

7.1.2.39 Install and torque front and rear trunnion tie-downs.

7.1.2.40 Perform a temperature survey to verify compliance with 10 CFR 71.43(g) and

10 CFR 71.87(k).

7.1.2.41 Install the front and rear impact limiters and torque attachment bolts diametrically to

40-50 ft-lbs. Repeat torquing sequence to 300 ±20 ft.-lb. for unlubricated bolts or to 180 ±20

ft-lbs. for lubricated bolts.

7.1.2.42 Install security seals on impact limiter bolts.

7.1.2.43 Perform final radiation and contamination surveys to assure compliance with

10 CFR 71.47 and 71.87.

7.1.2.44 Apply appropriate labels to the package and vehicle in accordance with 49 CFR 172.

7.1.2.45 Prepare final shipping documentation.

7.1.2.46 Release the loaded cask for shipment.
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7.1.3 Dry Loading

Note: This section assumes the optional two-piece lid is used for all dry loading.

7.1.3.1 Remove the lid gasket port plug and detorque the lid bolts in an approved sequence.

7.1.3.2 Remove the cover from the Vent port.

7.1.3.3 Install the lid lifting attachments.

7.1.3.4 Remove the cask lid.

7.1.3.5 Engage the lift beam(s) to the cask.

7.1.3.6 Lift the cask from the preparation area and move to loading area.

7.1.3.7 Disengage the lift beam(s) from the cask.

7.1.3.8 Attach a suitable crane to lid lifting sling.

7.1.3.9 Install the cask seal surface protective cover.

7.1.3.10 Remove the shield disk.

7.1.3.11 Using the appropriate handling tool and hoist, load the cask cavity. Verify that the

cask is full or install appropriate component spacers to restrain the contents during

transport. Record the contents and location on the cask loading report to the extent

practical.

7.1.3.12 Replace the shield disk.

7.1.3.13 Remove the cask seal surface protective cover.

7.1.3.14 Move the cask to the preparation area for lid installation.
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7.1.3.15 Inspect the 0-rings in the lid for damage and replace if defects are noted, with new

o-rings which have been determined to be free of defects and have a current shelf

life, in accordance with the following. Record inspection results on the cask loading

report.

7.1.3.15.1 Remove the defective O-ring.

7.1.3.15.2 Clean the O-ring groove.

7.1.3.15.3 Inspect the new O-ring to determine that it is free of defects.

7.1.3.15.4 Position the O-ring uniformly around the lid over the O-ring groove.

7.1.3.15.5 Press lightly at four diametrically opposite positions.

7.1.3.15.6 Continue to press the O-ring at diametrically opposite positions until it

is fully seated in the gasket groove.

7.1.3.15.7 Inspect the new O-ring to verify that it is free of defects. Record

inspection results on the cask loading report.

7.1.3.16 Attach the lid lifting attachment to cask lid.

7.1.3.17 Transfer the lid to a position directly over the cask cavity. Establish correct lid

orientation. Install the lid. Visually verify that the lid is correctly oriented and fully

seated.

7.1.3.18 Move the cask to the preparation area.

7.1.3.19 Disengage the lid lifting attachments and lift beam(s).

7.1.3.20 Survey and decontaminate the cask surfaces as required to permit safe working

conditions.

7.1.3.21 Inspect the lid bolts. Replace defective bolts and note any defect indications on the

cask loading report. Apply a light coating of an approved lubricant to the bolt

threads and install all 16 lid bolts. Tighten to hand tight. Torque all lid bolts to 950

+50 ft-lbs. in several stages using an approved torquing sequence.
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7.1.3.22 Install the Vacuum Drying System (VDS) to the lid gasket port and evacuate the lid

0-ring interspace until the pressure is reduced to 10, +2, -0 mbar.

7.1.3.23 Perform a pressure rise leakage test for assembly verification of the cask lid. The

leakage rate is calculated as:

V*AP*298
LR= ýt*1013*T

Where V = test volume (cc)

AP = measured pressure difference (mbar)

t = elapsed time for the test (sec)

and T = temperature of test ('K)

It is assumed that over the relatively short duration of the test (1-2 min.), the change

in temperature is insignificant. The acceptance criteria is that LR be no greater than 1

x 10-3 ref cm 3/sec.

If an 0-ring has been replaced, the maximum allowable leak rate is 6.87x 10-4 ref

cm3/sec with a test sensitivity better than 3.4 x 10- ref cm3/sec. A helium mass

spectrometer method or equivalent performed in accordance with written, approved

procedures shall be used.

Install the lid gasket port plug.

7.1.3.24 Perform the cask dryness verification test as follows:

a. Evacuate the cask cavity until a stable vacuum of 10, +2, -0 mbar is indicated.

b. Isolate the VDS from the cask cavity.

c. Verify that the pressure rise over a period of 10 minutes does not exceed 6
mbar. If this pressure rise is exceeded repeat steps a and b until the acceptance
criteria is satisfied.

NOTE: If the pressure rise for successive tests is constant or increases, a leak in the system is

indicated and must be corrected before proceeding.

7.1.3.25 Remove the VDS connector from the vent port.
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7.1.3.26 Install the Vent port cover and bolts. Torque the bolts to 25 ±5 ft-lbs.

7.1.3.27 Place the test bell over the vent cover and use the VDS to reduce the pressure in

between the vent port O-ring and the O-ring on the test bell to 7-10 mbar. Isolate the

VDS and perform a pressure rise leakage rate test of the vent port cover. The

calculated leakage rate, using the equation in 7.1.3.23, shall be no greater than

I x 10-3 ref cm 3/sec.

If an O-ring has been replaced, the maximum allowable leak rate is 6.87 x 10-4 ref

cm 3/sec with a test sensitivity better than 3.4 x 10-4 ref cm 3/sec. A helium mass

spectrometer method or equivalent performed in accordance with written, approved

procedures shall be used.

7.1.3.28 Repeat the test of Step 7.1.2.27 for the Drain port cover.

7.1.3.29 If any test indicates a leakage greater than the allowable rate, the leakage area shall be

identified, repaired as needed and the test repeated until the acceptance criteria is

satisfied.

7.1.3.30 Re-engage the lift beam to the cask.

7.1.3.31 Lift the cask off preparation area, place the rear trunnions on transport vehicle rear

trunnion supports and rotate cask from the vertical to horizontal position.

7.1.3.32 Install and torque front and rear trunnion tie-downs.

7.1.3.33 Perform a temperature survey to verify compliance with 10 CFR 71.43(g) and
10 CFR 71.87(k).

7.1.3.34 Install the front and rear impact limiters and torque attachment bolts diametrically to

40-50 ft-lbs. Repeat torquing sequence to 300 ±20 ft.-lb. for unlubricated bolts or to

180 ±20 ft-lbs. for lubricated bolts.

7.1.3.35 Install security seals on impact limiter bolts.

7.1.3.36 Perform final radiation and contamination surveys to assure compliance with

10 CFR 71.47 and 71.87.

7.1.3.37 Apply appropriate labels to the package and vehicle in accordance with 49 CFR 172.

7.1.3.38 Prepare final shipping documentation.

7.1.3.39 Release the loaded cask for shipment.
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7.2 PROCEDURES FOR UNLOADING PACKAGE

7.2.1 Unloading a Loaded Package Horizontally

7.2.1.1 Upon arrival of the loaded cask at the burial site, perform receipt inspection. Inspect

for damage, verify security seals are intact and perform radiation survey.

7.2.1.2 Remove the front impact limiter using a suitable crane and two legged sling. Rear

impact limiter may also be removed.

7.2.1.3 Remove the front and rear trunnion tie-downs.

7.2.1.4 Attach the horizontal lift device to a suitable crane and then engage the front and rear

trunnions.

7.2.1.5 Lift the cask slowly in the horizontal position and transfer it onto an unloading cradle.

7.2.1.6 Disengage the lift device from the cask.

7.2.1.7 Install a horizontal lid lifting fixture to lid.

7.2.1.8 Remove the lid gasket port plug. Detorque the lid bolts in an approved sequence.

NOTE: Perform the following steps remotely using manipulator crane, appropriate remote

tooling, viewing equipment and personnel radiation protection as appropriate for the

facility.

7.2.1.9 Slowly remove the lid from the cask.

7.2.1.10 If the optional two-piece lid is used, install the shield disk horizontal lifting fixture to

the shield disk. Slowly remove shield disk from the cask and place in a lay down

area.

7.2.1.11 Place the cask seal protector on front face of the cask and attach liner or waste

removal tools.
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7.2.1.12 Unload the cask contents into disposal area in accordance with site-approved

procedures.

NOTE: The following steps may be performed hands-on.

7.2.1.13 Remove the cask seal protector plate and install the shield disk and cask lid.

7.2.1.14 Install and tighten all lid bolts to hand tight. Torque all bolts so 950 ±50 ft-lbs. in

several stages using an approved torquing sequence. Install the lid gasket port plug.

7.2.2 Unloading a Loaded Package Vertically

7.2.2.1 Upon arrival of the loaded cask at the burial site, perform receipt inspection. Inspect

for damage, verify security seals are intact and perform radiation survey.

7.2.2.2 After removing the security wires, remove the impact limiter attachment bolts and

remove the front and rear impact limiters using a suitable crane and two legged sling.

7.2.2.3 Remove the front and rear trunnion tie-downs.

7.2.2.4 Attach a lift beam to a suitable crane hook and engage the lift beam to the two front

trunnions.

7.2.2.5 Rotate the cask from the horizontal to the vertical position.

7.2.2.6 Lift the cask from the transport vehicle. Place the cask in the preparation area.

7.2.2.7 Disengage the lift beam from the cask.

7.2.2.8 If necessary, clean the cask external surfaces of road dirt.

7.2.2.9 Remove the lid gasket port plug and detorque the lid bolts in an approved sequence.

7.2.2. 10 Remove the cover from the Vent port.

7.2.2.11 Install the lid lifting attachments.
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7.2.2.12 Engage the lift beam(s) to the cask.

7.2.2.13 Lift the cask from the preparation area and move to the unloading area.

7.2.2.14 Disengage the lift beam(s) from the cask.

7.2.2.15 Attach a suitable crane to lid lifting sling and remove the lid.

7.2.2.16 Install the cask seal surface protective cover.

7.2.2.17 Remove the shield disk.

NOTE: Perform the following steps remotely using manipulator crane, appropriate remote

tooling, viewing equipment and personnel radiation protection as appropriate for the

facility.

7.2.2.18 Using the appropriate handling tool and hoist, unload the cask contents into the

disposal area in accordance with site-approved procedures.

NOTE: The following steps may be performed hands-on.

7.2.2.19 Replace the shield disk.

7.2.2.20 Remove the cask seal surface protective cover.

7.2.2.21 Move cask to the preparation area for lid installation.

7.2.2.22 Attach the lid lifting attachment to the cask lid.

7.2.2.23 Transfer the lid to a position directly over the cask cavity. Establish correct lid

orientation and lower the lid until fully seated. Visually verify proper lid installation.

7.2.2.24 Disengage the lid lifting attachments and lift beam(s).

7.2.2.25 Survey and decontaminate the cask surfaces as required to permit safe working

conditions.
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7.2.2.26 Install all 16 lid bolts. Tighten to hand tight. Torque all lid bolts to 950 ±50 ft-lbs.

in several stages using an approved torquing sequence. Install the lid gasket port

plug.

7.3 PREPARATION OF EMPTY PACKAGE FOR TRANSPORT

7.3.1 Perform internal radiation surveys to ensure the internal contamination is within the

limits of 49CFR 173.428(c).

7.3.2 Install the lid with the 16 lid bolts and torque all lid bolts to 950 + 50ft lb using an

approved torquing sequence.

7.3.3 Engage the lifting device to the cask trunnions. Lift the cask offpreparation area,

place the rear trunnions on transport vehicle rear trunnion supports and rotate cask

from the vertical to horizontal position. Disengage the lift beam from the cask.

7.3.4 Perform radiation and contamination surveys to show that the radiation and

contamination levels are within the limits of 49CFR 173.428.

7.3.5 Install the front impact limiter and torque attachment bolts diametrically to

40-50 ft-lbs. Repeat torquing sequence to 300 ±20ft-lb for unlubricated

bolts or to 180 ±20 ft-lb for lubricated bolts.

7.3.6 Apply appropriate transport labels to the package and vehicle.

7.3.7 Release empty cask for shipment.
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CHAPTER EIGHT
ACCEPTANCE AND MAINTENANCE PROGRAMS

8.0 INTRODUCTION

This chapter describes the activities to be performed to assure that the TN-RAM cask conforms

to the requirements of this Safety Analysis Report and remains in conformance following

loading.
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8.1 ACCEPTANCE TESTS

The following reviews, inspections and tests shall be performed on the TN-RAM cask prior to

the first transport. Most of these inspections and tests will be performed at the Fabricator's

facility prior to delivery to the loading site. These tests will be performed in accordance with

written procedures prepared by the Fabricator and approved by Transnuclear.

The shielding effectiveness test (paragraph 8.1.7) shall be performed at the site following initial

loading and prior to transport. This test shall be performed in accordance with approved written

procedures.

8.1.1 Visual Inspection

After fabrication and prior to first use, visual inspection shall be performed of all accessible cask

surfaces. The visual inspection includes verifying that all specified coatings are applied and the

packaging is clean and free of cracks, pinholes, uncontrolled voids or other defects that could

significantly reduce its effectiveness. The sealing surfaces on the flange, lid and covers are also

inspected to ensure that there are no gouges, cracks or scratches that could result in an

unacceptable leakage.

8.1.2 Structural and Pressure Tests

All of these tests shall be performed by the Fabricator. Prior to use, some tests, as indicated, will

be repeated.
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8.1.2.1 Lid and Shield Disk Lifting Attachment Load Tests

The lid lifting attachment bolt holes and shield disk lifting attachment bolt holes shall be load

tested in the following manner: A /- 10 UNC-2A eyebolt shall be inserted into each of the three

tapped holes in the lid surface. Weights shall be added to the lid such that the total load of the lid

and added weight is twice the lid weight. The eyebolts shall be attached to a sling system with a

lifting angle of approximately 60 degrees from horizontal. The lid shall be lifted using the sling

system and held for a period of at least ten (10) minutes. A Y - 10 UNC-2A eyebolt shall also

be inserted into each of the three tapped holes in the shield disk upper surface. Weights shall be

added to the shield disk such that the total load of the shield disk and added weight is twice the

shield disk weight. The eyebolts shall be attached to a sling system with a lifting angle of

approximately 60 degrees from horizontal. The shield disk shall be lifted using the sling system

and held for a period of at least ten (10) minutes. At the conclusion of each test, the bolt holes

shall be:

a) Visually examined for defects and permanent deformations.

b) Checked with a go/no-go gauge to verify that no damage to the threads have

occurred.

8.1.2.2 Trunnion Load Test

a) A force equal to 1.5 times the design lift load will be applied for a period of 10

minutes on the top and bottom trunnion pairs at the center of the outer shoulders.

b) Following completion of the trunnion load tests the trunnion external surfaces will

be examined by the liquid penetrant method for defects. Acceptance standards will

be in accordance with Articles NC-5350 of Section III of the ASME Boiler and

Pressure Vessel Code.
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8.1.2.3 Hydrostatic Test

After the shielding integrity test, the TN-RAM cask body will be hydrostatically tested using

demineralized water in accordance with the requirements of the ASME B&PV Code, Section III,

Article NB-6200.

The test pressure of 45 psig (equals 1.5 MNOP of 30) psig will be maintained for a minimum

time often (10) minutes. The cask body and closures will then be examined for any

deformations or leakage.

8.1.2.4 Cask Weight Measurements

The assembled cask, as well as major individual components, shall be weighed with a precision

of± 0.5 percent.

8.1.3 Leakage Rate Tests

8.1.3.1 Containment System Fabrication Verification

A Containment System Fabrication Verification leakage rate test of the TN-RAM will be

performed at the Fabricator's facility in accordance with the requirements of ANSI N 14.5 and

Section V of the ASME B&PV Code.

The following tests will be performed in accordance with approved, written procedures on the

containment boundary. The gas pressure rise method or the helium mass spectrometer method

will be used to perform these tests.
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The test cavities will be evacuated to a pressure of less than 10-2 mbar. The total leakage rate for

the containment boundary shall be no greater than 6.87 x 10-4 ref cm 3/sec with a test procedure

sensitivity of no greater than 3.4 x 10-4 ref cm3/sec.

a) A preliminary test will be performed on the interspace between the inner and outer

O-rings of the lid through a test port using an O-ring sealed test connector. This

will show that the lid is seated properly.

b) The next test will be performed on the containment boundary formed by the cask

cavity and the lower Drain port cover (Hansen coupling removed) and the inner

O-ring of the cover. Evacuation will be through the Vent port using an O-ring

sealed test connector.

c) The next test will be performed after the Vent port cover is installed. The O-ring

seal of the cover will be leak tested using a test bell. The test bell fits over the vent

cover and has a O-ring which seals against a machined surface on the cask.

An acceptable alternative test method is to perform the test in paragraph b) through the drain

port, and then testing the drain port cover and seal by the method described in paragraph c). The

Hansen coupling must be removed for the test described in paragraph b).

8.1.3.2 Impact Limiter Leakage Rate Test

Following final closure welding, each impact limiter will be tested for leakage in accordance

with the methods of ANSI N14.5 and the requirements of Section V of the B&PV Code, using

either the helium snifffer or bubble leak test methods. The differential pressure will be limited to

less than 3 psi.
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8.1.3.3 Humidity Test

After performing the impact limiter leakage rate test, a humidity test will be performed to

determine that there is no in-leakage of water into the impact limiter container during fabrication.

The dew point of a gas sample from the impact limiter container will be determined. The dew

point measured shall be less than the equilibrium temperature of the impact limiter. The

difference between the measured dew point and the impact limiter wall temperature shall be

greater than twice the accuracy of the humidity test system.

8.1.4 Functional Tests

Installation and removal tests will be performed for the lid, shield disk, impact limiters, drain and

vent port covers, shield plug and other fittings and inserts.

Each component will be observed for difficulties in installation and removal. After removal,

each component will be visually examined for indications of deformation, galling, ease of use

and proper functioning. Any such defects will be corrected prior to acceptance of the cask.

8.1.5 Test for Shielding Integrity

A gamma scan or equivalent test shall be performed on the cask after lead installation to detect

any shielding deficiencies
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from lead voids equal to or greater than ± 5% of shielding thickness. The test shall be performed

on a maximum grid spacing of four (4) inches.

8.1.6 Review of Fabrication Records

A review of the Fabricator's records will be performed by Transnuclear in the areas of deviation

requests and approvals, inspection, tests, nonconformances and record retention to assure that the

cask was fabricated, inspected and tested in accordance with the approved design as described in

this Safety Analysis Report, and is correctly shown on as-built drawings.

8.1.7 Shielding Effectiveness Test

Follow initial loading of the TN-RAM cask, a shield effectiveness test shall be performed prior

to delivery to a carrier for transport. Measurements shall be made of the neutron and gamma

dose rates of the loaded package to verify that the loaded cask meets the transport dose rate

limitations of 1OCFR71 and the applicable USDOT regulations.

8.1.8 Thermal Effectiveness Test

There are no thermal tests required for the TN-RAM.
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8.2 MAINTENANCE PROGRAM

8.2.1 Structural and Pressure Tests

There are no periodic structural tests required on the TN-RAM.

8.2.2 Leak Tests

After the TN-RAM is loaded and before it is released for transport, a series of pressure rise tests

shall be performed on the cask openings to verify proper assembly. See Chapter 7.0 for details

of these tests.

No leak tests will be done on the empty cask before it is shipped.

After the third use and every twelve months thereafter, the Containment System Fabrication

Verification Test, Section 8.1.3. 1, shall be repeated, unless the cask is not is service. Prior to

use, the cask shall have been tested within the preceding 12-month period.

8.2.3 Subsystems Maintenance

The lid bolts, vent, drain and overpressure transport cover bolts shall be inspected after each use,
and annually, for deformed or stripped threads. Damaged parts shall be evaluated for continued
use and replace as required. At a minimum, the lid bolts shall be replaced at least once per 250
round trips.

8.2.4 Valves, Rupture Discs and Gaskets on Containment Vessel

All gaskets and the Drain port Hansen quick connect plug will be replaced prior to the third use

test and annually thereafter unless the cask is not service. Prior to use, the maintenance shall

have been completed within the preceding 12-month period.
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No other maintenance is required prior to transport.

8.2.5 Shielding

A shielding integrity test using gamma scan or equivalent shall be performed after fabrication,

and a shield effectiveness test shall be performed following initial loading. See paragraphs 8.1.5

and 8.1.7. Dose rate measurements are required to be taken prior to each shipment. There are no

periodic shield effectiveness tests required.

8.2.6 Thermal

There are no thermal tests required for the TN-RAM.

8.2.7 Miscellaneous

This section does not apply.
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Listing of Computer Files Contained in Enclosure 6
(All files are Proprietary)

Disk ID No. Number of
(size) Discipline SystemlComponent File Series (topics) files

Folder: annulus
TN-RAM NCT 3

Annulus source configuration

(Enclosure 6) TN-RAM NCT Folder: disk top

Disk top source configuration

One Folder: disk bottom
DVD Shielding TN-RAM NCT3 Disk bottom source configuration

Folder: homogenized cylinder
TN-RAM NCT Homogenized cylinder source

configuration

Folder: hac
(1.68 MB) TN-RAM HAC 3Voided cavity

Folder: hac lead slumpTN-RAM HAG
Voided cavity with postulated lead slump

Folder: optional lidTN-RAM NCT3
Optional lid results for comparison

TN-RAM Steady state analysis with 500
01-TNRAMNCT Watts for NCT used to compute initial 26

conditions for fire analysis.

(Enclosure 6) 02-TNRAMFIRE TN-RAM 30 minute Fire analysis, Input 24
- - and Output Files

OneOne TN-RAM 30 Min Post-Fire (Smoldering 26
DVD Thermal 03-TNRAMPF Case), Input and Output Files

(1.47GB) 04-TNRAMPF2 TN-RAM 10 hr Post-Fire (Cool Down 26Period), Input and Output Files
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NRC FORM 618 U.S. NUCLEAR REGULATORY COMMISSION

1oCFR71 CERTIFICATE OF COMPUANCE
FOR RADIOACTIVE MATERIAL PACKAGES

a. CERTIFICATE NUMBER b. REVISION NUMBER c. DOCKIET NUMBER d. PACKAGE IDENTFICATION NUMBER PAGE PAGES

9233 J 1-t[1 71-9233 USA/9233/B(U)-96 1 OF 3

2. PREAMBLE

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

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

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

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

AREVA Inc. Tra-nc.,o:locr_,, In. application
7135 Minstrel Way, Suite 300 dated March 8, 2005, as supplemented.
Columbia, MD 21045 I

IAREVA Inc.March 9, 2015

4. CONDITIONS

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

5.

(a) Packaging

(1) Model No.: TN-RAM

(2) Description

The package is a steel encased lead shielded cask with wood impact limiters attached at
both ends. The cask Is a right circular cylinder. The overall dimensions of the packaging
are approximately 178 inches long and 92 inches diameter with the impact limiters
installed. The cask body is approximately 129 inches long with an outer diameter of 51
inches. The cask cavity has a length of approximately 111 inches and an inside diameter
of 35 inches. The cask body is made of a 0.75-inch stainless steel inner shell, a 5.88-inch
thick lead annulus, a 1.5-inch thick stainless steel outer shell, a 0.5-inch thick inner bottom
plate and a 2.5-inch thick outside bottom plate. The lead shielding is approximately
6 inches thick in the bottom end of the cask. The outer shell of the cask body is covered
with a stainless steel thermal shield. The closure lid consists of a 2.5-inch thick outer
stainless steel plate and a 0.5-inch thick inner stainless steel plate separated by
approximately 6 inches of lead shielding. An optional lid, with the lead shielding in the
form of a separate shielding disk, can also be used. The lid is secured by sixteen 1.5-inch
diameter closure bolts. Two concentric silicone 0-rings are installed in grooves on the
underside of the lid. The cask is equipped with a sealed leak test port between the 0-
rings, a vent port in the closure lid and a sealed drain port in the bottom of the cask. Each
impact limiter is attached to the cask by eight 1.75-inch diameter bolts. The cask is
equipped with 6 trunnions, four at the top and two at the bottom. The gross weight of the
package is approximately 80,000 pounds, including maximum contents of 9,500 pounds.
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NRC FORM 618 U.S. NUCLEAR REGULATORY COMMISSION
(S-2000)
1OCFR71 CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES
a. CERTIFICATE NUMBER b. REVISION NUMBER c. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER PAGE PAGES

9233 -1-2" --1 71-9233 USAN9233/B(U)-96 2 OF 3

5.(a) Packaging (continued)

(3) Drawings

The packaging is constructed in accordance with Transnuclear, Inc. Drawing Nos.
990-701, Rev. 9; 990-702, Rev. 8; 990-703, Rev. 10; 990-704, Rev. 6; 990-705, Rev. 7;
990-706, Rev. 4; 990-707, Rev. 4; 990-708, Rev. 8; 990-709, Rev. 2; and
990-710, Rev. 2.

(b) Contents

(1) Type and Form of Material

Dry irradiated and contaminated non-fuel-bearing solid materials contained within a
secondary container.secon ary ontaner.30,000 Curies of Co-60 or equivalent.

(2) Maximum quantity of material per packag

Greater than Type A quantities of radi ctive material which may include fissile material
provided that the fissile material doe ot exceed the mass limits of 10 CFR 71.15. The
contents may not exceed 1,272 tmes an A2 ,qantity. The decay heat of the contents may
not exce..-360 watts. The maximum gross weight a ýte contents, secondary container,

F5--e•:r'h-"mdrfgo% is limited to 9,500 pounds.

6. As appropriate, shoring must be used in the secondary conte iner sufficient to prevent significant
movement of the contents under accident conditions.

7. Both the inner cask cavity and the secondary container must be free of water when the package
is delivered to a carrier for transport.

8. In addition to the requirements of Subpart G of 10 CFR Part 71:

(a) Prior to each shipment, the lid seals must be inspect d. The seals must be replaced with
new seals if inspection shows any defects or every I months, whichever occurs first;

(b) The package shall be prepared for shipment and op rated in accordance with the
Operating Procedures of Section 7.0 of the applicati n; and

(c) The package must meet the Acceptance Tests and I laintenance Program of Section 8.0
of the application.

9. The package authorized by this certificate is hereby approv d for use under the general license
provisions of 10 CFR 71.17.

10. Expiration date: April 30, 2020 Equivalency to other radionuclides is
determined by the total energy and its spectrum.
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NRC FORM 618 U.S. NUCLEAR REGULATORY COMMISSION
(8-2000)
10 R 71 CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES
a. CERTIFICATE NUMBER b. REVISION NUMBER c. DOCKET NUMBER d. PACKAGE IDENTFICATION NUMBER PAGE PAGES

9233 "1j2"7[ 71-9233 USA19233/B(U)-96 3 OF 3

JAREVA Inc. REFERENCES

Trasn 'I~a Ic.application dated Mm, c; 8, 2005. March9,2015

Supplements dated: May 4, 200I, O'ujb,• 19, 200?,.S7pt,, n 30, 200,., Feb,-ay 16, 200. Slid Mer. h
i1, 20iU; January 27, 2014, a id Juaii 1i, 2e014

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

Timothy Lupok Acting Chief
Licensing Branch
Division of Spent Fuel Storage and Transportation
Office of Nuclear Material Safety
and Safeguards

Date: ITBD
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AFFIDAVIT PURSUANT

TO 10 CFR 2.390

AREVA Inc. )
State of Maryland ) SS.
County of Howard )

I, Paul Triska, depose and say that I am a Vice President of AREVA Inc., duly authorized to execute
this affidavit, and have reviewed or caused to have reviewed the information which is identified as proprietary
and referenced in the paragraph immediately below. I am submitting this affidavit in conformance with the
provisions of 10 CFR 2.3 90 of the Commission's regulations for withholding this information.

The information for which proprietary treatment is sought is contained in Enclosures 2, 3, and 6 and is
listed below:

Enclosure 2 - Portions of the changed pages for TN-RAM Safety Analysis Report (SAR),
Revision 13

* Enclosure 3 - Proprietary version of the TN-RAM SAR, Revision 13
* Enclosure 6 - Thermal and Shielding Computer Files associated with the analyses of the

TN-RAM

These documents have been appropriately designated as proprietary.

I have personal knowledge of the criteria and procedures utilized by AREVA Inc. in designating
information as a trade secret, privileged or as confidential commercial or financial information.

Pursuant to the provisions of paragraph (b) (4) of Section 2.390 of the Commission's regulations, the
following is furnished for consideration by the Commission in determining whether the information sought to
be withheld from public disclosure, included in the above referenced document, should be withheld.

1) The information sought to be withheld from public disclosure involves certain SAR analyses, SAR
drawings, and computer files related to the design of the TN-RAM transportation packaging, which
are owned and are held in confidence by AREVA Inc.

2) The information is of a type customarily held in confidence by AREVA Inc. and not customarily
disclosed to the public. AREVA Inc. has a rational basis for determining the types of information
customarily held in confidence by it.

3) Public disclosure of the information is likely to cause substantial harm to the competitive position of
AREVA Inc. because the information consists of descriptions of the design and analysis of the TN-
RAM transportation package, the application of which provides a competitive economic advantage.
The availability of such information to competitors would enable them to modify their product to
better compete with AREVA Inc., take marketing or other actions to improve their product's position
or impair the position of AREVA Inc.'s product, and avoid developing similar data and analyses in
support of their processes, methods or apparatus.

Further the deponent sayeth not.

Paul Triska
Vice President, AREVA Inc.

Subscribed and sworn to me before thi 9th day of March, 2015. ,,,, 1 Ig M.. /',

1ot)y Public ) o- iV "
Myr Commission Expires // 12 / -/c I
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