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3.0 THERMAL EVALUATION 

•This chapter presents the thermal design and analyses of the Universal Transport Cask for the 10 

CFR 71-normal conditions of transport and hypothetical accident:conditions. The analyses 

include consideration of design basis PWR and BWRfuel. Results of the analyses -demonstrate 

that with the design basis payloads, the Universal Transport Cask meets the thermal performance 

requirements of 10 CFR 71 [1] and IAEA-Safety Series No. 6 [2].  

3.1 Discussion 

The Universal Transport Cask is designed to transport one of three classes of PWR fuel or one of 

two classes of BWR fuel, q•ah grd eal•."deStr&a is .  

,Only the bounding evaluation for the PWR, and ,BWR classes of fuel is reported herein. The 

,bounding case is represented by a configuration consisting of the shortest canister, :shortest fuel 

tube, ýandshortest fuel assemblies with the ,lowest effective thermal conductivity. The fuel 

,'assemblies are confined within the fuel basket. , The shortest fuel basket, contains, the fewest 

support disks and longest space in the bottom of the cask cavity. The result ,is greater 

concentration of heat and maximized thermal resistance for rejection of heat through the cavity 

top and bottom. The shorter fuel tube results in reduced axial conductance.  

.iThe design basis heat loads are 20 kW for' t 24 PWR assemblies and 16 kW for 56 

",'BWR fuel assemblies. he individual PWR assembly decay heat is limited to 0.83 kW and the 

'individual BWR assembly decay heat load is limited to 0.29 kW.,,, F oWNNM:i ec'tioA 3 A thL e 
•I • ys eons~de~ bfease fu~ d.dotls •for both'ftiCOOtims'.  

,,uecay•y eat' OadS fo;ifieI hangsoc_ d 61iiia i-,o I5 e ea1s 0ro rej 

The thermal analyses presented in the following sections use helium as the cover gas in the cask 

cavity .ý ýini th_-...isf .
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Heat transfer from the Universal Transport Cask to the environment is by passive means only.

No forced cooling is necessary. Conduction and radiation are the means by which heat is 

transferred from the fuel assemblies to the fuel tubes and through the tubes to the support disks 

and heat transfer disks. Heat is transferred through the support disks and heat transfer disks by 

conduction and radiation. Radiation and conduction are the means by which heat is transferred 

from the support disks and heat transfer disks to the canister wall and then to the cask cavity 

inner wall. From the Universal Transport cask cavity inner shell surface, heat is conducted 

through the lead (gamma shield) and then through the cask outer shell.  

The neutron shield region surrounding the outer shell along most of the cask's length conducts 

heat to the neutron shield shell, primarily through the Cu/SS fins located within the NS-4-FR 

radial neutron shield material. The stainless steel shell that encloses the radial neutron shield is 

exposed to the environmental ambient temperature. Heat is removed from the surface of the 

neutron shield shell by convection and radiation. Heat transfer through the cask lid at the top'of 

the cask and through the bottom forging and enclosed neutron shield material at the bottom of the 

cask is by conduction. Because of the insulating characteristics of the impact limiters, essentially 

no heat is removed from the ends of the cask. The bounding thermal conditions for the analysis 

required by 10 CFR 71 and IAEA Safety Series No. 6 under normal conditions of transport are 

presented in Table 3.1-1.  

During normal conditions of transport and hypothetical accident conditions, the cask must reject 

the fuel decay heat to the environment without exceeding the operational temperature ranges of 

the cask seals or other components important to safety. In addition, to maintain fuel rod integrity 

for normal conditions of tfansport, the fuel must be maintained at'a sufficiently low temperature 

in an inert atmosphere such that thermally induced fuel rod cladding deterioration sr•Ifded 
~~ 'hi~~xAmui ulu owah&;fe Lrtue.s ýcresponitidfein 

5 fore --- A Finally, the thermally induced stresses, in combination 

with pressure and mechanical load stresses, must be below allowable stress levels.  

The temperatures for the various components of the fuel, canister, basket, and cask during normal 

conditions of transport and hypothetical accident condition fire are calculated by using finite 

element methods. For both normal conditions and the hypothetical accident conditions, the cask

3.1-2
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loaded with PWR fuel and the cask loaded with BWR fuel are analyzed by using separate finite 

element models., For each fuel configuration, the thermal analyses of the cask for normal 

conditions of transport are performed by using three-dimensional finite element models of the 

loaded cask. The cask is transported in a horizontal orientation. Figures 3.1-1 and 3.1-2 show 

the gaps in the cask for PWR and BWR configurations, respectively. These models are described 

in Section 3.4.1.1 and 3.4.1.2. The thermal analyses of the cask for the hypothetical accident fire 

condition are performed by using two-dimensional models of the cask. These models are 

described ih Section 3.5.1.1.  

Results of thernmal analysis of the package are presented in Sections = and 3.5.6. The results 

demonstrate that the maximum fuel rod cladding temperatures remain below U 

Sfor normal conditions-of transport ) d hypothetical accident 

conditioN =108' j The thernmally induced stresses, combined with pressure and mechanical 

load stresses, are within the allowable levels,- as-demonstrated in Chapter 2.0. Therefore, the 

cask design and operation are in conformance 'with temperature and thermal stress criteria.  

The thermal results presented in this chapter,, and other properties evaluated herein, are used in 

other analyses included in this Safety Analysis Report. The material properties and allowable 

stresses at the corresponding temperatures are used in the structural calculations presented in 

Chapter 2.0. The structural evaluation of components also incorporates stresses resulting from 

differential thermal expansion and temperature effects on the cask internal pressure as applicable.

3.1-3
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Figure 3.1-1 Definition of Gap Between Basket, Canister, and Inner Shell for Horizontal 

Position of the Universal Transport Cask Containing PWR Fuel

MAXIMUM GAP BETWEEN 
BASKET & CANISTER
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Table 3.2-12 Thermal Properties of Redwood (Air Dry) 

Propeity (units) Value 

Conductivity (Btu/hr-in-°F): 

Parallel to Grain [23] 0.012 " 

Transverse to Grain [23] 0.005 

Density (Ibm/in3) [23] 0.014

3.2-17
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Table 3.2-13 Thermal Properties of f CibPae

oIdit½ FO -023 E0$ O5 

FROA iegW e wa Lc)nut i on d dms -'mn 80and 970 
P. ~e0 8~
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3.4- Thermal Evaluation for Normal Conditions of Transport 

The finite element method is used to evaluate the thermal performance of the Universal 

Transport Cask for normal conditions of transport as specified in 10 CFR 71. The general

purpose finite element analysis program ANSYS Revision p [5] is used to perform the finite 

element evaluations.  

The normal conditions of transport used in the thermal evaluation of the cask are as follows: 

1. Hot Conditions: maximum decay heat generation, ambient temperature = 1 00°F, solar 

insolance (solar insolance applied according to Table 3.1-1) 

2. Cold Conditions: maximum decay -heat generation, ambient temperature -409F, no 

,solar insolance 

3. Minimum Temperature Conditions: no decay heat generation, ambient temperature 

-40'F, no solar insolance (no analysis is performed for this condition because all 

component temperatures will be -40'F for steady state conditions).  

The objectives of the cask thermal analyses under normal conditions of transport are as follows: 

1L Demonstrate that the cask can safely maintain the design basis temperatures required for 

fuel cladding integrity under the range of thermal conditions expected during normal 

conditions , 

2. Demonstrate that cask components important to safety are maintained within their safe 

operating temperature ranges 

3. Provide thermal input to the structural analyses.  

The first objective is met by demonstrating that the cask maintains maximum fuel rod cladding 

temperatures below aetkkkateqs during normal conditions.

3.4-1
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The second objective is met by comparing the results of the analyses with the safe operating 

ranges established in Section 3.3.  

The third objective is met by using the results of the thermal analyses (as direct import of 

ANSYS temperature data, as maximum and minimum component temperatures, or as allowable 

look-up temperatures) as input to the structural analyses, which demonstrate that the combined 

load stresses are within allowable limits.  

3.4.1 Thermal Models 

The finite element method is used to evaluate the Universal Transport Cask for exposure to 

normal conditions of transport as specified in 10 CFR 71. This section describes the finite 

element models used in the thermal evaluation of the cask under normal conditions of transport.  

Separate three-dimensional finite element models are used to evaluate the cask loaded with PWR 

fuel and the cask loaded with BWR fuel. In addition, a separate model is used to determine the 

volumetric average temperature of the cask impact limiter for normal conditions. The analyses 

for normal conditions of transport consider the transport cask oriented horizontally.  

For each fuel-loading configuration, the cask is evaluated for normal conditions of transport 

using a three-dimensional half-symmetry (1800) finite element model of the loaded, cask 

including internal components. The three-dimensional finite element models of the cask/internal 

components both comprise five parts: basket with fuel tube and fuel assembly; canister, spacer 

(between canister bottom and shell bottom forging); transport cask body; and gases between 

components. To model the cask in a horizontal orientation, thd fuel basket in each model is 

modeled in contact with the canister on one side which, in turn, is in contact with the inner shell 

of the cask on one side-thus simulating no gap on one side of the basket and canister and a 

maximum gap at the opposite side (see Figure 3.1-1 for the PWR fuel configuration and Figure 

3.1-2 for the BWR fuel configuration).  

Gaps within the models are adjusted to account for differential expansion on the basis of thermal 

and defined physical contact conditions. Solar insolance, natural convection and thermal 

radiation boundary conditions based on ambient temperature are applied to the outer surface of

3.4-2
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the corresponding total heat is only 15.7 kW and the heat density is 88% of the 20 kW over 144 

inches. The 20kW over 144 inches is considered to be controlling.
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3.4.1.1.2 Two-Dimensional Fuel Assembly Model: PWR Fuel 

The effective conductivity of the fuel is determined by'a detailed two-im'ensional finite element 

thermal model of the PWR 14x14 fuel assembly. Taking adva-ntaige of the symmetry of the 

cross-section of the fuel, the finite element' model irepresents a one-quarter' s6ciion of the fuel.  

The model includes the fuel pellets, cladding, gas between the fuel rods, and gas' occupying the 

gap between the fuel pellets and cladding. M' odes of heat transfer modeled in'clude conduction 

and radiation between individual fuel rods for the steady-state condition. The model is shown in 

Figure 3.4-3. Thermal analyses of the other PWRv fuel assemblies (i.e., 17xI 7, 16x16, and 

15x15) are performed; however, because the PwR 14x4 fuel assembly- resuls in the lowest 

effective thermal conductivities, only the analysis of that fuel assermbly is presented in this 

section.  

AN,ISYS PLýANE 55 conduction' elements'and LINK3 r'adiation'elemeits are used in the m"odel, 
-,%hich includes a total of 49 fuel rods (representing a total of 196 fuel 'rods' 'for tlie fullcross

section). Each fuel rod ýonsists of the'l'ellet, Zircaloy cladding, and a gap between th6epellet and 

clad. The gas in the gap between the pellet ad clad, 'as well as the 'gas betw een the fuel rods, is 

modeled a • j helium L. Radiatioii elemnents are 'defined between rods'and from' r•ds to the 

boundary of the model (inside surface of the fuel tube). Radia'tion across the gap between the 

pellet and clad is conservatively ignored. Effective emissivities are determined by using the 

formula shown in Section 3.4.1.1.1.  

The effective" onductivity, for the fuel is determined by using 'a two-step pr'&edure. Using the 

fuel assembly'model,'a uniform'temper'ature is 'applied to the exteri6r '6f the model (see Figure 

3.4-3) in conjunction with'the volumeiric lieatgen'eration. From thiý aiialysis', the maximum 

temperature located at'th'e center of the fuel assembly is determined. This maximum temperature 

occurs at the corner of the model, which represents the'center'of the entire fuel'asgembly.  

A Sandia National Laboratory Report [10] defines an expression for use in determining the 

maximum temperature of a square cross section of an isotropic homogeneous fuel with uniform 

volumetric heat generation. At the boundary of this square cross section, the temperature is 

,constrained to be uniform. The expression for-the maximum temperature is given by: 

S ' 29468 Qa 

T ,=T ±-+0.29468 K w--, 
Kerr ... , ..

3.4-11



SAR-UMS® Universal Transport Cask July 2002 

Docket No. 71-9270 Revision UMST-02C 

where: 

Tc = temperature at center of fuel ('F) 

Te = temperature applied at exterior of fuel ('F) 

Q = volumetric heat generation rate (Btu/hr-in 3) 

a = half-length of square cross section of fuel (inch) 

Kff = effective thermal conductivity for isotropic homogeneous fuel material (Btu/hr-in-°F).  

Using the maximum temperature, located at the center of the fuel, from the detailed fuel 

assembly model, the preceding expression is used to determine the Keff for an isotropic 

homogeneous representation of the fuel assembly.  

Volumetric heat generation based on the design heat load of 20 kW with a peaking factor of 1.1 

is applied to the fuel pellets. The temperature at the boundary of the model is constrained to be 

uniform. The effective conductivity is determined on the basis of the heat generated and the 

temperature difference from the center of the model to its edge. The temperature-dependent 

effective properties are established by using different boundary temperatures. The effective 

conductivity in the axial direction of the fuel assembly is calculated on the basis of a weighted 

average of the axial cross sectional area.  

3 4.1.1 3 Two-Dimensional Fuel Tube Model: PWR Fuel 

The effective conductivity of the fuel tube and BORAL plate, which is used in the three

dimensional canister model, is determined by the two-dimensional fuel tube model. As shown in 

Figure 3.4-4, this model includes the fuel tube, the BORAL plate (including the core matrix 

sandwiched by aluminum claddings), l gaps on both sides of the BORAL plate, and a a gap 

between the stainless steel cladding for the BORAL plate and the support disk or heat transfer 

disk. The BORAL plate in the PWR fuel tube is composed of 62.34% B4C and 37.66% 

aluminum.  

ANSYS PLANE55 conduction elements and LINK31 radiation elements are used to construct 

the model, which consists of eight layers of conduction elements and six radiation elements that 

are defined at the I gaps (two per gap). The thickness of the model (x-direction) is the distance 

measured from the inside dimension of the fuel tube to the inside dimension of the slot in the 

support disk (assuming that the fuel tube is located at the center of the disk slot). The tolerance
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of the BORAL plate core thickness, 0.003 inch, is used as the gap size for both sides of the 

BORAL plate. The model height is defined to be the same dimension as the model thickness.  

A heat flux is applied at the left side of the model and the temperature at the right boundary of 

the model is constrained. The heat flux is determined on the basis of design heat load'of 20 kW 

with a peaking factor of 1.1. The maximum temperature of the model (at the left boundary where 

the heat flux is applied) is calculated by using ANSYS. The effective conductivity throughthe 

thickness of the tube is determined by using the following equation: 

q = Kf(A/L) AT, or 

Keff = qL/(A AT) 

where: 

q =bheat rate applied to inner surface of fuel tube (Btu/hr) 

A = area (in2) 

L = thickness of composite tube model (in) 

AT = temperature difference across the model (0F)" 

Keff effective conductivity (Btu/hr-in-F).' 

The temperature-dependent conductivity, for heat conduction through the wall (Kff) is 

determined by varying the temperature constraint at the boundary of the model and -then re

solving for the temperature difference. The effective conductivity for heat conduction parallel to 

the axis of the cask body or in the plane of the tube wall is calculated on the basis of the weighted 

average of the thickness and conductivity of the individual layers.  

3.4.1.2 Analytical Models: Cask with BWR Fuel Canister, 

The finite element ANSYS models used in the thermal .analysis of the cask transporting BWR 

fuel are similar to those used in the thermal analysis of the cask vwith PWR fuel canister 

discussed in previous sections. A three-dimensional model is employed to evaluate the cask in a 

horizontal position with ýthe basket in contact-with the canister, which, in turn, is in contact with 

the cask inner shell. The fuel regions and the fuel tubes with BORAL plates are modeled by 

using effective conductivities. A detailed two-dimensional thermal model of the fuel assembly is 

used to determine the effective conductivity of the fuel. A two-dimensionalthermal model of the 

fuel tube is used to calculate the effective conductivities of the fuel tube wall and BORAL plate.
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Another two-dimensional thermal model for the fuel tube is used to calculate the effective 
conductivity of the fuel tube wall with no BORAL plate present. These four ANSYS thermal 
models are described in the following sections.  

3.4.1.2.1 Three-Dimensional Cask Model: Cask with BWR Fuel Canister 

The three dimensional Universal Transport Cask model is a half-symmetry finite element model 
constructed by using ANSYS Revision U. The model considers the fuel assemblies, fuel tubes, 
stainless steel support disks, aluminum heat transfer disks, canister shell, lids and bottom plate, 
spacers at the bottom of the canister, cask inner shell, lead, outer shell, neutron shield, and 
neutron shield shell. The ANSYS model is shown in Figure 3.4-5. As shown in the figure, the 
internal cavity of the canister contains the active fuel region: the top and bottom fittings of the 
fuel assemblies, fuel tubes enclosing the top and bottom fittings, and the first stainless steel 
support.  

For the BWR configuration, [ gas inside the canister d cask cavity is modeled as helium 
because the cavity will be backfilled with helium prior to transport. Conduction and radiation are 
modeled by using ANSYS "SOLID70" and "LINK31" elements, respectively. The principal 
gaps applied to the model are shown in Figure 3.1-2 and are described in Section 3.2.2.3. In 
establishing these gaps, the differential thermal expansion between the components is 

considered.  

Because the canister is in horizontal position during transport, the elements for the canister shell 
are shifted downwards to simulate contact with the inner shell of the cask. Similarly, the support 
disks and the heat transfer disks are shifted downward to simulate contact with the canister shell.  
As shown in Figure 3.1-2, a 2-degree contact is considered for the gaps between the canister shell 
and the cask inner shell and between the support disk and the canister shell. This contact is 

simulated by using appropriate conductivity (100 Btu/hr-inch-°F) for elements at the contact 
locations. The aluminum heat transfer disks are assumed to have only a line contact with the 
canister shell because the heat transfer disks are not subjected to any loads other than their own 

weight.  

To account for differential expansion, gaps within the model are adjusted on the basis of 
temperature and defined physical contact conditions. Solar insolance and ambient temperature
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-conditions are applied to the neutron shield shell When appropriate. :Insolance is used at the 

exterior surface of the cask and is based on the amount of insolation required by.10 CFR 71 to be 

applied over a 12-hr period evaluated in the steady state (applied over 24 hr simulating 12-hr 

period of, solar exposure and 12-hr period of no solar exposure). The heat flux resulting'from 

'insolation on a curved surface is calculated as follows: 

, Btu 12 hr 1 ftK.- 2 

1475 x x 0.427 Btu/hr-in2 
2 hr- ft2  24 hr 144 in 2 ' 

Multiplying this value by the emissivity of the cask surface, E = 0.36, gives a heat flux resulting 
2 from insolance on curved surfaces of 0.154 Btu/hr-in . Using the same method and a heat flux of 

2,950 Btu/12 hr-ft2 (0.853 Btu/hr-in2), gives a heat flux resulting from insolance on flat surfaces 

of 0.307 Btu/hr-in 2.

The' model is analyzed to determine the maximum temperatures for the basket, canister, cask 

shells, radial shielding, and surface conditions under normal conditions of transport. All material 

properties are shown in Tables 3.2-1 through 3.2-13.  

The fuel regions (inside tubes) are modeled -as homogeneous 'regions with-ý effective 

conductivities determined by the two dimensional fuel model as described in Section 3.4.1.2.2.  

All sides of the BWR fuel tubes do not contain the BORAL plate. Therefore, two different two

dimensional BW'R fuel tube models are analyzed to establish the effective'conductivities used in 

the three dimensional analysis of the cask with BWR fuel. The models consist of the BORAL 

plate -(where applicable), including gas 'gaps on'both sides of the BORAL sheet (where 

applicable), and the gap between the stainless steel cladding for the BORAL and-the'support 

. disks and heat transfer disks. These models are discussed in Section 314.1.2.3. ' " 

The radial neutron shield of the transport cask forthe BWR 'configuration is 'identical to PWR 

configuration. The modeling of the radialneutron shield is described in Section 3:4.1.1.  

In the model, radiation heat transfer is considered from the topof the fuel region to the bottom 

surface of the canister shield lid, from the bottom of the fuel region to the top surface of the 

canister bottom plate, and from the exterior surfaces of the fuel tubes to the inner surface of the
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canister shell. This radiation is modeled by using LINK31 radiation elements. Radiation across 
gaps in the model is described in Sections 3.2.2.3 and 3.2.2.4.  

Radiation at the neutron shield shell surface to ambient is combined with the convection effect by 
using the method described in Section 3.2.2.2. The convection heat transfer coefficient is 
calculated on the basis of the formula shown in Section 3.2.3. Effective emissivities are used for 
all radiation calculations, with the form factor taken to be unity. Effective emissivity is 
computed by using the following formula [9] based on corresponding material emissivities: 

6eff = 1/(l/61 + 1/E2 - 1) 

Solar insolance is applied to the neutron shield shell surface for the i (ambient 

temperature = 100'F) •. A value of 0.154 Btu/hr-inch2 is used as the heat flux at the neutron 
shield shell surface on the basis of the 1,475 Btu/hr-ft2 heat flux for a curved surface.  
Calculation of the heat flux resulting from insolation on a curved surface is discussed earlier in 
this section.  

Volumetric heat generation (Btuihr-inch 3) is applied to the active fuel region on the basis of a 

total heat load of 16 kW, a shortest active fuel rod length of 144 inches, and an axial power with 
a peaking factor of 1.22 as shown in Figure 3.4-6.  

3.4.1.2.2 Two-Dimensional Fuel Assembly Model: BWR Fuel 

The effective conductivity of the fuel is determined by a detailed two-dimensional finite element 
thermal model of the BWR 9x9 fuel assembly. Taking advantage of the symmetry of the cross
section of the fuel, the finite element model represents a one-quarter section of the fuel. The 
model includes the fuel pellets, cladding, gas between the fuel rods, and gas occupying the gap 
between the fuel pellets and cladding. Modes of heat transfer modeled include conduction and 
radiation between individual fuel rods for the steady-state condition. The model is shown in 
Figure 3.4-7. Thermal analyses of the other BWR fuel assemblies (i.e., 7x7 and 8x8) are 
performed; however, because the BWR 9x9 fuel assembly results in the lowest effective thermal 
conductivities, only the analysis of that fuel assembly is presented in this section.
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ANSYS PLANE55 conduction elements and LINK31 radiation elements are used in the model, 

which includes a total of 20.25 fuel rods (representing a total of 81 fuel rods ,for the full cross

section). Each fuel rod consists of the pellet, Zircaloy cladding, and a gap between the pellet and 

clad. The gas in the gap between the pellet and clad;,as well as the gas between the fuel rods, is 

modeled'as a helium. Radiation elements are defined between rods and from rods to the 

boundary of the model (inside surface of the fuel tube). Radiation effect at the gaps between the 

pellet and clad is conservatively ignored. Effective emissivities are determined by using the 

formula shown in Section 3.4.1.1.1.  

The effective conductivity for the fuel is determined by using a two-step procedure. Using the 

fuel assembly model, a uniform'temperature is applied to the exterior of the model (see Figure 

3.4-7) in conjunction with the volumetric heat generation. From ,this analysis, the maximum 

temperature located at the center of the fuel assembly is determined.& This maximum temperature 

occurs at the comer of the model, which represents the center of the entire fuel assembly.  

A Sandia National Laboratory Report [10]: defines an expression for use ,in determining the 

maximum temperature of a square cross section of an isotropic homogeneous fuel with uniform 

volumetric heat generation. At the boundary of this square cross section, the temperature is 

constrained to be uniform. The expression for the maximum temperature is given by: 

T, =Te+0.29468 Q aK 
Kerr 

where: 

TC = temperature at center of fuel (OF) 

Te = temperature applied at exterior of fuel (°F) 
' '. t3 ' 

Q = volumetric heat generation rate (Btu/hr-in) 

a = half-length of square cross section of fuel (inch) 

K~f- = effective thermal conductivity for isotropic homogeneous fuel material (Btu/hr-in
OF).  

Using, the maximum temperature, located at the center of the fuel, from, the detailed fuel 

assembly model; the preceding expression is used to determine the Ifr for an isotropic 

homogeneous representation of the fuel assembly.
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Volumetric heat generation based on the design heat load of 16 kW with a peaking factor of 1.22 

is applied to the fuel pellets. The temperature at the boundary of the model is constrained to be 

uniform. The effective conductivity is determined on the basis of the heat generated and the 

temperature difference from the center of the model to its edge. The temperature-dependent 

effective properties are established by using different boundary temperatures. The effective 

conductivity in the axial direction of the fuel assembly is calculated on the basis of the material 

area ratio.  

3.4.1.2.3 Two-Dimensional Fuel Tube Models: BWR Fuel 

The fuel tubes in the BWR. fuel basket differ from those in the PWR fuel basket in that not all 

sides of the fuel tubes contain BORAL. Therefore, two effective conductivity models are 

necessary-one fuel tube model with the BORAL plate (a total of 10 layers of materials) and 

another fuel tube model with a gas gap replacing the BORAL plate (a total of 4 layers of 

materials). Additionally, the BORAL plate in the BWR fuel tube is composed of 16.46% B4 C 

and 83.54% aluminum, whereas the BORAL plate in the PWR fuel tube is composed of a 

62.34%--37.66% composition of B4C and aluminum.  

The effective conductivity of the fuel tube and BORAL plate, which is used in the three

dimensional canister model, is determined by a two-dimensional fuel tube model. As shown in 

Figure 3.4-8, this model includes the fuel channel, gas gaps between the fuel channel and fuel 

tube. the fuel tube, the BORAL plate (including the core matrix sandwiched by aluminum 

claddings), gas gaps on both sides of the BORAL plate, and a gas gap between the stainless steel 

cladding for the BORAL plate and the support disk or heat transfer disk.  

Additionally, the effective conductivity of the fuel tube without the BORAL plate, which is used 

in the three-dimensional canister model, is determined by another two-dimensional fuel tube 

model. As shown in Figure 3.4-9, this model includes the fuel channel, gas gaps between the 

fuel channel and stainless steel fuel tube, the fuel tube, and a gas gap between the stainless steel 

cladding and the support disk or heat transfer disk.  

ANSYS PLANE55 conduction elements and LINK31 radiation elements are used to construct 

the models. The model with the BORAL plate consists of 10 layers of conduction elements and 

8 radiation elements that are defined at the gas gaps (two per gap). The model without the 

BORAL plate consists of four layers of conduction elements and four radiation elements that are
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, defined at the gas gaps (two per gap). The thickness of the models (x-direction) is the distance 

measured from the inside dimension of the fuel channel to the inside dimension of the slot in the 

support disk (assuming that the fuel tube is located at the center of the disk slot). In the model 

containing the BORAL plate, the tolerance of the BORAL plate core thickness, 0.0045 inch, is 

used as the gap size for both sides of the BORAL plate. The height of the models is defined to 

be the same dimension as the thickness of the models.  

In each analysis, a heat flux is applied at the left side of the model and the temperature at the 

right boundary of the model is constrained. The heat flux is determined on the basis of the 

design heat load of 16 kW with a peaking factor of-1.22. The maximum'temperature of the 

'model (at the left boundary) and the temperature difference (AT) across the model are calculated 

by using ANSYS. The effective conductivity is determined by using the following formula: 

q =IKt(A/L) AT 

or.  

Kcff = qL/(A AT) 

where: 

q = heat rate applied to inner surface of fuel tube (Btulhr) 

A = area (in2) 

L = hickness of composite tube model (in) 

AT. = temperature difference across the model (°f) 

Kefrr= effective conductivity (Btu/hr-in-0 F).  

The t6'triperature-dependent conductivity (K}f) in each analysis is determined by -varying the 

temperature constraint at the boundary of the model and then re-solving for the temperature 

difference. The effective conductivity for the parallel path is calculated on the basis of area ratio 

of material.  

3.4.1.3 Cask Impact Limiter Thermal Model 

As described in Sections 3.4.1.1 and 3.4.1.2, the cask impact-limiters are not explicitly modeled 

in the 3D cask models. In these models, the cask ends enclosed by the impact limiters are 

modeled as being adiabatic surfaces. The cask impact limiters are evaluated thermally for 

normal operating conditions in this section. Specifically, the volumetric average temperature of 

the redwood material in the cask impact limiters is calculated using an ANSYS finite element

3.4-19



SAR-UMS® Universal Transport Cask July 2002 

Docket No. 71-9270 Revision UMST-02C 

model. Taking advantage of the symmetrical geometry of the cask impact limiters about the 
major axis of the cask, the finite element model is an axisymmetric representation of one of the 

impact limiters with the cask oriented in a horizontal position. This represents the orientation of 

the impact limiters during normal transport. The cask impact limiter thermal model is shown in 

Figure 3.4-10.  

The finite element model of the cask impact limiter is constructed of PLANE55 axisymmetric 

thermal elements, and radiation and conduction heat transfer across air gaps within the model are 

accounted for using effective thermal conductivity properties for air using the method described 
in Section 3.2.2.3. Air gaps are modeled between the cask and impact limiter based upon 
nominal dimensions. Additionally, a 0.125-in. thick layer of _ is 

modeled between the impact limiter redwood and the cask mating surface of the impact limiter.  

A heat flux of 0.13 Btu/h-in , which represents the package contents, is applied to the interior 

surface of the cask lid. This heat flux is obtained from the thermal results for the 3D cask model 
with the PWR canister and air as the canister cover gas (described in Section 3.4.1.1) by 

conservatively assuming the heat transfer rate to the cask lid is equal to the heat transfer rate to 

the canister shield lid.  

Heat fluxes representing the normal conditions solar heat loads are applied to the cylindrical and 

vertical flat end surfaces of the impact limiter as shown in Figure 3.4-10. The solar heat flux 

applied to the vertical flat surfaces of the impact limiter 0.0769 Btu/h-in 2 model (which is in the 

normal transport orientation) are calculated in the same manner described in Section 3.4.1.1.1 

using the prescribed solar heat flux value of 737 Btu/l 2-hr-ft2. A solar heat flux of 0.154 Btu/hr

in is applied to the cylindrical portions of the cask and impact limiter modeled.  

A steady-state heat transfer analysis is performed using the ANSYS model described in this 

Section. The volumetric average temperature of the cask impact limiter redwood material (Tavg) 

is calculated from the results of the thermal steady state analysis.  

3.4.1.4 Personnel Barrier Thermal Model 

According to 10 CFR 71.43(g), a package must be designed, constructed, and prepared for 

transport such that in still air at 100lF and shade, no accessible surface of the package has a 
temperature exceeding B3°F in e use shipment. Compliance with 10 CFR 71.43(g) 

is demonstrated by performing a computational fluid dynamics (CFD) analysis on a finite
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p6ortion'of the 'model corresponding to the cask kuiface constfrains both the horiz6ntal and Vertical 

components of the velocity to be zero.  

The cask and personnel barrier are not explicitly modeled in this analysis-only the air 

surrounding the cask is modeled. It is conservative eerso~nn~el sIfew 

Sbecause it will not have a temperature greater than the temperature of the air in contact 

with it. 'The 6 nodes in the model that correspond to the air adjacent to the aik 
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Since the personnel barrier is not explicitly modeled, its temperature is considered to be the 

temperature of the air at'coordinates that correspond the location of the personnel barrier surface.  

The maximum temperature of the personnel barrier occurs at the top most location at the 

centerline of the'model. fmme turs';a!ke nts}foi h ynsi ingte del 

3.4.1.5 Test Model 

The methods previously described have been used in pfevious transport cask licensing and are 

sufficient to show that the Universal Transport Cask meets the 'criteria set forth in Section 3.4.  

Therefore, no thermal test model is created.
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3.4.2 Maximum Temperatures 

Using the thermal models described in Sections 3.4.1.1 and 3.4.1.2, temperatures for the PWR and 

BWR cask body, canister, basket, and fuel rod cladding are determined for three normal conditions 

of transport: (1) maximum decay heat, 100°F ambient temperature, and solar insolance; (2) 

maximum decay heat, -40'F ambient temperature, and no insolance; and (3) no decay heat, -40'F 

ambient temperature, and no insolance. The maximum temperatures of the principal PWR and 

BWR cask components, canister, basket components, and fuel rod cladding are shown in Tables 

3.4-1 and 3.4-2 for the first two environmental conditions listed above. For the third environmental 

condition (i.e., no decay heat, -40'F ambient temperature, and no insolance), no analysis is 

necessary because all package temperatures will equilibrate to -40'F. The cask body maximum 

allowable component temperatures are shown in Section 3.3.2 and Table 3.4-3.  

Using the thermal model described in Section 3.4.1.3, the volumetric average temperature of the 

redwood in the impact limiters is 135°F.  
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3.4.3 Minimum Temperatures

The minimum temperatures of the 'cask and components occur with no heat load and -40'F.  
These conditions yield a uniform -40'F temperature throughout the Universal Transport Cask 

package. All package components are capable.

Maximum Internal Pressures

In the following sections, the maximum internal operating pressures for normal conditions of 
transport are calculated for the PWR and BWR Transportable Storage Canisters and for the 

Universal Transport Cask cavity. The maximum I operating pressure for the canister and cask 

cavity are summarized in Table 3.4-4.
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Figure 3.4-1 Three-Dimensional PWIR Cask Finite Element Model 
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Figure 3.4-2 Design Basis PWR Fuel Assembly Axial Power Distribution
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Figure 3.4-3 PWR 14x 14 Fuel Assembly Two-Dimensional Finite Element Model ýJ,
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Figure 3.4-4 Two-Dimiensional PWR Fuel Tube Model
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Three-Dimensional BWR Cask Finite Element Model
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Figure 3.4-6
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Figure 3.4-7 BWR 9x9 Fuel Assembly Two-Dimensional Finite Element Model
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Figure 3.4-8 Two-Dimensional BWR Fuel Tube (with BORAL) Model I-
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Two-Dimensional BWR Fuel Tube (without BORAL) Model
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Figure 3.4-10 Cask Impact Limiter Thermal Model
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Figure 3.4-11 
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Figure 3.4-13 t em ra r ersu 61 in

Figure 3.4-14 "ueD t7 e•er Iadinr

3.4-46

/ 
<-V



(

11" , : Z

(

Heat Load (kW) 

ag -3 0. z - ' I �

�T1 

�1 
0 
'JJ 

4�.  
-4 

�J1

14 

4' 

I' 
4 

"4' 

4 

V 

44

- -- -- -- - ' 

. ...........

0 

3 

3

u 
0 
0 

0

S.. .1L• . .

.--4i

I -- V\ - --- --- - - -f - - -

'Cr-

i

H 

Icn 

CD, 

En 

En,, 

PTr,

k) 
0 
0 
t'J

a 4 

j..i 

---I

.,o 

H

I-



SAR-UMS® Universal Transport Cask 

Docket No. 71-9270
July 2002 

Revision UMST-02C

Table 3.4-1 Maximum Component Temperatures - Normal Conditions of Transport, 
Maximum Decay Heat, Maximum Ambient Temperature 

Temperature ('F) Temperature (0F) 
Cask with PWR Fuel Canister Cask with BWR Fuel Canister 

Canister Gas: Canister Gas: 
Component P Helium 14_ Helium 
Cask Lid O-Rings/Vent Port O-ring' • _ _ 

Lower Drain Port O-ringi 
Cask Radial Outer Surface 

Radial Neutron Shield 
Lead Gamma Shield , __ _ 

Aluminum Disk Exterior 

Aluminum Disk Interior 

Support Disk Exterior 

Support Disk Interior 

Canister Shell 
Canister Shield Lid g_____ 
Canister Bottom Plate 

Maximum Fuel Rod Cladding 

Cask Bottom 
Bottom Forging _____ 

Inner Shell 
Outer Shell _____ 

Top Forging
2 

Cask Lid 

Cask Lid Bolt 3 

Average Gas Temperature in the fl 
Canisters5

ambieIiult temperature 
20 kW decay heat load, 11 peaking factor - PWR 
16 kW decay heat load, 1 22 peaking factor - BWR 
Solar insolation 
Cask cavity gas helium 
Canister cavity gas: 0 helium [

I Cask lid 0-rings and vent port 0-nngs not explicitly modeled-taken to be the maximum cask lid temperature 
2 Average temperature 
3 Cask lid bolts not explicitly modeled-taken to be the maximum temperature of the cask lid 
4 Lower drain port O-nng not explicitly modeled - taken to be the maximum temperature of the bottom forging 
5 Calculated as a volumetric average.  [] 
El
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Table 3.4-2 Maximum Component Temperatures - Normal Conditions of Transport, 

Maximum Decay Heat, Minimum Ambient Temperature 

Temperature (OF) Temperature (OF) 
Component Cask with PWR Fuel Canister Cask with BWR Fuel Canister, 

Canister Gas: Canister Gas: 
Helium Helium 

Cask Lid O-Rings/Vent Port O-ring' -E2___ _____ 

Cask Radial Outer Surface N " ..  

Radial Neutron Shield 

Lead Gamma Shield __... ... . . .  

Maximum Basket2 -El go_ 
Canister Shell , 

Canister Shield Lid " 

Canister Bottom Plate 

Maximum Fuel Rod Cladding " ",

Conditions- -40'F ambient temperature 

20 kW decay heat load, 1.1 peaking factor - PWR 

16 kW decay heat load, 1.22 peaking factor - BWR 

No insolation 

Cask cavity gas helium 

Canister cavity gas C helium

I. Cask lid 0-ring and vent port O-nngs not explicitly modeled-taken to be the maximum cask lid temperature 
2 Taken to be the greater of the maximum support disk and the maximum aluminum heat transfer disk temperatures El
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Universal Transport Cask Thermal Performance Summary for Component 

Operating em eratwF

Cask with PWR Cask with BWR 

Fuel Canister Fuel Canister 

(helium in cask (helium in cask Allowable 

cavity/helium in cavity/helium in Temperature 

Temperature canister) canister) Range 

Maximum cladding temperature(0 F) < ý Au 

Component safe operating 

temperature ranges 

Cask lid 0-rings -40 to °OF -40 to 00 OF -40 to 300'F 

Vent port coverplate 0-ring -40 to MOF -40 to °OF -40 to 300'F 

Drain port coverplate-0-rings -40 to °OF -40 to MOF -40 to 300°F 

Radial NS-4-FR neutron shield -40 to MOFI -40 to aOF -40 to 300°F 

Lead gamma shield -40 to 0°F -40 to goF -40 to 600°F 

Aluminum heat transfer disk -40 to 60 OF -40 to 1OF -40 to 700OF 

d-40 to °60 F -40 to 650'F 

BWRip d ortdis -40 to °OF 4p0 
1. T~he jqmgnratre ogf 70_5-X_(34C c~~~ 6laimii l 'i~ddiiiim fi~eraigi j tjlijidiiý a

HjI0W4UE% ;aRA? . .Q-QiWAi4.,y.4V ~~~yV.~~ I~.L~js Q4n 5~~ n~4'

UL~~~~~~~~~~~~~~~~~~~~~~ r~ -W1 ,~ 7Mb~ i1ý1~ ;L.~ aU4.~ i ,v =1 7~.~U1. A .- ~I~ 14J A 4.-5A-
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Table 3.4-4 Maximum Internal Pressures for Transport 

Fuel Cavity Condition Pressure (psig) 

PWR Canister 3% fuel rod failure 

FOOiei/- Iihi-, 

Cask 3% fuel rod failure 9, 

BWR Canister 3% fuel rod failure 

o %ofue ladEgi 

Cask 3% fuel rod failure 

o No 71-9270
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Table 3.4-5

Table 3.4-6
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4.1 Containment Boundary 

The Universal Transport Cask containment boundary IMWR ug is defined by 

the following components: (1) inner shell; (2) bottom forging; (3) top forging; (4) cask lid 

and lid inner EPDM O-ring; (5) vent port coverplate _ and vent port coverplate inner EPDM 

O-ring; and (6) drain port coverplate IN and drain port coverplate inner EPDM O-ring.  

There are three possible paths for the escape of radioactive materialfrom the Universal Transpbrt 

Cask during transport operation. e a eeln6hdl Y r 

'-e at- n nEPDMb0-ring-manufacturers da't a, 

ro in Section 4.5.2. " 

The ca'sk containment integrity is verified throughleak testing prior to all transport operations. A 

`mass spectrometer leak detector • is used to verify that leakage' does not exceed the'limitsI 

established in Section' 4.2.3. These limits are' in' accordance with the reqtuirements of 10 CFR 

71.51 and IAEA SafetyVSeries No. 6 (paragraph 548).'

traucte!• j-•• te ccornc . i (3,'1 u en• t e 

LO ýie& rda ed.1 e eA C s6nC 

4.1.1 Containment Vessel 

Theprimary containment vessel for the Universal Transport Cask consists of a 67.61-in. ID, 

2-in.-thick inner shell; a 4.25-in.-thick bottom forging; a -882ý-in.-thick toj forging; and a 

closure lid. The -containment vessel components are fabricated 

c-deere••• tASME Boiler and Pressure Vessel Code, [3].

a7 te DFV.  
_,Sýýfj~ attd@ra .. lu
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4.1.2 Containment Penetrations

The Universal Transport Cask primary containment boundary is described in Section 4.1. The 
penetrations in the cask primary containment vessel are the vent and drain ports, and the lid. The 
penetrations are designed to seal the boundary and to ensure that leakage from the cavity does not 
exceed the established limits. 10 CFR 71.51 establishes release limits under both normal 
conditions of transport M and hypothetical accident conditions 1. The quick-disconnects 
installed in the vent and drain openings and in the lid test port are not considered part of the 
containment boundary. The vent and drain port coverplates are fabricated from SA-240, Type 
304 stainless steel.  

7s7--,ZF-7227 te 77oi er 7 iLe... et aor 0' r ý cai~ mstiei71 6ýo e ed

4.1.3 Seals and Welds

4.1.3.1 Seals

The EPDM O-rings of the lid, vent port coverplate, and drain port coverplate are the seals that 
provide primary containment, as described in Section 4.1. Section 4.5.2 contains the 
specifications for the EPDM O-rings. The cask is leak tested before acceptance from the 
manufacturer and after fuel loading., These tests are described in 1'

4.1-2
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"-4.1.3.1.1 Containment System Fabrication Verification 

When fabrication is complete, containment system fabrication verification e is 

performed on the cask containment as described in Section 8.1.3. This leak test verifies that the: 

leak rate of the assembled containment boundary does not exceed the leak 

rate of P x 10" fcm 3/sec.  

0b0 The maximum allowable leak rates .and the corresponding test 

sensitivities are evaluated in Section 4.2.3 for normal conditions of transport and in Section 4.3.2 

for hypothetical accident conditions. Based on the analysis presented in E n the 

normal conditions allowable ,leak rate bounds the; ý leak ,rate for accident conditions.  

4.1.3.1.2 Containment System Periodic Verification 

The containment system periodic verification is performed on the Universal Transport Cask 

,package containment boundary seals and" ,components E,' in a:cco'dance withI the leak test 

acceptance criteria established ,for the' containment sistem fabrication verif n 

Whenever a containment seal or compo'nent is replaced, the O-ring or containment component is; 

leak tested following -replacement according to the requirements of the-containment system: 

periodic verification (Section ). This test verifies that the replacement seal or component 

has been properly installed and that the leak rate meets the allowable leak rate requirements 

established for the containment system fabrication verification specified in Section 4.2.3.  

7e
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4.1.3.2 Welds

Circumferential and longitudinal welds are used to fabricate the E inner shell and to attach it 
to the top and bottom foigings. The longitudinal welds in the cylindrical sections are staggered 
circumferentially by 90' or 1800. Containment vessel welds are full penetration bevel or groove 
welds to ensure structural integrity. Upon completion of the inner shell welds, the welds are 
radiograph-inspected and accepted in o ASME M Section III NB-5320.  

Upon completion of containment vessel fabrication, the cask containment boundary is 
hydrostatically tested in accordance with ASME Code requirements to ensure the integrity of the 
welds and containment components (Section 8.1.2.3). Following hydrostatic testing, all 
containment vessel welds are visually inspected by the dye penetrant examination method and 
evaluated in accordance with ASME Code requirements. Ce =Men 

cc- ect'A -ab a 

asedothb n ao e ec s 77 
2--'- n,, jt sT, 6 iJ Q o1"7!a- s r *-iQufe ei

A .. i �... .- - -- �
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4.1.4 Closure 

The primary closure assembly for the Universal Transport Cask consists of the lid, bolts, and 

o-rings." The lid is recessed and bolted into the top forging of the cask body. The 6.5-in. thick, 

78.17-in. diameter lid is made of ASME SA-336, Type 304 stainless steel. The lid is retained by 

48 bolts that are 2-8 UN socket head cap screws fabricated from SB-637, Grade N07718 nickel 

alloy steel bolting material. The initial torque' for installation of the lid bolts is as specified in 

Table M. The bottom surface of the lid is sealed to the top forging of the cask body by 

EPDM o-rings ii e - g n hej OVIAMnto 6dT.  

The vent port'is recessed into the lid and the drain port is recessed into the bottom forging.' The 

vent and drain port coverplates are secured by four 1/2-13 UNC bolts fabricated from SA-193, 

Grade B6, Type 410 stainless steel.  

Similar to the inner lid configuration, each of the vent and the drain coverplates is sealed by E 

-m e I ae" uda The second -M 

provides an annulus to test the L&6n7seal.
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"4.2- , .' Containment Requirements for Normal Conditions of Transport 

The Universal Transport Cask, must maintain a, radioactivity release rate.of not more than 10.6 

-A2/hr-iinder normal conditions of transport, as required by 10 CFR 71.51 and IAEA-Safety Series 

-No. '6 (paragraph 548). -For.thE cask containing • PWR~fuel, this condition 'is satisfied by 

- maintaining a maximum e n s-bddi leak rate of x 10" cm3/sec, 

or x 104 cm 3 /sec' at the s condition, c s e a Ye C o• 

a For the cask containing BWR fuel, the radioactivity release rate requirement 

I is satisfied by maintainiiig a maximum e leak rate from the cask'of X 1 oj 'cm3/sec, 

or Fx 10.' cm3/sec e at e conditions. WFAM KT3 R aM' 

bum5 10 f~jchehun 7.l~ 'ur fren afiii' 

tnc Calculations of 

these limits are provided in s " 

-:The structural and thermal evaluations of the Universal Transport Cask are provided in Chapters 

2.0 and 3.0, respectively. Results of these evaluations ailso demonstrate that'cask c6ntainmentis 

"maintained during normal conditions of transport. Therefore, the package satisfies the 

containment requirements of 10 CFR 71.71. ' 

i .. ..... . .t. '•ra 's ra .... s esect e b ii iAki b 

4.2.1 Containment of RadidactiVe Material' •' , -' 

The 10 CFR 71 limit for the release of radioactive material under normal conditions of transport 

is 10-6 A2/hr. In this analysis, A2 for a mixed gas is determined by using the lmethod 'described in 

10 CFR 71, Appendix'A." The'release fractions for the variousradionuclides transported in the 

.-'Universal Transport Cask'are obtained fromnNUREG/CR-6487 H [4] ýand summarized in Table 

4.2-1 (located at'the end of this section).,, -'The curie-content per isbotope for O-,ear cooled PWR 

and BWR design basis fuel assemblies is provided in Section 4.5-3.. ' , * -

4.2-1 '
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In addition to the radionuclides produced by the fuel material, fuel assemblies develop a coating 
of impurities deposited by cooling water during power generation. This atm is known as 
crud. Crud contains mostly nonradioactive elements but alsoi contains a significant amount of 
60Co. NUREG/CR-6487 liststhie maximum 60Co concentrations on spent fuel assemblies to be 
140 PCi/cm 2 for PWR assemblies and 1,254 gCi/cm2 for BWR assemblies at initial discharge.  
The surface areas of the design basis PWR and BWR assemblies (B&W,15xl5 and GE 9x9),are 
calculated to be 3.25 x 10' cmz and 1.77 x 10ý,cm2 , respectively, M t•oa stc 

51 ortm d Fuel assemblycharacteristics M listed in Tables 1.2-fl and 
1.2-U for PWR and BWR fuel assemblies respectively.  

4.2.1.1 Calculation of Pl6MMW Leak Rates 

The maximum permissible leak rate from the cask under normal conditions of transport is 
determined from the 10 CFR 71 limit of 10-6 A2/hr.  

RN = LNCN < A2 x .lx10-6hr-' or 

RN = LNCN < A2 x .2.78x1 0 -sec-' 

where: 

LN = is the volumetric gas leakage rate [cm 3/s] 
CN = is the curies per unit volume (termed "activity density") of the radioactive 

material that passes through the leak path [Ci/cm 3] 
RN = Release rate for normal transport conditions [Ci/sec] 

Activity Density of Radioactive Material (C_.  

The total inventory of fission.product gases, volatiles fines and crud are shown in Table 
through Table M *j. These inventories are calculated by using the source terms produced by 
the' SAS2H MI sequence M, the release fractions and the postulated crud (60Co) M. The 60Co 
content is decayed U years from discharge to the design basis fuel cool time. The PWR analysis 
is based on 24 design basis fuel assemblies. The BWR analysis is based on 56 design basis fuel 
assemblies.

4.2-2
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C. Crud + CVolaties+ FissionGas + CFines 

= fCMT _ fcScNA (NRSAR + Sh) 

V V 

where: 

Ccaad = activity density inside containment vessel resulting from crud spallation [Ci/cm3] 
MT = total crud activity inventory [Ci] 

f = crud spallation factor 

V free volume inside containmentvessel [cm3] 

Sc = crud surface activity [Ci/Icm 2]

NR = number of fuel rods per assembly 

NA = number 6f assemblies 

SAR = surface area per rod [cin] 

"SCh channel surface area [cm 2] (BWR fuel only).  

and, 

Cftne = fFWRARNRNAfB 

where: 

Cane = activity concentrationi inside 'containment vessel resulting 'from 'fines 

released from cladding breaches [Ci/cm3] 

fF = fraction of fuel rod's mass released as fin6s resultinfg from cladding breach 

fB = fraction of fuel rods that develop cladding breach

WR = mass of the fuel in fuel rod [g] 

NR = number of fuel rods per assembly 

NA = number of assemblies 

AR = specific activity of fines emitted from cladding breach in fuel rod [Ci/g] 

V = containment vessel void volume [cm 3].  

and, 

=c +c NRNAfBWR(Avfv +AGfG) 
Cg vCol +ga

4.2-3
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where: 

Cvg = releasable activity concentration inside the containment vessel resulting from 

gases and volatiles released from cladding breaches [Ci/cm 3] 

Cvo = releasable activity concentration inside the containment vessel resulting from 

volatiles released from cladding breaches [Ci/cm 3] 

Cgas = releasable activity concentration inside the containment vessel resulting from 

gases released from cladding breaches [Ci/cm 3] 

WR = mass of the fuel in a fuel rod [g] 

NR = number fuel rods per assembly 

NA = number of assemblies 

fB = fraction of rods that develop cladding breaches 

Av = specific activity of volatiles in fuel rod [Ci/g] 

fv = fraction of volatiles in fuel rod released if rod develops cladding breach 

AG = specific activity of gas in fuel rod [Ci/g] 

fG = fraction of gas that would escape from fuel rod that develops cladding breach 

V = is the void volume inside containment vessel [cm 3].  

Activity Values for Radionuclides 

A2 values used in this analysis (based on 10 CFR 71 Appendix A) are listed in Section 4.5.3 for 

all radionuclides produced by the SAS2H analysis (plus 6°Co). - • vale •- o 

in Tables 4.2-2 and 4.2-3 fl. For those isotopes for which no specific A2 values are given 

CER.•, the generic values listed in Table A.2 e , are applied. A2 

values for mixed isotopes are calculated from the following: 

1 
A 2 = EAF, 

where: 

F. S,

4.2-4
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-and.  

F = The fraction of isotope i with respect to the entire mixture 

S,= The activity of isotope i [Ci] 

S. Total group activity [Ci] 

Mixture A2 values are determined for gas, volatile, fine, and crud mixtures and are then 

combined for a total cask mixture A2 value. Tables 4.2-2 and 4.2-3 provider the source term and 

A2 values per group for PWIR and BWR cask systems release rate calculations.  

Maximum =.116wabld Leak Rates 

On the basis of the methodology discussed , -the maximum allowable leak rates for the 

casks containing r r 4iJ!! Mu PWR and BWR n4 fuel'under normal conditions 

of transport are calculated to be _ x I0j and 1 X 101 NJ 3c/sec,-resp~ectively (Table 4.2-4).  

The maximum allowable release rates 'are more restrictive for the cask containing 

Se assemblies beca1use of H the -iighe• er "

4.2.1.2 ai Coreato ofl5 l•Rae ao Airntandar a th -e 

Thevoumero icgslekrae L is 0needn o h fa sor cas prssrean sempraue ah 

m~aximu alwbe orelease mustaben corlae wit airsadard leekr~ies wh2 aeedo a 

tepeaurdes, hpressures n lekae path lied o . 'discoreato reires 

sembllie be 

4.2.1.2 Correlation of MIowa MeT Rates to Air Standard 

The volumetric gas leak rate, L ' is independent of transport cask pressure and temperature. The 

maximum allowable release must be correlated with air standard leak rates, which depend on gas 

temperatures, pressures, and leakage -path týt~ . s correlation requires 

calculation of the capillary opening diameter through which the -flow occurs. Depending on 

pressure and condition of the flo 0a372.

4.2-5,
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Continuum flow 0 molecular flow equations are obtained from NUREG/CR-6487, Section 2.  
Both continuum and molecular flow,rate: equations presented below are adjusted to upstream 
flow rate r c43OG R 871.  

The continuum volumetric flow rate of the gas (cm 3/sec), Lc, is given by: 

L 248x10D4 P, Pa - ~~(p u _P ) * = F * ( _p ) L Ca•td P P Pd) *p .  

where: 

Fc = coefficient for continuum flow [cm 3/atm-s] 
D = capillary diameter [cm] 

a = capillary length [cm] 
Ii = fluid viscosity [cP] 
Pu = upstream pressure [atm] - pressure inside containment 
Pd = downstream pressure [atm] - pressure outside containment 

WHIMt" kc~~' e o MrateJMoth =77c e 77 

3.81x1O3 D33 T 
Lm= M P. ,P.  apa Pd) =Fm*(P -Pd) *

a.P. P.  

where: 

Lm = is the volumetric flow rate of gas at Pa [cm 3/sec] 
Fm = is the coefficient for molecular flow [cm 3/atm-s] 
D = is the capillary diameter [cm] 
T = is the gas temperature [K] 
M = is the gas molecular weight [g/mole] 
Pa = is the average pressure (PU+Pd)/ 2 [atm] 
Pu = is the upstream pressure [atm] 
Pd = is the downstream pressure [atm].  
a = capillary diameter [cm]

4.2-6
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For this analysis, the gas temperature used for molecular flow, analysis is, identical to the 

upstream temperature. e dA e On e-ra- tt M 

oE J r e a sue ture -±d a 

o6 7C- eTI, 0" CI ye n 

en~ -ee di'i e 

ee 71 -1 

OF -iV

1-1 ii I~~=ii i IjK 

a e a itC 
ndS~ ee I e&ri Ieý , da 

t~h v ern o e re 
"4=1f~.-------

4.2.2 Pressurization of Containment Vessel

The maximum pressure in the [- cask during normal conditions of transpoirt is 

calculated by using the methodology presented in Section 3.4.4. Assumptions underlying this 

calculation are that during normal conditions of transport, 3% of the fuel rods may fail and that 

30% of the fission gases in the rods are releasable. IM The cask cavity under normal conditions 

of transport is backfilled to 1 atm with e 99.9% pure helium gas.  

e el

4.2-7
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4.2.3 Containment Criteria

The rs leak rates provided in Table 4.2-4 for PWR and BWR fuel, represent the 
maximum leak rate allowed if the o-rings were tested with air at 1 atm and 251C. M maximum 
allowable leak rate for the containment system fabrication verification and periodic verification 
leak tests is described in I 4.1.3 . a a -

confi 0 VC ccvi ci

The sensitivity for these tests is d by ANSI N14.5-19U7 to be one-half the allowable 
leak rate.  

S ., .. . I e eati I seeecfce res 
en 11RM en iý nom h 4 M 

f~~~ tac 76 a
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Release Fractions: Normal and Accident Conditions

'0me s~-E; te (toccur 

a a-
11 aureunn 0

Table 4.2-2 Allowable Release Rate Source and A2 Inputs for PWR Cask: Normal Conditions 

B& 1J5 ICrud'. Gas. Volatiles, -Fines 2 Totali 

Total Activity per Assembly (Ci) -N/Cl -- .9' 8 80 

Releasable Activity per Cask (Ci) 4 2 

Cask Volumetric Activity (Ci/cm3) • 20 1 

A2 V alue (Ci) .. _-.." 

"Fraction of Activ.ity _____ 

Fraction of Aciivity / -A2 (l/Ci) 0 ..  

MixtuireA2 Valute (Ci) "

4.2-9 -

Fraction: Fraction: 

,. . Norm al A ccident dion 4idOig ... . io 

Radionuclide Origin - Conditions --Conditions 

Volatiles releasable -2.OOE-04 _ 2100E-04'_ 

'-Fission gas releasable,-- -0.3 -0.3-.  

Rod m a rssreleased -3.OOE -05 - 3.OOE-05' -....  

Crud spallation factor -' - 0.15 -1.-1.0 

Fraction of fuel that fails , 0.031 -- 1.0.

Not explicitly calculated.
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Table 4.2-3 Allowable Release Rate Source and A2 Inputs for BWR Cask: 

Normal Conditions 

Crud Gas Volatiles Fines Total 

Total Activity per Assembly (Ci) N/Cl m m_ "__ 

Releasable Activity per Cask (Ci) t = 8, 

Cask Volumetric Activity (Ci/cm3) ______ _ 

A2 Value (Ci) -_ ]_ _ _2___ 

Fraction of Activity _________ 

Fraction of Activity/ A2 (1/Ci) _ _-__ _ 

Mixture A2 Value (Ci) 

Table 4.2-4 Leak Rate and Leak Test Sensitivity: Normal Conditions 

-- y d e Co 

E& j Wi dodiff -W M-

4.2-10
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Table 4.2-5 Cask Free Volumes and Pressures: Normal and Accident Conditions

Reactor Type PWR BWR 

Cask Operating Condition Normal Accident] Normal Accidenti 

Free Gas Volume (MI M M_ 

Pressure (atm) I so___ 

Average Gas Temperature (K) E M 

02 accident condition for this analysis • 100% rod failure in combination with a 

fire accident raising cask temperature. This hypothetical dual failure accident 

conservatively maximizes both available releasable material and cask pressure.

odinT77 vue v he r7-16" 

ri u 7n a e 76n 79 

* 0 fln

M ý714- ý, " nt4 4 H-QTIi4 - 1EEL

asýe i nMIM

4.2-11
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4.3 Containment Requirements for Hypothetical Accident Conditions 

;" The ,10 CFR 71 requirement for the release of radioactive material under hypothetical,,accident 

conditions-is met by ensuring that for the cask containing PWR fuel a eren M rate 

limit ofM× 10"M-cm 3/sec is not exceeded. The corresponding U rate 1 for 

the cask containing BWR fuel is X 10f .cm 3/sec. Calculations of these limits are provided 

in Section 4.3.2.  

Assuming'a simultaneous occiirrehce of a-fire accident and a 100%i'od failure; and on the basis 

of bulk average gas temperatures of M (PWR)'and E (BWR) resulfinig from air in the 

cavity, the pressure within the cask cavity is calculated to be E atm (PWR) M E atm. (BWR).  

The hypothetical presence of air in the cask provides an upper bound on the gas temperature. IM 

These pressures represent the maximum possible cask internal pressures.  

The structural integrity of the cask containment during hypothetical accident conditions is 

demonstrated in Chapter 2.0. Therefore, the cask containment is maintained i"nder hypothetical 

accident conditions.  

777cd cred S eto I-it I C'e fo h'diF6 c 

Conditaion "Mamaie Mr Ze atei &ait 7-it 

4.3.1 Fission Gas Products 

The calculated amounts of fission gases contained in the design basis PWR and BWR fuel 

assembly are reported in Tables .'-M and . The accident conditions for maximum 

fission gas release assume 100% rod failure and also assume that 30% of the M5i777t 

• ��j are available for release~tothe cask cavity. In addition, 

100% of the 60Co in the crud on the fuel assemblies is conservatively assumed to be available for 

release as an aerosol. are,,

4.3-1 "
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4.3.2 Containment of Radioactive Materials 

The Universal Transport Cask tl ria e designed to maintain a 
release rate of less than 1 A2/week for the hypothetical accident conditions, as required by 10 
CFR 71.51.  

aý stf A2 • for a mixed gas is determined by using the method described in 10 
CFR 71, Appendix A. The release fractions for the various radionuclides found in the cask are 
obtained from NUREG/CR-6487 and summarized in Table 4.2-1. The curie content per isotope 
for U-year cooled PWR and BWR design basis fuel assemblies is provided in Section 4.5.3.  

s~iý-u IILfi eaiIF ra han 

4.3.2.1 Calculation of II w abe_ Rates 

The allowable leak rates under hypothetical accident conditions are calculated by using the 
method described in Section 4.2.1.1 for normal conditions of transport. The total inventory of 
fission product gases, volatiles, fines, and crud are calculated by using-the source terms generated 
by SAS2H and release fractions for the PWR and the BWR fuel. Using the A2 values from 10 
CFR 71, Appendix A (Tables 4.3-1 and 4.3-2 1 a), the mixture A2 values are then determined 
for gas, volatile, fine, and crud mixtures. Finally, the maximum a release rates are 
calculated by using the hypothetical accident conditions allowable release limit: 

RA = LACA < A2 .week-' 

or 

RA = LACA <ý A2 .1.65x106sec-' 

where: 

LA = volumetric gas leakage rate [cm 3/s] 
CA = curies per unit volume (termed "activity density") of the radioactive material 

that passes through the leak path [Ci/cm 3] 
RA = release rate for accident transport conditions

4.3-2
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Assumptions underlying the calculations for the hypothetical accident conditions are that 100% 

of the fuel M fails and 100% of the crud is released (compared with the assumptions that 3% of 

the fuel rods fail and 15% of the crud is released in the analysis in Section 4.2.1.1 for normal 

conditions of transport). The mixture A2 for gas, volatile, fine, and crud mixtures is not 

by the change in the magnitude of releasable material, but the combined A2 ý....e . on the 

change in activity fraction EM group.  

The-calculated maximum permissible release rates for the casks containing design basis PWR 

and BWR fuel under hypothetical accident conditions are tabulated in Table 4.3-3.  

4.3.2.2 Correlation of ,M Ow M Rates to PM Standard M 

The maximum allowable leak rates for the hypothetical accident conditions- M are correlated 

with standard E rates by using the methodology described in Section 4.2.1.2. The results 

for casks containing PWR 1 BWR fuel 6-hQIi~oýIj 

4.3.3 Containment Criteria 

The allowable leak rates calculated @ for the hypothetical accident conditions are much greater 

than those for the normal conditions of transport calculated in Section 4.2.1. Because the cask 
containment is demonstrated to be mainftaineduin"id-rl hypothetical accident c6nditiofiS (Section 

2.7),-the maximum permissible leak rates for normal conditions of transport-are more limiting 

and are therefore used for the establishment of the maximum' allowabl Ie1k raltes for the 

containment system fabrication and periodic, verification leak- test- calculations 'and test 

acceptance criteria.

4.3-3
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Table 4.3-1 Allowable Release Rate Source and A2 Inputs for PWR Cask: Accident 
Conditions, 

Crud -Gas Volatiles Fines Total 

Total Activity per Assembly (Ci) N/Cl 4 0 818 

Releasable Activity per Cask (Ci) E5M 

Cask Volumetric Activity (Ci/cm3) 3[0 

A2 Value (Ci) 83 al M 

Fraction of Activity .G2 zO2- C 

Fraction of Activity/ A2 (1/Ci) 0 05 

- Mixture A2 Value (Ci) 

Table 4.3-2 Allowable Release Rate Source and A2 Inputs for BWR Cask: Accident 

Conditions 

SC rud G as V olatiles 'Fines T otal 

Total Activity per Assembly (Ci) N/Cl ,________ 

Releasable Activity per Cask (Ci) , ,5 0 , 

Cask Volumetric Activity (Ci/cm 3) 1 1 :2 -O 

A2 Value (Ci) 

Fraction of Activity 2 

Fraction of Activity / A2 (1/Ci) 

Mixture A2 Value (Ci)

4.3-4
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4.4 Special Reqiuirements 

ai& ffiul vn
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5.0 SHIELDING EVALUATION 

The Universal Transport Cask meets the 10 CFR 71 [1] requirements for transportation dose rate 

"limit. 'The optimized multiwall design provides an efficient shielding arrangement for the 

transportation of 24 PWR or 56 BWR spent fuel assemblies. This chapter describes the shielding 

design and the analysis used to establish bounding radiological dose rates for the transport of 

various PWR and BWR fuels.  

=20)b~d~n therelie ntofO R _1L' ad~te ai1ss oSein-4The 

axim~in ~dse ra~te -at j-1 mete fritfE~ nivek•i ~Ti~nsport -Cask- iiffnofmial co-nditibns,,`f 

ii~' fi 4:3'xd~e~ basWbd 6ii'Lthe nalU 4ZTfi-~i~de17 ~Std -ask6nb 

The shielding design criteria for the Universal Transport Cask are in accordance with the 

requirements established in 10 CFR Parts 71.47 and 71.5-1 ,Safe LStdaSeii& N6.  

=4 for normal conditions of transport and hypothetical accident conditions. The 10 CFR 71.47 

d4AlXih, e :St••,i daSer, e 1 . requirements for the J 

transport of spent fuel under normal conditions of transport include the following: 

* e Aose 'r~feTt o t~e surfac iý f jth~ eii61o4e acq must not xceed100 

• The dose rate on the -wrsfacsfholrans 0rt-'xebk1 must not exceed 

200 mrem/hr.  

• The dose rate' on a plane two meters from the lateral surfaces of the railcar 

must not exceed 10 mrem/hr.  

* The dose rate in any normally occupied positions of the railcar must not 

exceed 2 mremlhr.  

The 10 CFR 71.51 .d6"-)-SafeS~tanad•S tesNo; - • ara 1ao 656 requirements 

state that the dose rate under hypothetical accident conditions must not exceed 1,000 mrem/hr at 

1 meter from the surface of the cask. A summary description of the modeling methodology and 

dose rate results is provided in Section 5.1.
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The shielding analysis is performed on the basis of design basis fuel descriptions for both PWR 
and BWR fuel. The design basis PWR fuel is a Westinghouse 17x 17 assembly with a bumup of 

45,000 MWD/MTU, an initial enrichment of 3.7 wt % 235U, and a 10-year cooling time. The 
design basis BWR fuel is a GE 9x9 assembly design with a bumup of 40,000 MWD/MTU, an 
initial enrichment of 3.25 wt % 235U, and a 10-year cooling time. A detailed description of the 
source term specification is provided in Section 5.2.  

In the Universal Transport Cask design, the spent fuel assemblies are surrounded by a 
multiwalled arrangement of shielding materials. However, structural design requirements lead to 
cask extremity regions, such as rotation pockets, in which shield materials are reduced or 
penetrated. Detailed analytical treatment of these shield transition regions is required to assess 
the radiological consequences of the design. Section 5.3 describes the three-dimensional 

shielding models employed in this analysis.  

Dose rate results are obtained for 0 normal conditions of transport and hypothetical accident 
~7~iioi~ Ufie acidencoriitlo, the cask is ~ d h iu o~fe 

complete loss of radial neutron shielding including loss of the outer neutron shield shell; loss of 
impact limiters; d7 ral•da 0•axaleas resulting from s cask side 
and end drops. Analytical details and dose rate results are given in Section 5.4. Under all 

postulated conditions, the fully loaded cask is shown to meet regulatory radiological limits.  

The~desi~ basis f_451 gdscton hfcrieUie rhs Cs dseadi 

eeatmio rates7 atnhomina 7condi t10 o nu'rnfbu and alel cp an arc 'j 

iniftiafenrichent-and urn adailed al i&ndt atdetermines' a nu 

-L-0 

o da ~tv ue c eedr ess dos aizeýh 
-NY tohee values.  

and u~su a les.
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In the tabulated results, computed dose rates are reported along with the relative uncertainty 

associated with each computed value expressed as-a percentage. The relative uncertainty 

corresponds to plus or minus one standard deviation in the quoted yalue.  

5.1.3.1 Normal Conditions of Transport 

The maximum radial and axial dose rates calculated for the PWR and BWR casks under normal 

conditions of transport are shown in Table 5.1-1 andTable 5.1-3, respectively.- 'e 1 ,6ion_6f 

hmakgm~urp ýdsnatwspnrn1~odtin i a uts i -reative-t ~h~dk dj 

s j orter are stiiin:i uie 5.4 The tables present the maximum computed dose rates and 

corresponding relative uncertainties on radial and axial: surfaces outside the cask., Dose rates 

indicated at the personnel barrier correspond to the maximum values computed on a 6ylindrical 

surface extending between the top andbottom impact limiters and surrounding the cask at a 

radius of 53.5 in. In the radial case, dose rates indicated at the "2 m position" correspond to a 

position 2 m from the edge of a 124 in. wide standard railcar. For axial results, this position 

corresponds to a dose location 2 m from the top or bottom impact limiter surface.  

For the PWR cask, the maximum normal conditions surface dose rate is 62 .8% mremlhr, 

"occurring on the surface of the upper forging at the upper trunnion recess. (Values in parentheses 

following a dose rate result indicate the relative uncertainty in the value.) Ei-, Cas" c.aniste is 

uiteimore•5tle,'4os• te ~at~e'ap •o ninco lanarwitW he eutr~on hield;-adiusis•-w~ell 

b At the surface of the personnel barrier, the dose rate is much less than 200 

•.mrem/hr with a maximum computed dose rate of 6.•±16 mrenm/hr. -. In addition, the 10 
-mremhr criterion is met at all locations 2 m from the railcar, 2 m above or below the cask, and 

2 m from the axial surfaces of the impact limiters.  

For the BWR cask, the maximum normal conditions surface dose rate is d mrem/hr, 

occurring on the surface of the pfor' Katheronl•ariern ees. The dose rate at the 

outer shell surface in the inaccessible 1.25-in. wide gap between the neutron shield shell and 

lower impact limiter, is computed to be 2 mrem/hr. However, this dose rate is not

5.1-5
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considered significant due to they inaccessibility of the location.. Furthermore, the dose rate at the ,.J 
gap opening 'fIa -h••~- theme u iadi is well below 200 mrem/hr as demonstrated 
in ' . All other cask surface dose rates are less than 200 mrem/hr. At the personnel 
barrier, the maximum dose rate is much less than 200 mrem/hr, with a maximum computed dose 
rate of ' mrem/hr. The 10 mrem/hr criterion is met at all locations 2 mn from the 
railcar and from the axial surfaces of the impact limiters.  

5.1.3.2 Hypothetical Accident Conditions 

Table 5.1-2 and Table 5.1-4 provide accident dose rates that could occur in the event of the loss 
of the neutron shield, shield shell, and impact limiters in the PWR and BWR casks, respectively.  

'&Idatio fahinakmu~vhothetial a~ccdent'derae'eaV10h ano kbd 
is' s'io~i ii�n�i�i f2I An accident involving the complete loss 'flheimal .niters'o.  
neutron shielding is not credible for the Universal Transport Cask, although some of the neutron 
shielding capability may be lost as a result of a fire. Nonetheless, the shielding analysis 
conservatively assumes a comj~lete loss of radial neutron shielding. ditio axiaadrad 
lea umnii sfeuli '•fr m b lte caksiea •~r 'a.c.dents ar'if ,edd~h 
acciden' cone tts, ane, iis 

In the event of a cask end drop,, the lead gamma shielding could slump and fill the annular gap (if 
one exists) created by the cooling of the lead after fabrication. This accident could create a 3.05 
in. gap at the top of the lead annulus. The major radiation concern in this event is the "shine 
through" of the activated end-fittings. If the cask is subjected to a side drop, the lead gamma 
shielding could slump and create a void on the upper side of the cask. An evaluation of this side 
drop accident shows that the lead may sag at the opposite side by a maximum 0.91 in.  

The dose rates presented here and in more detail in Section 5.4 show that neither the loss of the 
neutron shielding nor the lead slump conditions will result in a dose rate that exceeds the 
hypothetical accident dose rate limit of 1000 mreni/hr at I m from the surface of the cask.

5.1-6



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

i R"ure5

July 2002 
Revision UMST-02C

�6cation6f aximuiivDo e te� for Nonfial Conditioiis of Trans o
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2 m 

0.5 mrem/hr (PWR) 
0.2 mrem/hr (BWR)

9.6 mromn/hr (PWR) 7.3 mremlhr (BWR)
2m 

FROM TRANSPORT VEHICLE 
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Table 5.1-1 PWR Maximum Total Dose Rate Summary -Normal Conditions [mrem/hr] 

Location Dose Type Radial Top Axial Bottom Axial 

Surface Gamma E 20- F0 

Neutron 0 - =70 

Total 672_ 100 0 

Personnel Gamma M , 

Barrier Neutron C3 

Total 00 =-, 

2m Gamma 3, g O•. 50 

Position Neutron U LO : 49 0 . 0 

Total 0 4. 4=0 0 • 

a~~ __j _btwe lo r ime d h dlsbeandi sý33 6

Table 5.1-2 PWR Maximum Total Dose Rate Summary- EAccident Conditions [mrem/hr] 

Location Dose Type Radial Top Axial Bottom Axial 

1 m Gamma M% 0.1 % i 40 

Position Neutron U• -O2 -EQ 0: 

Total R1 0.2 _ý 2:8%` 2.4%

,-5.1-9
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Table 5.1-3 WR-i•,•q a'7 um " D e • • ,ti•rim • •'•. o .•. C •nditioi • e.ih.

- j..JU)�L4�V Aa�. JVk�UJ�. �U.LL4I.� IJ.DiU� �AV. U� �W.L�LWI�LJLUWI�L �J.�LL�4A�IM4 �LL�UJ.V.iJ..�UJ

Table 5.1-4 BwR Ma~lum• m TotatDooeRate Sgmgiarv .Aýcbent•ii andftic rnrrnr

5.1-10

Location Dose Type Radial Top Axial Bottom Axial 

Surface Gamma 93 0 mg 
Neutron E 4 3 2.0 

Total 0 Em E O 0 

Personnel Gamma 207 0. 5"/o 

Barrier Neutron E19.3 

Total :403 

2m Gamma R Oa 9 

Position Neutron 3 80 = •0/ K 

Total - .=4% 0 =50 0

Location Dose Type Radial Top Axial Bottom Axial 

1 m Gamma- 2 51 IM K 4 

Position Neutron 4= P 0- 2-• 

Total 4=9 %= 3•9%0o4%
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gT Re.ulatory Compliance 

The' licensing requirements for criticality analses are provided in 10 CFR 71.55 and 10 CFR 

71.59 for shipment of radioactive material.  

10 CFR 71.55 and 10 CFR 71.59 require that the fissile material package be subcritical under any 
credible condition, e.g., optimum interior/exterior moderation and reflection and credible 

configuration of the material. A criticality transport index is to be assigned to the fissile material 
package. This transport index must be based on the number of packages (casks in this context) 
remaining subcritical in an array configuration.  

Additional requirements imposed include the reduction in poison plate 71B from 100 to 75 

percent and water in the pellet-to-cladding gap.
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2. Detorque 9i&ffi6"e the vent coverplate bolts.  

3. Remove the 04 vent port coverplate from-the lid 

4. iuiniec>th~p ov a o-nso m eoieecsaifdaM cezif 
•, S,,,6r~ &t'q}i'•e th o 1en6yh~ft t@, i f ei-n~S'ad o&nnaooves are 'protect~Jfi'o 

5. Detorque E the cask lid bolts Vs•i -6"' 'secjuen 

6. Remove the bolts and store them in a temporary storage area., 

7. ýl'n ns~jP~~t yL,~~lc b~o t 

8. Install the two cask lid alignment pins.  

9. Install lifting'hoist rings in the lid-lifting holes.  

10. Attach the lid-lifting device to the lid and an overhead crane.' 

-Cauti6n: Ensure that the o-rings and o-rifig grooves in'the lid-are protected. from any 

incidental damage to the seal area in its temporary storage position.  

11. Remove the lid and store in a temporary storage area.  

12. e visually inspect the lid o-rings • for damage and • wear 

96laceý-ý uas'rmesaijn 

,[. Clean and visually inspect the threaded connections in the top forging.  

r4. Remove the two cask ld algnment pins •.  
.Visually examine the internal cavity to -ensure that no damage has occurreid auring transit 

and W n6o "'foign materials are present 

E6. Record all inspection results •.  

E7:. Install the cask adapter ring to protect the -sealing surfaces •.  

F8. If a canister spacer is to be installed: 

a) Attach the spacer lift fixture to the spacer., ,, . .. .  

b) Using anr_ crane, lower the spacer into the cask cavity and remove the lift 

, - - fixture. - ,, 

F. Install the transfer cask adapter plate guide,pins. . ,.  

_(.,Install the adaPterplate on top 9fthe cask. - - , 

'. Remove the adapter plate guide pins.  

, . Install the transfer cask on the adapter plate. -- -

7.1-3
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7.1.3 Loading Transportable Storage Canister f into Universal Transport Cask 

A transfer cask is used to load the Transportable Storage Canister into the Universal Transport 

Cask at the spent fuel building or at the ISFSI loading area. The assumptions underlying this 

procedure are 

26ind, -eel es ie o TCreii~i 

unt i ea co irn fr iW ac19 8. Cie Cudsti5ii accordfic T~v 

* The canister is seal welded, vacuum dried, and helium backfilled.  

* The canister is located in a transfer cask. (The procedures for closing the canister 

following~fuel loading, and for draining, sealing, drying, inerting, and leak testing the 
canister and installing hoist rings are provided in Section • of the ST o 

•Eo :e u 4 ec ]]E c ) , ,,, ,eiu rn ter ih 

0 6ttoiw~ acer ta aio f nees 

* The Universal Transport Cask is positioned in the designated area in the spent fuel 

building or at the ISFSI with the cask lid off.  

The movement and operation of the transfer cask with a loaded canister prior to inserting the 

canister into the Universal Transport Cask are part of in-plant operations and preparation for 
storage. Steps for these operations are therefore not included in the following procedures.  

M 

2. Lift the transfer cask and lower it on top of the adapter plate on the transport cask and 

engage the hydraulic cylinders with the doors.  

3. Engage the transportable storage canister lifting sling's master ring with the crane hook 
and engage the individual sling hooks with their respective hoist rings located on the 

structural lid of the transportable storage canister. M 
4. Raise the canister enough to e the o on the Transfer Cask doors and then open 

the doors.  

CAUTION: While lowering the a in Step 5, be careful to avoid contact with the 

interior cavity wall of the m Transport Cask.

7.1-4
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5. Lower the canister into the Universal Transport Cask.  

6. Disengage the lift sling hooks from the hoist rings d'se the feqr~ asCo-ors.l 
7. Remove the Transfer Cask n t1.'u e so .  

8. • the hoist rings from the top of the r structural lid and install threaded 

plugs.  

9. Attach the adapter plate lifting sling to the adapter plate.  

10. Remove the four bolts attaching the adapter plate to the Universal Transport Cask.  

11. Remove the adapter plate and store it in the designated location.  

12. Remove the cask adapter ring and clean E sealing surface.  

14. Install the cask lid alignment pins.  

15. Attach the lid-lifting device to the lid and to the overhead crane.  

16. Install the lid, using the alignment pins to assist in proper seating.  

17. Install 10 cask lid bolts equally spaced and torque hand-tight.  

18. Remove the lid alignment pins.  

19. Install the remaining cask lid bolts and torque all of the bolts to the value specified in 

Table •.  

20. If previously removed, re-install the drain port coverplate.  
21 onc aressur&'estjxe et da oel en d-n' 'nest ~ srz; 
6,• 15 ' +÷2 -. O si.dndio ld for a~ iunvopf 10 ini'utes ere must nbeon, ressure 

o in•tee eperiod 

leta t1ie sotn=1c din( Set tm hosf co!la-rte-ne ti~ est-c nd 10n 

aln ae. Asma tam6iuntd_' tc~eaea do lubricate. newý-rn 
•aitionf _Din:aiir"agr•o earead * suotf inspectioi ithenaeihurm 

eke to e ý o- ' 'br eht sin .eu a .  

vitha enisiti -25 L=~'m cea,hs~ aui inkheo-ring,-nn uls andtest 

ccda 'afýTLi C c iuf 
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24 t ee' 
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7.2 -Preparing Universal Transport Cask for Transport Following Loading I 

The assumptions underlying this procedure are as follows: , 

. The Universal Transpoft Cask has been loaded and decontaminated: 

* The containment boundary has been leaki'tested. 

* The cask is in the vertical position dad fo lYadhi on delii!,e.  

Oe cak-sno intened Ioem hithewiia netvif orpx~n~eriod.  

houtdi artt' l fZ t ort onentat om h i:, 5.th n cask!l 

~escod tuuiosmsb~ dtbmeth e~m~ninTb t ,ýo ecsfciin 

The procedures for preparing the cask for transport following loading are as follows: 

1. Attach the cask lifting yoke to a crane hook xýith the •ipriop-iate load rating.  

K..>2., Engage the yoke with the primary (welded) lifting trunnions on the cask. 

Note: Verify engagement with primary trurni6ns E prior to'lifting. - • 

3. Lift and move the cask over the'transport vehicle so that the rotation pockets are aligned 

with the rear supports on the transport vehicle.  

4. Load the cask onto the transport vehicle by gently lowering the cask E1thLrear su00 

ll en e •inthe cs• rtatio• docket 

5. Rotate the cask to the horizontal position by moving the overhead crane in the direction 

of the front support while keeping the crane cables vertically aligned over the lifting yoke.  

6. Using a lifting sling, place the tiedown assembly over the cask upper forging between the 

neutron shield top plate and the lifting trunnions.  

7. Install the front tiedown pins and retaining pins to each side of the front support.  

8. Install the lower impact limiter positioner.  

9. Perform a contamination survey of the cask and document the results to ensure 

compliance with 49 CFR 173.443 [3].  

10. Using the designated lifting slings and a crane of appropriate capacity, install the upper 

impact limiter.  

11. Install and torque the impact limiter retaining rods E.

,7.2-1
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12. Install and torque the impact limiter attachment nuts and the impact limiter jam nuts to 

the torque values specified in Table 2.  
13. Install the impact limiter lock wires.  

14. Repeat Steps 10 u 13 for the lower impact limiter.  
15. Install tamper indicating seals through holes provided in the upper impact limiter and one 

of the lifting trunnions.  

16. Install tamper indicating seals through holes provided in the lower impact limiter and on 
the shipping frame assembly.  

17. Record the serial number of the seals in the cask-loading checklist.  

18. Apply labels to the cask in accordance with 49 CFR 172.200 [6].  
19. Install the personnel protection barrier and torque all attachment bolts to the torque values 

specified in Table U .  
20. Install padlocks on jJ personnel barrier a.  
21. Perform a radiation survey of the cask and document the results to ensure compliance 

with 49 CFR 173.441 [3].  
22. Perform a contamination sui'vey of the transport vehicle and document results to ensure 

compliance with 49 CFR 173.443 [3].  

23. Complete all shipping documentation in accordance with 49 CFR 172 Subchapter C [6].  
24. Apply placards to the transport vehicle in accordance with 49 CFR 172.500 [6].  
25. Provide special instruction for Exclusive Use Shipment to the carrier.

7.2-2
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8. Remove the threaded plugs and attach the lifting eyes in the cask lid.  

9. Attach the lid-lifting device to the cask lid and to the overhead crane. 

10. Remove the cask lid and place the lid in a designated area.., 

11. Ensure that the O-ring grooves in the lid are protected so that they will not be damaged 

during handling .. .  

12. Decontaminate the lid as necessary. .  

13. Remove the two alignment pins.  

14. Install the cask adapter ring to protect the sealing surfacesof the cask.' 

15. Install the adapter plate guide' pins"

16. Install the transfer cask adapter plate to protect the sealing surfaces of the'transport cask 

and to provide 'a seating surface for the'Transfer Cask. " 

17. Install • adapter plate bolts: " 

18. Install the transfer cask alignment pins in the 'adapter plate. ' 

7.3.3 Unloading Transportable Storage Canister from Universal Transport Cask 

A transfer cask is used to unload the ,Transportable Storage Canister. The transfer cask could be 

used to transfer the loaded canister to the spent fuel building for subsequent storage in the spent 

fuel pool or to transfer it to another storage or, disposal overpack. Prior to beginning operation of 

the transfer cask doors and the hydraulic system should be checked. The transfer cask retaining 

ring should be installed.  
, - ' ' ''- . , 

1. Remove threaded plugs from structural lid.-' ' 'C 

2. Install the swivel hoist rings in the canister structural lid., ' 

CAUTION: The structural lid may be thermally hot.  

3. Install the transport cask adapter ring to protect the sealing surfaces of the transport cask.  

4. Install the transfer cask adapter plate on the transport cask. . , , -, ....  

5. Attach the canister lifting sling to the hoist rings in the structural lid. Position the sling so 

that the free end of the sling can be engaged by the cask-handling crane hook.  

6. Attach the transfer cask lifting 'yoke to thecask-handling-crane hook.  

7. Engage the yoke to the lifting trunnions of the transfer cask.  

8. Lift the transfer cask and move it above the Universal Transjort Cask.  

9. Lower the transfer cask to engage the alignment pins of the transfer cask adapter plate.  

10. Once the transfer-cask is fully seated,'remove the transfer cask lifting yoke and store it in 

the designated location.

;7.3:3
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11. Install the transfer cask bottom door hydraulic operating system.  

12. Open the transfer cask bottom doors.  

13. Lower the cask-handling crane hook through the transfer cask and engage the canister 

lifting sling.  

CAUTION: When raising the canister in Step 14, be careful to minimize any contact 
between the canister and the cavity wall of the Universal Transport Cask and between the 
canister and the cavity wall of the transfer cask.  

14. Raise the canister into the transfer cask just far enough to allow the transfer cask bottom 

doors to close.  

15. Close the transfer cask bottom doors and install the door locking pins.  

16. Carefully lower the canister until it rests on the transfer cask bottom doors.  

17. Disengage the canister lifting sling from the crane hook.  

18. Retrieve the transfer cask lifting yoke and engage it with the transfer cask trunnions.  

19. Lift the transfer cask from the transport cask and move it to the designated location.  

20. • Attach the adapter plate lifting fixture.  

21. Remove the four bolts securing the adapter plate to the Universal Transport Cask.  
22. Using the auxiliary crane, lift the adapter plate from the top of the cask and move the 

adapter plate to the designated storage location.  

23. Remove cask adapter ring.  

24. Install the vent port coverplate over the vent port in the cask lid.  

25. Install/torque the coverplate bolts to the values specified in Table E.  

26. Install the cask lid alignment pins.  
27. With the lid-lifting device, install the cask lid by using the alignment pins to assist in 

proper seating.  

28. Remove the lid-lifting device, lid lift hoist rings, and the lid alignment pins.  

29. Install the lid bolts and torque them to the value specified in Table •.  

sin a ressureý tu res met n ann~us'or~teasklid tO6nk3 6f ts Ed 
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8'1.2.2 : Rotation Pocket L.?dtTestmh

There are two rotation pockets, located on opposite sides ofthe bottom of the cask,, vhich are 

simuiltaneously load tested U prior to'cask acceptance.',-The rot'ation pockets are designed and 

'analyzed to satisfy'the more restrictive of 10 CFR 71:45(b) [1] or AAR Field Manual 08 load 

conditions for nuclear waste transport. :The rotation pockets are not used to lift the cask at any 

time. During intermodal transport, the loaded cask with the top and bottom impact limiters 

attached, the cask is horizontally mounted on a tiedown structure/personnel barrier. The tiedown 

structure is designed with four pick-up points specifically for moving the loaded cask." 

The rotatiin pocket recesses 'at-the lower end of the 6ask ýhall be load tested. The load test shall 

be performed in' accordance with approved written procedures.

The load test for recesses shall consist of applying a vertical load of 390,000 lb, J+ 51-0 perceht, to 

the rotation pocket pair. The load will be applied in a vertical direction and equally distributed 

"between the two rotation trunnion' recesses by the use -of hydraulic rams' c6mbined with a load 

spreading beam: -., ' •'./.. .. ' .  

Following completion of the rotation pocket load test, all trunnion recess welds and load bearing 

surfaces shall be visually inspected for permanent deformation, galling or cracking. Inspections 

utilizing liquid penetrant examination shall be performed in accordance with the,"ASME Boiler 

and Pressure Vessel Code," Section V; Article'6 [3]. Liquid penetrant acceptance standards shall 

be as indicated in paraigraph NF-5350 of the "ASME Boiler and Pressure Vessel Code," Section 

III, Division 1 [9].  

Any' evidence' of permanent deformation, "rfacking, -fgalling' of the load -bearing -surfaces or 

"unacceltable dye penetrant results shall be cause for rejection of the rotation,pocket recesses or 

-f t V • : '" i • - •. ... ' .;] I 
relatedweld ' 

8.1.2.3 ' Hydrostatic PressureTesting of Re Containment Boundar I,' 

The Universal Transport Cask primary containment boundary components, described in detail in 

Section 4.1, include the bottom forging, inner shell, top forging, and cask lid. The cask 

containment boundary is hydrostatically pressure tested to 125% of the design pressure in

:8.1-3
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accordance with ASME Boiler and pressure Vessel Code Section III, Paragraph NB-6220 [6].  
This test is in lieu of the 10 CFR 71.85(b) requirement that the cask containment be tested at an 
internal pressure at least 50% higher than the maximum normal operating pressure. The 
transport cask containment is hydrostatic tested to 85 psig for a minimum of 30 minutes during 
which time a visual inspection is conducted to detect any evidence of leakage. The containment 
maximum normal operating pressure (MNOP) is calculated to be E psig abl=3-44.  

Following the hydrostatic pressure test, all containment boundary components weld joints, 
connections and regions of- high stress are visually examined to verify that no permanent 
deformation or breach of the containment boundary resulted from the hydrostatic test. All 
accessible containment boundary welds shall be liquid penetrant inspected for ASME Code 
Section V, Article 6 [3], with acceptance per ASME Code Section III, NB-5350 [a].  

8.1.2.4 Pneumatic Bubble Testing of the Neutron Shield Shell 

A pneumatic bubble test of the neutron shield anidu will be performed in accordance with 
Section V, Article 10, Appendix I, of the ASME 1 Code following final closure welding of the 
bottom closure plates. The b test pressure shall be I psig •. The test shall be 

performed in accordance with approved written procedures.  

During the test, the two relief valves on the neutron shield i will be removed. One of the 
relief valve threaded connections will be used for connection of the air pressure line and test 
pressure gauge. The other relief valve connection will be plugged with a threaded plug.  

Following introduction of pressurized air into the neutron shield, a 15 minute minimum soak 
time will be required. Following completion of the soak time, approved soap bubble solution 
will be applied to all heat transfer fins to neutron shield shell, • neutron shield shell to end 
plate welds. The acceptance criteria for the bubble test will be no air leakage from any tested 
weld as indicated by continuous bubbling of the solution. If air leakage is indicated, the weld 
shall be repaired in accordance with approved weld repair procedures and the pneumatic bubble 
test shall be repeated until no unacceptable air leakage is observed.

8.1-4


