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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 BWR fuel. 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, which are already sealed in a Transportable Storage Canister (canister).  

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, and shortest 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.  

The design basis heat loads are 20 kW for up to 24 PWR assemblies and 16 kW for up to 56 

BWR fuel assemblies. The 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. As shown in Section 3.4.6, the 

thermal analysis considers a range of fuel assembly bumup and cool times for both fuel types to 

establish the allowable cladding temperatures. These limits are used to establish the allowable 

decay heat loads for fuel having cooling times of 5 years or more.  

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

cavity and in the canister.

3.1-1
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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 SurTounding 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 
th: caLsk scals or other componens important to safety. In addition, to maintain fuel rod integrity 

for normal conditions of transport the fuel must be maintained at a sufficiently low temperature 
in an inert atmosphere such that thermall\ induced fuel rod cladding deterioration is precluded.  

To preclude fuel degradation, a maximum allowable cladding temperature of 716°F (380TC) is 
used for normal conditions of transport for 5-year cooled PWR and BWR fuel. 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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Radiation Across Gaps Within the Cask

The gaps represented in the cask model are small compared with the surfaces separated by the 

gap. These gaps for both the PWR and the BWR casks are provided in Table 3.2-14.  

The total heat transfer can be expressed as the sum of the radiation and the conduction processes.  

Qt : q, + qk 

where qr is specified as shown for the radiation heat transfer and qk, which is the heat transfer by 

conduction, is expressed as 

KA 

qk - (T, - T,) 

where:

g = gap distance (between two surfaces defined by nodes i andj) 
K = conductivity of gas in gap 

A = cross sectional area for heat conduction

By combining the two expressions (for qk and q,) and factoring out the term A(Ti - Tj)/g 

Qt [2go-F(T, 2 + Ti 2) (Ti+Tj) + K][A(Ti - Tj)/g]

or

Q = KeiffA(Ti - Tj)/g

where K,ft= g-o7F(T,2 + Tj2)(T,+Tj) + K.  

The material conductivity used in the analysis for the elements that constitute the gap includes 

the heat transfer by both conduction and radiation. Because the gap is small compared with the 

disk thickness, the form factor (F) is taken to be unity.

3.2-3
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3.2.2.4 Radiation from the Too of the Canister

The radiation heat transfer from the top of the canister is based on the expression: 

q,. = uEAF(T 4 - Tj) 

where the area (A) corresponds to the basket, lids, and spacer areas, and (E) CorTesponds to the 

emissivities.  

On the basis of the preceding equation, the radiation heat transfer is modeled by using radiation 

link elements in the cask three-dimensional model for the following locations: 

1. From top of fuel region to bottom surface of canister shield lid; 

2. From bottom of fuel region to top surface of canister bottom plate; and, 

3. From exterior surfaces of the fuel tubes to the inner surface of the canister shell.

3.2.3 Convective Properties

A convective heat transfer coefficient, he, is associated with each surface where convection 

operates. Several surfaces must be considered. Surfaces vary by shape and orientation. Only the 

cylindrical surface of the cask takes part in the heat removal process, because the ends of the cask 

are thermally "insulated" from the environmental ambient thermal sink by the impact limiters.  

The cask body surface is represented by a horizontal cylinder in air. From the Standard 

Handbook for Mechanical Engineers [16, Eq. 4.4.12d, Page 4-88], the heat transfer coefficient, 

he, is:

h, = 0.19 AT"13 BTU/hr-ft2-°F, for D AT > 100 [16, Eq. 4.4.12d, Page 4-88]

AT = temperature difference between surface and air, 'F 

D = cylinder diameter, ft

3.2-4
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For D = 7.667 ft and AT > 100°F, the value of D3AT > 45,000 is significantly larger than 100.  

The expression can be converted into: 

h, = 0.00132 AT" 3 Btu/hr-in 2- F.

3.2-5
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Table 3.2-1 Thermal Properties of Solid Neutron Shield (NS-4-FR) 

Property (units) Value 

Conductivity (Btu/hr-in-°F) [6] 0.0311 

Density (Borated) (ibm/in 3) [6] 0.0589 

Specific heat (Btu/lbm-°F) [6] 0.39

3.2-6
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the cask (the sections of the cask body covered by the impact limiters are modeled as adiabatic).  

The three-dimensional finite element model for the cask loaded with PWR fuel is described in 

Section 3.4.1.1.1. The three-dimensional finite element model for the cask loaded with BWR 

fuel is described in Section 3.4.1.2.1.  

The models of the cask/internal components (both PWR and BWR) are constructed of ANSYS 

three-dimensional, solid brick, thermal conduction elements (SOLID70) to model heat 

conduction/combined conduction and thermal radiation, as well as two-node thermal radiation 

link elements (LINK31) to model thermal radiation. The analyses of the cask models correspond 

to steady-state conditions.  

In the three-dimensional cask models, the fuel assemblies are modeled as homogeneous regions 

with effective temperature-dependent thermal conductivity. The effective thermal conductivity 

of the fuel region in the plane perpendicular to the major axis of the cask is determined for each 

fuel (PWR and BWR) by using two-dimensional finite element models representing the cross

section of a single fuel assembly. The two-dimensional finite element models of the fuel 

assemblies consist of the UO2 fuel pellets; Zircaloy cladding; and gas between the fuel pellets 

and cladding and between the fuel rods (fuel pellet/cladding). Heat generation rates (multiplied 

by the respective peaking factors for each fuel) are applied to the elements representing the U0 2 

and an isothermal temperature condition is applied to the edges of the model representing the 

outer surfaces of the fuel assembly. The effective conductivity of the fuel assembly is then 

calculated by determining the maximum temperature in the fuel and using a closed form 

expression for a square with uniform heat generation. The two-dimensional finite element model 

of the PWR fuel is also described in Section 3.4.1.1.2. The two-dimensional finite element 

model of the BWR fuel is also described in Section 3.4.1.2.2.  

The models of the fuel assemblies are constructed of ANSYS two-dimensional thermal elements 

(PLANE55) to model heat conduction and two-node thermal radiation link elements (LINK31) to 

model thermal radiation. The analyses of the fuel assemblies models are steady-state.  

Additionally, the fuel tube walls and BORAL plate are modeled in the three-dimensional 

cask models as homogeneous regions by using effective thermal conductivity properties. The

3.4-3
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effective thermal conductivity of the fuel tube walls and BORAL plate is determined for each 
fuel tube (PWR and BWR) by using two-dimensional finite element models representing the 
cross-section of a typical fuel tube. The two dimensional models of the fuel tube walls and 
BORAL plate consist of the stainless steel tube wall; the BORAL sheet, which is composed of a 
sheet of boron sandwiched between aluminum sheets; the stainless steel sheet covering the 
BORAL plate; and the gaps separating these components. A heat flux is applied to the inner face 
of the composite tube wall while a temperature is applied to the outer face. The change in 
temperature is then used to calculate the effective thermal conductivity. This method treats the 
thermal resistance of the different layers as being in series. The effective thermal conductivity 
for heat condition parallel to the axis of the cask is computed as a weighted average based on the 
thickness of each layer. The two-dimensional finite element model of the PWR fuel tube is 
described in Section 3.4.1.1.3. The two-dimensional finite element model of the BWR fuel tube 
is described in Section 3.4.1.2.3.  

The models of the tube wall and BORAL plate are constructed of ANSYS two-dimensional 
thermal elements (PLANE55) to model heat conduction and two-node thermal radiation link 
elements (LINK31) to model thermal radiation. The analyses of the fuel tube and BORAL plate 
models are steady-state.  

A separate thermal analysis from the cask models is performed to determine the volumetric 
average temperature of the cask impact limiters. The impact limiters are not explicitly modeled 
in the cask thermal analyses previously discussed-the cask surfaces covered by the impact 
limiters are modeled as adiabatic. The impact limiter thermal model consists of an axis
symmetric finite element model of one impact limiter, the cask lid, the cask upper forging, the 
fire block inside the impact limiter shell, and the gap between the cask upper forging and the 
impact limiter.  

3.4.1.1 Analytical Models: Cask with PWR Fuel Canister 

The thermal analysis of the cask transporting PWR fuel uses three finite element ANSYS models 
as previously described. A three-dimensional model is employed to evaluate the cask in a 
horizontal position with the basket in contact with the canister, which, in turn, is in contact with

3.4-4
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the cask inner shell. The fuel regions and the fuel tubes with BORAL plates in this model are 

modeled by using effective conductivities. The effective conductivity of the fuel is determined 

by a second model, which is a detailed two-dimensional thermal model of the fuel assembly. The 

effective conductivities of the fuel tube wall and BORAL plate are calculated by using a third 

model, which is a two-dimensional thermal model of the fuel tube. The three ANSYS thermal 

models are described in the following paragraphs.  

3.4.1.1.1 Three-Dimensional Cask Model: Cask with PWR Fuel Canister 

The three dimensional Universal Transport Cask model is a half-symmetry finite element model 

constructed by using ANSYS Revision 5.5. 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 gaps between the individual components are also considered. The 

ANSYS model is shown in Figure 3.4-1. As shown in Figure 3.4-1, the internal cavity of the 

canister contains the active fuel region: the top and bottom end fittings of the fuel assemblies, 

fuel tubes enclosing the fuel assemblies and the top and bottom end fittings, and the bottom 

weldment.  

The gas inside the canister is modeled as helium. The gas inside the cask cavity is modeled as 

helium, because the cavity will be backfilled with helium following fuel loading prior to 

transport. The finite element model is constructed of ANSYS three-dimensional, solid brick, 
thermal conduction elements (SOLID70) to model heat conduction/combined conduction and 

thermal radiation and two-node thermal radiation link elements (LINK31) to model thermal 

radiation. The principal gaps applied to the model are shown in Figure 3.1-1 and described in 

Section 3.2.2.3. In establishing these gaps, the differential thermal expansion between the 

components is considered. The gap values selected are conservative.  

Because the canister is in the 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 3.1-1, a 2-degree contact is considered for the gaps between
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te inner shell and between thesupport disk and the canster disks At 

the 2-degree contact region in the model an element 0.005-inch thick (in the radial diskction) is 

modeled between the elements mof the canister shellg anid cask inner shell, and betwe the 

elements for the support disk-cand canister shell lTo simulate the contact condition, a 

conductivit of 100 Btunhr-in-0F is assumed for the ele w ent. Theavalue of conductiity used hats 
axnegigible effect on the thermal analysis results, ao fincltria resuisaed ao te F 1 ent 

is negligible compared to the theral resistance of the canisterdshell or the cask inner shell 

ecause the thickness of the e -leme nt is only 0 o005 inch. 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 thermal expansion, gaps within the model are adjusted on the basis of 

temperature and defined physical contact conditions. Solar insolance and ambient temperature 
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 CER 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: 

147512 xhr-ft x = 0.427 Btu/hr-in2 
I) hr- ft2 24 hr 144 in 

Multiplying this value by the emissivity of the cask surface, c = 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-ft 2 (0.853 Btu/hr-in 2 ) gives a heat flux resulting from insolance on flat surfaces 

of 0.307 Btu/hr-in 2 . Applying one-half of the required 12-hr insolance over a 24-hr period to 
achieve a steady state solution, as has been done previously in transport cask licensing, is 

conservative.  

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.
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The fuel regions (inside tubes) are modeled as homogeneous regions with effective 

conductivities, determined by the two-dimensional fuel model as described in Section 3.4.1.1.2.  

The fuel assembly tube and the BORAL plate, including gaps on both sides of the BORAL 

sheet and the gap between the stainless steel cladding for BORAL and disk, are modeled as one 

element thick with effective conductivities, as established by using the two-dimensional tube 

model discussed in Section 3.4.1.1.3. Only the spacer plate is modeled with the spacer 

concentric cylinders. Therefore, only conduction through the helium (modeled using SOLID70 

elements) and radiation from the spacer plate to the cask bottom (modeled using LINK31 thermal 

radiation links) are conservatively modeled.  

The neutron shield of the Universal Transport Cask, consisting of NS-4-FR, steel, and Cu/SS 

fins, is also modeled with effective conductivities. The radial neutron shield effective 

conductivity is calculated using an electrical resistance analogy. The equivalent circuit 

corresponding to Cu/SS, fin, NS-4-FR and silicon foam is shown below.  

RnS Rs i 

Qu te rNeutron Shell 

Ur ceu1erShel I I - Sutrface 

RRs 

Rss 

Rns = NS-4-FR mat eriaI 

Rsi = silicon foam between NS-4-FR 
and neutron shield shell 

Rcu 6 mm copper plate 

Rss = 8 mm stairness steel 

Rs :*taintless steel connection to neutron 
shield shell
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The axial conductivity, specific heat, and density are calculated on the basis of a weighted 
average of the axial cross sectional area and property. Conductivity of the neutron shield 
material NS-4-FR (0.031 Btu/hr-inch-°F) is used as the conductivity in the circumferential 

direction. The effective thermal conductivities for the neutron shield are 

Temperature looTF 2254F 3501F 

Radial Conductivity (Btu/hr in 'F) 0.380 0.382 0.383 
Axial Conductivity (Btu/hr in 'F) 0.425 0.424 0.421 
Specific heat (Btu/hr in 'F) 0.39 0.39 0.39 
Density (lbm/in 3) 0.0589 0.0589 0.0589 

In the model, radiation heat transfer is considered from the top of 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 
canister shell. This radiation is modeled by using LINK31 radiation elements. Radiation across 
gaps in the model is described in Section 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: 

ff =1/W(1/E] + 1/ E2- 1) 

Solar insolance is applied to the neutron shield shell surface for the "Hot" condition (ambient 

temperature = l00F). A cosine distribution is considered for the heat flux since the cask€side 
surface is subjected to maximum insolation at the top, and nimum (zero) insolation at the 
bottom while in the horizontal position. The heat flux is determined based on the averagevaluae 
of 0.154 Btulhr-in 2 for the curvedsurface discussed pyious I y.  

Volumetnrc heat generation (Btu/hr-inch3 ) is applied to the active fuel region on the basis of a 
total heat load of 20 kW, with an active fuel rod length of 144 inches, and an axial power
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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.  

A sensitivity study was performed to assess the effect of variations in emissiYity and convection 

heat transfer coefficient on temperature results. Two thermal analyses were performed using the 

thermal model described in this section with the following changes: The first analysis considered 

a 10% reduction of the emissivity of the transport cask inner and outer shells; the canister shell, 

and the basket (including support disks, heat transfer disks and fuel tubes); the second analysis 

considered a 10% reduction in the convection heat transfer coefficient at the transport cask outer 

surfaces. The analysis results indicate that the increase in the maximum fuel cladding and 

basket temperature is < 6°F for both the reduced emissivity and reduced convection coefficient 

cases. Therefore, the effect of variation in emissivity and convection heat transfer coefficient on 

temperature results is not significant.  

3.4.1.1.2 Two-Dimensional Fuel Assembly Model: PWR Fuel 

The effective conductivity of the fuel is determined by a detailed two-dimensional finite element 

thermal model of the PWR 14x14 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 3.4-3. Thermal analyses of the other PWR fuel assemblies (i.e., 17x17, 16x16, and 

15x15) are performed; however, because the PWR 14x14 fuel assembly results in the lowest 

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

section.  

ANSYS PLANE 55 conduction elements and LINK31 radiation elements are used in the model, 

which includes a total of 49 fuel rods (representing a total of 196 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 helium . i.. Radiation elements are defined between rods and from rods to the 

boundary of the model (inside surface of the fuel tube). Radiation across the gap between the
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boundary of the model (inside surface of the fuel tube). Radiation 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 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 
3.4-3) 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: 

Tl,=TT+0.29468Qa2 1 
Keff 

where: 

TC = temperature at center of fuel (OF) 

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) 

K,,f = 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 Kcff 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
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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), gaps on both sides of the BORAL plate, and a cgap 

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 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 

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 through the 

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

q = Keff(A/L) AT
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or Keff = qLJ(A AT) 

where: 

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

A area (in 2 ) 

L thickness of composite tube model (in) 

AT temperature difference across the model ('F) 

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

The temperature-dependent conductivity for heat conduction through the wall (Keff) 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 with PWR fuel canister 

discussed in previous sections. A three-dimensional model is employed to evaluate the cask in a 
horizontal position with the 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-dimensional thermal model of the 
fuel tube is used to calculate the effective conductivities of the fuel tube wall and BORAL plate.  
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.
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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 5.5. 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, the gas inside the canister and the 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 arc 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 downwýard 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 

conditions are applied to the neutron shield shell when appropriate. Insolance is used at the
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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 ft2 

1475 x x 1 = 0.427 Btu/hr-in 2 

12 hr- ft2 24 hr 144 in' 

Multiplying this value by the emissivity of the cask surface, E = 0.36, gives a heat flux resulting 

from insolance on curved surfaces of 0.154 Btu/hr-in 2 . Using the same method and a heat flux of 

2,950 Btu/12 hr-ft2 (0.853 Btu/hr-in 2), gives a heat flux resulting from insolance on flat surfaces 
2 of 0.307 Btu/hr-in 

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 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 BWR 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 3.4.1.2.3.  

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

configuration. The modeling of the radial neutron shield is described in Section 3.4.1.1.
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In the model, radiation heat transfer is considered from the top of 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 

canister shell. This radiation is modeled by using L1NK31 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: 

Ceff = 1/(1/6 1 + 1/E2- 1) 

Solar insolance is applied to the neutron shield shell surface for the "Hot" condition (ambient 

temperature = 100°F) . A value of 0.154 Btu/hr-inch 2 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 (Btu/hr-inch3) 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
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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.  

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 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 +0..2 94 6 8 Q a' 
Neff 

where: 

Tc temperature at center of fuel ('F) 

Te temperature applied at exterior of fuel (°F) 

Q volumetric heat generation rate (BtuL/hr-in 3)
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portion of the model corresponding to the cask surface constrains both the horizontal 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 that the personnel barrier is notfeqxplicitly 

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

with it. The temperatures of nodes in the model that correspond to the air adjacent to the cask 

surface are constrained as boundary conditions of the model, The temperature is considered- to be 

linearly distributed, with the bottom and top temperatures equal to 2670 F and 244•F, 

respectively.  

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. The temperatures at key points from the analysis using the model 

described above are shown in Figure 3.4-12.  

3.4.1.5 Test Model 

The methods previously described have been used in previous 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.

3.4-21



SAR-UMS g Universal Transport Cask November 2001 

Docket No. 71-9270 Revision UMST-O1D 

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 ciadding 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 tempe.ature, 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.  

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.  

3.4.4 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 operating pressure for the canister and cask 
cavity are summarized in Table 3.4-4.  

3.4.4.1 Maximum Internal Pressure for PWR Fuel Canister and Transport Cask 

The internal presSureswithi' t PWR fuela caister and itransport cask ar afunction of fueljype 
fuel condition (failure, fraction), bun ip aiter type, and the backfill gas ein the canister~andcask 
cavity, Gases included in the pressure evyaluatioin Ilu~de rod-fill, rod fission and rod bacf1qM s
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expected to be loaded into the UMS® system is separat ely evaluated to arrive at a boundinga canister 

pressure.  

Fission gases include all fuel material generated gases including long-term actinide decay 

generated helium. Based on detailed SAS2H calculations of the maximum fissile material mass 

assemblies in each canister class, the quantity of gas generated by the fuel rods rises as burnup 

and cool time is increased and enrichment is decreased. To assure the maximum gas is available 

for release, the PWR inventories are extracted from conservatively high 60,000 MWD/MTU 

burnup cases at an enrichment of 1.9 wt. % 235U and a cool time of 40 years. Gases included are 

all krypton, iodine, and xenon isotopes in addition to helium and tritium (H). Molar quantities 

for each of the maximum fissile mass assemblies are summarized in Table 3.4-5. Fuel generated 

gases are scaled by fissile mass to arrive at molar contents of other LMS® fuel types.  

Fuel rod backfill pressure varies significantly between the PWR fuel types. The maximurn 

reported backfill pressure is listed for the Westinghouse 17x17 fuel assembly at 500 psig. .With 

the exception of the B&W fuel assemblies, which are limited to 435 psig, all fuel assemblies 

evaluated are set to the maximum 500 psig backfill reported for the Westinghouse assembly.  

Backfill quantities are based on the free volume between the pellet and the clad and the plpenum 

volume. The fuel rod backfill gas temperature is conservatively assumed to have an itial 

temperature of 68°F.  

Burnable poison rod assemblies (BPRAs) placed within the UMS® canister may contribute 

additional molar gas quantities due to (n, alpha) reactions of fission generated neutrons with 10B.  

during in-core operation. 10B forms the basis of a portion of the neutron poison population.  

Other neutron poisons, such as gadolinium and erbium, do not produce a significant amount of 

helium nuclides (alpha particles) as part of their activation chain. Primary BPRAs in existence 

include Westinghouse Pyrex (borosilicate glass) and WABA (wet annular burnable absorber) 

configurations, as well as B&W BPRAs and shim rods employed in CE cores. The CE shim rods 

replace standard fuel rods to form a complete assembly ay. The quantitybof helium available 

for release from the BPRAs is directly related to the initial, boron content of the rods iand the 

release fraction of gas from the 'matrix materalin quistion. Release fro either of the low 

temperature, solid matrix materials is likely to-be'limited,.but-no release fractions were available 

in open literature.: Therefore, a 100%. release fraction, is iassumed based ,on. abloron, content of 

0.0063 g/cm 1°B per rod, with the maximum numberi of rods per assembly., The maximum
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number of rods is 16 for Westinghouse core 14 x 14 as emblies, 20 rods for-Westinghouse and 
B&W 15 x 1 5 ass emblies, and 24 rods for Westinghouse and B&W 17 x I7 a asemblies. I The 
length of the absorber is conservatively taken as the active fuel length.: CE core shim rods are 
modeled'at 0.0126 g/cm lGB for 16, 12, and 12 rods ;appIed to CE manufactured 14 x,14, 15,x 15 
and 16 x 16 cores, respectively.  

The canister backfill gases are conservatively assumed to be at 250°F. The initial pressure of.the 
canister backfill gas is 1 atm (0.0 psig). The cask backfill temperature And pressure are assumed 

to be 68°F and 1 atm. Free volume inside each PWR canister clas is listed in Table3.41-6. Also 
included are the total canister and cask free volumes, The listed free volumes do not includefuel 
assembly components since these components vary for each assembly type and fuel. insert. By 
subtracting the rod and guide tube volumes and all hardware component volumes from the listed 
free volume, the free volume of the canisters including fuel assemblies and a load of -24 BPRAs 
can be determined. For the Westinghouse BPRAs, the PYrex volume is employed since it 
displaces more volume than the WABA rods.  

The total pressure for each of the JMS® payloads is found by calculating the releasable moIar 

quantity of each gas (30% of the fission gas, 100% of the rod backfill, BPRA and shim rod 
gasses adjusted for the 3% fuel failure fraction and the canister and cask backfill'gases), and 
summing the quantities directly. The quantity of gas is then employed in the ideal gas equqtion 
in conjunction with the average gas temperature at normal operating .cgonditions to am've-at, 
system pressures. The normal condition average temperature of the gas within the. PWR canister 

and cask is considered to be 453'F. Each of the UMS® PWR fuel teyps is individually evaluated 

for normal condition pressure, and the maximum normal condition canister and cask pressures 
are determined to be 6.15 psig and 6.91 psig, respectively' A summary of the maximum pressure 

in the canister and in the cask for each PWR canister class is shown in Table 3.4:-7.'- The table 
also includes the fuel type producing the listed maximum pressures.
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3.4.4.2 Maximum Internal Pressure for BWR Fuel Canister and Transport Cask 

BWR canister and cask maximum pressures are determined in the same manner as those 

documented for the PWR cases. Primary differences between PWR and BWR analysis include a 

maximum normal condition average gas temperature of 366°F, rod backfill gas pressure's of 132 

psig, and pressurizing gases are limited to fission gases (including helium actinide decay gas), 

rod backfill gases, and canister and cask backfill gas. The 132 psig employed in this analysis is 

significantly higher than the 6 atmosphere maximum pressure reported in open literature. BWR 

assemblies do not contain an equivalent to the PWR BPRAs and, therefore, do not require 101 

helium generated gases to be added. Fissile gas inventories for the maximum fissile material 

assemblies in each of the three BWR lattice configurations (7 x 7, 8 x 8, and 9 x 9) are shown in 

Table 3.4-8. Free volumes, without fuel components, in UMS canister classes 4 and -5 are 

shown in Table 3.4-9. Cask and canister maximum pressures for each canister class are listed in 

Table 3.4-10. The maximum normal condition pressure of 3.47 psig is based on a GE 7 x 7 

assembly designed for a BWR/2-3 reactor and burned to 60,000 MWD/MTU. Cask maximum 

pressure for the GE 7 x 7 fuel is 3.65 psig. High burnups, greater than 45,000 MWD/MTU, are 

typically obtained from updated assembly designs such as the GE 9 x 91 assembly. The normal 

condition pressure for a UMS® canister containing the GE 9 x 9 fuel assembly with 79 fuel rods 

is 3.33 psig. Similar fuel masses and displaced volume account for similar system pressures.  

3.4.5 Maximum Thermal Stresses 

The ANSYS computer code is used to obtain temperatures for use in the structural analyses of 

Chapter 2.0. These temperatures are presented in Tables 3.4-1 and 3.4-2. The thermal stress 

calculations for normal conditions of transport are performed in Sections 2.6.1 and 2.6.2.  

3.4.6 Maximum Allowable Cladding Temperature and Canister Heat Load 

The maximum allowable cladding temperatures are calculated for PWR and BWR systems based 

on fuel assembly type, maximum burnup, and minimum initial cool time. . Allowable heat loads 

are determined by relating cladding temperature to canister heat load.
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Cladding stresses are calculated for a se(t of representatiIveI P i WR assemblie•s. at 4o0,000 

MWD/MTU and 380'C. The limiting, highest stress assemblies, the Westinghouse.14x.14ýand 
GE 9x9 (150-inch fuel region), are then evaluated at various bumupsto determine the maximum 

allowable. fuel cladding-temiperat~ure based onPNL-6364 criteria [281. Maximum allowable' 

cladding temperatures are generially calculated forPWR and BWR-burnups ran f 
35,000 MWD/MTU to 4,0MW MT.PWR burnups are, extended to 50,000 MWD/MITU 
to envelop, the Maine Yankee Specific inventory. 'After, applyinga bias to the maximum 

allowable cladding temperatures, the maximum alloableheat load is calculated as afunction of 

burnup and minimum initial cool time.  

3.4.6.1 Maximum Allowable Cladding Tempeature 

Based on PNL-6364, the cladding temperature limit is expressed as a function of initiatd 
storage temperature, initial cladding stress at the dry storageI temperature, and initial storag-e nime 
For this evaluation, the transport temperatures and transport times are applied., 

The initial cladding stress is a function of the rod internal pressure, temperature, diameter of the 

fuel rod, and fuel cladding thickness. The initial cladding stes&(aib)ffora. pawqic04.r 

assembly is calculated as [28]: 

S(P)(Dmid) XcUX T2_x 69.684 
f 2t :Tj. 10,000 

where: 

Cyohw= dry storage cladding hoop stress, MIa 
P = internal gas pressure of the rod, psi 

Ti =.temperature at which P Iwas determined, K 

t = cladding wail thickness, in.  

Drmid =cladding midwall diameter, jn.  

C a factor,, 0.95 for PWR rods or 0.90 for BNWR rods 

allowable stor.age temperature for (mp• : K 

To account for cladding oxidaion during in-coste faue!softhge :fu 

in the spent fuel* poo1, 'the nominal cladding thickness is ireduced by' 0 m.06 i a ind Q25 irfojr
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PWR and BWR fuel rods, respectively [3]. For higher burnup PWR fuels (i.e., rod peak burnup 

up to 50,000 MWD/MTU), Maine Yankee experience is that the maximum oxide layer thickness 

on the fuel cladding is 120 microns [30]. The allowable cladding temperature calculations at 

50,000 MWD/MTU therefore employ an oxide layer thickness of 0.0 12 cm.  

The pressure in the fuel assembly rods is produced by the combination of fill gas and fission gas.  

For a given fuel assembly design, the fill gas quantity is fixed and does not vary• with discharge 

burnup. Based on the initial pressure and temperature of the fill gas, the number of moles of gas 

are calculated using the ideal gas law: 

PV = NRT 

where: 

P = Pressure 

V = Volume (free volume inside fuel rod) 

N = Number of moles of gas 

R = Universal gas constant 

T = Temperature of the gas 

The number of moles of fill gas are added to the fission gas quantity and converted to a cladding 

internal pressure at storage conditions.  

The fission gas quantity pressurizing the fuel cladding is calculated on the basis of the bumup 

and a fission gas release fraction. While the amount of fission gas produced is a predictable 

quantity (directly correlated to the number of fissions required to produce the desired burnup), 

the release fraction of the gas from the pellet into the pellet-cladding void depends on fill gas 

pressure and reactor operating conditions.  

The number of fissions (Z) is related to the burnup by:

3.4-27



SAR-UMS" Universal Transport Cask November 2001 
Docket No. 71-9270 Revision UMST-01D 

Z~ =XBnux1.0 X 10 6 ___W 8,0 se-x VIFiso 
MTU MW d . 1.602 -1' J 20-0 MeV 

6.0 1 Mole x as MTU XAssembly..  
6.2xI 103 Atoms Assemnbly, # Rods 

Multiplying the number of fissions -by 0.312-5 (0.25x 1.25) atoms/fission. then. derives. the 
quantity_ of fission gas, produced. Qiander's "Fundamental Aspects of~ Nuclear ReactorFuel 
Elements" [Ill lists, the number of ga Is atoms from a -single Ifiss Iion Ias 0.25 1. Based on- a'detaile 
SAS2H isotope generated fission gas inventory, this fraction is increased by 25% to account for 
decay chains not included inri Olander. (particularly those leading to 16Xe). - By employing 
conservative fission gas fraction rather than the SAS2H .output' itself, the allowable cladding 
temperature calculation is decoupled from source term calculation's.  

Based on Sandia Report 90-2406, "A Method for' Determining the Spent-Ful~e Contribution to 
Transport Cask Containment Requirements"' [10], gas r-elease, fractions from the f~uel pellets'are 
assumed to be 12% for PWR fuel rods and 25% for BWR fuel rods. Relying~on a'gas diffti§Li 
model (as a~pplied to preý-pressurized light water reactor fuel rods), the Sandia report ih)cP
release fraction of approximately 1% for PWR rods and approximately 2% for BW1rods [IL 
Experimental release fractions, reach as high as 16% for PWR rods and 25 %qfor'BWR rods [?] 
The higher release fractions are associated with unpressurized fuel rods or ~those.,rods-run.At 
uncharacteristically high -temperatures and linear heat gene~rationrirates'.. While.teerd so 
higher release rates,, they, are. not expected, to-,produce hig-her "burned fuiel" pressures,,,s~inc the 
partial pressure of the fill gajs isnot present, thereby. allowing a larger number offis~ion: gA 
molecules to ,accumul~at~e beforle .rleac~hi~ng limiti~ng clladding pressure,. -The 12%. PWR-fi~ssionjas@ 
release fraction-exc~ludes -the -unpressurized Maine, Yankee rod ~data -while including thQ4j,00 
MWD/MTU Calver~t Cliff dat a toi approximate'the upper bound 45,000 MIWD/MT .U burnup A~n 
additional analysis is performed-c-omparin g the 1%PWR and ,25% BWR release fractions qto i 
element specific release, fractions in. Reg. Gud II12 [29]., Te1%PR'lea --f 

results in gas releases similar-to those. indicated ..bythe, Regulatory, Guide, while th:BWR 
release fraction is, wic Re thatbot theSa 

report and the RegulatoryQuide release fractio Ins are-flor j-ncturie fue rodýsyhere tk 4Iý,U 
the pressurizing- gas allows, additional ~gaseous, isotopes. to migrat Yro tei1 fuel_____ý 
the 12% PR ands 25%et -W fue ýer -eu~~ cnii
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cladding pressurization assumption for the intact rod analysis. For higherburnup PWR fuels 

(i.e., rod peak burnup up to 50,000 MWD/MTU), Maine Yankee experience is that the maximum 

gas release rate (fuel pellet to rod plenum in intact fuel rods) is less than 3% [30]. Therefore, the 

12% release fraction established for standard PWR fuel burned up to 45,000 MWD/MTUJ is 

conservatively applied to the higher burnup PWR fuel.  

Fuel rod free volume is calculated based on the fuel characteristics in Tables 3.4-11 and 3.4-12 

for PWR and BWR fuel, respectively. Not all assemblies requested for loading are included in 

the tables, since assemblies with significantly higher free volume or lower fuel mass are bounded 

by the cladding stress evaluations presented.  

Substituting the internal gas pressure resulting from the releasable gas inventories produced by 

40,000 MWD/MTU burned fuel into the initial cladding stress ((Yhoo;p) equation at a temperature 

of 380'C results in the assembly-specific maximum cladding stresses shown in Table 3.4-111 and 

Table 3.4-12. The Westinghouse 14 x 14 and GE 9 x 9 (150-inch fuel region) are the limiting 

PWR and BWR assembly types at 113.9 and 70.5 MPa stress levels, respectively.  

The stress levels in the limiting assemblies are then evaluated at burnups ranging from 35,000 

MWD/MTU to 50,000 MWD/MTU for PWR fuel -and 35,000 MWDIMTU to 45,000 

MWD/MTU for BWR fuel at temperatures of 300'C and 400'C for PWR fuels and 300'C and 

450'C for BWR fuel. The evaluation results are presented in Table 3.4-13. This data is overlaid 

on generic stress versus limiting temperature curves to arrive at cool time, and burnup-specific 

maximum cladding allowable temperatures. The data, shown in Table 3.4-14, from which the 

generic curves are constructed, is taken from Table 3.1 of PNL-6189 [27].  

The cladding temperature limit curves for the limiting PWR and BWR fuel -assemblies are 

provided in Figures 3.4-13 and Figure 13.4-14. The intercept of each of the curves represents the 

maximum allowable cladding temperature at a given cool time and maximum asse~mbly bumup.  

Fuel rod peak cladding stress level and the allowable cladding temperature are caiculate d using 

the assembly average burp, even ,hough some 'rods experience a ighe•gbu•nup han• the 

average, The average burnup.is-used,,since the quantity of fission gas-formation and thefuel rod 

gas temperature are conservatively determined. As shown in Table 3.4-15, allowable cladding

3.4-29



SAR-UMS I Universal Transport Cask November 2001 
Docket No. 71-9270 Revision UMST-01D 

temperature varies only slightly yer a wide range of burnupfor a given required cooling ti ',e 
Consequently, the variation in cladding stress with bumup is also small.  

3.4.6.2 Maximum Allowable Canister Heat Load 

Thermal analysis was performed at three heat loads for PIR fuel and, one heat load forBVR 
fuel to determine theco•riesponding maximum fuel cladding temperat.ure. Only on e heat .load i... s 
analyzed for BWR fuel because the maximum computed clad temperature is, 5 "F (286.7'C) at 
the maximum heat. load of 16 kW, which is already lower than the minimum alowable 
temperature limit for any BWR fuel (Table 15). Therefore, BWR fuel was not further 
analyzed and a fixed maximum decay heat of 16 kW is allowable for transport of BWR fuel' 

The thermal models and methods, described in Section 3.4.1, used to determine the temperature 
of fuel cladding and system components for the design basis heat load are applied to determine 
the cladding temperature at reduced heat loads, Thee ANSYS calculated temperatures that 
provide input for. correlating allowable cladding temperature to allowable heat load are:

Fuel Clad Temper4ture Heat Load 
Fuel Type (OF) (OC) (kW) 

PWR 537 20.6 

PWR 60321.1 

PWR 677 •8 .3 20 

BWR 548 286.7 16

The PWR temperature versus heat load curve is plotted In Figure 3.4-15. To provide adequate 
design margin, the maximum allowable cladding temperature, are reduced -byate•mperaturebis shown.,i Table 3 malwbecnse 

shon n Tbl 34,17, prior to their. use in the calculation of maximm alhal cnsejeat 
load., Maximum allowable canister heat loads are calculated for initial cool times ranging-frmj 
to 15 years.anodýburnp rq.nging ,fjom M5 for PW0r~' f5ujR-[5 

and, 35,000 MWD/ r u to,,n4n , QTb.,4 S "t 4,0 00 m e'-'ý ,ebe- '•on J . PI.WR 
BWR analysis are, presented in, Table 3.4-716., Sjncej hese, teprtue arebased on .the,P1WR
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and BWR assemblies having the highest cladding stress levels, the maximum heat loads can be 

applied to all UMS® design basis contents.  

3.4.7 Evaluation of Package Performance for Normal Conditions of Transport 

Results of thermal analysis of the Universal Transport Cask containing PWR and BWR fuel 

under normal conditions of transport are summarized in Tables 3.4-1 through 3.4-3. The 

maximum fuel rod cladding temperature is maintained below 810'F (432°C); temperatures of 

safety-related cask components are maintained within their safe operating ranges;, and thermally 

induced stresses in combination with pressure and mechanical load stresses are shown in the 

structural analysis of Chapter 2.0 to be less than the allowable stresses. As shown in Section 

3.4.2, the personnel barrier temperature of 153°F is below the allowable temperature of 185°F for 

exclusive use shipment. Therefore, the Universal Transport Cask can safely transport the design 

basis fuel under the normal conditions of transport specified in 10 CFR 71.71.
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Figure 3.4-1 Three-Dimensional PWR 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 14x14 Fuel Assembly Two-Dimensional Finite Element Model
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Figure 3.4-4 Two-Dimensional PWR Fuel Tube Model
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Figure 3.4-5 Three-Dimensional BWR Cask Finite Element Model
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Figure 3.4-6 Design Basis BWR Fuel Assembly Axial Power Distribution
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Figure 3.4-7 BWR 9x9 Fuel Assembly Two-Dimensional Finite Element Model

innr Surf=ae 
of Fuel Tube 

-U02 

Gap 

Fuel Clad 

mbX

Line of Symmetry

3.4-38



SAR - UMS Universal Transport Cask 

Docket No. 71-9270

November 2001 

Revision UMST-01D

Figure 3.4-8 Two-Dimensional BWR Fuel Tube (with BORAL) Model
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Figure 3.4-9 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 3.4-12

P1 

C1

Cask

C3

Tempemt~Results at Keypoints of the 1Pr9onne_ Barrier 

S/ P2 

Personr 
Barrier 

P3 

Surface P4 

C2 

1~ P5

BoundaryConditions Calculated Temperature (T) 

Location Ci C2 C3 P1 P2 P3 P4 

Temperature 244 256 267 153 108 .133 - 131 1O

3.4-43

el



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

November 2001 

Revision UMST-O1D

Figure 3.4-13
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Figure 3.4-15 PWR Fuel Cladding Dry Storage Temperature versus Basket Heat Load
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Table 3.4-1 Maximum Component Temperatures - Normal Conditions of Transport, 
Maximum Decay Heat, Maximum Ambient Temperature 

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

Canister Gas: Canister Gas: 
Component Helium _ _ _ Helium 
Cask Lid O-Rings/Vent Port O-ring' 266 2 
Lower Drain Port O-ring4  224 L 230 
Cask Radial Outer Surface 266 ,.56 

Radial Neutron Shield 293 .86 

Lead Gamma Shield 306 298 
Aluminum Disk Exterior 268 98 

Aluminum Disk Interior 605 i:, 5 15 
Support Disk Exterior 255 kb 
Support Disk Interior 008 
Canister Shell 408 

Canister Shield Lid _......... 270 _ 20.  
Canister Bottom Plate 324 . 262 

Maximum Fuel Rod Cladding 673.  

Cask Bottom 217 228 

Bottom Forging 224 

Inner Shell 344 

Outer Shell 301 293 
Top Forging2 250 T94 

Cask Lid 266 -294 
Cask Lid Bolt 3  266 I 204 
Average Gas Temperature in the 43 
Canisters5

IUU10 ambient temperature 
20 kW decay heat load, 1.1 peaking factor - PWR 
16 kW decay heat load, 1.22 peaking factor - BWR 
Solar insolation 
Cask cavity gas: helium 
Canister cavity gas: helium

I. Cask lid O-rings and vent port 0-rings 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-ring not explicitly modeled - taken to be the maximum temperature of the bottom forging.  
5. Calculated as a volumetric average.
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Table 3.4-2 Maximum Component Temperatures - Normal Conditions of Transport, 

Maximum Decay Heat, Minimum Ambient Temperature 

Temperature ('F) Temperature ('F) 

Component Cask with PWR Fuel Canister Cask with BWR Fuel Canister 

Canister Gas: Canister Gas: 
Helium Helium 

Cask Lid O-Rings/Vent Port O-ringI 140 62 

Cask Radial Outer Surface 151 j32 

Radial Neutron Shield 178 162 

Lead Gamma Shield 191, J-74 
Maximum Basket 2  0L494 

Canister Shell 289 

Canister Shield Lid 145 

Canister Bottom Plate 205 1 27 

Maximum Fuel Rod Cladding 578 44. 9
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: helium

1. Cask lid 0-ring and vent port 0-rings 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.

3.4-47



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

November 2001 

Revision UMST-01D

Table 3.4-3 Universal Transport Cask Thermal Performance Summary for Component 

Operating Temperature 

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) 673 548 < L.161 

Component safe operating 

temperature ranges 

Cask lid O-rings -40 to 266°F -40 to 2080 F -40 to 300OF 
Vent port coverplate O-ring -40 to 2660F -40 to 208OF -40 to 300OF 
Drain port coverplate-O-rings -40 to 2240F -40 to 230°F -40 to 300OF 

Radial NS-4-FR neutron shield -40 to 2930Fý' -40 to 286OF -40 to 300OF 

Lead gamma shield -40 to 306OF -40 to 2980F -40 to 6000 F 

Aluminum heat transfer disk -40 to 605°F -40 to 515'F -40 to 700'F 

PWR support disk -40 to 6008 0F -40 to 650°F 
BWR support disk -40 to 517 'F 40' i00IQ 

1 In accordance with PNL-6 189, the temperature limit of 380'C (716'F) is used for the evaluatIotion of fuel 
considered in the design basis heat load (20 kW). For tempeturiitscorrespondinjgtodifferentbujiup Ad 
cooling times, refer to Table 3.4-8.
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Table 3.4-4 Maximum Internal Pressures for Transport 

Fuel Cavity Condition Pressure (psig) 

PWR Canister 3% fuel rod failure 0,15 

100% fuel rod failure 74.3 

Cask 3% fuel rod failure 6.91 

100% fuel rod failure 69.3 

BWR Canister 3% fuel rod failure 3.47 

100% fuel rod failure 43.8 

Cask 3% fuel rod failure 3.65 

100% fuel rod _failu1re,4.
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Table 3.4-5 PWR PIe Ir I-Assembly- Fue GietdGa vent 1ry

Array Assy Type MTU ,es 

14x14 WE •tqandard 41i,44 35.52 
15x15 B&W 0.4807 41.32 

16x16 CE 0.441 7 3-8.•10 

17x17 WE Standaid 0.46171 0.18

Table 3.4-6 PWR Canister Free Volume (No Fuel or Inserts)

Canister Class 1 2 

Basket Volume (in3) 609•0 74490 77460 

Canister Height (inch) 175.05 18445ý 01.175 

Canister Free Volume w/o Fuel (liter) 770 8400 8770 
Canister and Cask Free Volume w/o Fuel (liter) 9030 8980 8970

Table 3.4-7 PWR Maximum Normal Condition Pressure Summary

3.4-50
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Table 3.4-8 BWR Per Assembly Fuel Generated Gas Inventory

Array Assy Type MTU Moles 

7x7 GE 7x7 (49 Rods) 0.1985 16.78 

8X8 GE 8x8 (63 Rods) 0.1880 16.07 

9x9 GE 9x9 (79 Rods) 0.1979 16.86

Table 3.4-9 BWR Canister Free Volume (No Fuel or Inserts)

Canister Class 4 5 

Basket Volume (in3) 73110 74680 

Canister Height (inch) 185.55 !190.35 

Canister Free Volume w/o Fuel (liter) 8500 8740 

Canister and Cask Free Volume w/o Fuel (liter) 8710 8930 

Table 3.4-10 BWR Maximum Normal Condition Pressure Summary 

Canister Cask 

Canister Class Fuel Type Pressure (psig) Pressure (psig) 

Class 4 GE 7 x 7 3.47 3.65 

Class 5 GE 7 x 7 3.41 3.55 

Class5 GE 9 x 9 3.33 3.48
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Table 3.4-11 PWR Cladin Stress Level Co'mpDa4io~n-CAiart' 

B&W B&W' CE C9~ WE, WE W 
Fuel Type 15xI5 I7x7 -14x14 ýA66 -14x14 15x15 17xI7 

Rod OD,(inch 0.43 0.379 0.44 P.382 0.422 0.422 0.Z4 

Ciladd'ing 'Thýiýcknýes's in'Ch) 0.0i65 0.-02,4- '0".028" '0 05 .00225 0.0 42 0)25 

Pellet ,OD (inich) 0.3686 0.3232 0.3705 ~0.325j 0.3674 0.3659 03225 
Active Fuel Length (i4ch)1374 143 145.2 ~4 4 
Plenum Length (inch 7.755 8.318 8.528 9,927 5.790 7.8 6.260 

Spring Weight (lb) 0.042 0.026 1.J Q1 0.7 044 0.Q17 

Backidl Prssr (psig) 45 435 500 500__ 

Fuel Mass (MTU '0.40 0.4658 06.4Q37 "0.4" 4 17 0.4144 416 .67 

# of Fu el Rods, 208 264 176 236 1 79~p0 

Free VTol-ume' (inch 3) 1.427 118 122 ý1.052 1.217 1.003,8 

Pressure (psia) (3800C) 1525 1478 1739 1722 j 762 1713 L79~5 

Stress Lev el , (Mpa) 83.1 78.9 91.2 ~88.5 113.9 MO7 12.15
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Table 3.4-12 BWR Cladding.Stress Level Comparison Chart 

Fuel Type EX 7x7 EX8 x8 -X9x9 G._ 7x7 GE 8x-a GE 8xSb GE:9x9 

Rod OD (inch) 0.57 0.484 0.424 Q.563 00.93 0;58.3. 0.  

Cladding Thickness (inch) 0.036 0.036 0.0f 9.Q32 ,30.03 3293 •628 

Pellet GD (inch) _0.49 0.4045 0.3565 0 487 0.416 0.41 0.376 

Active jFuel Lengt_ (inch) 144 5150 150 14 4 9.50 .5 

Plenum Length (Inch) 10.200 10.024 9.578 .11 ..190 1Q0. 960 2 

Spring Weight (lb) 0.13 0.1 0.047 0.083 0.066 b• •)57 

Backfill Pressure (pSig) 4.1 132.0 132.0 44.1 132.0 132.0 Ti32,_ 

Fuel Mass(M'TU) 0.196 0.1793 0r.1666 '0.1977 0.1855 648417 Q"J79 

# of Fuel Rods 48 62 74 49 0 62 7L 

Free Volume (inch3) 2.426 1.70.8 .1.469 3.236 2.181 6. 930 p758 

Pressure (psia) (3800C) .1264 1469 1359 9,1 1•3£6 i45 •.8• 

Stress Level (MPa) 66.7 65.1 05.45 58.2 59.8 68.7 70.
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Table 3.4-13 Cladding Stress as a Functon ofu Assembl. y A a B---'7tiL.  

Temperature

PWRBW 
Burnup 300 0  40 0CN300C 59 
35',OQ M NIIWD/MTU 9 15.4 MpIa I - 2 1.3,pa 5 59 MP4 70.8 M-:,.  

4Q,O OMWDIMTU 49.-9 M-pa, 1 liT-4-_Mpa 6-.8i~ -f8mp 

45,OOQ' MW-D/T'U- 104.2 6p M2. a 076L. $ a 

50,00.0MWD/MTU 122.3 Mpa4 ý14329 Mp~a 7-

Table 3.4-14 Maximum Allowable, iitial Storage Teperature_(OC)d --a Function 
of Initial Cladding Stress. and Initiaik.Coo-l Time~

3.4-54

]~v~a Yers 0 ypArs 7Iii! 1QtjA 
5 509.2 487.3 '455-.9- 4-47 4'''6-.5 

10 488.8 465..5 426:4 403 385.6 

20 465.2T 415.5 380:1 372.4 36 

310 430.4 397 371 { 63.8 36.  

40 408.1 3 89' 1 1 j5 
50 400.6 34 3.7 353..1 

60 395.6 38. o 3- 0.4 55. 349.6 343. 1 
70 391.9 376.5 352.'5 347 ' 40 

8.0 388.2 575 350'8 345.2 337.6 
90 385.7 372 348.8 342.8' 336J1 
100 380.7 369.3 146.2 •3I. 333.2, 
1 3,i 7 5ý.2 365.9 .6 ..... 3...  

i:20 370 362.4 ý,A3 J43 i.82 

150 ~f §11 go iW ff
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Table 3.4-15 Maximum Allowable Cladding Temperature for PWR and BWR Fuel 

PWR Clad Temperature Limit ['C] BWRClad Temperature Limit ['C] 

Cool Time Burnup (MWD/MTU) Burnup (MWD/MTU) 

[years] 35,000 40,000 45,000 50,000 35,000 40,000 45,000 50,000 

5 376 374 371 359 394 391 389 -, 

6 367 365 364 352 379 376 376 __ 

7 346 345 343 333 355 353 352 

10 340 339 338 328 349 348 346 

15 333 333 332 322 343 341 339 -_ 

Table 3.4-16 Maximum Allowable Decay Heat for PWR and BWR Systems 

PWR Decay Heat Limit' [kW] BWR Decay Heat Limit' [kW] 

Cool Time Burnup (MWD/MTU) Burnup (MWD/MTU) 

[years] 35,000 40,000 45,000 50,000 35,000 40,000 45,000 50,000 

5 20.00 20.00 19.90 19.30 16.00 16.00 16.00 7

6 19.50 19.30 19.20 18.70 16.00 16.00 16.00 -

7 17.80 17.80 17.70 17.20 16.00 16.00 -6.00 -

10 17.40 17.30 17.20 16.80 16.00 16.00 16.00 _2 

15 16.80 16.80 16.70 16.50 16.00 16-.00 -16.00 ._

1 Based on maximum clad temperature and biases shown in Table 3.4717.
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Table 3.4-17 Temperature Bias Applied to Maximum Allowable Decay Heats 

PWR Clad Temperature Bias ['C] BWR Clad Temperatre Bias [0 C] 

Cool Time Burnup IM /MT __U) Burnup (MW/MTU) 

[years] 35,000 40,000 45,000 50,000 35,000 40,000 45,000 50,000 

5 -15 -15 -14 -9 -18 -17 -18 -

6 -15 -15 -16 -10 -18 -17 -19 -

7 -15 -15 -14 -10 416 -16 -17 

10 -15 -15 -15 -10 -16 -16 -15 

15 -15 -16 -9 -15 -16 -16 --
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3.5 Thermal Evaluation for Hypothetical Accident Conditions 

This section provides thermal evaluation of the Universal Transport Cask containing PWR or 

BWR fuel under hypothetical accident conditions. The objective of the thermal analysis of the 

cask under hypothetical accident conditions is to demonstrate that the cask containment boundary 

structural components are maintained within their safe operating temperature ranges.  

Because the fire accident is considered to be of short duration, the limit. for maximum cladding 

temperature may be higher than that for normal conditionso 9transport. A cladding temperature 

limit of however, isconservatively applied [3]. To determine their cumulative effect on 

the package, the tests specified in 10 CFR 71.73 are to be performed or analyzed in sequence.  

Thus, the Universal Transport Cask is analyzed for the fire transient, specified in 

10 CFR 71.73(c)(4), assuming that the package is in a form consistent with the damage sustained 

in the free-drop and puncture tests of 10 CFR 71.73.  

3.5.1 Thermal Models 

Finite element models are used in the thermal evaluation of the Universal Transport Cask under 

hypothetical accident conditions. The same model is used to evaluate the cask transporting the 

PWR and the BWR fuel. Heat flux is applied to the inner shell surface of the cask model to 

simulate the decay heat generation. The distribution of the heat flux corresponds to the power 

distribution shown in Figures 3.4-2 and 3.4-6 for PWR and BWR fuel, respectively.  

The environmental conditions and decay heat loads for the analysis are provided as discussed in 

Section 3.5. Convection during the fire accident has been considered. Results are given in the 

form of maximum component temperatures in Tables 3.5-1 (PWR) and 3.5-2 (BWR).  

3.5.1.1 Analytical Models 

Taking advantage of the symmetry of geometry and thermal loads of the cask about its major 

axis, the two finite element models of the cask (with PWR and with BWR fuel) are two

dimensional axis-symmetric representations of the cask. The finite element models are
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constructed by using ANSYS two-dimensional thermal elements (PLANE55) with the axis
symmetric option activated. fuex~hjl•iodeleXT.  

maximum temperatures of the baskett component al i addina din.g the 

maximum. temperaturedifferefice between th aki _sh an h~opnetoitrs 
from-the normal conditio'n resuilts Tabe. "4'-emeaue- h ne shell.£ 

The inner shell, peak temperatures. ~for the hypothetical accident ckse are provided in' Tables_ 3.5a1 
and 3.5-2-for the .PWR annd B fuel! respectiYely. The cask model for PWR and BWR used in 
the accident condition evaluation are shown in Figures 3.5-1 through 3.5-3.  

In each model, the cask body is modeled as three concentric shells: the inner stainless steel shell, 
the lead shielding, and the outer stainless steel shell. The portions of the lead region which 
extend above and below the neutron shield are protected by a layer of low conductivity material 
that effectively insulates the lead from the heat of the fire. Because the canister, fuel basket, and 
fuel assemblies are not explicitly modeled, no gas gaps occur in the models-all heat transfer 
through the models is by means of conduction only. The gap between the cask and lead is 
conservatively ignored, resulting in a greater heat input to the cask.  

The analyses of the finite element models are composed of three distinct phases:

1. Initial conditions (steady-state): 

2. 30-min fire (transient): 

3. Postfire cool-down (transient):

Maximum decay heat of the fuel; ambient 

temperature = 100lF; solar insolance.  

Maximum decay heat of the fuel; fire 

temperature = 1,475°F (including convection and 

radiation); no solar insolance.  

Maximum decay heat of the fuel; ambient 

temperature = 100°F; solar insolance.
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For the first two phases of the analyses, the effective conductivity of the radial neutron shield is 

calculated in the same manner presented in Section 3.4.1.1.1. At the end of the 30-min fire 

transient, the neutron shield is considered to be voided of NS-4-FR, so that only the Cu/SS fins 

and stainless steel shell remain. The effective conductivity for this arrangement is then 

recalculated as discussed in Section 3.4.1.1.1. Air is substituted for the NS-4-FR material. The 

thickness of the fireblock material in an uncompressed state is .12 inches, but in the model .03 in.  

is used.  

The effect of impact limiters is included in the model for the fire analysis. Previous scale model 

tests of the NAC-STC cask have demonstrated that the impact limiters remain on the cask after 

the 30-ft drop imposed by the hypothetical accident condition. The UMS impact limiters are 

nearly identical to those of the NAC-STC. The fire transient models include natural convection 

and thermal radiation boundary conditions during all phases of the analyses and account for solar 

insolation effects in the pre- and postfire transient phase. The natural convection during the fire 

is modeled with a convection coefficient of 0.01222 AT"'3 Btu/hr in2°F [12] . After the fire, 

the convection coefficient as described in Section 3.2.3 is used. The natural convection and 

thermal radiation boundary conditions are applied to all external cask surfaces not covered by the 

impact limiters. The solar insolance boundary condition is applied to the external surface of the 

neutron shield shell. During all phases of the analyses, the areas of the cask covered by the 

impact limiters are modeled as adiabatic surfaces.  

3.5.1.2 Test Model 

The thermal analyses presented in Section 3.5.3 demonstrate that the Universal Transport Cask is 

capable of meeting the design basis temperature requirements under hypothetical accident 

conditions. The methodology used in this analysis is conservative, consistent with those used in 

prior transport cask licensing, and sufficient to show that the cask meets the criteria set forth in 

Section 3.5. Therefore, no thermal test model is created.
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3.5.2 Package Conditions and Environment 

As demonstrated in Chapter 2.0, the Universal Transport Cask body sustains no major damage as 
a result of the free-drop and puncture events as demonstrated in Chapter 2.0. Therefore, the cask 
body is modeled in an undamaged configuration.  

The emissivity of stainless steel is 0.36. However, during the 30-min fire portion of the transient 
analysis, the emissivity is assumed to be 0.9. Also, the emissivity of the fire is assumed to be 
1.0.  

At the end of the fire, the NS-4-FR in the neutron shield is assumed to be destroyed. The result 
is a lower conductivity and thus a greater resistance to heat leaving the cask. The emissivity of 
stainless steel is again assumed to be 0.36, also providing a greater resistance to heat leaving the 
cask. The cooldown is analyzed for a period of 18 hr after the end of the fire. At the end of the 
cooldown period, all cask components have already reached their maximum temperatures and 
have begun to cool down to their postfire, steady state temperatures.  

3.5.3 Package Temperatures 

The ANSYS computer code is used to evaluate the Universal Transport Cask for the hypothetical 
accident fire. A steady-state initial temperature profile is calculated on the basis of a 100°F 
ambient temperature and solar insolance and used as input for the 30-min fire transient, which 
considers exposure of the cask to a 1,475°F radiant environment. This exposure is followed by an 
18-hr cooldown period, which considers exposure of the cask to a 100WF ambient temperature 
and solar insolance.  

The safe operating temperature ranges of the components specified in Section 3.3.2 are also 
evaluated for the fire accident. These components include the seals and lead gamma shielding.  
The radial neutron shield temperature is not considered to be significant; therefore its loss is 
assumed in this accident. The shielding consequences of loss of the radial neutron shield are 
provided in Section 5.4.2.3.
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The maximum component temperatures during the hypothetical fire accident and cooldown 

period are provided in Tables 3.5-1 (PWR) and 3.5-2 (BWR). The tables also show the 

maximum component temperatures for the fuel cladding, and the lead in the cask body. None of 

the safety-related components, with the exception of the radial neutron shield as noted 

previously, exceeds its safe operating temperature as a result of the fire accident. The 

temperature histories of the major cask components are shown in Figures 3.5-4 through 3.5-11 

for PWR and Figures 3.5-12 through 3.5-19 for BWR.  

3.5.4 Maximum Internal Pressures 

The analysis requires the calculation of the free volume of the canister, calculation of the 

releasable quantity of fill and fission gas in the fuel assemblies, BPRA gases, and the subsequent 

calculation of the pressure in the canister and cask if these gases are added to the backfil hhelium 

pressure (initially at 1 atm) already present in the canister and cask (Sections 3.4.1.1 and 3.4.1.2).  

Canister and cask pressures are determined for a combined accident scenario of 100% fuel failure 

and the accident temperature maximum. The method employed in both of the accident analyses 

is identical to that employed in the normal condition evaluation of Section 3.4.1.  

For the maximum temperature accident condition, the gas quantities are combined with the 

accident average gas temperatures of 588°F (PWR) and 515°F(BWR) to produce the desired 

system pressures. Maximum canister pressures under the 100% fuel rogd failure and fire accident 

conditions are 74.3 psig (PWR) and 43.8 psig (BWR). The maximum transport cask pressures 

are 69.3 psig and 42.8 psig for PWR and BWR fuel, respectively, where the cask pressure 

assumes the loss of canister containment.  

The maximum internal pressures for the hypothetical accident condition a.re"sumrarized)inTab!e 

3.5-3.  

3.5.5 Maximum Thermal Stresses 

The maximum thermal stresses in the cask and the cask contents resulting from the hypothetical 

accident fire are not calculated. Thermal stresses are secondary stresses. Evaluation of 

secondary stresses is not required by the ASMIE code for accident conditions.
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3.5.6 Evaluation of Package Performance for Hypothetical Accident Conditions

The Universal Transport Cask thermal performance has been assessed for the hypothetical 

accident fire transient, as specified in 10 CFR 71. Except for the radial neutron shield, which is 

assumed to be lost, all cask components important to safety remain within their safe operating 

ranges. The ability of the cask to safely contain its radioactive contents is not compromised.
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Figure 3.5-1 Two-Dimensional Axis-Symmetric Finite Element Cask Model (PWR and 

BWR)

Fire Transient Thermal Model
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Figure 3.5-4 Hypothetical Accident Conditions Maximum Lead Temperature History 

(PWR)

3.5-10



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

Figure 3.5-5

November 2001 

Revision UMST-O1D

Hypothetical Accident Conditions Maximum Neutron Shield Exterior 

Temperature History (PWR)
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Figure 3.5-6 Hypothetical Accident Conditions Maximum Cask Inner Shell Temperature 
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Figure 3.5-7 Hypothetical Accident Conditions Maximum Cask Outer Shell Temperature 
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Hypothetical Accident Conditions Maximum Lower Neutron Shield Temperature 
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Figure 3.5-9 Hypothetical Accident Conditions Maximum Lower Drain Port O-Ring 
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Figure 3.5-10 Hypothetical Accident Conditions Maximum Cask Lid Vent Port O-Ring 
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Figure 3.5-11 Hypothetical Accident Conditions Maximum Cask Lid O-Rings Temperature 
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Figure 3.5-12 Hypothetical Accident Conditions Maximum Lead Temperature History (BWR)
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Figure 3.5-13 Hypothetical Accident Conditions Maximum Neutron Shield Exterior 
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Figure 3.5-14 Hypothetical Accident Conditions Maximum Cask Inner Shell Temperature 

History (BWR)

Q) 

D 

C5

20 14 18

. me (h r-

UMS / BWR/_16 KW @ 100 F/Fire/ Max Inner Shell Temperature

3.5-20



SAR - UMS Universal Transport Cask 

Docket No. 71-9270

November 2001 
Revision UMST-01D

Figure 3.5-15 Hypothetical Accident Conditions Maximum Cask Outer Shell Temperature 
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Figure 3.5-16 Hypothetical Accident Conditions Maximum Lower Neutron Shield Temperature 
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Figure 3.5-17 Hypothetical Accident Conditions Maximum Lower Drain Port O-Ring 
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Figure 3.5-18 Hypothetical Accident Conditions Maximum Cask Lid Vent Port O-Ring 
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Figure 3.5-19
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Table 3.5-1 Maximum Component Temperatures - Hypothetical Accident Condition 

Fire Transient (PWR Cask) 

Temperature Time Temperature Limit 
Component (OF) (Hours) ("F) 
Cask Lid Bolti 306 5.8 650 

Cask Lid O-rings2  304 5.5 3754 

Lower Drain Port O-ring 2  320 0.8 3754 

Cask Lid Vent Port 286 13.0 375 
O-ring

2 

Cask Radial Outer Surface 1,376 0.5 -- 5 

Lead Gamma Shield 473 2.9 600 

Canister Gas 3  588 -
Maximum Fuel Rod Cladding3  808 - J1058 

Cask Inner Shell 479 3.0 _5 

Aluminum Heat Transfer Disks3  739 -

Support Disks3  743 
Conditions: 30-min, 1475°F Fire 

20 kW decay heat 

Cask lid bolt not explicitly modeled-maximum temperature taken to be the maximum temperature of the cask 

lid.  

2 0-rings not explicitly modeled - maximum temperature taken at the 0-ring region in the component of interest.  
3 Estimated by adding the maximum temperature gradient between the cask inner shell and component of interest 

from normal conditions results to the peak temperature of the cask inner shell during the hypothetical accident 

analysis.  

4 Accident temperature limit is 375°F for 10-hr or less durations.  

5 These components remain well below their respective material melting temperatures during the hypothetical 

accident condition fire; therefore, the intended performance of these components is not adversely affected by the 

hypothetical accident condition fire.
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Table 3.5-2 Maximum Component Temperatures - Hypothetical Accident Condition 

Fire Transient (BWR Cask) 

Temperature Time Temperature Limit 

Component (OF) (Hours) (OF) 

Cask Lid Bolt' 287 5.8 

Cask Lid O-rings4  286 5.0 3753 

Lower Drain Port 0-ring4  309 0.8 3753 

Cask Lid Vent Port 0-ring 4  266 13.0 375' 

Cask Radial Outer Surface !;376 0.5 

Lead Gamma Shield 457 2.9 600 

Canister Gas2  5115 

Maximum Fuel Rod Cladding 2  697 - i,058 

Cask Inner Shell 462 3.0 -5 

Aluminum Heat Transfer Disks2  665 , 

Support Disks2  666 2 

Conditions: 30-min, 1475°F Fire 

16 kW decay heat 

1 Cask lid bolt not explicitly modeled-maximum temperature taken to be the maximum temperature of the cask 

lid.  

2 Estimated by adding the maximum temperature gradient between the cask inner shell and component of interest 

from normal conditions results to the peak temperature of the cask inner shell during the hypothetical accident 

analysis.  

3 Accident temperature limit is 375°F for 10-hr or less durations.  

4 0-rings are not explicitly modeled - maximum temperature taken at the 0-ring region in the omponeptn of 

interest.  

5 These components remain well below their respective material melting temperatures during the hypothetical 

accident condition fire; therefore, the intended performance of these components is not adversely affected by the 

hypothetical accident condition fire.
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Table 3.5-3 Maximum Internal Pressures for Hypothetical Accident Conditions 

Fuel Cavity Conditaon Pressure, (psig) 

PWR Canister 100%- fuel, ro•d•failure 74.3 

Cask2  100% fuel rod failure 69.3 

BWR Canister 100% fuel rod failure 438 

Cask 2  100% fuel rod failure 42 

1. The pressure calculation considers the fire accident condition, maximum. cavity 

temperature.  
2. The cask cavity pressure assumes failure of the canister confinement boundary.
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8. Damaged Fuel Assemblies 

Damaged. fuel assemblies -are standard fuel assemblies with, fuel rods that have known or 

suspected cladding defects gr~eater than hairline cracks or' pinhole leaks., Each damaged fuel 

assembly willbe placed in a Maine Yankee fuel can. The primary function of the fuel can is to 

confine fuel material within the can and to facilitate handling and retrievability. The Maine 

Yankee fuel can is shown in Drawings 412-501 and 412-502. The placement of the loaded fuel 

cans is restricted by operating procedures and/or Technical Specifications to loading into the four 

fuel tube positions at the periphery of the fuel basket as shown in Figure 3.6.1.14. The heat load 

for each damaged fuel assembly is limited to the design basis heat load of 0.83.3 kW (20 kW/24), 

A steady-state thermal analysis is performed using the three-dimensional cask model described in 

Section 3.4.1.1.1 simulating 100% failure of the damaged fuel rods held in the Maine Yankee 

fuel can. The canister is assumed to contain twenty (20) design basis PWR fuel assemblies and 

damaged fuel assemblies in fuel cans in each of the four corer positions.  

A debris compaction length of 104 inches is considered in the analysis based on the volume of 

fuel rods and a, 50% compaction of the debris. Addition.ay, this 104-inch debris region is 

assumed to be located at the center -of the active fuel region of .. the design, basis PWRfuel 

assemblies, as shown in Figure 3.6j.11-4. The entire heat load for a single fuel Iassembly .(i.Ie., 

0.833 kW) is considered 1t to be concentrated in the,,,debris, region..I The' effective: thenal 

conductivities for the design basis PWR fuel assembly (Section 3.4.1.1.) are used, for the debris 

region. This is conservative, since the debris (100%,failed rods) is expected to hayv.a higher 

density (better conduction) and more surface area (better radiation)ithan an intact fuel assembly..  

in addition, the thermal conductivity of helium is used f.or the remainder of the active fuellength.  

Boundary conditions corresponding to normal transport are'used at the outer surface of the cask 

(see Section 3.4.1.41.1).: The results of the steady-state, thermnal analys§isfor 100% fuel rod, fuel 

cladding and guide tube failure are:
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Maximum Temperature (F) 
Description Fuel Cladding Damaged Fuel Support Disk Heat Transfer Disk 

Configuration with damaged 
fuel loaded in four basket 682 633 618 614 
comer locations 
Design basis PWR fuel 673 N/A 608 605 
Allowable 716 N/A 650 700 

As shown in the previous table, the maximum temperatures for the fuel cladding, damaged fuel 

assembly, support disks, and heat transfer disks for the configuration with damaged fuel.loaded 

in four (4) basket comer locations are within the allowable temperature range. -Additionally, the 

maximum temperature of the support disk remains bounded by that used in the strctural 
analyses of the fuel basket (Table 3.4-1, Canister Gas: Air).  

Damaged high burnup fuel must be loaded into damaged fuel cans. These fuel assemblies have 

more than 1% of rods with oxide layers greater than 80 microns or more than 3% of rods with 

oxide layers greater than 70 microns and bunup greater than 45,000MWDMTU'. The cask 

pressure for this condition is used as input to the containment analysis. Consistent with the 
containment analysis, a basket release fraction of 20% is applied. This release fraction aqcounts 

for up to 12 high bumup assemblies, including up to four classified as damaged. Applying this 
release fraction to the pressure evaluation in Section 3.4.4.1 yields a normal conditions cask 

pressure of 15.61 psig, calculated using B&W 17x17 Mark C fuel assembly parameters.
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4.0 CONTAINMENT 

This chapter presents the Universal Transport Cask containment evaluation. PWR and 

BWR fuel are evaluated separately.  

The B&W 15 x 15 fuel assembly is the bounding PWR assembly because of its high fuel mass 

(maximum for PWR assemblies) and fission product inventory. It is therefore used for the PWR 

fuel allowable leak rate calculations. The maximum burnup of 50,000 MWD/MTU, at a 

minimum 1.9 wt % 2 3 5U enrichment with a 5-year cool time, is conservatively used to generate 

the containment analysis source term. The transport cask PWR containment analysis assumes 

the cask holds 24 design basis PWR fuel assemblies. The PWR fuel leak rate analysis assumes 

the presence of control components. These components reduce the amount of cask free volume, 

thereby resulting in a bounding condition containment evaluation.. The consolidated fuel 

evaluation is based on Combustion Engineering 14 x 14 fuel assembly fuel rods in a-17 x 17 

array configuration. The B&W fuel assembly remains bounding for containment .when the 

number of consolidated assemblies is assumed to be no more than four in each canister. This 

assumption is conservative, since only one consolidated fuel assembly may bqe loadedjn. any 

canister. Evaluations are performed for an assumed 3% fuel failure in normal, conditions for a 

canister without damaged fuel and at an assumed 20% fuel failure in normal conditions for a 

canister containing damaged fuel. The 20% fuel failure is based on site-specific contents 

including intact, high burnup and damaged fuel (see Section 4.5. 1.1).  

The GE 9x9 (with 79 fuel rods) fuel assembly is the bounding BWR assembly and is, therefore, 

used in the leakage calculations for the cask transporting BWR fuel. As for the PWR fuel, a 

maximum design burnup of 50,000 MWD/MTU, at a minimum 1.9 wt % 2 35U enrichment wit h a 

5-year cool time, is also conservatively used to generate the containment analysis source term for 

the BWR fuel. The GE 9 x 9 assembly contains the highest fuel load and surface area of any 

BWR assembly analyzed. The crud concentration on the larger surface area plays a significant 

role in the BWR fuel assembly calculation of allowable release rate.  

Activities for the fuel assemblies are determined by detailed SAS2H isotopic depletion 

calculations. The depletion calculation show's that enrichment and activity are inversely 

correlated. The lower enrichment, i.9 wt i%'"ui for both thePWi R B". analysis(wjth a 

burnup of 50,000 MWD/MU), therefore produces bounding activities for the containment 

analysis.
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The free volume employed in the pressure and release calculation is conservatively set to the 

smallest free cask volume found in the UMS® canister classes (Class 1-3 PWR and 4-5 
BWR). No credit is taken for the canister as a containment boundary but its mass is considered 
ý\hen calculating cask free volume. The Universal Transport Cask containment boundary is 
defined in Section 4.1. Results of package containment analyses for normal conditions of 
transport and hypothetical accident conditions are provided in Sections 4.2 and 4.3, respectively.  
These results demonstrate that the package meets the containment requirements of 10 CFR 71.51 

[1] and IAEA Safety Series No. 6 (Paragraph 548) [2] for normal conditions of transport and 

hypothetical accident conditions.
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4.1 Containment Boundary 

The Universal Transport Cask containment boundary is defined by the following components: 

(1) inner shell; (2) bottom forging; (3) top forging; (4) cask lid - and lid inner EPDM 0-ring; 

(5) vent port coverplate and vent port coverplate inner EPDM O-ring; and (6) drain port 

coverplate and drain port coverplate inner EPDM O-ring.  

There are tfiree possible paths for the escape of radioactive material from the Universal Transport 

Cask during transport operation. ih ese baths epast t e inner E.PDM .- in. seals on gi... l on 

the vent port coverpae and on the drain p cove late. EPDM O-ring manufacturers data is 

provided in Section 4.5.2.  

The cask containment integrity is verified through leak testing prior to all transport operations. A 

mass spectrometer leak detector is used to verify that leakage does not exceed the limits 

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

71.51 and IAEA Safety Series No. 6 (paragraph 548).  

4.1.1 Containment Vessel 

The primary 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 8.825-in.-thick top forging; and a 

closure lid. The containment vessel components are fabricated from T 304 stanless sel in 

acco~rdance with the applicable requireren.ts.of the ASME Boiler and Pressure Vessel Code, [3].  

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 and hypothetical accident conditions L. 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.
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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 Table 4.1-1.  

4.1.3.1.1 Containment System Fabrication Verification 

When fabrication is complete, containment system fabrication verification leak testing 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 allowable reference air leak 

rate of 4.2 x 10-6 ref -cm 3/sec. Limiting leak rates are obtained from the evaluation of site
specific contents using a release fraction of 20% under normal conditions of transport. As shown 
in Table 4.2-4, the allowable leak rate for a PWR cask containing damaged high burnup fuel 
bounds the allowable leak rate for the cask containing intact PWR fuel and BWR fuel under 
45,000 MWD/MTU bumup. 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 these sections, the 
normal conditions allowable leak rate bounds the allowable 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 , in accordance with the leak test 
acceptance criteria established for the containment system fabrication verification (Section 
8.1.3). This verification leak test conforms to test method A5.4 of Table Al of ANSI N14.5
1997 [4].  

Whenever a containment seal or component is replaced, the O-ring or containment component is 
leak tested following replacement according to the requirements of the containment system 
periodic verification (Section 8.1.3). 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.
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4.1.3.1.3 Containment System Verification Prior to Transport 

As specified in the loading procedure (Section 7.1.3), the containment system is leak tested in 

accordance with Section 8.1.3 (helium leak tested), if components of the containment, boundary 

are replaced during loading operations. If containment boundary components are not replaced, 

then the containment boundary is pressure tested in accordance with Paragraph 7.6.4 of ANSI 

N14.5-1997 to demonstrate containment boundary assembly in accordance with -the., operating 

procedures.  

For unloaded (empty) transport, pressure testing is used to demonstrate containment boundary 

assembly.  

The assembly pressure test configuration conforms to test method A5.1 of Table Al of ANSI 

N14.5-1997.  

4.1.3.2 Welds 

Circumferential and longitudinal welds are used to fabricate the inner shell and to attach it to the 

top and bottom forgings. The longitudinal welds in the cylindrical sections are staggered 

circumferentially by 90' or 180'. 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 accordance with ASME Code 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. Following fabrication, the containment 

boundary o-rings are leak tested in accordance with Section 8.1.3. The post-fabrication leak test 

is based on the bounding PWR fuel allowable leak rate of 4.2 x 10-6 ref cm 3/sec as shown in 

Table 4.2-4. Test equipment and methods are selected to assure a minimum test sensitivity of 

one half the reference leak rate, or 2.1 x 10-6 ref cm3/sec. The equivalent allowable helium leak 

rate is 6.5 x 106 cm 3/sec at standard conditions., The required hlIelium leakltest sensi~tivity Iis 3.25 

x 10 cm /sec. The helium leak rate at standard conditions is 'specified since the tesi• is
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conducted using helium as the detector gas. Specification of standard conditionsi is conservative, 

since the actual pressure may be higher than the postulated 0 psig (1 atmosphere) pressure that is 

assumed.  

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 7-1. The bottom surface of the lid is sealed to the top forging of the cask body by a set' of 

EPDM o-rings, with the inner o-ring forming the containment boundary. The second,(outer) 

o-ring provides an annulus to test the inner o-ring seal.  

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 a set 

of o-rings, with the inner o-ring forming the containment boundary. The second (outer) o-ring 

provides an annulus to test the inner o-ring seal.
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Table 4.1-1 Containment Verification Leak Test Requirements. and Schedule 

Loaded 
Post-Fabrication Transport Loaded Transport 

and Annual (O-Ring (No O-Ring Empty 

Maintenance 1  Replacement) 2  Replacement) 2  Transport2 

Allowable 

Reference 

Leak Rate3  4.2 x 10-6 cm 3/sec 4.2 x 10-6 cm 3/sec 1 X 10-3 cm 3/sec 1 x 10-3 cm 3/sec 

Allowable 

Helium Leak 

Rate3  6.5 x 10.6 cm3/sec 6.5 x 10-6 cm 3/sec - ! 

1 All o-rings are replaced during Annual Maintenance.  

2 The need for o-ring replacement is determined by inspection or by leak test results. Only the 

appropriate set of o-ring is replaced as necessary prior to transport.  

3 The allowable leak rate is based on the bounding evaluation containing damaged high burnup 

PWR fuel assemblies and is the same for the transport of GTCC waste.
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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 under normal conditions of transport, as required by 10 CFR 71.51 and JAEA Safety Series 

No. 6 (paragraph 548). For the cask containing intact PWR fuel, this condition is satisfied by 

maintaining a maximum reference (air at standard conditions) leak rate of 5.0 x 10-5 ref.cm 3/sec, 

or 6.6 x 10-5 cm 3/sec helium at the test condition, which is conservatively considered to be the 

standard conditions. For the cask containing BWR fuel, the radioactivity release rate 

requirement is satisfied by maintaining a maximum reference leak rate from the cask of 3.3 x 105 

ref cm3/sec, or 4.5 x 10- cm 3/sec helium at the test conditions. For the PWR cask containing 

PWR damaged high burnup fuel assemblies, the maximum reference leak rate is 4.2 x 10-6 ref 

cm3/sec or 6.5 x 10.6 cm 3/sec helium. Consequently, the PWR high burnup fuel allowable leak 

rate is conservatively applied as the containment boundary test condition for post-fabrication 

testing, annual testing, and when containment components are replaced during cask use.  

Calculations of these limits are provided in this section.  

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

2.0 and 3.0, respectively. Results of these evaluations also demonstrate that cask containment is 

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

containment requirements of 10 CFR 71.71.  

4.2.1 Containment of Radioactive 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 method described in 

10 CFR 71, Appendix A. The release fractions for the various radionuclides transported in the 

Universal Transport Cask are obtained from NUREG/CR-6487 [4] and summarized in Table 

4.2-1 (located at the end of this section). The curie content per isotope for 5-year cooled PWR 

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

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 coating is known as 

crud. Crud contains mostly nonradioactive elements but also contains a significant amount of 

"Co. NUREG/CR-6487 lists the maximum 60Co concentrations on spent fuel assemblies to be 

140 ,tCi/cm2 for PWR assemblies and 1,254 ýtCi/cm 2 for BWR assemblies at initial discharge.
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140 ýtCi/cm 2 for PWR assemblies and 1,254 ýtCi/cm 2 for BWR assemblies at initial discharge.  

The surface areas of the design basis PWR and BWR assemblies (B&W 15x15 and GE 9x9) are 
calculated to be 3.25 x 105 cm2 and 1.77 x 1 cm 2, respectively. t 

calculated by the conservative s'urfac Ie area . ndmxmmatvt 
with control compo t serted. Fuel assembly characteristics r listed in Tables 1.2-4 and 
1.2-5 for PWR and BWR fuel assemblies respectively.  

4.2.1.1 Calculation of Allowable 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 <A, x.1xl104hr-' or 

RN = LNCN _< x .2.78x10-'°sec-1 

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 (CN) 

The total inventory of fission product gases, volatiles fines and crud are shown in Table 4.5.3-1 
through Table 4.5.3-6 . These inventories are calculated by using the source terms produced by 

the SAS2H t6] sequence ,the release fractions and the postulated crud (6°Co) . The 6°Co 
content is decayed 5 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.  

Cn=C Crud +- CVolaties + CFissionGas "+ CFines 

CCrud - fCMT - fCSCNa (NRSAR + SCh) 
v v 

where: 

Ccrud = activity density inside containment vessel resulting from crud spallation [Ci/cm 3]
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Maximum Allowable Leak Rates 

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

casks containing standard or high burnup PWR and BWR standard fuel under normal conditions 

of transport are calculated to be 5.5 x 10.6 and 1.3 x 105 ref cm 3/sec, respectively (Table 4.2-4).  

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

damaged PWR assemblies because of the higher failure rate associated with the ISG-15 

specified failure rate of 50% in normal conditions in fuel with an oxide layer thickness greater 

than 70 microns. Per ISG-15, no more than 3% of the rods in a high burnup assembly may 

contain oxide layers over 70 microns. Above this level, assemblies must be placed in damaged 

fuel cans. The worst case containment analysis UMS® loading is, therefore, 12 intact standard 

assemblies failing at 3%, 8 high burnup assemblies classified as intact with 50% failure of the 

3% high burnup rods, and 50% failure of rods inside the damaged fuel cans. This configuration 

is bounded by the 20% average release fraction applied to a full canister load of high burnup 

assemblies.  

4.2.1.2 Correlation of Allowable Leak 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 length and diameter. , This correlation requires 

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

pressure and condition of the flow, a combination of continuum and molecular flow occurs.  

Continuum flow\ and 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 in accordance with NUREG/CR-6487 and ANSI N14.5-1997.  

The continuum volumetric flow rate of the gas (cm3/sec), Lc, is given by: 

Lc=2.48xl0D 4 (PU Pd)* P=Fc *(P -Pd)* p• 

aU Pu P"
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where: 

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

D = capillary diameter [cm] 

a = capillary length [cm] 

ýt = fluid viscosity [cP] 

P, = upstream pressure [atm] - pressure inside containment 

Pd = downstream pressure [atm] - pressure outside containment 

and, the molecular volumetric flow rate of the gas (cm 3 sec), Lnv is given by: 

3.8 lx10
3D3 T 

(P -Pd) = Fm * (P. -Pd) aPa Pu 

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] 

P, = is the average pressure (Pu+Pd)/2 [atm] 

PU = is the upstream pressure [atm] 

Pd = is the downstream pressure [atm].  

a = capillary diameter [cm] 

For this analysis, the gas temperature used for molecular flow analysis is identical to the 
upstream temperature. Pressures and temperatures for PWR and BWR system normal operating 
conditions are summarized in Table 4.2-5., Based on the pressure, temperature -and Allowable 

leakage rate (LN) the caiilary diameter of the leak is determined. The calculated capillary 
diameter is then used to determine the air standard leak rate and helium test lieak rate. Air 

standard condition leak rates are determined for air. leaking from 1 atmosphere (to a.01 
atmosphere at -a temperature of 298K. 'Th-e .t'eýs't ,gasis helium leaking from I atmosphere (Q Ps§Iig)
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to a vacuum. Table 4.2-4 provides the standard and test leak -rates for the ,-Universal Transport 

Cak loaded with PWR or BWR .-fuel. The sensitivity for these tests is one-half the air standard 

leak rate as recommended, by ANSI-N14.571997. Key PWR and BWR containment analysis 

parameters are summarized in Table4.12-6.  

This analysis is conservative since a higher upstream pressure, which could result from a higher 

average gas temperature based on decay heat,, results in a higher allowable'leak rate, assuming 

that the leak p•th ength and the leak path diameter (calculated based on the reference air 

condition) are held constant. Since the test condition pressure cannot be less than 1 atmosphere, 

and since the average gas temperature does not have a first order effect on calculated leak rate, 

the helium test condition is conservative with respect to the allowable reference leak rate.  

4.2.2 Pressurization of Containment Vessel 

The maximum pressure in the cask during normal conditions of transport 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. The cask cavity under normal conditions of transport is 

backfilled to 1 atm with at least 99.9% pure helium gas.  

4.2.3 Containment Criteria 

The reference 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 25°C. The maximum 

allowable leak rate for the containment system fabrication verification and periodic verification 

leak tests is described in Sections 4.1.3 and 8.1.3. This allowable leak rate is that for the BWR 

fuel configuration, which is more restrictive than the. allowableleak.r~ate for PWR fuel.  

The sensitivity for these tests is recommended by ANSI N14.5-1997 to be one-half the allowable 

leak rate.
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Release Fractions: Normal and Accident Conditions

Fraction: Fraction: 

Normal Accident 
Radionuclide Origin Conditions Conditions 

Volatiles releasable 2.OOE-04 2.00E-04 

Fission gas releasable 0.3 0.3 

Rod mass released 3.OOE-05 3.00E-05 

Crud spallation factor 0.15 1.0 

Fraction of fuel that fails 0.03' 1.0 

1. PWR fuel is also evaluated at 0.20 to account for high burnup fuel failure during transpPrt.  

This failure fraction envelops damaged fuel can payloads.

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

B&W 15 x 15' Crud Gas Volatiles Fines Total 

Total Activity per Assembly (Ci) N/C2  3.73E+03 1.49E+05 2.28E+05 3.8 1E+05 

Releasable Activity per Cask (Ci) 8.48E+01 8.06E+02 2.14E+101 4.92E'+00 9.17E+02 

Cask Volumetric Activity (Ci/cm3) 1.26E-05 1.20E-04 3.19E-06 7.33E-07 1.36E-04 

A2 Value (Ci) 10.80 285.50 6.39 0.114 302.81 

Fraction of Activity 0.09.2 0.879 0.023 0.005 1.000 

Fraction of Activity! A2 (1/Ci) 0.'0086 6.0031 0.0037 0.047-1 0.0624 

Mixture A2 Value (Ci) 16.03

1. Based on 3 % rod failure 

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

Normal Conditions 

GE 9 x 9 Crud Gas Volatiles Fines Total 

Total Activity per Assembly (Ci) N/C 1  1.46E+03 5.76E+04 8.82E+04 1.47E+05 

Releasable Activity per Cask (Ci) 9.68E+02 7.34E+02 1.94E+01 4.44E+00 "1.73E+03 

Cask Volumetric Activity (Ci/cm 3) 1.51E-04 1.14E-04 3.02E-06 6.93E-07 2.69E-04 

A2 Value (Ci) 10.80 285.60 6.34 0.12 302.85 

Fraction of Activity 0.56 0.43 0.01 0.003 1.00 

Fraction of Activity / A2 (1/Ci) 0.052 0.001 0.002 0.022 0.078 

Mixture A2 Value (Ci) 12.90 

1 Not explicitly calculated.  

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

LeakRate (cm 3isec) 

Reactor Assembly Operating Vol. Activity Volumetric Air Reference Test 
Type Type Condition Ci/cm 3  (L) (LR) Sensitivity 

PWR' B&W 15x15 Normal 1.4E-04 3.3E-05 5.0E-05 2.5E-05 

PWR2  B&W 15x15 Normal 8.4E-04 5.5E-06 4.2E-06 2.1E-06 

BWR' GE 9x9-2 Normal 2.7E-04 1.3E-05 3.3E-05 1.7E-05 

1 The corresponding helium test leak rates and leak test sensitivities for the PWR configuration 

are 6.6 x I0. cm3/sec and 3.3 x 10. cm3/sec, respectively, at standard conditions.  

2 Based on 20% fuel failure to account for high burnup fuel assemblies and damaged fuei cans, 

The corresponding helium test leak rates and leak test sensitivities for the PWR configuration 

are 6.5 x 10-6 cm 3/sec and 3.25 x 10-6 cm3/sec, respectively, at standard COnditions.  

3 The corresponding helium test leak rates and leak test sensitivities for the BWR configuration 

are 4.5 x 10-5 cm3/sec and 2.25 x 10-5 cm 3/sec, respectively, at standard conditions,
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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 Accident1  Normal Accident' 

Free Gas Volume (liters) 2  6,720 6,72 0 6,410 6,410 

Pressure (atm) 1.47" 5.72 1.25 3.91 

Average Gas Temperature (K) 507.0 582.0 458.7 542.0 

1 The accident condition for this analysis is 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.  

2 Bounding values were chosen for free volume (minimum) and pressure 
(maximum). This conservatively minimizes free volume and capillary diameter.  

3 The normal condition pressure assuming 20% fuel rod failure is 2.06 atm, 

Table 4.2-6 PWR and BWR Containment Parameters- Normal Conditions 

Crud 

Surface Containment Capillary Capillary Upstream Gas 
Assembly Activity Free Volume Length Diameter Pressure Temperature 

Type (Ci/cm 2) (cm 3) (cm) (cm) (atm) (K) 

B&W 1 

15xl5 7.3E-5 6.7E+6 0.287 6.4E-4 1.47 507 

B&W 2 

15x15 7.3E-5 6.7E+6 0.2187 3.3E-4 2.06 507 

GE' 

9x9-2 6.5E-4 6.4E+6 0.287 5,7E-4 1.25 459 

1 Based on 3% of the fuelrods fail*ali. tnoransPort conditions.  

2 Based on 20% of the-fuel rods failing in normal transport co'naitions,

4.2-10



SAR - UMS Universal Transport Cask November 2001 

Docket No. 71-9270 Revision UMST-01D 

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 ireference (air) leak rate 

limit of 2.0 x 10-3 ref-cm 3/sec is not exceeded. The corresponding air standard leak rate limiti for 

the cask containing BWR fuel is 2.2 x 0-, ref-cm 3/sec. Calculations of these limits are provided 

in Section 4.3.2.  

Assuming a simultaneous occurrence of a fire accident and a 100% rod failure, and on the basis 

of bulk average gas temperatures of 582K (PWR) and 542K (BWR) resulting from air in the 

cavity, the pressure within the cask cavity is calculated to be 5.7 atm (PWR) 6r 3.9 atm (BWR).  

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

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 under hypothetical 

accident conditions.  

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 4.5.3-1 and 4.5.3-4. The accident conditions for maximum 

fission gas release assume 100% rod failure and also assume that 30% of the radioac.tivev fission 

gases, primarily "Kr, tritium and 129I, are available for release to the 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.  

4.3.2 Containment of Radioactive Materials 

The Universal Transport Cask is designed to maintain a release rate of less than 1 A2/week for 

the hypothetical accident conditions, as required by 10 CFR 71.51. 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 5-year cooled PWR and BWR design basis fuel 

assemblies is provided in Section 4.5.3.

4.3-1



SAR - UMS Universal Transport Cask May 2000 

Docket No. 71-9270 Revision UMST-OOA 

4.3.2.1 Calculation of Allowable 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 1,. the mixture A2 values are then determined 
for gas, volatile, fine, and crud mixtures. Finally, the maximum release rates are 

calculated by using the hypothetical accident conditions allowable release limit: 

RA = LACA A2 -week-' 

or 

RA = LACA A• A 2 .1.65x10 6sec-1 

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/cm3] 
RA = release rate for accident transport conditions 

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

of the fuel od's 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 iiged 

by the change in the magnitude of releasable material, but the combined A2 ýhanges ba,§d on the 
change in activity fraction neach 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.
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4.3.2.2 Correlation of Allowable Leak Rates to Air Standard 

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

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

for casks containing PWR ,r BWR fuel as-shown in Table 4.3-3 .  

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 maintained under hypothetical accident conditions (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 allowable leak rates for the 

containment system fabrication and periodic verification leak test calculations and test 

acceptance criteria.
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Table 4.3-1 Allowable Release Rate Source and A2 Inputs for PWR Cask: Accident 

Conditions 

B&W 15 X115 Crud Gas Volatiles Fines Total 

Total Activity per Assembly (Ci) N/C' 3,73E,03 . 1.49E+05 2.28E+05 3-.81E+05 

Releasable Activity per Cask (Ci) 5,65Eý02' 2.691i-04 7) 0 1.64E0ý2 2 -h3+20-4 

Cask Volumetric Activity (Ci/cm3 ) 8.41E-05 4.00E'-63 i06E-•O•4 • 2'44-E-05 4.21E-'03 

A2 Value (Ci) 10.80 285.50 6.39 01. 14 302.8 

Fraction of Activity 0.020 0.j949 0.025 Q0.00 1.00 

Fraction of Activity / A2 (1/Ci) 0.002 0,00 0.004 QQ510 Q;00 

Mixture A2 Value (Ci) 1668 

1 Not explicitly calculated.  

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

Conditions 

GE 9 x 9 Crud Gas Volatiles Fines Total 

Total Activity per Assembly (Ci) N/C' 1146E+03 5.76E 4 8.82E+04 1.,47E-05 

Releasable Activity per Cask (Ci) 6.45E+03 2.45E+04 6.45E+02 1.48E+02 3.17g_ 

Cask Volumetric Activity (Ci/cm3 ) 1.01E-03 3.82E-03 i.OIE-04 2.31E-05 4.95•I• O3 

A2 Value (Ci) 1 ,0 .8 0 2 185.'60 ý.34 0.1 98 

Fraction of Activity 0.203 6'7.0- 204 'pý 005 

Fraction of Activity / A2 (1/Ci) 0.019 0.003 0:003 0,041 

Mixture A2 Value (Ci) BJ31 

1 Not explicitly calculated.
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Standard Leak Rates: Accident Conditions

Leak Rae9 (m/sc 

Reactor Assembly Operati.ng Vol. Activity ol-metric Air Referencice 

Type Type Condition (Cicm3) () 

PWR B& 15x95 Accident 4,2E03 6.5Eý3 6.2E-03 

BWR GE 9x9-2 Accident 41-9E.703 5.JE-013 2,21E-03

Table 4.3-4 PWR and BWR Containment Parameters - Accident Conditions

Note: 100 % of the fuel rods are postulated to fail in the accident condition.

4.3-5

Crud 
Surface Containment Capillary Capillary Upstream Gas 

Assembly Activity Free Volume Length Diameter Pressure Temperature 
Type (Ci/cm2) (cm3) (cm) W__m) a (K) 

B&W 

15x15 7.3E-5 6.7E+6 0.287 lI7E-3 5.72 582 

GE 

9x9-2 6.5E4 6.4E+6 0.287 I.TE-3 3.91 ý42
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4.5.1 Containment Evaluation for Site Specific Contents 

4.5.1.1 Containment Evaluation for Maine Yankee Contents 

Pressure and radionuclide content of the Maine Yankee 14x14 fuel assemblies are bounded by 

the larger B&W 15x15 assembly employed in the containment evaluations presented in Sections 

4.2 and 4.3. The larger fission mass of the B&W assembly produces higher fission gas 

inventories for a fixed burnup. The Maine Yankee fuel assemblies, with non-fuel components or 

in consolidated or damaged form (uP.to four consolidated or damagedassemblies per canister) 

displaces less free volume than the B&W fuel assembly forming the design basis for the 

containment analysis, and, therefore, reslults in lower pressures at a fixed decay heat.  

Maine Yankee fuel with up to 50,000 MWD/MTU may be loaded in the transportable _storage 

canister. ISG-15 requires a containment evaluation Assuming 50% failure of high, bumup, fuel 

with an oxide layer thickness above 70 microns. ISG-15 also requires that fuel assemblies with 

more than 3% of rods with an oxide layer over 70 microns are considered as damaged and will, 

therefore, be placed in a damaged fuel can. High burnup fuel must be loaded in the o0uter fuel 

loading positions of the basket. The PWR basket has 24 fuel loading positions, including 12 

outer positions.  

The PWR containment analysis in Section 4.2.1 assumes 4 PWR (high bumup) fuel assemblies 

failing at 100%, 8 high burnup fuel assemblies failing at 4.5% (3% standard failure fraction plus 

50% of the 3% high burnup rods), and the remaining 12 assemblies failing at 3%. This results in 

20% of the fuel rods failing in normal conditions and bounds the presence ofI four damaged futel 

cans in the basket. The PWR leak rate calculation is based on the higher failure fraction.

4.5.1-1
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enrichment fuel which may achieve this burnup, the design basis PWR source terms are 

calculated with an initial enrichment of 3.7 wt % 235U. This assumption produces a neutron 

source 29% higher than that obtained by assuming 4.2 wt % 235U initial enrichment. Assembly 

power density and cycle parameters are selected such that the assembly is activated at a power 

level 10% greater than a typical PWR assembly to allow for assembly power peaking during core 

residence. This treatment results in conservatively higher source rates due to enhanced actinide 

production and a shorter activation period.  

Source term spectra and source region elevations are determined for the following four major 

PWR fuel assembly types (see Table 5.2-1): 

"* Westinghouse 15x15 Std Class 1 

"* Westinghouse 17x17 Std Class 1 

"* Babcock & Wilcox 15x15 Mark B Class 2 

"* Combustion Engineering 16x16 System 80 Class 3 

These assembly types produce the limiting source terms. These assembly types are referred to in 

this report by the abbreviated names given in Table 5.2-1. Fuel assembly physical characteristics 

are given in Table 5.2-2, and hardware masses are given in Table 5.2-3. The results of the source 

term analysis for the fuel types given here are summarized in Table 5.2-4. Fuel assembly 

activated hardware source terms are shown in Table 5.2-5. These non-fuel source terms are 

determined on the basis of the hardware source per kilogram given in Table 5.2-4 and the 

hardware masses given in Table 5.2-3. The hardware activation is based on a stainless steel Type 

304 composition with an assumed 59Co impurity level of 1.2 g/kg.  

In order to account for spectral differences in the activating neutron flux, a flux ratio of 0.2 is 

applied to hardware regions directly adjacent to the active core region, e.g., the lower end-fitting 

and upper plenum. A flux ratio of 0.1 is applied to the upper end-fitting region, except for the 

CE 16x16 upper end-fitting for which a 0.05 flux ratio is used. The lower end fitting region in 

the B&W fuel assembly model uses a 0. 1 flux ratio since the model explicitly includes a lower 

plenum region adjacent to the fuel region. The ORIGEN-S code is used directly to calculate 

hardware activation spectra by activating the fuel assembly components in the SAS2H-calculated 

flux spectrum for each assembly type. 'The -effects of, ,,, ax:k fusd . U6 

variation on hardwre aion•vstiffiSate-bi u Tqti
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BWR Fuel Assembly Descrintions

The Universal Transport Cask can transport up to 56 intact BWR fuel assemblies. BWR fuel is 
analyzed on the basis of an initial enrichment of 3.25 wt % 235U, 40,000 MWD/MTU burnup, 
and a post irradiation cooling time of 10 years. Assembly power density and cycle parameters 
are selected such that the assembly is activated at a power level 10% greater than a typical BWR 
assembly to allow for assembly power peaking during core residence. This treatment results in 
conservatively higher source rates due to enhanced actinide production and a shorter activation 
period.  

Source term spectra and source region elevations are determined for the following major BWR 
fuel assembly types (see Table 5.2-1):

* GE 7x7 BWRP2-3 Reactor Type, 
* GE 8x8 BWRP2-3 Reactor Type, 

* GE 8x8 BWR/2-3 Reactor Type, 

* GE 7x7 BWRP4-6 Reactor Type, 

* GE 8x8 BWRP4-6 Reactor Type, 

* GE 8x8 BWR/4-6 Reactor Type, 

* GE 9x9 BWR/4-6 Reactor Type,

Version GE-2b 

Version GE-5, 2 water holes 

Version GE-10, 1 large water hole 

Version GE-2 

Version GE-5, 2 water holes 

Version GE-10, 1 large water hole 

Version GE-11, 2 water holes, 79 fuel

Class 4 

Class 4 

Class 4 

Class 5 

Class 5 

Class 5 

rods Class 5

These assembly types are referred to in this report by the abbreviated names given in Table 5.2-1.  
The physical characteristics of the two classes of BWR fuel are given in Table 5.2-6 and Table 
5.2-7. For fuel assemblies with a burnup of 40,000 MWD/MTU, the fuel requires a minimum of 
10 years of cooling after discharge to meet the neutron and gamma source values, and the decay 
heat values specified in Table 5.2-8 and Table 5.2-9. The GE BWR/2-3 8x8 fuel assembly 
designs are analyzed on the basis of a 144 in. active fuel length in order to provide a consistent 
basis for comparison with the other BWR/2-3 fuel assembly designs. The GE-2b version of the 
GE BWR/2-3 7x7 fuel assembly is selected over the older GE-2a design since it has been 
discharged more recently, although the GE-2a assembly has a marginally higher (0.4%) initial 
heavy metal loading.

5.2-4
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5.4.3.1 MethodolOgy 

The loading,, tablel . analysis extends the appjicablity-f of the ini ti al 1y 1 -" I ear cooled I , .  

MWD/MTU PWR and 40,000 Nv /MTU BWR.shieldingdesign 2bassevaluat•on a by proyi_.ng 

minimum cool times for 30,000 MraDnMTUto 45,000 loDaMWbrned fuel assemblies in 

increments qf 5,000 MWD/MTU. In addition to the-blumup range theW loadingtableevaluation 

also includes minimum initial enrichment limits ranging from 1.9 to 3,7.wt % V', "in-0.2 

wt % 2 15U increments. Changes in the i nitial enrichment can have a substan -tial impact on .t.he 

actinide neutropnsource of the spent nuclear fuel andjthereby, modifies the minimum cool times 

required to meet the decay heat and dose rate limits imposed on the transport cask.  

The fuel types analyzed in the loading table analysis include the candidate design basis fuel 

assemblies listed in Section 5.1,1i Note that the analysis of BWR fuel types considers only the 

longer BWR-4/6 type fuel, which bound the shorter BWR-2/3 type fuels, 

A complete set of source spectra and decay heat values for this set of itingassemblies is then 

computed using theý SAS2H [4] code at various initial enrichment, bumup...ad- cool times 

representative of the fuel intended for shipment in the .. MS Transport.Cask 

Next, the cool time required for each fuel tye, initial enrichment,' and bnnup '6ombinatibh tP 

meet limiting values of decay heat and dose rate is determined.- The. decay heat limits -are- set 

based on the c6ol-time dependent decay heat limits established in Section. 3.4.6, as shown, in 

Table, 3.4-8. -The dose rate limits are established based on a one-dimensional ana-isis of, the 

Transport Cask containing the designiSWR and BR fuels under boWth normal and acciden 

conditions.  

miiti tcoo tie id 

summarized by identifying the most limiting fuel type within each array size classification, his 
array size. classification is intended,: tosimplify. the - application of the loading jablqs in 

determining the suitability of a particular fuel for shipment without need for. Adtailedana•ts.a'I 

The SCALE comp--u'ter code'syVs-tei'ri"is;se alute ra sýton urce term sandjp~efr~' 
,dimensional-hedhp cacult -sSou terms', are, evaliie u figs d 

provides a sinmplified.interfac~ tote -,tGEN£S-co€e , urn 'd 

Processing. Source. spectra atadditi onal -.coo, .•:y-. "& 
ORGN-Pode'. 'The -SASJ code, s'eq~qpnceju's iSUd tdceennjiýýim'-'s
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gjne-diniensionialtransiport code. ~Al SCALE ls'soe co.~e 

grqupjipirary 

The key analytical assumnptio' ade in ths aayisiis th.v _toethian-ies~a 
dloserate com asons to'cnl9 in -aot te s fa6ifeld in h-vcniyoteak This' 

ýini upre by'the folo~wing: 

1. The geornetryof th caksse seswilyh aergrdless of the 
fuel type loaded._Thi.js Patclrtue-Oii h d s tn~g effect on 
dose rate of the cas shednmtrasaecisdrd Pos-siýb concWm 

about anunaoab ety,(. a fuelassembly endfittin~g adaccia 
to an area of mrfinimal forea I pccu ic i ua fe ssebI 

,have been, .considered -both ik~ii i he des ,im'of~the. systeman 
directly in the three. dimiensio~al- shieldingaanalyse coduc~ted for :he 
design basis- fuels.  

2. The one-d'ime-nsioniat radialJ doe ae sdfrte

themselves acuaepeitoso culds rates.ý,fihe rtoW,-Lth 

implicit in a one-dimnension~al cuaii sv ssupo 
further justified b~sed on the rsIts'o a treejý-a verificatjh 

Furthermore, the one-clirensinijal. doe-aecma~q aemd n'hfai fueljre 
sources alone. This analy~i s neid4~&~j cosdr ~the a tof re aion tF 'eteeJ L 
enrichment an uu n ciievoutoi h~cie ,r 0ý., jýtredm ~s a 
shielding clulat~ion eomdfftejrn tQKjqpt ~ aiu ~~gn 
end-fitting, hardware de&scniptios all assmblies intended for siiiprqcq~nt~~the UMS sysýi 

Hfence, the non-fuel soreTgoshv alreadj beenV'considered to the* 'maximum , exteadi 
is onfly necess arytodeOnstrt tat the'i -e:; 'i-ý 

radial cae Sic no asPe ý ~'It~l~~qqtiý'h qynX e -m 3s"1
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reasonable to exp t the:ai~ ~4pse cotiuingLayo~~q~yw 

radial contribution.  

SAS2H runs are executed for each. assemblyjtypp at t olwn obntofs burnup, initial 

enrichment, and cool time: 

Burnup: 30,35,40,45 GWD/MTUJ 

Enrichment: 1.9, 1 2.1,2.3,2.5, 2.7,2. 9,3. 1,3-3,3 3.5, 3.7 w t .1 % 35U.  

Cool Time: 5, 6,7, 8,9, 10,12 , 14, 16, 18,20,22,24,26, 28, 30; 3 5,40 

Final cool times are established by interpolating between results calculated for each cooltnime 

listed above. This interpolation procedure is conservative due to the exponentially decreasin.  

behavior of decay heat and radiation source rates with time. The maximum coIo time .(that i ;e 

cool time which ensures alI constraints are met) is always rounded up to the next whole., y 

The various combinations~ of enrichment adbrushwaovdeiea discrete Meoý_f 

possible combinations. When considering the required cool tme-.,. p r cu.arsem -,y.t e_ 

actual enrichment of the assembly should be rounded down to the nxt lower analyzedyaju ,nd 

the assembly burnup should be rounded up. to the next higher analyzed value in'order to esure 

that a conservative value is obtained from the loading table.  

5.4.3.2 Limting Dieay Heat and Dose Rate Values 

The decay heat, limits applied in -the analysis are the C0o01tilne depen•nen.tdecay.heat imints 

established in Section 3.4.6 based on clad tem erature limits as a function of fuelncool tine2 

The maximum allowable heat load, or: decay heat limit as used-in the context of this chapter 

based on the .more: limiting of (1)'cladding. stress and temper.atqr limited heat loads and(-2)_the 

overall maximum' lecay jh<eatlimit of 4-20AkW.(.).r6 k]R qr(BW1) Details of this anas ys 

are presented in Section 3.4.6.  

Decay heqatlimits for fuel burn&1tb less ' n5GD J~~~~h~ n~~34 
F.or the minimumm ucooling tie •ca!ua.on e ehtha eatOm _ 

co aserva t e o ly cla7 i s-t res , r 'hehavdt loaf ' ia 

s-d c _4~l st~ress an~d.pe5r vl isbased on the ro ad

5.4-7
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liimit's.  

TransportCask one-diensintj ail &dos&ýrae ~ de 

descritons.The. SAS 1'gqqMeia1 modelsare* describe inSec~o __1 Te osarte lunits 
are established based on th coputeddose rate from fel rein surces~ t kn a~t aditne2 
from-the e~dge of a 124 in. wide rala 374 mf~.tecs xa etrie.Tersli 
on'e-di m-ensio~nal, dcose rate limit's 'are'6.7 1 _` -m- e~ fo~r__ ...W, R f~uelsand 4*.53 mrem-./hr for BWR 
fuels.  

lower than, regulatory -limits,, e approach ofýaii h oert iisooedrejj 
models of these dlesig-n bai asmje suncsa~vcnevtv.Ised, i 
dimensional cdose rate limit of 600 mienmfhr at I mter rmth rnpotCs is qempjqy~fiq 

the accident condition dose, rate limit., This __value ___________b 

analyses of selected ful unp n nihetcssa h.dcy ierslti-fon h 
@anavsis. The results indiat tha the 60 rmh ii ss~'jn oesr th 1 1ac ee 

__ nioal6mputed. dose rates baej~ h~ vi~t~f Q~nh 

fro th ask.  

itis n'o't the inen to'cqp -dimensional d~i r~tv.ihth he
de sign basisj'alues._Instead fif -liesonldsefrtscopt or ea c ue~ cobnto 

are, c-oimpared wyith, the. co~rre~spondin one_ dimensi onal dose rate ,s evaluiated fýor-the cleignbai 
PWR and B'WR fuel descriptions h~e d~e'tai-le'd"t-hrýe-e,--ý~---~-,- ~ nafa~aysis- of he"d 

fiuelsý shows.' that' these''fes inr6egul '-a-t~or-y -li-~s,--Aece'te n-lmninlcoere 
evaluated for, theds f-ýTr; usea the b s1soi c o inp son s~pja ý verifie ~~~~~ ~ o pe-o eetdfulcmiaiA~ dqjieJ by OrforningdetailedJthee-im&xsi- aan1 s 'eetd ~ obnain7t 
cool time indicated by that t~pdi ab !gg fue dos 

5 .4.3,.3 Cool Time Dete on 

sThaeg t us -to_ oeem16lrdt19,~I~~iej ' " f ti
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5.5.1 Site Specific Contents Shielding Evaluations 

This section describes fuel assembly characteristics and configurations, or waste configurations, 

which are unique to specific reactor sites. These site s ecific content configurations result from 

conditions that occurred during reactor operations, participation in research and development 

programs, testing programs intended to improve reactor operations, and from decommissioning 

activities.  

Site specific fuel assembly configurations are either shown to be bounded by the analysis of the 

standard design basis fuel assembly configuration of the same type (PWR or BWR). or are shown 

to be acceptable contents by specific evaluation of the configuration.  

5.5.1.1 Maine Yankee Site Specific Spent Fuel 

This analysis considers both assembly fuel sources and sources from activated non-fuel material 

such as control element assemblies (CEA), in-core instrument (IC!) thimbles, and fuel assemblies 

containing activated stainless steel replacement (SSR)rods.ý It also considers the consolidated 

fuel present in the Maine Yankee spent fuel inventory.  

The Maine Yankee 'spent fuel inventory also ''ontains fuel assemblies -with hollow zirconium 

rods, removed fuel rods, axial blankets, poison rods, variable radial enrichment, and low enriched 

substitute rods. These components do not result in additional sources to be considered in 

shielding evaluations and are, therefore, enveloped by the standard fuel assembly evaluation., For 

shielding considerations of the variably enriched rods. the planar-average enrichment should be 

employed in determining minimum Cool times.  

5.5.1.1.1 Fuel Source Term Description 

Maine Yankee utilized 14x14 array size fuel. based on designs provided. by Combustion 

Engineering, Westinghouse, and Exxon Nuclear. - The previously analyzed Combustion 

Enigin Ieering CE14x14 Stan~dard fuetl'design ,is selected as, the dslign _.asis *for this afanjys 

because its potential Uranium loading is the highest of the three vendor fuel types based on a 

0.3765-inch nominal fuel -pellet diameter, ai 37 inch active fuel length,, and a 95%.theoretical 

fuel density! This results in a fuel mass of 0.307 MTU., This exceeds the maximum reporte 

Maine Yankee fuel mass of 0.397 MTU, and therefore, _produces bo.uonding source terms. The

5.51"I- 1
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SAS2H model of the CE14xI4_assejbly at a nominal bqjpfi45-Q jn 

enrichment of 3.7 wt% based on data provided in Table 4Ai~shqoWn inJj 05 1. 17-1, 

Source terms for various~ comb ~nations of- bqqpadJqi~Lnkie dsusdi et 
5.,4,.3.1ar computd y adjusting th SS2H~ BUNDrme o h desired unu and 
specifying the initial enrichment in the Material In nProcssriUt frj z Fo2 r Maine 
Y~ankee CE 14 x 14 fue1 the burnu isicesd to 50, 00 -0TJJ 

5.5.1.1. ,1.1 Control Element Assemblies (CEA) 

For the CEA evaluation, the assumptions are: 
1. The irradiated portioniof the CEA asembr __ed_ Aipst"'g 

Y_ is hited__tothel Atp~a,,Un 

normal operation, the, elements are retracte rom the core, and pnly2 th& tipD re 
subject to significant neutron flux.  

2. The CEA, tips are defined as. that portion p~resent in the "Gas--fenurn" neutron soqiq 

region in the Characteristics Database (CDj-B)) [9].  

3. Material subject to activation in the Cptr is limited tg• tileEss steel aIconnld 
the AgInCd absorber material present in the 1qwe~rei~ht inc. es-of tli& 'CE3A.  

4. All-stainless steel and Inconel m-a-teriial is -a-ss~u"m-ed -Iýtq ýaývý-ý-'-o''c7~-tr--o'-f 1~i 
59 -Co. The CDB indicates that- to~tal of 2.495 kRCE of this materiapl is itjenv 
the. Gas Plenumn region_ of the. core during, operation'.  

5. The mass of Aglný7_d present in. each ý.EA OP, is 2.7~67 ý kgCE4q heýgn& 
material is modeled as 80 wt. % Ag15.35wt. % Inand 5.35 wt.% Cd. Note that the 
composition gums toQ a value greater., tIthan 1009' buthi only me sI-that 
conservativel Y more hiass, is represented than is actually presejt.  

6. the" irradiated CEA mat'erial .is assumed, tob'rsn nte tmeg 
the active fuel region when inserted in'the'assembly 

7. The decay heatgenerated in.the most limiting CEA at a 5-ygar. coo0ltime is 2.16 wUg 
of stainless steel or Inconel and 3.11 Wi -of AgCd., ora a l•• wit 
fuel assemblies containinga design basis CEs,ýh adtoa 
the CEQAs, afi 

This-auj cosr t e~ on ~p o5 j 
bonsideredd tli _r _low" 

a sfor thýft~ýdi-ý etgk
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connected by solid steel connector rods. No exicitsouren analys conuctefor the 

consolidated fuej lattices. ~emselves, instead'. an-a~lysis-is presetesbase4,&the source' term 

computed for the fuel assenblies from which the contnts are derived.  

5.5.1.1.2 Model Specification 

The one-, and three-dimensional models described in S..Sction', 5.3 areerployed.in this analysis.  

No modifications are required to the models except, for,,the'. substitution,. ofx 1CEJ.1 4 

homogenized source descriptions. These homogenizations are shown in Tables 5.5.1.1-7 through 

5.5.1.1-9.  

5.5.1.1.3 Shielding Evaluation 

The shielding evaluation consists of a Ioading .tablean al ysi .1 of -ethe C E 14 .x 14 lj igntA 

methodology developed in Section 5.4.3. Fuel assemblies "which. includeognl-.lihardwafe are 

addressed explicitly. The results of the analysis are loading tables which give the reqtired cool 

time for a particular fuel configuration.  

No restrictions are placed on the loading locations for any of the non-fuel assembly hardware 

components. This implies that a canister may contain up to 24 CEAs24I thi••es,•••i24 

steel substitute rod assemblies or any combination therefore .as long as,the _most linmting .0ool 

time is selected -for any of the components in the, canister.r.,:The onlyr, retfictionjs ij ty., 

specialty, hardware components.,may be' loaded in te, same-basket locains,-,u e tophysikil 

constraints himblesand A cannot be locatedinthesame*assem Neither Q or 

ICI thimbles may be placed into an assembly containing steel substitute rods.  

5.5.1.1.4 Standard Fuel Source Term and Loading Table Analysis 

Initial results are, obtained for, CE. 14.x 14. fuel with no.additionalnon-fuel material included fr 

bumtups up to 50,000, MWD/MTNffU. The results are obtained follopjwing the.ý ad•ing tablieanaysis 

methodology i CE -in* .4i at var comiK, ,iati}of 

initial enrcmn an Lu1p1~& opt~sn ecij 

Sectilon.5.5.11.1.1.
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_g~a.oNo~~ 4rgm t qi etin54a.oem 

arp~omefrE4x4 lrei c~s7 at.,y ijs4co6 iiations o initialnihctrimnet, 
.77" 

bumup, and cool time. The resunt:ig dose rate and s 
the cool time required for each cm bination ofenriYchiht andb nDto d b w 6 

bbaisliitngvalues of dose and heatg~rationrate.  

The resultind g loadingtable for C1XW wit adionlofueiaterial is shown in 

~me so a ....... of'ý-u'- ifpr.q J ••en4s.L.c9 
Sg,:~~~.R _a, QT.qg~q4_t2.  

cornbi nat .ion~s.obtained frmte I.- T able"5{ 

5.5.5j.1.4.1 Control Element As-semblies (CEA) 

The result of the CEA analysis ~is aset of lading tables fo an ak' fe~~igAýO 
time required for a fuel assemblyw a efiedbuxupnd el-rtodu 

to contain a design g basis Cesttsotime of 5 J 151or yeanster 
Class 2 aitrwt oCAiieq,, e ý~trqqiiaii ~anscs~ppq he 
geometry difference b Class 1 neiders n uel,'ýsscnis co1id't 
will be loaded into Class 2 can~isters, hich are~slightV gx lii the Clas~sIcaisesuse2drf 
bare fuel assemnblies, The additinal-I ghj~s requied tq the CE~hihi 

inserted in the top of the fuel'asselbIy.  

-ýaha is to copt ona ~ 

~~~~ismnst t............ dsahset 0fmain ale 

dose at limiting f romý 
have. decayed adequately to cover. the effect of the.  

resp, ons -:. et-o.pm: r-.  
containment. -,The adjusmh 6&erinined 'on th.e, basis: q a conservative'ýq co~ iof 

thre-drnesin~lshildng naysis esuls, for the original Cass I canister containingCE14 
fuel assemblies and the Class 2 caniter contaiffnm either no __A or C~ oldt ,_0 5 
or 20years. Results for Ch, i han2 .0 ykqsae hpjuiied 6r the 20. ye7 #i'e~ 

5.51'. 1 .4. 1.1f Etablishiient off""tin Values 

Sinc~e.teadiinl-ciaenaei n r K lset~ 

here is not sensitive tote ioq5L t 

response fromt fuel reiq-ýtqs 4acutote'diinl re l
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dimensional no~r-mal c-o-ndit~io-n-sdo-se riat-e limint is adju's'ted.by an' am t which ensures that the 

contribution from the additional activated material is bounded.  

By adjusting the one-dimensional dose rate limit, we reqei: ,uthe!i.e1 t.o cool Jpgei tq a pto, t 

where the decrease in fuel region dose rate matches the increased dose rate due to the additional 

CEA material. Hence, it is necessary to determine the amount by which the dose rate increases 

as a result of the added material. A one-dimensional calculation of this additional dos~erate is not 

reasonable dule to-the geometry of th~e CEA source region.- One-dimensional buckling corrections 

are inaccurate for a cylindrical source where- the-ratio-pf heiglto-diameteypf the source s.Jess 

than unity, as is the case here.  

Instead, the additional contribution to dlose rate due tothe activated ais computed by a 

detailed three-dimensional shielding model. The model is based on the three-dinsnal 

models described in Section 5.3. However, the fuel is modeled in a Class 2 canister since•that 

canister will be used to ship CEA-bearing assemblies. The geometric implJcatig•nothe•Ceiass42 

canister is that with a shorter canister-spacer employed, the-.endj•dfitting sourceA r i 

located at a lower axial position than it would be for the Class 1 canister. This moves the source 

region closer to a point of minimal shielding.  

The three-dimensional shielding evaluation is conducted for t:he CE•14 x, -1.- fuel at a-Jourp.41) of 

45,000 MWD/MTU and initial enrichment of 3.7 wt % for consistency with the designx baisf• u el 

evaluated in Section 5.4.2., According to the cool time analysis conducted for.CE 14x j4• 1el 

with no additional non-fuelmaterial in Section 5.5.11.4 this fuel -will require 9-years cool time 

before it is a IccIe Iptable -for shipment in the U MS transport cask. H~en ce, the,97year ,c~ooled CE 14 

x 14 at 45,000 MW 1 and 3.7 wt % initial enrichment provides the base case for the dose 

rate limit adjustment calculation. This case is referred to as the Class 1 case below.  

Additi~onal-tlhree-di~men'si~onal models are defined based on the base case fulcnitAýq 

Clas's .2 canister aneithier.containing, a.design basisCEA assumed, 10 be" colr o 

20 years or c~ontaining no CEA at all1 (NoCEA case below)., Ths atr oý aAn 

because thle, slight, geom~etry difference-btwe Class T. ad-CJa~ss- cZ nig ster.- h rdpýý to 
axial, or~'lcainj!qý ~- j~ýurýdndfct ; -P , cool, Co~y joI 

CEA containing 'sWembli-shen loaded in thee•Cass-2 -c-nin &ii here,

considers the dose rate impact of lotWJ) the 

canisters and 2) the additional source due to 4*cti0,aA~ CEaý4'rd
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51.5j.- 1.4,t.2 CEA Source C,~r

For the Cia 2 ; 

spcrae s ocw~nin Table.5.5.1.12.

5.5.1.1.4.1.3 Thre-Dien-ionl MdelResults

Table 5.5.1.1-11 gives the three-dimensional UMTrans~p6rt bottom. mnodel re1utsfoeachcae 

Only the bottom Mfodel is conisi~dere bei~ te tp mdelisnot sensitivke. to chage int' 
CEA'description. The Ratio colum shw f htbe ie h ai ewe'' aecs 

maximum 2m+Railear dose raeadthey4 NaLecpted foreach reaining EA cae.  
quantityis used to scale the 6ne-dirniensional dcigirJbasis nioracodtns dos it~e-likitof 
6.71 mrem/hr in ordeto-termieatodifed 'mteJ ale api calt aq-E : 
the -resulting dose rate limits are sh (wn in th L n ",ounof the table.

5.5. 1.1.4.1.4 Decay Heat Limits

As __ i S~n5~51.L1. ,theadiii~ assoiat 4ith a fuiicask of C 
is conservatively taken hs030M s.ý hs dtoa eat load is'"accounted for by-~j -a 
the fuelIassembly jdeca~y beathin-'iit by -hfs- mont -i.

I1 ..14.15 Loading Table Analysis

jhqle~adjusted on-duni os eAnd ea ieneation rat limits estabjishie al~oe. the 
lN19o,,ad leganalyis1r&edsfal~owdiLniceb-2.TIZ th, ehiio(,' Pýi'Sqi 
gqpnbinatioiin of initial _6chin ~ [it and to erintin te miiu uirj 

co ime in ordero an am baisCEAX~ -I0--' 
yjr ortn U _, TeresultIng col!iC"
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Isotopic Compositions of Maine Yankee CE14x 14 Canister, Annular Region 

Materials (One-Dimensional Analys•s sQnly)

Fuel Upper Plenum Upper End Fit Lower End Fit 

Annulus Annulus Annulus Annulus 

Isotope [atom/b-cm] [atom/b-cm] [atom/b-cm] [atom/b-cm] 

ALUMINUM 5.96817E-03 

CHIRO0Ium(SS304) 1.77895E-03 9..31065E-04 2.53529E-03 4.:13797E-03 

MANGANESE 1.77228E-04 9.27577E-05 2.52579E-04 4.12247E-04 

IRON(SS304) 6.05870E-03 3.17IOE-03 8.63463E-03 1.40930E-02 

NICKEL(SS304) 7.88057E-04 4.12453E-04 1.12311E-03 1.83308E-03 

Table 5.5.1.1-10 LoadingTable for Maine Yankee CE14xL4 Fuel with No Non-FuelMaterial

Required Cool Time in Years Before Assembly is Acceptable

'.'5.1 -19

Loading Table for CE14x14 Fuel with NoNon-Standard Fuel Material

Enrichment Burnup (B) [GW/MTU] 

[wt%] B_<30 30 <B •_35 35<B _<40 40 <B •45 45<B•50 

9.19• E <2.1 6 years 8.years I Iyears 18 years 27 years 

2.13• E <2.3 6 yearS 7 years 10 years 15 years 24 years 

2.3 : E < 2.5 6 years 7 years 9 years 14 years 221 years 
2.5:5E <2.7 6 years 7 years 9 years .12 years j 9 years 

2.7 _ E < 2.9 6 years 6 years 8 years 1 years 17 years 

2.9 <E < 3.1 5 years 6 years 8•years 10 years 155years 

3.1:• E < 3.3 5 years 6years 7 years i0 years iffyears 
3.3 E < 3.5 5 years 6yeas 7 years 9.yes 15 yea 

3.•E37 yar years 7years 9 years 154years 

3.••. years k years 7 years 9 years l-years
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Table 5.5.1.1-11 Three-DimensionalShielding Anýaysis Results fo arious Maine, Yakee fo.a~ Manefso 
CEA Conifigurations-Estaiblishinig One-Dimensional Dose Rate Limits, for 

Loading Table An~alysis

5.5.1-20

CEA Cool Time Dose Rate Ratio Limit 

[y] [mrem/hr] FSD [%] [remhr] 

Class 1 Result 7.70 0.72% - 6.71 

NoCea 7.92 0.63% 97.2% 6.53 

5y 9.41 0.55% 81.9% 5.49 

iby 8.53 0.59% 90.3% 6.06 

15y 8.22 0.60% 93.6% 6,28 

20y 8.08 0.61% 95.3% 6.39
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Table 6.2-2 BWR Fuel Assembly Characteristics (Zirc-2 Clad)

No ofAc~tive 
Ful auel el~th Rod Dija Cladjic Pellet Length 
C0ass Venor A rray Version MT kods OW) ___ (in) IEia (in) ijn) 

4 E5 x/ANF 7 X7 .GE 0.90 48 0.738 0.570 I0.036 0.490 144 
4 E-x/ANF 8 X8 IP3 0.1764 63 0.641 0.484 0.3 .05 145.2 
4 Ex/ANF 9 X9 T:-3 0.1722 79 0.572 0.424 0 3 0.13565 145.2 

4 GE 7 X7 GE-2a 0.1985 49 0.738 0.570 0.03 6 0,4 144 
4 GE 7 X 7 GEý-2b 0.1977 49 0.738 0.563 P.03; 0.487 _144 
4 GE 7 X7 GE-3 0.1896 49 0.738 0.563 0.037 0.477 1.44 
4 GE 8 X 8 GE-4 0.18.55 63 0.640 0.1493 0.0_34 0.416 14 

4 GE 8 X 8 GE-S 0.178~8 62 0.640 0.483 0 ,02 0410 !14" 
4 GIE 8 X 8 GE-6_(prep) 0.1788 62 0.640 0.483 0.032 .1 45.  

4 QGE X 8 GE-7 (barr) 0.1788 62 0. 6_40 0.483 0.032 0.4ý10 145.2 
4 GE 8 X8 GE-8 0.1730 160 0.4 4 0'.'032 Q49 152' 
4 GE 8 X8 GE-10 0.1730 60 060 0,484 .32 0410 4521) 

5ý6) Ex/ANF 8 X8 Rý-4,5 0.1793 02 0.641 0.84 0.036 0.404_5 15_0 
5 Ex/ANF 9 X9 1 P.4,5 0.177 79 0572 0.424 0.03 0.3565 1.5-0 
5 Ex/ANE 9 X9 JP-4,5 J0.16 7,4_ 0.572 0.424 _0.035 0.3565 L_ 

5 GE 7X)~7 GE-2 0.1I'f7 49- 0-7ý~ 9_0.6 0O03 0.487 14 
5 GE 7XN7 9E-3a 0.1896 42 0- L3ý b,_56g OL3 0.477 

5 E 7 X.7 GE-3 0.19232 409 ,0738 0.5ý63 -EP-37 0. 4 72 
5 GE 8 X 8 6E-4' QtI85 63 Q4 4 93 046 4 

I. GEa _5, 8 G4b Q 80 03 _64_0 0-49_3 0.0-34 0-416 L44j 
5 GE 8 X8 GE..b Q. 187 6 .60 043 .3 47_ 5.  

5 GE .8,X 8 GEK(rep 0.1847 62 0.640 LQ~ .32 0.40 LO 

5 PE 8 X.8 GE:7(Tbarr) 0.1447 62 0.6-4-0 O.43 0.02 0M1A i~9 
QF &EY,'X8 GE- 7 0 .1787 6 0.4 0484 002 PA 5~2 

5-E9X9 GE-11 0.15 -4 0.566 Q4_4 _ýQ8 0,376 5p4 

_ E 9 X 1ýI 9 G- .9 7 ,9 0 .566 0.44 P.028 0.376 i0 

&Otes 1.i6nik n at ural ua-1 u blnesoTp db tom.  
2. 1 laiqge water hole - 3. cm iO iith ess.  
3.2 Larce water holes oapY11ng ijýi'jd locatio~ns cZ5,cm 1pjLýk cmn thickness.  
.4. Sho,-rtened ctive fuel Jjghi o~os 

5.Class of fuel for BWR/2~j 
6. Class of fuel 6r BWR/'K
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Table 6.2-3 UMS® Transport Cask Top End Impact Bounding Fuel Dimensions 

UMS® Canister Class 1 2 3 4 5 

Vendor WE B&W CE E xIAN GE 

Array 15 x 15 15x15 16 x 16 9 x9 8x8 

Active Fuel Length (inch) 144 144 150 145.24 150 

Fuel Rod Height (inch) 152.756 53 125 161..168 , 155852 160.55 

Top End-Cap Height (inch) 0,685 0' 0.5 0,345 0.345 

Bottom End-Cap Height (inch) 0.685 01 0.891 0.355 0.625 
Lower Plenum Region Height (inch) 0 4.5625 0 0 0 

Fuel Assembly Height (inch) 160.1 165.625 176.803 17'129 176.1.6 

Lower Nozzle Height (inch) 2.738 2 3.812 6. 94 6.76 

Upper Nozzle Height (inch) 3.48 8.875 9.723 7.5 7.5 

Gap Fuel Rod To Bottom Nozzle (inch) 0 0 0 0 0 

Upper Plenum Region Height (inch) 5.01 4.5625 9.52 7 9.58 9.58 

Gap Fuel Rod To Top Nozzle (inch) 1.037 1.625 2.1 1 1.352.  

A portion of this end cap is hollow. The end cap height i s, therefore, conservatively set to zero.  
2 This value represents the thin portion of the top end cap that normally resides below the top tie plate.
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clad inner radius and increasing the clad outer radius, i.e. increasing clad thickness. Decreasing 

the pellet radius of the BWR fuel assembly was also determined to significantly decrease the 

reactivity. These results are expected, as these perturbations decrease the H/U ratio in the 

undermoderated fuel lattice. Additionally, varying the BWR water rod dimensions was 

determined to have an insignificant effect on the reactivity of the system . Therefore, these 

nominal dimension variations are not of concern with regard to the. criticality Isafety of the 

system.  

The following perturbations were determined to significantly increase the reactivity of both the 

PWR and BWR systems: increasing the clad inner radius and. decreasing the clad outer radius, 

i.e., decreasing clad thickness. Increasing the guide tube inner radius or decreasing the guide 

tube outer radius, both decreasing tube thickness, was determined to significantly increase the 

reactivity of the PWR systems. The increase in reactivity is due to the fact-that these 

perturbations increase the HfU ratio in the undermoderated fuel lattice.  

A slight increase in reactivity, 0.004 Ak, is also seen in the PWR system when decreasing the 

pellet diameter. This is due to flooding of the pellet-to-clad gap in the accident model,.which 

provides additional moderator to the lattice. Since 100% of clad failure is not expected curing 

normal or accident operating conditions, no lower-bound limit is-placed, o ,n :th•fuel pellet 

diameter.  

The effect on reactivity from perturbations in the nominal fuel dimensions requires the following 

limits on the fuel assembly lattice parameters in order to retain the maximum reactivity of the 

UMS system below existing design basis results: 

PWR 

a) Fuel Rod Diameter > Nominal Dimension 

b) Clad Thickness. > Nominal Dimension 

c) Fuel Rod Pitch <NominallDimension 

d) Guide Tube (instrument Tube) Thickness > Nominal Dimension 

e) Pellet Diameter < Nominal Dimension

6.4-17
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BWR 

a) Fuel Rod Diameter> Nominal Dimension 

b) Clad Thickness > Nominal Dimension 

c) Fuel Rod Pitch < Nominal Dimension 

d) Pellet Diameter < Nominal Dimension 

0.4.5 Evaluation of Transport Cask End Impact 

Evaluation of BWR System Top End Impact 

Axial shifting of the contents of the Transportable Storage Canister (TSC) occurs as a result of a top 
end impact load condition for the transport cask containing a loaded TSC. In this scenario of 
contents shifting, the fuel assembly and the basket are considered to be shifted upward to contact 
the canister lid. The distance between the canister lid and the neutron absorber sheets, which are 
attached to the fuel tubes, and the distance between the top of the fuel assembiy adthe active fuel 
region are required to establish the height of active fuel exposed beyond the neutron absorber for 
any given assembly. Exposure of the active fuel in any specific fuel type occurs if the minimum 
distance between the top of the assembly and the top of the active fuel region is less than the 
maximum distance from the canister lid to the top of the neutron absorber sheet. The.exposed fuel 
height evaluation is performed for each BWR fuel assembly type that is proposed to be loaded into 
the UMS® canister. The calculation is divided into three stages: calculation of the neutron absorber 
offset, determination of the active fuel offset, and calculation of the fuel exposure.  

In stage one, the maximum distance between the top of the neutron absorber sheet and the 
canister lid is determined for each UMS® BWR Canister class (Classes 4 and 5).-The maximum 

distance provides the greatest fuel exposure, when considering a shifted fuel assembly. This 
distance depends on the canister class"specific weldment, basket, tube and neutron absoiber 
lengths; the, relative location of the neutron absorber on the fuel tube;, ad tolerances associated 
with the basket components. The maximum distance for a BWR basket shifted to the canister lid 
is provided in Table 6.4-19.  

In the second stage of the analysis, the minimum distances between the canister lid and the fuel 
assembly, and between the top "of the fuel assembly -"and the-active fuel region are determinedi 'or 
each BWR fuel type. Since the fuel assembly is shifted to contact the canister lid, the distance 
between the lid and the fuel assemblyis. always zero.oT~he active fuel shiftingcondition inthefuel 
assembly assumes that:

6.4-18
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"BWR fuel rods are either tie rods connecting the top and bottom nozzles, or are rods 

manufactured with an external spring between the top of the fuel rod and the top nozzle tie 

plate. For this evaluation, all external springs are ignored. Therefore, all BWR fuel rods are 

allowed to shift axially into contact with the top tie plate.  
" Within BWR fuel rods, the fuel is assumed to shift upward into the plenum, region. Each 

plenum region contains a plenum spring. Detailed structural analyses have shown that during 

a 60g top end impact, the BWR plenum spring will compress and rebound 1.729 inches. The 

fuel material in the rods is assumed to shift and remain in contact with the compressed 

plenum spring. A review of plenum length and spring data for various rod designs indicates a 

minimum of 13% of the BWR plenum space is occupied by a solid height plenum spring.  

The final height of the plenum spring is calculated from the sum of the solid height of the 

spring and a spring rebound height of 1.729 inches.  

Detailed structural analyses of the BWR assembly have also shown that during a 60g top end 

impact, the lifting bail will deform. The maximum BWR bail deformation was calculated to 

be 2.371 inches.  

Therefore, spacing from the assembly top to the active fuel region is controlled by the top end
fitting height, the fuel rod end-plug height and the distance the active fuel moves intothe top 

plenum. In the case of BWR rods, the end-plug height includes only the portion of the plug 

below the tie plate when the fuel rod is shifted up. The distance between the top of the fuel 

assembly and the active fuel region for the bounding (minimum.offset) fuel types in each canister 

class is presented in Table 6.4-19. Also included in Table 6.4-19 is the Class 5 ExxonrANF 9x9 

assembly, since this assembly represents the maximum reactivity radial lattice geometry.  

In the third stage of the evaluation, the maximum active fuel exposure (or minimum coverage) 

for each fuel type is determined by simply subtracting the active fuel offset from the neutron 

absorber offset. A positive value indicates active fuel is exposed (i.e., neutron absorber does not 

cover the entire active fuel region).  

As shown in in Table 6.4-19, the maximum lengths of exposed BWR fuel result for the 

Exxon/ANF 9x9 and GE 8x8 BWR fuel assemblies at 4.312 inches. For further conservatism in 

the criticality analysis, the active fuel exposure length-is increased to 7.625 inches for BWR fuel 

assemblies.  

As previously mentioned, the maximum length ofexposed, fuel is-nrot 'obtained from the.BWR 

fuel assembly defined as having the maximum2reactivity in Section 6.4. The maximum reactivity
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BWR assembly documented in the SAR is the UMS® Class 5 Exxon/ANF 9x9 (79 fuel rod) 

assembly for BWR canisters. Therefore, rather than analyzing each fuel type with, its specific 

exposed fuel height, the evaluated exposed fuel height of 7.625 inches (BWR) is applied to the 

Class 5 Exxon/ANF 9x9 BWR assembly.  

To model the 7.625-inch exposed fuel length for the Class 5 Exx1onIANF 9 x 9 BWR fuel 

assembly criticality evaluation, a number of modifications are made to the nominal (unshifted) 

fuel and basket model.  

* Fuel assemblies are shifted to the canisterlid.  

* Fuel rods are spaced from the top tie plate by the external spring.  

* The active fuel is moved to the midpoint of the plenum.  
The top-nozzle height is reduced by 4.7 inches.  

* The BWR neutron absorber sheet is reduced by 3.009 inches.  

These model modifications produce a fuel exposure identical to that obtained by shifting the fuel 

in the rod until the plenum spring is compressed, by shifting the fuel rods axially against the top 
tie plate, by shifting the assembly and the basket axially against the canister lid, by reducing the 

bail height by 2.371 inches, and by reducing the neutron absorber (BORAL) height by 3.323 
inches. This neutron absorber height reduction is determined based on modeling the 7.625-inch 

fuel exposure versus the actual 4.302-inch fuel exposure of the Class 5 Exxon/!ANF 9x9 fuel 

assembly.  

Evaluation of PWR System Top End Impact 

Axial shifting of the contents of the Transportable Storage Canister (TSC) occurs as a result of a 

top end impact load condition for the transport cask containing a loaded TSC. In this scenario of 

contents shifting, the conservatively toleranced basket is assumed to remain in contact with the 
canister baseplate, while the fuel assembly is shifted up to contact the canister lid. The distance 

between the canister lid and the neutron absorber sheets, which are attached to the fuel tubes, and 
the distance between the top of the fuel assembly and the active fuel region are required to 

establish the height of active fuel exposed beyond the neutron absorber for any given, assembly.  

Exposure of the active fuel in any specific fuel type occurs if the mininum distance between the 

top of the assembly and the top of the active fuel region is less than the maximum distance from 

the canister lid to the top of the neutron absorber sheet. The exposed fuiel height evaluation•is 

performed for each PWR fuel assembly type that is proposed to be loaded into the UMS®
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canister. The calculation is divided into three stages: calculation of the neutron absorber offset, 

determination of the active fuel offset, and calculation of the fuel exposure.  

In stage one, the maximum distance between the top of the neutron absorber sheet and the 

canister lid is determined for each UMS® PWR canister class (Classes 1, 2, and 3 for PWR fuel 

assemblies). The maximum distance provides the greatest fuel exposure, when considering a 

shifted fuel assembly. This distance depends on the canister class specific weldment, basket, tube 

and neutron absorber lengths; the relative location of the neutron absorber on the fuel tube; and 

tolerances associated with the basket components. The maximum distances for a PWR basket at 

the bottom of the canister are provided in Table 6.4-19.  

In the second stage of the analysis, the minimum distances between the canister lid and the fuel 

assembly, and between the top of the fuel assembly and the active fuel region are determined for 

each PWR fuel type. Since the fuel assembly is shifted to contact the canister lid, the distance 

between the lid and the fuel assembly is always zero (no credit is taken for any offset produced 

by the PWR leaf springs). The active fuel shifting condition in the fuel assembly assumes that: 

"* In PWR fuel assemblies, where a space exists between the fuel rod end-cap and the end

fitting, the fuel rods are shifted within the grid until contact is made with the top end-fitting 

(zero gap).  
"* Within the PWR fuel rods, the fuel is assumed to shift upward into the plenum region. Each 

plenum region contains a spring, which will fully compress during an pupper end impact. The 

fuel material in the rods is assumed to shift and remain in contact with the fully compressed 
(solid height) plenum spring. A review of plenum length and spring data for various rod 

designs indicates a minimum of 31% of the PWR plenum space is occupied by a solid height 

plenum spring.  
"* Detailed structural analyses of the PWR assembly have shown that during a 60g top end 

impact, no significant damage to the top end-fitting (i.e., no height reduction), occurs.  

Therefore, spacing from the assembly top to the active fuel region is controlled by the end-fitting 

height, the fuel rod end-plug height and the distance the active fuel moves into the top plenum.  

The distance between the top of the fuel assembly and the active. fuel .region for the bounding 

(minimum offset) fuel types in each canister class is presented in Table 6.4-19•.Also included in 

Table 6.4-19 is the Westinghouse 17X17 OFA assembly, since this assembly represents the 

maximum reactivity radial lattice geometry.
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In the third stage of the evaluation, the maximum active fuel exposure (or minimum coYerage) 

for each fuel type is determined by simply subtracting the active fuel offset from the neutron 

absorber offset'. A positive value indicates active fuel is exposed (i.e., netron absorber does not 

cover the entire, active fuel region), while a negative value indicates full active fuel coverage And 

additional coverage to that extent.  

As. shown in Table 6.4-1.9, the maximum lengths of exposed PWR fuel result for the 
Westinghouse 15x15 PWR fuel assembly at 4.472 inches. For further conservatism ýin the 

criticality analysis, the active fuel -exposure length is increased to 4.52 inches for PWRfuel 

assemblies.  

As previously:mentioned, the maximum length of exposed fuel is not obtained from the PWR 
fuel assembly defined as having the maximum reactivityyin Section 64. The maximum reactivity 
PWR assembly documented in the SAR is the Westinghouse 17x17 OFA assembly for PWR 
canisters. Therefore, rather than analyzing each fuel type with its specific exposed fuel height, the 
evaluated exposed fuel height of 4.52 inches (PYR) is applied to the Westinghouse 17x17 OFA 

PWR assembly.  

To model the, 4.52-inch exposed fuel length for the Westinghouse 17x17 OFAPWR fuel 

assembly criticality evaluation, a number of modifications are made to the nominal (unshifted) 

fuel and basket model.  

* Fuel assemblies are shifted to the canister lid.  

* Fuel rods are shifted to the top end-fitting.  

* The active fuel is moved to the midpoint of the plenum.  

* The top end-fitting height is reduced by I inch.  

* The PWR neutron absorber sheet is reduced by 0.815 inch.  

These model modifications produce a fueliexposure identic al to that obtained b'y shifting the fuel 

in' the rod against the solid 'heiht plenum spring, by axial movement of the fuel rods and 
assembly, and a 0.626-inch, redulctioni in. neutron absorber,(B.OR ): _height. This :neutron 
absorber height reduction is determined based on modeling the 4.52-inch fuel exposure versus 

the actual 3.894-inch fuel exposure of the Westinghougse 17x17 OFA feelPAss§embly.
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Fuel Assembly Minimum Intact Hardware Dimension Limits 

Based on limiting the exposed height of active fuel to 4.52. inches for the PWR fuel assemblies 

and to 7.625 inches for the BWR fuel assemblies, intact fuel assembly hardware limits are 

defined to assure compliance with the safety basis of the analysis. These limits consider zero 

PWR top end-fitting deformation, 2.371 inches of BWR top end-fitting (lifting bail) deformation 

and a BWR plenum spring rebound height of 1.729 inches. The limits for each UMS® canister 

class containing PWR fuel are calculated by subtracting the height of exposed fuel, 4.52 inches, 

from the distance between the canister lid and the top of the neutron absorber. The limits for each 

UMS canister class containing BWR fuel are calculated by subtracting the sum of the height of 

exposed fuel, 7.625 inches, and the plenum spring rebound height, 1.729 inches, from the sum of 

the lifting bail deformation, 2.371 inches, and the distance between the canister lid and the top of 

the neutron absorber. These resulting limits are provided in Table 6.4-20.  

Each minimum axial assembly dimension is a generic limit that all fuel types in the respective 

fuel class shall meet. Compliance with these limits will ensure that the exposed fuel heights 

evaluated and found to result in a subcritical system will not be exceeded. For PWR fuel, the 

minimum intact assembly hardware dimension above the active fuel shall be calculated by 

summing the top end-fitting height, the top end cap height, and the solid height of the plenum 

spring. For BWR fuel, the minimum axial assembly dimension above the active fuel shall be 

calculated by summing the intact top end-fitting height, the portion of the top end-cap height 

below the tie plate when the fuel rod is shifted up, and the solid height of the plenum spring.  

Tolerances on these components shall be conservatively considered when calculating the subject 

dimension.  

Evaluation of Bottom End Axial Fuel Shifting 

Similar to the top end evaluation, a bounding hypothetical axial fuel-shifting condition is 

considered in which all of the fuel rods are shifted to the bottom of each assembly. For PWR 

fuel assemblies with a lower plenum, the fuel within every rod is assumed to shift downward to 

contact a fully compressed plenum spring. Each fuel assembly is assumed to remain in contact 

with the canister bottom plate. The basket dimensions used assume conservative tolerances, and 

the basket is conservatively assumed to be shifted upward to c.ontact the canister shield lid. This 

bounding axial shifting scen'0'r resulis in thýe maximum distance from te canister bottom plate 

to the lower end of the neutron absorber panels. For all UMS PWR canister classes, this 

distance is limited to 5.22 inches. For all UMS® BWR canister classes, the distance is limited to 

8.19 inches. However, all PWR and BWR fuel assembly types have rod bottom end caps, tie
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plates and/or components of the bottom end-fittingnozzle that will not, deform to a total height of 

less than 0.7 inches. "Consequently,' th e top end aI xial fuel shifting c6Iditin, whIich considers 

exposed fuel lengths of 4.52 inches for PWR fuel and 7.-625 inches for BWR fuel, bounds the 

bottom end axial fuel shifting condition.  

End Impact Accident Condition Effect on System Reactivity 

The bounding PWR system end impact event does not significantly affect the reactivity of the 

system. Therefore, poison sheet coverage is adequate for all allowed PWR fuel contents of the 

UMS® system. The bounding BWR end impact event increases the reactivity of the system. This 

increase in reactivity, a Akeff of 0.0249, is added to the most reactive accident condition system 

reactivity, keff ± 2a, of 0.9108 ± 0.0008 as determined in Section 6.4.3.3, to establish a maximum 

BWR system reactivity, kff ± 2a, of 0.9357 ± 0.0008. This value is less than the USL of 0.9361 

identified in Section 6.5.4. Including code bias, code bias uncertainty, and statistical uncertainty 

(2c) in accordance with Equation 6 in Section 6.5.3, the resulting system k- of 0.9497 is less than 

0.95. Thus, poison sheet coverage is adequate for all allowed BWR fuel contents of the UMS® 

system.  

6.4.6 Regulatory Compliance 

The licensing requirements for criticality analyses 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 10B from 100 to 75 

percent and water in the pellet-to-cladding gap.
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Undamaged Cask 

Compliance with the requirements of paragraphs (b) and (d) of 10 CFR 71.55 is shown by 

modeling an undamaged cask surrounded by water. Requirements of paragraphs (a) through (c) 

of 10 CFR 71.59 are satisfied by providing a value of "N" equal to infinity and a criticality 

transport index of 0 by imposing reflecting boundary conditions on the sides of the model 

simulating an infinite array of undamaged casks. Optimum interior and exterior moderation, 

including exterior full reflection by more than 20 cm of water, shows compliance with 10 CFR 

71.55 paragraphs (b)(2), (b)(3) and (d)(3). Normal operating conditions for the transport cask 

include a dry canister cavity. The canister is loaded, dried, and seal welded inside a transfer cask.  

Only after the canister is dried and sealed is it placed into the transport cask. A set of exterior 

moderator density and cask pitch analyses show compliance with 10 CFR 71 under dry cavity 

conditions.  

Damaged Cask 

Compliance with the requirements of paragraph (e) of 10 CFR 71.55 is shown by modeling a 

damaged cask surrounded by water. Compliance with 10 CFR 71.59 is automatically 

demonstrated by imposing reflection boundary conditions on the sides of the model to simulate 

an infinite array of damaged casks, thereby resulting in a criticality transport index of 0.  

Optimum interior and exterior moderation, including exterior full reflection by more than 20 cm 

of water, shows compliance with 10 CFR 55 paragraphs (e)(2) and (e)(3) and 10 CFR 71.59 

paragraph (a)(2).  

A damaged transport cask is defined as having been subjected to the hypothetical accident 

conditions specified in 10 CFR 71. Under these conditions the cask containment is maintained, 

and the cavity therefore remains dry. However, to show the cask's capability to remain 

subcritical under optimum internal and external moderation, an internally wet cask is analyzed.  

During the accident, the radial neutron shield is assumed to be lost as a result of fire and is 

replaced by the external moderator. Even though the fuel is assumed to remain intact following 

the cask drop, the pellet-to-clad gap is assumed to be filled by the internal-to-cask moderator.  

Introducing additional moderator into the normally under-moderated fuel assembly lattice 

increases reactivity.
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Figure 6.4-1 Visagze Slice - Hypothetical, Shiftingq of, PWR, Fuel
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Figure 6.4-2 Visage Slice.m Hytetical Shifting of BVR Fuel
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Table 6.4-1 keff for Most Reactive PWR Fuel Assembly Determination (1.0-in. Web) 

Assembly Dry Gap Wet Gap Akeff 

Type keff G keff Y Wet - Dry 

B&W 15x15 Mark B4 0.9613 0.0011 0.9692 0.0012 0.0079 

B&W 17xl7 Mark C 0.9621 0.0012 0.9705 0.0011 0.0084 

CE 14x14 0.9295 0.0013 0.9381 0.0011 0.0085 

CE 16x16 SYS 80 0.9356 0.0012 0.9372 0.0012 0.0016 
West 14x14 0.9177 0.0013 0.9264 0.0012 0.0086 

West 14x14 OFA 0.9238 0.0012 0.9326 0.0012 0.0088 
West 15x15 0.9662 0.0011 0.9712 0.0012 0.0050 

West 17x17 0.9596 0.0012 0.9673 0.0012 0.0077 
West 17x17 OFA 0.9656 0.0013 0.9727 0.0012 0.0070 

Ex/ANF 14x 14 CE 0.9309 0.0012 0.9362 0.0011 0.0053 

Ex/ANF 14x14 WE 0.9065 0.0012 0.9176 0.0011 0.0111 

Ex/ANF 15x15 WE 0.9559 0.0012 0.9634 0.0013 0.0074 

Ex/ANF 17x17 WE 0.9631 0.0012 0.9704 0.0012 0.0073

Table 6.4-2 keff for Highest Reactivity Assemblies in 1.5-in. Web (Dry Gap)

Assembly Type keff Y 

B&W 15x15 Mark B4 0.9119 0.0011 
B&W 17xl7 Mark C 0.9141 0.0011 
West 15x15 0.9147 0.0013 
West 17x17 0.9116 0.0012 
West 17x17 OFA 0.9196 0.0012 

Ex/ANF 17x17 WE 0.9172 0.0011
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Table 6.4-3 krff for Most Reactive BWR Fuel Assembly Determination 

Assembly Number Rods Channel Dry Gap Akeff(t)/CT 

Type Fuel Water Thickness keff 

GE 7x7 49 0 80 mil 0.8807 0.0012 -6.678 

GE 8x8 63 1 80 mil 0.8765 0.0012 -9.992 

GE 8x8 63 1 100 mil 0.8755 0.0012 -10.760 

GE 8x8 63 1 120 mil 0.8784 0.0011 -9.098 

GE 8x8 62 2 80 mil 0.8821 0.0011 -5.708 

GE 8x8 62 2 100 mil 0.8823 0.0011 5.513 

GE 8x8 60 4 2 mm 0.8772 0.0012 -9.644 

GE 9x9 79 2 2 mm 0.8796 0,0011 -.8.434 

GE 9x9 74 2(2) 2 mm 0.8778 0.0011 -9.558 

GE 9x9 74 2(2) 80 mil 0.8847 0.0012 -3.342 

Ex/ANF 7x7 49 0 80 mil 0.,8792 0,0012 -7.634 

Ex/ANF 8x8 63 1 80 mil 0.8778 0.0012 -8.861 

Ex/ANF 8x8 62 2 80 mil 0.8787 0.00,12 -8.517 

Ex/ANF 9x9 79 2 2 mm 0.8886 0.0009 0.000 

Ex/ANF 9x9 79 2 80 mil 0.8873 0.0008 -1.464 

Ex/ANF 9x9 74 2(2) 80 mil 0.8862 0.0012 -2.034

Note:

(1) Akeff =keff - k~ff(Ex/ANF 9x9 79 Fuel rod 80 miu channel) 

(2) Two large water rods occupying the space of seven fuel rods.
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Table 6.4-4 
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Table 6.4-5
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Analysis keff o" Akeff Akeff/cy 

Nominal 0.9192 0.0009 ........  

Geometric Tolerance 0.9227 0.0009 0.0035 4.0 

Geo. Tol.+Tube In 0.9286 0.0009 0.0094 11.1 

Geo. Tol.+Tube Out 0.9176 0.0009 -0.0017 -1.9 

Geo. Tol.+Corner 0.9240 0.0009 0.0048 5.3 
Geo. Tol.+Tube Side 0.9235 0.0009 0.0043 4.8

6.4-30

PWR Fuel Tube in Basket Model KENO-Va Results for Geometric Tolerances 

and Mechanical Perturbations 

keff 0 Akeff Akeff/G 

ence case 0.9582 0.0006 

Dimensions Tolerance on Disk Opening Center Location 

num web 0.9598 0.0006 0.0015 2.6 

-num web 0.9575 0.0006 -0.0008 -1.3 

Dimensions tolerance on tube opening 

num tube 0.9546 0.0006 -0.0036 -6.2 

mnum tube 0.9627 0.0006 0.0045 7.6 

Dimension tolerance on disk opening 

urum opening 0.9594 0.0006 0.0012 2.0 

num opening 0.9591 0.0006 0.0008 1.4 

Fuel movement in tube - tube centered in disk opening 

red boundary 0.9572 0.0006 -0.0011 -1.8 

lic boundary 0.9566 0.0006 -0.0016 -2.8 

Tube movement in disk opening - fuel assembly centered in tube 

red boundary 0.9606 0.0006 0.0024 4.0 

lic boundary 0.9591 0.0006 0.0009 1.5 

Move fuel tube in opening and assembly in tube 

red boundary 0.9595 0.0006 0.0012 2.1 

lic boundary 0.9567 0.0006 -0.0015 -2.5 

PWR Basket in Cask KENO-Va Results for Geometric Tolerances and Tube 

Movement
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Table 6.4-6 BWR Basket in Cask KENO-Va Results for Geometric Tolerances and 
Mechanical Perturbations

Analysis keff T Akeff Akeff/o" 

Nominal basket 0.8873 0.0008 N/A N/A 

Geometric tolerances 

Min tube 0.8860 0.0008 -0,0013 -1607 
Max tube 0.8864 0.0008 -0.0010 -1 169 
Min disk opening 0.8861 0.0008 '0.0012 -1.577 

Max disk opening 0.8855 0.0008 -0.0018 -2.244 

Shift openings in 0.8879 0.0008 0.0006 0.702 

Shift openings out 0.8891 0Q0008 0.0018 2.•173 

Mechanical perturbations 

Assembly shift top right 0.8685 0.0Q08 -0Q1-89 •23,886 
Assembly shift top 0.8780 0.0008 -0.0093 -11.402 
Assembly shift top left 0.8820 0.0008 -0.0053 -6.386 
Assembly shift left 0.8915 0.0008 0.0042 4.940 
Assembly shift bottom left 0.8942 0.0008 0.00,619 8.747 
Assembly shift bottom 0.8918 0.0008 0.0045 5.531 
Assembly shift bottom right 0.8801 0.0008 -0.0073 -8,667 
Assembly shift right 0.8749 0.0008 -0.Q124 -14.988 
Assembly shift radial in 0.8990 0,0008 0.0116 '14.195 
Assembly shift radial out 0.8710 0,0008 -0.0163 -19.927 
Fuel tube shift top right 0.8873 0.0008 0.0000 -0.048 
Fuel tube shift top 0.8856 0.0008 -0!0017 -2.175 
Fuel tube shift top left 0.88.54 0M.0009 -0.0020 -2.329 
Fuel tube shift left 0.8873 0.0008 -0. 0001 -0.072 
Fuel tube shift bottom left 0.8858 0.0008 1Q.0015 •i.795 

Fuel tube shift bottom 0.8882 0.0008 0.0008 10.976 
Fuel tube shift bottom right 0.8868 0.0008 -0.0005 -0.607 
Fuel tube shift right 0.8878 0.0008 0.0005 0.563 
Fuel tube shift radial in 0.8932 0.0008 0.058_ 6.952 
Fuel tube shift radial out 0.8827 0.000..8 ;0.046 •5750 

Combined analysis 

Tube + assembly radial in 0.905o0 I0008 0,.-77 22.07.5
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Table 6.4-7 PWR Single Cask Analysis Criticality Results 

Water Density (g/cm 3) Neutron Water in 10 B keff CF k, 

Inside Outside Shield Gap 

1.0 1.0 Yes No 100% 0.9135 0.0009 0.9276 

1.0 1.0 Yes No 75% 0.9222 0.0009 0.9362 

0.0001 1.0 Yes No 75% 0.3774 0.0006 0.3914 

1.0 1.0 No Yes 100% 0.9210 0.0009 0.9350 

1.0 1.0 No Yes 75% 0.9295 0.0009 0.9436 

0.0001 1.0 No Yes 75% 0.3782 0.0006 0.3922 

Table 6.4-8 PWR Cask Array Analysis Criticality Results - Normal Condition-Dry Interior 

Cask Water Density (g/cm 3) Neutron Water in 10B ker CY k, 
Pitch Inside Outside Shield Gap 

Touching 0.0001 1.0 Yes No 75% 0.3775 0.0006 0.3914 

270 cm 0.0001 1.0 Yes No 75% 0.3774 0.0006 0.3914 

300 cm 0.0001 1.0 Yes No 75% 0.3770 0.0007 0.3910 

Touching 0.0001 0.8 Yes No 75% 0.3814 0.0006 0.3954 

270 cm 0.0001 0.8 Yes No 75% 0.3820 0.0007 0.3960 

300 cm 0.0001 0.8 Yes No 75% 0.3825 0.0006 0.3965 

Touching 0.0001 0.6 Yes No 75% 0.3874 0.0006 0.4014 

270 cm 0.0001 0.6 Yes No 75% 0.3873 0.0006 0.4013 

300 cm 0.0001 0.6 Yes No 75% 0.3864 0.0006 0.4004 

Touching 0.0001 0.4 Yes No 75% 0.3913 0.0006 0.4052 

270 cm 0.0001 0.4 Yes No 75% 0.3928 0.0006 0.4068 

300 cm 0.0001 0.4 Yes No 75% 0.3915 0.0006 0.4055 

Touching 0.0001 0.2 Yes No 75% 0.3936 0.0007 0.4076 

270 cm 0.0001 0.2 Yes No 75% 0.3941 0.0006 0.4080 

300 cm 0.0001 0.2 Yes No 75% 0.3938 0.0006 0.4078 

Touching 0.0001 0.1 Yes No 75% 0.3960 0.0006 0.4100 

270 cm 0.0001 0.1 Yes No 75% 0.3963 0.0007 0.4103 

300 cm 0.0001 0.1 Yes No 75% 0.3962 0.0006 0.4101

6.4-32



SAR - UMS Universal Transport Cask 

Docket No. 71-9270

November 2001 

Revision UMST-0ID

Table 6.4-9 PWR Cask Array Analysis Criticality Results - Accident Condition - Wet Interior 

Cask Water Density (g/cm 3) Neutron Water in 

Pitch Inside Outside Shield Gap 10B keff ( _ k, 

Touching 1.0 1.0 No Yes 75% 0.9286 0.0009 0.9427 

270 cm 1.0 1.0 No Yes 75% 0.9308 0.0009 0.9448 

300 cm 1.0 1.0 No Yes 75% 0.9295 0.0009 0.9436 

Touching 0.8 0.8 No Yes 75% 0.8645 0.0008 0.8785 

270 cm 0.8 0.8 No Yes 75% 0.8649 0.0009 0.8790 

300 cm 0.8 0.8 No Yes 75% 0.8634 0.0009 0.8775 

Touching 0.6 0.6 No Yes 75% 0.7832 0.0012 0.7974 

270 cm 0.6 0.6 No Yes 75% 0.7840 0.0012 0.7982 

300 cm 0.6 0.6 No Yes 75% 0.7826 0.0011 0.7967 

Touching 0.4 0.4 No Yes 75% 0.6808 0.0010 0.6950 

270 cm 0.4 0.4 No Yes 75% 0.6800 0.0010 0.6941 

300 cm 0.4 0.4 No Yes 75% 0.6814 0.0011 0.6956 

Touching 0.2 0.2 No Yes 75% 0.5478 0.0013 0.5620 

270 cm 0.2 0.2 No Yes 75% 0.5472 0.0012 0.5614 

300 cm 0.2 0.2 No Yes 75% 0.5445 0.0011 0.5587 

Touching 0.1 0.1 No Yes 75% 0.4762 0.0009 0.4903 

270 cm 0.1 0.1 No Yes 75% 0.4769 0.0009 0.4910 

300 cm 0.1 0.1 No Yes 75% 0.4758 0.0009 0.4899 

Table 6.4-10 PWR Cask Array Analysis Criticality Results-Mist Exterior 

Cask Water Density (g/cm 3) Neutron Water in 

Pitch Inside Outside Shield Gap 10B keff C_ k, 

Touching 1.0 0.005 No Yes 75% 0.9285 0.0009 0.9426 

300 cm 1.0 0.005 No Yes 75% 0.9291 0.0009 0.9432 

Touching 0.8 0.005 No Yes 75% 0.8645 0.0009 0.8785 

300 cm 0.8 0.005 No Yes 75% 0.8654 0.0009 0.8795 

Touching 0.5 0.005 No Yes 75% 0.7359 0.0012 0.7501 

300 cm 0.5 0.005 No Yes 75% 0.7363 0.0011 0.7505 

Touching 0.2 0.005 No Yes 75% 0.5508 0.0012 0.5650 

300 cm 0.2 0.005 No Yes 75% 0.5488 0.0012 0.5630
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Table 6.4-1 1 BWR Single Cask Analysis Criticality Results

Water Density (g/cm 3) Neutron Water in 

Inside Outside Shield Gap o0B keff rr ks 
1.0 1.0 Yes No 100% 0.8897 0.0008 0.9037 
1.0 1.0 Yes No 75% 0.9055 0.0008 0.9196 

0.0001 1.0 Yes No 75% 0.3924 0.0007 0.4064 
1.0 1.0 No Yes 100% 0.8949 0.000 '8 0.9090 
1.0 1.0 No Yes 75% 0.9077 0.0008 0,9217 

0.0001 1.0 No Yes 75% 0.3931 0.0007 0.4071

Table 6.4-12 BWR Cask Array Analysis Criticality Results - Normal Condition - Dry Interior 

Cask Water Density (gm/cm 3) Neutron Water in 

Pitch Inside Outside Shield Gap 10B keff ks 

Touching 0.0001 1.0 Yes No 75% 0.3948 0.0010 Q0.4089 
270 cm 0.0001 1.0 Yes No 75% 0.3935 0.0010 0.40796 
300 cm 0.0001 1.0 Yes No 75% 0,3919 0.0009 064060 

Touching 0.0001 0.8 Yes No 75% 0.3951 0.001,0 0.4Q92 
270cm 0.0001 0.8 Yes No 75% 06.3971 0.Q009 0.4111 
300 cm 0.0001 0.8 Yes No 75% 0.3950 0.0009 0.4091 

Touching 0.0001 0.6 Yes No 75% 0.3983 0.0011 0.4125 
270 cm 0.0001 0.6 Yes No 75% 01.3972 0.0011 0.4114 
300 cm 0.0001 0.6 Yes No 75% 0.3966 0.0008 0.4107 

Touching 0.0001 0.4 Yes No 75% 0.3985 0.0009 o.4125 
270 cm 0.0001 0.4 Yes No 75% 0.398.8 0.0009 0.4129 
300 cm 0.0001 0.4 Yes No 75% 03989 0.0009 0.4130 

Touching 0.0001 0.2 Yes No 75% 0.3991 0.0010 0'4132 
270 cm 0.0001 0.2 Yes No 75% 0.4005 0.0008 0,4146 
300 cm 0.0001 0.2 Yes No 75% 0.3997 0,0009 094-138 

Touching 0.0001 0.1 Yes No 75% 0.3985 0.0009 0,4125 
270cm 0.0001 0.1 Yes No 75% 0'.3 99o5 0.0QQ9 0-4136 
300 cm 0.0001 0.1 Yes No 75% Q1371 0.0010 Q.4ll!2
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Table 6.4-13 BWR Cask Array Analysis Criticality Results - Accident Condition - Wet Interior 

Cask Water Density (gm/cm-) Neutron Water in 

Pitch Inside Outside Shield Gap 10B kerrff a ks 

Touching 1.0 1.0 No Yes 75% 0.9086 0,Q008 0,9226 
270 cm 1.0 1.0 No Yes 75% 0.9084 0.0008 0.9224 

300 cm 1.0 1.0 No Yes 75% 0.9075 0.0008 0.9215 
Touching 0.8 0.8 No Yes 75% 0.8810 0.0008 0.8950 

270 cm 0.8 0.8 No Yes 75% 0.8785 0.0008 0.8926 
300 cm 0.8 0.8 No Yes 75% 0.8779 0.0008 0.8919 

Touching 0.6 0.6 No Yes 75% 0.8370 0.0011 0.8511 
270 cm 0.6 0.6 No Yes 75% 0.8366 0.0012 Q.8Q08 
300 cm 0.6 0.6 No Yes 75% 0.8378 0.0011 0.8519 

Touching 0.4 0.4 No Yes 75% 0.7653 0.0015 0.779Q 

270 cm 0.4 0.4 No Yes 75% Q.7698 0.0014 0.7842 
300 cm 0.4 0.4 No Yes 75% 0.7680 910.04 Q.7I842 

Touching 0.2 0.2 No Yes 75% 0.6524 0.0012 0.66.66 
270 cm 0.2 0.2 No Yes 75% 0.6562 0.0012 0.6704 
300 cm 0.2 0.2 No Yes 75% 0,6560 0,0012 0.6702 

Touching 0.1 0.1 No Yes 75% 0.5662 0.9013 0.5805 
270 cm 0.1 0.1 No Yes 75% 0.5708 0.0014 0.5851 
300 cm 0.1 0.1 No Yes 75% 0i.5668 -0.Q0013 0.5•8•0 

Table 6.4-14 BWR Cask Array Analysis Criticality Results--Mist Exterior 

Cask Water Density (g/cm 3) Neutron Water in 

Pitch Inside Outside Shield Gap 'JB kerf CY ks 

Touching 1.0 0.005 No Yes 75% 0.9098 0,00Q08 9.9239 
300 cm 1.0 0.005 No Yes 75% 0(9095 0..0008 0.,92.35 

Touching 0.8 0.005 No Yes 75% 0.8795 0.0008 0.8935 
300 cm 0.8 0.005 No Yes 75% 0!.8-793 0.0008 0. 8933 

Touching 0.5 0.005 No Yes 75%07 Q.0878 Qr0Q00 0.8219 

300 cm 0.5 0.005 No Yes 75% 0.809•1, QQQ1 0.823.  

Touching 0.2 0.005 No Yes 75% 0`76628 Q-QQ12 0.6770 
300 cm 0.2 0.005 No Yes 75% .0 4 Q0012. 0.6746
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Table 6.4-15 BWR Cask Array Analysis Criticality Results -Vaiabl eExterior 

Cask Water Density (g/cm3) Neutron Water in 

Pitch inside Outside Shield Gap k-ff _ _ _k 

3001cm 10.0No Yes 75 0975 008 0.9215 
300 cm 1.0 0.8 No Yes 75% 0.9081 0.008 0.9221 
300 cm 1.0 0.6 No Yes 75% 0.9108 0.0008 0.9248 
300 cm 1.0 0.4 No yes 75% 0.9092 Q.0008 0.9233 
300 cm 1.0 0.2 No Yes 75% 0.9094 0.0008 0.9234 
300 cm 1.0 0.0 No Yes 75% 0.9091 0.0008 0.923,1 

Table 6.4-16 Heterogeneous vs. Homogeneous Enrichment Analysis Results (GE) 

Case Enrichment (%235 U) Loading Pattern 

Array Fuel Rods Average Min Max Heterog. Homog. keff CY Ak/a 

8x8 62 2.824 N/A N/A X 0.8024 0.0011 --

8x8 62 2.824 1.30 3.80 X 0.7894 0.0011 -12.28 

8x8 62 3.750 N/A N/A X 0.8683 0.0011 --

8x8 62 3.750 1.73 3.98 X 0.8501 0.0011 -15.93 

8x8 60 3.404 N/A N/A X 0.8418 0.0012 --

8x8 60 3.404 1.60 3.90 X 0.8364 0.0011 -4.53 
8x8 60 3.750 N/A N/A X 0.8648 0.0012 --
8x8 60 3.750 1.76 4.35 X 0.8547 0.0011 -8.22 
9x9 74 4.085 N/A N/A X 0.8884 0.0012 --

9x9 74 4.085 2.00 4.90 X 0.8785 0.0012 -8.37 
9x91') 74 4.085 2.00 4.90 X 0.8809 0.00902 -6 .31 
9x9 74 3.750 N/A N/A X 0.8707 0.0011 --
9x9 74 3.750 1.84 4.50 X 0.8608 0.0011 -8.84 

9x9t(1  74 3.750 1.84 4.50 X 0.8672 0.0011 -7.13 
9x9 74 4.000 N/A N/A X 0.8839 0.0011 N/A 
9x9 74 4.000 1.96 4.80 X 0.8759 0.0012 -7.06 

9x9121  74 4.000 N/A N/A X 0.8890 0.0012 N/A 
9x9121 74 4.000 1.96 4.80 X 0 -8805 Q.0Q12 -7.08 

9x913) 74 4.000 3.68 5.00 X 0.8.21 0,.002 -•577 
Notes: 

(1) Rotated water holes.  
(2) Exxon Assembly.  
(3) Eighteen 5 wt% 215U enriched rods near center of assembly
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PWR Lattice Parameter Study Criticality •Analysis, Iesults

A~k/2 

Description keff 9 Ak 2, 

Base Case - Westinghouse 17x16 OFA 0.9732 0.0008 --- 0.0016 .7-7 

decreases clad inner radius by 0.005 cm 0.9697 0.0008 -0.0035 --- -21875 

increases clad inner radius by 0.005 cm 0.9784 0.0008 0.0052 -- 3.2500 

decreases clad outer radius by 0.005 cm 0.9782 0,0009 0.0050 S-- 3. 1250 

increases clad outer radius by 0.005 cm 0.9702 0.0009 r0.0030 1 ---- 1.8750 

decreases pelletradius by 0.005 cm 0.9744 0.0008 Q.0012 0-3-- 9.7590 

decreases pellet radius by 0.01,0 cm 0.9742 0.0008 0.0010 i.-- 0,6250 

decreases pellet radius by 0.015 cm 0.9773 0.0008 .0041 ---- 23625 

decreases pellet radius by 0.020 cm 0.9758 0.0008 0.0026 7 --- '1.6250 

decreases pellet radius by 0.025 cm 0.9761 0.0008 0.0029 1.8125 

decreases pellet radius by 0.030 cm 0.9754 0.0008 0.0022 ---- 1.3750 

decreases pellet radius by 0.035 cm 0.9750 0.0008 0.,0 18 •---- 1.1250 
decreases pellet radius by 0.040 cm 0.9750 0.0008 0.0018 >-- 1.1250 

increases pellet radius by 0.005cm 0.9714 0.0009 -0.0018 ---- -1.250 

decreases pellet & clad inner radii by 0.015 cm 0.9637 0.0008 -7.0095 77-- -5.9375 

decreases guide tube inner radius by 0.010 cmr 0.9710 0.0008 -030022 7-- " •i3750 

increases guide tube inner radius by 0.015 cm 0.9753 0.0008 0.002 1 ---- 1.3 125 

increases guide tube inner radius by 0.010 cm 0.9740 0.0009 0.0008 ---- 0.5000 

decreases guide tube outer radius by 0.010 cm 0.9755 0.0008 0.0023 1--- 1•4375 

increases guide tube outer radius by 0.015 cm 0.9712 0.0008 -0.0020 ---- -1.2500 

increases guide tube outer radius by 0.010 cm 0.9720 0.0008 -0.0012 n---- •0,7590
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BWR Lattice Parameter Study.Criticality_,AnalysisRe.sults

Description Ak- Lq Ak Za_ ._A kL2.a 

Base Case - Exxon\ANF 9x9 0.8904 .0008 0.0016 
decreases clad inner radius by 9.005 cm 0.888.9 .299b0008 :0.9015 7_ -9375 
decreases clad inner radius by 0.008 cm 0.88874 0.0008 -Q.Q03,0 ---- -718750 
increases clad inner radius by 0.005.cm 0.8930 0.0008 0.0026 I--- .16250 
decreases clad outer radius by 0.005 cm 0.8919 0000 Q.015 -- 0.9375 

decreases clad outer radius by 0.010 cm 0.8957 0.0008 0.0053 7 .--- 3.3125 
increases clad outer radius by 0.005 cm 0.888ý5 0.0009 -'0.0019 ---- -1.1875 
increases clad outer radius by 0.0 10 cm 0.8830 0.Q0Q009 -"'.03074 ---- f,6250 

decreases pellet radius by 0.005 cm 0.8896 0.0008 -0.0008 ---- 70.9540 
decreases pellet radius by 0.0.10 cm 0.8909 0.0008 0.0005 ---- 0,3125 

decreases pellet radius by 0.015 cm 0.8881 0.0008 -0.0023 ---- -1.4375 
decreases pellet radius by 0.020 cm 0.8832 00QQ8 -0.0072 ---- •4.5000 

decreases pellet radius by 0.025 cm 0.8867 Q•00Q8 -P.0037 :-- •2:J15 
decreases pellet radius by 0.030 cm 0.8835 0.0008 :0.0069 -- ,- 4.3125 

decreases pellet radius by 0.035 cm 0.8837 0-OQQ0 zq.q9•7 Q- 7 
decreases pellet radius by 0.040 cm 0.880,7 0.0008 -0.0,0,97 L--- -60625 
increases. pellet radius by0.005 cm 0.8908 0.0008 0.0004 ---- -:&0 
increases pellet radius by 0.0,08,cm 0,8907 00Q..09 .•Q03 01-- Q1875 
decreases water rod inner radius by 0.010 cm 0.8908 0.0008 0. 004 -7 ... 0.Q2500 
decreases water rod inner radius by 0.015 cm 0.8916 0.0008 0.0012 ---- 037500 
increases water rod inner radius by 0.010 cm 0.8919 0.0008 0.0015 ---- 0.9375 

increases water rod inner radius by 0.015cm 0.8911 0.0008 0.0007 -:- 0.4375 
decreases water rod outer radius by_0.010 cm 0.8901 0.0008 -0.-0003 N-- -0.1875 
decreases water rod outer radius by 0.015 cm 0.8913 0'.0008 090009 ---- 0.5625 

increases water rod outer radius by 0.0 10 cm 0.8916 0.0008 0.0012 ..--- 3500 
increases water rod outer radius by 0.015 cm 0.8892 0.0009 -0.0012 ----- -0.7500 
replaces water rod with water 0.8926 0.0008 70922 7-- 1.3750
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Table 6.4-19 Transport Cask Top End Impact Bounding Exposed Fuel Heights 

Neutron Calculated Evaluated 

Canister Absorber Fuel Offset Exposed Fuel Exposed Fuel 

Fuel Type Class Offset (in) (in) Height (in) Height (in) 

WE 15x15 1 10.191 5.718 4,472 4.52-' 

WE 17x17 OFA 1 10.19! 6.296 3.894 4.52 

B&W 15x15 2 12.29' 10.289 2.001 4.52 3 

CE16x16 (SYS 80) 3 8.69 13.176 -4.486 4.52 a 
Ex/ANF 9x9 { 4 12.76 2 8.448 4.312 7.625 2 
Ex/ANF 9x9 5 12.76 2 8.458 4.302 7.625 

GE 8x8 5 12.76 2 8.448 4.312 7.625 4 

SConservatively assumes the PWR basket remains in contact with canister bottom plate.  
2 Takes credit for the BWR basket shifting up to contact the lid.  

3 Evaluated using maximum reactivity UMS® Class I WE 17x17 OFA fuel.  
"4 Evaluated using maximum reactivity UMS® Class 5 Ex/ANF 9x9 fuel.  

Table 6.4-20 Fuel Assembly Minimum Intact Hardware Dimension Limits 

UMS® Fuel Class 1 2 3 4 5 

Neutron Absorber Offset (in) 10.19 12.29 8.69 12.76 12.76 

Evaluated Exposed Fuel Height (in) 4.52 4.52 4.52 7.625 7.625 

Top End Fitting Deformation (in) 0 0 0 2.371 2.371 

Plenum Spring Rebound Height (in) Not Analyzed 1.729 1.729 

Minimum Intact Hardware Dimension Limit (in) ' 5.67 7.77 4.17 5.777 5.777 

Each minium dimension is a generic limit that all fuel types in the respective fuel class shall 
meet. See Section 6.4.5 for details on how these minium dimensions are calculated
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NUREG/CR-6361. However, if no strong correlation can be determined, then a constant bias 

adjustment can be made. This is typically done with a one-side tolerance factor that guarantees 

95% confidence in the uncertainty in the bias. This is the approach taken in the UMS criticality 

analysis.  

Both NUREG/CR-6361 and the NAC evaluation perform regression analysis on key system 

parameters. For all of the major system parameters, the evaluation found no strong correlation.  

This is based on the observation that the correlation coefficients are all much less than + 1. Thus a 

constant bias with a 95/95 confidence factor is applied to the system kr,. NAC's statistical analysis 

of the ker results produced a bias of 0.0052 and a 95/95 uncertainty of 0.0087. Adding the two 

together and subtracting from 0.95 yields an effective constant USL of 0.9361.  

To assure compliance with NUREG/CR-6361, an upper safety limit is generated using USLSTATS 

and is compared to the constant NAC bias and bias uncertainty used in Section 6.5.2.  

To evaluate the relative importance of the trend analysis to the upper safety limits, correlation 

coefficients are required for all independent parameters. Table 6.5-2 contains the correlation 

coefficient, R, for each linear fit of k~ff versus experimental parameter (data is extracted from Figure 

6.5-2 through Figure 6.5-7 by taking the square root of the R2 value). Based on the highest 

correlation coefficient and the method presented in NUREG/CR-6361, a USL is established based 

on the variation of k~ff with enrichment. Note that even the enrichment function shows a low 

statistical correlation coefficient (an IRI equal or near 1 would indicate a good fit). The output 

generated by USLSTATS is shown in Figure 6.5-8.  

The NAC applied USL of 0.9361 bounds the calculated upper safety limits for all enrichment 

values above 3.0 wt % 235U. Since the maximum reactivities in the UMS® are calculated at 

enrichments well above this level, the existing bias bounds the NUJREG calculated USL. The 

parameters of the most reactive configurations for the UMS® design basis PWR and BWR fuels 

and for the Maine Yankee fuel are presented in Table 6.5-3. This table also compares the most 

reactive fuel parameters to the minimum and maximum benchmark values to demonstrate the 

applicability of the critical benchmarks.
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6.5.5 MONK Validation in Accordance with NUREG/CR-6361 

NUREG/CR-6361, "Criticality Benchmar!k. Guide for Light-Water-Reactor Fuel in 

Transportation and Storage Packages" (NUREG), provides a guide to LWR criticality benchmark 

calculations and the determination of bias and subcritical limits in critical safety evaluations.  

Section 6.5.1 contains detail on the implementation of the NUREG in subcritical limit 

evaluations for the UMS Transport Cask. This section implements the , TATS methodof the 

NUREG for MONK8A application with JEF 2.2 point energy libraries in LWR transport and 

storage applications.  

AEA Technologies has performed an extensive benchmarking of MONK8A. Critical benchmarks 

relevant to LWR fuel evaluations were extracted from the total benchmark set and listed in Table 

6.5-6. The range of the parameters to be benchmarked is summarized in Table 6.5-4. Trending in 
keff was evaluated for the following independent variables: enrichment, rod pitch, fuel pellet 

diameter, fuel rod diameter, H/U ratio, average neutron group causing fission, `B loading for flux 

trap cases, and flux trap gap thickness. The data is plotted in Figures 6.5-9 through 6.5-16.  

To evaluate the relative importance of the trend analysis to the upper safety limits, co.relation 

coefficients are required for all independent parameters. Table 6.5-5 contains the correlation 

coefficient, R, for each linear fit of keff versus experimental parameter (data is extracted from Figure 

6.5-9 through Figure 6.5-16 by taking the square root of the R2 value). Based on the highest 

correlation coefficient and the method presented in NUREG/CR-6361, a USL is established based 

on the variation of kff with flux trap thickness. Note that even the flux trap function shows a low 

statistical correlation coefficient (an IRI equal or near 1 would indicate a good fit). The output 

generated by USLSTATS is shown in Figure 6.5-17.  

The NAC applied USL is 0.9425, and bounds the calculated upper safety linmits for the typical 

flux trap spacing found in multi-purpose casks. The parameters of the most reactive CY-MPC 

payload are included in Table 6.5-4.

6.5-10



SAR - UMS Universal Transport Cask 

Docket No. 71-9270

November 2001 

Revision UMST-01D

Table 6.5-2 Scale 4.3 Correlation Coefficient for Linear Curve-Fit of Critical Benchmarks

Table 6.5-3 Scale 4.3 Range of Correlated Parameters of the Most Reactive Configuration 

Benchmark Value Design Basis Models 

Parameter Minimum Maximum WE 17x17 OFA Ex/ANF 9x9 Maine Yankee Fuel 

Enrichment (wt. % 235U 2.35 4.74 4.2 4.0 4.2 

Rod pitch (cm) 1.26 2.54 1.26 1.45 1.50 

H/IU volume ratio 1.6 11.5 2.28 1.99 2.68 

10B areal density (glcm-) 0.00 0.45 0.025 0.011 0.025 

Average energy group 

causing fission 21.7 24.2 22.3 22.4 22.5 

Flux gap thickness (cm) 0.64 5.16 2.22 to 3.81 1.65 2.22 to 3.81

6.5-33

Correlation Studied Correlation Coefficient (R) 

keff versus enrichment 0.361 

keff versus rod pitch 0.328 

keff versus HIU volume ratio 0.246 

keff versus '0B loading 0.069 

keff versus average group causing fission 0.133 

keff versus flux gap thickness 0.137
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Table 6.5-4 MONK8A Range of Correlated Parameters for Design Basis Fuel

Benchmark Value Design Basis Models 
Parameter Minimum Maximum WE 17x17 OFA Ex/ANF 9x9 

Enrichment (wt % 235U) 2.35 7.00 4.20 4.00 

Rod pitch (cm) 1.26 2.54 1,26 1.45 

HJU (fissile) atomic ratio 9.7.08 453.84 154.02 140.98 

'0B loading (g/cm2) 0.000 0.072 0,025 0.011 

Log energy causing fission 7.3 1E-08 3,33E-07 2.39E-07 1.82E-07 

Cluster gap thickness (cm) 0.0 11.92 2.22-3.81 1.65 

Fuel diameter (cm) 0.743 1.265 0.7844 0.9055 

Clad diameter (cm) 0.8324 1.4150 0.9144 1.0770 

Table 6.5-5 MONK8A - Correlation Coefficient for Linear Curve-Fit of Critical Benchmarks
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Correlation Studied Correlation Coefficient (R) 

keff versus enrichment 0.390 

keff versus rod pitch 0.140 

keff versus HfU (fissile) atomic ratio 0.369 

keff versus 1013 loading 0.273 

keff versus log energy causing fission 0.1,27 

keff versus cluster gap thickness Q.532 

klff versus fuel diameter 0.236 

keff versus clad diameter 0.185
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Table 7-2 Containment Verification Leak Test Requirements 

Loaded Loaded 

Post-Fabrication Transport Transport 

and Annual (0-Ring (No o-Ring Empty 

Maintenance 3  Replacement) 2'3  Replacement) 2  Transport 

Allowable 

Reference Leak 

Rate1  4.2 x 10. cm3/sec 4.2 x 106 cm 3/sec xi03 cm 3/se l 10xei cm3/sec 

Allowable 

Helium Leak 

Rate' 6.5 x 106 cm 3/sec 6.5 x 106 cm3/sec 7 

1 The allowable leak rate is based on the bounding high burnup Maine Yankee fuel and is 

the same for the transport of GTCC waste.  

2 The need for o-ring replacement is determined by inspection or by leak test results.  

3 All o-rings are replaced during Annual Maintenance. Only the appropriate set of o-rings 

is replaced as necessary during use.
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5. Lower the canister into the Universal Transport Cask.  

6. Disengage the lift sling hooks from the hoist rings and close the Transfer Cask doors.  

7. Remove the Transfer Cask and store it in the designated location.  

8. Remove the hoist rings from the top of the canister 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 the sealing surface.  

13.  

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 7-1.  

20. If previously removed, re-install the drain port coverplate.  

21. Connect a pressure test fixture to the drain port coverplate o-ring test port and pressurize 

to 15 (+2, -0) psig and hold for a minimum of 10 minutes. There must be no pressure 

drop in the test period.  

Note: If the test condition is not met, remove the drain port coverplate and inspect and 

clean the o-rings and 0-ring sealing surfaces and re-perform the test. if the test condition 

is not met on the second attempt, replace the 0-rings, cleaning the o-ring grooves and 
sealing surface. A small amount of vacuum grease may be used to lubricate new o-inngs.  

Caution: If the drain port o-rings are replaced as a result of the inspection, then, helium 

leak test of the new 0-rings must be performed at Step 29., Using a helium leak detector 
with a sensitivity of 3.25 x 10-6 cm 3/sec, establiish a vacuum in the 0-ring annulus an d test 

for helium leakage. The leak rate must be less than 6.5 x 10.6 cm 3/sec (helium) in 

accordance with Table 7-2.  
22. Connect the Vacuum Drying System vacuum pump to the cask vent port and evacuate the 

cask cavity, to a stable vacuum pressure.of 3 mM Hg-for 10 minutes.  
23. Backfill the cask.with high purity helium (99,9%) to,1 atm (absolute) pressure.  

24. Operate the vacuum system to obtain a vacuupressureo.f_3 mm•H•g YWhen the. vacuum 

pressure is obtained, backfill the caskO withhigh urityheu• , n muM)to•1:.atm 

(absolute) pressure.
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25. Disconnect the vacuum system and helium supply.  
26. Install the vent port coverplate and torque the bolts as spec~ified in Table 7-1.  
27. Connect a pressure test fixture to the lid o-ring test port (marked "Seal Test" on cask lid) 

and pressurize to 15 (+2, -0) psig and hold for a minimum1of10 minutes. There must be 
no pressure drop in the test period.  

Note: If the test condition is not met, replace the o-rings, cleaning the o-ring grooves and 
sealing surface. A small amount of vacuum grease may be used to lubricate new 0-rings.  

Caution: If the lid o-rings are replaced as a result of the inspection in Step 12 of Section 
7.1.2, then a helium leak test of the new 0-rings must be performed. Using a helium leak 

detector with a sensitivity of 3.25 x 10-6 Cm3/sec, establish a vacuum in the o-ring annulus 
and test for helium leakage. The leak rate must be less than 6.5 x 10-6 cm3/sec in 
accordance with Table 7-2.  

28. Install the plug in the lid Seal Test port, verifying that the test pljug -ring is in place, and 

torque the plug to the value specified in Table 771.  
29. Connect a pressure test fixture to the vent coverplate o-ring test port and pressurize to615 

(+2,,-0) psig and hold for a minimum of. 10 minutes. There must be no pressure drop.in 

the test period.  

Note: If the test condition is not met, remove the vent port. coverplate and inspect ad 
clean the o-rings and o-ring sealing surfaces and re-perfomn the test. If the test condition 

is not met on the second attempt, replace the 0-rings, cleaning the 0-ring grooves and 
sealing surface. A small amount of vacuum grease may be used to lubricate newb0-rings'• 

Caution: If the vent and/or, drain port 0-rings are replaced as, a result of the inspection, 

then a helium leak test of the. new o-r•ngs must be performed. Using a helium lea-k --6 3 
detector with a sensitivityof 3.25 x 10. cpm./sec, establish a vacuum in the po-Ang-apn.ulus 

and test for helium Jeakage. The leak rate must be less than 6,5 o x. 1Q cm/se.c.2ifn 

accordance with Table 7-2.  
30. Install the vent port 0-ring test plug, verifying that the test plug o-ring is in place an-d 

torque the test plug to the value specified in Table 7-1.  
31. Perform external decontamination activities ,:and radiation surveys to, verify that 

contamination is within acceptable levels d(2,200 dpml00 cm2- 3, y, and 220. dpmilOO cm 2 

a) as identified in 10 CFR 71.87 [2].
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7.5 Appendix 

7.5.1 References 

1. Code of Federal Regulations Title 10, Part 20 (10CFR20), "Standards for Protection Against 

Radiation," April 1996.  

2. Code of Federal Regulations Title 10, Part 71 (10CFR71), "Packaging and Transportation of 

Radioactive Materials," April 1996.  

3. Code of Federal Regulations Title 49, Part 173 (49CFR173), "Shippers - General 

Requirements for Shipments and Packaging," October 1995.  

4. IAEA Safety Series No. 6, "Regulations for the Safe Transport of Radioactive Materials," 

International Atomic Energy Agency, Vienna, Austria, 1985 Edition, as amended 1990.  

5. Peckner, D., and Bernstein, R.M., Handbook of Stainless Steels, McGraw-Hill Book 

Company, 1977.  

6. Code of Federal Regulations Title 49, Part 172 (49CFR172), "Hazardous Materials Table, 

Special Provisions, Hazardous Materials Communications, Emergency Response 

Information, and Training Requirements," October 1995.  

7. Title 10 of the Code of Federal Regulations, Part 61(10 CFR 61), "Licensing Requirements 

for Land Disposal of Radioactive Waste," January, 1996.
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8.1.3 Leak Tests 

Acceptance leak testing is performed on the containment weldment during fabrication and on the 

containment boundary having replaceable components, when fabrication is complete. The 

purpose of this leak testing is to confirm that the leak rate from any sealed containment 

penetration does not exceed the allowable leak rates, calculated in Chapter 4.0, and to confirm 

that the 10 CFR 71.85(a) [1] requirements are satisfied. Leak tests are performed in accordance 

with the methodologies and requirements of ANSI N14.5-1997 [11], using approved written 

procedures. Personnel performing tests shall be qualified in accordance with Section 8.5 of 

ANSI N14.5-1977.  

Containment Weldment Testing 

Following the hydrostatic testing of the containment weldment in accordance with Section 

8.1.2.3, the containment cavity is drained and cleaned. A helium leak test of the containment 

weldment is performed in accordance with the requirements of Section V, Article 10 of the 

ASME Code. The containment weldment shall be leak tested to demonstrate a leak rate of.2 x 

10-7 cm3/sec (helium), or less, using a minimum detector sensitivity of I x 10-7 cm3/sec (helium), 

to qualify the weldment as leak tight as defined in ANSI N14.5-1997.  

If a leak is detected exceeding the acceptance criteria, the affected weld shall be rejected.  

Rejected welds shall be repaired in accordance with the requirements of Article.NB-4450 of Ithie 

ASME Code. The repaired weld area shall be retested and reinspected using the same procedure 

and acceptance criteria.  

Containment Fabrication Acceptance Testing 

Once cask fabrication is complete, helium leak tests are performed on the o-rings sealing the 

mechanical joints at the containment boundary.  

Containment fabrication acceptance testing is performed with the cask assembled in accorda ce 

with the cask handling procedure except that the quickdisconn1ects at the vent andd•rain ports are 

not installed. This ensures that whenthe cask cavity is backfi-led with heliu, is pr~set 

on the ýcontaimnm ent -'side I of the' port coverplaa e contaity ns et o-rings. Thei leak test is tihen 

conducted by establishing' a vacuum in the 0-ring annulus of the lidand port coverplates using 

the seal test ports and testing for helium.
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Leak tests are performed on, the cask lid and the vent and drain port coverplate o-rings.  
Containment o-ring testing is performdto demonstrate a leak Irateof 6.5 x. 10 cralm3/sec 
(helium), Io. iess.- The helium leak detector sensitivity• shall be 3.25 x 10-6 cm 3/sec or less'. The 
allowable leak rate i sbasedlnthe cUa.luted all wable leak, -rate for, BWR fqel (Table 4..214).  

A leak rate that exceeds the allowable leak rate limit is cause for rejection of the component 
being tested. Seal replacement or other corrective actions are taken to correct any leak., The 
component is then retested' and inspected in accordance with the test uirements and 

acceptance criteria. On successful completion of the leak tests, the quick disconnects are 

re-installed in the vent and drain ports.  

8.1.4 Component Tests 

Individual cask components are tested as applicable to ensure that the component meets the 
design requirements for its intended function during operation of the cask system. Test 
acceptance criteria are established on the basis of the component function, the corresponding 
graded quality category and design requirements of the component being tested.  

8.1.4.1 Transportable Storage Canister 

The Transportable Storage Canister is not considered to be a containment boundary when 
transported in the Universal Transport Cask. However, all of the longitudinal and girth welds are 

radiographically inspected in accordance with ASME Code, Section V, Article 2 
Radiographic acceptance is in accordance with ASME Code Section ImJ, NB-5320 The weld 

between the canister baseplate and the canister shell is ultrasonically examined in accordance 

with ASME Code Section V, Article 5. Acceptance criteria are in accordance with ASME 

Code Section III, NB-5330.  

The welds made in the field to attach the shield lid to the canister shell are subjected to dye
penetrant testing on the root weld and final weld surface in accordance with the requirements of 
the ASME Code, Section V, Article 6. Following welding of the shield lid, a helium leak test 
is performed as described in the operating procedures. The root weld, intermediate, and final 
weld surface of the structural lid weld to the canister shell are also dye penetrant examined in 

accordance with ASME Code, Section V, Article 6 to ensure the quality of the weld. The liquid 

penetrant test acceptance criteria are as described in ASME Code Section III, Article NB-5350.
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acceptable if the measured heat rejection rate is equal to,,or greater than, the design basis heat 

rejection rate.  

The nominal test conditions are 70TF ambient, and initial. cask body temperature, no solar 

insolation, still air, no external radiant heat sources, and dry steam at 212TF. At these test 

conditions, the neutron shield shell temperature is within 2°F of the calculated steady state 

equilibrium temperature of 1740F within 48 hours. The thermal test procedure shall provide a 

thermal tasetheatup curveý to show the time at which equilibrium is expected to be 

established, and a table or set of curves which correlates equilibrium neutron shield shell 

temperature with a range of ambient temperatures. For purposes of the thermal test, equilibrium 

temperature is assumed to be established when the change in neutron shell temperature, no longer 

exceeds 2°F in a two (2) hour period.  

8.1.6.2 Thermal Test Acceptance Criteria 

The purpose of the thermal test is to confirm that the heat rejection capabilities of the as-built 

Universal Transport Cask are acceptable by showing that the measured temperature gradients 

correspond to those calculated in the thermal analyses.  

Cask thermal test acceptance is based on demonstration that the measured temperature gradi ents 

are less than, or equal to, the thermal gradients calculated in the thermal analyses and that the 

total heat rejection rate is equal to, or greater than, the cask design basis heat rejection rate.  

8.1.7 Neutron Absorber Verification Tests 

Neutron-absorbing material, BORAL, is used as a poison in the BWR and PWR fuel tubes.  

BORAL is manufactured by AAR Manufacturing, Inc. (AAR) of- Livo nia•, Michigan," under "-a 

Quality Assurance/Quality-Control program in conformance with the requirements of 10CFR',5Q, 

Appendix B. The computer-aided manufacturing process consists of several steps- the first 

being the mixing of the aluminum and boron-carbide powders that form the core of the finishe.d 

material, with -the. amount of i each powder a functiofi of the desired %Bareal ý*density. .T~he 

methods used to control the weight and blend the powders are patented and proprietary prqcesses 

of AAR.
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After manufacturing, test samples from each batch of BORAL® neutron absorber (poison) sheets 
are tested using wet chemistry or neutron absorption- to verify the presence, proper distribution, 
and minimum weight percent of 10B. The tests are performed in accordance with approved 
written procedures.  

8.1.7.1 Neutron Absorber Material Sampling Plan 

The neutron absorber material sampling plan" is selected to demonstrate a 95/95 statistical 
confidence level in the neutron absorber sheet material compliance with the specification. In 
addition to the specified sampling plan, each sheet of material is visually. and dimensionally 
inspected using at least 6 measurements on each sheet. No rejected neutron absorber sheet is 
used. The sampling plan is supported by written and approved pro.cedures.  

The sampling plan requires that a coupon sample be taken from each of the first 100 sheets of 
absorber material. Thereafter, coupon samples are taken from 20 randomly selected sheets from 
each set of 100 sheets. This 1 in 5 sampling plan continues until there-is a change in lot or batch 
of constituent materials of the sheet (i.e., boron carbide powder, aluminum powder, or aluminum 
extrusion) or a process change. The sheet samples are indelibly marked and recorded for 
identification. This identification is used to document neutron absorber test results, which 
become part of the quality record documentation package.  

8.1.7.2 Wet Chemistry Test Performance 

An approved facility with chemical analysis capability is selected to perform the wet chemistry 
tests. The tests ensures the presence of boron and enable the calculation of the 10B areal density.  

The most common method of verifying the acceptability of neutron absorber material is the wet 
chemistry method-a chemical analysis where the aluminum is separated from a sample with 
known thickness and volume. The remaining boron-carbide material is weighed and the areal 
density of 10B is computed. A statistical conclusion about the BORAL® sheet from which the 
sample was taken and that batch of BORAL® sheets may then be drawn based on the test results 
and the established manufacturing processes previously noted.
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8.1.7.3 Neutron Absorption Test Performance 

An approved facility with, a neutron- source and neutron detecti on capability is selected to 

perform the described tests, if the neutron absorption test method~is used. The-tests will. ensure 

that the neutron absorption capacity of the material tested is equal to, or higher than, the given 

reference value and will verify the uniformity of boron distribution., The principle of 

measurement of neutron absorption is that the presence of boron results in a reduction of neutron 

flux between the thermalized neutron source and the neutron detector-depending on the 

material thickness and boron content.  

Typical test equipment consists of thermal neutron source equipment, a neutron detector and a 

counting instrument. The test equipment is calibrated using BORAL standards, whose °B 

content has been checked and verified by an independent method such as chemical analysis. The 

highest permissible counting rate is determined from the neutron counting rates of the reference 

sheet(s), which should be ground to the minimum allowable plate thickness. This calibration 

process is repeated daily (every 24 hours) while tests are being performed.  

8.1.7.4 Acceptance Criteria 

The wet chemistry test results are considered acceptable if the minimum '0B areal density is 

determined to be equal to, or greater than, that specified on the fuel tube drawings.  

When used, the neutron absorption test shall be considered acceptable if the neutron count 

determined for each test specimen is less than, or equal to, the highest permissible neutron count 

rate determined from the BORAL standard, which is. based on the 1B, areal density specified on 

the fuel tube drawings. Any specimen not meeting the acceptance Criteria for either test method 

shall be rejected and all of the sheets from that batch shall be similarly rejected.
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Figure 8.1-1 Thermal Test Arrangement
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8.2 Maintenance Program 

A maintenance program for the Universal Transport Cask is established to ensure continued 

performance and use of the package. The cask maintenance program specifies the inspections, 

tests, and replacement of components to be performed and the frequency and schedule for these 

activities. This section describes the overall requirements of the maintenance program and 

establishes the frequency and schedule for the maintenance activities. The detailed, written 

inspection, test, component replacement, and repair procedures will be included in the Universal 

Transport Cask Operations Manual. The Operations Manual is issued to users of the packaging 

prior to their use of the cask.  

The welded Transportable Storage Canister containing fuel does not require any maintenance.  

8.2.1 Structural and Pressure Tests 

The four lifting trunnions or two trunnions if the secondary trunnions are not attached and the 

two rotation pockets are visually inspected prior to each shipment. The visual inspections are 

performed in accordance with approved written procedures, and the results are evaluated against 

established acceptance criteria.  

Evidence of cracking on the load-bearing surfaces is cause for rejection of the affected trunnion 

until an approved repair is completed and the surfaces are reinspected and accepted. Such repairs 

are implemented and documented in accordance with an approved quality assurance program.  

Any identified damage to the bolted trunnions and the rotation pockets, such as cracking and 

wear, must be evaluated to determine if replacement of the affected components is necessary.  

,Thp fj I_ Itedannuallv n acodnewt aa& Je ffingt tnnmons are also inspecteda3.ua•A aco~c~lt•~~phj6:;,• • 

Alnng p l7o:trunnion ue1 sLirriiin bot tloadn-beaoin ssiha 

ar~e part of the load path ar iulyisetdfr ~r~~e~_dfrain ~ln~Tý~~g 

Liquid penetran eaminatonsoh wI ndla baiejni uf~cs ar ve~red n ccra 
with the ASME Cod&ý, Secti'onz ýL 
of Paarp N-30o th& ASEBi n 1 

bii peun sf no eof_ thel9Jraý asport csk', eiscto fthe';tunos ffd~ 

prov ided that the uninrions re ____q I ctdi codcewits p .o .
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8.2.2 Leak Tests 

8.2.2.1 Containment Periodic Verification Leak Testing 

As shown in Table 8.2-1, the periodic verification leak test is performed in accordance with 
approved written test procedures and the test requirements and acceptance criteria established in 
Section 8.1.3 for the containment fabrication verification leak test.  

The periodic verification leak test is performed on each cask after the third use (prior to fourth 
cask loading sequence), and every 12 months thereafter to verify the containment capability, and 
whenever a replaceable containment component (containment o-ring set or port coverplate) is 

replaced.  

When the cask is not in use , the periodic verification leak test need not be performed annually 

but must be re-performed before returning the cask to service 

Leak tests are performed in accordance with the methodologies and, requirements -of 
ANSN14.5-1997, using approved written procedures. Personnel performing tests shall be 
qualified in accordance with Section 8.5 of ANSI N14.5-1997.  

8.2.2.2 Periodic Verification Leak Test Acceptance Criteria 

The maximum allowable leak rate requirements and the minimum required test sensitivity for the 
containment fabrication verification and periodic verification leak tests are provided in Section 
8.1.3. Unacceptable leak test results are cause for rejection of the component tested. Corrective 
actions, including repair or replacement of the o-rings or closure component, are taken and 
documented as appropriate. Before the cask is returned to service, the leak test and corrective 
actions are repeated until acceptable results are achieved.  

8.2.3 Subsystems Maintenance 

The Universal Transport Cask has no subsystem maintenance requirements.
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Table 8.2-1 Maintenance Program Schedule

Task/Activity Frequency 

Visual inspection of cavity Prior to loading 

Visual inspection of o-rings Prior to loading 

Visual inspection of cask lid and port coverplate Prior to installation (each use) 

bolts 

Visual and Proper Function Inspection of Cask Prior to each shipment 

Visual inspection of lifting trunnions and Prior to each shipment 

rotation pockets 

Liquid penetrant inspection of lifting trunnion Annually during use 

surfaces 

Containment system periodic verification leak After the third use of a transport cask.  

test of cask lid and o-rings Annually during use.  

After each o-ring or port coverplate replacement 

Containment system leak test of cask lid and Prior to each shipment 

o-rings 

Containment system periodic verification leak After the third use of a transport cask.  

test of vent and drain port coverplates and o- Annually during use.  

rings After each o-ring or port coverplate replacement 

Containment system leak test of vent and drain Prior to each shipment 

port coverplates and o-rings 

Visual inspection of impact limiter Prior to each shipment 

Inspection of quick disconnects for proper Each cask loading/unloading operation 

function 

Replacement of quick disconnects Every two years of service 

Replacement of O-ring As requirpe .yinspp.e1tion during peratio.s'and 

At each annvualemaintenance 

Replacement of lid bolts Eery. 20 years
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8.3 Appendices 

8.3.1 References 

1. Title 10 of the Code of Federal Regulations, Part 71 (10 CFR 71), "Packaging and 

Transportation of Radioactive Materials," April 1996.  

2. IAEA Safety Series No. 6, "Regulations for the Safe Transport of Radioactive Materials," 

International Atomic Energy Agency, Vienna, Austria, 1985 Edition, as amended 1990.  

3. ASME Boiler and Pressure Vessel Code, Section V, "Nondestructive Examination," 1995 

Edition with 1995 Addenda.  

4. ASME Boiler and Pressure Vessel Code, Section VIII, "Rules for Construction of Pressure 

Vessels," 1995 Edition with 1995 Addenda.  

5. Recommended Practice No. SNT-TC-IA, "Personnel Qualification and Certification in 

Nondestructive Testing," The American Society for NondestructiveTesting, Inc., edition as 

invoked by the applicable ASME Code.  

6. ASME Boiler and Pressure Vessel Code, Division I, Section In, Subsection NB, "Class 1 

Components," 1995 Edition with 1995 Addenda.  

7. ANSI N14.6, "American National Standard for Special Lifting Devices for Shipping 

Containers Weighing 10,000 Pounds (4,500 kg) or More for Nuclear Materials," American 
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8.3.2 Cask Body Fabrication 

The Universal Transport Cask is a welded structure of stainless steel plates and forgings. The 
major chronological steps involved in the fabrication of the cask body are: 

"* Welding of plate sections to form the inner shell.  
"* Welding of inner shell to top and bottom forging to form cask containment.  
"* Perform hydrostatic and helium leak testing of the containment weldment.  
"* Welding of plate sections to form outer shell.  
"* Welding of outer shell to cask containment to form cask body.  
"* Welding of backing bars and supports in preparation for lead pour.  
"* Lead pour.  
"* Installation of NS-4-FR shielding material between cask bottom and bottom forging.  
* Welding of cask bottom to outer shell.  
* Welding of primary trunnions to top forging.  
"* Installation of NS-4-FR outside cask outer shell.  
"* Perform load testing of the primary and secondary lifting trunnions.  
"* Perform containment boundary o-ring leak testing.  

Welding on the cask is performed in accordance with the requirements of the ASME Boiler and 
Pressure Vessel Code as specified on the cask license drawings (Section i.314). The type and 
location of the major welds on the cask body and the type of inspection required on the welds are 
shown in Figure 8.3-1. Pouring of chemical copper lead between the cask inner and outer shells 
to provide gamma shielding is addressed in Section 8.3.3. Installation of the NS-4-FR shielding 
material between the neutron shield top and bottom plates in the annulus formed by the cask 
outer shell and the neutron shield shell is discussed in the following paragraphs.  

The methods and process for installation of the NS-4-FR shielding material will be qualified by 
means of a full-scale mockup test prior to actual installation in a cask or by methods and process 
that have already demonstrated successful and proper installation. The mockup test will establish 
that appropriate procedures are followed in the NS-4-FR installation process and that critical 
NS-4-FR material properties and characteristics are in accordance with the manufacturer's 
specification. The mockup structure will consist of a minimum of two cavities separated by three 
heat transfer fins. The NS-4-FR will be installed according to an approved procedure into two 
adjacent cavities of the mockup. After mixing but prior to installation, the wet material density 
will be measured and compared with the manufacturer's specification. Upon curing, the mockup 
will undergo destructive examination and testing. The destructive examination and tests will
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