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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. 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 
Transportable Storage 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 .4p to 24 PWR assemblies and 16 kW for p 56 
BWR fuel assemblies. Lie 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. Assh i Sectn oih 

fthemal analwi .....considers :a rage o:f fuel: assembly burnui ande co1tmsfor both lul 0st 

es'tabli sh the, allowable, claddin g temperatures.- These limits aeused to establish-tealw 

decay ~ ~ __ _etlisfrfe aig coolink epj__Lf5 arsor more.  

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

cavity. The analyses are performed with both air and helium as the cover gas in the canister. The 

canister is backfilled with helium in the design basis; therefore, the results with air as the canister 

cover gas are conservatively presented for use in the structural evaluations presented in Section 

2.0.
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Heat transfer from the Universal Transport Cask to the environment is by passive means only.  
No forced cooling is necessary. Conduction and radiation are the means by which heat is 
transferred from the fuel assemblies to the fuel tubes and through the tubes to the support disks 
and heat transfer disks. Heat is transferred through the support disks and heat transfer disks by 
conduction and radiation. Radiation and conduction are the means by which heat is transferred 
from the support disks and heat transfer disks to the canister wall and then to the cask cavity 
inner wall. From the Universal Transport cask cavity inner shell surface, heat is conducted 
through the lead (gamma shield) and then through the cask outer shell.  

The neutron shield region surrounding the outer shell along most of the cask's length conducts 
heat to the neutron shield shell, primarily through the Cu/SS fins located within the NS-4-FR 
radial neutron shield material. The stainless steel shell that encloses the radial neutron shield is 
exposed to the environmental ambient temperature. Heat is removed from the surface of the 
neutron shield shell by convection and radiation. Heat transfer through the cask lid at the top of 
the cask and through the bottom forging and enclosed neutron shield material at the bottom of the 
cask is by conduction. Because of the insulating characteristics of the impact limiters, essentially 
no heat is removed from the ends of the cask. The bounding thermal conditions for the analysis 
required by 10 CFR 71 and IAEA Safety Series No. 6 under normal conditions of transport are 
presented in Table 3.1-1.  

During normal conditions of transport and hypothetical accident conditions, the cask must reject 
the fuel decay heat to the environment without exceeding the operational temperature ranges of 
the cask seals or other components important to safety. In addition, to maintain fuel rod integrity 
for normal conditions of transport the fuel must be maintained at a sufficiently low temperature 
in an inert atmosphere that thermally induced fuel rod cladding deterioration us.pre!udedT6 

prcldefuldegadtin a maximum allowable claddingtpprqupf 761,I_ i-A 
for.norýmaf.•-t-s9 a-sporfr 5`y q f u.cotofel. Finally, the thermally 
induced stresses, in combination with pressure and mechanical load stresses, must be below 
allowable stress levels, 

The temperatures for the various components of the fuel, canister, basket, and cask during normal 
conditions of transport and hypothetical accident condition fire are calculated by using finite 
element methods. For both normal conditions and the hypothetical accident conditions, the cask

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

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

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

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

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

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

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

described in Section 3.5.1.1.  

Results of thermal analysis of the package are presented in Sections 34 and 3.5.6. The results 

demonstrate that the maximum fuel rod cladding temperatures remain below 1,058°F for normal 

conditions of transport I and hypothetical accident conditionr. The thermally induced stresses, 

combined with pressure and mechanical load stresses, are within the allowable levels, as 

demonstrated in Chapter 2.0. Therefore, the cask design and operation are in conformance with 

temperature and thermal stress criteria.  

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

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

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

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

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

3.1-3
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Figure 3.1-1 Definition of Gap Between Basket, Canister, and Inner Shell for Horizontal 
Position of the Universal Transport Cask Containing PWR Fuel 
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Position of the Universal Transport Cask Containing BWR Fuel
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Table 3.1-1 Thermal Analysis Bounding Conditions - Normal Conditions of Transport 

Condition Value 

Ambient Temperature per 1 OCFR7 1: 
Maximum (hot conditions) 100OF 

Minimum (cold conditions and -40OF 
minimum temperature) 

Insolance (for 12 hr per day) per 1OCFR71: 
Horizontal Flat Surfaces (facing up) 2950 Btu/ft2 

Curved Surfaces 1475 Btu/ft2 

Vertical Flat Surfaces 737 Btu/ft2 

PWR Fuel Assembly Decay Heat, Total: 20 kW 
PWR Fuel Peaking Factor 1.1 

BWR Fuel Assembly Decay Heat, Total: 16 kW 
BWR Fuel Peaking Factor 1.22
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3.2 Summary of Thermal Properties of Materials 

The transfer of heat within the cask is primarily accomplished by conduction and radiation. The 

thermal conductivities and emissivities of the materials of construction are required for the 

thermal analysis of the cask. In addition, certain convective properties are required for modeling 

of convective heat transfer at the cask exterior surface. These properties are presented in Tables 

3.2-1 through 3.2-13. These tables include only the properties of materials that form the heat 

transfer pathways employed in the finite element models. Materials for small components, such 

as valves and trunnions, which are not directly modeled are not included in the property 

tabulation.  

3.2.1 Conductive Properties 

The values for the conductivities of the materials are given in Tables 3.2-1 through 3.2-13.  

3.2.2 Radiative Properties 

3.2.2.1 Governing Radiation Principle 

Radiation heat transfer between two nodes, i (hotter node) and j (colder node), is accounted for 

by the expression: 

q, = ZaAF(T 4 -TJ) 

where 

ca = Stefan-Boltzman constant 

= 1.19 x 1011 Btu/hr-in 2 -°R4 

E = emissivity 

A = surface area 

F = shape factor for the surfaces 

Ti = temperature of i-th node 

Tj = temperature of j-th node.
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Radiation from Cask Surface

The expression shown previously is considered to be the governing equation for radiation within 
the cask and from the cask to the environment. Radiation heat transfer from the surface of the 
cask can be incorporated in the model by modifying the convection coefficient as follows: 

Qt =qr+qc 

where q, is specified as shown for the radiation heat transfer and qc, which is the heat transfer by 
convection, is expressed as 

qC = hýA(T, - Tj) 

where h, = film coefficient (Btu/hr - in2 - OF).  

The qr can be rewritten as 

qr = oEAF(Ti 2 + Tj2 )(Ti + Tj)(Ti - Tj) .  

By combining both expressions, 

Q, = (oycF(Ti 2 + Tj2)(Ti+Tj) + hc)A(Ti - Tj)

or

Qt = hffA(Ti- Tj)

where hff = cTEF(Ti2 + Tj 2)(Ti+Tj) + hc 

The effective convection coefficient used for the cask surface (helf) now includes the radiation 
heat transfer. In this application, the form factor (F) is taken to be unity.
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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 =qr+qk 

where q, is specified as shown for the radiation heat transfer and qk, which is the heat transfer by 
conduction, is expressed as 

KA 
qk - (T1 - Tj) 

g 

where:

g = gap distance (between two surfaces defined by nodes i and j) 
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(TJ - Tj)/g, 

Qt = [gcToF(T1 2 + Tj2)(Ti+Tj) + K][A(Ti - Tj)/g]

or

QI = KeffA(Ti - Tj)/g

where Keff = gcyF(Ti2 + TJ2)(Ti+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.
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Radiation from the Top of the Canister

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

qr = cEAF(Ti4 - Tj4) 

where the area (A) corresponds to the basket, lids, and spacer areas, and (F) corresponds 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, hc, 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 [5], the heat transfer coefficient, ho, is: 

h, = 0.19 AT'3 3 BTU/hr-ft 2-°F, for D3AT> 100

where:

AT = temperature difference between surface and air, 'F 

D = cylinder diameter, ft
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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 

hc = 0.00132 AT033 Btu/hr-in 2-°F.
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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/in3) [6] 0.0589 

Specific heat (Btu/Ibm-°F) [6] 0.39

3.2-6

April 1997 

Revision 0



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

May 2000 

Revision UMST-OOA

Table 3.2-2 Thermal Properties of Stainless Steel

Type 304 and 304L 

Temperature 

Property 100°F 200°F 400°F 550°F 750°F 

Conductivity 0.7250 0.7750 0.8667 0.9250 1.0000 
(Btu/hr-in-°F) [143 

Density (lbm/in3 ) [14] 0.2896 0.2888 0.2872 0.2855 0.2839 

Specific Heat (Btu/lbm-°F) 0.1158 0.1207 0.1272 0.1320 0.135 
[14] 

Emissivity [23] 4 0.36 (300°F) 1 

17-4 P4, Type 630 

Temperature 

Property 1OO°F 200°F 500°F 700°F 

Conductivity (Btu/hr -in-0 F) [14] 0.8417 0.8833 1.0167 1.1000 

Emissivity [15] 4 0.58 -
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Table 3.2-3 Thermal Properties of Carbon Steel

Temperature 

Property 100°F 200°F 400°F 500OF 700OF 

Conductivity 1.992 2.033 2.017 1.975 1.867 
(Btu/hr-in-°F) [14] 

Density (lbm/in3 ) [24] 0.284 

Specific Heat (Btu/lbm-°F) 4 0.113 00 
[9] 

Emissivity [16] 0.80 0,1
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Table 3.2-4 Thermal Properties of Chemical Copper Lead
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Temperature 

Property 209°F 400°F 581°F 630°F 

Conductivity (Btu/hr -in-°F) [18] 1.6308 1.5260 1.2095 1.0079 

Density (Ibrn/in3) [18] 4 0.411 

Specific Heat (Btu/lbm-°F) [18] 4 0.03 

Emissivity [16] 4 0.38 (75°F) 10
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Table 3.2-5 Thermal Properties of Type 60611 T65f Aluminum Alloy

Temperature 

Property (units) 200°F 300°F 400OF 500OF 600OF 

Conductivity (Btu/hr-in-°F) [14] 8.25 8.38 8.49 8.49 8.49 

Emissivity [15] 4 0.22 •
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Table 3.2-6 Thermal Properties of Helium

Temperature 

Property 200°F 400°F 600°F 800°F 

Conductivity (Btu/hr -in-°F) [13] 0.00808 0.00942 0.01075 0.01150 

Specific Heat (Btu/Ibm-°F) [13] 4 1.24 

Density (lbm/in 3) [13] 4.83E-06 3.70E-06 3.01E-06 2.52E-06
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Table 3.2-7 Thermal Properties of Dry Air
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Temperature 
Property 100°F 300OF 500OF 700OF 
Conductivity (Btu/hr -in-°F) [13] 0.00128 0.00161 0.00193 0.00223 
Density (lbm/in 3) [13] 4.11E-05 3.25E-05 2.38E-05 1.97E-05 

Specific Heat (Btu/Ibm-°F) [13] 0.240 0.244 0.247 0.253
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Temperature 

Property 320F 212°F 3920F 

Conductivity (Btu/hr -in-0 F) [ 17] 18.58 18.25 18.00 

Density (lbm/in3) [17] 4 0.32 

Specific Heat (Btu/lbm-°F) [17] 4 0.09 00
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Table 3.2-9 Thermal Properties of Zircaloy and Zircaloy-4 Cladding

Temperature 
Property 392 0F 572OF 752OF 932 0F 
Conductivity (Btu/hr -in-0 F) [25] 0.69 0.73 0.80 0.87 
Density (lbm/in3) [26] 4 0.237 

Specific Heat (Btu/lbm-0 F) [25] 0.072 0.074 0.076 0.079 

Emissivity [25] -0.75 P-
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Table 3.2-10 Thermal Properties of Fuel (U0 2)

Temperature 

Property 100°F 2570 F 482°F 707°F 9320 F 

Conductivity 0.38 0.347 0.277 0.236 0.212 
(Btu/hr-in-°F) [25] 

Density (lbrn/in 3) [26] 4 0.396 

Specific Heat (Btu/lbm-°F) 0.057 0.062 0.067 0.071 0.073 
[251 

Emissivity [25] 0.85 1.1
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Table 3.2-11 Thermal Properties of BORAL Composite Sheet 

Temperature 
Property 100OF 500°F 

Conductivity (Btu/hr -in-°F) 

Aluminum Clad [19] 7.805 8.976 

Core Matrix: 

PWR (calculated) 3.45 3.05 
BWR (calculated) 6.60 7.23 

Emissivity [20] 4 0.15
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Property (units) Value 

Conductivity (Btulhr-in-0 F): 

Parallel to Grain [23] 0.0 12 

Transverse to Grain [23] 0.005 

Density (Ibm/in3 ) [23] 0.014
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Table 3.2-13 Thermal Properties of Fiberfrax Ceramic Fiber Pa•p•r 

jropertyl Yalu 

Thermal C on duc:tivityv [21] 0.4 0 Btu in/hr ft 2 o F 

Temperature Use Limit 2300"F 

.1. Grakdes 5150 1880 1alnd97O.
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Table 3.2-14 Gaps Within the Universal Transport Cask

Gap (in.) 

Gap Location Cask with PWR Cask with BWR 

Fuel Canister Fuel Canister 

Gap between support disk and canister shell 0.155 0.155 

Gap between canister and inner shell 0.275 0.275 

Gap between lead gamma shield and inner shell 0.015 0.015 

Gap between heat transfer disk and canister shell 0.280 0.315 

Gap between canister bottom plate and top of spacer 0.125 0.25 
Gap between bottom forging and spacer * 0.25 

Gap between spacer and canister bottom plate 0.125 0.25 
• Only the base disk of the spacer is modeled in the PWR cask analysis. The cylindrical shells 

attached to the base disk are neglected.
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3.3 Technical Specifications for Components 

This section provides a discussion of the major components that provide radiation protection and 
of the other cask components that must be maintained within their safe operating temperature 

ranges.  

3.3.1 Radiation Protection Components 

Radiation protection in the Universal Transport Cask is provided by gamma and neutron 
shielding. The primary gamma radiation shielding components are the materials used in 
fabricating the multiwalled body, the end forgings of the cask body, and the cask lid. The 
multiwalled body consists of the lead cast in place between the inner and outer stainless steel 

shells. Neutron shielding is provided in the radial direction by solid neutron shield material and 
in the bottom end direction by a 1-inch-thick disk in the bottom of the cask. The neutron shields 
are borated to suppress secondary gamma generation. The capture of neutrons by many materials 

!10produces a secondary gamma ray that must also be shielded; however, when LoB absorbs a 
neutron, the alpha particle emitted is stopped locally. Thus, the secondary gamma dose rate is 
minimized. The radiation protection components are analyzed for normal conditions of transport 
in Section 3.4 and for hypothetical accident event conditions in Section 3.5.  

3.3.2 Safe Operating Ranges 

Six major components must be maintained within their safe operating temperature ranges: the 
cask lid O-rings, the lower drain port O-rings, the lead gamma shield, the NS-4-FR solid neutron 
shield, the aluminum heat transfer disks, ýid the support disks. The support disks for the iPW1 
basket are-fabricated, from- -SA 693, 17-4PH, Type 6 639Q stainiless-ste-el.. -For the- BWR, basket, the 
support disks are, fabricated, from SA5•53 Type B carbon steel.' The safe operating ranges for 

these components are as follows:
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Component Safe Operating Range 

Cask Lid and Lower Drain Port ý' .650F to +300°F (up to +375°F for 10 
O-rings (EPDM) hours for accident conditions)

Lead gamma shield -40°F to +600°F 

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

Aluminum heat transfer disks -40°F to +700°F 

PWR.basket support' disks 0Frto÷650O0 
B3WR basket support disk -460"F to'-

The safe operating range of the EPDM O-rings, obtained from the technical information 
presented in Section 4.5.2, ensures that the O-rings maintain their ability to perform their sealing 
function. The analyses of Sections 3.4 and 3.5 show that the temperatures of the O-rings are 
maintained within the safe operating range during normal conditions of transport and 
hypothetical accident conditions.  

The safe operating range of the lead gamma shield is based on preventing the lead from reaching 
its melting point of 620'F [5]. To preclude localized lead temperatures from exceeding their safe 
operating range, Fireblock Protective Coating (FPC) is used to insulate the lead from the high 
temperatures that occur during the 10 CFR 71 hypothetical fire accident. The FPC is included 
for additional assurance of safety. A 0.125-inch layer of the material is located around the top 
comer of the lead gamma shield and at the bottom area where the lead is adjacent to the bottom 
ring, i.e., above and below the coverage provided by the radial neutron shield.  

The maximum operating temperature limit of the NS-4-FR solid neutron shield material to 
ensure sufficient neutron shielding capacity is determined by the manufacturer to be 330'F [6].  
The peak calculated temperatures experienced in the Universal Transport Cask neutron shield, 
with helium as the cover gas in the cask cavity and helium inside the canister (which is the 
design basis configuration), are 293°0F for the cask containing PWR fuel and, 286°F for the cask 
containing BWR fuel. The peak temperatures occur only at localized areas. For the remainder of 
the neutron shield material, temperatures are well below the Y§9.°F and 286'F values for the 
casks containing the PWR and BWR fuels, respectively. V _
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Because the temperature of the radial neutron shield exceeds the temperature allowable during 

the 30-min hypothetical accident fire, the radial neutron shield is considered lost after the fire 

accident for shielding purposes. The necessity for the neutron shield material to remain within 

its safe operating range is thus eliminated (See Chapter 5.0 for a discussion of the effect of a loss 

of the neutron shield on the cask dose rates). The radial neutron shield is assumed to remain 

intact throughout the hypothetical fire and to be removed and replaced with air at the end of the 

fire for the fire analysis. Athermal transien sen was performed gtlfit 

6ierment model -described in Section, 3.'5.L. h-: an -ysiswas',p a ne 
durin••-gre9~g.gn thn-mnugt~fie.Th• ______an__ slgl~j 

shield (NS-4-FR) removed duin the _______ie-_henayisreutsi,__ata_ lg 

reduction in the maximum. emperature for all components. Th aiu reuctinocur at 

the lead (5'F) and the inner shell (4.F)., Therefore,it is conservativ 

iransient analysis -with the radial neutron~ shield in place durinpg the 3O--Tmnute- re-djen6vedft 

at-theend ofthefire event-.. .This shows that larger quantities of energy e transferred into the 

cask during the fire accident and lesser quantities #re rejected from the cask after the 30-minute 

fire.  

The primary consideration in establishing the safe operating range of the aluminum heat transfer 

disk is maintaining the integrity of the aluminum. According to the MIL-HDBK-5F [7], it can be 

shown that aluminum at 700'F retains component performance.  

The support disks mutspqqýDgnrl h emtyof h trdsetfýIJ~qsot 

T-he thermal peirfo..rr'mance properties of the 17-4 PH stainless steel. PWR suppoigdislandthe SA 
533, Type B.Rakebo he r t M Code Se tionIIJart 

"'Properties,' [14]:
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3.4 Thermal Evaluation for Normal Conditions of Transport 

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

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

purpose finite element analysis program ANSYS Revision •.5 [51 is used to perform the finite 

element evaluations.  

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

1. Hot Conditions: maximum decay heat generation, ambient temperature = 100'F, solar 

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

2. Cold Conditions: maximum decay heat generation, ambient temperature = -40'F, no 

solar insolance 

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

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

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

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

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

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

conditions 

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

operating temperature ranges 

3. Provide thermal input to the structural analyses.  

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

temperatures below VI6'F (WQ0 C) during normal conditions.
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The second objective is met by comparing the results of the analyses with the safe operating 

ranges established in Section 3.3.  

The third objective is met by using the results of the thermal analyses (as direct import of 
ANSYS temperature data, as maximum and minimum component temperatures, or as allowable 
look-up temperatures) as input to the structural analyses, which demonstrate that the combined 
load stresses are within allowable limits.  

3.4.1 Thermal Models 

The finite element method is used to evaluate the Universal Transport Cask for exposure to 
normal conditions of transport as specified in 10 CFR 71. This section describes the finite 
element models used in the thermal evaluation of the cask under normal conditions of transport.  
Separate three-dimensional finite element models are used to evaluate the cask loaded with PWR 
fuel and the cask loaded with BWR fuel. In addition, a separate model is used to determine the 
volumetric average temperature of the cask impact limiter for normal conditions. The analyses 
for normal conditions of transport consider the transport cask oriented horizontally.  

For each fuel-loading configuration, the cask is evaluated for normal conditions of transport 
using a three-dimensional half-symmetry (1800) finite element model of the loaded cask 
including internal components. The three-dimensional finite element models of the cask/internal 
components both comprise five parts: basket with fuel tube and fuel assembly; canister; spacer 
(between canister bottom and shell bottom forging); transport cask body; and gases between 
components. To model the cask in a horizontal orientation, the fuel basket in each model is 
modeled in contact with the canister on one side which, in turn, is in contact with the inner shell 
of the cask on one side-thus simulating no gap on one side of the basket and canister and a 
maximum gap at the opposite side (see Figure 3.1-1 for the PWR fuel configuration and Figure 
3.1-2 for the BWR fuel configuration).  

Gaps within the models are adjusted to account for differential expansion on the basis of thermal 
and defined physical contact conditions. Solar insolance, natural convection and thermal 
radiation boundary conditions based on ambient temperature are applied to the outer surface of
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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 (LINK3 1) 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 U0 2 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
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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 air 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
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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.  

For the PWR configuration, two analyses are performed. Gas inside the canister is modeled as 

helium in one model and air in another model. 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. igure 3.1, 2Aegrgc.ntact_'is consideredfo theJgasjbSet
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the canister shell and the cask inner shell and bewe h u~otds adteCnseýel 
the 2dgree contact region in the modela element tic he r" l 
modeled between the elements of thle Camster s el and cak i ve l and betweenle 
elements for. the_ support disk and canister shell. o,,i-lt ''h cnatcniin 
conductivity of 100 Btu/hir-in-'F is assumed for the element. Thvlue f con( uctivity used has 
a negligible effect on the • hermalanalysisresult, since the,,term resistanee..n.. across the element 
is negligible compared tq the thermal resistance of the canister sell or the cask.inner heli 
because the. thickness of the element is only 0.005 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 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 1 x - x = 0.427 Btulhr-in2.  12 hr- ft2 24 hr 144 in2 

Multiplying this value by the emissivity of the cask surface, r = 0.36, gives a heat flux resulting 
from insolance on curved surfaces of 0.154 Btu/hr-in2 . 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 
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-I 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 air 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.  

Rn s Rs i 
OuterNeutron Shell 

Su£cShellue -- v+/ ••-] Surface 

41 gv - Rc 

Rs 

Rss 

Rn: NS-4-FR material 

Rsi = siiicon foam between N6-4-FR 
and neutron shield shell 

Rcu = 6 mm copper plate 

Rss = 8 mm stainless steel 

RI = stainless 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

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: 

Ceff W EI(/a + l/ 62 - 1)

3.4-8

.emperat... 10O0•F 225?F 350T-• 

Radial Conductivity 

(Btulhr in 'F) 0.8 .383 

Axial Conductivity 

(Btu/hr in 'F) Q042. 0.424, 0A2 

Specific heat 

(Btu/hr in 'F) 0.39 0.39 0.39 

Density 

Ibm/in 3 0.0589 0.0589 0.0589
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Solar insolance is applied to the neutron shield shell surface for the ':•" (ambient 

temperature = 100°F). cosine dis considered for t.he beat fluIx si.nce h csk sid.  

uraceiubie~ctedto maxmum nsolat a the 

bottom whi (zontal pbasedoon hhee heatfluxaisdete bvergag ue 

of 0.154 Btfr-n for the curved surface discussed prevjiousy, 

Volumetric heat generation (Btu/hr-inch 3) 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 

distribution as shown in Figure 3.4-2. While CE 14x14 has a shorter fuel length of 128 inches, 

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.  

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 air in one analysis and helium in another analysis. Radiation elements are defined
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between rods and from rods to the 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: 

T, =Te +0.29468Q a 1 
Neff 

where: 

To = temperature at center of fuel (0F) 

Te = temperature applied at exterior of fuel (0F) 

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

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

Kerr- = effective thermal conductivity for isotropic homogeneous fuel material (Btu/hr-in-0 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 -ff 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), air gaps on both sides of the BORAL plate, and an air gap 

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

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

aluminum.  

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

the model, which consists of eight layers of conduction elements and six radiation elements that 
are defined at the air 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 = K~f(A/L) AT
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or Keff = qL/(A AT) 

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

A = area (in2) 

L = thickness of composite tube model (in) 

AT = temperature difference across the model (0F) 

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

The temperature-dependent conductivity for heat conduction through the wall (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.

3.4-12



SAR-UMS® Universal Transport Cask May 2000 

Docket No. 71-9270 Revision UMST-OOA 

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 .. 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, two analyses are performed. Gas inside the canister is modeled as 

air in one analysis and helium in another analysis. Gas inside 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 are shown in Figure 3.1-2 and are described in Section 

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

considered.  

Because the canister is in horizontal position during transport, the elements for the canister shell 

are shifted downwards to simulate contact with the inner shell of the cask. Similarly, the support 

disks and the heat transfer disks are shifted downward to simulate contact with the canister shell.  
As shown in Figure 3.1-2, a 2-degree contact is considered for the gaps between the canister shell 
and the cask inner shell and between the support disk and the canister shell. This contact is 

simulated by using appropriate conductivity (100 Btu/hr-inch-°F) for elements at the contact 

locations. The aluminum heat transfer disks are assumed to have only a line contact with the 
canister shell because the heat transfer disks are not subjected to any loads other than their own 
weight.  

To account for differential expansion, gaps within the model are adjusted on the basis of 
temperature and defined physical contact conditions. Solar insolance and ambient temperature 

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 3 = 0,427 Btu/hr-in2 

12 hr- ft2  24 hr 144 in2 

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-in2 . 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 
of 0.307 Btu/hr-in2.  

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 LINK31 radiation elements. Radiation across 

gaps in the model is described in Sections 3.2.2.3 and 3.2.2.4.  

Radiation at the neutron shield shell surface to ambient is combined with the convection effect by 

using the method described in Section 3.2.2.2. The convection heat transfer coefficient is 

calculated on the basis of the formula shown in Section 3.2.3. Effective emissivities are used for 

all radiation calculations, with the form factor taken to be unity. Effective emissivity is 

computed by using the following formula [9] based on corresponding material emissivities: 

Eeff 1(1 + 1 I/E2 - 1) 

Solar insolance is applied to the neutron shield shell surface for the iHot"_COnd4j (ambient 

temperature = 100 0F) 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-inch 3) is applied to the active fuel region on the basis of a 

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

3.4.1.2.2 Two-Dimensional Fuel Assembly Model: BWR Fuel 

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

thermal model of the BWR 9x9 fuel assembly. Taking advantage of the symmetry of the cross

section of the fuel, the finite element model represents a one-quarter section of the fuel. The 

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

between the fuel pellets and cladding. Modes of heat transfer modeled include conduction and 

radiation between individual fuel rods for the steady-state condition. The model is shown in
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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 air in one analysis and helium in another analysis. 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 =TT +0.2 94 68Qa 
Ne!ff 

where: 

Te = temperature at center of fuel (0F) 
T, = temperature applied at exterior of fuel (0 F) 
Q = volumetric heat generation rate (Btu/hr-in3)
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a = half-length of square cross section of fuel (inch) 

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

OF).  

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

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

homogeneous representation of the fuel assembly.  

Volumetric heat generation based on the design heat load of 16 kW with a peaking factor of 1.22 

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

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

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

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

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

area ratio.  

3.4.1.2.3 Two-Dimensional Fuel Tube Models: BWR Fuel 

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

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

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

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

materials). Additionally, the BORAL plate in the BWR fuel tube is composed of 16.46% B 4C 

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

62.34%-37.66% composition of B4C and aluminum.  

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

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

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

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

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

cladding for the BORAL plate and the support disk or heat transfer disk.
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Additionally, the effective conductivity of the fuel tube without the BORAL plate, which is used 
in the three-dimensional canister model, is determined by another two-dimensional fuel tube 
model. As shown in Figure 3.4-9, this model includes the fuel channel, gas gaps between the 
fuel channel and stainless steel fuel tube, the fuel tube, and a gas gap between the stainless steel 
cladding and the support disk or heat transfer disk.  

ANSYS PLANE55 conduction elements and LINK31 radiation elements are used to construct 
the models. The model with the BORAL plate consists of 10 layers of conduction elements and 
8 radiation elements that are defined at the gas gaps (two per gap). The model without the 
BORAL plate consists of four layers of conduction elements and four radiation elements that are 
defined at the gas gaps (two per gap). The thickness of the models (x-direction) is the distance 
measured from the inside dimension of the fuel channel to the inside dimension of the slot in the 
support disk (assuming that the fuel tube is located at the center of the disk slot). In the model 
containing the BORAL plate, the tolerance of the BORAL plate core thickness, 0.0045 inch, is 
used as the gap size for both sides of the BORAL plate. The height of the models is defined to 
be the same dimension as the thickness of the models.  

In each analysis, a heat flux is applied at the left side of the model and the temperature at the 
right boundary of the model is constrained. The heat flux is determined on the basis of the 
design heat load of 16 kW with a peaking factor of 1.22. The maximum temperature of the 
model (at the left boundary) and the temperature difference (AT) across the model are calculated 
by using ANSYS. The effective conductivity is determined by using the following formula: 

q = Kfr(AJL) AT 

OF 

KI- = q L(A AT) 

where: 

q = heat rate applied to inner surface of fuel tube (Btu/hr) 
A = area (in2)
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L = hickness of composite tube model (in) 

AT = temperature difference across the model (0F) 

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

The temperature-dependent conductivity (Kiff) in each analysis is determined by varying the 

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

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

of material.  

3.4.1.3 Cask Impact Limiter Thermal Model 

As described in Sections 3.4.1.1 and 3.4.1.2, the cask impact limiters are not explicitly modeled 
in the 3D cask models. In these models, the cask ends enclosed by the impact limiters are 

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

normal operating conditions in this section. Specifically, the volumetric average temperature of 
the redwood material in the cask impact limiters is calculated using an ANSYS finite element 

model. Taking advantage of the symmetrical geometry of the cask impact limiters about the 

major axis of the cask, the finite element model is an axisymmetric representation of one of the 
impact limiters with the cask oriented in a horizontal position. This represents the orientation of 

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

Figure 3.4-10.  

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

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

accounted for using effective thermal conductivity properties for air using the method described 
in Section 3.2.2.3. Air gaps are modeled between the cask and impact limiter based upon 

nominal dimensions. Additionally, a 0.125-in. thick layer of .FiberPa is 
modeled between the impact limiter redwood and the cask mating surface of the impact limiter.  

A heat flux of 0.13 Btu/h-in 2, which represents the package contents, is applied to the interior 

surface of the cask lid. This heat flux is obtained from the thermal results for the 3D cask model 

with the PWR canister and air as the canister cover gas (described in Section 3.4.1.1) by
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conservatively assuming the heat transfer rate to the cask lid is equal to the heat transfer rate to 
the canister shield lid.  

Heat fluxes representing the normal conditions solar heat loads are applied to the cylindrical and 
vertical flat end surfaces of the impact limiter as shown in Figure 3.4-10. The solar heat flux 
applied to the vertical flat surfaces of the impact limiter 0.0769 Btulh-in 2 model (which is in the 
normal transport orientation) are calculated in the same manner described in Section 3.4.1.1.1 
using the prescribed solar heat flux value of 737 Btu/12-hr-ft2 A solar heat flux of 0.154 Btulhr

in2 is applied to the cylindrical portions of the cask and impact limiter modeled.  

A steady-state heat transfer analysis is performed using the ANSYS model described in this 
Section. The volumetric average temperature of the cask impact limiter redwood material (Tavs) 
is calculated from the results of the thermal steady state analysis.  

3.4.1.4 Personnel Barrier Thermal Model 

According to 10 CFR 71.43(g), a package must be designed, constructed, and prepared for 
transport such that in still air at 100'F and shade, no accessible surface of the package has a 
temperature exceeding 185°F in an.exclusive' use shipment. Compliance with 10 CFR 71.43(g) 
is demonstrated by performing a computational fluid dynamics (CFD) analysis on a finite 
element model of the air between the cask surface (.e., neutron shlds and the on l 
ba•rer using ANSYS/FLOTRAN. The finite element model isconst oed two-dim ensiio'na 
FLUID141 elements and is presented in 

Because of geometrical symmetry, only one-half of the cask and the air around the cask is 
modeled. additon to the natural convectin of the air thermal radition heat transfer from the 
cas k.outer surface- to gth personnel barrier is -conere..7 - r"Smodel. Itj"j '•sea 

model the air between e. .Cskgsae liit because in aeras anhi 

velocity and more heat is carrieda t•he topp9t o eepersonnel bane' Along the centerline of the 
model, the horizontal velocity component is specified to be zero. tl•endes a ionotth 

peressonnel ___re t t-•onvpaie-ps eertrined as dIncdnditi0ns 
Otofor~ce al of the heat out from te top of th _rir.A eilt(otr side of the mfodel 

the, pressure is -set. to atmfo§sphefic,½rssure with% etiptpe~nkie o The
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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 § 

mo4died 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 M 
surface are constrained as boundary condtions of tmohemdel. Tetempratreh is considered to be" 

linearly _distributed, with the bottom and top tem~peratures I eqq~al, . ~ n to26' 

tespectivehy, 

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. ,he temperatures at.ey i st0 

described above areshown 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.
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3.4.2 Maximum Temperatures 

Using the thermal models described in Sections 3.4.1.1 and 3.4.1.2, temperatures for the PWR and 
BWR cask body, canister, basket, and fuel rod cladding are determined for three normal conditions 
of transport: (1) maximum decay heat, 100F ambient temperature, and solar insolance; (2) 
maximum decay heat, -40'F ambient temperature, and no insolance; and (3) no decay heat, -400 F 
ambient temperature, and no insolance. The maximum temperatures of the principal PWR and 
BWR cask components, canister, basket components, and fuel rod cladding are shown in Tables 
3.4-1 and 3.4-2 for the first two environmental conditions listed above. For the third environmental 
condition (i.e., no decay heat, -40'F ambient temperature, and no insolance), no analysis is 
necessary because all package temperatures will equilibrate to -40'F. The cask body maximum 
allowable component temperatures are shown in Section 3.3.2 and Table 3.4-3.  

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

redwood in the impact limiters is 1350 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 internal operating pressures for the canisters 
and cask cavity are summarized in Table 3.4-4.
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3.4.4.1 Maximum Internal Pressure for PWR Fuel Canister and Cask 

The internal pressures within the cask and PWR fuel canister are a function of rod-fill, fission, 

and backfill gases. The design basis PWR fuel assembly for the internal pressure calculations is 

the Westinghouse 17x17 fuel assembly. This assembly has the highest fuel rod backfill pressure 

(500 psig) and burnup (45,000 MWD/MTU). Ra burp of 50 00 MW 
conservatively used for this evaluation. The PWR internal pressure calculations are performed 

on a PWR Class 1 System. This is conservative because the high quantity of fission gas is 

coupled with the smallest free gas volume, which represents the bounding analysis with respect 

to internal pressure. There are three different gases that contribute to the PWR fuel canister 

internal pressure and four gases that contribute to the cask cavity internal pressure. The canister 

gases are the fuel rod backfill gas, fission gas, and canister backfill gas. Since the canister is not 

the containment boundary of the shipping container, the cask cavity gases are the same gases as 

those listed for the canister plus the cask cavity backfill gas. All of the gases except the fission 
gas are assumed to be helium which is the design basis backfill gas. The internal pressure within 

the cask cavity is conservatively calculated by assuming the backfill gas within the cask is at the 

same temperature as the gas in the PWR fuel canister.  

The maximum calculated average temperature of the gases within the PWR fuel canister with air 

as the backfill gas in the canister is 492°F. The average gas temperature with air as the cover gas 

within the canister is greater than the average gas temperature with helium as the cover gas 
within the canister. This average temperature of the PWR fuel canister cover gas is determined 

using the three-dimensional cask model described in Section 3.4.1.1. The backfill gases are 

assumed to be at an initial temperature of 68°F and an initial pressure of 1 atm. The total 

pressure for each volume is found by 6plicitl calculating the molar quantity of each gas and 

summing the quantities directly. The quantity of fission gas is derived using D 

,Atoms of Gas 

Fission 

Additionally, the internal pressures within the PWR fuel canister and cask cavity are calculated 

assuming both 3% and 100% of the fuel rods fail. In both cases, it is assumed that the failed fuel 

rods release 30% of their total fission gas and all of the rod fill gas.
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3.4.4.1.1 Maximum Internal Pressure for PWR Fuel Canister 

The maximum internal pressure in the PWR fuel canister is calculated in the following two 
sections for 3% fuel rod failure and 100% fuel rod failure, respectively. The internal pressure is 
calculated for each condition using the ideal gas law (i.e., PV=NRT). The total number of moles 
of gas (N) used in the ideal gas law is the sum of the number of moles of canister backfill gas, 
fuel rod backfill gas, and fission gas. The calculation of the number of moles of: (1) fuel rod 
backfill gas; (2) fission gas; and (3) canister backfill gas are calculated in the following 
equations.  

(1) Moles of fuel rod backfill gas: 

Conservatively, the plenum volume is calculated neglecting the plenum spring.  

V, = 7ir2L 

V, = x 0.374 inches - 0.0225 inches x6.3 inches = 0.5356 inches 3 

The pellet clad gap volume is calculated as: 

SnL(rjlID - T GD 

ice) K(0.374 inches) 2- (0.3225 inches)2 
V, = (144 inches) x (0.324 inches) = 0.4789 inches3 

T 4 

The fuel rod backfill volume is calculated as:
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VRod Backfill -V + V 2 

VRod Backfill = 0.5356 inches3 + 0.4789 inches3 = 1.0 145 inches3 

1.0145 inches' x 264 rodsx 24 assemblies x(2-54 cm 3 x 0.001 f 

assembly Canister inch) cm3 

1053n3 idtersl/, Ct aniste ilrl 

Using the ideal gas law, the quantity of fuel rod backfill gas is calculated as:

(500 psig + 14.7)x 1 atm x105.33 
14.7 psia

atm g 
0.0821 -- x293K 

Mole K

Canister Total Moles of Rod Fill Gas 
____= 153.31

Canister

(2) Moles of Fission Gas: 

Nmd I_ Se ~Fission 
,N 50,000 xl.OxlO6 x 86,4 e0-x e x 

MTU MW . d 1.602x10' 3 J 200MeV 

Atoms of Gas 1 Mole . MTU Assembes 
x 0..3125 __x x_ 0o.480_7 MT x 24___._ Fission, 6 .0 2 x10  Atoms Assembly Caniste ir 

S"Total Moles of Fission Gas 
N =808T 

Canister 

(3) Moles of Canister Backfill Gas: 

The canister free gas volume is calculated using the formula shown below.
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Free Gas Volume -Vcanister (Vshield Lid + VStructuralLid +pK rig gBasket Fuel 

- 2 

d (65.8linche)2 N "u (L Caise -LBotom P e )7•7nX xh(175.05 inches -1.75 inch)" 

Vc~ter = 589,484.3 inches'.  

VBasket VBORAL + MAluinum + MStainless Steel 

P Aluminum PStainless Steel 

1,7601b 12,405!b 
VBasket 8,826 inches 3 +inches 

lb rlb 
0.0980- 0.2910 3 

in' 

VFuel - gAssembly + VPoisonRods P Vpoison Rod Spider 

=~sebi (RodOD )2*Llod' N rd asmyhrwr 

:VAsseibly (0.374)2 *151.635*264 240 

:Veml 463 7.8 1 i n3j per assembly 

(0.385 inch)> Guide Tubes 
VPoisonRods = 156.1 inch x ,h" x 24 

4 Assembly 
7•:•,inch' 

436.14 
Poison Rods 
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5.776
VPoison Rod Spider -

_b____ // (0.926 
spider/S + 

0.2910 bss34 + 
0.90inch 3 ) L

lb 

spider 

0.2992

inch 3 

= 22.94i 
Spider

= 3 inch 3  inch 3  inch,3  Assemb 
VFO 4 .4637.81 - + 436.14 + 22.4I2 Assembly Poison Rods Spider) Canist 

-122,325.36 inch3 

g TSC = Vcaniste (Vshield Lid +[ VstructrlLd " 

-FreeGas Volume VCanster -tura Lid i d support ring Basket + gFuel) 

V~G s Vl~~ 5 8 , 4 8 .3 23,452 inches3  + 10,060 inches 3 VN a vTSC : 589,484 .3 .- : ? ?:I 
+ 69,414 inches3 + 51 inches3 +•22,325.36 inch3 

wv ascVolume = 364,181.94 nches3 

. .: • Canister 

NVTSCGaVolu= 364,181.94 x- =5968 ... ..96 

YVF-asvoiii = 5968 
Canister 

Using the ideal gas law, the quantity of canister backfill gas is calculated as: 

Ilatm x5,968£ 
Caniste' MOles of Canister Backfil a~s 

atm 5.Caniste 
Mole2 K x390.92 K .. ..  
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3.4.4.1.1.1 Maximum Internal Pressure Calculations for PWR Fuel Canister (3% Fuel Rod 
Failure) 

Using the number of moles calculated for the fuel rod backfill gas, the fission gas, and the 
canister backfill gas .in Section 3.4.4.1.1, the ideal gas law, and assuming the failed fuel rods 
release 30% of their total fission gas and all of the rod backfill gas, the PWR fuel canister 
internal pressure for 3% failed fuel rods is calculated.  

The total quantity of gas in the canister for 3% failed fuel rods: 

N = NTSCBacfil + 0.03(NRodBackfil1) + 0.3(0.03)(NFissionGas) 

Moles Moless Moles N =185.96 +0.0 153.31 +0.3(0.03 p08 
Canister Canister ' Canister) 

N =198 Moles 
Canister 

Using the ideal gas law, the internal pressure in the PWR canister with 3% failed fuel rods is: 

i9 8  0les |XO.0821- • X528.71K 
, Canister)X moleKj 1,4a 2.  

1.44atm 1.2psia 6.5 psig, 
? , !i. .. ... . ! ::: : -C an ister. : ; ; ' : : 

3.4.4.1.1.2 Maximum Internal Pressure Calculations for PWR Fuel Canister (100% Fuel Rod 
Failure 

Using the number of moles calculated for the fuel rod backfill gas, the fission gas, and the 
canister backfill gas in Section 3.4.4.1.1, the ideal gas law, and assuming the failed fuel rods 
release 30% of their total fission gas and all of the rod backfill gas, the PWR fuel canister 
internal pressure for 100% failed fuel rods is calculated. hen.fumrboer of oles• of-2gas •in e 
canister is. used intl the cthe accidentuodp p iresented in•S.ctio• 
3.5ý.4,1_1
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The total quantity of gas in the canister for 100% failed fuel rods: 

N = NTSC Backfill + N Rod Backfill + 0.3(NFission Gas) 

F Moles Moles 7 Moles 
N = 185.96 ±153.31 + 0.3 808 I 

Canister Canister L Canister 

~N=582Moles fN =582: 
Canister 

Using the ideal gas law, the internal pressure in the PWR canister with 100% failed fuel rods is: 

(52Moles atm Ca5ste X r0.0821 -am x528.71K 
P= aitrmole K =4.2 atm 62.2 psia 47.5 psig! 

S5,968 Canister 

3.4.4.1.2 Maximum Internal Pressure for Cask with PWR Fuel Canister 

The maximum internal pressure in the cask with PWR fuel canister is calculated in the following 

two sections for 3% fuel rod failure and 100% fuel rod failure respectively. The internal pressure 

is calculated for each condition using the ideal gas law (i.e., PV=NRT). The total number of 

moles of gas (N) used in the ideal gas law is the molar quantity of gas in the cask cavity 

combined with the molar quantity of gas in the PWR fuel canister calculated in Section 3.4.4.1.1.  

The calculation of the molar quantity of gas in the cask cavity is calculated in the following 

equations.  

The cask cavity free gas volume is: 

vVUTC ' V rC - Vs , sac 

Free Gas Volume -CavI TSC + VS 

The canister spacer volume in the above equation is calculated.  

SD2L 71 x(67 inches)2 x inches) 
Vcom= - = = 1322.12 inches3 

Plate 4
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Calculating the volume of the bottom plates starting with the smallest diameter first.  

V=Tc xD x W x THK

VPlate 1 x 12 inches x

VPe 2 = r x 24 inches x

Vpe 3 = 7'r x 32 inches x 

Vplate x = /7 x 50 inches x

3 

8 

3 

8 

3 
8

16.75 inches 

1j6.75 inches 

16.75 inches 

16.75 inches

inches)

inches) x

inches)

3 - inches)

3 
x - inches 

8

3 

8

= 231.5 0inches3

inches = ý463.00 inches'

3 
x - inches 

8 

x 3 inches 
8

I 617.33!inches
3 

ý964.58 Inches3

V plat6• = /7 x56 inches x 16.75 inchesJ - 3inche 3 hs =,;080.33inches' S..... . .. s -s8 8

VPate•6 = x 65 inches x 1 nches - 3 inches
3 

x 3 inches 
8

i,258.96lnches
3

VSpacer = Vcover Plate + ' VPlate I + VPlate 2 + ] VPlate 3 P VPlate 4 P VPlate 5 " Plate 6 

= (1,322.12 + 231.50 + 463.00 + 617.33= 
VSP ...... + 964.58 + 1,080.33 + 1,258.96 inches3  5,937.82 inches3 

The cask cavity total volume is:

t 'TC

71 D 2a,.Lc 7T5 Ca, 
ID 

4
Tt x (67.61 inches) 2 x (192.5 inches) 

4 = 691,102.54 inches3
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O]DcanistcrLcaster 7rx (67.06 inches)2 x 1705 inches) inces 

VTSC - O.68-27 
1.3.1 3inches 3 

Vumc a 691,102.54inches 3 -(618,271.3 inches3 + 5,937.82 inches 3 
='.66,893.41 inches3 

Therefore, the free volume in the cask cavity is: 

•d 9; ilnches3 1 f 

VuTCFreeGas Volume =066893.41, X =j,096.25 
cask 61.02 inches3  c ask 

VUTCFreGas Vo]urn= 1,096.25 
~~clas~k 

Using the ideal gas law, the molar quantity of gas in the cask is: 

1 atm x1,096.25 
N = cask =I Moles of Cask Backfill Gas 

N ~:45.57, 
atm - Cask 

0.0821 x 293 K 
Mole - K L-

3.4.4.1.2.1 Maximum Internal Pressure Calculations for Cask with PWR Fuel Canister (3% 

Fuel Rod Failure) 

Since the PWR fuel canister is not considered to be the containment boundary for the shipping 

container, the molar quantities of the gases within the PWR fuel container are assumed to 

contribute to the maximum internal pressure in the cask cavity. Therefore, using the molar 

quantities calculated for the fuel rod backfill gas, the fission gas, and the canister backfill gas in 

Section 3.4.4.1.1 plus the molar quantity of gas in the cask, the maximum internal pressure 

within the cask with PWR fuel canister for 3% failed fuel rods is calculated using the ideal gas 

law. Additionally, it is assumed that the failed fuel rods release 30% of their total fission gas and 

all of the rod backfill gas.  

The total quantity of gas in the cask with PWR canister for 3% failed fuel rods is: 

N N TSC Backfill + NUTC Backfill + 0.03(N Rod Backfill ) + 0.3(0.03)(N Fission Gas)
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Moles ' Moles , .Moles MMleses\ ýN=185.96 -+ 45.57 - + 0.0~ 153.31 I+9: 3 (0.03 '808 Cas - Cask ~ Cask 

~Moles 
ýrN 243.4 

L >. Cask 

Thus, using the ideal gas law, the internal pressure in the cask with PWR fuel canister for 3% 
failed fuel rods is: 

ýMoles atm.e 410X 0.08121 x x528.71iK. , Cask mo.e. .. .>t 
=J50at =,.21.98 psia 7.3 p'ig.  

( e 
7,064.25 -________ 

3.4.4.1.2.2 Maximum Internal Pressure Calculations for Cask with PWR Fuel Canister 
(100% Fuel Rod Failure) 

Since the PWR fuel canister is not considered to be the containment boundary for the shipping 
container, the molar quantities of the gases within the PWR fuel container are assumed to 
contribute to the maximum internal pressure in the cask cavity. Therefore, using the molar 
quantities calculated for the fuel rod backfill gas, the fission gas, and the canister backfill gas in 
Section 3.4.4.1.1 plus the molar quantity of gas in the cask, the maximum internal pressure 
within the cask with PWR fuel canister for 100% failed fuel rods is calculated using the ideal gas 
law. Additionally, it is assumed that the failed fuel rods release 30% of their total fission gas and 
all of the rod backfill gas. ýe:q______ moles qf asi§s'used in tte accid nt _c6nditiqjn 
evaluation P__r• intecin tion ;,4_l2 

The total quantity of gas in the cask with PWR canister for 100% failed fuel rods is: 

N NTSc ckfil, + N UTC Backfi,]I + N Rod Backfill + 0.3(N Fission Gas) 

MOleS Moless M -oles F : Moles 
,,=185.96 -.45ý,37 +153.31- +0.2 808 

CCask-' :Ca-kJ'L sk ýQ . ask -
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K.-7 Moles 
N = 724 

S Cask 

Thus, using the ideal gas law, the internal pressure in the cask with PWR fuel canister for 100% 

failed fuel rods is: 

Moles, ' . atm ) 
: 27.24. x 0.0 821 .. 528.71 K 

C1-ask)_ I - ".mole K, ip 41854 ps5igi pi 
7,064.25 - 6si 

Cask _ __
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3.4.4.2 Maximum Internal Pressure for BWR Fuel Canister and Cask 

The internal pressures within the cask and BWR fuel canister are a function of rod-fill, fission, 
and backfill gases. The design basis BWR fuel assembly for the internal pressure calculations is 
the Exxon-ANF 9x9 fuel assembly. This assembly has the highest fuel rod backfill pressure (60 
psig) and burnup (40,000 MWD/MTU). owever 0ab0u pof5Q... M.D/MTI•L 
conservatively, used forr_this evaluatqn, It should be noted that the design basis BWR fuel 
assembly for the internal pressure calculations represents an impossible configuration since the 
Exxon-ANF 9x9 fuel assembly will not fit in the Class 4 UMS® TSC; however, this represents 
the case which would maximize the internal pressures. There are three different gases that 
contribute to the BWR fuel canister internal pressure and four gases that contribute to the cask 
cavity internal pressure. The canister gases are the fuel rod backfill gas, fission gas, and canister 
backfill gas. Since the canister is not the containment boundary of the shipping container, he 
cask cavity gases are the same gases as those listed for the canister plus the cask cavity backfill 
gas. All of the gases except the fission gas are assumed to be helium which is the design basis 
backfill gas. The internal pressure within the cask cavity is conservatively calculated by 
assuming the backfill gas within the cask is at the same temperature as the gas in the BWR fuel 
canister.  

The maximum calculated average temperature of the gases within the BWR fuel canister with air 
as the backfill gas in the canister is 4320 F. The average gas temperature with air as the cover gas 
within the canister is greater than the average gas temperature with helium as the cover gas 
within the canister. This average temperature of the BWR fuel canister cover gas is determined 
using the three-dimensional cask model described in Section 3.4.2.1. The backfill gases are 
assumed to be at an initial temperature of 68'F and an initial pressure of I atm. The total 
pressure for each volume is found by calculating the molar quantity of each gas and summing the 

•: ' Atoms of Gas'! 
quantities directly. The quantity of fission gas is derived using 0.3125Am f 

Additionally, the internal pressures within the BWR fuel canister and cask cavity are calculated 
assuming both 3% and 100% of the fuel rods fail. In both cases, it is assumed that the failed fuel 
rods release 30% of their total fission gas and all of the rod fill gas.
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Maximum Internal Pressure for BWR Fuel Canister

The maximum internal pressure in the BWR fuel canister is calculated in the following two 

sections for 3% fuel rod failure and 100% fuel rod failure, respectively. The internal pressure is 
calculated for each condition using the ideal gas law (i.e., PV=NRT). The total number of moles 

of gas (N) used in the ideal gas law is the sum of the number of moles of canister backfill gas, 

fuel rod backfill gas, and fission gas. The calculation of the number of moles of: (1) fuel rod 

backfill gas; (2) fission gas; and (3) canister backfill gas are calculated in the following 

equations.  

(1) Moles of fuel rod backfill gas: 

Conservatively, the plenum volume is calculated neglecting the plenum spring.  

V = { @L424 ichej - 0.03 inches 2 x 9.578 inches = 0.9967 inches 3 

The pellet clad gap is calculated as: 

V, TE ' Ilet OD) 
V L(rý'I~d ID - e 

(( (0.2 n ches) >2 (0.3565 inches) 2> 

V,= 7 x (150 inches) x (0.4 24 inches - 0.03 inches 2 ( = 0.6366 inches 3 
S 2 4 

The fuel rod backfill volume is calculated as: 

Vk Backfil = VI + V,
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VRod Backfill = 0.9967 inches3 + 0.6366 inches3 = 1.6333 inches 3 

rods assemblies CM cm 3 0.00,1 1.6333inches 3 x79 r x56 x 2.54c X =118.41 
assembly Canister inch) cm3 Canister 

Using the ideal gas law, the quantity of fuel rod backfill gas is calculated as:

(60psig+14.7)x atm .41 
14.7 psia J Canister

0.0821 atm x 293 K 

Mole K

25.01 Total Moles of Rod Fill Gas 
Canister

(2) Moles of Fission Gas: 

MWd W sec 1 IMeV I Fissioni~j N=50,000 Wxx.0x06 Wx86,400 sexx 
MTU 1MW d .602x10 J 200MeV 

Atoms of Gas IMole 19 MTIU Assemblies' x0.3125 A x x 0.x1979 56 
Fission 6.02 x 10 2 Atoms Assembly Canister 

=. 7 T7567Total Moles of Fission Gas 

.Canister 

(3) Moles of Canister Backfill Gas: 

The canister free gas volume is calculated using the formula shown below.  

s Volume VCanister V Shield Lid + Vsructural Lid + VBaskxt + VFuel 

VC-anister =1 d (LCanisr - L Bottom Plate )= (65.8 inches)2 x 185.55-inches- 1.75 inch) 
4 4 

V Canister ",625,199.8i'nches'
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=V M Aluminum + MStainless Steel M Carbon Steel 

VBasket - VBORAL "" " 

P Aluminum Pstainless Steel P carbon Steel 

1,4721lb F:7,187 1b : 8,1021 lb 
VBasket = 12,085 inches3 + lb + 7,17 + = 80,361.34 inches3 

0.0980 lb 0 .29 10 il 0.2837 inb 
in'. in' in' 

VreGasVolume = VCanister- (vshieldLid + VS cturalLid "VLid55 Sup P •rt nr"g Basket + VFuel) 

(23,452 inches3 + 10,060 inches +51 cinches3 

WSFreeGasVolume 625,199.8 inches' Assemblies +0313 inhs'+188 5 
IAssemblies Canister: 

TSC inches3 
V" ree =o 405,771.46 

S. Canister 

! -T S C : ' • in c h e s 3 • + : 
;VTSCG, Volume = 405,771.46, i 1 : = 6,649.81 
:FLG. Volum Canister_ 61.0 inhS 3 :6,Canister 

Using the ideal gas law, the quantity of canister backfill gas is calculated as: 

1: latm. >ý ,649.8i1 • : ::: 
" la m 6,64981 e •Moles of Canister BackfillGasi 

N= Caniste 0987 0 atm . Canister 
0.0821' - x 385.93 K':: f: 

* ,. Mol K _ <j ~
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3.4.4.2.1.1 Maximum Internal Pressure Calculations for BWR Fuel Canister (3% Fuel Rod 
Failure) 

Using the number of moles calculated for the fuel rod backfill gas, the fission gas, and the 
canister backfill gas in Section 3.4.4.2.1, the ideal gas law, and assuming the failed fuel rods 
release 30% of their total fission gas and all of the rod backfill gas, the BWR fuel canister 
internal pressure for 3% failed fuel rods is calculated.  

The total quantity of gas in the canister for 3% failed fuel rods: 

N = NTSC Back-Fil + 0.03(N Rod Back-Fill) + 0.3(0.03)(NFission Gas) 

'N =209.87 M oes +0.0• 25.01 M oles +;] 0.3(0.03ý7'ý.7 ý7 ....... es 

-MMoles 

N = 217.60 

Thus, using the ideal gas law, the internal pressure in the BWR fuel canister with 3% failed fuel 
rods is: 

21760' Moles atm •e -, .  Can. i s 0e0821 x495.4K 
...........mole K I= 1.33 atm 19.56 psi 4.87 psig 

6,649.81.  

3.4.4.2.1.2 Maximum Internal Pressure Calculations for BWR Fuel Canister (100% Fuel Rod 
Failure) 

Using the number of moles calculated for the fuel rod backfill gas, the fission gas, and the 
canister backfill gas in Section 3.4.4.2.1, the ideal gas law, and assuming the failed fuel rods
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release 30% of their total fission gas and all of the rod backfill gas, the BWR fuel canister 

internal pressure for 100% failed fuel rods is calculated. um errr olesIgas is useai! 

the BWR accident, condition ainalyis presented in Section 3,5.4.2.1 

The total quantity of gas in the canister for 100% failed fuel rods: 

N = NTSCBackFill + NRodBack-Fill + 0.3(N Fission Gas) 

N 209.87Moles +25.0 Moles +0. 775.67 Moles 
Canister Canister Canisters 

Moles 
=N =467.58 

Canister 

Thus, using the ideal gas law, the internal pressure in the BWR fuel canister with 100% failed 

fuel rods is: 

( Moles atm.
467.58 C xt 0.0821 m-o 495.4 K =28 

2 86 atm 42.04psia 27.34 psig 
6,649.81 e 

- .. ~. L -CanisterJ 

3.4.4.2.2 Maximum Internal Pressure for Cask with BWR Fuel Canister 

The maximum internal pressure in the cask with BWR fuel canister is calculated in the following 

two sections for 3% fuel rod failure and 100% fuel rod failure respectively. The internal pressure 

is calculated for each condition using the ideal gas law (i.e., PV=NRT). The total number of 
moles of gas (N) used in the ideal gas law is the molar quantity of gas in the cask cavity 

combined with the molar quantity of gas in the PWR fuel canister calculated in Section 3.4.4.2.1.  

The calculation of the molar quantity of gas in the cask cavity is calculated in the following 

equations.  

The cask cavity free gas volume is:
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VTGtal = VUTC Cavity - (VTSC + Vspacers) Free Gas

VUTC Cavity -

VTSC ý

7t x D rClD x LUTCLenght 7r x(67.61 inches)2 x 192.5 inches

4

^ r×^D TscoD xL Canister

4

4
- 691,10254 inches3

; x(67.06 inches)2 8• ... in.ches 3 
.=655:356.99 inches

SX 

D Spacer x HSpacer 

4

2 2 
M 

71 X jor nor X 

M SLI RY -)

1 
7t x (67.0 inches) 2 x I inch 

+ 

Vspacer = 4x 4 = 20,739.22 inches3 

spa':"67.0 inches 65.0 inches~2 

V\otal 69 1,102.54 inches3 -'655,35699,inches 3 + 20,739.22) 15,006.33 inches3 
Free Gas ,0 3n s 20,792-1,63ice 

- ,inches 3  UCask 
VI uiai 15,006.33 x - 25.92

i ree Gas 1 Cask 61.02inches3 c Cask 

Usin- the ideal gyas law, the molar quantity of -as in the caskis
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S atm x24.92 -'sk-0Molesof CaskBackfillGas 
N= ~ .-. Cask 10 2 

atmn - Cs 
0.0821 x293K Cask 

Cask 

3.4.4.2.2.1 Maximum Internal Pressure Calculations for Cask with BWR Fuel Canister (3% 

Fuel Rod Failure) 

Since the BWR fuel canister is not considered to be the containment boundary for the shipping 

container, the molar quantities of the gases within the BWR fuel container are assumed to 

contribute to the maximum internal pressure in the cask cavity. Therefore, using the molar 

quantities calculated for the fuel rod backfill gas, the fission gas, and the canister backfill gas in 

Section 3.4.4.2.1 plus the molar quantity of gas in the cask, the maximum internal pressure 

within the cask with BWR fuel canister for 3% failed fuel rods is calculated using the ideal gas 

law. Additionally, it is assumed that the failed fuel rods release 30% of their total fission gas and 

all of the rod backfill gas.  

The total quantity of gas in the cask with BWR canister for 3% failed fuel rods is: 

N N TSC Backfill + N UTC Backfill + 0.03(NRodBackfil ) + 0.3(0.03)(N Fission Gas) 

Moles Moles I moles ~ 1 Moles' .N =209.87--7+ 10.22- +0.0~i 25.01 + 0.3(0.03~ 775.67 
Cask, -sCask Cask.-) \C ask., 

2 Moles 
N = 227.82 Ml 

Thus, using the ideal gas law, the internal pressure in the cask with BWR fuel canister for 3% 

failed fuel rods is:
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j227.82. 0.0821 x 495.28 K 

(6,895.73- j 
-, l~ Cask 

3.4.4.2.2.2 Maximum Internal Pressure Calculations for Cask with BWR Fuel Canister 
(100% Fuel Rod Failure) 

Since the BWR fuel canister is not considered to be the containment boundary for the shipping 
container, the molar quantities of the gases within the BWR fuel container are assumed to 
contribute to the maximum internal pressure in the cask cavity. Therefore, using the molar 
quantities calculated for the fuel rod backfill gas, the fission gas, and the canister backfill gas in 
Section 3.4.4.2.1 plus the molar quantity of gas in the cask, the maximum internal pressure 
within the cask with BWR fuel canister for 100% failed fuel rods is calculated using the ideal gas 
law. Additionally, it is assumed that the failed fuel rods release 30% of their total fission gas and 
all of the rod backfill gas. jijhl number of gas i thleask is usedij, the caclation of 
the accident condition prpessure prq-esented in Secttion 3:2:2: 

The total quantity of gas in the cask with BWR canister for 100% failed fuel rods is: 

N= gTSC Backfil ±.NgTC Backfi]I +-N Rod BackfilI + 0.3(NFission Gas) 

:N 0087M°les +'0 Moles 2 0Moles g 75 M01"eý 
,N=209.87 +10.22' +25.01 +0 . 775.67, Cask Cask Cask Cask 

N =477.80Moe 
Cask: 

Thus, using the ideal gas law, the internal pressure in the cask with BWR fuel canister for 100% 
failed fuel rods is:
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Moles atmr x45.8 (477.80 - x 0.0821 - x9.8 
Cask mole K p.=(. 2.82 atm 41.44 psia 26.74 psig: 

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 All'owable e Claddiing gTemperature' and C anister Heat Load 

The* maxium, allowablQe cladding temperaturesare calculated for PWR and BWR s 
on fuel..-a psemnbly ntype,,maximum burup, and mim initial cool time. Alo~wable heat loads 

are determined by relatingcladdin teprat to ca nisterheat load 

Cladding stresses are calculated for a set of representative PWR an _r aseble at 40,00 

MWD/MTU and 380°C.- The limiting, highest stress assemblies the Westing house14xI4 and 

GE 8x8 (150-inch fuel region),_arethen evaluated at_variou sbumnups to determine the maximum' 

allowable fuel cladding temp erature based opnPNL-6364 criteria 281]. Maximum allopbI 
cladding .temperatures are genericallycalculated for PWR and BWR bu-.ups-,raýIgip frro 

35,000 MWD/MTU to 5,_QOOMWD/TU.PWR burnups are extended to 5,000MWD/MTU 
to envelop, the_.M~i oth 

function of burnup ý7dr-minmdm inii 

Maximum AllowableeCddngTemperature 

Based onPNL-'6364_theiclad ijk, A ~~iLss ipssedý as qq a1 _ucpJ~ dy 
storage tepr a~ldi r' Forothigevaltirhe, nltd raa gue t •tsororage 

Fo ..tis""e a.th.ni .... "2 ... .h e .s _rLLtio rppsa _r ed-l""""-' -"' ' ":-•- " ' •'t-_S.aeap" - -,y,,-;m -,,•ed.
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,cladinitial clandi function of the rod intefnsLPressur, tC etii iairneter of the 
___ rodand cla The initial claddin7fe 01 faiitcula 

assembly is calculated as [281 

(P)(Dmii) x Tax, 69.684 
S 2t T 10,000 

n jternal gj pressure of the rod psi 

i-temperature at which P was determined K 

t =cladding wall thickness in 

Pn i d d.. i midCc-r lldameter in.' 
___ a factor, 0.95 for PWYR rods or 0.90 fort BWrd 

Tý2 -=-~allowal rageý tenpe ature for 

Tfo -a cco6-u nt -f or claJding oxidation during in-core fuel o 
in the spent fuelpLootthe nomin_.aln cladding thickness i'reduced by 0.06mm .125 min or 
PWR and BW• "WR fu erl -rods, respetvelyI3I.jForhugherblsupPWR.fe 

)pt)5,ooM D/fJMaine Yake_ xerec is thttemxm 
on the ful c•ladding is- 120 microns [30. The allowable ---- li tm te u s at 

,o~oo DJLM~t~h~zore empoy an xde. layer thickness of 0.012 c 

pressure i thefuel asembly rods is .produe b eationoffil! gas and fissioii_ 

For! agie •eJ assembly design, t~e~inu q•luantityisxed .and does not varijyth dS~harg• 
bu.uP.. "ased.i _einiual pressure and tempgera t oe.fze fi•i•ln of molesf6 Fg 

hre.:alculated u~jng hdeag ;k 
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L " .number of• ole~s fill -as are ....to the fission.gq tt a cantad din g 

teat stoaage conditi ons, 

anda fission gas release fraction. While the amount of fissjiogpryopu4edis aspred.ctabLe 
quanti~ty5 (0"le j2creaet h me; 2is~sio.n s-requiN tp•.q2Ngdu'ce: the desi red b~urnu 

,ýh rlesefrctonof th~egas fothpeltiothe _qjetfLa4:cl _y4__eens frilla 

pressure andr~e~to~r.,ofa4ting~cpndidjins, 

,r e numnber of fissions Z) is related to the burnup byz 

S.... ....... M W d X... . .....0 X ,• W . ... . .. sec 1. ,I M eVi; I> ion, 
2 X Burnup •xl0 1-86,400 x 

MTU MW d 1.602 xl10 J, 200: MeV 4 

6.21 Mole MTU Assembly S ::•x : : x, M ass: - _ X: ;:::•:{:5 }: 
6.2x10 2 Atoms Assembly #Rods * 

Mujtiplytngj1he of fissions by 0.31 f25 (0.25 x 1.25• atoms/iss~ion then e• 
quannty of issxon roue •Olander's " Fundamental AsIetofNl aor-6 

Eem enis-"-E ff1] lists the number. of-tgasatoms from a singPiefi-sion as-.2 .Basoed 6and e 

SAS2H isot getedfisinas invento fraction is increased b 25% to ac 

eych..isntincluded iny leadng t I 

__g j fraction r __ than the S.ASa2o::gutputitef s ee chladdinigeg 

tempratue aculaion s deoupld frm sorcetrm calculations,' 

T~ransport •Cask -ontainment Req.asremen s er ff ou:1] 

h eie to be 12% e for PWRa. ctiictor _tkqo S 

unirihrttei 
rees-rcos as 16%jqaWRo4s' an B@.ro 

~1ratritca~ylg!i ~i~~eaeea' gee 6gjrts diieihs~osh
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nqL Ig, QIo~i FiZqii fýnJi~as 
mojecuýesto a-cc-umulteio~ 're fhsi claddig4§ 

~AWD/MTUCv1it Cliff data to apmoiximaiteth~e~i 4 
,additional analy~sisiperorme.,qpanng t._e24 e_____ 

release fraction is twficth e~ii latory Gud niae a~'es 
report. and therRegions or pupý.pqq k Is e iI jeaf 
the pressurizing gas allows ~additioa L~e~ 

the 12%_PWR ad25% W fe rod release fractions, terefore.-'

cladding pressurization assumjption.fýtein4traaay'-,"roTbigpJq p 
(iLe., rod peak- bumtp ip to 50000 rq u 

gas release rt(fepelttro jpujnintc ue os sls ta f 
'12% reesrcio _salse for stauctard PWV fuel b ~ t 45000 M DM~j 
conse~rv~atively applieIdt jo t .he hi -gh Ier "b-urn %uIT) WRfi

Fuel rod free volume is calculated basedon he fuel caractristics -in Tabh~se.4ý53 
PW-R-and IBWR fuel, r~espectiv-ply.-' "Not all "a'ssemn blie~s rieq qest'ed foA Iiý are inc u d iTn. the 

ta~es"snc asebleswith signifiaty dhigher free; volum or __rfe 

the cladding 'stress evaluations presented., eto 3.~4 4: .fets~ 
calulaio ofil th fuelmu caitrDe aclýý 

ngectedthe plenum sphng-olumI ri&,VQfu4eisbt ted tof te pqaq~u Ium 

in the claddin maximum sire iý on otinec~j 

Substi~tu-ting.A thntern, al~ eýs jýs _____ii _____les,ýný ý 

40 QQNWPjMTLburnedful nt ihthe dýal1addifigtress.: ba1~p~~ation at a. iept~i 
of 3 eC resls' 

and BWR aseb 

The ,stre~ssi levels in the, linii=2asfiblie are -then&,,_,A~ 

450C orBWRful.The valuai6n reýsuj a e hp nt abq -'Týs4~~fi 
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ongenericcutryess.. versus eco n-sltei, t-eP.u at,' &nerciessy~~~~sgjjireimitirvg to, arrive' tc6fim ad 
m,2 aximum Allowable nterp ser. heat ha 

gqp:!~u~e r o. 7~ eiejf rn'jable of 0 PL1891`71 

he a dding temp. erture limit curves t lit PW and fassemblie, are 

royzided ifrn_ R uel bec ause the mhiinu at tq 5 ( 7The _ 

mnaximnum allowable _ ddn-temertrn ta~e cool timie ýn aium asse ibly UP.'i 
fuel rod pealadding stress level andN~ the_0ljrlNeijes.ait Iedn.e 

the assembly average bu._mceven ddhougsome t rods t9_:riene abhler -pdUa 

average. The average burnjup is, used, ice theg qq~tt offsso f t 

temperature vanies, only sli ghtly over a wide ran ge of bumup for qiven coli 
Consequently, the variation incadn teswthbrujAOsqý 

34'.6.2 Max'imum i'All owabl e "C_ anristerH He a-t,, Load 

Therm ,al-analysi-s was performedo at the ha loads for PWR fuel anoad h 6or7BW 
fuel to determine the corresponding maximnum fuel cladding temnperature. 6Oji y one heat load.is 

analyzed for BWR fuel because the, maximum computed clad tem~perature is 54F. 26 ct 
tohe m-ax-i mu m h eat-1o6ado-f~ 1,J,6_ kW,_ whi ch i s airead l ower than ..the .'inimiiumn all~waH 

teperature uimi for aheefye BWR fuue was~A9. ýntu 

analyzed and afijxed maximum decayheat of 16 kW is allowable for-tralsp rq LPLBiXfL6e 

The ther-mal mod els and mehd.dsrb6'nScin341'sdt deteripine the, temIperatur 
of ~ ~ ý fulcadn 5n yqqersoiiponents for tedesign~bieajod le temperaure at educed - - -. heac~jo ulare____ 

th e claadding'_ heatJs.c culp~atedtr es tijat 

pro~vid~e jinphut for co-rrelainaigab&clddn temperature Cý

PWR 5_8 J L 

PWR ý VO 11
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Thejjqý PWR temperatuversus heat load'curvej is l _igure:34-15 r ; q 

uIse in the ccu~lation of maiu ai~ati caise ea-:Foaecri' 
_gear !o• are .clc~ulate•:N,.:•omnitiNa :cool '•s -rangffg:rqmQ 

frm~•0' MWO/ M- o-ý jfl _ ___ _ 

400MWD/MT U f or. 5.0 T and 
abeSince'hs tepraue arengffi 

contents.  

3.4.7 Evaluation of Package Performance for or Conditions ... . T raýýS t 

Results ofthera analysis of theUniversal Tra sportCaskcol!W fjf1fl19g~j 

un der normal c on dition s of tran s p in als,;ý throgh.34 
maximum fuel rod cladding'temperature-. imimn'ainede 
Ssafety-related cas cokmponent~sare mainta ined i i'theiA nqs6].  

induced stresses in .c~ombinai with pressue and mechanical load ste s .... • W •ih", 
structural analysis of Chapter 2.0 to be less than the all wa~bistresses ho..,n- Section 

3.4ý.2, the,persýo~nn~el ba~rrier.-epp~ueo,13Fi eo h loal temperature of,1530Fis r 
exclusive use shipmenit._Therefore, the Un _f aleriog 

bas'is fuel under the normal, condition s of transport speiei D.10CR77
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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

Tw' 75 &~U.FER
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Figure 3.4-3 PWR 14x14 Fuel Assembly Two-Dimensional Finite Element Model
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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
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Figure 3.4-7 BWR 9x9 Fuel Assembly Two-Dimensional Finite Element Model
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Figure 3.4-8 Two-Dimensional BWR Fuel Tube (with BORAL) Model
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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 3.4-11 Psonel Barrie Thermal Model
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Figure 3.4-12
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Figure 3.4-13 
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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: Canister Gas: Canister Gas: 
Component Air 6  Helium Air 6 Helium 
Cask Lid O-Rings/Vent Port O-ring' 268 Z04 
Lower Drain Port O-ringi 225 42 232 230 

Cask Radial Outer Surface 127_9 266 .56 
Radial Neutron Shield 314 293 i0, 

Lead Gamma Shield 328 _65 

Aluminum Disk Exterior 292 268 L21W 

Aluminum Disk Interior 683 605 08 

Support Disk Exterior 271 95 213 
Support Disk Interior 686 608 6L2 

Canister Shell 399 4,08 

Canister Shield Lid 272 270 "0 
Canister Bottom Plate 325 ;24 062 

Maximum Fuel Rod Cladding 808 6_73 _6_7__ 

Cask Bottom 218 21_7 2. 228 

Bottom Forging 225 '224 232 230 

Inner Shell 368 -.414 336 12 
Outer Shell 323 L01 99 

Top Forging3  256 506 
Cask Lid 268 266 7 2Q 

Cask Lid Bolt3  268 2_f66 -7, - 0N

Average Gas Temperature in the 492 153 32 
Canisters5

Conditions: I00°F ambient temperature 
20 kW decay heat load. I. I peaking factor - PWR 
16 kW decay heat load. 1.22 peaking factor - BWR 

Solar insolation 
Cask cavity gas: helium 

Canister cavity gas: air or helium

I. Cask lid 0-rings and vent port 0-rings not explicitly modeled-taken to be the maximum cask lid temperature.  
2 Aserage temperature.  
3. Cask lid bolts not explicitly modeled-taken to be the maximum temperature of the cask lid.  
4. Lower drain port 0-nng not explicitly modeled - taken to be the maximum temperature of the bottom forging.  
5. Calculated as a volumetric average.  
6. The design basis cover gas in the canister is helium. Temperature results for air as the cover gas are provided as worst-case temperatures for 

structural esaluation
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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: Canister Gas: Canister Gas: 
Air 3 Helium Air 3  Helium 

Cask Lid O-Rings/Vent Port 0-ring1  154 •40 

Cask Radial Outer Surface 160 MR' 144 
Radial Neutron Shield 197 Ji68 O ý62 
Lead Gamma Shield 211 W 2 
Maximum Basket 2  599 •9M 
Canister Shell 281 9992 • "3 
Canister Shield Lid 148 4 V2 
Canister Bottom Plate 208 20•5 ý31 
Maximum Fuel Rod Cladding 744 78

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: air or helium

I. 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. The design basis cover gas in the canister is helium. Temperature results for air as the cover gas are provided as worst-case temperatures for 

structural evaluation.
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Table 3.4-3 Universal Transport Cask Thermal Performance Summary for Component 
Operating •emppera-tur7e 

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 ý48 < I 

Component safe operating 

temperature ranges 

Cask lid O-rings -40 to V66 0F -40 to •.•OF -40 to 300OF 

Vent port coverplate O-ring -40 to 266°F -40 to ýf°loF -40 to 300°F 

Drain port coverplate-O-rings -40 to 2240F -40 to -3O01 -40 to 300'F 

Radial NS-4-FR neutron shield -40 to •,93 0F -40 to -40 to 300OF 

Lead gamma shield -40 to 3060 F -40 to ;9q0 F -40 to 600°F 

Aluminum heat transfer disk -40 to '6_,oF -40 to ,iO -40 to 700OF 

P.W sup'porat'di -40 to 60878F -40 to 6500 F 
BW-Rsupport disk -40 to '17PF 

1. In accordance with pNL6189,•th• ternperaturelmitof_38C .U. -a iff iusedfor the_; valuaition of fuel 
cosieed-in fthdesign bai tod(Q jW.Frepraue lim Qits 

cQoling-tim-es, -re-f er t-o_-Ta,-b-le_3.4- -8"
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Table 3.4-4 Maximum Internal Pressures for Normal Conditions of Transport 

Fuel Cavity Condition Pressure 

PWR Canister 3% fuel rod failure .4•2Op.4 a.=.20.20 sg 

900% fuel rod failIure _pi .Qs 

Cask 3% fuel rod failure 5 . ... 21.98 psia . 7-28psg 

10% fu~el o fiur 3.8 

BWR Canister 3% fuel rod failure 3tmj-.156 psia 87sij 

L100% f"uel rod f-ilure 
Cask 3% fuel rod failure 1.34atr 4 5 4 ig 

100% fuel rod failure, 2.82 atm - 41.44 Dsia 204-' . ....
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Table 3.4-5 PWR Claddipg Stres Level Conmp4aqris Chart 

B&W B&W C 9 f E-E L 
FUel TYPe 15x].5 17x17 14xI4 16x16 114x14- ajl4 ý7-7 

Rob.4 0D(nh .379 0.44 93. -4' L2 

Cladding Thickness, (ich) P.Q265 0.024 '0.029 0. 0 25 0.0225 6,0242,002 
Peflet OD (inch 0.686 0,3232 ~ 5 0.3 674~ 59 

Active Fuel Lengt 144nch)5 

Plenum Length (inch 11.72 5 8.375 9.52q,7 Oý22 
Spring Wei ght (lb) 0.4 0026 0.1 

Backfill Pressur (pigTýl 4j3 40 5 

Fuel Mass (T 0.4807 6.4658 0.4037 6.4417 6.4144 4 I 
# of Fuel Rods 208 p6 4 176 236 _7_ E7 
Free Volume (inch) 1.,870, J.30'1 '1.-3 4 1. 017 i31 18 T8 

Pressure (psia) (380'C) 137 1440' q l 636 0 161Z i? 

Stress Leve -Ma 73 .8 769$ 838 J04~ v 1_____'__
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Tabl 3.-6 WR iadngStress Lvel Com~ 

r!u!0 Type EX 70 E x818 EX 9x9 LxJ~ ýx 8:i C84 x 

Rddnc)0.57 0.484 0.-424 Q.56- -414 ~ Lffi _____ 

CqtLaddig Thickness.. 6.ch Q36 003 6 6'Q QL.O32QýQ9 6.62 .1028 

Pele - D ----- 09 .-445 0.4565 .487 ~6 

Active Fuel Lenqgt _(incq~ ,144A 10 .__ 
Plnu Lngh(inch J11.25 :X10.24 9.578 245 

Sprn _Weight (lb) 0, Qý ~3 0-__7_07__PQ 

Backidill Pressure-, (psig ?2 TO2 8 

Fuel Mass (MTUT) 6.196 0.1793 0.1666 r-1977. -U47 ~ 

#ofF-u-el Rods C2 L7-24 
Free Volumne (inch 3 ) 261 .78 14629 18.92~9 171 

Pressure (psia) (380'C) 1145 1369 W16ii2~~ 

Stress Level,(v~a) [ 0. 0.6 60.6 W8608~ .3 R_
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LTAb~qe 34 7 bladdi-g -te~~sa F-unc qqtijo-n, -of Fu-el se~1~ea&Bgj 

Tempratre

PWRR 

Burnqp 300"C '4000C 566O~e 40Q~ 

3~00 MWD/MtUj 73MP i102 7,Mpq j. ~LMP P4-$MPa 

40 000 MWD/MTU 1l. 3M - -a ,107,,4 Mpg ý7-. 2-- N-' 22.3,)f 
45,000 MWD/MTU P5-2 j~ 412.0 Mp L3. iý SW. -a' 

50,000 MWD/MtU 111.7 MPaý 1-31.4'Mpa 7-

Table .4-8 Mxmum AllowablejInitial Sior -qpa 4jutýq 

'of Initial Claddingý Stress and Init~ial Cool Time

M4 5ý yers6year 7 years 19ygars ý y~r 

5 50-.2 4187-.3 '55.9 4,47 465 
10 488.8- 465.5 426.,4 4~03, 385.6 
20 465.2 '455 866~2 

30 .430.4 3P7 301 33 
40 '408,.1 39 63.2 356 0 

80 ý8. 75 5. 352 337.6 

~85. I ~2 i348. ~ 36;Jý, 

Yso ~ 33.1 ~T33931 

,t3 K39.j M4~047 9.
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Table_34-9 if(:W Ilffldi e

.... qtur Limit [-C] 10R 4 ~ d 

~oT-iit Burn up (M VWD/MTU)Junj MI/T~__ 
5 ~ 8O 458 _______ a36 _ ý 

6 378_________________ _0 E____E_ 

37 .368 1L 78 ____ 

Table 3.4-110, fo~xmum llowble stvHea 

PW.R Decy Rea ~ri~kW~ BWR Dý Ljyýýjii 
CPOl T ime BmurV IT 

_ _ 

[years] 35,000 40004,0 0,090 035,Q06 07bO, K ____ 

20O 160OL.00 __ C_ 
6194 2 19.14 L6_,O0 

7 1.7.2 fff74 ___ý. rj7ý.2 IT_ 
---- 17.67 IRA_ ____ 06 

f-A 17.3 P30 1j7:O 168:6&0 ___ __ 

1 ýBased-on,5%-Ternperaure4 ~ in to'A11owab1.;
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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 limiti for maximum cladding 

temperature mayb.e higher than that for normal conditions of trA cladding temperature 

limit of 1i,058'F, hqoeyveris conservatively applied [] 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. •spet ar 
mnaximum emneratures. f tiH asket componets ani fuel cldingAqgf 1. b a d~cing 
maximum temperatue difference between the cask. inner shel and nen 
from th e n o .m 3.4.. .. . .. ... ... .... .. .........-1... ." .... ......... ..... .  
.hell. The inner shell peak tem.peraturesf f _the_ a ro_ ace tc 
3.5-1 and 3.5-2 for the PWR and BWR fuel, res ectively. 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): Maximum decay heat of the fuel; ambient 

temperature = 100°F; solar insolance.  

2. 30-min fire (transient): Maximum decay heat of the fuel; fire 

temperature = 1,475°F (including convection and 
radiation); no solar insolance.  

3. Postfire cool-down (transient): 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-main 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 0.01222AT(°33 ' (Btu/hr in2 °F [12] [5]. 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 100'F 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 

In the following sections, the maximum internal pressures for the hypothetical accident 

conditions are calculated for the PWR and BWR Transportable Storage Canisters and for the 

Universal Transport Cask cavity. The maximum internal pressure for hypothetical accident 

conditions are summarized in Table 3.5-3.  

3.5.4.1 Maximum Internal Pressure for PWR Fuel Canister and Cask 

The maximum internal pressures in the PWR fuel canister and the cask are calculated for 

hypothetical accident conditions in the same manner described for normal conditions in Section 

3.4.4. However, for accident conditions only the case in which 100% of the fuel rods fail 

releasing 30% of their total fission gas and all of the rod backfill gas is analyzed.  

The calculated maximum post-fire accident average temperature of the gases within the PWR 

fuel canister with air as the backfill gas in the canister is 7940 F. The average gas temperature 

with air as the cover gas within the canister is greater than the average gas temperature with 

helium as the cover gas. This average temperature of the PWR fuel canister cover gas is 

determined using the axis-symmetric cask model described in Section 3.5.1.1. As previously 

discussed in Section 3.4.4.1, the design basis PWR fuel assembly for the internal pressure 

calculation is the Westinghouse 17x17 fuel assembly.
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3.5.4.1.1 Maximum Internal Pressure for PWR Fuel Canister (100% Fuel Rod Failure) 

As previously determined in Section 3.4.4.1.1.2, the total quantity of gas in the PWR fuel 
canister with 100% failed fuel rods is: 

N=582 Moles 
582 Canister 

The caximum cavw t mpe aiued fuea rods ispthe 

condition internal pressure in the cask with 100% failed uelrds a themie 
tralnsientl temperature, is: 

(52Moles x(021atm e 

CanitermoleK =5.60atm 82.0 Psia4';z67.30p~g 

C Canister. .  

3.5.4.1.2 Maximum Internal Pressure for Cask with PWR Fuel Canister (100% Fuel Rod 
Failure) 

As previously determined in Section 3.4.4.1.2.2, the total quantity of gas in the cask with PWR 
fuel canister with 100% failed fuel rods is: 

Moles; 
:N =627.24 

Cask.  

The-maximum cayioy temperature AZI ist 423 tC 

condition internal pressurint&as wIt JO~a1ferd,~ i
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(627.24 Mole 0.0821* a xm '696.34 K 
PCask Imole K 

S5.07 atm 74.56 psia 59.86 psig 

17,064.25
Cask) 

3.5.4.2 Maximum Internal Pressure for BWR Fuel Canister and Cask 

The maximum internal pressures in the BWR fuel canister and the cask are calculated for 

hypothetical accident conditions in the same manner described for normal conditions in Section 

3.4.4. However, for accident conditions only the case in which 100% of the fuel rods fail 

releasing 30% of their total fission gas and all of the rod backfill gas is analyzed.  

The calculated maximum post-fire accident average temperature of the gases within the BWR 

fuel canister with air as the backfill gas in the canister is 7O0 F. The average gas temperature 

with air as the cover gas within the canister is greater than the average gas temperature with 

helium as the cover gas. This average temperature of the BWR fuel canister cover gas is 

determined using the axis-symmetric cask model described in Section 3.5.1.1. As previously 

discussed in Section 3.4.4.2, the design basis BWR fuel assembly for the internal pressure 

calculation is the Exxon-ANF 9x9 fuel assembly.  

3.5.4.2.1 Maximum Internal Pressure for BWR Fuel Canister (100% Fuel Rod Failure) 

As previously determined in Section 3.4.4.2.1.2, the total quantity of gas in the BWR fuel 

canister with 100% failed fuel rods is: 

N =467.58 Moles 
.. . Canisterj 

The maximum canis.ternetau.u is 3710 C. Using te ideal gas .aw., tehypotlie~ical accident 

condition internal pressure ne ise:Ca.ister,:yjth 100%jaiied feiypr9s7,iN
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KY~, Molesatm( f 
<1467.58 'MlsX 00821 - x644.17 K W 
ý' Canister mole K '546psa39pig 

6,649.81 
C5aisterj 

3.5.4.2.2 Maximum Internal Pressure for Cask with BWR Fuel Canister (100% Fuel Rod 
Failure) 

As previously determined in Section 3.4.4.2.2.2, the total quantity of gas in the cask with BWR 
fuel canister with 100% failed fuel rods is: 

Moles.  N= 477.80 
Cask 

Th5.e maximum cTaviy tempermaltr is 371'eC, s Using tei gasi hyp etia 
condition internal pressure in the cask with 10 cfaisk cfel rod estis: 

s477.8 Mls t 0q.821 a tmhe 1 K.  
Cask mo. :1 366t=3.6'i 

=~~~ ~~ 36at 538psa - 39.2psig, 
6,895.73, 

Cask

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 ASME code for accident conditions.  

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
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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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BWR)
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Figure 3.5-2 Upper Region of Two-Dimensional Axis-Symmetric Cask Finite Element 

Model (PWR and BWR)
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Figure 3.5-3 Lower Region of Two-Dimensional Axis-Symmetric Cask Finite Element 
Model (PWR and BWR)
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Figure 3.5-4 Hypothetical Accident Conditions Maximum Lead Temperature History 

(PWR)
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Figure 3.5-5 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 

History (PWR)
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Figure 3.5-7 Hypothetical Accident Conditions Maximum Cask Outer Shell Temperature 

History (PWR)
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Figure 3.5-10 Hypothetical Accident Conditions Maximum Cask Lid Vent Port O-Ring 

Temperature History (PWR)
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Figure 3.5-11 Hypothetical Accident Conditions Maximum Cask Lid O-Rings Temperature 
History (PWR)
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Figure 3.5-13 Hypothetical Accident Conditions Maximum Neutron Shield Exterior 
Temperature History (BWR)
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Figure 3.5-14 Hypothetical Accident Conditions Maximum Cask Inner Shell Temperature 

History (BWR)
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Figure 3.5-15 Hypothetical Accident Conditions Maximum Cask Outer Shell Temperature 

History (BWR)
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Figure 3.5-16 Hypothetical Accident Conditions Maximum Lower Neutron Shield Temperature 

History (BWR)
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Figure 3.5-17 Hypothetical Accident Conditions Maximum Lower Drain Port O-Ring 
Temperature History (BWR)
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Figure 3.5-18 Hypothetical Accident Conditions Maximum Cask Lid Vent Port O-Ring 

Temperature History (BWR)
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Figure 3.5-19 Hypothetical Accident Conditions Maximum Cask Lid O-Rings Temperature 
History (BWR)
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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) (OF) 

Cask Lid Bolt1  306 5.8 650 

Cask Lid O-rings2  304 5.5 375 

Lower Drain Port 0-ring2  320 0.8 3751 

Cask Lid Vent Port 286 13.0 375 

O-ring2 

Cask Radial Outer Surface 1,376 0.5 

Lead Gamma Shield 473 2.9 600 

Canister Gas 3  .603 

Maximum Fuel Rod Cladding. 919 ,058 

Cask Inner Shell 479 3.0 

Aluminum Heat Transfer Disks3  794 _ 

Support Disks3  797_----_.

Conditions: 30-min, 1475°F Fire 

20 kW decay heat 

j 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 BoltT 287 5.8 
Cask Lid O-rings4 286 5.0 375' 
Lower Drain Port O-ring4  309 0.8 3751 
Cask Lid Vent Port O-ring4  266 13.0 3751 
Cask Radial Outer Surface ,376 0.5 -1 
Lead Gamma Shield 457! 2.9 600 
Canister Gas 2  ý5 8- 

Maximum Fuel Rod Cladding 2  7 96 

Cask Inner Shell 462 ,.
Aluminum Heat Transfer Disks2 3 

Support Disks,2  736 .  
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.  

' 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.  

SAccident 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 Compoiýneit of 

interest.  
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 ~ Ofdtiloi Pressure1 

PWR Canister rfj90%fju ele ro'd f ai ure a6Otm 82.0 psjia 67.3.psig 

rCask 10-0% fuel rod failure 3.67 atmn 53.90 psiwa 39.20 psig 

1. The pressure calculation considers the codto aiu 

temperature.  

2.The cask- cavityv p)r'essure as s-um-es failure of the can'is'ter c-6n.fine',mne't b- 6inda0-
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J3 6 Thermal Evaluation for Site Specific Contents 

361Mai ne Yankee S it e Sp ecific Contents 

the standard spent fuel assembly for the Maine Yankee.site is the Combustion 2Engprg, 
14x14 fuel assembly. Fuel of the same design sas Oalso been supplid by t 6ud&and bý 
Ex'xon. The standard -14xl4 fuel asebyis inlddi-h ~olto ftedsg ai'W 

fuel assemblies for the UMS Transport System (See Table 1..) The ain u heat' h o 

the Maine Yankee fuel is, limited to the design. basis, heat load for the PW ul ;,~~pqQ 

08kWper assembly). This heat load is bounded by the thra evlutin in Sections 34~p 

3.5 for thenormal of transpoqrtand hyotheticalaccident aonditQnOe•p jni•3I qSpev 

The Maine Y-anke~e -site specific ýfuel-Is I and GTCC ~waste are 'descri ,bed-- in. S -e-ti -- 3L~ji 

1.! !., i,2respectiyely.  

The thermal evaluations of theiMMaineYankee site specific, fuels and the G CQ waste are 

provided in Sections 3.6.1.1 and 3.6.1.2, respectively, 

3.6.1.1 Spent Fuei 

The Maine Yankee site specific fuels included in this evaluation -are:.  

I. Co6nsoliHdat'ed fuelyod 6atie consi-sting 7 1 - at t i ~e-a bi-ca t-,d-,-ith1xtjF 7-i2 d:4 

itainles~-s'ý-'"suý--'ýi,'odýan~iýess st~eel en ftig. onpf these satie nta 

283 fuel rods and 2, vyacancies. Th, other contains 172 fuLe712 itwhJhe emaining 

location's'e-itheir em or co6n-t~a-in-i'ng-a stainle s.s steel ,dumIos 

2. Standard aue inebieyj eac on 

2. Standard fuel assemblies that -- ave-been.- (L.-Ey•e t - y• damgedfelrdsa 

replacing thn ihsaness steel dummy -rods1, .solid. orroh iA~q_0 yj7-A 
enriched fuelro 

4. Stan'dard kuel •e-q ra e 

with hollow _ieo yu es.

3.6-1
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lankets! 
,7•t d fueltassembies that have fuel removed: 

Uhe thermal evaluations of the.ses.... ,.,.sp, ...... e.. .v. b... I.. lk,• d 
per assenmblyis liited to the dtsiu bais heat load _QI0 

fuels.' 

E1.9posolidated Fuel 

The~re are -two (2_),,cons~olid~ated tuellatti-ces (p- _qqqqAssemblies)_. he 4ýýa hea •eah cns~tol•,()i•nodated fue asebl 

each conohdatedf mb .279 k. The heat load of the 
283 fuel pins is_ _ basisP fue, is 

third (0.279/0.83).of the design basis heat load.  

The second consolidated fuel lattice has 172 fuel rods wth 76: .... steel d .. ." ...  
outer periphery•oft helattice. Due to the presence of the staness steel rqdheqL 

uctintis of this assembly.rnmya be slightly lower than those of the starndad CE_-,I 
as semby. WheTot! e bstanless steel conductce int 
radiationheatransferisless effe ativ at the surfac isteel rodas 
standard fuel rods.The radiatin is a functionm - ....... ... for 
stainles.s. steel that)is essth ha ..... o r. ....... o.. St7.d y 

csnfiguratio ni o 3s144 el;hmhl•:i-leý'{l c 
la.ttice with n• s .•tdbyanle ssf ros nn .CsisEng; _, 

The e o-i s the61 a cLthenduýt 

consolidatedeeuellroc st,

June 1999
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ue1the fiieeemn oe repreet a on-urescinassoni i ýA 
§4penetodolgyused in Section 3,4.1.1.2 for the tw'lf ýd6 

§neipl e n this o de .Te odegnlueyhefe jpellets, clfjjig woe1f~ue l e q 

K9sade he~iurn occup .ying the gap betwe~en. the fuel pellets and"c skddi g,,jnditi4 iWý' 
at the two outer lavers are. modeled asslid stainless steel rodt reXpresent the 66&i-uation-'Of` 
this consolidated fuel..lattice. Modes of heat transfer modeled include condflugjonjan rdiatiohi 
ýetwecn4jyjindvida rods for steady-stt codtin Ai IS?~N5 oducinee nts-and 

LINK31 radiation elements are used in the mnodel., Radiation elements are defi~n~ed et 6 
and from 'rods to -the boundary ofthe. model.(inside, surface of the fuel~4ý iý f iL 
conductivity for the fuel is determinedby usingtesm rcdr as dqoqMtei~&t~d Sii tior 

The three-dimension'al -periodic canister internal model consists of a eci*7 
canister internals.~ The moe otis n upr disk with twyo heat transfer,.disks~ haI 
thickness) on its top and bottom,the fuel, assemblie-s.th fuel tubes -an the Jielium-lin ,thd 
pani ster,, as shown in Fgure 3. 1.-2.m -Te urpse of thi s model is t6_o qg p~ ju 
fuel cladding tempperatures of the followin~g cases: 

I ) R ase Case: All 24 pqositiqns loaded'with standard CE 14x 14.fuel assembliesi 
2) ase 2:,23 poiin.wt tnadfe with one consolidated fuel lattice ini oiin2 

3) Case 3:23 pstoswith standard fuel, with one consolidated fuelatice in ~io4 

4) g4s :2po~toswihsadr fuejlx with onea cosldtdfeattice inposition 4.  
5) ase' 5:23 p~sitions wi~t-h ýstandaýrd fuel with oneconoiae fue ltice in~ DP&il5 

Positions 2, 3, _,n -r ow-i, 3 Based on~ ymtyt~•ajn 

rpprpspnt all of the possbl ieons -__c k.ýa 

The fue -sýý _ _ ~je sregidiis . f
thermal codciiis h fet~odutviefote consolidated fuel are. deterrn~~ 
the two-dimensionale fulasmi~o~~isi se abi ''The.ffective conductivibties6o ~fore 

CE ,14x14 6fulasse lie's, ar taihd~~.o h oe ecribedm~cioA~A 
P opfiesfý ~ihe fell tubes .r-determin --inso ul uemdliiSec~tion 

3'.4.1A.1.3._V olu-m-etri4c heat gfý ~ t~~~nig~te bssho .3k~~
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y~i applied to teC14lf e rein-r 

conduction-in the axial directiouis cosraiqyb mgjttet n olo 
.R.faces of the A constant_____________________ 

surface of the model based 0onthePWR fuel q th 
T_ Cask n noralconditions ( __ 

performed for all five cases and the c~alcula#ted nixmnf~cadigtfiatutintLjo 
are: 

Base Case Case 2' Case 3 iase' 
Maximum Fuel Claddingi .  

Temperature (0E) 

The maximum' temL•_ratres for Cases 2r'ou 5 _less, thantha for the GB•E M 
Additionally, a sensitivity study a nal i§ d, ........ the . e i' : .. .  
stnless_ steel rods considered in the consolidated fuel assem v•d , F.  

........ The thermal.......was modified s,= .te fueI,,assemS1•er m el 
a-s stain'less steel 'rods_ with"_ "te-________ d lesfom th 6 
presented in Figures 3.,1.1- ,wich consic ers of lyrsq rods modldsies12 j 

five' Caes (i.e., "Base Case" and cases 2 though5w ... - . ,

coaduc m fuel clatddng temodifie ac trm h ofthe five cses is,- a withi l _ s psnthe~og mý odel 

.....n. .dedoriginatlcnsolibddate e satl ther de It isconcluded.that,,temt 
performance of the c~onfliiration cossig& standar CE 14xl4 fuel assembibes and 

14x_ _j cosi fugsmle.Ten'sJ a~n~~ la 

any baskei-positindn,.{.ed oinhaloa.l Conservatively; however2 the conso1idated 6eliatticgi• 
limitedto_. oad6ng in Thefourcomer locationsftloe b as 

2. Standard CEt~l fuel assemblies witjhContr01 Eleme~nt Assembliji; 

_por CE 

tiube. •Tbhe B4C rmatenial haA _75 _______ ____w____a? • 

the g.de ,ubes, tve o

i&_4
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lhe uel ,assembl lsincreased because solid material rtlacls heaumn tb Te 

ýice heCA is isd of the g4id4e't s Note thtte etla 1L 

a o funt •fextra* heat geDerated by the iCAr 

Therecfore, te the~mal p)e-rffor~m,-anqc,,o-*hefue f~as---ýbluj CXe sbond ta 
eof the standard fuel assemblies.  

Standa - d fuel assemblies that have bee ____________________' 

replacing them wihsanessteel ct o 4:,rcru~ 
enriched fuel rods,' 

,Thpn paximu nubr-ffe.rds- rplaced.by, stai Ilssteel-rods is four. ~4Y r a~s~semwvý 
which is about_2% of the toa inbe ofrdtheah s-mby.  
effective conductivityoqf he asemblyis negligille. Note that the con ss 

steel. is similar to that of and bettr than that of the U 
effecti e conductivity ofbthe repaired fuel assembly in the' axial o•iretfosetnshes -aein 

the -effec-tive conductivity, linhe trnvredrcin(u osih eutoo aito 
transfer at the surface of the stainless steel' rods). The maximum nubrof fuel rodjrelaediby 

solid Zirconium rods is five (5)..per .asseiiibly, , ince, th oi Zirconium rod~i 

onuctty.s.thanthe fe.urel ainIz_ m with Zircaloy cads),the effctivjre onducrviof.thy 0 serbpjr 
fulaseby is increased.,,.The thermal Properties for the enihdfuel rod'repaiýitpýý4sqame 

pru0el- a'qse-m-b-- -, .a p~g_•t......] .... werp••oa_,ea~~N. :"teha oa L•.a•~~o•d•s..m ue 

frosta.ndard.fuelarods, so therJeis qbdshnge in effective conductivity of the-fuel asedb-Wfesu 

tfro m tthe 1• ofuet % Us.en Theser r other fuelo i 

assemblyftrv.rthe fr as semtted.. o h ons rpanex n 

fuelk-2q roshveo necce less than m~ine-f-teasebv
p~rodI~ 5 n y 
rods. in. a. standadassn ____ ujjpLs thehgeat loa of the .,9.5. wL utriche dfe os 

the standard felassernbii 

wvith: holwtrajy t tes.,
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Theweeroswrermee n rke~1cdw Iw icl t ~i 
maxmu ~i~n~heat lac rths aseble O.ý552,'W ids: ml tw r o sih 

~ oadjan th ui ib~ofi Zith 1611 t iý 
tota• •umberUf he fuel rods, the fao 

tatof the standard fuel assemblies 

center guide tbe of each fuel assebly.  

_t ~n ncr instrument thimbl asse itea ru LPJkIassembI vAij 

slightly.jicrease the axial conductance of the fueL asebl hjli p by slid nja1 
T re.....e- , no.negative impact on the ..em .maic6o fu a 

fgurtion. The thermal performance nfythesefel Amis• f of 
standard fuel assemablis 

Standard fuel assemblies that hare, fue rvh 

blankets,, 

;eT~h-e-rem .!.sc 9.ne.d•u_-t-_-asis~eb oyt!3Rhe•!•~zl.•e~ fuel assmle wihvaibe erihmntanaia tiblf,• 

considered tobees6lyha ;:" "s-s"o_.k s 

€.onf~ratin. th t i _,Wn asonhos-eins :s-etandard:: fulfssfaleseon-i•}' at • se mb•, fiehs.', iqcý ý 

load per aýssempblyis limited46A~he desigqkaýsis eat 1okd thr s h' inq,§~ icPait efec n q 

.Standard flassembli 

There, is ob-ne-:fuqel-ý--`mb-'6 i---- 7 

watts- (ony 8 _ 
_ 

have fuel rods renyed-7 

one oft7hesefue thbe O.6gkW Thshat Efoa i 724% 
l ness (than te desig basis heat 6a of 0i 63-~ieeg_ _ 

conig raio hat - ontains sta dar fuel ~_ _ 

remqIovepd rod:.

IIK'1
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nwco 6 Fuel Mxded

* Two outerlayers (rows) of rods are modeleda stainless steel

r&6j

W<~ t.. // 41 ;
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Figure 3.6.1,1-2 a' ~~~cahse Ii-n-e --Y rn-E i

* Aluminum Heat: 

S..Transfer D isks 
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1.6.12 n e Y Ciee G reait jr~ Than s _1s& -W-asJ 

N ormal C n so yi 

ThieU baskefor Mai Yankee~ t 

conditions of transpor thral conditions using a ýý i e 

~~ the'mdecnsssolid&I ecinz, J4a~AT~Odit 

The normrma so, do &aon 

Case 2: 10' min epýqqý.q a 

The GTCC waste ,contents generate 4.49 kW of decay bat. .Hqwev .aheatgenration rte 6"1 
6kW_ (5 kW times a ppaking- factor of 1.2) is conservativel used in the an al vsis.' Aifeat fl ux of 

b.1548 B~tu/-h-in2. is, applied to -th-e outDerm-st-surface of th&cGTkQ bosket shiel, p y, f 

Hetis' o ps~ t h k etgnr~i 
rejected toqh qýs Q h 

radi ..satira-n-sýer-edthroug--'_jL 4q thra -odci n themf raiaion and~j 

respectiveý'materials.  

corrspodin tonorm.l 'Ja#qprt ncfdtj~ngL ýCase j nd 
summarized in Tabe361

R.6-1
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Accident Conditions 

~htinre-sppeo th-eG-TC-C,-w"'si a-et, o the hypoheical ac-cident conditin-fr vn 
is co tratrly___ Itsfornorma m aspft pjaqn 

With.,te rnportcas ine helltempe~ratr. fo h cietcniin dsg ai W 

qnpqpsine h-II acltdfo hetM~auesne in Table 3-6--L4forQ-q 
2is added to te maiumtmqTtr of the transport cask ine hl wt R for 

t~he accident condition '49F, able 3.5-1).  

,T he calculated temperatures opf the GTCC waste basket/canister/transp~ort ckfr ciin 
coqnditlio-ns are summarized in Table 3,6.1-.2,-2.-

June 1999
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Figure 3.6j.1.2- wo-D meno [Cal isterf nane

Basket Shield Cylinder

Basket Support Disks

Y
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4.0 CONTAINMENT 

This chapter presents the Universal Transport Cask containment ,valuation. PWR and 

BWR fuel are evaluated separately.  

The B&W 15x15 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 analysis conservatively uses a fuel rod helium 

prepressurization of 500 psi. The maximum design burnup of 50,000 MWD/MTU, at a 

minimum 1.9 wt% 235U 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 ainalysis assumes 

the presence of control components. These components reduce the amount. of qcask-free vylume, 

thereby resulting in a bounding condition containment evaluation,. The consolidated.. fuel 
evaluation is based on Combustion Engineering 14x14 fuel assembly fuel rods in a 17x17, 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 be loaded in any canister.  

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 1MWD/MTVI, at a minimum 1.9 wt% .235 U enrichment with a 

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

the BWR fuel. The GE 9x9 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 BWR fuel assembly calculation of allowable release rate.  

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

calculations. The depletion calculation shows that enrichment and activity are inversely 

correlated. The lower enrichment, Ji.§ Uwt% 23wUfor both the PWR and BWR analysis (With a 

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

analysis.  

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 when
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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 O-ring; 

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

coverplate and drain port coverplate inner EPDM 0-ring.  

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

Cask during transport operation. These paths re past the inner EPDM 0-ring seals on the lid, on 

the vent port coverplate and on the drain port coverplate. 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 Type 304 stainlesssteel in 

accordance with the applicable requirements 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 . 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 0-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 Table4.1-1,.  

4.1.3.1.1 Containment System Fabrication Verification 

When fabrication is complete, containment system fabrication verification iea'k 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 llowabl e reference air leak 
rate of 2.4 x 10-5 ref-cm 3/sec for BWR fuel under normal conditions of transport. As Ashhownin 
Table 4.2-4, the allowable leak rate for'a cask containing BWR fuel bounds the allowatble leak 
rate for the cask containing PWR fuel. 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 0-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..1.31.1ý3 Containment System Verification Prior to Transpor 

As specified in the loading procedure (Section 7.1.3), the containment-system is lea ktestedin 

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

are replaced during loading operations,., If-.ontainment 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.I of TableA 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. Foliowing fabrication, -the~ontai*nm-nt 

boundary 0-rings are leak tested in accordance with Section 8.1.3. The post-fabrication leak test 

is based on the bounding BWR fuel allowable leak rate of.2.4 x 105 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 1,,2 x 105 ref cm3/sec. The equivalent allowable helium leak 

rate is 3.3 x 10-5 cm3/sec at standard conditions, The required helium leAk tes sensiti vit is .16x 

105 cm 3/sec The helium leak rate at standard conditions is specified since the test is conducted
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using helium as the detector gas. Specific-tion of sta dard conditionisisconseive, 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-nngs. 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 o• 
EPDM o-rings, with the inner o-ring forming the containment boun sTh eecond (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 0-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 0-Ring Empty 

Maintenance1  Replacement) 2  Replacement) 2  Transport 2 

Allowable 

Reference 

Leak Rate3  2.4 x 105 cm 3/sec 2.4 Xt 0" cm3/sec 1x 10-3 cm 3/se'c -1 x cm 3/sec 

Allowable 

Helium Leak 

Rate3  3.3 x 10- cm3/sec 3.3 x 10i cm 3/sec - ' 

1 All o-rings are replaced during Annual Maintenance.  

2 The need for o-ring replacement is determined by inspectionor, 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 GE 9x9 BWR fuel assembly and is the s ame 

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 IAEA Safety Series 

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

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

or 6.7 x 10-5 cm 3/sec helium at the test condition, wIhich is conservativeIy 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 214 x 10

ref-cmg/sec, or 3.3 x 10' cm 3/sec helium at the test conditions. Consequently, the BWR 

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 jtCi/cm 2 for PWR assemblies and 1,254 gCi/cm2 for BWR assemblies at initial discharge.  

The surface areas of the design basis PWR and BWR assemblies (B&W 15x15 and GE 9x9) are
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calculated to be 3.25 x 105 cm2 and 1.77 x 105 cm2, respectively. he"totalPW crud,-- activit"*y, 
calculated by the conservative surface area and maximum activity_ density, envelopes assemblies 
with control components inserted. Fuel assembly characteristics 're 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.1x10-hr-' or 

R = LNCN A2 x-2.78x10'0 sec' 

where: 

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

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

Activity Density of Radioactive Material (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 [6] sequence , the release fractions and the postulated crud (6"Co) . The 60Co 

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 = Ccrud + Cv olaties + CFissionGas + CFines 

CCud - fcMT - fcScNA(NRSA.R +SCh) 
V V 

where: 

Ccrud = activity density inside containment vessel resulting from crud spallation [Ci/cm 3]
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MT = total crud activity inventory [Ci] 

f = crud spallation factor 

V = free volume inside containment vessel [cm 3] 

Sc = crud surface activity [Ci/cm 2] 

NR = number of fuel rods per assembly 

NA = number of assemblies 

SAR - surface area per rod [cm 2] 

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

and, 
CfnsfFWRARNRNAfB Cfines =FRRRA 

V 

where: 

Cfine = activity concentration inside containment vessel resulting from fines 

released from cladding breaches [Ci/cm 3] 

fF = fraction of fuel rod's mass released as fines resulting from cladding breach 

f = fraction of fuel rods that develop cladding breach 

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

NR = number of fuel rods per assembly 

NA = number of assemblies 

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

V = containment vessel void volume [cm 3].  

and, 

C%2 -C~o + ±C s NRNAfBWR(AvfV +AGfG) 
'V 

where: 

Cv, = releasable activity concentration inside the containment vessel resulting from 

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

C%01  releasable activity concentration inside the containment vessel resulting from 

volatiles released from cladding breaches [Ci/cmi3] 

Cg = releasable activity concentration inside the containment vessel resulting from 

gases released from cladding breaches [Ci/cm 3] 

WR = mass of the fuel in a fuel rod [g]
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NR = number fuel rods per assembly 
NA - number of assemblies 

fB = fraction of rods that develop cladding breaches 
Av = specific activity of volatiles in fuel rod [Ci/g] 
fv = fraction of volatiles in fuel rod released if rod develops cladding breach 
AG = specific activity of gas in fuel rod [Ci/g] 
f = fraction of gas that would escape from fuel rod that develops cladding breach 
V = is the void volume inside containment vessel [cm 3].  

Activity Values for Radionuclides 

A2 values used in this analysis (based on 10 CFR 71 Appendix A) are listed in Section 4.5.3 for 
all radionuclides produced by the SAS2H analysis (plus 6°Co). the mixture A2 Values are shown 
in Tables 4.2-2 and 4.2-3 For those isotopes for which no specific A2 values are given in 10 
CFR 71 Appendix A, the generic values listed in Table A.2 of Appendix A, are applied. A2 
values for mixed isotopes are calculated from the following: 

1 
A, 

w'here: 

S 
S, 

and 
F The fraction of isotope i with respect to the entire mixture 
S = The activity of isotope i [Ci] 
S,,= Total group activity [Ci] 

Mixture A2 values are determined for gas, volatile, fine, and crud mixtures and are then 
combined for a total cask mixture A2 value. Tables 4.2-2 and 4.2-3 provide the source term and 
A2 values per group for PWR and BWR cask systems release rate calculations.
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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 design basis PWR and BWR fuel under normal conditions of transport are 

calculated to be 5.0 x i0. and 2.4 x 10-. ref cm3/sec, respectively (Table 4.2-4).  

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

assemblies because of the significantly higher surface contamination (crud) on BWR assemblies.  

The increased surface contamination more than offsets the higher fuel mass (+3%) and burnup 

(+12%) of the cask containing PWR 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 = 2.48x10 6 D4 (Pu -Pd p F, (P. -_P, P' 

aýA Pu P.  

where: 

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

D = capillary diameter [cm] 

a = capillary length [cm] 

ýt = fluid viscosity [cP] 

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

Pd = downstream pressure [atm] - pressure outside containment
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and, the molecular volumetric flow rate of the gas (cm3/sec), ,L, is given by: 

3.8 Ix10
3D3  T 

L al? (pT-Pd)*P" =Fm*(P Pd).*a 
aPP P 

where: 

Lm = is the volumetric flow rate of gas at Pa [cm 3/sec] 
Fm = is the coefficient for molecular flow [cm 3/atm-s] 
D = is the capillary diameter [cm] 

T = is the gas temperature [K] 
M = is the gas molecular weight [g/mole] 
Pa = is the average pressure (P,+Pd)/2 [atm] 
P,, = 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 capillary diameter of the leak is determined. The calculated capily 
diameter is then used to determine the air standard leak rate and helium test leak rate. Air 
standard condition leak rates are determined for air leaking from 1 atmosphere to 0.01 
atmosphere at a temperature of 298K. The test gas is helium leaking from 1 atmosphere (0 psig) 
to a vacuum. Table 4.2-4 provides the standard and test leak rates for the Universal -Transport 
Cask loaded with PWR or BWR fuel. The sensitivity for these tests is one-half the air standard 
leak rate as recommended by ANSI-Nl4.5-1997., The.. number of moles of cavity gases for 
normal and accident conditions are tabulated in Table 4.2-6.1 Key PWR and BWR containment 
analysis parameters are summarized in Table 4.2-7.

4.2-6
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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 I atm with at least 99.9% 

pure helium gas. To determine the limiting temperature conditions, a hypothetical replacement 

of the helium gas by 1 atm of air is assumed. This hypothetical situation reflects a failed canister 

and produces bounding canister temperatures as a result of air's lower thermal conductivity.  

During pressure calculations, the gas volume (e.g. plenum and pellet to cladding gap) inside the 

fuel rods is conservatively neglected when calculating the cask free volume. Molar quantities of 

gases in the cask, the free volumes of the cask, and the cask normal operating condition pressure 

are calculated in Section 3.4.4.  

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 allowable leak rate for PWR fuel.  

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

leak rate.

4.2-7
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Table 4.2-1

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

1. Not explicitly calculated.

4.2-8

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.OOE-05 

Crud spallation factor 0.15 1.0 

Fraction of fuel that fails 0.03 1.0

B&W 15 x 15 Crud Gas Volatiles Fines Total 

Total Activity per Assembly (Ci) N/C' 3.73E+03 1.49E+05 ,.28 E+ 5 3.8 iE+O5 
Releasable Activity per Cask (Ci) 8.47E+01 8.06E+02 2.14E+01 4.92E+00 9.17E+02 
Cask Volumetric Activity (Ci/cm3 ) 1.20E-05 1.14E-04 3.04E-06 6.98E-07 1.30E-04 

A2 Value (Ci) 10.80 285.50 6.34 0.115. 302.85 
Fraction of Activity 0.092 0.879 0.023 0.005 1.000 
Fraction of Activity /A2 (1/Ci) 0.0086 0.0031 0.0037 00.471 6.0624 

Mixture A: Value (Ci) 16.03
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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-' i.46E-+03 7.76E"+4 8.82E+04 J.47E+05 

Releasable Activity per Cask (Ci) 9'66E+02 7.34E+02 1.94E+01 4.44E+00 1,72E+03 

Cask Volumetric Activity (Ci/cm 3) 1.40E-04 1.07E-04 2.81 E-06 6.45E-07 2.50 -04 

A2 Value (Ci) 10.80 285.60 6.34 0.12 302.85 

Fraction of Activity 0.56 0.43 0.01 1.003 1.00 

Fraction of Activity / A2 (1/Ci) 0.052 0 .002 0.002 0.02 2 0.0 78 

Mixture A2 Value (Ci) 12.90 

I Not explicitly calculated.  

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

Leak Rate (cm 3/sec) 

Reactor Assembly Operating Vol.Activity Volumetric Air Reference Test 
Type Type Condition Ci/cm3  (L) (R) Sensiiivity 

PWR' B&W 15x15 Normal 1.3E-04 3AE-05 5.OE-05 2.50-15 

BWR2  GE 9x9-2 Normal 2.5E-04 1.4E-05 2.AE-05 -12E-05 

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

are 6.7 x 1Q05 cm3/sec and 3.3 x !- cM3/sec, respectively, at standard conditions.  

2 The corresponding helium test leak rates and leak test sensitivities for the BWR configuration 
are 3.3 x 10- cm 3/sec and 1.6 x i0- 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 Accident' Normal Accident' 

Free Gas Volume (liters) 2  7,060 7,060 6,890 6,890 

Pressure (atm) 1.4 1.73 

Average Gas Temperature (K) 528.7 696.3 495.3 644.1 

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 Free volume is rounded down to the nearest 10 liters and pressure is rounded up to 
the nearest 0.1 atmosphere. This conservatively minimizes free volume and 
capillary diameter.

Table 4.2-6 Cask Cavity Gases: Normal and Accident Conditions

4.2-10

PWR Cask BWR Cask 

Contributor (Number of Moles) (Number of Moles) 

Total rod back-fill 153.31 25.01 

Total fission aas 808.0 775.67 

Canister backfill .85.096 209.7 

Cask backfill 45.57 '10.2
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Table 4.2-7 PWR and BWR Containment Parameters - Normal-Condition's 

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 

15x15 7.2E-5 7.1E+6 0.287 6 ,4E-4 1.5 529 

GE 
9x9-2 6,5E-4 6.9E+6 0.287 5.3E-4 1.4 495

Note: 3% of the fuel rods are postulated to fail in normal transport conditions.
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4.3 Containment Requirements for Hypothetical Accident Conditions 

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

conditions is met by ensuring that for the cask containing PWR fuel a reference (air) leak rate 

limit of 2.6 x 10- ref cm3/sec is not exceeded. The corresponding air standard leak rate limit for 

the cask containing BWR fuel is 2.8 x 10-3 ref.cm3/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 696K (PWR) and 64'4K (BWR) resulting from air in the 
cavity, the pressure within the cask cavity is calculated to be 5.1 atm (PWR) Pr 3.7 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 radioactive fission 

85 129 
gases, primarily '5Kr, tritium and i, 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
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4.3.2.1 Calculation of Allowable 1eak 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 ), the mixture A2 values are then determined 
for gas, volatile, fine, and crud mixtures. Finally, the maximum allowable release rates are 
calculated by using the hypothetical accident conditions allowable release limit: 

RA = LACA A2 -week
or 

RA = LACA <A., -1.65x10-6sec-' 

where: 

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

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

Assumptions underlying the calculations for the hypothetical accident conditions are that 100% 
of the fuel rods 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 changed 
by the change in the magnitude of releasable material, but the combined A2 changes based on the 
change in activity fraction in each group.  

The calculated maximum permissible release rates for the casks containing design basis PWR 
and BWR fuel under hypothetical accident conditions are tabulated in Table 4.3-3.

4.3-2
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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 or 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 15x 15 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) 5.65E+02 2.69E+04 7.15E+02 ,1.64E+02 2.83E+04 
Cask Volumetric Activity (Ci/cm3 ) 7.99E-0 5 3.80E-03 1.OIE-04 2.33E-.05 4.01E-03 
A2 Value (Ci) 10.80 285.50 6.39 0.114 302.8 
Fraction of Activity 0.020 0,949 0.025 0.006 1.00 
Fraction of Activity / A2 (1/Ci) 0.002 0.003 0.004 0.0511 0.06 

Mixture A2 Value (Ci) 16.68 
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' 1.46E+03 5.76E+04 8.82E+04 1.47E+05 
Releasable Activity per Cask (Ci) 6.44E+03 2.45E+04 6.45E+02 1.48E+02 3.17E+04 

Cask Volumetric Activity (Ci/cm') 9.35E-04 3.55E-03 9.36E-05 2,15E-05 4.60E-03 
A2 Value (Ci) 10.80 285.60 6.34 0,.15 302.85 
Fraction of Activity 0.203 0.772 0.0204 0.005 1.00 
Fraction of Activity / A2 (1/Ci) 0.019 0.003 0.003 Q.04 1 0 .06.5 

Mixture A2 Value (Ci) 15.31 
1 Not explicitly calculated.
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Table 4.3-3 Standard Leak Rates: Accident Conditions

Table 4.3-4 PWR and B WR Containment Parameters - Accident Conditi ons

Crud 

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

Type (Ci/cm2) (cm3) (cm) (cm) (atm) (K) 

B&W 
15x15 7.2E-5 7.LE+6 0.287 1.8E-3 5.1 696 

GE 

9x9-2 6.5E-4 6.9E+6 0.287 1.8E-3 3.7 644

4.3-5

Lek Rates (cm 3/sec) 

Reactor Assembly Operating Vol .Activity Yolumetric AirReference 

Type Type Condition (Ci/cm3) (L) (LR) 

PWR B&W 15x15 Accident 4.OE-03 6.19E-03 ,2.6E-03 

BWR GE 9x9-2 Accident 4.6E-03 5.5E-03 -.8E-03

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

The Universal Transport Cask is not used for plutonium shipments and thus is not subject to the 

special requirements of 10 CFR 71.63.

4.4-1



THIS PAGE INTENTIONALLY LEFT BLANK



SAR - UMS Universal Transport Cask 

Docket No. 71-9270

May 2000 

Revision UMST-OOA

Appendices 

4.5.1 Containment Evaluation for Site Specific Contents ...................................... 4.5.1-1 

• 15,1 Contain-ment Evaluation for Maine Yankee Contents .................. 4.5.1-1 

4.5.2 Technical Inform ation on EPDM O-Rings .................................................... 4.5.2-1 

4.5.3 SAS2H Input, Output and Group A2 Values for B&W 15x15 and GE 9x9 

A ssem b lie s ..................................................................................................... 4 .5.3 -1

4.5-1

4.5



THIS PAGE INTENTIONALLY LEFT BLANK



SAR - UMS® Universal Transport Cask June 1999 

Docket No. 71-9270 Revision UMST-99A 

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 form (up to four consolidated assemblies per canister) displaces less free volume 

than the B&W fuel assembly forming the design basis for the containment analysis, and, 

therefore, results in lower pressures at a fixed decay heat.

4.5.1-1



THIS PAGE INTENTIONALLY LEFT BLANK



SAR - UMS Universal Transport Cask June 1999 

Docket No. 71-9270 Revision UMST-99A 

4.5.2 Technical Information on EPDM O-Rings 

This appendix contains the manufacturer's technical bulletins for the O-rings and seals.

4.5.2-1
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EllyTLEI PROPYLE1E RIUUU (!PU EPOM) 
Typical Trade Names 

oede .................... L Ld ~ do NemOM CO.  

R oyale•e e................ ... ........ " 

yaIoggol .................. Eaon Chemical CO. USA 
Epy ............. CAPnOtw RubWr & Chemict l Cop., 
Elpoar...........................BS. F. Goodrich CM.  
Eyene propylee nte r e is an pre pmarefd fhm 
ethylene mid proyleimonsncie (ethylene proPMYieM co
polymier) gW at tan with a maui amount Of a Vt morn 
omer (eorthyne pnpylene terpolymera). it was mitroducid 
toOn thfrbbg industrY In 1W6 and Qcldy Won brad e 
geptnce In Ste sealg world because Of eMe=06MMasse

toaho to Skydrl amid other phophat ester TYPe hydimul 
tfluds.  
Ethylene pMpylene has a lemVeratrMa range 01 -65 to 

+300-F (-.54 to +142-C) for mos applications.  

Phosphat ester base hydraulic fluids (Skydrol, Fyru*J.  

pydnau).  
Steam (to 400F) (204"C).  
Water.  
Suicone ofis am greases.  
Dut acids.  

Ketonus (MEK, actone).  
AJcohos.  
Autorotive brake fluids.  
EFis fla t is= --enoe for.  
Petroleum oils.  
Di-estar b- lu•ricants.  

FLUOROCARBON RUBBER (1Ma) 
Typical Trade Names: 
Fluorel ........................................ 3M 

Kairez (high e ) ...... E- OPont doe Nemours Company 
Keil ....................... 3M (torrnemy Kellogg) 
VWon ................. E.1 duPornt do Nemours Company 
Fluorocarbton eolazomers were hrst Introduced in ve mid 
1950's. s-ince then they have gtorn 10 major importance in 

the seal industry. Due to as wiOe soectrum cner•icasl com.  
Pahibtlity and tomperature range and its low compressiOn 
sel. tluorocarDon rubber is the most significani i..gle eias
tomer development in recent history 
Its working temperature range is considered to be - •5 to 
'4001F (-29 to +204C). bul it will take up fItolr ili Lt 

600'F (31B'C) for short penos = of time, an Du Pont 5 
Kairez is normally recommnendeo up to 5WIF (260C) On 
the low temperaturo "lid. Parker*& CompounO Vt5. 75 will 
seal down to -401F (-40C) in a static seal Tio1 ,g the 
standard compounds have bee known o sea, a' -65'F 
1-54"C) in some snecial static agpicatihon e notial low 
lemperalure limit is -151F (-26*CL) 

Special formulations having extra 6i,'ICJII resistance are 
also available. and new types are being develo"ed 
"Cnsianlty 
Fluorocarbon 0-rngs shuould be contsidered for seai use in 
aircraft. automobile and other mechanical aoerces reouiring 
maximum resistance to ele,-ie• temperature and to Iriany 
lunctiorinl Iluics 

Ii.'l

M Is MWcemm inidd 1W: 
Petrotuen of is, 

er base lubeim (MIL.-L-T70 MLL-L-60=5).  
Silicate ester base lubricants (MLW 6200, M4LO 8515, 

OS4&.) 
Sione kds and greases 
Halgogaatd hydrocabons (carbon tetrachloride. tthoo 

KMW Is mt neinuned nfor: 
t to EKM actoe).  

Low mdoscuar wisgi e, and eth'
Hot hyciofluof ic or chlaroasuffonic actds.  

,LUOROSUJCOWE (U) 
Typical Trade 

Sikstic LS ........................ Dow Coming Corp.  
RPAsrehleons cominesm the good high- and Iow-lerntper.  
Wor po ete of alicone with baic fuel ad ll resistance.  
The prtwry uee of fluorolhlcones am in systWms at 
termpewatree up to 350"F (1771C). and in appicaborts 
whef: the thyha8VOsac tslioet eWATed. but tei 
sa" mey be to pWetlolum oW ando hydrM-carbon 
fuels. In same Muels and oils, howerver, the hNgh tempierature 
limit is mom coneserative becmse tmpmratu approach
ing 350"F may degrade we fluid, Producing acia which 
atack fluoroallicone elastonmets 
On the otmer end a the •emperature scale, fluosrollicones 
typically seali at urrmperaturse as low as -100*F (-73'C).  
Hgh strength type twomwcones ,te available. Certain of 
mesa exhibit much Improved resistance to COmpreson "t 

MOPROIC RUIB1-4UNTWMCrl (IM) 
lypical Trade Names: 
Ns. ................... Goodyear Tire & Rubber Co.  

Polytsoprene has the dtisncon of being a synthetic els
tomer which has the s&nW chemical composition as natural 
rubmer. For a guide to Its chemical and physical properties, 
reer to Natural Rubber below.  

NATURAL RUBBER -NATURAL POLYrOPRENE (NR) 

Crude natural rubber is floun In the juices of many plants, 
incuding the shrub guayule, Russian dandelion, goldenrod 
and oczens of other shrubs, vines end trees. The pnncipsl 
source is the Iro Hoae Brasiliensis which Is nalive lo 
Brazil. Pitroleu oils are the greatest enemy of natural rub
ber compounds. The synthetics have all but completely re
Plllce natulral rubber for seal use.  

00 Is reeawwneuidied Jim
Automotive brake fluld.  
lo ale .mt rMema ed l,: 
Petroleum prodUCU
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Due~ to its excelbeflt resistance to petroieumn products. and 
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The high telot•npitum, ints assigned to Compounds in fis 

handbook am corservallIe sImates of the m4M•u• n m

Peretiu for 1000 hours f conf:inuoms service in te media.  

the comprounds amr most often called on to se1a. Since the 

top "t for any compiond vmries with the m•diuAM, e high 
emperatum lemil for many compounds is shown as a range 
rather than a sIgoe fgum. Thms range may be Mduce or 

extndoed in ususf fluidst.  
Snce s•om fltIs decomPoee at a temperature tIowr maln 
Vo msmmrnf tnmperstium limit of the elstomer. the ter

perr Ifits of bco the omel and m fluid must be caon

sidered in determintrg IWM for a System.  

Low tepmpeatre service ratings in the past have been 
bad On visues obtained by AM fest methods D3 and 

D746. The priesent ASTM r: X ',,SAE 200 SpiecificstiOa' Still 
calls for the ASTM D748 low temperatur test (ASTM D736 

is obsolet). For 0-rings and other compression sels how

ever. the TR.1O value per ASTMI D1414 provides a •etter 

means of approxiatinrg the low temperatum capabilty Of 
an eiastomer compression seal. Vu low temperature meal
irng limit being generally aou 15"F below me T-10 value.  

This ism thf ormula that has been used. with a few exCe 

ions, to eslNisht the recommenOe low temperature limIts 

for Parker Seal Group compounds in tables A3-13. 65.  
and B10.  
This is me lowest temperature normally recommenced for

italc sneals. in dlynamnic use, or static aPPlicatlion wrth Puts
Mg pressure. seaing may not be ac~cM3Pushe below the 
TRIO temnperature, or 15-F higher than the low limit reC=n 
meindabon in the Handbook.  
Thesw recommendations are based on Parker test. Some 
manuiactummr use a im$ coqsiervitrYe method to srrve at 
low teoipersutirCtWtedll but simular compounds 
with the seine TRIO temperasture would be expected to have 
mhe sane actua lo No tmperature kIrt regard"Is Of catalo 

A few degrees may soineto ne be gained by increasing the 
us~im onth e 0-ring sactoim while mnuffcierit somez 

may cataite O-nn lesaxgeý before the recommended low 

The lo- temperaturie fiml on ant 0-riitg seal may be Open
promnisadl if the seal ts previously exposed to exta high 
femperature ora kWi maw causes It to take a sert, or to a flud 
that causes, the seal compound to stiritilL Conversely. the 
WMm may be lowere significantly If the fluid swells the 

With decenasing temperature, elastmers Shrink approxi
mately tien Wries as mnucht as surrounlding metal pelts.I ra 
rod "yp assembly, whethr stati or dynamic Me efec 
csamtes Sm aling element to hug the rod more firmly as 
tha termperature gmoedown. Therefore. an 0-rang may seal 
below the recomnmended low temperature mlimi when used 
as a rod type ea".

0 I0.• nS.0 IQ 
(SPOSUR( ?IRMAE-01J1 

FIQIR J[14 SEAL LIrE AT T110UP AtIVtI[

ThIS Carn 1s Intended only IS rough guide It cannot be uIed tor precise predicions of seal [igf. esulbs will vary with 

comIouna and Ituti meUium
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4.5.3 SAS2H Input, Output and Group A2 Values for B&W 15x15 and GE 9x9 Assemblies 

SAS2H output is provided on a per assembly basis for B&W 15x15 and GE 9x9 fuel assemblies., 

based.oni a bumup of 50,000 MWD/MTU, and imntial enrichment of 1.9 wt% 235U and a 5.-year 

cool time. Radionuclides are grouped into fission gases, volatiles, and fines. Volatiles and gases 

are defined as those radionuclides listed in NUREG/CR-6487. All remaining radionuclides are 

grouped as fines. A2 values were obtained from 10 CFR 71.
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Figure 4.5-1 PWR SAS2H Input File for Design Basis Fuel Source Terms 

=SAS2H PARM=(HALT03,SKIPSHIPDATA) 
B&W 15X15 1.9 W/O U235, 50000 MWD/MTU 5-10 YEAR COOLING 
27GROUPNDF4 LATTICECELL 
U02 1 0.95 900 92235 1.9 92238 98.1 END 
ZIRCALLOY 2 1.0 620 END 
H20 3 DEN=0.725 1.0 580 END 
ARBM-BORMOD 0.725 1 10 0 5000 100 3 550.OE-6 580 END 
END COMP 
SQUAREPITCH 1.4427 0.9362 1 3 1.0922 2 0.9576 0 END 
NPIN=208 FUEL=365.76 NCYC=3 NLIB=1 PRIN=6 LIGH=5 
INPL=I NUMH=16 NUMI=1 ORTU=0.6731 SRTU=0.6325 END 
POWER= 17.16 BURN=466.9 DOWN=60.0 END 
POWER=17.16 BURN=466.9 DOWN=60.0 END 
POWER=17.16 BURN=466.9 DOWN=1461.00 END 
FE 0.672 CR 0.190 NI 0.115 MN 0.020 CO 0.0012 
END 
=ORIGENS 
0$$ A4 21 A8 26 A10 5171 E 
1$$ 1 IT 
COOLING TO 10 YEARS AND FISSION PRODUCT GAMMA REBIN 
3$$ 210 1 A33 -86 E 
54$$ AS 1 E T 
35$$ 0 T 
56$$ 06A13-253E 
57** 4.0 E T 
COOLING TO 10 YEARS AND FISSION PRODUCT GAMMA REBIN 
SINGLE REACTOR ASSEMBLY 
60** 5.0 6.0 7.0 8.0 9.0 10.0 
65$$ A4 1 A7 1 A10 1 A25 1 A28 1 A31 1 A46 1 A49 1 A52 1 E 
61** F1E-6 
815$ 251261E 
82$$ F6 T 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
56$$ FO T 
END 
=ORIGENS 
0$$ A421 A826AI05171 E 
1$$ 1 IT 
COOLING TO 10 YEARS AND ACTINIDE GAMMA REBIN 
3$$ 21 0 1 A33 -86 E 
54S$ AS 1 E T 
35$$ 0 T 
56$$ 06A13-253E 
57** 4.0 E T

4.5.3-2
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Figure 4.5-1 PWR SAS2H Input File for Design Basis Fuel Source Terms (Continued) 

COOLING TO 10 YEARS AND ACTINIDE GAMMA REBIN 
SINGLE REACTOR ASSEMBLY 
60** 5.0 6.0 7.0 8.0 9.0 10.0 
65$$ A4 1 A7 1 A10I A25 1 A28 1 A31 1 A46 1 A49 1 A52 1 E 
61** F1E-6 
81$$ 251261E 
82$$ F5 T 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
56$$ FO T 
END 
=ORIGENS 
0$5 A421A826A105171 E 
1$$ 1 1T 

COOLING TO 10 YEARS AND LIGHT ELEMENT GAMMA REBIN 
3$$ 21 0 1 A33 -86 E 
54$$ AS I E T 
35$$ 0 T 
56$$ 06A13-253E 
57** 4.0 E T 
COOLING TO 10 YEARS AND LIGHT ELEMENT GAMMA REBIN 
SINGLE REACTOR ASSEMBLY 
60** 5.0 6.0 7.0 8.0 9.0 10.0 
65$$ A4 1 A7 1 A10I1 A25 1 A28 I A31 I A46 1 A49 1 A52 1 E 
61** F1E-6 
81$$ 251261E 
82$$ F4 T 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
56$$ FO T 
END
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Figure 4.5-2 BWR SAS2H Input File for Design Basis Fuel Source Terms 

=SAS2H PARM=(HALT03,SKIPSHIPDATA) 
GE/4-6 9x9-2 1.90 W/OU235 50,000 MWD/MTU, 40%VQoID, 5-15 YEARS COOLING 
27GROUPNDF4 LATTICECELL 
U02 1 0.95 840 92235 1.9 92238 98.1 END 
ZIRCALLOY 2 1.0 620. END 
H20 3 DEN=0.446 1.0 562. END 
H20 4 DEN=0.743 1.0 553. END 
ZIRCALLOY 5 1.0 553 END 
H20 6 DEN=0.446 1.0 562. END 
END COMP 
SQUAREPITCH 1.44 0.955 1 3 1.120 2 0.978 0 END 
NPIN/ASSM=79 FUELENGTH=381.00 NCYCLES=3 NLIB/CYC=1 PRINTLEVEL=6 
LIGHTEL=5 INPLEVEL=2 NUMZONES=7 END 
4 0.692 5 0.792 6 1.149 500 7.313 6 7.564 5 7.793 4 8.598 
POWER=4.95 BURN=666.3 DOWVN=60 END 
POWER=4.95 BURN=666.3 DOWN=60 END 
POWER=4.95 BURN=666.3 DOWN=1461 END 
FE 0.672 CR 0.190 NI 0.115 MN 0.020 CO 0.0012 
END 
=ORIGENS 
0$$ A421 A8 26 A10 5171 E 
1$$ 1 1T 
COOLING TO 10 YEARS AND FISSION PRODUCT GAMMA REBIN 
3$$ 21 0 1 A33 -86 E 
54$$ A8 1 E T 
35$$ 0 T 
565$ 06A13-253E 
57** 4.0 E T 
COOLING TO 10 YEARS AND FISSION PRODUCT GAMMA REBIN 
SINGLE REACTOR ASSEMBLY 
60** 5.0 6.0 7.0 8.0 9.0 10.0 
655$ A4 1 A7 I A10 1 A25 1 A28 I A31 I A46 1 A49 1 A52 I E 
61** FIE-6 
81$$ 251261E 
82$$ F6 T 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
56$$ FO T 
END 
=ORIGENS 
0$$ A421A826A105171 E 
1$$ 1 IT 
COOLING TO 10 YEARS AND ACTINIDE GAMMA REBIN 
3$$ 21 0 1 A33 -86 E 
54$$ A8 1 E T 
35$$ 0 T
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Figure 4.5-2 BWR SAS2H Input File for Design Basis Fuel Source Terms (Continued) 

56$$ 06A13-253E 

57** 4.OET 

COOLING TO- 10 Y EARS AND ACTINIDE GAMMA REBIN 
SINGLE REACTOR ASSEMBLY 
60** 5.0 6.0 7.0 8.0 9.0 10.0 
65$$ A4 I A7 I AO 1 A25 1 A28 I A31 1 A46 I A49 1 A52 1 E 
61** FtE-6 
81$$ 251261E 
82$$ F5 T 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
56$$ FO T 
END 
=ORIGENS 

0$$ A4 21 A8 26 A10 5171 E 
1$$ 1 IT 
COOLING TO 10 YEARS AND LIGHT ELEMENT GAMMA REBIN 
3$$ 21 0 1 A33 -86 E 
54$$ A8 I E T 
35$$ 0 T 
56$$ 06A13-253E 
57** 4.0 E T 

COOLING TO 10 YEARS AND LIGHT ELEMENT GAMMA REBIN 
SINGLE REACTOR ASSEMBLY 
60** 5.0 6.0 7.0 8.0 9.0 10.0 
65$$ A4 1 A7 1 AlO 1 A25 1 A28 1 A31 I A46 I A49 1 A52 I E 
61** F1E-6 
81$$ 251261E 
82$$ F4 T 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
56$S FO T 
END
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Table 4.5.3-1 B&W 15x15 SAS2H Output and Group A2 Values (Gas) 

Fuel Gas Activities / Assembly Fraction Isotope A2 Isotope 
Isotope 5-Yr Cool Time (Ci) of Source Value Fraction/A2 Group A2 

H3 2.70E+02 7.24E-02 1.08E+03 6.70E-05 
1129 2.48E-02 6.65E-06 1.00E+60 6.65E-66 

KR 85 3.46E+03 9.28E-01 2.70E+02 3.44E-03 
Total 3.73E+03 I 3.50E-03 2.86E+02 

Table 4.5.3-2 B&W 15x15 SAS2H Output and Group A2 Values (Volatiles) 

Fuel Volatiles/ Assembly Fraction Isotope Isotope Group 
Isotope 5-Yr Cool Time (Ci) of Source A2 Value Fraction/A2 A2 

SR 90 3.56E+04 2.39E-01 2.70E+00 8.90E-02 
CS134 2.87E+04 1.93E-01 1.40E+01 1.43E-02 
CS 135 2.37E-01 1.59E-06 2.43E+01 6.55E-08 
CS 137 6.90E+04 4.63E-01 1.40E+01 3.43E-02 
RU106 1.56E+04 1.05E-01 5.41E+00 1.94E-02 
Total 1.49E+05 1.57E-01 6.39E+00
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B&W 15x15 SAS2H Output and Group A2 Values (Fuel Fines)

Fuel Fine 

Activities/Assembly Fraction Isotope A2 Isotope 

Isotope 5-Yr Cool Time (Ci) of Source Value Fraction/A2 Group A2

TL208 

PB212 

B1212 

P0212 

P0216 

RN220 

RA224 

TH228 

TH234 

PA233 

PA234M 

U232 

U234 

U236 

U237 

U238 

NP235 

NP237 
NP2338 

NP239 

PU236 

PU238 

PU239 

PU240 

PU241 

PU242 

AM241 

AM242M

1.17E-02 

3.25E-02 

3.25E-02 

2.08E-02 

3.25E-02 

3.25E-02 

3.25E-02 

3.24E-02 

1.51E-01 

1.88E-01 

1.5 lE-01 
4.74E-02 

4.84E-02 

7.76E-02 

1.53E+00 

1.511E-01 
1'.26E-03 

1.88E-01 
2.50E-02 

4.68E+01 

3.92E-01 

2.75E+03 

1.46E+02 

3.09E+02 

6.40E+04 

2.77E+00 

6.48E+02 

5.55E+00

1.17E-02 
3.25E-02 

3.25E-02 

2.08E-02 

3.25E-02 

3.25E-02 

3.25E-02 

3.24E-02 

1.511E-01 

1.8SE-01 

1.51E-01 
4.74E-02 

4.84E-02 

7.76E-02 

1.53E+00 

1.51E-01 

1.26E-03 

1.88E-01 
2.50E-02 

4.68E+01 

3.92E-01 

2.75E+03 

1.46E+02 

3.09E+02 

6.40E+04 

2.77E+00 

6.488E+02 

5.55E+00
I I__ _ _ _

5.13E-08 
1.43E-07 

1.43E-07 

9.12E-08 

1.43E-07 

1.43E-07 

1.43E-07 

1.42E-07 

6.62E-07 

8.25E-07 

6.62E-07 
2.08E-07 

2.12E-07 

3 .40E-07 
6.71E-06 

6.62E-07 

5.53E-09 

8.25E-07 
1.1OE-07 

2.05E-04 

1.72E-06 

1.21E-02 

6.4OE-04 
1.36E-03 

2.81E-011 

1.22E-05 

2.84E-03 

2.43E-05

5.O0E-01 
8.11E+00 

8.11E+00 

5.41E-04 

5.41E-04 

5.41E-04 

1.62E+00 

1.08E-02 

5.41E+00 
2.43E+0 1 

5.OOE-01 

8.A1E-03 

2.70E-02 
2.70E-02 

5.OOE-01 

1.00E+60 

1.o8E+03 
5.41E-03 
5.00E-01 

1.35E+01 

1.89E-02 

5.4 1E-03 

5.41E-03 

5.41E-03 
2.70E,01 

5.41E-03 
5.41E-03 

5.41E-03
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Table 4.5.3-3 B&W 15x15 SAS2H Output and Group A2 Values (Fuel Fines) (Continued) 

Fuel Fine 
Activities/Assembly Fraction Isotope Isotope 

Isotope 5-Yr Cool Time (Ci) of Source A2 Value Fraction/A2 Group A2

AM242 

AM243 

CM242 

CM243 

CM244 

CM245 

CM246 

BK249 

CF249 
CF250 

CF252 

SE 79 

Y 90 

ZR 93 

NB 93M 

NB 95 

TC 99 

RHI02 

RHI06 

PD 107 
AG108M 

AG110 
AGil0M 

CD 113M 

SNII9M 

SN121 

SN121M 

SN123

5.53E+00 

4.68E+01 

2.43E+01 

2.89E+01 

9.19E+03 

1.07E+00 

7.48E-01 

7.50E-03 

1.07E-03 
4.55E-03 
7.41E-03 

4.52E-02 

3.56E+04 

7.17E-01 

1.93E-01 

3.82E-03 

8.68E+00 

4.89E-01 

1.56E+04 

1.34E-01 

1.41E-02 

5.19E-01 

3.82E+01 

2.85E+01 

6.34E-01 

1.65E+00 

2.12E+00 

1.72E-02

5.53E+00 

4.68E+01 

2.43E+01 

2.89E+01 

9.19E+03 

I.07E+00 

7.48E-01 

7.50E-03 

1.07E-03 
4.55E-03 

7.41E-03 

4.52E-02 
3.56E+04 

7.17E-01 

1.93E-01 

3.82E-03 

8.68E+00 

4.819E-01 

1.56E+04 

1.34E-01 

1.41E-02 

5.19E-01 

3.82E+01 

2.85E+01 

6.34E-01 

1.65E+00 

2.12E+00 

1.72E-02

2A43E-05 

2.05E-04 

1.07E-04 

1 .27E-04 
4.03E-02 
4.69E-06 

3.28E-06 

3.29E-08 

4.69E-09 

2.OOE-08 

3.25E-08 

1.98E-07 
!.56E-01 

3.14e-06 

8.47E-07 
1.68E-08 

3.81E-05 

2.14E-06 

6.84E-02 

5.88E-07 

6.18E-08 

2.28E-06 

1.68E-04 

1.25E-04 

2.78E-06 

7.24E-06 

9.30E,06 

7.54E-08

5.0OE-01 

5.41E-03 

2.70E-01 

8.1 1E-03 

1.08E-02 

5.41E-03 

5.41E-03 

2.16E+10 
5.41E-03 

1.35E-02 
2.70E-02 

5.41E+01 

5.41E+00 

5.41E+00 
1 .62E+02 

2.70E+01 

2.43E+ 1 
1 35EO 1 

5.OOE-01 
1l'00E+60 

1.62E+O1 

5.OOE-01 

1.08E+01 

2.43E,+0 

1.08E+03 

5.00E-01 

2.43E+01 
1.35E+01
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Table 4.5.3-3 B&W 15x15 SAS2H Output and Group A2 Values (Fuel Fines) (Continued)

Fuel Fine 

Activities / Assembly Fraction Isotope Isotope 

Isotope 5-Yr Cool Time (Ci) of Source A2 Value Fraction/A2 Group A2 

SB125 1.79E+03 1.79E+03 7.85E-03 2.43E+01 

TE125M 4.37E+02 4.37E+02 1.92E-03 2.43E+02 

SN126 5.24E-01 5.24E-01 2.30E-06 8.11E+00 

SB126 7.34E-02 7.34E-02 3.22E-07 1,08E+01 

SB 126M 5.24E-01 5.24E-01 2.30E-06 1.35E+01 

TE127 7.90E-02 7.90E-02 3.47E-07 1.35E+01 

TE127M 8.07E-02 8.07E-02 3.54E-07 1.35E+01 

BA137M 6.52E+04 6.52E+04 2.86E-01 5.OOE-01 

CE144 6.14E+03 6.14E+03 2.69E-02 5.41E+00 

PR144 6.14E+03 6.14E+03 2.69E-02 5.OOE-01 

PR144M 8.59E+01 8.59E+01 3.77E-04 5.OOE-01 

PM145 1.01E-01 1.01E-01 4.43E-07 1.89E+02 

SM145 2.63E-02 2.63E-02 1.15E-07 5.41E+02 

PM146 1.96E+00 1.96E+00 8.60E-06 5.00E-91 

PM147 1.95E+04 1.95E+04 8.55E-02 2.43E+01 

SM151 1.94E+02 1.94E+02 8.51E-04 1.08E+02 

EU152 1.77E+00 1.77E+00 7.76E-06 2.43E+0i 

GD153 8.59E-02 8.59E-02 3.77E-07 1.35E+02 

EU154 7.26E+03 7.26E+03 3.18E-02 1.35E+01 

EU155 3.37E+03 3.37E+03 1.48E-02 5.41E+01 

Total 2.28E+05 0.114
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Table 4•5.3-4 GE9x9 SAS2H Output and Group A2 Values (Gas) 

Fuel Gas 
Activities / Assembly Fraction of Isotope Group 

Isotope 5-Yr Cool Time (Ci) Source Isotope A2 Fraction/A2 A2 

H 3 1.06E+02 7.28E-02 1.08E+03 6.74E-05 

1129 1.01E-02 6.94E-06 1.00E+60 6.94E-66 
KR 85 1.35E+03 9.27E-01 2.70E+02 3.43E-03 

Total 1.46E+03 __3.50E-03 2.86E+02 

Table 4.5.3-5 GE9x9 SAS2H Output and Group A2 Values (Volatiles) 

Fuel Volatiles 

Activities / Assembly Fraction of Isotope 
Isotope 5-Yr Cool Time (Ci) Source Isotope A2 Fraction/A2 Group A2 

SR90 1.44E+04 2.50E-01 2.70E+00 9.26E-02 

CS134 1.03E+04 1.79E-01 1.35E+01 1.32E-02 

CS135 1.10E-01 1.91E-06 2.43E+01 7.86E-08 
CS137 2.79E+04 4.84E-01 1.35E+01 3.59E-02 
RU106 5.OOE+03 8.68E-02 5.41E+00 1.60E-02 
Total 5.76E+04 I 1.58E-01 6.34E+00

4.5.3-10



SAR - UMS Universal Transport Cask 

Docket No. 71-9270

Table 4.5.3-6

May 2000 
Revision UMST-00A

GE9x9 SAS2H Output and Group A2 Values (Fuel Fines)

Fuel Fines 

Activities/ Assembly Fraction Isotope A2 Isotope 

Isotope 5-Yr Cool Time (Ci) of Source Value Fraction/A2 Group A2

TL208 

PB212 

B1212 

P0212 

P0216 

RN220 

RA224 

TH228 

TH234 

PA233 

PA234M 

U232 

U234 

U236 

U237 

U238 

NP235 

NP237 

NP238 

NP239 

PU236 

PU238 

PU239 

PU240 

PU241 

PU242 

AM241 

AM242M

4.09E-03 

1.14E-02 

1.14E-02 

7.29E-03 

1.14E-02 

1.14E-02 

1.14E-02 

1.13E-02 

6.22E-02 

7.03E-02 

6.22E-02 

1.6 1E-02 

1 .97E-02 

3.20E-02 

5.20E-01 

6.22E-02 

3.69E-04 

7.03E-02 

9.83E-03 

1. 83E+O 1 

1.22E-01 

1.04E+03 

5.04E+01 

1.28E+02 

2.17E+04 

1.17E+00 

2.26E+02 

2.1 8E+00

4.64E-08 
1.29E-07 

1.29E-07 

8.27E-08 

1.29E-07 

1.29E-07 

1.29E-07 

1.28E-07 

7.05E-07 

7.97E-07 

7.05E-07 

1.83E-07 

2.23E-07 

3.63E-07 

5.90E-06 

7.05E-07 

4.19E-09 

7.97E-07 

1.1 1E-07 

2.08E-04 

1.38E-06 

1.18E-02 

5.72E-04 

1.45E-03 

2.46E-01 

1.33E-05 

2.56E-03 

2.47E-05

5.OOE-01 
8.1oE+00 
8.11E+00 

5.41E-04 

5.41E-04 
5.41E-04 

1.62E+00 

1.08E-02 

5.41E+00 

2.43E+01 

5.00E-01 

8.1IE-03 

2.70E-02 

2.70E-02 

5.001-01 
1.00E+60 

1.08E+03 

5.41E-03 

5.OOE-01 

1.35E+01 

1.89E-02 

5.41E-03 

5.41E-03 

5.41E-03 

2.70E-0 1 

5.41E-03 

5.41E-03 

5.41E-03

9.28E-08 
1.59E-08 
1.59E-08 
1 .53E-04 

2,39E-04 

2,39E-04 

7.98E-08 

1.19E-05 

1.30E-07 

3.28E-08 

1.41E-06 

2.25E-05 

8.28E-06 
1'34E-05 

1.18E,05 

7.05E-67 
3.88E-12 
1.47E-04 

2.23E-07 
1!.54E-05 

7.32E-05 

2.18E+00 

1.06E-O1 

2.68E-01 

9.12E-01 

2.45E-03 

4.74E-01 

4.57E-03
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Table 4.5.3-6 GE9x9 SAS2H Output and Group A2 Values (Fuel Fines) (Continued)

Fuel Fines 
Activities/ Assembly Fraction Isotope A2 Isotope 

Isotope 5-Yr Cool Time (Ci) of Source Value Fraction/A2 Group A2

I. I_ ___I_

AM242 

AM243 

CM242 

CM243 

CM244 

CM245 

CM246 

BK249 

CF249 

CF250 

CF252 

SE 79 

Y 90 

ZR 93 

NB 93M 

TC 99 

RH102 

RHI06 

PD 107 

AG108M 

AGl10 

AG110M 

CD 113M 

SN119M 

SN121 

SN121M 

SN123

2.17E+00 

1.83E+01 
8.97E+00 

1.03E+01 

3.70E+03 
3.64E-01 

3.14E-01 

2.92E-03 

4.30E-04 

2.OOE-03 

3.56E-03 

1.86E-02 

1.44E+04 

2.96E-01 

8.75E-02 

3.53E+00 

1.71E-01 

5.OOE+03 
5.46E-02 

5.45E-03 

1.74E-01 

1.28E+01 

1.17E+01 

2.06E-01 

6.70E-01 

8.63E-01 

5.06E-03

2.46E-05 

2.08E-04 
1'.02E-04 

1.17E-04 

4.20E-02 

4.13E-06 

3.56E-06 

3.3 1E-08 

4.88E-09 

2.27E-08 

4.04E-08 

2.11E-07 
1.63E-0 1 

3.36E-06 

9.92E-07 

4.00E-05 

1.94E-06 

5.67E-02 

6.19E-07 
6.18E-08 

1.97E-06 

1.45E-04 

1.33E-04 

2.34E-06 

7.60E-06 

9.79E-06 

5.74E-08

5.o0E-01 
5.41iE-03 

2.70E-01 
8.iiE-03 

1 .08E-02 

5.41E-03 

5.41E-03 
2.16E+00 

5.41E-03 

1.35E-02 
2.70E-02 

5.41E+01 

5.41E1+00 

5.41E+00 

1.62E+02 

2.43E1+1 

1.35E+01 
5.OOE-01 

1.00E+60 

1.62E+01 

5.OOE-01 
1 .08E-i01 

2.43E+00 

1.08E+03 

5.00E-0! 

2.43E+01 

1.35E+01

4.92E-05 

3.84E-02 

3.77E-04 
1!.44E-02 

3.89E+1o0 
7,63E-04 

6.58E-04 
i.53E-08 

9.01E-07 

1.68E-06 
1.50E-06 

3.90E-09 
3.02E-02 

6.21E-07 

6.13E-09 

1.65E-06 

1.44E-07 

1313E-01 
6.19E-67 

3.82E-09 

3 .95E-06 

1.34E-05 

5.46E-05 

2. 16E-09 

1.52E-05 

4.03E-07 

4.25E-09
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GE9x9 SAS2H Output and Group A2 Values (Fuel Fines) (Continued)

Fuel Fine 

Activities/ Assembly Fraction Isotope A2 Isotope 

Isotope 5-Yr Cool Time (Ci) of Source Value Fraction/A2 Group A2 

SB125 6.33E+02 7.18E-03 2.43E+01 2.95E-04 

TE125M 1.55E+02 1.76E-03 2.43E+02 7.23E-06 

SN126 2.15E-01 2.44E-06 8.11E+00 3.01E-07 

SB126 3.01E-02 3.41E-07 1.08E+01 3.16E-08 

SB126M 2.15E-01 2.44E-06 1.35E+01 1.81E-07 

TE127 2.34E-02 2.65E-07 1.35E+01 1,97E-08 

TE127M 2.38E-02 2.70E-07 1.35E+01 2.OOE-08 

BA137M 2.63E+04 2.98E-01 5.00EI-01 5.97E-01 

CE144 1.82E+03 2.06E-02 51.41E+00 3.82E-03 

PR144 1.82E+03 2.06E-02 5.OOE-01 4.13E-02 

PR144M 2.55E+01 2.89E-04 5.00E-01 5.78E-04 

PM145 4.96E-02 5.63E-07 1.89E+02 2.98E-09 

SM145 1.05E-02 1.19E-07 5.41E+02 2.20E-10 

PM146 6.55E-01 7.43E-06 5.00E701 1,49E-05 

PM147 6.94E+03 7.87E-02 2.43E+01 3.24E-03 

SM151 6.64E+01 7.53E-04 1.08E+02 6.97E-06 

EU152 7.48E-01 8.48E-06 2.43E+01 3.49E-07 

GD153 4.02E-02 4.56E-07 1.35E+02 3.38E-09 

EU154 2.84E+03 3.22E-02 1.35E+01 2.39E-03 

EU155 1.23E+03 1.40E-02 5.41E+01 2.58E-04 

Total 8.82E+04 I I 8.68E+00 1.15E-01
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5.0 SHIELDING EVALUATION 

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

limits. The optimized multiwall design provides an efficient shielding arrangement for the 

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

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

various PWR and BWR fuels.  

The shielding design criteria for the Universal Transport Cask are in accordance with the 
requirements established in 10 CFR Parts 71.47 and 71.51 for normal conditions of transport and 
hypothetical accident conditions. The 10 CFR 71.47 requirements for the transport of spent fuel 

under normal conditions of transport include the following: 

"* The dose rate on the external surface of the cask must not exceed 200 

mrem/hr.  

"* The dose rate on a plane two meters from the lateral surfaces of the railcar 

must not exceed 10 mrem/hr.  

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

exceed 2 mrem/hr.  

The 10 CFR 71.51 requirements state that the dose rate under hypothetical accident conditions 

must not exceed 1,000 mrem/hr at I meter from the surface of the cask. A summary description 

of the modeling methodology and dose rate results is provided in Section 5.1.  

The shielding analysis is performed on the basis of design basis fuel descriptions for both PWR 
and BWR fuel. The design basis PWR fuel is a Westinghouse 17xi7 assembly with a burnup of 

45,000 MWD/MTU, an initial enrichment of 3.7 wt % 235U, and a 10-year cooling time. The 

design basis BWR fuel is a GE 9x9 assembly design with a burnup of 40,000 MWD/MTU, an 

initial enrichment of 3.25 wt % 235U, and a 10-year cooling time. A detailed description of the 

source term specification is provided in Section 5.2.  

In the Universal Transport Cask design, the spent fuel assemblies are surrounded by a 

multiwalled arrangement of shielding materials. However, structural design requirements lead to 

cask extremity regions, such as rotation pockets, in which shield materials are reduced or
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penetrated. Detailed analytical treatment of these shield transition regions is required to assess 
the radiological consequences of the design. Section 5.3 describes the three-dimensional 
shielding models employed in this analysis.  

Dose rate results are obtained for Poth normal conditions of transport and hypothetical accident 
,conditions. Under accident cqonditions, the cask is ý yz the sim~ultaneous acient 
complete loss of radial neutron shielding including loss of the outer neutron shield shell; loss of 
impact limiters; indo _ and iead~nl resulting from jqo~ated cask side 
and end drops. Analytical details and dose rate results are given in Section 5.4. Under all 
postulated conditions, the fully loaded cask is shown to meet regulatory radiological limits.  

hep design basis fel descrptios icharactenze'unieraI•,s) rt d 
generation.rts tnmnlcniinofbnuad inita nrichmnet for a Datiu ar an 
BWR fuel type.e In order to extend the results to other fuel types anvrious corinions of 
initial enrichment and burnup, a detailed analysis' ___cethtdtriins o' iou type, enrichment, and burnup combination, the cool time required for-radiation &eoe ad heat 

generation rates to fall below the design basis_ _.The analysis:exphmtly models: the-surce 
,term for-t~he various fuel cmiaon bas~edon SA.--esi-s an th ieat-_-_~,o 
made on the basis-of computed one-dimensional dose rates which explicitly consider, teffjts 
of radiation spectrum and cask shielding prqperes rather thana1 smPle sojure rtecpianis _n.1 

For-clyaityhe _v-.s fuel assmb typt.es considered aeclassified acg•r t•oarr§iý). bbe 
~hereult fr te osthiitng fue typ~ewithin each arrayV sizetkna the minim mwng 

cool time forall assemblies withini that size. The result of theaasis isa fel aSsembIv Idading 
Ccl• n t ime for a-•nys s iss•P 

and bumnup._Result aeumfzed inecin 513 

Xn-a~nalysiis s R p~fr dfrfel At vroscombinationso ury.niti1n eij 

aetemi~te -for the, uel tofaf~o diedesayjd~ k 

condiii~on~ds ae and .t6t~al.'4ecayin ithe casic This analysi ipeetd inSe

--f- -- , 'ýý ý': -- 77. -- _ :.. , , j-_-Iý-%.- ý , fýý 
$it speci ic uel di d-(jtiýt:.7--- -!Uy, q_ _.Lq4teCiýLSect
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5.1 Discussion and Results 

The radiation protection provided by the Universal Transport Cask is in the form of solid 
multiwalled shielding materials that completely surround the fuel. These shielding materials 

include steel and lead for gamma shielding and a borated polymer (NS-4-FR) for neutron 

shielding. The multiwalled arrangement of steel and lead in the cask provides an optimal gamma 
shield. The NS-4-FR neutron shielding material, with a hydrogen density close to that of water, 
moderates neutrons and facilitates their capture in boron.  

The multiwalled shielding arrangement is employed in both radial and axial shields. The 
configuration of the radial gamma shielding in the cask body is a 2.0 in. thick stainless steel inner 

shell and a 2.75 in. thick stainless steel outer shell with a 2.75 in. lead-filled annulus between the 

two. The radial neutron shield is arranged around the outer steel shell with a 4.5 in. thick 
NS-4-FR layer which is covered by a 0.25 in. thick stainless steel neutron shield shell. The 
bottom of the cask contains a steel/NS-4-FR/steel shield arrangement in which the two stainless 
steel components provide a total of 9.25 in. of gamma shielding with a 1 in. layer of NS-4-FR 
neutron shielding between them. The top of the cask provides additional shielding in the form of 
a 6.50 in. thick stainless steel closure lid.  

The Universal Transport Cask is designed to accommodate a variety of fuel assembly types.  
Because assembly lengths vary, fuel assemblies are segregated into five distinct classes, three for 
PWR fuel and two for BWR fuel. A particular canister design is associated with each class, and 

for each reactor type, the canister designs differ only in their internal cavity length and basket 
structure. To accommodate the shorter canister classes, a spacer assembly is placed beneath the 
canister to ensure proper canister positioning within the cask cavity. For each reactor type, the 
shielding analysis develops bounding dose rates for a specific design basis fuel assembly type 

and its associated canister.  

These design basis fuel assemblies are determined on the basis of the results of one-dimensional 

shielding analyses conducted for a number of candidate assembly designs. These candidate 
assembly types are selected on the basis of their radiation source terms as determined by detailed 

SAS2H isotopic depletion calculations performed for each assembly. Representative PWR and 
BWR fuel assembly designs are selected for the source term analysis on the basis of initial 
uranium loading and non-fuel hardware compositions and masses. Hence, the following 
analytical procedure is used to identify the design basis PWR and BWR fuel assemblies. First,

5.1-1
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among all assembly types for which the Universal Transport Cask is intended, those assemblies 
expected to have the highest source terms are first identified on the basis of initial loading of 
heavy metal and other factors. Then, detailed source descriptions of these assemblies are 
developed by using the SCALE SAS2H code [2]. To identify the bounding PWR and BWR 
assemblies, the resulting source descriptions are employed in one-dimensional shielding 
calculations. Full three-dimensional analysis of the resulting design basis assemblies is then 
conducted to establish licensing basis dose rates.  

5.1.1 Fuel Assembly Classification 

5.1.1.1 PWR Fuel Assembly Classes 

The Universal Transport Cask is designed to transport up to 24 intact PWR design basis fuel 
assemblies. As discussed in Chapters 1.0 and 6.0 of this SAR, the PWR fuel assemblies to be 
transported in the cask are compiled into three classes on the basis of similarity of their lengths.  
Of the PWR assemblies to be transported in the cask, the following four are identified as 
representative assemblies on the basis of their computed radiation source terms: 

* 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 assemblies constitute the candidate design basis PWR fuel assemblies for the shielding 
analysis of the cask. One-dimensional shielding calculations are performed for each to identify a 
single assembly type, which is then selected as the design basis assembly for a subsequent 
detailed three-dimensional shielding analysis. The candidate PWR fuel assemblies are analyzed 
on the basis of an assumed initial enrichment of 3.7 wt % 235U, a burnup of 45,000 MWD/MTU, 
and a cooling time of 10 years. The initial enrichment assumed in the shielding analysis is 
significantly less than the criticality analysis design basis value of 4.2 wt % so that the calculated 
neutron source rate bounds that of lower enrichment fuel which may reach the design basis 
bumup of 45,000 MWD/MTU. This assumption produces a neutron source that is 29% higher 
than that calculated assuming a 4.2 wt % 235U initial enrichment.

5.1-2
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The source specifications for the design basis fuel are discussed in Section 5.2.  

5.1.1.2 BWR Fuel Assembly Classes 

On the basis of similarity of length, the BWR fuel assemblies to be transported in the Universal 

Transport Cask are compiled into two classes (Class 4 corresponds to BWR/2-3 assemblies and 

Class 5 corresponds to BWR/4-6 assemblies). Of these assemblies, the following are chosen as 

candidate design basis assemblies for the cask shielding analysis on the basis of their computed 

radiation source terms: 

* GE 7x7 BWR/2-3 version GE-2b (Class 4) 

* GE 8x8-2 BWR/2-3 version GE-5 (Class 4) 

* GE 8x8-4 BWR/2-3 version GE-8 (Class 4) 

* GE 7x7 BWR/4-6 version GE-2 (Class 5) 

* GE 8x8-2 BWR/4-6 version GE-5 (Class 5) 

* GE 8x8-4 BWR/4-6 version GE-10 (Class 5) 

• GE 9x9-2 BWR/4-6 version GE-11 (Class 5) 

These assemblies constitute the candidate design basis BWR fuel assemblies for the cask 

shielding analysis. One-dimensional shielding calculations performed for each assembly identify 

a single assembly type that is selected as the design basis assembly for subsequent detailed three

dimensional shielding analysis. The candidate BWR fuel assemblies are analyzed on the basis of 

an initial enrichment of 3.25 wt % 235U, a burnup of 40,000 MWD/MTU, and a cooling time of 

10 years.  

5.1.2 Codes Employed 

The SCALE 4.3PC [3] code system is used in the analysis of the Universal Transport 

Cask. Source terms are generated by using the SAS2H [4] sequence as described in 
Section 5.2. One-dimensional radial and axial SASI [5] analyses are performed in order to 

identify design basis PWR and BWR fuel types. With these design basis source descriptions, a 

detailed three-dimensional analysis is performed by using the SAS4 [2] Monte Carlo

5.1-3
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shielding analysis sequence. Modifications to SAS4 permit computation of dose rate profiles along 
surface detectors. These changes are further described in Section 5.4.1.  

The 27 group neutron, 18 group gamma, coupled cross section library (27N-18COUPLE) derived 
from ENDF/B-IV [6] data is used in all shielding evaluations. Source terms include fuel neutron, 
fuel gamma, and gamma contributions from activated hardware. The effects of subcritical 
neutron multiplication and secondary gamma production due to neutron capture are included in 
the analysis. Dose rate evaluations include the effect of axial fuel burnup variation on fuel 
neutron and gamma source terms as described in Section 5.2.6.  

5.1.3 Results of Analysis 

The calculated normal transport and hypothetical accident condition dose rates are discussed in 
the following sections. The cask surface dose rates calculated at the fuel midplane include (1) 
neutrons and gammas originating from the fuel; (2) neutrons resulting from subcritical 
multiplication; (3) secondary gammas resulting from neutron capture in the neutron shield; and 
(4) gammas from activated materials in the grid spacers, end-fittings, and plenum springs.  

The results of the shielding analysis demonstrate hat computed dose rates remain below 

200 mrem/hr at all accessible locations on the surface of the cask. Computed dose rates slightly 
above 200 mrem/hr occur in the narrow, inaccessible gap between the neutron shield and the 
lower impact limiter in the BWR case and in an analysis of the PWR case with no spacer 
employed. The dose rates remain below 10 mrem/hr at all locations 2 m from the edge of the 
railcar (any point 2 m from the vertical planes projected from the outer edges of the conveyance), 
2 m above or below the Transport Cask, and 2 m from the axial surfaces of the impact limiters.  

In addition, the hypothetical accident conditions do not result in a dose rate that exceeds the 
accident condition dose rate limit of 1000 mremrhr at 1 m from the cask surface. Therefore, the 
Universal Transport Cask satisfies the regulatory criteria of 10 CFR 71.47 and paragraph 469 of 
IAEA Safety Series No. 6 under normal conditions of transport; and 10 CFR 71.51(a) and 
paragraph 542 of IAEA Safety Series No. 6 for hypothetical accident conditions.

5.1-4
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In the tabulated results, computed dose rates are reported along with the relative uncertainty 

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

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

5.1.3.1 Normal Conditions of Transport 

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

conditions of transport are shown in Table 5.1-1 and Table 5.1-3, respectively. T oe locationso 

the maximum_ dose rates in normal 11conditionis o If ,transpvort relative -to_-th Ie qis. budy,-a 
anspqrter are shown in Figure5.1-1. The tables present the maximum computed dose rates and 

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

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

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

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

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

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

For the PWR cask, the maximum normal conditions surface dose rate is il67.2(±1.8%) mremlhr, 

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

following a dose rate result indicate the relative uncertainty in the value.) At the surface of the 

personnel barrier, the dose rate is much less than 200 mrem/hr with a maximum computed dose 

rate of 46.6 (±1.6%) mrem/hr. In addition, the 10 mrem/hr criterion is met at all locations 2 m 

from the railcar, 2 m above or below the cask, and 2 m from the axial surfaces of the impact 

limiters.  

For the BWR cask, the maximum normal conditions surface dose rate is 84.8•(±2.0%)mrem/hr, 

occurring on the surface of the lower rotation pocket. The dose rate at the outer shell surface in 

the inaccessible 1.25-in. wide gap between the neutron shield shell and lower impact limiter, is 

computed to be 225*.6(,±3. -54) mremrhr. However, this dose rate is not considered significant 

due to the inaccessibility of the location. Furthermore, the dose rate at the gap opening is well 

below 200 mrem/hr as demonstrated in Section 5.4.2.2. All other cask surface dose rates are less 

than 200 mrem!hr. At the personnel barrier, the maximum dose rate is much less than 200 

mrem/hr, with a maximum computed dose rate of 4'0.iL mrem/hr. The 10 mrem/hr 

criterion is met at all locations 2 m from the railcar and from the axial surfaces of the impact 

limiters.
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5.1.3.2 Hypothetical Accident Conditions 

Table 5.1-2 and Table 5.1-4 provide accident dose rates that could occur in the event of the loss 
of the neutron shield, shield shell, and impact limiters in the PWR and BWR casks, respectively.  
LT4e location of themaimum hypothetical acdndoerates relative to the transp~sbd 
;are shown in Figure 5.1-2. An accident involving the complete loss pfjh1Jipact limiters o9 
neutron shielding is not credible for the Universal Transport Cask, although some of the neutron 
shielding capability may be lost as a result of a fire. Nonetheless, the shielding analysis 
conservatively assumes a complete loss of radial neutron shielding.  
lead slumps resulting fromi postulated cask side a end,, drop acident 'Ae ol 
accident condition nalysis.  

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

The dose rates presented here and in more detail in Section 5.4 show that neither the loss of the 
neutron shielding nor the lead slump conditions will result in a dose rate that exceeds the 
hypothetical accident dose rate limit of 1000 mrem/hr at 1 m from the surface of the cask.

5.1-6



SAR - UMS 0Universal Transport Cask 
Docket No. 7 1-9270

May 2000 
Revision UMST-OOA

Figure 5.1-1 L~ocation of Maximum Dose R~ates for} Normal Conditions of Transort
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Table 5.1-1 PWR Maximum Total Dose Rate Summary - Normal Conditions [mremlhr] 

Location Dose Type Radial Top Axial Bottom Axial 

Surface Gamma 6G6 .2 C.6% . C20% j •_4•) 

Neutron 101.1 (2.9%ý) C OJ <qLj 4 "" .  

Total 167.2 (1.87/o) 1% ~. ~.% 

Personnel Gamma 23.5 -- 95%) .  

Barrier Neutron 93.2 900 
Total 46.06 (1•.6•%) 

2 m Gamma (.4 3'- k ± ........ L3 .....

Position Neutron 2 (.%) 50.O.% % 
Total 1.6 ý04% 1 [j11A%) 6 ,%)

Table 5.1-2 PWR Maximum Total Dose Rate Summary - :Accident Conditions [mremlhr] 

Location Dose Type Radial Top Axial Bottom Axial 

1 m Gamma 2878 •.5%) •O.1 &6 287 (..%) 

Position Neutron 16. •0.2%) 20.3 •.J 19: •0.4 

________ Total 46. 0.% 604 -070% 39.-5 UOA%
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Table 5.1-3

Table 5.1-4

J3WR aximu'm -,T-otLa~l Dos-e R,ýate Summary-6rma1 Condi-ons-ýf

BW maximu-m -To t-a-l" D ose R ,ate .,S-umr c.q. dn ni-t

5.1-10

Location Dose Type Radial Top Axial Bottom Axial 
Surface Gamma j- V1J DA 1-j Q- .  

Neutron 34.5 (4. , 
Total 6.4 __ 

Personnel Gamma 20.7 5, 
Barrier Neutron &.9, [3)8

Total 40.4 1.5T)O 
2 m Gamma .0 (A 

Position Neutron A-,4 • w r --

___Ios Total LM w (4%) lTOn.t hi5'e0%) iT . ___ 

()Dose rate at, forging surface inside gapbewelor mtranshedhl i22.(3%

Location Dose Type Radial Top Axial Bottom Axial 

1 m Gamma 25.3 k, f 68.9%) " 5M 0.-N%) 
Position Neutron 472. LO_2% 12 t3)9 .7 07%) 

_______ Total 497.9 ý9.2% JO 39) 0%
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5.2 Source Specification 

In this section, the procedure used to identify a design basis fuel description for PWR and BWR 

fuel types is described. Each of the candidate fuel assemblies described in Section 5.1.1 is 

represented in one-dimensional radial and axial models of the fully loaded Transport Cask. The 

results of this one-dimensional shielding analysis are then used to identify a limiting fuel design 

for PWR and BWR fuel types.  

The one-dimensional analysis is used only as a basis for identifying PWR and BWR design basis 

fuel descriptions. The detailed three-dimensional analysis described in Section 5.4.2 provides the 

licensing basis enveloping dose rates for the Transport Cask.  

The SAS2H code sequence [4] is used to generate source terms for the shielding analysis. This 

code sequence is part of the SCALE 4.3 [3] code package for the PC. SAS2H includes an 

XSDRNPM [7] neutronics model of the fuel assembly and ORIGEN-S [8] fuel depletion and 

source terms calculations. Source terms are generated for both U0 2 fuel and fuel assembly 

hardware. The hardware activation is calculated by light element transmutation using the incore 
neutron flux spectrum produced by the SAS2H neutronics model. The hardware is assumed to 

be Type 304 stainless steel with 1.2 g/kg 59Co impurity. The effects of axial flux spectrum and 

magnitude variation on hardware activation are estimated by flux ratios determined from 

empirical data [9].  

In the PWR case, consideration is mýd the-Loadg of activated burale poison assemblie 
and thimble plugs. The addition hardwarei d tobe activated fctr 

immediately preceding fuel discharge.  

5.2.1 Gamma Source 

The fuel gamma source contains contributions from both fission products and actinides. The 
spectra are presented in the 18-group structure consistent with the SCALE 4.3 27N-18COUPLE 
cross section library. The hardware gamma spectra contain contributions primarily from 6°Co 
due to the activation of Type 304 stainless steel with 1.2 g/kg 59Co impurity and with minor 
contributions from 59Ni and 58Fe. The activated hadware spectrum is determined by the 

irradiation of 1 kg of stainless steel in the incore flux spectrum produced by the SAS2H
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neutronics calculation. eSource ... .. tKi ..... " 1"L..  
mass of hardwarepresent anc a activation ntid as described lI•w 

The activated fuel assembly hardware source terms are found by multiplying the source strength 
from 1 kg by the mass of steel or inconel material in the plenum, upper end fitting, or lower end 
fitting regions, and by then multiplying this result by a regional flux ratio. This regional flux 
ratio accounts for the effects of both magnitude and spectrum variation on hardware activation.  
These ratios are determined from empirical data [9]. A flux ratio of 0.2 is applied to hardware 
regions directly adjacent to the active core region, e.g., upper and lower plenum (if r-'-j• ), and 
a flux ratio of 0.1 is applied to hardware regions once removed from the active core region, e.g., 
upper and lower end fitting region.  

The default gamma energy group spectrum of the ORIGEN-S code differs from that of the 
SCALE 27N18G library employed in the shielding analysis. To account for the differences in the 
energy group structure, the source spectra from the fuel and hardware gamma sources are 
rebinned to the SCALE 27N18G library structure by using the ORIGEN-S code directly. This 
method regroups the source on the basis of the actual gamma lines of each specific nuclide. A 
more accurate result is thus obtained than that achieved by simply rebinning the coarse energy 
group spectrum onto the SCALE 27N18G library group structure.  

5.2.2 Neutron Source 

Light vater reactor (LWR) spent fuel neutron sources result from actinide spontaneous fission 
and from (u.,n) reactions. The isotopes 242Cm and 244Cm characteristically produce all but a few 
percent of the spontaneous fission neutrons and (ot,n) source in LWR fuel.. The next largest 
contribution is from (cx,n) reactions Pf 23Pu j•it oxygen, The neutron spectra for each emission 
type are included in the ORIGEN-S nuclear data libraries of the SCALE 4.3 code package. The 
spectra are collapsed from the energy group structure of the data library into that of the SCALE 
27-group neutron cross section library [6].  

5.2.3 PWR Fuel Assembly Descriptions 

The radiation source in the Universal Transport Cask consists of 24 design basis PWR spent fuel 
assemblies. The design basis PWR fuel has an average bumup of 45,000 MWD/MTU and an 
initial enrichment of 4.2 wt % 235 U. However, to bound the neutron source produced by lower
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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 % 231U. 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.
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5.2.4 BWR Fuel Assembly Descriptions 

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 % 231U, 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 BWR/2-3 Reactor Type, Version GE-2b Class 4 
* GE 8x8 BWR/2-3 Reactor Type, Version GE-5, 2 water holes Class 4 
* GE 8x8 BWR/2-3 Reactor Type, Version GE-10, 1 large water hole Class 4 
* GE 7x7 BWR/4-6 Reactor Type, Version GE-2 Class 5 
* GE 8x8 BWR/4-6 Reactor Type, Version GE-5, 2 water holes Class 5 
* GE 8x8 BWR/4-6 Reactor Type, Version GE-10, 1 large water hole Class 5 
* GE 9x9 BWR/4-6 Reactor Type, Version GE-11, 2 water holes, 79 fuel 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.
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5.2.5 Design Basis Fuel Assemblies 

For the cask shielding analysis, the WE 17x17 and GE 9x9-2 fuel assembly types are selected as 

the design basis PWR and BWR fuel assemblies, respectively. These assembly designs are 

selected on the basis of the one-dimensional shielding analysis results presented in Table 5.2-10 

and Table 5.2-11. To facilitate comparison, the results for each fuel assembly type are shown on 

a normalized basis relative to the design basis fuel assembly dose rates. With the exceptions 

discussed below, the computed dose rates vary over a narrow range.  

In the PWR case, the one-dimensional radial model results at the cask surface and 2 m position 

show that the WE 17x17 assembly ranks second in both normal and accident conditions with 

dose rates 4% and 2% below the maximum values, respectively. These differences are well 

below the dose rate margins ultimately computed in the three-dimensional analysis. In addition, 

the WE 17x17 assembly shows the highest dose rates in the top and bottom axial configurations 

under both normal and accident conditions, except in the case of the CE 16x16 assembly 

discussed below.  

Ten-year cooled source spectra for the PWR design basis WE 17x17 fuel assembly are shown in 

Table 5.2-12 through Table 5.2-14.  

The CE 16xl6 bottom axial one-dimensional dose rates are nearly double those of the design 

basis PWR results. This effect is due to the absence of a spacer assembly in the Class 3 canister 

to which the CE 16x16 fuel is assigned and the 23% higher source rate in the CE 16x16 lower 

end-fitting. The three-dimensional analysis treats this situation in two ways. First, no credit is 

taken for the shielding effectiveness of the spacer assembly in the three-dimensional analysis.  

Second, a separate analysis is performed in which the design basis PWR fuel and canister are 

positioned in the cask in the same geometry as the Class 3 canister. Refer to Section 5.4.2.2.  

In the BWR case, the GE 7x7 BWR/2-3 and GE 7x7 BWR/4-6 fuel assembly types show the 

highest radial model dose rates. However, these assemblies are rejected as design basis 

assemblies because they are no longer in common use, and the U.S. spent fuel inventory does not 

contain a significant number of these assemblies with burnup, initial enrichment, and decay time 

combinations leading to source rates as high as those of the GE 9x9-2 [9]. In the axial cases, the 

GE 9x9-2 assembly shows bounding dose rates in all cases except the GE 7x7 BWR/4-6 and is 

within 1% of that value.
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Ten-year cooled source spectra for the BWR design basis GE 9x9-2 fuel assembly are shown in 
Table 5.2-15 through Table 5.2-17.  

5.2.6 Axial Source Profile 

5.2.6.1 Axial Burnup Profile 

For PWR fuel with burnup exceeding 30 GWD/MTU, an enveloping axial burnup profile with a 
1.8 uniform peaking factor can be justified on the basis of calculated PWR data from Seabrook 
Station and Maine Yankee and from measured Turkey Point gamma data I 
This normalized enveloping shape is shown in Figure 5.2-1. A uniform peaking factor of L is 
applied from 0.15 to 0.85 fraction of core height, and on either side of this envelope, the 
burnup/decay heat goes to 0.547 at 0.0 and 1.0 fraction of core height.  

For BWR fuel with burnup exceeding 30 GWD/MTU, an enveloping burnup profile with a 1.22 
maximum peaking factor can be justified on the basis of calculated BWR data from Washington 
Public Power BWR/4-6 data [17-. This normalized enveloping shape is shown in Figure 5.2-2.  
Uniform peaking factors of 1.22 and 1.18 are applied from 0.15 to 0.55, and 0.55 to 0.80 fraction 
of core height, respectively. On either side of this envelope, the burnup goes to 0.045 at 0.0 and 
1.0 fraction of core height.  

5.2.6.2 Axial Source Profiles 

In the three-dimensional analyses, axial radiation source rate profiles are related to the axial 
bumup profile described above. Source rates are assumed to vary with burnup according to 

S = aBb 

where S is the source rate for a particular radiation type, B is the burnup at a given axial 
elevation, a is a normalization factor, and b is the exponent given in Table 5.2-18 for each 
radiation type. The exponent b is determined from fits to SAS2H-computed source rates at 
various burnups for both PWR and BWR fuels. The numeric value of a is not computed 
explicitly. Instead, a scale factor r is computed that relates the total source rate (SAS4 input 
parameter) to the source rate at the average bumup (as computed from SAS2H analyses).
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a B bdz 

S(B) b 

where H is the height of the fuel region. With the burnup profile normalized to unity, this 

becomes

r =HfBbdz.

The integral is evaluated numerically by using the trapezoid rule, and the resulting scale factors 
are shown in Table 5.2-20 for PWR and BWR neutron source rates. The scale factor is unity for 

photon sources because photon source rates vary linearly with burnup.  

The fuel neutron and fuel gamma source rate profile for the design basis PWR fuel assembly is 

tabulated in Table 5.2-20 and shown graphically in Figure 5.2-3. Corresponding BWR profiles 

are given in Table 5.2-21 and Figure 5.2-4.
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Figure 5.2-1 Enveloping Axial Burnup Profile for PWR Design Basis Fuel
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Figure 5.2-2 Enveloping Axial Burnup Profile for BWR Design Basis Fuel
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Figure 5.2-3 PWR Photon and Neutron Axial Source Profiles
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Figure 5.2-4 BWR Photon and Neutron Axial Source Profiles
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Fuel Type Class Description 

WE 15x15 Class 1 Westinghouse 15x15 

WE 17x17 Class 1 Westinghouse 17x17 

BW 15x15 Class 2 Babcock & Wilcox 15x15 

CE 16x16 Class 3 Combustion Engineering 16x16 

GE 7x7 Class 4 General Electric 7x7 BWR/2-3 Reactor Type 

GE 8x8-2 Class 4 General Electric 8x8 BWR/2-3 Reactor Type, 2 water holes 

GE 8x8-4 Class 4 General Electric 8x8 BWR/2-3 Reactor Type, 1 water hole 

GE 7x7 Class 5 General Electric 7x7 BWR/4-6 Reactor Type 

GE 8x8-2 Class 5 General Electric 8x8 BWR/4-6 Reactor Type, 2 water holes 

GE 8x8-4 Class 5 General Electric 8x8 BWR/4-6 Reactor Type, I water hole 

GE 9x9-2 Class 5 General Electric 9x9 BWR/4-6 Reactor Type, 2 water holes, 
79 fuel rods
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Table 5.2-2 Representative PWR Fuel Assembly Physical Characteristics 

Fuel Parameter WE 15x15 WE 17x17 BW 15x15 CE 16x16 
Std Std Mark B System 80 

(Class 1) (Class 1) (Class 2) (Class 3) 

ASSEMBLY DATA 

Rod array 15x15 17x17 15x15 16x16 

Assembly length, in 159.71 159.77 165.63 178.25 

Assembly width, in 8.43 8.43 8.54 8.10 

Assembly weight, lbs 1,472 1,482 1,515 1,430 

Active fuel length, in 144 144 144 150 

Max U loading, kg 464.6 467.1 480.7 441.7 

FUEL ROD DATA 

No. of fuel rods 204 264 208 236 

Rod pitch, in 0.563 0.496 0.568 0.506 

Rod diameter, in 0.422 0.374 0.430 0.382 

Cladding material Zirc-4 Zirc-4 Zirc-4 Zirc-4 

Cladding thickness, in 0.0242 0.0225 0.0265 0.0250 

Pellet diameter, in 0.3659 0.3225 0.3686 0.3250 

Init. Enrich, wt % 3.7 3.7 3.7 3.7 

GUIDE TUBE DATA 

No. tubes 16 24 16 5 

Tube diameter, in. 0.545 0.482 0.530 0.98 

Tube thickness, in. 0.015 0.016 0.016 0.035 

Tube material Zirc Zirc Zirc Zirc 

INSTRUMENT TUBE DATA 

No. tubes 1 1 1 0 

Tube diameter, in. 0.545 0.482 0.493 

Tube thickness, in. 0.015 0.016 0.026 

Tube material Zirc Zirc Zirc -
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Table 5.2-3 Representative PWR Fuel Assembly Hardware Data Per Assembly 

WE 15x15 WE 17x17 BW 15x15 CE 16x16 
Assembly Region Std Std Mark B System 80 

(Class 1) (Class 1) (Class 2) (Class 3) 
Material Mass [kg/assembly] 

Upper End Fitting Inconel/SS Inconel/SS Inconel/SS InconelISS 
11.80 7.85 10.76 15.90 

Lower End Fitting Inconel/SS Inconel/SS Inconel/SS Inconel/SS 
5.44 5.90 8.31 7.30 

Upper Plenum Inconel Inconel Inconel Inconel 
Springs 4.07 4.43 1.98 10.70 

Upper Plenum Inconel Inconel/SS Zirc Zirc 
Grid 1.07 0.88 1.04 0.82 

Lower Plenum - - Inconel 
Springs 1.98 

Lower Plenum Zirc 
Grid 1.3 

Incore Grid Inconel/SS Inconel/SS Inconel Zirc 
8.06 5.44 4.9 7.35 

Guide Tubes Zirc Zirc Zirc Zirc 
9.39 9.53 8.64 11.3 

Upper End Fitting SS SS SS 
~~CC~ Hada1 2.7 ~ 9.4 1 

VUpper Plenum SS SS1 

CCn Hardware 434g674 

(11Control c orpnent CYhardware*, si iý-te 
and thimble plug adae

5.2-12



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

December 1997 
Revision UMST-97A

Table 5.2-4 Nuclear and Thermal Parameters of PWR Fuel Assemblies with 3.7 wt % 235U 
Enrichment, 45,000 MWD/MTU Burnup, 10 Years Cooling Time 

Assembly Decay Neutron Gamma 3-Cycle 1-Cycle 
Heat Source Source Hardware Hardware 
[kW] [n/s] [y/s] Source [y/kg/s] Source [y/kg/s] 

WE 15x15 0.780 2.718E+08 3.707E+15 4.045E+12 ..469E+ -12 
WE 17x17 0.791 2.783E+08 3.755E+15 4.079E+12 .422E•,+• 
BW 15x15 0.812 2.887E+08 3.832E+15 4.008E+12 •.i7!i 
CE 16x16 0.745 2.595E+08 3.538E+15 4.051E+12 7i 7EtI1

Table 5.2-5 PWR Fuel Assembly Activated Hardware Comparison [y/s], 10 Year Cooling 

Time 

Fuel Type Upper Lower Upper Lower Fuel 
End-Fitting End-Fitting Plenum Plenum Hardware 

WE 15x15 2'1.2E+112 4.401E+12 ,5.04 9E+12 - _4.865.+13 
WE 17x17 3.621E+12 4.813E+12 '.231E+12 3.782E13 
BW 15x15 47953E+2_ 3.331E+12 2•619E+12 1.587E12 
CE 16x16 3403E1 5.914E+ 12 .9E1--

5.2-13
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Table 5.2-6 Representative BWR Fuel Physical Characteristics

Assembly GE 7x7 GE 8x8-2 GE 8x-4 GE 9x9-2 
BWR Reactor 2-3 4-6 2-3 4-6 2-3 4-6 4-6 
Canister Class 4 5 4 5 4 5 5 

Assembly Version GE-2b GE-2 GE-5 GE-5 GE-10 GE-10 GE-11 
ASSEMBLY DATA 

Assembly length, in.(2) 171.3 176.2 171.3 176.2 171.3 176.2 176.2 
Assembly width, in. 5.44 5.44 5.44 5.44 5.44 5.44 5.44 
Assembly pitch, in. 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Active fuel length, in. 144 144 144("' 150 144(1 150 150 
Max U loading, kg 197.7 197.7 177.3(1) 184.7 171.7(1) 178.7 197.9 
Assembly power, MW 3.85 4.95 3.85 4.95 3.85 4.95 4.95 

FUEL ROD DATA 

No. fuel rods 49 49 62 62 60 60 79 
Rod pitch, in. 0.738 0.738 0.640 0.640 0.640 0.640 0.567 
Rod diameter, in. 0.563 0.563 0.483 0.483 0.484 0.484 0.441 
Cladding material Zirc-2 Zirc-2 Zirc-2 Zirc-2 Zirc-4 Zirc-4 Zirc-4 
Cladding thick, in. 0.032 0.032 0.032 0.032 0.032 0.032 0.028 
Pellet diameter, in. 0.487 0.487 0.410 0.410 0.410 0.410 0.376 
Note: (1) Active fuel length normalized to 144 in.  

(2) Modeled assembly length standardized to 171.3 in for BWR/2-3 fuel and 176.2 in. for BWR/4
6 fuel

Table 5.2-7 Representative BWR Fuel Assembly Hardware Data

5.2-14

Array Reactor Upper Lower Plenum Incore Grid Mass Channel 
Type End End Spring [kg] Mass 

Mass Mass Mass 
[kg] [kg] [kg] Zirc Inconel [kg] 

GE 7x7 BWR/2-3 2.05 4.36 1.85 1.70 0.32 30 
GE 7x7 BWR/4-6 2.05 4.36 1.85 1.70 0.32 30 

GE 8x8-2 BWR/2-3 2.1 4.83 2.0 2.20 0.29 30 
GE 8x8-2 BWR/4-6 2.1 4.83 2.0 2.20 0.29 35 
GE 8x8-4 BWR/2-3 2.56 4.75 1.3 2.20 0.29 30 
GE 8x8-4 BWR/4-6 2.56 4.75 1.3 2.20 0.29 35 
GE 9x9-2 BWR/4-61 2.08 4.74 1.68 2.50 0.12 35
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Table 5.2-8 Nuclear and Thermal Parameters of BWR Fuel with 3.25 wt % 235U Enrichment, 

40,000 MWD/MTU Bumup and 10 Years Cooling Time

Table 5.2-9 BWR Fuel Assembly Activated Hardware Comparison [y/s] at 40,000 

MWD/MTU Burnup, 10 Year Cooled 

Fuel Type Reactor Upper Lower Plenum Fuel 
End-Fitting End-Fitting Hardware 

7x7 BWR/2-3 7.413E+11 2.365E+12 1.338E+12 1.157E+12 

7x7 BWR/4-6 7.946E+11 2.535E+12 1.434E+12 1.240E+12 

8x8-2 BWR/2-3 7.907E+11 2.728E+12 1.506E+12 1.092E+12 

8x8-2 BWR/4-6 8.335E+11 2.876E+12 1.588E+12 1.151E+12 
8x8-4 BWR/2-3 9.784E+11 2.745E+12 1.002E+12 1.117E+12 

8x8-4 BWR/4-6 1.028E+12 2.884E+12 1.052E+12 1.174E+12 
9x9-2 BWR/4-6 7.989E+11 2.731E+12 1.291E+12 4.609E+11

5.2-15

April 1997 
Revision 0

Decay Neutron Gamma Hardware 
Assembly Reactor Heat Source Source Source 

[kW] [n/s] [y/s] [y/kg/s] 

GE 7x7 BWR/2-3 0.280 8.675E+07 1.335E+15 3.616E+12 
GE 7x7 BWR/4-6 0.284 8.753E+07 1.366E+15 3.876E+12 

GE 8x8-2 BWR/2-3 0.247 7.136E+07 1.206E+15 3.765E+12 
GE 8x8-2 BWR/4-6 0.260 7.485E+07 1.278E+15 3.969E+12 
GE 8x8-4 BWR/2-3 0.239 6.737E+07 1.170E+15 3.839E+12 
GE 8x8-4 BWR/4-6 0.250 7.035E+07 1.239E+15 4.035E+12 
GE 9x9-2 BWR/4-6 0.282 8.533E+07 1.364E+15 3.841E+12
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Table 5.2-10 One-Dimensional Dose Rate Results Relative to PWR Design Basis

Normal Conditions 
Class Fuel Radial Top Axial Bottom Axial 

Surface 2.4 m Surface 2 m Surface 2 m 
Class 1 WE 15x15 1.04 1.04 0.95 0.95 0.97 0.97 

WE 17x17 1.00 1.00 1.00 1.00 1.00 1.00 
Class 2 BW 15x15 0.93 PO.9, 0.94 0.94 •95 P.97 
Class 3 CE 16x16 0.79 0.78 0.59 0.59 ý1.97' 147 

Accident Conditions 
Class Fuel Radial Top Axial Bottom Axial 

Surface 1 m Surface 1 m Surface 1 m 
Class 1 WE 15x15 0.99 0.99 0.94 0.94 0.98 0.98 

WE 17x17 1.00 1.00 1.00 1.00 1.00 1.00 
Class 2 BW 15x15 1.01 1.01 0.95 0.95 (1831 p58 
Class 3 CE 16x16 0.92 0.93 0.59 0.59 ýl83 _'_8_
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Table 5.2-11 One-Dimensional Dose Rate Results Relative to BWR Design Basis

5.2-17

April 1997 
Revision 0

Normal Conditions 

Class Fuel Radial Top Axial Bottom Axial 

Surface 2.4 m Surface 2 m Surface 2 m 

Class 4 GE 7x7 1.03 1.01 0.98 0.98 0.11 0.08 
GE 8x8-2 0.91 0.89 0.81 0.81 0.09 0.07 

GE 8x8-4 0.88 0.87 0.78 0.78 0.09 0.07 

Class 5 GE 7x7 1.05 1.03 0.89 0.89 1.01 1.01 
GE 8x8-2 0.92 0.93 0.88 0.88 1.01 1.02 

GE 8x8-4 0.89 0.90 0.84 0.84 1.01 1.02 
GE 9x9-2 1.00 1.00 1.00 1.00 1.00 1.00 

Accident Conditions 

Class Fuel Radial Top Axial Bottom Axial 

Surface 1 m Surface 1 m Surface 1 m 

Class 4 GE 7x7 1.04 1.03 0.98 0.98 0.25 0.22 
GE 8x8-2 0.89 0.88 0.82 0.82 0.21 0.18 

GE 8x8-4 0.85 0.85 0.78 0.78 0.20 0.18 

Class 5 GE 7x7 1.05 1.04 0.89 0.89 1.01 1.01 

GE 8x8-2 0.90 0.90 0.88 0.88 0.95 0.96 
GE 8x8-4 0.86 0.86 0.84 0.84 0.92 0.94 

GE 9x9-2 1.00 1.00 1.00 1.00 1.00 1.00
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Table 5.2-12 Design Basis PWR 10 Year Fuel Neutron Source Spectrum

Group Elow Ehigh Spectrum 
_ [MeV] [MeV] [nlsec/assy]

1 

2 

3 

4 

5 

6 

7 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27

6.43E+00 

3.OOE+00 

1.85E+00 

1.40E+00 

9.OOE-01 

4.OOE-01 

1.O0E-01 

1.70E-02 
3.OOE-03 
5.50E-04 
1.OOE-04 
3.00E-05 
1.OOE-05 
3.05E-06 
1.77E-06 
1.30E-06 
1.13E-06 
1.OOE-06 
8.OOE-07 
4.OOE-07 
3.25E-07 
2.25E-07 
1.OOE-07 
5.OOE-08 
3.OOE-08 
I .OOE-08 
1.OOE- 11

Total 2,783E+08

5.2-18

April 1997

Re~vision 0

2.00E+0 1 
6.43E+00 

3.00E+00 

1.85E+00 

1.40E+00 

9.OOE-01 

4.00E-0 1 

1.00E-01 
1.70E-02 
3.00E-03 
5.50E-04 
1.OOE-04 
3.00E-05 
1.OOE-05 
3.05E-06 
1.77E-06 
1.30E-06 
1.13E-06 
1.00E-06 
8.00E-07 
4.00E-07 
3.25E-07 
2.25E-07 
1.00E-07 
5.00E-08 
3.00E-08 
1.00E-08

5.138E+06 
5.841E+07 
6.471E+07 
3.645E+07 
4.932E+07 
5.378E+07 
1.053E+07 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0
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Table 5.2-13 Design Basis PWR 10 Year Fuel Photon Spectrum

Group Elow Ehigh Spectrum Spectrum 

[MeV] [MeV] [y/sec/assy] [MeV/sec/assy] 

1 8.OOE+00 1.OOE+01 1.5743E+05 1.417E+06 

2 6.50E+00 8.OOE+00 7.4152E+05 5.376E+06 

3 5.OOE+00 6.50E+00 3.7803E+06 2.174E+07 

4 4.00E+00 5.OOE+00 9.4200E+06 4.239E+07 

5 3.00E+00 4.00E+00 4.2178E+08 1.476E+09 

6 2.50E+00 3.OOE+00 3.7019E+09 1.018E+10 
7 2.00E+00 2.50E+00 5.3258E+10 1.198E+11 
8 1.66E+00 2.OOE+00 1.3025E+ 11 2.384E+11 

9 1.33E+00 1.66E+00 8.1351E+12 1.216E+13 
10 1.OOE+00 1.33E+00 7.6492E+13 8.911E+13 

11 8.00E-01 1.OOE+00 1.0567E+14 9.510E+13 

12 6.00E-01 8.OOE-01 1.8094E+15 1.267E+15 

13 4.00E-01 6.00E-01 1.7568E+14 8.784E+13 

14 3.OBE-01 4.OOE-01 3.7162E+13 1.301E+13 

15 2.00E-01 3.OOE-01 6.0583E+13 1.515E+13 

16 1.OOE-01 2.O0E-01 2.1673E+14 3.251E+13 
17 5.OOE-02 1.OOE-01 2.7731E+14 2.080E+13 

18 1.00E-02 5.OOE-02 9.8776E+14 2.963E+13 

Total 3.7551E+15 1.6623E+15

5.2-19
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Revision 0



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

Table 5.2-14 Design Basis PWR 10 Year Hardware Photon Spectrum

Group Elow Ehigh Spectrum Spectrum 
[MeV] [MeV] [y/sec/kg] [MeV/sec/kg] 

1 8.OOE+00 1.OOE+01 O.OOOOE+00 0.OOOE+00 
2 6.50E+00 8.OOE+00 0.OOOOE+00 O.000E+00 
3 5.OOE+00 6.50E+00 0.OOOOE+00 0.OOOE+00 
4 4.OOE+00 5.OOE+00 0.OOOOE+00 0.OOOE+00 
5 3.OOE+00 4.OOE+00 2.2491E-15 7.872E-15 
6 2.50E+00 3.OOE+00 3.2497E+04 8.937E+04 
7 2.00E+00 2.50E+00 2.0958E+07 4.716E+07 
8 1.66E+00 2.OOE+00 7.5979E-06 1.390E-05 
9 1.33E+00 1.66E+00 8.8313E+11 1.320E+12 
10 1.OOE+00 1.33E+00 3.1272E+12 3.643E+12 
11 8.00E-01 1.OOE+00 1.0399E+09 9.359E+08 
12 6.OOE-01 8.OOE-01 3.6948E+06 2.586E+06 
13 4.00E-01 6.00E-01 1.0639E+07 5.320E+06 
14 3.OOE-01 4,OOE-01 1.6834E+08 5.892E+07 
15 2.00E-01 3.OOE-01 1.2830E+08 3.208E+07 
16 1.OOE-01 2.001-01 2.5839E+09 3.876E+08 
17 5.OOE-02 1.OOE-01 1.0711E+10 8.033E+08 
18 1,OOE-02 5.OOE-02 5.4096E+10 1.623E+09 

Total 4.0791E+12 4.9674E+12

5.2-20

April 1997

Revision 0
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Table 5.2-15 Design Basis BWR 10 Year Fuel Neutron Source Spectrum

Group Elow Ehigh Spectrum 

[MeV] [MeV] [n/sec/assy]

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
T? 

23 
24 
25 
26 
27

6.43E+00 

3.OOE+00 

1.85E+00 

1.40E+00 

9.00E-0 1 

4.00E-0 1 

1.OOE-01 

1.70E-02 
3.OOE-03 
5.50E-04 
1.OOE-04 
3.OOE-05 
1.OOE-05 
3.05E-06 
1.77E-06 
1 .30E-06 
1.13E-06 
1.OOE-06 
8.00E-07 
4.00E-07 
3.25E-07 
2.25E-07 
1.OOE-07 
5.OOE-08 
3.OOE-08 
1.OOE-08 
1.OOE- 1I

2.OOE+0 1 

6.43E+00 
3.OOE+00 
1.85E+00 
1.40E+00 
9.00E-0 1 
4.OOE-01 
1.OOE-01 
1.70E-02 
3.OOE-03 
5.50E-04 
1.OOE-04 
3.OOE-05 
1.OOE-05 
3.05E-06 
1.77E-06 
1.30E-06 
1.13E-06 
1.OOE-06 
8.OOE-07 
4.OOE-07 
3.25E-07 
2.25E-07 
1.OOE-07 
5.OOE-08 
3.OOE-08 
1.O0E-08

1.574E+06 
1.791E+07 
1.987E+07 
1.118E+07 
1.51 1E+07 
1.647E+07 
3.224E+06 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0

Total 8.533E+07
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Table 5.2-16 Design Basis BWR 10 Year Fuel Photon Spectrum

Group Elow Ehigh Spectrum Spectrum 
[MeV] [MeV] [y/sec/assy] [MeV/sec/assy] 

1 8.OOE+00 1.OOE+01 4.8234E+04 4.341E+05 
2 6.50E+00 8.OOE+00 2.2719E+05 1.647E+06 
3 5.OOE+00 6.50E+00 1.1582E+06 6.660E+06 
4 4.OOE+00 5.OOE+00 2.8862E+06 1.299E+07 
5 3.OOE+00 4.OOE+00 1.2490E+08 4.372E+08 
6 2.50E+00 3.OOE+00 1.0814E+09 2.974E+09 
7 2.OOE+00 2.50E+00 1.5523E+10 3.493E+10 
8 1.66E+00 2.OOE+00 4.5751E+10 8.372E+10 
9 1.33E+00 1.66E+00 2.7186E+12 4.064E+12 
10 1.OOE+00 1.33E+00 2.7140E+13 3.162E+13 
11 8.00E-01 1.OOE+00 3.4940E+13 3.145E+13 
12 6.OOE-01 8.OOE-01 6.6179E+14 4.633E+14 
13 4.OOE-01 6.00E-01 5.6730E+13 2.837E+13 
14 3.OOE-01 4.OOE-01 1.3773E+13 4.821E+12 
15 2.00E-01 3.OOE-01 2.2340E+13 5.585E+12 
16 1.OOE-01 2.OOE-01 7.9396E+13 1.191E+13 
17 5.00E-02 1.OOE-01 1.0163E+14 7.622E+12 
18 1.OOE-02 5.OOE-02 3.6365E+14 1.091E+13 

Total 1.3642E+15 5.9972E+14

5.2-22

April 1997
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Table 5.2-17 Design Basis BWR 10 Year Hardware Photon Spectrum

Group Elow Ehigh Spectrum Spectrum 
[MeV] [MeV] [y/sec/kg] [y/sec/kg] 

1 8.OOE+00 1.OOE+01 0.OOOOE+00 0.OOOE+00 
2 6.50E+00 8.OOE+00 0.OOOOE+00 0.000E+00 
3 5.OOE+00 6.50E+00 0.0000E+00 0.OOOE+00 
4 4.OOE+00 5.OOE+00 0.OOOOE+00 0.000E+00 
5 3.OOE+00 4.OOE+00 1.1331E-15 3.966E-15 
6 2.50E+00 3.OOE+00 3.0602E+04 8.416E+04 
7 2.OOE+00 2.50E+00 1.9736E+07 4.441E+07 
8 1.66E+00 2.OOE+00 5.6617E-06 1.036E-05 
9 1.33E+00 1.66E+00 8.3162E+11 1.243E+12 
10 L.OOE+00 1.33E+00 2.9448E+12 3.431E+12 
11 8.00E-01 1.OOE+00 7.2217E+08 6.500E+08 
12 6.OOE-01 8.OOE-01 3.4793E+06 2.436E+06 
13 4.OOE-01 6.OOE-01 1.0019E+07 5.010E+06 
14 3.OOE-01 4.OOE-01 1.5852E+08 5.548E+07 
15 2.OOE-01 3.00E-01 1.2082E+08 3.021E+07 
16 1.OOE-01 2.00E-01 2.4332E+09 3.650E+08 
17 5.OOE-02 1.OOE-01 1.0086E+10 7.565E+08 
18 1.00E-02 5.OOE-02 5.0986E+10 1.530E+09 

Total 3.8410E+12 4.6774E+12

5.2-23
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Revision 0
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Table 5.2-18 Source Rate Versus Burnup Fit Parameters

Radiation Type Exponent, b 

Neutron 4.22 
Photon 1.00

Table 5.2-19 Scale Factors Applied to Neutron Source Rate at Average Burnup 

Fuel Type Scale Factor 
PWR 1:.1250 
BWR 1.5821

5.2-24
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Table 5.2-20 PWR Axial Source Profile

5.2-25

% Core Burnup Photon Neutron 
Height Profile Source Source 

0.00% 0.5470 10.5470 7Z.840E-02 
2.50% 0.6358 0.635$ 1.479E-01 
5.00% b.,7247 -7247 .569E- -01 

7.50% 6.811M5 0 p. 8.135- 1i8 E-O 
10.00% 0 9023 0.9023 ~4' 8 E91 
12.50% p92 .9 .63E-01, 
15.00% .0800 1.80' 8"6 l384EjOQ 
50.00% 1L107,90 ý1.0790 ,7+0 
85.00% 11.800 1.0800 4.8E0 
87.50% bO. 9 91 2 b0.9912, .6 3 3"E'-'I 
90.00% 0.902-3 0.9023 0.481E-01 
92.50% 0.8135 0.8135 4,185E-01, 
95.00% 074 .27 ~ E0 
97.50% 0Q.6358 0.6358 11,47913-0i 1 

100.00% 0:5470 b.5470 ý7.840E-02
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Table 5.2-21 BWR Axial Source Rate Profile

5.2-26

April 1997 
Revision 0

% Core Burnup Photon Neutron 
Height Profile Source Source 
0.00% 0.0430 0.0430 1.711E-06 
2.50% 0.2392 0.2392 2.388E-03 
5.00% 0.4353 0.4353 2.991E-02 
7.50% 0.6315 0.6315 1.437E-01 
10.00% 0.8277 0.8277 4.501E-01 
12.50% 1.0238 1.0238 1.105E+00 
15.00% 1.2200 1.2200 2.314E+00 
50.00% 1.2190 1.2190 2.306E+00 
55.00% 1.2200 1.2200 2.314E+00 
55.01% 1.1800 1.1800 2.011E+00 
80.00% 1.1810 1.1810 2.018E+00 
82.50% 1.0379 1.0379 1.170E+00 
85.00% 0.8958 0.8958 6.284E-01 
87.50% 0.7536 0.7536 3.031E-01 
90.00% 0.6115 0.6115 1.255E-01 
92.50% 0.4694 0.4694 4.11OE-02 
95.00% 0.3272 0.3272 8.970E-03 
97.50% 0.1851 0.1851 8.104E-04 
100.00% 0.0430 0.0430 1.711E-06
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5.3 Model Specification 

The licensing basis dose rates for the fully loaded Universal Transport Cask are determined from 
the results of a detailed three-dimensional analysis performed by using the SCALE SAS4 [2] 
control sequence. To determine bounding dose rates, the three-dimensional analyses are 
performed for limiting, design basis PWR and BWR fuel assemblies. These design basis 
assemblies are selected on the basis of the results of one-dimensional shielding models obtained 
for the candidate assembly designs described in Section 5.1.1. This section describes both the 
one- and three-dimensional shielding models.  

5.3,1 One-Dimensional Models 

One-dimensional analyses are performed to identify the limiting PWR and BWR fuel 
descriptions. These design basis fuel descriptions are then used in a detailed three-dimensional 
shielding analysis. Dose rate results for the one-dimensional models are not reported directly 
since the results are subsumed by the three-dimensional analysis.  

5.3.1.1 One-Dimensional Radial Model 

The one-dimensional radial model consists of a series of infinitely long concentric cylinders 
representing the cross-of the cask at the fuel midplane. A representation of the model is shown 
in Figure 5.3-3. The fuel assemblies and basket are modeled as two concentric regions inside the 
cask cavity. The innermost region consists of the fuel and that part of the basket material which 
lies inside the radius of the assumed fuel homogenization region. The radius of the homogenized 
fuel region is determined by assuming that the area of the fuel region in the model is equivalent 
to the cross-sectional area of the region enclosed by the periphery of the fuel assemblies in the 
actual basket configuration (24 in the PWR basket and 56 in the BWR basket). These equivalent 
circularized cylindrical sources for the PWR and the BWR baskets are shown in Figure •73A and 
Figure 5.3-5, respectively.  

The annulus between the fuel region and the inner shell is modeled as a homogenized mixture of 
basket support plates and heat transfer disks (PWR) conserving the total mass of material 
present. The remaining cask body regions are modeled using the specified dimensions of the 

cask except for the radial neutron shield. Since the neutron shield thickness varies as a result of 

its polygonal shape, a volume-conserving equivalent thickness is used.

5.3-1



SAR - UMS® Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-00A 

Note that the three-dimensional analysis described below uses the same homogenized source 
region description as that developed here. However, the fraction of the basket support plates 
which lie outside the homogenized fuel region are treated explicitly in the three-dimensional 
model.  

The one-dimensional radial model is developed by using the following radial zones: 

* Homogenized Fuel Zone 

* Homogenized Basket Outside of Equivalent Fuel Radius 

* Canister Wall 

* Gap to Cask Inner Wall 

* Cask Inner Shell 

* Cask Gamma Shield 

* Cask Stainless Steel Outer Shell 

* Cask NS-4-FR 

* Neutron Shell Expansion Space 

* Cask Neutron Shield Shell 

A graphical illustration of the radial shielding zones is provided in Figure 52:3. The dimension 
for each of the zones is provided in Table 5.3-1. It should be noted that the composition of the 
canister interior zones varies in source term and material composition depending on which 
assembly region (fuel, plenum, end-fitting) or fuel assembly type is represented.  

5.3.1.2 One-Dimensional Top Axial Model 

The one-dimensional model of the top end of the cask consists of a series of infinite slabs 
representing the thicknesses of the cask materials along the centerline of the cask from the 
bottom of the active fuel region to the top end of the cask. A typical model of the top axial 
region of the cask is shown in Figure 5.3-8 for the BW 15x15 fuel assembly. The shielding, 
including the canister lid and impact limiter materials, consists of a total of 17.0 in. of steel, 
29.75 in. of redwood, and 1.5 in. of balsa wood. Refer to Table 5.3-2 for details of the top axial 
shield dimensions.
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5.3.1.3 One-Dimensional Bottom Axial Model 

The one-dimensional model of the bottom end of the cask also consists of a series of infinite 
slabs, representing the cask materials along the centerline of the cask from the top of the active 
fuel region to the bottom end of the cask. The shielding model used for the bottom region of the 
cask is shown in Figure 5.3-9. The shielding includes a total of 11.5 in. of steel, 1.0 in. of 
NS-4-FR neutron shielding, 29.75 in. of redwood, and 1.5 in. of balsa wood, as well as the self
shielding provided by the fuel and the end-fitting regions. Refer to Table 5.3-2 for details of the 

bottom axial shield dimensions.  

5.3.2 Three-Dimensional Shielding Models 

The three-dimensional analysis of Universal Transport Cask dose rates permits a high fidelity 
treatment of complicated cask geometric features and avoids approximations implicit in one
dimensional analyses, such as specification of buckling parameters. The three-dimensional 
models described here are developed for the SAS4 code, [2] (refer to Section 5.4.1).  

SAS4 requires that models be developed separately for the top and bottom of the Universal 
Transport Cask. Therefore, the models developed here are reflected across the axial midplane of 
the active fuel region.  

To reduce variance in computed values, the SAS4 code permits particles to be biased either 
axially towards the end of the cask model or radially through the cask walls. Separate runs are 
required for each biasing direction, although the same geometric models are employed in each 
case. Biasing parameters are determined automatically by the code on the basis of a simplified 
one-dimensional model of the problem specified by the user.  

Dose rate results are obtained in terms of responses on certain detector surfaces whose location 
and extents are specified by the user. SAS4 detectors are arranged either as nested cylindrical 
surfaces in the case of a radially biased analysis or as stacked disks in the case of an axial 
analysis. An enhancement to the SAS4 code is the ability to subdivide these detector surfaces 
into subdetectors for which results are tallied individually. In the case of radial detectors, the 
subdetector description partitions each detector axially and azimuthally as indicated in Figure 
5.3-1. For axially biased runs, the detector surfaces are subdivided radially and azimuthally as 

shown in Figure 5.3-2. The degree of subdivision is specified by the user.
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5.3.2.1 Geometric Models 

Key geometric features of the three-dimensional model include: 

* Explicit treatment of basket support disks in the annular region outside the 
homogenized source.  

* Detailed treatment of cask transition regions, such as trunnion recesses, vent 
ports, and impact limiters.  

* Accurate representation of cask shield material axial and radial extents.  

5.3.2.1.1 Source Region 

The same homogenized source description used in the one-dimensional model is used in the 
three-dimensional model; however, the sour 
box-shaped structures and has a rectilinear ' cross section match. th ifi•o 
assembly periphery in the basket. Basket support disk material lying inside the homogenized 
source region is included with the fuel assembly material. Table 5.3-3 and Table 5.3-4 give 
additional geometric and source rate information for the design basis PWR and BWR assemblies.  
Figure 5.3-6 and Figure 5.3-7 show the source region elevations for the design basis fuel 
assemblies.  

The analysis accounts for the neutron, fuel gamma, and fuel hardware gamma sources emanating 
from the fuel region. The effects of secondary gamma production due to neutron capture and 
subcritical multiplication of neutrons in fissionable material are considered. Gamma sources in 
the plenum and end-fitting region are also analyzed.  

5.3.2.1.2 Basket 

The fraction of basket support plates which lie outside the fuel region homogenization radius are 
modeled explicitly. Note that due to the requirement of a reflected model, basket support plates 
which lie precisely at the fuel midplane are conservatively omitted from the model.
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In the PWR model, basket support disks are modeled as stainless steel Type J disks of 
thickness 0.5 in. and diameter 65.50 in. with an internal spacing of 4.42 in. between plates.  

Similarly, the PWR basket heat transfer disks are modeled as aluminum disks of thickness 0.5 in.  
and diameter 65.25 in. with the same plate spacing. n'the-slR 'model-cs 

modeled as 0.625 in. carbon steel~disks wit i eer 65.50in, ndandninternal s j3.25o 

in ewenDats heha taserdss rsn in the BWR basket are modeled as 0.50,iin.  
aluminum plates with diameter 65.18in. and centered between the sumort disks. For the top 
model, the disks are positioned by preserving their location and spacing with respect to the top 

weldment and including only those disks, which lie entirely above the axial position of the fuel 
midplane. A similar procedure is used to place the disks in the bottom model with respect to the 

bottom weldment. This approach preserves geometric features near cask transition regions such 

as trunnion recesses.  

5.3.2.1.3 Canister 

The vent ports in the canister shield lid are neglected in this analysis. This model simplification 

has little impact on computed dose rates because in all modeled scenarios, the Transport Cask lid 

is in place.  

5.3.2.1.4 Transport Cask 

Figure 5.3-10 through Figure 5.3-13 show typical slices through the PWR and BWR top and 
bottom three-dimensional models employed in the shielding analysis. Features such as trunnion 
recesses, ventilation port openings, and basket support plates are described below.  

The sketches are understood to be symmetric with respect to the fuel axial midplane and the cask 
axial centerline. Sketches are provided only for normal conditions of transport. A description of 
the accident condition geometry is provided in Section 5.3.2.4.  

The polygonal shape of the radial neutron shield is modeled as a cylindrical ring with the same 
cross sectional area. Heat transfer n embedded in the neutron shield are epc. ity I nclue~d in 

the three'-d-ime --n'sio-n'al --shieli&'ng ým-od-el.
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The ventilation port in the Universal Transport Cask lid is modeled as a cylindrical void region in 
the lid. The lid bolting ring is modeled as an annular void surrounding the lid (refer to Figure 
5.3-14). The Universal Transport Cask lower rotation pocket model accounts for the penetration 
of the neutron shield shell and the void region within the pocket, as shown in Figure 5.3-15.  

To permit sufficient clearance for the cask lifting yoke, the neutron shielding immediately below 
each of the four upper trunnions is shouldered. These features are accurately depicted in the cask 
model. Note that no shielding credit is taken for the trunnions themselves.  

For both the upper and lower impact limiters, a simplified model is employed. The limiters are 
assumed to contact the cask radially, and no detailed model of the fastening system is developed.  

5.3.2.2 Biasing Models 

For radially biased cases, the one-dimensional biasing models are determined on the basis of the 
dimensions and materials along a radius taken through the cask at the axial midplane. For the top 
and bottom axially biased analyses, biasing models are determined on the basis of the materials 

and dimensions of cask components traversed by the central axis of the cask from the fuel 

midplane outward in each direction.  

5.3.2.3 Detector Descriptions 

Modifications to SAS4 permit surface detectors to be subdivided as illustrated in Figure 5.3-1 
and Figure 5.3-2. Dose rates are tallied on these individual subdetectors, permitting detailed 
axial, radial, and azimuthal dose rate profiles to be computed. Detailed descriptions of the 
surface detector partitioning employed in the PWR cask analysis are given in Table 5.3-5 through 
Table 5.3-12 for both normal conditions of transport and hypothetical accident conditions. BWR 
detector locations are specified in a similar manner, with only slight elevational differences in the 
detector descriptions as a result of the SAS4 requirement that the model be reflected about the 

fuel axial midplane.  

The axial and radial lead slump analyses use the same detector description as that used in the 

corresponding PWR or BWR normal conditions analysis.
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Maximum dose rates at specified radial and axial positions are reported on the basis of the 

maximum subdetector dose rate computed on the surface detector corresponding to that location.  

The surface of the cask is defined by the outer surfaces of the impact limiters and the neutron 

shield shell for normal conditions of transport. In the hypothetical accident conditions, the 1 m 

detector surfaces are conservatively positioned with respect to the accident geometry of the cask.  

5.3.2.4 Accident Conditions 

The hypotheticaltaccident condition is modeled by omitting the neutron shield, shield shell, and 
impact limiter components from the base case normal conditions model. In addition, 
simultaneous axijdl and radial lead slumps are assumed to •ccur., Note thai the 1 m radial and axial surface detectors are located with respect to the accident geometry (refer to 

Figure 5.3-17).  

For the lead slump conditions, voids are introduced in the lead gamma shielding on the basis of 

the redistribution of lead within the cavity, assuming a post-fabrication gap of 0.045 in. between 
the outer radial surface of the lead and the inner surface of the cask outer shell. Aresl "ie 

simultaneous application of radial and axial lead slump~s in the accident condfio&Hdelf 
total modeled lead volume is onservatively less than that actually present in the cask. The radial 

slump configuration is illustrated in Figure 5.3-16.  

In the axial case, the extent of the lead is reduced by 3.05 in. at both ends of the cask 

simultaneously (due to the reflected model requirement).  

5.3.2.5 Neutron Shield Heat Transfer Fin Model 

The Transport Cask incorporates explosively-bonded copper/stainless steel heat transfer fins in 
the radial neutron shield which displace neutron shielding material. The potential exists for this 

displaced material to provide a streaming path for neutrons to escape the shield. An jiLp ci.  

model of, th eheat ttransfer fins is, incorporated in the shieldiing- analsis 

The Transport Cask incorporates 24 fins evenly distributed around the cask on 15' angular 
increments. Each fin is radially oriented and assumed to lie entirely within the neutron shield
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shell and outside the cask outer shell. The copper and stainless steel components of the fin are 
0.6 cm and 0.8 cm thick, respectively. The fins are treated as a homogenized mixture of copper 
and stainless steel (refer to Figure 5.3-18).  

Detailed azimuthal response profiles are obtained for fuel neutron and fuel gamma sources to 
assess the relative impact on dose rate responses for each source type. A radial surface detector 
is positioned on the cask neutron shield shell at the fuel axial midplane and extending 50 cm 
axially. This detector is subdivided into 72 subdetectors arranged azimuthally (50 increments) 
and oriented in such a way that every third subdetector straddles a heat transfer fin.  

5.3.3 Material Compositions 

Isotopic number densities for the various source region and shielding materials are provided in 
this section. The tables give number densities in units of atoms per barn-centimeter [atom/b-cm] 
for the various isotopes listed. Note that the tabulated isotope names correspond to the names 
listed in the Table of Contents of the SCALE 27N18G shielding library employed in this 
analysis.  

The densities of the materials in regions where radioactive sources exist are calculated Jed'4 7o" 
the rectilinear cross sectional sha p.qofak the.F onep 
dimensional an'alyssjShe determination of the effective fuel radius is illustrated in Figure 5.3-4 
and Figure 5.3-5. The radioactive source regions include the fuel, plenum, and top and bottom 
end-fittings. All fuel, plenum, and end-fitting region densities are homogenized. Fuel assembly 
hardware within the active fuel region is homogenized in the effective fuel region in all of the 
shielding models. Fuel region number densities are provided in Table 5.3-13. The plenum and 
end-fitting (upper and lower) densities are presented in Table 5.3-14 and Table 5.3-15.  

In the three-dimensional models, the portion of the basket support plates located in thelregion 
between the homogenized source region and the canister inner wall are modeled explicitly. In 
the one-dimensional models, the disk material in this region is homogenized, and the resulting 
isotopic number densities are given in Table 5.3-16 and Table 5.3-17 for PWR and BWR 
canisters, respectively.  

The remaining cask shielding materials and their densities are included in Table 5.3-18 and Table 
5.3-19. The densities reported for the NS-4-FR neutron shielding material reflect the composition 
of the material after curing as obtained from information supplied by the manufacturer. The
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aluminum density is reported for both a solid heterogeneous aluminum disk and for the 
homogenized basket. The redwood and balsa wood densities are taken from the Standard 

Composition Library T1OI of the SCALE4.3 code package.
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Figure 5.3-1 Illustration of SAS4 Aiial Surface Detector Partitioning

Figure 5.3-2 Illustration of SAS4 Radial Surface Detector Partitioning
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Figure 5.3-3 One-Dimensional Radial Shielding Regions 
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Figure 5.3-4 Equivalent Homogenized Cylindrical Source: PWR (Dimensions in cm) 

Structural Disk 

Equivalent Source Region 

143.3393166.3 

Outline of Source Region 
Converted to Equivalent 
Source Cylinder

5.3-12

evision 0



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

April 1997 
Revision 0

Figure 5.3-5 Equivalent Homogenized Cylindrical Source: BWR (Dimensions in cm) 
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Figure 5.3-6 Design Basis PWR (WE 17x17) Fuel Assembly Source 
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Figure 5.3-7 Design Basis BWR (GE 9x9-2) Fuel Assembly Source Region Elevations 
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Figure 5.3-8 One-Dimensional Top Axial Model: BW 15x15 Fuel Assembly 
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Figure 5.3-9 One-Dimensional Bottom Axial Model: BW 15x15 Fuel Assembly 
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Figure 5.3-10 Transport Cask Bottom Model - PWR Design Basis (Dimensions in cm) 
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Figure 5.3-11 Transport Cask Bottom Model - BWR Design Basis (Dimensions in cm)
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Figure 5.3-12 Transport Cask Top Model - PWR Design Basis (Dimensions in cm)
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Figure 5.3-13 Transport Cask Top Model - BWR Design Basis (Dimensions in cm)

Le Sort.  

BoLting R~g (Void

C.-l Llo

S-Wel L~d

'o• Fo-g nq 

S:-11$Fc R,,:---'

* �e S � '-----���

63579-j 

- I
9? 930-, 

4 :5

::6 45 1 
6 98 -

5.3-20



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

May 2000 
Revision UMST-OOA

Figure 5.3-14 PICTURE Representation of PWR Top Model - Normal Conditions 

Showing Trunnion Recesses and Lid Vent
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Figure b-15 PICTURE Representation of PWR Bottom Model - Normal Conditions 

Slice Through Lower Rotation Pockets

5.3-22



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

Figure 5.3-16 Radial Lead Slump Model (Dimensions in In.)
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Figure 5.3-17
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Figure 5.3-18
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Table 5.3-1 Radial Shield Regions Employed in One-Dimensional Model 

Component Radius Of Region 

Canister ID 83.58 cm 

Canister Wall Thickness 85.27 cm 

Transport Cask ID 85.86 cm 
Inner Shell OD 90.94 cm 

Lead OD 97.93 cm 

Outer Shell OD 104.91 cm 

Neutron Shield (NS-4-FR) 116.36 cm 

Expansion Space 116.68 cm 
Neutron Shield Shell 117.32 cm
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Table 5.3-2 Universal Transport Cask One-Dimensional Model Axial Dimensions 

Component Inches Centimeters 

Universal Transport Cask Bottom 
Steel Layer 4.25 10.795 

NS-4-FR Layer 1.0 2.54 
Steel Layer 5.0 12.7 

Transport Cask Lid (Steel) 6.50 16.510 

Transport Cask Cavity 192.5 487.68 

Cavity Spacer 
Aluminum Disk (Note 1) 1.5 3.81 

Steel Plate (Note 1) 0.38 0.9652 

Impact Limiter (Top/Bottom) 
Limiter Shell 0.25 0.635 

Redwood (Note 2) 29.75 75.565 
BALSA 1.5 3.81 

Limiter Shell 0.25 0.635 

Canister Bottom (Steel) 1.75 4.445 
Canister Structural Lid (Steel) 7.0 17.78 

Canister Shield Lid (Steel) 3.0 7.62 

Canister Length (Note 3) 
Class 1 (PWR) -75.25 445.135 
Class 2 (PWR) • 84.35 468.24) 
Class 3 (PWR) 191.95 487.553 
Class 4 (BWR) 185.75 471.805 
Class 5 (BWR) 190.55 483.997 

Note I - Aluminum spacer disks are used in the Class 5 (1 disk) and Class 4 (4 disks) canisters. In 
the Class I and 2 canisters a plate supported by concentric steel cylinders forms the spacer. The 
spacer lengths are 16.75 and YL-5 in., respectively. In the one-dimensional analysis, only the plate 
is included since the concentric cylinders little effective shielding in the axial direction.  

Note 2 - Calculated value using the 43 in. total impact limiter height, 0.25 in. impact limiter shell 
thickness (two shell thicknesses), the 1.5 in. balsa wood thickness, and the 11.25 in. impact limiter 
recess.  

..=Mf 6r V_,gq4ft-, aptrlb1m Tyýi iioddlr~
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Table 5.3-3 Source Region Summary for PWR Three-Dimensional Model 

10 Yr Total Source Rate 
Region Length Volume Neutron Photon Hardware 

[cm] [cm 3] [nrsec] [y/sec] [y/sec] 
Fuel 365.760 5.906E+06 7.514E+09 9.012E+16 •.O77E~i4 

Upper Plenum 15.900 2.568E+05 
Upper E/F 17.069 2.756E+05 9-
Lower E/F 10.897 1.760E+05 - - 1.155E+14

Table 5.3-4 Source Region Summary for BWR Three-Dimensional Model 

Region Length Volume 10 Yr Total Source Rate [/sec] 
[cm] [cm3] Neutron Photon Hardware 

Fuel 381.000 6.420E+06 7.560E+09 7.640E+16 2.581E+13 
Upper Plenum 25.400 4.280E+05 - - 7.227E+13 

Upper E/F 22.276 3.753E+05 - - 4.474E+13 
Lower E/F 18.771 3.163E+05 - - 1.529E+14
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Table 5.3-5 PWR Top Model Radial Detector Description - Normal Conditions 

Detector ID Radius Lower Elev Upper Elev Axial Azimuthal 
[cm] [cm] [cm] Divisions Divisions 

Forging Surface 1 108.280 t6.Q67 j4,07! 1 

Trunnion Surface 2 116.980 37S O 

ak.S Lurace 3 116.980 (A 

Personnel Barrier 4 135.763 K00 - 7 1 
Limiter Surface 5 157.480 234.•97 625915 1 

1m 6 216.980 0.000 0 1 

2m 7 316.980 0.000 431,560 1 

Railcar+2m 8 357.480 0.000 6 I1 

4m 9 516.980 0.000 lr___ 1 

Table 5.3-6 PWR Top Model Axial Detector Description - Normal Conditions 

Detector ID Elevation Inner Rad Outer Rad Radial Azimuthal 
[cm] [cm] [cm] Divisions Divisions 

Cask Surf 1 ,1 343.560 bQ000 480 
Cask Surf 2 435 ......4..8.  

'1n2 4 4.3.6Q 88.528 ý16.980 Eo 
z6 543.56 .0om ft57.48O21 

_______IN_ 6 435 .00 -5- R8
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Table 5.3-7 PWR Bottom Model Radial Detector Description - Normal Conditions 
Detector ID Radius Lower Elev Upper Elev Axial Azimuthal 

[cm] [cm] [cm] Divisions Divisions 
N/S GaT) nner Ll 0I4.915 _35.68 7 2a8.8ý62 
N/S ajbiputer ý_ýqc '35368.  

,. ti o -n -Surfac 5 ý1.L g35,ff 
Cask Sufface [45 1 02_ O 6 

Personnel Barrier 5 -435.763 f3_ ý8 6 2, E 
Limiter ýurf a-c" 6 J.7.8 j3A8O? 

- r-fl--•2In 26980_ _W 

Railcar+2m 2 - 57-._480 _00• 1176 
4m 10 5, &980600 D: 

Table 5.3-8 PWR Bottom Model Axial Detector Description - Normal Conditions 

Detector ID Elevation Inner Rad Outer Rad Radial Azimuthal 
[cm] [cm] [cm] Divisions Divisions 

Cask Surf 4747 IQoO b 7 A80d I 
Cask Surf 2 2 47 47 4 .800 8_ 

4rn 444ý 5C 

2tm 6 747.47 5 T. Ci jj
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Table 5.3-9 PWR Top Model Radial Detector Description - Accig•ltntCiin ons 

Detector ID Radius Lower Elev Upper Elev Axial Azimuthal 
[cm] [cm] [cm] Divisions Divisions 

O-uter Shell 0.7 

fqrgjRgadius ! 108.280 0,000 262.915, 5 
P4_______ 1__ '04.915 p.5,Q 2.915 _________ 

Table 5.3-10 PWR Top Model Axial Detector Description 

Detector ID Elevation Inner Rad Outer Rad Radial Azimuthal 
[cm] [cm] [cm] Divisions Divisions 

Outer Sheill, 262.915 boo4$42 
Outer Shell, 2 _ 14qA4 t~20-4 

-im 1 3 362.915 PAP0 
Im2 -1 362.915 91.641 204.15 ___ ___ 

Table 5.3-11 PWR Bottom Model Radial Detector Description - tnto.•n 

Detector TID Radius Lower Elev Upper Elev Axial Azimuthal 
[cm] [cm] [cm] Divisions Divisions 

-ute shll64'.915 b7OO'd 26680-2 2I 

Table 5.3-12 PWR Bottom Model Axial Detector Description- Accide-nt Cnr•!ons" 

Detector ID Elevation Inner Rad Outer Rad Radial Azimuthal 
[cm] [cm] [cm] Divisions Divisions 

Outer Shell I . 1 6.k8Q2• bo * 209i9 
out .er Shell 2,2 ~ 26682 2I Q9l 

36r-80 El
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Table 5.3-13 Homogenized Fuel Region Isotopic Composition [atom/b-cm] 

Isotope PWR BWR 
ALUMINUM L912 K Q F_ -Q L3 
BORON-10 1.9090E-04 -03.  
BORON-11 7.6839E-04 LOOIX-4 

CARBON-12 2.3982E-04 F 
CHROMTUM(SS304) . E

IRON 

IRON(SS304) EO2- qG98 3: 
MANGANESE 34.2B 8. 845E

NICKEL(SS304) 5,_1I fE:0 
OXYGEN-16 9.6038E-03 8.7353E-03 

URANIUM-234 2.6411 E-07 2.4022E-07 
URANIUM-235 3.4574E-05 3.1447E-05 
URANIUM-238 4.7671E-03 4.3360E-03 
ZIRCALLOY 2.9669E-03 W4'88E

Table 5.3-14 Isotopic Compositions of PWR Fuel Assembly Non-Fuel 

Source Regions [atom/b-cm] 

Isotope Upper Plenum Upper End Fit Lower End Fit 
CHROMIUM(SS304) 227O6E.3 1 Z258i9Eý-7 3.2027E-03 

IRON.(SS304) ...... 9.39 0 1.0908E-02 
MANGANESE •.2621E2 04 g748•h 3.1907E-04 

NICKEL(SS304) ýj12[8O3 • , 322j 1.4188E-03 
ZIRCALLOY t.9g669ýE-Ob
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Table 5.3-15 Isotopic Compositions of BWR Fuel Assembly Non-Fuel 

Source Regions [atom/b-cm] 

Isotope Upper Plenum Upper End Fit Lower End Fit 

CARBON-12 •4574E5 
CHROMIUM(SS304) 4.8369E-04 1 .2099E5 6..  

IRON -64-O 
IRON(SS304) 1.6473E-03 42:80E-o,0, 

MANGANESE 4.8188E-05 2I • W 
NICKEL(SS304) 2.1427E-04 L.5644E-O4 71ki63 

ZIRCALLOY 3248E-03

Table 5.3-16 Isotopic Compositions of PWR Canister Annular Region Materials (One
Dimensional Analysis Only) [atom/b-cm] 

Fuel Upper Plenum Upper End Fit Lower End Fit 
Isotope Annulus Annulus Annulus Annulus 

ALUMINUM 5.6780E-03 
CHROMIUM(SS304) 1.6925E-03 1.3426E-03 25012E-03 3.9181E-03 
IRON(SS304) 5.7642E-03 4.5725E-03 .5"185_h-0 1.3344E-02 
MANGANESE 1.6861E-04 1.3375E-04 2.4918E- 3.9035E-04 
NICKEL(SS304) 7.4975E-04 5,9475E-04 J. 10 E-03 1.7357E-03
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Table 5.3-17 Isotopic Compositions of BWR Canister Annular Region Materials (One
Dimensional Analysis Only) [atom/b-cm] 

Fuel Upper Plenum Upper End Fit Lower End Fit 
Isotope Annulus Annulus Annulus Annulus 

CARBON-12 g.12E0• 
CHROMIUM(SS304) - 1.9068E-03 2.2629E-03 
IRON 13_i9E-02 [.001i5E,2 
IRON(SS304) - 6.4942E-03 7.7068E-03 
MANGANESE - 1.8997E-04 2.2544E-04 
NICKEL(SS304) - 8.4470E-04 1.0024E-03 

Table 5.3-18 Isotopic Composition of Additional Shielding Materials [atom/b-cm] 

Isotope Carbon Steel SS304 Lead Heat Fin 
CARBON-12 3.9250E-03 -

CHROMIUM(SS304) - 1.7429E-02 - 587LE3 
IRON 8.3498E-02 
IRON(SS304) - 5.9358E-02 
LEAD - 3.2969E-02 
MANGANESE - 1.7363E-03 •924E4 
NICKEL(SS304) - 7.7207E-03 - 4J6E176 
COPPER
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Table 5.3-19 Isotopic Composition of Additional Shielding Materials [atom/b-cm] 

Isotope NS-4-FR Balsa Wood Redwood Aluminum 
ALUMINUM 7.7630E-03 - - 6.0307E-02 

BORON-10 8.5530E-05 
BORON-11 3.4220E-04 
CARBON-12 2.2640E-02 2.7875E-03 8.6301E-03 
HYDROGEN 5.8540E-02 4.6458E-03 1.4384E-02 
NITROGEN-14 1.3940E-03 
OXYGEN-16 2.6090E-02 2.3229E-03 7.1917E-03
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5.4 Shielding Evaluation 

The techniques used to perform gamma and neutron dose rate calculations for the Universal 

Transport Cask are described in the following section. Descriptions of the computer codes and 

methods that are used in the shielding analyses of the cask are included.  

5.4.1 Computer Code Description 

The computer codes used in the shielding evaluation of the Universal Transport Cask are the 

SCALE sequences SAS1 [5], SAS2H [4] and SAS4 [2]. SAS1 is a driver for the XSDRNPM 

[7] one-dimensional transport code, and SAS2H executes the ORIGEN-S isotopic depletion 

code. SAS4 prepares input for and executes the MORSE Monte-Carlo shielding code.  

Both one-dimensional SASI and three-dimensional SAS4 shielding models are used in the 

evaluations of the Universal Transport Cask. The SASI radial and axial models are used to 

provide a basis for selection of design basis PWR and BWR fuel assemblies. The method of 

solution employed in the one-dimensional analysis is XSDRNPM discrete ordinates and 

XSDOSE flux at a point estimation. Bucklings are applied to the SASI models to account for 

transverse leakage. One-dimensional analysis also serves as a cross check to the more complex 

three-dimensional model results.  

The SAS4 three-dimensional shielding models are used to estimate the dose profiles along the 

surfaces of the cask and are used to estimate dose rates in and around streaming paths such as the 

rotation pockets. The method of solution is adjoint biased MORSE Monte Carlo. Since SAS4 

requires model symmetry at the fuel midplane, two models are created for each cask, a top and a 

bottom model. Radial biasing is performed to estimate dose rate on the sides of the cask, and 

axial biasing is performed to estimate dose rates on the top and bottom surfaces of the cask.  

Modifications are made to SAS4 to tally dose rates along the radial, top and bottom surfaces of 

the cask as well as any cylindrical surface surrounding the cask. Thus, detailed dose rate profiles 

are determined that explicitly show peaks due to the fuel burnup profile, activated hardware 

gamma emission, and streaming paths.
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5.4.2 Three-Dimensional Shielding Calculations 

The SAS4 code is used to compute dose rate responses for each source region in the model.  
Individual runs are performed for each of the source conditions described in Table 5.4-1. To 
determine total dose rates, the results of these individual runs are combined statistically. That is, 
if individual response ri with uncertainty ci represents the dose rate contribution from source type 
i on a given detector, then the total dose rate rT and uncertainty cvT on the detector are obtained by 

rT ri 

CYT i 

i 

In general, SAS4 cases are run with a number of histories sufficient to give at most a 5% relative 
standard deviation in maximum dose rate on the cask surface detectors. The typical number of 
histories required to achieve this level of uncertainty is indicated in Table 5.4-1 for each source 
type.  

5.4.2.1 Normal Conditions of Transport 

Table 5.4-2 and Table 5.4-3 show the surface average dose rates on various surface detectors for 
the PWR top radial and axial models, respectively. These results show the relative contributions 
to dose rate from the various source types analyzed.  

Peak subdetector dose rate results for each surface detector are shown in Table 5.4-4 and Table 
5.4-5 for the PWR top and bottom radial models, respectively, under normal conditions of 
transport. A detailed description of each detector may be found by using the detector 
identification number provided in the applicable table and consulting the appropriate detector 
description table given in Section 5.3.  

Axial dose' rate profile results: ar e ý hwnT re 5.4,1f or the desi _ib PWJ R 71 
normal c..onditions Of qtvrti.pj 

Top and bottom radial dose rate profiles are shown in uZ4and .ijg•5.4V, respectively, 
for the design basis PWR fuel. These profiles represent the radial variation of dose
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rates on the surface of disk-shaped detectors located at the indicated distance from the end of the 

cask. The corresponding maximum detector responses are provided in Table 5.4-6 and Table 

5.4-7 for the top and bottom models, respectively. Dose rate results are well below regulatory 

limits on the axial ends of the cask.  

T`hi BWR axial dose rate profile L shown in ei5.4 for the combined top and bottom 

models. The sharp increase in cask surface dose rate near the bottom of the cask is due to the 

adjacent position of the lower end-fitting and Transport Cask rotation pockets. If' 
shows the azimuthal surface dose rate profile at the elevation of the rotation pockets. Maximum 

dose rates for the various BWR detector configurations are provided in Table 5.4-8 through 

Table 5.4-11 for normal conditions of transport.  

BWR radial dose rate profiles are shown in agnd5.46 and 5.47. for top and bottom 

models under normal conditions of transport.  

The BWR model shows a computed dose rate of ,25&(i.5) mrem/hr at the cask outer shell 

surface in the narrow circumferential gap between the neutron shield shell and the lower impact 

limiter. This gap is approximately 1.25 in. wide and 4.75 in. deep, and is inaccessible. The 

analysis in Section 5.4.2.2 shows that this dose rate is highly localized, and that the dose rate at 

the gap opening (at the radius of the neutron shield shell)is 2 

Th e effect of t he hetni t he neto s e i siIlustra ted by~h dos pjpjh 

sh.o.wninFguree..5.4-8..Observethtnarhe in neutron dose rae es 

bya o alzdepresý:ppngqppý_onin a ibutionThe net result istat nos nifi cant Atreaming 
effect••isobserved th9ough the fins,_The pe•ks in the total dose profile 2( 8_O942.and270 0 ) 

are..... to.the geometry of the -canister bask-e lace st fel c rt t aaester, shell at 

these locations.  

5.4.2.2 Bounding Analysis of Class 3 Canister 

The absence of a spacer assembly in the Class 3 canister configuration suggests that the design 

basis PWR analysis may not provide bounding dose rates near the bottom of the cask. To 

evaluate this situation, a special analysis is performed. In this analysis, a canister loaded with 

design basis PWR fuel is placed in the Transport Cask with no spacer assembly. Axial dose 

profiles under normal conditions are shown in lie
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A maximum radial surface dose rate of 4jji5o mrem/hr occurs at the opening of the 
narrow, inaccessible gap between the neutron shield shell and the inside surface of the lower 
impact limiter. At the surface of the . inside this narrow gap, the dose rate is 
somewhat higher, 3930 (±.!j mrem/hr. However, this dose rate is not considered significant 
because of its inaccessible location and the rapidity with which the dose rate decreases radially 
outward from the Lorg•in surface.  

5.4.2.3 Accident Conditions 

Results for the- , accident conditions ' are shown in Table 5.4-J through Table 5.4-5 for the 
PWR and BWR models. Dose rates do not exceed the regulatory limit of 1000 mrem/hr at any 
point 1 m from the cask surface.  

5o.3 •ading Table Analvsi s 

Tedesign basis~fe dcrptions characterize Transpo eatkgeosr~an 

nominal conditions of burnup and initial enrichment_ for a partiqul PW,iPaVWn §Rfu 
In order to extend the results to other fuel, types an aiu obntosof nta nemn 
andb up,.a detailed anlysis is conducted that determ o 
and burnup combi naton the _ co-ol. for radiatoordtshe andcu het. 9notcfr 

ratesjto all1 beloWLhe-qSig--~sis' 7alus-,Tenraly___ure seJ~ie p oj 
e•inch1m~e~nturnup/66o1 fime com mations based on SNS2]4.result os e~rate p N 

effects of radiation ýspectrum ýand cas shielding~p "ro ti ill irc-td 
comparison.n 

Fr, clarity, the various fuel assembi yvtypes c0on sideiare cla ssfi edac• •, 
-...sq.ts or the most limt -as type_ wthin ace tak 

cool tin' e for, :asr sýw~ii htcas . o s ` s b 
loagding jtabe showing e-ti med•a.r- cool 

nxso-nTItANleFbfurel ineye eou _e,
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14CPeientsR of 50QQ M9VDJMTU. In addition,____ loadingutabje flzjý 
also includes minimum initial enrichmient limits r g~ngftTrom .9to3 7w%ýW 
ýi3 U increments. Changyes i the iniitial enihetcnae1tii _jjn at o't 
actinide nutron source of the spn ula uladteey oiisteMnnUMoAqP 
tequired to meet th ea etadds at iisipsdo et 

-,_h l y analyzed in the ioading-jabe, anlssicueth a( eesgý 

assem'blies listed in Section, 5.1.1. Note thafithe analyj~sis f BRfueljj t i~j di .-,~e 
Ioinger BWR-4/6typefel which bound the shorter BWVR-2/3 itypelfu1 

A comTplete set of source spectra and dcyheat values for th~is' set of fiintn ass eme -i tlien 
copupted 'using, tlie_ SAS 2H L4] ,ode at vrosinitial en7richh'eIijn91ij 

repesntaiv,ofjiime fe-uelirned for s~chiprne1 'thoe, in MSa T--- npor dCask rn-uP -o- nýoA 

meet limiting values of decay heatiind dse rate is 'determined.The deca hýeat. liiis rese 
baedonte h t limits established in Seto 40'ssoni 

T 'able J-4-8. Theds-h imt 
Trnpotascnti i4Aig ýe s~tabiW~hl u ae o nediersboth l anolý§n ofidii 

conitons.  

Wihthe cooltmesj i iti ed tj~ 
summarizedbLcqyjdntfyin h otiig fuel type, rjaq 

~jeermnig. uiabiitpf 'ariulaffp himent~w u need for a det'Ie' 'anasis 

T eSCA1__cqmpp__ e yte_ to late _ term o 

ORIEN- code Then-7-7- SArcod sseibdetrm heýoni SiAs2r'S su
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e raý 

men-si on trans. -AR ýý_CAlJý ýýes aLe qmducteLFijý ýthýe ýS:Qý24L27NJ,ýQ 

se ra e compansom to cohc-iiiýl .ý ýk, 
as is--s4ppoll 

0_ 

type loaded. This is r)arti 

46seýrate___of'_the c"as'k -sh'iel-dIn 2__n"qt'e"nals qr(ýý,consi ered, 
gg_.,an un le iýeome g -'a _dh a 

_k4el se I en 

Lgap_, area of'rnjnýý_-s"h ie'fdli-, n for5wEakEE= 
p_._,een conside d -both imp icitly in e of 

airectIv -in -the'-three--dimensi6nal-^-,s-hiel'din .g 

i basis fuels 

2. tip* o-ne--d'-m-en-sio-n,-a-l-,-,r-a-d--i-a-,I","-d"osýe-,,ýra"t-e-s,-u--ýs-*e-d--fo----7"ýýý-, 
_pTqOictions of actual d OL 

Oiqmselves accurate, test 

_of the cas its diameter'6murds. that the buckling"-#ppLqigýýjt 
icit in a'one-di ass p -_is 

is, um 

us 4jqLqj,§jOaj, nfica,*qý 

ý-rv 

1114ý_(41;Rqi ýSiom exomp Ons 
sources alone.  

qiid)j46j4jj:ýý _ rod '7 

ýra n s p-'- iWilinc nrn6t t 

e' n &ý6i' aidw-'are de I m 

Op 4_6q, 6q- 
W 

isýý6rý Y ep ry 6, ktoni 

MR LM 

rates, 6ý73MWMKIE radial ce __gq4q_ kppL pý L_ 'gýýg udd Ah ýeý,A&yamn
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adcontribution.  

4UnUpJ p tin.  

Final cool'ie ar established by inerojjb~w~ resfault caýý~pute.frah Wun 

0 avorofec hea and y 
col imqwic§esres all constraints are me th ýCr 

The~va-rious com-bin-ation-s "o-f -e~nrihi- tn-b-Inf 
possible combinations., hncni igterqie coold 

acua enrichment of the assemblyshudbrone toheex ad 
acthI.er._. asebyunshould be~r~e rundddonto the next loe nlze aq, 

that-a~con~servative aue is obtained from the loading tabl&e1 

.5 .4.-3.2j Limtn De a Het an d- Dbo-s-e- Ra-te Value 

Te decay heat lmt nt&aa rii&1tre4 p n t 
established cla tem eraur '.3.4.6 qj__ l co ly i 

The rnafiximrnU aqwb-.et7(ý,ý sue ntecn of hites 
based, on,,h moefjtý_li~~tI)k~~gsr~n !1& l 

are presented in 
-ecion 3A.6 

For. the minimirum. cooiigRO e:&.. preened ZE( 6 
conservative v set e _L1tpo the 5 jYI4Uiea ha iio!is 

isbasedf on i~~d

5.4-7

May 2000



SAR - UMSO Universal Transport Cask May 2000 
Docket No. 71-9270 Revision U`MST-00A 

mg ondition,_ ~ t~~sh c u~~eL SASIcdi 

lescriiji~onKs.The SASI geomercl models are53§T~ desýItiý-gih--5 
aire established based-j fbn e ------ 7n~ 
fro me fronofa14 n, ie a the. as k lcnt 

on-ieninld~ose rate liisae6.71 nuremfhr for Pýi~ jlL dj.  

,dsgbasis PW and,13WR' fuels, lead~t acietc~i;ý-atstal 
lower thae reinuathe ld se tate tsof 

dimensi-onal -dose' rate" lirmijt 660-0 
the-accident condit'ion' dose- ra'tejli-m-jit::j'_Thiyue-is erfied. foijxiIýdjmijnjo 
analyses of selected_ fuel, býurnup, and enihetcssa h: a 'T-j-~jn ~ 
analysis._The results iniaeta h'0 rmfrlmti's cett'nue j~cultre 

fromelo the cask.ryqj9. M 
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5.4-8



SAR - UMS aUniversal Transport Cask May 2000 
Docket No. 7 1-9270 Revision UMST-OOA 

9 ~ ea Ctf~os 6-ustanoin 
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Table 5.4-1 SAS4 Runs Performed for Each Source Region 

Source Region Source Type Histories 
(approx.) 

Fuel Neutron _____ 

Fuel N-Gamma jiQ 
Fuel Gamma 

Fuel Hardware Gamma 
Plenum Gamma 

End Fitting Gamma _ 2_ _ __

Table 5.4-2 PWR Surface Average Dose Rates - Top Model 

Radial Detectors - Normal Conditions 

Region Source Average Dose Rate [mrernlhr] 
Cask Surface Personnel Barrier 2 m Position 

Fuel Neutron 12.77 0. 3%) 1 .49 LQ. Ozoi, ýiA42 
Fuel N-Gamma 4.50 (0,.31%) 17 KO,3 J 4)- _ 

Fuel Gamma 41.1 (03% 8I1 -0?% %) ~ 
Hardware Gamma 5.-95 (•0l3"7 , .7 N.2%J 4,631 (9.2%j 
Plenum Gamma ;.862 (-.2% 2.86 o 

End-Fitting Gamma 1.79 (0.3%) 2.85 .O3%j) 0.39 .Q2j 
Total 39.98 (0.1%6 32.9, cQ.%) .: 0.2%)

5.4-16
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Table 5.4-3 PWR Surface Average Dose Rates - Top Model 

Axial Detectors - Normal Conditions 

Region Source Average Dose Rate [mrerm/hr] 
Limiter Surface 2 m 

Fuel Neutron b02 jK•t'o j 
Fuel N-Gamma ý19 I--, N) U,6 Z27 
Fuel Gamma _L0• • 

Hardware Gamma ;Q1 T-1 f21% 
Plenum Gamma f t1J.j U, to2J 

End-Fitting Gamma 6.02 '(37%) ý.0i1 (.7T 
Total _ _ _ 34-6

Table 5.4-4 PWR Maximum Subdetector Dose Rates - Top Model 

Radial Detectors - Normal Conditions 

Location Det Band Angle Detector Responses [mrem/hr] 
IDs [cm] [deg] Total Neutron Garmma 

Forgingc Surface 7 2. -8O. 674. _8% OIQ2 -iý) 
N-Shield Shell 2, 09765ý6 3 L~ 

Personnel Barrier 4, ' ý .O UF6 - F-5
Limiter Surface 5 267 i0.0 0. /.2) .  
2m from Railcar 8ý j8. 18.u6(~% 99)~ Q 
4m from Cask 9 23.2 80-• 7 g-0. 37 0:3,% 

Table 5.4-5 PWR Maximum Subdetector Dose Rates - Bottom Model 

Radial Detectors - Normal Conditions 

Location Det Band Angle Detector Respcnses [mrem/hr] 

IDs [cm] [deg] Total Neutron Garmma 
Limiter Gap 11ý'0 237. M9o~ a5150U U. fj EU 

N-Shield Shell WA 237i NO ~0 Q N~ 46--Q- R-M U f 5 
Personnel Barrier K%72 F COQ 9- 800• 2 55-" 
Limiter Surface E 0 F3••a Z: [KiiO§i U Ef S Tqj 
2m from Railcar f 2 ROM E0 Uaj 9 0- =U 
4m from Cask TýQ, 3 P .8 fO.4%) l

5.4-17
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Table 5.4-6 PWR Maximum Subdetector Dose Rates - Top Model 
Axial Detectors - Normal Conditions

Location Det Band Angle Detector Responses [mrem/hr] 
IDs [cm] [deg] Total Neutron Garama 

Limiter Surface 1, 2 4 9 •80.0 [4,9 L 4% " j 2.6 
im 4 ý2'.2 1800 6.22~ 

4m .6 2 ! (8010 1 Th4)YJ3 ,, 7%__ 

Table 5.4-7 PWR Maximum Subdetector Dose Rates - Bottom Model 
Axial Detectors - Normal Conditions 

Location Det Band Angle Detector Responses [mrem/hr] 
IDs [cm] [deg] Total Neutron Garmma 

Limiter Surface 2 4...9 . . K 

2m 51 Wk. EJ0i 0ý.J 3ýW 
4m b U4. -110)26~ i~

5A-418
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Table 5.4-8 BWR Maximum Subdetector Dose Rates - Top Model 

Radial Detectors - Normal Conditions

Location Det Band Angle Detecitor Respcnses [mrem/hr] 
IDs [cm] [deg] Total Neutron Garmma 

Forging Surface g44-.2 - 48 t, • 
N-Shield Shell L3 L7 !00 L6 O " j 

Personnel Barrier w K4 i8t8 o]f k 6 o, 
Limiter Surface I 26. .... , " _ 

2m from Railcar 1 19.3 - 89O- 1 _j E ._ GOA7 
4m from Cask 24.0 '180.0 .4%) 1,3 

Table 5.4-9 BWR Maximum Subdetector Dose Rates - Top Model 

Axial Detectors - Normal Conditions 

Location Det Band Angle Detector Responses [mrenm/hr] 
IDs [cm] [deg] Total Neutron Garmma 

Limiter Surface ,2 4. 100 Q2 j.% 9~ L~) ~ j.% 
lm 3, 22 i8 OJ 453% --T765ý Q. 5.  

2m 5 253.2 18R0. -J.1 O3) 2L.1 9 
4 -m •.

53 449-1
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Table 5.4-10 BWR Maximum Subdetector Dose Rates - Bottom Model 
Radial Detectors - Normal Conditions 

Location Det Band Angle Detector Respcnses [mremlhr] 
IDs [cm] [deg] Total Neutron Garmma 

Limiter Gap J. 214.0 1H0U a. V i0 k I E M 
N-Shield Shell 2,3,4 q14. 0 80fbEi 8.:0: 9 UZ2 

Personnel Barrier L 0 Eý E 0 
Limiter Surface • 217-A •80,O• ED 
2m from Railcar K Et 00 H 04E.04% 
4m from Cask 10 22.6 8 0 5 (o RI6 r, 5 

Table 5.4-11 BWR Maximum Subdetector Dose Rates - Bottom Model 
Axial Detectors - Normal Conditions 

Location Det Band Angle Detector Respc nses [mrem/hr] 
IDs [cm] [dega Total Neutron Garmma 

Limiter Surface 1,2 24.9 180.0 0.4 (9 . L7)Q- 41 M! 
Im 0. 22 19. 0 0~2% ~ ~ __ 

2m 0,4. -8. Q.. (1.0) 01 C4) L'(.  
4m 6 1•4.9 Q80.0 b5 1. ) . (5.6% b.1.5% ......

ýT2
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Table 5.4-12

Shell Surface 1 m 
Region Source Dose Rate Relative Dose Rate Relative 

[mrem/hr] Std. Dev. [mrem/hr] Std. Dev.  
Fuel Neutron 968.83. ,Odi .... 1 . .."q" 

Fuel N-Gamma 2' UjV E,_3 q___ 
Fuel Gamma ýUQA c_ 

Hardware Gamma 26.• LC? _ o 
Plenum Gamma 1 _L6 

EndFit Gamma 5.25 1% -024 
Total 4068.3 12 X%) V__t

Table 5.4-13 f m Subdet-ec D R

RadialDetectors - Accident Conditions

Location Det Band Angle Detector Responses [mrem/hr] 
IDs [cm] [deg] Total Neutron Garmma 

Cask Sur-face 4). 378 100 J2Q1-6j41 O% ~ 

Top Forging 2 1. 80~295L~ 7. Ol 414 .2 9Z6% 

I m from Cask 3 . 10. 65402j~ 16. ~i2% .  

Table 5.4-14 ,uRates -&ttom Mode 

Location Det Band f Angle Detector Respcnses [mreml/hr] 
IDs [cm] [deg] Total Neutron Garmma

Cask Surface 

1 m from Cask
iZaod 
WOOQ.

7.6 417.7

NO.3% 95:9 
.Qýfg 4,97.

bSetectorsf Ac CjszTop aidntAno

UAN)" 
UBE,

1AJI 
-71ý

4o9,8
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Table 5.4-15 PYR Max jj tb PL sep1l•id• 

Location Det Band Angle Detector Responses [mremlhr] 
IDs [cm] [deg] Total Neutron Garmma 

Cask Surface !,f2 ý2Ii f _ T~b P 0li% --- - ~~7 ~ ~ 

im 314 17.8 "I'0sod2 ~04 j:9~ 

Table 5.4-16 PWR Maximum S"Subtet Bc b 

Axia tors Acciden T otl N euroiadm Location Det Band Angle Detector Respcnses [mrem/hr] 
IDs [cm] [deg] Total Neutron Garmma 

Cask Surface 1,2 j1.7 180.0 1 (Q.'* V• ......6 

Table 5.4-17 R Sub Modelý8q32" 
Radial Detectors - Aident, Cnd~itions 

Location Det Band Angle Detector Responses [mre.mlhr] 
IDs [cm] [deg] Total Neutron Gamma 

Cask Surface 1 4.7 _18d.O 'I28'A3)135 O~/)~ L 
Top Forging 2 _.O i80EL.0 ___L' K.3%) t~ ý.ý%o) ýt ý 

lmfromCask 3 .1 7i00 ~432. 40.2% ViY.2 023 2.
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Table 5.4-18 ýL 

__ad___Deto! 

Location Det Band Angle Detector Responses [mrem/hr] 
IDs [cm] [deg] Total Neutron Garrima 

Cask Surface rkl18'.2'L ~8'0. 22 1% 'Q~ ýfi -2 [iMhý .' 
Im from Cask 2 ý.2 16.7 1 4,0.0 0-% 47. _ OM V~5-3 rQ

Table 5.4-19 BRMaximum Subdetector Dose Rates 

• x_ Dete9-cts -Ac-cide.nt Conc.itions 

Location Det Band Angle Deteci-or Respcnses [mrem/hr] 

IDs [cm] [deg] Total Neutron Gamma 

Cask Surface L42 021~~~ LO j~~ L% 
im ,4 ýi 97.8 ,l8O.O ~12A4 i39% V233.% JQ 

T able 5.4- 20 BiumSbete Dose Rates -Bottom Model 

Axia D~ectrs ccident Conditions 

Location Det Band Angle Detector Responses [mrem/hr] 
IDs [cm] [deg] Total Neutron Garmma 

Cask Surface 2-- LfJ72 K8.O hk2 7,% B1 EI% ý 
im 3,4 ~~~29 ~~O~~. 7%J~ 7~ 7)~ Q
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Burnup • 30 GWVDIMTU Bru•35 GWIL 
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~Fa~e .422 Loadin'g Table for-BWRF4d

ýJu r nup 4 &3 GW D /MT0pI45 30 < Burrnup 4 35 405Burnup•d W/Mr 
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STable 5.4-2_3

Table 5.4 ,-24 R-esults of Verification Studyfor Accident Coii~hon

1 M~~~~~ax DoseRt[ieii] 
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5MA L14N.4 
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MaY"eRefie/r 
P9 jj n1~ie aicr~n 

.,C14xl4 _ 

YVE1x14A 3__J 
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5.5.1 •!tecifieC ontents hledng Vaiations 

4TNsts ctionqdecn decie fuel asact gge4tficons c 

.chMareaunique toYpe e content Furtionsresultfr 
dto that ocurddrnratro pqi aini eer ni 

Trransl eng1prors intendedj t .o Ie sprov sreato.r pope a a ndtfrom ecoranfussiomtng 

sctivities.  

specific fuel assembly configurations are either shown to be bound~ed_ bAy -of the 
standard •.sig.u basis fuel _assemleonir ation!ofythe d_._We asemB _ aRluotaro 

to be .a.. c n speiteealato ofthe nonflmuoationm.  

5.5"1.1 Ma Iine Yank~ee a'Site Specific *Spent -Fuel 

This anlysFs considers both assl•--y fuel sources and sources Tmer .... •vDoeia 

such as control ementi asU mU in gin-coe i t ,tQIql t niuel:te_ se1 i as• 

taini ctiated stainless, steel r placmert reSR.Tproaues:tsunsngers e 

fuel presenpt in theMain~e Yankeespent fe iaventory 

The 'Maine Yankee spent. fuel a s contains fuelassemblies wih ollow zircomui 
rods, removed fuel rods, axial blankets, poison rods, vaiberda-e-ihet, low enriched 

sbtitute rod&,_ Thes§e__components. do not je-sulltjin ad~ditional-, slources to be considered ini 

Whelding evaluations and are, therefore, eneloped by the sadr fuel asemblv- eval ai4ojjj 

5:.1ý.j1.1- Ku~ejjou§ceýe'Dept6 

MaiH& ~ ~ ~ ~ 1-z Yak tlzd1<Jjra -ie~fuel,- bas~ed on designs- -Prpy 

beoa"n v ýW ienjdor fue ig' 

_ .... aM F"eTmass exceed ____ 

san~ne .~ 'of tlLh -d mihuqrbre

=I:,- I
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eni att of j&a buxu 4500~ iui 

vatnmL~ ious corn oni~~f~sfo L urn a'd.,jhitUýE chr'nz ' _0 e 

Forthe CEA evaluation, the assumptionsre 

Sfhjirradiated port on of the CEA assembismttoh& A 

normal operation,,the. e ements are Iretracted from e~ core and. onbKth'.i, 
Ctt sig-nificant neutron fluxý 

2.~h L isare defined as that pgortion i~een. Uikas~~dnfiern 0 

theAgMnCd absorber material present in thielower i, e fthC 
4. All stainless steel and Inconel material is assumed to have.acncentrai on -ofi 2' 

The CB, indicates' that a oa ,9 ýKEAq 

5.Te mass of region ofesen cor duri Cera.tionS,.77kA'27~h~C 

material ismdý L.5a:Oo qn LT C Jah 

th-7 1ci fuli 

7.Thef ea etgnitdi h mstlmtn l~ -~~lpiW 

consrvyiejgpeatvelyý',roun&A
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perfrrn he ,;ýjusineift to6 th -n-dim oiiaIndosei 1ýtqiiidid s a qqygetaile4j 

cjustment to he-doe rte iri ipplie _______ 

ýi-ni :anlyafete b teaditqn isg imited by Oile~no 

-saule ter cal~ ehij o 

jo ndn 260.BA h bo-'i-'-E-Aýd--"" i ------
January sc2ript one is~~n based~~ a on CEA~gOP 
iesultinrig&pc 0 r 

Althoug-h the aaviiscnutdin trsof the cool tieo h eg bssCAd P 

ftheres~ults _are _(qualy applicablejn, trms -of QEA§p e ra(. iao pt-
isf eosentiadlysshat thecool m 'any~ týLt~ihl CA ~ith .an 

identifying the esign, bais CEA cool time at whfich the design basis CEA source rate Iexceeas 
the candidate -E orert.Th bdn al for this desig-n basi CA.cool time can men 
be .u.sed~folr th~e can--didate CEA 

5.1.iL1.2 1Cr In s O6 ýtrument (lDthibe 

Actvaio ofera iCs thibl rILN Y c h lý 
incurred. during. each cp-y-fc1-thi7 - in the 

acorin~t~epourhitoe reastor. con. -Tabl ICsae' 

sourc~ is' btaine .by;*ý fi 1es qdbuin 
assumed thiat:i 

ýC 

exjos Cf( t~g cycepir 
2. ~ ~ ~ ~ __aL D- btej esir e§j-q fca
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Vcv jCfciate hardwaecrem setiin is uteion b/d i~t~t~i 

entirely of Zrcalo and receives -no silcn aciaiý ~ 
gr prpqtin teupper end fitting regjon of the coreU~ t a~e: ii 

~At a flxfcto'_"f 0'.-1._,con~sijstent with -the -a--vtoirtou ý_ 
toamjass of 0,6~4 kgfCJ of activated material fassumed to be tainest&ih nI1 

Th01 thslen acv j y edcogmpp n h'CI 
grou4are s-how-nin Tabl -- ~ 46; 

and tLhis valueis selected as the design basis for the loadin ',tbleany 
purposes of determninig therequired cool time for a fuel assny6o n taininjajLnI~out 
deca4y of~b the CI i considered aiter January 1 2001; 

.. 1113 Stainless Ste elceetRd 

Man Yneefelasebis containing, stainless steel relcmn T 
Table-55f7 Note that for "IN"_andR n dfesssmle the, onRly6~ 
subject ,to., eposu frhfir~st fuel, asem __ccl__rrdato..., 

assemle theý ý _____________ ____ 

"1"nuinbe1asemle are no fute cosdr~hc ter SSR rods~re'eived ~o 

The S~rJ is ii r stelwth'the.'samedmesafulro n 

sourc qterm :`, c~~~ea~ 6-BeS&W 

5.5.1L. 1. 1.4 C6nso idated i76'6 

lttice rese 1i, pftWW~tlpjlgý
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~idated fuel 1at' 7slihh1s, inse-dTa anaylys~siý s p~sn~tedb~~of 
____ &ýA~ frtefeaseblies frm wNýC~hchteonnsar 

hýiiigenized source .5.ipins h~'i J~oii 7  i;bI5AIoug 
5511- 9., 

5.5.11.3 Shelin Evaluatione aalsi 

methodolog qydeveop~qdin Section 5.4.3.T Y EgFuehassemblies. .which ihc1~d, 7 jO,7fiie~i&

reslt retocfn thg~yi g~a ý, are 

pprnponIs.T~his impl js tat a aitrmycnanu o2 Es 4IItibej~4 
stee1, substitute rod asen lso --- ~ 

d thimble may becinoan asebe.ly ctd ianr e. samebstitutNetk- o 

~.5A1.4 tandrd~i~Y~i~cee ~ t 

5- 1- in 

Ass ir lw 
~ -~ f
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burnup~andcooltiine. 'hrs ~sQ.ert n iedt~~nev~t tdetnnn 
tecool time reciuired for each com i n a.in 

basis up g oe--anhet ane 

-5.5ý.1.1.4.1- Control Ele ,ment Ass ebi's (M-A1 

The r~es-ult of t~he CEA analysis isa et of loadjing talsfrMan-Yn 

to cnanadsigf basis CEA with ..a 'cool tiiini I r20---
lass 2 canister with no CEA inserted._Note thtisjate a buaaisafe bf-t e 

geometry difference between Class 1I and Class~ 2 aitr EqLpý bescnann 
will be loaded into Class 2 canisterwihrsigtyqgrh C.as-Icnte, dfd 
bare fuel assemblies_ ,The aditioa Le~gh is. reqt dLcýj T 
inserted in the top of the fuel ass'eniblh 

dose rt.limiting- value(67Lmehat2mfo gjp) cqni&At.  
have qypajjdgý.cover Ch e _e~of the addtoa s0 

containment.-Th adjusemeht ns d~d oný ebasis oa cons~vtv~rpsno 
thr"ee-dimensina shelig 

fuell~i assemulte for the ____A _Qs1cnsernl g 1 

or~~~eaý 20r jearr. ejYdjgý7ou L, 0 

Sinc'e __6 

here is not senisitive-jo idi on tierm' on esio U isbfiil 
responsefrj -_fuelregion>ýurces a16n ~ d ToM6i :-o-e~ acont te_.al;~&~
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ciutofirqgcniin __ rt i isa bosteiy.  

re pq--~ose rate matches t e~incrased. doserate. dti to the additional 
nee iti___savt etr-n the amount lv-.w ci'-tiei _d 

gAreut fthe added material. A one-dimesionaosealculatinot 

. re inac curate for a cylindrical source Where'.th e ratio o__her~ hto dintyq, , the~~orei 
ihn ntý s s h cs here.  

jqstead,j,4e additional totibto theoe at activated nmaeriad1 ~i~iited a, 
detile three-dmninlsil*mdli.,ae,:nteýýa 

moesdsrbdnScin53.Hwvrh fuel is modeled in a-Class7 ,2 canister,,ic ta 
canister will be used to sh~ip CEKA-bearingassembli~s,' The, geomtr ~mlicaiif teCls2 

caiseris that-wi~th A, hote eanioter sdPt~~~ f~iL 
loca-ted -at- a -o w er ax-ial _D_ tons than 142yu _ befor t-he- Clia-ss- 1"car d_-iioresiI ource 
regiontqý close OLpk~ cminimal shielding.  

_Le three-dimensisalcon dixid for th E4I ula hds 

thjs fusJ will reqs cool fmbefore it is acctalfo hmetiftUM' o 
cask. .Hence. coole L ýýJ)Y 0 
Plovi sthe-bs caeoreose rate lii du~etcluain hscs~ ýf~ 
the Class Icase bejow.  

Add~hoal p~jare. e I a~bs d, on th0as1s11~~ij¶j 
Class 2 - -7- ter-a either con uii to5b 

__ lies when sia dCEint e Class 2 
conidrse os rae i~pat fj~th 1 hco niCj~wtsn- ,!4L 

southe tioai activaed~~
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61- =n 
C.EAsource mdjdi~b 

5;.'I'.1 Thre-Dimensional Mod"el Reuts 

.Table -5.-5 IIjM41 givestheree-dimeiisiona1 UMS Trans prrt ottomfn~~. tias 

CAdescrivtion.K.The Rai clnmsown iný the*tbe:-ei k' 7se-4 
mai-m2 Ricrds rate ad j~jpjýfý L&a R ' 
quantity is used to scale the ne-dimensional desig~~ssn 
6.71_niremwir in order to determnie a miodi ie lirniin valu p~pffcqD.Lqt dacif E c 
T he- re-sulting-R do-se -rate' Inimits a-re,,-sh~o- then-, O-c~ ~ f th-e'-taI 

5.5..1.41.4 Decay Heat i 

theth Cub de s n 

5..114.. adain Tas 4LqRe- fv y 

cornbfiiiatis-sepn6fintil 

shown in Tab ,.. k .I5.- ! ji4_jK
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___-. in Ltxn le ofo iiime, e& 1ýt 

Si ncra ec s r.ý4yqg mes are ~~i~h~ 
of inteest is h ot ____sorc rt emanatnomt~he oed COhýWs 

j~etfjpficdein-aisCAcoltm ih oreraems oselource strn 

PCEA.source strength. -The loading tal soite~ihij'E o iLf &tieii-9 

hasa oucerate lowýýer than th e 5 O-y value fo the taleit 1lý ýUW~t 

ýqqrce rate falls below thi svylue.,. For all oter, canidA ~~~ti 

associated wihv~~~~ed th qtW 1,(sg~4isE uc rn~j 
iloading table.  

5.5.1..4.2 -C ore Jnstniment (Cd) Thimble09 

hat'develpedpqb~y fbvor aciaeCAhrwrThe aciaeprinb.te1 

outsid -th_ re_ ~ ietapiaino the oedmnialldngtbenlyis nos 
possible. .Instead.-as in th&CgA ethe~p~aT~rh is toidentify aconservatv a iju thed 

_ ~ os __________ ahe lnetmenorder to ofe 
the additional dose fri heIIth~inible

ecy-heatr6m~ te is bjqqpýfiatOQLWcs ~ j 
the deay at imi ismpLoe The one- dm omednnsijii 

qdjusted in a manrijýtiý1.J~tg~p ne-qngK ~ s 

th~e 6ýa~se ca-s'e ti4i'fiat 45t !Co 

he~second~conpflguratiohsdni to the bas case 
thnge toTe~eg o-j r ý4{0i1; 

effectiyenessof ý

5:5.1-
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4civated harweI sp- Kjr 

The iOftI twoe mai nds 

.5.514..22Loading Table Analysis 

~4ot~tha r_ thei ;urdnt t 

2_001_ The resulting load~ig taleishownin 5ab A4...17 

5._5_.1. 1.403 S~t'anlessS't'eelA"!h R~I a~c''' m'-e-n i- o 

Maine- fua-kel sebisetiig 

.ufetto. eposure after. the, first ycle of irradiatibon ftheT fue asZdbl*ýý~ir.  
ase~s te assemblies thew_~o_'- weeisre.. q 

"U'.ubrdasmleae not. further cosdrdsince'th rod n 

The -Sjdsassume to be solid sanestelwth th'samedimensions- as a fuel gda ,i~ 
mnass of -g/9 $1k 

Basedp ,ý1 q c0 thet~p ed ____ýqiicW~fP 

200 Lisharei~ 

a 7vte~ --,I--tea u--di:ge oirerrcu
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ach assemb qi~solwin at&d Ful.11-6 

L~ýare two consolidated fuel attices intended for sipmient~i in eeLioj±s 

___f ýve cae for over twenityveas an g gmsn' ý 

the loading table analysis which bounds the p.varametrsof the thel rqds~ in he-consoli~dated'fii' 

3900MWD/MTU and 1.9 wt % emrichment represents a bonýn se~ typeýsfi'ct ýhasý 4 
bunpaalower~ enrich e s~mS-U 

qrssxyascool time before Yit can De lodd in te' transjot. m,,~T~hil 

latcone can~imdaycnld ga~dose'r~ates un14 cIjjj e 

However ,the CIN-10 ~lattice cotissgnfcnl more -fuel ~rods, than an -intact 1 71v 

30,000_WD/MTUaind sorc soAc rat I 

_~~~~b asebi o &estanoe' ch -sourcpi j-iýýab-jeý5ý.54 L7.2 
For eachsourceqyqqpg:e77j 

th ceRg
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Pirst' L~asi MafEpIosr-
LA ~xposure of ýer Cycle ýs of 

D/MEA Group ___ MW4D/ Mici j V/12001 (y, 
A1-A8 7 ý 5, '60239 6693 '4 
131-135, 9 ýt5ý 48909 6987 

tiCl-CI, C13-C15 10 d544315 1 73896 
Di-DI5 1 i it 15 5283 7057 

E1-E17, GN, *78ý Z9361 a____J 
1101, 102, 138-153 

4A ý12 12 07s6 9786 
t!12 106 12 ý4309 $103 
NA 'I' ~ 75444 [1 t 859 _____ 

1-69 53258 6657,15

"Th- atrsisdded to CEA 78Lsi atera" E 7.

,,j MA ENp W§ýLpry u m
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Ta bl e- -5 -5.1.h-6 Co- pntents- of Maine Yankee Consolidated Fuel Lattices CN-ad CN-10!
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Table 5'.5.1.1-9 iM4LneN4Pte0Zsitt4?jA4aiQnj.Yahee'GE14x1Re 

,ý ___ b-n e __ -qii ni- io 

Isotope ila ~ ~tom/b-crnj aombm [qm/ý-Q Laqr ~ Q2 

'CHROMRJM(SS 304) 1.777895E..03 9.1065E- 04 E.3s29t-0 _17 - 3 

MANGANESE ~i728tE-4 -. 57E-0 -52579E: " MA ~ 2 
IIRO(SS304) .O5870E-03 ý3.1710EOA3 8.6363EQ -7w300 

NTCKEL(S:S304) F/.88057'E-04_ ~12453E-04 ý1 2 . g:jM 

T a blIe , 5.5,-.-1.'1-1,0' Lo-a ding T-ab-le 'for- Main'e Yan~kee CEI_4_x 14 iiJwt &o-T e aeii 

ke.quired Cool Time in Years Before Assembly is ACCeptabk

jLoadingTable fr jCE14i]4 Fuel wih N(94Nn~$tanidFelMtra
Enrichment'ii irup()G D/MTfU] ____ 

[wt% B30 L'O• <B <35 35•1< B<40 LLOB<4 -5•-59 
1.9•! E < 2.1 ~yars. ý,year 4yegs ~ 8 y~ars y; 
2.1E< 2.3 yar ai Oax years yai 

2.3•, E < 2.5 6ya /~~L4.ypars 

2.5! •E <2.7 6years ý7jyars~ j er 
2.7•!ýE <2 7y~ ~ _ I 

2.9•E<3.l -years~~p ~ __ _ 

3. 1: •E <3.3 5yasy.er 

3.3!•E•. ya _ _ 

3.7:•ýE:•42 iyPa 456ar t7 ~
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yabl 5.5.11-1 _ _qL _(j __ _ -____ _____ _____ 

t__on _ e om Main q 

Lnading Tahle for Ce14xl4 Fuel - Minimnm Rennired Cool Time in Years 

Buirnuin 30 GWD/MT1' Minimum Cool Time Mvi for 
Enrichment No CEA (Class 1" No CEA (Class 2) Yr CEA 10YrCEA I SYr CEA 20 Yr CFA 

1.9 6 6 7 6 6 6 

2.1 6 6 7 6 6 6 
2.3 6 6 6 6 6 6 
2.5 6 6 6 6 6 6 
2.7 6 6 6 6 6 6 
2.9 5 6 6 6 6 6 

3.1 5 5 6 6 6 5 

3.3 5 5 6 6 5 5 
3.5 5 5 6 5 5 5 

3.7__ __ 5 5 6 15 151 

Burnup 35 GWD/MTU Minimum Cool Time Ivi for 

Enrichment No CFA (Class 11 No CEA (Class 2) 5 Yr CEA 10 Yr CFA 15 Yr CFA 20 Yr CPA 
1.9 8 8 9 8 8 8 
2.1 7 7 9 8 8 8 
2.3 7 7 8 7 7 7 

2.5 7 7 8 7 7 7 
2.7 6 7 7 7 7 7 
2.9 6 6 7 7 6 6 
3.1 6 6 7 6 6 6 
3.3 6 6 7 6 6 6 
3.5 6 6 6 6 6 6 
-1.7 6 6 6 6 6 6 

Buirmnu 40 GWD)/MITI I inimum Cool Time [vi f r 
Enrichment No CEA (Class 1) No CEA (Class 2) 5 Yr CEA 10 Yr CEA 15 Yr CEA 20 Yr CEA 

1.9 11 12 14 13 12 12 
2.1 10 10 13 11 11 11 
23 9 9 12 10 10 10 
2.5 9 9 10 9 9 9 
27 8 8 10 9 8 8 
2.9 8 8 9 8 8 8 

1 7 7 8 8 8 8 

33 7 7 8 7 7 7 
3. 7 7 8 7 7 7 

7 7 7 7 7 7 
Burinu 45: G(',W•DITl' inimum Cool Time Fvi ror 

Enrichment No CEA (Class 1) No CEA (Class 2I 5 Yr CEA 10 Yr CRA 15 Yr CEA 20 Yr CFA 
1.9 18 18 21 19 18 18 

21 15 16 19 17 17 16 

2.3 14 14 18 16 15 15 
2.5 12 13 16 14 14 13 
27 I1 12 14 13 12 12 
2 9 10 I1 13 12 11 11 

I 10 10 12 11 10 10 
33 9 9 11 10 10 10 

35 9 9 10 10 10 10 
9 9 10 10 10 10 

uirnun 50 GW1)/ITU Minimum Cool Time Ivl or 
Enrichment No CEA (('lass I No CEA W Clqs 21 5 Yr CFA H) Yr CEA 15 Yr CEA 201 Yr CEA 

1 9 27 27 29 27 27 27 
2 1 24 24 27 25 24 24 

2 3 22 22 25 23 22 22 
2.S 19 19 23 21 20 20 
27 17 17 21 19 18 18 
29 15 16 19 18 18 18 
3 1 15 15 18 17 17 17 

3 3 15 15 17 17 17 17 

35 14 14 15 15 15 15 
,_ 7 14 14 1S IS 15 15
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Table 5-.5.11.1 -14

Table 5.5.1.1-15

,pesn Bai ~ 

7 50690E+13 
120 .9771E+13 

ts'tablishmen'tof'Ds-ae Lim't..for M- aiieYan .kee ICI ThiiTib -l

Bottoma Top
Rate Rate 

Cas I (m~rem/h) ~j3 nirejij 

4Yr Cooled ICI . -A8 $ 
ibelta' -O080 

Qiginal Limit 
Adjuste Limit 6.63'

Loadingz Table for Ma'i~ieYanlze Gl 1 FuCptaijg~ h1

Enrc hm''e'-n~t Bru G D 
[wt% 30 5__ _ _ _ 

~y7ar Sea 1y lears 7ya 
2.1 22ar Years~j~a 

2.3 0year 96er er 1yas~~~~ 

2.7 6~_yea~ys~ 

3.1yeas yer 
34 5 ears ~ y~rs 4QyYaM

�.5a22

ýT
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K6: &-oI-T: m e-f-6-rAsan-eY&l-a ,-ke-fwjýýd

I be 5.'5".1.-171 Wvain~e YC-a-t FelMde Praetr

N~urný ýurnup ~nncbment U p cnni Q9Tm 7fQ 
Latt-ic'e Assy Rods [MWD/MTU] [wt %) MWDMM [wt %] 
CN-1. tF0039 id2 t 10J99 QQ 

CýN-iO EF04 76 175 i9 _ 

_______ ___ 107 i10 ~ 93 ~ 0( _____ ____ 2 

Tab-,le,- 5 . -18 WieYaiikee Source Rate' Ana'j to 6i 

ColTime N~un Rad jjcyHa ue etqLanm Lrw 

[yFreseii * 1kcask] f7 7 ~ g/sec/assy P~7 jasy 

24 283 7.42O'~18~f 

Src, Ratio 24/6 _____ 08 ~ ~ Q6

jss Bmujp Fochin~eft ur_ ot Earhei 
Nuber fGWi5JMThL ablej~ s] j 

N4-20 4 4 2!160213+13 ~pL2 
N842 3.3 3,1396±1 

N8 ,68 4 _ 02O1 
.O 32 _ __ 

R4391 r5Q _3.5 I139E.3" 

R444 ý5.55993E±13 !fax1Oi

LTAblý 515. t. t-ýL6
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K _ 5- aieaneiSpcC Wst 

,oreterms, decay het and'ds raes=calculated f&or'the -Maine'Y .nee retrh'"la 
C_ (GTCC)__waste to. be tranported, inte -Univera Tfranop Cask. ie: calcultions,-are 
peI rfo rmeO by firstd temnn h am or__ý§pptaadea etrm h 
isotopics, then uigqgamsoreinformation tq calult .rdial and axial doseirats7 .The 

results of these calculations show ~that the dose rates produed by the GTCC waste are bunded 
byý the dose rates prvosycluaefor the design basis spntf ]a nre ted inS'ct'o 

51. 3-. Det aile d- r-es uIt s f or th e__ ai~n-e, Yanke e GTC CwA,_~ýt" 6rts-e 'i 7-S'ec ti on , 5,.51. .2- .4-.  

551.24.1- GTCC Waste Transport Configuration 

the ,GT'C"C_ ase ba tis describedin Seo 1.31.1.2-, The G Cw maeiijodd 
into, a cylindirical shell hat i3i e hckTecvt is Aiie noto lajgýccjj 
using an in sert that is placed int the GTC basket after. lodn.1_q tom Usecion. al__o h 
two sections may ~nai _;q up to 10,000 jpounds of wastefor attlq2 0pq.q,4j 

5ý.5.1.2.2 GTCC Waste Source Term 

The adinucid~invnfoiegpresented in Table 5.5.7J1 todetkphzdij 
sorc secr and ~cyhat after 5, yer c~ooing oTacjih997jfise boundin.  

radionud'lideVqjqofiesi In inf ornation 11 viio.ý 
isotpes inthe aclaiq ýdqye~ is rj h~~ucen 

is_4,490 watts.ý 

The gammna sourc&,ý sent inT is - _ T L_ 
@Lvntoy, prsete 1.n- Jabl cq t l i nL 

The sou~rcep___ voluel inJ7 T - e _ 2.3 ý"i s' ba'ed AW&e 
§ore askre nd th rd , f te h -eakofmp& thedtwo GTCcan vdn clviti 

thatr' ______ L__II 

pacag me -h~n

5.5.1524

May 2000
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b-t C t Was-te,-S ie- I di n i M-,OdeIs,

The radiaLdel foth cas,;1-- inW ~ the7oii 
__~qqatdmnin of the GTCC~basket/cnse withinte aslrrenikpi fro 
,4 Tý7nK -quýý c 'e'll 4.

Radial Models

The-1Dradial- mo-dels consist of a'serics of infinitely long c-vhnd~x itf 

cross 1 sec -ti ,on . taken at a point al -ongy. e-e1 y .o the - "CCSC 

6aket-/-a-is*t~emr -T~he'n`,sed...cvI ~~jn dri~c'a I-,r-eo a's'egi o- -s-st f, t'he 1 olloigg n umltv 

thicknesses'

.2.  

34.

jj-iorogenized waste source ipgion 

GTC basket stainless steel shield 

B-asket support disks' 
Canist Ier-stainleýs-s tel shell 

Tranqsport cask stainless steel inner, shell 

Trnport cask lead pipma shielding2 

ýTransport cask lead, ga4p 

Tran-.spo_,ask NS-4_eiktroiihiedi 
-~i~ -ui -- -ý,&KGr--e'v

$9Ocm 

~.8cm 

0-6-35

TheSAlinputitsý gq e' &391.6.Liý 
which is equapOjqjheqtWoj.nh 1 Lqrnj lodig~gvtyeg m
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5 .1.12.3. �QP.AM�J Models

Tane and cs m oaderl•• const orm astq 

about the bottom, of the tp, re oesna 
penetrate the 3-inch separator 'qpq 7ti j .urce•crin........ ...... u• d e 
rate at the top of the cask. sabs model foretotor omo e

ioogezed -waste source r ,r' Zons 

roster sti a ssteels ld lidi 

Transvort Cask stainless'.te ~i~d 
impalctrLimiter stainless steel inner ýshell 

Impact Lin-titer, redwood 
hpAct Limite'r-balsa wood 

Imp~act Limiter stainless steel outer sh~ell

§2O 

3. 10Ocru

The SAS 1 input i generated using these re~ts_4 and ýspeclfn 
170.4 cm. which is eqcual dtw th. eter of tc I ns iis I te ''I 

value is larger than the actual sourcqýdiametej of Xp t 124 lcrz

5'..1.23'.3 -0,ot t o xm -Mo _del s'

Like theqýq;jl~i c- top r ~ 
materials as, a seriesoifui1sBti& a d nnditions, mod., 4g 
symmti aboýujýto 'd" 

dose rate at t____ foro As!LNJýaý iqk0ý eLbma 

models" are:'

7.  

9.ý
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Homo~eniec1 pas e suceTgon.,

nLT &asstauinless selinne bottom lt 

ipart Lim sti nesteloter balsam woo 

Impaqt Limniter stainless steel outer shell

R E5 ,U- " 

4-f -5 &i."c 

L E63 5: 

56.cin

Thfe §SAS'Ii inpu't- i-gene-rated_,s-g:-ý- segos n seiyna c 
'170.4.cm _which is equal to the diameter of the canister.. This bu isn oraiv.ai 
value is larger thap the actual source diamer of_ aijro(ximatelv 124 ci

-GTCC ý W, a s-t e Do6s e R ate- R-e *s ult s,

The mod~els ,de-scribed in the previous s~ectionis were analy~zed usn the SAS1 I-D 
resulting dose rates were multiplied bv~ 20% ~pakin2 factor to Drvd diinlcn~v i 
to the results.~ cosraiefcoacuto_~tnta inuiomtvi h aincC 

distrbu tio(n withi-*n h T CC(f~(--,at ma er dp iet hinti tewse mate 

The Tasort C ask containiniz Maine Yankee GTC astepDrocluces external dose rat~jes lo 
~Ti es that the~ GT-l~~jI 

10 FR7147 r~ies the a e 

tw~o mneters-ýo lfi rsULi-e-m 
p~eaking faqt=r, 

Aspreente ce s 
rate is- 3,3`m~reM/hr,.-,yhh 'o e,114 -i 
at 2 meters from hej)?i 9 .2ife 7

5-.5.1.2.4
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4 7fl� maNe, 5.5.1.2-

RZadion udlide �iuiie kventorii�
H-3 15. 00E+O2 C1 

~2-14 J.50IE+02.Ci 
MN-54 3.50E+02 Ci 
FE-55 I .o6iE-.05 C! 
CO0- 58 1.06E+-1 Ci 
CO-60 21 190E+05 CI 

-NI-59 8.20E+02 Ci 

-NI-6 3.9,00+04Ci 
NB-94 ;I .OOEO1 Ci 

-TC--99 1LOO13+01 Cl 
Total 5.82E3+05' Ci

Table .5.5.1.2-2 Pqsijgn Basis G.TCCGAmma ISource7 S0

Energy Range ganuna/sec rMeV/Sec N'ormalized 
gamma/seq 

8.00E+00 to t103+1 0OO+0 .O+O 0E+O0 
6.501E+-00 to 8.0013+00 0.0013+00 b.0OE+OO l.OOiE+00 
5.OOE+00 to 6.5013+00 0.0013+00 Q.003+0OQ Q.001+00 
.4.0013+00 to 5.0013+00 b.00E+00 0.0013+00 i .0.013+00 
3.0013+00 to 4.0013+00 0.0013+00 D.001E+00 Q.Q0EO00 
2.50E+ý00 to 3.0013+0 1.76E3+08 4.84E3+08 *7.96E-00 
2.OOE+00 to 2.5013+00 L 13E+1I1 2.55E3+11 K14E3-06 
i.66E+00 to 2.0013+00. ;1.75E3+09 ~ 3.20E+09 ~ 7.92E-0,8 
1.33E+00 (o '1L66E+O 4,79E+1 0 [.15E+15 2-16E-0Iý 
1,0013+0 0 to13E0 ~ .9+6.97E-ý16 [7.66E-13~ 
8.00E3-01 to ý1.00E+0O 1,E13~21E3+13 ',609E-04 
6.00E-61 to 8.0013-01 ý.§2E+1 1 2.74E+11 I " 4L.7713b05 
4.0013-01 to OO0E-I i'71E3+11- 85713+10 76E-Od 
3.0013-01 to 4.L0E-0I 91131 3.191+11, 4,13E-05 

2.00E-01 id .00E-01 67. 96E +`11 I1.7413+ff 3.15 .E7 

1.001-01 id i.00EZOf ".01+1 '21013+12 .33Eý704 
ý.-0E'-0'2 $10E01 .90E1+3 4',.3 5E+12 jL6t 
I.00E-02 t '0102 2 i1P ý8E1 1.330 

TOtkLS 2.214m.1 ý 69Ef6
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5.5.2 Dose Response Factors

Neutron and photon dose response factors are shown in Table 5.51-1 and Table 5.5F-2, 

respectively. These values are obtained from the standard SCALE values, which are based on 

ANSI/ANS 6.1-1977 values.

5.5.2- I
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Table 5.5F-1 Neutron Dose Response Factors

Group Elow Ehi Response 
[MeV] [MeV] [(Rem/hr)/(/cm 2/sec)]

1 6.43E+00 2.OOE+01 1.4916E-04 
2 3.OOE+00 6.43E+00 1.4464E-04 
3 1.85E+00 3.OOE+00 1.2701E-04 
4 1.40E+00 1.85E+00 1.2811E-04 
5 9.00E-01 1.40E+00 1.2977E-04 
6 4.OOE-01 9.OOE-01 1.0281E-04 
7 1.OOE-01 4.OOE-01 5.1183E-05 
8 1.70E-02 1.OOE-01 1.2319E-05 
9 3.OOE-03 1.70E-02 3.8365E-06 
10 5.50E-04 3.OOE-03 3.7247E-06 
11 1.OOE-04 5.50E-04 4.0150E-06 
12 3.OOE-05 1.OOE-04 4.2926E-06 
13 1.OOE-05 3.OOE-05 4.4744E-06 
14 3.05E-06 LO0E-05 4.5676E-06 
15 1.77E-06 3.05E-06 4.5581E-06 
16 1.30E-06 1.77E-06 4.5185E-06 
17 1.13E-06 1.30E-06 4.4879E-06 
18 1.OOE-06 1.13E-06 4.4665E-06 
19 8.OOE-07 1.OOE-06 4.4345E-06 
20 4.OOE-07 8.00E-07 4.3271E-06 
21 3.25E-07 4.OOE-07 4.1975E-06 
22 2.25E-07 3.25E-07 4.0976E-06 
23 1.OOE-07 2.25E-07 3.8390E-06 
24 5.OOE-08 1.OOE-07 3.6748E-06 
25 3.OOE-08 5.OOE-08 3.6748E-06 
26 1.OOE-08 3.OOE-08 3.6748E-06 
27 1.OOE- 1 1.OOE-08 3.6748E-06
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Table 5.5j-2 Photon Dose Response Factors 

Group Elow Ehi Response 
[MeV] [MeV] [(Rem/hr)/(/cm 2/sec)] 

1 8.OOE+00 1.OOE+01 8.7716E-06 
2 6.50E+00 8.OOE+00 7.4785E-06 
3 5.OOE+00 6.50E+00 6.3748E-06 
4 4.OOE+00 5.OOE+00 5.4136E-06 
5 3.OOE+00 4.00E+00 4.6221E-06 
6 2.50E+00 3.OOE+00 3.9596E-06 
7 2.OOE+00 2.50E+00 3.4686E-06 
8 1.66E+00 2.OOE+00 3.0192E-06 
9 1.33E+00 1.66E+00 2.6276E-06 
10 1.OOE+00 1.33E+00 2.2051E-06 
11 8.OOE-01 1.OOE+00 1.8326E-06 
12 6.OOE-01 8.OOE-01 1.5228E-06 
13 4.OOE-01 6.OOE-01 1.1725E-06 
14 3.00E-01 4.OOE-01 8.7594E-07 
15 2.00E-01 3.00E-01 6.3061E-07 
16 1.OOE-01 2.00E-01 3.8338E-07 
17 5.OOE-02 1.OOE-01 2.6693E-07 
18 1.OOE-02 5.OOE-02 9.3472E-07
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BWR Desi2 Basis (Continued)

tFIýSSION .PROUC-T--A261kSPECTRA'114 SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
F'ISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
FISSION PRODUCT GAMMA SPECTRA IN SCALE 18 GROUPS 
F'ISSION PRODUCT GAMM1A SPECTRA~ IN SCALE 18 GROUP§ 

END 

=ORIGE1NS 
P$$ A4 1A 61 51 JE 
1$$ 1 IT 
COOLING TO 10.YEARS ANDACTINDGA......  
38$ 21 0O 1 A33_ -861 -E 
54$$ AS I E T 
35$$ 0OT 
56$$ ;o 6 A13 -2 53LLE 
,57"* 4.0 E T 
COOLING TO 10 YASAD~CIIEGMARB 
SINGLE REACTOR ASSEMBLY 
60** 5.0 6.0 7.O 8.0 9.0 10.0 
,65$$ A4 1 A7 11A10 I, A25 I A28~,1A31 1 A46-1 A49 
.61"** F.01 
81$$ 2 51. ~6,1 E 
828$ F5 T 
ACTINIDE GAM1A- SECTRA IN C-ALE 'f8 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE GAMMA SPECTRA IN SCALE 18 GROUPS 
ACTINIDE G SPECTA IN SqALE_1_lGROUS 
568$$FO T 
END 
=ORIGENS 
0$$, A4 21-'A8 2~6-'Ai10 51- 71 E 
1$$ 1 IT 
COOLING TO 10 YEARS" AND LIGTIELEETGMMEI 
3$$ 21 0 1 A33.,--8.6 :.E 
54$$ AS 1- E. T.  
35$$ 0 T 
56$$ 0 6' A13--2'-5Z _3rL-E'.  
57** 4.0 E, T 
COOLING TO 10 1YEARS: AND LIGHT~ ELMETGAMMA-RBI 
SINGLE REACTOR ASSEMBLY 
60 "5.0 6.0 7.0, 8.,0 -9.0 1.-'c 
65$$ A4 1 A7 -A1- 1A25_ 1 AA281_A31,1 A46ý1 A45: 
61"* .01 
81$$ 2 51 ZC6_.,E 
825$ F4:T) 
LIGHT ELEMENTSCA-EGROUPSTRUCTURE 
LIGHT ELEMENT SCALE"GROUP STRUCTURE__ 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT SCALE' ROUP STRUCTURE 
LIGHT ELEMENT SCALE GROUP STRUCTURE 
LIGHT ELEMENT. SCALE GROUP •STRUCURE 
56ED$.FQ.j2

1 A52 1 •

1-.A52 _1E

I ------ 1 
-5.5.3 -3
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5.5.3.2 Sample Shielding Model Files 

Sample input files are provided for the modified version of SAS4 employed in this analysis. The 
following modifications are required for the files to work with SAS4: 

* Change "SAS4A" to "SAS4" in the first line of each file.  
* Remove the "ICS=" parameter from the problem parameter card.  
* Remove the CSF, CSL, and CSD cards.  
• Provide new surface and/or point detector descriptions in accordance with 

SAS4 input requirements.  

5.5.3.2.1 PWR Top Radial Fuel Neutron - Normal Conditions 

--SAS4A' PARM-"'SI:ZE=.1000000 " 
UMS Transport-wel7x17 lOY_455-_Bgp-•NoralD-IyRadi F ue-iNe-i, ronMSF Prf •$i 
27N- 18COUPLE INFHOMMEDIUJN 
' WEl7xI7 Material File 

$Id: wel7xl7.natl,v 1.41•992/07/22 :22:55:5266h Etx 

S°Re~ference EA790-4•09 Iýev,. ,oSpreadsheet pwr-xnat-hc•2oxls" 
-Mat'.l 1 is fuel. 2;iýs basket outsid of fuel radius, 3 is TSC 

U02 1 DENi2.1530" 1I.0 END 
ZIRCALLOY 1 DEN=0.4494 1.0 END 
SS304 1 DEN=0.3807 1.0 END 
AL 1 DEN=0.0894 1.0 END 
B4C 1 DEN=0.0220 1.0 END 
SS304 2 DEN=0.7691 1.0 END 
AL -... _. 2 DEN=._25_4 1._Q _END 

'Begin uppIer Plenuim 
4 is.in fuel.radius, -5 is o.t.ide6ffue7adi.  

ZIRCALLOY 3- DEN=0'-.4494 -'-0 END 
SS304 3 DEN=l.0318 l.0 END 
SS3.04 ._:_ ..... 4 DF4N= 0. 6; 0 1 .0 _EN4D 

"BEGIN _q__ EF 

SS304 Y 5 DEN=l.2537'l-0"END 
SS3o 4,=___ 6 _.D.mN-=l,36.36-ýL4_,0._EN•D_ 

BEGIN__LO._WEi( E-• :;:_N 

SS304ý' 9 DENIl;4-541.0END 
SS304, 10" DEN=1.7805ýL-jW0ED 

MASTEk MATERIALS. LIST 

CRONSTEEL7Y 1Ir. 0,_ -ENfl 
SS304 12 1.0': . END 

PB . .* 13 1 0 END 
B-10 14'--,0. 0 8.55.31_q5mEt 
B-1. 14. 0.0 _ ,.3".422-4:END 
AL 14 D.4~C ., 7,763-3 END 
H •- 0. ."0" 5,854-2END 
0 14 0.0 2.609-2,END 

C140 0. :'2.264-'2,EM 
N,~. - _:14 _Q2~~N
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553. 2."1' PWR Top Raia F lNeton-N~orm al Co'nditions (Continued) 

REDWOOD .~16- 1.0 END 
A17 17 1.0 EN i ýZEG-CONCRETE 18 den=2.2426L 0L ED 
N . 19 1.E-6 EID 
Cu 20 0.4286 END 
SS304 20, 01.57,14 END 
END COMKP 
tDR=O ITY-1 IZM=10 ISN=8 FRD='71. 695EN 
'WEl7x17 Top RadialBiasing Rev.. 2,.8 No oiion 
TZM~i 0 
71.695 83.579 5 .166' 85-865 90.945 '9'b.815 
97.930 104.915 116.345 116.980 END 
12.12, _0 ý213_, 0_121 141 12 END 

TIM=3O000,.0 NST=2000 IqIT=28Q',ISO0= IGO=4~ RýNýCAJFE001 SFA=7.,.140e+09 
ICS=9_NOD=110 IPF=8 END 
SQE 
*W17 45B 710 yearN iitrP_ S p e c t r-t 

5.1380E+06 5.8410E+07 6.4710E+_0_7 3:6450OE+07_4.932E+75.7010 
1.0530E+07 20R0.0 ENDz 
SXY 1 -83.579 83.579 -83.579,83.57-9 0.0.00OiB8.880_ 83.5ý79 

182.880 1.-0 1.-0 ENDf 
WE17x17 To Model-Radial Detector Desce Rev., 2.8 omlCniin 
ICS=9 

CSr 108.'280 116.980 116.980 l3 5.761311157. 4802169 80O 
316.980 357.480 516.980 END 

CSL 216.078 234.975 203.378 216.078 0.000 203.376 .0024.7 
234.975 262.915 0. 00 -0 443.5 60 0 .0 Qo _542_.~6Q0_.G,0.,00 !593.ý560 

0.000 743.560 END 
CSD 2 1 1. 16 20 1 24 1 8 1 26 

16 1 16 1 16 lEND 
PWR Top Model, Axial Pr2f9.les,~ 7~NeutroSource 
IPF=8 
UB0.0000-l2820160 137-71600146.3-046- -_ 448 '6520 
173.7360 182.8800 END 

BUJF l.37800e+00 1.384006400 9:30eo _6ý.48100e-0l 4,. .185 -00 e-01 

GEND 
USTransport Qapk Wl7_dW7J-Top, v2._8 

0 0 1 50 
ROCC 1 0:07IQ0-1.7 o0.00K:: 0.000'-432 o156 

*116.980 
RCC 2 0.00 

* 116.345 
RCC 3 1ý8,-_0.000 -- 432.17 

116-.980 
R'CC 4 o o0'0--29.3 

116.345 
TRC 5 ~0. 0000o 6:7 0'. 000 _.0'Y142 

-108.2801- 104.'915 
TRC *6 - 0.000. -". 1,1 0 4 

108.280, 104.915 
RCC .7 0.000 LQý , z-7 :525.831 

108 .280 
RCC 8 - '.6o.:j7M ki 

1081.1280 
RCC 9 0 0. 0007 00-'f -ai71e 2 8._:0T A7L _..00 ?4316j 

RCC 10 Om00 
'97. 940 

RCC 11- a2 .004 ~ ~ l~8W~ Qp7Q0Q73.7 
97T. 815 

RCC 12 0.00 
97:.940 

BOX 13 -ý 53 6'-47ý~'-5-ý'-1F"7 T01000_'~70.000 
0.0014 0.000 --442.316 ,- 0. 000 :53 .494,. 0.000 

k 4 0 .00 0 0 jpQ .-2, IJgkj!.0.000 - OQp.O 43.176 
97§93.0L4ýz 

..

S.5.3-5
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5.5.3.2.1 OWR Top Radilf Fuel Neutron-Normal onditons (Continued)

90.945 
ACC '16 0 .oo 00ý7,(Y.0 

85.865 
RCC 17 000`-Q.U -- -0L---0' 1 

99.517 ..  
.RCC 19 0.0o -- ) 00 od0o 5. 83-5 -,D 0 --- 0 

99.517 

1RCC 20 0 0.00 0 00 0" 2 6o2."-9 152`,051 88.722 

RCC 21 0,000-1, 
.i •.I.. :..88.722 .................... ....................  

99.517 
RCC 23 0 0 

99.517 
ROC 24 .0.000. 0.000 -2-26. 04;: 00,o 9,J00'0_'432,156 

113.106 
RCC 25 ... 00 o. ooo23, 0, ,,0o•.. 0000•-:• •5.646 

113.106 
BOX 26 112.090 "'-40"640" -203*2378 1:5' * 240 0"*0•,o-o•o' 0O000 
- 0.000 81.280 0.000 0.000' 0.000 -12.710 
BOX 27 111.455 -40.640 -202.108 15.240 0.000 0.000 

0.000 81.280 0.000 0.000 0.000 -13.980 
BOX 28 -112.090 -40.640 -203.378 -15.240 0.000 ' 0.000 

- 0.000 81.280 0.000 0.000 0.000 -12.710 
BOX 29 -111.455. -40.640 -202. 108 -15.240 0.000 - 0.000 

0.000. 81.280, 0.000 0.000' 0.000 -13.98Q 
BOX' 30 -40.640 112.090 -203.378 81.280 0.000 '. 0.000 

0.000 15.240 0.000 0.000 '0.000 -12.710 
BOX 31 -40.640 111.455 -202.108 81.280 0.000 0.000 

0.000 15.240 0.000 0.000 ' 0.000 -13.980 
BOX 32 -40.640 -112.090 -203.378 81.280 . 0.000 0.000 

10,.000 -15.240 0,000 .0.000 0.000 -12.710 
BOX '33 -40.640 -111.455 -202.108 81.280 0.000 0.000 

0.000 -15.240 0.000 0.000 0.000 -13.980 
BOX 34 112.090 -40.640 203.378 15.240 0.000 0.000 

0.000. 81.280 0.000. 0.000 0.000 12.710 
BOX 35 111.455 -40.640 202.108 15.240 0.000 0.000 

.. 0.000, 81.280 0.000 .. 0,000 0.000, 13.980 
BOX 36' -112.090 -40.640 -203.378 -15.240 0.000 p.000 

"0.000 -81.280 - 0.000 ,- '0.000: 0.000 12.710 
BOX 37 -111.455 -40.640 202.108 -15.240' 0.000 . 0.000 

0.000 '81.280 0.000 0.000 0.000 .13.980 
BOX 386, -40.640 "112.090 203.378 1 812 80 0.000' 0.000 

. 0.000 . 15.240 0.000 '0000 0.000 12 .  
BOX 39 - *40.'640 111.45'5 ;202.108 81.280 0.000 0.000 

0.000 15.240 0.000- 0.000- 0.000 13.980 
BOX 40 -140.640112.090 .203.378 81.280 0.000 )0.000 
OX 41'- . "0.000'.I5.240 •:.0.0.00 .0.000 .0.000 12.710 

41 40.640 -1 . 14 455 , 202.108. 81.280 0.000' 0.000 
" 0.000- -15.,240 .0000.0.000' C0.000j 13.980 

RCC 42 " 0.000 0 0-74879 62 925•P . Q 
.6.706 

RCC' !43, .,0 o- 00 0_ 254!oi0.7_ 0 0o00 L oQ.  

RCC- 44 0 0 S .'157.. 80 

,"C -. 4.. 5 6 60845 0 V 

.125.:984 
RCC,.4 V '0.0060.0]ý$-0 

ý " : 1:;•2/'08. 9 15 

RCC 4.9..•.1_5.6. .!45
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5...21 ~ T jR didl Fuel Neutron -N m l C~dtoW otinud 

00-- . 000-'L2347~ 19_ ___OQP 

- 157.480 
RýCC 51 0. 00 00 -ý6 15 0.6O

1.16.980 
RCC 52 .000,- 7 

135.763 
ROC 53 0.- 000 0.000 -443.-ý56 -0'0 "0 0'00 887:111f 

216.980 
RCC 54 0.000 0.,000 L543..56 '0 0 T 

RCC ~316,980 7.9053.9 

357.480 
RCC 56 0.000 Gý , -6316.0-0 000 0'0HO 1287.12-1 

416.980 
RCC. 57 0.000 * 0. 000' -ý74-31.3560. 0.00P" §0"4711 

516.980 
ncC 58 0.000 0'. 0 22.9 15 ~0 . 0 00 ~0T00 '- 525.831 

108.280 
RCO 59 0.000' 0 ,0 00-'-3 -6 2.' 915 .0 '.0-00,' 010.000 ' 725.63f 

204.915 
RCC 60 0 .000 _ 0.000 _-843.560) 0.000. 0 .0003.6B7 .121 

616.980 
ROCC 61 0.000, 0-.000 -943.5-60 .- o .0018.2 

RCC 62 0.000 -L0,0f00-246.405 0.000jj-0.000 492.1 

RCC 63 0 .000_ 0. 0010,- -246. 405 o.0.00 0.0, __o o4192, 811 
83.589 

' 7 RCC 64 0.000 0.,000. 2386.3.85 0,70~000 _0",00014592ý?..  
83.589 

RCC 656 0.000 ' 0.000"'-2387.36 Q. '0.010, 0'001, '474.'7271 
83.589 

RCC 66 0.000 _0 0 0-0. 229.437.8 0. 00-0_ _0_0.O _45.6,876 
83.5 89 

kCC 67 0.000 '0 0-2948 0.-000 TA_ 0.00 45887 
83,589 

RCOC 69 41. 910. -ý59ý:650' 8795 _~0,000 ,Q. 000' 477-..'5011 
7.620 

RCC 70 -41.910 5,Q,,28.9j .Q000. Q-o)o11o; 477591 
7.620 

RCC 71 4190 S9 90C7' 3 __ 000" 0.004776 
5.080 

RCC 72 -4 490-,5ý Q 74-.74.8 
5.080 

kCC 73 41. -D- 60 2~4"8~ 00".""'"0. q0o j58'6 
L1.384 

RCC 74 -4.10T 2248fD 000.000~ 

RCC 4190755~33 '_Q00 '0047 4 
2.832 

9ZCC ý76 -41- 9 . L, "0Q00'__-Q -"0'00 47.7ý46 

RCC .77 B3.-89 g'oo, "~0 .0 42-.011 

9ICC 79 0 .00 0"7'"0I~9'~ --,00 D. .0,3..6 
71.695 

.C 9 0.000---" - V--- 3C'00-0," _ 

* '~71..695 

RCC 81' P-09,z½2Ic5. L-"' oQCi0 42 0 3 1 
K. '. ' 71.695 

RCC '82 0.00. 584L Q 00"T '00 3 I9 
',83'.58 9 

RCC- 83 ' . 0 -.007 L~ 087 -_' 70.0 2..  
83,589 

Rcc. 84 . ;.ooo ' 0 X1a"8o-000 -O-OO70-.,Q9O 1,5.760 
83.589 

-,,:.285 5.4 0 '
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5-5.3.2.1 PWR Top Radial Fuel Neutron - Normal Conditioih (Continiied) 

-PP86 -52.17' 51 -817-152.87 52. 8.7 -5-4- -isT5ý a "RPP 87 5-771320 •-7.320 +-25.456 ,25,456(-215.849 215,849 
RPP "88 -25 456 25.456 -- 77.320 ., 77.320 •-198.7h80' 198.780 
RP' 89 -52.817 - 52.817, -52.817 52,817 -198••-8780 198.780 
ýRPP 90 -77-320 .77.320 *-25A456 25.456 7-198..7W :198.780 
RPP .91 -25,456 25.456 ý77.320 .77.320 -182.860 182.880 
RPP 92 -52.'817 52.817-1-52 .817 52-817 ~-182.880 182.880 
RPP 93 -77.320 77.320- -25,456 25*.456 [-182.880 182.880 
RPP 94 -25.456 25.456 -77.320 77.,320 -221.015 221.015 
RPP 95 -52.817 52.817 _-52.817 52.817 -221.015 221.015 
RPP 96 -77.320 77.320 -25.456 25.456 -221.015 221.015 
R.CC 97 0.000 0 0,000_7Q ..- 2• 404.3,6a0 0.00.Q99. .  !" ~83.185 • 
RCC 98 0.000 - 0-00- 4368- o-0"--0 

83.185 
ace 99 0.000 0,000 j-2*64.358'* .09,J -P RcC 100 6.9OO- 26:.58 -0 0 0-f:qQ272Z 83.185 

kCC 101 0.000 -0-0002~35~ 
82.233 

RCC 102 0.000 0.000 04.358- -0580-•-o" 0
82.233 

RCC 103 0.000 - -.000 ý-189:967" 000. 0L•9O"
83,185 

83.185 
RCC 105 0.000 0. ,00 -1 64..9.7.3- _ _.._..... ....... . . 276 

83.185 
RCC 106 0.000 "-0000-152.476 Q'"000 0.0Q 7 

83.185 
RCC 107 0.000 . 0.000 -13-9-979... 0.00, , -- 2

83.185 
RCC 108 0.000 0.000 -1271483 0.0- :p0. 0.000 .i1ZZQ 

83.185 

ace 1109 0.000 -ý..0.000 -1024.96 ._.00q_ 0,000 1.271~ RCC 111 O.OO0 __9:9.'00'0-ý--,898.99ýý .. 0 0, 0 -0'•O."O0,0_0 tO 83.185 
aCC 110 0.000 o .0 7.4._o..-000-10248• 90..oo- . 000 .20 

83.185 

RCC 111 0.000 _0 .aa ý-89.999 ~0T.0 P___Q 0-00 12 
i , 83,185 
RCC 112 0.o000- 0.000 -- 7.95 0.1000 -00.OO i -20.  

83.185 
RCC 113 0.000 0.•-000•Z6.9 9 9  , :Q0P -'0.0 0GD .:''720P 

83.185 
RCC 114 ý 0.000 0 000__-.52.502... 00; 70.2QQ L.2 J.7 

83.185 
RCC 115 . 0.000 0"', '0--40005 000' 1-5 0-0o•,21.270 

83.185 
ace 116 0.000 0 

RCC 119 0.000-1.... .-0:.00-1 5:137°'T000. .. i~~ 00.-''•; 

- ,83.185 
RCC 117 0.000 v'.00 :2715. _?7 .07 O..-0-000 -2,7-O 

83.185 

ace 1219 0.000 010001 8 97 --0 
.83.185 

aCC 120 .0.000 0 
" -. 83.185 

RCC 121 0.000 " 

83A185 RCC 122 A .00 . 0,L.oo.  

.837.185 
.- -83.185 

Rcc 125 0.0 o~o?_ro• • .~!•&.• 2 
-"..-. -'--83..185 

""C 2 " r.:. . -• " :-r : • -- •.- ,• ... - ,
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5....3.2. •WR TopRadial Fuel Neutron - Normal Conditions (Continued) 

k6CC 12ý7 O.OO 0 0 99 .0 27 0 
83 :185 

RCC 12 8. 0.000 6 
83.185 

RCC 129 0.000, 0.6 5 0 :0j4. _ZQ Q___6.0_ -.  
83.185 

RCC 130 0.000 0 d0T0'07000 _-O. 000~7~Tl 

83.185 RCC. 131 0.000 iO.ýO 00 -7'0 0 0 

ROCC 13 0. 000 Oil. 20 
83.185 

RCC 134 0.000 . 00C .o, qp2. 515 0-.-0007." :UO1g2zf 
83.185 

RCC 135 0.000 o 0.0.00 -18..3 71 D 0011-i0.0QTo 2iz.  
83.1685 RCC 135 0.000 M88 -,17182 _ 00 o 

82.868 

Rcc 136 0.000 __ 011,0100- 71ý4-6-ý.1-.221J,• -o-l.0i.o0. ,,:• 0..1o'q :2 76 
82.868 

RCC 139 0.000 . . 1 o-L 00 0.0001 1-276 
82.868 

RCC 130 0.000 oo 0. 0,00 -112. 2.34T.0•1-00 O0pZ)2. 7 1 
82.868 RCC 140 0.000 0.0,00 0 8.17.37 0 0.700- .0.Q0q 

82.868 
RCC 142 0.000 _0 0_000 -96.241 0.000 O_ 0.0 . 270 

82.868 
RCC 143 0.000 D.o _ 0. 00_8_-O Q :. .744 0 o 010.ooo 7• o 1_- .. 217.0 

82.868 
RCC 144 '0.000 0,000o -71 247 0 0.000 p.000' 1 .2 170 

Rcc 145 0.000 ::o,0o00o -:58.'750 i:,0.•.i009::::0, 0b00:•j.1'.Tp 
82.868 

RCC 146 0.000 . 0.000, -56.7253 0.,000 000 i-72.7 
82.868 

RCC 1467 0.000 _ .. 0.. _.-3.3..57 .` 0.000. _- 0 ,000 1.jL .27.  
82.868 

RCC 148 0.000. 0.0.000 -2.126075 _0.000LO.. 0.000 1.270 

82.868 
RCC 145 0.000 0.000. 2 6 -873 • .000,Q 0.-000 1.:270 

S * '82868 RCC'150 0.000 ', 0-000 18318 ojpO..0.000 .4,2 7Q I 

RCC 150 .- o.6o o-A q`•.•::•.. -9:•7 ;2 • ••::._Q . 0 0. 0 9ý.7-- .0% 
82.868 

RCC 15-1 O.00••00.0 "/-4 ;-28: 9.q00--,. /r:QW__O7Q.-O2- 000 0 , ...7_Q 
RCC 151 0.000'_- -.00 0 7122- :Q: '~ 7 0.000 - -1.270 

82.868 
RCC 152 0.000, (E_ O...o-•.'-0-0Z4•-7.P 
ROC 153 8288 ~ s28'00' 0000 - ; "O0 270 

82.868 
RCC 155 0.000.,iZ-.00-•j73-27.Z'..7 o'.9.-'.: ' 'f..270 

82.868 
RCC 155 0 .00o0o'01• -0J -:21: 2.'.A-7oo'Q o:o0 Q ' -_I2?0.  

82.868 
RCC 158 '0.0001F=,j: C':qt.'10'17T 0 7000 L§0,.C~7 

82.868 
RCC 157 0007 0 9~217T07 _J.0+L2'7 

82.868 
RCC 1650 0.0o00 -0_ '8i7S- Q 0io7• 7 7o-I_77Q 

S-........... .82 .86 82.868 

RCC 161 0.00 "0..0Q ~4'D ' D'~0j .00.71L =-A1 -L-68 t

5.5.3-9
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. W Top ý( ~iud 

0C 0.0 G 0 

82.868 
RCC 164' 0.0 

82.868

BOX 165 116.909 
-233.757 

BOX 166 111.786 
-223.150 

BOX 167 - 99.044 
-197,336 

BOX 168' 79.553 
-158.074 

BOX 169 54.641 
S-" -108.040 

BOX 170 ,26.005 
-50.642 

BOX 171 -4.404 
S . 10.206 

BOX 172 -34.512 
70.359 

BOX 173 -62.268 
125.717 

BOX 174 -85.781 
172.508 

BOX 175 -103.448 
207.542 

BOX 176 -114.065 
228.433 

RCC 177 0.000 

END

1-0.206 ; 0.000 .0.000 0.O,000 404.216 
"34.512 -202.108 -0.421 '',1.335"' ', 0.000 

-70o359 '. 0.000 0 . 000, 0Q.0o01 404.216 
62.268 -202.108 0752" 1.'181 0.000 

-- 125.717 1 .- 0.000 1 0.0-00o 0.000 404.216 
85.781 -202.108 -1.032 . 0-946-S3- 0.00b0 

-172.508 ý-0.000 10.000 G-.000 404.216 
103.448 -202.108 -1.242 'i .60.642. 0.000 

-207.542' ' 0.000 ' 00.000 ( ''000'404.•216 
114.065 -202.108 -1.367 0.203 0.000 

-228.433 0.000 '0.000. .•,'.0.'000, 404.216 
116.909 .- 202.108 -1.399 -0.061, 0.000 

--233.757 0.000 0.000 0.000 '404.216 
"111.7864 -202.108 -1.335 -0.421. 0.000 

-223.150 '0.000 0-000 ' 0.000 '404.216 
99.044 -202.108 -1.181 -0.752 '0.000 

-197.336 0.000 0.0'00 0:'000 404.216 
79.553 -202.108 -0.946 -1,032, - 0.000 

-158.074 ' 0.000 10.000 0.000, 44.1 
54.641 -202.108 -0.646 -1.242 - 0.006 

-108.040 MO 0.000 000'. O000 '404.216 
26.005 -202.108 -0.303 -1.367 0.000 

-50.642 0.000 0ý000 0,000, 404.216 
0.000_-202,098 o.oQoo --,-0.ocq_,04_196

S Transporit Cask - WE17x17'- Top Norma1_ :'2-.-8 
OR +91 OR +92 OR +93 
OR +88 -91 OR +89 -92 ' OR "+90"', '-93 
OR +85 -88 OR +86' -89 OR +87 -90 
OR +65 +63 -66' -69 -70 OR +65 +63"-+66 
-67 -71 -72 OR,+65 -+3 +67_1-77_ -73 ..-. 4 

+64 +63_- -65 
+62 -63

PTC OR +69 +65_ --'66-,"--OR- +7•0 ;65 -•6"• 
PCM. OR +71 +66 :-75. -68' OR 1+72 +66'- -76 -68 
MIC OR +75 +66 -68 'OR +71 '+68._--67,, OR~t7ý 

+66 -68 " OR +72 +68 -67 
PBC OR +73 +67 -77 '__,0--t74 -+'667'" ý7--7,7 
TWT +97 -94 -95 " -96 
TWB +98. -94: -95 -96 
AN) OR +101 -97 -857 -8,:87 OR '+10 -'98. '9 85 

-86 -87 'OR +77 +63: -85 -86 -$7 -83 -97 
-96 , -99 -- 100 -103 -104 -105 -106 -107 -108 -109 

-140 -141 -112 -113 .114. -115 -116 -117--118 -1419 :i" -120,:-121 .- 122. -123: "124 ;-'125 - 126".-127 -128' -129 
" ":,,30:'-i31 :.-132 -133ý-:•134 =:;135 '-136 -137 L138f ,-139 
• -:140- -141 -142 -7.143 -2144' :-.14S•,-146,'2147 71-48 -149 

1 -160' -161 -162 -163 "-164 
AM ,-77, +63 ':.+83. 58 -- 86 :-ý'87 -97 8 " 99'1'0 

-103 -104 -'105-'2106 -107.1'-108 1 09 -110 -4111-,12 
.-1 is-114 -115-lia'T•-117 §418 1-119 -120 •-121 -122 

'-123 -124 7,125 -126,-127 .- 128 .-129 -130 -131 --132 . -.- i 33-21 4 -13 -36 •137, .:.1'38 '=1'39 9 14 0 -'141--142 
.- 143 -144, -145 -146 .- 147"-148 -149 -150 -151 -152 S"-153 -154 -:L5 6!5X &€Z• • 1 _ k.••.•_ 
-163-164 

FLT +99 -101 -97 
FLB +100 -102 '-98 
S01 +103 -94 -95....  
S02 +104 • -94. -95 -96 
S03 -+105ý _94-S5- -96

5.5.3-10

FUE 
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UEF 
SHL 

STL 
CSS
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5PWRTop Radial Fuel Neutron-Normal Cnions Continued) 

S05 +107 -94 --95 --96 
056 +108 -94 -95 -96 

S07o+109 -94 '-95 -96 
S08 +110 -94 -95" -96 
s09 +111 -94 -95 -96 
SI0 +112 -94 -95 -96 
S 1+113 -94 -95 -96, 
S12 +114 -94 -95 -96 
S13 +115 -94 -95 -96 
S14 +116 -94 -95 -96 
S15 +117 -94 -95 *-96 
S16 +118 -94 -95 -96 
T01 +1119 -94 -95 -96 
T02 +120 -94 -- 95 -96 
T03 +121 -94 -95 -96 
2T04 +122 .- 94 '-95 -96 
T05 +123 -94 -95 -96 
T06 +124 -94 -95 -96 
T07 +125 -94 -95 -96 
T08 +126 -94 -95 -96 
T09 +127 -94 -95 -96 
TIo +128 -94 -95 -96 
T1ii +129 -94 -95 -96 
T12 +130 -94 -95 -96 
T13 +131 -94 -95 -96 
T14.+132 -94 -95 -96 
T15 +133 -94 -95 -96 
T16 +134 -94 -95 -96 
F01 +135 -94 -95 -96 
F02 +136 -94 -95 -96 
F03 +137 -94 -95 -96 
F04 +138 -94 -95 -96 
F05 +139 -94 -95 -96 
F06 +140 -94 -95 -96 
F07 +141 -94 -95 -96 
F08 +142 -94 -95 -96 
F09 +143 -94 -95 -96 
Fib +144 -94 -95 -96 
FI1 +145 -94 -95 -96 
F12 +-146 -94 -95 -96 
F13 +147 -94 -95 '-96 
F14 +148 -94 -95 -96 
FI5 +149 -94, -95 ;-.96 
G0 ++150 -94 -95 -96 
P02 +151 -94 -95 -96 
G03 +152 -94 -95 -96 
b04 +153 -94 .- 95 -96 
G05 +154' -94 -95 -96 
G06 +155 -94 -95 -96 
G07.+156 -94 -95 -96 
G08- +157. -94 -95 . -96 
G09 ý+1581 -94 -95 -96 
G10 +159 -:94 - •95 '-96.  
GIl +160 -94 '--95 -9"6 

124 +161 - '944 '-"95 -6 
G13 +162' -94, *.-9•. .- 96 
G14 +163 -94., -9511-96 
ds1 +164, -94-9,,.;• 
HO +165 '+2 '-9 
k02 +;166 '+ 2 -9' 
H03 .',+167 +2 " 9ý 
H04 +168 +2 . -9 
H05 +169 +2 :9 
H06 +170 +2 -q9 

H07 +1l7 1 +.2 -9, 
H08 +'172 +2 ' -9 
H0o +173, +2 -,9 
kIO +174 +2 -9 

5.5'.3 11
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5...3.2.1 W TwT-op R ia Fuel.Neutron -Normal Conditions (Continued) 

NSS OR-.: +1- 2 -5 -6--26 2 8 . 0 3 2 
-. .- 36, -38:-40 b.OR +27 +1 -26 OR +29 +• 

S -28 OR +31 +1 -30 OR +33 +1 -32 OR 
+35 - 1-34 OR +37 -+1 -36 OR +39 +1 

.38 OR +41•[+1 -40 
!4S4 -+2 -9 - -5 -6 -27 -29 -3- 3... 57 

-39. -41 -165 -166 -<1.67 1- 8.•1698 17 0 -171 -172 
- 173 -174ý -175 -176 

OSS OR _414 -6 -4_OR 45 •4 -'-0 '_4 R-
-14 

PEG +14 '-;10d'-I 
PBS +11 _+10----15 

ISS +15 --16 
TFG -+7 -8 -16~-- 22 -23 
LID OR +18 OR +20 -42 OR . . +19..... . R . 2. ..- 4 
TRVN OR +42 +22- OR +43 +23 
L"R OR +22 -20 -18 , OR +23 O 2 3'-19 
CAV +16 +17 -62 
LSS OR- +44 --4S5 -SQ. OR 9249 -48- O +-46 

-7 -50 
LFW OR +46 -48 4 '_R '+'47 _-48- -40 
LSW +45 -46 -47 
TRV OR -+26 +1 OR +28 + 1OR +30 +1 OR 

+32 +1 OR +34 - +1 OR +36 +1 OR1 
+1 OR +40 +1 

FR. +51 +50 1 _ _ -7 1 
PEP +52 -51 
DEB OR +53 -4 _O_+3 +50 -5 
DEC +54 -53 
DER +55 -54 
DED +56 -55 
DEE *+57 -56 
ISV, +60-7 
EXV±1-6 
,END 
"114 Re~idoris 

1 1 '1~4 1 1 1 3 3 

1. 1 1- 1I 1 1 23 1 
-. '. 1 1 1 1 1 1 

-1 3 1 5 .7-12 7-12 1 12 12 12 1000 100 
1 1•1 ' -t2-.121 000_19 12 12. 12 12 12 12 

, 12 .. 12 .12 12 .12 12 12 12 12 
2' 1 2 12 12 1 12 12 12 12 

S•"12 ': 12 " 12 • ,2i312 - f12, :, •12 2: '12 12 17 '17 17. 17 1 1-7 7 17 17 17 17 
1, 17-17 ;17 • 7 • .17 17 - 17 17- 37 
1 17 1 '-71- _ 12 17 20 20 

20'.20"20,-20 2Q 20 20 20 20 20 12 14 12,10 0 00 <1 13-12 12 12 1000. 1200 

12 12,'.1262- 1 1121,11 
12 1 1O0':2'I?,:'I> "-512'12>12 12O 12:0LOQ, -17 1 
17'o 2.7 -b 17 1 I7 : 17>7 7 1 

1000o .10 00 1000 ,•0 

0 
rEND-
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R Bottom mal End Fitting G�-�A�mident CoitinS (continued)

O :00001-O1 0 0o0-ob.'o-i7'0ooot0oao0'0•- 10o-760i0f gO '2"'.1331E-15 g 3T?02E4 
1.99736E+07 5.6617E-06 8.3162E+11 2.9448E+12 7.2217E+08 3.4793E+06 
1.0019E+07 1.5852E+08'1.2082E+08 2.4332E+09 1.0086E+10 508E17E~ 
SXY 9 -83.579 83.579 -83.5.7 3Q _90.500.209.271 83.,579 
P 209-271 1- 0 1.0 END 

GEx92 BotmMdlk`ýlDsRv 2 .8 A-1 1, A:c6idetCrdtoji 
ICS=4 

CSF 243.561 243.561 343.561 43'-361 Eý' i 
CSL 0.000 46.919 46.919 9.4915 . oo01_4 i64 6 204.915 END 
CSD_ 2181 ,8_ N 

GEND
uMS .00 

RCC 

aec, 
RCC 

RCC 

RCC : 

RCC 

RCC 

R.CC 

Box 

RCC.  

acc 

RCC 

RCC 

WED 

WED 

WED 

WED 

Box 

BOX'' 

BOX 

BOX 

RCC

RCC 

WED 

WED 

WED 

WED, 

BOX

5.5:3-14

5.5.3.2.2

Transport _CaskZ 8_G9x 52Lý-- v--2.8 
1 50 

1 0 -000 -0 01~o0 0--21,2 ",44 0jj. 0_ 0 . 0-667, 7 2-4.'8'91 
S0.0116.980 -"6 ..... 0 ,_ -

116.345 
3 0.000-ooour2"06.-,. 0.000.. o-0.0•-07412.1,•9 

116.345 
4 0.000 561 000000- .000 487.12 

104.915 
5 0.o000 6.000'2.230.8611 00 0 0. 400Q6•4.4721 

97.930 
6 0.000" -_0 0.0007-21-5'. 621. _0-00-0-____..0Q0 431.241 

97.930 
7 0. 000, 0_.000,-21.5 621_., .00QjjooO'.004312f 

97.815 
8 0. 000• ,0007;J2L4 2 8677 ;0.000L, 2-Q01 73.4 

97,940 
9 -95.503 "-26.747 -220.701' '12.473 0'-.o006 o.000 

0.000 0.000 441.401 0.000 53.494 '0.000 
10 0.000. -0-0010• -230.8,61 _ .9 0..0,0-0 _ 0-•• 00--,461.'721 

90.945 
11 0.000 0.000 -228.321 0.000._O .- 0000 456.641 

90.945 
12 0.o000o.0 000 -217 .5261 0.000, 0.-000-- 435.051 

85.865 
13 0.000 Z_0.000 L2213.. 7 1 6 .. 0.000, _ 000,0427 431 

85.865 
14 102.375 --- 17.780 -179.426 16.154 -0.000 0.000 

0.000 0.000 36.059 0.000 35.560 0.000 
15 102.375 -17.780 -160.376 7.620 0.000 0.000 

0.000 0.000 17.009 0.000 35.560 0.000 
16 -102.375 -17.780 -179.426 -16.154 0.000 0.000 

"0.000' 0.000 36.059 0.000 35.560 0.000 
17 -102.375. -17.780 -160.376 -7.620 0.000' 0.000 1 0.000 0.000 17.009 0.000 35.560 0.000 
18 102.375 -17.780 -212.471 18.694 0.000 0.000 

19 0.000 0.000 33.071 0.000 '35.560 0.000 
19 -102.375 -17.780 -212.471 -18.694 0.000 0.000 

'0.000.. 0.000 ::33.071 0.000 .. 35.560 0.000 
20 .. '108.369 -10.160 -212.471 12.700' 0.000 0.000 

"0.000 . 0.000" :16,231:, -'.000: 20.320 ' 0.000 
21 ý'-108.369' -10.160 -212.471 -12.700 0.000 0.000 

0.000,. 0,000 ,; 16.231 0.000 . 20.320 0.000 
22- .108..369 ,..O.0OO_-.,p_._240._ 12.7_ 0.ký .* 0.000 ,0.090.Q 

"12.700 
23 L108.3 90%.a :ZQ0 oý-9Qo --. OQ 

12.700 
24 102.375 -1771101T'ýI -9Y742. '6 14O ý ~0~~h 

0.00,, 0 .000 ,'-36. 0591 0.000 '35 560• 0.000 
25 102.A375. - 17. 78 0 'i60.376 7.•620, 0.000'- 0.6000 

0.000 0 0O. o 17.009 0 .'000o '.35 560 0. 000 
26 '102.375' -17 780 179.426- 16".154' .'0 000 0.000 

-0-.000 0 000" :36 * 059 '0.000' 35.560, 0.000 
27 .•102.37,5 -17.780 -. 160.376': ' :7.620":"i0 0.'000 0.o00 

V L 0. 000 0 000 -ý17.009 :0'.000-' 35 560 0-.000 
28 :'102.375 ,17"780 212:471:. .18.694 .0 000 :o.o0 

_0000 0.0 0..7,ooo 6..,.QQ
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5.5.3.2.2 BWR Bottom Axial EndjhFingaiWZ-cdefodfln(aniu 
B:OX' 5-" '423 7s 5 78a0--2f: 6CI 94 7-O0-0- Td.00-0 

0 0000 90 .000 -33..071 0.000 35.560 ý0. 000 
BOX 30~ 108.369 .- 010212.4-71 121-700' 0.000~ 0.000 

0.000 0.000 *-16.231 0.000 20.320. 0.000 
BOX- 31' -108.369 -10:160 212.471 -12.700 0.D000 0.000o 

.0.000 . 0.000 -16.231~ 0.000 2.0.320 *0.000 
RCC 32 108. 369_9g-Q0_Qj6ý,240 I.. ý.Q0_0 A0~,9 

12.700 
1RCC 33 -18 6 2 .:' 

12.700 
ýCC 34 O- D _--- 0 -3 4.2 6 -':0 

157.480 
RCC 35 0.000 ' 0,000' 23 571 0iJ0 Q04, 4,{ 

156.845 
RCC 36 0.000 -0.00q03~~f1 -- 000- l 0'W.000,,,639.521 

125.984 

156. 845 
RCC 38 0.000 ý00,,-4,9. 0 

RCC 39 0. 000- ""0 Q0 2~ '6_ 000:0 0 432$2.51 

RcC 40 0.000 _ 0b00,0-215.621 ,ýQ0I.0 0 Q_0 .OPQ_4131..3J4ý..  
157.480 

RCC 41 0.000 i04.925 -220'.70', 0-000,. ,-3.820. 0'0.'6'0 
6.706 

RCC 42 0.000 104.925' 22.0 0.000 3..820,. .,.0000 
6.706 

RCC 43 0.000 0.15'20-C~7..0~ZT8"~Q0.  

RCC 44 0.000, 10ý1..15 2JL9,Q,,..9?..,I>09 
2.540 

RCC 45 0.000 96.136, -22D-. 701' 0,'.00-0.~ '--5..22 2_ .  

0.495 
RCC 47 0.000, 96.3645 -220.710.1 0.0,.,9.3 .15 

0.495 
RCC 48 0.000. 93.455 -220.701 '0.000 -9.933~ 4.1-55 

0.495 

RCC 49 0.000_, 0,.00.4351 4,.,.0.,., §Q,0 87 121 
116. 980 

RCC 50 0.000 O.k~T.0,~1.3_Looo 0,o 00 43.6 
135. 763 

RCC 5 .0.0000.0-2.26".0 
* 316.980 

kCC 53 0.000 W-'0-7426d00'0 0A Q-001 '1-4'8.'411 
357.480 

RCC 54 0.000 ' 000164.06,_'000T0AQ 248a11 
* 416.980 

RCC 55 0.000-::.,0p17426 -70'-o 0'A00'148.4 
* ~51.6.980 

RCC 56 0.000 -X00022'3L561 ..:_ o.00_..,ýA0J482111 
- 104.915 

RCC 57 0.000 _,;,00.,00 z343,5G.,j0O 0, ,00.7Ž2 
* 204.915 

RCC 58 MO.00.6�71 
* 616.980 

RCC 59 0.00 a 11 

716.980 
RCC 60 b.'0. -Q 01i7~i.~O70M 0ijLA 

* 85-166 
RCC 61 ., . _ý0ýO',0 

RCC 62 *8357 
0.000 7j,9p29'2a.ZY00,XdpQL485 

73.23-5 
RCC .63 0.' .0010Z9iiL0Q0010'0 -70Lk00 Z 'QO'310Q 

,j`3- m - 23 5

5.5.3-15



SAR - UMS® Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-00A 

5...3.........Bottom Axial BWR Bott•••G mEadFittng " G . ,d nt sConditions (Continued) 

73.23 
hcC 65 ~0.00O7'b.0A 

73 ".235 V 4 
ýCC 66 0.000 Th --- QL0,0J-i5 

83.'589 .2921~ 
RCC .67 .0.000 --04ý0Z' -~0,..0:060, 0'' 

83.589 
RCC 68 0.000 0. _q 

83.589 
RPP 69 -43.167 43 67 "- 69. 5633 * 28fýý,-209.281 
RPP 70 -60.764 60.764 -51.966 51.9661-209.281 , 209.281 
RPP- 71 -78.362 78.362 , -16.772! .-16.772.-209.281 ý'209.28l 
RPP 72 *-43.167 43.167 -69.563,. 69.563 -190,500 -190.500 
RPP 73 -60.764 60.764 -51.966 51.966 -190.500 190.5050 
RPP 74 -78.362 78.362 -16.772 16.772,-190.500 .190.500 
RPP 75 -43.167 43.167 -69.563 69.563 -190.500' 190.500 
RPP 76 -- 60.764 60.764- -51.966 51.966 -190.500 190.500 
RPP 77 -78.362 78.362 -. 16.772 16,772 -190 .500 190.500 
RPP 78 -43.167 43.167 --69.563 69.563 -209.281 ~209,281.  
RPP 79 -60.764 60.764 -51.966 51.966 --209.281>209.281 
RPP 80 -78.362 78.362 -16.772 16,772 -209:281 209.281 
RCC 81 0.000 _.01,01P0199 -1-1;, 

83.185 
RCc 82 0.000o0,oo0 -52Qojo 

83.185 
RCC 83 0.000 0:0000-18606,5 i '090T •: o00 I.•8 

83.185 
RCC 84 0.000, , 0.000, 1i 9 , 0 K 0 

83.185 
RCC 86 0.000 0.0000 -157.4•8 7 0.000'* 1000'•J 2..5•" 

83.185 
nCC 87 0. 000 o 0, 147000--175.480• . O0Q 0.  

83.185 RCC 87 0.00o- 0.000 -147~i2.752 05. 000 02?2O.-0O__00 1/•i.5A9 nec 88 0.000 - 0.000 -138.024 --1-000jj'.-0 '00,0_? ., 
83.185 

RCC 9 0.000 89 OAC Oo0,o-0- --,12/8_.2.9 5 - ----0 0.00 0-40-Q0,O ai1.588 
83.185 

OCc 90 0. 000 0. 00-0 118`516 7 .LP..0OQ, Q .0 0 -12.5 588 

83.185 RCC 92 0.000 7.. O OQIZ,-- B9 YT : ?0 Q000 72O0 0 0- L- 21'. .  

83.185 
, 83.185 _ RCC 93 0.000, 

83.185 
RCC .94 0.000_j00_~77~ 21 .Q•i00 A - , 83.185 
RCC 95 0. 0oDo:. • • O2•tV 
- - 83.185 
RCC 96 6.000..-o - -oo lo,9 8 2000>7 0?oOQ 0 iI5 

* . -, ,83.185 
cc 99 0. 000 _Ao/2 10Q 1212' P'7L 

83.185 
RCC 098 0.000 

83.185 

S83-: 185 
83.185 

RCC 101 1~0.00 "'" 

-83.185 RCC 103 0 0 0: 00 r' ' E.'6-65 - j0" '__•":r .. ." A-.  
: 83.185 RCC 104 .. ."0.000 0 

nc14 -0.00 joooo .,..'100 :,1'6,36,-.. ,O..O097 :O.oo0,r4.8 
t... ... .83.1,85

,5.ý3-46



SAR - UMS 0Universal Transport Cask May 2000 

Docket No. 71-9270 Revision UMST-OOA 

5..51.31.2.2 BWR BotFtom AiaýlEndhFiting Gam' 'ci~fConditions, (Continued 

0c 106 G000 0. 0 

' 83.185 
ýcc 108 6 0 - 0 L-bA 00 

83.185 
R.CC 107 0. 0 00- 0'00 q2.95 

P~cC 1106 0.0o .02 
83.185 

ýcc 1011 o.0007p0 _0, 8390 

83 .185 
'RCC 113 0.0 )0 Co -

83.185 
ROC 414. 0.000 0,.000 89,~.38 0.0 .0 

83 14 .085 _Q.000 7~9 . 65_0,LO0Q07 '0,000 5j1',8F 

RCC 115 0.000 0.0 6996___ 0 0.0,, 15
83.185 

RCC 116 -0.000 0.00 0.98 0 0'

RCC 117 0.000 01000'.540, _'0-0001- J0400. 71'7,i58 
83.185 

RCC 118 0.000 .0.000 _40.742--- 0_ 0 ,OO 0.000- i1~8 
83.185 

RCC 119 0.000 "'0-000 3103 OAK. 0000 c000'""-158 
83.185 

RCC 120 0.000 ',,04,00 2f.285"~''00~"'~00~~ 
* 83.185 

RCC 121 0 .000, 0. 000 11.5571- 0,10-.-'00P ,15 
B3.185 

RCC 122 0.000 '0 0000 1:,-829-7' oo0.000 0o '-.' 

RCC 123 0.0O0j 0.0'00777L4.6327 7o0 -'0,00p f. 11270 
82.779 

RCC 124 0.000 ,.~0.000 <-GA'. p,3,0.0~0a, 01.000.QpG1..  
82.779 

RCC 125 0.000 0- 55 i707.,0§00 0 0 ~1Q0 0- 1. 2,70 

* ~82.779__ _ 

PRCC 127 0 -000''00_0-A§7-- --,o-0 09, 07 70-00 1.270 
82.779 

RcC 128 0.000T00 02-~.i,.0 0. 00 ! X~ T 

82.779 
RCC 129 0 .060JrOPd'--26.~ 0-0 0- 0.00 1

'82.779 
RCC 130 0~ -0.0010 0 Q(1-534Lu16.262. 10z00.rw'27 

82.7,79, 
RCC 131 6.0, O '-ý3 ' 

* 82.779 

RCC 132 ' 0.00Oji0~OZ~, --- 6 .:- 
82.7179

RCC 133 0. 00 b ,0 31ý2 7 Jk0~~0 Z4.  
,82.77 

RCC 134 127 
82.:779 

RCC 135 '70. 000JI 0'O0''T21, 
-82.779 

RCC 136 -'0.000, O 2?ýL0Y 0?00~ -77 
.82M79 

kCC 1378 a ____;-ý 

'.8 2:77 9 
POX 139 116 .9 09 5 440421V 4- -, 19, 0 000

5.5-3-17



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270
May 2000 

Revision UMST-OOA

w RJottom Axial :EndFitting Gamma- Accideht Conditionis (Continued)
!OX '140 Il 7786 34.5l2 -- 212*:446 - 0 '04210ob 

-223.~150 -70.359 ,. 0.000 0.000 -0.000' 424.891 
k)X 141 ,99,044 62-268 -212.446 -0.752- i 3l81 0o-.o00 

-197.336 -125.717 •-r.000, 0.000 00 O 424•.89 
BOX '142 --79.553 85.781 --212.446 -1,032 i0.946, -0.000 

-158.074-172.508 o.000 b.000, 424.891 
POX 143 54.641•1 03.448 -212.446 L1242-0 

-108.040.-207.542 0.000 0.000 0.000 424.891 
"BOX -144 26.005 114.065 -212.446 -1.367" 0.303 0.000 

-50.ýý42 -228.433 0.000 0.000. 0.000, 424.891 
BOX 145 -4.404 116.909 -212.446 -1.399 -0.061 p000 

1.0.206 -233.757 0.000 0.000 0.000 424.891 
BOX 146 -34.512 111.786 -212.446 -1.335, -0421 0.000 

70.359 -223.150 0.000 0.000 0.000 424.'891 
BOX 147 -62.268 99.044 -212.446 -1.181 -0.752 .000 
X . 125.717 -197.336- 0.000 0.000 0.000 424.891 

1OX 148 -85.781 79.553 -212.446 -0.946 -1.032,- 0.000 
* 172.508 -158.074 - 0.000 -0.000 0.000 .424.891 

BOX 149 -103.448 54.641 -212.446 -0.646 -1,242 0.000 
-2752-108.040 0.000 -0.6000- 0.000- 424.891 

BOX 150 -114.065 26.005 -212.446 -0.303 -1.367- 0.000 

-'END 
I JMS Transport Cask'- GE9x9-2L -,~ -r All1. A&Cidant ý2 

FUE OR +75 OR +76 OR +77 
LPL OR +72 -75 OR +73 -76 OR _+74 -'-77 
PEF OR +69 ký+61 -72 OR__+70 _+61. -3, OR +7T

461 -74 
CSS +60 -61 
BWT +82 -78 -79 -. 80 
BWB +81 -78 -79 -80 
ANV +61 -78 -79 -80 - -82"- -81 '.83 84 _-.85. EF8 

-87 -88 -89 -90 -91 -92 -93 -94 -95 '-96 
--97 -98 -99 -100 -101 -102 -103 -104 -105 1*106 

-107 -108 -109 -110 -111 -112 -113 -114 -115 -1•6 
-117 -118 -119 -120 -121 -122 -123 -124 -125 -126 
- 1 2 7 -128 -129 _130 -131 .- 132 -133 3- 13543 
-137 -138 

SO1 -4+83 -78 - 79'- 2-80 
S02 +84 -78 -79 -80 
S03 +85 -78 -79 -80 
S04 +86 -78 -79 -80 
SOS '+87 -78 -79 "-80 
S06 +88 -78 -79 -80 
807 +89 -78 -79 -80 
308 +90'. -78 -- 79 -80 
S09 +-91 -78 __79. -80 
S10 +92 -78' -79 -:-80 

S1I. .93' '-78 -79 -80 
S12 +94 "-78 -79 --80 
S13-"+95 -78 -79, -80 
S14 +96 -78 -79 -80 
S15 +97 -78 ýý-79 -80 
S16 +98 :--78 -79 - -80 
S17 +99 '.-78 m-79" -80 
Ha8 w,100 -48- 79 -8Q 
S19' +101 -78 -79 -80 
S20 +102 •-78 -79 -- 80 
S01 +103 -78 --79_-'-'80! 
S02 +104 -78 -79" -80 
S03 +105' -78 -79 8-08 
S04 +106 '-"7 8 7•• 9ý s8o 
$05 +107.,1- 78 -;•79::.ý8d 
S06 +108 .- 78 :-79-8.80 
S07:+109 .- 78-ý. -79 -'80 
S08. )110 -'78 :, <'79- ,80 
S09 +i11 -- 78 "-79.80 
Sll +112-3 787-79 '--:80 
$11 t113 -- 78 _-79 ._-80 
S12 +114 r-78 '-79 - '80

5.5.3-18
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SAR - UMS® Universal Transport Cask May 2000 

Docket No. 71-9270 Revision UMST-OOA 

3.22WR Bottom Axial End mng Gamma'- Accident Conditions Continued) 

S15 +117 -78 -79 -80 
156 +118 -78 .- 79 '-8B 

S17 +119 -78 -79 ý-80 
S18 +20:-78 -79 ~-80 
S19 +121 -78 -. 79 -80 
S20 +122 -78 -79 -80 
F12 +123 -78 -79 --8d 
F13 +124 -78 -79 -80 
F14 +125 -78 -79 -80 
F15 +126 -78 -79 -80 
P'16 +127 --78 -79 -80, 
F17 +128 -78 -79 -80 
F18 +129 -78 -79 -80 
F19 +130 -78 -79 -:80 
F12 +131 -78 -79 -80 
F13 +132 -78 -79 -80 
F14 +133 -78 -79 -80 
F15 +134 -78 -79 -80 
FI6 +135 -78 -79 -80 
F17 +136 -78 -79 -80 
FI8 +137 -78 -79 - 380 
F19 +138 -78 -79 -80 
OSS -+4 -5 -41 -42 ~43 -44 -45-48 ~-47_-,49 
PBS +8 +6 -9 -11 
PBV +6 -8 -11 OR +-9 +6 -11 
BRG , +5 _- 6- _ý1~4 2-4 3 ---ý44,,5. _z4.6L-A 

-48 
ýiss +11 :12 -41 ~-421----43_---4.4 -45 _-416_--47- -4'8 
AXN +10 -11 
SPC +12 -13 
CAV +13 -60 
VET OR +43 -41 dOR ±'45 -43 OR-+47 -45 -12, 
V.TC +41 +4 
VEB OR +44_T42 b +4 -144 OR +48 z-46- -12 
VBC +42 +4 
DEB +57 -4 
INV +58 -57 
EXV +59 2-5Q 
ýEND 
:'78 R69gibhl 

_ 31.. _3- 1 1 1 
'1- 1 1 1 12 1 .1 1 1 J, 
11 11 1 1 1 11 1 17 17 1 

17 1.7 17 -1:17 17 17 17 17 17 

, 1 : 1- 12 13 1 1 01 

1 ' -1 ", .. d _•• 3. j3 2 2"_ .1 _-2 

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

7 TARO 
9/ 8 MaiiaT'• 

17" , 17 ,,17•.'7.,j17-,17. -" 17'-17.'•V 17 ', -'17 ~...7 
1. :7 "•17 ,"17. 1,"2 -P. 13'1000--- 12 ":12~ 144000,•OQ 

00 
0 
END

55.-3¢19



SAR - IJMSO Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-00A 

5.-5.3.2-3 P-WR Botto Radial FulG a - N'~ a 'Condiin 

7N-- I8COtXPLEVIHODO 

LYReA2refi.<X o 09~ RU._, Spread~heet 4 
.~Mat1ifi~ 2'is 5ktOut~d offu1 ius,~ is

U02 ~ ~ Y ___31DE=.50 < N 

ZIRCALLOY.>1,, b=ENcQ.4494 1.,01 END 
SS3 -04 1DEN= -0". 3807 1. ,0 E IND 

-L -- ----- 4iDEN= 040894ý 1_.'O END 
P: c 1- .L:DEN=0.0220 10 ENij 
ss3104; 2_, DEN=0. 691 1. _EMD 
AL __2 DEN=0:25414 1. 0, END 

Bei pper. P enumn 

isin fue1,.radius7,5 i 6ff-41 ai! 

ýIRCALLOY 3 DEN=0.4494 1.-0 E _f 

SS3 04 -3, pEN=2i.03.18 1,-PEftj 
SS1304. 4 .DENýq.6 10 END 

'BEGIN U. EBF 

$S 304 .5 E=-1*2537 1.0 END~j 
SS304 ~6 . DEN=-1.1366 1.0 END 

ý'B1EGIN'LOW-ER- END FITT1ING.  

~S0. 9-ý DEN ,1.4554-'1 O0END2 

ý-MAýSTER MATERIALS LIst 

.m$Id:asteirxnat V,.. 970191i5:8s~x 1 

CARBONSTFEL-r§_ 1liO Etf 
SS30ý4_:..- S~22. P EN 

PB .1 3 23.X1 ND 
B-10'7- '-- 14 -.Th . 8. 553$--~ 

1-'1 4 2ffi -~ J1L 424,_END 
AL- - - 14'_0'. 01IJ3.jji 

HHIM 

N. .J ~ AZ3 END 

C RU IJL02AwC 

SS30 4 L. 200ýL 4~N 
END-COMP



SAR - UMS 0Universal Transport Cask May 2000

Docket No. 71-9270 Revision UMST-OOA 

5.53.23 ~ WR ottom 'Radiail Fuel Gamma - NormhalrCnditi6ns, (Continued) 

E7E1xBtbi Biadia1 )Kv 2.8 140n1_ýlCond it 

~9'ý-930 _104. 9,5--116 .314ý51'.116.98O FND 
1_42 12,.0 ý 12 113'- 0'- 2 14 .2 ENDj 

SGE 

27R(0) 

~LW117_415B 101ýd yGaF iej a Sp'ectiuinq 
2.ý5743E±05:;ý7ý4152Et05_3.78,3E+06_ 9.4200-E+06 4.2178E+068 3.70191t09 
5,.3258E÷1q). .3025E-~21 8.1351E+~12 7.6492Et13 .~0567E-iI414j 0 ,8094E+15 

1.75 1 8E+14,3.77162E+13~ 6.05B83F+13 2.1673E+14 2~.7731E+14 9.18776E+14 END 

SXY 1 -83.579 83.579 -83:579 -83.579[ 0.000 1 82.880 83'.579j 

18.8 1.0 1.0 END 

'WE17x17 Bottom MadeI Radial Detector Desc- Rev. 2.8 -N6=m1 cond ! tiins 
.~ICs=1p 

CSF. 194.91i5 .116,9801-1ý6.98.0 1-16.980 13 5.763 1571.480 

.".216.980_ 316. 980. 3157.4.80 516.980 END 
CISL 235.687~23B.862.235.687 238.862 202.667 235.68.7 0-00u 202.667 

-0. 000 238.8,62- 23.8,.-62 266.1802. 0 .000, 44-7.447 0.000 547.447 
0. 000.5917447 ~0. 000 747,.447 K=D 

CSD- 1 1 1 1 3_16 18_ _1201, 81 

.161 116 116 1_16 1EN 
'_PWIR Bottom Hodel Axial 'Profiles -Poo o 

IPF.=8 
BUB 0. 0000--128.0160-137.1600'146.'3040 15-5.4480'16'4*.5920 

173.7360 182.8800 EmD 

BTJF 1.07900~e+00Q 1,08000e+00 9.91200e-01 _ 9.230e0 .30e 

7.24700e7O0, 6,35800e701 54700-0 END 

OIEND 

VUMS TransportCs :W1i_-_Bot-v8 

001 50 
~CC .4 *~000~. ;0q>25.6777.00 Y 0004 1.375 

-116.198 0 
.CC- 2- __ 0000 - 0., .PQ 230 1 0., ,0PO 0.000 i46. 8 3q 

116,.345 
RCC-.__ 3 .0Ji0Q.0260__ 0.000 0_ 0_.10200 _-L 538.60 

RZCc<- .4 0 000,oOQ2412 ~oo 00 0,0 

* 7..93,0 

BOx 9 .95 -503,62T47,---243t.942_ -12471 -00oo To.Oo0 
000.&0". 00 AwkO~.~3 .-.... A0K5~94'1.  

RC.>07 Ž:.0p.~00002S4,i -'3 P01L~0~ 150.20 
RC 2 1 19A44s

"J- 5,3-2 -



SAR - UMSO Universal Transport Cask May 2000
Docket No. 7 1-9270 Revision UMST-OOA 

5 ".5.3.2.3 P Rb~iOIn FulGmm oma o oniud 

*-11 0" x 0 '00 '2Y.562.O':040~0 001 ( 503.123 
rf2 90~ 945 

WEDT,14 7 102-.375,_--17.:780 *-2-02 667, "-o.:16 

WED '15~ 102.75- -7.ic4 617 -- :7 60-- 0- 0,0.0 
1 iQ L ~~~ 7.009 0-A 35-.560--Q.00 

WED_1 66 1 

KED _17"-'102. 2 7 8-67-' -- 6 
__Q0.000 '-,0-000_ -7.009 _ 0.000,'3 560[-- 0-.-000 

BOX "18 ~102.37S -17.780 ý73.1 906 C 

BOX, 19 -102'-375 -17.780_7235-.7121 183-694__ 
C_ 00 0-.oo~f. 000 '_3 35.5 "_"'o 0oo ____ _ 

BOY ,20 108-369_ -0.160:- . 7 2"?P~ 0'Q0 0.0000 
0.000 '-0-000 1621 2M"70- 0 0- J0' 0906 

BOX '21" -108".369 -1-0--160'T-'235.712 -12 -'700 0OT>., 0____ 
0.000 ~0.006 "'' 6.231 - ..000.,9 20:320 -'-0-00 

RCC 22- 108.3 619 '0. 000,_-219-.481' 12. 7oo2223*- -0G- "'.  
12.700 

ROC- 23 -1086.3 69 0.000 7219.461' _12. G0o:-0J ~0 o0-60 
12.700 

WED 2 4 102-. 375 _-17.7.80'.202.667 i57,0-.000" "o'-oCOP 
0 .000 ~0,0Q0036.059 -"0-000' '3.6' ,O 

WED 25,. 102,375 1-7..7.8 0 7.,-6L2;2.':0 7:o~op ,0.00 
---00.000 --- 0.000_'--17. 009_ 0.00.0 35,0 "006 

WED- 26 ý-102.375 -. 80'2-0.2ý.67_-16.154 0 ' C ~09 ~.0'00P 
-._0. 000 -0.000 36.059. '0,- 02Q.o 3 5.56 0 "'0 

WED_ 27--102.375 -17.,:780 18. p--6 0 "07000 ' 0 2'000 
0.000' 0.0007 -17.009 -- -~0"35- 50 .0'00 

BOX_ 287 102.375 -117..78 0 235. 712 _ 86942q -o:Q--.000 
T.' 00o .0,000 33~'071729Js5ojo'o 

BOX :29 --10-2.375__--l'778 235-: -,1248. 69 4 ~0-0,0"'.000 
-Q.000Q oýoQQ L3 071 0 5-.-5,6 Q -I0l0 .o00 

BOX -~.0 8.3 69- - -6'() -5712 ' -'i2ý7Op'70.o00~0.  

RCC 3 -.1miE39ZjO 00 -;W 0s.80 L2:oL."9Q'7oTo 

RCC. *33` -1839 O092.41 -2.9j~L00'7.o 

-Q, 12.700 Ea-3 23 

A- i$'- -0-E00X18 

- . ~ 105.550

�.5.3-22



-0-0- 10' kiADJO, LT4. T 9ýF ou 

0 91. f_-M-750ý,T MOM., 

f f RC 1 710 t 1-0 -0-D 1 -0 4t z D-07-0= T---- 0,0ý poýi 

0.ýLcc-o, -6 0 *-0-*,_,---6,d0T 

00 

,ffq- 3 cs Q-0 
6,9,-G 9 1 s 

6 T 0 ob'd ------- bojýo-,, --- 0 o -o o - ss, omi 
OH *,9 Tý-.  

-- 00-Vo_ -00-8 

o 8 v I s E,

000 0 ý,s DDýl 

0 B 6 ý I ý - -- I " 

o o Q oocoo OOO'D TS 001A 

0 000,*0-- ZL 000 a 0 0*,o os, DDId 
-CES 000. 00,6*0 

00, -0. 006 0 mqýý99ý: ob 
96V--d 

"'t t6 --oov-o"l- Zý6 UZ -ýSSTV-'-Z6 000'Q 8 11 Qz)v 

S611, 1 0 

S 6ý'O 
dý5o tzz bob -o i:vz qtf, ý-6- doo I *- o 9,v 33ýf, 

b, "O_ 003'0' 9ý1,'96 -c)oc),-b sv Do'd 

-0 '0,-. 000-0 D5d 
o Z

000 Zý6,.Evz -STTý* 00 0 

SZ6,jloT- OD010 ZV- Joýl 

00 

o 

-000 ýL6 0 
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SAR - UMS 0Universal Transport Cask May 2000
Docket No. 7 1-9270 Revision UMST-00A 

5.5.3.2.3 PWR Bottom Radia Fue Gamma -No oididon (Continued) 
KCj 67b000 .0 

RP 7 -2.17 52.817 -287. 52 1 1 -- 713.8 
RIPR 271 7-77.320' "-7 .,ý0- '-54 6 -5'5 ý-'9 ,8 "15'7* 
"RPP-72_ 225.456z__25.456' -77.320' -7.2'82 8e86' 1I82-.880 
APPp:7 5287 527817ý 52.,1 2,1_'4' 
ýRPP__-74 _'-77.'320 '77. 20--:25..456,_ 25-:456-~8'8~ 
RPP 75 -25-4567 25.456 -77 320 '77 32 0I2~02~' 

~~ ~52..817 ý52 817 UP5i ~,.~.8.8 
;RP P-7J7 2 '77.320,' 25.456 ý5.46 80-8. 8 
R.PP 78' <2 5.45.6- 2 5-,4 5-6<7.2 77,320 -137719 2_ 
Pp _79. 52.817~ ' 2.8177 ---52, 817 52-.81,1.9--8 1537'87 

RPP. 80 -77.320, 7 .320 -25A546" 25.456 -193.787, 193,9, 
RCC 81 0.O000~ --0-00' -191.237__, '.J9G00O :IOPI2'5.4 

kCC- 82 0,, 0000 _0,0.0- .191.237 _O0,000' -2.50~40 
-83-.185 

aCC -.83 -- 0.000' 0.000 -177.470 0 -- 00" "0 0QT,.gp 
7 1 ,.83.'185 

gCC 8 _ 0.Q000 -P1.00.164.973 '0 -000 -...022Z7 
~83.185 

K.cc-,85 q. _0000 0,Q000 '--152.476. 0,000' 0.9000O--- -12270Q 

RCC 86. 0,000 0. 000-139.979 0.000', ,0.000 7-.27 
83185 

A~qC -87, .... 0,0, Q.00..Q_-'127.A483, 0.Q.,000 '0..-000'1L2:7q 

RCC -88,j 0 '000-14.986 0.000 _-1.7 

RCC'8909- Q,..0 2.0,.0,0 102 48 0_00~p071.Qoo'
-83.8 

R.CC u.-QQ -;Z 000" -'00o0 4'F70 

KCC '93 ..,090. L.0'O52002~ To~o-7o~o7-: 

Rcc- 95. oo 7'p'CS8" 

RCC. :.00''LTO

O.5.-24
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5.5.3,.2.3 PWR Bottomn Radial Fuel Gamma -Normal Conditions (Continued) 

FCC 1027770 000J2AS )p-00iS 0-.'0-I ýo27 

__83.185 
kCC 104 0~. 000 0.060- 10~2.489' '01000~~.003§ 

kc 105, 0O.'0i0 YQ9L89 .992&Q.OO 0I fQ I2~70 

83:185 :.7 

ý.CC 107 0.000 0.O000 -',4. 999 .0-.000 -o.O oc -. 7 

83.1 85 

ý,Cc 1108 >.oo§ppo 0.0O0 27,508 0,0.00OL 00O •E1.276 

RCC 111 O.0OO 0o.000 15.005 0.00.O00 .0-0---1.27-0 
* 8S3.1.85 

RCC 112 - 0.000 0.000 27.505 0.000 _770'.Q.000--'1.27FO 

RCC, 1.13 0.000 0.00 1:1 0:p000704P0- ~1.2-!A 

RCC. 112 _ _0.000 0,06~2.1 0.000 70 O0.IO 127O0 

__82. 868 
RCC 115 -0.000 0-.,"0-00 :-14.58.25 2 080MO 9.000.~17 

- 82.868 
RCC, 115 6 0.00 73 0.0 1628 _0.000~ 0.000 -1,270 

82.86 
RCC, -116ý 0.000 7.00Q1T .7J7.000 ~0.000 771.270 

82.868 

RCC 1170j -0.0 -00ý Oq0.0'j-123.23 4 0.0007L .000 71270 
82.868 

RCC'118 -.0 0 -000 m-10.3 0.20 Q .q 0. 0070 

82' 6 8 

R.CC 1203-0.0 0.00O3.4' 000 `ooo -1.7 

-;2 ý82.68 
ACC- 1217, -- '- "'0.0 f7154.O0 00 _ .0~ :70 

RCC 128 _0007900 8.0>900L700 1270 

8288

5.5.3-25
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5.5.3.23 PWR~ iion aialFe G na - Norma Conditions (Coninued) 

02 0~' ý0'~ . 0j 

_%'.0 0 20p0~ 0 .-HQý33. 1 

RýCC 13210:oogO OT:4 0 

RCI15 0.000 _ _0 __ 00 0 0 - 2 
82,868 

RCC 136~ .0.000 0 000. 58.4750 __,0' ý 29 
82.868.  

IRCC 136 _0.-00 01 . 0~0O0-46.253 Q. 0010- 009D, p._ 27Z1 
__ ._ K. 868 

ROC 137 0.0010 C'.0001- 33.7573 Q.0 0, ZQ1 .J~276, 
82.868 

RCC 139 0.0O00 0.000 I21:260 I~00~ . . . '.S1270 

RCC~~ ~~ t4 P.0 Ofi8A 0 Q0 0-Th1..  
82.868 

BOX 141 116. 909 4,404_1-2~35.687. 720. 061' X. 1 9 -, 0 
-233,7517 -10.206: 0.000'. ,Q000 q0Q,0.0141.2373 

POK, 142 ,111-78 6 _ 34,512_-235. 687-11 -0Q-.421 1 335 O0-.00 
--- 223.150 -70.359 0.000 0.000~ 0' 0 00~' 471.373 

BOX 143 99.044._62.268 -235.687- ~0.75 12 1 71618 0.00 
-1736-125.717 0.000 000 Q0i.A1.7 

BO _14 79ý.553A0 .8"-~567 f0 0.000,, 401,37 

-1804-.172-.5 08 _ 0.1000 _Q _0~0' 00.471.373 
POX 145 __..54.'641103.ý,-448,-ý235.6a6_1.4 7  :4 0,.00 

-08.0 0_-20.542_J 0.000L 0.000. .0.0 00 471. 373ý 
BOX.1.6>126,05 14,65 235', 618.7' 1 6.37_ 0-.303',§0.~ 
ii-50.2 -2843 0000 ,0.000 0 00 4i71.373 

BOX 1:47 -4.40 116.909<-235.687 -1.399- -0,061 I0O 
1d26 ~ ~237_517- _04Q.000 0j.000-, 0 :fl47i3ý73 

Box18_-351 111.8 23.8 3512 0.41 000 
'__-70':359 -2 15 -0,000 0 .oo00 -- 0.000.-47 373 

BOX 149 2 -2.2687 9044'-2 35.687 L-1.181f 075'_'OQ

BOX 15 Q044 J~6I~ 4 l2~~>0 

BOX~~~~ 15T, _-11_01 00065' 23 68 
BO 11.427ý1007 

687. OR _ ___ 

:+7 

CSS. +60 -61 
PW_-t82.' -;7$zzi



68- 7Z--.8- tk 

~0-6L 2, C:,7 Lf77T t-.O a0 

097.-- 6L7- L 9 T~t+LSO-A 
07-? 6L-. 1- TT90 

Q8ý-81.:' 79ttYt £OA 

08-7 6L7- 8LY9T4 T 

0 6L-, 81. 0ST O 

ý08 -6L-~ SL-9 ~T +, 60 1 

b08-' 6L- BL- s Tt-r+-rol 

os- .EL- -81-. ftrt Lot 

08- 6L- BL- ZOTT4SOIL 
08- 6L-, 981.: T0T+- .Td 

08- 6L- 8L.- O0T+ 601O 
68-1 6EL 8L.- 661 801 
08.- 6L-- BL-' 86+ LOI 

08'-- EL- -.- 8L- L6t+ 90S.  

08- 6L- .81- S61+ 9ýT 

Go- 8L- eL- 10X+ý ZI1 
08-- 6L.- 8L.: 001+ T0 

8 -7 6 L- 81.- E66>' ots 

08- 6C 0L L 6+- AOL 

08-' -61.- 8L e.6 91 
O8~6-8L- 96+ s 5 

08-61- 8.-986+ --- S 

fff-ýT ZT-UT-08- E-6Z 81.- - .: 

ý,ZT ~ ~ ~ 08 'El 7T JT ) 6&T-- S.7 85 o1+ 

oo 6&,ý 86.L6- .8 9 

n-08- 6L '8L-~ T9+ A0v 

08- E-_ 8L 9 gm

N8.E. pL ~ E0 
rufm08-Co&j 8'L- N Luoj'Eg0 

Voo-IS~O~n UOr-7sQ- OLZj-L 'O MOO

OOO~ •~VM s-D vjodsurjI IPSJQAlU{71 ®S~ -fdVSoooz,ý,aw
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5.5 .3.23 iO jfe Gamma Normal Conditions(Con~tinued) 

~ ~8' 

q10 4_1 3 -6 ~-78 --, 7 -9 
011-_+,1,7,... ... 76 7 ., 

01-4+140' -- 78 _79~ -80 
HO 014417± '-414 -16 -24 -26~ -18 ~-19"-8 

-,29 

H{02 +143- +3 _-4 -'14 -16 -24 _-26 -18 -1912 
2.9 

H03 4_144 t 3~ .-,4,_,-14_ -16 -24 - 26_,. -119 --29) 
7 - 29 

H04:+144j +3 -4,9-14 -16 -24 -26 '-18 -19 -28 
-29 

H-05 +145 +3 -4 - 14 -16 -24 -26 .18-19j 2 
__-29 

106 +146~'4 -4 -. 14 -6-24.-6--8-9-2 
- 29 

407' +148 43 -4-14 '-16 -24 76.-8: -19, -28 
__29 

H406 +148 +3, -4 -- 14 -16 ý724 .-26 618 .- 19 ý-28 
29 

H09 +1490 +3_ _-_4 -:14 -16 -24 -6-18 -i ý:2 
- 29 

011" -151 ý' -.'t -4 '-14 -16 -24 -26 -18 -19--2 
ý29 

Ei12 +ý152 +-3 -- 4'-1 -16 -4-26 ~-18 1-9 -2ý8 

NS-S __+I - _2 -.4 _ ý18-1 -28-2 
N-S4 - 43'- fi4f16Ž8 J_-24 :26 _,-28 

-29 -141 -142 5143 -14?4-145, -146_-47,,; -+1 f84 5 
* 15: 151. .'4_ OR +54 OR-1'4 O 

~±5 4 .O i7j4 
NJSE'7-i2_ -3 -4-8-19 -28' 2 
OSS, '4::41 42 3_-4 -554 -7_-4 
PB3G ±6 -7 

BRG, +5' -6 - -0 41.2 -4 -44 -45 46:-, _47 

!SS 4124; 21 

CAV~ 1 :~ 
PL1 _R _0L 41I5~O'-1~4"~4§2 

'.'23 

PitflL.T~.:L+24 f1774 C-2~j o i+28 iL4 -
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5.5'.3.2.3 IPW _ --R-B--oýtto-m RPa',dial Fuel Gamma -Normal Conditions (Continued) 

ýU~ I2j6 4 jji._4'2l'.-7 -R~' +2 

LgSS 'OR-,+34T __3 40- R 7o ý t3 9, -4 0 ...- ' 8 O 

ýMZ -O'O -i+,36. 1 38"3 OR i+237 -38 -3,1 

;ýW_4"'.35 -36 _2-37 

-L,.OR, +22, -. 1i OR. +20 
V'L2 OR +23 +1 OR .+21 +-1 

t1,,OR _+32"_' +1, __OR+3 a 
Wt2 OR +33'_+1 OR 431 +1 

VET ~ ~ ~ b -R+3 -1 O +45 _-43_ OR, _+47 -45, -1ý2 

YTC +41 ±4 
VEi b t? ,'t447ý'-_42 OR ý4 6. '-44 ,OR 448 z 6 '1 

PEP 4,509 ±407 -49 
DEB - OR +51 -34~' OR ±t51 +4_0_'5 

DEC .+52 -51 
DER ',+53 -52 
DEjD ý+5 4 -53 

DEE +55 -54 

INV- +5 -.5 5 

ExM +59, -58 

'112 Reglions 

1 1_1,1 1 1' 3_ 3 1 3_ _ 

- 3'3_ '3 2 1z2Z12'2 " 

2.77.7
~t~nie seQ 
112 RD 

I A Q.2 07_7_ 0iZ712L1 

, -A' 
1 

END"'1'

ý.5t3-9
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r- --
'~~'s,- 

--- 
-P-w,-",'rR-- 

"w--- ' 

5.5.3!2.4 PRTop RailEdFtigGamma - Accident Conditions§ 

$Td el7xi 1-Žrf4 22

Re'ferei~iie-tEA7,90009 Rev.- dsetprra-~~l 

atis± fuiel,' 2' ibasket o~~ief fti radius j~~sS 

ZIRCALLOY- JDEN-=Q, 4 494 - .,O &ND 
ýýS3q:P 4 DEN-=•-.380YI.7 END

I DEN50.0220 11.0 END 
SS3 04 :pE=07691 1.0 END 

AL' 2 DEN=O'-2544 1 .-0 END 

4 is in fuel rius,,,5 is oýuts.ide of fuel zradiui 

OIRCAILLOY__3__DEN=-. 4 4 94 1. 0_NDt 
~S30 1J~DEN=03181~QEND 

S3S304 . 4 DEN'=O.6101.1.0 END 

SS304"-" 15E 2366 1.0 END 

~S39§~ hDE.=113661~QEND 

~~EGIN~LOWEcs ENEBTTN 

~s39j97DN=I4~541.0END 

Ps304--- -17 1 _O END 

8-10 Z7.~70.07 8.552- N 

J3QNf 2 -09.2_EN

5.5.3-30
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5.5.32.4 op Rd7ia-lEnid Fitt'i'ngjL Gam Acc~iaent Conditionsý (Cniue 

~Rda 1: 4a R3ev. 2. 8 NoalCnion 

L71: 695 -3:579, 85_ 166 85-'.65994' 7.1 

--97,930. 1014'-5iS11,6-345.J..'6 980 IEND 
~75i.612 ~0 12 13__0 12 14 12 ENýD 

T'IM=3000. 0 NST-2.000NITý=_L00 ISQ= 1G4 RA=QD2A50iF= .1140e4:14 

ICS=9 NOD=0 I.PF=O EMM 

mOE 

~W17245,J 11~~r,.Hrdw~ aiia pect.ux 
O.0000E-01 0.0000E-0 .C0O00GE--01_0.OGGOE-01 2.201E-15_3.2491t044 

2.0O958E+7 ~7'.5979E-06 8.8313E+11 3 .1272E1-12 1~.0399E+09 3 .6948F,+06 
1.0639E+07 1.6834E+108 1.4'2830E+08 2.5839Et09-2-7l1E;-l0 5.4096E+10 ENDb 
SXYK 5 -83.5j79 83.579 '-83.579 83.579 198-.780 215.B49 83.579 

215.849 1.0 1.0 'ENID 
'WE1x17 Top Model Radial Detector Desc. Rev. 2. No Torma1onion 

-'ICS=9 
(OF 108,280 116. 980 ,116. 980 135.763 15 7 .4 80 2 16,.98 

7 316.980,357.480 516.9 -80 END 

CSL 216.078 234.975 203.378 216.078 0.000 203.378 _0.000234.975j 

.2341.975-262.915 0..000,,443.560Q , 01.000[543 560 0,Q0 00>51913 606 
0.000 '743,.560 END 

csi ý2 1 .1 16 20,1124-'1 _8-I ]'6-7 
* 16 16 1 16 1EN 

tGEN 
U~s~ranporti.ak -W17x17, :Topý -28 

ýQO 0 150Q 
RCC ~1 __0-.00, 0.000ý G-216.-078 0.000 - 0.000Q 4ýý2-1-6 

116.980 
RCC 72- 0.0C00 10 .O0--2f4'.8O08 P.Q _O000 _429'.616 

ROC C 3,77 00' -- 8iL2O0-j'.0 432.176 

RCC 4ý.. -A0.00zQ002'788 0.000__'1000 2.  

~~~'RC~~~~~ __5 Q.01-O0OO6.78 .0 Q.000 14A402 

TRC~~~~~~6- 1ooo.- 0 7127.: ooo 0000*-7J4.40~ 
10 Q`8 _7 10493S 

9C -07- 0.0 .7 

n'~~.~~8 7-OOO2O 07 3.  
___ 2 ---l97 

BOX': 13-- -,0,'- 0 
111.II'OOO 000LAA-Z346j Amoo MOO4'000

57-31
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RCC ",15 0UI. 0 0 0 0'.. 00Q3 229,4 jd0 4,'o 432'11 

RCC__17ý'_-_0.000, 0.9000-246-.405, _0-- OG 0b00 4O.~__ 

RCC- IS '7'0.0007 0.d000257..835J o0-0" 000 2 "I11430 

99.517 

RCC ~20 70.0007 0.000T5:262'.915,"oo0o~o~.~ 
L. '7f88J722 

RCq" 21.. _,0.000,7O'.o00ý _262".9157 0.0-, ý 7qc 
__88.7-22 

FCC-22 Q.10.000 10-.000 .-2612T'.15_' 0, 00 ",-00 "16'.'5 1 U 
99.517 

Rcc 23 0-100 0, 0,0-22,1 

CC24 _-0_ o 0o 0.00-216'.0787' -- 0 0 37 
113 .106 

RCC 25 0.00 0':oo * 000 '207".823 70,.000- I000'- -4 

BOX ,26 .112, 090' '. 4 0. 6 4 0O-,203 .378 15.240' ',Li000 0O 
0.000 ý81 .280~ 0.000 ,,,.,9000 0.1000 ý,-12,.7i06 

BOX__27 _1111.455 ,740.640 -202:108 05.4~ .~.000- .o' 
0.000 81.280 ,0000 0.,000 _ .000,,-13.980 

POX 28 --112. 1090, _-40.640'--203. -378 -15.2-40 0'-.G 0o0 __ .000~ 
0.0100' - 81,'280 '' 000'o 0.000 0.'2.71 

BOX' 29 -111.455 j-40.640 2~02.108- _-1240 '0;OQ 000' .00 
0.000 81.280 __0.000 *0.000" ~0.000, -13.98Q 

BOX 30' -40'.640 ý112.090"'Z203 .378' 81.280, _0.000-_ 0.000 
__0.0,00._ 15,240 .0.000..-_0.'000-_ _,0'.000- -12.'7140 

BOX-_31 -4a4-0045'~0.0 8.8' '"-0 '000 
,..~.X1.'& _ 5..240_ _0.000 a .90 a h0-7 0'000 23.8 

B3OX I2 I-J 57 2 1 1pO:-L.  
77, 000-'--12 4 0 0 0 0 0.0077p00.oiQ.oc0 1 ;JH 

BOX ',34- 1I2.t0 9O'j0260720T7'152 4 0 LiQ O-o"' 000 
BOX 3 '1 -,,5S7~40 640 379.10' _4 Q.o'7 ~0 

.81.80 '"--o.000'~Q 00 
BOX 13 5120Q .-060703:7_1240_ ,.700':0.a 

0'M -, 0 000''0.000§" 13.980 
BOX 38 3' 37 1524 0§47i. 0T000 - --- ---

13' ~ ~ ~ 0- 0'oo7.s2o"''ho" oZ0 0 0 _,"'12, 71'0 
BOX 3 79"-3- 3,457 2,.11:T 10 8,- 1.

BOX- p4.3 -

- 0; 0 

BOX - 41 40. 640`14 55J0120s LT1280"§TýT0,9'a7 
010 -QQFý QýQ
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-PWR- To Radia hn Fitingým Ga~mm'a'- X-'Accdh Cnitions (continued)

)kCCLI 42, ~ 4sL6'~5 7 ~ ~ ~ nij2 

-4 3 : -O---COD "--74 B-7-9,--2 2'0 0 0 0 -- .  

P8CC 2144_ 0.000. 0 . 0 0 -34 3,56.0 0op 0 '~o 0 0 
_157.480 

'- 0. 0-6 ýtCC., 45., - 0.000.,' 0.000Q 342.19256_ 005. .  

1 325.984 
RC47"47 0.000 0.000_-284.251 0' '000 " 0-000""'568.50 

RCC 48 0.000 '0,000 -263'5 50" 0,000"" 0.j0 .5 27'.j'f

10.000 ''0.-000 -235,810 '- .0.000 ,0.000 4 -71..22 1

157,.480 
*~ 0.000' '- 0'.  

116.980 
0.000 _0.000 

135.:7163 
*0.000' o000 

316.980 
-0.00,0 10.000O~ 

3517.480 
0.000. 0.p0Q0

416 . 980

-234 .9.75 0. 00Q.1. '0.100 _469 .95 

-.262. 945 r':02"0 

--2314.985 . 0 0 ,OO" 0 C.,0'~4.59',9.7 

-54,3,.5.60 .01:0 00 '0 10 01 Q.-18 1..12.1 

-543. 560b"0.000.~" 0.000 148'7.121f 

226.91' ".0000 0 MO. 0012 5 121'3

RCC -59 ' 0~.0 , 0000- -362.951 " 000000 OZO 725.83-1 
20'4.91 

g.CC. 60 ooo' 000-8350 . 0.00"_0.0018.2 
616. 980 

P8CC _61 :0.0.00 Y'0.00i937'0'. 7 10o 0;'o.oo 1O~ 887,:121 

RCC 62 '000 000-4605 r'''o:'0'.01 9.1 

- '7 5 

3,aS..89 
RCC,'._-67 --00 ""-A7'~.®J720""5: 

RCC' 67 Q: ' L Q100 -go-'QS29..9 701100~'49 

RC'C'6"74;1 591-. 69.0 723 775_'Q Z O0021A20 IQ1ý

5.5.3-33

5.5.3.2.4

RCC , 49.  

RCC 5 Q 

8CC .51.  

RCC 52 

RCC- 53 

RCC, 54 

RCC ,55 

iRCC 56 

ROCC 57' 

ýRcc 5
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.5'.3'. 2".4 P adaEnFtigGmma --Ac idýnt Conditions (ontinued) 

5-,080 

1 .384 
'RCC 74 '-41.910__5 9 .690,--29 -448 '~0 DO Q0'~ 

1.384 
RCC 75 .. 41.910, 59.190'.3,33 6.000 0*.47.3 

2'.832 
PCC 67 4 1. 910 _59,.690' -2 37 . 737 '"~'0' 000 j .9~~47'4ý 

_2 'L832 
?2C, 77 0 '0.000 1. -1-0.0100 -2121'.005 0 Z 0 00 QO 0, 44 27.  

83.589 
ROCC,7~ 0.000 0.00 - -0 

71,695 
RCC. 79., ,_ GOg,00 ~~0001COP.ý9ý8,780 "T90 O0,00-~9 

71.695 
RCC" 80 "'I0000q P. O00'182,880" 0-00 0 '00 3 65 760 

71'.695.  
RZCC 81 _ 0.000 0P.000,,-22.1.015 0,,,00ZQ0'42o 

ý71. 695 
gCC '82 _0.000 000'2s89'o o"0gO T 3.8 

- 83.589 
RCC 83 ý0O0 0:Q00':198.780L- -0400oo 0.0ooo 0 .1-5 

83.589 
R~cc 84 .0.000 '0.000O-182,880 0.000 0LT.0'00_367 

RPP '85 .'-25.456 25.45'6 -77.320 '_77.320 -215 . 849" 2 15.'8 4 9 
RPP- 86' .- 52.817 .52.817 -52.817 52.817 -215.849 "215.849 

RPP 87 ' -77.,320 77--320 -25.456' 25.45'6 ,-215..849, t8149 
RPP 88"-546 2.5" 77.320 77.32o 18.ý78oipa8.7 0 
RPP 89 ' --52-.817 '52.817 -*52'.817 '52.817 -158.780 ,198.,78b 
2P: 90Q 7.3 0 "17,20 --25.,456 25.456--198.780__198.780 

p.PP '91': '225.456 -- 25.456 L771,320, '77.420"-_182 860 182.g8 

"RPP 9 .2 5' 'L2-8,1 7 -52. 8J7 152.817 '52.817 '8"880_ 1"82.880 
RPP_ ;3-730, 77.320. :251456 25 ..45 6-,8288 "182T-.88-0 

RP ~ Tl-5. _625.456- -z77-320 77.320 22 1.015_221.015 
RPP ,5.5287" 217 ,.'52.-817 '752-.-8 7,.221'1' 21 
RPP: .9 '"-7320 .-77.32 -25 .456 '_25. 56 -2015 221.'015 
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5.5.3.2.4 WRT RdaEnFitingý Gamma - Accident Conditions (Continued) 
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5.5,3.2,4 WRTop Rd End Ftrng Gamma-Accident Conditions (Continued) 
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,5.53.2.5 Fuel Gvaamman (Continued) 
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55.3.2.5 Heat Finigvaluation - Fuel Gamma (Continued) 
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5.5.3 2ý.5 Heat Fin Evaluation - Fuel Gamma (Continued 
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