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1. PURPOSE 

The purpose of this calculation is to determine the thermal response of the 44-boiling water reactor 
(BWR) waste package (WP) to the hypothetical regulatory fire accident. The objective is to calculate 
the temperature response of the waste package materials to the hypothetical short-term fire defined 
in 10 CFR 7 1, Section 73(c)(4), Reference 1. The scope of the calculation includes evaluation of the 
accident with the waste package above ground, at the Yucca Mountain surface facility. The scope of 
this calculation is limited to the two-dimensional waste package temperature calculations to support 
the waste package design. 

The information provided by the sketches attached to this calculation is that for the potential design 
of the type of WP considered in this calculation. 

In addition to the nominal design configuration thermal load case, the effects of varying the BWR 
thermal load are determined. 

The associated activity is the development of engineering evaluations to support the Licensing 
Application (LA) design activities. This document is developed using work planning document 
Technical Work Plan,fi~r: Waste Package Design Description for LA (Reference 26). 

This calculation is performed in accordance with AP-3.12Q, Rev. 0, ICN 3, BSCN 1, Ca1culution.s 
(Reference 28). 
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2. METHOD 

The solutioll n~ethod employs finite element analysis (FEA). A two-dimensional (2-D) finite element 
representation of a 44-BWR WP was developed and solved using the thermal analysis capabilities 
of ANSYS Version 5.4 (described in Section 4.1). 

Calculation cases have been defined to determine effects on the thermal response of the waste 
package resulting from variations in parameters of importance. Variations include the 
presencelabsence of gaps in the WP (between the inner and outer shell, between the plates and tubes, 
and between the plates and guides), and the volumetric heat generation rates. The FEA analysis 
investigated the thermal response of BWR spent nuclear fuel (SNF) using representative effective 
conductivities with and without a channel. These calculations are performed based on exposure of 
the waste package to the hypothetical fire conditions for a period of 30 minutes, followed by 
cooldown. 

The control of electronic management of information was performed in accordance with the planned 
method specified in the technical work plan (Ref. 26). 
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3. ASSUMPTIONS 

The following assumptions were used in developing the WP representation and obtaining the thermal 
solutions. 

3.1 SYSTEM DESCRIPTION DOCUMENT (SDD) ASSUMPTIONS 

3.1.1 It is assumed in this calculation that the WP is exposed to the fire conditions for transport 
packages as defined in 10 CFR 71, Section 73(c)(4). The rationale for this assumption is that 
it is based on Section 1.2.2.1.1 1 of Reference 8, which requires that the waste 
packageldisposal container be designed to withstand the same fire criteria as applied to 
transport packages. This assumption is used in Section 5.1. This assumption does not require 
verification. 

3.2 GENERAL ASSUMPTIONS 

3.2.1 It is assumed that a 2-D finite element representation of the WP cross section midway along 
the longitudinal axis will conservatively represent the WP. Inherent to this assumption is that 
the axial heat transfer does not significantly affect the solution (i.e., the flow of the heat in the 
radial direction is assumed to dominate the solution since the radial direction represents the 
path of least thermal resistance). The rationale for this assumption is that the metal thermal 
conductivity and heat generation distributions are such that axial heat transfer is very small 
or negligible at the midsection. This assumption is used in Section 5.5. This assumption does 
not require verification. 

3.2.2 It is assumed that the mode of heat transfer between the WP outer surface and the 
surroundings, or environment, is by radiation only, except for the fire condition during which 
free convection heat transfer heating of the WP shell is included. The rationale for this 
assumption is that it maximizes the calculated peak temperature in the WP, which is 
conservative. This assumption is used in Sections 5.1 and 5.4.2. This assumption does not 
require verification. 

3.2.3 The calculations are performed assunling a 180-degree segment of the WP cross-section. The 
rationale for this assumption is the following. The geometry of the cross section is 
symmetrical about the cutting planes of the representation. Therefore, the heat generation 
paths will also be symmetrical, resulting in no heat conduction across the cutting planes. The 
radiative heat transfer across these cutting planes is assumed to be negligible relative to the 
radiative heat transfer in the rest of the cross section. This assumption is used in Sections 
5.4.2 and 5.5. This assumption does not require verification. 

3.2.4 The WP inner shell and basket components (corner guides, fuel basket F-plates and G-plates 
(thermal shunts), and the fuel basket A-plates and B-plates) of the 44-BWR WP (Attachment 
I), that separate the BWR SNF, are assumed to be integrally connected. The rationale for this 
assumption is that the connections between the inner shell and the basket guides are achieved 
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by welding (p. 18, Ref. 2), and most of the divider plates will be in direct contact with the WP 
placed horizontally. This assumption is used in Section 5.5. This assumption does not require 
verification. 

3.2.5 For the analysis configuration where gaps are assumed to be present in the 44-BWR WP, the 
WP inner shell is assunled to be centered in the WP outer shell with a uniform radial gap of 
4 mm. The rationale for this assumption comes from p. 16, Ref. 2. The loose fit cylinder- 
within-a-cylinder construction requires that the surfaces of the inner reinforcement cylinder 
and outer barrier be machined. Loose fit is defined as a 0 - 4 mm gap between the cylinders 
(p. 16, Ref. 2). This assuinption is used in Section 5.5. This assumption does not require 
verification. 

3.2.6 For the analysis configuration where gaps are assumed to be present in the 44-BWR WP, gaps 
of 2 mm are assumed to exist between plates and tubes, tubes and guides, and plates and 
guides in the basket. The rationale for ti is assumption is that this reflects reasonable 
manufacturing and assembly tolerances of the basket components. This assumption is used 
in Section 5.5. This assumption does not require verification. 

3.2.7 For the analysis configuration where no gaps are assumed to be present in the 44-BWR WP, 
it is assumed that perfect contact exists between the WP inner and outer shells, and between 
the basket components. The rationale for this assumption is that with no gap, the thermal 
resistance is minimized, thereby maximizing the heat flow to the B WR SNF with heating of 
the shell by the fire. No credit is taken for contact thermal resistance at the component 
interfaces. This assumption is used in Section 5.5. This assumption does not require 
verification. 

3.2.8 It is assumed that a small change in basket width has a negligible impact on the effective 
thermal conductivities. Thus, the effective thermal conductivities established in pp. 147-148, 
Ref. 3 for a 0.1524-m basket width (p. 15, Ref. 3) remain applicable to this calculation, which 
uses a 0.1553-m basket width (Attachment I). The rationale for using the Reference 3 
effective thermal conductivities is that the effective thermal conductivities are primarily a 
function of wall temperature, heat generation rate, and fill gas. This assumption is used in 
Section 5.3.8. 

3.2.9 Natural convection heat transfer within the WP is neglected. The rationale for this 
conservative assumption is that the dimensiol~s of the cavities within the waste package are 
such that natural convection is not significant compared to the other modes of heat transfer 
(conduction and radiation). This assumption is used in Section 5.5. This assumption does not 
require verification. 

3.2.10 For the analysis configuration where gaps are assumed to be present in the 44-BWR WP, air 
is assumed to fill the gap between the inner and outer shells of the WP. The rationale for this 
assumption is that there are no special requirements of fill gas between the inner and outer 
shells during the WP closure welding process (Ref. 4). This assumption is used in Section 
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5.3.7. This assumption does not require verification. 

3.2.1 1 The 44-BWR WP, inside the inner shell, is assumed to be evacuated and filled with helium 
gas. The rationale for this assumption is that helium as a fill gas for WP designs is a design 
basis recommendatioli (p. 9, Ref. 5). This assumption is used in Section 5.3.6. This 
assumption does not require verification. 

3.2.12 The properties of helium at atmospheric pressure are assumed to be representative of the 
conditions that this gas will experience within the WP. Tlie rationale for this assumption is 
the fact that approximately a one-atniospliere f i l l  pressure is the design basis for uncanistered 
spent nuclear fuel (UCF) waste packages (p. 33, Ref. 8). Even though the internal pressure 
of the WP will increase due to the temperature rise, the thermal conductivity of most gases 
is pressure independent (p. 255, Ref. 7). Thus using the thermal conductivity at one 
atmosphere is reasonable. This assumption is used in Section 5.3.6. This assumption does not 
require verification. 

3.2.13 This calculation utilizes the BWR SNF effective thermal conductivities (with and without 
channel) from pp. 147-148, Ref. 3. Tlie rationale for this assumption is that these are the 
recommended bounding BWR effective thermal conductivity values to be used with finite 
element methods which explicitly model the SNF assembly as a homogeneous heat source. 
This assumption is used throughout the calculation. 

3.2.14 The spent nuclear fuel within the 44-BWR fuel basket tubes is assumed to be a homogeneous 
uniform-property heat-generating volume. The rationale for this assumption is that this is 
consistent with the effective thermal collductivities calculated in Ref. 3, that will be used in 
this calculation. This assumption is used in Section 5.2.2 and 5.5. 

3.2.15 The 44-BWR WP is assumed to be loaded with 44 identical heat-output fuel assemblies. The 
rationale for this assumption is that, since the waste stream is not finalized, and the loading 
of assemblies is still being determined, assuming a uniform heat-output loading will provide 
a reasonable average thermal response of the WP to the fire accident. This assumption is used 
in Section 5.4.1. This assumption does not require verification. 

3.2.16 The maximum heat rate within a 44-BWR WP is 1 1.8 kW. The rationale for this value is that 
it is the design basis maximum thermal output for UCF WPs (p. 17, Ref. 8). This assumption 
is used in Sections 5.1 and 5.4.1. This assumption does not require verification. 

3.2.17 An axial power peaking factor (APF) of 1.4 is assumed for the BWR SNF. The rationale for 
this assumption is that the value of 1.4 conservatively bounds the APF values given for the 
BWR SNF on page 47, Ref. 6, thereby providing the rationale for this assumption. This 
assumption is used in Sections 5.1 and 5.4.1. 

3.2.18 The heat load of the 44-BWR WP is assumed constant with time throughout the fire accident 
transient. The rationale for this assuniption is that the heat load will not decay significantly 
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during the relatively short period of time for the fire accident. (A determination of the 
sensitivity of the calculated peak temperatures to the WP heat load is included in the 
evaluation.) This assumption is used in Section 5.1. This assumption does not require 
verification. 

3.2.19 The fire accident is assumed to occur during preparations for WP emplacement. The rationale 
for this assumption is that this gives the maximum heat load for the WP. This assumption is 
used in Section 5.1. This assumption does not require verification. 

3.2.20 A temperature of 38°C is assunled for the WP surroundings during pre- and post-fire 
conditions. The rationale for this assumption is that it is consistent with the requirements for 
fire-exposure testing of transport casks exposed to the sun as given in Section 73(b) of 10 
CFR 71, Ref. 1, which specifies a maximum of 38°C. This assumption is used in Sections 5.1 
and 5.4.2. This assumption does not require verification. 

3.2.21 A uniform temperature of 800°C for the WP surroundings, i.e., flame, is assumed for the fire 
condition. The rationale for this assumption is that it is consistent with the definition of the 
short-tern~ fire for transport packages per Section 73(c)(4) of 10 CFR 71, Ref. 1. This 
assulnption is used in Section 5.1 and 5.4.2. This assumption does not require verification. 

3.2.22 The fire exposure duration is 30 minutes. The rationale for this value is the requirement from 
Section 73(c)(4) of 10 CFR 71, Ref. I. This assumption is used in Section 5.1. This 
assumption does not require verification. 

3.2.23 For purposes of calculating the effective emissivity for the radiative energy exchange between 
the WP outer surface and the surroundings, the outer surface is assumed characterized as an 
ideal gray surface. The rationale for this assumption is that it simplifies the calculation by 
considering the surface absorptivity equal to the surface emissivity, and maximizes the 
calculated rate of heating of the WP during the fire for the case where a value of 1.0 is used 
for emissivity, which is conservative. This assumption is used in Section 5.4.2. (Note that the 
assumption does not apply to the solar energy incident on the WP outer surface.) This 
assumption does not require verification. 

3.2.24 A value of 1.0 for the emissivity of the WP surroundings for the pre- and post-fire conditions 
is assumed. The rationale for this assumption is that this conservatively maximizes the 
calculated radiative energy incident on the WP outer surface, and maximizes the WP 
temperatures calculated for both the pre-fire condition and the post-fire cooldown. This 
assumption is used in Section 5.1. This assumption does not require verification. 

3.2.25 A value of 1.0 for the emissivity of the flame for the fire condition is assumed. The rationale 
for this assumption is that this conservatively maximizes heating of the WP and exceeds the 
minimurn value of 0.9 specified in Section 73(c)(4) of 10 CFR 71, Ref. 1. This assumption 
is used in Section 5.1. This assumption does not require verification. 
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3.2.26 A value of 0.87 for the emissivity of the WP outer surface (Alloy 22) is assumed for both the 
pre- and post-fire conditions. The rationale for this assumption is that it is based on the data 
given on p. 10-297, Ref. 9 for nickel-chrome alloy. This assumption is used in Section 5.1 and 
5.3.3. This assumption does not require verification. 

3.2.27 A value of 1.0 for emissivity of the WP outer surface for the fire condition is assumed. The 
rationale for this assumption is that it conservatively maximizes heating of the WP and 
exceeds the minimum value of 0.8 specified in Section 73(c)(4) of 10 CFR 71, Ref. I. This 
assumption is used in Section 5.1. This assumption does not require verification. 

3.2.28 A constant rate of solar energy incident on the outer surface of the WP equal to 400 cal/cm2 
per 12-hour period is assumed. The rationale for this assumption is that it is consistent with 
the definition of the short-term fire for transport packages per Section 7 1 (c)(l ) of 10 CFR 7 1, 
Ref. 1, for the energy incident on the curved surface of a transport cask. The rate of solar 
energy incidence is maintained constant with time during all phases of the accident, i.e., from 
pre-fire through post-fire cooling. This assumption is used in Sections 5.1 and 5.4.2. This 
assumption does not require verification. 

3.2.29 The solar absorptivity of the WP outer surface is assumed to be 1 .O. The rationale for this 
assumption is that it conservatively maximizes the calculated solar heat flux into the WP 
surface and maxinlizes the WP temperatures. The solar absorptivity is maintained constant 
during all phases of the accident. This assumption is used in Sections 5.1 and 5.4.2. This 
assumption does not require verification. 

3.2.30 The gas that flows around the waste package during the fire accident (pre-fire conditions 
through post-fire conditions) is assumed to be air. The rationale for this assumption is that the 
heat transfer properties of the gases around the waste package do not change significantly 
during the fire (Section 8.3, Ref. 7). The main component (79%) of air, gaseous nitrogen, 
reacts negligibly during the fire, and the other component, oxygen, reacts primarily to carbon 
dioxide. This assumption is used in Sections 5.1 and 5.4.2. This assumption does not require 
verification. 

3.2.3 1 Free-convection heat transfer at the WP outer surface is taken into account only during heating 
of the WP by the fire, and is assumed to vary based on the correlation for air at normal 
temperatures and atmospheric pressure per the equation 1.3 12  AT"^) W/m2.K, AT in degrees- 
K (equivalent to the equation 0.19 ~ ~ " " t u / h r . f t ~ . ~ ,  AT in degrees-F, from p. 4-88 of 
Reference 10). The rationale for this assumption is that the equation gives conservatively high 
values of the heat transfer coefficient for temperatures greater than normal room temperature, 
maximizing heat flow to the WP shell during the fire. Use of the equation is conservative at 
temperatures exceeding rooin temperatures because the free convection heat transfer 
coefficient decreases with increasing temperature of the gas due to the change in gas 
properties with temperature. (The free convection film coefficient increases with increasing 
Grashof number, which varies directly with the coefficient of thermal expansion and inversely 
with the square of the kinematic viscosity of the gas. Since the coefficient of thermal 
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expansion varies inversely with the absolute temperature of the gas and the kinematic 
viscosity increases with temperature, the Grashof number therefore decreases with increasing 
temperature. Consequently, both the Grashof number and the heat transfer coefficient 
decrease with increasing temperature, so that use of the correlation is conservative in this 
case.) This assumption is used in Sections 5.1 and 5.4.2. This assumption does not require 
verification. 

3.2.32 The emissivity of stainless steel 3 16 is assumed to be 0.62. The rationale for this assumption 
is consistency with the range of emissivity for this material (0.57 to 0.66) given on p. 4-68, 
Ref. 10. This assu~nption is used in Section 5.3.2. This assumption does not require 
verification. 

3.2.33 The emissivity of A5 16 carbon steel is assumed to be 0.80. The rationale for this assumption 
is consistency with the range of emissivity for this material (0.78 to 0.82) given on p. 4-68, 
Ref. 10. This assumption is used in Section 5.3.1. This assumption does not require 
verification. 

3.2.34 The emissivity of boron stainless steel (Neutronit A978) is assumed to be equal to that of 
stainless steel 3 16. The emissivity of stainless steel 3 16 is taken to be 0.62. The rationale for 
this assumption is consistency with the range of emissivity for this material (0.57 to 0.66) 
given on p. 4-68, Ref. 10. This assumption is used in Section 5.3.5. This assumption does not 
require verification. 

3.2.35 The emissivity of aluminum alloy 6061 is assumed to be 0.07. The rationale for this 
assumption is consistency with the range of emissivity for rough aluminum plate (0.055 to 
0.07) given on p. 4-68, Ref. 10. This assumption is used in Section 5.3.4. This assumption 
does not require verification. 
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4. USE OF COMPUTER SOFTWARE AND MODELS 

4.1 SOFTWARE APPROVED FOR QUALITY ASSURANCE (QA) WORK 

The FEA conlputer code used for this calculation is ANSYS Version (V) 5.4 (hereafter called 
'ANSYS') (Reference 1 I), which is identified with the Software Tracking Number 10027-5.4L2-00. 
ANSYS is a conlnlercially available finite element code and is appropriate for performing thermal 
analysis of WPs, WP emplacements, and WP environments as utilized in this calculation. ANSYS 
was operated on a Hewlett-Packard 9000/C200 workstation designated as 'grO' (Tag #20026 1 143 I )  
in Lynchburg, Virginia. ANSYS V5.4L2 is the same software as the ANSYS V5.4 obtained from the 
ANSYS distributor. The evaluations performed in this calculation are fully within the range of 
validation for the ANSYS V5.4 code used. The software was obtained from Configuration 
Management and is appropriate for its intended use. Inputs to the ANSYS software and its outputs 
are included as attachments and are described in this document. 

4.2 SOFTWARE ROUTINES 

None used. 

4.3 MODELS 

None used. 
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5. CALCULATION 

When converting values from English to metric units, the added digits of significance are an artifact 
of the conversion process and do not reflect actual precision of the value as expressed in metric. 

Note that although the ASME designations are used to identify the materials involved in the 
calculation (Table 5-3), the Unified Numbering System (UNS) designations also provided in Table 
5-3 serve as a link to ASTM references. 

5.1 SCENARIO 

This calculation determines the thermal response of the 44-BWR WP to the hypothetical fire accident. 
A set of runs are included to demonstrate sensitivity of the BWR peak cladding temperature to 
various configurations and variations in selected parameters. The objective is to calculate the 
temperature response of the B WR cladding to the hypothetical short-term fire defined in 10 CFR 71, 
Section 73(c)(4), Reference 1 (Assumption 3.1.1). 

The conditions defined for the fire accident in Section 73(c)(4) of 10 CFR 71 are as follows: 

The waste package shall be considered totally immersed in flame of temperature equal to at 
least 800 "C, for a period of 30 minutes. 

The effective value of emissivity for gases in the flame shall be at least 0.9. 

The waste package outer surface absorptivity coefficient must be either that value which the 
package nlay be expected to possess if exposed to the flame temperature specified, or 0.8, 
whichever is greater. Heat input from hot gases to the waste package will include the free- 
convection heat transfer mode in addition to thermal radiation (Assumption 3.2.2). 

No credit shall be taken for artificial cooling of the waste package after termination of 
exposure to the flame. 

For transport package testing, Section 73(b) of 10 CFR 71, Reference 1 specifies a maximum 
temperature of +38"C for the tenlperature of ambient air before and after the specified 30-minute 
duration of the fire (Assumption 3.2.22). Section 71 (c)(l) of 10 CFR 71, for normal conditions of 
transport, lists the total solar energy incident on the curved surface of a transport cask over a 12-hour 
period as 400 cal/cm2. 

Based on the above requirements, the fire accident evaluated with the WP at the surface facility 
(Assumption 3.2.19) is described as follows: 

The waste package is at the surface, loaded, sealed, and in a horizontal position. The WP is 
at steady thermal conditions with radiation heat transfer to the surroundings balancing the sum 



Waste Package Project Calculation 

Title: Thermal Response of the 44-BWR Waste Package to a Hypothetical Fire Accident 
Document Identifier: CAL-UDC-TH-000004 REV 00 Page 15 of 47 

of volumetric heat generation rates in the waste canisters and uniform solar radiation incident 
on the WP outer surface. 

The waste package outer surface is instantalleously subjected to the thermal conditions 
specified for the regulatory fire as described above, producing uniform, rapid heating by both 
radiation and free convection heat transfer modes. Exposure of the WP to the fire is 
terminated after 30 minutes. 

After termination of the fire, the surrounding air and surfaces return instantly to the 
temperature conditions existing prior to the accident. No credit is taken for free convection 
cooling after the fire. Cooling of the WP occurs by radiation to the immediate surroundings 
only. 

The calculations for the fire accident proceed as follows: 

( 1 )  Base case FEA representations and a set of input variables for calculating the WP thermal 
response to the fire are first defined. Effective thennal conductivities for BWR SNF both with 
and without a channel are evaluated in separate base cases. The base case WP configuration 
includes gaps in the WP (between the inner and outer shell, between the plates and tubes, and 
between the plates and guides). In this configuration, the pre-fire temperatures in the WP will 
be maximized. However, the effects of the fire on the temperatures inside the WP will be 
minimized due to the lower thermal resistance effects of the gaps. 

(2)  The effects of the gaps in the WP will evaluated in the next set of cases. All of the gaps inside 
of the WP (including the innerlouter shell gap) will be eliminated. In this configuration, the 
pre-fire temperatures in the WP will be reduced. However, the effects of the fire on the 
temperatures inside the WP will be increased due to the elimination of the gaps which have 
a high thermal resistance. 

(3) The sensitivity of calculated B WR peak cladding temperature to an increase in the BWR SNF 
thermal load will be evaluated in these cases. The BWR SNF thermal load is increased by a 
factor of 1.2. 

Table 5-1 summarized the heat loads and boundary conditions used in the calculations. 
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Table 5-1. 44-BWR Waste Package Evaluation 

Item Accident Condition 
InitiallFirelPost-Fire Description 

BWR SNF Thermal 11.8 

Load (Total kW) (constant with time, Design value (Assumption 3.2.16). 
Assumption 3.2.1.8) 

Axial Peaking Factor 1.4 Design value (Assumption 3.2.17). 
Initial and post-fire value of 38°C is from Section 73(b) of 

Temperature of 10 CFR 71 (Assumption 3.2.20). 

Surroundings 
38"CI 800°C/ 38°C 

For the fire condition, the value of 800°C is from Section 
73(c)(4) of 10 CFR 71 (Assumption 3.2.21). 
Initial and post-fire values of 1.0 are used since the 
surroundings emit radiation at the ambient temperature 

Emissivity of (i.e., temperature of surroundings) (Assumption 3.2.24). 

Surroundings 1.01 1.01 1.0 
For the fire condition, the value of 1.0 is conservative 
relative to the minimum value of 0.9 specified for the flame 
in Section 73(c)(4) of 10 CFR 71 (Assumption 3.2.25). 
Initial and post-fire values of 0.87 are used based on the 
value stated in Section 5.3.3 (Assumption 3.2.26). 

Emissivity of WP 
Outer Surface 

0.87 I 1 .O 1 0.87 For the fire condition, a value of 1.0 is selected, which is 
greater than the minimum value of 0.8 specified for the 
outer surface when exposed to the flame per Section 
73(c)(4) of 10 CFR 71 (Assumption 3.2.27). 
The rate of 400callcmZ per 12-hour period is based on the 
value stated in Section 71 of 10 CFR 71 for energy incident 

Solar Energy 400 callcm2 per 12 hours on the curved surface of a transport cask (Assumption 
Absorption Rate (constant with time) 3.2.28). Setting the absorption rate equal to the rate of 

incidence is equivalent to value of 1.0 for solar absorptivity, 
which is conservative (Assumption 3.2.29). 

Free Convection Film Free convection relationship for horizontal cylinder in air 
Coefficient 1.312(6T113) w1m2'K (Assumption 3.2.30 and 3.2.31) 

Table 5-2 l is ts  the  44-BWR WP configuration cases evaluated. 

Table 5-2. 44-BWR Waste Package Fire Accident Evaluation Cases 

BWR SNF Fuel WP BWR Thermal 
Item 

Representation Configuration Load Description 
Case 1 With Channel With Gaps Max. Design 
Case 2 No Channel With Gaps Base configurations 

Max. Design 
Case 3 With Channel No Gaps Max. Design Eliminating gaps should increase fire 
Case 4 No Channel No Gaps Max. Design accident effects 

Case 5 With Channel No Gaps 
1.2 x Max. 

Design Evaluate sensitivity of BWR peak cladding 

Case 6 No Channel No Gaps 
1.2 x Max. temperature to increased thermal load 

Design 
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5.2 WASTE PACKAGE PROPERTIES 

5.2.1 44-BWR Waste Package 

The waste package cross-section studied in this calculation consists of the inner and outer barriers, 
basket, and forty-four BWR SNF assemblies. Dimensional information for the WP inner and outer 
barriers, and basket are shown in Attachment I.  Table 5-3 lists the WP materials and their ASME 
and UNS designations. 

Table 5-3. WP Materials Used and Their ASME and UNS Designation 

5.2.2 BWR Spent Nuclear Fuel 

The uncanistered BWR SNF is modeled as a uniform homogeneous volume (Assumption 3.2.14) 
inside each of the tubes in the WP basket. The active BWR fuel length is 3.8 1 m (p. 2A-2 1, Ref. 16). 
The inside cell width of each of the basket tubes is 0.1553 m (Attachment I). This gives the following 
volumes for SNF heat load distribution. 

Homogeneous Active Volume per SNF, V, = (cell ~idth)~(act ive fuel length) 
V, = (0.1553)2(3.81) = 0.09189 m" 

WP Total Homogeneous SNF Volume, V,:.,. = (44 assemblies)(O.O9 189) = 4.043 m' 

5.3 THERMAL PROPERTIES 

5.3.1 A516 Carbon Steel 

Table 5-4 lists the density and emissivity of A5 16 carbon steel. The density of A5 16 (C-Mn-Si) is 
from p. 9 of Ref. 17. The emissivity (average for smooth oxidized iron) is from Table 4.3.2 on page 
4-68, Ref. 10 (Assumption 3.2.33). 
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Table 5-5 lists the ther~nal conductivity and specific heat of A5 16 carbon steel. Values for thermal 
conductivity and thermal diffusivity of A5 16 were taken from Table TCD, Section 11 , Ref. 18, and 
converted here to conductivity and specific heat in SI units (Systvsme International d'Unitvss). The 
conversion of thermal diffusivity (defined in Equation 5.1) to specific heat requires the density listed 
in Table 5-4. 

Thermal Conductivity (Btu 1 hr . ft." F )  
Specific Heut (Btu l lh." F) = Equation 5.1 ] 

Density (lh / 7 x Thermal Difusivity (,$ I hr) 

Table 5-4. Density and Emissivity of A516 Carbon Steel 
- 

11 Density (kglm3) I Emissivity 
A516 Carbon Steel U 7850 I 0.80 

Table 5-5. Thermal Conductivity and Specific Heat of A516 Carbon Steel 
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5.3.2 Stainless Steel 316NG 

Material properties of stainless steel 3 I6 are used for stainless steel 3 16NG. 3 16NG, which is 3 16 
with tightened control on carbon and nitrogen content, has the same mechanical and physical 
properties as 3 16 (see p. 93 1,  Ref. 27 and Table 1, p. 3 15, Ref. 1 8). Table 5-6 lists the density and 
emissivity of stainless steel 3 16NG. The density is taken from Table XI, p. 7, Ref. 19. The emissivity 
is taken from Table 4.3.2, p. 4-68, Ref. 10 and is approximately the average of the range of values 
for heated stainless steel 3 16 (Assumption 3.2.32). 

Table 5-7 lists the thermal conductivity and specific heat of stainless steel 3 16NG. Values for thermal 
conductivity and thermal diffusivity were taken from Table TCD, Section 11, p. 606 of Ref. 18, 
converted here to conductivity and specific heat in SI units. The conversion of thermal diffusivity 
(defined in Equation 5.1) to specific heat requires the density listed in Table 5-6. Stainless steel 3 16 
is listed in Ref. 18 by its chemical colliposition (l6Cr-12Ni-2Mo). 

Table 5-6. Density and Emissivity of Stainless Steel 316NG 

Table 5-7. Thermal Conductivity and Specific Heat of Stainless Steel 316NG 

I Density (kglm3) I Emissivity 
0.62 Stainless Steel 316 7980 
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5.3.3 Alloy 22 

Table 5-8 lists the density and emissivity of Alloy 22. The density of Alloy 22 is taken from p. 2, Ref. 
20. The emissivity of Alloy 22 is taken from p. 10-297, Ref. 9, for nickel-chromium alloy 
(Assumption 3.2.26). 

Table 5-9 lists the thermal conductivity and specific heat of Alloy 22 taken from p. 13, Ref. 21 

Table 5-8. Density and Emissivity of Alloy 22 

Table 5-9. Thermal Conductivity and Specific Heat of Alloy 22 

1 Density (kglm3) I Emissivity 

5.3.4 Aluminum Alloy 6061 

Alloy 22 1 8690 

Table 5-1 0 lists the density and emissivity of aluminum alloy 606 1. The density is taken from Table 
NF-2, Section 11, p. 61 9 of Ref. 18, and the emissivity is taken from p. 4-68, Ref. 10 (Assumption 
3.2.35). Table 5-1 1 lists the thermal conductivity and specific heat of aluminum alloy 6061. Values 
for thermal conductivity and diffusivity are taken from Table TCD, Section 11, p. 612 of Ref. 18. The 
conversion of thermal difl-usivity to specific heat is defined in Equation 5-1. 

0.87 

Table 5-10. Density and Emissivity of Aluminum Alloy 6061 

11 Density (kglm3) I Emissivity 
Aluminum Alloy 6061 1) 271 3 0.07 
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Table 5-1 1. Thermal Conductivity and Specific Heat of Aluminum Alloy 6061 

5.3.5 Neutronit A978 

Table 5-12 lists the density and emissivity of boron stainless steel Neutronit A978. Table 5-13 lists 
the thermal conductivity and specific heat of boron stainless steel Neutronit A978. The density, 
specific heat, and thermal conductivity are taken from Reference 22, and the emissivity is taken from 
p. 4-68, Ref. 10 (Assumption 3.2.34). 

Table 5-12. Density and Emissivity of Boron Stainless Steel Neutronit A978 

Table 5-13. Thermal Conductivity and Specific Heat of Boron Stainless Steel Neutronit A978 

) Density (kglm3) I Emissivity 
Neutronit A 978 

5.3.6 Helium 

Temperature 
("c) 
20 
130 
260 

The WP is assumed to be evacuated and filled with helium (Assumption 3.2.1 1). Table 5-14 lists the 
density of helium used for WP fill gas. The value for the density of helium was taken at a temperature 
of 27°C at one-atmosphere pressure (Assumption 3.2.12). Table 5-1 5 lists the thermal conductivity 
and specific heat of helium. All helium properties are taken from p. 19.7 1, Ref. 23. 

7760 

Table 5-14. Density of Helium 

0.62 

Thermal Conductivity 
(Wlm-K) 
10.3 
11.7 
13.4 

)I Density (kglrn3) 
Helium (1 atm, 300K) 11 0.1626 

Specific Heat 
(J1kg.K) 
500 

N/A - 
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Table 5-15. Thermal Conductivity and Specific Heat of Helium 

5.3.7 Air 

For the analysis configuration where gaps are assumed to be present in the 44-BWR WP, air is 
assumed to fill the gap between the inner and outer shells of the WP (Assumption 3.2.10). Table 5-1 6 
lists the density of air at a temperature of 27°C at one-atmosphere pressure. Table 5-1 7 lists the 
thermal conductivity and specific heat of air. All air properties are taken from p. 19.77, Ref. 23. 

Table 5-16. Density of Air 

)I Density (kglmf) 
Air (1 atm, 300K) 1.1774 - 
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Table 5-17. Thermal Conductivity and Specific Heat of Air 

5.3.8 BWR Spent Nuclear Fuel 

Table 5-18 lists values of density and specific heat for the homogeneous BWR represented in 
ANSYS. The density was calculated using the maximum BWR fuel assembly mass of 328.4 kg (p. 
3 1, Ref. 25) and the homogeneous active volume per SNF (V, = 0.09189 m") from Section 5.2.2. The 
specific heat was taken from p. 3 1, Ref. 25. Table 5-1 9 shows the bounding BWR effective thermal 
conductivities (p. 147-148, Ref. 3) for representing the BWR SNF assembly as a homogeneous heat 
source (Assumption 3.2.8) with a helium fi l l  gas. The effective thermal conductivities for BWR SNF 
both with and without a channel are listed in Table 5- 19. 

Table 5-18. Density and Specific Heat of Homogeneous BWR SNF 

11 Density (kglm3) I Specific Heat (J1kg.K) 
Homogeneous BWR SNF (1 3574 I 273 
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Table 5-19. Effective Thermal Conductivity of Homogeneous BWR SNF in Helium 

5.4 WASTE PACKAGE HEAT OUTPUT AND BOUNDARY CONDITIONS 

5.4.1 BWR SNF Heat Output 

The WP heat generation rate is calculated in a manner consistent with the effective thermal 
conductivities methodology developed in Ref. 3 and used in this calculation. The WP is loaded with 
44 identical heat-output fuel assen~blies (Assumption 3.2.15). The volumetric heat generation of the 
BWR SNF in the WP is calculated using the maximum design basis value for the 44-BWR WP of 
1 1.8 kW (Assumption 3.2.1 6), and the total homogeneous SNF volume (V,, = 4.043 m") from Section 
5.2.2. 

Volumetric Heat Rate = (1 1,800 watts)/(4.043 m') = 291 8.6 ~ / m '  

Applying an axial power peaking factor of 1.4 (Assumption 3.2.17), the volumetric heat generation 
rate used in the analysis model representation becomes: 

Volumetric Heat Rate With Peaking Factor = 4086 ~ l m '  

5.4.2 Waste Package Boundary Conditions 

A 2-D, 180-degree, finite element representation of the WP cross-section is used in the calculations 
(Assumption 3.2.3). As illustrated in Figure 5-1, boundary conditions at the outer surface of the WP 
include the following: 

(1) The temperature of the surroundings is set at one of two values, corresponding to the normal 
ambient or fire condition (Assumptions 3.2.20 and 3.2.2 I), and 

(2) a constant heat flux is imposed at the outer surface of the WP corresponding to the absorption 
rate of incident solar radiation (Assumptions 3.2.28 and 3.2.29). 

The modes of heat transfer between the outer shell and the immediate surroundings at the surface 
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facility include radiation and free convection (Assumptions 3.2.2 and 3.2.3 1). However, convection . 

effects are taken into account only during heating of the WP by the fire. No credit is taken for 
convection heat transfer for the normal, i.e., pre-fire, or the post-fire cooldown conditions. 

Per Section 5.1, the total solar energy incident on the curved surface of a transport cask over a 12- 
hour period is 400 cal/cm2 (Assumption 3.2.28). Using a conservative value of 1.0 for the solar 
absorptivity at the WP outer surface (Assumption 3.2.29), the average rate of absorption of this 
energy is calculated as follows: 

= 387 J/m2.sec (or 387 W/m2). 

The heat flux due to solar irradiation is maintained constant during the transient, from initial 
condition through the post-fire cooldown. 

The boundary condition involves a peripherally uniform ambient temperature of the surroundings. 
Consequently, the heat transfer may be considered similar to the general case of heat exchange 
between gray, parallel plane surfaces (Assun~ption 3.2.23). The heat flow at surface 1 with parallel 
surfaces at temperatures TI  and T,, is 

In this equation, o is the Stefan-Boltman constant, equal to 5.67E-8 w / ~ ~ . K ~  (p. 4-66, Ref. 10) and 
the expression for the effective emissivity, E , ~ ,  is (p. 4-71, Ref. 10) 

where and E~ are the emissivities of surfaces 1 and 2, respectively. 

Considering that the view factor, F, is unity for parallel planes, this equation is equivalently, 

where the effective coefficient for radiation heat transfer, h,, is [(o) (E,,.~) ( T ~ ~  + T22) (TI + T2)]. 

For air at room temperature and atmospheric pressure, the average value of the convection heat 
transfer coefficient, h,, for flow around horizontal cylinders is correlated by the equation (p. 4-88, 
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Ref. 10) (Assumptions 3.2.30 and 3.2.3 1). 

h, = 0.19 (AT)"' Btu/hr.ft2.F, with AT in degrees Fahrenheit, for D'AT> 100 ft3.F, 

= 1.3 12 (AT)"' W / m 2 . ~ ,  with AT in degrees Kelvin or Celsius. 

The free convection heat transfer coefficient decreases with increasing temperature of the gas due to 
the change in gas properties with temperature. The above expression for the coefficient is therefore 
conservative for use during WP heating because of higher temperatures associated with the fire. 

The radiation heat transfer on the WP outer surface may be combined with convection heat transfer 
and characterized as an effective heat transfer coefficient, he,,.. 

The combined flow of heat via radiation and convection to the surroundings is then 

~ where q, and q, are the heat transfer rates for radiation and convection, respectively. 

~ Attachment 111 includes tables listing the effective values of heat transfer coefficient used in the 
I calculations for the various cases evaluated. 

5.5 FINITE ELEMENT DEVELOPMENT 

This section briefly describes the ANSYS Version 5.4 input file format used to develop the ANSYS 
I cases. Each ANSYS Version 5.4 input deck is provided as part of the ANSYS output files on the CD 

I associated with this document. A separate input file is created for each case. 

The following simplifying Assumptions were used in the development of the finite element 
representation: Assumptions 3.2.1, 3.2.3 to 3.2.7, 3.2.9 and 3.2.14. 

The basic layout of an ANSYS input file includes the following seven steps: 

1. Introduce and identify the problem represented, additional files read by the input deck, 
and what information is contained in the data files used in the input deck. 

2. Define the parameters and dimensions that are used repeatedly in the case. 

3. Define the element types that are needed to represent the geometry to perform the 
calculation. 

4. Define the representative geometry and mesh structure. 
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5 .  Define all radiation surfaces and create the radiation mesh matrix. 

6 .  Apply the internal heat loads (volumetrically) and the boundary conditions to the 
appropriate components. Heat loads and boundary conditions are applied at each time 
step. 

7.  Select the node sets associated with the various materials and/or components of 
interest and echo their inaxii~lum temperatures for each time step of the transient to 
the output file. 

Table 5-2 lists the cases evaluated in this calculation. In all of these cases the thickness of the basket 
plates and guides, fuel basket tubes, and inner and outer shells were maintained in the analysis model 
representation consistent with Attachment I. For Cases 1 and 2, which include gaps in the WP 
configuration, as illustrated in Figure 5-2, the diameters of the inner and outer shells were adjusted 
to accommodate the presence of the gaps. For Cases 3 to 6, which had no gaps in the WP 
configuration, as illustrated in Figure 5-3, the diameters of the inner and outer shells in the analysis 
model were consistent with Attachment I since they did not need to be adjusted to accommodate the 
presence of the gaps. 

In each of these cases the applicable finite element representation of the 44-BWR WP is as depicted 
in Figure 5- 1. 
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UNIFORM VOLUMETRIC HEAT 
GENERATION RATE IN 
HOMOGENEOUS SNF 

CONSTANT SOLAR HEAT 
ABSORPTION RATE ON 

WP SURFACE (387 ~ 1 ~ 2 )  

EFFECTIVE H-T COEFFICIENT 
USED TO REPRESENT RADIATIC 

AND CONVECTION EFFECTS 
(NO CONVECTION ASSUMED 

PRE AND POST-FIRE) 

AMBIENT TEMPERATURE 
T = 38% PRE & POST-FIRE 
T = 8000C DURING FIRE 

Figure 5-1. 44-BWR WP Finite Element Representation Showing Boundary Conditions 



Waste Package Project Calculation 

Title: Thermal Response of the 44-BWR Waste Package to a Hypothetical Fire Accident 
Document Identifier: CAL-UDC-TH-000004 REV 00 Page 29 of 47 

Figure 5-2. lllustration of 44-BWR WP Configuration With Gaps 

Figure 5-3. Illustration of 44-BWR WP Configuration Without Gaps 
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6. RESULTS 

The results provided in this section are extracted from the ANSYS V5.4 output files (the files are 
stored on the compact disk (CD) provided with this document). 

This document may be affected by technical product input information that requires confirmation. 
Any changes to the document that may occur as a result of completing the confirmation activities will 
be reflected in subsequent revisions. The status of the input information quality may be confirmed 
by review of the Document Input Reference System database. 

The six cases analyzed in this calculation are listed in Table 5-2. 

6.1 CASES 1 & 2: WP WITH GAPS, MAX. DESIGN THERMAL LOAD 

The first two cases evaluate the effects of the BWR fuel properties in a 44-BWR WP with assumed 
gaps between the inner and outer shell, and plates and tubes, tubes and guides and plates and guides 
in the basket. Case 1 uses BWR effective thermal conductivities representative of BWR fuel with 
a channel; Case 2 uses BWR effective thermal conductivities representative of BWR fuel without 
a channel. 

Table 6-1 lists the peak temperature in each of the WP components before (t = 0 hr), during (t > 0 to 
0.5 hr) and after (t > 0.5 hr) the hypothetical fire accident for the Case 1 configuration. Although the 
peak temperature (701°C) of the WP outer shell was reached at the end of the 30-minute fire, the peak 
cladding temperature (338°C) was not reached until approximately 10.5 hours after the fire. This was 
due to the assumed gaps in the WP configuration. The highest temperature calculated for each WP 
component is indicated by bolded text in Table 6-1. 

Table 6-2 lists the peak temperature in each of the WP components before, during and after the 
hypothetical fire accident for the Case 2 configuration. The small effect of the difference in effective 
thermal conductivities of the BWR fuel with and without a channel is evident in the results. The 
calculated highest fuel cladding temperature for this case is within 2°C of that calculated for Case 1. 
The calculated highest temperature for all other WP components are within 1°C. The highest 
temperature calculated for each WP component is indicated by bolded text in Table 6-2. 

Figure 6-1 shows the peak BWR cladding temperature locations in the finite element representation 
that correspond to the temperature values given in Tables 6-1 and 6-2. Figure 6-2 shows the BWR 
fuel cladding peak temperature time history for Cases 1 and 2 from the information in Tables 6-1 and 
6-2. The peak temperature location changes with time as indicated in Tables 6-1 and 6-2. Figure 6-3 
shows the WP outer shell peak temperature time history for Cases 1 and 2. 

The assumed gaps in the WP for this configuration significantly insulated the BWR fuel from the 
effects of the fire. The peak BWR fuel cladding temperature increased less than a 40"C, while the WP 
outer surface increased about 400°C. 
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- - -  -- 

Table 6-1. Case 1 Calculated Peak Temperatures versus Time 
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Table 6-2. Case 2 Calculated Peak Temperatures versus Time 



-- 
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Figure 6-1. BWR Cladding Peak Temperature Locations 
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Figure 6-3. Temperature Time History of WP Outer Shell for Cases 1 & 2 
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6.2 CASES 3 & 4: WP WITHOUT GAPS, MAX. DESIGN THERMAL LOAD 

The second two cases evaluate the effects of the BWR fuel properties in a 44-BWR WP with no gaps 
assumed in the WP and basket configuration. Case 3 uses BWR effective thermal conductivities 
representative of BWR fuel with a channel; Case 4 uses BWR effective thermal conductivities 
representative of BWR fuel without a channel. 

Table 6-3 lists the peak temperature in each of the WP components before (t = 0 hr), during (t > 0 to 
0.5 hr) and after (t > 0.5 hr) the hypothetical fire accident for the Case 3 configuration. Although the 
peak temperature (585°C) of the WP outer shell was reached at the end of the 30-minute fire, the peak 
cladding temperature (430°C) was reached about 5 minutes after the fire. This was due to the high 
thermal conductivity of the WP configuration with no gaps. The highest temperature calculated for 
each WP component is indicated by bolded text in Table 6-3. 

Table 6-4 lists the peak temperature in each of the WP components before, during and after the 
hypothetical fire accident for the Case 4 configuration. The small effect of the difference in effective 
thermal conductivities of the BWR fuel with and without a channel is evident in the results. The 
calculated highest fuel cladding temperature for this case is within 1°C of that calculated for Case 3. 
The calculated highest temperature for all other WP components are also within 1°C. The highest 
temperature calculated for each WP component is indicated by bolded text in Table 6-4. 

Figure 6-1 shows the peak BWR cladding temperature locations in the finite element representation 
that correspond to the temperature values given in Tables 6-3 and 6-4. Figure 6-4 shows the BWR 
fuel cladding peak temperature time history for Cases 3 and 4 from the information in Tables 6-3 and 
6-4. The peak temperature location changes with time as indicated in Tables 6-3 and 6-4. Figure 6-5 
shows the WP outer shell peak temperature time history for Cases 3 and 4. 

The lack of gaps in the WP for this configuration significantly increased effects of the fire on the 
BWR fuel cladding. The peak BWR fuel cladding temperature increased 179"C, while the WP outer 
surface increased about 390°C. The temperature increase in the BWR fuel was much higher than that 
calculated in Cases 1 and 2 with gaps assumed in the WP configuration; the temperature increase in 
the WP outer shell was similar to that in Cases 1 and 2. However, in Cases 3 and 4 with no gaps, the 
pre-fire peak temperatures of the BWR fuel cladding and WP outer shell were approximately 49°C 
and 97°C lower, respectively. 
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Table 6-3. Case 3 Calculated Peak Temperatures versus Time 
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Table 6-4. Case 4 Calculated Peak Temperatures versus Time 
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Figure 6-4. Temperature Time History of BWR Fuel Cladding for Cases 3 & 4 
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Figure 6-5. Temperature Time History of WP Outer Shell for Cases 3 & 4 
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6.3 CASES 5 & 6: WP WITHOUT GAPS, 1.2 X MAX. DESIGN THERMAL LOAD 

The last two cases evaluate the effects of the BWR fuel properties in a 44-BWR WP with no gaps 
assumed in the WP and basket configuration, and a 20% increase in the design thermal load of the 
BWR fuel. Case 5 uses BWR effective thermal conductivities representative of BWR fuel with a 
channel; Case 6 uses BWR effective thermal conductivities representative of BWR fuel without a 
channel. 

Table 6-5 lists the peak temperature in each of the WP components before (t = 0 hr), during (t > 0 to 
0.5 hr) and after (t > 0.5 hr) the hypothetical fire accident for the Case 5 configuration. Although the 
peak temperature (590°C) of the WP outer shell was reached at the end of the 30-minute fire, the peak 
cladding temperature (439°C) was reached about 5 minutes after the fire. This was due to the high 
thermal conductivity of the WP configuration with no gaps. The highest temperature calculated for 
each WP component is indicated by bolded text in Table 6-5. 

Table 6-6 lists the peak temperature in each of the WP components before, during and after the 
hypothetical fire accident for the Case 6 configuration. The small effect of the difference in effective 
thermal conductivities of the BWR fuel with and without a channel is evident in the results. The 
calculated highest fuel cladding temperature for this case is within 1°C of that calculated for Case 5. 
The calculated highest temperature for all other WP components are also within 1°C. The highest 
temperature calculated for each WP conlponent is indicated by bolded text in Table 6-6. 

Figure 6-1 shows the peak BWR cladding temperature locations in the finite element representation 
that correspond to the temperature values given in Tables 6-5 and 6-6. Figure 6-6 shows the BWR 
fuel cladding peak temperature time history for Cases 5 and 6 from the information in Tables 6-5 and 
6-6. The peak temperature location changes with time as indicated in Tables 6-5 and 6-5. Figure 6-7 
shows the WP outer shell peak temperature time history for Cases 5 and 6. 

The 20% increase in the thermal load for the BWR fuel resulted in an increase of about 8°C in the 
calculated BWR fuel cladding peak temperature. However, the pre-fire peak temperature of BWR 
cladding was about 27°C higher in the cases with the higher thermal load. Therefore, the temperature 
rise resulting from the hypothetical fire was actually smaller for the cases with the assumed higher 
thermal load. 

The increase in the calculated peak temperature of the WP outer shell was about 5'C. The peak pre- 
fire temperature of the WP outer shell was about 17°C higher in the cases with the higher thermal 
load. This higher initial shell temperature reduced the temperature difference for the heat transfer 
from the fire and resulted in the smaller rise in temperature due to the effects of the fire. 

6.4 RESULTS COMPARISON 

Figure 6-8 compares the calculated BWR cladding peak temperature time history results for the 44- 
B WR WP for the hypothetical fire accident with: (1) assumed gaps in WP and the maximum design 
thermal load (Cases 1 & 2), (2) no gaps in WP and the maximum design thermal load (Cases 3 & 4), 
and (3) no gaps in WP and a 20% increase in the maximum design thermal load (Cases 5 & 6). Figure 
6-9 compares the WP outer shell temperatures for these same configurations. 
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Table 6-5. Case 5 Calculated Peak Temperatures versus Time 
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Table 6-6. Case 6 Calculated Peak Temperatures versus Time 
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Figure 6-6. Temperature Time History of BWR Fuel Cladding for Cases 5 & 6 
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Figure 6-7. Temperature Time History of WP Outer Shell for Cases 5 & 6 



Waste Package Project Calculation 

Title: Thermal Response of the 44-BWR Waste Package to a Hypothetical Fire Accident 
Document Identifier: CAL-UDC-TH-000004 REV 00 Page 43 of 47 

460 

0 440 ' 420 2 
W 

400 

$ 380 
w 
E 
$ 360 
E 
,?! 340 
Y 

$ 320 
n 
," 300 .- 
'El 
'0 
Q 280 
U 5 260 
L 

I 240 
220 

200 

0 2 4 6 8 10 12 14 16 18 20 

Time from Start of Fire, hours 

Figure 6-8. Thermal Response of BWR Cladding in 44-BWR WP to Fire Accident 

730 ------ 

680 
0 

$ 630 
2 
m 
4 580 

$ 
3 530 

f 
0 480 
I- 
j 430 
Q) n = 380 
Q, 
C 
cn 
L 330 
e! 
8 '280 

5 
230 

I I I I 
1 

\ 
1 
I I i , 

I 

I  I 

i 
I  

I 

I  I 

8 
I 

I 
I  

I 

8 

I I I I 

' I  

I i 
I 

8 WP Wlth Gaps WP Wlthout Gaps 
Max Des~gn Thermal Load 1 2 X Max Design Thermal Load 

\ 
I 

I I 
I 
1 

I 

I I 

I I 

WP W~thout Gaps 

I 

180 

0 2 4 6 8 10 12 14 16 18 20 

Time from Start of Fire, hours 

Figure 6-9. Thermal Response of WP Outer Shell in 44-BWR WP to Fire Accident 



Waste Package Project Calculation 

Title: Thermal Response of the 44-BWR Waste Package to a Hypothetical Fire Accident 
Document Identifier: CAL-UDC-TH-000004 REV 00 Page 44 of 47 

7. REFERENCES 

1. 10 CFR 71. 1999. Energy: Packaging and Transportation of Radioactive Material. Readily 
available. 

2. CRWMS M&O 2000. Waste Package Operations Fabrication Process Report. TDR-EBS- 
ND-000003 REV 01. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000927.0002. 

3. CRWMS M&O 1996. Spent Nuclear Fuel Effictive Thermal Conductivity Report. 
BBA000000-017 17-5705-000 10 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: 
MOL.19961202.0030. 

4. CRWMS M&O 1999. Waste Puchge Operations FY-99 Closure Methods Report. TDR-EBS- 
ND-000002 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: MOL. 19991 004.0399. 

5 .  CRWMS M&O 2000. Waste Puckage Neutron Absorber, Thermal Shunt, and Fill Gas 
Selection Report. B00000000-0 171 7-2200-00227 REV 00. Las Vegas, Nevada: CRWMS 
M&O. ACC: MOL.20000209.0301. 

6. CRWMS M&O 1999. BWR Source Term Generation and Evaluation. BBAC00000-017 17- 
0210-00006 REV 01. Las Vegas, Nevada: CRWMS M&O. ACC: MOL.20000113.0334. 

7. Bird, R.B.; Stewart, W.E.; and Lightfoot, E.N. 1960. Transport Phenomena. New York, New 
York: John Wiley & Sons. TIC: 208957. 

8. CRWMS M&O 2000. Uncanistered Spent Nuclear Fuel Disposal Container System 
Description Document. SDD-UDC-SE-000001 REV 01. Las Vegas, Nevada: CRWMS M&O. 
ACC: MOL.20000822.0004. 

9. Lide, D.R., ed. 1995. CRC Handbook of Chemistry and Physics. 76th Edition. Boca Raton, 
Florida: CRC Press. TIC: 2 16 1 94. 

10. Avallone, E.A. and Baumeister, T., 111, eds. 1987. Marks'Standard Handbook.for Mechanical 
Engineers. 9th Edition. New York, New York: McGraw-Hill. TIC: 206891. 

1 1. CRWMS M&O 1999. Sqfiware Code: ANSYS. V5.4L2. HP-UX- 10.20. 10027-5.4L2-00. 

12. Incropera, F.P. and De Witt, D.P. 1 98 1 . Fundamentals of Heat Transfer. New York, New 
York: John Wiley & Sons. TIC: 243842. 

13. Not used. 

14. Not used. 



Waste Package Project Calculation 

Title: Thermal Response of the 44-BWR Waste Package to a Hypothetical Fire Accident 
Document Identifier: CAL-UDC-TH-000004 REV 00 Paee 45 of 47 

15. Not used. 

16. DOE (U.S. Department of Energy) 1992.  characteristic.^ oj'Potentia1 Repository Wastes. 
DOE/RW-0184-R1. Volume 1. Washington, D.C.: U.S. Department of Energy, Office of 
Civilian Radioactive Waste Management. ACC: HQO. 19920827.0001. 

17. ASTM A 20/A 20M-97a. 1997. Standard Specificution.fi)r General Requirements for Steel 
Plates for Pressure Ve.s.se1.s. West Conshohocken, Pennsylvania: American Society for 
Testing and Materials. TIC: 242529. 

18. ASME (American Society of Mechanical Engineers) 1995. "Materials." Section I1 of 1995 
ASME Boiler and Pressure Vessel Code. New York, New York: American Society of 
Mechanical Engineers. TIC: 245287 

ASTM G 1 -90 (Reapproved 1999). 1990. Standard Practice for Preparing, Cleaning, and 
Evaluating Corrosion Test Specimens. West Conshohocken, Pennsylvania: American Society 
for Testing and Materials. TlC: 238771. 

ASTM B 575-97. 1998. Standard Specification ,for Low-Carbon Nickel-Molybdenum- 
Chromium, Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Chromium- 
Molybdenum-Copper and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Plate, 
Sheet, and Strip. West Conshohocken, Pennsylvania: American Society for Testing and 
Materials. TIC: 24 18 16. 

Haynes International 1997. Hastelloy C-22 Alloy. Kokomo, Indiana: Haynes International. 
TIC: 238121. 

Kugler, A. 1997. Sheet and Plate for Nuclear Engineering, Bohler Neutronit A976. Houston, 
Texas: Bohler Bleche GmbH. TIC: 24641 0. 

ASHRAE (American Society of Heating, Refrigerating & Air-Conditioning Engineers) 1997. 
Fundamentals. 1997 ASHRAE Handbook, Inch-Pound Edition. Atlanta, Georgia: American 
Society of Heating, Refrigerating and Air Conditioning Engineers. TIC: 240756. 

Not used. 

CRWMS M&O 1997. Preliminary Design Basisfor WP Thermal Analysis. BBAA00000- 
01717-0200-00019 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: 
MOL. 19980203.0529. 

CRWMS M&O 2000. Technical Work Plan.for: Wasle Package Design Description for LA. 
TWP-EBS-MD-000004 REV 00. Las Vegas, Nevada: CRWMS M&O. ACC: 
MOL.20001107.0304. 



Waste Package Project Calculation 

Title: Thermal Response of the 44-BWR Waste Package to a Hypothetical Fire Accident 
Document Identifier: CAL-UDC-TH-000004 REV 00 Page 46 of 47 

27. ASM International 1987. Corrosion. Volume 13 of Metals Handbook. 9th Edition. Metals 
Park, Ohio: ASM International. TIC: 209807. 

28. AP-3.12Q, Rev. 0, ICN 4. Calculations. Washington, D.C.: U.S. Department of Energy, 
Office of Civilian Radioactive Waste Management. ACC: MOL.200 10404.0008. 



Waste Package Project Calculation 

Title: Thermal Response of the 44-BWR Waste Package to a Hypothetical Fire Accident 
Document Identifier: CAL-UDC-TH-000004 REV 00 Page 47 of 47 

8. ATTACHMENTS 

The list of attachments is provided in Table 8-1. 

Table 8-1. Supporting Documentation 

1 
Attachment 

Description Size 
Number (pages) 

I 
44-BWR Waste Package Configuration for Site Recommendation 
Sketch Number: SK-0192 REV 00 2 

I I 44-BWR Waste Package Assembly Weld Configuration 
Sketch Number: SK-0193 REV 00 

1 

Ill Effective Heat Transfer Coefficient at Waste Package Outer Surface 2 

IV File (propwpol .dat) containing tables of material properties 3 

V List of ANSYS output files contained on CD 1 

VI CD containing ANSYS files 1 CD 
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Heat Transfer Coefficients at Waste Package Outer Surface 

Values of heat transfer coefficient at tlie waste package (WP) outer surface are given in the table 
below for various conditions. An example calculatioli is included. 

Transfer Coefficient 

An example calculation of effective heat transfer coefficient at the WP outer surface follows: 

Conditions: 

Temperature of surroundings (e.g., for flame) 

Temperature of WP outside surface 



Waste Package Pro-ject Calculatioli 

Title: Thermal Respoi~se of the 44-BWR Waste Package to a Hypothetical Fire Accident 
Document Identifier: CAL-UDC-TH-000004 REV 00 Attachment 111 - Page 111-2 

= 3 10.93"K 
Einissivity of surrou~~dings 

Emissivity of WP outer surface 

Effective einissivity: 

Effective heat transfer coefficient for radiation: 

Film coefficient l'or heating: 

Total effective heat transfer coefficient: 
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This attachment presents a listing of the ANSYS input file of material properties. 

/COM, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/COM, * *  ANSYS MATERIAL PROPERTY TABLES * * 
/COM, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/COM, * *  Filename: propwp00.dat * * 
/COM, * *  Date : 03/21/2000 * * 
/COM, * *  Thermal Conductivity of Helium for T = 360 C * * 
/COM, * *  Corrected on 06/12/2000 * * 
/COM, * *  * * 
/COM, * *  Modified to extend property tables to higher * * 
/COM, * *  temperature for materials 1, 2, 5 and 6 * * 
/COM, * *  * * 
/COM, * *  * * 
/COM, * *  WASTE PACKAGE MATERIALS ONLY * * 
/COM, * *  * * 
/COM, * *  * * 
/COM, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/COM, 
/COM, NUMBER MATERIAL DESCRIPTION 
/COM, 1 Air Canister Fill Gas 
/COM, 2 Helium Canister Fill Gas 
/COM, 3 Nitrogen Canister Fill Gas (NOT USED) 
/COM, 4 Argon Canister Fill Gas (NOT USED) 
/COM, 5 A516 Mild Steel Basket Structural Support 
/COM, 6 Stainless Steel 316 NG Canister Shell 
/COM, 7 Alloy 22 Carbon Steel Canister Shell 
/COM, 8 AL 6061 Thermal Shunts 
/COM, 9 Neutronit A 978 Absorber Plates 
/COM, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/COM, * *  Density: DENS (kg/mA3) * * 
/COM, * *  Emissivity EMIS * * 
/COM, * *  Conductivity: KXX (W/mK) c * 
/COM, * *  Specific Heat: C (J/kgK) * * 
/COM, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/COM, 
/COM, DEFINE CONSTANT DENSITIES 
MPTEMP 
MPTEMP, 1, .00000E+00, 
MPDATA, DENS, 1, 1, 1.1774E+00, 
MPDATA, DENS, 2, 1, 0.1626E+00, 
MPDATA, DENS, 3, 1, 1.1389E+00, 
MPDATA, DENS, 4, 1, 1.6243E+00, 
MPDATA, DENS, 5, 1, 0.7850E+04, 
MPDATA, DENS, 6, 1, 0.7980E+04, 
MPDATA, DENS, 7, 1, 0.8690E+04, 
MPDATA, DENS, 8, 1, 0.2713E+04, 
MPDATA, DENS, 9, 1, 0.7760E+04, 
/COM, 
/COM, DEFINE CONSTANT EMISSIVITIES 
/COM, 
MPDATA,EMIS, 5, 1, .80000E+00, 
MPDATA, EMIS, 6, 1, .62000E+00, 
MPDATA,EMIS, 7, 1, .87000E+00, 
MPDATA, EMIS, 8, 1, .07000E+00, 
MPDATA, EMIS, 9, 1, .62000E+00, 
/COM, 
/COM, DEFINE CONSTANT SPECIFIC HEATS 
/COM, 
MPDATA, C, 9, 1, .50000E+03, 
/COM, 
/COM, DEFINE TEMPERATURE DEPENDENT THERMAL CONDUCTIVITIES 
MPTEMP 
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MPTEMP, 1, 2 0 . 0 0 ,  1 3 0 . 0 0 ,  2 6 0 . 0 0 ,  
MPDATA, KXX, 9 ,  1, 1 0 . 3 0 ,  1 1 . 7 0 ,  1 3 . 4 0 ,  
/COM, 
MPTEMP 
MPTEMP, 1, 2 1 . 1 1 ,  3 7 . 7 8 ,  6 5 . 5 6 ,  9 3 . 3 3 ,  1 2 1 . 1 1 ,  1 4 8 . 8 9 ,  
MPTEMP, 7 ,  1 7 6 . 6 7 ,  2 0 4 . 4 4 ,  2 3 2 . 2 2 ,  2 6 0 . 0 0 ,  2 8 7 . 7 8 ,  3 1 5 . 5 6 ,  
MPTEMP, 1 3 ,  3 4 3 . 3 3 ,  3 7 1 . 1 1 ,  3 9 8 . 8 9 ,  4 2 6 . 6 7 ,  4 5 4 . 4 4 ,  4 8 2 . 2 2 ,  
MPTEMP, 1 9 ,  5 1 0 . 0 0 ,  5 3 7 . 7 8 ,  5 6 5 . 5 6 ,  5 9 3 . 3 3 ,  6 2 1 . 1 1 ,  6 4 8 . 8 9 ,  
MPTEMP, 2 5 ,  6 7 6 . 6 7 ,  7 0 4 . 4 4 ,  7 3 2 . 2 2 ,  7 6 0 . 0 0 ,  7 8 7 . 7 8 ,  8 1 5 . 5 6 ,  
MPDATA, KXX, 5 ,  1, 4 0 . 8 5 ,  4 1 . 3 6 ,  4 1 . 8 8 ,  4 2 . 2 3 ,  4 2 . 2 3 ,  4 2 . 2 3 ,  
MPDATA, KXX, 5 ,  7 ,  4 2 . 0 6 ,  4 1 . 8 8 ,  4 1 . 3 6 ,  4 1 . 0 2 ,  4 0 . 5 0 ,  3 9 . 9 8 ,  
MPDATA, K X X ,  5 , 1 3 ,  3 9 . 2 9 ,  3 8 . 7 7 ,  3 8 . 0 8 ,  3 7 . 5 6 ,  3 6 . 6 9 ,  3 6 . 1 7 ,  
MPDATA, KXX,  5 , 1 9 ,  3 5 . 4 8 ,  3 4 . 6 1 ,  3 3 . 9 2 ,  3 3 . 2 3 ,  3 2 . 3 6 ,  3 1 . 5 0 ,  
MPDATA, K X X ,  5 , 2 5 ,  3 0 . 2 9 ,  2 8 . 9 0 ,  2 7 . 3 5 ,  2 6 . 4 8 ,  2 6 . 1 3 ,  2 6 . 1 3 ,  
MPDATA, KXX, 6 ,  1 ,  1 3 . 3 3 ,  1 3 . 6 7 ,  1 4 . 1 9 ,  1 4 . 5 4 ,  1 5 . 0 6 ,  1 5 . 5 8 ,  
MPDATA, K X X ,  6 ,  7 ,  1 5 . 9 2 ,  1 6 . 4 4 ,  1 6 . 9 6 ,  1 7 . 3 1 ,  1 7 . 8 3 ,  1 8 . 1 7 ,  
MPDATA, K X X ,  6 , 1 3 ,  1 8 . 5 2 ,  1 9 . 0 4 ,  1 9 . 3 8 ,  1 9 . 9 0 ,  2 0 . 2 5 ,  2 0 . 7 7 ,  
MPDATA, K X X ,  6 , 1 9 ,  2 1 . 1 1 ,  2 1 . 4 6 ,  2 1 . 9 8 ,  2 2 . 3 3 ,  2 2 . 6 7 ,  2 3 . 0 2 ,  
MPDATA, KXX, 6 , 2 5 ,  2 3 . 5 4 ,  2 3 . 8 8 ,  2 4 . 2 3 ,  2 4 . 5 8 ,  2 4 . 9 2 ,  2 5 . 2 7 ,  
MPDATA, KXX, 8 ,  1 ,  1 6 6 . 3 2 ,  1 6 7 . 7 1 ,  1 6 9 . 6 1 ,  1 7 1 . 3 4 ,  1 7 2 . 7 3 ,  1 7 4 . 1 1 ,  
MPDATA, K X X ,  8 ,  7 ,  1 7 5 . 3 2 ,  1 7 6 . 3 6 ,  
/COM, 
MPTEMP 
MPTEMP, 1, - 1 7 . 7 8 ,  - 6 . 6 7 ,  4 . 4 4 ,  1 5 . 5 6 ,  2 6 . 6 7 ,  3 7 . 7 8 ,  
MPTEMP, 7 ,  4 8 . 8 9 ,  6 0 . 0 0 ,  7 1 . 1 1 ,  8 2 . 2 2 ,  9 3 . 3 3 ,  1 1 5 . 5 6 ,  
MPTEMP, 1 3 ,  1 3 7 . 7 8 ,  1 6 0 . 0 0 ,  1 8 2 . 2 2 ,  2 0 4 . 4 4 ,  2 2 6 . 6 7 ,  2 4 8 . 8 9 ,  
MPTEMP, 1 9 ,  2 7 1 . 1 1 ,  2 9 3 . 3 3 ,  3 1 5 . 5 6 ,  3 3 7 . 7 8 ,  3 6 0 . 0 0 ,  3 8 2 . 2 2 ,  
MPTEMP, 2 5 ,  4 0 4 . 4 4 ,  4 2 6 . 6 7 ,  
MPDATA, K X X ,  1, 1, 0 . 0 2 2 9 ,  0 . 0 2 3 7 ,  0 . 0 2 4 6 ,  0 . 0 2 5 4 ,  0 . 0 2 6 1 ,  0 . 0 2 6 9 ,  
MPDATA, K X X ,  1, 7 ,  0 . 0 2 7 7 ,  0 . 0 2 8 4 ,  0 . 0 2 9 2 ,  0 . 0 2 9 9 ,  0 . 0 3 0 7 ,  0 . 0 3 2 1 ,  
MPDATA, KXX, 1 , 1 3 ,  0 . 0 3 3 5 ,  0 . 0 3 4 9 ,  0 . 0 3 6 3 ,  0 . 0 3 7 7 ,  0 . 0 3 9 1 ,  0 . 0 4 0 5 ,  
MPDATA, KXX,  1 , 1 9 ,  0 . 0 4 1 8 ,  0 . 0 4 3 2 ,  0 . 0 4 4 6 ,  0 . 0 4 5 9 ,  0 . 0 4 7 3 ,  0 . 0 4 8 6 ,  
MPDATA, K X X ,  1 , 2 5 ,  0 . 0 4 9 9 ,  0 . 0 5 1 3 ,  
MPDATA, K X X ,  2 ,  1 ,  0 . 1 3 9 6 ,  0 . 1 4 3 7 ,  0 . 1 4 7 8 ,  0 . 1 5 1 9 ,  0 . 1 5 5 9 ,  0 . 1 5 9 9 ,  
MPDATA, KXX, 2 ,  7 ,  0 . 1 6 3 8 ,  0 . 1 6 7 7 ,  0 . 1 7 1 5 ,  0 . 1 7 5 4 ,  0 . 1 7 9 1 ,  0 . 1 8 6 6 ,  
MPDATA, KXX, 2 , 1 3 ,  0 . 1 9 4 0 ,  0 . 2 0 1 2 ,  0 . 2 0 8 3 ,  0 . 2 1 5 3 ,  0 . 2 2 2 2 ,  0 . 2 2 9 1 ,  
MPDATA, K X X ,  2 , 1 9 ,  0 . 2 3 5 8 ,  0 . 2 4 2 5 ,  0 . 2 4 9 1 ,  0 . 2 5 5 6 ,  0 . 2 6 2 1 ,  0 . 2 6 8 4 ,  
MPDATA, K X X ,  2 , 2 5 ,  0 . 2 7 4 7 ,  0 . 2 8 1 0 ,  
/COM, 
MPTEMP 
MPTEMP, 1, - 1 7 . 7 8 ,  - 6 . 6 7 ,  4 . 4 4 ,  1 5 . 5 6 ,  2 6 . 6 7 ,  3 7 . 7 8 ,  
MPTEMP, 7 ,  4 8 . 8 9 ,  6 0 . 0 0 ,  7 1 . 1 1 ,  8 2 . 2 2 ,  9 3 . 3 3 ,  1 1 5 . 5 6 ,  
MPTEMP, 1 3 ,  1 3 7 . 7 8 ,  1 6 0 . 0 0 ,  1 8 2 . 2 2 ,  2 0 4 . 4 4 ,  2 2 6 . 6 7 ,  2 4 8 . 8 9 ,  
MPTEMP, 1 9 ,  2 7 1 . 1 1 ,  2 9 3 . 3 3 ,  3 1 5 . 5 6 ,  3 3 7 . 7 8 ,  3 6 0 . 0 0  
MPDATA, KXX, 3 ,  1, 0 . 0 2 2 7 ,  0 . 0 2 3 5 ,  0 . 0 2 4 2 ,  0 . 0 2 5 0 ,  0 . 0 2 5 8 ,  0 . 0 2 6 5 ,  
MPDATA, KXX, 3 ,  7 ,  0 . 0 2 7 3 ,  0 . 0 2 8 0 ,  0 . 0 2 8 8 ,  0 . 0 2 9 5 ,  0 . 0 3 0 2 ,  0 . 0 3 1 6 ,  
MPDATA, KXX, 3 , 1 3 ,  0 . 0 3 3 0 ,  0 . 0 3 4 4 ,  0 . 0 3 5 7 ,  0 . 0 3 7 0 ,  0 . 0 3 8 4 ,  0 . 0 3 9 7 ,  
MPDATA, K X X ,  3 , 1 9 ,  0 . 0 4 1 0 ,  0 . 0 4 2 3 ,  0 . 0 4 3 6 ,  0 . 0 4 4 9 ,  0 . 0 4 6 2  
MPDATA, KXX, 4 ,  1, 0 . 0 1 5 6 ,  0 . 0 1 6 2 ,  0 . 0 1 6 7 ,  0 . 0 1 7 3 ,  0 . 0 1 7 8 ,  0 . 0 1 8 4 ,  
MPDATA, K X X ,  4 ,  7 ,  0 . 0 1 8 9 ,  0 . 0 1 9 5 ,  0 . 0 2 0 0 ,  0 . 0 2 0 5 ,  0 . 0 2 1 0 ,  0 . 0 2 2 0 ,  
MPDATA, K X X ,  4 , 1 3 ,  0 . 0 2 3 0 ,  0 . 0 2 3 9 ,  0 . 0 2 4 8 ,  0 . 0 2 5 7 ,  0 . 0 2 6 6 ,  0 . 0 2 7 5 ,  
MPDATA, KXX, 4 , 1 9 ,  0 . 0 2 8 3 ,  0 . 0 2 9 2 ,  0 . 0 3 0 0 ,  0 . 0 3 0 8 ,  0 . 0 3 1 6  
/COM, 
MPTEMP 
MPTEMP, 1, 48 ,  1 0 0 ,  2 0 0 ,  3 0 0 ,  4 0 0 ,  5 0 0 ,  
MPTEMP, 7 ,  6 0 0 ,  
MPDATA, KXX, 7 ,  1, 1 0 . 1 ,  11.1, 1 3 . 4 ,  1 5 . 5 ,  1 7 . 5 ,  1 9 . 5 ,  
MPDATA, K X X ,  7 ,  7 ,  2 1 . 3 ,  
/COM, 
/COM, DEFINE TEMPERATURE DEPENDENT SPECIFIC HEATS 
MPTEMP 
MPTEMP, 1, 2 1 . 1 1 ,  3 7 . 7 8 ,  6 5 . 5 6 ,  9 3 . 3 3 ,  1 2 1 . 1 1 ,  1 4 8 . 8 9 ,  
MPTEMP, 7 ,  1 7 6 . 6 7 ,  2 0 4 . 4 4 ,  2 3 2 . 2 2 ,  2 6 0 . 0 0 ,  2 8 7 . 7 8 ,  3 1 5 . 5 6 ,  
MPTEMP, 1 3 ,  3 4 3 . 3 3 ,  3 7 1 . 1 1 ,  3 9 8 . 8 9 ,  4 2 6 . 6 7 ,  4 5 4 . 4 4 ,  4 8 2 . 2 2 ,  
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MPTEMP, 19, 510.00, 537.78, 565.56, 593.33, 621.11, 648.89, 
MPTEMP, 25, 676.67, 704.44, 732.22, 760.00, 787.78, 815.56, 
MPDATA, C, 5, 1, 444.11, 460.92, 477.49, 493.98, 503.53, 513.45, 
MPDATA, C, 5, 7, 524.26, 535.63, 544.50, 556.26, 563.15, 570.39, 
MPDATA, C, 5,13, 582.39, 598.04, 610.25, 622.12, 633.29, 651.67, 
MPDATA, C, 5,19, 668.48, 688.99, 706.55, 719.45, 750.06, 789.29, 
MPDATA, C 5,25, 835.25, 920.49,1134.34,1697.60, 837.70, 763.35, 
MPDATA, C, 6, 1, 482.93, 488.19, 499.38, 500.68, 511.31, 521.64, 
MPDATA, C, 6, 7, 522.43, 528.75, 538.31, 538.74, 544.43, 544.72, 
MPDATA, C, 6,13, 548.33, 553.58, 553.69, 558.67, 558.69, 566.58, 
MPDATA, C, 6,19, 566.48, 566.38, 573.84, 573.63, 576.42, 576.17, 
MPDATA, C, 6,25, 583.15, 582.81, 585.37, 587.89, 587.48, 589.92, 
MPDATA, C, 8, 1, 893.21, 900.65, 914.31, 923.64, 934.63, 945.70, 
MPDATA, C, 8, 7, 955.92, 961.58, 
/COM, 
MPTEMP 
MPTEMP, 1, -17.78, -6.67, 4.44, 15.56, 26.67, 37.78, 
MPTEMP, 7, 48.89, 60.00, 71.11, 82.22, 93.33, 115.56, 
MPTEMP, 13, 137.78, 160.00, 182.22, 204.44, 226.67, 248.89, 
MPTEMP, 19, 271.11, 293.33, 315.56, 337.78, 360.00, 382.22, 
MPTEMP, 25, 404.44, 426.67, 
MPDATA, C, 1, 1, 1005.7, 1005.7, 1006.1, 1006.1, 1006.5, 1006.9, 
MPDATA, C, 1, 7, 1007.8, 1008.2, 1009.0, 1009.9, 1010.7, 1013.2, 
MPDATA, C, 1,13, 1015.7, 1018.6, 1022.4, 1026.2, 1030.0, 1034.6, 
MPDATA, C, 1,19, 1039.2, 1043.8, 1048.8, 1053.8, 1059.3, 1064.7, 
MPDATA, C, 1,25, 1069.7, 1075.2, 
MPDATA, C, 2, 1, 5196.7, 5196.7, 5196.7, 5196.7, 5196.2, 5196.2, 
MPDATA, C, 2, 7, 5196.2, 5196.2, 5196.2, 5196.2, 5196.2, 5196.2, 
MPDATA, C, 2,13, 5196.2, 5196.2, 5196.2, 5196.2, 5196.2, 5196.2, 
MPDATA, C, 2,19, 5196.2, 5196.2, 5196.2, 5196.7, 5196.7, 5196.7, 
MPDATA, C, 2,25, 5196.7, 5196.7, 
/COM, 
MPTEMP 
MPTEMP, 1, -17.78, -6.67, 4.44, 15.56, 26.67, 37.78, 
MPTEMP, 7, 48.89, 60.00, 71.11, 82.22, 93.33, 115.56, 
MPTEMP, 13, 137.78, 160.00, 182.22, 204.44, 226.67, 248.89, 
MPTEMP, 19, 271.11, 293.33, 315.56, 337.78, 360.00 
MPDATA, C, 3, 1, 1042.5, 1042.1, 1042.1, 1042.1, 1042.1, 1042.1, 
MPDATA, C, 3, 7, 1042.1, 1042.5, 1042.9, 1043.4, 1043.8, 1045.0, 
MPDATA, C, 3,13, 1046.3, 1048.4, 1050.9, 1053.8, 1057.2, 1060.9, 
MPDATA, C, 3,19, 1064.7, 1068.9, 1073.5, 1078.1, 1083.1 
MPDATA, C, 4, 1, 522.5, 522.5, 522.1, 522.1, 522.1, 521.7, 
MPDATA, C, 4, 7, 521.7, 521.7, 521.7, 521.7, 521.3, 521.3, 
MPDATA, C, 4,13, 521.3, 521.3, 521.3, 521.3, 520.8, 520.8, 
MPDATA, C, 4,19, 520.8, 520.8, 520.8, 520.8, 520.8 
/COM, 
MPTEMP 
MPTEMP, 1, 52, 100, 200, 300, 400, 500, 
MPTEMP, 7, 600, 
MPDATA, C, 7, 1, 414, 423, 444, 460, 476, 485, 
MPDATA, C, 7, 7, 514, 
/COM, 
/COM, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/COM, * *  End of Material Property Llst * * 
/COM, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/EOF, 
/CON, ********************** i*****************************************  
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Table V-1 in tliis attachment presents the list of ANSYS output files that contain the ANSYS input 
file listing and the thermal analysis results for this calculation. These tiles are contained 011 the 
compact disk (CD) (Attaclinient VI) associated with tliis tile. 

Table V- 1. List oSFiles Contained on the CD 



AP-I / . lU . l  

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT I. QA: QA 

SPECIAL INSTRUCTION SHEET & +, A50 Page: 1 of: 1 

Complete Only Applicable Items 

This is a placeholder page for records that cannot be scanned or microfilmed 

Rev. 06/30/1999 

2. Record Date 
04105/200 1 

4. Author Name@) 
JAMES R. SMOTREL 

3. Accession Number 

/$?%~AOL. ,~Do/DL/%S~~OO / 
5. Author Organization 
NIA 

6. Title 
THERMAL RESPONSE OF THE 44-BWR WASTE PACKAGE TO A HYPOTHETICAL FIRE ACCIDENT 

7. Document Number(s) 
CAL-UDC-TH-000004 

8. Version 
REV 00 

9. Document Type 
DATA 

10. Medium 
CD-ROM 

11. Access Control Code 
PUB 

12. Traceability Des~gnator 
DC # 27733 

13. Comments 
THIS IS A SPECIAL PROCESS CD-ROM ENCLOSED AS ATTACHMENT VI, AND CAN BE LOCATED THROUGH THE 
RPC 

NOTE: SEE ATTACHMENT OF ELECTRONIC SOURCE FILE VERIFICATION FORM PER AP- 17.1QlICN 3, 
SECTION 5.1 (C), ELECTRONIC RECORDS 

m -  .- 



OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
ELECTRONIC SOURCE FlLE VERIFICATION QA: NIA- I 

1. DOCUMENT TITLE: I 

ELECTRONIC SOURCE FlLE INFORMATION 
4. ELECTRONIC SOURCE FlLE NAME WITH FlLE EXTENSION PROVIDED BY THE SOFTWARE: I 

Thermal Response of the 44-BWR Waste Package to a Hypothetical Fire Accident 
2. DOCUMENT IDENTIFIER: 

CA L-U DC-TH-000004 

N/A 
9. FILE CUSTODIAN: (I.E., DC, OR DC APPROVED CUSTODIAN) 10. FILE LOCATION FOR DC APPROVED CUSTODIAN: (I.E., SERVER, 

DIRECTORY) 

3. REVISION DESIGNATOR: 

00 

CAL-UDC-TH-000004 ROO.DOC 

DC 
11. PRINTER SPECIFICATION (1.E.. HP4SIl INCLUDING RXTSCRlPT INFORMATION (I.E., PRINTER DRIVER) AND PRINTING PAGE SETUP: (11.. 
LANDSCAPE, 11 X 17 PAPER) 

5. DATE LAST MODIFIED: 

COMMENTSISPECIAL INSTRUCTIONS 
16. 

r ~ l ~  
m m e n k  ~1 p< CAL - LDC --Tkf- D W W ~  RW 0 [S pro l / i d ~ J  to 

Q ~ ~ a r n e M t -  Csnt+d' 6M a a. 

8. FlLE LINKAGE INSTRUCTlONSllNFORMATION: 
M K B  a / o )  

6. ELECTRONIC SOURCE FILE APPLICATION: 
(I.E., EXCEL, WORD, CORELDRAW) 

word 

Printer Driver: HP LaserJet 4Si Paper: 8 112 x 1 I Portrait 

I I 
CERTIFICATION 

7. FILE SIZE IN KILOBYTES: 

23i-8 

12. COMPUTING PLATFORM USED: (I.E., SUN) 

IBM Compatible 

13. OPERATING EQUIPMENT USED: (I.E., UNIX, SOLARIS) 

Windows 95 
14. ADDITIONAL HARDWAREISOFTWARE REQUIREMENT USED TO CREATE FILE(S): 

N/A 

- 
18. DATE: 

+//0/0 1 
22. PHONE: 

295-4595 - 

17. NAME (Print and Sign) 

James R .  S m o t r e I  

15. ACCESS RESTRICTIONS: (IF ANY) 

MIQ 

19. ORGANIZATION: 

WPP 

20. D E P A R ~ E N T :  21. LOCATIONIMAILSTOP: 

WPD 1030El423 
DC USE ONLY 
23. DATE RECEIVED: 24. DATE REVIEWED: 25. DATE FILES TRANSFERRED: 

o Y-- 20 - ZOG/ 
27. DATE: 

PLZO -ZW ,/ 

?(,/I 8 /2coi 

AP-6.1 Q.8 Rev. 0 6 / 0 7 / 2 0 0 0  

0q-20 -200 1 
26. NAME (Print and Sign): - 

IY7or ..id 4 (L3 IGG(OW 4'1 1 h~ /- 


