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1.0 Introduction

The Remote-Handled Transuranic Waste Shipping Cask (Model No. RH-TRU 72-B) is designed for the safe
transport of remote-handled transuranic (RH-TRU) wastes from various sites around the United States. The
purpose of this calculation is to document the thermal performance of the alternative NS15 and NS30 shielded
RH waste canisters under NCT and HAC conditions when transported within the RH-TRU 72-B packaging.
The NS15 and NS30 neutron shield inserts are supplemental internal additions to the RH-TRU waste canister
assembly (removable lid design) and provide dose rate attenuation for neutron-emitting RH waste.

This calculation documents the thermal safety basis for adding the NS15 and NS30 neutron shield inserts to the
RH-TRU Waste Canister Assembly as an alternative payload configuration for the RH-TRU 72-B packaging.
The analysis confirms that the package design complies with all thermal acceptance criteria specified in

10 CFR 71[1].

1.1 Objective
The objectives of this calculation are: ‘

e develop a thermal model of the waste canister assembly with the NS15 and NS30 neutron shield
inserts within the existing and approved thermal model of the RH-TRU 72-B packaging,

e  determine the combined thermal performance of the shielded canisters and the RH-TRU 72-B
packaging under NCT and HAC conditions of transportatlon and for a variation in the decay heat
distribution within the containers, and

e ensure that the RH-TRU 72-B packaging temperatures remain bounded by the previous safety
evaluations for NCT and HAC conditions.

1.2 Purpose

- The purpose of this calculation is to demonstrate compliance with the applicable regulatory requirements for the
NS15 and NS30 shielded canisters as an alternative payload configuration for the RH-TRU 72-B packaging.
The applicable regulatory requirements are specified in 10 CFR 71 [1] for Normal Conditions of Transport
(NCT) and for Hypothetical Accident Conditions (HAC). Further guidance for the calculation is taken from
NUREG 1609 [3] and Regulatory Guide 7.8 [4].

1.3 Scope

The scope of this calculation is limited to the transportation of the NS15 and NS30 shielded canisters, as
defined by drawing X-106-503-SNP [5], within the RH-TRU 72-B packaging with a payload decay heat
* of fifty (50) watts or less. ’

2.0 Description of Thermal Design

The Remote-Handled Transuranic Waste Shipping Cask (Model No. RH-TRU 72-B).is an existing Type B
packaging designed for the safe transport of remote-handled transuranic (RH-TRU) wastes from various sites
around the United States. This section presents a description of the RH-TRU 72-B packaging and the payload
canisters, their design features, the payload configurations, and the thermal load conditions evaluated.
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21 Geometry

Design drawings of the RH-TRU 72-B packaging and the standard waste canisters are presented in the RH-TRU
72-B SAR [2]. Design information for the NS15 and NS30 neutron shield inserts is provided by design drawing
X-106-503-SNP [5]. '

2.2 Principal Design Features

2.21 RH-TRU 72-B Packaging

The RH-TRU 72-B packaging is composed of an inner vessel which optionally provides an inner containment
boundary, an outer cask which provides an outer containment boundary and acts as an environmental barrier,
and energy absorbing impact limiters at each end of the outer cask. Polyurethane foam filled energy absorbers
(impact limiters) are attached to each end of the outer cask to provide impact and thermal protection under
normal and accident conditions of transport. The empty cask weighs approximately 37,000 lbs. Figure 2-1
illustrates an overview of the RH-TRU 72-B package. ‘

The RH-TRU 72-B Cask is designed with a totally passive thermal system. The principal design features of this
system consists of an external thermal fire shield surrounding a 4.375-in. cask wall and polyurethane foam
impact limiters protecting the ends of the cask body. The fire shield consists of a 10 gauge stainless steel sheet
(0.135-1n. thick) offset from the outer cask body by a 12 gauge stainless steel wire wrap (0.105-in. diameter) on
a 3-in. pitch. The cylindrical outer cask consists of a 1.50-in. thick, 41.13-in. O.D. stainless steel outer shell, a
1.875-in. thick lead shield, and a 1-in. thick, 32.375-in. [.D. stainless steel inner shell. The outer cask bottom
end plate is 5-in. thick stainless steel, while the outer cask lid is 6-in. thick stainless steel. The 32-in. O.D. inner
vessel of the cask is constructed of 0.375-in. thick stainless steel with a 1.50-in. thick stainless steel bottom end
plate and a 6.50-in. thick stainless steel lid. Butyl rubber containment O-ring seals are used on the inner and
outer containment boundaries. Impact protection is provided by polyurethane foam impact limiters covering
each end of the outer cask. The polyurethane impact limiters also provide thermal protection during the
hypothetical accident condition (HAC) fire.

2.2.2 Waste Canisters

The payload of the RH-TRU 72-B cask will consist of one RH waste canister, either a standard or shielded
configuration. This calculation addresses only the NS15 and NS30 shielded waste canister configurations. All
RH-TRU waste will be loaded directly into the payload canister or into inner containers which are then
overpacked within the payload canister. The standard payload canister uses a 26-in. outside diameter 1/4-in.
thin-wall cylinder fabricated of carbon or stainless steel as the outer shell. Including a lift pintle at the top of the
payload canister, the overall length is 120% inches. The payload canister is basically a one- or two-piece
construction unit (fixed or removable lid versions, respectively, either of which may be configured with a
through-pintle fill port and plug) capable of transporting RH-TRU waste.

This calculation addresses the addition of the NS15 and NS30 neutron shield inserts for the RH waste canister
as an authorized payload configuration for shipment in the RH-TRU 72-B packaging. The NS15 and NS30
neutron shielded canisters contain supplemental internal neutron shielding components added to the RH-TRU
waste canister assembly (removable lid design) and provide dose rate attenuation for neutron-emitting RH
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waste. The nominal dimensions for the NS30 and NS15 neutron shielded canisters are provided in drawing
X-106-503-SNP [5].

The neutron shielding for the NS15 and NS30 neutron shield inserts is fabricated from pipe-grade extra-high
molecular weight (EHMW), high density polyethylene (HDPE) plastic with a cell classification of 345444C or
greater per ASTM D3350 [17]. The NS15 shield insert body pipe has a nominal wall thickness of 3.387-in.
(3.288-in. minimum) and the NS30 shield insert body pipe has a nominal wall thickness of 1.454-in. (1.412-in.
minimum). Both the NS15 and NS30 shield insert body pipes have a 24-in. outside diameter and the shield insert
end caps have a nominal wall thickness of 5-in. Figure 2-2 illustrates an overview of the NS15 shielded waste
canister. The overview of the NS30 shielded canister is similar except for the wall thickness of the shield insert.

2.3 Methodology
The methodology used to conduct the analysis was as follows:

1. The existing thermal models of the RH-TRU 72-B packaging for the transport of paper and metallic
wastes under normal conditions of transport (NCT) and hypothetical accident conditions (HAC) were
extracted from Reference [2] safety analysis report. Since these thermal models were developed under an
earlier version of SINDA/FLUINT, the models were re-run and the results compared to the original results
to ensure that the current version of the code produces similar results. :

2. A ‘solids’ based thermal model of the 72-B canisters with the NS15 and NS30 neutron shield inserts was
developed using the Thermal Deskt0p® computer program. The thermal model simulates the entire
canister and included representation of the paper and metallic waste configurations, as appropriate, plus
the waste containers that hold the waste. :

3. A ‘cask and impact limiter only’ thermal model for NCT and HAC were created from the existing non-
graphical, text based thermal models obtained from the Reference [2] safety analysis report by deleting
the thermal definitions for the canister and payload contained within each thermal model.

4. A representation of the interior surfaces for the inner vessel (IV) of the 72-B cask was added to the
‘solids’ modeling of the NS15 and NS30 shielded canisters. This thermal representation of the IV
surfaces is used to generate the radiation and conductance tie-ins between the shielded canisters and the
cask and impact limiter portions of the RH-TRU 72-B packaging.

5. The combined thermal models of the shielded canisters and the 72-B packaging are then exercised using
the SINDA/FLUINT computer program to predict the thermal performance of the shielded canisters
within the 72-B packaging. :

2.4 Design Basis Thermal Load Conditions

The shielded waste canister and RH-TRU 72-B package combinations are evaluated in accordance with 10 CFR
71 [1] and Regulatory Guide 7.8 [4] for the applicable NCT thermal loads. The load conditions are defined as
follows: »

e NCT Hot: An ambient temperature of 100 °F is used to evaluate the maximum temperatures within the
cask with maximum decay heat and 10 CFR §71.71(c)(1) prescribed insolation.
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e NCT Hot, No Solar: Same as NCT Hot, but without insolation. This case serves as the basis for
evaluation of the maximum temperature at the accessible surfaces of the package in accordance with 10
CFR §71.43(g). 10 CFR §71.43(g) stipulates that for exclusive use packages, the maximum accessible
surface temperature must be less than 185 °F for this condition.

e HAC Hot: Thermal conditions prior to the event are conservatively taken from the NCT Hot condition,
~ followed by a thirty-minute transient with an ambient temperature of 1,475 °F with maximum decay
heat, and then back to a steady-state ambient temperature of 100 °F with maximum decay heat and
insolation per 10CFR71.71(c)(1). This load case evaluates the peak temperature achieved for the

various cask components under the HAC fire event and the associated thermal stresses.

Cold environment conditions are not addressed by this evaluation since the minimum temperatures expected

‘within the packaging and payload are bounded by -20 °F and -40 °F uniform temperature conditions established
in the RH-TRU 72-B SAR [2]. '

2.5 Design Basis Thermal Loads

2.5.1 Insolation Loads

Maximum steady-state package temperatures with insolation are determined by using the insolation values
delineated in 10 CFR §71.71(c)(1), averaged over 12 hours. This action conservatively bounds the transient
thermal response that the payload and internal package components have to a diurnal (i.e., cyclic) solar load. The
relatively large thermal mass and the polyurethane foam impact limiters will effectively isolate (i.e., decouples)
the thermal response of the internal components from the cyclic variation in insolation heating applied to the
outside of the package. To account for self-shading provided by the package surfaces in the horizontal orientation,
the projected area of the package curved surfaces 1s used instead of their full area when calculating the total
insolation incident on the package. A solar absorptivity of 0.52 is assumed for the stainless steel surfaces under
NCT conditions. The solar absorptivity is increased to 0.8 after the HAC fire event to account for potential soot
accumulation on the package surfaces.

2.5.2 Payload Decay Heat

The package payload is assumed to consist of a paper based waste stream with an assumed maximum decay
heat loading of 50 watts. The decay heat is assumed to be equally distributed within the waste volume on a
volumetric basis. Approximately the same total volume of waste can be accommodated by either canister
design/payload definition. The thermal properties of the paper based waste stream are the same as presented in -
the RH-TRU 72-B SAR [2].
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Table 2-1 - Insolation Data pér 10CFR71.71(c)(1)

Form and Location of Surface

Total Insolation for a 12-hour
Period (g-cal/cm?)

Flat surfaces transported horizontally; base surface None
Flat surfaces transported horizontally; all other surfaces 800
Flat surfaces not transported horizontally 200
Curved surfaces 400

Notes:

(1) The, 12-hour period covers the daylight hours. Insolation for the remaining 12 hours (nights) is zero. The 12-hour
insolation values are converted to equivalent 12-hour averaged values for evaluation of package temperatures:
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Figure 2-1 - Overview of RH-TRU 72-B Package
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Figure 2-2 - Overview of NS15 Shielded Waste Canister
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3.0 Material Specifications

This section presents the thermal properties used in the thermal model of the NS15 and NS30 shielded waste
canisters within the RH-TRU 72-B packaging. The RH-TRU 72-B package is fabricated primarily of Type 304
stainless steel, lead, and polyurethane foam. The void spaces within the package are assumed to be filled with
air at one atmosphere. Air also fills the gap between the outer cask (OC) outer shell and the thermal shield. The
various waste containers to be transported will be constructed of carbon or stainless steel.

The shielded canister shell may be fabricated from carbon or stainless steel. For the purposes of this analysis
the shell material is assumed to be ASTM A516 carbon steel since both the higher thermal conductivity and
emissivity of carbon steel will bound the canister temperatures achieved under HAC conditions with stainless
steel. The shield inserts are fabricated of high den51ty polyethylene (HDPE) material. The void spaces within
the waste canisters are assumed to be filled with air at one atmosphere.

3.1 Summary of Thermal Properties

- The thermal properties for the RH-TRU 72-B packaging components are documented in the RH-TRU 72-B
SAR [2].

The thermal properties of A516 carbon steel assumed for the fabrication of the waste canisters presented in
Table 3-1 are taken from Table TCD, material group B, of the ASME Boiler and Pressure Vessel Code [7]. The
density of A516 carbon steel is taken from an on-line database [8].

‘The thermal properties of the HDPE shielding material used for the NS15 and NS30 shield inserts is based on
DriscoPlex® pipe material [6] (see product data sheet in Appendix 7.6). The thermal properties of the material
presented in Table 3-2 are taken from [9], while its density is obtained from the product datasheet. A single,
non-temperature dependent point is used since over the typical working temperature range the thermal
conductivity is essentially constant with temperature [9].

The thermal properties for air presented in Table 3-3 are derived from curve fits provided in [10]. Because the
thermal conductivity of air varies significantly with temperature, the computer model calculates the thermal
conductivity across the various air spaces as a function of the mean film temperature.

The payload within the shielded canisters is conservatively assumed to be paper and to exhibit the thermal
conductivity of air in order to bound the potential temperature rise and temperature limit within the payload.
This modeling assumption is consistent with the treatment established in the RH-TRU 72-B SAR [2] for paper
based payloads.

3.2 Emissivity, Absorption, & Transmittance Data

Table 3-4 presents the surface emissivity assumed for the various surfaces in the shielded canister thermal
model. The optical properties are based on the information contained in [11]. The emissivity and solar
absorptivity for the RH-TRU 72-B packaging materials are documented in the safety analysis report [2].

3.3 Technical Specification'of Components

The materials used in the RH-TRU 72-B package that are considered to be temperature sensitive are the butyl
used for the O-ring seals and the polyurethane foam used in the impact limiters.
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The RH-TRU 72-B SAR [2] presents the basis for the temperature limitations of the butyl rubber O-ring seals and
_the polyurethane foam. Per the RH-TRU 72-B SAR, the butyl rubber O- -ring seals have an allowable temperature
range of -40 °F to 225 °F and a short duration (8 hours) upper temperature limit of 360 °F. The allowable
temperature range for the polyurethane foam during impact loadings is -20 °F to 300 °F. Temperature excursions
between -40 °F and 300 °F will not permanently degrade the properties of the foam. No temperature limit exists
for the polyurethane foam under the hypothetical accident condition (HAC) since the failure of the foam via
thermal decomposition provides a principle thermal protection mechanism under elevated temperature conditions.
Foam performance under hypothetical accident condition (HAC) transient conditions is discussed in Section 3.5 of
the RH-TRU 72-B SAR [2]. '

Other package materials are stainless steel and lead. The melting points for these materials are 2,600 °F and
620 °F, respectively. The carbon steel, which may be used in the waste containers and the payload canister, has
a melting temperature of approximately 2,750 °F. In compliance with the ASME B&PV Code [18], the
allowable temperature for stainless steel under NCT conditions is limited to 800 °F if the component serves a

- structural purpose (e.g., the IV shell, the OC inner and outer shell, lid, and trunnions). While a higher, short-
term temperature is permissible under HAC conditions, the NCT limit of 800 °F is conservatively applied for
the HAC condition as well.

- The design temperature limit for the HDPE used for the shielded inserts is assumed to be the vicat softening
temperature. Per data sheet in Appendix 7.6, the vicat softenmg temperature for the pipe-grade HDPE
considered for this evaluation is 256 °F.

No specific temperature limit exists for the waste payload. Instead, the temperature limit for the waste material
is discussed in Appendix 4.6 of the RH-TRU Payload Appendices [2].
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Table 3-1 - Thermal Properties of ASTM A516 Carbon Steel

Thermal
Temperature Density Conductivity Specific Heat -
(°F) (Ibmlin3) (Btu/hr-ft-°F) - (Btu/lb,-°F)
70 236 0.106
100 23.9 0.110
150 24.2 0.114
200 0.284 24 .4 0.118
250 24.4 0.121
"~ 300 24 .4 0.123
400 24.2 0.128
Table 3-2 - Thermal Properties of HDPE
. Thermal
Temperature Density Conductivity Specific Heat
(°F) (Ibm/in3) (Btu/hr-ft-°F) (Btu/lb,,-°F)
- 0.035 0.25. 0.46
‘Table 3-3 - Thermal Properties of Air
v Dynamic Thermal Coef. Of
Temperature Density |Specific Heat| Viscosity Conductivity Prandtl No.| Thermal Exp.
(°F) Ibi,lins) (Btu/lb,,-°F) (Ibm fft-hr) (Btu/hr-ft-°F) (°R™)
-40 0.240 0.03673 0.0121
0 Use Ideal 0.240 0.03953 0.01»31
50 Gas Law w/ 0.240 0.04288 0.0143 o c
ompute as ompute as
100 Mqlecular wit 0.241 0.04607 0.0155 Pr=cou/k | B=1/CF+459.67)
200 =28966 | . (242 0.05207 0.0178
g/mole
300 0.243 0.05764 0.0199
400 0.245 0.06286 0.0220
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Table 3-4 - Surface Emissivity

Material Assumed ~ Assumed
Conditions Emissivity (¢)
Canister Shell
Painted .
(Carbon Steel) ante 0.8
HDPE Surfaces Black 0.85
Inner Waste Contai hell - ‘
” (ésalebor(l)nstilc;rss © Oxidized or painted 0.8
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4.0 Thermal Evaluation under Normal Conditions of Transport

This section presents the thermal analysis methodology and the evaluation of the thermal performance for the
NS15 and NS30 shielded canisters and the RH-TRU 72-B packaging combination under NCT conditions to
demonstrate compliance with the requirements of 10 CFR §71.43(g) and §71.71. The thermal evaluations are
performed using conservative analytical techniques to assure that all materials are maintained within their
applicable minimum and maximum allowable temperature during all modes of operation.

41 Thermal Model for NCT

The analytical thermal model of the shielded canisters within the RH-TRU 72-B packaging are developed for
use with the Thermal Desktop [12] and SINDA/FLUINT [13] computer programs. These programs work
together to provide the functions needed to build, exercise, and post-process a thermal model. The
SINDA/FLUINT and Thermal Desktop® computer programs have been validated for safety basis calculations
for nuclear related projects [14].

The analytical thermal model of the RH-TRU 72-B packaging developed for the RH-TRU 72-B SAR [2] is re-
used for the purposes of this calculation. The thermal model is set up as an axisymmetric, lumped-parameter,
finite-difference 360° model. Complete details of the cask and impact limiter modeling are provided in the RH-
TRU 72-B SAR. A summary description is also provided in Appendix 7.4.1. The NCT thermal evaluations
assumed that the package is in its normal horizontal orientation for transportation.

The thermal modeling of the NS15 and NS30 shielded canister payloads are developed using the Thermal
Desktop® computer program based on drawing X-106-503-SNP [5]. With the exception of the payload
definition and the thickness of the high density polyethylene (HDPE) used for shielding, identical modeling
approaches are used for the thermal models for the two canister designs. Approximately 1,270 thermal nodes
are used to define and simulate the NS15 canister design and its enclosed payload while approximately 1,385
thermal nodes are used for the NS30 canister design.

Waste will not be directly loaded into the NS15 shielded canister. Instead, the wasted is assumed to be
contained within three (3) approximately 15-gallon waste containers which are then overpacked by the NS15
canister. Three alternative arrangements of the containers within the NS15 canister were examined to determine
the sensitivity of the results to the use and placement of dunnage. While the results indicate a general
insensitivity to container placement within the canister, the stacking of the three waste containers against the
base of the canister was shown to yield a shghtly higher (i.e., =2°F) payload temperature than the other
placement assumptions.

The heat transfer between the various components within the shielded canisters is via radiation and conductioh.
All void spaces within the canister and cask cavity are assumed to be filled with air at atmospheric pressure.

A similar modeling approach is used for the payload definition for the NS30 canister, except that the waste is
assumed to be contained within six (6) approximately 8-gallon containers that, in turn, are housed within three
(3) approximately 30-gallon waste containers.
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A paper based waste stream is assumed for the payload with a maximum decay heat loading of 50 watts for
either canister configuration. The decay heat is assumed to be equally distributed within the waste volume on a
~ volumetric basis. This is the same modeling approach used in the RH-TRU 72-B SAR [2].

Details of the thermal modeling used for the NS15 and NS30 shielded canister configurations are provided in
Appendix 7.4.2.

4.2 Heat and Cold

4.2.1 Maximum Temperatures for NCT Conditions

Two ambient conditions are evaluated for NCT conditions: NCT Hot (i.e., 100 °F with regulatory solar averaged
over 12 hours) and NCT Hot, No Solar (i.e., 100 °F with no insolation loading). See Section 2.4 for a description of
each ambient condition. Table 4-1 presents the resulting package temperatures for the transportation of the NS15
shielded canister, while Table 4-2 presents the same type of results for the NS30 shielded canister. The maximum
temperatures seen for the NS15 and NS30 neutron shield inserts are 141 °F and 137 °F, respectively. The
temperature levels achieved under NCT conditions demonstrate that all component temperatures for the NS15 and
NS30 canister configurations are within their respective limits. '

Figure 4-1 illustrates the temperature distribution within the NS15 shielded canister and payload under the NCT
Hot condition. The temperature distribution on the left side of the figure includes the waste drums and waste
payload, while the illustration on the right side of the figure presents the temperature distribution within the
canister shell and the NS15 shield insert only. Figure 4-2 illustrates similar temperature distributions for the
NS30 shielded canister. '

Since no specific dunnage is defined for the NS15 and NS30 shielded canisters, the sensitivity of the results to
the placement of the waste containers within the shielded canisters was evaluated. The evaluation was
conducted for the NS15 canister by considering two alternative placements besides the stacking of the three
waste containers against the base of the canister. These alternative placements were 1) the stacking of the three
waste containers against the lid of the canister (i.e., the 'top position'), and 2) the centering of the three waste
containers within the canister (i.e.,, the 'middle position"). The evaluation showed that the temperature results
are essentially insensitive to the stacking arrangement with the middle positioning yielding the lowest peak

. payload temperature and the bottom positioning the highest. However, the difference in the peak payload
temperature between these two positions is only 2°F (see Figure 4-1 and Figure 4-3).

To assess the effect of eccentric placement within the horizontal cask, another sensitivity evaluation was
conducted using the 'bottom position' waste container arrangement as described above. The changes to the
thermal modeling for the eccentric placement consisted of reducing the mean gap between the lower half of the
horizontally oriented drums, HDPE poly insert, and canister and their adjacent component to approximately one
half of the gap assumed for the concentric placement of the components. The corresponding mean gap between
- the upper half of these same components was increased by approximately 50% over that assumed for the
concentric placement of the components. The thermal conductance due to the line contact between the
components is conservatively ignored. All other aspects of the thermal model remained the same as discussed
above. The net thermal impact was a very slight (i.e., < 0.2°F) decrease in the peak payload and HDPE
temperatures. The results demonstrate that, given the low decay heat considered for the shielded canisters, the
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reduction in thermal resistance over the bottom half of the payload and HDPE insert offset the increased
thermal resistance over the upper half.

It should be noted that the cask design includes a support structure to limit the eccentric offset of the canister when
the cask is in the horizontal position such that a minimum radial gap of 2.375-inches would exist. This gap is only
0.25-inch smaller than that existing for the concentric placement of a canister with the nominal diameter.

4.2.2 Minimum Temperatures for NCT Conditions

Cold environment conditions are not addressed by this evaluation since, given sufficient time, the minimum

temperatures expected within the packaging and payload are bounded by -20 °F and -40 °F uniform temperature
conditions established in the RH-TRU 72-B SAR [2]. These minimum temperature levels are within the
allowable temperature limits for all components of the NS15 and NS30 shielded canisters.

4.3 MaX|mum Normal Operating Pressure

The RH-TRU 72-B package has a de51gn pressure of 150 psig. The major factors affectlng the pressure within
the sealed IV are:

* Radiolytic gas generation (or consumption), .
» Temperature-related pressure change,

* Barometric pressure change, '

* Chemical reactions,

» Biological gas generation, and/or

* Thermal decomposition.

The determination of the maximum normal operating pressure (MNOP) is not within the scope of this
calculation.

4.4 Evaluation of Package Performance for Normal Conditions of Transport

The combined thermal performance of the NS15 and NS30 shielded RH waste canisters in the RH-TRU 72-B

packaging has been evaluated for the applicable NCT conditions of transportation and for a maximum decay

heat loading of 50 W within the canisters. The evaluations found that the resulting component temperatures

remained within their specified allowable limits for all cases. Further, the computed temperatures for the RH-

TRU 72-B packaging components were essentially the same as those predicted in the RH-TRU 72-B SAR [2]

for similar ambient conditions. Thus the NS15 and NS30 shielded RH waste canisters will not impact the safety
basis of the RH-TRU 72-B packaging.
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Table 4-1 - Maximum NCT Temperatures for NS15 Shielded Canister

Temperature (°F)1
_ NCT With | NCT Without Allowable
Location / Component Insolation Insolation Temperature
' Waste Centerline 247 225 N/A?
NS15 Shield Insert 141 - 119 256
Canister Shell 133 111 2,600
IV Shell 128 105 800
IV Void Space Bulk Avg 127 - 104 N/A
OC Inner Shell 126 103 800
OC Lead Shield 126 103 620
OC Outer Shell 126 103 800
OC Thermal Shield 125 - 103 185
OC Upper Ring Forging 125 102 800
IV O-Ring Seal 125 103 225
OC O-Ring Seal 125 102 225
! IV Lid 125 103 800
‘ OC Lid 125 103 800
Impact Limiter Foam 132 104 300
Impact Limiter Shell 133 105 185

Table Note: 1) Temperatures assume a total payload decay heat loading of 50 W.

2) The temperature limit for the waste material is discussed in Appendix 4.6 of the RH-TRU Payload

Appendices [2].
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Table 4-2 - Maximum NCT Temperatures for NS30 Shielded Canister

Temperature (°F)"
‘ » NCT With | NCT Without | Allowable
Location / Component Insolation Insolation | Temperature

‘Waste Centerline 234 214 N/A?
NS30 Shield Insert 137 115 256
Canister Shell 132 110 2,600

IV Shell 128 105 800

IV Void Space Bulk Avg 127 104 N/A
OC Inner Shell 126 103 ‘800

OC Lead Shield 126 103 620
‘OC Outer Shell - 126 103 800

OC Thermal Shield 125 103 185
OC Upper Ring Forging 125 103 800
IV O-Ring Seal 126 103 225

OC O-Ring Seal 125 103 225

IV Lid 126 103 800

- OCLid 125 103 800
Impact Limiter Foam 132 104 300
Impact Limiter Shell 133 105 185.

~ Table Note: 1) Temperatures assume a total payload decay heat loading of 50 W. v
2) The temperature limit for the waste material is discussed in Appendix 4.6 of the RH-TRU Payload

Appendices [2].
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Figure 4-1 - NCT Temperature Distribution within NS15 Shielded Canister
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Figure 4-2 - NCT Temperature Distribution within NS30 Shielded Canister
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Figure 4-3 - NCT Temperature Distribution for Alternative Waste Positioning within
NS15 Shielded Canister
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- 5.0 Thermal Evaluation under Hypothetical Accident Conditions

This section presents the thermal analysis methodology and the evaluation of the thermal performance for the
NS15 and NS30 shielded canisters and the RH-TRU 72-B packaging combination under the hypothetlcal
accident condition (HAC) specified in 10 CFR §71.73(c)(4).

5.1 Initial Conditions

The initial conditions assumed for the package prior to the HAC event are described in the RH-TRU 72-B SAR
[2]. A summary of the modifications made to the NCT thermal model of the packaging to s1mulate the assumed
package conditions prior to and during the HAC event are as follows:

e The simulated worst-case damage arising from the postulated HAC free and puncture drops were
made to the impact limiters. This included reducing the foam thickness to bound the amount of
foam lost due to thermal decomposition during the fire event,

e No significant thermal damage is predicted for the RH-TRU 72-B cask body as a result of the
free drop events,

e Included credit for the thermal conductance through the wire wrap supporting the thermal shield

to maximize the heat flow into the package. This conductance was conservatively 1gnored for
NCT,

¢ Increased the emissivity of all external surfaces to 0.8 and the solar absorpt1v1ty to account for
possible oxidation and/or soot accumulation on the surfaces,

e Assumed an initial temperature distribution within the package equivalent to the steady state
conditions with a 100 °F ambient and no insolation.

The RH-TRU 72-B SAR [2] describes the initial conditions and the expected level of damage sustained by the
RH-TRU 72-B package from the 10 CFR 71.73 prescribed free and puncture drops. The total gross weight of
the loaded NS15 or NS30 shielded canisters is 3,100 Ib, or a factor of approximately 2.6 less than the 8,000 Ib
gross weight for the removable or fixed lid standard payload canisters. As such, the expected level of package
damage would be less with an NS15 or NS30 shielded canister payload. Free drop testing of an NS30 shielded
canister, which structurally bounds the NS15 shielded canister, in a RH-TRU 72-B surrogate test fixture
demonstrated that no significant damage is sustained by the shield insert as a result of the free drop [16].
Therefore, the analytical models of the shielded canisters for NCT condition described in Appendix 7.4.2 are
also valid for the HAC evaluation.

5.2 Fire Test Conditions
The fire test conditions analyzed to address the 10 CFR §71 73(c) requirements are as follows:

e The initial ambient conditions are assumed to be 100 °F ambient with no insolation,

e Attime = 0, a fully engulfing fire environment consisting of a 1,475 °F ambient with an effective
emissivity of 0.9 is used to simulate thc average flame temperature of the hydrocarbon fuel/air .
fire event.
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e The convection heat transfer coefficients between the package and the ambient during the 30-
minute fire event are based on an average gas velocity of 9 m/sec. Following the 30-minute fire
event the convection coefficients are based on still air,

e The ambient condition of 100 °F with insolation is assumed following the 30-minute fire event.
A solar absorptivity of 0.8 is assumed for the exterior surfaces to account for potential soot
accumulation on the package surfaces.

The transient analysis is continued for 11.5 hours after the end of the 30-minute fire to capture the peak package
temperatures. The peak O-ring seal temperatures were determined by extending the transient time period to 24 hours.

5.3 Maximum Temperatures and Pressure

Table 5-1 and Table 5-2 present the predicted maximum temperatures for NS15 and NS30 shielded canister
configurations, respectively, under HAC conditions. The results show that all component temperatures remain
with allowable limits. The peak temperature of the HDPE shield inserts is seen to remain below the design limit
of 256 °F for both configurations. Further, the fact that the canister shell also remains below this temperature
level demonstrates that the HDPE temperature limit would not have been exceeded even if direct contact existed
between the components. The logic behind this conclusion is as follows: The alternative arrangement of
assuming a tight contact between the bases of the insert and canister shell will yield lower transient peak
temperatures under HAC conditions for the base of the canister shell since the thermal mass of the HDPE insert
would be closely coupled to the canister base and thus help absorb the transient heat flux during the fire event
yielding a lower peak canister base temperature than would be achieved with no contact. Therefore, the peak
canister temperature achieved under HAC conditions without contact with the HDPE insert will bound that
achieved with contact and will also bound the peak HDPE insert temperature achieved with and without contact.

Figure 5-1 illustrates the temperature response of the RH-TRU 72-B packaging with the NS15 canister payload.
A similar response is seen with the NS30 canister. The illustrated temperature response is essentially the same
as presented in the RH-TRU 72-B SAR [2]. Figure 5-2 and Figure 5-3 illustrate the temperature response of the
NS15 and NS30 canister payloads, respectively.

5.4 Maximum Thermal Stresses

The temperature levels and transient response seen for the NS15 and NS30 canisters under HAC conditions are
similar to that seen for the base payload for the RH-TRU 72-B packaging. As such, the thermal stresses
presented in the RH-TRU 72-B SAR [2] are also applicable to the NS15 and NS30 canisters.

5.5 Evaluation of Package Performance for Hypothetical Accident Conditions of Transport

The combined thermal performance of the NS15 and NS30 shielded RH waste canisters in the RH-TRU 72-B
packaging has been evaluated for the applicable HAC conditions of transportation and for a maximum decay
heat loading of 50 W within the canisters. The evaluations found that the resulting component temperatures -
remained within their specified allowable limits for all cases. Further, the computed temperatures for the RH-
TRU 72-B packaging components were essentially the same as those predicted in the RH-TRU 72-B SAR [2]
for accident conditions. Thus the NS15 and NS30 shielded RH waste canisters will not impact the safety basis
of the RH-TRU 72-B packaging.
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Table 5-1 - HAC Temperatures for NS15 Shielded Canister

Temperature (°F) '
Location / Component End of Fire Peak St:z?;;'-t;l;:te ' vTeArﬂ;::::ilere
Waste Centerline 225 244 244 N/A®
NS15 Shield Insert 119 189 138 _ 256
Canister Shell 113 229 130 ' 2,600
IV Shell 151 . 323 125 _ 800 .
IV Void Space Bulk Avg - . 284 406 124 N/A
OC Inner Shell 416 488 123 800
OC Lead Shield ' 527 544 123 1l 620
OC Outer Shell 605 606 123 - 800
OC Thermal Shield 1,231 1,231 123 2,600
OC Upper Ring Forging 105 159 7 123 . 800
IV O-Ring Seal 103 142 123 ' 360/225°
OC O-Ring Seal 107 T 145 123 360/225°
IV Lid 105 159 123 800
- OC Lid 106 150 123 _ 800
Impact Limiter Foam N/A N/A N/A N/A
Impact Limiter Shell - 1,427 1,427 131 2,600

Table Note: 1) Temperatures assume a total payload decay heat loading of S0 W.
2) The temperature limit for the waste material is discussed in Appendix 4.6 of the RH-TRU Payload
Appendices [2]. » _ :
3) 360°F is the transient limit during the HAC transient and 225°F is a steady-state limit for post-fire conditions
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Table 5-2 - HAC Témperatures for NS30 Shielded Canister

Temperature (°F) :
Location / Component End of Fire Peak St:;;;-t;::\te : T:;::;:‘Irzt:::ere
Waste Centerline 214 232 232 N/A
NS30 Shield Insert _ 115 206 135 . 256
Canister Shell 113 232 129 2,600
_ IV Shell 151 323 125 800
IV Void Space Bulk Avg 284 406 124 N/A
OC Inner Shell 416 488 123 800
OC Lead Shield v 527 544 123 620
OC Outer Shell 605 606 123 800
OC Thermal Shield 1,231 1,231 - 123 ' 2,600
OC Upper Ring Forging 105 160 123 800
IV O-Ring Seal 107 149 123 360/225°
OC O-Ring Seal 104 149 123 360/225°
IV Lid 109 160 123 - 800
OC Lid 107 151 123 800
Impact Limiter Foam : N/A N/A N/A N/A
- Impact Limiter Shell 1,427 1,427 131 : 2,600

Table Note: 1) Temperatures assume a total payload decay heat loading of 50 W.

2) The temperature limit for the waste material is discussed in Appendix 4.6 of the RH—TRU Payload
Appendices [2]. o
3) 360°F is the transient limit during the HAC transient and 225°F is a steady-state limit for post-fire conditions
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6.0 Conclusion

. The thermal evaluations presented in this calculation demonstrate that both the NS15 and NS30 shielded RH
waste canisters with a maximum payload decay heat loading of 50 watts comply with all the thermal acceptance
criteria specified in 10 CFR 71[1]. . The evaluations were conducted using conservative assumptions and methods.
The evaluations included sensitivity analyses for assumed placement of the waste payload within the canister and
for centered or eccentric location of the cylindrical shells within one another. The thermal response seen for the
RH-TRU 72-B packaging components are seen as being essentially the same as those predicted in the RH-TRU
72-B SAR [2] under both NCT and HAC conditions. As such, the addition of the NS15 and NS30 shielded RH
waste canisters as alternative payloads will not impact the safety basis of the RH-TRU 72-B packaging.
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7.2 Sample Input File

The input files are too large for inclusion directly 1nto this calculation. Instead the input and output ﬁles are
provided on a CDROM.

7.3 Computer Run Record ‘

A COMPUTER RUN RECORD
AREVA

Computer Run Identification ’ Verification of Existing RH-TRU 72-B Thermal Models

Software Verification - | Verified under AFS-EN-PRC-013, Rev. 01

Analysis Software Thermal Desktop™ & SINDA/FLUINT™, Version 5.1

Hardware Description Pentium M, Windows XP operating system for computer DLT6000

Disk Storage Description All files stored on CD-ROM in folder named: RH-TRU 72-B Verification
File File Name Creator
Description
ASCII Input RH-TRU_50Watt NCT.inp . G Banken

RH-TRU 50Watt HAC.inp
RH-TRU 300Watt NCT.inp
RH-TRU_300Watt HAC.inp
frevv-sqft.f

Disk File Storage Binary

Database -none- G Banken

RH-TRU NCT 50W.out
RH-TRU_50W_ HAC.out : '
ASCII Output RH-TRU_NCT_300W.out G Banken

RH-TRU 300Watt HAC.out
Binary Output | -none- : G Banken

Spreadsheets | none

Printed Attachments . Description
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-

COMPUTER RUN RECORD
AREVA
Computer R un NS15 Shielded Canister
‘ .Identification

Software Verification

Verified under AFS-EN-PRC-013, Rev. 01

Analysis Software

Thermal Desktop™ & SINDA/FLUINT™, Version 5.1

Hardware Description

Pentium M, Windows XP operating system for computer DLT6000

Disk Storage Description

All files stored on CD-ROM in folder named: NS15 Safety Evaluation

File Description

File Name

Creator

ASCII Input

RHTRU-NS15 NCT_ Bottom_Position.inp/cc

| RHTRU-NS15_NCT Middle_Position.inp/cc

RHTRU-NS15 NCT_Top_Position.inp/cc
RHTRU-NS15 NCT_Eccentric.inp/cc
RHTRU-NS15_NCT NoSolar.inp
RHTRU-NS15 HAC.inp
RHTRU-NS15_HAC PostSS.inp
RHTRU-NS15 NCT Bottom Position.rad
RHTRU-NS15_NCT_Middle_Position.rad
RHTRU-NS15 NCT Top Position.rad
RH-TRU Optical Properties.rco

RH-TRU Material Properties.tdp.
RH-TRU_Cask_NCT.dat / RH-TRU Cask HAC dat
frevv-sqgft.f

G Banken

Disk File Storage Binary Database

RHTRU-NS15_NCT_Bottom_ Position.dwg
RHTRU-NS15 NCT Middle Position.dwg
RHTRU-NS15 NCT Top_Position.dwg
RHTRU-NSI15 NCT Eccentric.dwg

G Banken

ASCII Output

RHTRU-NSI5 NCT Bottom Position.out/usrl
RHTRU-NSI15 NCT Middle Position.out/usrl
RHTRU-NS15 NCT Top_Position.out/usrl
RHTRU-NS15 NCT_ Eccentric.out/usrl
RHTRU-NS15_NCT_NoSolar.out/usrl
RHTRU-NS15 HAC.out/usrl

RHTRU-NS15 HAC PostSS.out/usrl

G Banken.

Binary Output

RHTRU-NSI5 NCT Bottom Position.sav
RHTRU-NS15 NCT Middle Position.sav
RHTRU-NS15_NCT_Top_Position.sav
RHTRU-NS15 NCT Eccentric.sav
RHTRU-NS15 NCT NoSolar.sav
RHTRU-NS15_HAC sav

RHTRU-NS15 HAC PostSS.sav_

G Banken

Spreadsheets

RHTRU-72B Shielded Canister Results.xls
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A | COMPUTER RUN RECORD |
AREVA

Computer Run

Identification NS30 Shielded Canister

Software Verification Verified under AFS-EN-PRC-013, Rev. 01

Analysis Software ' Thermal Desktop™ & SINDA/FLUINT™, Version 5.1

Hardware Description Pentium M, Windows XP operating system for computer DLT6000

Disk Storage Description All files stored on CD-ROM in folder named: NS30 Safety Evaluation

File Description | File Name Creator

RHTRU-NS30_NCT.inp
RHTRU-NS30_NCT_NoSolar.inp
RHTRU-NS30 HAC.inp .
RHTRU-NS30_HAC_PostSS.inp
RHTRU-NS30.cc

ASCII input RHTRU-NS30.rad

RH-TRU Optical Properties.rco
RH-TRU Material Properties.tdp
RH-TRU Cask NCT.dat

Disk File Storage RH-TRU_Cask HAC.dat
frevv-sqft.f

G Banken

Binary Database | RH-TRU NS30 Canister.dwg G Banken

RHTRU-NS30 NCT.out/usrl -
RHTRU-NS30 NCT NoSolar.out/usrl
RHTRU-NS30 HAC.out/usrl
RHTRU-NS30 HAC PostSS.out/usrl

ASCII Output G Banken

RHTRU-NS30_NCT.sav
RHTRU-NS30_NCT_NoSolar.sav
RHTRU-NS30_HAC.sav
RHTRU-NS30 HAC PostSS.sav

Binary Output G Banken

Spreadsheets - RHTRU-72B Shielded Canister Results.xls
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7.4 Thermal Model Details

This section presents details of the thermal modeling used to simulate the NS15 and NS30 shielded canisters
within the RH-TRU 72-B packaging. The analytical thermal model of the shielded canisters within the RH-
TRU 72-B packaging is developed for use with the Thermal Desktop® [12] and SINDA/FLUINT [13] computer
programs. These programs work together to provide the functions needed to build, exercise, and post-process a
thermal model. The Thermal Desktop® computer program provides graphical input and output display
functions, as well as computing the thermal mass, conduction, and radiation exchange conductors for the
defined geometry and thermal/optical properties. Thermal Desktop® is designed to run as an application
module within the AutoCAD™ design software. As such, all of the CAD tools available for generating
geometry within AutoCAD™ can be used for generating a thermal model. In addition, the use of the
AutoCAD™ layers tool presents a convenient means of segregating the thermal model into its various elements.

The SINDA/FLUINT computer program is a general purpose code that handles problems defined in finite
difference (i.e., lumped parameter) and/or finite element terms and can be used to compute the steady-state and
transient behavior of the modeled system. Although the code can be used to solve any physical problem
governed by diffusion-type equations, specialized functions used to address the physics of heat transfer and
fluid flow make the code primarily a thermal code. The SINDA ’85 computer program used to produce the
thermal results presented in the RH-TRU 72-B [2] safety analysis report is an early predecessor to Version 5.1
of the SINDA/FLUINT software used for this evaluation.

Together, the Thermal Desktop® and SINDA/FLUINT codes provide the capability to simulate steady-state and
transient temperatures using temperature dependent material properties and heat transfer via conduction,
convection, and radiation. While complex algorithms may also be programmed into the solution process to, for
example, compute heat transfer coefficients as a function of the local conditions, this capability of the code has
not been utilized for this evaluation. . ’

The SINDA/FLUINT and Thermal Desktop® computer programs have been validated for safety basis
calculations for nuclear related projects [14].

7.4.1 Thermal Model for RH-TRU 72-B Packaging

The analytical thermal model of the RH-TRU 72-B packaging developed for the RH-TRU 72-B SAR [2] is re-
used for the purposes of this calculation. The thermal model for NCT provides an axisymmetric, 360°
representation of the RH-TRU 72-B cask body and impact limiters, as illustrated in Figure 7-1 to Figure 7-4.
The modeling is defined via non-graphical, textual modeling language that defines a lumped-parameter, finite-
difference representation of the package. Similar modeling is used for HAC conditions, except for the
simulation of the non- axisymmetric effect of the trunnions and the side drop and puncture pin damage. To
address these HAC related aspects of the thermal modeling, the thermal modeling for the lead shield, outer
vessel, thermal shield, and the impact limiters are extended to three dimensions. Figure 7-5 illustrates the
revised thermal modeling for the impact limiters to capture the pre-fire drop damage. Full details of the
modeling and the assumptions used in its development are provided in the RH-TRU 72-B SAR. The following
bullet items identify the basis of this thermal modeling:

e The thermal analyses are based on coding for the SINDA 85/FLUINT finite difference code
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e All internal voids are assumed to be filled with air at one (1) atmosphere

e Solar heat input is based on projected surface area of the package and a solar absorpt1v1ty of a =0.52 for
NCT and a = 0.8 for HAC

o Convective heat transfer from the exterior of the package is based on natural convection for NCT and
post-fire HAC conditions and on forced convection during the 30-minute HAC fire. These convection
coefficients are determined from the local Nusselt number based on local air temperature (average of the
local external surface temperature and the ambient temperature) and the surface area. The Nusselt
number is calculated as a function of the Grashof and Prandtl numbers

e External radiation from packaging and impact limiter surfaces is calculated assuming a surface
emissivity of € = 0.3 for NCT and € = 0.8 for HAC

7.4.2 Thermai Model for NS15 and NS30 Shielded Canisters

The thermal modeling of the NS15 and NS30 shielded canisters and waste payload are developed using the
Thermal Desktop® computer program [12] based on the geometry provided by drawing X-106-503-SNP [5].

With the exception of the payload definition and the thickness of the high density polyethylene (HDPE) used for
shielding, identical modeling approaches are used for the thermal models for the NS15 and NS30 canister designs.
Approximately 1,270 thermal nodes are used to define the NS15 canister design and its enclosed payload, while
approximately 1,385 thermal nodes are used for the NS30 canister design. The interface of the graphics based
modeling of the NS15 and NS30 shielded canisters with the textual based thermal modeling of the RH-TRU 72-B
cask body is provided via a series of shell surfaces illustrated in Figure 7-6 whose location and surface area match
precisely the nodal distribution in the text based modeling of the RH-TRU 72-B cask body.

The shell for both shielded payload canister configurations is identical to the unshielded configuration with a 26-
in. outside diameter and a "-in. thick wall fabricated of painted ASTM AS516 carbon steel. Including the lifting
pintle at the top of the payload canister, the overall length of the modeled canister is 120% inches. Given the
combination of the relative thinness of the shell, the conductivity of carbon steel, and the relatively low heat flux
associated with a 50 W decay heat payload, the shell of the canister is modeled with a single thermal node in the
radial direction. Axial thermal resolution is provided with thermal nodes spaced approximately every 5 inches
along the shell’s length. The lid and base of the canister shell as modeled with one node for the Y4-in. thickness
and 5 nodes in the radial direction. The lifting pintle is modeled with solid elements using 30 thermal nodes. The
heat transfer between the waste canister shell and the RH-TRU 72-B cask body is modeled as conduction and
radiation across the nominal 2.625-in. gap in the same fashion as the thermal modeling defined in the RH-TRU
72-B SAR [2]. The radial gap between the canister and the RH-TRU 72-B inner vessel is mechanically
maintained within '%-in. of nominal spacing by the use of spacer rings and support rails. Figure 7-7 illustrates the
- thermal interface between the waste canister and the inner surfaces of the cask cavity. Heat transfer between the
base and lid ends of the canister and the cask inner surfaces is modeled as conduction and radiation across 0.125-
in. and 0.5-in. gaps, respectively. The relatively void space associated with the region around the lifting pintle on
the canister effectively isolates the top of the canister from the underside of the cask lid.

The HDPE neutron shielding material for the NS15 canister is modeled with a nominal thickness of 3.387-in.
and an outer diameter of 24 inches. The top and bottom end caps have a 5-in. thickness. The neutron shielding
material for the NS30 canister is modeled with a nominal thickness of 1.454-in. The outer diameter and the
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thickness of the top and bottom end caps are the same as that for the NS15 shield insert. Figure 7-8 illustrates
the thermal model of the NS15 shield insert in the waste canister. Except for sidewall thickness, the thermal
modeling for the NS30 shield insert is similar. ’

Five thermal nodes are used to model the HDPE wall thickness of the NS15 shield insert and three nodes are
used for the NS30 shield insert. The 5-in. node spacing in the axial direction matches that used for the canister
shell. The top and bottom end caps are simulated with 9 thermal nodes in the radial direction and 6 nodes
across the thickness. Radial heat transfer between the HDPE insert and the canister shell wall is simulated as
conduction and radiation across the nominal 0.75-in. gap between the components. The use of a uniform radial
gap is appropriate for NCT and HAC evaluations even though the RH-TRU 72-B package is transported
horizontally since the increase in the radial gap on one side of the HDPE insert will be offset by a corresponding
- smaller gap on the opposing side. In addition, ignoring the narrow line contact that will exist for the horizontal
package orientation will yield conservative temperature estimates for NCT conditions, while the bounding
temperature achieved under HAC conditions can be conservatively estimated by assuming the inner surface
reaches a temperature equivalent to that achieved by the outer surface.

Axial heat transfer between the HDPE insert and the base and lid ends of the canister is modeled as conduction
and radiation across 0.125-in. and 0.375-in. gaps, respectively. The HDPE insert is conservatively assumed to
have shifted forwarded slightly under horizontal transportation from its vertical loading position. This

- modeling arrangement yields conservative temperatures since the alternative arrangement of assuming a tight
contact between the bases of the insert and canister shell will yield lower temperatures under the steady-state
NCT conditions for the insert and payload because the thermal resistance would be lower. The alternative
arrangement of assuming a tight contact between the bases of the insert and canister shell will also yield lower
transient peak temperatures under HAC conditions for the base of the canister shell since the thermal mass of
the HDPE insert would be closely coupled to the canister base and thus help absorb the transient heat flux
during the fire event. Therefore, the peak canister temperature achieved under HAC conditions without contact
with the HDPE insert will bound that achieved with contact and will also bound the peak HDPE insert
temperature achieved with and without contact.

The payload for the NS15 canister is assumed to be contained within three (3) approximately 16-gallon
containers. Each waste container and its contents are represented by 119 thermal nodes. The containers are
assumed to be full of waste whose volumetric heat generation is evenly distributed and whose effective thermal
conductivity is equal to that of air. The shell of the containers is simulated as 0.04-in. thick carbon steel.

Three alternative placements of the waste containers within the canister are considered: first, the containers are
assumed to be stacked on the bottom of the canister cavity, the second configuration assumes the use of
approximately 19.9-in. of dunnage at the bottom of the canister to elevate the top of the uppermost container to
near the top of the canister cavity, and the third placement configuration assumes approximately 7.5-in. of
dunnage at both the top and bottom of the canister to center the waste containers within the canister. The second
placement configuration further assumes the use of slip sheets or some other separator between the containers,
while the first and third container arrangement assumes the containers are in close, near physical contact with one
another. The dunnage required for these various placement configurations are not specifically modeled, but are
‘assumed to have the thermal conductance of an equivalent airspace. Even containers in near physical contact with
one another are assumed to have an approximate airspace of 0.375-in. between their end face surfaces because the




A ~ AREVA Federal Services LLC

AREVA |Title: Thermal Analysis of RH Shielded Canisters in RH-TRU 72-B Ca_sk

Document No: 01937.01.M0005.01-04 Rev. No: 1 Page 40 of 52

Project No: 01937.01.M005.01.00001.100 Project Name: RH Technical Support

rolled rims and dished ends prevent tighter contact. Figure 7-9 illustrates the bottom and top positioning
- configurations of the waste containers, while Figure 7-10 illustrates the center positioning scheme.

To assess the effect of eccentric placement within the horizontal cask, a sensitivity evaluation was conducted
for the bottom positioning configuration for the waste containers described above. The changes to the thermal
modeling for the eccentric placement consisted of reducing the mean gap between the lower half of the
horizontally oriented drums, poly insert, and canister and their adjacent component to one half of the gap
assumed for the concentric placement of the components. The corresponding mean gap between the upper half
of these same components was increased by 50% over that assumed for the concentric placement of the
components. The thermal conductance due to the line contact between the components is conservatively
ignored. All other aspects of the thermal model remained the same as discussed above.-

The modeling approach used for the payload definition for the NS30 canister is similar to that for the N15
canister, except that the waste is assumed to be contained within six (6) approximately 8-gallon containers that, in
turn, are housed within three (3) approximately 30-gallon drums. Figure 7-11 illustrates the assumed payload
configuration for the NS30 shielded canister configuration. As with the payload definition for the NS15 canister,
each waste container is assumed to be full of waste whose volumetric heat generation is evenly distributed and
whose effective thermal conductivity is equal to that of air. The shell of the containers is simulated as 0.04-in.
thick carbon steel. The shell and the contents are represented by 68 thermal nodes for each container.

The waste containers are assumed to be centered radially within the 30-gallon drums, to be in near contact with one
another and the bottom of the drum, and within 0.75-in. of the drum lid. The near contact condition is simulated as a
0.125-1n. gap to account for the axial offset provided by the rolled rims on the containers. The drums are assumed to
be centered within the HDPE neutron shielding and in near physical contact with one another. Again, the near
physical contact is simulated via 0.375-in. airspace because the rolled rims and dished ends prevent tighter contact.
The 30-gallon drums are simulated as carbon steel shell elements with a thickness of 0.045-in.

7.5 \Verification of Existing RH-TRU 72-B Thermal Models

The modeling approach of using a mixture of lumped-parameter and 'solids' modeling, together with the use of
Version 5.1 of the SINDA/FLUINT computer program, was validated as producing similar results for both NCT
and HAC codes when running the thermal models developed for the SINDA 85 code. This validation is
documented in a scoping evaluation conducted on the NS15 and NS30 shielded insert concepts [15]. Table 7-1
summarizes the comparative results obtained between the original SINDA ’85 modeling and that obtained using
the modeling approach utilized in this evaluation. As seen, the results are very similar, thus verifying the
modeling approach.
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Figure 7-2 - Thermal Node Identification Scheme for Cask Body & Limiters
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Figure 7-4 - Thermal Node Identification Scheme for Cask Lid End Impact Limiter
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Figure 7-9 - Thermal Modeling of Waste Containers within NS15 Shielded
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Figure 7-10 - Thermal Model Layout for Middle Positioning of Waste Containers
within NS15 Shielded Canister
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Figure 7-11 - Thermal Model Layout for Nested Waste Containers within NS30
Shielded Canister
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Table 7-1 - Comparison of Results for Baseline HAC Thermal Models

. 50 Watt Payload 300 Watt Payload
Location :

SAR Results Re-Run SAR Results Re-Run

Waste Centerline 219°F ~ 214°F 196°F 197°F

Canister Shell 263°F 265°F 247°F 244°F

- IV Inner Shell 327°F 328°F 343°F 343°F

OC Inner Shell 488°F 488°F 497°F 497°F

OC Lead Shield 544°F 544°F 554°F ' 554°F

OC Outer Shell 601°F 602°F 611°F 611°F
OC Thermal Shield 1,232°F - 1,232°F 1L231°F 1,226°F
OC Upper Ring Forging 154°F 159°F 166°F - 170°F
IV O-Ring Seal 150°F 151°F 159°F | 160°F -

OC O-Ring Seal v 149°F 150°F 158°F 158°F

IV Lid 148°F 151°F 157°F 160°F

OC Lid 150°F 150°F 159°F 158°F
Impact Limiter Shell 1,424°F 1,427°F 1,425°F 1,427°F
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7.6 Material Data Sheets

Fot more infot mation and technical
assistance contact:

Petformance Pipe, a division of
Chevron Phillips Chemical Company LF
P.0. Box 289008

Plano, TX75026 9003

800 527 0882

ey

A Dreesma o Exveam Pevirs (aymea Cownarr [P

DriscoPlex®
PE3608 / (PE3408) Pipe

Pipe and Fittings Data Sheet

Typical Material Physica Properties of DriscoPlex® PE 3608 / (PE3408)

High Density Polyethylene Materials

Typical Va

Material Designation PPITR-4 PE35608
Cell Classification ASTM D3350 345464C !
Pipe Properties .
Density gms!cn’? ASTM D1505. 0.855 (black)
telt index gms /10 Y
Condition 190 2.18 rhinutes ASTM D1238 0.08
Hydrostatic Design Basis : . -
73°F (23°C) psi ASTM 02837 1600
Hydrostatic Design Basis )
140°F (60°C) . psi ASTM D2837 800
Color: UV Stabilzer [C] Min 2% carbon Black
- ASTM D3350 Color Uv Stabilzer
Materia Properties
Flexurat Modulus Ca Co
2% Secant- 16:1 span; depth, 0.5 in f min psl ASTM D790 >110,000 :
! - ; ASTM D633
Tensile Strength at Yield psi Type IV 3200
Elongation at Break .
2 in/ min., Type IV bar % ASTM D638 >700
Elastic Modulus fsi ASTM D638 =150,000
Hardness Shore D ASTM 02240 62
PENT hrs ASTM F1473 =100
Themnal Properties
Vicat Seftening Temperature °F ASTM D1525 256
Brittleness Temperature -°F ASTM D746 -103-
Thermal Expansian infinf°F ASTM DBI6 1.0x10%

Bulletin: PP 109

Revision Date September, 2006

tnsths qolly prdict fom

Before using the piping product, the useris advised and cautioned o make its onn determination and 55 essment of the satety and

suitability of the piping product for the specific use in question and i further advised against relying on the information contained hereir

Chevron
Phillips

Tre Woodnds, Zexms

as i may relate to anys pecific use or application. it & the ultimate responsibilty of the wser to ensure that the piping product & suited
and tha information 5 applicable to the us er's specific appilication. This datasheet provides typical physical property infarmation for
polyethylene resins used to manufacture the piping product. It & intend2d for compaiing polyethylene piping resins. it i not a product
specification, and it does not establish minimum or maximum values o1 manufactusing tolerances for resins or for the piping product.
Thes e typical physical property values were determined using compression-malded plaques prapared from resin. Values obtained from
tests of specimers taleen from the piping product can vary from these typical vaiues. Perfarmance Pipe does riot maké, and expressly
digclaims, all warranties, of merchantabiity or fitness for a particular purpose, regardiess of whether oral or wiitten, express or impliad,
allegedly arizing from any us age of tade of from any couts e of dealing in connection with the use of inform ation contained herein ar the

piping produci fsel. The user expressly assumes aft risk and liabilty, whether bas ed in contract, tort or otherwise, in connection with th




ATTACHMENT E - Criticality Analysis Output File

(One CD' - Document Control Desk)
(One CD' - C. Staab)

o Case C, ITOPSIDEBEMOD245.

August 2010

E-1



primary module access and input record ( scale driver - 97/12/29 - 04:04:44 )
module csas25 will be called .
Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP-SID; $9%P/0%W/1%Be-REFL; H/Pu=700
238GROUPNDFS
INFHOMMEDIUM
ARBMPUHP 0.9746 5 0 0 1 1001 13,4519 4309 1.8939
6012 80.0954 8016 0 94239 4.5588 1 1.0 293 END

BEBOUND 2 DEN=1.8500 0.01 293 END

POLY (H20) 2 DEN=0.9230 . 0.99 293 END

55304 4 1.0 293 END
H20 5 DEN=0.9982 1.0 293 END

PB 6 ) 1.0 293 END

END COMPOSITION

Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP~-SID; 99%P/0%W/1%Be~REFL;H/Pu=700
READ PARAMETERS GEN=1C00 NPG=1000 NSK=50 TBA=5 END PARAMETERS
READ GEOMETRY

UNIT 1
COM="PU SPHERE'
SPHERE 11 10.9597 ORIGIN 0 0 ©

GLOBAL UNIT 10

COM='RU~TRU 72~B PACKAGE W/ PU SPHERE’
CYLINDER 2 1 39.6875  2P154.31
HOLE 1 0.0 28.72  143.35

CYLINDER 4 1 43.18 2P154.31

CYLINDER 6 1 47.9425 2P154.31
CYLINDER 4 1 52.07 2P154.31

CYLINDER 4 1 52.07 187.33 -170.82
CUBOID 5 1 4P72.39 216.54 -200.03

END GEOMETRY
READ BOUNDS
ALL=MIRROR
END BOUNDS
END DATA

secondary module 000008 has been called.
module 000008 is'finished. completion code 0. cpu time used 13.36 (seconds).
secondary module 000002 has been called.
module 000002 is finished. completion code 0. cpu time used 12.04 (seconds).
secondary module 000009 has been called.
module 000009 is finished. completion code 0. cpu time used 345.41 (seconds}).
module csas25 is finished. completion code 0. cpu time used 375.46 (seconds).
module csas25 . will be called .
Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP-SID; 99%P/0%W/1%Be-REFL;H/Pu=800
238GROUPNDFS
INFHOMMEDIUM

ARBMPUHP 0.9693 5 0 0 1 4001 13.529 4309 1.9048
6012 80.5544 8016 O 94239 4.0118 1 1.0 293 END

BEBOUND 2 DEN=1.8500 . 0.01 293 END

POLY (H20) 2 DEN=0.9230 . 0.99 293 END

55304 4 . 1.0 293 END
H20 5 DEN=0.9982 1.0 293 END

PB 3 1.0 293 END

END COMPOSITION

Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP~-SID; 99%P/0%W/1%Be-REFL;H/Pu=800
READ PARAMETERS GEN=1000 NPG=1000 NSK=50 TBA=5 END PARAMETERS
READ GEOMETRY

UNIT 1
COM="'PU SPHERE'
SPHERE 101 11.4575 ORIGIN 0 0 O

GLOBAL UNIT 10
COM='RU-TRU 72-B PACKAGE W/ PU SPHERE’

CYLINDER 2 1 39.6875 2P154.31

HOLE 1 0.0 28.23 142.85

CYLINDER 4 ,1 43.18 2P154.31

CYLINDER 6 1 47.9425 2P154.31
CYLINDER 4 1 52.07 2P154.31

CYLINDER 4 1 52.07 187.33 -170.82
CUBCID 5 1 4P72.39 216.54 ~-200.03

END GEOMETRY
READ BOUNDS
ALL=MIRROR
END BOUNDS
END DATA

secondary module 000008 has been called.
module 000008 is finished. completion code 0. cpu time used 10.47 (seconds).
secondary module 000002 has been called.
module 000002 is finished. completion code 0. cpu time used 12.64 (seconds).
secondary module 000008 has been called. ,
module 000009 is finished. completion code 0. cpu time used 353.47 (seconds).
module csas25 is finished. completicon code 0. ci)u time used 381.09 (seconds).
module csas25 will be called .
Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP-SID; 99%P/0%W/1%Be-REFL;H/Pu=900
238GROUPNDFS
INFHOMMEDIUM

ARBMPUHP 0.9652 5 0 0 1 1001 13.5896 4309 1.9133
6012 80.9151 8016 O 94239 3.582 1 1.0 293 END

BEBOUND 2 DEN=1.8500 0.01 293 END
POLY (H20) 2 DEN=0.9230 0.99 293 END
$5304 4 ! 1.0 293 END



H20 . 5 DEN=0.9982 1.0 293 END

PB 6 1.0 293 END
END COMPOSITION .

Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP-SID; 99%P/0%W/1%Be~REFL; H/Pu=900
READ PARAMETERS GEN=1000 NPG=1000 NSK=50 TBA=5 END PARAMETERS
READ GEOMETRY !

UNIT 1
COM='PU SPHERE'
SPHERE 11 11.9154 ORIGIN 0 0 O

GLOBAL UNIT 10
COM='RU-TRU 72-B PACKAGE W/ PU SPHERE'

CYLINDER 2 1 39.6875 2P154.31

HOLE 1 0.0 27.77 142.39

CYLINDER 4 1 43.18 2P154.31

CYLINDER 6 1 47.9425 2P154.31
CYLINDER 4 1 52.07 2p154.31

CYLINDER 4 1 52.07 187.33 -170.82
CUBOID 5 1 4P72.39 216.54 -200.03
END GEOMETRY

READ BOUNDS

ALL=MIRROR

END BOUNDS

END DATA

secondary module 000008 has been called.
module 000008 is finished. completion code 0. cpu time used 13.72
secondary module 000002 has been called.
module 000002 is finished. completion cede 0. cpu time used 11.97
secondary module 000009 has been called.
module 000009 is finished. completion code 0. cpu time used 350.93
module csas25 is finished. completion code 0. cpu time used 381.02
module csas25 will be called -
Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP-SID; 99%P/0%W/1%Be-REFL; H/Pu=1000
238GROUPNDFS
INFHOMMEDIUM

ARBMPUHP 0.9619 5 0 0 1 1001 13.6384 4309 1.9202
6012 81.206 8016 0 94239 3.2354 1 1.0 293 END

BEBOUND 2 DEN=1.8500 0.01 293 END

POLY (H20) 2 DEN=0.9230 0.99 293 END

55304 4 . 1.0 293 END
H20 5 DEN=0.9982 1.0 293 END

PB 3 . 1.0 293 END

END COMPOSITION

Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP-SID; 99%P/0%W/13Be-REFL; H/Pu=1000
READ PARAMETERS GEN=1000 NPG=1000 NSK=50 TBA=5 END PARAMETERS

READ GECOMETRY

UNIT 1 .
COM="PU SPHERE'
SPHERE 11 12.3406 ORIGIN 0 0 0

GLOBAL UNIT 10
COM='RU-TRU 72-B PACKAGE W/ PU SPHERE'
CYLINDER 2 1 39.6875 2P154.31

HOLE 1 0.0 27.34 141.96 .

CYLINDER 4 1 43.18 2P154.31

CYLINDER 6 1 47.9425 2P154.31
CYLINDER 4 1 52.07 2P154.31

CYLINDER 4 1 52.07 187.33 -170.82
CUBOID S 1 4P72.39 216.54 -200.03
END GEOMETRY

READ BOUNDS

ALL=MIRROR

END BOUNDS

END DATA

secondary module 000008 has been called.
module 000008 is finished. completion code C. cpu time used 14.05
secondary module 00002 has been called.
module ©00002 is finished. completion code 0. cpu time used '13.77
secondary module 000009 has been called.
module 000009 is finished. completion code 0. cpu time used 354.86
module csas25 is finished. completion code 0. cpu time used 386.99
module csas25 will be called
Case C, 6.4-9,99%P/0%W/1%Be/245gPU~-TOP-SID; 99%P/0%W/1%Be-REFL; H/Pu=1100
23BGROUPNDFS
INFHOMMEDIUM

ARBMPUHP 0.9592 5 0 0 1 1001 13.6787 4309 1.9259
6012 81.4455 8016 0 94239 2.9499%9 1 1.0 293 END

BEBOUND 2 DEN=1.8500 0.01 293 END

POLY (H20) 2 DEN=0.9230 0.99 293 END -

58304 4 . 1.0 293 END
H20 5 DEN=0.9982 1.0 293 END

PB 6 1.0 293 END
END COMPOSITION .

Case C, 6.4-9,99%P/0%W/1%Be/245gPU-TOP-SID; 39%P/0%W/1%Be~REFL;H/Pu=1100
READ PARAMETERS GEN=1000 NPG=1000 NSK=50 TBA=5 END PARAMETERS

READ GEOMETRY

UNIT 1
COM='PU SPHERE'
SPHERE 11 12.7383 ORIGIN 0 0 0

GLOBAL UNIT 10
COM='RU-TRU 72-B PACKAGE W/ PU SPHERE’'

{seconds) .

(seconds) .

(seconds) .

(seconds) .

{seconds) .

(seconds) .

(seconds) .

(seconds) .



CYLINDER 2 1 39.6875 2P154.31

HOLE 1 0.0 26.94 141.57

CYLINDER 4 1 43.18 2P154.31

CYLINDER 6 1 47.9425 2P154.31
CYLINDER 4 1 52.07 2P154.31

CYLINDER 4 1 52.07 187.33 -170.82
CUBOID 5 1 4P72.39 216.54 -200.03
END GEOMETRY

READ BOUNDS

ALL=MIRROR

END BOUNDS

END DATA

secondary module 000008 has been called.

module 000008 is finished. completion code 0. cpu time used 13.27 (seconds}.
secondary module 000002 has been called.

module 000002 is finished. completion code 0. cpu time used 13.26 (seconds)
secondary module 000009 ° has been called. .
module ©00009 is finished. completion code 0. cpu time used 357.15 (seconds).
module csas25 is finished. completion code 0. cpu time used 387.74 (secondsf

the following data cards precede an = card
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program:
Creation date:

library:

production code:
version:

jobname:

machine name:

date of execution:

time of execution:

csas
11/18/1999

c:\scaled .4

csas
4.4.0
scale-pc
NFA10385
20_jun_2005

06:36:32.63

a\bin

dokek ok ok
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case ¢, 6.4-9,99%p/0%w/1%be/245gpu-top-sid; 9$9%p/0%w/1%be-refl;h/pu=700

**** problem parameters ****

1lib 238groupndfd
mxx 6
msc 6
izm 1
ge infhommedium
more o
msln 0

library

mixtures

composition specifications

material zones

gecmetry

0/1 do not read/read optional parameter data
fuel solutions

*+** problem composition description ****

sc arbmpuhp
mx 1
vf 1.0000
roth 0.9746
nel 5
icp 0
temp 293.0
1001
4309
6012
8016
94239
end

sc  bebound

mx 2
vE 0.0100
roth 1.8500
nel 1
icp 1
temp 293.0

4309
end

sc poly{(h2o0)

standard composition

mixture no.

volume fraction

specified density

no. elements

0/1 mixture/compound t

deg kelvin
13.452

. 1.894

80.095
0.000
4.559

wt%
wtg
wt$
wt%
wt$

standard composition
mixture no.
volume fraction
specified density
no. elements
0/1 mixture/compound
deg kelvin

1.00 atom/molecule

standard composition

mx 2 mixture no.
vE 0.9900 volume fraction
roth 0.9230 specified density
nel 2 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
1001 2.00 atoms/molecule
6012 1.00 atom/molecule
end
sc- 55304 standard composition
mK 4 mixture no.
v 1.0000 volume fraction
roth 7.9400 theoretical density
nel 7 no. elements
icp 0 0/1 mixture/compound
temp 293.0 deg kelvin
6012 0.080 wt%
14000 1.000 wt%
15031 0.045 wt%
24304 19.000 wt%
25055 2.000 wtsy
26304 68.375 wt%
28304 9.500 wt%
end
sc  h2o standard composition
mx 5 mixture no.
vf 1.0000 volume fraction
roth 0.9982 specified density
nel 2 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
1001 2.00 atoms/molecule .
' 8016 1.00 atom/molecule
end
sc pb standard composition
mx 6 mixture no.
vf 1.0000 velume fraction
roth 11.3440 theoretical density ¢
nel 1 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
82000 1.00 atom/molecule
end
**** problem geometry ****
**** infinite homogeneous medium ****
mfuel 1 mixture no. of the infinite homogeneous medium

mip message number mp-22 follows:
**warning** standard composition specification card(s) missing
for mixture number 3
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*okx . e
bl case ¢, 6.4-9,99%p/0%w/1%be/245gpu-top-sid; 99%p/0%w/1%be-refl; h/pu=700 b
o *x

S S L L e R R e R R R L R R R R S R R R

T

*xk : *k
wkx “xk+rkuvrx data library information ***+#sxxx o
*kw I
e unit volume b
L number . data set name name © unit function e
wk® o e mmm mmemmmmm——— whw
* ok A . Aok
bl 89 C:\scaled.da\data\ft89£001 standard composition library i
xk . *ak
*rx 84 C:\scaled.4a\data\ft84£001 cross section library e
e . .
i 11 C:\scaled.4a\tmpdir\ft11£001 short cross section library b
*ohk I
b 90 - C:\scaled.4a\tmpdir\ft90£001 input data direct access e
* ok ok N N * ok k.

D R R R L R R R L e T R s 2 L A RS

R R Rl R R L R R Rt 2 Al e L ST T

*xx . . . *rx
*xx - sk
bl standard composition library data . b
*kx *xx
*rx *xx
A unit number : 89 rE
*xx *xx
*kx dataset name : C:\scale4.da\data\ft89£001 i
*rr R
b library title: .scale-4 standard composition library : Fax
b 648 standard compositions, 490 nuclides rEr
rRE 90 elements with variable isotopic distrbutions. Frx
*xx *hx
i creation date: 11/12/99 ) srx
*ax *xx
*hk : *rx
w R *kx
i . cross section library data el
* ok x ~ 2 *ok ok
*xx *ak
wxw unit number : 84 A
*xx . L e
b dataset name : C:\scaled.da\data\ft84£001 b
*xx : - . wrr
b library title: scale --238 neutron group library based on endf-b version 5 data i
Fx generated with a chi-1/e-maxwelliah weight spectrum i
i compiled for doe - 8/18/94 : last updated - 5/16/2002 e
i * . n.m.greene & l.m.petrie ’ rHw
i nuclear applications & methods analysis - ns&td - ornl rrx
*xx *xx
*rx I
*ox ok ’ ) ) hok ke
*hx T3

D R R R R L s R R R R R S R Ty L LA R R L R R R R R S S SRS T Y

D R R R R R R R Sk R R Rl L s L R R R R R R R R R LR eSS

........ 0 io's were used before reading keno v data e

0 io's were used reading the keno v parameter data e

**4ddarirristst data reading completed **Erkadaddddkkns
........ 0 io's were used preparing the keno v input data e
........ 0 io's were used loading the keno v data e
O 0 io's were used loading the data  ........

........ 0 io's were used checking the kenc v geometry data e
****%*  restart data has been written on unit 95 **¥+¥

e 0 io's were used writing the keno v - csas data  ........

0 io's were used processing csas input data e

control module csas25 is complete.
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program:
creation date:

Iibfary:

production code:
version:

jobname:

machine name:

date of execution:

time of execution:
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11/18/1999

c:\scaled.4

csas
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case ¢, 6.4-9,99%p/0%w/1%be/245gpu-top-sid;99%p/0%w/1%be-refl;h/pu=800

**+* problem parameters ***+

1ib 238groupndf5 library

mxx 6 mixtures

msc 6 composition specifications

izm 1 material zones

ge infhommedium geometry

more 0 0/1 do not read/read optiornal parameter data

msln 0

fuel solutions

**** problem composition description ****

s¢ arbmpuhp standard composition
mx 1 mixture no.
vE 1.0000 volume fraction
roth 0.9693 specified density
nel 5 no. elements
icp 0 0/1 mixture/compound
temp 293.0 deg kelvin

1001 13,529 wts

4309 1.905 wt%

6012 80,554 wt%

8016 0,000 wt%

94239 4,012 wtd
end
sc  bebound standard composition
mx 2 mixture no.
vE 0.0100 volume fraction
roth 1.8500 specified density
nel 1 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin

4309 1.00 atom/molecule
end
sc  poly(h2o) standard composition
my 2 mixture no.
v 0.9900 volume fraction
roth 0.9230 specified density
nel 2 no. elements
iep 1 0/1 mixture/compound
temp 293.0 deg kelvin

1001 2,00 atoms/molecule

6012 1.00 atom/molecule
end
sc  ss304 standard composition
mx 4 mixture no.
vE 1.0000 volume fraction
roth 7.9400 theoretical density
nel 7 ne. elements
icp - 0 0/1 mixture/compound
temp 293.0 deg kelvin

6012 0.080 wt%

14000 1,000 wt$%

15031 0,045 wt%

24304 19,000 wt$%

25055 2,000 wt%

26304 68,375 wt%

28304 9.500 wt%
end
sc  h2o standard composition
mx 5 mixture no.
vE 1.0000 volume fraction
roth 0.9982 specified density
nel 2 no. elements
iep 1 0/1 mixture/compound
temp 293.0 deg kelvin

1001 2.00 atoms/molecule

8016 1.00 atom/molecule
end
sc pb standard composition
mx 6 mixture no.
vE 1.0000 volume fraction
roth 11.3440 theoretical density
nel 1 no. elements R
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin

82000 1.00 atom/molecule
end

*+** problem geometry **+*

*+***+ infinite homogeneous medium ***+

mfuel 1 mixture no. of the infinite homogeneous medium
mip message number mp-22 follows:
**warning** standard composition specification card(s) missing

for mixture number 3
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. . . whw
ki case c, 6.4-9,99%p/0%w/1%be/245gpu-top-sid; 99%p/0%w/1%be-refl; h/pu=800 L
o .

dk kK ok ok ok ke k ke kh ko ok ok k ki k ko k ok ko kk k hk kA Ak ek ok k ke ko kR kA ko kA ko ok ko k kA A Ak k kAR ARk ko Ak ko kA Rk kR kAR Rk ok k> ok kR ok kk

D R R R Rl R R R L R R R R R R L g R A R a1

*xx - ; *xx
LR s . *+xrx*%rx+ data library information ***+**»xxx* T
kK ' ** ok
R unit volume . ' b
b number data set name ' name unit function bl
wxtemm—— e *xx
*rx *xx
il 89 C:\scaled.da\data\ft89£001 ’ standard composition library i
ok ke N . *x
b 84 C:\scaled.4da\data\f£84£001 cross section library i
*xx *rx
b 11 C:\scaled.da\tmpdir\ft11£001 short cross section library i
*ax . . sxx
i 90 C:\scaled.da\tmpdir\£t90£001 input data direct access ’ i
*xx - *rx

R Rl e R Rt R R R R R R L R R RS R T R T T

D Rl Rl R L R B R R R g R B R A R R a2

e . wokx
> > ek
i standard composition library data b

S aax : akk
ok ~ >k k
*aH unit number : 89 ' >k
» %k >k
b dataset name : C:\scaled.da\data\ft89f001 Frx
*ar *ax
i library title: scale-4 standard composition library o
*E 648 standard compositions, 490 nuclides Hokx
*rr 90 elements with variable isotopic distrbutions. ok
*as *ax
>k creation date: 11/12/99 b
*ax ey
>k : *okF
wkk ko
il cross section library data rhx
war : *h
LR ' *kok
b unit number : 84 i
>4k >k
b dataset name : C:\scaled.da\data\ft84£001 *rx
»ak . . > ek
o library title: scale - 238 neutron group library based on endf-b version 5 data e
i generated with a chi-1/e-maxwellian weight spectrum rokk
i compiled for doe - 8/18/94 last updated - 5/16/2002 i
L n.m.greene & l.m.petrie il
i nuclear applications & methods analysis - ns&td - ornl e
* ke *ak
*ax . wan
*ak * ko
EEEd ) * ok

Tk ek ke ok h ko k ok k ko k Ak ok kk ok ok h ok hk ok ok h ok kh ok k ok k kA hh ok Ak A AR R ARk Ak h k hkh ok kAR h kA AN A A A kA R AP A Ak kA A A A Ak h hk ok k ok ok bk k Pk ok h

B R e

e 0 io's were used before reading keno v data

........ 0 io's were used reading the keno v parameter data e

Hh#*rrker*rA44% data reading completed *rFkkxxxtwrsrix
........ 0 io's were used preparing the keno v input data P
e 0 io's were use’d loading the keno v data e
........ 0 i0's were used loading the data AN

........ 0 io's were used checking the keno v geometry data PN
****%  restart data has been written on unit 95 ***+*¥

e 0 io's were used writing the keno v - csas data e

........ 0 io's were used processing csas input data e

control module csas25 is complete.
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program:
creation date:
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version:
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machine name:
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case ¢, 644—9,99%p/0%w/1%be/245gpu—top—sid;99%p/0%w/i%be-refl;h/pu=900

**** problem parameters ****

lib 238groupndf5

mXx
msc 3
izm 1
ge infhommedium
more

nsln 0

library

6 mixtures

composition specifications
material zones
geometry

0 0/1 do not read/read optional parameter data

fuel solutions

*++* problem composition description ****

sc arbmpuhp
mx 1
vf 1.0000
roth 0.9652
nel 5
icp . ]
temp 293.0
1001
4309
6012
8016
94239
end
sc  bebound
mx 2
vE 0.0100
roth 1.8500
nel 1
icp 1
temp 293.0
4309
end
sc poly(h2o)
mx 2
v 0.9900
roth 0.9230
nel 2
icp 1
temp 293.0
1001
. 6012
end .
sc  ss304
mx 4
vE 1.0000
roth 7.9400
nel 7
icp 0
temp 293.0
. 6012
14000
15031
24304
25055
26304
28304
end
sc  h2o
mx 5
vE 1.0000
roth 0.9982.
nel 2
icp 1
temp 293.0
1001
8016
end
sc  pb
mx 6
vf 1.0000
roth 11.3440
nel 1
icp 1
temp 293.0
82000
end

standard composition
mixture no.

volume fraction
specified density
ne. elements
0/1 mixture/compound
deg kelvin
13.590 wt} .
1.913 wt%
80.915 wt%
0.000 wt%
3.582 wt%

standard composition
mixture no.
volume fraction
specified density
no. elements
0/1 mixture/compound
deg kelvin

1.00 atom/molecule

standard composition
mixture no.
volume fraction
specified density
no. elements
0/1 mixture/compound
deg kelvin
2,00 atoms/molecule
1.00 atom/molecule

standard composition

mixture no.

volume fraction

theoretical density

no. elements

0/1 mixture/compound

deg kelvin
0.080
1.000
0.045
19.000
2.000
68.375
9.500

wtd
wtd
wtE 7
wt$
wt
wt%
wt¥

standard composition
mixture no.
volume fraction
specified density
no. elements
0/1 mixture/compound
deg kelvin
2.00 atoms/molecule
1.00 atom/molecule

standard composition
mixture no.
volume fraction
theoretical density
no. elements
0/1 mixture/compound
deg kelvin

1.00 atom/molecule

**** problem geometry ****

*+*%x jnfinite homogeneous medium **+**

. mfuel 1

mixture no. of the infinite homogeneous medium

mip message number mp-22 follows: .

**warning**

standard composition specification card(s) missing

for mixture number 3
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*xx B
*x »xsk4+d+s data library information ****s+++++ . 2
*xk . ) o
ank unit volume rRx
i number data set name name unit function b
* kK - M ) - - >k
*rr *hk
Frk 89 C:\scaled.da\data\ft89£001 . standard composition library b
*ax *ax
b 84 C:\scaled.4a\data\ft84£001 cross section library rEr
*rx *hr
bk o1 C:\scaled.d4a\tmpdir\ft11£001 short cross section library rE*
*xx *xx
L 90 C:\scale4.da\tmpdir\£t90£001 input data direct access LR
*xx - *ax
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ok . . *xx
* ok x : *dow
il standard composition library data il
*ax *wk
> *xx
T unit number : 89 Hhr
* ok ok ' ok k
rEx dataset name : C:\scaled.4a\data\ft89£001 b
*rx [ *xx
i library title: scale-4 standard composition library i
b 648 standard compositions, 490 nuclides il
b 90 elements with variable isotopic distrbutions. el
F ok N EEad
[ creation date: 11/12/99 b
»xx *ask
*xx *rx
ke ke : * k&
i cross section library data *A+
ok ke - *k ok
*xk : HH
i unit number : 84 o
*ar Aa
bl dataset name : C:\scaled.4a\data\ft84£001 ki
*kk ko
il library title: scale - 238 neutron group library based on endf-b version 5 data i
i generated with a chi-l/e-maxwellian weight spectrum b
i compiled for doe - 8/18/94 last updated - 5/16/2002 FH*
il n.m.greene & l.m.petrie wHE
i nuclear applications & methods analysis - ns&td - ornl ok
*xx *3x
*rx *xx
* ok k. . LR
*rx *hk
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PPN 0 io's were used before reading keno v data  ........

........ 0 io's were used reading the keno v parameter data PN

wkrEakrhkkkkkr data reading completed *rrkkEa s wwkkrs
........ 0 io's were used preparing the keno v input data
........ Q io'é- were used loading the keno v data .. e
........ 0 io's were used loading the data .A:A..AA

AAAAA - 0 io's were used checking the keno v geometry data e
***++ restart data has been written on unit 95 ***+¥

........ 0 io's were used writing the keno v - csas data e

P 0 io's were used processing csas input data @ ........

control module csas25 is complete.
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program:
creation date:

library:

produétion code:
version:

jobname:

machine name:

date of execution:
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11/18/1999%
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NFA10385
20_jun_2005

06:55:30.22

a\bin
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case ¢, 6.4-9,99%p/0%w/1%be/245gpu-top-5id; 99%p/0%w/1%be-refl; h/pu=1000

**** problem parameters ****

1lib 238groupndf5 library

mxx 6 mixtures

msc 6 composition specifications

izm " 1 material zones

ge infhommedium geometry

more 0 0/1 do not read/read optional parameter data
msin 0 fuel solutions

***+ problem composition description ****

sc  arbmpuhp standard composition
mx 1 mixture no.
vf 1.0000 volume fraction
roth 0.9619 specified density
nel 5 no. elements
icp 0 0/1 mixture/compound
temp 293.0 deg kelvin

1001 13.638 wth

4309 1.920 wtd

6012 81.206 wt%

8016 0.000 wt$

. 94239 3.235 wt%

end

sc  bebound

standard composition

mx 2 mixture no.
vE 0.0100 volume fraction
roth 1.8500 specified density
nel 1 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
4309 1.00 atom/molecule
end

sc poly(h2o)

standard composition

mx 2 mixture no.
v 0.9900 volume fraction
roth 0.9230 specified density
nel 2 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
1001 2.00 atoms/molecule
6012 1.00 atom/molecule
end
sc  ss304 standard composition
mx 4 mixture no.
v 1.0000 volume fracticn
roth . 7.9400 theoretical density
nel 7 no. elements
icp 0 0/1 mixture/compound
temp 293.0 deg kelvin
6012 0.080 wt%
14000 1.000 wt%
15031 0.045 wt%
24304 19.000 wt%
25055 2.000 wt%
26304 68.375 wt%
28304 9.500 wt%
end
sc  h2o standard composition
mx S5 mixture no.
vE 1.0000 volume fraction
roth 0.9982 specified density
nel 2 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
1001 2.00 atoms/molecule
8016 1.00 atom/molecule
end
sc  pb ' standard composition
mx 6 mixture no.
vE 1.0000 volume fraction
roth 11.3440 theoretical density
nel 1 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
82000 1.00 atom/molecule
end

**** problem geometry ****

***xx infinite homogeneous medium ****

mfuel 1 mixtute no. of the infinite homogeneous medium
mip message number mp-22 follows:
**warning** standard composition specification card(s)

for mixture number 3

missing
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case ¢, 6A4—9,99%p/0%w/l%be/2459pu—top—sid:99%p/0%w/1%be-refl;h/pu;looo

*rFkkrkd*t data library information **#*axsxai

*r unit
bl number data set name

sk _—

ok
ok ok 8
ok

9 C:\scaled.4a\data\ft89f001

ik 84 C:\scale4.4a\data\ft84£001

ok x

*rk 11

*hk

TS 90

*kx
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C:\scale4.4a\tmpdir\§tllf001

C:\scaled.4a\tmpdir\f£30£001

‘volume

name unit function

standard composition libraxy
cross section library
short cross section library

input data direct access

standard composition library data

unit number : 89

dataset name : C:\scale4.4a\data\f£89f001

library title: scale-4 standard composition library
648 standard compositions, 490 nuclides
90 elements with variable isotopic distrbutions.

creation date: 11/12/99

cross section library data

unit number  : 84

dataset name : C:\scaled.4a\data\ft84f001

library title: scale - 238 neutron group library

based on endf-b version 5 data

.generated with a chi-1/e-maxwellian weight spectrum

compiled for doe =~ 8/18/94

n.m.greene & l.m.petrie
nuclear applications & methods analysis - ns&td - ornl

last updated - 5/16/2002
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control module csas25

........ 0 io's were used before reading keno v data

*akkxk*krrddrk* data reading completed *H*FaxHsskErdkris

........ 0 io's were
........ 0 io’'s were
........ "0 io's were

. 0 io's were
****+*x restart data has

........ 0 io’s were

AAAAAAAA 0 io's were

is complete.

used

used

used

used
been

used

used

0 io's were used reading the keno v parameter data NN

preparing the keno v input data  ..... e

loading the keno v data A

loading the data e

checking the keno v geometry data  ........

written on unit 95 ***+*
writing the keno v - csas data

processing csas input data
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program:

creation date:

library:
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version:
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machine name:

date of execution:

time of execution:
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case ¢, 6.4-9,99%p/0%w/1%be/245gpu-top-sid; 99%p/0%w/1%be-refl;h/pu=1100

*#** problem parameters ****

1lib 238groupndf5 library

mxx 6 mixtures

msc 6 composition specifications

izm 1 material zones

ge infhommedium geometry

more 0 0/1 do not read/read optional parameter data’
msln 0 fuel solutions

**** problem composition description **+*

sc ,arbmpuhp standard composition
mx 1 mixture no.
vf 1.0000 volume fraction
roth 0.9592 specified density
nel 5 no. elements
icp 0 0/1 mixture/compound
temp 293.0 deg kelvin
1001 13.679 wt%
4309 1.926 wt%
6012 81.446 wtd
8016 0.000 wt%
94239 2.950 wt%
end
sc  bebound standard composition
mx 2 mixture no.
vi 0.0100 volume fraction
roth 1.8500 specified density
nel 1 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
4309 1.00 atom/molecule
end
sc  poly(h2o) standard composition
mx 2 mixture no.
vf 0.9900 volume fraction
roth 0.9230 specified density
nei 2 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
1001 2.00 atoms/molecule
6012 1.00 atom/molecule
end
sc  ss304 standard composition
mx 4 mixture no. ‘
vE 1.0000 volume fraction
roth 7.9400 theoretical density
nel 7 no. elements
iecp 0 0/1 mixture/compound
temp 293.0 deg kelvin
6012 0.080 wt%
14000 1.000 wt%
15031 0.045 wt%
24304 19.000 wt%
25055 2.000 wt%
26304 68.375 wt%
. 28304 9.500 wt%
end
sc  h2o standard composition
mx 5 mixture no.
vf 1.0000 volume fraction
roth 0.9982 specified density
nel 2 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
1001 2.00 atoms/molecule
8016 1.00 atom/molecule
end ,
sc  pb standard composition
mx 6 mixture no.
vE 1.0000 volume fraction
roth 11.3440 theoretical density
nel 1 no. elements
icp 1 0/1 mixture/compound
temp 293.0 deg kelvin
82000 1.00 atom/molecule
end

**** problem geometry ****

*#*** infinite homogeneous medium ****

mfuel

1 mixture no. of the infinite homogeneous medium

mip message number mp-22 follows:
**warning** standard composition specification card{s) missing
for mixture number
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case ¢, 6.4-9,99%p/0%w/1%be/245gpu-top-sid; 99%p/0%w/1%be-refl;h/pu=1100

**xxxr4dx* data library information *****x*sxs

L unit
b number data set name

ok k —

P
rx 8
*rx
*xx 8
*rx
»ak 1
»ak
*rk 9
.

9 C:\scaled.4a\data\ft89f001

4 C:\scale4.4a\data\ft84£001

1 C:\scaled.da\tmpdir\ft11£001

[y C:\écale4.4a\tmpdir\ft90f001

volume
name unit function

standard composition library
cross section library
short cross section library

input data direct access
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standard composition library data

unit number : 89

dataset name : C:\scaled.da\data\ft89£001

library title: scale-4 standard composition library

648 standard compositions, 490 nuclides
90 elements with variable isotopic distrbutiens.

creation date: 11/12/99

cross section library data

unit number : 84

dataset name : C:\scale4.4a\data\ft84f001

library title: scale - 238 neutron group library

based on endf-b version 5 data

generated with a chi-l1/e-maxwellian weight spectrum

compiled for doe - 8/18/94

last updated - 5/16/2002

n.m.greene & l.m.petrie
nuclear applications & methods analysis - ns&tdA- ornl
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control module csas25

.. 0 io's were used before reading keno v data  ........

........ " 0 io's were used reading the keno v parameter data e

Fadkkkdkax¥4dkr data reading completed **rtrdsdirdiris

........ 0 io’s were
........ 0 io's were
........ 0 io's were

e 0 io's were
***%*  restart data has

. 0 io's were

e 0 io's were

is complete.

used
used
used

used
been

used

used

preparing the keno v input data  ........
loading the keno v data e

loading the data ..

checking the keno v geometry data  ........
written on unit 95  *****

writing the keno v - csas data  ........

processing csas input data @ ........
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program:
creation date:

library:

production code:
version:

jobname:

machine name:

date of execution:

time of execution:

000008
11/11/1999

c:\scaled. 4

bonami
4.4.0
scale-pc
NFA10385
20_jun_2005

06:36:37.29

a\bin
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logical assignments

master library 11

working library [¢] -
scratch file 18
new library 1

problem description

igr--geometry (0/1/2/3--inf med/slab/cyl/sphere 1
izm--number of zones or material regions 6
-ms--mixing table length 18
ibl--shielded cross section edit option (0/i--no/yes) [¢]
ibr--bondarenko factor edit option (0/1--no/yes) 0
issopt--dancoff factor option o]
convergence criterion 1.00000E-03

geometry correction factor for wigner rational approximation 1.000E+00

3q array has 18 entries.
4q array has 18 entries. -
5q array has 18 entries.
6q array has .6 entries.
7q array has 6 ventries.
8q array has 6 entries.
9q array has 6 entries.
10g array has 18 entries.
1lg array has 6 entries.

mixing table

entry mixture isotope number density new identifier explicit temperature

1 1 1001 7.83405E-02 1001001 3.0
2 2 1001 7.85246E-02 2001001 293.0
3 5 1001 6.67692E-02 5001001 293.0
4 1 4309 1.23340E-03 1004309 293.0
5 2 4309 1.23621E-03 2004309 . 293.0
6 1 6012 3.91745E-02 1006012 293.0
7 2 6012 3.92623E-02 2006012 293.0
8 4 6012 3.18772E-04 4006012 293.0
9 1 8016 0.00000E+00 1008016 283.0
10 5 8016 3.33846E-02 5008016 293.0
11 1 94239 1.11927E-04 1094239 293.0
12 4 14000 1.70252E-03 4014000 293.0
i3 4 15031 6.94680E-05 4015031 293.0
14 4 24304 1.74726E-02 4024304 293.0
15 4 25055 * 1.74071E-03 4025055 293.0
16 4 26304 $.85446E-02 4026304 293.0
17 4 28304 7.74020E-03 4028304 283.0
18 6 82000 3.29690E-02 6082000 293.0
geometry and material description
zone mixture outer dimension temperature extra xs type (0/1--fuel/mod)
1 1 1.00000E+00 2.93000E+02 0.00000E+00 0
2 2 6.00000E+00 2.93000E+02 0.00000E+00 0
3 3 1.10000E+01 -2.93000E+02 0.00000E+00 0
4 4 1.60000E+01 2.,93000E+02 0.00000E+00 0
5 5 2.10000E+01 2.93000E+02 0.00000E+00 0
§ 6 2.60000E+01 2.93000E+02 0.00000E+00 o]
this calculation requires 36777 locations of 2000000 available to this module
power fitting for: 14000-~ processes: 3-- sig0's: 8-- temperatures: 3-- max groups: 238
- warning-nuclide: 14000 is requested at t: 2.93000E+02 which is below the range beginning at: 3.00000E+02
v, temperature 3.00000E+02 will be substituted.
power fitting for: 94239-- processes: 5-- sig0's: 7-- temperatures: 3-- max groups: 21
warning-nuclide: 94239 is requested at t: 2.93000E+Q2 which is below the range beginning at: 3.00000E+02
temperature 3.00000E+02 will be substituted.
zone volume outer radius
1 1.000E+00 1.000E+00
2 5.000E+00 6.000E+00
3 5.000E+00 1.100E+01
4  5.000E+00 1.600E+01
S 5.000E+00 2.100E+01
6 5.000E+00 2.600E+01
fuel region volume 2.60E+01
moderator region volume 0.00E+00
fuel region radius 2.60E+01
moderator region radius 2.60E+01

elapsed time 0.01 min.
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infinite dilution macroscopic total cross sections

zone group 1 group 2 group 3 group 4 group 5 group 6 group 7 group 8 group 9 group 10
1.003E-01 1.063E-01 1.0%0E-01 1.074E-01 1.,124E-01 1.202E-01 1.311E-01 1.485E-01 1.713E-01 2.057E-01

2 9.982E-02 1.059E-01 1.086E-01 1.070E-01 1.120E-01 1.199E-01 1.307E-01 1.481E-01 1.708E-01 2.053E-01

3 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+00 0.000E+00

4 ‘1.958E-01 2.045E-01 2.141E-01 2.218E-01 2.300E-01 2.510E-01 2.797E-C1 3.050E-01 3.189E-01 3.221E-01

5 8.939E-02 9.287E-02 9.906E-02 9.991E-02 1.023E-01 1.069E-01 1.111E~01 .1.201E-01 1.467E-01 1.717E-01

6 1.941E~01 1.889E-01 1.829E-01 1.791E-01 1.748E-01 1.705E-01 1.729E-01 1.919E-01 2.317E-01 2.517E-Cl
zone group 11 group 12 group 13 group 14 group 15 group 16 group 17 group 18 group 19 group 20
1 2.495E-01 2.719E-01 2.705E-01 2.958E-01 3.309E-01 3.588E-01 3.693E-01 3.758E-01"_3.844E-01 3.944E-01

2 2.492E-01 2.717E-01 2.703E-01 2.957E-01 3.309E-01 3.589E-01 3.694E-01 3.759E-01 3.845E-01 3.946E-01

3 0.000E+00 0.000E+0C0 0.000E+00 0.000E+00 0.0COE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

4 3.090E-01 3.015E-01 2.878E-01 2.766E-01 2.587E-01 2.677E-01 2.298E-01 2.995E-01 2.724E-01 2.443B-01

5 2.200E-01 1.992E-01 1.954E-01 2.394E-01 2.827E-01 3.063E-01 3.294E-01 3.966E~01  3.932E-01 3.468BE-01

6 2.573E-01 2.433E-01 2.290E-01 2,057E-01 1.822E-01 1.713E-01 1.744E-01 1.596E-01 1.715E-01 1.697E-01
zone group 21 group 22 group 23 group 24 group- 25 group 26 group 27 group 28 group 2% group 30°
4.08B4E-01 4.277E-01 4.481E-01 4.618E-01 4.679E-01 4.732E-01 4.811E-01 4.985E-01 5.221E-01 5.373E-01

2 4.086E-01 4.279E-01 4.483E-01 4.621E-01 4.681E-01 4.735E-01 4.814E-01 4.988E-01 5.224E-01 5.376E-01

3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

4 2.077E-01 2.295E-01 2.211E-01 2.439E-01 2.221E-01 2.995E-01 2.397E-01 3.250E-01 .2.563E-01 3.357e401

5 3.663E-01 4.550E-01 4.944E-01 4.153E-01 4.072E-01 4.046E-01 4.054E-01 4.144E-01 4.326E-01 4.454E-01

6 1.688E-01 1.547E-01 1.603E-01 1,525E-01 1.589E-01 1.739E-01 1.985E-01 1.831E-01 1.83B8E-01 1.641E-01
zone group 31 group 32 group 33 group 34 group 35 group 36 group 37 gx&hp 38 group 39 group 40
1 5.556E-01 5.754E-01 5.869E-01 6.062E-01 6.290E-01 6.480E-01 6.652E-01 6.801E-01 7.179E-01 7.835E-01

2 5.560E-01 5.758E-01 5.874E-01 6.067E-01 6.295E-01 6.485E-01 6.658E-01 6.806E-01 7.185E-01 7.842E-01

3 0.000E+C0 0.000E+00 ©.000E+00 0,000E+00 0.000E+00 0.000E+00 O0.COCE+00 0.0COE+00 0.000E+00 0.000E+00

4 1.928E-01 2.320E-01 2.702E-01 2.774E-01 3.360E-01 2.869E-01 3.411E-01 4.179E-01 3.302E-01 2.882E-01

5 4.606E-01 4.825E-01 4.970E-01 5.284E-01 6.002E-01 7.948E-01 9.533E-01 7.624E-01 6.353E-01 6.515E-01

[ 1.824E-01 1.779E-01 1.83%9E~-01 1.729E-01 1.322E-01 1.493E-01 1.697E-01 1.929E-01 2.296E-01 2.423E-01
zone group 41 group 42 group 43 group 44 group 45 group 46 group 47 group 48 group 49 group 50
8.688E-01 9.,762E-01 1.061E+00 1.134E+00 1.209E+00 1.245E+00 1.266E+00 1.286E+00 1.322E+00 1.375E+00

2 8.696E-01 9.772E-01 1.063E+00 1.135E+00 1.211E+00 1.247E+00 1.268E+00 1.288E+00 1.324E+00 1.377E+00

3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.000E+0C0 0.000E+00 0.000E+00

4 3.151E-01 4.471E-01 2.945E-01 3.065E-01 5.418E-01 7.872E-01 2.928E-01 8.868E-01 3.568E-01 4.279E-01

5 7.164E-01 8.042E-01 8.749E-01 9.356E-01 9.988E-01 1.029E+00 1.047E+00 1.063E+00 1.0S4E+00 1.139E+00

6 2.676E-01 2.890E-01 3.050E-01 3.393E-01 3.426E-01 3.557E-01 4.861E~01 3.593E-01 3.668E-01 3.566E-01
zone group 51 group 52 group 53 group 54 group 55 group 56 group 57 group 58 group 5% group 60
1.402E+00 1.423E+00 1.488E+00 1.555E+00 1.606E+00 1.655E+00 1.688E+00 1.710E+00 1,727E+00 1.748E+00

2 1.404E+00 1.424E+00 1.490E+00 1.557E+00 1.608E+00 1.657E+00 1.690E+C0 1.712E+00 1.729E+00 1.750E+00

3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

4 9.079E-01 3.783E-01 6.380E-01 1.451E+00 3.290E-01 7.630E-01 6.275E-01 1.117E+00 1.354E+00 1.096E+00

5 1.161E+00 1.179E+00 1.234E+00 1.290E+00 1.334E+00 1.375E+00 1.403E+00 1.422E+00 1.436E+00 1.454E+00

6 3.573E-01 3.860E-01 3.728E-01 3.454E-01 3.415E-01 3.670E-01 3.690E-01 3.768E-01 3.693E-01 3.693E-01
zone group 61 group 62 group 63 group 64 group 65 group 66 group 67 group 68 group 69 group 70
1 1.758E+00 1.763E+00 1.769E+00 1.773E+00 1.775E+00 1.777E+00 1.781E+00 1.782E+00 1.785E+00 1.788E+00

2 1.761E+00 1.765E+00 1.771E+00 1.77SE+00 1.777E+00 1.779E+00 1.783E+00 1.784E+00 1.786E+00 1.789E+00

3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0C00E+00 0.000E+0C -0.00CE+00 0.000E+00 0.000E+00 0.000E+00

4 1.083E+00 8.811E-01 1.003E+00 1.643E+00 1.499E+00 9.632E-01 7.795E-01 7.592E-01 7.605E-01 1.078E+00

5 1.463E+00 . 1.467E+400 1.471E+00 1.475E+00 1.476E+00 1.478E+00 1.481E+00  1.483E+00 1.484E+00 1.487E+00

6 3.693E-01 3.764E-01 3.693E-01 3.846E~01 3.693E-01 3.693E-01 3.869E-01 3.693E-01 3.693E-01 3.694E-01
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infinite dilution macroscopic total cross sections

zone

DG W e

zone

O WN e

LA WwN

group 71 group 72 group 73 group 74 group 75 group 76 group. 77 group 78 group 79 group 80
1.790E+00 1.792E+00 1.794E+00 1.795E+00 1.797E+00 1.801E+00 1.799E+00 1.797E+00 1.803E+00 1.797E+00
1.792E+00 1.793E+00 1.794E+00 1.796E+00 1.797E+00 1.798E+00 1.798E+00 1.798E+00 1.798E+00 1.799E+00
0.000E+00 ©.000E+0C O.000E+CO0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00OE+00
8.052E-01 8.276E-01 8.400E-01 1.73BE+00 1.229E+00 9.804E-01 9.150E-01 9.052E-01 9.024E-01 9.001E-01
1.489E+00 1.490E+00 1.491E+00 1.493E+00 1.494E+00 1.494E+00 1.494E+00 1.494E+00 1.49SE+00 1.495E+00
3.693E-01 3.693E-01 3.693E~01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.69%2E-01 3.692E-01
group 81 group 82 group 83 group 84 group 85 group 86 group 87 group 88 group 89 group 90
1.800E+00 1.805E+00 1.809E+00 1.797E+00 1.804E+00 1.805E+00 1.809E+00 1.800E+00 1.798E+00 1.824E+00
1.799E+00 1.799E+C0 1.799E+00 1.79%E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 , 0.000E+00 0.000E+00 ©0.000E+00 0.000E+00 0.000E+00
8.982E-01 8.964E-01 8.963E-01 8.960E~01 - 8.956E-01 '8.953E~01 B8.951E-01 8.951E-01 8.951E-01 8.950E-01
1.495E+00 1.495E+00 1.495E+00 1.495E+00 1.495E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00
3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01
group 91 group 92 group 93 group 94 group 95 group 96 group 97 group 98 group 99 group 100
1.798E+00 1.824E+00 1.801E+00 1.814E+00- 1.806E+00 1.842E+00 1.798E+00 1.815E+00 1.799E+00 1.805E+00
1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00
0.000E+00 0.00CE+00 O0.000E+0C 0.000E+00 0.000E+00 0.000E+00 0.000E+00, 0.000E+00 0.000E+00 0.000E+00
8.950E-01 8.951E-01 8.951E-01 8.952E-01 8.953E~01 8.954E-01 8.955E-01 8.955E-01 8.956E-01 8.956E-01
1.496E+00 1.496E4+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00
3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01. 3.692E-01 3.692E-01 3.692E-01 3.692E-01
group 101 group 102 group 103 group 104 group 105 group 106 group 107 group 108 group 109 group 110
1.798E+00 1.835E+00 1.797E+00 1.827E+00 1,797E+00 1.797E+00 1.797E+00 1.797E+00 1.797E+00 1.798E+00
1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+0C 1.800E+00
0.0COE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
8.957E-01 8.958E-01 B8.958E-01 8.959E-01 8,960E-01 8.961E-01 8.961E-01 8.962E-01 8.963E-01 8.964E-01
1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00
3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01 3.692E-01
group 111 group 112 group 113 group 114 group 115 group 116 group 117 group 118 group 119 group 120
1.797E400 1.797E+00 1.799E+00 1.797E+00 1.797E+00 1.797E+00 1.806E+00 1.799E+00 1.821E+00 1.797E+00
1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00
0.000E+00 0.000E+00 0.000E+00 O.0Q00E+00 0.000E+00 O0.000E+00 0.000E+00 0.000E+Q0 0.000E+00 0.000E+00
8.965E-01 8.966E-01 8.967E-01 8.968E-01 8.969E-01 8.971E-01 8.975E-01 8.979E-0l 8.983E-01 8.985E-01
1:496E+00 1.496E+00 1.496E+0C 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+C0O
3.692E-01 3.692E-01 3.692E~01 3.692E-01 3.692E-01 3.693E-01" 3.693E-01 3.693E-01 3.693E-01 3.693E-01
group 121 group 122 group 123 group 124 group 125 group 126 group 127 group 128 group 129 group 130
1.798E+00 1.798E+00 1.820E+00 1.800E+00 1.810E+00 1.863E+00 1.818E+00 1.799E+00 1.813E+00 1.839E+00
1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00 1.800E+00
0.000E+C0 0.000E+00 0.000E+C0 0.000E+00 0.000E+00 . 0.000E+00 0.0C0E+00 0.0COE+00 0.000E+00 0.000E+00
8.988E-01 8.990E-01 8.992E-01 8.996E-01 8.99%E-01 9.002E-01 9.004E-01 9.007E-01 9.012E-01 9.015E-01
1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00 1.496E+00
3.693E-01 3.693E-01 3.693E-01 3.693E-01 3.693E-01 3.693E-01 3.693E-01 3.693E~01 3.693E-01 3.693E-01
group 131 group 132 group 133 group 134 group 135 group 136 group 137 group 138 group 139 group 140
1.833E+00 1.799E+00 1.799E+00 1.833E+00 1.79%E+00 1.799E+00 1.799E+00 1.799E+00 1.7%9E+00 1.799E+00
1.801E+00 1.801E+00 1.801E+00 1.801E400 1.801E+00 1.801E+00 1.801E+00 1.801E+00 1.801E+00 1.801E+00
0.000E+00 0.000E+00 0.000E+00 0.000E+00 O0.CO0CE+00 0.000E+00 0.000E+00 0.C00E+0C 0.000E+00 0.COOE+00
9.020E-01 9.028E-01 9.036E-01 9.044E-01 9.050E-01 9.052E-01