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1. Purpose

Due to the large variability in spent nuclear fuel (SNF) characteristics (physical, neutronic, and
thermal), several separate waste package (WP) designs will be required to accommodate all of the
SNF planned for disposal in the first repository. It could be argued that there is a potential

. engineering solution to any SNF decay heat or criticality problem such that one design could
accommodate all of the SNF assembly types. However, common sense and economics dictate that
multiple WP designs be tailored to portions of the waste stream; that is, it is not cost effective to
allow the most stressing 10% of the waste stream to drive the design for the other 90%. Therefore,
a family of WP designs is required and each individual WP design must have 2 specifically
designated design basis fuel. The purpose of this document is to develop rational WP design and
DBF combinations supported by waste stream coverages, past WP analyses, and engineering
judgement.

This analysis is prepared by the Mined Geologic Disposal System (MGDS) Waste Package

Development Department (WPDD) to set the capacity (number of assemblies) for the WP designs

and the number of different types of WP design types which will be required to handle 100% of the

anticipated commercial SNF waste stream. The objective of this evaluation is to determine: 1) the

number of different types of WPs needed, 2) the capacity of each WP type, 3) the SNF parameters
A - which provide the limits for each WP type, and 4) provide a reasonable rationale that the selected
| \\J system of WP types may be capable of disposing 100% of the anticipated commercial SNF waste
| stream to be shipped to the MGDS repository. This information will then determine the scope of the
WP design efforts and provide goals for determining the design basis SNF fuel type for thermal,
structural, and neutronics/criticality analysis.

2. Quality Assurance

The Quality Assurance (QA) program applies to this analysis. The work reported in this document
is part of the preliminary WP design analysis that will eventually support the License Application
Design phase. This activity, when appropriately confirmed, can impact the proper functioning of the
Mined Geologic Disposal System waste package; the waste package has been identified as an MGDS
Q-List item important to safety and waste isolation (pp. 4, 15, Ref. 5.1). The waste package is on
the Q-List by direct inclusion by the Department of Energy (DOE), without conducting a QAP-2-3
evaluation. As determined by an evaluation performed in accordance with QAP-2-0, Conduct of
Activities, the work performed for this analysis is subject to Quality Assurance Requirements and
Description (QARD; Ref. 5.3) requirements. As specified in NLP-3-18, this activity is subject to
QA controls. Although a documented evaluation is not required by the current revision of QAP-2-0,
the WPDD Responsible Manager has selected the applicable procedural controls for this activity
commensurate with the work control activity evaluation entitled "Perform Waste Stream Analysis
to Determine Design Basis Fuel” (Ref. 5.2).
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All design inputs which are identified in this document are for the preliminary stage of the WP
design process; all of these design inputs, excluding the codes and standards, will require subsequent
confirmation (or superseding inputs) as the waste package design proceeds. This document will not
directly support any construction, fabrication, or procurement activity and, therefore, is not required
to be procedurally controlled as TBV (to be verified). In addition, the inputs associated with this
analysis are not required to be procedurally controlled as TBV. However, use of any data from this
analysis for input into documents supporting construction, fabrication, or procurement is required
to be controlied as TBV in accordance with the appropriate procedures.

3. Method

The goal for the method used is to determine a combination of WP types that will handle all of the
commercial SNF assemblies, that will be delivered to the MGDS according to the waste receipt
scenarios developed in reference 5.5, with the best repository performance and for the most favorable
WP estimated cost. Various systems of WPs, selected based upon engin ing judgement, are
evaluated with regard to the percentage of the commercial SNF waste stream handled by the WP
system. Also, the estimated total fabrication and licensing cost of each WP type in the WP system
will be factored into the evaluation. The individual WP types and the WP system selected to be
\/ evaluated are based upon the design information provided in reference 5.6 which identifies the

) important design parameters for WPs (i.c., WP total heat load, assembly reactivity, and performance
assessment data for WP degradation) and the estimated cost of the WP system based on the cost
information from reference 5.11. '

4. Design Inputs -

. All design inputs which are identificd in this document are for the preliminary stage of the design
process; all of these design inputs, excluding the codes and standards, will require subsequent
confirmation (or superseding inputs) as the waste package design proceeds. This document will not
directly support any construction, fabrication, or procurement activity and therefore is not required
to be procedurally controlled as TBV. In addition, the inputs associated with this analysis are not
required to be procedurally controlled as TBV. However, use of any data from this analysis for input
into documents supporting construction, fabrication, or procurement is required to be controlled as
TBV in accordance with the appropriate procedures. ‘ :

4.1 Design Parameters

The WP fabrication cost information used in this analysis is documented in reference 5.11 and is
provided in Table 4.1-1 for quick reference (see assumption 4.3.1). Additional costs for preparing
a Safety Analysis Report (SAR) and a Nuclear Regulatory Commission (NRC) licensing submittal
for each individual WP design is estimated to be $10,000,000 and is included in the cost analysis
&/ g (see assumption 4.3.2). | ‘
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Table 4.1-1 Waste Package Fabrication Cost Infbmmtion

SNF Type WP Capacity Criticality Control Cost 1
(Reactor Type) (# of Assemblies) (1996 Dollars)
PWR 21 No Absorbers $312,000
‘ ’ PWR 21 Borated Stainless Steel Plates $391,000
PWR 21 B,C Control Rods $342,000" - $488,000
. “ PWR 12 No Absorbers $216,000
PWR . 12 Borated Stainless Steel Plates $252,000
PWR 12 B,C Control Rods $233,000% - $317,000°
PWR 12/Long Cavity' No Absorbers $237,000* W
FWR 12/Long Cavity' | Borated Stainless Steel Plates $277,000*
PWR 12/Long Cavity' B.C Control Rods $256,000%2 - $348,000°4*
PWR 2 No Absorbers $335,000
n PWR 24 Borated Stainless Steel Plates $433,000
u I PWR 24 B.C Control Rods $378,0007 - $546,000°
BWR 4 No Absorbers $317,000 ‘“
BWR 44 Borated Stainless Steel Plates $422,000
BWR 24 No Absorbers $247,000 “
BWR 24 Borated Stainless Steel Plates $324,000 “

. Notes: '

! Long Cavity WP design is for the South Texas SNF assembly lengths.

2 Assumes 4 control rods per SNF assembly.

3 Assumes 24 control rods per SNF assembly.

* Assumes long cavity 12 PWR is 1.0992 times more expensive than the normal length WP
for the borated plate option.

The additional cost penalty for any commercial SNF assemblies which are identified as not being
able to be placed into any of the WP types for a given scenario will be $50,000 per assembly (sce
assumption 4.3.8). This will cover any costs of storage for additional aging, additional criticality
materials, etc. which may be required to handle these assemblies and serve to penalize any WP
system which can not handle 100% of the anticipated waste stream.
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The specific MGDS commercial SNF assembly receipt scenarios to be considered were identified
in reference S.5 and the required SNF assembly data was provided as input for this analysis (see
assumption 4.3.3). This information specifies the time at which SNF assemblies are received by the
MGDS repository facility, the assembly age (i.e., cooling time), assembly bumnup (i.e., MWd/MTU),
assembly initial average enrichment (i.e., wt% U235), assembly loading (i.e., MTU), assembly type
(i.c., Pressurized Water Reactor (PWR) or Boiling Water Reactor (BWR)), and assembly thermal

power (ie., W/MTU) for cach MGDS acceptance scenario identified. This information is
voluminous and is not repeated here (Ref. 5.5). ' :

4.2 Criteria

The design of individual WPs required for handling commercial SNF assemblies will depend on
development of a reasonable rationale to select a system of WP types capable of disposing 100% of
the anticipated commercial SNF waste stream. Criteria that relate to the development and design
of repository components are derived from the applicable requirements and planning documents.
Upper-level systems requirements are provided in the Mined Geologic Repository System
Reguirements Document (MGDSRD, Ref. 5.10). The requirements flow down to the Engineered
Barrier Design Requirements Document (EBDRD, Ref. 5.8) as specific requiremeénts for engineered
u' barrier segment design and the Repository Design Requirements Document (RDRD, Ref. 5.7). The
Controlled Design Assumptions Document (CDA, Ref. 5.9) provides guidance for requirements
listed in the EBDRD and RDRD which have unqualified or unconfirmed data associated with the
requirement. The criteria applicable to the development of WP designs for the MGDS are equivalent
to the applicable requirements, interface requirements, and criteria cited in the EBDRD.
Specifically, the criticality requirement is provided as EBDRD 3.2.2.6, repository thermal limits are
~ provided in EBDRD 3.7.G, WP compatibility with the repository environment and the contiained
waste form requirements are provided in EBDRD 37.1.A, EBDRD 3.7.1 B, and EBDRD 3.7.1.2.G,
and WP internal structure requirements are provided in EBDRD 3.7.1.3. The EBDRD requirements
must be addressed for all WP designs and were specifically addressed in the analysis provided in
reference 5.6.

The “TBD", “TBV”, and “TBR” items identified in the applicable criteria documents will not be
carried to the conclusions of this analysis based on the rationale that the conclusions derived by this
analysis are for preliminary design and will not be used as input into documents supporting
construction, fabrication, or procurement of specific waste package designs.

Finally, this design analysis is not intended to satisfy the referenced requircments, as identified in
this section, in their entirety because this analysis is for the preliminary stage of WP design. The
determination of full compliance with the EBDRD requircments will be performed in another design
analysis when the WP designs are beyond the preliminary design phase.
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4.3 Assumptions

Based on the rationale that the conclusions derived by this analysis are for preliminary design and
will not be used as input into documents supporting construction, fabrication, or procurement, a TBD
(to be determined) or TBV will not be carried to the conclusions of this analysis.

4.3.1 The WP fabrication cost information provided in Table 4.1-1 is assumed to be representative
of the true WP fabrication cost. Reference 5.11 provides cost data which is currently being
used by the MGDS program and is considered to be the best available data at this time. The
time value of money is not considered in this analysis and is judged to affect the costs for
each WP scenario approximately equally. The WP cost values in this analysis are for
comparison purposes only and should not be used outside of this analysis. This assumption
is based upon engineering judgement. This assumption is used in Section 4.1 and throughout
Section 7. '

432 The WP SAR/Licensing cost of $10,000,000 per WP design is assumed to be representative
of the true cost for the SAR/Licensing effort. This assumption is based upon engineering
judgement and experience of the Lead Design Engineer (LDE) and the originating engincer
for this design analysis. This SAR/Licensing cost information for WP designs is the best
available data at this time. This assumption is used in Section 4.1 and throughout Section
7.

433 The specific MGDS commercial SNF assembly receipt scenarios to consider were identified
in reference 5.5 and have been developed based upon the best information available to the
. MGDS program (see also Ref. 5.9; CDA Key 002). The specific SNF assembly receipt
scenarios and the associated assembly data from reference 5.5 is assumed to be representative
of the range of waste receipt variability that the MGDS can reasonably expect. This
assumption is based upon engineering judgement. This assumption is used in Section 4.1

and throughout Section 7.

434 The use of the fully moderated SNF assembly ki gy 25 2 indicator of the level of criticality
control required to maintain a commercial SNF assembly in a subcritical condition is
assumed to bound the fully moderated K .ciive of 2 WP which is fully loaded with the same
commercial SNF assembly. The use of Ky, rather than the krecves for a commercial SNF
assembly is conservative due to the neutron leakage term which is not used for k. This
assumption implies that the enrichment/bumup parameters for a commercial SNF assembly
which determines the constant kg, isopleths are assumed to be the same
enrichment/burnup values which determine the Kegecive isopleth if a detailed WP calculation
were performed. This assumption is based upon engineering judgement. This assumption
is used in Section 6.2 and throughout Section 7.
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43.5 The use of the following equation obtained from page 5-4 of reference 5.6 is assumed to
provide representative, but slightly conservative values for PWR SNF assembly Kioqa, values.

Koty = 1.06-(0.0 1-b)-(0.002:c)+(0.1 14-2)+(0.00007081-6%)+(0.00007 565-c?)-(0.007-2%)-
(0.0002671-b-2)-(0.0001 145-b-c)+(0.00023 18-c+2)+(0.000009366-b-c 2)

Where: a = initial U235 enrichment in weight percent
b = assembly burnup in GWdMTU
¢ = assembly cooling time (i.e., age) in years

The usage and development of this equation for PWR SNF is presented in detail in reference
5.6. This assumption is based upon engineering judgement. This assumption is used in
Section 6.2 and throughout Section 7.

436 The use of the following equation developed in Attachment II is assumed to provide
representative, but slightly conservative values for BWR SNF assembly Kisiniry values.

\_// Kiinicy=0.92601-(0.01 2598-b)+(0.19901 'a)+(0.0000949922-b2)—(0.0067 02-2%)-(0.001243-b-a)

Where: a = initial U235 enrichment in weight percent
b = assembly burnup in GWd/MTU

The data which forms the basis for this equation was obtained from NRC approved BWR
rack analysis documentation and is provided in references 54,5.14,5.15,and 5.16. The data
in these references are documented as bounding Kiug, values for BWR assembly designs of
various initial enrichments, assembly exposures, and assembly configurations. The equation
development is provided in Attachment IL. This assumption is based upon engineering
judgement. This assumption is used in Section 6.2 and throughout Section 7.

437 The WP/repository design and performance parameters documented in reference 5.6 and 5.9
(i.e., Principle Isotope Burnup Credit (CDA, Key 009), the drift emplacement concept (CDA,
Key 011), thermal loading of 80 to 100 MTU/acre (CDA, Key 019), criticality methods, WP
degradation modes, etc.) are assumed to be representative of the current MGDS repository
conditions and provide reasonable indication of the performance requirements for the WP
designs in the repository environment. Reference 5.6 provides all references to the CDA
(Ref. 5.9) and the specific CDA references are not repeated here. This assumption is based
upon engineering judgement. This assumption is used d\;oughout Section 7.

438 The cost penalty of $50,000 per commercial SNF assembly which is not directly handled by
~ a WP system scenario is assumed to be a representative bounding estimate of the true cost
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for requiring an additional option to handle these “non-standard” SNF assemblies (e.g.,
temporarily storing the assemblies to increase assembly age, designing additional criticality
control materials, design modifications to 2 WP type, etc.). This assumption is based upon
engineering judgement and experience of the LDE and the originating engineer for this
design analysis. This assumption is used in Section 4.1 and throughout Section 7.

439 All commercial SNF is assumed to fit into the basic WP SNF basket envelope developed in
reference 5.6. There are two notable exceptions which must be accommodated in this
analysis: 1) South Texas PWR SNF assemblies are designed for a 14 foot reactor core rather
than the standard 12 foot reactor core. The South Texas PWR assemblies fit the standard
PWR cross section but will require a longer WP length. 2) Big Rock Point BWR SNF
assemblies are designed with an assembly square cross section of 6.52 inches rather than the
standard 5.44 inch square Cross section. The Big Rock Point Assemblies are also
approximately half the length of the standard BWR assembly design.

Clearly, the South Texas PWR SNF will require a new WP design since these assemblies
require a longer WP basket envelope and there are not enough of these long assemblies to
justify the cost of fabricating all WPs with the additional length. Thus, specific
accommodation of a South Texas SNF WP will be included in this analysis in order to
u capture the additional cost of this WP type. However, additional options to handle the Big

Rock Point BWR SNF are available; such as (but not limited to) putting these assemblies
into a standard PWR WP. Finally, there is a very small number of Big Rock Point BWR
assemblies, and assuming for this analysis that they are handled as part of the standard BWR
SNF waste stream will not significantly affect the results of this analysis. This assumption
is based upon engineering judgement a d experience of the LDE and the originating engineer
for this design analysis. This assumption is used throughout Section 7.

4.4 Codes and Standards

Not applicable.

£. References

5.1 Yucca Mountain Site Characterization Project Q-List, YMP/90-55Q, REV 4, US.
Department of Energy (DOE) Office of Civilian Radioactive Waste Management
(OCRWM).

5.2  “Perform Waste Stream Analysis to Determine Design Basis Fuel,” Document Identifier (DI)
Number: BB0000000-01717-2200-00029 REV 02, Civilian Radioactive Waste Management
System (CRWMS) Management and Operating Contractor M&O). :
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5.3 Quality Assurance Requirements and Descripsion, DOE/RW-0333P REV 6, US. DOE

5.4  "Pilgrim Nuclear Power Plant Spent Fuel Pool Rack Design", HOLTEC Document Number:
HI-92925, U.S. Nuclear Regulatory Commission Docket Number: 50-293, U.S. Nuclear
Regulatory Commission (NRC), Washington, D.C.

55 CRWMS M&O Interoffice Correspondence LV.WP.TLL.02/97-026, "Transmittal of
Preliminary Design Basis Fuel Data," From TL. Lotz to File, February 10, 1997.

5.6 - Mined Geologic Disposal System Advanced Conceptual Design Report, Volume I of IV,
Engineered Barrier Segment/Waste Package, DI Number: B00000000-01717-5705-00027
REV 00, CRWMS M&O.

57  Repository Design Requirements Document, YMP/CM-0023, REV 0, ICN 1, Yucca
Mountain Site Characterization Project.

58  Engineered Barrier Design Requirements Document, YMP/CM-0024, REV 0, ICN 1, Yucca
Mountain Site Characterization Project.

k/’ 59  Controlled Design Assumptions Document, DI Number: B00000000-01717-4600-00032
REV 04, CRWMS M&O.

5.10 Mined Geological Disposal System Requirements Document, DOE/RW-0404P (DI Number:
. B00000000-00811-1708-00002 REV 02), U.S. DOE OCRWM.

s.11 CRWMS M&O Interoffice Correspondence LV.WP.JAC.02/97-032, "Waste Package Cost
Estimates,” From J.A. Cogar to T.L. Lotz, February 13, 1997.

5.12 Software Qualification Report for the Spent Nuclear Fuel Decay Heat Function (SNFDHF)
(CSCI: 20026 V1.0), DI Number: 20026-2003 REV 00, CRWMS M&O.

5.13 Software Life Cycle Plan for the Spent Nuclear Fuel Decay Heat Function (SNFDHF)
(CSCI: 20026 V1.0), DI Number: 20026-2001 REV 00, CRWMS M&O.

5.14 "Proposed Modification to the Technical Specifications for the Pilgrim Spent Fuel Pool Rack
Design”, HOLTEC Document Number: HI-93126, U.S. Nuclear Regulatory Commission
Docket Number: 93-016, U.S. Nuclear Regulatory Commission (NRC), Washington, D.C.

5.15 Lotz, T L., "ATEA BWR Rack Scoping Analysis", Framatome Technologies Incorporated
Document Number: 32-1257226-00, August, 1996.
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5.16 "Duane Amold Nuclear Power Plant Spent Fuel Pool Rack Design", HOLTEC Document
Number; HI-92987, U.S. Nuclear Regulatory Commission Docket Number: 50-331, US.
Nuclear Regulatory Commission (NRC), Washington, D.C.

5.17 CRWMSM&O Interoffice Correspondence LV.WP.TLL.04/97-069, "Transmittal of Waste
Package Design Configuration Data,” From T.L. Lotz to File, April 1, 1997.

6. Use of Computer Software
6.1 Scientific and Engineering Software

The GETHEAT program and its HEAT.DAT data file provided in the Spent Nuclear Fuel Decay
Heat Function (SNFDHF) code system (Ref. 5.12) version (V) 1.0 (CSCT: 20026 V1.0) is used in
this analysis. GETHEAT program with its HEAT.DAT data file is designed to calculate PWR and
BWR SNF decay heat rates given the assembly bumup, decay time (i.c., age), and assembly average
initial U235 enrichment. Thus, GETHEAT program is appropriate for use with the WPBINOOa
- program provided in Attachment I to determine SNF decay heat loads in order to evaluate waste
K_/ package loading scenarios. The GETHEAT software is executed on 2 IBM compatible PC with the
: DOS 6.2 operating system. The software qualification of the GETHEAT software, including
problems of the type analyzed in this report, is summarized in the Software Qualification Report for
the SNFDHF code system (Ref. 5.12). The GETHEAT evaluations performed for this design
. analysis are fully within the range of the validation for the GETHEAT software used. Access to and
use of the GETHEAT software for this analysis was granted by Software Configuration Management
and performed in accordance with the Life Cycle Plan for the SNFDHF code system (Ref. 5.13) and
the QAP-SI series procedures. Inputs and outputs to the GETHEAT software arc included as
attachments as described in the following design analysis. :

6.2 Computational Support Software

The percent values of the commercial SNF waste stream handled, the number of WP of each type
required, and the number of SNF assemblies not handled by a proposed WP system scenario were
generated with the computer code WPBINOOz version (V) 00A and is classified as computational
support software. WPBINOOa VOOA is not a controlled computer code and has not been qualified
under the QAP-SI series of M&O procedures. WPBINOO2 requires the data provided in assumptions
433, 43.5, 43.6, and 4.3.7 as inputs. Based upon the data provided in assumption 4.3.3,
WPBINOOa determines commercial SNF assembly characteristics from GETHEAT (see Section 6.1),
the equation from either assumption 4.3.5 (ie, PWR SNF) or 4.3.6 (i, BWR SNF), and then
determines which WP type in 2 WP scenario (WP scenario is based upon assumption 4.3.7) the SNF
b‘ . assembly can be loaded into and then tallies that assembly to the selected WP type. If the SNF
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assembly does not meet any of the WP type criteria, then the assembly is tallied into a non-standard
SNF bin. Once each assembly in the waste stream has been tallied, WPBINOOa then summarizes the
number of each WP type required and prints the final summary table.

The WPBINOO2 code listing is provided in Attachment I, the output files with an input listing are
listed in Attachment V, and provided in reference 5.17. The WPBINOOa code is simply an
automation of a simple data manipulation process which can easily be checked by hand. The data
is provided in this analysis and the references for the purpose of performing hand calculation checks.
The data manipulation has been checked by hand and will be used in this analysis on that basis. The
WPBINOOa code was utilized for the purpose of computational support software as it was intended.
The WPBIN0O2 software was executed on an IBM PC compatible with a DOS 6.2 operating system.

The BWR kg, data curve fit was performed in Microsoft’s EXCEL Version 5.0 and is classified
as computational support software. Microsoft's EXCEL Version 5.0 is not a controlled computer
code and has not been qualified under the QAP-SI series of M&O procedures and will not be
qualified under the M&O procedures. EXCEL simply provides a framework to automate simple
mathematical calculations which can easily be checked by hand or through alternate calculational
methods. Based upon the data provided in assumption 4.3.6, EXCEL generates a simple curve via
v direct equation calculation. Once the proper equation coefficients for the equations are determined,

EXCEL summarizes the numeric values at selected data points. The EXCEL spread sheet file is
provided as Attachment I. The data points used are provided in this analysis for the purpose of
performing hand calculation checks. The data manipulation has been checked by hand and will be
used in this analysis on that basis. EXCEL was utilized for the purpose of computational support
software as it was intended and it is appropriate for the use of generating a curve given an equation
form. The EXCEL software was executed on an IBM PC compatible with a Windows 3.1 operating
system. .

The presentation graphics provided in Attachment T was generated with the computer code Harvard
Graphics Version 2.0 and is classified as computational support software. Harvard Graphics Version
2.0 was executed on a IBM PC compatible with a Windows 3.1 operating system. Harvard Graphics
Version 2.0 is not a controlled computer code and has not been qualified under the QAP-SI series
of M&O procedures and will not be qualified under the M&O procedures. Harvard Graphics
Version 2.0 simply provides a framework to create 2 graphical representation of data. No calculation
or modification beyond cut and paste operations with tabular data from reference 5.5 and WPBINOOa
software was performed in Harvard Graphics. ‘ ‘
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7. Design Analysis

Previous WPDD cfforts have focused upon determining the performance characteristics of a WP
with regard to Engineered Barrier System (EBS) and MGDS performance (Ref. 5.6). This involved
determining performance requirements for criticality control, heat transfer, shielding, structural
strength, and degraded mode performance with a nearly bounding commercial SNF assembly type.
Thus, much of the assumed performance requirements and the cost data used in this analysis is based
upon these documented results. However, these analyses did not provide the rationale for, nor
identify, the required mix of WP types which will need to be licensed in order to cover 100% of the
commercial SNF waste stream in an reasonable manner. This analysis is intended to perform this
function using the WP performance data summarized in reference 5.6.

7.1 Design Basis Fuel (DBF)

It is likely that the license application for the waste package will be reviewed by the Nuclear
Regulatory Commission using criteria similar to those already in place for dry cask storage systems.
That is not to say the requirements placed upon the disposal device are the same as for storage casks,
but that the topical safety analysis report (SAR) for the waste package should follow the standard
‘\_/ format and content established for dry cask storage SARs. The Standard Review Plan for Dry Cask

Storage Systems (NUREG-1536) states that:

“Specifications must be provided for the spent fuel to be stored in the cask, such as, but not
limited to, type of spent fuel (i.c., Boiling ‘Water Reactor (BWR), Pressurized Water Reactor
(PWR), both), maximum allowable enrichment of the fuel prior to any irradiation, burn-up
(i.e., megawatt-days/Metric Ton Uranium), minimum acceptable cooling time of the spent
fuel prior to storage in the cask (aged at least onc year), maximum heat designed to be
dissipated, maximum spent fuel loading limit, condition of the spent fuel (i.e., intact
assembly or consolidated fuel rods), and the inert atmosphere requirements.”

Due to the large variability in SNF characteristics, several separate WP designs will be required to
accommodate all of the SNF planned for disposal in the first repository. It could be argued that there
is a potential engineering solution to any SNF decay heat or criticality problem such that one design
could accommodate all of the SNF assembly types. However, common sensc and economics dictate
that multiple WP designs be tailored to portions of the waste stream (that is, it is not cost effective
to allow -the most stressing 10% of the waste stream to drive the design for the other 90%).
Therefore, a family of WP designs is required and each individual WP design must have a

~ specifically designated design basis fuel. The purpose of this document is to develop rational WP
design and DBF combinations supported by waste stream coverages, past WP analyses, and
engineering judgement.
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7.2 Waste Acceptance Issues

Due to the uncertainty in waste acceptance parameters, cight waste stream scenarios will be
considered (sce assumption 4.3.3): ‘

Scenario W1: YFF10_DPC_NoISF_63

Take from reactor spent fuel pool the youngest fuel that is at least 10 years old (YFF10).
Take from pool 5 - 10 year old fuel when older pool fuel is gone. Then take from dry storage
oldest fuel first; which is stored and shipped using dual purpose canisters (DPC). No interim
storage facility is used. Continue for first 63,000 MTUs of SNF.

Scenario W2: YFF10_DPC_ISF_63

Same as scenario W1, except that an Interim Storage Facility (ISF) begins DPC teceipt
starting in 2003. No SNF is shipped from the ISF to the repository until all of the reactor
dllocations have been met.

Scenario W3: YFF10_SPC_NoISF_63

\-/ Same as scenario W1, except that any dry storage SNF is stored using single purpose
' canisters (SPC). _

Scenario W4: YFF10_SPC_ISF_63

Same as scenario W2, except that DPCs are used for reactor storage and to ship SNF to the
~ ISF for the first two years, then SPCs are used for storage at the ISF.

Scenario W5: OFF_SPC_NoISF_63

Same as scenario W3, except that reactors ship spent fuel based on an oldest fuel first (OFF)

strategy. Take from reactor spent fuel pool the oldest fuel first until only 5 year old or
younger SNF remains, then take from dry storage oldest fuel first. Continue for first 63,000
MTUs of SNF.

Scenario W6: OFF_SPC_ISF_63

Same as scenario W5, except that DPCs are used for reactor storage prior to 2003 and to ship
SNF to the ISF for two years starting in 2003, then SPCs are used for storage at the ISF. No
spent fuel is shipped from the ISF to the repository until all of the reactor allocations have
been met.
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Scenario W7: YFF10_DPC_NoISF_87

Same as scenario W1, except that waste receipt is continued for the full 86,800 MTUs
projected to be discharged from the existing reactor facilities (86,800 MTUs is beyond the
current statutory limit for a single repository)-

Scenario W8: YFF10_DPC_ISF_87

Same as scenario W2, except that waste receipt is continued for the full 86,800 MTUs
projected to be discharged from the existing reactor facilities (86,800 MTUs is beyond the
current statutory limit for a single repository).

Attachment Il provides a graphical summary of each of the commercial waste stream scenarios. The
data from reference 5.5 (assumption 4.3.3) was processed by the WPBINOOa software to generate
the commercial SNF ki, values, using the equations from either assumption 4.3.5 (i.e., PWR SNF)
or 4.3.6 (i.e., BWR SNF), and SNF assembly heat rates based upon the GETHEAT software (Ref.
5.12). These WPBINOOa output files are listed in Attachment V, and provided in reference 5.17, as
files casel.all, case2.all, case3.all, cased.all, caseS.all, case6.all, case7.all, and case8.all for waste
stream scenarios W1, W2, W3, W4, W5, W6, W7, and W8, respectively. The data was then put into
'\/' Harvard Graphics to create each cumulative distribution plot and each histogram plot.

Notice that both the PWR (pp. 3, 4; Alt chment T and BWR (pp- 7, 8: Attachment I Kiyfiauy plots
show very little variation with respect to the different waste stream scenarios. This indicates that the
criticality problem is relatively independent of the details of the waste stream delivery system.
Waste stream scenarios W2, W5, and W8 appear to be representative of a lower, middle, and high
range of waste stream characteristics with regard to criticality concerns. Waste streams W1, W3,
W4, W6, and W7 fall within these three scenarios and will provide similar results.

The SNF assembly initial heat plots for PWR (pp. 1, 2; Attachment TH) and BWR (pp- 5. 6;
Attachment TIT) assemblies display a much greater sensitivity to the waste stream delivery system.
This characteristic of the waste stream was not unexpected, since SNF assembly heat rates decay
fairly quickly with cooling time. However, this makes selecting a WP system more difficult, since
at this time each waste stream scenario must be considered as equally likely to be correct. Thus,
tailoring a WP system to a specific waste stream scenario to reduce costs is not a realistically viable
option. Thus, any WP system which is designed should be set up to handle any of these waste stream
scenarios for a reasonable cost. '

The data provided in Attachment I show that evaluating wastg stream scenarios W2, W3, W5, and
W8 will both bound and provide a reasonable estimate of the median for the given variations in
waste stream characteristics. These waste stream scenarios will be evaluated further in this analysis.
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7.3 Waste Package Performance Issues

The performance characteristics of WPs with regard to containment of waste, efficient use of
material (i.e., packing density), criticality safety, thermal performance, predictability of degraded
modes, and performance in degraded modes has been documented in analyses performed during the
WP conceptual design (Ref. 5.6). These analyses provide a basis with which to determine the best
WP design with regard to individual WP performance and the results of the conceptual design will
be used to provide the first cut in determining WP SNF assembly capacities and how they should be
combined into a WP system capable of emplacing the commercial SNF waste stream (see
assumptions 4.3.7 and 4.3.9). The conceptual design efforts showed that the larger capacity WP
designs were desirable from a cost and handling perspective, but the largest practical sizes which still
meet the repository performance criteria limited the WP designs to capacities of 24 PWR assemblies
or 44 BWR assemblies. Larger capacity WP designs will have significant difficulty meeting
repository thermal and criticality performance requirements and present structural design difficulties
during the degradation phase of the WP performance life (Ref. 5.6).

The conceptual design provides the following ranking for WP performance versus SNF assembly

capacity:
: | Best performance characteristics: 21 PWR assembly capacity
\_/ 12 PWR assembly capacity
44 BWR assembly capacity
24 BWR assembly capacity
Moderate performance characteristics: 24 PWR assembly capacity

All other WP designs showed significant problems concerning degraded mode performance and
efficient use of materials (i.c., packing density). As the internal structures degraded and slumped,
only the designs listed above provided predictable geometries, sufficient criticality control, and
sufficient structural performance to keep the commercial SNF in an intact form. Thus, only WP
systems comprised of the listed WP capacities will be considered in this analysis since these have
the highest probability for meeting all of the repository performance criteria (Ref. 5.6)..

The 24 PWR assembly capacity WP will be considered in this analysis to determine if it has a large
cost advantage over the 21 PWR assembly capacity WP. However, if the cost advantage is not
significant, then a WP system comprised of WPs from the best performance characteristics list will
be selected instead based on the higher probability for meeting all of the repository performance
criteria. '

Additional performance constraints are discussed in the following sections.
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7.3.1 Thermal Issues

The thermal load on the waste package (and consequently its temperature) is most directly
determined by the rate of heat generation. Of course, both heat rate and waste package temperature
change with time depending on the total repository thermal loading. However, heat at time of
emplacement is the single strongest determining parameter for peak waste package temperature,
which is a very important design parameter, constrained by the need to avoid cladding creep and
mineral phase transformations at the emplacement drift wall. The performance parameter, heat at
emplacement, is primarily a function of age at emplacement and burnup and provides a criteria for
distinguishing between assembly thermal categories.

While the WP design basis fuel is specified on a per-assembly basis, the total WP heat load will
impact the emplacement drift structures and the surrounding rock. Previous preliminary analyses
(Ref. 5.6) have indicated that initial individual WP heat loads of around 18 kW can be tolerated
assuming a reference repository thermal loading range of 80 to 100 MTU/acre. It may be possible
to accept a higher initial heat, such as 19 kW however, for other system interface issues, total initial
WP heat loads could be limited to lower values (such as the 14.2 kW heat at emplacement limit
indicated for the conceptual multi-purpose canister design). Note that the data provided in reference
5.6 show that the 19 kW WP total heat load has a significant risk of not meeting the repository
thermal performance criteria for rock media temperatures if thermal loads in the 90 to 100 MTU/acre
range are selected. A significant cost advantage must exist for this higher WP heat load to be
selected and the additional design risk accepted. To determine the trending and costs with respect
to the waste stream, three total WP initial heat loads will be considered: 14.2, 18, and 19 kW.
Individua! assembly heats have been rounded off to the nearest multiple of 10 watts.

Given the three maximum WP heat load conditions and the data provided in Attachment III, the
following WP rated heat load options will be considered. The PWR SNF assembly portion of the
waste stream is the most complicated to handle due to the higher heat load per assembly and larger
assembly size as compared to the BWR SNF assemblies. The derated WP options arc discussed
further in Section 7.4. The derated configurations are selected based on maintaining a balanced (i.c.,
symmetrical) WP loading configuration. WP systems will be based on combinations of these WP
types and usc the given capacity and thermal rating. Each of the following scenarios is a
combination of large and small PWR and BWR WPs, with the largest PWR WP heat total heat load

limited to the stated value:
Scenario T1: Three PWR categories with maximum WP heat of 19 kW
Base options (watts)
0 < heat <900 For 21 PWR (total 18.9 kW)
0 < heat <900 For 12 PWR (total 10.8 kW)
0 < heat <790 For 24 PWR (total 19.0 kW)
0 < heat <400 For 44 BWR (total 17.6 kW)

0 <heat <400 For 24 BWR (total 9.6 kW)
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Scenario T2:

Scenario T3:

Intermediate options (watts)

900 < heat < 1030  For 12 PWR (total 12.4 kW)

900 < heat < 1030 For 16 PWR (derated 21, 16.5 kW)
790 < heat <950 For 20 PWR (derated 24, 19.0 kW)
400 < heat < 520 For 24 BWR (total 12.5 kW)

Non-Standard Assembly options (watts)

1030 < heat < 1370  For I0PWR (derated 12, 13.7 kW)
1030 < heat < 1370  For 12PWR (derated 21, 16.4 kW)
050 <heat <1370  For 12PWR (derated 24, 16.4 kW)

Two PWR categories with maximum WP heat of 19 kW
Base options (watts) .
~ 0<heat <900 For 21 PWR (total 18.9 kW)
0 < heat <900 For 12 PWR (total 10.8 kW)
0 < heat < 790 For 24 PWR (total 19.0 kW)
0 < heat <400 For 44 BWR (total 17.6 kW)
0 < heat <400 For 24 BWR (total 9.6 kW)

Non-Standard Assembly options (watts)

900 < heat <1370  For 12PWR (total 16.4 kW)

000 < heat <1370  For 12PWR (derated 21, 16.4 kW)
790 <heat <1370  For 12PWR (derated 24, 16.4 kW)
400 < heat <520 For 24 BWR (total 12.5 kW)
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Three PWR categories with maximum WP heat of 18 kW
Base options (watts)
0 < heat < 850 For 21 PWR (total 17.9 kW)
0 < heat < 850 For 12 PWR (total 10.2 kW)
0 <heat <750 For 24 PWR (total 18.0 kW)
0 < heat <400 For 44 BWR (total 17.6 kW)
0 < heat <400 For 24 BWR (total 9.6 kW)

Intermediate options (watts)

850 <heat< 1030  For 12PWR (total 12.4 kW)

850 < heat < 1030  For 16 PWR (derated 21, 16.5 kW)
750 < heat < 900 For 20 PWR (derated 24, 18.0kW)
400 < heat < 520 For 24 BWR (total 12.5 kW)
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Scenario T4:

Scenario TS:

Non-Standard Assembly options (watts)

1030 <heat <1370  For 10PWR (derated 12, 13.7 kW)
1030 < heat < 1370  For 12PWR (derated 21, 16.4 kW)
900 <heat < 1370  For 12PWR (derated 24, 16.4 kW)

Base options (watts)

0 < heat <850 For 21 PWR (total 17.9 kW) .
0 <heat < 850 " For 12 PWR (total 10.2 kW)
0 <heat <750 For 24 PWR (total 18.0 kW)
0 < heat <400 For 44 BWR (total 17.6 kW)

0 <heat <400 For 24 BWR (total 9.6 kW)

Non-Standard Assembly options (watts)

850 <heat< 1370  For 12PWR (total 16.4 kW)

850 <heat <1370  For 12PWR (derated 21, 16.4 kW)
750 <heat < 1370  For 12PWR (derated 24, 16.4 kW)
400 < heat < 520 For 24 BWR (total 12.5 kW)

Base options (watts)

0 <heat <670 For 21 PWR (total 14.1 kW)
0 <heat <670 For 12 PWR (total 8.0 kW)
0 < heat < 590 For 24 PWR (total 14.2 kW)
0 <heat < 320 For 44 BWR (total 14.1 kW)
0 < heat < 400 For 24 BWR (total 9.6 kW)
Intermediate options (watts)

670 < heat < 1030 For 12 PWR (total 124 kW)
670 < heat < 880 For 16 PWR (derated 21, 14.1 kW)
590 < heat <710 For 20 PWR (derated 24, 14.2 kW)
320 < heat < 520 For 24 BWR (total 12.5 kW)

Non-Standard Assembly options (watts)

1030 < heat < 1370 ~ For 10 PWR (derated 12, 13.7 kW)
880 < heat < 1370  For 10 PWR (derated 21, 13.7kW)
710 <heat < 1370 For 10 PWR (derated 24, 13.7kW)

Two PWR categories with m_aximum WP heat of 18 kW

Three PWR categories with maximum WP heat of 142 kW
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Scenario T6: Two PWR categories with maximum WP heat of 14.2 kW

Base options (watts)

0 < heat <670 For 21 PWR (total 14.1 kW)

0 <heat <670 - For 12 PWR (total 8.0 kW)

0 < heat < 590 For 24 PWR (total 14.2 kW)

O<heat<320  For44 BWR (total 14.1 kW)

0 <heat <400 For 24 BWR (total 9.6 kW)

Non-Standard Assembly options (watts) ‘

670 <heat < 1370  For 10 PWR (derated 12, 13.7 kW)
670 <heat <1370  For 10 PWR (derated 21, 13.7kW)
590 < heat < 1370  For 10 PWR (derated 24, 13.7 kW)
320 < heat < 520 For 24 BWR (total 12.5 kW)

7.3.2 Criticality Issues

The criticality performance parameter, Ky (see assumption 4.3.4), and the WP loading scenarios
\/ * developed for this analysis are based on advanced conceptual design (Ref. 5.6) analysis results. All
of the WP designs considered assume that Principal Isotope Burnup Credit will be accepted by the
NRC (see assumption 4.3.7). This means that each WP is designed with § mm thick carbon steel
tubes around the fuel assemblies. When included, the neutron absorber plates are 7 mm thick
borated SS-B6A and the absorber control rods are zirconium clad B,C rods. It is also noted that
there is no reason based on criticality potential to derate WP or use a smaller WP for PWR SNF
(i.e., derating for PWRs is only performed for thermal reasons, BWRs are derated as specified
above). This is due to the fact that derating for criticality relies on increased neutron leakage to
reduce the multiplication factor. However, this effect is reduced significantly when the WP internals
degrade and is not sufficient for criticality control in large WPs. Thus, other options, such as control
rods, are utilized (see Ref. 5.6). '

" All SNF assembly ki g,y values are determined based upon assumption 4.3.5 or 4.3.6. The basis for
ecach WP rated k.., limit is provided in reference 5.6. The following WP rated heat load options
will be considered. WP systems will be based on combinations of these WP types and use the given
capacity and criticality rating. .

S
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Scenario Cl: Three criticality control categories
Base options
0<k.<1.00 PWR fuel requiring no neutron absorbers in the WP basket
0<k.<1.00 BWR fuel requiring no neutron absorbers in the WP basket
Intermediate options

1.00<k.< 1.13 PWR fuel requiring neutron absorber plates in the WP basket
1.00<k.< 1.37 BWR fuel requiring neutron absorber plates in the WP basket

Non-Standard Assembly options

1.13<k. <145 PWR fuel requiring neutron absorber control rods in the assemblies
1.37<k.<1.54 BWR fuel requiring thicker neutron absorber plates (24 BWR)

Scenario C2: Two criticality control categorics

Base options :
. 0<k.<1.13 PWR fuel requiring neutron absorber plates in the WP basket
u 0<k.<1.37 BWR fuel requiring neutron absorber plates in the WP basket

Non-Standard Assembly options

1.13<k_<145 PWR fuel requiring neutron absorber control rods in the assemblies
1.37<k. <154 | BWR fuel requiring thicker neutron absorber plates (24 BWR)

Scenario C3: Two criticality control categories (no absorber plate option)
Base options
0<k.<1.00 PWR fuel requiring no neutron absorbers in the WP basket
0<k.< 1.00 BWR fuel requiring no neutron absorbers in the WP basket

Non-Standard Assembly options

1.00<k.< 145 PWR fuel requiring neutron absorber control rods in the assemblies
1.00<k.<1.54 BWR fuel requiring thicker neutron absorber plates (24 BWR)
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7.4 Waste Package Loading Iésues

A secondary purpose of this analysis is to determine the

cost effectiveness of derating the base WP

option (for thermal reasons) versus utilizing a second smaller capacity waste package for the

assemblies that could not be p
desirable to investigate the impact of base option WP total

laced in the larger capacity base option disposal device. It is also
capacity on system cost. To bound these

possible options, the following loading scenarios are considered (sce assumption 4.3.9):

ScenarioL1:

Scenario L2:

Scenario L3:

Scenario L4:

Scenario LS:

21 PWR Base option

12 PWR Intermediate option

10 PWR (derated 12) Non-Standard option if needed
12 PWR South Texas

44 BWR Base option :

24 BWR Non-Standard option if needed

21 PWR Base option )

16 PWR (derated 21) Intermediate option :
12 PWR (derated 21) Non-Standard option if needed
21 PWR South Texas

44 BWR Base option

20 BWR (derated 44) Non-Standard option if needed

12 PWR Base option

12 PWR Intermediate option

10 PWR (derated 12) Non-Standard option if needed
12 PWR South Texas

24 BWR Base option

24 PWR Base option
12 PWR Intermediate option

10 PWR (derated 12) Non-Standard option if needed -

12 PWR South Texas
44 BWR Base option
24 BWR Non-Standard option if needed

24 PWR Base option
20 PWR (derated 24) Intermediate option

12 PWR (derated 24) Non-Standard option if needed

24 PWR South Texas
44 BWR Base option -
20 BWR (derated 44) Non-Standard option if needed
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Same as LS, but using small WP designs for Non-Standard option rather than

a derated WP type.

The following graphics depicts each WP Derating Options considered. The center assemblies in
each WP are marked as blocked out in the derated WP.

Scenario L6:

21 PWR 16 PWR 12 PWR
: (derated 21) (derated 21)
1] 1] 1]
\_/ - | [ | L] |
24 PWR 20 PWR 12 PWR
) (derated 24) (derated 24)
. - _
| | il
12 PWR 10 PWR
. (derated 12)
1] [] i
1l |
1)
00
L1 ]
L [ ] ]
44 BWR ‘ 20 BWR - 24 BWR
(derated 44)
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7.5 WP Unit Costs

The WP cost estimates used to determine the economies of differing WP designs are provided in
Section 4.1 (see assumptions 43.1,4.3.2,438, and 4.39). To determine the cost differences
between each of the scenario combinations, it is assumed that $10,000,000 is required to perform
the design and licensing activities for each WP design option. This cost is a rough estimate used
only to demonstrate the cost savings of minimizing the total number of different WP designs to be
licensed. Additionally, if a WP system did not directly handle all of the SNF assemblies in the waste
stream scenario, a $50,000 per assembly penalty was assessed to the WP system costs.

Al cost figures are based upon 1996 dollars and this analysis does not account for the time value of
money. The cost figures are used only to evaluate the relative differences between WP system
scenarios and will not be representative of the true cost of the WP system. Finally, since at this time
cach of the waste stream scenarios have an equal probability of occurring, the evaluation of each WP
system will be performed on the average cost. The average cost is based upon the total cost of each
waste stream scenario equally weighted to determine the average. '

7.6 Waste Package System Cases

k/ All of the required data has now been identified in order to perform the WP system evaluations.

' Section 7.2 specified that the waste stream scenarios W2, W3, W5, and W8 provide a representative

range for waste stream variability. Section 7.3 specified the range of WP capacity, WP thermal

rating, and WP criticality rating of favorable candidate WP types. Section 7.4 identified the range

. of candidate WP systems which should be evaluated. Finally, Section 7.5 provides the cost basis
with which to help evaluate the relative differences between each WP system.

The evaluation process is begun by selecting 2 WP loading scenario (ie.,L1,12,13,14, LS, or L6).
then selecting a WP thermal strategy (ie., T1, T2, T3, T4, T5, or T6), and finally sclecting 2
criticality strategy (ie., Cl, C2, or C3). Each combination of these three items determines the WP
types which comprise a WP system. Each WP system is then evaluated with each of the four
selected waste stream scenarios (i.e., W2, W3, W5, and W8) to determine the number of each WP
type, the number of assemblies which can not be put into a WP type, and the associated costs. Thus,
a matrix of WP systems to be considered for evaluation is then created.

However, some observations can be made concerning the WP systems generated:

1) Criticality scenario C3 should be the most expensive due to the increased criticality control
material costs. ‘

2) Thermal scenarios T5 and T6 increase the number of WP required since the low WP total
heat load limit of 14.2 kW will force the use of smaller WP capacities. This will cither
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increase cost or increase the number of assemblies not handled by the WP system. Given the
data in reference 5.6, there is no justification limiting the WP total heat load to a value below
18 kW,

3) Thermal scenarios T1 and T2 will not reduce the number of the non-standard WP type
required enough to provide sufficient incentive to accept the additional risks of not meeting
repository thermal performance criteria. Given the data in Attachment III, an increase in base
WP thermal rating from 850 W/assembly to 900 W/assembly will alter the cumulative

coverage results by less than 5%. Thus, there is little incentive to select a high risk WP
design.

4) Derating large WPs for non-standard SNF assemblies is generally not cost effective unless
there are very few SNF assemblies which the base WP design can not handle. Generally,
given the constraints provided in Section 7.3 and the data in Attachment 101, this situation
will not occur. '

Based on these observations, the WP system matrix for evaluation can be reduced to those WP
systems which may provide some benefit. A few additional cases to confirm the observations used
to reduce the evaluation matrix will also be included. Table 7.5-1 lists all of the WP system cases
evaluated in this analysis.

Table 7.5-1 WP System Cases Evaluated

L1-T1-Cl LI1-T1-C2 L1-T1-C3 L1-T2-C1 L1-T2-C2 L1-T2-C3 L1-T3-C\
* LI-T3-C2 L1-T3-C3 L1-T4-C} L1-T4-C2 L1-T4-C3 L1-T5-Cl L1-T6-Cl
L2-T3-Cl L2-T4-C1 L3-T4-Cl L4-T4-C1 'LS-T3-CI LS5-T4-Ci L6-T4-Clt
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7.7 Resulting Coverages

The tables provided in Attachment IV indicate the bins resulting from the loading, thermal,
criticality, and waste stream scenarios described above. These results were generated with the
WPBINOOz code in Attachment I and all input/output files are listed in Attachment V (see Ref. 5.17).
For example, the first table (page 1, Attachment IV) indicates the WP designs and corresponding
thermal and criticality ratings for the WP system for case L1-T1-C! (loading scenario L1, thermal
scenario T1, and criticality scenario Cl). Each table reports the resulting coverages for each WP
system for waste stream scenarios W2, W3, W5, and W8 and the calculated costs. Number (#)
indicates the number of filled (last one partially filled) waste packages, or the number of leftover
assemblies that could not be placed into any of the WP types for that WP system. Percentages
indicate the percentage amount of assemblies held by each waste package type calculated for PWRs
and BWRs separately. :

Examining the results, the lowest average cost (those less than $3.200 billion) WP systems are:
1) LI-T2-C1 Page 4, Attachment IV $3.101 Billion
2) L6-T4-C1 Page 2], Attachment IV $3.123 Billion
3) L4-T4-C1 Page 18, Attachment v $3.140 Billion
4)L1-T4-C1 Page 10, Attachment v $3.156 Billion
‘ 5)L1-T1-C1 Pagel, Attachment IV $3.163 Billion
\./ 6)L1-T3-C1 Page7, Attachment IV $3.171 Billion
7)L2-T3-C1 Page 15, Attachment v $3.198 Billion

Notice that the highest cost WP systems were those using the criticality scenario C3; therefore,
reducing the number of these cases was justified. Generally, criticality scenario C1 was less costly
than C2; however, C2 provides one base WP design which covers 90% or more of the total waste
streamn. The criticality scenario C2 also provides some additional margin for misloaded WP types
and a smaller number of WP types required. However, the cost benefit of criticality scenario Cl is
attractive if a viable WP system can be created with it.

The observations made in Section 7.6 concerning the thermal scenarios TS and T6 were shown to
be accurate. These WP systems were among the higher cost options. Also, those WP systems which
utilized derated WP types generally required very few if any of the derated WPs and were generally
higher cost WP systems. This point is illustrated by comparing cases LS-T4-Cl1 (p. 20, Attachment
IV) and L6-T4-C1 (p. 21, Attachment IV) which differed only in the use of derated large WP versus
using small WP designs. The WP system which depended upon derated WP types was the higher
cost system. ' '

The lowest four average cost WP systems differ on cost by 2% or less. The lowest cost WP system
has 2 maximum WP total heat load of 19 kW. As discussed in Section 7.3.1, this presents a
significant risk to the repository thermal performance goals as long as a high thermal loading strategy
is to be proposed for NRC license. An estimated 2% reduction in WP costs is not significant enough
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to warrant accepting the risk of repository and/or 2 WP redesign effort.

The next two lowest cost WP systems are dependent upon a 24 PWR assembly capacity WP design.
As discussed in Section 7.3, this WP design has a performance deficiency with regard to WP
degraded mode performance when compared to the other WP types. The fourth lowest cost WP
system is comprised of WP types which have been determined to have the best performance
characteristics. Each of these three WP systems (items 2, 3, and 4 in the cost list) are based upon
a WP thermal rating of 18 kW or less (i.e., thermal scenario T4), the criticality scenario C1, and are
low risk for not meeting WP performance requirements on these points. The two low cost 24 PWR
WP systems (loading scenarios L4 and L6) differ in cost by 1% or less from the 21 PWR ‘WP system
(loading scenario L1). An estimated 1% reduction in WP costs is not significant enough to warrant
accepting the risk of repository and/or a WP redesign effort.

Thus, the best WP system to handle the waste stream variability and provide a high probability for
meeting all of the repository WP performance criteria is the L1-T4-C1 WP system. Table 7.7-1
summarizes the WP system components and the waste stream coverages for each WP type. All of
the WP types provided in Table 7.7-1are requried in order to emplace 100% of the commercjal SNF
waste stream in the repository.

'\/ Table 7.7-1 WP System L1-T4-C1 Waste Stream Coverage

Case L1-T4-Cl HextRange (W) || CriticaliyRange | Coverage Range |
{ WP Types: ID: Hmin Hmax k_min k_max n ) %
21 PWR - no absorber 1 0 850 0.00 1.00 ﬂ 137510 1835 26910 40.6%
base thermal & criticality
21 PWR - absorber plates 2 o 850 1.00 113 2399 t0 3596 $3.1% 1o 58.1%
eriticality - pl
21 PWR - sbsorber rods (no ebs. plates) 3 0 £50 L3 145 11910 257 26% 104.1%
criticality - p2
12 PWR - no absorber 4 850 1370 0.00 102 80 10850 10% 107.7%
thermal - pt
12 PWR - absorber plates .S 0 1370 0.00 113 15010 272 1.9% to0 2.5%
base South Texas long WP
44 BWR - no absorber 6 o 40 0.00 1.00 695 10 997 24.6% 10 30.3%
base thermal & criticality ‘ .
44 BWR - absorber plates 7 0 400 1.00 137 194210 2704 682% 10 74.6%
criticality - bl ’
24 BWR - thick absorber plates 8 [ 520 0.00 1.54 401 197 0.8% 10 2.8%
thermal - option bl
criticality - b2

| Total WP Production Costs: $3.156B Ave. $2873B10340208 |
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8. Conclusions

As identified in Sections 2 and 4, this analysis is based on unqualified/unconfirmed input data and
use of any data from this analysis for input into documents supporting construction, fabrication, or
procurement is required to be controlled as TBV in accordance with the appropriate procedures.

This analysis is prepared by the Mined Geologic Disposal System Waste Package Development
Department to set the capacity of the WP designs and the number of different types of WP design
types which will be required to handle 100% of the anticipated commercial SNF waste stream. The
objective of this evaluation is to determine: 1) the number of different types of WP needed, 2) the
capacity of each WP type, 3) the SNF parameters which provide the limits for each WP type, and
4) provide a reasonable rationale that the selected system of WP types may be capable of disposing
100% of the anticipated commercial SNF waste stream to be shipped to the MGDS repository. This
information will then determine the scope of the WP design efforts and provide goals for
determining the design basis SNF fuel type for thermal, structural, and neutronics/criticality analysis.

The selected design basis WP system configuration is presented in Table 8-1 and the rationale
supporting this selection is provided in Sections 7.2 through 7.7. Note, the 12 PWR assembly WP
u type can be designed to accept PWR assemblies with a 1500 W/assembly heat rate or less given a

total WP heat load limit of 18 kW. This change will not significantly affect the WP coverage for the
WP system reported in Table 8-1 and will provide additional capacity to handle non-standard PWR
SNF assemblies. This is the WP system which is recommended for WP design efforts.

All of the WP types listed in Table 8-1 are requried in order to emplace 100% of the commercial
SNF waste stream in the repository. Thus, all of the objectives of this design analysis have been met.
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Table 8-1 Design Basis WP System Configuration Waste Stream Coverage

“c:seu-rm (See Section 1.7) “ HeatRange(W) || Criticality Range i Coverage Range

WP Types: ID: | Hmin Hmax “ k_min k_max “ ’ %

21 PWR - no absorber 1 0 850 0.00 1.00 137510 1835 2691040.6%
basc thermal & criticality

21 PWR - absorber plates 2 0 850 | 1.00 13 2399 to 3596 53.1%1058.1%
eriticality - pl _ ‘
21 PWR - absorber rods (no abs. plates) 3 o 850 113 143 11910257 . Zﬁml.lﬂ
criticality - p2

12 PWR - no absorber .4 850 1370 0.00 1.02 80 to0 850 1.0%t07.7%
thermal - pt

12 PWR - absorber plates s 0 1370 0.00 113 15010 272 19% t0 2.5%
base South Texas long WP ‘
| 44 BWR - no absorber sl o© 400 r‘ 0.00 1.00 69510997 24.6% 10 30.3%
base thermal & criticality

44 BWR - absorber plates 7 ] 400 1.00 1.37 194210 2704 682%1074.6% ||
criticality - bl

v 24 BWR - thick absorber plates 8 ] 520 0.00 1.54 4010 197 08%t028%

thermat - option bl

criticality - b2 l‘

9, Attachments

Attachments to this design analysis are summarized in Table 9-1. Each attachment is identified by
a specific number, file name, date of file, and number of pages.

Table 9-1 List of Attachments

Attachment . Description Date Number r
Number of Pages
r 1 WPBINO0a Program source code fisting (File Name: WPBINGOACPP) | 21397 | 5 f
I BWR assembly ki, data curve fit (File Name: BWRKINF.FIT) 219,597 4
m Waste stream data plots for thermal and criticality parameters 220197 8
(File Name: WADATA.GPH)
v WP system coverage and costs table summarics 22191 21
| (File Name: WPCOVER.TBL)
- v WPBINOOa input/output files stored on magnetic media 22197 2
v - (File Name: WADATA TPE; see reference 517 : J‘




Feb 13 08:01 1997 File Name: wpbinQ0a.cpp _IBM00000-01717-0200-00017 REVOO0  ATVACHMENT 1 - Page 1

k/’ /*wpbin00a.cpp Program to tabulate statistics according to 2 standard,
*regular, set of bins, or 2 special set of bins defined by limits on
3 set of records.
*This program uses the verified routines in for computing assembly
*heat, the object modules for which are incorporated in the link
*command, as described below. .
*The command for compiling only is \msve\bin\el /c /FPi87 /AH wpbin00a.cpp
*The command for linking is
\msvec\bin\link wpbin00a.obj heatmdh.obj gethtmdh.obj,...:
*The executable will be wpbinO0a.exe */

#include <string.h>
#include <stdlibh> .
#include <stdio.h>
#include <math.h>
#include <malloc.h>
#include <string.h>
#include <ctype.h>
#define MAIN
#include "heath”
#define YEARS 40
#define CRITS 85
#define BHEATS 100
#define PHEATS 200
#idefine MAXBINS 20
#define FIRSTPYR 2010

\_/ A int stdhbin(char,float),stdcbin(float),spcbin(int,char,float,float);
float getfloat(char®,int,int);
float mcritsp[CRl'I‘S]:(O),mhmtsp[PHEATS]:[O} ,mcumhp[PHEATS)=(0},
mcumcp{CRITS]={0} .mcritsb[CRlTS]=(0}.mhcatsb[BHEATS]={0}.
. mcumhb{BHEATS}={0),mcumcb{CRITS]=(0}, :
mbins]MAXBINS][YEARS];
long int count=0,ntotalb=0,ntotalp=0,nobins[5]={0}:
{/Heath; J Use this only for Quickwin application
int gctint(char‘,im.int).ncoum:O.bincapMAXBmS];
FILE *ferr;
long int naitsp[CRlTS]=(0}.nhcatsp[PHEATS]=( 0},ncumhp[PHEATS])=(0}, -
ncumcp[CRl'l'S]=l0}.ncritsb[CRl‘I‘S]=( 0}.nheatsb{BHEATS]={0},
ncumhb[BHEATS)=(0},ncumcb{CRITS}=(0} .assybpyr[YEARS]=({0),
nbinsMAXBINS][YEARS].npkgsNAXBlNS] [YEARS).assyppyr{YEARS]={0},
totalassy[MAXBINS]={0}: '
float minhat[MAXBINS].maxhca:[MAXBINS].minkMAXBINS].
maxk[MAXBINS),mtupyr{ YEARS]=(0} ,mobins[5]=({0},
totalmtu]MAXBINS]=(0} Jtotalpkg(MAXBINS]=(0};
char bregtype[MAX'BmS]; ’

void main()
{int ij.k.ndyr,npyr.yr,m.na.nh.nk.lastpyno.timclimit.atypc.
nbinrecs,ndx;
long int gtotalassy=0;
float age.b.heat.w.a,c.cumheat:O.mmpassy.avage:&
{ gtotalmtu=0,
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kinf,cumcrit=0, wtotalb=0,wtotalp=0,youngtotal=0,gtotalpkg=0;
FILE *fout *find,*finp;
char buffer[300),type.inname[13],outname[13) title[50],mame(15],
subtitle[50),cutchar{3}={'b’,'p".'s'};
if ((finp=fopen("wpbin00a.in","r"))==NULL)

{ printf("Can't open input parameter file\n");exit(0);)
fgets(buffer,100,finp); /*readthrough labels*/
fgets(bufier,100,finp);
sscanf(buffer,"%d %s %s %s %d",&nbinrecs,inname,outname title,&timelimit);
fgets(buffer,100,finp); /readthrough more labels
for(i=0;i<nbinrecs;i++)

{fgets(buffer,100,finp);

‘sscanf(buffer,"%c %d %f %f %f %t\n".&brcclypc[x].&bmcap[:]

&minheat{i),&maxheat{i).&mink[i].&maxk[i]);}
if ((find=fopen(inname,"r"))==NULL)

{printf("Can't open input data file %s\n" inname);exit(0);}
fout=fopen(outname,"w");
ferr=fopen("junk.out”,"w");
while(fgets(buffer,300,find)!=NULL)

{w=getfloat(buffer,21,10);

b=getfloat(buffer,51,10);

ndyr=getint(buffer,71.8);

npyr=getint(buffer,287.4);

type=tolower(buffer{123]);

na=getint(buffer,31,10);

a=getfloat(buffer,41,10);

stmepy(rname buffer+1,11);

rname{11]=\0";

xf((na>0)&&(npyr<-umellmu)&&(npybo)&&((type= PA(type=="0)))

{j=npyr-ndyr;
yr=npyr-FIRSTFYR;
mtupyr{yr]+=w;
if(type=="")assybpyr{yrl+=na;
else assyppyr[yr}+=na;
if(i<10)
{fprintf(ferr,"age=%d , mass= %f\n"j,w);
youngtotal+=na;}
if(npyr>lastpyr)lastpyr=npyr;
avagc+=na‘1.
F(>= YEARS)"YEARS-I g3
G
mupassy=w/na; -
heat=mtupassy*h.GetHeat((float)j,(type="p'?1:0),b,a);
¢=(j>40)?740:(fioat)j;
if(type==""
{ntotalb+=na;
wtotalb+=w;)
else
{ntotalp+=na;
wtotalp+=w;}
b/=1000;
|f(type—'b')
[Kinf=.92601-.012598*b+.19901*2+9.49922¢-5*b*b-.006702*a*a-.001243*2*b;
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\/’ % if((kinf>l.4)l|(b<5))fprintf(fm.'Nassy:%d burnup=%.2f kinf=%.3f Enrch=%.2f Dschg=%d %s\n",
na,binf,a.ndyr.mame);} .
else
kinf=1.06-.01*b-.002%c+.1 l4*p+.00007081"b"b+.00007565‘c‘c
..007*a*a-.0002671*b*a-.0001 145*b*c+.0002318%c*a+
000009366*b*c*a;
if(nbinrecs==0)
{if(type=="")
{ncritsb[stdcbin(kint)]+=na:
nheatsb{stdhbin(type.heat)]+=na;
meritsb{stdcbin(kinf)}+=w;
mheatsb{stdhbin(type,heat)}+=w:]
else
{neritsp[stdcbin(kinf)}+=na;
nheatsp[stdhbin(type hcat)}+=na;
“ meritsp[stdcbin(kinf)}+=w;
mhcatsp[stdhbin(typc.heat)]+=w;] }
else
{if(strcmp(rmame,"SOUTH TEXAS")==0) type='s';
ndx=spcbin(nbinrecs.typc.heat.kinf);
nbins[ndx]{yr)+=na;
mbins[ndx][yr}+=w;}}}
printf("Total assy %ld Avg age %f MTU B %f MTU P %f Final yr %d\n",
motalp+ntotalb.avagcl(motalp+ntotalb).motalb.wlotalp.lastpyr);
fprintf(fout."%s\n',titlc); .
if(nbinrecs==0) strcpy(subtitle."Standard Table");
else sprimf(subtitle,"%d %" nbinrecs,"Bins");
fprintf(fout.'%s\n'.subﬁtlc);
if(nbinrecs==0)
{ncumhb{[0]=nheatsb[0]; :
for(i=1;i<BHEATS;i++) ncumhbli}=nheatsbi]+ncumhbfi- 13;
fprintf(fout,\n\nBWR Heat Percentiles\n");
fprintf(fout,"%10s %10s 910s %10s\n",
"Wans/Assy",” Assy","Cum Assy","Percent”);
for(i=0;i<BHEATS-1;i++) fprintf(fout,”%10d 6:101d 510ld %10.2f\n",
(i+1)*10,nheatsbfi] ,ncumhbli],(float)ncumhbli)* 100/ntotalb);
fprinti(fout,"%10s %10id %301d %10.2f\n",
"Above",nhcatsb[BHEATS-1].ncumhb[BHEA1‘S-l].
(ﬂoat)ncumhb[BHEATSol]‘lOOImotalb):
fprintf(fout,"\n\nBWR Kinf Percentiles\n”);
fprintf(fout,"%12s %12s %12s %12s\n"" Kinf"," Assy",” CumAssy”, *Percent™);
ncumcb[0)=ncritsb{0]: . .
for(i=1;i<CRITS;i++) ncumcb[i]=ncritsb[i]+ncumcb[i-l]:
for(i=0;i<CRITS-1;i++)
{kinf=((float)i+1+75)/100; .
fprintf(fout,"%12.3f %121d %121d %12.2f\n" kinf,ncritsbli],
ncumcb[i].(ﬂoal)ncumcb[i]‘lOOlntotalb);]
fprimif(fout,"% 12s 121d %121d %12.2f\n","Above” ncritsb{CRITS-1].
ncumcb[CRITS-1 ).(Noat)ncumcb[CRITS-1]* 100/ntotalb);
ncumhp{0}=nheatsp{0};
for(i=1;i<PHEATS;i++) ncumhp[i]=nhcatsp[i]+ncumhp[i-l];
fprimf(fout.'\n\nPWR Heat Percentiles\n™);
fprintf(fout,"%10s 6 10s 9%:10s %10s\n",

i, ’
p—_
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"Watts/Assy”," Assy”,"Cum Assy","Percent”™);
for(i=0;i<PHEATS-1i++) fprintf(fout,"%10d %10ld %10id %10.2f\n",
(i+1)*10,nheatsp! i}.ncumhpli}.(float)ncumhp(i}* 100/ntotalp);
fprintf(fout,”%10s %101d %101d %10.2f\n",
*Above”,nheatsp[PHEATS-1].ncumhp[PHEATS-1].
(float)ncumhp[PHEATS-1)*100/ntotalp);
fprintf(fout,"\"\nPWR Kinf Percentiles\n™);
fprintf(fout,"%12s %12s %12s %12s\n"" Kinf"," Assy”,” CumAssy", "Percent”);
ncumep{O}=ncritsp[0]: . .
for(i=1;i<CRITS;i++) ncumcpli}=ncritsp(il+ncumcp(i-1}:
for(i=0;i<CRITS-15i++)
{kinf=((float)i+1+75)/100; '
fprintf(fout,"%12.3f %121d %12id %12.2f\n" kinf,ncritsp{il.
ncumepli),(float)ncumcpli)* 100/ntotalp);}
fprintf(fout,"%12s %121d %®12id 6:12.2f\n","Above" ncritsp[CRITS-1],
ncumcp[CRlTS-l].(ﬂoat)ncumcp[CRl'l"S-l]* 100/ntotalp};
fprintf(fout,"\n\n%l0s%105%10$%10s\n"."Y * *"MTU"."B Assy","P Assy");
for(i=0;i<=timelimit-FIRSTPYR;i++) fprintf(fout,”%10d%10.2{%101d% 10ld\n",
i+FIRSTPYR. mtupyr[il,assybpyrlil.assyppyrli)):
fprintf(fout,"\n\nAverage age = %7.3f\n",avage/(ntotalb+ntotalp)):)
else
{for(3=0;i<nbinrecs;i++)
{fprintf(fout,\n\n\nType=%c Cap=%d Hmin=%.1f Hmax=%.1f Kmin=%.2f Kmax=%.2f\n\n",
brectypc[i].bincap[i].minhcat[i].maxhcat[i].mink[i].maxk[i]);
fprimf(fout."%l2s%12s%125%l2s\n"."Year"."Num._Assy"."Num_Pkgs"."M‘['U");
for(j=0:j<=lastpyr-FIRSTPYR j++)
{totalassy[i}+=nbins[i](j):
totalmtu[il+=mbins[i]{j):
totalpkg[i]+=(ﬂoat)nbins[i][i]lbincap[i];
fprintf(fout."%lZd%lZld%l2.2f%l2.2ﬂn".j+FIRS'l'PYR.nbins[il[il.
(float)nbinsli] (j//bincapfi),mbinsfil(i]):}
gtotalassy+=totalassy(i];
grotalpkg+=totalpkg(il:
glotalmtu+=totalmtu(i];
fprintf(fout,"\n%12s%121d% 12.2f%12.2fin",
*Bin Total",tota!assy[i],totalpkg[i].totalmm[i]);]
fo'r(i=0_;i<3;i++)
{for(i:O;i<=timclimit—FlRSTPYR;j++) nobins[i]+=nbins[nbinrecs+i}{j}:
for(‘F0J<=timclimit-FIRS'l'PYR;j++) mobins{i]+=mbins[nbinrecs+i]jl;
glotalassy+=nobinsli];
glotalmtu+=mobinsfil;)
fprintf(fout,\n\nSummary Table\n");
.fprintf(foul."%lOs%lOs%105%105%lOs%lOs\n"."'l'ypc"."Cap","Num_Assy",
*PctType”,"Num_Pkg","MTU");
for(i=0;i<nbinrecs;i++)
fprinlf(fout."%lOc%lOd%lDld%lO.Zf% 10.219%10.2f\n" brectypelil.
bincap[i).totalassyli), ' ' :
(float)totalassy[i]* 100/(brectypefi]=="b"?ntotalb:ntotalp),
totalpkg[i}.totalmtu[i]),
for(i=0;i<3;iv+)
fprintf(fout,”"% 10c% 10d% 101d%10.2f%10.2f%10.2f\n" ,outchari],
1,nobins[i].(float)nobins[il* 100/(i==0Mntotalb:ntotalp),
(float)nobinsi}.mobins{i]):
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fprintf(fout."\n%lOs%20ld%20.2f%l0.2f\n"."‘l'ola!s".gtotalassy.
gtotalpkg.gtotalmtu);) '
printf("Done \n");)

int stdhbin(char t, float ht)
{intn;
n=ht/10;
if((10*n-ht)==0)n--;
if(n<0) n=0;
else
{if (t=="1") if(n>BHEATS-1) n=BHEATS-1;
else if(a>PHEATS-1) n=PHEATS-1:}
return 3}

int stdcbin(float k)

{intn;

n=(int)(100*k-75);
if((100*k-75-n)==0)n--;

if(n<0) n=0;

else if(n>CRITS-1) n=CRITS-1;
return ns}

int spcbin(int num,char t,float ht, flcat k)
{int found=0,i=0;

- while((found==0)&&(i<numj))

{if{(orectypelil==t)&& .
(hbminhcat[i])&&(hk:maxheat[i])&&
(>mink{i])&&k<=maxki})) found=1;

i++;)

if(found==1)return(i-1);
else
(fprintf(ferr,"No bin for %c %f %f\n"htk);

_if(t="p) num++; //default adds O for t==1'

else if(t=="s") num+=2;
retum rum;} }

float getfloat(char® string, int stast, int lIength)

{char temp[20];

int ij;

for(i=start;icstart+lengthii++) templi-start}=stringlil:
templlength]="\0";

return(atof(temp));}

int getint(char* string, int start, int length

{char temp[20]: .

intijs

for(i=start;i<start+lengthii++) templi-start)=string[i];
templlength)=\0’;

return(atoi(temp)):}

ATTACHMENT I - Page 5
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Assembly | Lattice Lattice | Lattice Lattice Lattice Lattice
Average | Average | Average | Average ; Average | Average | Average
Burmup_| Initial E: | Initial E: | Initial E: | Initial E: | Initial E: Initial E:
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17.5 1.061 1.140 1.208 1.277 1.348 1.401 _ | _
20 1034 | 1408 | 1173 | 1240 | 1311 | 1.365 i 64,4
25 0.982 1.105 1.114 1177 1.242 1290 | | . / | - .1
30 0.927 0.895 1.054 1.115 1.178 1225 | feije
35 0.882 0.945 1.000 1.056 1.114 11457 | | 4+
40 0.845 0.804 0.855 1.007 1.061 1.100 |
45 0.809 0.866 0.915 0.865 1.017 1.055
50 0.782 0.835 0.880 0.927 0.875 1.010
85 0.754 0.806 0.850 0.895 0.942 0.976
60 0.781 0.828 0.868 0.911 0.842
; '} Notes: i
U 1) Curves are bounding with regard to assembly array and Gd203/ loading. ;|

2) Curves are for time of discharge; use Is conservative with if no cooling time Is applied.

~3) Al values are based upon Holtec, Siemens, and ATEA rack designs for GE and Siemens
BWR Fuel assmebly designs (i.e., from NRC license submittal data). |

4) Gd bumout for_all designs is in the 7.5to 15 GWd/MTU burnup range, which is the

designed end of first cycle. Any item to the left of the curve peak will need a GD penalty applied.
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| |
BWR Kinf Curve Versus Initial U235 Envichment L L pntFoe—Holu !gj)
- Data :{7¢3: Sp%s 5.1 5403, 3,107 O (62 e F‘il |
Assembly Lattice | Lattice | Lattica : Lattice | Lattice | Lattice | Lattice | Lattice Lattice { Lattice | Lattica ; Lattice
Average Average  Average ; Average ~ Average | Average | Average Average : Average | Average | Average | Average | Average
Bumup Tnitial E: | Initial E; | Indial E: | Initial E: | tnitial E: | Initial €: | Initial E; ; tniial E: ; Inilial €: ; Initia) E: | Initial E: | Initial E: |
GWIMTU 2.00% | 2.50% - 3.00% ' 3.50% | 4.00% | 4.50% 2.00 250 1 3.00 3.50 4.00 4.50
0 107 ¢ a2 | 147 121 124 128 | 130 | 138 ;| 146 : 154 | 161 16| gL o
5 1.13 1.19 .1.23 1.27 1.30 1.4 1.22 1.3 1.38 1.45 1.53 1.60 ‘_.J
15 1.17 1.22 1.26 1.30 133 1.37 1.19 1.27 1.35 1.42 1.49 1.55 {‘ T'Y
.85 117 ) 1.18 1.26 1.33 1.40 147 15¢ | L,
10 1.1 124 | 128 133 | 197 1.40 1.16 23 1.31 138 1.45 151 7°
125 112 | 120 V' 427 | 135 1 1.9 1.43 112 1.20 1.27 TH 140 ) 147 )
15 A09 1 197 | 124 | 1M i 138 14 1.08 117 1.24 1.31 1.37 143 | &
17.5 108 RO RN 128 135 1.40 1.06 1,14 1.21 1.27 1.34 140
20 103 (111 | 117 124 131 137 | 163 111 147 1.24 1.30 .36 £
25 [K1] i 11 143 124 129 0s8 1.05 1.11 148 | 123 1.29 !
30 0.93 1.00 3.05 112 148 1.23 0.83 1.00 1.06 1.12 1147 1.23 z_,ig
35 088 . 0.85 100 1086 111 1186 .83 0.95 1,01 1.06 1.12 1:1_‘1_‘
40 [XT 0,80 0.96 1,01 106 1.4 0.85 0.91 0.96 1.01 1.06 111
45 [X5 0.87 092 0.87 102 1.0¢ 0.81 0.87 0.92 0.97 1.02 1.06
50 078 . Q%24 pge | 083 | 08¢ 101 | 078 | 08 | 088 0.83 0.97 1.01 |
85 078 | o8 0.85 090 )82 0.9¢ 0.75 0.81 0.85 0.90 0.54 0.87
€0 0.78 g.33 0.87 081 084 | 073 0.78 0.63 0.87 0.0 (| 084
|Notes:
I_ﬂims are bounding with regard to assembly array and Gd203/U Loading. '
2) Curves are for time of discharge: Use is conservative with if ne cooling time is applied H
3) All values are based upon Haottec, Siemens, and ATEA rack designs for GE and Siemens )
BWWR Fue! assmetly designs. (.e., from NRC license submitta! data.) | 1 *
4) Gd bumout for afl designs ks in the 7.5 %0 15 GWd/MTU bumup range. which is the :
designed end of first cycle. Any item fo the left of the curve peak will need a GD penalty applied.
1 1 | I i ] 1 '
[ BWR kinf Regression vs. Data wd & K,

e a3 fef <4, DAL
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SUMMARY OUTPUT Valid Ranges a
E (%) B (GWd/MTLU)) {Line Fit A '
Regression Statistics 2 85 §.38 farohly ks
Multiple R 0.998732335 25 10; 860 / ., . poraoe
R Square 0.597466278 3 10] 10.81] ¢ 02”3
Adjusted R Square | 0.897279875 35 125 12021 \ 5
Standard Efvor 0.009203081 4 12.5 1324; \ I*"r} .
Observations 74 45 15 14.45 ==
6 18.10
ANOVA 1 585
df- SS - MS F Significance F
Regression - §| 2.267329267{ 0.453465857] 5353.967068! 8.38061E-87
[Residual 68] 0.005759375] 6.46967E-05
{Total 73| 2.273088662
%) Coefiicients | Standard Ermor| __{ Stat P-value Lower 95% | Upper 95%
Intercept 0.626000985] 0.018624601] 49.7197212] 3.39213E-55] 0.888845183] 0.863174776
B (L) -0.012597677] 0.000405282] -31.08372994, 6.41499E-42! -0.013406404] -0.01178895
E 7o) 0.195007662] 0.011289601] 17.62752225| 4.65389E-27! 0.176479658; 0.221535727
87 ~ 0.49922E-05] 5.36048E-06] 17.72083358] 3.46248E-27] 8.42055E-05; 0.000105689
E? -0.006702232] 0.001751041| -3.827570527 0.000284176] -0.010186378; -0.003208087
BE 20.001243305]  6.5372E-05| -14.56443332| 1.37392E-22; -0.001413752; -0.001073038|
SUMMARY OUTPUT |Line Fit for Lower Burnup Limit as a Function of Entichment
I — ! " Y
Regression Statistics [ L7l Sn71a7iesS nditere ]
Multiple R 0.965016432 \ |
R Square 0.831256713 < & Good T Ereellent rve_ AT
Adjusted R Square 0.914070852 I R ~
Standard Error 0.690065558 /[ AT |76 7hel JaTa 7ﬂcm‘iis. )
Observations 6 { Y
N—
ANOVA Sl _
df SS } MS F Significance F
Regression 1] 25.80357143; 25.80357143 54.1875; 0.001814368
Residual 4 1.804761905] 0.476190476
Total 5{ 27.70833333
] :
Coefiicients | Standard Error t Stat P-value Lower 95% Upper 95%
Intercept 3.523800524] 1.108613974] 3.178572169; 0.033581044] 0.445797307| 6.601821741
X Variable 1 2.428571429] 0.32091444, 7.361215032) 0.001814368. 1.512580201: 3.344562657
: | 1 ]

-
=

by

where:

. ' '
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L
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Case L1-T1-C1 HeatRange (W) || Criicality Range | W2 (YFF10-63) | W3 (YFF1063) | W5 (OFF-63) W8 (YFFI0-87)
WP Types: ip: §| Hmin | Hmax k.min | komax [} # % # % # % # %
21 PWR - no absorber 1 4] 900 0.00 1.00 1518 | 33.6% 1437 31.8% 1853 | 41.0% 1788 | 28.5%
base thermal & criticality

21 PWR - absorber plates 2 0 " 900 1.00 1.13 2644 | 584% | 2613 | 57.83% 2401 53.1% | 3637 | 53.0%
crilicality option p!

23 PWR - absorber rods 3 0 900 113 145 19 26% 186 43% 153 4% 257 4.1%
criticality - option p2

12 PWR - no absorber 4 900 1030 0.00 1.02 265 33% 347 44% 44 0.6% 502 4.6%
thermal - option p!

10 PWR (derated 12) - no absorber $ 1030 1370 0.00 1.02 13 0.1% 0 0.0% 0 0.0% 153 1.2%
thermat - option p2

12 PWR - absorber plates 6 0 1030 0.00 L13 150 19% 150 19% 150 1.9% 237 2.2%
base South Texas long WP -

1 PWR - (STx) Al All 0 0.0% 0 0.0% 7 0.0% 2107 1.6%
LeNover assemblies not binned (0) ©) (O] (655)

44 BWR - no abosrber 7 0 400 0.00 1.00 695 24.6% 863 30.3% m 21.2% 997 26.2%
base thermal & criticality

44 BWR - absorber plates 8 1] 400 1.00 137 2103 | 74.6% 1942 | 68.2% | 2029 | 4% 2704 | T1.0%
criticality - option bl

24 BWR - thick absorber plates 9 [ 520 0.00 1.54 40 0.8% 8] 1.5% 76 14% 197 28%
thermal - option bl :

criticality - option b2

1BWR ANl Al 0 0.0% 0 0.0% 1] 0.0% 0 0.0%
Leftover assemblics not binned

Total WP Production Costs: $3.163B Ave. $2.878B $2.887B $2.859B $4.029B

1G1-4da00de sowen 8113 2644 20314 22 9%

| #0eg - Al JNBWMIVLIY  OOATY 21000-0020-21210-00000VVES
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Case L1-T1-C2 Hest Range (W) § Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) W5 (OFF-63) | W8 (YFF10-87)
WP Types: : | Hmin | Hmax ] komin k.max | # % # % " % # %
21 PWR - Mr plates 0 900 0.00 113 4162 | 920% | 4050 | 89.6% | 4254 942% | 5425 | 86.4%
base therma! & criticality .

21 PWR - absorber rods ] 900 1.13 145 119 26% 186 4.1% 153 34% 257 4.1%
criticality - option p1

12 PWR - absorber plates 900 1030 § 000 115 265 33% 47 44% 44 0.6% 559 5.1%
thermat - option pl

10 PWR (deratcd 12) - abs. plates 1030 1370 0.00 1.15° 13 0.1% 0 0.0% 0 0.0% 189 14%
therma! - option p2

12 PWR - absorber plates 0 1030 0.00 1.13 150 19% 150 1.9% 150 1.9% 23 22%
base South Texas long WP '

1 PWR - (STx) All All - 0 00% 0 0.0% 7 00%.{ 1060 08%
Lefiover assemblies not binned [(1)] ()] (¢)] (655)

44 BWR - abosrber plates o 400 0.00 1.37 2791 | 992% | 2804 | 98.5% 2801 9:.6% | 3700 | 97.2%
base thermal & criticality

24 BWR - thick absocber plates 0 520 0.00 1.54 40 03% 81 1.5% 6 14% 197 28%
thermal & criticality - option bl

1 BWR AN All 0 0.0% 1] 00% 0 0.0% V] 00%
Lefiover assemblies not binned

Total WP Production Costs: $3.365B Ave. $3.060B $3.083B $3.068B $4.249B

29800 . A1 LNDOVLLY  00AZH Z1000-0020-21210-00000VYEY (G JsAGadn sowen 3114 2644 20%1L U2 P
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Casc L1-T1-C3 Heat Range (W) || Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) W5 (OFF-63) | W8 (YFF10-87)
WP Types: : | Hmin | Bmax | komin | k.max # % # % # % # %

-1 21 PWR - no sbsorber 0 900 0.00 1.00 158 | 33.6% | 1437 | 318% | 1853 | 41.0% 1788 | 28.5%
base thermal & criticality ~
21 PWR - sbsorber rods 2 0 900 1.00 145 27763 | 61.1% | 2799 | 61.9% | 2554 '565% | 3394 | 620%
criticality - option p}
12 PWR - no absorber 3 900 1030 - 0.00 1.02 265 3.3% 347 44% “ 0.6% 502 4.6%
therma! - option pl
10 PWR (derated 12) - no absorber 4 1030 1370 0.00 1.02 13 0.1% 0 0.0% 0 0.0% 153 12%
thermal - option p2
12 PWR - no absorber 5 0 1030 0.00 1.00 89 1L1% 96 1.2% 93 12% (31} 1.0%
base South Texas long WP
12 PWR - sbsorber rods 6 0 1030 1.00 145 - 62 0.8% 55 0.7% 58 0.7% 14} 1.3%
South Texas long WP - option pl )
1 PWR - (STx) All All 1] 00% 0 0.0% 0 0.0% 1940 1.5%
Leftover assemblies not binned (0) () ()] (483)
44 BWR - no abosrber 7 0 400 0.00 1.00 695 24.6% 863 30.3% ™m 212% 97 262%
base thermal & criticality -
24 BWR - thick absorber plates 8 1] 520 0.00 154 3895 | 754% | 3640 | 69.7% | 3794 728% | 5153 | 13.8%
thermal & criticality - option b}
1 BWR Al A 0 0.0% 0 0.0% 1] 0.0% 0 0.0%
Lefiover assemblics not binned
Total WP Production Costs: $3.805B Ave. $3.487B $3.464B $3.4308 $4.838B

g ofed - Al INDNOVLIV  0OAZY 21000-0020-21210-00000VVeER 1q1°49A00dn seumw 8144 L66% 20%LL L2 9%



Case L1-T2-C1 Heat Range (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) | W3 (OFF-63) W8 (YFFI10-87)
WP Types: iD: ] Hmin | Hmax J komin komax | # % # % # % # %
21 PWR - no absorber 1 0 900 0.00 1.00 1518 | 336% | 1437 | 31.8% | 1853 | 41 o% 1788 | 28.5%
base thermal & criticality - : .

21 PWR - absorber plates ] 0 900 1.00 1.13 2644 | 584% | 2613 | 57.8% | 2401 $3.1% | 3637 | 58.0%
criticafity - option pl

21 PWR - sbsorber rods 3 [} 900 .13 145 119 26% 186 4.1% 153 34% 257 41%
eriticality - option p2 .

12 PWR - no absosber 4 900 1370 0.00 1.02 276 3.5% 347 44% 44 0.6% 629 5.7%
thermal - option pl -

12 PWR - sbsorber plates 5 0o | 1370 0.00 .13 150 1.9% 150 19% 150 19% m 25%
base South Texas long WP

| PWR - (STx) AN All 0 0.0% [ 0.0% 7 0.0% 1694 1.3%
Leftover assemblies not binned ©) ()] m (242)

44 BWR - no sbostber 6 0 400 0.00 1.00 695 24.6% 863 30.3% m 21.2% 997 26.2%
base therma! & criticality

44 BWR - absorber plates 7 (/] 400 1.00 137 2103 | 74.6% 1942 | 68.2% | 2029 | 714% | 2704 .0%
criticality - option bl

24 BWR - thick absorber plates | ] 0 520 0.00 154 40 0.8% 8] 1.5% 76 14% 197 23%
therma! - option bl

criticality - option b2

1BWR Al Al 0 00% 0 00% 0 0.0% 0 0.0%
Leftover assemblies not binned
Total WP Production Costs: $3.101B Ave. $2.8678 $2877B $2.657B $4.002B

y ofed - AL INMTIVLLY  OOAZY Z1000-0020-ZLLI0-0D0COYYES  1G3Jsacadn towen 014 2644 20%41 12 ey



Case L1-T2-C2 Heat Range (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) | W5 (OFF-63) W8 (YFFI0-87)
WP Types: m: | Hmin | Hmax | k.min | komax # % # % # % # %
21 PWR - absorber plates ] 0 900 0.00 1.13 4162 | 920% | 4050 | 89.6% | 4254 | 94.2% 5425 | 864%
base therma! & criticality .

21 PWR - absorber rods 2 [} 900 1.13 145 119 26% 186 4.1% 153 34% 257 4.1%
criticality - option pt .

12 PWR - absorber plates 3 900 1370 0.00 1.15 276 35% 47 44% 44 0.6% 6 65%
thermal - option pl

12 PWR - absorber plates 4 0 1370 0.00 L.13 150 1.9% 150 19% 150 19% m 25%
base South Texas long WP

t PWR - (STx) All All 0 0.0% 0 0.0% 7 0.0% 647 05%
Leftover assemblies not binned ©) ) (Y] (242)

44 BWR - aboscber plates 5 0 400 0.00 1.37 2797 | 992% | 2804 | 98.5% | 280! 98.6% | 3700 | 97.2%
base thermal & criticality

24 BWR - thick absorber plates [ )] 520 0.00 1.54 40 0.8% 81 15% 76 14% 197 28%
therma! & criticality - option bl

1BWR : All -~ 0 00% 0 0.0% [] 0.0% 0 0.0%
Leftover assemblics not binned

Total WP Production Costs: $3.350B Ave. $3.0508 $3.073B $3.058B $4.2208
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Case L1-T2-C3 HeatRange (W) || Criticality Range | W2 (vFF10-63) | W3 (YFF10-63) W5 (OFF63) | W8 (YFF10-8)
WP Types: 1D: | Bmin | Hmax kmin | kmax | # % # % # % # %
21 PWR - no absorber 0 900 0.00 1.00 1518 | 33.6% 1437 31.8% 1853 | 41.0% 1788 | 285%
base thermal & criticality ’

21 PWR - absorber rods 0 900 1.00 145 2163 | 61.1% | 2199 | 61.9% | 2554 $6.5% | 38%4 | 62.0%
criticatity - option pl

12 PWR - no absorber 900 1370 0.00 1.02 276 315% 347 44% 44 0.6% 629 5.1%
thermal - option pl

12 PWR - no absorber 0 1370 0.00 1.00 29 1L1% 9% 1.2% 93 12% 126 1.2%
base South Texas long WP

12 PWR - absorber rods [ 1370 100 145 62 03% 55 0.7% 58 0.7% 160 1.5%
South Texas long WP - option p!

1 PWR - (STx) : Al Al -0 0.0% 0 0.0% 0 0.0% 1527 1.2%
Lefiover assemblies not binned ()] €0) (0) 5

44 BWR - no abosrber 0 400 0.00 1.00 695 24.6% 863 30.3% 2 21.2% 997" | 262%
base thermal & criticality

24 BWR - thick absorber plates [} 520 0.00 1.54 3895 | 754% | 3640 | 69.7% 3794 | 128% | S153 | 733%
thermal & criticality - option bl

1BWR All All 0 00% 0 0.0% 0 0.0% 0 0.0%
Lefiover assemblies not binned

Total WP Production Costs: $3.791B Ave. $34778B $3.4548 $3.420B $4812B
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Case L1-T3-C1 HeatRange (W) | Criticality Range | W2 (yFr10-63) | W3 (YFri063) | W5 (OFF-63) | W8 (YFF10-87)
WP Types: D: | Hmin | Hmax §komin [ komax | # % # % # % # %
21 PWR - no absorber i o 850 000 1.00 1458 | 322% | 1375 | 304% | 1835 | 40.6% | 1685 | 26.9%
base thermal & criticality -

21 PWR - absorber plates 2 [} 850 1.00 1.13 2630 | se.1% | 2599 | 57.5% | 2399 | 53 1% | 3596 | 57.3%
criticality - option pl

21 PWR - absorber rods 3 0 850 1.13 1.45 ne 2.6% 185 4.1% 153 34% 257 41%
criticality - option p2

12 PWR - no absorber 4 850 1030 000 1.02 388 49% 479 6.1% 80 L.0% 723 6.6%
thermal - option pl .

10 PWR (derated 12) - no absorber 5 § 1030 1370 0.00 1.02 13 0.1% 0 0.0% 0 0.0% 153 12%
thermal - option p2

12 PWR - absorber plutes 6 0 1030 0.00 113 150 19% 150 1.9% 150 1.9% 237 22%
base South Texas long WP

1 PWR - (STx) All Al KE) 0.1% 28 00% 7 00% | 2464 1.9%
Leftover assemblies not binned (V)] ©) (¢)] (655)

44 BWR - no sbosrber 7 0 400 0.00 1.00 695 | 24.6% | 863 303% | 172 | 212% | 997 | 262%
base thermal & criticality

44 BWR - absorber plates 8 0 400 1.00 137 2103 | 746% | 19492 | 682% | 2029 | TI4% | 2704 | 71.0%
criticalily - option bl

24 BWR - thick absorber plates 9 (] 520 0.00 1.54 40 08% 81 15% 76 14% 197 23%
thermal - option bl

criticality - option b2

1 BWR Alt Al o 0.0% 0 0.0% 0 0.0% 0 0.0%
Leftover assemblics not binned

Tota! WP Production Costs: $3.171B Ave. $2.834B $2.892B $2.860B $4.0478
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Case L1-T3-C2 Heat Range (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) | W5 (OFF-63) W8 (YFF10-87)
WP Types: : | Hmin | Hmax || k.min | k.max # % # % # % # %
21 PWR - absorber plates 1 0 850 0.00 1.13 4088 | 904% | 3973 | 879% | €233 | 93.7% | 5282 | 842%
base thermal & criticality :

21 PWR - absorber rods 2 0 850 L13 143 19 26% 186 4.1% 153 | 3a% 257 4.1%
criticality - option pl

12 PWR - absorber plates 3 850 1030 0.00 115 34 | 50% 481 6.1% 80 1.0% 810 74%
thermal - option pl

10 PWR (derated 12) - abs. plates 4 1030 1370 0.00 115 13 0.1% 0 0.0% 0 0.0% 189 14%
thermal - option p2

12 PWR - absorber plates 5 (] 1030 0.00 1.13 150 19% 150 1.9% 150 19% 237 22%
base South Texas long WP .

1 PWR - (STx) Al Al 0 0.0% 0 0.0% 7 0.0% 1060 03%
Leftover assemblies not binned ©) ©) m (655)

44 BWR - abosrber plates 6 L] 400 . 0.00 1.37 2197 ] 99.2% | 2804 ] 985% | 2801 | 98.6% 3700 | 971.2%
base thermal & criticality

24 BWR - thick absorber plates 7 0 520 0.00 1.54 40 08% 81 1.5% 76 14% 197 28%
thermal & criticality - option bl

1t BWR Al Al 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Lefiover assemblies not binned

Total WP Production Costs: $3.3698 Ave. $3.064B $3.087B $3.068B $4.256B
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Case L1-T3-C3 Heat Range W) | Criticality Range | W2 (YFF10.63) | W3 (YFF10-63) | WS (OFF-63) WB8 (YFF10-87)
WP Types: _ iD: | Hmin | Hmax § kmin k_max # % f % ¥ % & %
21 PWR - o absorber } 0 850 0.00 1.00 1458 | 322% | 1375 | 204% | 1835 | 40.6% | 1685 | 26.9%
base thermal & criticality

2] PWR - absorber rods 2 [+) 850 1.00 145 2749 | 60.8% | 2784 | 61.6% | 2551 56.5% | 3853 | 614%
criticality - option pl .

12 PWR - no absorber 3 850 1030 0.00 102 388 4.9% anm 6.1% 80 1.0% 723 6.6%
thermat - option pl

10 PWR (derated 12) - no absorber 4 1030 1370 0.00 1.02 13 0.1% 0 0.0% 0 00% 153 1.2%
thermal - option p2

12PWR - no absorber [} 0 1030 0.00 - 1.00 89 1.1% 96 1.2% 93 1.2% (11 10%
base South Texas long WP :

12 PWR - absorber rods . 6 0 1030 1.00 145 - 62 0.8% 55 0.7% 58 0.7% 141 1.3%
South Texas long WP - option | :

1 PWR - (STx) All All 3 0.1% 28 0.0% [+] 0.0% 2297 1.7%
Lefiover assemblics not binned ©) ©) ) (488)

44 BWR - no abosrber 7 0 400 0.00 1.00 695 . | 24.6% 863 30.3% 72 212% 997 26.2%
base thermal & criticality

24 BWR - thick absorber plates 8 0 520 0.00 1.54 3895 | 7154% | 3640 | 69.7% | 3794 | 728% 5153 | N8%
thermal & criticality - option bl

t BWR AR All 0 0.0% [} 0.0% 0 0.0% 1] 0.0%
Lefiover assemblies not binned

Total WP Production Costs: $3.810B Ave. $3.4928 $3.4678 $3.431B " $4851B
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Case L1-T4-C1 Heat Range (W) § Criticality Runge  FW2 (YFF10-63) | W3 (YFFI0-63) WS5 (OFF-63) | W8 (YFF10-87)
WP Types: 1D: | Hmin | Hmax | kmin kmax § # % # % # % # %
21 PWR - no absorber [} [+ 850 0.00 1.00 1458 | 322% | 1375 |"304% 1835 ] 40.6% 1685 | 26.9%

- || base thermal & criticality
21 PWR - absorber plates 2 o 850 1.00 113 2630 | ss.a% | 2599 | 57.5% | 2399 | 53.0% | 3596 | 57.3%
criticality - option p}
21 PWR - sbsorber rods 3 0 850 113 145 19 26% 186 4.1% 153 34% 257 4.1%
criticality - option p2
§2 PWR - no absorber 4 850 1370 0.00 1.02 399 50% 479 6.1% 80 1.0% 850 1.71%
therma) - option p1
12 PWR - absorber plates 5 0 1370 0.00 3.13 150 1.9% 150 1.9% 150 1.9% 272 25%
base South Texas long WP '
1 PWR - (STx) All AN -3 0.1% 28 0.0% ? 0.0% 2051 1.4%
Lefiover assemblies not binned (0) 0) (g) 242)
44 BWR - no abosrber 6 0 400 0.00 1.00 695 24.6% 853 30.3% ™ 21.2% 997 26.2%
base thermal & criticality
44 BWR - absorber plates 7 0 400 1.00 1.37 2103 | 74.6% | 1942 | 682% | 2029 | 714% 2704 | T1.0%
criticality - option bl
24 BWR - thick absorber plates 8 [ 520 0.00 1.54 40 08% 81 1.5% 76 14% 197 28%
thermal - option bl
criticality - option b2 -

-§ | BWR All All ] 0.0% [ 0.0% 0 0.0% [} 0.0%
Leftover assemblics not binned
Total WP Production Costs: $3.156B Ave. $2.8738 $2.832B $2.850B $4.020B
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Case L1-T4-C2 Heat Range (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF10.63) W5 (OFF-63) | W8 (YFF10-87)

WP Types: 1D: | Hmin | Hmax k_min | k.max # % # % ] % # %

21 PWR - absorber plates 0 850 0.00 113 4087 | 904% | 3973 | 87.9% | 4233 | 93.7% | 5282 84.2%

base therma! & criticality

21 PWR - absorber rods 0 850 113 145 119 26% 186 . | 4.1% 153 34% 257 4.1%

criticality - option pl

12 PWR - sbsorber plates 850 1370 0.00 115 405 5.1% 481 6.1% 20 1.0% 967 88%

thermal - option pi

12 PWR - absorber plates 0 1370 0.00 1.13 150 1.9% 150 1.9% 150 1.9% m 2.5%

base South Texas long WP

{PWR-(STx) - All All 0 0.0% 0 0.0% 7 0.0% 647 0.5%

Lefiover assemblies not binned . (0) ()] (U] (242)

44 BWR - abosrber plates 0 400 0.00 1.37 2707 | 902% | 2804 | 98.5% | 2801 | 98.6% | 3700 91.2%

base thermal & criticality

24 BWR - thick absorber plates [1] 520 0.00 154 40 08% 8! 15% 76 1.4% 197 2.8%
_ thermal & criticality - option bl :

1BWR Al All 0 0.0% 0 0.0% (/] 0.0% o 0.0%

Leftover assemblies not binned

Total WP Production Costs: $3.354B Ave. $3.053B $3.0768 $3.058B $4.2278
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Case L1-T4-C3 Heai Range (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) | W5 (OFF-63) W8 (YFF10-87)
WP Types: : | Hmin | Hmax | komin | kumax # % # % # % # %
21 PWR - no absorber 0 850 0.00 1.00 1458 | 322% | 1375 | 304% | 1835 | 40.6% | 1686 269%
base thermal & criticality

21 PWR - absorber rods 0 . 850 1.00 145 2149 | 608% | 2784 | 61.6% | 2551 | S65% | 3853 61.4%
criticality - option pJ

12 PWR - no absorber 850 1370 0.00 102 399 5.0% 479 6.1% 80 1.0% 850 1.7%
thermal - option pl

12 PWR - no absorber 0 1370 0.00 1.00 89 L1% 96 12% 93 12% 126 1.2%
base South Texas long WP

12 PWR - absorsber rods 0 1370 1.00 145 62 0.8% 55 0.7% 58 0.7% 160 1.5%
South Texas long WP - option |

1 PWR - (STx) All All - 73 0.1% 28 0.0% o 00% | 1884 14%
Lefiover assemblics not binned : ©) (] ) as

44 BWR - no abosrber 0 400 0.00 1.00 695 24.6% 853 30.3% T2 27.2% 997 26.2%
base thermal & criticality

24 BWR - thick absorber plates 1] 520 0.00 154 3895 | 754% | 3640 | 69.7% | 3794 728% | 3153 | 73.3%
thermal & criticality - option bl :

1BWR Al Al 0o | 00% o 0.0% 0 0.0% 0 00%
Leftover assemblics not binned

Total WP Production Costs: $3.796B Ave. $3431B $3457B $3421B $4.825B
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Case L1-T5-C1 HeatRange (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) | W5 (OFF-63) | W8 (YFFI0-87)

WP Types: D: [ Hmin | Hmax Jkmin |komax |} # % # % # % # %

21 PWR - no absorber 1 0 670 0.00 1.00 1182 | 26.1% | 837 185% | 1350 | 299% | 1211 | 193%
- I base thermal & criticality .

21 PWR - absorber plates 2 0 670 1.00 .13 2157 | 47.71% | 2038 | 45.1% | 2240 | 496% | 2839 | 45.2%

criticality - option pl

21 PWR - absorber rods 3 0 670 1.13 1.45 119 26% 186 4.1% 153 34% 257 4.1%

criticality - option p2

12 PWR - n0 sbsorber 4 670 1030 0.00 1.02 1398 | 177% | 2066 1 261% | 1122 | 14.2% | 2292 | 209%

thermal - option pl

10 PWR (derated 12) - no sbsorber 5 | 1030 1370 0.00 1.02 13 0.1% o 0.0% a 0.0% 153 12%

thermal - option p2

12 PWR - absorber plates 6 (1] 1030 0.00 1.13 150 1.9% 150 1.9% 150 19% 237 22%
_|j base South Texas long WP

1 PWR - (STx) All Al 3678 39% 4063 43% 1027 1.1% 9496 12%

Lefiover assemblies not binned ©) (0) ()] (655)

44 BWR - no abosrber 7 0 320 0.00 1.00 423 15.0% 467 16.4% 664 23.3% 539 14.1%

base therma!? & criticality

44 BWR - absorber plates 8 0 320 1.00 137 2081 [ 738% | 1919 | 674% | 2023 | 71.2% | 2647 | 695%

criticality - option bl

24 BWR - thick absorber plates 9 0 520 0.00 154 580 112% | 848 162% | 286 55% 1140 | 16.3%

thermal - option bl -

tertiary criticality - option b2

1BWR All All 0 0.0% 0 0.0% 0 00% ] 0.0%

Leftover assemblies not binned

Total WP Production Costs: $3.409B Ave. $3.091B $3.162B $2.954B $4429B
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Casc L1-T6-C1 HeatRange (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) | W35 (OFF-63) W8 (YFF10-87)
WP Types: : | Hmin | Hmax [kmin {komax § # % ¥ % # % # %
21 PWR - no absocber 1 0 670 0.00 1.00 1182 | 261% 837 18.5% 1350 | 299% mn 19.3%
base thermal & criticality

21 PWR - absorber plates 2 0 670 1.00 113 2157 | 41.7% | 2038 | 45.1% | 2240 49.6% | 2839 | 452%
criticality - option pl

21 PWR - absorber rods 3 0 670 1.13 145 ll§ 26% 186 4.1% 153 34% 257 4.1%
criticality - option p2

12 FWR - no sbsorber 4] 61 1370 0.00 1.02 1400 | 17.8% | 2065 | 26.1% | 1122 | 142% | 2419 | 22.0%
thermal - option pl

12 FWR - absorber plates . 5 0 1370 0.00 L13 150 19% 150 1.9% 150 1.9% 17 25%
base South Texas long WP °

I PWR - (STx) An - All 3678 | 39% | 4063 | 43% | 1027 1.1% | 9083 | 69%
Leftover assemblies not binned ()] {0) () . (242)

44 BWR - no abosrber 6 o 320 0.00 1.00 423 15.0% 467 16.4% 664 23.3% 539 14.1%
base thermal & criticality

44 BWR - absorber plates 7 0 320 1.00 137 2081 73.3% 1919 | 674% | 2023 | 71.2% | 2647 | 69.5%
criticality - option bl

24 BWR - thick absorberplates 8 0 520 0.00 1.54 s80 | 11.2% | 848 .| 162% | 286 $5% | 1140 | 16.3%
thermal - option bl

criticality - option b2 ]

1 BWR Al Al [+ 0.0% 0 0.0% (1] 0.0% ] 0.0%
Lefiover assemblies not binned

Total WP Production Costs: $3.395B Ave. $3.080B $3.152B $2.944B $4.4038
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Case L2-T3-C1 Heat Range (W) | Criticality Range w2 (YFF10-63) | W3 (YFF1063) | W5 (OFF-63) | W8 (YFFi0-87)
WP Types: ID;: | Hmin | Hmax Jkmin |kmax | # % # % # % # %
21 PWR - no absorber t 0 850 0.00 1.00 M58 | 322% | 1375 | 304% | 1835 | 406% [ 1685 26.9%
base thermal & criticality

2] PWR - absorber plates 2 o 850 1.00 1.13 2630 | 58.1% | 2599 [ s75% | 2399 | saaux 3596 | 57.3%
criticality - option p1

21 PWR - sbsorber rods 3 0 850 L13 145 19 26% 186 41% 153 34% 257 4.1%
criticality - option p2 . .

16 PWR (derated 21) - no absorber 4 850 1030 0.00 1.02 291 49% 359 6.1% 60 1.0% 542 6.6%
thermal - option p)

12PWR (derated 21) - no sbsorber S | 1030 1370 0.00 1.02 1 0.1% 0 0.0% 0 -0.0% 128 12%
thermal - option p2

12 PWR - absorber plates 6 o . 1030 0.00 113 150 1.9% 150 1.9% 150 19% 237 22%
base South Texas long WP '

I PWR - (STx) ’ Al All bl 0.1% 28 00% 7 00% ] 2464 1.9%
Leftover assemblics not binned (0) ©) (7] (655) | -

44 BWR - no abosrber 7 0 400 0.00 1.00 695 | 246% | 863 [303% | ™2 [ 272% | 997 26.2%
base thermal & criticality )

44 BWR - absorber plates 8 0 400 1.00 1.37 2103 | 74.6% | 1942 | 632% | 2029 | 714% | 2704 1.0%
criticality - option bl

20 BWR (derated 44) - abs, plates 9 0 520 0.00 154 48 0.8% 97 1.5% 81 14% 237 23%
thermal - option bl

criticality - option b2

1BWR Al All (1] 0.0% ] 0.0% 0 00% 0 0.0%
Leftover assemblies not binned

Tota! WP Production Costs: $3.198B Ave. . $2.899B $2915B $2.875B $4.103B
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Case L2-T4-C1 Heat Range (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF1063) | WS (OFF-63) | W8 (YFF10-87)
WP Types: 1D: | Hmin { Hmax fjkomin [ komax § # % | # % # % # %
21 PWR - no absorber 1 0 850 0.00 1.00 1458 | 322% 1375 | 304% 1835 | 40.6% 1686 | 26.9%
base thermal & criticality .

21 PWR - sbsorber plates 2 0 850 1.00 1.13 2630 | S81% | 2599 | 575% | 2399 1 53.1% | 3596 | 5713%
criticality - option pl

21 PWR - absorber rods 3 o 850 .13 145 19 26% 186 4.1% 153 34% 257 41%
criticality - option p2 .

12 PWR (derated 21) -mo absorber 4 | 850 1370 0.00 102 399 5.0% 419 6.1% 80 1.0% 850 1.1%
thermal - option pl

12 PWR - absorber plates S 0 1370 0.00 1.13 150 19% 150 19% 150 19% mn 2.5%
base South Texas long WP

1 PWR - (STx) Al All ‘73 0.1% 28 0.0% 7 0.0% 2051 14% -
Lefiover assemblies not binned ()] [()] (] 242)

44 BWR - no abosrber 6 0 400 0.00 1.00 695 [246% ]| 863 |303% | 772 | 272% | 997 | 262%
base thermal & criticality

44 BWR - absorber plates 7 0 400 1.00 1.37 2103 | 14.6% 1942 [ 682% | 2029 | 714% | 2704 | 71.0%
criticality - option bl

20 BWR (derated 44) - abs. plates 8 0 520 0.00 1.54 43 0.8% 97 1.5% 91 14% 237 28%
thermal - option bl

criticality - option b2

IBWR : All Al 0 0.0% o 0.0% 0 0.0% [ 0.0%
Leftover assemblies not binaed ’ :

Total WP Production Costs: $3218B Ave, $2.9198 $2.942B $2.871B $4.138B
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Case L3-T4-Cl HeatRange (W) | Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) | W5 (OFF-63) | W8 (YFF10-87)
WP Types: D: | Hmin | Hmax | komin | komax | # % # % # % # %
12 FWR - fio absorber 1 0 1370 0.00 1.02 4678 | 59.1% | 4510 | s7.0% | 4881 | 61.8% | 5877 ] $35%
base thermal & criticality . .

12 PWR - absorber plates 2 0 130 1.02 1.15 2936 | 37.1% | 2969 | 37.5% | 2654 336% | 4431 40.3%
criticality - option p1 .

12 PWR - absorber rods 3 ] 1370 115 145 152 19% 280 35% 220 28% st | 2%
criticality - option p2 )

12 PWR - absorber plates 4 0 1370 000 | 113 150 19% 150 1.9% 150 1.9% n 25%
base South Texas long WP :

{ PWR - (STx) Al All 0 0.0% 0 0.0% 7 00% 647 14%
Leftover assemblics not binned (0) 0) (1] (242)

24 EWR - no abosrber 5 0 520 0.00 1.00 1273 | 24.6% 1581 30.3% 1415 | 272% 1928 | 276%
base thermal & criticality ’

24 BWR - absorber plates [ 0 520 1.00 137 3856 | 746% | 3560 | 682% | 3719 | 714% | 4956 | 71.0%
criticality - option b

24 BWR - thick absorber plates 7 [ 520 137 | 154 40 08% 81 1.5% 76 14% 9% 14%
criticality - option b2 .

1 BWR All Al [ 0.0% V] 0.0% 0 0.0% 0 0.0%
Leftover assemblies not binned

Total WP Production Costs: $3.813B Ave. $3427B $3.493B $3434B $4.7888
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C

Case L4-T4-C1 - | BeatRange (W) | Criticality Range | W2 (YFFI0-63) | W3 (VFF1063) | W5 (OFF-63) | W8 (YFF10-87)
WP Types: D: | Hmin | Hmax fkomin | k.max } # % # % # % # %
24 PWR - no absorber 1 0 750 0.00 1.00 1198 ] 30.3% 1109 | 28.0% 1531 38.7% 1318 | 24.0%
base thermal & criticality
24 PWR - absorber plates 2 0 750 1.00 .13 2158 | s45% | 2148 | 54.3% | 2080 | 52.6% 2901 528%
eriticality - option p1

.[} 24 PWR - absorber rods 3 [} 750 - 113 145 105 26% 163 41% 14 4% 225 4.1%
criticality - option p2
12 PWR - no absorber 4 750 1370 0.00 1.02 4 94% 836 10.6% 255 32% 1437 13.1%
therma) - option pl
12 PWR - absorber plates 5 (] 1370 0.00 1.13 150 1.9% 150 1.9% 150 1.9% m 2.5%
base South Texas long WP .
1 PWR - (STx) All All Vlv270 1.3% 1036 LI% 150 0.2% 4683 3.6%
Leftover assemblies not binned ’ ©) Q) (4] 242)
44 BWR - no abosrber 6 0 400 0.00 1.00 695 24.6% 863 30.3% 72 21.2% 997 26.2%
base thermal & criticality
44 BWR - absocber plates 7 0 400 1.00 1.37 2103 | 74.6% 1942 | 682% | 2029 | 4% | 2704 | 71.0%
eriticality - option bl '
24 BWR - thick absocberplates 8 0 520 0.00 154 40 08% 81 15% 76 14% 197 28%
thermal - option bl
criticality - option b2
1 BWR Al All 0 0.0% 0 0.0% 1] 00% 0 0.0%
Leftover assemblies not binned
Total WP Production Costs: $3.140B Ave. $2.859B $2.864B $2.796B $4.041B

gL S804 < AL ANBWIVLLY DAV 21000-0020-LLL10-00000VYEY 1 JeA0dn ToUWH 8114 2641 20°11 L2 a8



Case L5-T3-Cl Heat Range (W) |} Criticality Range | W2 (YFF10-63) | W3 (YFF10-63) | W5 (OFF-63) | W8 (YFF10-87)
WP Types: ID: | Hmin | Hmax § komin | k.max # % # % # % # %
24 FWR - no sbsorber [} 0 750 0.00 1.00 1198 | 303% | 1109 ] 280% | 1531 | 38.7% | 1318 | 24.0%
base thermal & criticality )

24 PWR - absorber plates 2 0 750 1.00 L3 2158 | 54.5% | 2148 | S4.3% | 2080 | 52.6% | 2901 | 52.8%
criticality - option p1

24 PWR - absorber rods 3 0 750 1.13 145 105 2.6% 163 4.1% | 1M 34% 225 4.1%
criticality - option p2

20 PWR (derated 24) - no sbsorber 4 750 900 0.00 1.02 280 59% 294 62% 127 2.1% 4385 14%
thermal - option pl

12 PWR (derated 24) - no absorber § 900 1370 0.00 1.02 276 35% 347 44% 44 0.6% 629 5.7%
therma! - option p2 . .

12 PWR - absorber plates 6 0 1030 0.00 113 -150 19% 150 1.9% 150 19% 237 22% 1 .
base South Texas long WP

1 PWR - (STx) All All 1270 1.3% 1036 LI% 150 0.2% 5096 3.9%
Leftover assemblies not binned . ©) (0) (] (655)

44 BWR - no abosrber 7 0 400 0.00 1.00 695 24.6% 863 30.3% 772 27.2% 97 26.2%
base thermal & criticality

44 BWR - absorber plates 8 0 400 1.00 1.37 2103 | 74.6% | 1942 | 682% | 2029 | 714% | 2703 | 71.0%
criticality - option bl

20 BWR (derated 44) - abs. plites 9 0 520 0.00 1.54 43 0.8% 97 1.5% 91 14% 237 28%
thermal - option bl . ’

criticality - option b2

1BWR All All 0 0.0% 1] 0.0% 0 0.0% 0 0.0%
Lefiover assemblies not binned

Total WP Production Costs: $3.202B Ave. $29502B | $2.9238 $2.8228 $4.161B
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Case L5-T4-C1 HeatRange (W) | Criticality Range || W2 (YFF10-63) | W3 (YFF10-63) | W5.(OFF-63) | W8 (YFFI0-87)
WP Types: iD: | Hmin | Hmax jk.min [ komax | # % # % # % # %
24 PWR - no sbsorber o 750 0.00 1.00 198 | 303% | oo | 280% | 1531 | 383% | 1318 | 24.0%
base thermal & criticality

24 PWR - sbsorber plates 0 750 1.00 1.13 2158 | 54.5% | 2148 | 54.3% | 2080 | 526% | 2901 52.8%
criticality - option p! '

24 PW/R - absorber rods 0 0 1.13 145 105 26% 163 41% 134 34% 225 41%
criticality - option p2

12 PWR (derated 24) - no sbsorber 750 l37b ©0.00 1.02 741 %94% 836 10.6% 255 32% 1437 IJ.IV%
thermal - option pl )

12 PWR - absorber plates 0 1370 0.00 1.13 150 19% 150 1.9% 150 1.9% 72 25%
base South Texas jong WP

1 PWR - (STx) . Al Al 1270 1.3% | 1036 L% 150 02% | 4683 | 6%
Leftover assemblies not binned ) ©) ™ (242)

44 BWR - no sbostber (/] 400 0.00 1.00 695 28.6% 863 30.3% m 271.2% 997 262%
base therma) & criticality )

44 BWR - absorber plates 1] 400 1.00 1.37 2103 | 14.6% 1942 | 682% | 2029 | 74% | 2704 | 71.0%
criticality - option b1

20 BWR (derated 44) - abs. plates (1) 520 0.00 1.54 43 08% n 15% 91 1.4% 237 28%
thermal - option bl

criticality - option b2

1BWR All Al (1] 00% 0 0.0% 0 0.0% 0 00%
Leftover assemblics not binned

Total WP Production Costs: $3.255B Ave. $2.954B $2.978B $2.841B $4.2498

Q"W moRN 8Y44  L66L 20%LL LT %4

02 $5%4 - Al INBMNIVLIV  DOAZY 21000-0020-21210-00000YVEY



Case L6-T4-C1 HeatRange (W) | Criticality Range |l W2 (YFF10-63) | W3 (YFF10-63) | W3 (OFF-63) WE (YFFI0-87)
WP Types: _ ID: | Hmin | Hmax | komin | k.max # % # % # % # %
24 PWR - no absorber [ 750 0.00 1.00 1198 | 303% | 1109 | 280% | 1531 | 38.7% | 1318 | 24.0%
base thermal & criticality

24 PWR - absorber plates [} 750 1.00 113 2158 | 54.5% | 2148 | 54.3% | 2080 | 526% | 2901 | S2.8%
criticality - aption pl

24 PWR - absorber sods 0 50 1.13 145 105 26% 163 4.1% 134 4% 225 4.1%
criticality - option p2

12 PWR - absorber plates 750 1370 0.00 L15 847 | 10.7% | 922 1.7% | 267 34% | 1773 | 16.1%
therma! - option pl ’

lzm-lbsorbﬂplates 0 1370 0.00 1.13 150 1.9% 150 1.9% 150 1.9% 272 25%
base South Texas long WP

1 PWR - (STx) All - Al -0 0.0% 0 0.0% 7 0.0% 647 05%
Leftover assemblics not binned © ()] [¢)] (242)

44 BWR - no sbosrber 0 400 0.00 1.00 695 24.6% 863 30.3% m 212% 97 26.2%
base thermat & criticality

44 BWR - absorber plates 0 400 1.00 137 2103 | 746% | 1942 ] 682% | 2029 | 714% | 2704 | 71.0%
criticality - option bl

24 BWR - thick absorber plates 0 520 0.00 1.54 40 08% 8l 15% 76 14% 197 28%
thermat - option bl

criticality - option b2

1 BWR Al Al 0 0.0% 0 0.0% 1] 0.0% o 0.0%
Leftover assemblies not binned

Total! WP Production Costs: $3.123B Ave. $2.849B $2.864B $2.801B $3.9768
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RPN

Feb 21 10:26 1997 File Name: wadata.tpe

driver Version 5.0, which is slsc supplied by the K20 Computer Hotline.
Windows 3.1, or Hindous95 operating system on a [BM compatible PC.

BBAAGC000-01717-0200-00017 REVOC

ATTACHMENRT V = Page 1

m tef 517 ’/'u'IV//77

The following computer generated output files, electroniully 'stored data in DOS-ASC(I format, are provided on
the magnetic media (DC 2120 cassette tepes) fncluded
magnetic media was & Colorado 350MB external tape drive supplied by the MEO Computer Hotline. The software

used to copy the ASCI! data files to the magnetic media was Colorado Backup Versicn 2.80 with the tape drive
The software requires either DOS 6.0,

The equipment used to create the

The attached tapes have been labeled uith

this docunent {dentifier »BBAAOCO00-01717-0200-00017 REVOO® and this attachment nurber "V to aid in the
retrieval of the magnetic media from recerds storage.
generated on the computer end the file name as it appears on the magnetic medis. The computer file description

is provided in Section 7 of the document.

Computer
File Mame

case8.all

liticiu2.atl
11tich3.atl
L1ttetiS.atl
l1ticiu8.all
l1tic2n2.atl
11t1c2u3.atl
l1ticas5.atll
11tic8.all
L1t1c3u2. 0l
t1t1c3u3.alt
titicu5.altl
11tic3u8.all
t1t2ciu2.all
L1t2ciu3.all
L1t2ch5.all
L1t2ctuB.all
l1t2c2u2.all
L1t2ch3.all
L1t2cas5.8ll
11t2c2u8.all
11t2c3u2.at L
11t2¢3n3. 2l

Ut2chi5.atll -

L1t2c3u8. sl
11t3ciun2.atl
11t3ciu3.all
11t3c5.8ll
11t3cu8.all
11t3c2n2.alt
11t3ca3.all
L1t3c5.all
11t3c2u8.all
11t3c3u2.atl
11t3c3:3.all
11t3c3u5.alt
11t3c3u8. el
11téhciu2.all
Litéch3.all
LitéciuS.atl
t1tsciuB.all
tithc2n2.all
L1t4c2u3.atl

Lithc2n5.all

L11téc2u8.all
11tdc3u2.all

Tape Backup
File Name

avfé.mag

aVE5.mag

avft.mag

aVf7.mag

avf8.mag

avf9.mag

eVf10.mag
avf1l.mag
avfi2.mag
aVf13.mag
avfilk.mag
avVf15.mag
avf1é.mag
avVf17.mag
aVf18.mag
avi19.mag
avi20.mag
avf2l.mag
avf22.mag
avViZ3.mag
aVf24.mag
avfeS.mag
avf2s.mag
aVf27.mag
avfe8.mag
avf29.mag
aVf30.mag
aVf3l.mag
avf32.mag
eVf33.mag
aVi3é.mag
avf3S.mag
avf3é.mag
avf37.mag
avf38.mag
avf39.mag
avf40.mag
avfél.mag
avfé2.mag
aVfi3.mag
aVfé4 . mag
avfiS.mag
aVfés.mag
avfLT.mag
aVf48.mag
aVf4S.mag
avf50.mag
avisi.mag
aVfS2.mag
aVf53.mag

Nurber of
Print Pages

------------

ﬂﬂgoumguuuguausoooguumguqqgomagaauguuagooo

oW
v

file Date
(Output)

Feb 20 1997

Feb 20 1997

Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997

File Size
(nyt-s)

The following table lists the file name as it was

File Type
(Format)

ASCl1
ASCI]

" ASCLI

AsCIl
Ascll
ASCH
Ascil
AsCIl
ASCI1
st
AsCl1
AsC1l
AStl
Asc11
ASCII
ASCI1
ASCI1I
AsCI1
ASCI1
AsCII
ASCII
ASCII
ASCII



C

Feb 21 10:28 1997 File Name: wadata.tpe  BBAADOCO0-01717-0200-00017 REVOO  ATTACHMENT V - Pege 2

11téc3.all
L1edc3uS.all
{1thcu8.all
L1t5ciu.all
t1t5cu3.all
(1t5ciuS.all
11t5c1uB.sll
L1téciu2.all
t1téciu3.atl
Litéciv5.atl
L1técinB.all
12¢e3ciun2.all
L2e3c1u3.atl
12t3ch5.all
t2t3ciuB.all
12t4ciu2.all

(2téciu3.all -

12técivS.all
L2téclunB.all
3téciv2.all
I3téciu3.all
3técinS.all
3téciuB.all
L4téicin2. st
Létéeh3.all
Létéch5. el
l4téciuB.atl
15t3cin2.all
15¢3c1u3.8ll
L15t3cn5.all
15t3cin8.all
5t4ctu2.all
15téctud.all
t5técluS.all
(5téciul.all
Ll6técin2.all
16téc1u3. 811
léthcluS.atl
lé6técinB. atl

avVfSi._mag
aV55.mag
aviSé.mag
avi57.mag
avfS8.mag
8Vf59.mag
avfé0.mag
eViél.mag
avié2.mag
avf&3.mag
avVibL.mag
aviéS.mag
aVis6.mag
aVfé7.mag
avfé8.mag
avi&9.mag
avf70.mag
avfTi.mag
aVf72.mag
aVI73.mag
avf?4.mag
avVfTs5.mag
avf7é.mag
avf77.mag
aVfT8.mag
aVf7S.mag
aVv180.mag
aVf8l.mag
8V{B2.mag
evfE3.mag
oVf84 .mag
avf85.mag
aV§85.mag
avfg7.mag

‘avf8s.mag

aVIgP.mag
avVi90.mag
eVf9l.mag

- avEo2.mag

Feb 20 1997
Feb 20 1997
Feb 20 1997.
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1957
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1957
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 197
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997
Feb 20 1997

2756
2830
8039
439
4552
3527
1188
4247

8%

ASCl1l
ASCIl
ASCIT
ASCl1
ASC1]
AsCIt
ASCII
ASCl1
ASCll
ASCl11
ASClI
ASCl11
AsCIt
AsCI1
ASCl]
Asc1l
ASCIl
ASCII
ASCI1
ASCIt
ASCIL
ASCII
ASCII
ASCl1i
Ascll
ASCIL
ASCI!

- ASCl1l

ASCl1l
ASC1]
ASCl]
AsScll
ASCI11
AsCIl
ASCI1
ASCII
ASCIl
ASCII
ASCI1



Interoffice Correspondence ‘ S — -
Civilian Radioactive Waste Management System ' E AL

Management & Operating Contractor
TRW Environmental

|NFO RMATlO H 0 NLY Safety Systems Inc.

QA: N/A
Subject Date From ~r
Input Files and Models Used in March 21, 1997 ' M. Fleming
the Waste Quantity, Mix and VA.SAI.MF.03/97.007
Throughput Study MOL.15970811.1264
To cc ' Location/Phone
R. Bahney DR. Gibson w/o attachment TES1/6500P
O.Lev RPC (703) 204-8749

Attached is a 120MB tape cartridge created with a Colorado Trakker 250 tape drive, containing a copy of the
input files and models used in generating the commercial SNF logistic data for the Waste Quantity, Mix and
Throughput Study. In addition, there is a copy of the primary output of the fuel selection model (WSM) for use
as input to your binning model. Table 1 identifies and describes the scenarios examined. A summary of the
assumptions used in setting up the scenarios can be found in I0C VA.SAI.DRG.03/97.005.

Table 1. Commercial SNF Scenario Parameters

Casc # ISF Pick Up Total . Unload Reactor Dry | Shipment Mode from Reactor |
Acceptance | Shutdown Storage Pools i
Yes INo | OFF |YFF10] 63k | 87K | Yes | No | DPC | SPC ITo ISF To MGDS
] x 1 x X X X DPC UCF |
l 2| x X X X X [DPC-1st2 yrs, JUCF |
UCF ?
3 X X X X X [Na DPC-1st 2 yrs.|
‘ UCF |
4 X X X X X Ina UCF |
s| x X X X X DPC UCF *
6| x X X X X |prc-1st2yms, [UCF
UCF .
7 x| x X X X INIA DPC-1st 2 yrs,
UCF
8 x | x X X X {na UCF
ol x X 1 x | x X {ppC UCF -
1ol .| x X X X X _|na UCF
nl x X X | x X Iopc UCF -
J_.___l____!_._——__X—._._x_J_ . NIA (")




VA.SALMF.03/97.007

March 21, 1997

Page 2

Directory of \MRAWASTEQAN\WSM

Filename

WSM35.EXE
INT32.EXE

Size Creation Date & Time

357,375 102095 2:21p
318,712 02-2597 7:56a

BINASSEM.EXE 69,405  02-28-97 1:52p
HEATASSMEXE 70297 02-26-97 9:50a
HEATDCY.EXE 63,589  02-2597 4:10p

GEN_INP.ZIP
C1_INP.ZIP
C2_INP.ZIP
C3_INP.ZIP
C4_INP.ZIP
CS5_INP.ZIP
C6_INP.ZIP
C7_INP.ZIP
C8_INP.ZIP
CO_INP.ZIP
C10_INP.ZIP
C11_INP.ZIP
CI12_INP.ZIP
Cl_WSM.ZIP
C2_WSM.ZIP
C3_WSM.ZIP
C4_WSM.ZIP
C5_WSM.ZIP
C6_WSM.ZIP
C7_WSM.ZIP
C8_WSM.ZIP
C9_WSM.ZIP

210,648 03-19-97 10:40a
58417  03-19-97 10:32a
58,142  03-19-97 10:33a
58392  03-19-97 10:34a
58389  03-19-97 10:34a
58,417  03-19-97 10:35a
58,190  03-19-97 10:35a
58392  03-19-97 10:36a
58389  03-19-97 10:37a
58393  03-19-97 10:38a
58396  03-19-97 10:38a
58409  03-19-97 10:3%
58396  03-19-97 10:3%
847,188 02-28-97 9:50a
768927 02-28-97 9:5la
652,440 02-28-97 8:20p
650737 02-28-97 9:52a
836279 02-28-97 9:53a
757,807 02-28-97. 9:54a
652912 02-28-97 6:05p
650,663 02-28-97 9:55a
934083 02-28-97 9:56a

- CI10_WSM.ZIP 773,687 02-28-97 9:57a

Cl1_WSM.ZIp 923,741 02-28-97 9:58a

C12_WSM.ZIP 769,288 02-28-97 9:5%a
32file(s) 11,008,100 bytes

MODELS:
WSM35.EXE
INT32.EXE-
BINASSEM.EXE

HEATASSM.EXE
HEATDCY.EXE

INPUT FILES:
GEN_INP.ZIP

Waste Stream Model, Version 3.5-Fuel Selection and containerization

Interface Version 3.2-Transportation cask fleet size, reformatting of WSM output
Selects waste package type for incoming fuel and generates statistical reports of
emplaced fuel (minimum, maximum, standard deviations, mean) for heat and MTU
Produces 1000 year integrated heat table grouped by waste package type

Produces decay heat table grouped by waste package type

Input files used by all scenarios (SNF discharge file, CDB based heat rate
tables used in calculating decay and cumulative heat)



(A

VA.SALMF.03/97.007
March 21, 1997
Page 3

C#_INP.ZIP

OUTPUT FILES:
C#_WSM.ZIP

Scenario specific input files (see User's Guide, Waste Stream Model (WSM) Version 3.3
Rev 4, AO0000000-01717-2003-20014 Rev 4 and User's Guide, Interface Code Version
3.1, A00000000-01717-2001-20009 Rev 4 for descriptions) _

. Primary output file produced by WSM containing a history from discharge to

emplacement for each assembly
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Waste Package Development o Deslgn Analysis

v Title: Determination of Waste Package Design Configurations
Document Identifier: BBAA00000-01717-0200-00017 REV 00 Page 4 of 30

1. Purpose

Due to the large variability in spent nuclear fuel (SNF) characteristics (physical, neutronic, and

~ thermal), several separate waste package (WP) designs will be required to accommodate all of the
SNF planned for disposal in the first repository. It could be argued that there is potential

. engineering solution to any SNF decay heat or criticality problem such that one design could
accommodate all of the SNF assembly types. However, common sense and economics dictate that
multiple WP designs be tailored to portions of the waste stream, that is, it is not cost effective to
allow the most stressing 10% of the waste stream to drive the design for the other 90%. Therefore,
a family of WP designs is required and each individual WP design must have a specifically
designated design basis fuel. The purpose of this document is to develop rational WP design and
DBF combinations supported by waste stream COVErages, past WP analyses, and engineering
judgement.

This analysis is prepared by the Mined Geologic Disposal System (MGDS) Waste Package
Development Department (WPDD) to set the capacity (number of assemblies) for the WP designs
and the number of different types of WP design types which will be required to handle 100% of the
anticipated commercial SNF waste stream. The objective of this evaluation is to determine: 1) the
number of different types of WPs needed, 2) the capacity of cach WP type, 3) the SNF parameters
which provide the limits for each WP type, and 4) provide 2 reasonable rationale that the sclected
v system of WP types may be capable of disposing 100% of the anticipated commercial SNF waste

* stream to be shipped to the MGDS repository. This information will then determine the scope of the
WP design efforts and provide goals for determining the design basis SNF fuel type for thermal,
structural, and neutronics/criticality analysis.

2. Quality Assurance

The Quality Assurance (QA) program applies to this analysis. The work reported in this document
is part of the preliminary WP design analysis that will eventually support the License Application
Design phase. This activity, when appropriately confirmed, can impact the proper functioning of the
Mined Geologic Disposal System waste package; the waste package has been identified as an MGDS
Q-List item important to safety and waste isolation (pp. 4, 15, Ref. 5.1). The waste package is on
the Q-List by direct inclusion by the Department of Energy (DOE), without conducting a QAP-2-3
evaluation. As determined by an evaluation performed in accordance with QAP-2-0, Conduct of
Activities, the work performed for this analysis is subject to Quality Assurance Requirements and
Description (QARD; Ref. 5.3) requirements. As specified in NLP-3-18, this activity is subject to
QA controls.. Although 2 documented evaluation is not required by the current revision of QAP-2-0,
the WPDD Responsible Manager has selected the applicable procedural controls for this activity
commensurate with the work control activity evaluation entitled "Perform Waste Stream Analysis
to Determine Design Basis Fuel” (Ref. 5.2).
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Al design inputs which are identified in this document are for the preliminary stage of the WP
design process; all of these design inputs, excluding the codes and standards, will require subsequent '
confirmation (or superseding inputs) as the waste package design proceeds. This document will not
directly support any construction, fabrication, or procurement activity and, therefore, is not required
to be proceduraily controlled as TBV (to be verified). In addition, the inputs associated with this
analysis are not required to be procedurally controlled as TBV. However, use of any data from this
analysis for input into documents supporting construction, fabrication, or procurement is required
to be controlled as TBV in accordance with the appropriate procedures.

3. Method

The goal for the method used is to determine a combination of WP types that will handle all of the
commercial SNF assemblies, that will be delivered to the MGDS according to the waste receipt
scenarios developed in reference 5.5, with the best repository performance and for the most favorable
WP estimated cost. Various systems of WPs, selected based upon engineering judgement, are
evaluated with regard to the percentage of the commercial SNF waste stream handled by the WP
system. Also, the estimated total fabrication and licensing cost of each WP type in the WP system
will be factored into the evaluation. The individual WP types and the WP system selected to be
evaluated are based upon the design information provided in reference 5.6 which identifies the
v ) important design parameters for WPs (i.e., WP total heat load, assembly reactivity, and performance
assessment data for WP degradation) and the estimated cost of the WP system based on the cost
information from reference 5.11. '

4. Désign Inputs

All design inputs which are identified in this document are for the preliminary stage of the design
process; all of these design inputs, excluding the codes and standards, will require subsequent
confirmation (or superseding inputs) as the waste package design proceeds. This document will not
directly support any construction, fabrication, or procurement activity and therefore is not required
to be procedurally controlled as TBV. In addition, the inputs associated with this analysis are not
required to be procedurally controlled as TBV. However, use of any data from this analysis for input
into documents supporting construction, fabrication, or procurement is required to be controlled as
TBV in accordance with the appropriate procedures. '

4.1 Design Parameters

The WP fabrication cost information used in this analysis is documented in reference 5.11 and is
provided in Table 4.1-1 for quick reference (see assumption 4.3.1). Additional costs for preparing
a Safety Analysis Report (SAR) and a Nuclear Regulatory Commission (NRC) licensing submittal
for each individual WP design is estimated to be $10,000,000 and is included in the cost analysis
b . (see assumption 4.3.2). '
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Table 4.1-1 Waste Package Fabrication Cost Information

SNF Type WP Capacity Criticality Control Cost 1
(Reactor Type) (#of Asmp . (1996 Dollars)
PWR 21 No Absorbers " $312,000
PWR 21 Borated Stainless Steel Plates $391,000
PWR 21 B.C Control Rods $342,000° - $488,000°
PWR 12 No Absorbers $216,000 |
l PWR _ 12 Borated Stainless Steel Plates $252,000
‘ PWR 12 B,C Control Rods $233,0007 - $317,000°
PWR 12/Long Cavity* No Absorbers $237,000*
[ PWR 12/Long Cavity' | Borated Stainless Stecl Plates $277,000*
L PWR' 12/Long Cavity' B.C Control Rods $256,000% - $348,000%*
F PWR 2 No Absorbers $335,000
PWR 24 Borated Stainless Steel Plates $433,000
\_/ PWR 2 B.C Control Rods $378,000° - §546,000°
BWR a4 No Absorbers $317,000
BWR 44 Borated Stainless Steel Plates $422,000 J‘
‘[' BWR 24 No Absorbers $247,000 |
| BWR 24 Borated Stainless Steel Plates $324,000 ]

Notes:
! Long Cavity WP design is for the South Texas SNF assembly lengths.
2 Assumes 4 control rods per SNF assembly.
3 Assumes 24 control rods per SNF assembly.
* Assumes long cavity 12 PWR is 1.0992 times more expensive than the normal length WP
for the borated plate option.

The additional cost penalty for any commercial SNF assemblies which are identified as not being
able to be placed into any of the WP types for a given scenario will be $50,000 per assembly (see
assumption 4.3.8). This will cover any costs of storage for additional aging, additional criticality
materials, etc. which may be required to handle these assemblies and serve to penalize any WP
system which can not handle 100% of the anticipated waste stream.
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The specific MGDS commercial SNF assembly receipt scenarios to be considered were identified
in reference 5.5 and the required SNF assembly data was provided as input for this analysis (see
assumption 4.3.3). This information specifies the time at which SNF assemblies are received by the
MGDS repository facility, the assembly age (i.e., cooling time), assembly bumup (i.e., MWd/MTU),
assembly initial average enrichment (i.e., wt% U235), assembly loading (i.e., MTU), assembly type
(i.¢., Pressurized Water Reactor (PWR) or Boiling Water Reactor (BWR)), and assembly thermal
power (i.e., WMTU) for cach MGDS acceptance scenario identified. This information is
voluminous and is not repeated here (Ref. 5.5). '

4.2 Criteria

The design of individual WPs required for handling commercial SNF assemblies will depend on
development of a reasonable rationale to select a system of WP types capable of disposing 100% of
the anticipated commercial SNF waste stream. Criteria that relate to the development and design
of repository components are derived from the applicable requirements and planning documents.
Upper-level systems requirements are provided in the Mined Geologic Repository System
Requirements Document (MGDSRD, Ref. 5.10). The requirements flow down to the Engineered
Barrier Design Requirements Document (EBDRD, Ref. 5.8) as specific requirements for engineered
barrier segment design and the Repository Design Requirements Document (RDRD, Ref. 5.7). The
v Controlled Design Assumptions Document (CDA, Ref. 5.9) provides guidance for requirements
listed in the EBDRD and RDRD which have unqualified or unconfirmed data associated with the
requirement. The criteria applicable to the development of WP designs for the MGDS are equivalent
to the applicable requirements, interface requirements, and criteria cited in the EBDRD.
Specifically, the criticality requirement is provided as EBDRD 3.2.2.6, repository thermal limits are
provided in EBDRD 3.7.G, WP compatibility with the repository environment and the contiained
waste form requirements are provided in EBDRD 3.7.1.A, EBDRD 3.7.1.B, and EBDRD 37.12G,
and WP internal structure requirements are provided in EBDRD 3.7.1.3. The EBDRD requirements
must be addressed for all WP designs and were specifically addressed in the analysis provided in
reference 5.6.

The “TBD", “TBV", and “TBR” items identified in the applicable criteria documents will not be
carried to the conclusions of this analysis based on the rationale that the conclusions derived by this
analysis are for preliminary design and will not be used as input into documents supporting
construction, fabrication, or procurement of specific waste package designs.

Finally, this design analysis is not intended to satisfy the referenced requircments, as identified in
this section, in their entirety because this analysis is for the preliminary stage of WP design. The
determination of full compliance with the EBDRD requirements will be performed in another design
analysis when the WP designs are beyond the preliminary design phase.
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4.3 Assumptions

Based on the rationale that the conclusions derived by this analysis are for preliminary design and
will not be used as input into documents supporting construction, fabrication, or procurement, a TBD
(to be determined) or TBV will not be carried to the conclusions of this analysis.

43.1 The WP fabrication cost information provided in Table 4.1-1 is assumed to be representative '
of the true WP fabrication cost. Reference 5.11 provides cost data which is currently being
used by the MGDS program and is considered to be the best available data at this time. The
time value of money is not considered in this analysis and is judged to affect the costs for
each WP scenario approximately equally. The WP cost values in this analysis are for
comparison purposes only and should not be used outside of this analysis. This assumption
is based upon engineering judgement. This assumption is used in Section 4.1 and throughout
Section 7. : :

432 The WP SAR/Licensing cost of $10,000,000 per WP design is assumed to be representative
of the true cost for the SAR/Licensing effort. This assumption is based upon engineering
judgement and experience of the Lead Design Engineer (LDE) and the originating engineer
for this design analysis. This SAR/Licensing cost information for WP designs is the best

available data at this time. This assumption is used in Section 4.1 and throughout Section

43.3 The specific MGDS commercial SNF assembly receipt scenarios to consider were identified
in reference 5.5 and have been developed based upon the best information available to the
MGDS program (see also Ref. 5.9; CDA Key 002). The specific SNF assembly receipt
scenarios and the associated assembly data from reference 5.5 is assumed tobe representative
of the range of waste receipt variability that the MGDS can reasonably expect. This
assumption is based upon engineering judgement. This assumption is used in Section 4.1
and throughout Section 7. :

4.3.4 The use of the fully moderated SNF assembly K.y 8s @ indicator of the level of criticality
control required to maintain a commercial SNF assembly in a subcritical condition is
assumed to bound the fully moderated Kyrecive Of 2 WP which is fully loaded with the same
commercial SNF assembly. The use of iy, rather than the K_gecqves fOr 2 commercial SNF
assembly is conservative due to the neutron leakage term which is not used for Kipiiry- This
assumption implies that the enrichment/burnup parameters for a commercial SNF assembly
which determines the constant Kigm, isopleths are ‘assumed to be the same
enrichment/bumup values which determine the K_recive isOpleth if a detailed WP calculation
were performed. This assumption is based upon engineering judgement. This assumption
is used in Section 6.2 and throughout Section 7.
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43.5 The use of the following equation obtained from page 5-4 of reference 5.6 is assumed to
provide representative, but slightly conservative values for PWR SNF assembly ki, values.

Kinfioity = 1.06-(0.01-b)-(0.002-c)+(0.1 14-2)+(0.0000708 l'b’)+(0.00007565°c2)-(0.007-a’)-
(0.0002671-b-2)-(0.0001 145-b-c)+(0.00023 18-c-2)+(0.000009366-b-c-2)

Where: a = initial U235 enrichment in weight percent
b = assembly burmup in GWd/MTU
¢ = assembly cooling time (i.e., age) in years

The usage and development of this equation for PWR SNF is presented in detail in reference
5.6. This assumption is based upon engineering judgement. This assumption is used in
Section 6.2 and throughout Section 7.

43.6 The use of the following equation developed in Atachment T is assumed to provide
representative, but slightly conservative values for BWR SNF assembly Koy values.

Kinsary=0.92601-(0.01 2598-b)+(0.19901 -2)+(0.0000949922-b%)-(0.0067 02-a?)-(0.001243-b-a)

Where: a = initial U235 enrichment in weight percent
b = assembly burnup in GWd/MTU

The data which forms the basis for this equation was obtained from NRC approved BWR
rack analysis documentation and is provided in references 54, 5. 14, 5.15,and 5.16. The data
in these references are documented as bounding Kiofiiey values for BWR assembly designs of
various initial enrichments, assembly exposures, and assembly configurations. The equation
development is provided in Attachment I This assumption is based upon engineering
judgement. This assumption is used in Section 6.2 and throughout Section 7.

43.7 The WP/repository design and performance parameters documented in reference 5.6 and 5.9
(i.e., Principle Isotope Burnup Credit (CDA, Key 009), the drift emplacement concept (CDA,
Key 011), thermal loading of 80 to 100 MTU/acre (CDA, Key 019), criticality methods, WP
degradation modes, etc.) are assumed to be representative of the current MGDS repository
conditions and provide reasonable indication of the performance requirements for the WP
designs in the repository environment. Reference 5.6 provides all references to the CDA
(Ref. 5.9) and the specific CDA references are not repeated here. This assumption is based
upon engineering judgement. This assumption is used throughout Section 7.

| 438 The cost penalty of $50,000 per commercial SNF assembly which is not directly handled by
u~ a WP system scenario is assumed to be a representative bounding estimate of the true cost
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for requiring an additional option to handle these “non-standard™ SNF assemblies {(¢.g.,
temporarily storing the assemblies to increase assembly age, designing additional criticality
control materials, design modifications to 2 WP type, etc.). This assumption is based upon
engineering judgement and experience of the LDE and the originating engineer for this
design analysis. This assumption is used in Section 4.1 and throughout Section 7.

439 All commercial SNF is assumed to fit into the basic WP SNF basket envelope developed in
reference 5.6. There are two notable exceptions which must be accommodated in this
analysis: 1) South Texas PWR SNF assemblies are designed for a 14 foot reactor core rather
than the standard 12 foot reactor core. The South Texas PWR assemblies fit the standard

PWR cross section but will require a longer WP length. 2) Big Rock Point BWR SNF
assemblies are designed with an assembly square cross section of 6.52 inches rather than the
standard 5.44 inch square cross section. The Big Rock Point Assemblics are also

approximately half the length of the standard BWR assembly design.

Clearly, the South Texas PWR SNF will require a new WP design since these assemblies

require a longer WP basket envelope and there are not enough of these long assemblies to
justify the cost of fabricating all WPs with the additional length. Thus, specific
accommodation of a South Texas SNF WP will be included in this analysis in order to
capture the additional cost of this WP type. However, additional options to handle the Big
Rock Point BWR SNF are available; such as (but not limited to) putting these assemblies
" into a standard PWR WP. Finally, there is a very small number of Big Rock Point BWR
assemblies, and assuming for this analysis that they are handled as part of the standard BWR
SNF waste stream will not significantly affect the results of this analysis. This assumption
is based upon engineering judgement and experience of the LDE and the originating engineer

for this design analysis. This assumption is used throughout Section 7.
4.4 Codes and Standards

Not applicable.

S. References

5.1  Yucca Mountain Site Characterization Project Q-List, YMP/90-55Q, REV 4, US.
Department of Energy (DOE) Office of Civilian Radioactive Waste Management

(OCRWM).

52  "Perform Waste Stream Analysis to Determine Design Basis Fuel,” Document Identifier (DI)
Number: BB0000000-01717-2200-00029 REV 02, Civilian Radioactive Waste Management

System (CRWMS) Management and Operating Contractor (M&O).
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for requiring an additional option to handle these “non-standard” SNF assemblies (e.g.,
temporarily storing the assemblies to increase assembly age, designing additional criticality
control materials, design modifications to a WP type, etc.). This assumption is based upon
engineering judgement and experience of the LDE and the originating engineer for this
design analysis. This assumption is used in Section 4.1 and throughout Section 7.

439 All commercial SNF is assumed to fit into the basic WP SNF basket envelope developed in
reference 5.6. There are two notable exceptions which must be accommodated in this
analysis: 1) South Texas PWR SNF assemblies are designed for a 14 foot reactor core rather
than the standard 12 foot reactor core. The South Texas PWR assemblies fit the standard
PWR cross section but will require a longer WP length. 2) Big Rock Point BWR SNF
assemblies are designed with an assembly square cross section of 6.52 inches rather than the
standard 5.44 inch square cross section. The Big Rock Point Assemblies are also
approximately half the length of the standard BWR assembly design.

Clearly, the South Texas PWR SNF will require a new WP design since these assemblies
require a longer WP basket envelope and there are not enough of these long assemblies to
justify the cost of fabricating all WPs with the additional length. Thus, specific.
accommodation of a South Texas SNF WP will be included in this analysis in order to
, capture the additionat cost of this WP type. However, additional options to handle the Big
U : Rock Point BWR SNF are available; such as (but not limited to) putting these assemblies
' into a standard PWR WP. Finally, there is a very small number of Big Rock Point BWR
assemblies, and assuming for this analysis that they are handled as part of the standard BWR
SNF waste stream will not significantly affect the results of this analysis. This assumption
is based upon engineering judgement and experience of the LDE and the originating engineer
for this design analysis. This assumption is used throughout Section 7. :

4.4 Codes and Standards

Not applicable.

S. References

5.1 Yucca Mountain Site Characte}ization Project O-List, YMPI96-55Q, REV 4, US.
Department of Energy (DOE) Office of Civilian Radioactive Waste Management
(OCRWM).

5.2  "Perform Waste Stream Ahalysis to Determine Design Basis Fuel," Document Identifier (D)
Number: BB0000000-01717-2200-00029 REV 02, Civilian Radioactive Waste Management
System (CRWMS) Management and Operating Contractor (M&O).
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5.3  Quality Assurance Requirements and Description, DOE/RW-0333P REV 6, US. DOE
OCRWM.

5.4  "Pilgrim Nuclear Power Plant Spent Fuel Pool Rack Design", HOLTEC Document Number:
HI-92925, U.S. Nuclear Regulatory Commission Docket Number: 50-293, U.S. Nuclear
Regulatory Commission (NRC), Washington, D.C. -

55 CRWMS M&O Interoffice Correspondence LV.WP.TLL.02/97-026, "Transmittal of
. Preliminary Design Basis Fuel Data,” From T.L. Lotz to File, February 10, 1997.

56  Mined Geologic Disposal System Advanced Conceptual Design Report, Volume HI of IV,
Engineered Barrier Segment/Waste Package, DI Number: B00000000-01717-5705-00027
REV 00, CRWMS M&O. _

57  Repository Design Requirements Document, YMP/CM-0023, REV 0, ICN 1, Yucca
Mountain Site Characterization Project. .

58  Engineered Barrier Design Requirements Document, YMP/CM-0024, REV 0, ICN 1, Yucca
Mountain Site Characterization Project.

\_/ 59  Controlled Design Assumptions Document, DI Number: B0O0000000-017 17-4600-00032
REV 04, CRWMS M&O.

510 Mined Geological Disposal System Requirements Document, DOE/RW-0404P (DI Number:
B00000000-00811-1708-00002 REV 02), U.S. DOE OCRWM.

5.11 CRWMS M&O Interoffice Correspondence LV WP.JAC.02/97-032, "Waste Package Cost
Estimates,” From J.A. Cogar to T.L. Lotz, February 13, 1997.

5.12 Software Qualification Report for the Spent Nuclear Fuel Decay Heat Function (SNFDHF)
(CSCI: 20026 V1.0), DI Number: 20026-2003 REV 00, CRWMS M&O.

5.13 Software Life Cycle Plan for the Spent Nuclear Fuel Decay Heat Function (SNFDHF)
(CSCI: 20026 V1.0), DI Number: 20026-2001 REV 00, CRWMS M&O.

5.14 "Pioposed Modiﬁcatioﬁ to the Technical Specifications for the Pilgrim Spent Fuel Pool Rack
Design", HOLTEC Document Number: HI-93126, U.S. Nuclear Reglatory Commission
Docket Number: 93-016, U.S. Nuclear Regulatory Commission (NRC), Washington, D.C.

5.15 Lotz, T.L.,"ATEA BWR Rack Scoping Analysis", Framatome Technologies Incorporated
Document Number: 32-1257226-00, August, 1996.
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5.16 "Duane Amnold Nuclear Power Plant Spent Fuél Pool Rack Design”, HOLTEC Document
Number: HI-92987, U.S. Nuclear Regulatory Commission Docket Number: 50-331, U.S.
~ Nuclear Regulatory Commission (NRC), Washington, D.C.

5.17 CRWMS M&O Interoffice Correspondence LV.WP.TLL.04/97-069, "Transmittal of Waste
Package Design Configuration Data," From T.L. Lotz to File, April 1, 1997.

6. Use of Computer Software
6.1 Scientific and Engineering Software

The GETHEAT program and its HEAT.DAT data file provided in the Spent Nuclear Fuel Decay
Heat Function (SNFDHF) code system (Ref. 5.12) version (V) 1.0 (CSCI: 20026 V1.0} is used in
this analysis. GETHEAT program with its HEAT.DAT data file is designed to calculate PWR and
BWR SNF decay heat rates given the assembly burnup, decay time (i.e., age), and assembly average
initial U235 enrichment. Thus, GETHEAT program is appropriate for use with the WPBINOO2
program provided in Attachment I to determine SNF decay heat loads in order to evaluate waste
‘ package loading scenarios. The GETHEAT software is executed on 2 IBM compatible PC with the
v ' DOS 6.2 operating system. The software qualification of the GETHEAT software, including
problems of the type analyzed in this report, is summarized in the Sofiware Qualification Report for
the SNEDHF code system (Ref. 5.12). The GETHEAT evaluations performed for this design
analysis are fully within the range of the validation for the GETHEAT software used. Access to and
use of the GETHEAT software for this analysis was granted by Software Configuration Management
and performed in accordance with the Life Cycle Plan for the SNFDHF code system (Ref. 5.13) and
the QAP-SI series procedures. Inputs and outputs to the GETHEAT software are included as
attachments as described in the following design analysis. '

6.2 Computational Supi:ort Software

The percent values of the commercial SNF waste stream handled, the number of WP of each type
required, and the number of SNF assemblies not handled by a proposed WP system scenario were
generated with the computer code WPBINOO2 version (V) 00A and is classified as computational
support software. WPBINOOa VOOA is not a controlled computer code and has not been qualified
under the QAP-SI series of M&O procedures. WPBINOOa requires the data provided in assumptions
433, 4.3.5, 4.3.6, and 4.3.7 as inputs. Based upon the data provided in assumption 4.3.3,
WPBINOOa determines commercial SNF assembly characteristics from GETHEAT (see Section 6. 1),
the equation from either assumption 4.3.5 (i.e, PWR SNF) or 4.3.6 (i.e, BWR SNF), and then
: determines which WP type in a WP scenario (WP scenario is based upon assumption 4.3.7) the SNF
‘\/. assembly can be loaded into and then tallies that assembly to the selected WP type. If the SNF
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assembly does not meet any of the WP type criteria, then the assembly is tallied into a non-standard
SNF bin. Once each assembly in the waste streamn has been tallied, WPBINOOa then summarizes the
number of each WP type required and prints the final summary table.

The WPBINOOa code listing is provided in Attachment I, the output files with an input listing are
listed in Attachment V, and provided in reference 5.17. The WPBINOOa code is simply an
automation of 2 simple data manipulation process which can easily be checked by hand. The data
is provided in this analysis and the references for the purpose of performing hand calculation checks.
The data manipulation has been checked by hand and will be used in this analysis on that basis. The
WPBINOOa code was utilized for the purpose of computational support software as it was intended.
The WPBINOOa software was executed on an IBM PC compatible with a DOS 6.2 operating system.

‘The BWR k4, data curve fit was performed in Microsoft’s EXCEL Version 5.0 and is classified
as computational support software. Microsoft's EXCEL Version 5.0 is not a controlled computer
code and has not been qualified under the QAP-SI series of M&O procedures and will not be
qualified under the M&O procedures. EXCEL simply provides a framework to automate simple
mathematical calculations which can easily be checked by hand or through alternate calculational
methods. Based upon the data provided in assumption 4.3.6, EXCEL gencrates a simple curve via
direct equation calculation. Once the proper equation coefficients for the equations are determined,
\_/ , EXCEL summarizes the numeric values at selected data points. The EXCEL spread sheet file is
provided as Attachment II. The data points used are provided in this analysis for the purpose of
performing hand calculation checks. The data manipulation has been checked by hand and will be
~ used in this analysis on that basis. EXCEL was utilized for the purpose of computational support
software as it was intended and it is appropriate for the use of generating a curve given an equation
form. The EXCEL software was executed on an IBM PC compatible with a Windows 3.1 operating
system. o :

The presentation graphics provided in Attachment Il was generated with the computer code Harvard
Graphics Version 2.0 and is classified as computational support software. Harvard Graphics Version
2.0 was executed on a IBM PC compatible with a Windows 3.1 operating system. Harvard Graphics
Version 2.0 is not a controlled computer code and has not been qualified under the QAP-SI series
of M&O procedures and will not be qualified under the M&O procedures. Harvard Graphics
Version 2.0 simply provides a framework to creatc a graphical representation of data. No calculation
or modification beyond cut and paste operations with tabular data from reference 5.5 and WPBINOOa
software was performed in Harvard Graphics. :
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7. Design Analysis

Previous WPDD efforts have focused upon determining the performance characteristics of a WP
with regard to Engineered Barrier System (EBS) and MGDS performance (Ref. 5.6). This involved
determining performance requirements for criticality control, heat transfer, shielding, structural
strength, and degraded mode performance with a nearly bounding commercial SNF assembly type.
Thus, much of the assumed performance requirements and the cost data used in this analysis is based
upon these documented results. However, these analyses did not provide the rationale for, nor
identify, the required mix of WP types which will need to be licensed in order to cover 100% of the
commercial SNF waste stream in an reasonable manner. This analysis is intended to perform this
function using the WP performance data summarized in reference 5.6.

7.1 Design Basis Fuel (DBF)

It is likely that the license application for the waste package will be reviewed by the Nuclear
Regulatory Commission using criteria similar to those already in place for dry cask storage systems.
That is not to say the requirements placed upon the disposal device are the same as for storage casks,
but that the topical safety analysis report (SAR) for the waste package should follow the standard
format and content established for dry cask storage SARs. The Standard Review Plan for Dry Cask
Storage Systems (NUREG-1536) states that:

“Specifications must be provided for the spent fuel to be stored in the cask, such as, but not
limited to, type of spent fuel (i.c., Boiling Water Reactor (BWR), Pressurized Water Reactor
(PWR), both), maximum allowable enrichment of the fuel prior to any irradiation, burmn-up
(i.e., megawatt-days/Metric Ton Uranium), minimum acceptable cooling time of the spent
fuel prior to storage in the cask (aged at least onc year), maximum heat designed to be
dissipated, maximum spent fucl loading limit, condition of the spent fuel (i.e., intact
assembly or consolidated fuel rods), and the inert atmosphere requirements.”

Due to the large variability in SNF characteristics, several separate WP designs will be required to
accommodate all of the SNF planned for disposal in the first repository. It could be argued that there
is a potential engineering solution to any SNF decay heat or criticality problem such that one design
could accommodate all of the SNF assembly types. However, common sense and economics dictate
that multiple WP designs be tailored to portions of the waste stream (that s, it is not cost effective
to allow the most stressing 10% of the waste stream to drive the design for the other 90%).
Therefore, a family of WP designs is required and each individual WP design must have a
. specifically designated design basis fuel. The purpose of this document is to develop rational WP
design and DBF combinations supported by waste stream COVETages, past WP analyses, and
engineering judgement. ‘ ' '
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7.2 Waste Acceptance Issues

Due to the uncertainty in waste acceptance parameters, eight waste stream scenarios will be
considered (see assumption 4.3.3):

Scenario W1: YFF10_DPC_NOoISF_63

Take from reactor spent fuel pool the youngest fuel that is at least 10 years old (YFF10).
Take from pool 5 - 10 year old fuel when older pool fuel is gone. Then take from dry storage
oldest fuel first; which is stored and shipped using dual purpose canisters (DPC). No interim
storage facility is used. Continue for first 63,000 MTUs of SNF.

Scenario W2: YFF10_DPC_ISF_63

Same as scenario W1, except that an Interim Storage Facility (ISF) begins DPC receipt
starting in 2003. No SNF is shipped from the ISF to the repository until all of the reactor
allocations have been met. :

Scenario W3: YFF10_SPC_NoISF_63

K/’ Same as scenario W1, except that any dry storage SNF is stored using single purpose
: canisters (SPC). :

Scenario W4: “YFF10_SPC_ISF_63

Same as scenario W2, except that DPCs are used for reactor storage and to ship SNF to the
ISF for the first two years, then SPCs are used for storage at the ISF.

Scenario W5: OFF_SPC_NOoISF_63

Same as scenario W3, except that reactors ship spent fuel based on an oldest fuel first (OFF)
strategy. Take from reactor spent fuel pool the oldest fuel first until only § year old or
younger SNF remains, then take from dry storage oldest fuel first. Continue for first 63,000
MTUs of SNF. : :

Scenaric W6 OFF_SPC_ISF_63

" Same as scenario WS, except that DPCs are used for feactor storage prior to 2003 and to ship

SNF to the ISF for two years starting in 2003, then SPCs are used for storage at the ISF. No

-spent fuel is shipped from the ISF to the repository until all of the reactor allocations have
been met.
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Scenario W7: YFF10_DPC_NoISF_87

Same as scenario W1, except that waste receipt is continued for the full 86,800 MTUs
projected to be discharged from the existing reactor facilities (86,800 MTUs is beyond the
current statutory limit for a single repository). :

Scenario W8: YFF10_DPC_ISF_8§7

Same as scenario W2, except that waste receipt is continued for the full 86,800 MTUs
projected to be discharged from the existing reactor facilities (86,800 MTUs is beyond the
current statutory limit for a single repository).

Attachment III provides a graphical summary of each of the commercial waste stream scenarios. The
data from reference 5.5 (assumption 4.3.3) was processed by the WPBINO0Oa software to generate
the commercial SNF k.., values, using the equations from either assumption 4.3.5 (i.e., PWR SNF)
or 4.3.6 (i.c., BWR SNF), and SNF assembly heat rates based upon the GETHEAT software (Ref.
5.12). These WPBINOOa output files are fisted iri Attachment V, and provided in reference 5.17, as
files casel.all, case2.all, case3.all, cased.all, caseS5.all, case6.all, case7.all, and case8.all for waste
stream scenarios W1, W2, W3, W4, W5, W6, W7, and W8, respectively. The data was then put into
Harvard Graphics to create each cumulative distribution plot and each histogram plot.

Notice that both the PWR (pp. 3, 4; Attachment IIT) and BWR (pp. 7, 8; Attachment ) k; 5.,y PlOtS
show very little variation with respect to the different waste stream scenarios. This indicates that the
criticality problem is relatively independent of the details of the waste stream delivery system.
Waste stream scenarios W2, W5, and W8 appear to be representative of a lower, middle, and high
range of waste stream characteristics with regard to criticality concerns. Waste streams W1, W3,
W4, W6, and W7 fall within these three scenarios and will provide similar results. :

The SNF assembly initial heat plots for PWR (pp. 1, 2; Attachment II) and BWR (pp. 5. 6;
Attachment TIT) assemblies display 2 much greater sensitivity to the waste stream delivery system.
This characteristic of the waste stream was not unexpected, since SNF assembly heat rates decay
fairly quickly with cooling time. However, this makes selecting a WP system more difficult, since
at this time each waste stream scenario must be considered as equally likely to be correct. Thus,
tailoring a WP system to a specific waste stream scenario to reduce costs is not a realistically viable
option. Thus, any WP system which is designed should be set up to handle any of these waste stream
scenarios for a reasonable cost.

The data provided in Attachment Il show that evaluating waste stream scenarios W2, W3, W5, and
W8 will both bound and provide a reasonable estimate of the median for the given variations in
waste stream characteristics. These waste stream scenarios will be evaluated further in this analysis.
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73 Waste Package Performance Issues

The performance characteristics of WPs with regard to containment of waste, efficient use of
material (i.c., packing density), criticality safety, thermal performance, predictability of degraded
modes, and performance in degraded modes has been documented in analyses performed during the
WP conceptual design (Ref. 5.6). These analyses provide a basis with which to determine the best
WP design with regard to individual WP performance and the results of the conceptual design will
be used to provide the first cut in determining WP SNF assembly capacities and how they should be
combined into a WP system capable -of emplacing the commercial SNF waste stream (sce
assumptions 4.3.7 and 4.3.9). The conceptual design efforts showed that the larger capacity WP
designs were desirable from a cost and handling perspective, but the largest practical sizes which still
meet the repository performance criteria limited the WP designs to capacities of 24 PWR assemblies
or 44 BWR assemblies. Larger capacity WP designs will have significant difficulty meeting
repository thermal and eriticality performance requirements and present structural design difficulties
during the degradation phase of the WP performance life (Ref. 5.6).

The conceptual design provides the following ranking for WP performance versus SNF assembly
capacity: :

Best performance characteristics: 21 PWR assembly capacity
12 PWR assembly capacity
44 BWR assembly capacity
24 BWR assembly capacity
lModeratc performance characteristics: 24 PWR assembly capacity

All other WP designs showed significant problems concerning degraded mode performance and
efficient use of materials (i.c., packing density). As the internal structures degraded and slumped,
only the designs listed above provided predictable geometries, sufficient criticality control, and
sufficient structural performance to keep the commercial SNF in an intact form. Thus, only WP
systems comprised of the listed WP capacities will be considered in this analysis since these have
the highest probability for meeting all of the repository performance criteria (Ref. 5.6).

The 24 PWR assembly capacity WP will be considered in this analysis to determine if it has a large
cost advantage over the 21 PWR assembly capacity WP. However, if the cost advantage is not
significant, then a WP system comprised of WPs from the best performance characteristics list will
be selected instead based on the higher probability for meeting all of the repository performance
criteria. : '

Additional performance constraints are discussed in the following sections.
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7.3.1 Thermal Issues

The thermal load on the waste package (and consequently its temperature) is most directly
determined by the rate of heat generation. Of course, both heat rate and waste package temperature
change with time depending on the total repository thermal loading. However, heat at time of
emplacement is the single strongest determining parameter for peak waste package temperature,
which is a very important design parameter, constrained by the need to avoid cladding creep and
mineral phase transformations at the emplacement drift wall. The performance parameter, heat at
emplacement, is primarily a function of age at emplacement and burnup and provides a criteria for
distinguishing between assembly thermal categories.

While the WP design basis fuel is specified on a per-assembly basis, the total WP heat load will
impact the emplacement drift structures and the surrounding rock. Previous preliminary analyses
(Ref. 5.6) have indicated that initial individual WP heat loads of around 18 kW can be tolerated
assuming a reference repository thermal loading range of 80 to 100 MTU/acre. It may be possible
to accept a higher initial heat, such as 19 kW; however, for other system interface issues, total initial
WP heat loads could be limited to lower values (such as the 14.2 KW heat at emplacement limit
indicated for the conceptual multi-purpose canister design). Note that the data provided in reference
5.6 show that the 19 kW WP total heat load has a significant risk of not meeting the repository
thermal performance criteria for rock media temperatures if thermal loads in the 90 to 100 MTU/acre
range are sclected. A significant cost advantage must exist for this higher WP heat load to be
selected and the additional design risk accepted. To determine the trending and costs with respect
to the waste stream, three total WP initial heat loads will be considered: 14.2, 18, and 19 kW.
Individual assembly heats have been rounded off to the nearest multiple of 10 watts.

Given the three maximum WP heat Joad conditions and the data provided in Attachment III, the
following WP rated heat load options will be considered. The PWR SNF assembly portion of the
waste stream is the most complicated to handle duc to the higher heat load per assembly and larger
assembly size as compared to the BWR SNF assemblies. The derated WP options are discussed
further in Section 7.4. The derated configurations arc selected based on maintaining a balanced (i.c.,
symmetrical) WP loading configuration. WP systems will be based on combinations of these WP
types and use the given capacity and thermal rating. Each of the following scenarios is
combination of large and small PWR and BWR WPs, with the largest PWR WP heat total heat load

limited to the stated value:

Scenario T1: Three PWR categories with maximum WP heat of 19kW
Base options (watts) :
0 < heat <900 For 21 PWR (total 189 kW)
0 < heat <900 For 12 PWR (total 10.8 kW)
0 < heat <790 For 24 PWR (total 19.0 kW)
0 < heat <400 For 44 BWR (total 17.6 kW)
0 < heat <400 For 24 BWR (total 9.6 kW)
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Intermediate options (watts)

900 < heat <1030  For 12 PWR (total 12.4 kW)

900 <heat <1030  For 16 PWR (derated 21, 16.5 kW)
790 < heat < 950 For 20 PWR (derated 24, 19.0kW)
400 < heat < 520 For 24 BWR (total 12.5 kW)

Non-Standard Assembly options (watts)

1030 < heat <1370 For 10 PWR (derated 12, 13.7 kW)
1030 < heat < 1370  For 12 PWR (derated 21, 16.4 kW)
050 <heat < 1370  For 12 PWR (derated 24, 16.4 kW)

Scenario T2: Two PWR categories with maximum WP heat of 19 kW
Base options (watts) :

_ 0 <heat <900 For 21 PWR (total 18.9 kW)
0 < heat <900 For 12 PWR (total 10.8 kW)
0 <heat < 790 For 24 PWR (total 19.0 kW)
0 < heat <400 For 44 BWR (total 17.6 kW)

0 <heat <400 For 24 BWR (total 9.6 kW)

\_/’ Non-Standard Assembly options (watts)

900 < heat <1370  For 12 PWR (total 16.4 kW)
900 < heat <1370  For 12 PWR (derated 21, 16.4 kW)
790 <heat <1370  For 12 PWR (derated 24, 16.4 kW)
400 < heat < 520 For 24 BWR (total 12.5 kW)

Scenario T3: Three PWR categories with maximum WP heat of 18 kW
Base options (watts) - ,
0 < heat <850 " For 21 PWR (total 17.9 kW)
0 < heat < 850 For 12 PWR (total 10.2 kW)
0 <heat <750 For 24 PWR (total 18.0 kW)
0 < heat <400 For 44 BWR (total 17.6 kW)
0 < heat < 400 For 24 BWR (total 9.6 kW)

Intermediate options (watts)

850 < heat < 1030~ For 12 PWR (total 12.4 kW)

850 < heat < 1030  For 16 PWR (derated 21, 16.5 kW)
750 < heat <900 For 20 PWR (derated 24, 18.0kW)
400 < heat < 520 For 24 BWR (total 12.5 kW)
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Scenario T4:

Scenario T5:

Non-Standard Assembly options (watts)

1030 < heat < 1370 For 10 PWR (derated 12, 13.7kW)
1030 < heat < 1370  For 12 PWR (derated 21, 16.4 kW)
000 < heat < 1370  For 12 PWR (derated 24, 16.4 kW)

Two PWR categories with maximum WP heat of I8 kW
Base options (watts) '
0 <heat < 850 For 21 PWR (total 17.9 kW)
0 <heat <850 For 12 PWR (total 10.2 kW)
0 <heat <750 For 24 PWR (total 18.0 kW)
0 < heat <400 For 44 BWR (total 17.6 kW)
0 < heat <400 For 24 BWR (total 9.6 kW)

Non-Standard Assembly options (watts)

850 <heat< 1370  For 12 PWR (total 16.4 kW)

850 <heat <1370  For 12 PWR (derated 21, 16.4 kW)
750 < heat < 1370 For 12 PWR (derated 24, 164 kW)
400 < heat < 520 For 24 BWR (total 12.5 kW)

Base options (watts)

0 <heat <670 For 21 PWR (total 14.1 kW)
0 <heat <670 For 12 PWR (total 8.0 kW)
0 < heat <590 For 24 PWR (total 14.2 kW)
0 <heat <320 For 44 BWR (total 14.1 kW)
0 < heat <400 For 24 BWR (total 9.6 kW)
Intermediate options (watts)

670 <heat <1030  For 12 PWR (total 12.4 kW)
670 < heat < 880 For 16 PWR (derated 21, 14.1 kW)

590 <heat <710  For 20 PWR (derated 24, 14.2 kW)

320 < heat < 520 For 24 BWR (total 12.5 kW)

. Non-Standard Assembly options (watts)

1030 < heat < 1370 For 10 PWR (derated 12, 13.7kW)
880 < heat < 1370  For 10 PWR (derated 21, 13.7kW)
710 <heat< 1370  For 10 PWR (derated 24, 13.7kW)

Three PWR categories with maximum WP heat of 14.2 kW
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Scenario T6: Two PWR categories with maximum WP heat of 14.2kW
Base options (watts) '
0 < heat <670 For 21 PWR (total 14.1 kW)
0 <heat <670 For 12 PWR (total 8.0 kW)
0 < heat < 590 For 24 PWR (total 14.2 kW)
0 <heat <320 For 44 BWR (total 14.1 kW)
0 < heat <400 For 24 BWR (total 9.6 kW)

Non-Standard Assembly options (watts)

670 <heat <1370  For 10 PWR (derated 12, 13.7kW)
670 <heat< 1370  For 10 PWR (derated 21, 13.7 kW)
500 < heat < 1370 - For 10 PWR (derated 24, 13.7kW)
320 < heat < 520 For 24 BWR (total 12.5 kW)

7.3.2 Criticality Issues

The criticality performance parameter, Kggy (S¢¢ assumption 4.3.4), and the WP loading scenarios
developed for this analysis are based on advanced conceptual design (Ref. 5.6) analysis results. All
v of the WP designs considered assume that Principal Isotope Burnup Credit will be accepted by the
NRC (see assumption 4.3.7). This means that each WP is designed with § mm thick carbon steel
tubes around the fuel assemblies. When included, the neutron absorber plates are 7 mm thick
borated SS-B6A and the absorber control rods are zirconium clad B,C rods. It is also noted that
there is no reason based on criticality potential to derate a WP or use 2 smaller WP for PWR SNF
(i.e., derating for PWRs is only performed for thermal reasons, BWRs are derated as specified
above). This is due to the fact that derating for criticality relies on increased neutron leakage to
reduce the multiplication factor. However, this effect is reduced significantly when the WP internals
degrade and is not sufficient for criticality control in large WPs. Thus, other options, such as control
rods, are utilized (see Ref. 5.6). '

All SNF assembly kg, values are determined based upon assumption 4.3.5 or 4.3.6. The basis for
each WP rated K, limit is provided in reference 5.6. The following WP rated heat load options

will be considered. WP systems will be based on combinations of these WP types and use the given
capacity and criticality rating. .
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Scenario Cl: Three criticality control categories
Base options ,
0<k.<1.00 PWR fuel requiring no neutron absorbers in the WP basket
0<k.<100 BWR fuel requiring no neutron absorbers in the WP basket
Intermediate options

1.00<k.<1.13 PWR fuel requiring neutron absorber plates in the WP basket
1.00<k.<1.37 BWR fuel requiring neutron absorber plates in the WP basket

Non-Standard Assembly options ‘
1.13<k_ <145 PWR fuel requiring neutron absorber control rods in the assemblies
137<k.<1.54 BWR fuel requiring thicker neutron absorber plates (24 BWR)

Scenario C2: Two criticality control caiegorics
. Base options
P 0<k.<1.13 PWR fuel requiring neutron absorber plates in the WP basket
u 0<k.<137 BWR fuel requiring neutron absorber plates in the WP basket

Non-Standard Assembly options :
1.13<k. <145 PWR fuel requiring neutron absorber control rods in the assemblies
1.37<k.< ;.54 BWR fuel requiring thicker neutron absorber plates (24 BWR)

ScenarioC3: Two criticality control categories (no absorber plate option)
Base options
0<k.<1.00 PWR fuel requiring no neutron absorbers in the WP basket
0<k.<1.00 BWR fuel requiring no neutron absorbers in the WP basket

Non-Standard Assembly options
1.00<k_< 145 PWR fuel requiring neutron absorber control rods in the assemblies
1.00<k.< 1.54 BWR fuel requiring thicker neutron absorber plates (24 BWR)
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7.4 Waste Package Loading Issues

A secondary purpose of this analysis is to determine the cost effectiveness of derating the base WP
option (for thermal reasons) versus utilizing a second smaller capacity waste package for the
assemblies that could not be placed in the larger capacity base option disposal device. Itis also

desirable to investigate the impact of base option WP total capacity on system cost. To bound these
possible options, the following loading scenarios are considered (see assumption 4.3.9):

Scenario L1: 21 PWR Base option
12 PWR Intermediate option
10 PWR (derated 12) Non-Standard option if needed
12 PWR South Texas
44 BWR Base option
24 BWR Non-Standard option if needed

Scenario L2: 21 PWR Base option .
16 PWR (derated 21) Intermediate option
12 PWR (derated 21) Non-Standard option if needed
21 PWR South Texas .
44 BWR Base option
20 BWR (derated 44) Non-Standard option if needed

Scenario L3: 12 PWR Base option _
. 12 PWR Intermediate option
10 PWR (derated 12) Non-Standard option if needed
12 PWR South Texas
24 BWR Base option

Scenario LA: 24 PWR Base option
12 PWR Intermediate option
10 PWR (derated 12) Non-Standard option if needed
12 PWR South Texas
44 BWR Base option
24 BWR Non-Standard option if needed

Scenario L5: 24 PWR Base option v
20 PWR (derated 24) Intermediate option
12 PWR (derated 24) Non-Standard option if needed
24 PWR South Texas
44 BWR Base option .
20 BWR (derated 44) Non-Standard option if needed
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Same s LS, but using small WP designs for Non-Standard option rather than
a derated WP type.

Scenario L6:

The following graphics depicts each WP Derating Options considered. The center assemblies in
cach WP are marked as blocked out in the derated WP. ‘
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7.5 WP Unit Costs

The WP cost estimates used to determine the economies of differing WP designs are provided in
Section 4.1 (see assumptions 4.3.1, 4.3.2, 4.3.8, and 4.3.9). To determine the cost differences
between each of the scenario combinations, it is assumed that $10,000,000 is required to perform
the design and licensing activities for each WP design option. This cost is a rough estimate used
only to demonstrate the cost savings of minimizing the total number of different WP designs to be
licensed. Additionally, if a WP system did not directly handle all of the SNF assemblies in the waste
stream scenario, 2 $50,000 per assembly penalty was assessed to the WP system costs.

All cost figures are based upon 1996 dollars and this analysis does not account for the time value of
money. The cost figures are used only to evaluate the relative differences between WP system
scenarios and will not be representative of the true cost of the WP system. Finally, since at this time
each of the waste stream scenarios have an equal probability of occurring, the evaluation of each WP
system will be performed on the average cost. The average cost is based upon the total cost of each

waste stream scenario equally weighted to determine the average.

7.6 Waste Package System Cases

v Al of the required data has now been identified in order to perform the WP system evaluations.

Section 7.2 specified that the waste stream scenarios W2, W3, W5, and W8 provide 2 representative
range for waste stream variability. Section 7.3 specified the range of WP capacity, WP thermal
rating, and WP criticality rating of favorable candidate WP types. Section 7.4 identified the range
of candidate WP systems which should be evaluated. Finally, Section 7.5 provides the cost basis
with which to help evaluate the relative differences between each WP system.

The evaluation process is begun by selecting a WP loading scenario (i.e.,L1,L2,L3,14, LS5, or L6),
then selecting a WP thermal strategy (i.c., T1, T2, T3, T4, T5, or T6), and finally selecting a
criticality strategy (i.c., Cl, C2, or C3). Each combination of these three items determines the WP
types which comprise 2 WP system. Each WP system is then evaluated with each of the four
selected waste stream scenarios (i.e., W2, W3, W5, and W8) to determine the number of each WP
type. the number of assemblies which can not be put into a WP type, and the associated costs. Thus,
a matrix of WP systems to be considered for evaluation is then created.

However, some observations can be made concerning the WP systems generated:

1) Criticality scenario C3 should be the most expensive due to the increased criticality control
material costs.

_ 2) Thermal scenarios TS and T6 increase the number of WP required since the low WP total
v.. heat load limit of 14.2 KW will force the use of smaller WP capacities. This will either
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increase cost or increase the number of assemblies not handled by the WP syétem. Given the
data in reference 5.6, there is no justification limiting the WP total heat load to a value below
18 kW,

3) Thermal scenarios T1 and T2 will not reduce the number of the non-standard WP type

required enough to provide sufficient incentive to accept the additional risks of not meeting

- repository thermal performance criteria. Given the data in Attachment IIl, an increase in base

WP thermal rating from 850 W/assembly to 900 W/assembly will alter the cumulative

coverage results by less than 5%. Thus, there is little incentive to select a high risk WP
design. :

4) Derating large WPs for non-standard SNF assemblies is generally not cost effective unless
there are very few SNF assemblies which the base WP design can not handle. Generally,
given the constraints provided in Section 7.3 and the data in Attachment TII, this situation
will not occur.

Based on these observations, the WP system matrix for evaluation can be reduced to those WP
systems which may provide some benefit. A few additional cases to confirm the observations used
to reduce the evaluation matrix will also be included. Table 7.5-1 lists all of the WP system cases

v evaluated in this analysis.
Table 7.5-1 WP System Cases Evaluated
L1-T1-Cl L1-TI-C2 L1-T1-C3 L1-T2-Cl1 L1-T2-C2 L1-T2-C3 L1-T3-Cl
LI-T3-C2 LI1-T3-C3 LI1-T4-CI LI-T4-C2 L1-T4-C3 LI1-TS-Cl L1-T6-Cl
12-T3-Cl i2-14-Cl_| L3-Td-CI L4-T4-Cl L5-T3-Cl L5-T4-Cl L6-T4-Cl
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7.7 Resulting Coverages

The tables provided in Attachment IV indicate the bins resulting from the loading, thermal,
criticality, and waste stream scenarios described above. These results were generated with the
WPBINOOz code in Attachment I and all input/output files are listed in Attachment V (see Ref. 5.17).
For example, the first table (page 1, Attachment IV) indicates the WP designs and corresponding
thermal and criticality ratings for the WP system for case L1-T1-C1 (loading scenario L1, thermal
scenario T1, and criticality scenario C1). Each table reports the resulting coverages for each WP
system for waste stream scenarios W2, W3, W5, and W8 and the calculated costs. Number (#)
indicates the number of filled (last one partially filled) waste packages, or the number of leftover
assemblies that could not be placed into any of the WP types for that WP system. Percentages
indicate the percentage amount of assemblies held by each waste package type calculated for PWRs
and BWRs separately. '

Examining the results, the lowest average cost (those less than $3.200 billion) WP systems are:
1)L1-T2-C1 Page 4, Attachment IV $3.101 Billion
2) L6-T4-C1 Page 21, Attachment v $3.123 Billion
3) L4-T4-C1 Page 18, Attachment v $3.140 Billion
4)L1-T4-C1 Page 10, Attachment IV $3.156 Billion -
' 5)L1-T1-C1 Page 1, Atachment v $3.163 Billion
v 6) L1-T3-C1 Page 7, Attachment v $3.171 Billion
‘ 7)L2-T3-C1 Page 15, Attachment TV $3.198 Billion

Notice that the highest cost WP systems were those using the criticality scenario C3; therefore,

- reducing the number of these cases was justified. Generally, criticality scenario C1 was less costly

than C2; however, C2 provides one base WP design which covers 90% or more of the total waste

stream. The criticality scenario C2 also provides some additional margin for misloaded WP types

and a smaller number of WP types required. However, the cost benefit of criticality scenario C1 is
attractive if a viable WP system can be created with it

The observations made in Section 7.6 concerning the thermal scenarios TS5 and T6 were shown to
be accurate. These WP systems were among the higher cost options. Also, those WP systems which
utilized derated WP types generally required very few if any of the derated WPs and were generally
higher cost WP systems. This point is illustrated by comparing cases L5-T4-Cl (p. 20, Attachment
IV) and L6-T4-Cl1 (p. 21, Attachment IV) which differed only in the use of derated large WP versus
using small WP designs. The WP system which depended upon derated WP types was the higher
cost system. _

The lowest four average cost WP systems differ on cost by 2% or less. The lowest cost WP system
has a maximum WP total heat load of 19 kW. As discussed in Section 7.3.1, this presents a .
significant risk to the repository thermal performance goals as long as a high thermal loading strategy
is to be proposed for NRC license. An estimated 2% reduction in WP costs is not significant enough
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to warrant accepting the risk of repository and/or a WP redesign effort.

The next two lowest éost WP systems are dependent upon a 24 PWR assembly capacity WP design.

As discussed in Section 7.3, this WP design has a performance deficiency with regard to WP

degraded mode performance when compare

low risk for not meeting WP performance requirements
WP systems (loading scenarios L4 and L6) differ in cost

(loading scenario L1). An estimated 1% reduction

d to the other WP types.
system is comprised of WP types which have been determ
characteristics. Each of these three WP syste
a WP thermal rating of 18 kW or less (i.c., thermal scenario T4), the criticality scenario C1, and are
on these points. The two low cost 24 PWR
by 1% or less from the 21 PWR WP system

in WP costs is not significant enough to warrant

accepting the risk of repository and/or a WP redesign effort.

Thus, the best WP system to handle the waste stream variability and provide 2 high probability for
rmance criteria is the L1-T4-C1 WP system. Table 7.7-1

d the waste stream coverages for each WP type. All of

" meeting all of the repository WP perfo
- summarizes the WP system components an

the WP types provided in Table 7.7-1are requried
waste stream in the repository.

Table 7.7-1 WP System L1-T4-C1 Waste Stream Coverage

The fourth lowest cost WP
ined to have the best performance
ms (items 2, 3, and 4 in the cost list) are based upon

in order to emplace 100% of the commercial SNF

Case LI-T4-C1 [ scaRangew) Criticality Range || Coverage Range
WP Types: 1D: “ Hmin Hmax k.min k_max ‘ . %
21 PWR - no absorber 1 0 850 0.00 1.00 137510 1835 26910 40.6%
base thermal & criticality
21 PWR - absorber plates 2 0 850 1.00 1.13 2399 10 3596 53.1% 10 5B.1%
criticality - p!
21 PWR - absorber rods (o abs. plates) 3 0 850 L LI3 145 116 to 257 26% 0 4.1%
 criticality - p2
12 PWR - no absorber, 4 850 1370 0.00 102 20 10 850 10% 10 7.7%
thermal - pl
12 PWR - absorber plates s 0 1370 0.00 LI3 15010 272 19%102.5%
base South Texas long WP
44 BWR - no absorber 6 0 400 0.00 1.00 695 0 997 24.6% 0 30.3%
base thermal & eriticality
44 BWR - absorber plates 7 0 400 1.00 .37 194210 2704 68.2% t0 74.6%
criticality - b} |
24 BWR - thick absorber plates 8 0 520 0.00 154 4010 197 08% 102.8%
thermal - option bl
criticatity - b2
|| Total WP Production Costs: $3.1568 Ave. | $2.873B to $4.020B B
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8. Conclusions

As identified in Sections 2 and 4, this analysis is based on unqualiﬁedlunconﬁnned input data and
use of any data from this analysis for input into documents supporting construction, fabrication, or
procurement is required to be controlled as TBV in accordance with the appropriate procedures.

This analysis is prepared by the Mined Geologic Disposal System Waste Package Development
Department to set the capacity of the WP designs and the number of different types of WP design
types which will be required to handle 100% of the anticipated commercial SNF waste stream. The
objective of this evaluation is to determine: 1) the number of different types of WP needed, 2) the
capacity of each WP type, 3) the SNF parameters which provide the limits for each WP type, and
4) provide a reasonable rationale that the selected system of WP types may be capable of disposing
100% of the anticipated commercial SNF waste stream to be shipped to the MGDS repository. This
information will then determine the scope of the WP design efforts and provide goals for
determining the design basis SNF fuel type for thermal, structural, and neutronics/criticality analysis.

The selected design basis WP system configuration is presented in Table 8-1 and the rationale
supporting this selection is provided in Sections 7.2 through 7.7. Note, the 12 PWR assembly WP
‘ type can be designed to accept PWR assemblies with a 1500 W/assembly heat rate or less given a
U total WP heat load limit of 18 KW. This change will not significantly affect the WP coverage for the
WP system reported in Table 8-1 and will provide additional capacity to handle non-standard PWR
SNF assemblies. This is the WP system which is recommended for WP design efforts.

~ Allof the WP types listed in Table 8-1 are requried in order to emplace 100% of the commercial
SNF waste stream in the repository. Thus, all of the objectives of this design analysis have been met.
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Table 8-1 Design Basis WP System Configuration Waste Stream Coverage

ﬁ Case L1-T4-C1 (Sce Section 7.7) Heat Range (W} Criticality Range “ Coverage Range “
WP Types: 10: “ Hmin Hmax k_min k_max “ L % J
21 PWR - no absorber 1 | 0 850 0.00 1.00 137510 1835 26.9 10 40.6%
basc thermal & criticality .

21 PWR - absorber plates 2 0 850 1.00 143 2399 to 3596 53.1% 10 58.1%

criticality - pl

21 PWR - absorber rods (no abs. plates) 3 0 850 1.13 145 11910 257 26%104.1%

criticality - p2 : ’

12 PWR - no absorber 4 850 1370 0.00 1.02 80 10 850 1.0% 0 7.7%

thermal - pl

12 PWR - absorber plates s 0 1370 0.00 1.13 15010 272 19% w0 2.5%

| base South Texas long WP

44 BWR - no absorber 6 0 400 0.00 1.00 €95 10 997 24.6% 10 30.3%

basc therma! & criticality

44 BWR - absorber plates 7 0 400 1.00 - 1.37 1942 10 2704 68.2% t0 74.6%

criticality - bl _Ii
, 24 BWR - thick absorber plates 8 0 520 0.00 1.54 4010 197 08% 10 2.3%

therma! - option bl : . ]

criticality - b2

9, Attachments

Attachments to this design analysis afe summarized in Table 9-1. Each attachment is identified by
a specific number, file name, date of file, and number of pages. '

Table 9-1 List of Attachments

Auachment Description Date Number
Number of Pages
| 1 WPBINOO2 Program source code listing (File Name: WPBINOOA.CPP) 21397 5
i BWR assembly k., data curve fit (File Name: BWRKINF.FIT) 2/19/97 4
m Waste stream data pldts for thermal and criticality pammelérs 220/97 8
(File Name: WADATA.GPH)
v WP system coverage and costs table summarics 22191 21
(File Name: WPCOVER.TBL)
; \/ WPBIN0O2 input/output files stored on magnetic media 2121197 2
N (File Name: WADATA.TPE; sce reference 5.17)
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[S
\-_'/ /*wpbin00z.cpp Program to tabulate statistics according to & standard,

*regular, set of bins, or 2 special set of bins defined by limits on

*a set of records.

*This program uses the verificd routines in for computing assembly

sheat, the object modules for which are incorporated in the link

*command, as described below. .

*The command for compiling only is \msve\bin\ct /c /FPi87 /AH wpbin00a.cpp

*The command for linking is

\msvc\bin\link wpbin00a.obj heatmdh.obj gethtmdh.obj....:
*The executable will be wpbinOOa.exe */

#include <string.h>
#include <stdlibh> .
#include <stdio.h>
#include <math.h>
#include <malloc.h>
#include <string.h>
#include <ctype.h>
#define MAIN
#include “heath”
#idefine YEARS 40
#define CRITS 85
#define BHEATS 100
#definec PHEATS 200
#define MAXBINS 20
#define FIRSTPYR 2010

v int stdhbin(char.ﬂoat).stdcbin(ﬁoat),spcbin(int.char.ﬂoat,float);
float getfloat(char*,int,int);
float mcritsp[CRlTS]:(O).mhntsp[PHEATS]={0).mcuuﬂxp[PHEATS]=[0},
mcumcp[CRITS)={0} ,mcritsb[CRITS}=([0),mheatsb[BHEATS]={0},
meumhb{BHEATS}=(0},mcumcb{CRITS]={0}. ’
mbinsIMAXBINS][YEARS]:
Jong int count=0,ntotalb=0,ntotalp=0,nobins[51=(0});
//Heath; 11 Use this only for Quickwin application
int gctint(char‘,im,int).ncount=0.bincap[MAXBmS];
FILE *ferr;
long int ncritsp{CRIT. S]={0}.nhcatsp[PHEATS]=(0}.ncumhp[PHEATS]={0},
ncumcp[CRlTSP(O).ncritsb[CRlTS]:{0}.nheatsb[BHEATS]=[0}.
ncumhb[BHEATS)={0},ncumcb{CRITS)={0} .assybpyr[YEARS]={0). _
nbins[MAXBmS][YEARS].nPkgSMAXBNS][YBARS].assyppyr[YEARS]={ 0}.
totalassy[MAXBINS}={0});
float minheat(MAXBINS] ;maxheat{MAXBINS],mink[MAXBINS],
maxk['MAXBNS].mmpyr[YEARS]={0}.mobins[5]={0}.
totaimtu[MAXBINS]={0} Jtotalpkg[MAXBINS)={0};
char brectype[MAXBINS];

void main() '
{int iJ.k,ndyr.npyr.yr.m.na.nh,nk,lastpyr=0.timclimit.atypc.
nbinrecs,ndx;
long int gtotalassy=0; .
fioat age,b,heat,w,a,c.cumhea =0,mtupassy.avage=0,
gtotalmtu=0,

U‘
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kinf,cumcrit=0, wiotalb=0,wtotalp=0,youngtotal=0,gtotalpkg=0;
FILE *fout,*find,*finp;
char buffer{300),type.inname[13],outname({13],title[50),mame(15),
subtitle{50],outchar[3}=({"b".p"'s’}s
if ((finp=fopen("wpbin00a.in","r"))}==NULL)

{printf("Can't open input parameter file\n");exit(0);}
fgets(buffer,100,finp); /*readthrough labels*/
fgets(buffer,100,finp); :
sscanf(buffer,”%d %os %s %s %d" &nbinrecs,inname,outname title, &timelimit);
fgets(buffer,100,finp); //readthrough more fabels
for(i=0;i<nbinrecs;i++)

{fgets(buffer,100,finp);

sscanf(buffer,"%c %d %f %f %f %f\n" &brectypelil.&bincaplil,

&minheat{i],&maxheat(i],&mink(i}.&maxk[i]):}
if ((find=fopen(inname,"r"))==NULL) -

{printf("Can't open input data file %s\n"inname);exit(0);}
fout=fopen(outname,”w");
ferr=fopen("junk.out”,"w");
while(fgets(buffer,300,find)!=NULL)

{w=getfloat(buffer,21,10);

b=getfloat(buffer,51,10);

ndyr=getint(buffer,71,8);

npyr=getint(buffer,287 4);

type=tolower(buffer[123]);

na=getint(buffer,31,10);

a=getfloat(buffer,41,10);

stmepy(rname,buffer+1,11);

rname[11]=\0";

if((na>0)&&(npyr<=timelimit)&:&(npyr>0)&&((type=="p Ni(type==b)))

(j=npyr-ndyr;
yr=npyr-FIRSTPYR;
mtupyr{ytl=w;
- if(type=="b")assybpyr{yr}+=na;
clse assyppyrlyr}+=na;
if(j<10)
{fprintf(ferr,"age=%d , mass= %fin"j.w);
youngtotal+=na;}
if(npyr>lastpyr)lastpyr=npyr;
- gvage+=na*j;
JF(>=YEARS)?YEARS-1:j;
=<
mtupassy=w/na;
heat=mtupassy*h.GetHeat((float)j,(type="p"?1 :0),b,2);
c=(j>40)240:(float)j; ,
if(type=="d")
{ntotalb+=na;
wiotalb+=w:}
else
{ntotalp+=na;
wiotalp+=w;]
b/=1000;
if(type=="")
{kinf=.92601-.012598‘b+.l9901‘a+9.49922e—5‘b‘b-.006702‘a“a-.001243*a'b;
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if((kinf>l.4)ﬂ(bd))fprimf(fcrr."Nassy=%d burnup=%.2f kinf=%.3f Enrch=%.2f Dschg=%d %s\n",
na,b.kinf,a,ndyr,mame);}

else
kinf=1.06-.01*b-.002*c+.1

14*a+.00007081*b*b+.00007565*c*c

-.007*a*a-.0002671%b*a-.0001145*b*c+.0002318*c*a+

000009366*b%c*a;
if(nbinrecs==0)
{if(type=="0)

{ncritsb{stdcbin(kinf)}+=na;
nheatsb{stdhbin(type.heat)}+=na;
meritsb[stdcbin(kinf)}+=w;
mheatsb{stdhbin(type.heat)}+=w:}

clse

{ncritsplstdcbin(kinf)}+=ns;

nheatsp[stdhbin(type,heat)}+=na;
meritsp[stdcbin(kinf)l+=w;
mheatsp{stdhbin(type,heat)]+=w;}}

else

{if(strcmp(rname,"SOUTH TEXAS")==0) type="s";
ndx:spcbin(nbinrecs.typc,heat.kinf);

nbins[ndx}{yr}+=n2;
mbins[ndx}[yr}+=w:}}}

printf("Total assy %1d Avg age %f MTU B %f MTU P %f Final yr %d\n",
ntotalp+ntota|b,avagcl(motalp+motalb).wtotalb,motalp.Iastpyr);

fprimf(fout.'%s\n'.titlc);

if(nbinrecs==0) strcpy(subtitle,”Standard Table");
clse sprintf(subtitle,"%d 6s" nbinrecs,"Bins");

fpxintf(fout.'%s\n".subtitle);
if(nbinrecs==0)
{ncumhb[0)=nheatsb{0};

for(i=1;i<BHEATS;i++) ncumhb{i}=nheatsb{i]+ncumhbfi-1];
fprintf(fout,"\n\nBWR Heat Percentiles\n™); ’
fprintf(fout,"%10s %10s %10s %10s\n",
"Watts/Assy",” Assy","Cum Assy”,"Percent™);
for(i=0;i<BHEATS-1;i++) fprintf(fout,"%10d %101d %10ld 6:10.2f\n",
(i+1)*10,nheatsbli] .ncumhblil,(floatyncumhbli)* 100/ntotaldb);
fprintf(fout,"%10s %10id %101d %10.2f\n",
»Above",nheatsb[BHEATS-1],ncumhb[BHEATS-1],
(float)ncumhb[BHEATS-1]* 100/ntotalb);
fprintf(fout,"\n\nBWR Kinf Percentiles\n™);
fprintf(fout."%12s %12s %12s %12s\n","  Kinf"," Assy".” CumAssy”, "Percent™);

ncumcb[0}=ncritsb{0);

for(i=1:;i<CRITS;i++) ncumcb[i]:ncritsb[i]+ncumcb[i-ll;

for(i=0;i<CRITS-1;i++)
{kinf=((float)i+1+75)100;

fprintf(fout,"%12.3f %12id 651214 %12.2f\n" kinf,ncritsb[i],
ncumeb(i).(float)ncumcbfi)* 100/ntotalb); }
fprintf(fout,"% 12s %121d 61214 %12.2f\n"," Above" ,ncritsb{CRITS-1].
ncumcb{CRITS-1 1.(float)ncumcb{CRITS-1]* 100/ntotalb);

ncumhp(0)=nheatsp[0};

for(i=);i<PHEATS;i++) ncumhp[i]=nhcatsp[i]+ncumhp[i-l]'.
fprintf(fout,'\n\nPWR Heat Percentiles\n™);
fprintf(fout,”%10s %10s %10s %10s\n",



Feb 13 08:01 1997 File Name: wpbinOCa.cpp . EBAA00000-01717-0200-00017 REVOOD  ATTACHMENT | - Page &

\_j\, "Watts/Assy"," Assy”,"Cum Assy","Percent”);
for(i=0;i<PHEATS-1;i++) fprintf(fout,"%10d %10ld %10ld %10.2f\n",
(i+1)*10,nheatspli),ncumhp(i).(float)ncumhpli]* 100/ntotalp):
fprintf(fout,"%10s %10ld %101d %10.2\n",
*Above”,nheatsp[PHEATS-1].ncumhp{PHEATS-1],
(float)ncumhp[PHEATS-1]*100/ntotalp);
fprintf(fout,"\n\nPWR Kinf Percentiles\n");
fprintf(fout,"%12s %12s %12s %12s\n","  Kinf",”  Assy",” CumAssy”, "Percent™);
ncumep{0J=ncritsp[0]; .
for(i=1:i<CRITS;i++) ncumcp(i)=ncritspli]+ncumcp[i-1}:
for(i=0;i<CRITS-1:i++)
{kinf=((float)i+1+75)/100; ,
fprintf(fout,”%12.3f %121d %121d %12.2fin" kinf,ncritsp(i).
ncumepfi),(float)ncumcp(i]* 100/ntotalp);}
fprintf(fout,"% 12s %121d %12id %12.2f\n","Above" ncritsp[CRITS-1].
ncumcp[CRITS-1},(float)ncumcp[CRITS-1]* 100/ntotalp);
fprintf(fout, \n\n%10s%10s%10s%10s\a","Year","MTU","B Assy","P Assy™);
for(i=0;i<=timelimit-FIRSTPYR;i++) fprintf(fout,"%10d%10.2f% 10ld % 10ld\n",
i+FIRSTPYR,mtupyr{il,assybpyr{i).assyppyrlil):
fprintf(fout,"\n\nAverage age = %7.3Mn" avage/(ntotalb+ntotalp)): }
else
{for(i=Osi<nbinrecs;i++) .
{ fprintf{fout,\n\n\nType=%c Cap=%d Hmin=%.1f Hmax="%.1f Kmin=%.2f Kmax=%.2f\n\n",
brectypc[i].bincap[i].minhcat[i].maxheat[i].mink[i].maxk[i]):
fprintf(fout,"5%125%12s% 125%12s\n","Year","Num_Assy","Num_Pkgs","MTU");
for(j=0;j<=lastpyr-FIRSTPYR jj++) ‘
{totalassy(i]+=nbins[i)[j];
[ ‘ . totalmtu[i]+=mbins[i)[j};
k\/ totalpkgfi}+=(floatynbins(i][/bincap[il; -
fprintf(fout.'%lZd%lZld%l2.2f%12.2fm".j+FIRS'l'PYR.nbins[i][j].
(float)nbins[i](j)/bincapli],mbins[i](j]):)
gtotalassy+=totalassyli];
.gotalpkg+=totalpkglil;
gtotalmtu+=totalmtuli);
fprintf(fout,\n%12s%121d%12.2f%12.2f\n", :
*Bin Total" totalassy[i],totalpkgli).totalmtufil):}
for(i=0;i<3;i++) .
{for(j=0;j<=timelimit-FIRSTPYR;j++) nobins[i]+=nbins[nbinrecs+i}{j};
for(j=0;j<=timelimit-FIRSTPYR j++) mobins{i]+=mbins[nbinrecs+i](j]:
glotalassy+=nobins[i]; -
glotalmtu+=mobins[i);)
fprintf(fout,"\n\nSummary Table\n");
fprintf(fout,"%10s%10s%10s% 10s% 105 % 10s\n","Type"." p","Num_Assy",
"PctType”,"Num_Pkg","MTU"); :
for(i=0;i<nbinrecs;i++) ) ,
fprintf(fout,”5%10c%104% 101d%10.2f%10.2f%10.2f\n" brectypelil.
bincaplil.totalassy]i], '
(float)totalassy[i}* 100/(brectypefi}=="b""ntotalb:ntotalp),
totalpkgl[i).totalmtufi]);
for(i=0;i<3;i++) ” :
fprintf(fout,”%10c%10d%101d%10.2f%10.2f%10.2f\n" outchar{i],
1,nobins[i].(float)nobins[i]* 100/(i==0Tntotalb:ntotalp).
N ' (float)nobins{i},mobins[i]):
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fprintf(fout,"\n% 10s%:201d%20.2f%10.2f\n","Totals" gtotalassy,
gtotalpkg,gtotalmtu);}

-printf("Donc \n");)

int stdhbin(char t, fioat ht)

{intn;

n=ht/10;

if((10*n-ht)==0)n--;

if(n<0) n=0;

else
(if (t=="1" if(n>BHEATS-1) n=BHEATS-1;
clse if(n>PHEATS-1) n=PHEATS-1 i}

return n;} .

int stdcbin(float k)

{intn;
n=(int}(100*k-75);
if((100*k-75-n)==0)n—;

if(n<0) n=0; -

else if(n>CRITS-1) n=CRITS-1;
return n;)

int spcbin(int num,char t.float ht, float k)
{int found=0,i=0;
while((found==0)&&(i<num))
{if((brectypeli}==t)&&:
01t>minhcat[i])&&(ht<=maxheat[i])&&
(> mink[il)&& (k<=maxk[i])) found=1;

i++)

if(found==1)return(i-1);

elsc
{fprintf(ferr,"No bin for %e %f %fin” tht k),
if(t=="p) num++; /Mdefault adds 0 for t=="'
else if(1=="s") num+=2;
return num;} }

float getfloat(char* string, int start, int length)

{char temp[20];

int ij:

for(i=start;i<start+length;i++) templi-star()}=string(i};
templlength]=\0';

return(atof(temp));)

int getint(char* string, int start, int length)

{char temp[20}: .

intij; . :
for(i=start;icstart+lengthii++) templi-start)=string(i});
temp(length}=\0’;

return(atoi{temp)):}

ATTACHMENT 1 - Page 5
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M BWR Kinf Curve Versus Initiat U235 Enrichment
Assembly | Lattice Lattice | Lattice Lattice Lattice Lattice
Average | Average | Average | Average ; Average | Average | Average
Burnup | Initial E; | Initial E: | Initial E: | Initial E: | Initial E: | Initial E: _
—IOWAMTU 2.00% | 2.50% | 5.00% | 350% | 4.00% | 450% | . &hp. wedlecheed
0 1.072 | 1122 | 1469 | 1205 | 1.242 | 1.279 7
5 . 1.131 1.186 1229 | 1.265 1.301 1.338 [esp€ |
7.5 1.165 1.218 1.257 1.297 1.334 1368 |
|85 | 1.168 I D
10 1148 | 1235 | 1263 ) 1.333 ] 1.386 | 1.398 [ ; ~
125 1.122 1.202 1.270 1.347 1.389 J _1.426 | B
15 1.094 1.173 1.241 1.310 1.381 1.433 J
17.5 1.061 1.140 1.208 1.277 1.348 1.401 . _
20 1.034 1.108 1.173 1.240 1.311 1.365 _ Jﬁg 6”&05
25 0.682 1105 | 1.114 1177 1.242 1200 | | . f
30 | 0.827 | 0995 | 1.054 | 1.195 | 1.478 | 1225 | Lﬂ'l. v fedje
35 0.882 0.945 1.000 1.056 1.114 1.157
40 0.845 0.904 | 0.955 1.007 1.061 1.100 |
45 0.809 0.866 0.915 0.965 1.017 1.055
50 0.782 0.835 0.880 0.927 0.975 1.010
55 0.754 0.806 0.850 0.895 0.942 0.676
60 0.781 0.828 0.868 0.911 0.842
’ _) Notes:
* 1) Curves are bounding with regard to assembly array and Gd203/U loading. |
u 2) Curves are for time of discharge; use is conservative with if no cooling time is applied.

— 3) All values are based upon Holtec, Siemens, and ATEA rack designs for GE and Siemens
BWR Fuel assmebly designs_(i.e., from NRC license submittal data). |

4) Gd bumout for_all designs is in the 7.5 to 15 GWd/MTU burnup range, which is the

designed end of first cycle. Any item to the left of the curve peak will need a GD penalty applied.
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{
BWR Kinf Curve Versus nilial UZ38 Envichment | _ . ] P “!éﬁ
1 Oata . {7¢€3- S 5.%351,:51‘I Fit ll‘&w . tl |
Assembly Lattice | Lattice ; Latice : Lamice | Latce | Lattice | Lattice | Lattice | lattice | Latlice Lattice ; Lattice
Average Average = Average - Average * Average ! Average | Average | Average VAverage | Average | Average | Average ! Average
Bumup Initial E: | Initial £: , kwtial E: ¢ Initial E: | Initial €: | Initial E: | Initiat E: initial E: ! Initial E: | Initial E: | Initiat E: ) Initia! E:
GWIMTU 2.00% | 2.50% . 3.00% ' 3.50% ; 4.00% | 4.50% 2.00 250 | 3.00 3.50 4.00 4.50
0 1.07 192} 117 121 1.24 128 130 | 138 ; 146 : 154 1.61 16 1 6 )La,
5 1.13 1.19 .1.23 1.27 1,30 1.34 1.22 1.31 1.38 1.46 1.53 1.60 1
7.5 1.17 122 1.26 1.30 1.33 137 1.19 1.27 1.35 1.42 1.49 1.55 {S"""’ rY
[ 117 ) 1.18 1.26 133 ] 140 147 154 | £
10 114 128 | 128 133 | 137 1.40 1.18 23 1.31 1.38 145 | 151 | <
125 11 120 | 127 | 135 | L% 1.43 132 | 120 | 127 T3 | 141 147 )
15 09 i 117 1 1.24 L1 i 138 | 149 100 | 197 | 124 1.31 1.37 143 1 &
17.5 1688 : 114 ] 128 ; 13§ 1.40 106 | 114 1.21 1.27 134 | 140
20 X 147 | 124 1M 137 103 111 147 124 1.3 1.35 Err
25 0.98 it K1 1.24 1.29 0.8 1.05 1.1 1.18 1.23 1.29 ! .
30 3 ] 100 | 108 | 142 123 | o0e3s T 100 { 106 | 132 | 147 | 123 ,e,,gg_
35 0.23 [EH 1.00 1.06 i1 1136 0.89 0.95 1.04 1.06 1.12 117
40 [XT 080 [XT 101 1.06 140 0.85 0.91 0.98 1.01 1.06 .41
45 [X1 087 082 097 102 1.06 0.81 0.87 0.92 0.97 1.02 1.06
S0 H 4 0.8 093 .98 101 0.78 0.83 0.88 0.83 0.87 1,01
55 075 | 081 | 0.8S 0.89 054 0.9¢ 0.75 0.81 0.85 0.80 0.64 0.67
60 0.78 083 0.87 091 0.94 0.73 0.78 0.83 0.87 0.80 0.84
Notes: .
1) Curves are bounding with regard to assembly array and Gd203/U Loading. 1
2) Curves are for ime of discharge; Use Is conservative with if no cocling time is applied :
3) Al values are based upon Holtec, Siemens, and ATEA rack designs for GE and Siemens |
BWR Fuel assmebly designs. (.e.. from NRC ficense submittal data.) |{ | :
4) Gd burnout for ail designs is in the 7.5 10 15 GWd/MTU bumup range. which is the i
cesigned end of first cycle. Any ilem lo the left of the curve peak will need & GD penalty applied.
| | | I I i
1]
d BWR kinf Regrassicn vs. Data ,4 {ﬁ’ 64@,’(,/5¢-¢:ng4,
'] > .
0, fered e 15 Seme 4J 4 e '
[ i 6029 fersdTy 1 '7'. y
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SUMMARY OUTPUT Valid Ranges L
EC%)  |B(GWJMIU) |LineFit N\

Regression Statislics 2 85 838 | AT ol s
IMultiple R 0.698732335 25 10 860 / . . bosa o
R Square 0.697466278 3 10 1081 7 CFa')
Adjusted R Square | 0.997279975 35 125 1202 \ o
Standard Error 0.005203081 4 12.5 1324; \ I*"7]
Observations 74 45 15 1445, \ 1

3 18.10
ANOVA 1 — 5.5
ar S _MS F Significance F
Regression T 5| 2.267329287] 0.453465857| 5353.957068! 6.38061E-87
Residual 68| 0.005756375] 6.46967E-05
Total ~ 73| 2.273088662
%) Coefiicients | Standard Error t Stat ~ P-value Lower 85% | Upper 95%
Intercept 0.626009985] 0.018624601] 49.7197212] 3.39213E-55| 0.888845193] 0.963174776
B L) -0.012567677| 0.000405262] -31.08372994; 6.4149SE-42! -0.013406404] -0.01178895
E 7o) 0.199007602] 0.011289601] 17.62752225] 4.65399E-27! 0.176479658; 0.221535727
B ~ 0.40922E-05| 5.35048E-06] 17.72083358| 3.46248E-27| 8.42955E-05| 0.000105689
E -0.006702232] 0.001751041] -3.627570527| 0.000284176! -0.010186378; -0.003208087
BE -0.001243395] 8.5372E-05| -14.56443332| 1.37392E-22; -0.001413752; -0.001073038
SUMMARY OUTPUT |Line Fit for Lower Bumnup Limit as a Function of Enrichment

— — ’ _—Y

Regression Statistics /! 7] Sn71oTiesS ntitere . )
Muttiple R 0.965016432 \ [

R Square 0.531256713 2L Z  Good T Ereellent (urve_ A
Adjusted R Square 0.914070892 ) N ~
Standard Error 0.690065559 [/ AT | 76 7hel T | fornlS.
Observations 6 { 4
- . ‘
ANOVA Bl
dof SS i MS F | Significance F
Regression 1] 25.80357143; 25.80357143 54.1875; 0.001814368
Residual 4] 1.804761905] 0.476190476
Total 5; 27.70833333 » i
]
Coefiicients | Standard Error t Stat P-value Lower 95% | Upper 95%

intercept 3.523800524] 1.108613974| 3.176572169; 0.033581044] 0.445787307] 6.601821741
X Variable 1 2.428571429) 0.32001444;, 7.361215032; 0.001814368: 1.512580201! 3.344562657

] 1 | | | | :

-
r—3

by
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&%f‘ﬁdf Knn( e(,abﬁorz,.’
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Case L1-T1-Cl Heat Range (W) || Criticality Range || W2 (YFF10-63) | W3 (YFF10-63) W5 (OFF-63) | W8 (YFF10-87)
WP Types: iD: || Hmin | Hmax | k.min | k.max | # % # % # % # %
21 PWR - no absorber 1 0 900 0.00 1.00 1518 33.6% 1437 31.8% 1853 41.0% 1788 28.5%
base thermal & criticality
21 PWR - absorber plates 2 0 900 1.00 1.13 2644 | 584% | 2613 | 57.8% | 2401 53.1% | 3637 | 58.0%
criticality option pl
21 PWR - absorber rods 3 0 900 1.13 1.45 119 2.6% 186 4.1% 153 34% 257 41%
criticality - option p2
12 PWR - no absorber 4 900 1030 0.00 1.02 265 33% 347 4.4% 44 06% 502 4.6%
thermal - option pl
10 PWR (derated 12) - no absorber 5 1030 1370 0.00 1.02 13 0.1% 0 0.0% 0 0.0% 153 1.2%
thermal - option p2
12 PWR - absorber plates 6 0 1030 0.00 1.13 150 1.9% 150 1.9% 150 1.9% 237 22%
base South Texas long WP
| PWR - (STx) All All 0o 0.0% 0 0.0% 7 0.0% 2107 1.6%
Leftover assemblies not binned (1] [(©) (@) (655)
44 BWR - no abosrber 7 0 400 0.00 1.00 695 24.6% 863 30.3% 772 27.2% 997 26.2%
base thermal & criticality
44 BWR - absorber plates 8 0 400 1.00 1.37 2103 | 14.6% 1942 68.2% 2029 71.4% 2704 71.0%
criticality - option bl
24 BWR - thick absorber plates 9 0 520 0.00 1.54 40 0.83% 81 1.5% 6 1.4% 197 2.8%
thermal - option bl
criticality - option b2
1 BWR All All 0 00% 0 0.0% 0 0.0% 0 0.0%
Leftover assemblics not binned

$3.163B Ave. $2.878B $2.887B $2.859B $4.029B

Total WP Production Cosls:

193°Jan0adn zaueN d14d 2661 20°LL L2 QR4

00A3Y 21000-0020-41210-00000YVEd

- Al IN3WHDVLLY

| efed
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Case L1-T1-C2 Heat Range (W) || Criticality Range || W2 (YFF10-63) W3 (YFF10-63) | W5 (OFF-63) WB (YFF10-87)
e WP Types o: || Hmin | Hmax k.min | k,max # % # Y% # %o # Yo

21 PWR - absorber plates 1 [\] 900 0.00 1.13 4162 | 92.0% | 4050 | 89.6% 4254 | 94.2% | 5425 | 864%

base thermal & criticality

21 PWR - absorber rods 2 0 900 1.13 145 119 2.6% 186 4.1% 153 34% 257 4.1%

criticality - option pl

12 PWR - absosber plates 3 900 1030 0.00 .15 265 33% 347 4.4% 44 0.6% 559 5.1%

thermal - option pl

10 PWR (derated 12) - abs. plates 4 1030 1370 0.00 1.15 13 0.1% 0 0.0% 0 0.0% 189 1.4%

thermal - option p2

12 PWR - absorber plates s 0 1030 0.00 1.13 150 1.9% 150 1.9% 150 19% 237 2.2%

base South Texas long WP

1 PWR - (STx) All All 0 0.0% 0 0.0% 7 0.0% 1060 0.8%

Leftover assemblies not binned [0)] (V) (0] (655)

44 BWR - abostber plates 6 0 400 0.00 1.37 2797 99.2% 2804 98.5% 2801 98.6% 3700 97.2%

base thermal & criticality

24 BWR - thick absorber plates 7 0 520 0.00 1.54 40 0.8% 81 1.5% 76 1.4% 197 2.8%

thermal & criticality - option bl

1 BWR All All 0 0.0% 0 0.0% 0 0.0% ¢ 00%

Leftover assemblies not binned

Total WP Production Costs: $3.365B Ave. $3.060B $3.083B $3.068B $4.249B

1q1-JanoddM cauweN 314 2661 20°L L2 44
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Case L1-T1-C3 Heat Range (W) || Criticality Range || W2 (YFF10-63) | W3 (YFFI0-63) | W5 (OFF-63) | W8 (YFFI0-87)
WP Types: : | Hmin { Hmax {| kumin | k.max # % # % # % # Yo
21 PWR - no absorber 1 0 900 0.00 1.00 1518 | 33.6% 1437 | 31.8% 1853 | 41.0% 1788 | 28.5%
base thermal & criticality

21 PWR - absorber rods 2 0 200 1.00 145 2763 | 61.1% | 2799 | 61.9% | 2554 | 56.5% | 38%4 62.0%
criticality - option pl

12 PWR - no absorber 3 900 1030 0.00 1.02 265 3.3% 347 4.4% 44 0.6% 502 4.6%
thermal - option pl

10 PWR (derated 12) - no absorber 4 1030 1370 0.00 1.02 13 0.1% 0 0.0% 0 0.0% 153 1.2%
thermal - option p2

12 PWR - no absorber 5 Q 1030 0.00 1.00 89 1.1% 96 1.2% 93 1.2% 111 1.0%
base South Texas long WP

12 PWR - absorber rods 6 0 1030 1.00 1.45 62 08% 55 0.7% 58 0.7% 141 1.3%
South Texas long WP - option p!

1 PWR -(§Tx) All All 0 0.0% 0 0.0% 0 0.0% 1940 1.5%
Leftover assemblies not binned (D] (0) ()] (488)

44 BWR - no abosrber 7 0 400 0.00 1.00 695 24.6% 863 30.3% 772 27.2% 997 26.2%
base thermal & criticality

24 BWR - thick absorber plates 8 0 520 0.00 1.54 3895 | 75.4% | 3640 | 69.7% | 3794 | 72.8% | S5I53 73.8%
thermal & criticality - option b

1 BWR All All 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Leftover assemblics not binned

Total WP Production Costs: $3.805B Ave. $3.487B $3.464B $3.430B $4.838B

1q3°J9A00dN SURN @14 L4661 20°LL L2 9
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Case L1-T2-C1 Heat Range (W) || Criticality Range {| W2 (YFF10-63) | W3 (YFF10-63) W5 (OFF-63) | W8 (YFF10-87)
WP Types: Hmnin | Hmax || kmin | komax | # % # % | # % # %
21 PWR - no absorber 0 900 0.00 1.00 1518 33.6% 1437 31.8% 1853 41.0% 1788 28.5%
base thermal & criticality

21 PWR - absorber plates 0 900 1.00 1.13 2644 58.4% 2613 57.8% 2401 53.1% 3637 58.0%
criticality - option p!

2] PWR - absorber rods 0 900 113 1.45 119 2.6% 186 4.1% 153 34% 257 4.1%
criticality - option p2

12 PWR - no absorber 900 1370 0.00 1.02 276 3.5% 347 44% 44 0.6% 629 57%
thermal - option p!

12 PWR - absorber plates 0 1370 0.00 [.13 150 1.9% 150 1.9% 150 1.9% 212 2.5%
base South Texas long WP

1 PWR - (STx) All All 0 0.0% 0 0.0% 7 0.0% 1694 1.3%
Lefiover assemblies not binned [(1)] [(1)] (02] (242)

44 BWR - no abosrber 0 400 0.00 1.00 695 24.6% 863 30.3% m 21.2% 997 26.2%
base thermal & criticality

44 BWR - absorber plates 0 400 1.00 1.37 2103 74.6% 1942 68.2% 2029 71.4% 2704 71.0%
criticality - option bl

24 BWR - thick absorber plates ] 520 0.00 1.54 40 0.8% 81 1.5% 76 1.4% 197 2.8%
thermal - option bl

criticality - option b2

1 BWR All Al 0 0.0% 0 0.0% 0 0.0% V] 0.0%
Leftover assemblies not binned
Total WP Production Costs: $3.101B Ave. $2.867B $2.877B $2.657B $4.002B

1037 J3A00GN TIWRN 184 2641 20%LL L2 q34
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Case L1-T2-C2 Heat Range (W) Criticality Range [} W2 (YFF10-63) | W3 (YFF10-63) | W5 (OFF-63) W8 (YFF10-87)
WP Types: D: | Hmin | Hmax [ k.min k_max # % # %o # % # %
21 PWR - absorber plates 0 900 0.00 1.13 4162 | 920% | 4050 | 80.6% | 4254 | 94.2% | 5425 86.4%
base thermal & criticality

21 PWR - absorber rods (] 900 1.13 1.45 119 2.6% 186 4.1% 153 3.4% 257 4.1%
criticality - option pl

12 PWR - absorber plates 500 1370 0.00 1.15 276 35% 347 4.4% 44 0.6% 716 6.5%
thermal - option p!l

12 PWR - absorber plates 4] 1370 0.00 1.13 150 1.9% 150 1.9% 150 1.9% 272 25%
base South Texas fong WP

I PWR - (STx) All All ] 0.0% 0 0.0% 7 0.0% 647 0.5%
Leftover assemblies not binned 0 0} (€3] (242)

44 BWR - abosrber plates 0 400 0.00 1.37 2797 | 99.2% | 2804 | 98.5% | 2801 98.6% | 3700 | 97.2%
base thermal & criticality

24 BWR - thick absorber plates 0 520 0.00 1.54 40 0.8% 81 1.5% 76 14% 197 2.8%
thermal & criticality - option b1

1 BWR All Fa| 0 0.0% [4] 0.0% 0 0.0% 0 0.0%
Leftover assemblies not binned

Total WP Production Costs: $3.350B Ave. $3.050B $3.073B $3.058B $4.220B

193 Jenoock 30BN 3114 2661 20311 L2 A
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Case L1-T2-C3 HeatRange (W) || Criticality Range || W2 (YFF10-63) | W3 (YFF10-63) W5 (OFF-63) | W8 (YFF10-87)
WP Types: ID: || Hmin | Hmax k_min | k.max # %o # % # % # %
21 PWR - no absorber 1 0 900 0.00 1.00 1518 | 33.6% 1437 | 31.8% 1853 | 41.0% 1788 | 28.5%
base thermal & criticality -

21 PWR - absorber rods 2 0 900 1.00 145 2763 | 61.1% | 2799 | 61.9% | 2554 56.5% 3894 | 62.0%
criticality - option pl

12 PWR - no absorber 3 900 1370 0.00 1.02 276 3.5% 347 4.4% 44 0.6% 629 5.7%
thermal - option p!t

12 PWR - no absorber 4 0 1370 0.00 1.00 89 1.1% 96 1.2% 93 12% 126 1.2%
base South Texas long WP

12 PWR - absorber rods 5 0 1370 1.00 145 62 1 0s8% 55 0.7% 58 0.7% 160 1.5%
South Texas long WP - option p1

1 PWR - (STx) All All 0 0.0% 0 0.0% 0 0.0% 1527 12%
Leftover assemblies not binned ()] {0) (0) (75)

44 BWR - no abosrber [3 0 400 0.00 1.00 695 24.6% 863 30.3% 772 27.2% 997" | 26.2%
base thermal & criticality

24 BWR - thick absorber plates 7 0 520 0.00 1.54 1895 | 754% | 3640 | 69.7% | 3794 728% | 5153 | 73.8%
thermal & criticality - option bl

1 BWR All All 1] 0.0% 0 00% 4] 0.0% 0 0.0%
Leftover assemblies not binned

Total WP Production Costs: $3.791B Ave. $3477B $3.454B $3.420B $4.812B
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Case L1-T3-C1 Heat Range (W) || Criticulity Range || W2 (YPF10-63) | W3 (YFF10-63) | W5 (OFF-63) | W8 (YFF10-87)
WP Types: D: | Hmin | Hmax || komin | k.max § # % # % # % # %
21 PWR - no absorber 4] 850 0.00 1.00 1458 | 32.2% 1375 30.4% 1835 | 40.6% 1686 | 26.9%
base thermal & criticality

21 PWR - absorber plates 0 850 1.00 1.13 2630 | S8.1% | 2599 | 57.5% | 2399 | 53.1% | 3596 | 57.3%
criticality - option pl

21 PWR - absorber rods 0 850 1.13 145 119 2.6% 186 4.1% 153 34% 257 4.1%
criticality - option p2

12 PWR - no absorber 850 1030 0.00 1.02 388 4.9% 479 6.1% 30 1.0% 723 6.6%
thermal - option pl

10 PWR (derated 12) - no absorber 1030 1370 0.00 1.02 i3 0.1% 0 0.0% 0 0.0% 153 1.2%
thermal - option p2

12 PWR - absorber plutes 0 1030 0.00 L13 150 1.9% 150 1.9% 150 1.9% 237 2.2%
base South Texas long WP

| PWR - (STx) All All 73 0.1% 28 0.0% 7 0.0% 2464 1.9%
Leftover assemblies not binned (0) ()] (@) (655)

44 BWR - no abosrber 0 400 0.00 1.00 695 24.6% 863 30.3% 172 27.2% 997 26.2%
base thermal & criticality

44 BWR - absorber plates 0 400 1.00 1.37 2103 | 74.6% 1942 | 68.2% | 2029 | 71.4% | 2704 | 71.0%
criticality - option bl

24 BWR - thick absorber plates [1] 520 0.00 1.54 40 0.8% 81 1.5% 76 1.4% 197 2.8%
thermal - option b1

criticality - option b2

I BWR All All 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Leftover assemblies not binned .

Total WP Production Costs: $3.171B Ave. $2.884B $2.892B $2.860B $4.047B
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1. Purpose

The purpose of this analysis is to evaluate the transient behavior and consequences of a worst case
criticality event involving intact pressurized water reactor (PWR) spent nuclear fuel (SNF) in a
degraded basket configuration inside a 21 PWR assembly waste package (WP). The objective of this
analysis is to demonstrate that the consequences of a worst case criticality event involving intact
PWR SNF are insignificant in their effect on the overall radioisotopic inventory in a WP.

2. Quality Assurance

The Quality Assurance (QA) program appli& to this analysis. The work reported in this document

is part of the preliminary waste package (WP) design analysis that will eventually support the . -

License Application Design phase. This activity, when appropriately confirmed, can impact the

proper functioning of the Mined Geologic Disposal System (MGDS) waste package: the waste

package has been identified as an MGDS Q-List item important to safety and waste isolation

(Ref. 5.1, pp. 4, 15). The waste package is on the Q-List by direct inclusion by the Department of
Energy (DOE), without conducting a QAP-2-3 Classification of Permanent Items evaluation. The

responsible manager for the Waste Package Development Department has evaluated this activity in

accordance with QAP-2-0, Conduct of Activities. The Perform Criticality, Thermal, Structural, and
Shielding Analyses (Ref. 5.2) activity evaluation has determined that work associated with the

commercial SNF waste package design task is subject to Quality Assurance Requirements and
Description (QARD) (Ref. 5.3) requirements. As specified in NLP-3-18, Documentation of QA

Controls on Drawings, Specifications, Design Analyses, and Technical Documents, this activity is

subject to QA controls. :

Design inputs whicki are identified in this document are for the preliminary stage of the WP design
process; all of these design inputs will require subsequent confirmation (or superseding inputs) as
the waste package design proceeds. Consequently, use of any data from this analysis for input into
documents supporting construction, fabrication, or procurement is required to be controlied as “to
" be.verified” (TBV) in accordance with the appropriate procedures.

3. Method

An internal WP criticality is modeled in a manner analogous to transient phenomena in a nuclear
reactor core. The light water reactor (LWR) transient analysis code, RELAPS/MOD3 (Ref. 5.4), is
used to calculate the time evolution of the power level and other characteristics of a criticality
involving PWR SNF. Reactivity tables based on changes in k.4 from a baseline configuration must
be included in the RELAPS input. The Monte Carlo N-Particle computer program, MCNP4A
(Ref. 5.5), is used to calculate a baseline k., for criticality safety evaluations and to determine the
change in reactivity from one configuration to another. MCNP4A docs not have an associated cross
section library with sufficient temperature dependent data to calculate the reactivity changes
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associated with fuel and moderator temperature changes required for this analysis. The SAS2H
sequence of SCALE4.3 (Ref. 5.10) does have the necessary cross sections. SAS2H employs a one-
dimensional (1-D) assembly-cell discrete-ordinates technique (XSDRNPM) for calculation of the
multiplication factor (k) for a configuration. A correction for finite dimensions can be made
through use of various buckling terms. Initially, infinite MCNP cases were run with which to
compare the results from infinite SAS2H cases in order to develop the appropriate SAS2H model
to match MCNP results. Corrections were then made to the SAS2H model to account for finite
dimensions using the appropriate buckling terms for inclusion in the models based on the baseline
MCNP finite case. The resulting SAS2H mode] incorporating the buckling terms is then used for
calculating temperature and density reactivity effects. The reactivity changes calculated by
MCNP4A and SAS2H are used as input to RELAPS to track the transient behavior of a criticality.
The ORIGEN-S program in the SCALE4.3 code package is used to calculate the changes to the
radioisotopic inventory as a result of the analyzed criticality events.

4. Design Inputs
4.1 Design Parameters
4.1.1 Spent Fuel Assembly Parameters

The fuel assembly which this calculation is based upon is the B&W 15X 15 fuel assembly. The
mechanical parametérs for this assembly type are shown in Table 4.1-1. Note that inches are
converted to centimeters exactly (2.54 cm/in.); this is not an indication of tolerance (accuracy), but
is done for consistency between calculations using English and metric units. The theoretical density
of natural UO, is 10.96 g/cm® (Ref. 5.10, Table M8.2.1). This information represents B&W fuel
assembly dimensions prior to irradiation and is considered qualified data. )

Table 4.1-1. Mechanical Parameters of B&W 15X15 Fuel Assembly

: . Radius
Parameter : Value | Units | Metric Units {cm) Reference
Fuel Rods 208] /assbly 208] /assbly - 5.7,.p.2.1.2.2-6
Fuel Rods on a Lattice Side 1§ /side 15] /side - 5.7.p.2.1.2.2-6
Guide Tubes 1§ Jassbly 16 /fassbly - 5.7.p.2.1.22-6
Instrumentation Tubes Il fassbly 1) /assbly - 57.p.2.1.2.2-6
Total Guide + Instrument Tubes 17} /assbly 17} /assbly - -
Clad/Tube Material Zirc-4 Zirc-4 - 57,p.2.1.2.2-6
Fuel Pellet OD 0.3686] inches | 0.936244] cm 0468122 | 5.7,p.2.1.2.2-6
Fue] Stack Height ‘ 141.8] inches | 360.172f cm - 5.7.p.2.12.2-6
Fuel Assembly Height . 165.625 inches | 420.6875 cm - 5.8.p. 2A-8
Mass of U 1023 1b 464 kg - 5.8.p.2A-8
Mass of UO, 1160.64 1b 52638 kg -
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Table 4.1-1, Mechanical Parameters of B&W 15X15 Fuel Assembly

Radius _
Parameter Value | Units | Metric Units {cm) Reference
Percent of Theoretica! Density 95| % o5l % - -] _57.p21226
Fuel Clad OD ’ 0.430 inches 1.0924 em - | 0.5461 57.p.2.1.2.2-6
Clad Thickness 0.0269 inches | 0.06731] cm - 5.7, p.2.1.2.2-6
Fuel Clad ID’ 0.377] inches | 0.95758] cm 047879 -
| Fuel Rod Pitch 0.568] inches 1.44272 cm - 5.7,p.2.1.2.2-6
Guide Tube OD 0.530) inches 1.3462 cm 0.6731 5.7,p.2.1.2.2-6
Guide Tube Thickness 0.01€ inches |- 0.04064] cm - $.7.p.2.1.22-6
Guide Tube ID* 0.498] inches | 1.26492] cm 0.63246 -
Instrumentation Tube OD 0.493] inches | 1.25222] cm 0.62611 §.7,p.2.1.2.2-6
Fuel Assembly Envelope 8.53¢ inches | 21.68144 cm - 5.7.p.21.226
Displaced Volume per Fuel Assembly |~ 4927 inches’ 081 m’ - 5.9, p. 1-3.698

> The inner diameters (IDs) above are calculated by subtracting 2 X thickness from the outer dizmeter (OD)..
4.1.2 Intact Waste Package Geometry Parameters

The intact waste package geometry parameters used for this analysis are listed in Table 4.1-2 below.
These are considered unqualified TBV information, as other WPD QAP-3-9 analyses being
performed in parallel may result in design changes not reflected in these parameter values. Minor
dimensional revisions from the listed valus, if incorporated in the computational models used in this
analysis, will have an insignificant effect on results from this analysis.

. Table 4.1-2. Intact WP Dimensions

Component Dimension Reference

Outer barrier length (skirt edge 10 skirt edge) 5335cm " S.11,p.1-18
Outer barrier skirt length (both ends) 225cm 5.11,p.1-18
Outer barrier lid thickness 11.0cm 5.11,p.1-18
Outer barrier inner radii 73.1cm 5.12,p.8

Outer barrier outer radii . 83.1 cm 512,p.8

Gap between inner and outer lids . ' ) 30cm S.11,pp. 1B & 119
Inner barrier length (overall) 463.5cm S.11,p.1-19
Inner barrier lid thickness 25¢cm 5.11,p.1-19
Inner barrier inner radii 71.095cm 5.12,p.8

Inner barrier outer radii 73.095cm 5.12,p.8

Fuel cell tube thickness 0.5cm 5.11,p. 121
Fuel cell tube height ‘ . 4575 cm 5.11,p. 121
Fuel cell tube outside width . 23.64cm S.i1,p.1-21
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=
Table 4.1-2. Intact WP Dimensions

Component : Dimension Reference
Total displaced volume of single fuel cell tube - 0.02117 m’ 5.11,p. VI-1
Criticality contro! plate thickness . 0.7¢cm 5.11, pp. 1-29 t0 1-31
Criticality control plate height 113.38cm 5.11,p.1-20 .
Tota! displaced volume of all criticality control plates 0243 m’ 5.11,p. VI-1 '
Total displaced volume of guides and supp '

orts 0.259 m’ 5.11, p. VI-1
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4.13 Material Properties

- The atom densities for the SNF used are taken from a previous criticality analysis (Ref. 5.13, case
- r58h13f). Casec r58h13f s the reference condition on which reactivity calculations are made and the
RELAPS cases are developed. The input for this case is included in Attachment L.

Table 4.1-3. Atom Densities for 4.9% Enriched B&W 15X15 SNF with 34 GWd/MTU and
25,000 Years Burnup (Ref. 5.13) :
Isotope ID Number Density
. 8016.50C 0.046947

42095.50C 4.794679E-05
44101.50C 4.354501E-05
43099.50C 4.284296E-05
45103.50C 2.608717E-05
47109.50C 3.714096E-06
60143.50C 3.74851E-05
60145.50C 2.799527E-05
62147.50C 1.138963E-05
62149.50C 1.45508SE-07
‘ 62150.50C 1.043884E-05
\_/ 62152.50C 4.59594E-06
63151.55C 8.136066E-07
63153.55C 3.93607E-06
64155.50C 1.686186E-07
: . 92233.50C 3.326725E-07
. . 92234.50C 1.018437E-05

) 92235.50C 5.531404E-04
92236.50C 1.774777E-04
92238.50C 2.174501E-02
03237.55C 4.392789E-05
94239.55C 7.906197E-05
94240.50C 3.440139E-06
94241.50C 2.761636E-12
04242.50C 7.012276E-06
© 95241.50C 8.639479E-11
05243.50C 1.386765E-07
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4.2 Criteria

Requirements identified as TBD in the Engineered Barrier Design Requirements Document
(EBDRD; Ref. 5.7) will not be carried to the conclusions of this analysis based on the rationale that
the conclusions are for preliminary design, and will not be used as input in design documents -
supporting construction, fabrication, or procurcment. '

The criterion for this analysis is:

. The Engincered Barricr System shall be designed such that the probability and consequences
of nuclear criticality provide reasonable assurances that the preformance objective of
10CFR60.112 is met (EBDRD 3.7.1.3.A, 3.3.1.G).

In addition, EBDRD 3.3.1.G indicates that “The Engineered Barrier Segment design shall meet all

relevant requirements imposed by 10CFR60.” The NRC has recently revised several parts of

10CFR60 which relate to the identification and analysis of design basis events (Ref. 5.9) including

the criticality control requirement, which was moved to 60.131(h). These changes are not reflected

in the current versions of the EBDRD or the CDA. The change to the criticality requirement simply

replaces the phrase “criticality safety under normal and accident conditions” with “criticality safety
v assuming design basis events.” ‘

The criterion for this analysis, together with the wording in the current 10CFR60.131(h) can be
summarized as: (1) Demonstration of the prevention of criticality, (2) Demonstration that the
consequences of criticality (even if one did occur) are insignificant. This analysis is part of a
continuing sequence which individually contribute to satisfying the second of these criteria in the
following mannes: .- _ - :

. The consequences of a criticality, particularly the increase in radionuclide inventory and
transient overpressure and temperature, are shown to be insignificant under the range of
conditions considered thus far.

. The severity of consequence (particularly increase in radionuclide inventory) will be used as
input to the Total System Performance Assessment (TSPA) - Viability Assessment (VA)
which, in turn, will demonstrate compliance with the performance objective of §60.112 (as
specified in CDA Key assumption 60).

4.3 Assumptions

4.3.1 Itisassumed that the nuclear reactor type model of 2 WP developed for RELAPS/MOD3 is
an appropriate approximation to the criticality processes involving PWR SNF inside a waste
package (TBV). The basis for this assumption is as follows:
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43.2

- 433

434

4.3.5

RELAP5/MOD3 was developed for the U.S. Nuclear Regulatory Commission for
simulations of transient phenomena in PWR systems such as loss of coolant (Ref. 54). The
physical processes involving material behavior of PWR SNF within a waste package during
2 criticality event are similar to the situations for which RELAP5/MOD3 was developed to
analyze. There is reasonable confidence in the capability of RELAPS5/MOD?3 to provide
conservative results for the applications within this analysis. : .

Inherent in the assumption that RELAPS provides an appropriate approximation for WP
criticality events is also the assumption that the time dependent neutron population in the WP

 fuel assemblies can be represented by the point kinetics model. The basis for this assumption

is the compact size of the fuel assembly array making the system tightly coupled neutronicly
and preventing any spatially localized phase differences in the neutron amplitude.

This assumption is used in Sections 7.4 and 7.5.

It is assumed that the reactivity feedback mechanism for the point kinetics model can be
represented by separable effects (TBV). The bases for this assumption are as follows:

(1)  Doppler reactivity depends upon intrinsic fuel parameters with temperature being the
" only time dependent variable, |

(2)  moderator reactivity effects depend only upon the fluid density,

3) no soluBle poisons are modeled, and

(4)  the settled iron oxide residue is not redistributed in the WP.

This assumption is used throughout Section 7.

The waste package is assumed to be filled with water at the start of the postulated reactivity
driven scenarios. The basis for this assumption is that it is conservative and is developed as .
a scenario in previous probabilistic analyses (Ref. 5.18). This assumption is used in Sections
7.2,7.3,and 74.

CDA assumption EBDRD 3.7.1.3.A has been used to replace TBVs in requirements
applicable to this document. The bases for these assumptions are given in the CDA (Ref.
5.15). These assumptions are used in Section 4.2. ‘
Water inflow to the degraded WP is assumed to be 20 m*/year at ambient drift space

conditions. The basis for this assumption is that this is the largest design basis flow rate for
long term periods (300-20,000 years after emplacement) given by CDA Assumption TDSS
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026. Climate models suggest that the long term infiltration rate could possibly increase by
as much as a factor of 10. This assumption is used throughout Section 7.

43.6 The most reactive SNF disposed of in the absorber rod WPs have been excluded from
consideration in this analysis since the absorber rod WP design will take credit for the long
term presence of neutron absorber control rods (CDA Key 081).. )

4.4 Codes and Standards

Not Applicable. Neutronic design of the waste package is not controlled by codes and standards.
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6. Use of Computer Software

* The calculation of nuclear reactivity of PWR SNF configurations was performed with the MCNP4A

computer code, CSCI: 30006 V4A. MCNP4A calculates k. for a variety of geometric
configurations with ncutron Cross sections for elements and isotopes described in the Evaluated
Nuclear Data File version B-V (ENDF-B/V). MCNPA4A is appropriate for the fuel geometries and
materials required for these analyses. The calculations using the MCNP4A software were executed
on Hewlett-Packard (HP) workstations. The software qualification of the MCNP4A software,
including problems related to calculation of k. for fissile systems, is summarized in the Software
Qualification Report for the Monte Carlo N-Particle code (Ref. 5.5). The MCNP4A evaluations
performed for this design are fully within the range of the validation for the MCNP4A software used.
Access to and use of the MCNP4A software for this analysis was granted by Software Configuration
Management and performed in accordance with the QAP-SI series procedures. Inputs and outputs
for the MCNP4A software are included as attachments (see Tables 9-1 and 9-2) as described in the
following design analysis.

The calculation of nuclear reactivity of PWR SNF configurations was also performed with the
SAS2H code sequence, which is a part of the SCALE 4.3 code system, CSCI: 30011 V4.3. SAS2H
is designed for spent fuel depletion and reactivity calculations to determinc spent fuel isotopic
content. Thus, SAS2H and ORIGEN-S are appropriate for the fuel geometrics and materials

‘ required for these analyses. The calculations using the SCALEA4.3 software were executed on HP

workstations. The software qualification of the SCALE4.3 software, including benchmark problems
related to generation of isotope contents, is summarized in the Software Qualification Report for the

. SCALE Modular Code system (Ref. 5.6). The SAS2H evaluations performed for this design are

fully within the range of the validation for the SAS2H software used. The associated 4GROUP
cross section library-was used for these calculations. Access to and use of the SAS2H software for
this analysis was granted by Software Configuration Management and performed in accordance with
the QAP-SI series procedures. Inputs and outputs for the SAS2H and ORIGEN-S are included as
attachments (sce Tables 9-1 and 9-2). '

The transient simulation of criticality events is performed using RELAPS/MOD3. RELAPS/MOD3
has been installed on HP workstations and the 10 installation test cases (ans79.p, edhtrk.p, edhtrkd.p,
edhtrkn.p, edrst.p, edstrip.p marpzd4.p pump2.p, typpwr.p, typpwrm.p) have been run successfully.
These installation test cases are included on tape (Ref. 5.22). RELAPS/MOD3 has not been
qualified according the QAP-S1-0. RELAP5/MOD3 was developed for the U.S. Nuclear Regulatory
Commission for simulations of operational transicats in PWR systems such as loss of coolant. The
criticality events involving PWR SNF within a waste package are similarto the situations for which
RELAP5/MOD3 was developed to analyze. There is reasonable confidence in the capability of
RELAP5/MOD?3 to provide conservative results for the applications within this analysis (TBV).
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7. Design Analysis

7.1 Background

For postclosﬁre, the low probability and consequences of a criticality must provide reasonable -

assurance that the performance objective of 10CFR60.112 is met. This analysis contributes to
satisfying the above requirements for postclosure by determining the consequences of a criticality
for PWR SNF within a waste package as measured by the effect on the repository and on the
radioisotopic inventory. The probability of criticality events is addressed in a separate analysis.

In a probabilistic analysis (Ref. 5.21, Sections 4.1.2 and 4.1.3) it has been shown that the corrosion
rate of the zircaloy cladding of the SNF is much slower than the corrosion rates of the two principal
materials which make up the basket (carbon stee] and borated stainless steel). Therefore, the basket
materials will degrade while the SNF is still mostly intact. What is not known is the exact

- disposition of the basket material after it has degraded. The iron oxide is very insoluble and will
tend to precipitate, but the distribution of the precipitate could range from: (1) collecting equally on
all the available surfaces, to (2) settling into the configuration with the lowest gravitational energy,
limited only by the maximum density of hydrated iron oxide. The parameters for these two
alternatives, called the uniform and settled distributions, respectively, are described in some detail
in a previous analysis (Ref. 5.13). :

The uniform distribution means that the iron oxide is distributed throughout the waste package
wherever there is water. The settled distribution has two different manifestations, depending on
whether the basket is partially degraded or fully degraded. The settled distribution for the partial
basket will fill the lower portion of each assembly cell with 1/21 of the total oxide formed thus far
from the degradation of the carbon steel in the assembly tube basket structure and from the
degradation of the borated stainless steel, but not from the carbon steel guides and supports. For the
fully degraded basket, the settled distribution will fill the lower portion of the waste package with
all of the iron oxide from the complete degradation of the basket, so that some of the assemblies are
completely covered by iron oxide while others see no iron oxide at all. These two alternative
configurations are described more fully in reference 5.13. ' ‘

The dcsign' basis WP system configuration for 100% coverage of the projected PWR waste stream
(Ref. 5.19, Table 8-1) includes five different types of PWR WPs. These types are identified as: -

(1) 21 PWR no absorber WP,
2) 21 PWR absorber plate WP,
(3) 21 PWR absorber rod WP,

4) 12 PWR no absorber WP, and
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(5) long 12 PWR absorber plate WP for South Texas fuel.

A previous analysis (Ref. 5.13) investigated the effects on kg of fuel burnup, enrichment, and decay
time, as well as degradation of basket components. The most reactive fuel/WP configuration
combination identified was in the 21 PWR absorber plate WP. The fuel designated for disposal in
the no absorber plate WP is purposefully of very low reactivity and is subcritical in all
configurations. The absorber rod WPs are precluded from criticality even with the otherwise very
reactive fuel. The analysis of the absorber plate WP identified the most reactive SNF as ones having
the following characteristics: :

(1) an enrichment of 4.9%,
2) a bumnup of 34 GWd/MTU, and
(3)  aflooded fuel-clad gap.

(Note that as 2 result of the analysis, the fuels designated for disposal with absorber rods could be
adjusted to include all the fuel which can go critical in the absorber plate WP, thereby eliminating
these critical configurations from consideration.) The most reactive configuration occurs with the
basket fully degraded, the boron removed, the PWR assemblies are stacked together, and the iron
oxide from the basket materials has accurnulated at its highest reasonable density of 58% leaving one
and 2 half rows of assemblies at the top of the stack in water alone free of oxidation products. This
configuration is illustrated in Figure 7.1-1.
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7.2 Neutronics Calculations and Reactivity Coefficients

The effects on reactivity due to changes in the system are shown to be separable into leakage effects
and material effects in this section. Leakage effects are primarily dependant on boundary conditions
such as water level in the waste package and must be calculated using finite waste package models.
Material effects such as changes to fuel temperature, moderator temperature, or moderator density
are primarily localized and can be approximated using infinite assembly models with a constant
buckling (leakage) term.

Reactivity is defined as (Ref. 5.20, p. 222):

p =

and a change in reactivity (Ap) is defined as (Ref. 5.20, p. 222):

' , , -1 i
AP = pChmge - pBasr = kqﬂ s - kgﬂ’ Chan
- Base - ge

Thus, a positive reactivity change results when P cnange is greater than p g.... In the RELAPS input,
p and Ap are noted in terms of dollars ($) which is defined as (Ref. 5.20, p. 246):

o) = —P— and Aps) = 2B
. oo qu. ’ p,_g

~ where P, is the effective dcldyed neutron fraction. The value of the delayed neutron fraction for

this analysis is given as (Ref. 5.23)
Peg = 0.005

which is a conservative minimum value.

~ 7.2.1 Reactivity Effect of Water Level in Waste Package

"A separate analysis (Ref. 5.13, Table 7.4-10) investigated the effects of different configurations of
iron oxide and water in the waste package. Results from that analysis are used here to provide the
feedback due to changes in the water level within the waste package. The k. results for various
water levels in the fifth (upper) row of assemblies for the 58% settled oxide case for fuel decayed
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for 25,000 years are listed in Table 2.2.1-1 below. For determination of feedback, only the nominal
values are used (not adjusted by the standard deviation).

Table 7.2.1-1. Effects of Water Levelon k.y _

Case ID Water Height Reiativc to Top of | &
Upper Row of Assemblies (cm)
r58mi3al +21.30 | - 0.99656
r58ml3a2 . 0.0 0.98569
r58ml3aw : -12.98 0.92672
rS8mi3bw -1443| 091801
r58ml3cw -15.87 0.91090
r58m13a3 ’ -20.30 0.85541

In order to conservatively calculate the change in reactivity, the reference condition is taken at the
water level even with the top of the assemblies (0.0 cm in Table 7.2.1-1). The negative effect of
dropping to this level is neglected. The Aps resulting from a drop in water level through the upper
" row of assemblies are listed in Table 7.2.1-2. The reactivity table for the RELAPS model was
extended on to -21.64 cm (lower edge of the assemblies) using the last reactivity value to definc a
zero level entry. Aps for lower water levels are not required because the negative effect of dropping
the water level to the bottom of the upper row is great enough to overwhelm the insertion postulated
in this analysis. : ' ‘ .

Table 7.2.1-2. RELAPS Reactivity Table for WP Water Level

Watcr Level Water Level Relative to $=Ap/P
Relative to Assembly Control Volume Bottom :
Top (cm) - MCNP. Elevation (ft) - RELAPS

0 0.71 00
-12.98 0.28415 - -12911
-14.43 0.23657 -14.959
-15.87 0.18933 -16.660
-20.30 0.04399 -30.902
-21.64 0.0 -30.902
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7.2.2 Reactivity Effect of Temperature and Density Changes

- MCNP4A does not have an associated cross section library with sufficient temperature dependant
data to calculate the reactivity changes required for this analysis. The SAS2H sequence of
SCALFA4.3 does have the necessary cross sections. SAS2H employs a one-dimensional (1-D)

assembly-cell discrete-ordinates technique (XSDRNPM) for calculation of the multiplication factor . o

(k,y) for a configuration. A correction for finite dimensions can be made through use of buckling
(leakage) correction terms. Initially, infinite MCNP cases were run with which to compare the
results from infinite SAS2H cases in order to develop the appropriate SAS2H model to match
MOCNP results. Corrections were then made to the SAS2H model to account for finite dimensions
using the appropriate buckling terms for inclusion in the SAS2H models based on the baseline
MCNEP finite case. The resulting SAS2H model incorporating the buckling terms is then used for
calculating temperature and density reactivity effects.

7.2.2.1 SAS2H Setup and Model Development

“The equation for the buckling (B) in the XSDRNPM-S computer software portion of the SAS2H
code system is as follows (Ref. 5.10, Vol. 2, pp. F3.2.24-25):

2 2
B? = 3 n
[ Axial length + f(0.710446) A, ] ! ( Radial length + f (0.710446) 4, ]

This equation for the buckling of. the three dimensional waste package models is based on the
separability of the geometrical configuration into an axial coordinate and radial plane. The reflector,
effects are treated by the term:

Reflector Effects .= f (0.710446) A,

where f is a factor greater or equal to 0.0, and 4, is the effective neutron mean free path in the
reflector region. The neutron mean free path is determined by the XSDRNPM interna! calculations
from the properties of the fuel region. The product of f and 0.710446 is a constant input to the
SAS2H model to give the reflector effects indicated by the MCNP results. To determine the
appropriate reflector effects constant (f » 0.710446), MCNP models of the waste package are
evaluated. The ky values from MCNP and the k. values from the SAS2H models are used to
determine the SAS2H buckling values. The buckling values are then used to determine the constant,
f = 0.710446 . This process is performed in an iterative manner with the SAS2H mode] because the
analytic solution of the equation involves multiple unknowns. ‘

The separation of the independent neutron variables into an infinite assembly cell coupled with a
‘buckling correction is assessed by first benchmarking the SAS2H infinite (=) model (buckling = 0.0)
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with three MCNP k_ results. The MCNP k,_ represents a fuel region with complete reflection on all
finite surfaces. The complete reflection of the MCNP fuel model represents a buckling of 0.0, and

ak,equal tok..

The base finite MCNP model represents ‘B&W 15X15 fuel assemblies,: 49% U-235, -
34,000 MWd/MTU burnup, and 25,000 years of isotopic decay. In the degraded state, within a waste

package that has been breached by water, that has 58 percent iron oxide by volume settled in the
bottom of the waste package, the MCNP k. is 1.0186 +0.0049 (Ref. 5.13, Table 7.4-7).

This MCNP model has two separate fuel regions: (1) the upper region of fuel in the waste package
that has no iron oxide in the water, and (2) the lower region of fuel in the waste package that has
589 iron oxide in the water. The SAS2H infinite modeling must be able to produce the same k_, as
the MCNP (within an insignificant deviation) for each independent fuel region. Note that the MCNP
results are reported £26 (~ 95% confidence interval). Case output filenames which are included on
tape (Ref. 5.22) are reported in parentheses beside or below the case results.

No Iron 1.20780 = 0.00092 1.20693 -0.00060
h " (INFH20.0) (out.c49) '
Iron 0.90595 = 0.000186 0.905533 -0.00051
(INFOX.O) - (out.fe)

The above results show that the reactivity change between SAS2H and the MCNP reference k. is
between -5/10,000.and -6/10,000. This difference is quite insignificant and indicates that the
separability of finite geometrical space and infinite cell - velocity space is generally valid using the
SAS2H model with a buckling eigenvalue. A comparison of the SAS2H input with the MCNP input
shows that the SAS2H pin cell and assembly cell has the same geometrical and material modeling
as the MCNP pin and assembly lattice arrays.

The third SAS2H k_ model evaluation in comparison to MCNP was used to determine the SAS2H
neutron flux and volume weighting of the upper fuel region with pure water and the lower fuel
region with 58% iron oxide in water. The MCNP model used a square array of 16 fuel assemblies
(4 by 4) with 12 containing 58% iron oxide in water and 4 containing pure water. This volume
fraction of 0.25 pure water and 0.75 58% iron oxide in water is representative of the volume fraction
of the 58 percent settled iron oxide in water model of the degraded waste package. The weighting
of upper and lower regions was defined as follows: -

k. (MCNP) - Ap bias = (x) k. (SAS2H pure water) + (1 - x) k. (SAS2H 58% iron oxide in water)
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The x is the combined flux and volume weighting factor, and the Ap bias is defined by the Ap
difference in the table of iron and no iron k. values. The parameters for the above equation are:

k. (MCNP) = 1.12754 +0.00094 (INFLUX20)

Ap bias = -0.00055

k. (SAS2H pure water) = 1.20693 (out.c49) .
k. (SAS2H 58% iron oxide in water) =0.905533 (out.fe)
x =0.71855

The comparison of MCNP and SAS2H results are shown in the following table:

MCNP-k. SAS2H -k. Ap_Difference
Inf. Waste Package 1.12754 +0.00094 1.12684 -0.00055
(INFLUX20) (out.wpi)

The degraded waste package MCNP model, with a k,q of 1.01860, has a pure water volume fraction
of 0.254 and a 58% iron oxide in water volume fraction of 0.746. These volume fractions will only
slightly affect the importance of the pure water region and the 58% iron oxide water region in
comparison to the MCNP model with 0.25 pure water and 0.75 with 58% iron oxide in water. An
increase in the weighting factor of the pure water region to:

x =0.751311
was judged to be appropriate. This value is used in the final calculation (wp.out) as a weighting
factor for the fraction of water in the moderator and (1-x) is the weighting factor for the fraction of
58% iron oxide/water mix in the moderator.

Axial Leakage Correctiori

The SAS2H axial buckling equation‘ for the degraded waste package modeling is as follows
(Ref. 5.10, Vol. 2, pp. F3.2.24-25):

n
Axial length + f(0.710446) A

B, , (SAS2H) =

with the assumption that the axial coordinate and radial plane may be separated by a constant
buckling eigenvalue. The infinite cell SAS2H k. results for the pure water in the upper region of
the degraded waste package and the k_ results for the 58% iron oxide in water in the lower region
of the degraded waste package indicated that the SAS2H separability modeling is valid. The flox-
volume weighting of the upper and lower regions indicated that the importance of the upper region_
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relative to the lower region is a factor greater than 2to 1. Therefore, the pure water upper region was
used to establish the constants for the theoretical reflector effects.

The pure water axial model of the degraded waste package was computed with MCNP and SAS2H.
The MCNP modeling used reflective radial boundary conditions on the radial surfaces of the fuel.
Thus, the boundary conditions represented an infinite radial model. The MCNP axial modeling
however represented the appropriate geometry and compositions in the degraded waste package with
appropriate boundary conditions at the end of the waste package outer metal surfaces. The SAS2H
modeling used a radial buckling of zero ( Bg,us = 0.0) to represent an infinite radial model. The
SAS2H axial modeling represented the axial fuel length as 360.172 cm. :

The solution of the reflector effects constant, ( f « 0.710446 ), was iterative. However, the
theoretical solution of f = 2 gave a very good comparison between the MCNP and SAS2H k..
results as shown below: '

Reflector Effects Axial Constant = f* 0.710446 = 1.420892

f=2
m .- - (EX3 . .Amm
Waste Package 1.20489 1.20430 - 0.00041
+ 0.00096 (out.fin) ‘

The axial constant for the reflector effects on the buckling should be reduced somewhat to increase
the axial leakage and reduce k... such that the Ap difference was closer to - 0.00058 (the weighted.
bias). However, since the reflection effects constant is a combined axial and radial value, the above
results are sufficient. Therefore, no additiona! correction is needed for the axial buckling other than
entering the fuel length (360.172 cm) in the SAS2H input.

Radial Leakage Correction

In the 1-D SAS2H model, the radial leakage from the SNF configuration may be represented by
cither a cylinder or a square. Both options are investigated to identify the best. There are three
theoretical equations that are appropriate to evaluate the radial buckling (Ref. 5.10, pp. F3.2.24-
F3.2.25, Ref. 5.20, pp. 205-214) given by: '

B _ J, (0) Bessel Function
Colinder Radius + f. (0.710446) A
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19
Square Radial length + fg (0.710446) A_
Bseparatle /2 =

Separable = = Radial length + fgs (0.710446) 1,

In the radial buckling for a cylinder, the radial length for the waste package model is the radius of
a cylinder which has a planar arca equal to the area of the 21 fuel assemblies in the degraded waste
package. The width of the fuel lattice in the MCNP baseline degraded case (Attachment I) is 21.3
cm (10.65 X 2). The radius is given by:

(213 em)’ 21 }'/z |

= 55.069%9 cm

Radius = {
T

In the radial buckling for a square, the radial length for the waste package model is either the above
radius or one-half the length of a square which has a planar area equal to the arca of the fuel
assemblies in the dégraded waste package. This radial length is given by:

[ 213 em)® 21 }‘/2

Radial length .= — = 48.8044 cm

In the radial buckling for 2 separable square, the radial length for the waste package model is the
above radial length. . :

Reﬂecto} Effects .

The three radial buckling equations were evaluated in combination with the axial buckling equation
to determine the appropriate constant for the reflector effects on the combined axial and radial
leakage for the degraded waste package. The SAS2H radial equation was used to determine the
effective radial length with the reflector effects constant sct to zero. For example, the effective radial
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length in the SAS2H radial buckling equation to reproduce the radial buckling of the separable
square equation was determined as follows:
L3 | . n

Effective Radial Length ' V2 Radial Length

where:
Effective Radial Length = 69.01988844 cm.

Iterations with the radial buckling equations and reflector effects constant in the SAS2H model in
comparison to MCNP k., results indicated that the separable square radial buckling equation gave
the more consistent overall results. The effective radial length is that shown above. The combined
(axial and radial) reflector effects constant is given by:

_Reflector Effects Constant = £*0.710446 = 0.875108.

The comparison'of the MCNP and SAS2H k4 values shown below indicates that the iterative
solution of the reflector effects constant (0.875108) is appropriately converged.

MCNP -k« SAS2H - K. Ao Difference
Waste Package 1.14053 = 0.00052 1.13991 -0.00048
(H20H13FO) ~ (out.wpn)

Based on the results of the axia! buckling evaluation of the reflector effects constant, it would be

_ expected that f would be between 1 and 2 for the combined axial and radial reflector effects with

_ a probable value nearer to 1. The above analysis results in an f of 1.23, which is consistent with
expectations. . ‘ :

SAS2H Effective Radial Length of Fuel Stack

The last step in the development of a SAS2H model for the waste package reactivity cocfficients is
to determine the effective radial length. Ideally, the effective radial length for the degraded waste
package with pure water and with 58% dense iron oxide and water in separate regions would be the
effective radial length for the pure water region. If this were the situation, it would mean that the
cffects of the spatial flux shape could adequately be defined by the importance weighting of the two
water regions. There would be no additional leakage effects. Such a situation would help to
- theoretically validate the separability model. Unfortunately, the SAS2H k.o results, with an effective
radial length of 69.0199 cm and a reflector constant of 0.875108 did not agree with the MCNP ko
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(1.01860 £ 0.00486). To obtain agreement between the MCNP and SAS2H k., values, the SAS2H
effective radial length had to be significantly decreased. The revised value is given by:

Effective Radial Length (MCNP k) = 50.7843927 cm

The decrease in the effective radial length significantly increased the radial leakage and dcc{'cased' L -

the k.. The iteration to determine the effective radial length of 50.7843927 cm gave the following

SAS2H k, in comparison to MCNP: _
' - MCNP -k« SAS2H - K.« i
Waste Package 1.01860 1.01801 - 0.00057
(Ref. 5.13) (out.wp)

This agreement reflects the appropriate bias in the SAS2H k_ results.
Summary

With the buckling corrections developed in this section and the SAS2H assembly model giving the

same k_ and kg results as MCNP, the SAS2H model is appropriate to evaluate reactivity changes

, in the degraded waste package fuel region. Threc values are required for the buckling correction to

u the SAS2H model: (1) axial length (dz) = 360.172 cm; (2) reflector effects constant (bkl) =
0.875108; and (3) effective radial length (dy) = 50.7843927 cm.

7.2.2.2 SAS2H Reactivity Calculations

The reactivity effects of changes in the fuel temperatures and water densities are calculated with
SAS2H to evaluate the RELAPS functional relations between the thermodynamic state points and
the respective reactivity values. The input file for the base SAS2H case (in.wp) is included as
Attachment T The RELAPS model of reactivity used in this evaluation is based on two reactivity
variables: (1) fuel temperature, and (2) water temperature-density. These two reactivity variables
are treated as separable entities and combined in the RELAPS model to define a total reactivity for
the waste package. : -

The development of the RELAPS reactivity input data included the dependent relationship between
the fuel temperature and water temperature-density variables. The dependent effects were modeled
using the following constraints and approximations:

(1)  the fuel temperature would lead in time the water temperature-density,

(2)  the water temperature effect on reactivity is insignificant compared
to the water density, :
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\Na

(3)  the water pressure effect on reactivity is insignificant compared to the
water density,

) the onset of vapor (steam void fraction) formatiofi would occur in the
temperature range around 373 K'(212°F), and .-

(5 the fuel temperature does not exceed 813 K (1004°F).

Steam void fractions in the 10 percent range were assumed to be caused by fuel temperatures of
543 K (518°F). Greater void fractions were assumed to be caused by fuel temperatures of 813 K
(1004°F). Table 7.2.2.2-1 provides a case listing of 20 SAS2H calculations which are the bases for
the RELAPS reactivity values.

Table 7.2.2.2-1. SAS2H Reactivity Input for RELAPS
Case K Fuel Temperature (K) Water Density Factor.

1 (out.wp) 1.01801 300 1.000
2 (out-1.122)  1.01712 323 1.000
3 (out~2.122) 1.01391 323 0.988
4(out-2212) 101212 . 373 0.988
5(out-1212) 100792 7 0973
6 (out~1.320)  1.00599 433 0.973
7 (out-5.518)  1.00265 543 0973
& (out~4.518) 0.998466 543 0.958
9 (out-3.518) 0.993319 543 0.940
10 (out-2.518) 0.987415 543 0.920
11 (out-1.518) 0981273 543 0.900
12 (out~9.100) 0974209 813 0.900
13 (out-8.100) 0.966130 813 0.875
14 (out~7.100) 0.957650 813 0.850
15 (out~6.100)  0.948748 813 0.825
16 (out-5.100) 0.939397 813 0.800
17 (out~4.100) 0929578 ~ . 813 0.775 -

18 (out~3.100) 0.919256 813 0.750
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19 (out~2.100) 0.908416 813 0.725
20 (out~1.100) 0.897022 813 0.700

7.2.3 Reactivity Insertion Scenario

As previously stated, the base finite MCNP model represents B&W 15X15 fuel assemblies with
4.9% U-235, 34,000 MWAI/MTU burnup, and 25,000 years of isotopic decay. In the degraded state
where a waste package has been breached by water and where the iron oxide has settled to the
bottom of the waste package occupying 58 percent of the space by volume, the MCNP k. is 1.0186
with a standard deviation of +0.0049 (Ref. 5.13, Table 7.4-7). This is the most reactive reasonable
configuration possible in the absorber plate waste package. If the critical point is designated as a kq
of 0.95, the maximum reactivity insertion possible is:

. S o1 4 L . oass
By 095 10186 005

A change in reactivity value of this magnitude roughly corresponds to an insertion scenario involving

the transition from a homogeneous distribution of iron oxide within the waste package to the
: stratified base configuration described above (Ref. 5.13, Table 7.4-9) or an increase in water level
v _ (Ref. 5.13, Table 7.4-10) for an SNF configuration not already completely submerged.

As will be demonstrated in the RELAPS results, the magnitude of the insertion is not as important
as the reactivity insertion rate. The negative reactivity effects of reduced water level in the package,

" increased fuel temperature and increased water temperature (decreased density) will eventually
overwhelm any conceivable reactivity insertion mechanism. A significant transient criticality event
can occur only when the balance of reactivity insertion and these negative counterbalancing effects
exceed +1.0$ (prompt critical). If the insertion rate is sufficiently fast, the power level could be
increasing by a factor of 2.7 (exponentia! period) on a time scale of a millisecond or less while the
thermal changes are occurring on a time scale of a second or longer (Ref. 5.20, pp. 233-277). The
greater the balance exceeds 1.0$ and the longer the duration, the greater will be the significance of .
the transient event in terms of the energy generated and its associated phenomena. This translates
into a requirement for a relatively short insertion time (seconds) in order to achicve 2 prompt critical
situation. The transition from a homogeneous to a stratified distribution of iron oxide within the
waste package would, in general, be a slow process taking many days, months or years. Low
probability events which conceivably could result in an insertion rate on a time scale of a second or
minute would include:

(1)  Increasing Ambient Episodic Focused Flow of water of 20 m® to 100 m® in one week
(Ref. 5.15, CDA Assumption TDSS 026),
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(2) - Earthquake resulting in shaking of waste package and redistribution of iron oxide,
and

(3)  Rock fall resulting in shaking of waste package and redistribution of iron oxide.

The water level scenario (1) could insert reactivity on 2 minute time scale and the particle
redistribution scenarios (2 and 3) could insert reactivity on a second or minute time scale depending
on average particle size. Attachment III contains jdealized terminal velocity (free fall, no
impediment from other obstacles) calculations for particles sizes of 0.010 mm and 0.063 mm, which
would take approximately 1 and 40 minutes, respectively, to fall to the bottom of the waste package.
The typical crud particle size from metal oxidation is in the range of 0.0001 to 0.01 mm (Ref. 5.8,
p. 2.6-6). .

Based on these considerations, insertion times of 30 seconds and 3600 seconds were chosen for the
RELAPS5 calculations in order to demonstrate transient behavior for the criticality event. '

7.3 RELAPS Model Description

The purpose of this section is to describe the RELAP5S model used for the coupled
neutronic-thermal-hydraulic analyses of a criticality event in a WP where the outer barrier has been
compromised leading to a fully degraded basket assembly. The RELAPS model of the WP,
illustrated as a block diagram in Figure 7.3-1, consisted of 27 control volumes, 43 junctions, and 35
heat conductors. The spatial orientation of the WP is such that the cylindrical WP axis and long fuel
assembly dimension are in the horizontal plane as shown in Figure 7.1-1. The model represents one-
half of the WP cross-sectional cylinder since the system has left-right symmetry.

The RELAPS code is designed to for use with fundamentally one-dimensional hydraulic systems but
does include multi-dimensional flow representation under restricted conditions (Ref. 5.4). The
RELAPS5 model for the degraded WP contains flow connections in the two directions normal to the
WP cylinder axis but not parallel to the axis. For this quasi-two dimensional model, the fuel bundles
were modeled at one-fifth of the actual fueled length of 141.8 in. (Table 4.1-1) with appropriate
adjustments to the model parameters. Fuel bundle and WP end fittings were excluded from the
RELAPS model. The principal elements of the model description include the geometric
representation, flow connections, friction factors, and heat conductors. These elements are described
in the following sections. Note that RELAPS input quantities are specified in English units. A
representative RELAPS input file (r5wp2d.03c) is included in Attachment IV.
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Figure 7.3-1. Block Diagram of RELAP5 Model

7.3.1 RELAPS Model Geometry

The particular WP configuration modeled for the RELAPS studies was the fully degraded basket
. condition with intact fuel assemblies. The iron oxide was assumed to have settled to the bottom of
the WP covering the lower 3.5 rows of assemblies. The presence of oxide material was included in
the development of the reactivity parameters but not specifically included in the hydrodynamic or
thermodynamic modeling. The non-metal volume in each fuel assembly is represented by one
RELAPS control volume and the metal volume (fuel rods, guide tubes, and instrument tubes)
modeled by heat conductors connected to the control volume. As stated previously, the WP is
designed to hold fuel assemblies in 2 horizontal arrangement limiting the gravity contributions to
U volume pressures in the model to elevations of 21.6408 cm (0.568 in. pin cell pitch), the assembly
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width (Table 4.1-1). The control volume dimensions were assigned to produce the correct gravity
pressure heads and fluid inventory. Dimensions of the water filled control vomunes around the WP

- periphery were derived by subtracting the area of the intersecting rectangular fueled cells from

circular sector overlays with a radius of 71.32 cm (Drawing ID# BBAA00000-01717-2700-16004
Rev 00). The control volume dimensions for the model are listed in Table 7.3-1. The tota! volume
contained in the control volumes is 16.051 ft* resulting in an initia! inventory of 990.09 Ib,; of water.

Control volumes representing SNF assemblies (heavily shaded rectangular areas in Figure 7.1-1)
have IDs from 010010000 through 130010000 where control volumes 010010000-050010000
represent half assemblies. The remaining space in.the WP interior (regions around the periphery
and above the SNF assemblies in Figure 7.1-1) was described by the control volumes labeled
140010000-250010000. Two time-dependent control volumes (ID 260010000 and ID 360010000),
representing the external boundary WP environment, complete the RELAPS geometry setup. The
block diagram of the RELAPS model displayed in Figure 7.3-1, while not to scale, shows the relative
control volume arrangement.

Initia! conditions for the RELAPS control volumes were specified as water filled at 122.0°F and
14.696 psia except for the time-dependent control volume (ID 260010000), representing the external
environment, which was initialized as steam at 220.0°F and 14.696 psia to approximate a non-
condensing gas environment. ’

Time-dependent volumes were included in the model to represent the drift space outside the WP
where the out-flowing water inventory from the WP accumulates and to provide a low temperature

. flow path into the WP representing the drift flow leaking into the WP. Time dependent volumes are

used as boundary conditions providing sinks and sources for the fluid inventory. Thermodyhamic
conditions in these control volumes are specified as functions of time and are not dependent upon
the mass or enthalpy of connecting volumes.

Table 7.3-1. RELAPS Control Volumes

Number ID* Volume (ft*) Vertical Flow Elevation (ft) ' Pressure (psia) Temperature
Arca (ft") (Center-line) ' P
010010000 0.3516846 04953304 00 14.696 1220
020010000 0.3516846 0.4953304 0.71 " 14.696 | 1220
030010000 0.3516846 0.4953304 1.42 14.696 1220
040010000 0.3516846 " 0.4953304 213 14.696 122.0
050010000 | 0.3516846 0.4953304 2.84 14.696 1220
060010000 0.7033692 0.5906608 00 14.696 1220
070010000 0.7033692 0.9906608 0.71 14.696 1220
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Table 7.3-1. RELAPS5 Control Volumes
Number ID* Volume (ft*) Vertical Flow Elevation (ft) Pressure (psia) | Temperature
Area (fi?) (Center-line) (°P
080010000 0.7033652 0.9906608 142 14,696 1220
050010000 0.7033652 0.9906608 2.13 14.696 1220
100010000 0.7033692 0.9906608 2.84 14.696 1220
110010000 0.7033692 0.9906608 0.71 14.696 1220
120010000 0.7033692 0.9506608 1.42 14.696 1220
130010000 0.7033692 0.5906608 2.13 14.696 1220
140010000 02075716 0.9051223 -0.469665 - 14.696 1220
150010000 0.2276341 0.9926054 -0.469665 14.696 1220
160010000 0.7989270 1.125249 0.0 14.696 1220
170010000 0.5438773 0.7660244 0.71 14.696 1220
180010000 0.8980821 1.264904 142 14.696 1220
150010000 " 0.8738187 1.230731 213 ’ 14.696 1220
200010000 0.8633786 1.216026 284 14.696 1220
© 210010000 0.7822260 1.101727 T 284 14.696 1220
220010000 0.8633786 2477844 3.36922 14.696 1220
230010000 . 6.8633786 2477844 3.36922 14.696 122.0
240010000 0.4918077 1.411458 . 3.36922 14.696 1220
250010000 1.2517607 2.384604 3.80591 14.696 1220
260010000 - 238.468 238.468 4.06837 14.696 2200
360010000 238.468 238.468 3.54344 14.696 1220

* First 3 digits correspond to the control volume labels in Figure 7.3-1.

7.3.2 RELAPS Junction Description

The spatial orientation of the WP cylindrical axis is in the horizonta! direction with the fuel
assemblies stacked on their sides. The assemblies modeled for the MCNP analyses (Ref. 5.13) were
B&W 15X15 assemblies with open pin arrays. This allows cross flow between assemblies since the
internal WP structure is assumed to be fully degraded. The “normal” fiow direction in the model
(normal with respect to the one-dimeénsional hydraulic characteristic of the RELAPS code) is vertical
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through the assemblics normal to the fuel rod long dimension. RELAPS junctions define the cross
sectional flow area between two control volumes which must intersect both volumes. These
junctions are labeled as xxx010000 where xxx is the identifier of all junctions originating in a
control volume. (Note that junction label prefixes “xxx” and control volume labels prefixes form
independent scts.) A second flow direction was defined horizontally across the assemblies likewise
normal to the fuel rod direction. The horizontal flow paths were modeled as junction “branch”
components and labeled as xxx020000. Physical constraints on flow paths in the WP are
incorporated into the junction flow areas and frictional loss cocfficients.

In the development of the RELAP waste package model, form loss coefficients were included to treat
the cross-flow between the flow channels. The fundamental expression for the cross-flow form loss
coefficients is given by (Ref. 5.24):

{ = lUAR?;f

where ({) is the loss coefficient,
(¥) is a function of the angle of the flow (for 90" ¢ = 1),
(A) is a function of the fuel rod pitch, and the hydraulic diameter,
(Re ) is the average (av) Reynolds Number for the fluid conditions, and
(m ) is a parameter to provide a best fit of the data.

Framatome has added two other terms, (1) a2 multiplier for the phase-flow characteristics, and (2)a
multiplier for the number of cross-flow bundle-channels that are affected. The coefficient for highly
voided regions that best matches data is 72. Sensitivity evaluations suggest that lower values would
be appropriate at lower voids and flow velocities. However, for a range of Reynolds numbers (such
as 3 x 10° < Re <'10° as noted by Idelchik), the value of 72 gives appropriate results.

All junction flow r;tcs were initialized at zero (0) Ib,/sec except for junction 370000000 at 1.381

x 107 Ib_/sec at 122.0°F and 14.696 psia representing a drift inflow source of 20 m® per year. The
junction parameters in the model are listed in Table 7.3-2.

Table 7.3-2. RELAPS Junction Parameters

Junction ID*| Area (i) | Oricntation Connecting Forward | ReverseLoss| Choke Face
W.T. Volume Loss Coefficient Flag Position
Horizontal IDs Coefficient . (fY)
(deg) ;
010010000 | 0.203838 90.0 01001000 720 720 no 0.355
02001000
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Table 7.3-2. RELAPS Junction Parameters
JunctionID*| Area(fi?) | Oricatation Connecting Forward | Reverse Loss| Choke Face
Ww.T. Volume Loss Coefficient Flag Position
Horizontal 1Ds Cocfficient (ft)
(deg)
010020000] 0.407675 0.0 010010000 720 720 no 0.355
_ 060010000
020010000] 0.203883 . 0.0 020010000 720 -72.0 no 1.065
030010000
020020000 | 0.407675 0.0 020010000 720 720 no 1.065
070010000
030010000 | 0.203883 90.0 030010000 720 72.0 no 1.775
. 040010000
030020000| 0.407675 0.0 030010000 720 720 ao 1.065
080010000
040010000 | 0.203838 900 040010000 720 720 no 2.485
050010000
040020000 | 0.407675 0.0 040010000 720 720 no 1.775
050010000
050010000 | ©0.203838 90.0 050010000 720 720 no 3.195
220010000
050020000 | 0.407675 0.0 050010000 720 720 no 2.485
. . 100010000 :
'060010000 0.407675 90.0 060010000 720 72.0 no 0.355
070010000 .
060020000 | 0.407675 0.0 060010000 720 720 no 0.355
160010000
070010000 0.407675 90.0 070010000 720 720 no 1.065
080010000
070020000 | 0407675 0.0 070010000 720 720 no 1.065
110010000
0800100001 0.407675 90.0 080010000 720 720 no 1.775
' 090010000 )
080020000 | 0.407675 0.0 080010000 720 720 no 1.065
120010000 )
050010000| 0.407675 90.0 0950010000 720 720 no 2.485
100010000
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Table 7.3-2. RELAPS Junction Parameters
Junction ID*| Area (fi) | Orientation Connecting Forward - Reverse Loss| Choke Face
: W.T. Volume Loss Coefficient Flag Position
Horizonta! IDs Coefficient (ft)
(deg) )
090020000 | 0.407675 0.0 050010000 - 720° 720 no 1.775
130010000
100010000 | 0.407675 %0.0 100010000 720 720 no 3.195
230010000 :
100020000 0.407675 0.0 100010000 720 72.0 no 2485
200010000
110010000 | 0.407675 90.0 110010000 72.0 72.0 RO 1.065
120010000
110020000 | 0.407675 0.0 110010000 720 720 no . 1.06S
» 170010000
120010000 | 0.407675 %00 120010000 720 720 no | 1.775
130010000
120020000 | 0.407675 0.0 120010000 720 720 no 1.065
_ 180010000 ‘
130010000} 0.407675 20.0 130010000 720 720 no 2.485
200010000 .
130020000 | 0.407675 0.0 130010000 720 720 no 1775
. oo 190010000
140010000| 0203838 | 0.0 140010000 720 720 no -0.355
010010000
140020000} 0.541923 0.0 140010000 0.0 0.0 no 0355
. - 150010000
150010000 0.407675 0.0 150010000 720 720 no <0.355
' ’ 060010000
160010000 | 0.407675 $0.0 " 160010000 720 720 no 0.355
) 110010000
1700100001 1.10807 90.0 170010000 0.0 0.0 no 1.065
180010000
180010000 | 1.33394 .90.0 180010000 00 0.0 nc 1.775
190010000
190010000 |  1.03803 90.0 190010000 0.0 0.0 no 2485
210010000
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Table 7.3-2. RELAPS5 Junction Parameters
Junction ID¥| Area (fi*) | Orientation Connecting Forward | ReverseLoss] Choke Face
W.T. Volume Loss Coefficient Flag Position
Horizontal IDs Coefficient ' (ft)
(deg)
200010000 ) 0.754086 90.0 200010000 0.0 0.0 yes 3.195
' 240010000
200020000 | 1.79585 00 200010000 0.0 0.0 yes 2485
, 210010000 : :
210010000 | 1.03803 ©0.0 210010000 0.0 0.0 yes 3.195
’ 240010000
220010000 0.203838 - 90.0 220010000 0.0 0.0 yes 3.54344
250010000 .
220020000 | 0.823478 0.0 220010000 0.0 0.0 yes 3.195
230010000
230010000| 0.407675 90.0 230010000 | 0.0 0.0 yes 3.54344
: 250010000
U 230020000 | 0.823478 0.0 230010000 0.0 00 yes 3.195
240010000
240010000| 0.973291 900 240010000 0.0 0.0 yes 3.54344
. 250010000
250010000 0.107639 90.0 250010000 0.0 0.0 yes 4.06837
.« oo 260010000
370010000| 10 0.0 360010000 00 0.0 no | 3.54344
250010000

* Digits 1-3 and 5 correspond to the “J” IDs in Figure 7.3-1.
7.3.3 RELAP5 Heat Conductor Description

Energy sources in RELAP5 models must be modeled with powered heat conductors connected to
control volumes. In addition, non-powered heat conductors may be used to transport encrgy between
disjoint fluid paths and/or into heat sinks. In order to properly model the thermal characteristics of
conductors, the geometry is normally representative of individual components such as fuel rods. The
overall fuel assembly energy balance is modeled by assigning the proper heat transfer area to the
conductor. For the RELAPS model of the WP, two sets of conductors describing the fuel pins and
guide tubes were defined, onc powered set representing the UO, fuel pellets (IDs 3301001 through
3301013) and one passive sct representing the fucl rod cladding and guide tubes (IDs 3481001
through 3481013). : '
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The conductor series 3301 and 3481 were connected respectively to control volumes 01001000
through 130010000 where the SNF assemblies are located. The fuel rods were modeled with
independent pellet and clad conductors to simulate breached conditions with no gas gap between the
fuel pellets and cladding and water is in contact with the UO, pelicts. In this model, the fuel rod
cladding was dissociated from the fuel pellet-to-water heat conduction path placing the pellets

directly in contact with the control volume water mass. The cladding and guide tubes were in turn

heated from secondary contact with the control volume water mass.

The outer containment shell of the WP was modeled with a sct of nine passive heat conductors (le
3121001 through 3121009) representing large carbon steel heat sinks connected to the peripheral
water filled control volumes (IDs 140010000 through 220010000).

Initial conditions for all heat conductors were 122.0°F.

Global energy sources in the RELAPS program are defined by the time-dependent solution of point
kinetics equations for the fission contribution to the energy generation coupled with (optionally)
fission product and actinide radioactive decay energy. The global energy sources are distributed
locally to powered heat conductors (IDs 3301001 through 3301013) through power factors which
consist of nodal weights within conductors and overall weight factors among the conductors. For
the RELAP5 WP model, the time-dependent power history represented one fuel assembly and the
power factors were specified accordingly; 0.2 for one-fifth length full area assemblies and 0.1 for
one-fifth length half area assemblies. Nodal power factors within conductors were given equal
weighing. -

The heat conductor descriptions for the RELAPS model are listed in Table 7.3-3.

Table 7.3-3. RELAPS5 Heat Conductor Specifications

Conductor Geometry Composition |.Coordinate (ft) | Volume Initial Heat Transfer | Power
D Left . Connection Tempera- Arca Factor
Right ture (°F) ()
3301001 Cylinder uo, 0.0 0 1220 245.78667 0.1
1.535833¢-02 § 010010000
3301002 Cylinder uUo, 0.0 0 1220 245.78667 0.1
: 1.535833¢-02 | 020010000
3301003 Cylinder U0, 0.0 0 1220 245.78667 0.1
1.535833¢-02 | 030010000 .
3301004 Cylinder uo, . 0.0 0 1220 | 245.78667 0.1
1.535833¢-02 | 040010000 i
3301005 Cylinder | UO, . 00 0 122.0 245.78667 0.1
1.535833¢-02 | 050010000
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Table 7.3-3. RELAPS Heat Conductor Specifications
Conductor Geometry | Composition | Coordinate (ft) Volume Initial Heat Transfer | Power
D " Left Connection Tempera- Area Factor
Right wre (*F) (ft*)
3301006 Cylinder U0, 0.0 0 1220 491.57333 0.2 .
1.535833¢-02 | 0560010000 ) . .
3301007 Cylinder uo, 00 0 122.0 491.57333 0.2
1.535833e-02 | 070010000 '
3301008 Cylinder Uo, 0.0 0 1220 49157333 | 02
. 1.535833¢-02 | 080010000 '
3301009 Cylinder U0, 0.0 -0 1220 491.57333 0.2
. 1.535833¢-02 | 090010000
3301010 Cylinder Uo, 0.0 0 122.0 491.57333 0.2
1.535833¢-02 | 100010000
3301011 Cylinder U0, 00 . (] 1220 491.57333 0.2
1.535833¢-02 | 110010000
3301012 Cylinder U0, 00 0 122.0 491.57333 02
1.535833e-02 | 120010000
3301013 Cylinder uo, | 0.0 0 122.0 491.57333 0.2
1.535833¢-02 | 130010000
3481001 Cylinder Zr4 1.570833¢-02 | 010010000 122.0 265.875 00
. 1.791112¢-02 | 010010000 531.750
3481002 C}liﬁ.dér Zr-4 1.570833¢-02 | 020010000 122.0 265.875 0.0
' 1.791112¢-02 | 020010000 531.750 -
3481003 Cylinder Zr4 1.570833¢-02 { 030010000 122.0 265.875 00
1.791112¢-02 | 030010000 531.750
3481004 Cylinder Zrd 1.570833¢-02 | 040010000 1220 265.875 - 0.0
: 1.791112e-02 | 040010000 531.750
3481005 | Cylinder zr4 | 1.570833c.02 | 050010000 | 1220 265.875 0.0
1.791112¢-02 | 050010000 531.750
3481006 Cylinder 24 1.570833¢-02 | 060010000 1220 265.875 0.0
1.791112¢-02 | 060010000 531.750
3481007 Cylinder -4 1.570833¢-02 | 070010000 1220 265875 0.0
1.791112¢-02 | 070010000 531.750
-3481008 Cylinder Zr-4 1.570833¢-02 | 080010000 122.0 265.875 0.0
1.791112¢-02 | 080010000 531.750




W,

Waste Package Development

Criticality Consequence Analysis Involving Intact PWR SNF in a Degraded 21 PWR
Assembly Waste Package -
Document Identifier. BBA000000-01717-0200-00057 REV 00 Page 39 of 62
Table 7.3-3. RELAPS Heat Conductor Specifications
Conductor Geometry Composition | Coordinate {f) Volume Initial Heat Transfer | Power
D Left Connection Tempera- Area Factor
Right wre (°F) (ft))
348i009 Cylinder Zr-4 1.570833¢-02 | 050010000 122.0 265.875 0.0
1.791112¢-02 | 090010000 531.750
3481010 Cylinder Zr-4 1.570833¢-02 | 100010000 1220 265.875 0.0
1.791112¢-02 | 100010000 531.750
3481011 Cylinder Zr-4 1.570833¢-02 | 110010000 122.0 265.875 0.0
' 1.791112¢-02 | 110010000 531.750 .
3481012 Cylinder o4 1.570833¢-02 | 120010000 1220 265.875 0.0
' 1.791112¢-02 | 120010000 531.750
3481013 Cylinder Zr4 1.570833¢-02 | 130010000 122.0 265.875 0.0
1.791112¢-02 | 130010000 531.750
3121001 Rectangular | Carbon Steel 0.0 140010000 1220 1.73 0.0
190.0 0 0.0
3121002 | Rectangular | Carbon Steel 0.0 150010000 1220 1.73 00
190.0 0 0.0
3121003 | Rectangular | Carbon Steel 0.0 160010000 1220 1.73 00
190.0 0 0.0
3121004 Rectangular | Carbon Steel 0.0 170010000 122.0 173 0.0
190.0 0 00
3121005 | Retangilar | Carbon Steel 0.0 180010000 1220 .73 0.0
1900 0 0.0
3121006 | Rectangular | Carbon Steel 0.0 - 190010000 1220 1.713 0.0
' 190.0 0 0.0
3121007 Rectangular | Carbon Steel 00 200010000 1220 1.73 0.0
. 150.0 0 0.0
3121008 | Rectangular | Carbon Steel 00 210010000 122.0 173 0.0
o 190.0 0 0.0
3121009 | Rectangular | Carbon Steel 0.0 220010000 1220 173 0.0
190.0 0 0.0

7.3.4 RELAPS Reactivity Tables

The feedback reactivity in the RELAPS point kinetics model can be specified as direct time
dependent tables (labeled as scram tables), weighted tables of fluid density vs reactivity, or through
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control system variables. The control system aliows reactivity values to be more generally specified
as functions of model variables.

The RELAPS reactivity changes for fucl and moderator temperature effects are shown in Tables
7.3-4 and 7.3-S. The first parameter shown on Tables 7.3-4 and 7.3-5 is the 8 digit input line number
beginning with the number 3 (30000000). The last 3 digits on these input lines identify the fuel
temperature variables, 30000601 through 30000607, moderator density variables, 30000501 through
30000516, and the respective reactivities. The English units used here reflect the values used in the
RELAPS input. -

The formulation of the reactivities for each input line is denoted as:
p (603) = Apg, + p (sum)

where p (603) is the input line number (603 for example), p (sum) is the summation of reactivities
from the initial state point (122 °F), and:

1 1

kd - Buse kgﬂ' - Change

where C represents the change case number from Table 7.2.2.2-1 and B represents the base case
number from the same table. Note that the cases listed in Table 7.2.2.2-1 include a number of branch
cases (fuel temperature varied at constant density and density varied at constant fuel temperature).
The constant parameter is listed the last tolumn in Table 7.3-4 and Table 7.3-5.

* -Table 7.34. Average Fuel Temperature Versus Reactivity

RELAPS Input Fuel Temperature Ap($) Density (Ib/ft?)
Line # (°F)
30000601 32,0 40.1719079 - 62.4279606
30000602 80.33 +0.1719079 62.4279606
30000603 122.0 +0.0 61.6903146
30000604 212.0 -0.3488604 61.6903146
30000605 320.0 -0.7295469 60.7424057
30000606 518.0 -1.3918144 60.7424057
30000607 1004.0 -2.8696928 56.1851645
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Table 7.3-S. Moderator Density Versus Reactivity
RELAPS Input Density _(lb,,,/ft’) Ap(s)' Fuel Temperature
Line # (°F) )

30000501 43.6995724 -22.8341124 1004

30000502 452602714 -20.0375898 1004

30000503 46.8209705 -17.4413905 1004
© 30000504 48.3816695 -15.0255317 11004
30000505 49.9423685 . -12.7766726 1004
30000506 51.5030675 -10.6782739 1004
30000507 53.0637665 -8.7187079 1004

30000508 54.6244655 -6.8856192 1004
30000509 56.1851645 -5.1688975 518
K/' 30000510 574337238 -3.9010990 518
30000511 58.6822830 -3.9010990 518
30000512 59.8121897 -1.6592902 518
30000513 60.7424057 -0.8234196 212

30000514 61.6903146 0.00 122 -
30000515 62.4279606 +0.6225345 122
30000516 65.0000000 +0.6225345 ' 80.33

The initial state point is represented by fuel temperatures of 122°F and a corresponding density of
61.6903146 1b/ft’. There are interpolation control reactivity lines for p (601) and p (516).
Temperatures less than 80.33°F {p (602)} cannot be attained. Therefore, 32°F is a dead-ended
interpolation point:

P (601)32'[:' =p (602)80.33'F.

Likewise, water densities greater than 1.0 gm/cm’® or 62.4 1b/ft 3 cannot be attained. Therefore,
65.0 Ib/ft’ is a dead-ended interpolation point: :

K_/ : P (516)gsomn’ = P (515)s24mmeer-
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The reactivity summation, p (sum), begins with the basc reactivity for the initial state points and
proceeds in the direction of increasing positive values or decreasing negative ones.

The formulations for the fuel temperature reactivity values are shown below. These expressions arc
straightforward. For example, if a positive reactivity increase is considered to have resulted from
2 fuel temperature decrease from 122°F to 80.33°F, the base case in Table 7.2.2.2-1is #2 and the
change case is #1. Conscquently, the change in reactivity is Ap, ;- The sum of all previous
reactivities is zero because this is the first change from the base reactivity, which is zero at 122°F.

p(601) = p(602)

p(602) = Ap,; + p(603)

p(603) = 00 = Ap = p(603).
p(604) = Ap,; + p(603)

p(605) = Ap,s + p (sum)

p(sum) = p(604) + p (603)

p(606) = Ap,s + p (sum)

p (sum) = p(605) +...

p(607) = Ap,,, + p(sum)
p (sum) = p (606) + ...

The formulations for the moderator density reactivity values are shown below. The fohnat and

_ evaluation follow the same pattern as that for the fuel temperatures discussed above.

p(S16) = p(SIS) .

p(515) = Ap,; + p(514) .
p(514) =0 = Ap = p (sum)
p(513) = Ap;, + p(514)

p(512) = Ap;; + p(sum)
p(sum) = p(513) + p(514)
p(511) = Apys + p(sum)
p(sum) = p(512) +..

p(510) = Ap,s +p (sum)
p(sum) = p(511) +..

p(509) = Ap,, 0 + p(sum)
p(sum) = p(510) +..

p(S08) = Apy,, + p(sum)
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p (sum) = Sum of previous p values
p(507) = Apyy + p(sum)
p(506) = Apy,, + p(sum)
p (505) = Apygs + p (sum)
p(504) = Apye + p(sum)
p(503) = Apy,y; + p(sum)
p(502) = Apjyys + p(sum)
p(501) = Apyy + p(sum)

During the development of the model, it was noted that the reactivity was remaining high during the
transient when the water level was decreasing down through the upper row of assemblies. Based on
the results in Section 7.2.1 that this was a very large negative effect, it was recognized that this effect
needed to be included. The control system input option was used to incorporate the results in Table
7.2.1-2 into the RELAPS model. A control block was added to the input file to compute an average
liquid level in the top row of fueled assemblies and adjacent fluid volumes having the same
elevation. Reactivity is calculated from the table at the current liquid level using linear interpolation
procedures based on the results in Section 7.2.1. The MCNP analyses for the sequence of water
levels in the WP were evaluated from the top of the fuel assembly to -20.30 cm as indicated in
u Section 7.2.1. The reactivity table for the RELAPS model was extended to -21.64 cm (lower edges
of the assemblies) using the last reactivity value to define a zero level entry. This is a conservative
approach since the k of the system is strongly correlated with the water level at these conditions.

The inclusion of the control block for water level necessitated that the moderator density table be
overridden. Note that this is conservative since the drop in moderator density is shown in Table
7.3-5 to always gesult in a negative change in reactivity.

7.4 Results of RELAPS Analysts

All results in this section from RELAPS calculations are TBV because the RELAP5/MOD3 code
has not been qualificd according QAP-SI-0 as indicated in Section 6. S :

The consequences of a large reactivity insertion in the WP, onc where the insertion rate was on the
order of minutes and the second where the rate was on the order hours, were investigated with the
RELAPS model. In particular, the scenarios investigated were a positive reactivity insertion of
14.18$ at 2 constant rate over 30 seconds and over 3600 seconds. These cases are labeled as
rSwp2d.sht for the 30 second scenario and rSwp2d.Ing for the 3600 second scenario. The short term
(initial power excursion) transicnt responses in both cases were qualitatively similar, being
dominated by the positive ramp reactivity insertion and negative Doppler feedback reactivity which
terminated the initial power rise in each case prior to the introduction of significant negative void
reactivity. The transient response of the WP system following termination of the initial power rise
v was controlled b)f the rate of energy addition affecting the rate and magnitude of the void formation
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and thus the time evolution of the void reactivity component. Ultimately, sufficient fluid inventory .
was lost from the WP (> 225 kg in either case) to sustain a large negative void reactivity component,
- keeping the system in a subcritical condition.

Maximum pressures in the WP system remained below 2.55¢+05 Pa and maximum center line fuel
rod temperatures remained below 570 K. Sufficient fluid inventory remained in the WP at the

problem termination to redistribute the energy in the system and reducing the fuel rod temperatures

10 less than 373 K. Values of several key parameters from the RELAPS analyses are summarized

in Table 7.4-1.

Table 7.4-1. Summary of 14.18% Ramp Reactivity Insertion Cases

Variable 30 second reactivity 3600 second reactivity
insertion insertion
case rSwp2d.sht case r5Swp2d.Ing
Peak fission power/assembly 9.47¢+07 watts 8.76¢405 watts
‘ Time of peak fission power 2.52 seconds 176.0 seconds
K/ Total fission and decay heat 9.48¢+07 watts 9.00e + 05 watts
power per assembly at time of
fission power maximum
Total energy into WP/assembly at 5.16¢407 joules 8.15e+07 joules
termination time
Maximum volume pressure _ 2.544¢405 Pa 2.258¢+05 Pa
Control volume where maximum 150010000 150010000
pressure monitored ' :
Peak mean fuel rod temperature 4975K 4384K
Time of peak pin temperature 4.18 seconds 633 scconds
Water inventory - Initial 450.04 kg ' 450.04 kg
Water inventory - Final 209.02 kg 219.29kg
Incremental Burnup - 1.6e-03 MWJI/MTU - 1.8 MWdA/MTU
Termination time 1200 seconds 1800 seconds

The consequences of each reactivity insertion scenario were directly related in severity to the
u reactivity insertion rate in the flooded WP which is typical of transient reactivity events analyzed in
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2 Degraded 21 PWR

reactor systems such as during Anticipated Transients Without Scram (ATWS) (Ref. 5.17),
supporting the assumption that the RELAPS code can adequately mode] the WP system. The total
energy generated may be larger for slower insertion rate events as shown in Table 7.4-1 but is
distributed over longer time periods than the more rapid insertion rate events. Within an essentially
closed system such as the WP being analyzed, the energy generation can be considered as an -
adiabatic process since the time scales are too short for significant amounts of energy to be
transferred into the WP barriers as heat sinks. Thus, although the detailed histories differ markedly,
preliminary analysis indicates that the final state of the system is, at most, only weakly dependent
upon reactivity insertion fates since the fission reaction terminates as soon as the WP is sufficiently
voided. In this state, sufficient fluid inventory has been converted to steam (or a two-phase fluid)
and expelled from the WP to preclude any short term return to criticality.

The time evolution of key parameters from the 30 second scenario are shown in Figure 7.4-1 through
Figure 7.4-10, respectively, for assembly power, reactivity components, control volume pressures,
WP fluid inventory, junction flow rates, and average fuel temperature. Two ranges are shown for
several of the parameters, one showing a panoramic view of the parameter value over the total time
period, and the second providing a higher resolution study over a limited time scale. In this scenario,
the energy generation rate was sufficiently rapid during the initial power excursion to raise fuel
temperatures (Figure 7.4-10) well into the range where void formation occurs generating the sharp
pressure rise (Figure 7.4-5) and inventory loss (Figure 7.4-T). As shown in Figure 7.4-3, the large
negative void reactivity component prevented any possible return to criticality in the WP system and
the fission power level (Figure 7.4-1) asymptotically approaches the characteristic 79 second decay
period of the longest lived delayed neutron precursor group (standard 6-group model). '

The total system reactivity and its three components (positive ramp insertion, negative Doppler and
void feedback) are given in Figure 7.4-3. This figure shows the early Doppler feedback reactivity
which terminated the initial power excursion followed by the larger negative void reactivity which
ultimately terminates the event. All values of the reactivity components have reached their
asymptotic values by 30 seconds. : :

Maximum pressures in the WP system reach approximately 2.5e¢+05 Pa during the initial phases of
the event as shown in Figure 7.4-4 and Figure 7.4-5, then return to near initial values. The lower
final values reflect the gravity head from the reduced final fluid inventory as shown in Figure 7.4-6
and Figure 7.4-7. . o - '

The flow-rate in the exit junction, ID 250010000, and junction IDs 230010000 and 230020000 are
shown in Figure 7.4-8 over the total event period and in Figure 7.4-9 for an initial phase. The flow
rate in the exit junction, ID 250010000, is limited by the choking modcl which controls the rate of
inventory loss and pressure relief. The direction of flow for the exit junction is predominately
outward
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(inventory loss) with very low reverse mass flow rates since the externa! environment (Control
Volume 260010000) was specified as water vapor. Interior junctions, as shown in these figures, may
experience either positive or negative flow rates as the pressure distribution dictates. As stated
previously, the system retumns to a stable sub-critical configuration following the initial activity.

The much Jower reactivity insertion rate in the 3600 second reactivity insertion scenario, and thus’
‘the energy generation rate, resulted in a less severe transient response than for the 30 second
reactivity insertion scenario as listed in Table 7.4-1. The time evolution of key parameters from this
scenario is shown in Figure 7.4-11 through Figure 7.4-20, respectively, for assembly power,
reactivity components, control volume pressures, WP fluid inventory, junction flow rates, and
average fuel temperature. Two ranges are shown, as above, for several of the parameters, one
showing a panoramic view of the parameter value over the total time period, and the second
providing a higher resolution study over a limited time scale. In the 3600 second reactivity insertion
scenario, the power excursion is terminated by the negative Doppler reactivity (Figure 7.4-13) with
fuel pin metal temperatures (Figure 7.4-20) at values where subcooled boiling can be initiated. The
initial vapor generation was coincident with the initial WP inventory loss (Figure 7.4-15) but did not
result in a prominent pressure surge as shown in Figure 7.4-16. During the 200-600 second time
period in the scenario, negative reactivity from the void and Doppler effects was nearly equal to the
positive ramp insertion reactivity, maintaining the power level (Figure 7.4-12). An increase in the
vapor generation rate around 600 seconds into the scenario resulited in a pressure surge (Figure 7.4-
16) and further inventory loss. As shown in Figure 7.4-13, the large negative void reactivity
component prevents any possible return to criticality in the WP system and the fission power level
(Figure 7.4-11) asymptotically approaches the characteristic 80 second decay profile. The inventory
loss at this point is sufficient to prevent any possible return to critical conditions until the WP refills
with water which has a time scale of years.
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7.5 Changes to the Radionuclide Inventory Due to Translent Criticality Event

To evaluate the effects of a criticality on the radionuclide inventory of a waste package, the code
sequence SAS2H was run using the PWR criticality design basis fuel, power histories from the
RELAPS analyses, and a decay period of one year. The maximum decay period of one year was
based on the short operating time of the criticality event which precludes formation of significant
inventories of long lived isotopes. The transient fission power history and fuel temperature, listed
in Table 7.5-1, for the SAS2H input files (short.inp, long.inp) were approximated by histograms
derived from the graphical data shown in Section 7.4. Figure 7.4-1 and Figure 7.4-10 were the basis
for the 30 second reactivity scenario histograms. Figure 7.4-11 and Figure 7.4-20 were the basis for
the 3600 second reactivity insertion scenario histograms. The bumup calculated from these
histograms (summation of time steps in days multiplied by power in MW and divided by 0.464
MTU) are only 1.6E-3 MWd/MTU and 1.8 MWd/MTU for the short and the long cases, respectively.
The output of the SAS2H runs (short.out and long.out) list the radionuclide inventories in curies for
the 30 second and 3600 second reactivity insertion scenarios, respectively. These values are
compared in Table 7.5-2 to the initial radionuclide inventory for a 25,000 year decay period
generated as part of a previous analysis (Ref. 5.13). The initial analysis contained 36 isotopes in the
radionuclide inventory. For this analysis, only those isotopes whose inventories after one year decay

" differed from the original values by a minimum cutoff value (~10%) are listed. As shown, small

differences appear in the fission product activity but the principal radioactivity is due to the actinide
decay which is not significantly altered by the criticality events.

Note that the input compositions for the short and long SAS2H runs are based on the MCNP
criticality compositions which have been adjusted up to 96% of 10.96 g/cm® (theoretical density of
natural UO,). The 25,000 year decay case to which the results are compared has compositions based
an a UO, density.of 10.206. Therefore, the activities for the isotopes for which a composition was
specified in the inputs for the long and short cases must be multiplied by 0.97 (10.206/10.5216) to

~ be compared on the same basis. :
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Table 7.5-1, ORIGEN-S Input Parameters
Case Power (MW) | Burn Time (days) Fuel Temperature (K)
30 second Reactivity | '
Scenario (short.out)
9.0 0.0000023 326.5
50.0 0.0000023 383.2
25.0 0.000015 469.3
20 0.000023 455.4
0.5 0.000069 422.1
0.3 0.00046 388.8
3600 second Reactivity * * *
Scenario (long.out)

0.5’ 0.00046 327.6
1.0 0.00023 374.8
0.5 0.00035 3804
0.07 0.0093 376.5
. 0.03 0.0035 376.5

0.01 0.001 373.2
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Table 7.5-2. Radionuclide Inventory after One Year Decay Period

Isotope Initial Activity (Ci) | 30 second Reactivity | 3600 sec Reactivity
: (Ref. 5.13) Scenario (short.out) Scenario (long.out) )
Increase (Ci) Increase (Ci)

Actinides - - ‘ -

. th229 3.71e-02 5.63¢-06 5.63¢-06-
th230 2.60e-01 1.17¢-05 1.17¢-05
pa23l i 9.01e-03 - ' 5.20e-07 5.20e-07
u233 6.20c-02 - -
u234 - 1.23e+00 - .
u235 2.33¢-02 . - -

‘ u236 2.25¢-0} - -

| u238 ~ 145¢-01 B - .
np237 6.10¢-01 - -
pu238 0.00e4+00 - 5.65¢-04  6.27e-04
pu239 9.74c401 - -
pu240 | 156e+01 - -
pu24l 5.72¢-03 - -
pu242 : 5.57¢-01 - -
am241 ~ 5.95¢-03 - -
am243 5.59¢-01 - : -

“cm244 0.00e+00 1.22¢-05 - 1.34e-05

Fission Products : - - ' -
(c99 6.02¢+00 1.34¢-02" 1.34c-02"
smi51 0.00+00 1.22¢-04 1.36e-04

* These values may be significantly overestimated as a result of roundoff to 3 digits in SAS2H.

_/
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8. Conclusions

All conclusions in this section from RELAPS calculations are TBYV because the RELAP5/MOD3
code has not been qualified according QAP-SI-0-as indicated in Section 6. :

The criticality consequence analyses performed for the fully degraded internal structure of a 21 PWR
WP loaded with 15X15 B&W SNF demonstrated that, based upon conservative assumptions, the
system remains in a safe configuration following scenarios where 14.18$ of positive reactivity is
added to the WP system over time scales of 30 to 3600 scconds. The 14. 18$ reactivity value
represents the maximum possible reactivity attainable in the WP designs as discussed in Section
7.2.3. The probability of these criticality scenarios will be addressed in separate analyses (TBD).
The results of the preliminary analysis in Section 7.4 show that the PWR SNF WP system returns
to a subcritical configuration with the fuel rod temperatures and WP internal pressures remaining
well below levels which could melt fuel or generate more than minor effects on adjacent WP systems
(c.g. humidity levels will temporarily increase in the drift environment). The results discussed in
Section 7.4 also show that consequences of a reactivity insertion event decrease in severity as the
insertion rate decreases. However, the final state of the system, where sufficient water is lost from
the WP to maintain a subcritical state, depends primarily on the energy generated rather than the rate,
since steam formation is the primary energy dissipation mechanism in the WP.

Consequently, criticality events in 2 WP will be restricted to localized incidents and not involve
additional WPs or affect the overall integrity of the repository. The principal impact on the
environment external to the WP experiencing a criticality event is the return of water in vapor form
to the drift environment increasing the ambient humidity. This should not significantly impact the
WP environment in an adverse manner since the presence of water in the environment is assumed
initially. Although-not considered in the. RELAP5 model, condensation of the water vapor will
prevent any significant over pressurization of adjacent WP modules since the drift environment is
~ assumed to be 326.2 K. The criticality analysis of the WP (Ref. 5.13) showed that the system is
subcritical unless the SNF in the WP is submerged in water. This criticality consequence analysis
shows that sufficient water inventory is expelled from the WP to preclude any immediate return to
a critical configuration. Flooding the WP to levels where criticality is again possible would require
several years even at the most conservative flow rates forecast for the drift region.

Burnup from the transient reactivity scenarios was less than 2.0e-03 Mwd/MTU per scenario. The
ORIGEN-S analysis of the scenarios showed that the radionuclide inventories in a WP had a
negligible increase after a one year decay period which will have no significant effects on the WP
or repository. .
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9. Attachments

The hardcopy attachments are listed in Table 9-1 below. Electronic attachments are provided on
Colorado Trakker® tapes (Ref. 5.22) and are listed in Table 9-2 below for REV 00 Cases.

Table 9-1. Attachments of Supporting Documentation for Criticality Consequence Analysis
Involving Intact PWR SNF in a Degraded 21 PWR Assembly Waste Package

Attachment Number Description : Pages
I Base MCNP Case (R58H13F) 4
) Base SAS2H Case (IN.WP) : 3
11} Terminal Velocity Calculation 1
vV RELAPS Input File (RSWP2D.03C) 17

Table 9-2. Attachments of Computer Outputs
for Criticality Consequence Analysis

File Name File Size  File Date File Time
(Bytes) of Day
ANSTOP « ~.. 95956  9/2/97 4:42p
EDHTRKP 610,033  9/2/97 4:42p
EDHTRKD.P 605830  9/2/97 4:42p
EDHTRKNP 605649  9/2/97 4:42p
EDRST.P 699,984 . 912197 4:42p
EDSTRIP.P 7,743 97 4:42p
MARPZD4.P 693,794 91297 4:42p
PUMP2.P 1,362,805 972197 4:42p
TYPPWR.P 1,677913 91297 4:42p
TYPPWRN.P 1,679,245 9/2/97 4:43p
INFH20.0 547,580  8/29/97 1:31p
INFOX.O 234,872 82997 ©  1:3lp
OUT.E49 2,604,284  7/22/97 7:23p

OUT.FE 2730022 12207 723
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Table 9-2. Attachments of Computer Outputs
for Criticality Consequence Analysis

File Name File Size  File Date File Time
(Bytes) of Day
INFLUX20 556,209  8/29/97 1:31p
OUT.WP 2,738,210  8/29/97 1:23p
INFH2020 544,337  8/29/97 1:31p
OUT.FIN 2,694,880 8/19/97 7:46p
H20HI3FO _ 579,852  8/29/97 1:28p
OUT.WPN 2,694,372 7/22/97 7:59p
OUT.WP 2,738,210 8/29/97 1:23p
OUT-~1.122 2,740,086  8/29/97 1:23p
OUT-~2.122 2,740,107  8/29/97 1:23p
OUT-~2.212 2,740,122  8/29/97 1:24p
OUT-~1.212 2,740,122  829/97 1:23p
OUT~1.320 2,740,236 82997 1:23p
; OUT-5.518 2,740,464 8/29/97 1:24p
\/ OUT-4518 2740443 812057  1:24p
OUT-3.518 2,738,807 8/2097 1:24p
OUT-~2.518 2,738,828 8/29/97 1:24p
OUT-~1.518 2,738,828 8/29/97 1:23p
OUT-9.100 , . 2,739,362 8/29/97 1:25p
OUT-~8.100 "2,739,341  8/29/97 1:25p
OUT-~7.100 2,737,726  8/29/97 1:25p
OUT~6.100 2,737,684 8/29/97 1:25p
OUT~5.100 2,740,464 8/29/97 1:24p
OUT-4.100 2,737,726 8/29/97 1:24p
OUT-3.100 2,736,174 8/29/97 1:24p
OUT~2.100 2,736,153  8/29/97 1:23p
OUT-~1.100 2,736,216 8/29/97 1:23p
RSWP2D.SHT 18,830,566 9/2/97 4:24p
RSWP2D.LNG 18,839,913 9/2/97 4:23p
SHORT.OUT 22,131,002 9/297 3:52p
LONG.OUT 22,136,053 9/2/97

3:46p
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AUCF-21 BW1Sx1S, full deg, 58X Fe203, gettled
CELL SPECIFICMIGIS
Assenbly Sub-lsttices - 1/2 Mode
0 1 3-13 -20 FiLL=t (C -7& 0) INP 2N
ASSEMBLY LATTICE
1 -3.4592 -61 60 -63 &2 (INP:N=t LAT=1 Usi
VII.LSO'SO'IOO 138 565 1 1 5656561
$6 56561 S9 5059 60 575758 58
S8 3R 58 3R $ 172 model
BARRIER CELLS .

Basket Materfal-lLid Gap .

8 -1.0000 1-20 13 -1 PNzl $ 1/2 model
Inner Barrier

5 -8.4425 1 3 20 -21 -%4 1INP:N=1 $ 172 model
Inner Lid

V=200

S -8.4425 1 16 -15 -21 1HPzN=1 § 1/2 wodel
Gap between Inner and Outer farrier Lids
8 -1.0000 1 15 -16 -21 INP:N=1 $ 172 model

Gap between Inner and Outer Barriers
8 -1.0000 21 22 1 3 -16 [INP:N=1 $ 1/2 model
CGuter Barrier
7 -7.8320 22-26 1 3 <16 [IMP:N=1 $ 1/2 model
Outer Barrier Lid :

7 -7.8320 1 -24 1 -17 IMP:N=1 -8 1/2 model
12 of Water around Container
8 -1.0000 2425 1 3 -17 (WP:N=1 § 1/2 model
12" of Water abcve Container -
8 -1.0000 17 -1%. 1 -25 IMP:N=1 $ 172 model
OUTSIDE WORLD
0 -1:-3:19:25 INP:NaD € 1/2 model
WET w/ Fe203 PIN LATTICE
1 -3.4592 -26 27 -28 29 INP:N=1 LAT=1 u=56
FILL -B:8 -B:8 0:0 55 16R 56 2 4R 56 56 2 14R 56
S624R 4L 2 2R & 2 4R 56
S8 22RA26R 4K 2 2R 56 562 14R S6
S622422422R42242256
56 2 V4R S6
2 6R 56
2

R 56

2242 R4 2242256
56 2 14R 56 S&ZH‘ZGR&!ZR%
S624R 4 2 2R 4 2 4R 56

56 2 4R 56 56 2 14R 56 S& 16k
Water LATTICE

8 -1.,0000 *-58°S5 -59 57 IWP:N=1 U=58

WET PIN LATTICE .

& -1.0000 -26 27 -28 20 [IWP:Nsl LAT=1 Us57

FILL -8:8 -8:8 0:0 57 16R 57 3 14R 57 57 3 14R 57
STI4RSI2RS534R57

gﬂgﬂ

5732!536!!5321!57 57!14857
S73353353R53353357
S7 3 4R 57

ST3ER T3 ERST

ST 3 1R 57

R 5
S733533532R5335335%57
R57 STIZRS I ER 53 R 57
STS4RS 3 2R S 3 4R 57
S7 3 R 57 57 3 14R 57 57 &R
c WET W/ Fe203 FUEL ROD

gy 2  6.982783e-02 -30 -10 INPsHs =2
90 & -6.5600 -30 10 -11 IWP:N=1 Us2

91 1 -3.4592 <30 N INPsR=1 U=2

§2 € -1,0000 30 -31 -11 INP:N=1 U=2

o3 1 -3.4562 30 -31 31 INP:N=1 U=2

94 & -6.5600 31 -32 -11 INP:l=1 U=2

g5 1 -3.4592 31 -32 11 INP:N=1 Us2

95 1 34592 32 INP:N=1 Us2

c Wet FUEL RCO

97 E 6,982783E-02 -30 -10 IMP:N=1 U=3

-6.5600 30 10 -11 IMNP:N=1 U=3

ATTACHMENT I -

Page 1
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99 g -1.0000 -30 11 INPiN=] U=3.

100 & -1.0000 30 -31 -11 IMP:N=} Us3

101 8 -1.0000 30 -31 11 IMP:N=1 Us3

102 & -6.5600 31 -32 -11 IMP:N=1 U=3

103 &8 -1.0000 31 -32 11 INP:N=1 Us3

104 8 -1,0000 32 IHP:N=1 U=3

[ WET w/ Fe203 CONTROL ROD/GUIDE TUBE

15 8 -1.0000 -33 INP:N=1 U=4 $ No DCRA Rod

c 05 ¢ -7.8300 -33 INP:N=1 Uzt $ DCRA Red

106 1 -3.4592 33 -34 [INP:N=1 Usé

107 1 -3.4592 34 -35 INP:Ne§ U=L $ No DCRA Cladding

c 107 & -6.5600 34 -35 [WP:Ns1 Ust $ DCRA Cladding
108 . 1 -3.4592 35 <36 INP:N=1 Usé

09 & -6.5600 36 -37 INP:N=] U=l

110 1 -3.4592 37 IHPN=T Usé

c Wet CONTROL RCD/GUIDE TUBE

111 & -1.0000 -33 INP:N=] Us5 $§ Ko OCRA Rod

c 111 ¢ -7.8300 -33 IHP:N=1 Us5 $ DCRA Rod

112 8 -1.0000 33 -34 IMP:N={ Us5

113 8 -1.0000 34 -35 INP:N=1 Us5 $ No DCRA Cladding

c 13 & -6.5600 34 -35 IHP:N=1 Us5 $ DCRA Cladding
1% 8 -1.0000 35 -36 [IMP:N=] Us5

115 4 -6.5400 35 -37 IMP:N=1 U=

116 & -1.0000 37 IMP2N=Y Us5

c WET w/ Fe203 INSTRUMENTATION TUSE
197 & -1.0000 -38 IHP =1, U=é
e 4 -6.5600 38 -39 INPsN= Usd
1¢ 7 -3.4592 39 INP:K=] U=é
c Wet INSTRUMEKTATION YUBE

120 8 -1.0000 -38 INP:Ns) U=7
121 4 -6.5600 38 -39 WP eN=t U=7
122 & -1.0000 3% 1MP:N=l Us7

c VET w/ Partial Fe203 PIN LATTICE
123 1 -3.4592 -26 27 -28 29 IKMP:N=1 LAT=1 Us59
FILL -8:8 -8:8 0:0 59 16R 59 2 14R 59 59 2 1R 59
S924R & 2R & 2 4R 59
59 426R&22R59 592 1R 59
§2622R£2242259
H

¢
6 2 6R 59
9
335322533533 %9
59 S5932RS3ERSI RS .

s 7. S 3 4R 59 593 4R 59 .5916R
C - MNalf Water/Half Fe203 LATTICE
12, & -1.0000 -58 56 -59 65 1MpP:N=1 U=40
125 1 -3.4592 -58 56 -66 57 IWP:Ns1  U=40 .

VUYLV YY
w

Mohllah O
BRWSRELN
W

[* ]

b

W

Wl

”~

x

(¥, ]

L+ ]

C  SURFACE SPECIFICATIONS
1* PX 0.0
3* P2 0.00

10 PZ 1%80.0850 & TOP ACTIVE FUEL

11 P2 201.2380  $ TOP FUEL HARDWARE

c 12 P2 228.T5 $ TOP TUBE - (Shielding Model)
13 P2 228.75 $ T0P OF BASKET MATERIAL

1% P2 229.35 $ TOP RING/WATER GAP

15 P2 231.75 $ TOP INNER LID

16 P2 234.75 $ T0P LID GAP

17 P2 245.75 $ TOP OUTER LID

c 18 P2 263.35 $ T0P SKIRT - (Shielding Model)
19 P2 298.75. $ TOP REFLECTOR REGION

20 € 71.09 $ 1D OF INNER BARRIER

21 €2 73.085 $ 00 OF INNER BARRIER

2  7B.. $ 10 OF CUTER BARRIER

C B € 76.45 $ ID OF SKIRT LIP - (Shielding Model)
2% ¢ &.10 $ 00 OF OUTER BARRIER

25 €7 13.60 $ OO0 OF REFLECTOR REGION

C  PIN LATTICE BOUNDS

26 PX 0.72135
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27 PX -0.72136

28 PY 0.72136

29 PY <0.7213%

[ FUEL ROD

30 €2 0.488122

31 €2 0.4787%0

32 €2 0.546100

[ CONTROL ROD/GUIDE TUBE

33 CZ 0.45340 $ 0.49022

34 €2 0.46990 $ 0.50292

35 ¢z 0.54510 $ 0.55007

35 €z 0.62230 $ 0.63248

37 ¢z 0.61310 ’ _

[ INSTRUMENTATION TUBE -
38 €2 0.56007

3% cz 0.62611 )

Cc ASSEMBLY LATTICE BOUNDS Actual -

S5 PX -11.95 $ UCF Intact Outside Tube ID

ST PpY -11.95
58 PX 1195
59 PY 11.95

[ FUEL CELL LATTICE BOUNDS
60 PX -10.65 $ ACTUAL 12.30

61 X 10.65
62 PY -10.65
63 PY 10.65

c plane for half water/half oxide lattice cell
6 PY 0.72138

MODE N

c voL 88y

kcooE 4000 1.01 10 400

c MATERIAL SPECIFICATIONS

c WATER AT 300 K d=3.4592 g/cc w/ 58X Fe2C3
L 1001.,50C 2.8089-2  8018.50C 4£.B8430-2 28000.55C 2.2924-2
MT1  LWTR.OIT '

c e49b34 . sum 25000 years decay
M2  8014.50C .046%47
42095.50C &4.T946T9E-05
4£4101.50C  4.354501€-05
43099.50C  4,2B4296E-05
45103.50C 2.608717e-05
47109.50C  3.714096E-06
40143.50C  3.74851E-05
60145.50C  2,799527E-05
£62147.50C  1,138963E-05
. 62149.50C  1.455085E-07
€62150.50C  1.043884E-05
62152.50C  4.59594E-06
€3151.55C 8.135066E-07
€3153.55C  3.93607¢-06
84155.50C  1.6B5185E-07
$2233.50C 3.328725¢-07
92234.50C  1.018437E-05
§2235.50C S.53TA0LE-04
92235.,50C 1.774777E-04
§2238.50C 2.174501€-02
- 93237.55C  &4.392789E-05
94239.55C . 7.906197E-05
$4240.50C 3.440139E-06
94241.50C 2.761636E-12
94242.50C 7.012276E-06
95241.50C B.639479E-11
$5243.50C  1.384765E-07
Afr d=0.001225 g/cc
7014.50c -0.80 8016.50C -0.20
ZIRCALOY-4 d=6.56 g/cc
£016.50¢ -0.0012 24000.50C -0.0010 24000.55C -0.0020
40000.50C -0.9318 50000.35C -0.0140
ALLOY 625 d38.4425 g/cc

o gnaﬁ
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(V] £000.50C -0.1000 13027.50C -0.4000 14000.50C -0.5000
15032.50C -0.0150 22000.50C -0.4000 24000.S0C -21.500
25055.50C -0.5000 25000.55¢ -5.0000 28000.50C -58.000
41093.50C -1.8200 42000.50C -9.0000 73181.50C -1.8200

- 15031,50C -0.0150 2705%.50C -0.9300 '

c AS16 CARBOM STEEL d=7.832 g/cc

N7 €000.50C -0.00220 14000.50C -0.002750 15031.50C -0.00035
16032.50C -0.00035 25055.50C -0.00%0
25000,55C -0.98535

[ WATER AT 300 K d=1.0000 g/cc

1) 1001.50c 2. 8016.50C 1.

NT8  LUTR.O1Y

[+ YALLIES

PRINT
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1 primary module sccess and input.record { scale driver - $5/0372% - 09:06:37 )
- module saszh uilt be called
SAS2H: &.5utX, 34CWD/MTU, 25000yr, Waste-Pack Buckling Model

’
*+ Iren (Fe203) rust in the water around the fuel pins 58 vol. X
L

+ glending from MCHP = 0.751311 water ¢+ 248689 rusty uater

’

"B LW 15x15 fuel sssenbly, high temp burnup

r’

&4group latticecell

1} .

* NCKP fnput mixtures for fuel-pin-cell, assembly-cell, and waste package
[

° 1 0 4.694700-02 300.00 end
u-2335 10 3.326725-07 300.00 end
w234 10 1.018437-05 300.00 end

w235 10 5.531404-04 300.00 end
Ju236 10 1.774777-04 300.00 end
u-238 10 2.174501-02 300.00 end
00237 10 4.352789-05 300,00 end
pi-339 10 7.906197-05 300.00 end
pu-2¢0 1 0 3.440139-06 300.00 end
pu-24§ 10 2.761636-12 300.00 end
pu-22 10 7.012276-06 300,00 end
an-261 10 8.639479-11 300.00 end
_sm-243 1 © 1.386765-07 300.00 end
mo-§5 1 O 4.794679-05 300.00 end
te-99 10 .284296-05 300.00 end
ru-101 1 0 4.354501-05 300.00 end
rh-103 10 2.608717-05 300.00 end
eg-105 1 0 3.714096-06 300.00 end
nd-143 - 1 0 3.748510-05 300.00 end
nd-145 10 2.799527-05 300.00 end
sn-147 10 1.138963-05 300.00 end
; ; s2-149 10 1.455085-07 300.00 end
\_ sm-150 10 1.043884-05 300.00 end
sn-152 10 4.555940-06 300.00 end
. eu-151 1 O 8.138066-07 300.00 end
eu-153 1 O 3.936070-06 300.00 end
gd-155 1 0 1.686186-07 300.00 end
ke85 101-20 300.00 end
ke85 10 1-20 300.00 end
y-8  101-20 300.00 end
sr-90 % 0-1-20 300.00 end
2r-93 10 1-20 300.00 end
r-94 10120 300.00 end
295  101-20 300.00 end
rb-9%  101-20 300.00 end
re-106 .10 1-20 300.00 end
th-105 10 1-20 300.00 end
pd-105 10 1-20 300.00 end
pd-108 10 1-20 300.00 end
sh-126 10 1-20 300.00 end
xe-131 10120 300.00 end
xe-132 10120 300.00 end
xe-135 10 1-20 300.00 end
xe-136 10 1-20 300.00 end
cs<13 10 1-20 300.00 end
cs-135 10 1-20 300.00 end
cs-137  101-20 300.00 end
bs-135 10 1-20 300.00 end
139 101-20 300.00 end
pret41 10 1-20 300.00 end
pr-143 10 1-20 300.00 end
nd-147  101-20 300.00 end
ce-t44 10 1-20 300.00 end
po-147 10 1-20 300.00 end
po-i48 10 1-20 300.00 end
ew-156  101-20 300.00 end
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ey-155 101-20 300.00 end

fesassssscpncvansves . esae

’ A . :

! Nomogenized zire-& clad end water gap

[

? water - 0.2 0 4.27077-05 300.00 end

¢ zircd - o 2 0 2.602667-04 300.00 end

4 B

h 2 0 8.54154-03 300.00 end

° 2 0 4,52929-03 300.00 end

er 2 0 6.62716-05 300.00 end

fe 2 0 1.23407-04 300.00 end

zr 2 0 3.70866-02 300.00 end

arbm-sn 5.7221016 1 0 O 0 50000 100.C
2 0.013%99775  300.00 end

Assembly with iren

h 3 0 2.6089-02 300.00 end
° 3 0 4.8430-02 300.00 end
3 0 2.2924-02 300.00 end

.
"

MCKP K-inf blended iron assembly

Contains (1-x) 58 volX Fe203 water and x pure water
with x=0.734106 from blending equation

3 0 S.7e276-02 300.00 end
3 0 3.71651-02 300.00 end

¢ 3 0 5.70095-03 300.00 end
0 ppm boron

fomesssssssssseessnnissaseoneeansneennees

* 2irc-4

° 4 0 2.98378-04 300.00 end

cr 4 0 7.59759-05 300.00 end

fe 4 O 1.41478-04 300.00 end

zr & 0-%,25173-02 300.00 end .

arbm-sn  6.5600 1 ¢ O 0O 50000 100.0
4 0.013999775 300.00 end

, .

' sn 4 0 4,65894-04 300,00 end

¢ \ater regicn inside of the guide tubes
’

° § 0 3.34363-02 300.00 end
h 5 0 6.68727-02 300.00 end,

foconoen ceceseremrevemasnasssassesrrensecnrene
fuel - pin - cell geometry:

Water - Zirc-4 hcm;:qenized for water in gsp
MCKP sssembly pitch . 10.65 + 10.65 = 21.30
21.30715¢pin-cells) = 1.42 pin-cell pitch

LI B )

BBAD00000-01717-0200-00057 REV 00

ATTACHMENT 11 ~

Page 2
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squarepitch 1.42000 0.936244 1 3 1,002 2 0.535245 0 end
Standard pin-cell pitch = 1.44272 '

squsrepltch 1.64272 0.9362¢6 1 3 10922 2 0.93625 0 end
Standard gap with gas and standard cled

squarepitch 1.46272 0.936244 1 3 1.0922 2 0.95758 © end

evvosvecsvesneuvecw sesseerssvenwnnesssevennY weswveveseensanEsERRee

Pin-cell buckling

wmore data bkl!0.875108 dy=50.7843927
dz=350.172  erd

LI I I N I N I B B Y

assembly and cycle parameters

- ew W w

guide tube region is different

npw.ssu:zoa fuelngths360.172 ncycles=i nlib/cyc=1
printievels? inplevel=3 rumztotalsé end

S 0.453400 2 0.453401 3 0.622300

& O0.67T38472448 3 0.8011492 500 2.9146084

’

! Assembly buckling
’

bon end

nit end

xsd

SASZH: &£.5wtX, 34GWD/MTU, 25000yr, Inf-Assem, Mo {ren

x5= 1.0-4 1,04 1.0 0.0 0.0 0.875108
$0,.7843927 380.172 0.6 1.0 1.0-3 0O.75

end
powers7.25 burn=1,0-20 downs=1.0-20
end
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‘Size of small gpherical particle required to fall 1 meter in 1 minute in water

Density of water at 1209F  pf:= m:;.l‘g
. m

Viscosity of water at 120F  :»5.62-10° X8

meec
Denstty of Fe,0, poims2e0lE
m

Terminal velocity a5 & function of diameter for small sphere's using Stoke's law (Re<=a1)

Fdsm-g- Fb
: . From Fox, R.W., McDonald, A.T., ftroduction to Fluid Mechanvcs, rd
<« (o} 4 _[D Edition, John Wiley & Sons, 1985. p. 481
J'I'F‘V‘mps';"“ ; g P{'";"' ; )

Sotving for v ylelds .

2t pt, (ps-pD .
wD): T.-D g Rg(D)::"(_D).-D-_p_f

M
— IR 1.019-min '
Y063 mm) . Re(063-mm) = 1812

However, a 0.063 mm dlameter sphere &t ferminal velocity slightly outside of the range of
Stoke's law (drag will be slightly higher and particle will fafl slightly slower than indicated).

Note that typical crud particle sizes are in the range of 0.1 tc 10 microns per Characteristics of Repository Wastes,
DOERW-0184 vol. 1, p. 2.6-6

fm .
W10 mm) (0441 min Re( 010-mm) = 725110

Page ltl-1 of 1



Aug 26 12:25 1997 File Name: rSup2d.c103c BBACOCO00-01717-0200-00057 REV 00  ATTACHHENT IV - Page V
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relapS/mod2 waste packege (b & w 15 by 15 21 fa)

€ this is /kappaljﬁllvlrelap/rSupZd.ln

the input is a transition from tmi-1 power uprate ibloca

to uaste package (near field) criticality excursion consequences
with .90 wt.X u-235 , 34,000 md/mtu burnup and 25,000 year decsy
bt w heavy isotope actinide contribution )

cavresesseasesass base model description =-e-ccece-eassioccoses -

fti document 32-1244460-00
by: ks pacheco .

the base deck for the tmi-1 model was taken from 2772basel.in
contained in 32-1234885-00, /Jkappasksp/tmipug/base/tmibase. in

211a, 208-pins/fa, 16-guide tubes/fs, 1-instrument tube/fe
cne-f{fth length model - Power into Assembly is 5 Watts
for Full Length assenblies

-.-.t...tl-.....-."-.o.l.-.‘i...'!...‘l...'...."...".-."-...

deck obtained from tuck w. (lynchburg) 07/31/97
07/31/57 modifiation - Jam (lv)
delete most of the $38 cards from deck
convert te mod3 format .
junction econtrol flag - change from 3xxxx to Oxxxx
ro horizontal stratification
heat structure cerds ...8xx and ...9xx - CHF Changes
MOD2 - 5 wds, MOD3 - © wds
add Time-Dependent Vol and Time-Dependent Junction to input
InFlow Conditions
Add Minor Edits.
Case 001 Using smatl time steps to make sure case runs ck
Cese 002 Match Tuck Worsham’s data (Fax memo - 08/04/97
Case 003 Use short time steps through power peak
Case 004 Add Doppler \eight Factors to activate Fuel Temp Feedback
BIM Relap5 has been modified to compute Doppler Weights
internally if none supplied. :
Add Avg-Fuel Temp To Ninor Edits
Add variable Void Weight Factors porportional te Centrol
Votume relative size
Cese 005 Rerun Case CO03 with Doppler Weights
Case 006 Add Reactivity Control Blocks to Edit Components to Case 004
Case 101 Switch to lmplicit Numerics
Shorten time steps to avoid zerc mass in eontrol volumes
arcund 5.8 sec, turn on the choking model for Junctions in
non-fuelled volumes,
Cese 191 Similar to Case 101: reduce reactivity ramp by 50%;
increase refill rate by 50X;
change minor edits;
sdjust minor edit frequencirs to 0.05 sec
Case 102 Try Case 101 with sutomatic T.S. control to cut down on
: nutber of minor edit points
Redo case 102 te include fission and decey heat power,
add reactivity table vs mixture level
Case 1028 review short 7.S. case again
102b check for 1.S. convergence (more stable than case 102a
102¢ check further for 7.S. convergence
103a actually add mixture level calc - limit to top fuelled row
delete void reactivity table
403b 08/20/97 - revise case c103s snd rerun
revise MCNP void resctivity table to use delta rho
and Include atl restart time steps, remove mixture level flgs
103c reinstate the mixture level model in vols 21001, 05001, 10001,
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* 20001

®
- e
....'i..-.l...li.--tt.-.tﬁ--o.t...ti...Qi....i...l‘...'l-.-ﬁi....

*
100 new transnt
101 run

* 101 inp-chk

102 british  british
105 150. 160.

.

‘s poncendensible gas
110 ®nitrogen”
*

t...t'....t....l...tt...it.-.lt-..tt-.."...tt-..tt..-t.....t...t
*

* time step control

* erd uin max  time minor major restart

.. time delt time step edit edit point

. (sec) (sec) step eptn freq freg freg
B

*

Case 103a time steps

261 0.1 1.6-8 1.4 ©7 100 1000 1000

202 1S 1.0-2 1.0-3 07 100 100 100

203 4.0 1.0-8 5.0-5 07 100C 10000 10000

204 20.0 1.0-8 5.0-5 07 10000 20000 20000
L

= Case c103a.rst01 time steps
205 30.0 1.0-8 5.0-5 07 10000 20000 20000
*

* Case c103s.rst02 time steps )
206 490.0 1.0-8 1.0-6 ©7 1000 10000 10000
»

* Case c103a.rst03 time steps
207 80.0 1.0-8 1.0-4 07 1000 10000 10000

= case ¢103s.rstD4 time steps
208 350.0 1.0-8 1.0-3 07 1000 10000 10000
*

* Case c103a.rst05 time steps
209 1800.0 1.0-8  1.0-2 07 200 1000 1000

-
....i*..."...'t....l..-.l.-..’...tl...tt..-Qt..-'i...ﬂﬁ...lt-..t
e .

general tables

.-.tl.--il-..‘..--I..-.‘t...tﬁ-..".--t.-..i.---lt...ii....0....

reactivity insertion

20200100 reac-t

20200101 0.0 0.0 30.0 14.18 1.0+10 14.18
« 20200101 0.0 0.0 30.0 7.09 1.0410 7.09
*®

*

* gversge fuel temperature vs. reactivity
-*

20200200 ’ reac-t
®

: fuel temp. K reactivity, dollars density Lb/ft*s3
20200201 273.16 ) +0.1715079

20200202  300.01 +0. 1719079

20200203  323.16 0.0

20200204 .  373.16 -0.3488504

20200205 433,16 «0.7295459

20200206  543.16 -1.3918144

ATTACHMENT IV -

Page 2
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20200207  813.16 -2.8556928
"

* moderator density reactivity feedback
L 4

20200500 reac-t
&

. density kg/a**3  reactivity, dollars fuel temp. f
[ ]

20200501 701.470834 -22.8341126 - * 1004
20200502 726.523364 -20.0375898 * 1004
20200503 751.575895 17.4413905 -+ 1004
20200504 T76.628425 -15.0255317 * 1004
20200505 801.680954 ~12. 7766726 * 1004
20200506 826.733484 =10.678273% * 1004
20200507 " 851.786013 «08.7187079 * 1004
20200508 876838543 . =05.8858192 * 1004
20200509 901.891072 -05. 1688975 « S18
20200510 921.933098 -03.9010990 s 518
20200511 941.975121 -02.6972060 * 518
20200512 950.112521 -01.6592902 s 518
20200513 975.044461 -00.8234156 s 212
20200514 990.260409 00.00 * 122
20200515 1002.101192 +00,6225345 « 122
20200516 1043.387881 +00.6225345 « 80.33
« .

. .

. MCNP mixture level reactivity table (beta = 0.005)

t Row S of fueled assenblies

* Ref: W.D. reactor physics book ¢ J. Massari Dec

: Hixture level (ft) Reactivity ($)

20201000 reac-t
L ]

20201001 0.0 -30.502

20201002  0.043%9 -30.902

20201003  0.18933 -16.650

20201004  0.23657 -14.959

20201005 0.28415 -12.911

20201006 O.T1 0.0

L ]
t...it.-..t...t'...tt...i....it...tt........tt...it....'...tt...'
[ 3

*®

. minor editss " - .

- .

L ]
',..Q....'.....ﬁ....'..-0‘.........t..-t.....t..-ti.-.I'....’....
*

®

: pressure

301 v 150010000 * Vol Pressure
302 " 040010000 * Yol Pressure
303 wpn €70010000 - " ® yol Pressure
304 “p 080010000 * vol Pressure
305 "p” 090010000 * yol Pressure
306 vp" 100010000 * Yol Pressure
307 up# 250010000 * yol Pressure
» tntﬁl!py .

* .

. 315 whwmix® = 090010000 * Vol Enthalpy
317 “hvmix" 250010000 * yol Enthalpy
-

L

* volume vapor generation/unit vol

-

321 “vapgen" 150010000 * Vol vapor gen rate

322 »vapgen® 050010000 * yol vapor gen rate
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323  “vapgen" 070010000 * Vol vapor gen rate

326  “vapgen® 030010000 * Vol vapor gen rate

325 “vapgen® 090010000 * Vol vapor gen rate

326 “vapgen" 100010000 * Vol vapor gen rate

. .

-

. Volume Mass

%

329 "tmass™ - [ * Fluid Inventecry

330 “tmassv® 260010000 * vol Nass

31 "tmassv™ 150010000 * Vol Mass

332 "tmassv" 050010000 * Vol Mass

333 "tmassv* 070010000 * yol Mass

334 “tmassv® 080010000 * Vol Mass

335 “tmassv" 090010000 * Vol Mass

336 “tmassv" 100010000 * Vol Mass

337  “tmassv" 220010000 * Vol Mass

338 “tmassv® 230010000 * vol Mass

339 "tmassv" 240010000 * Vol Mass

340 Wtmassv" 250010000 * Vol Nass

L ]

hd mass flow

*

31 *mflow)* 080010000 * Jun Flew

342 “mflow)™ 080020000 * Jun Flow

3.3 qflow)” 070010000 * Jun Flow

344 "mflow)® 070020000 * Jun Flow

345  "mflowj* 240010000 * Jun Flow

346 “mflowj" 230010000 * Jun Flow

347 "mflowj" 230020000 * Jun Flow

348  *mflow)" 250010000 * Jun Flow

349 "mflow]” 220010000 * Jun Flow

351  “mflow)” 220020000 * Jun Flow

352 ‘“mflow]" 020010000 * Jun Flow

353 "anflow)® 020020000 * Jun Flow
K\——// o

. aversge fuel temperature

*

351  “htvat” 3301008 * fvg Metal Temp

* .

* control varisbles

*

-

kinetics parameters
-« 4 L.
389 =rkfipow" [ K
390 ®rkgapow® 0
391. “rkreac" 0
392 vmentrivar® 081
393  wentelvar® 014
394  wentrlver® 056
395 wentrlver® 060
396 wentrlvar® - 065
357 “entrlvar® 070
398 scntrivar® 075

& .
Beeel®eoalfioecBlccelifecoBRenctloecliBucalfecctifecatifoscttonatboeat

“figsion™ “power®

“decay heat™ "power®

ntotal® Mpreactivi®

®MCNP void Reactivity

“doppler reac

syoid reactivity

“rarp reactivity

wtotal calc reac

®gssenbly energy '
®Sum (Heat glab vapor gen rate)

LR 3 3 2% BN B 3N O I J

waste package

model fng begins uith central plansr region

S8 8% %N 08

BecalteeeWWoceftleselfoceliBocatiteccifccattocotiocctthonctitocctiiont
[ ]

: bottoem of cylinder

N
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1400000 "bot-watr™ “branch®
- no. of jun Jun entrl
o .

1400001 2

A aflewtnorn) len vol sngle(az) inclin elev change
1400101 0.00 2293299 .2075716 0.0 -90.0 ~-,2293299
. wall rough hyd dia entrl

1400102 4.1867-5 1.0+10 00

* vol entrl  press temp

1400200 003 14.696 122.00

* from vol to vol sjun ' k(f) k(r} jun entrl
1‘01101 140000000 010010000 .2038375 72.0 72.0 (01000

tiq vel vap vel interface vel
1401201 0.0 0.0 6.0 :
* -from vol to Jun ajun k(f) k(r) jun entrl

1402107 140000000 150000000 .5419829 -0.0 0.0 01003
bt lig vel vap vel interface vel .
1402201 0.0 0.0 0.0

*

* bottem side of cylinder
-

1500000 ™"bos-watr® “branch®
1500001 1 e

1500101 0.00 2293299 .2276341 0.0 -90.0 -.2293299
d entrl (therm-off, mix-off, pack-on,

A vert strat-on, {interphase fric-pipe,
- well-xdir, non-eq) )
- 1500102  4.1667-5 © 1.0+10 0000000

1500200 003 C k.69 122,00

1501101 150000000 060010000 4076750 72.0 72.0 01000

1501201 0.0 0.0 0.0

-

* gide of cylinder fuel level 1
*
1600000 ®sl-watr®  Sbranch®

1600001 ¢ 0

1600101 0.00 7 7989270 0.0 -90.0 -.71
1600102 4.1867-5 1.0+10 €0

1600200 003 14.696 122.00

1601101 160000000 110010000 .4076750 72.0 72.0 01000
1601201 0.0 0.0 0.0

*

+* gide of cylinder fuel level 2
«
1700000 - “g2-wate® ranch®

1700007 1 * Q-

1700101 0.00 . 5438773 0.0 -90.0 ~-.TH
1700102 4.1667-5  1.0602200 OO

1700200 003 14.696 122.00

1701101 170000000 80000000 1.1080708 0.0 0.0 (C3000
1701201 0.0 0.0 0.0

*

* gide of cylinder fuel level 3
w .
1300000 "s3-watr®  ®hranch®

1800001 ¢ 0

1800101 0.00 o7 .8980821 0.0 90.0 .
1800102 4.1667-5 2.1134025 00 ) :
1800200 003 14.696 122.00

1801101 180010000 190000000 1.3339422 0.0 0.0 01000
:801201 0.0 0.0 0.0

* gide of cylinder fuel level 4

. .

1900000 "“s4-watr®  Sbranch®
0

1900001 1

1900101 0.00 g 8738187 0.0  90.0 4
1900102 4.1667-5 2.0432176 00

1900200 003 14.695 122.00

1501101 190010000 210000000 4.0380308 0.0 .0.0 (01000
1901200 0.0 0.0 0.0



Aug 26 12:25 1997 File Name: rSup2d.c103c  BBAG00000-01717-0200-00057 REV 00  ATTACHHENT IV - Page 6

® gide of cylinder - fuel level 5
®
2100000 "sS-watr®  “branch®

0

2100001 1 .

2100101 Q.00 .71 .T822260 . 0.0 0.0 N
2100102 4.1667-5 ° 1.6252320 0100000

2100200 003 14.696 122.00

+ 2101101 210010000 240000000 1.0380308 0.0 0.0 01000
2101101 210010000 240000000 1.0380308 0.0 0.0 00000

2101201 0.0 6.0 0.0 ’

-«

* 21 fuel assemblies

L 3

* half symmetry gives 13 plansr fuel areas

[ 4

. mdelina begins with central fuel length,

& center fuel colum, at the cylinder bottom

. hydnulic dis. based on flow sround fuel-chd, guide tubes, fnst. tube

...-lt..-ﬁi-..'l....'-..Q.....O.--.l....ﬁ....ﬁ--..‘...'I...'
*

* column 1
L

0100000 ®fuel-010% “branch®

0100001 2 0

0100101 0.00 .71 3516848 0.6 -90.0 ~-.7%
0100102 3.133-6 .04168514 00 .

0100200 003 14.6%6 122.00

0101901 010000000 020010000 .2038375 72.0 T2.0 01000
0101201 0.0 0.0 0.0

0102101 010000000 040000000 4076750 72.0 72.0 01003
0102201 0.0 6.0 0.0 :

L 4

0200000 ®fuel-020" "branch"

0200001 2 ¢ . .

" 0200101 0.00 Na .3516846 0.0 -%0.C -.7
0200102 3.133-6 .04188514 00

0200200 003 14.696 122.00 )
0201101 020000000 030000000 .2638375 72.0 T72.0 01000
0201201 0.0

0202101 020000000 mmonno .L076750 72.0 72.0 01003
0202201 0.0 ¢ g0 0.0 .

-« .

0300000 "fuel-030" %branch"

0300001 2 [/}

0300101 . 0.00 o71 - 3516846 0.0 $0.0 .M
0300102 3.133-6 .04168514 00 :

0300200 003 14.696 122.00

6301101 030010000 040000000 .2038375 72.0 72.0 01000
030120¢ 0.C 0.0 0.0

0302101 030000000 080000000 4076750 72.0 T2.0 01003
9302201 0.0 0.0 6.0

0400000 ®fuet-040" %branch®

0400001 2 ]

0400101 0.00 Nl .3516846 0.0 90.0 .
0400102 3.133-6 .04168514 00

0400200 003 14.6%6 122.00

0401103 040010000 058000000 2038375 72.0 7T2.0 01000
0401201 0.0 0.0 0.0

0402101 040000000 090000000 AQ076750 T2.0 T2.0 01003
0402201 0.0 0.0 0.0

*®

0500000 “fuel-050" “branch"™

0500001 2 (]

250,0101 000 . .M 3516846 0.0 $0.0 .

entrl (therm-cff, mix-on, pack-en,
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* vert strat-on, interphase fric-pipe,
o wall-xdir, non-eq)

0500102 3.133-6 .04168514 0100000

0500200. 003 14.696 122.00

0501101 050010000 220000000 .2038375 72.0 7.0 01000

0501201 0.0 0.0 0.0

0502101  ©£50000000 160000000 AQ076750 72.0 T72.0 01003
“0502201 0.0 6.0 0.0

-«

[P P T PN T PRSGN  FRERE | JIPRN | FUReN | JRNN | FRUDE . JEPORR 1 pupen L PSR )

L

* colum 2

L ] . .
0600000 *®fuel-0560% “branch® -
0600001 2 0

0600101 0.00 .M 7033692 0.0 -90.0 -.71
0600102 3.133-6 04168514 [14]

04600200 003 $4.696 122.00 .
0601101 050000000 070010000 A076750 72.0 72.0 01000
05601201 0.0 0.0 0.0

0602101 050000000 160000000 4076750 72.0 72.0 01003
- 0602201 0.0 0.0 0.0

L .

0700000 ®fuel-070* “branch"

0700001 2 0

0700101 0.00 o .7033692 0.0 -90.6 -.71
0700102 3.133-6 .041685%4 00

0700200 003 14,698 122.00

0701101 070000000 080000000 A076730 72.0 72.0 01000
0701201 0.0 0.0 6.0

0702101 070000000 110000000 4076750 72.0 72.0 01003
0702201 0.0 0.0 0.0

- .

0800000 ®fue(-080% ®branch®

0800001 2 0

0800101 0.00 o1 .70336%2 0.0 90.0 .
0800102 5.133-6 04168514 00

0800200 003 14.696 122.00 -

0801101 680010000 090000000 AQ76750 72.6 72.0 01000
0801201 0.0 0.0 0.0

0802101 080000000 120000000 - 4076750 72.0 72.0 01003
0802201 0.0 0.0 " 0.0

*

0900000 ®fuel-090" “branch®

0900001 2 s ..

0900101 0.00 4] y .T033652 ©.0 90.0 .
0000102 3.133-4 .041685% 00

0900200 003 14.696 122.00

0901101 090010000 300000000 A076750 7T2.0 72.0 01000
0901201 0.0 0.0 0.0

0902101 090000000 130000000 076750 T2.0 72.0 01003
0902201 0.0 0.0 0.0

* .

1000000 %fuel-100" ®branch®

1000001 2 0

1000101  0.00 o7 7033692 0.0 90.0 N4
1000102 3.133-6 04168514 0100000

1000200 003 14.696 122.00 ' :

10011017 100010000 230000000 AL076750 72.0 72.0 01000

1001201 0.0 0.0 0.0

1002101 100000000 200000000 4076750 72.0 72.0 01003

1002201 0.0 0.0 0.0

-

[ PPN | PR 1 PPN L TN L PPN L PR L PR L RS L PP L PERL L PPN L PR
*

* colum 3
*

1100000  ®fuel-110" ®branch"
1100009 2 0
1100101 0.00 .n J7033692 0.0 -90.0 -.7%
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1100102 3.133-6 .04168514 L]

1100200 003 14.696 122.00

1101101 110000000 120000000 AO076750 72.0 72.¢ 01000
1101201 C.0 0.0 0.0

1102101 110000000 170000000 . .4076750 72.0 72.0 (01003
1102201 0.0 0.0 0.0

®

1200000 “fuel-120" ®branch®

1200001 2 0

1200101 0.00 .71 .7033692 0.0 90,0 71
1200102 3.133-6 ~ .04168514 00

1200200 003 14.696 122.00 .
1201901 120010000 130000000 AL076750 72.0 72.0 01000
1201201 0.0 0.0 0.0

42023101 120000000 180000000 4076750 72.0 72.0 01003
1202201 0.0 0.0 0.0

.

1300000 “fuel-130" "branch®

1300001 2 ]

. 1300101 0.00 71 .7033892. 0.0 $0.0 N
1300102 3.133-&6 .04168514 00

1300200 003 . 14,696 . 122.00

1301101 130010000 200000000 AO0T6750 72.0 T72.0 01000
1301201 ©.0 0.0 0.0 )

4302101  ¥30000000 190000000  .4076750 72.0 72.0 01003
1302201 0.0 0.0 0.0

.

* water - column 3
*

RevolRecelfasolifoclteccliftenclifocctlitocncifocaltoclfucalifoca®
*

2000000 wes-wate®  ¥branch®
0

2000007 2
2000101 0.00 .1 8633788 0.0 $0.0 o7
2000102 4.1887-5 1.0+10 0100000
. 2000200 003 %.69% - 122.00
\\-/ e 2001101 200010000 240000000 .7340857 0.0 0.0 01000
’ 2001101 200010000 240000000 7540857 0.0 0.0 00000
2001201 0.0 0.0 c.0
s 2002101 200000000 210000000 1.7958536 0.0 0.0 01003
2002101 200000000 210000000 3.7958535 0.0 0.0 00003
2002201 0.0 0.0 0.0
*
* top of cylinder
* s .
-
* three water cclums
-
-

2200000 “ct-watr® “branch® )

2200001 2 ] )

2200101  0.0C «3484394 8633785 0.0 $0.0 3484394
2200102 &.1667-5 1.0+10 00

2200200 003 14.696 122.00

* 2201101 220010000 250000000 .2038375 0.0 0.0 01000
220110% 220010000 250000000 .2038373 0.0 0.0 00000

2201201 0.0 0.0 0.0 .

* 2202101 220000000 230000000 .8234784 0.0 - 0.0 01003
2202101 220000000 230000000 .8234784 0.0 0.0 00003

2202201 0,0 0.0 0.0
*

2300000 “c2-watr® . “branch®

2300001 2 0 . )

2300101 0.00 3484394 8633786 0.0 90.0 3484394

2300102 &4.1667-5  1.0+10 00

2300200 003 14.696 122.00

* 2301101 230010000 250000000 +&O76750 0.0 0.0 01000
2301101 230010000 250000000 4076750 0.0 0.0 00000

2301200 0.0 0.0 0.0 .

= 2302101 230000000 240000000 8234784 C.0 0.0 . 01003

Y
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2302101 230000000 240000000  ,8234784 ©.0 0.0 00003

2302201 0.0 0.0 0.0
L

2400000 ®c3-watr"  “branch™
2400001

] 0
2400101 0.00 ~3484394 4918077 0.0 ~90.0 «3484394
2400102 4.1687-5 1.6908844 00
2400200 003 14.696 122.00
s 2401101 240010000 250000000 9732814 0.0
2401101 240010000 250000000 57329146 0.0
2401201 0.0 0.0 0.0

.0 01000
0 00000

(=X -]
.

* top plenum
L J

2500000 "tp-watr®  “branch*
2500001 1 R

2500101 0.00 5249344 1.2517607 0.0 90.0 5249344
2500102 4.1667-5 1.3256083 00

2500200 003 14,696 122.00

+ 2501101 250010000 260000000 1076391 0.0 0.0° 01000
2501101 250010000 250000000 .1076391 0.0 0.0 00000
2501201 0.0 0.0 0.0 :

*

* outside of waste package,
&

* drift at 14.696 psia
-

2600000 “drift®  “tmdpvol®

2600101 238.46 1.0 0.0 0.0 90.0 1.0 1.0e-§ 0.0 0010
2600200 003 ,

2600201 0.0 1%.695  220.00

* drift inflow volume

« .

3600000 "gnd-watr® “tmdpvol® :
3500101 238.46 1.0 ©.0 0.0 90.0 1.0 1.0e-6 0.0 0010
" 3600200 103 :

3600201 0.0  14.696 122.0

]

* Time-Dependent Junction for inflow

'

3700000 “in-flow" "tmdpjun®
3700101 350010000 250000000 1.0

3700200 1 0
3700201 0.0 ¢ -°-1.381e-3 0.0 c.0
. : 3700201 0.0 2.762e-3 0.0 0.0

SeceBloeolfecalRecolfecclifacelifecellecclifcaclifcccltfvectiteaaiirocet
*hs

L 14 ]

b heat structure input

whi

Wik

[ 44 .

[ JRNPY T SR | PRI | PINPN | FOIRR 1 PR L PR L PR PN L PP LR L PR L PR 4
*

b waste packege wall

*

13921000 ¢ 26 1 1 0.0
13121100

0 2
13121101 10.0 1%
13121201 &6 19
13121301 0.0 19
13129400 0
13121401 122. 20 .
13121501 140070000 10000000 1 1 1.73 9
13121600 0 0 L 1 1.3 ¢
13121700 0 0.0 0.0 0.0 ¢
* 13121801 ¢ 0.0 0.0 0.0 ¢
* 13121901 ¢ 0.0 0.0 0.0 ¢
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13121801 ©.0 10.6 0.0 0.0 0.0 0.0 0.0 1.0 ¢
13121901 ©.0 10.0 10.0 0.0 0.0 0.0 0.0 1.0 ¥
[ ]
PP PP UYL SO S~ TP OIS ST JOR L St
- .
hd fuel assembly clad, guide tubes, & inst-tube in fuel region
*
13481000 13 3 2 1 0.01570833
13481100 © 3
13481101 2 0.01791112
13481201 5 2
13481301 0.0 2
13431400 ©
13481401 122, 3
- 225 *2,3633333 = 531.75 ft

- 112.5%2.3633333 = 265.875 ft
13481501 010010000 10000000 1 1 255.8750 S5
13481502 040010000 10000000 1 1 531.7500 13
13481601 010010000 10000000 1 1 265.8750 5
13481602 050010000 10000000 1 1 §31.7500 13

1381704 0 0.0 0.0 0.0 13
* 13,891801 0 0.0 0.0 0.0 135
* 1381901 0 0.0 0.0 0.0 13
13481801 6.0 10.0 10.0 0.0 0.0 0.0 0.0 1.0 13
13481901 0.0 10.0 0.0 ¢.¢ 0.0 0.0 0.0 1.0 13
. 13481801 0.05350754 0.05350754 0.0 13 :

* 13481601 O O©.04701445 (0.04701465 0.0 13
.

i........'t..-Qt...tt...-t...'t...ti...tt..-tt...tt...iﬁ....t...t
- .

* fuel assembly pellets - water in gap region

. -

13301000 13 1w 2 1 0.0

13301100 © 1

* 13301101 6 0.01535833 1 0.01570833 2 0.01791667
13301101 9 0.01535833

* 13301201 3 6 -4 T -5 9

13301200 3 . ¢

* 13301301 1.0 6 0.0 7 c.0 ¢

13301300 1.0 ¢§ i

13301400 -1 ’ . .
13301401 122, 122. 122, 122. 122. 12. 122. 122. 122. 122.
13301402 122. 122. 122. 122. 122, 122. 122. 122, 122. 122.
13301403 122.. 122. 122. 122. 122. 122. 122, 122, 122. 122.
13301404 122, %22, -122. 122. 122. 122. 122. 122. 122. 122.
13301405 122, %22, '122. 122. 122. 122. 122. 122. 122. 122.
13301406 . 122. 122. 122. 122. 122. 122. 122. 122. 122, 122.
13309407 122, 122. 122. 122. 122. 122. 122. 122. 122. 122.
13309408 122, 122. 122, 122. 122. 122. 122. 122. 122. 122.
13301409 122, 122, 122. 122. 122. 122. 122. 122, 122. 122.
13301410 122, 122, 122. 122. 122. 122. 122. 122, 122. 122.
13301411 122, 122. f22. f22. 122. 122. 122. 122. 122. 122.
13301412 122. 122, 122, 122. V2. 122. 122. 122, 122. 122.
13301413 122, 122, 22. 122. 122. 122. 122. 122. 122. 122.
13301501 ¢ 0 O e 0.0 13

*

* lehgth of fuel pin = #pins/ass’y * 141.8/(5 * 12)
. 208 * 2,353 = 491.57333
L

13301601 010010000 10000000 1 1 245.78867 S
13301602 050010000 10000000 1 1 491.57333 13

13301701 1000 0.1 0.0 0.0 S
13301702 1000 0.2 0.0 0.0 13
* 13301801 © 0.0 0.0 0.0 13
* 13301901 © 0.05492351 0.05492351 0.0 13

13301801 0.0 10.0 ¢ 00 0.0 0.0 0.0
13301901 0.0 10.0 1.0 0.0 0.0

'.....--."-..".-..'...QO.........‘....'....'.-.'ﬁ.-.l'...'t.-..
*

ATTACHNENT IV -
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[ 24

wew .

s+ peactor vessel heat structures

[ 144 .

L 42

*

*

b lower plemum of reactor vessel

*

*

. .
'..-Ci..."--.t'-.-.'.-....--"...'i-..'i-..t....'g.-..‘..."....
« .

®

* heat structure composition type

*

L

..--tl...t.....ﬁ-.-‘t--."...'i---.t-.-'Q...tt---.t...l..-.....-Q
]

: fuel (uwo2)
20100300 “tbl/fctn™ 1

l..-lt...t....l'.--ti...lt-..QI....t..-t'...t...-‘t...Qt...'l.-.'
L]

* gap Chot chamcl)

20100400 ntbl/fetn® 3 1
t.-..t...t'...'.....i...'ﬁ...tt...'t...tw.-."...ﬁt...it...tt...'
[

® clad ( zr-d)

*

20100500 wtblsfetn™ 1 1
....ti...i....ﬁl....t...lﬁ-..tﬁ...tt...l.........'i...i.........'
-

* pase metal ( carbon steel )
]

20100600 “tbl/fetn™ 1 1
POSRCCARETRR-S RPN SR S SRR T PR 1 IR L P LT )
*

* ctadding ( stainless steel )
L ]

20100700 “tbl/fetn® 1 1

ORI TS R T FRY NN . PRI 1 JRDR | PPN | PR C PO L PPN L PP
-

3SS 5SS ¢ LI

%33S *§SS * gap  (avp channel)

*$3S *geg *

*$33 *33S 20100900 %tbi/fctn® 3 1

agge *
'..-Q'...Q‘...'l....i...-'....'....i...'l....l....i....t...Il...'
| 2

*

bd heat structure thermal conductivities

] .

. .
BecelWeoolBenelRenalflcostficeciVecallicealifeccliflcecttficentifenctificaat
*

& fuel € w2 )

&«

20100301  70.0 1.237e-3 200.0 1.2837e-3
20100302  400.0 1.022¢-3 800.0 0.745¢-3
20100303 1200.0 0.592e-3 - 1600.0 0.492e-3
20100304 2000.0 0.430e-3 2400.0 0.395e-3
20100305 2800.0 0.383e-3 3200.0 0.3567¢-3
20100306 3400.0 0.370e-3 £000.0 0.380e-3
20100307 4400.0 0.405¢-3 5000.0 0.470e-3
L]

* g ¢ bol )

20100401 “helium" 0.985748
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" 20100402 ®nitrogen®  0.008098

20100403 %oxygen™ 0.002153

20100404 “krypten®  0.000000

20100405 *“xenon® 0.000002

* .

* cled | (2r-d)

L ]

20100501 70.0 2.333e-3  200.6 2.333e-3  400.0 2.458e-3
20100502  800.0 2.805e-3  1200.0 3.278e-3  1600.0 3.B05e-3
20100503  1800.0 4.112e-3  2000.0 4.445e-3  2100.0 4.667e-3
20100504 2200.0 4.945e-3 2800.0 7.000e-3

*

*  thermal conductivity base metal  ( carbon steel )
*

20100601 0.0 .00728  2000.0  .00728

-«

bd thermal conducitvity cladding ( stainless steel )
- . -
20100701 0.0 .00311  2000.0  .0O311

-

T R 7 PR TR D R T | SR Y ST S e T S
.

heat structure volumetric heat capacities

% %%

BacelfeeellecolRooolRcncliBecelficectitecaltfecctficectiVocatRasotficaat
-

: volumetric heat capacity fuel ( w2)

20100351 7.0 33.8 200.0 40.62 400.0 43.87
20100352 600.0 45.82 800.0 47.12 1000.0 48.10
20100353 1200.0 42.23 1500.0 49.92 2000.0 50.37
20100354 2400.0 51.35 2800.0 S3.62 3200.0 58.17
20100355 3600.0 65.30 4000.C 78.97 4400.0 0.80
20100356 4800.0 99.12 $5100.0 101.40 )
»

* yolumetric heat caspacity gep (hot channel)
L 4

20100451 32.0 0.000075  5400.0  0.000075
»

* volumetric heat capacity clad
[ ]

20100551  32.0 28.346 1062.0 33.232 .1140.0 35.432
20100552 1480.0 « 35.432 1510.0  49.440 1530.0. 54.440
20100553 1560.0 58.916 1590.0 ~ 61.800 1410.0 66.332
20100554 1620.0 76.220 1650.0  80.340 1880.0 78.28

74.16 1780.0  35.432 3000.0 35.432

20100555 1700.0
E velumetric heat capacity base metal (carbon steel)
20100851 ©,0 644 2000.0  &64.4
: volumemetric heat cupai:fty cledding (staintess steel)
émoom 0.0 6.4 20000 &4

L PR L PP L ETYS L TN 1 PR 4 PPN L PPN L PR | PRIPS | FUN | PIRRN L PR 1 RN

general tables

EYTS L PPPL L PPRL L PR L PRTR | PRVL L PPPE | FTPN | FRAPL | SR | NOUE | JRSR 1 FPRR |

test power fnsertion

20200100 power
-20200101 0.0 0.0 5.¢ 0.0 25.¢ 1.0-2

LR N I BN I BN N BN NN NN N )
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fecelBecciWecelfecelifocollecalilenclifoccllo ot o clilesctfocctBon .t

contrel varialbes

" 8w

UL OSR VSIEE S DR R SR 5 S SRR L JRIN 2 NP PP
. :

* 20547400 “hcpur®  “constant® 3.15e6

®* 20547400 “hepur®  “functien® 3.15¢4 0.0 0

* 20547401 time 0 1

l...ti...'I.-......Qt...tt...tt...lt-..lt...tl..-tt.-.tt...l.....
[T .
ik

bbbl reactor kinetics

*hn

[ 2 4
....".-.lt..-I...-lt..-tt...tt...tt...tt.-.......'....t....t...Q

*

* power in watts per assembly
[ ]

30000000 “point® “separabl® . :
30000001 “gamma-ac* 5.00000 .0000C .28637e+03 1.0 1.0
30000002 *ens73* 0.0

30000301 0.3230 O. 000491 0.2910 ©0.00000341

t..-.'.......-'.---....-"...tt...'Q....‘--...-.......i'-......-'
*

+ general table for waste package reactivity insertien ttt = 1
*

30000011 1
30000012 10081
.

("I SR T PR T PR S NN | PRRRR | FRR L PRRR | R 1 PPN L PP L PP

[

* moderator density reactivity feedback

. .

: beff = 0.005

: density Lf/ft#s3 reactivity, dollars fuel tenp. f
30000509 43,6995724 -22.8341124 * 1004
30000502 45.2602714 -20.0375898 * 1004
30000503 £6.8200705 -17.4413905 & 1004
30000504 48.3816695 - =15,0255317 * 1004
30000505 49.9423685 12.7766726 * 1004
30000506 51.5030675 «10.6782739 * 1004
30000507 53,04837665 -08.7187079 * 1004
30000508 54.6244655 -06.8856152 * 1004
30000509 56.1851645 -05.1633975 * 518
30000510 57.4337238 -03.9010990 ¢ 512
30000511 58.6822830 -02.65720560 * 513
30000512 59.8121897 ~01.6552902 * 518
30000513 60,7424057 -00.8234196 ¢ 212
30000514 61.6903146 00.00 * 122
30000515 62.4279606 +00,.6225345 * 122

. 30000516 £5,0000000 +00,6225345 *  §0.33

b control vclune ueichtlnq - modified from Original deck with uwniform ueinhts

30000701 010010000 © .02991015 0.0
30000702 020010006 © .02191015 0.0
30000703 030010000 © .02191015 C.0
30000704 040010000 © .02191015 0.0
30000705 050010000 O .02191015 0.0
30000706 060010000 © .04382030 0.0
30000707 070010000 O .04382030 0.0
30000708 080010000 O .04382030 0.0
300007090 090010000 © .04382030 0.0
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04382030
04382030
04382030
04382030
01293183
.01418173
,04977361
.03388387
.05595103
-05443940
.05378898
04873313
.05378898
05378898
-03063950
07798541

30000716 100010000
30000711 110010000
30000712 120010000
. 30000713 130010000
30000734 140010000
30000715 150010000
30000716 150010000
30000717 170010000
30000718 180010000
30000719 190010000
30000720 200010000
30000721 210010000
30000722 220010000
30000723 230010000
30000724 240010000
30000725 250010000
=

30000501
30000502.
30000503
30000504
30000505
30000506
30000507
30000508
30000509
30000510
30000511
30000512
30000513
30000514
30000515
30000516
30000701
30000702
30000703
30000704
30000705
30000706
30000707
30000708
30000709
30000710
30000711
30000712 s et
30000713
30000714
30000715
30000715
30000717
30000718
30000719
30000720
30000721
30000722
30000723
30000724
30000725

[ T TSI 7 SRR ] PRGN | JRpR . JRRSN L TRRPY 1 FRRN T IR L RPN L PR L TR L RS

L) L) L N )
-X-X-X-F-JX-X-J-X-X-J-R-X-.J-%-J¥.-J

(- A-N-JX-X-JX-N-Y-N-3-%_J%_-J_X_J%._J.]
OOOOOQO?OOOOOQGO

*  average fuel tempersture vs. reactivity

L]

*

. fuel temp. f reactivity, dollers density (b/ft**3
L]

300005601 32.0 +0.1719079 * 62.4279606
30000602 80.33 +0. 1719079 * £2.4279606
30000603  122.0 0.0 * £1.6903146
30000604  212.0 =0.3488604 * 61.6903146
30000605  320.0 <0.7205469 *  60.7424057
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30000606 $18.0 -1.3918144 «  §0.7424057
30000807 1004.0 -2.8695928 » 56.1851645
&

L ]

. )

* hest structure weighting - (added to deck - BIW code does welghts
. internatly)

*

30000801 3301009 0 .04752000 0.0

30000802 3301002 © .04761%00 0.0

30000803 3309003 G .04761600 0.0

30000804 3308006 O 04761900 0.0

30000805 3301005 © 04761900 0.0

30000805 3301006 0 .09523800 0.0

30000807 3309007 O .09523800 0.0

30000808 3301008 O .09523800 0.0

30000809 3301009 © .09523800 0.0

30000810 3301010 © .09523800 0.0

30000811 3301011 © .09523800 0.0

30000812 - 330102 © .09523800 0.0

30000813 3301013 O .09523800 0.0

*

: control Blocks -

20500000

20500100 entrlvar functfon 0.04762 0.0 ©

20500101  htvat 3301001 002

20500200 entrivar function 0 04761 0.0 O

,20500201  htvat 3301002

20500300 cntrivar function 0 04761 0.0 ©

20500301 htvat 3301003 002

20500400 cntrivar function 0.04761 0.0 0

20500401 htvat 3301004 002

20500500 entrlvar function 0.04781 0.0 O

20500501  htvat 3301005 002

20500400 entrivar function 0.095238 0.0 0

20500601  htvat 3301006 002

20500700 ecntrivar function 0.095232 0.0 /]

20500701  htvat 3301007 002

20500800 entrlvar function 0.095238 0.0 0

20500801  htvat 3301008 002

20500900 entrlvar function 0.095238°0.0 ° ©

20500001  htvat 3301009 002 )

20501000 entrlvar function 0.09523830.0 - ©

20501001 htvat ¢ 3301010 002

20501400 - entrivar function 0.095238 0.0 O

20501101  htvat 3301011 002

20501200 entrivar function 0.095238 0.0 0

20501201 hevat 3301012 002

20501300 entrlvar function 0.095238 0.0 O

20501301  htvat 3301013 002

20501400 entrivar sum 1.0 0.0

20501401 -6. 63322e-5 1.0 cntrivar 1 1.0 entrlvar 2 1.0 entrivar 3
20501402 1.0 ecntrivar & 1.0 entelvar$ 1.0 entrivar 6
20501403 1.0 entrivar 7 1.0 entrivar 8 1.0 entelvar 9
20501404 1.0 cntrivar 10 1.0 entrivar 11 1.0 cntrivar 12
20501405 1.0 entrlvar 13 )
L ]

* ‘ .

20502000 entrlvar function 0.02191013 0.8 O

20502001  ®rho® 010010000 ©€05

20502100 ecntrlvar function ©.02191015 0.0 0
. 20502101  "rho" 020016000 005

20502200 entrlvar function 0.02191015 0.0 0

20502201 rho 030010000 005 .

20502300 cntelvaer function 0.02191015 0.0 1]

20502301 rho 040010000 005

20502400 entrlvar function 0.02191015 0.0 0

20502401 rhe 050010000 005 .

20502500 entrivar function 0.0438203 0.0 0

ATTACHNENT 1V -
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20502501 rho 060010000 0G5

20502600 entrivar function 0.0438203 0.6 O
20502801 rho 070010000 005
20502700 entrivar function 0.0438203 0.0 O
20502701 rho 080010000 005
20502800 entrlvar function 0.0438203 6.0 O
20502801 rho 090010000 005
. 20502900 entrlvar function 0.0438203 0.0 0
20502901 rho 100010000 005
20503000 cntriver function 0.0438203 . 0.0 0
20503001 rho 110010000 005
20503100 ecntrivar function 0,0438203 0.0 O
20503101  rhe 120010000 005 .
20503200 entrlvar function 0.0438203 0.0 /]
20503201 rho 130010000 005
20503300 entrivar function 0.01293183 0.0 0
20503301 rho 140010000 005
20503400 entrlvar function 0.01418173 0.0 [/}
20503401 rho 150010000 005
20503500 entelvar function 0€.04977381 0.0 0
20503501 rho 140010000 005
20503500 . cntrlvar function 0.03383387 0.0 0
20503501 rho 170010000 €05
20503700 entrivar function 0.05595103 6.0 O
20503701 rho 180010000 005
20503800 entrivar functfen 0.054439%40 0.0 0
20503801 rho 190010000 005
20503900 entrlvar functien 0.053788%8 0.0 0
20503901 rho 200010000 005
20504000 entrlvar function 0.04873313 (0.0 0
2050400t rho 210010000 005
20504100 entrlvar function 0.05378898 0.0 0
20504101  rho 220010000 005
20504200 entrivar function 0.05378898 0.0 O
20504201 rho 230010000 005
20504300 entrlvar function 0.030439%%0 0.0 O
20504301  rho 240010000 005
20504400 entrlvar function 0.07798541 0.0 O
3050“01 rho 250010000 005
20505000 entrivar sum 1.0 00 O .
20505001 0.0 1.0 ecntrivar 20 1.0 entrivar 21 1.0 contrivar 22
20505002 1.0 entrivar 23 1.0, entrivar 24 1.0 centrivar &5
20505003 1.0 entrivar 26 1.0 cntrivar 27 1.0 entrivar 28
30505004 1%0 -entrivar 29 1.0 entrlvar 30 1.0 cntrlvar 31
20505500 entrlver sum 1.0 0.0 © .
20505501 0.0 1.0 cntrivar 32 1.0 entrlvar 33 1.0 entrivar 34
20505502 1.0 entrivar 35 4.0 entrlvar 36 1.0 entrlver 37
20505503 1.0 entrivar 38 1.0 entrlvar 39 1.0 entrlvar 40
20505504 1.0 entrlvar 41 1.0 centrlver 42 1.0 cntrivar 43
20505505 1.0 cntrivar &4
c .
20505600 entrlvar sum 1.0 0.0 0© ’

30505601 0.1185581 1.0 entrlvar 50 1.0 cntrivar 55

20506000 entrivar function 1.0 0.0 ©

20506001  time 0 001

20506500 entrlvar sum 1.0 0.0 €

20506501 0.0 1.0 entrivar 14 1.0 cntrivar 56 1.0 catrlvar 60
L]

20507000 entrlvar integral 1.0 0.0 ©
20507001 rktpow 0

20507500 entrivar sum  6.22971e-2 0.0 ©

20507501 0.0 1.0 htgamu 312100100 1.0 htgams 312100200
20507502 1.0 htgamw 312100300 1.0 htgam 312100400
20507503 1.0 htgamw 312100500 1.0 hegamw 3121005600
20507504 1.0 htgamw 312100700 1.0 htgamw 312100700
20507505 1.0

htgamw 312100900
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*

. scale factor = 1/area sum

20508000 entrivar sum 0.26289886 0.0 0

20508007 0.0 0.3516846 voidf 050010000 0.7033492 voidf 100010000

20508002 0.8533785 voidf 200010000 0.7822250 woidf 210010000
' .

20508100 entrivar function 1.0 0.0 0

20508101 entrlver 80 010

« * end of data



