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1. Purpose

Ihe purpose ofthis calculation is to characterize the criticality safety aspects of N-Reactor fuel
stored in a Department of Energy spent nuclear fuel (DOE-SNF) canister that contains four
Muld-Canister Overpacks (MCO's). These calculations will be done to support the analysis that
will be done to demotstrate concept viability related to pre-emplament storage and use in the
Monitored Geologic Repository (MGR) envment for the pre-closure time frame. The
purpose of these calculations is to evaluate the criticality issues related to these intact fueIls for
the pre-closure time firme, including providing criticality evaluations which can be used to
evaluate various storage coand input into the preliminary DOE-SNF canister design

2. Method

The calculational method being employed in this calculation is MCNP4B2 computer code (Ref.
7.2) to calculate effective multiplicaion factors (4 for various geometrical configurations of N-.
Reactor Spent Nuclear Fuel.

3. Assumptions

The following assumptions were used in the calculations.

3.1 Beginnmg of Life pr-IraLdiation uraniumn values were ue b d up past criticaity
safety analysis (Ref. 73). Ibis assumption is used throughout Section 5.

3.2 Scrap fuel was evaluated at a pre-Iradiation enrichment of 1.25% thioughout all Mark
IA SNF calculations in which scap fuel is inrporated into the case. Ihis is based upon
the fact that no control exists upon the placement of either the Mark IA inner assembly or
outer assembly into the MCO scap baskets. Use of the 1.25% enriched material is based
upon this fact. Therefore all of the material in the Mark IA scrap basket is evaluated as
the higher enriched 12!i% material. This assumption is used throughout Section 5.

33 Past inspections by Hanfoid Fuel Operations indicate questionable structural integrt of
the N-Reactor fuel. The fuel matrix comprising the elements was evaluated as
heterogeneous spheres of fuel to account for possible structural questions. The mass of
the fuel matrix was preserved and the spheres were spaced at the most reactive (optimum)
pitch within the confines of the basket. This assumption was used throughout in all cases
in Section 5, which the fuel was not evaluated as intact elements. The basis of this
assumption is engineeringjudgment.

3.4 When the intact Mark IA fuel matrix was evaluated as heterogeneous spheres, a weighted
average of the inner and outer assembly pre-irradiation enrichment was used. This
weighted average was calculated and evaluated as 1.15% enriched material. This
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assumption Is used throughout Section 5. The basis of this assumption is engineering
Judgement.

3.5 A 30.48 cm thick water reflector of full density water (1.0 gem') was used in all cases
that were evaluated with reflection. This is based upon a 30A8 cm (12 in.) thick water
refleor being effectively equivalent to an infinite reflector. (Rf. 7.10 p. 106) This
assumption is used throughout Section 5.

3.6 The MOO baskets used to store Intact Mark IV elements have a 12-gauge stainless steel
outer wall that extends 27.94 cm (11 in.) axially from the bottom of the basket la al
cases, in SectionS, raig intact Mark IV elements, this outer wall has been
ignored for simplicity purposes. This is conservative based upon the fact that the
presence of the outer wall will have a minor effect In reducing the interaction between
adjacent MOO's and reduce.the effect of the water reflection present around the basket
ITis assumption Is used throughout Section 5.

3.7 Ihe basket used to store intact fuel elements, for both Mark IA and Mark I, has an
aluminum fuel spacer plate located in the bottom of the basket. In all of the cases, in
Section 5, which included intact fuel elements, this basket was ignored. The presence of
the spacer will have an insignificant negative effect on kdr This assumption is based
upon engineing judgement. This assumption is used thwoughout Section S.

3.8 The MCO has a shield plug assembly that is used as part of the closure mechanism. The
shield plug was replaced with a void in the no-flooded cases, and water at varied density
(O to 100% theoretical) for the flooded cases. Ihis assumption is used throughout Section
S and is based upon engineering judgement

3.9 The top lid of the MCO was simplified and evaluated as "squared off" in all cases in
Section 5 in which the MCO was used. This assumption was based upon engineering
judgment Tbis assumption is used throughout Section 5.

3.10 The scrp, baskets contain six stainless steel plates that divide the basket into six
compartments. These divider plates were ignored troughout all cases in Section S, in
order to simplify the case. This is a conservative assumption based upon the fact that the
effect of the divider plates will be a reduction in the ka of the system. This assumption is
used throughout Section S.

3.11 Ihe basket bottom plates have small drain holes present throughout the entire plate.
These holes were Ignored in all of the cases in Section S, to simplify the case. Based
upon engineering judgement, the presence of the holes will have an insignificant effect on
kC. This assumption is used throughout Section 5.
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3.12 The trapezoidal shaped structural posts, which support the outer stainless steel shroud of
the baskets, have been Ignored in all calculations. Tbis assumption is based upon the fact
that the exclusion is conservative, since it will have a positive effect on kff This
assumption Is used tughout Section S.

3.13 The inside cavity lengthof the MCO was evaluated as 406.7389 cm. The actual inside
length ppears to be 406.6286 cm (160.09 in.) (Ref. 7.8, Dwg. U H.2-828041). Due to the
complicated design of the end cap and the design of the MOO cover, the inner length had
-to be derived from the dimensions on multiple drawings. The small difference between
*the actual length and the evaluated length wll have an insignficant effect on the k
Ths assumption is based upon engineeringjudgement and is used throughout Section S.

3.14. A uranium density of 18.882 gfc&' w assumed. Calculations that presrved fuel matrix
.mass and volume yielded an average density-of 18.512 glcrA for the fuel matrix. This
density was increased by 2%, to conseatvely bounds any uncertainties related to the
masses and volumes. This 2% increase is based upon engineering judgement stemming
from review ofthe various data source documents (Ref. 7.5). This assumption is used
tIbroughout Section 5.

3.15 The entire length of the MCO was simpliied and evaluated wit a 60.96 cm outside
diameter over its entire length in all cases in Section S in which the MCO was used.. This
assumption was based upon engineering judgment.

4. . Use of ComputerSoftware

4.1 Software Approved for Quali Assurance (QA) Work

41.1 MCNP4B and MCNP4B2

MCNP4B and MCNP4B2 computer code is used to calculate effective multiplication
factors for the waste packages evaluated (Refs. 7.8 and 73).

* Program Name: MCNP
* VersionitevisionNumber.:Version4B
* Computer Software Configuration Item (CSCl) Number:. 30033 V4BLV
* Computer ype: Hewlett Packard 9000 Woxkstations

The input files used are echoed in the output files. The outut files are listed in
atachments VI. The output files are stored on compact disc electronic media (Ref. 7.12).
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a) The MCNP4B computer code (ReL 7.2) is an appropriae tool to be utilized to
determine the criticality potential, kd of fresh and spent lattices of intact and
degraded N-Reactor fiel assemblies.

b) This softwre has been validated over te rangeft was used.
c) It was previously obtained from the Civilian Radioactive Waste Management

System (CRWMS) Management & Operating (M&O) Software Control
Managemenlt (SCM) in accordance with appropriate procedures.

* Program Name: MCNP
* VersionRevisionNumber.Version4B2
* Computer Software Configmation Item (CSCI) Number 30033 V4B2LV
* ComputerType: Hewlett Packard 9000 Workstations

The input files used are echoed in the outt files. The output files are listed in attachments VIL
The output files are stored on compact disc electronic media (Ref 7.12).

a) The MCNP4B2 computer code ef. 7.2) is an appropriate tool to be utilized to
determine the citicality potential, km of firesh and spent lattices of intact and
degraded N-React fued assemblies.

b) This software has been validated over the rmnge it was used.
d) It was previously obtained from the Civilian Radioactive Waste M gement

System (CRWMS) Mangement & Operating (M&O) Software Control
Management (SCM) in accordance with appropriate procedures.

4.2 Software Routines

42.1 Excel

* Title: Excel
* Versionrevision Number. Microsoft Excel 97

The Excel spreadsheet program was used for simple numeric calculations as documented
in Section S ofthis calculation file. Ihe user-defined formulas, inputs, and results were
documented in sufficient detail in the spreadsheets to allow an independent repetition of
ffie various computations. Ihe Excel files are stored on electronic media (Ref. 7.12) and
as hardcopy in Attachment S.
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5. Calculation

5.1 Calculation Inputs

'he number of digits for cited values does not necessarily indicate accuracy. It may reflect te
value as reported in a reference or be an artifact of conversion.

5.1. Description ofN-Reactor SNF

Criticality calculations of the intact form of N-Reactor Spent Nuclear Fuel (SNF) were
performed using Beginning of Life (BOL) fuel loading quantities. This was shonm to be
conservative for these applications (Ref. 7.5, p. 4-i)

Ihe details of the N-Reactor fuels were obtained from the N-Reactor data package provided by
Hanford N-Reactor Operational Support personnel. The N-Reactor fiel considered consisted of
two types, Mark IA and Mark IV, which are very similar in design Both ofthese fuels are
metallic uranium fuels clad in Zircaloy-2. Each of the elements consists of a nested assembly
configuration, in which an inner annular assembly is nested mnside an outer annular assembly.
Figure 5-1 shows an example of the Mark IA and Mark IV type fuels.

5.1.1.1 N-Reactor Type Mark IA SNF

The Mark IA fuel consists of an inner assenmbly with a pre-iudiation enrichment of 0.947%0 and...
an outer assembly with a pre-irmrdiation enrichment of 125%. The length ofthe Mark 1A fuel
ranges from 37.846 cm to 53.035 cm. The Mark 1A case used the 53.035 cm long elements.
The pertinent dimensions and weights comprising the MarkIA elements are given in Table S-1
(Ref. 7.5, p. 2-3). The Mark IA fuel element inner and outer assemblies have Zircaloy-2 end
caps having an axial length of 0.483 em on each end.

The original configuration consikts of forty-eight Mark IA elements per basket (Fige 5-2). Six
baskets containing Mark IA SNF are then placed into a MCO. Previous criticality calculations
'Cf. 7.5) allow two of the six baskets within the MCO to contain scrap or degraded Mari IA
fuel. These calculations indicate that these baskets need to be placed into the MQO as the bottom
and top baskets. Four MCO's wil then be placed into a 4-Multi-Canister Overpack Waste
Package (4 MCO WP). The data nPuts for the baskets, MCO's, and 4 MCO WP's will be
descrbed later in this report
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Figure 5-1. Schematic of N-Reactor MarklA an! Mark n Fue Elements
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Table S-1..NReactorFuelAssemblies Dimensions andWeights

Mark [V Mark IA
Outer Tube Diameters: cm cm
Zconium clad outer diameter 6.160 6.106
Uranium outer diameter 6.032. 5.979
Uranium iner diameter 4.422 4.592
Zircoium clad inner diameter 4.321 4.481

Outer Tube Enrichment: wVM wV%
mu0 0.94700 12500
V . 0.0392 0.0392

VMU 99.0138 98.7108

Inner Tube Diameters: cm cm
Ziroium clad outer diameter 3249 3.165
Uranium outer diameter 3.096 2.962
Uranium inner diameter 1321 1.245
Zircon}u clad inner diameter 1.219 1.118

Inner Tube Emichment: wt% wt%
U . 0.94700 0.94700

WV 0.03920 0.03920
_U 99.0138 99.0138

Fuel Assembly Dimensions: cm cm
Maximum length 66294 53.035
End-cap thickness 0.483 OA83

Fuel Assembly Wcight: kg kg
Maximm weight 23A. 16.6
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51.12 N-Reador pe Mark IV SNF

The Mark IV fiuel consists of an inner assembly with a pre-irradiation enrichment of 0.947% and
an outer assembly with a pre-irradiation enrichment of 0.947%. The length of the Mark IV fuel
ranges from 44.196 cm to 66294 cm. The Mark IV case used the 66294 cm long elements. The
pertint dimensions and weights comprising the Mark IV elements wre given in Table 5-1 (Ref.
7.5, p. 2-3). Ihe Mark IV fuel element inner and outer assemblies have Zircaloy-2 end caps
having an axial length of 0.483 cm on each end.

The origi configat on consists of fifty-four Mark IV elements per basket (Fe 5-2). Five
baskts containing Mark IV SNF are then placed into a MCO. Previous criticality saft.
calculations (Rsf: 7.5) allow two ofthe five baskets within the MCO to contain scrap or degraded
Mark IV fuel. These calculations indicate that the scrap baskets need to be placed into the MCO
as the bottom and top baskets. FourMCO's will be placed into a 4 MCO WIP. The data
inputs for the Mark IV baskets are described later in this report.

5.1.2 Description of N-Reactor SNF Storage Baskets

The Mark lA and Mark IV N-Reactor SNF will be placed into storage baskets. Either six (Mar
IA) or five (rk V) baskets will be placed into an MCO.Q he baskets are designed such that
when stacked, the lower end of the center pipe of the basket fits over the top end of the center
pipe of the basket below. Thus, IesngW the baskets together in a vertical stacL

5.12.1 N-Reactor Mark IA SNF Storage Baskets .-

Ihe basket is an annular type basket constructed of 304L stainless steel (Figr 5-3). The center
pipe is comprised of nominal 6.0 in. XS stainless steel material (actual dimension 6.625 in. or
16.8275cm)), and the outer wa compised of 18-gauge stainless ste dsheet metal. The outer radius
ofthe centerpipe is 8A1357cm withthe radius ofthe outer shell equl to 28.70708cm. The
wall tbickness ofthe centerpipe is 2.19456cm. Ihe forty-eightelements are housed inthe annulr
section. The inside height of the basket Is 55.83428 cm, with an overall outer height of 58.88228
cm (Ref 7.7, Sketches 5 and 6). The basket bottom plate is constructed from 3.048 cm thick
stainless steel with drain holes drilled through. Each of the baskets contains an aluminum element
spacer guide at the bottom of the basket. Tis spacer is approximately 5.0 cm thick and aranges the
elements in the triangulr pitch configuration as shown in Figure 5-2, (Wef. 7.8, Dwg. # H-2-
828060).
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.1

Figure 5-3. Mark LA SNF Intact Element Storage Basket
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In addition, the same basket used to store intact Mark IA elements is also used to store Mark IA
scrap material. The scrap baskets do not have the aluminum spacer element guide located at the
bottom (Figure 5-4). Scrap Mark IA SNF consists of various sized pieces and sections
comprised of Mark IA elements that have structurally failed.

lhe scrap baskets ae divided into six copartments separated by six stainless steel plates (Ref
7.7, Sketch 6). These compartnt dividers are conservatively ignored in this evaluation. In
addition, the structural posts, which support the outer I tgauge stainless steel shell, are also
ignored in the ca

5.122 N-Reactor Mark IV SNF Storage Baskets

The Mark IV basket is also an annular type basket constructed of 304L stainless steel (Figure .5-5).
The fifty-four elements are housed In the annular section. The center pipe Is comprised of a 6.985
cm outside diameter stainless steel pipe, with a wall thickess of 1.27 cm (Ref. 7.8, Dw& # H-2-
828070). Unlike the Mark IA fiuel, in which the reguar and scrap baskets are the same, the Mark
[V regular baskets and scrap baskets have slight differences.

The basket used to house intact Mark IV feIl assemblies has an outer shell and six compa
dividers that extend a tely half the height of the bucket (Ref 7.7, St 8). The outside
shell is constructed of 12-gauge 304L stainless steel as well as the basket dividers (Ref 7.8, Dwg.
# H-2428070). The outer radius of the outer shell is 22.8290 cm (22.70 in. diameter). Each of the
baskets, for intact assemblies, contains an alumimum element spacer guide at the bottom of the
basket This spacer is oximately 7.62 cm thick axially and arranges the Mark IV elements in
the triangular pitch configuration at a typical center to center pitch of 6.985 cm (Ref. 7.8, Dwg. #
H-2-928070), shown in Figure 5-2. The inside height of the basket is 67.818 cm, with an overal
outer height of 70.66788 cm Ref. 7.7, Sketch 8).

The Mark IV scrap basket Is also an annular type basket constructed of 3 O4L stainless steel (Figure
5-4 Ihe Mark IV scrap material is housed in the annular siction. The center pipe is comprised of
a 6.985cm outside diameteratainess steel pipe, with wall thickness of 127cm with an outershell
comprised of 12-gauge stainless steel sheet metal (Ref. 7.8, Dwg. # H-24828070). The outer radius
ofthe outer shell is equal to 28.8290cm (22.70 in. diameter). The basket bottom plate is constructed
fiom 0.635 cm thick stainless steel with drain holes drilled through (Ref. 7.7, Sketch 8). The scrap
baskets do not contain the aluminum element spar guide at the bottom of the basket.

The baskets are divided into six compartments separated by six stainless steel plates (Ref 7.8,
Dwg. # H-2-42807S). These compartment dividers are conservatively ignored in this evaluation.
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Figure S-S. Mark IV SNF Intact Eement Storage Basket
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5.L3 Description of N-Reactor Multi4CnIster Overpacks (MCO's)

The MCO's are constructed out of304L stainless steel having an outside diameter 60.96 cm and
a wall thickness of 2.54 cm (Figure 5-7). The top portion of the MCO has a slightly larger radius
than the overall tube body in order to accommodae the top mechanical closure device. The
MCO was evaluated with a 60.96 cm outside diameter over its entire length The overall length
ofthe MCO is 420.09 cm with an Inner cavity height of 406.6286 cm (160.09 in.) (Ref. 7.8,
Dwg. # H-2-828041).

Ihe bottom plate has a thickness of 4A704 cm with the top lid having a thickness of 8.9916 cm
(Ref. 7.8, Dwg. # H.2-828041). he design ofthe top lid and the mechanical closure device Is a
vezy complex design and was simplified in these cases. The lid was squared offwith the
mechanical closure device being ignored.

In addition a central process tube constructed out of 304L stainless steel is present in the MCO's.
This central process tube is located down the center of the MCO through the stacked baskets
center pipes. The central process tube has an outer diameter of 3.3401 cm with a thickness of
0.90932cm (Ref. 7.8, Dwg. # H-2428051).

S.IA Description of 4-Multi-Canister Overpack Waste Package (4 MCO WP's)

The final waste package will consist offour MCO's placed into a 4 MCO WP. The 4 MCO WP
(Figure 548) has an inner diameter of 160.1 cm with an inner cavity height of 423.5 cm. The 4
MCO WP is constructed of an inner corrosion resistant shell and an outer corrosion allowance
shell. The inner corrosion resistant shell is constructed of Hastelloy Alloy C-22 with 2.0 cm
thick walls and 25 cm thick end shell lids. The outer corrosion allowance shell is constructed of
A516 Grade 70 Carbon Steelvwith 10.0 cmthickwals and 11.0cmend shell lids. The outer
shell lids are recessed on both ends. The overall outer height ofthe 4 MCO WP is 498.5 cm.
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5.2 Description of Cases Evaluated

52.1 Comparison Cases Between Type Mark 1A and Mark V N-Reactor SNF

The first set of calculations included comparison cases between the type Mark lA and Mark IV
in order to determine if one of the fuels could be used as a bounding fuel to encompass both
types. Various cases were used which incorporated intact, degraded, and a combination of intact
and degraded material in the same MCO. The two types offuels, Mark lA and Mark IV, are not
evaluated as being contained in the same MCO. Both single MCO and four MOO's in the 4
MCO WP cases are evaluated. In these cases the MOO(s) ae evaluated containing intact fuel in
all of the baskets, intact in the center basts and degraded fuel in the top and bottom baskets, or
degraded baskets in all of the baskets. All of these initial comparison cases aet evaluated with
the MCO(s) and 4 MCO WP flooded with full density water. The systems are also fiuly reflected
with a 30.48 cm thick water reflector at fhul density.

5±2.1.1 Intact Mao IA and Mark IV N-Reactor SNF

The first set of calculations included comparison cases between the type Mark IA and Mark IV
intact fuels. The fiuls arm evaluated as intact and stored as outlined in preceding sections. In
each of the cases the maximum number of baskets were placed into the MCO.

51.12 Combination of Intact and Degraded Scrap Mark 1A and Mark IV N-Reactor SNF

This set of calculations included comparison cases between the type Mark IA and Mark IV fuels
which are evaluated as a combination of Intact and degraded scrap material. In this set of cases
the MCO(s) are loaded with a scrap basket on the top and bottom levels with the middle baskets

c aing intact fiel.

The Mark IV scrap baskets are evaluated containing 0.947% enriched material The scrap mass
was that equivalent to fifty-four Mark IV fuel elements. The Mark lA baskets are evaluated
containing 1.25% enriched material, equivalent to the material mass of 48 intact elements. This
was done due to the fact that both degraded Mark IA inner (0.947% enriched) and outer (1.25%)
assemblies can be placed into the scrap baskets, without any control over the proportions
between the two types of materials.

An evaluation (Attachment I) was completed to determine the most reactive size of spherical
particle to use in the evaluation of the scrap material, along with the most reactive spacing
between the spheres within the confines of the baskets. This study was completed using the type
Mark lA fuel. In addition, the sphere diameter was limited to the thickest radial fuel matrix
dimension of a Mark 1A fuel clement, 0.8585 cm.
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In the cases evauated, the maximum calculated kfwas shown to occur with the spheres at this
maxm= diameter. This assumption was extrapolated to the Mark IV type fuel wih the scrap
evaluated at the thickest radial fuel matrix dimension of a Mark IV fuel element, 0.8875 cm
(Figure 5-9).

52.13 Degraded Scrap Mark 1A and Mark IV N-Reactor SNF

Some question adsts relating to the structural integrity of the N-Reactor fuels. The question is
concerned about whether or not credit can be taken for the strucura integrity of those fuels
classified as intact. In order to address this situation a set of cases was developed in which all of
the material contained in the baskets was evaluated as degraded.

he spherical case mentioned in the previous section was used to evaluate these cases. The Mark
IV fuel was evaluated as 0.947% enriched material in each of the baskets housed in the MCO(s)..

The Mark A sap fuel case has a slight vaation from the Mrk IV sp fuel case. The Mark
IA fuel scp was evaluated as 125% enriched material and was placed into the top and bottom
baskets. Once again the spherical configuration was used to evaluate this case. The middle
baskets however, are evaluated containing 1.15a enricWh fuel materials. This is a weighted-
average ofthe lark IA inner and outer fiel tubes and is used to simuate the degraded inner and
outer fuel tube scenario.

*5±1A Evaluation of Comparison Cases Between Type Mark IA and IV N-Reactor SNF

Compison cases show that the Mk IA and Mark lV fule have very simir calculated .'s for
the normal case in which the fuel is evaluated as small spherical particles and no fuel is present
in either the Mark IA or IV basket center posts. Due to the smaller center post and the slightly
higher mass loading, the intact Mark TV cases yielded a higher kfghan the intact Mark IA fuel.
However, the limiting cases are those in which the fuel Is evaluated as degraded and not as intact
An egineering judgment is used to determine that Mark IA fuel is enveloping for the type of

criticality calculations necessary to evaluate the N-Reactor fuel. In the normal cases the basket
centerpost forthe Mak IA fuel is much largerthan for the MarkV fuel. Iffuel is included in
these centl regions the calculated kffis greater for the Mar lA fuel than for the Mak IV fult,
with the degraded spherical case. Therefore, the remnaining cases only consider the Mark IA type
N-Reactor fiel. It is possible for small fragments to get into the center post area of the basket.
Since this is a low enriched fuel, a homogeneous m te of small particles and water Is not
conservative. For conservative purposes, the fuel in the center post region was evaluated as
larger particles, even though they could not actually fit through the gap into the center region.
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522 Cases Involving Various Degrees of Moderaution

A set ofases was evaluated in which the density of the water in the MCO and the 4 MCO WP
was varied to determine the most reactive configuration.

Th density ofthe insitl waterpresent In a MO conning Mak A fuel was varied form
10°h to filll density (1.0 g/cm&). AlB of the voids with the MCO are evaluated at the various
densities. The MCO itselfwas s fully reflected onthe outside by30.48 cm thick layeroffuil
density water (Figure S-10).

Once the most reactive water density wffiin the MCO was determined, a case was constructed
that consisted of four optimally moderated MCO's in a 4 MCO WP which was filled with water
which varied in density from 10% to 100%/s. The 4 MCO WP was fidly reflected on the outside
by a 30.48 cm thick laer of full density waler (Fiues 5-11 and 5-12).

S.2.3 Carbon Steel as Moderator Exclusion and/or Neutronic Poison

If the Mark IA fuel is evaluated as optimally spaced small spherical particles to simulate
degraded fuel, high k.;'s result. If no credit can be taken for the structure ofthe fuel, then steps
must be taken to ensure that the resulting kd!s are within the acceptance criteria. A possible
solution is to include a material in each of the baskets that would act to exclude water and/or to.
neutricall poson the system, thus reducing . The matial chosen was Grade SS A S16.
Carbon Steel.

A case was constructed which consisted of an MCO containing degraded Mark IA fueL The
intrsitial space between the small sphes was filled with a miture of water and carbon steel at
varied proportional densities (Fiure 5-13), ie., if the materi contained 90% full density carbon
steel, the mai 10% void was filled with water.

A set of cases evaluated the effects of placing the carbon steel - water mixture, at various
proportional densities as previously described, in the radial void spaces between intact elements
within each basket (Figure 5-14). In these cases the central void and annular void regions of the
elements were filled with full density water.
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Figure S-1I. MCNP Plot - X-Y View of 4 MCO WP
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Figure 5-13. MCNP Plot - X-Y View of Interspersed Carbon Steel-Water Cases
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S2IA Basket Center Pipe Variations

In all of the following cases the'MCO's were fly flooded and reflected with full density water.
Also each ofthe MCO's were evaluated contaning degraded Mark lA fuel as previously
discussed using the spherical case. In each of the following cases the central process tube was not
included.

A case was constructed in which the basket center pipes ar removed in order to evaluate the k);
effects.

Another case was evaluated which considered the reactivity effects of shifting the center pipe
5.08 cm radialy In one direction. This case was evaluated to provide comparison to a case
included in the original criticality reporL (Ret 7.5, p. 5-5)

The final case in this section considered the reactivity effects of placing degraded fuel into the
center pipe while each ofthe baskets was fully loaded with degraded fuel.

S2.5 No Basket Center Pipe - Carbon Steel as Moderator Exclusion and/or Neutronic
Poison

A set of cases was used to evaluate the decrease in kf due to the introduction of carbon steel, at.
various densities, into a basket which had the center pipe removed. The same raio of carbon
steel and water, as previously described, was used in this set of cases. -

52.6 U-HIO Mixture - Homogeneously Dispersed throughout the Basket - Mark lA Fuel

In order to determine reactivity effects from particulate, a set of cases was developed. In these
cases, the MCO was evaluated fully loaded with degraded Mark lA fuel. The MCO was fiuly
flooded and reflected with full density water. Ihe water intmpersed within the MCO was
evaluated containing various gram quantities of the uranium fuel matrix. The gram quantities
ranged from 0.001 g/L to I gIL. In these cases the basket center pipes were evaluted intact.

52.7 Zircaloy.2 Cladding Dispersed In Basket as Water Displacer - Mark 1A Fuel

Previous cases took no credit for the presence of Zircaloy-2 material comprising the cladding of
the elements. The uranium metal fuel matrix of each of the elements is clad in Zircaloy-2.
Although the structural integrity of the cladding is in question, it has been verified as being
present Zircatoy-2 has a low neutron absorption cross section. But when credit is taken for the
volume ofthe Zircaloy-2, it will lower the available space (volume fraction) for water currently
contained between the spaced heterogeneous spheres of fuel material.
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Ike presence of the Zircaloy-2 material from the cladding was evaluated. In these cases, the
amount of material representing cladding was dispersed thrugh the water mixture within each of
the baskets in the annular region only. Casm variations were evaluated which considered the
effects of placing Zrcaloy-2 material in the center pipe along with the degraded fuel. In the
limiting cases, no Zircaloy-2 was placed in the center pipe region along with the degraded fiel.

Cases were developed which considered fuel contained in the center pipe and fuel not contained
in the center pipe. The 4 MCO WP was considered in this case. Ihe individual MCO's were
evaluated fully flooded with no water between them within the 4 MCO WP. Full density water
reflection was placed aound the outside ofthe 4 MCO WP.

52$ Placement of Stainless Steel Crciform between MCO's in the 4 MCO WP

The next set of cases developed was based on the case that was discussed in Section 5.2.6. In
this set of cases however, each of the cae contained fuel in the center pipe. A set of cases was
developed to determine the effect on the calculated k~ ifa stainless steel cruciform was placed -
into the 4 MCO WP inbetween the individual MCO's.

The top collars of the MCO's have an outer diameter of 642874 cmn (2531 in.) while -the lower
portion of the MCO has an outer diameter of 60.96 cm. The tolerances on loading four MCO's-
into a 4 MCO WP are quite tight but some room between the lower portion ofthe MCO's exists.
Since this is where the fuel is housed the cruciform would not need to extend the full length of
the4 MCOWP. -

Stainless steel plates, ranging in thickness from 1.0 to 4.0 cm, were evaluated. The type of
material chosen for this ease was 3 04L stainless steel. An example of the physical layout is
shown in Figure 5-1S.

52.9 Neutronically Poisoned Stainless Steel Cruciform between MCO's in the 4 MCO WP

Cases were evaluated that were similar to those discussed in Section 527. The case chosen as
the base case is that which includes the 2.0 cm thick stainless steel cruciform. Ihis was done
since preliminary evaluations indicate that thickness greater than 2.0 cm would not allow enough
room to plac the individual MCO's into the waste package.

An evaluation was made to determine the magnitude of the effect on the calculated kff if a
neutron absorbing material were integrated into the cruciform structr The material of choice
was gadolinium. Various gadolinium weight percents ranging from 0.01 to 2.0 wt0h were
considered.
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£2.10 Incorporatlon of Stailess Steel Process Tube

The last case evaluated consisted of the incorporaton of the cetra process tube. This tube is
constructed of3D4L stainless steel. It Is an annular tube having an outer diameter of 1.3 1S in.
(3.3401 cm) and a thickness of 0.358 in (0.90932 cm). This tube was ignored in all of the
previous cases.

The process tube rums the entire length of the MCO down the center of each of the baskets.
Various cases were considered to evaluate the effects ofthis center process tube. Cases for
sngle MCO's, the 4 MCO iYP with and witout the stainless steel cruciform, and the 4 MCO
WP with the Udfpoisoned stainless steel cruciform present, were evaluated.

In this next set of cases, the fuel was placed between the central process tube and the ceer tube.
No Zincaloy-2 material was Interspersed between the heterogeneous spheres of fuel contained in

this region. The fuel spheres contained in this region were evaluated at two kadii. The first
radius anabyzed was the same radius used in the evaluation of the fuel spheres contained in the
basket annular region, 0.42925 cm. An example of this configuration is shown in Figure 5-16.

The next case analyzed and evaluated fuel spheres having a radius of 0.25 cm to determine the
effects ofthe smaller particles in the center tube. The change in the calculated kf due to the
different sized particles occuping the basket center pipe was evaluated.

.52.11 Evaluation of Neutronle Poisoned Center Rod in 4 MCO WP

An evaluation was made to determine if other materials were a better choice for the neutronic
* poisoning of the system. In these cases the loading in the scp basket were reduced to 575 kg of

1Uanium, which is the actu loading limitaions on the Mark IA scrap baskets. Previous cases
considered the most reactive configurations based upon a loading that was slightly higher.
The previous cases considered the scrap as being comprised of the uranium from appoximately
36 lements. This 575 kg mas imit is equivalent to approximately 34 elements..

;
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Figure 5-16. MCNP Plot - 4 MCO WP - Center Process Tube Included In MCO's
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he first thee cases considered incorporated a 14.4 cm rod located within the center of the 4
MCO WP within the ar-y of the 4 MCO's. In the first case the center rod was included as
gaphite containing 2 wtl% Gd. The rmaining 4.0cm 1.0 wda Gd poisoned stainless steel
cruciform was included in the case. No fuel was present in the center pipe region.

he second case is similar to the first case descbed in this section with thie exception tbat the
graphite center rod was enclosed with a 1.0 cm thick stainless steel shell.

Two variations on the previously outlined cases were also evaluated. The first incorporated a
14A cm boron carbide (B 4C) rod in the middle of the waste package instead ofthe previously
described graphite rod. In this case the 4.0 cm thick 1.0 wtK Gd poisoned stainless steel
cruciform was evauated. The last case considered only the presence of the BC rod and didn't
include the stainless steel cruciform.

An example of these configurations can be found In Figure 5-17.

S2.12 Evaluation of Boron Carllde (B4C) Rods Placed in the Fuel Baskets

Cases were evaluated to determine the effects of placing BjC rods into the MCO in various
-configuatimons. The B4C rods were evaluated at the same outer dimensions of the N-Reactor

Mark lA fuel elements. hree rods were placed into a basket at 120-degree intervals., In the first
case, three rods were placed into each of the six fuel baskets. The next case considered only rods*
in the top and bottom scrap baskets. The last case considered B 4C rods in all six baskets with the
fuel baskets evaluated with center ppes equivalent to the diameter of the Mark IV baskets.. -

Once agai, the scrap baskets contained 575 kg of uranium. The spacing between the fuel
spheres, in the scrap baskets, optimized at a slightly larger center to center pitch due to the
configuration that included the B4C poison rods.

The cruciform was not included in these cases.

An example of these coiguions is shown in Figue 5-18.
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Figure 5-17. MCNP Prot - Neutronically Poisoned Rod Placed into Center of4 MCO WP
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Figure -S18. MCNP Plot-Neutronically Poisoned B 4C Rod Placed Into MCO Baskets
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6. Results

Exting data were used in the development of the results presented in this section. Therefore,
the use of any data fEom this calculation for Iput Into documents supporting p emt,
fabrication, or construction Is required to be Identified and tradked as To Be Verified (FBV) in
accordance with appropriate procedures.

6.1 Results from Comparison Cases of Type Mark 1A and Mark IV N-Reactor SNF

Cases were evaluated using both Mark IA and Mark IV N-Reactor SNF as outlined In
Section S2. Results from the various comparison cases are presented below.

6.1.1 Results from Intact Mark iA and Mark IV N-Reactor SNF Cases

MCO's and 4 MCO WP's, containing intact Mark IA or Mark IV N-Reactor SNF were
evaluated. In these cases all of the MCO baskets were evaluated as described in Section 5.2.1.1.
The results from the various intact cases are given in Table 6-1.

Table 61. Resuts from Intact Mark 1A and Mark W N-Reactor SNF Cases

Input File Type of Fuel Configuration kc±1Ur 1 : +2a |

mkla intactl Mak 1A . Single MCO 0.7922 ± 0.0006 0.7934
mk4 intacti Mark IV Sngle MCO 0.8289 + 0.0005 i 0.8299

Idpnmkla intactl Mark IA 4 MCO's in 4 MOO WP 0.8151 + 0.0006 0.8163 a

Ildp mk4intact1 MrkIV 4MC0'sim4MMOWP 0.8411±0.0004 0.8419

6.1.2 Results from Intact and Degrded Scrp Mark 1A and IV N-Reactor SNF Cases

MCO's and 4 MCO WP's, containing both intact and degraded Mark lA or Mark IV N-Reactor
SNF, were evaluated. These cases, as described In Section 5.212, were conservatively evaluated
with the scrap material as optimally spaced spheres with the enrichments corsponding to the
fuel type stored. The results from the various mbinations of intact and degraded fuel cases ae
glveninTable6-2.

Table 6-2. Results from Intact and Degraded Scrap Mark 1A and Mark IV N-Reactor SNF

Input File Type ofFuel Conflguration k,1flc Ir ______|

mkla combla| Mark IA | Single MCO 0.8783 ±0.0005 | 0.8793
mk4 combl Mark IV Single MCO 0.8407 ± 0.0005 0.8417

ldp nkla combla| Mark IA 4 MCO's in 4 MCO WP 0.9026 + 0.0005 0.9036
Idpnk4=oombl1 Mark IV 4 MCO's in 4 MCO WP 0.8562 + 0.0004 0.8570
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6.13 Results from Degraded Fuel and Scrap Mark 1A and Mark IV N-Reactor SNF Cases

MCO's and 4 MCO WP's containing degraded fuel and scrap material from Mark lA or Mark
IV N-Reactor SNF were evaluated. These cases were evaluated as described In Section 5213.
The degraded fuel and the scrap material were both evaluated as optimally spaced spheres with
the enrichments cosponding to the fuel store. Th results trom the warious combinatons of
the degraded and scrp fuel cases are given in Table 6-3.

Table 643. Results from Degraded and Scrap Mark 1A and Mark IV N-Reactor SNF

Input Fle Type of Fuel Configuration k,1 + la k + 2a
mklaL spheresla Mark IA SingleMCO 0.8816 ±!0.0005 0.8826
mk 4spheresi MarkI V Single MCO 0.8989 + 0.0005 0.8999

ldp ;mklaespheresla Mark IA 4 MCO's in 4 MCO WP 0.9054 ± 0.0005 0.9064
I Idp mk4spheresla I Mark IV 4 MCO's in 4 MCO WP 0.9118 + 0.0004 0.9126

6.2 Results of Various Degrees of Moderation within the MCO's and 4 MCO WP

MCO's containing Mak IA fuel, degraded and scrap, were evaluated with various densities of
waterplaced into the i tial paces between the heterogeneous fuel spheres witin the'MCO'
baskets. In these cases, the MCO's were reflected by full density water. The results of these
cases are found in Table 6-4.

I ... Table 64. Results from Cases Incorporating Water Moderator at Various Densities to
Determine Optimum Moderation - Shle MCO

InputFile % Densityof ' k.,lc±les k+2a
Water

_within MCO
rmkla b2o010%a 10 % 0.3841 ± 0.0003 03847
mkla b2o 20°/%a 20 % OA788 ± 0.0004 0.4796
mkla h2ao30)1oa 30 % 0.5660±0.0005 0.5670
mkla. h2o 40°/%a 40 % 0.6404 ± 0.0005 0.6414
mkla h2o_50%a 50% 0.7003+ 0.0005 0.7013
mkla b2o_60/ca 60% 0.7514±0.0005 0.7524
mkla b2o 70°/%a 70% 0.7939 ± 0.0005 0.7949
mkla bh2o,80oa 80 % 0.8286 ± 0.0005 0.8296
mkla bh2o 900oa 90 % 0.8561 ± 0.0005 0.8571
rklak.spheresla 100 % 0.8816 + 0.0005 0.8826

Once the optimum degree of moderation within the MCO was determined, four MCO's were
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placed into a 4 MCO WP. The water in between the MCO'sv within the 4 MCO WP was
evaluated at various densities (O to 100% theoretical density). The results of these cases are
given in Table 6S. :

Table 6"5. Results from Cases Incorporating Water Moderator at Varioui Densities to
Determine Optimum Moderation - Four MCO's within a 4 MCO WP

% Densty of
Input File Water within Ic&±1a kdr +2c

4 MCO WP
. dp pnkla h2o 0°0oa 00%0 0.9440±0.0004 0.9448

1Idp mnkla h2o, 10Yea 10 % 0.9325 ± 0.00D4 0.9333.
ldpemklaa.2o_20%a 20% 0.9248 + 0.0004 0.9256 _
ldp klaj2O 30%a 30 % 0.9200 ± 0.0004 0.9208
Idp_nlak }2oq..40%a 40% 0.9170±0.0004 0.9178
ldpmkla. b2oS'0%a 50% 0.9143 ± 0.0004 0.9151
Idp pmkla b2d6_0%a 60% 0.9120 + 0.0004 0.9128
_dp mkla h2o_70%a 70% 0.9099 ± 0.000 0.9107
ldp nkla bh2o..80%a 80% 0.9094 ± 0.0004 0.9102.:
ldppmklab.h2oL90%a - 90% 0.9067 ± 0.0004 0.9075
Idpjmkla.pheresla 100% 0.9054 0.0005 0.9064

6.3 Results from Carbon Steel as Moderator Exclusion andlor Neutronic Poison

MCO's containing Mark IA fuel, degraded and scrap, were evaluated with various densities of
carbon steel placed into the interstitial spaces between fuel within the MCO baskets for ether
intact Mark IA elements or the heterogeneous fiiel sphere case of Mark IA elements. In these
cases the cabon steel was combined with water at various proportional densities to occupy the
void spaces within the basket.

ln the case ofthe intact elements, the carbon steel - water mixture only occpied the radial
spaces between the intact fuel elements. The cental void and annular regions within the element
itself were filled with full density water. Th results from these cases are found in Table 6-6.
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Table 6-6. Results from Cases Incorporating Carbon Steel as Moderator Exclusion and/or
Neatronic Poison within the Baskets as Carbon Steel-Water Mixture -

Degraded Mark 1A Fuel Basket Center Pipes Intact
Input File % Density of % Density of kIC, la Ie+ 2a

Carbon Steel Water
mkla;shr.cs9O%a 90% 10% 02456±0.0002 0.2460
mklaspr cs80%a 80% 20 % 03053 ± 0.0O02 03057
mklaiphr cs7O0M1a 70% 30% 03647±0.0003 03653
mkla sphLr. cs60%a 60Y% 40% 0.4237±0.0003 0.4243
mklajcpbr. cs50%a 50 % 50 % OA842±0.0004 0.4850
mklaL sph cs4OPoa 40 % 60 % 0.5458 ± 0.0004 0.5466
*mk1 aphr cs3OMM 30% 70% 0.6146±0.0004 0.6154
mkla..pbri..cs2O**a 20% 80 % 0.6901 0.0004 0.6909
mkla.sphrb.cslO0oa 10 % .90 % 0.7783 ± 0.0005 0.7793

Intact elements were also evaluated containing various densities of crbon steel placed into the
interstl radial spaces between the intact fuel elements within the MCO baskets. In these cases
the crbon steel was combined with water at various proportional densities to occuy the radial.
void spaces between the intact elements within the basket he center and annular regions ofthe
element itself were filled with full density water. The results from these cases are given in
Table 6-7.

Table 6-7. Results from Cases Incorporating Carbon Steel as Moderator Exclusion and/or
Neutronic Poison within the Radial Space Between Intact Mark IA Elements within the

Baskets-Carbon Steel Combined with Water at Various Densities-Basket Center Pipes
Intact

InputFile % Density of % Density of kd lIcrc 1 2a
Carbon Steel Water

mkla intact cs900/oa 90% 10% 0.5129 0.0005 0.5139
mkla Intact cs80Ka, 80°% 20% 0.5349±0.0005 0.5359

a iantact=70/oa 70% 30 % 0.5597±0.0005 0.5607
mkla intact cs6O°0/a 60% 40 % 0.5839_±0.0005 0.5849
mkla intact csSOFea 50 % SO % 0.6114 ± O.O05 0.6124
mkla_ intactcs4ooa 40% 60 % 0.6408 ± 0.0006 0.6420
mkla intact cs3Ooa 30 % 70 % 0.6722 ± 0.0006 0.6734
mklaintact cs2oo1/a 20 % 80 % 0.7070_ ±.0007 0.7084
mkla intact.cslO0/a 10 % 90%K 0.7468± 0.0007 0.7482
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6A Results ofBasket Center Pipe Variation Cases - Mark IA N-Reactor SNF

6A.1 Results from Carbon Steel within Baskets -No Center Pipe In Baskets - Mark IA

MOO's containing Mark IA fuel, degraded and scrap, were evaluated with various densities of
carbon steel placed into the interstitial spaces between the heterogeneous fuel spheres within the
MCO baskets. In these cases, the carbon steel was combined with water at various proportional
densities to occupy the void spaces within the basket. The baskets were evaluated without the
center pipes present The cases were evaluated as described in Section 52.5 and the results can
be found In Table 6-8.

Table 6-8. Results from Cases Incorporating Carbon Steel as Moderator Exclusion mnd/or
Neutronic Poison within the Baskets Containing Degraded Fuel - Carbon Steel-Water

fMixture at Various Densities -Mark IA fuel-No CenterPipe In Basket

Input File %Densityof %Dnsityof kli ; kl+ 2a
Carbon Steel Water __

-mkIclancp.~.cs90O/a 90 % 10% 0.2861 0.0002 02865
mlkla ncp s80°/oa 80 % 20% 03562± 0.0003 03568
mlkla ncpcs70%a 70 % 30% 0.4222 + O.O0Q3 0.4228
mlkla ncpcs6Oa 60%Y 40% 0.4854±0.0003 0.4860
nmkla ncppcsS5Oa 50% 50%s 0.5496±0.0003 0.5502
mklancpcs40O/a 40 % 60% 0.6154 ± 0.0004 0.6162
mkla ncp .cs3Oa 30% 70% 0.6886+0.0004 .0.6894
m1cla ncp cs20%a 20% 80% 0.7717±0.0004 0.7725
mklajncp .csl0%a 10% 90% 0.8656 ±0.0005 0.8666

mnka ncp j2oa 0% 100% 0.9802 ± O.0005 0.9812

6A.2 OtherBasket CenterPipe Variation Cases -Degraded Mark lAFuel

MCO's containing Mark IA fuel, degraded and scap, were evaluated with the center pipes of the
MCO baskts removed, ofiset, or filled with degraded fuel, as descrbed in Section 5.24. The
results from these cases can be found in Table 6-9.

Table 6-9. Results from Basket Center Pipe Variation Cases - Mark IA Fuel

Center Position of Degraded
Input File Pipe Center Pipe Fuel in kIc la k±I + 2a

Present Center Pipe
mklajipji2oa No Not Present NJA 0.9802±0.0005 0.9812

rIkladlegpfi11a Yes Centered Yes 0.9200 ± 0.0005 0.9210
nklajlea.cpoffa Yes Offset 5.08 cm No 0.8978 ± 0.0005 0.8988
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6A.3 Results from UJH-20 M Dispersed In the Basket-Degraded Ma A FueI

In order to determine reactivity effects from particulate, a set of cases was developed. In these
cases the MCO was evaluated fifly loaded with degraded Mark 1A fuel. The MCO was fully
flooded and fMly reflected with full density water. The water interspesed within the MCo was
evaluated containing various gram quantities of the ranium fuel matri The results ofthese
cases can be found in Table 6-10.

0

Table 6-10. Results from Uranium in Solution - Homogeneously Dispersed throughout the
Basket - Degraded Mark 1A Fuel Case

Concentration of Uranium Vuel
InputFile Matrixin SolutionX dL) l_± la lc; +2cr

mkla deg_0.OOOlgcca 0.1 0.8766 + 0.QOO5. 0.8776
mikladtegOQ.OOOSgcca 05 0.8693 + 0.0005 0.8703
mkla deg_0.O0lgcca 1.0 0.8707 + 0.0005 0.8717
mkla deg_0.O05gcca 5.0 0.8636+ 0.0005 0.8646
mkla.deg_0.01gcca 10.0 0.8671 + 0.0005 0.8681

6.5 Results from Zircaloy-2 Cladding as Modentor Exclusion within the Baskets

Cases were evaluated as descnrbed in Section 5.2.7. These cases were developed which
considered both fuel contained In the center pipe and fuel not contained in the cent pipe. The 4
MCO WP was considered In this case. The individual MCO's were evaluated fully flooded with
no water between them within the 4 MCO WP. Full density water reflection was placed around
the outside ofthe 4 MCO WP. Two cases were evaluated. One with fuel in the center pipe, and
another cases had no fe in the center pipe. In each of tese cases, the Zhicoy-2 matial was
only int e in the water in the annular region of the basket.

The results from these cases can be found in Table 6-11.

. .1

.- 0

Table 6-11. Results from Cases Incorporating Zrcaloy-2 from Element Cladding as
Moderator Exclusion within the Baskets

'Zfrcaloy 2 -Water-
Inpt File Fuel Mixture Present k& ±1c k r 2a

_________________ In Center Pipe
ldppmkla zr h2Poc No 0.9374±0.0004 0.9382

Idpj.nkla cpfll~zr. 2oOY/b Yes 0.9501±0.0004 0.9509

a
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6.6 Results from Non-Polsoned Cruciform between MCO's In 4 MCO WP

A set of cases was developed as described in Section 52.8 to determine kr if a stainless steel
cruciform was placed into the 4 MO0 WP in between the individual MCO's. Thickness'
fiom 1.0 to 4.0 cm were evaluated, In all of these cases, the fuel was present inside the center
basket tube. The Zircaloy-2 material was intpersed only in the water between the fuel spheres
in the annular region. The results from these cases are given in Table 6-12.

Table 6-12. Results from Cases Incorporating Non-Poisoned Stainless Steel Cruciform

ThIckness of
Input File Stainless Steel kdrf lcr k,+r2a

Cruciform Between
._ _ _ _ _ _ _ ___ M CO's .__ _ _ _ _ .- _ _ _

ldp mkla cpflzl_ss1.Oa 1.0 0.9424±0.0004 0.9432
ldp_;nkla cpfillzr ss2.0a 2.0 0.9402±0.0004 . 0.9412*:
Idp.mnkla OcpfilLz ss3.0a 3.0. 0.9377 ±0.0004 0.9385
Idp jkla.cpfihllzr.ss4.0a 4.0 -0.9363 ± 0.0004 0 0.9371

6.7 Results from Gadolinium Poisoned Cruciform between MCO's In 4 MCO WP

A set of cases was developed as descrbed in Section 52.9 to determine kc1, ifa neutronically
poisoned stainless steel cruciform was placed into the 4 MCO WP in between the individual
MCO's. A thickness 2.0 cm was chosen as the base case to be evaluated. Various wt% of
gadolinium was incorporated into the stainless steel cruciform. In all of these caseS the fuel was
present inside the center basket tube. The Zrcaloy-2 material was interspersed only in the water
between the fuel spheres in the annular region.

The results from these cases are given In Table 6-13.

Table 6-13. Results from Cases Incorporating Poisoned Stainless Steel Cruceform

wt%ofGd
Input File Incorporated In IC&+a1cT dr 2

Stainless Steel
Cruciforn Between

_ ______________ MCO's
Idp nmklcl lpfillzr Ogd.la 0.01 0.9484 +0.0004 0.9492
ldp_;nkla.cpfilLzr.ss2.OgdO.la 0.1 0.9470 0.0004 0.9478
ldpmklsppfillzr. ss2.Ogdl.Oa 1.0 0.9446+0.0003 0.9452



Waste-Package Operations- Engineering Calculation
-- -

Waste Package Operations Engineering Calculation
Tlte: N-Reactor Spent Nuclear Fuel Oiticality Calculations

. Document Identifler. BBAOOOOO-01717-0210-00005 REV 00 Page 45 of 50

A last set of cases was evaluated in which only water, and no Zircaloy-2, was present between
the fu~el sphees located i the cetter pipe. The results from these cass are given in Table 6-14.
This case consisted of 4 MCO's in the 4 MCO WP as previously outlined. The neutronically
poisoned 2.0 cm thick stainless steel cruciform was included.

Table 614. Results from Zfrcaloy-2 between Fuel Particles In Annular Region Only

w._t% of Gd
InputFile Incorporatedin kIre1cr k+2o

Stainless Steel
Cruciform Between

._ MCO's .
Udp mk1a Ocpiil..ss2.0gdO.01 0.01 0.9408 ± 0.0003 0.9414

qlkla cpfllrzrss2.OgdO.1 0.1 0.9392 ± 0.0004 0.9400
Idp mlclascpfillfzr.ss2.0gdl.0 1.0 0.9367 ± 0.0004 0.9375

6.8 Results from Cases Incorporating 304L Stainless Steel Center Process Tube

The last set of cases considered consisted ofthose descnbed in Section S-10. In these cases,
the change in kT, due to the presence of the stainless steel central process tube, was evaluated.
The first subset of cases consisted of the region between the center process tube and the inside of
the basket center pipe being filled with fiel spheres at a radius of OA2925 cm. This was the
muaum posfiduted radius prdicle size, and shown to be most reactive in the normal base
configuration cases.

No Znraloy-2 material was present in the wat that was interspersed between the fiel spheres in
this centra region. Zircaloy material was evaluated in the water that was inespersed between
the fuel spheres in the basket annular region. Once again four flooded MOO's were evaluated
contaied in a 4 MCO WP. No water existed between the MOO's within the 4 MCO WP. The
neutonically poisoned 2.0 cm thick staless steel plate was also present

Table 6-15. Results from Inclusion of Center Process Tube - 0A292S cm Radius Fuel

wst% of Gd
Input File Incorporated In kIC1cr kf +2cr

Stainless Steel
Cruciform Between

.__ _ _ _ _ _ _ _ _ _ M CO '9

Idp pikla cpfll~z ss2.OgdO.Olb 0.01 0.9442 + 0.0004 0.9450
Idp npklakcpfiuzr.ss2.0gdO.lb 0.1 0.9438±0.0004 0.9446
Idp_#lacpfilOzr.ss2.Ogdl.Ob 1.0 0.9412 ± 0.0004 0.9420

This set of results outline the effect on I due to replacing the Lager fuel spheres (0.42925 cm
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radius), located in the central region, with the smaller 025 cm radius fuel spheres. Due to the
presence of the center process tube an argment can be made that this is the largest sized particle
thatcan migrate into the central region outside of the center process tube and inside of the basket
enter pipe. The fourth case listed varies from the first three cases in that no zircalloy was
evaluated in between the heterogeneous spheres in the scrap inserts. The results fiom this set of
cases are given in Table 6-16.

Table 6-16. Results from Inclusion of CenterProcess Tabe -0.25cm Radius Fune

wt% of Gd
Input File Incorporated in kli la kr+ 2a

Stainless Steel
Cruciform Between

_ _ _ _ _ _ _ _ _ _ _ ___ M OC O 's _ _ _ _ _ _

ldp mkla cpfllLzrss2.0gdD.Olc 0.01 0.9414 ± 0.0003 0.9420
Idp mkla cpfillzrss2.OgdO.lc 0.1 0.9406±0.0004 0.9414
lpjnklad pfcilzrl ss2.Ogdl.Oc 1.0 0.9383 ± 0.0004; 0.9391
ldp ;mkla.cpfif.zr._s2.Ogdl.Od 1.0 0.9492 ± 0.0004 0.9500

6.9 Results from PlacementofNeutronicagy Poisoned Rod iCenterof4 MCO WP

These ae the results fiom those cases as outlined in Section 5.211. As described in Section
52.11lanevahlaionwas maderelatngtotheeffecofplacinganeutonicay poisonedrod in
the center of the 4 MCO WP. In these cas no fuel was placed in the center pipe of the baskets.
Full water reflection exists outside ofthe 4 MCO WVP with no water within the 4 MCO WE. The

results we given in Table 6-17.

Table6417.Results from Inclusion ofNeutronicany PobonedCenter Rod

Input File Cruciform Material of Rod k.;f la r+ 2cr
Present

inp42b Yes Graphite 0.9076 0.00O4 0.9084
2 wt% Gd

aite
imp42d Yes 2 vPO/ Gd 0.9073 ± 0.0004 0.9081

Enclosed In SS
inp42c Yes B4C 0.8976 ± 0.0004 0.8984

No B4C 0.9112±0.0004 0.9120
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6.10 Results from Placement of B 4C Rods In Fuel Baskets

These are the results from those cases as outlined in Section 52.12. As descnbed in Section
52.12 an evaluation was made relating to the effect of placing a neutronically poisoned rod in
the fuel baskets of the MCO's. In these cases no fuel was placed in the center pipe of the
baskets. Full water reflection exists outside of the 4 MCO WP with no water within the 4 MCO
WP. The results are given in Table 6-18.

Table 6-I. Results from Iclusion of Neutrnecally Poisoned Center Rod

InputFile Location of B4C- Center Pipe of I1ff + Ur kc + 2cr
Rods Fuel Basket

b4cmooa, Top & Bottom MakIM A J 0.8583 ± O.Q004 0.8591
b4cmco Evey Basket Mark IA 0.9172 ± M.OON4 0.91890

bc4mcob Every Basket Mark IV j0.9171 ± O.O04 0.9179

I .

*,'
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8. Attachments

The hardcopy attachments are listed in Table 8-1 below. Electronic attachments are provided on
compact disc and are listed in Table V-I forExcel Spreadsheet, Table VI-1 for Rev OOA MCNP
cases and Table VII-l for Rev OOB MCNP cases (Ref. 7.12).

Table 8-L Attachments of Supporting Documentation for N-Reactor SNF Disposal
Criticality Analysis

achment Number Description Pages
I Summary Tables of Cases Used to Determine Optimum Particle 4

size and Spacing
H Surmaiy Table of Cases Used to Determine Most Reactive 1

Loading Per MCO Basket
III Summary Table of Cases Used to Evaluate Various Neutronic I

Absorber Configurations
IV Summary Table of Cases Used to Detemine Optimum Pitch I

and Particle Sizes for Cases in which the Scrap Baskets were
Limited to 575 kg of U

V Summary Table and Excel Spreadsheets used in Engineering 19
.________ Calculations (Also Stored Electronically.on CD)

VI Summary Table of Rev OOA MCNP4B case inputs and outputs 9
stored in electronic format

VII Summary Table of Rev OOB MCNP4B2 case inputs and 9
outputs stored in electrnic format

VIII Drawing/Sketch of the Physical Dimensions of the MCO Waste I
Package
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Attachment L Parametric Study to Determine Optimum Pitch for Heterogeneous
N-Reactor Fuel Sphere Calculational Cases

J1

A parametric study was completed to determine the most reactive (optimum) sized sphere and
most reactive (optimum) spacing between spers for the N-Reactor heterogeneous fuel sphere
case. Due to equestionable sructul init of the N-Reactor fel a very conseraive
approach was taken in this evaluation.

This approach entailed dispersing heterogeneous pieces of fuel thrmughout the entire basket. The
optimum spherical size was determined along with the optimm spacing between spheres. lhis
pammetric study considered an infinite by infinite by infinite array of f spheres. The.
madmum reactiviwas determined.

The sizes of the particles (spheres) were limited to the thickest radial thickness of the actual fiuel
matrix, as constrained by the Zircaloy cladding. The results fiom the various particle sizes and
spacing configurations arc given below.

i

Table I-l. N-Reactor Spheres, Square Pitch Infinite Lattice
OA2925 cm Radius for Spheres

Output Fiename Distance Between Distance Between
Spheres Centerto Spheres Edge to kdr _la Yka+2a
Center (C-C (cm) Edge (E-)(cm)

0.9cm.o 0.9 0.0415 1.0475 0.0006 1.0487
I.Ocm.o 1.0 0.1415 1.1193±0.0006 1.1205
l.lcM.o 1.1 02415 1.1341 ±0.0005 1.1351
1.2cm.o 12 0.3415 1.1213 ±0.0004 1.1221
1.3cm.o 1.3 0A415 1.0874 0.0004 1.0882
1.4cm.o 1.4 0.5415 1.0393+0.0004 1.0401
1.Scm.o 1.5 0.6415 0.9814±0.0004 0.9822
1.6cn.o 1.6 0.7415 0.9197±0.0004 0.9205



Waste Package Operations Engineering Calculation

I.

Title: N-Reaor Spent Nuclear F Criticality Caulatfons
Document Identlfier. BBAOOOOO-01717-210-00005 REV 00 .. , Affachment1, Page 1.2

Table 1-2. N-Reactor Spheres, Square Pitch Infinite Lattice
OA2 cm Radius for Spheres

Output Filename Distane Between Distance Between
.___________ Spheres C-C (cm) Sphems E-E (cm) kf + 1c l. k+ 2cr

0.BScm.o 0.85 0.01 1.0050±0.0007 1.0064
0.9cmao 0.9 0.06 1.0628 ± 0.0006. 1.0640
L.Ocmo * 1.0 0.16 1.1204±0.0006 1.1216
Mml.lco 1.1 0.26 1.1325±0.0005 1.1335
1.2cmo 12 0.36 1.1137±0.0004 1.1145
13cmco .13 0.46 1.0748+0.0004 1.0756
1.4c=io 1A. 0.56 1.0222 + 0.0004 1.0230
1.ScmLo 1.5 - 0.66 0.9619±0.0004 0.9627
1_ c lo 1.6 0.76 0.8979±0.0004 0.8987

Table 1-3. N-Reactor Spheres, Square Pitch Infin te Lattice
OA1 cm Radius for Spheres

Output Filename Distance Between Distance Between
Spheres C-C (cm) Spheres E-E (cm) k.C +lar k.fr+ 2a

0.85cmLo 0.85 0.03 1.0305 ± 0.0006 1.0317
0.9cm.o 0.9 0.08 1.0789±0.0006 1.0801
1.Ocmno 1.0 0.18 1.1265+0.0005, 1.1275
1.lcmeo 1 0.28 1.1303 +0.0005 1.1313

1.2cm.o 1.2 0.38 1.1032+0.0005 1.1042
1.3cm.o 1.3 0.48 1.0589 + 0.0004 1.0597
lAcm.o 1.4 0.58 1.0031+0.0004 1.0039
1.Scm.o 1.5 0.68 0.9409±0.0004 0.9417

1.6cm.o .1.6 0.78 0.8738 + 0.0004 0.8746
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Table I4. N-Reactor Spheres, Square Pitch MmiIte Lattice
OA cm Radius for Spheres

Output Filem Distance Between Distance Between
.___________ Spheres C-C (cm) Spheres E-E (cm) k.r ± la kff + 2c

0.8cm.o 0.8 0.0 0.9893 ±0.0006 0.9905
0.9cm.o 0.9 0.1 1.0938 ± 0.0006 1.0950
l.Ocmo 1.0 0.2 1.1298±0.0005 1.1308
l.lcmLo 1.1 0.3 1.1248±0.0004 1.1256
12cm.o 1.2 0.4 1.0928±0.0004 1.0936
1.3cm.o 1.3 0.5 1.0429+0.0004 1.0437
lAcm.o 1A 0.6 0.9829 + 0.0004 0.9837
.5cmno 1.5 0.7 0.916+±0.0004 0.9176

Table I-6. N-Reactor Sphercs, Square Pitch Infinite Lattice
038 cm Radius for Spheres

output Filenamne D- ane Betweei Distance Between
___________ Sphers C-C (cm) Spheres E-E (cm) k; ± 1a ki + 2cr

0.8cm.o 0.8 0.04 1.0414±0.0006 1.0426
. 0.9cm.o 0.9 0.14 1.1146±0.0005 1.1156

* l.Ocm.o 1.0 0.24 1.1299 ± 0.0005 1.1307
. .lcn.o. 1.1 0.34 1.1071±0.0004 1.1079
l.2cm.o .1.2 0.44 1.0625±0.0004 1.0633
1.3cm.o 13 0.54 1.0029+0.0004 1.0037
IAcKILo 1.4 0.64 0.9355+0.0004: 0.9363
.cULo 1.5 0.74 0.8659+0.0004 0.8667

. .

I
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Table I6. N-Reactor Spheres, Square Pitch Infinite Lattice
036 cm Radius for Spheres

Output Filename Distance Between Distance Between
Spheres C-C (cm) Spheres E-E (cm) kf ± la kff + 2a

0.8cmLo 0.8 0.08 1.0811±0.0006 1.0823
0O9cm~o 0.9 0.18 1.1252±0.0005 1.1262
l.OCa.o 1.0 028 1.1197±0.0005 1.1207
.lImUo 1.1 0.38 1.0825±0.0004 1.0833

1.2cmLo 12 0.48 1.0254 + 0.0004 1.0262
1.3cmLo 13 0.58 0.9579+0.0004 0.9587
1.4cno IA 0.68 0.8837±0.0004 0.8845

, .

Table 1-7. N-Reactor Spheres, Square Pitch Infinite Lattice
0.34 cm Radius for Spheres

Output Filename Distance Between Distance Between
Spheres C-C (cm) Spheres E-E (cm) kdf ± ic kf + 2a

' 0.7cmLo 0.7 0.02 1.0823 0.0006 1.0835
0.8cmLo 0.8 0.12 1.1123±0.0006 1.1235
0.9cm~o 0.9 0.22 1.1313±0.0005 1.1323
l.OcULo 1.0 0.32 1.1066±0.0005- 1.1076
Mc1.l=o 1.1 0.42 1.0543±0.0004.. 1.0551
1.2cm.o 1.2 0.52 0.9867 + 0.0004 0.9875
1.3cn.o 1.3 0.62 0.9104 + .0004 0.9104
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AttachmentIL Parametric Study to Determine Optimum Loading for Heterogeneous
N-Reactor Fuel Sphere Calculational Cases

Machmnent I considered infinite anays of fuel spheres to determine the most reactive (opimum)
spacing versus size for the heterogeneous spheres of N-Reactor fuel. As shown in Attachment I
the 0.42925 cm radius Mark IA fuel sphere was the most reactive- Another set of cases was
evaluated in which the spacing between the spheres was varied, while constained by the
geometry of the fuel baskets and MCO. In these cases the 0.42925 cm radius fuel sphere was
e evaluated with the actual number of spheres present in the basket varying depending upon
spacing, thus altering the fuel loading in each of the baskets. The results ofthese cases for the

- Mark A fal are given I Table l-l.

Table [-1. Sunmamy Table of Cases Used to Evaluate
Most Reactive (Optimum) Spacing Between Particles

Equivalent to#
Out Filenamne Spacing Between of Mark A kr± Ic - . k + 2a

Spheres (cm) Elements p
_ _ _ _ _ _ Basket.

0.9cmO 0.9 65.5 0.8122 +0.0005. 0.8132
1.Ocm.o 1.0. .45.0 0.8675+0.0005 0.8685

_.05cm.o 1.05 412 0.8801±0.0005 0.8811
l.lcnLo 1.1 36.0 0.8816±0.0005 0.8826

1.15cm.o 1.15 31.3 0.8783 ±0.0005: 0.8793
12cm.o 1.2 27.5 0.8680±0.0005 0.8690

: . I . ..

As shown by these results, the highest kff was not achieved with the maximum fuel loading per
basket (48 elements) but with a lower loading at a more optimized pitch. Ihe most reactive pitch
for these specific geometrical configurations compared well with those determine in the infinite
aay study completed in Attachment I. Ibis arangement was therefore used in the evaluation of
the cases for this calculation.
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Attachment i1L Evaluation to Determine Effects of Various Neutronic Polsoning
Configurations, N-Reactor Fuel Sphere Calculational Cases

An evaluation the effects of placing B4C neutronic poison in various locations within the MCO
was performed. The results fiom these cases are given in Table M-1.

Table rn-i. Summazy Table of Cases Used to Evaluate Various Neutronic Absorber
Configurations.

Output Spher Unit Cell Absorber Form Absorber Jnner kff 2a
Filename Radius Pitch and Outer

0.4 1.0782 3 B4C rods in 0-3.053 0.9777± 0.000
middle four

baskets
OA 1.0782 3 B4C rods in ii 0-3.053 0.9161 0.0007

__ baskets
outubea, 0.4 1.0782 cylindrical B 4C 3.6-6.39706 0.9294± 0.007

shell around
centerpotin all

.____ _ .baskets
oumewta 0.4 1.0782 Cylindrical B 4C 3.6-6.6 0.9269±0.0007

shell aiid
Centexrpost in all

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _b ask ets:_ _ _ _ _ _ _ _ _ _ _ _

I

I
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Attachment IV. Parametric Evaluation to Determine Optimum Pitch and Particle Size for
the Cases Evaluated With Limited Mass of Uranium, N-Reactor Fuel Sphere Calculational

Cases

An evaluation the effects of arying the particle size and pitch between particles in the MCO was
performed. The results fiom these cases are given in Table IV-1.

Table IV-1. Summary Table of Cases Used to Evaluate Pitch and Particle Size

Ou~tPu Particle Unit Cell Pitch Sphere Unit Cell k1tE2a
Filename Radius in Top In Top & Radius in Pitch in

& Bottom Bottom . Middle Middle
Bskeas Baskets Baskets Baskets

. (CM' (Cm) (C) (C)
owaal OA 052581 0.4 0.48276 0.9307*0.0007
outaa2 0.4 052581 OA 0525 0.9323 * 0.0007
outaa4 04 052581 0.42 05069 0.9312:*0.0007
outaaS 0.4 052581 0.42 054 0.9326*0.0008
outaa7 0.4 0.52581 0.42925 0.51807 0.9312* 0.0007
outans 0.4 052581 0.42925 0.55 0.9332* 0.0008
outbal 0.42 05521 OA 0.A4276 0.9309* 0.007
outba2 0.42 05521 OA 0.525 0.9323 :0.0008
outba4 0.42 0.5521 0A2 05069 0.9323*0.0007
outba7 0.42 05521 0.42925 051807 0.9322 *0.0008
outbag 0.42 05521 0.42925 055 0.9330 *0.0008
outcal 0.42925 056426 0.4 0.48276 0.9314:* 0.0008
outca2 .OA2925 056426 0.4 0525 0.9340 * 0.0007
outca4 0.42925 056426 0.42 05069 0.9321*0.0008
outca5 0.42925 056426 OA2 054 0.9339:t0.0007
outca7 0.42925 056426 .OA2925 0.51807 0.9315: O.0008
outea .OA2925 0.56426 0.42925 0.55 0.9341 *0.0007
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(bytes)

11,867 11-02-98 1:21P ldp-x.klaJntaCtl 6-1
354.749 11-02-98 1:21P 1 1dp.mklajntac1.d 6-1
10,086 11-02-98 1:21P ldp-jn4 Jntactl 6-1
365,249 1102-98 1:21p Idp-mk4jntact1o 6-1

2329 11-02-98 1:21P inklaintactl 6-1
348,211 11-02-98 1:21p mkllajnactl.o 6-1
7,097 11-02-98 1:21p mkl4ntal 6-1
346,702 11-02-98 121P mk4nftcl.o 6-1

11,820 10-12-98 10.02a Idmarklas.combla 602
369,698 10-1298 10:02a 1dpjmk1a-ccmb1ao -2
10,245 10-12-98 102a ldpjnml4_combl 6-2
3698,00 1G-12-98 10.02a Ipdink4 comb1.o 6-2
8,420 10-12-98 1002a mkla.combla 6-2
3S2.439 10-12-98 10:02a mkla.combla.o 6-2
7.148 10-12-98 10.02a mk4_combl 6-2
348,8so 10-12-98 1O:a mk4_combl. 6-2

11,849 11-02-98 1:45p Idpmkla.spheresla 6-3
365,4S5 11-02-98 1.4SP dpklak.sPhe=sla.o 6-3
10,300 11-02-98 14Sp dP-nk4-splheresl 6-3
364,805 11-02-98 1:45p Wdpj n4_hsl.0 6-3
8,435 11.02-98 15p I mklaspheresla 6-3
350,483 11-02-98 1.45p mkla.sphereslao 6-3
8,715 10-12-98 10:02a mklasphereslb 6-3
348,033 10-12-98 10:02a mkla.sphereslb.o 6-3
7,183 11-02-98 1:45P p mk4sphersl 6-3
34S,798 11-02-98 1A45p ml.sphesl.o 6-3

8,600 10-12-98 10:03a mkla_b20j_0%a 6-4
355,924 10-12-98 10:03a mlnla2o.10%o 6-4
8,600 10-12-98 10:03a mtklaji2.20%a 6-4
3S2,475 10-12-98 10:03a mkla.Ji220%ao 6-4
8,600 10-12-98 10:03a mkla h20_30%a 6-4
352,673 10-12-98 10:03a Imklahi2O30%aLo 6-4
8,601 10-12-98 10:03a mkla.h20_40%a 6-4
353,394 10-12-98 10.03a mklah_20 40%a.o 6-4
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8,S60 10-12-98 10:03a mk1naJi205O%a 6-4
353,308 10-12-98 10:03a nmkla h2O0_50%ao 6-4
8,600 10-12-98 10;03a InklaJi20..60%a 6-4
352,672 10-12-98 10:03a mklai2.W,60%ao 6-4
,-600 10-12-98 10C03a I =kai2_70%a 6-4

352,672 10-12-98 10:03a mkla_b2O_70%ao 6-4
8,60 10-12-98 1003a mklajib2080%a 6-4
350,566 10-12-98 I0.03a 3 mkla h20_80%ao -4
8,600 10-12-98 10.03a mklaJb20.90a 6-4
350,530 10-12-98 10:03a mklaJi2O.90%a~o 6-4
8,435 10-12-98 10:03a mldasphersl 6-4

12,017 11-02-98 1:49p 1dpn*kla 1i2o_0%a 6-5
368,652 11-02-98 1:49p Idpnklaji2o_0%a&o 6-5
12,030 11-02-98 -1:49p IdppmklaIh2_Ol%a 6-5
368,548 11-02-98 .1:49p Idp.mka~L2o605o 6S
12,030 11-02-98 1.49p Ildpklaji2o_20%a 6-5
368,541 11-02-98 1:49p ldpm klal20_o20%ao 6-5
12,030 11.02-98 1:49p ldpjmklab2o0_30%a 6-5
369,821 11-02-98 1:49p ldp-jnk1a&J2o030%ao 6-5
12,030 11-02-98 1:49p Idpmklaa 12o 40%a 6-5

369;821 11-02-98 1:49p Idpjmklaj i2o 40%ao 6-5.

12,030 11-02-98 1:49P 1dpjmklaji2o-50%a . 6-5

369,821 11-02-98 150p ldpjpkmlaji2qS0%Lo 6-5

12,030 11-02-98 1:50p Idpxnkmlaji2o60%a 6-5
368,669 11-02-98 :SOp Idp-mklqji2o.60%ao 6-5
12,030 11-02-98 150p Idp-pkla 2o.70%a 6-5
368,633 11.02-98 ISOp IdP -kla-i 70%aso 6-5
12,030 11-02-98 1:50p W-dmklaJi2o-80%a 6-5
368,669 11-02-98 1-50p Idpmjk1aJi2o-80%ao 6-5
12,030 11-02-98 1:50p ldp pkltaj2o 90%a 6-5
368,669 11-02-98 150p Idp-pnklaji2q-90%ao 6-5
11,847 11-02-98 1:SOp IdpJIakla.sphemesl 6-5

8,864 11-02-98 1:50p kIla.sphr-cs1O%a 6i6
351,Q07 11-02-98 150p mkla.sphrcslOa.o 6-6
8,866 11-02-98 150P mkla.spbr-cs2O%a 6-6
352,195 11-42-98 :SOp nkia.spphrqcs2O%ao 6-6
8,864 11-02-98 I50p Imklasphr-cs30%a 6-6
352,003 11-02-98 1:Sfp mk1a.sphr.cs30%Lo 66
8,866 11-02-98 150p mklajsphr..cs4Oa 6-6
352,297 11 -98 150p nkla-spbtrcs4Oao 6-6
8,864 11-02-98 150p mkla_sphr csSO%a 6-6
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353,155 11-02-98 1:52p mklasphr cs50%a&o .6
8,864 11-0-98 1:50p znklaphr_cs6O%a 6-6
353,791 11-02-98 1:50p mklasprcs6Oao 66
98864 11.02-98 1:50p mklaphtcs7 a 6-6
355.063 11-02-98 1:SOp Iklaspbr.cs70%o 6-6
8,864 1102-98 150p mklspVbr cs8O%a 6-6
356,335 11-02-98 1:50P mkl1_pbr-cs80%ao 6-6
8,864 11.02-98 1:50p mklasprcs9Oa 6-6
357,925 11-02-98 1:50p mklaspbr.cs9Oao 6-6

8,824 11-02-98 1 50p mkklaJntact-sOa 6-7
348,504 11-02-98 1:50p mk}lajntcslO%ao 6-7
8,824 1-02-98 1 50p mklajnt__cs2O%a 6-7
348,504 11-02-98 151p mklajntd cs20%ao 6-7
8,824 11-02-98 1:51p mklajntact-cs30%a 6-7
372,305 11-02-98 1:51p mklajntacics3O%ao 6-7
8,824 11.02-98 151p mwklantact.cs4.0%a 6-7
347,220 11-02-98 1 51P mklajtacdcs40%ao 6-7
g8,24 11-02-98 1 51p mklaintactcs5Oa 6-7
348,408 11-02-98 1:51p mkllajntactcs5O%ao 6-7
8,824 11-02-98 1:51p mklaJntactcs60%a 6-7
346.164 11-0-98 1:51p mkla CiCS6O%Lo 6-7
8.824 11-02-98 1:51p mklajntacics7O%a 6-7
348,504 11-02-98 1-51P mkla Intact-cs70%ao 6-7
8,824 11-02-98 1*51p mklajntaci.cs8O%a 6-7
348504 11-02-98 151p mkanJntactcsSO%ao 6-7
,824 11-02-98 151p mklantactLcs9Oa 6-7

339,389 11-02-98 1:S1p rmkla Gautaccs9O%ao 6-7

8,825 11-02-98 1:Slp mklancpcslO%a 6-8
350,271 11-02-98 -:51p mklanpcs1O%a.o 6-8
8,824 11-02-98 1:51P mklajncp.cs2O%a 6-8
351459 11.02-98 :51p mklaincpscs20%ao 6-8
8,824 11-02-98 151p nmklaincp.cs30%a 6-8
350,589 11-02-98 151p mklalcpS.cs30%ao 6-8
8,824 -11-02-98 151p mklajncpscs40%a 6-8
350Q582 11-02-98 1:51p mkla.ncp.cs4O%ao 68
8,824 11-02-98 1:51p mkla %a68
352,731 11-02-98 1:51p mklaicpcsSO%ao 6-8
8,824 11-02-98 1:51P mnkla.ncpcs6O%a 6-8
352,732 111-02-98 1:51p mkl4jncp.cs6O%ao 6_ _

8,827 11-02-98 1:51p mikla_ncpcs7O%a 6-8
356,004 11-02-98 1:Slp mk~llacpcs7O%a.o 16-8
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mm 11-02-98 1:51p mkla-ncp-CS80%a 6-8
357,492 11-02-98 1:51p mklajwcp_cs8oaO 68
8,2 11-02-98 1:51p mklajicp-cs90%a 6-8
359,655 11-02-98 1:51p mklajncp-cs90%ao 6-8.
8,394 11-02-98 1:51P mkla.ncpji20a 6-8
350,598 11-02-98 1:51p mkla.ncpji2oao 6-8

8,493 11-02-98 1:52p mkla.derscp-Mil 6J9
349,432 11-02-98 1 52p mkla.deRg.cp-llalo 6-9
8,584 11-02-98 1:S2p mklaadegspp.ffa 6-9
350,670 11-02-98 152 p kaldezqcp.offaLo 6-9

8,770 11-02-98 152p mkcla.deg.0.0001goca 6-10
352,032 11-02-98 1:52p kla.deg.0.OOlgccao . 6-10
8,770 11-02-98 1:52p mkla&deg_0.0005gcca 6-10
350,936 11-02-98 1:52p mkla-deg-0.0005gccamo 610
8,769 I1-02-98 1:52p mkIa.deg_.0001gca 6-10
352,130 11-02-98 1:52p ikla.deig_0.001gccLo 6&10
8,769 11-02-98 1:52p znkla.degO0.O5gcca 6-10
350324 11-02-98 1:52p mkla...deg..O0S0goca o 6-10
8,767 11-02-98 1I52p pk1sadegO.01o~cai. 6-10
350,194 11-02-98 152p rkladegO.Olgzccao 6-10

12,438 11-02-98 1:52p Idpimkla cpfil~zrji20%b 6-11
372,950 11-02-98 1.52p Idp inkla cpfiU-zr b2o0%b.o 6-11
12,509 11-02-98 1:53p ldpjnkla.x.zr.oO%c 6_11
371,812 11-02-98 153p Idp..mklajzrib2oO%co 6-11

12,626 11-02-98 l:S3p Idpjpikla-cpfiA zr_.sl.Oa 6-12
372,335 11-02-98 153p IdppnkIapfiI_ zr _ss1.Qao 6-12
12,626 11-02-98 153p ldpjnjkla cpfil zrss2.Oa 6-12
372,335 11-02-98 1S3p IdpxqklacpfiI...ss2Oas o 6-12
12,626 11-02-98 l:S3p Idp_pjkla.cPfiR-.zr-s3.Oa 6-12
372,335 11-02-98 1:53p IdpjnklapcpfillUzr ss3.0ao 6-12
12626 11-02-98 1:53p Idpniklasfigzr ss4.Oa 6-12
374,490 11-02-98 1:53p ldpjnkla...pfiUl..ss4.0ac 6-12

14,435 11-02-98 153p ldp-xikla.-cpfil-zr-ss2.Og&Ola 6-13
372,682 11-02-98 I:53p ldpmkla-cpfill~zrss2.OgdOlao 6-13
14,432 11-02-98 1:53p 1dpmkla..cpfillzrSs2.0gdO.1a 6-13
378,095 11-02-98 1:53p Idp_ lcpfiUzr ss2.01Q.lao 6-13
14,435 11-2-98 1:53p Idpjnkla_cpffll zvss2.dl.Oa _ 6-13
379,615 11-02-98 1:S3p Idp mkla-cpfill-zr-ss2.Ogdl.Oa1o 6-13
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14,435 11-02-98 1:54P Idp-mMla-cpf lUx-vss2.Og4.Ola 6-14
372,682 11-02-98 1.54p Idp xmklA.cPfilHzr.s2.Ood.Olao 6-14
14,432 11-02-98 154p 1dpjxakl acp zr waftd0.a 6-14
378,095 11-02-98 1:54p IdpjraklaspailjdXs2.OgdO.lao 6-14
.14,435 11-02-98 1:54P IdP-mklascPfl zr. a.aOgdl.Oa 6-14
379,615 11-02-98 1 54p ldpjnkla.._cPfill zcs2.0gad.0a.o 6-14

14,068 11-02-98 154p Idp..mkla~cp -0ss2 gd .Olb 6-15
373,161 11-02-98 154p Idpmkla!pfillz2r sO_gdO.Olb.o 6-15
14,065 11-02-98 154p IdpvIca_;cpf ztrs2.0agdo.Ib 6-15
373,175 11-02-98 1:54P ldpklaL;puzr&2.O.gdO.1b.0 6-15
14,067 11-02-98 1:54p ldpmkcla lLzr xO-gdl.Ob 6-15
373,175 11-0-98 1:54p ldpa..CPfl _z.rs2.0 gdlOb.o 6-15

14,227 11-02-98 Idpkma,_cpfiIzrs2.0_gdO.01c 6-16
373,842 11-02-98 IdS5p pdpmkla.cpflll.zr.ss;LOgdO.Olc o 6-16
14,224 11-02-98 1:55p Idp-mklascpMlt.zss2.OAd0.c 6-16

-372,688 11-02-98 :SSP Idp_mkla_.cpfill_nzrs2.0 gdO.lc.o 6-16
14225 11-02-98 1:55p Idp inkla.cpfllI-.ss2.O gdI.Oc 6-16
377,022 11-02-98 1:55p Idp.mkla..cpfil&zR.ss2.Odl.Oc.o1 . 6-16
14,308 11-02-98 1:55p Idp-mkla_cpfiH_zr_ss2.0jgdl.0d 616
373,298 11-02-98 I55p IdpjnkIa_ cPfi1.z r _ s2.Og dI.Od o 6-16.

10,647 11-02-98 I S5p b4cwp 6-17
362,900 11-02-98 165p b4cwpo 6-17
11,093 11-02-98 I:SSP Inp42b 6-17
364,472 11-02-98 I55P inp42bo 6-17
11,132 11-02-98 1:55p inp42c 6-17
364,619 11-02-98 1:55p lnp42co 6-17
11,178 11-02-98 155p hp42d 6-17
364,695 11-02-98 1:55p inp42do 6-17

10,803 11-02-98 1:SSp b4cmco 6-18
11,043 11-02-98 1:55p b4cmcoa 6-18
366,168 11-02-98 1:.5p .Mcoao 618
11,042 11-02-98 1:S5p b4cmcob 6-18
367,164 11-02-98 1I55p b4cmcobo 6-18
364,351 11-02-98 1:55p b4cmcoo 618

1,392 11-02-98 11:48a 0.9cm Appeadixf1
347,971 11-02-98 11:48a 0.9cLo Appendix I-1
1,392 11-02-98 1I:48a 1.0cm Aienix I-I
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347,971 110298 I1:48a 1.0cmuo Appendix I-1
1,388 11-02-98 1148a 1.1cm Appendix I-1
347,872 11-02-98 1:48a 1.lCmLo Appendix I-1
1,395 11-02-98 11:48a 1.2cm Appendix 1-1
346,783 11-02-98 11:48a 12an.o Appendix I-1
1,390 11.02-98 11:48a 13cm Appendix I-1
347,872 11-02-98 11:48a 13M.o AppendixI-I
1,394 11-02-98 11:48a Acm AppendixI-I
348,094 102-98 IlAU lAcmo Appendix I-I
1,393 11-02-98 11:48a 1.5cm Appx I-
348,9 11-02-98 11:48a 1.5cmLo Appendix I-1
1,394 11-02-98 11:48a 1.6cm ! Appendix -1
348,607 11-02-98 11:48a 1.6cr.o Appendix 1-1
1,392 11-02-98 11:48a 1.7cm Appendix -1
348,607 11-02-98 11:48a 1.7cm.o Appendix I-i

1,387 11-02-98 11:49a 0.85cm AppendixI-2
347,011 11-02-98 11:49a 0.85cm.o Appendix 1-2
1,389 11-02-98 11.49a 0.9cm Appendix I-2
347,875 11-02-98 lA9a 0.9cm.o Appendix 1-2
1,391 11-02-98 11:49a 10cm .Appendix 1-2
347,011 11-02-98 1:49a 1.Ocm.o Appendix 1-2
1,390 11-02-98 11:49a 1.1cm Appendix 1-2
346,912 11-0-98 1l:49a' .lcm.o Appendix 1-2
1,389 11-02-98 1:49a 1.2cm Appendix 1-2
347,776 11-02-98 11:49a 1.2nco - Appendix 1-2
1,387 11-02-98 11:49a 1.3cm Appendix 1-2
347,971 11402-98 11:49a 1.3cnLo Appedix 1-2
1,391 1102-98 11:49a 1.4cm Appendix1-2
348,190 1142-98 11:49a 1.cm.o Appendix I-2
1,387 11-02-98 11:49a 1Cm Appendix 1-2
347,137 11-02-98 I 1:49a IScm.o Appendix 1-2
1,389 11-02-98 11:49a 1.6cm Appendix1-2
348,07 11402-98 11:49a 1.6cmno Appendix I-2

1,391 11402-98 11:50a 0.85cm Appendix 1-3
347,966 11402-98 11.50a 0.8Scm.o Appendix I-3
1389 11-02-98 11:50a 0.9c Appendix 1-3
348608 11-02-98 11:50a O.9c.o Appendix 1-3
1,392 11.02-98 11:50a l.0Cm Appendixl-3
347420 11-02-98 11:5Oa I.0Ck.o Appendix 1-3
1,390 11-02-98 1150a L.cm Appendix 1-3
348,12 11402-98 11:50a 1.lncmo Appendix 1-3
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1,387 11-02-98 11:50a 12cm Appendix 1-3
348,827 11-02-98 11:50a 12cmIo Appendix 1-3
1,389 11-02-98 l:S50a 1.3cm Appendix 1.3
348,830 11-02-98 11:50a 1.3cmo Appendix 1-3
1.387 11-02-98 1150a Il4cm 'Appendix 1-3
349,148 11-0-98 11:50a lAcnLo Appendix 1-3
1,389 11-02-98 11:50a 1M5m_ Appendix 1-3
348,374 11-02-98 1150a 15Scm.o Appendix 1-3
1,389 11-02-98 11:SOa 1.6cm Apendix 1-3
349,880 11.02-98 11:50a 1lo . Appendix 1-3

1,391 11;02-98 1150a 0.8cm Appendix 1-4
348,926 11-02-98 -1150a 0.8cm.o Appendix 1-4
1,388 11-02-98 1:50a 0.9cm AppdixI-4
.348,509 11-02-98 11:50a 0.9an.o Appendix 1I4
1,390 11-02-98 I1:50a 1.0cm AppendixI-4
346,252 11.02-98 11.50a lO.o Appendix 1-4
1,390 1l02-98 11:50a 1.1cm Appendix -4
347,71 11-02-98 1150a 1.lcm.o Appendix1-4
1,391 11.2-98 11.:50a 112cm Appendix 1-4

.348,731 11-02-98 1150a 1.2cm.o Appendix1-4
j1,383 11-02-98 11:50a 1.3cm Appendix 1-4

.349,049 11-02-98 1i:50a I 13c=o . Appendix 14
1,390 11-02-98 1:50a 1.Acm Appendix 1-4

:349,244 11-02-98 1151a 1lAcm.o Appendix 1-4
,1389 11-02-98 11:51a 1.5cm Appendix 1-4
349,562 11-02-98 11:51a 1.5cm. Appendix1-4

.1,391 11-02-98 11:51a 1.6cm App edix 1-4

349,880 114-2-98 11:51a 1.6cmco= Appendix 1-4

1,390 11-02-98 1151a 0.8cm Appendix I-S
349,242 11-02-98 11:51a 0cm.o Appendix I-S
1,388 11-0-98 1151a 0.9cm Appendix 1-5
347,736 11-02-98 11:51a 0.9cm.o Appendix I-S
I' 11-02-98 1151a l.Ocm Appendix I-S
348,828 11-02-98 11:51a 1.Ocn~o Appendix I-S
1,87 11-02-98 11.51a 1.1cm Appendix I-S
349,146 11-02-98 1151a 1.lcm.o Appendix I-5
1,380. 11-02-98 11-51a 1cmAppendix 1-5
349,047 11-02-98 1151a 1.2cm~o Appendix I-5
1,385 11-02-98 1151a 1.3cm Appendix I-S
348,408 11-02-98 11:Sla 1.3cm.o AppdixI-S
1,390 11-02-98 11:S1a IA4cm Appendix I-5
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349,878 11-02-98 ll:51a lAcmo AppendixI-S
1,389 1102-98 1151a 1.5cm Appendix I-S
350,100 11.02-98 11:51a 1.Scmo Appendix l -S
1,386 11-Q2-98 11:51a 1.6cm Appedix 1-S
350,514 11-02-98 11:Sla lcM.o Appendix [-5

1,389 11-0-98 118.52a 08cm Appendix1-6
346,584 11-02-98 11:52a 0.cmo . Appendix I-6
1,387 11-0-98 11:52a 0o9cm AppendixlI-6
348,924 11-02-98 11:52a 0.9crLo AppendixI-6
1,390 11-02-98 11:52a 1.0cm Appendix 1-6
348,924 11 -0-98 11:52a 1.0cm o Appendix 1-6
1,385 11-02-98 1152a 1.1cm Appendix 16
347,958 11-02-98 11:52a 1.1an.o A di 6
1,391 11-02-98 11:52a 1.2cm Appendix 16
349,461 11-02-98 11:52a 12mo Appendix 16
1,388 114-0298 11:52a 1.3cm Appendix 1-6
348,726 11.02-98 11:52a 1.3cm o Apedix 1-6
1,388 11-02-98 11:52a 1mA . AppendixlI-6
.350,196 11.02-98 1152a lA1 .o Appendix 1-6
1,389 _ 11-02-98 11:52a 1.5cm _ AppendixI-6
345,675 12-08-98 9:l0a 1.Scm.O Appendix 1-6
1,389 11-02-98 11:52a 1.6cm -Appendi1-6
350,832 11-02-98 11:52a 1.6cm o Appendix 1-6

1,387 11-02-98 11:52a 0.7cm Appendix I-7
347,937 11-02-98 11:52a 0.7cmLo Appendix I-7
1,391 11-02-98 11:52a 0.8cm Appendix 1-7
347,739 11-02-98 I1:52a 08Cm.O Appendix 1-7
1,387. 11-02-98 11:52a 0.9cm Appendix-7
348,609 11I02-98 11:53a 0.9CULO Appendi I-7
1,386 11.02-98 11:53a 1.0cm x . Appendix 1-7
348,828 11-02-98 1153a I.0cmO_ Appendix 1-7
1,389 11-02-98 ll53a 1.1cm Appendix 1-7
347,994 11-02-98 11:53a 1.1cmno Appendix -7
1,377 _11-0-98 11:53a 12cM Appendix1-7
349,563 11-02-98 1153a 12cm.o Appendix I-7
1,384 11-02-98 11:53a 1.3cm Appendix 1-7
349563 11-02-98 11:53a 1.3cm.o Appendix 1-7
1,389 11-02-98 11:53a 14cm Appendix 1-7
348,729 11-02-98 11.53a 1.4cm.o Appendix 1-7
1,388 1102-98 11:53a 1.5cm Appendix I-7
350,199 11-2-98 1153a 1.5cmo Appendix 1-7
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1,392 11-02-98 11:53a 0.9c Appendix lI
347,971 11-02-98 11:53a 0.9cm.o AppendixlI-I
1,395 11-02-98 11:53a 1.05cm Appenmdix 1-1
346,981 11-02-98 11:53a I1.05CMLo Appendixu-1
1,392 11-02-98 1153a 1.0cm Appeni 11-1
347,971 1102-98 11:53a I.Ocm=o Appendix U-
1,396 11-02-98 11:53a 1.15cm Appendix II-I
347,011 11-2-98 11:53a I.lSan.o Appendix 11-1
1,388 1102-98 11:53a 1.1cm . Appendix 11-l
37,872 11-02-98 13a l.lcm.o Appendix II-I
1,395 11-02-98 11 53a 12cm Appdx-
346,783 11-02-98 11:53a 12cm=o AppendIl-1

365,334 11-2-98 11:54a outa- Appendix -1
366,304 11402-981154a outaax Appndix rn-
366,637 11402-98 1154a ou- .. Appendix m-1
364,481 11042-98 11:54a out.bea Appredix U-

353,842 114298 11:54a outaal Appendix IV-
354,994 1102-9811:55a outa.2 Appendix W-1
355,001 114M-98 11:55a out=aa4 Appenix IV-1
353,849 11-02-98 1155a out- - App:ndix W4
354,994 11402-98 1155a outaa7 APPedixIv-1
354,041 11402-98 1155a a8 Appen5ix -
357.045 1142S98 11:SSa cutbal Appendix IV-1
360,655 11402-98 11:SSa outba2 AppendixIV-1
356,832 1142-98 11:55a outba4 Appendix IV-1
355.872 1102-98 11:55a outba7 Appendix IV-1
358,224 1142-98 1155a outbag Appendix IV-1
355,680 110298 1155a outcal Appendix IV-1
355,001 11-02-98 11:55a outca2 Appendix JV-1
356,832 1142-981 1:5Sa outca4 Appendix IV-1
355,001 1102-98 11:55a outca5 Appendix Ky-i
356,832 11-02-98 11:Sa cutca7 Appen IV-1
354,994 11-02-98 11:55a outcas Appendix



Waste Package Operations Engineering Calculation

Ttle: N-Reactor Spent Nuclear Fuel Criticaliy culations
Dosunent dentlfier. BBA000000-01717-0210-00005 REVO10 . Atftachment V!.Page V1U-

Attachment VII
Table VII-l. Rev. ODB MCNP Inputs and Outputs used In Engineering Calculations Stored

In Electronic Format on CD (Re£ 7.12)

Elle Size Date Iast Access EMle Name Table Used
(bytes)

11,867 11.02-98 1:21p Idp-jklantaCtl 6-1
354,749 11-02-98 121P Ildpnkll8ajdl.o 6-1
10,086 11.02-98 121P Jldpk4jntactl 6-1
365,249 1102-98 1:21P dP 4 l 6-1
8,329 11-0298 1:21p mkIlajnactl 6-1
348,211 - 11.02-98 1:21p mklaJntactl.o. 6-1
7,097 1102-98 121 mk4intactl . . 6-1
346,702. 11-02-98 121p mk4jntact1.o .1

11,820 10-12-98 1Q02a ldp-jkla-combla 6-2
369,698 .10-12-98 10Oa dp_mkklacombl~ao 6-2
10,245 10-12-98 1002a ldpmk44-combl 6-2
368,800 10-12-98 100a ldp pk4Mcombl.o 6-2
8,420 10-12-98 1002a mkla..combla . &2
352,439 10-12-98 1002a mklacomblao 6-2
7,148 10-12-98 10.Oa mk4_combl 6-2
348,850 10-12-98 lO.02a mo4M ombl. 6-2

11849 11-02-98 1:45P ldpkla.spheresla 6-3
365,455 11-02-98 1:45p Idp&mklaesphereslamo 6-3
10,300 1142-98 1:45p ldpmk4_spheresl 6-3
364,805 11-02-98 1:45p Idp mk4_spheresl.o 6-3
10,007 12-07-98 105p Idppk4..spheresla 6-3
359,447 12-07-98 105p 1dp.mk4_spheres1ao 6-3
8,435 11-02-98 1:4Sp mkla.spersla 6-3
350,483 -114z-98 1:45p mklasp.ereslao 6-3
8,715 10-12-98 10;.02a mklasphereslb 6-3
348,033 10-12-98 10.02a niklaq.phereslb.q 6-3
7,183 11-02-98 1:-45p - 4K4qsphercsl 6-3
345,798 11402-98 q:4SP mk4_.ph=rcs1.o 6-3

8,60D 10-12-98 l0:03a rnklaJh20_10%a 6-4
355,924 10-12-98 10-03a mklah2O0_10% ao 6-4
8,600 10-12-98 10-03a Imkla.i20.20%a 6-4
352,475 10-12-98 10d03a mkla h20 20%a.o 6-4
8,600 10-12-98 10.03a Mkla-i20M30%a 6-4
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352,673 10-12-98 10:03a mklah20_30%azo 6-4
8,601 10-12-98 10.03a mkla i2O_40%a 6-4
353,394 10-12-98 10 03a mkla 1a0_40%a o 6-4
8,600 10-12-98 10:03a znklaiOSQa 6-4
353,308 10-12-98 10:03a rklaji2O_5O%ao 6-4
8,600 10-12-98 10:03a mklQji20_60%a .64
352,672 10-12-98 10:03a mklaQ 2O0_60%a o 6-4
8,600 10-12-98 10:03a mklQI&2o070%a 6-4
352,672 10-12-98 10:03a mklaji2O_70%ao 6-4
8e600 10-12-98 10.03a mkla h20_80%a 6-4
350,566. 10-12-98 10:03a mklan02O.80%azo 6-4
8,600 10-12-98 10:03a mkla_h20_90%a 6_4
350,530 10-12-98 10:03a mkllaji20_90%ao 6-4
8,435 .10-12-98 10.03a mlda.eresl 64

12,017 11-02-98 1:49P IdpmklaJ22o_0%a 6&5
368,652 11-02-98 1:49P Idp aU0_0%aLo -6-5
12,030 11-02-98 }:49p ldpjmklajI2o_10%a -5
368,548 112-98 1:49p IdP_.mkla3h2o_10%ao _5

12,030 110298 1:49p Idpm*klai2o_20%a -5
368,541 11-02-98 1:49p -dpmkla3_2o_20%a o 6-5
12,030 11-02-98 1:49p 1dPmkla_b2o_30%a 6-5
369,821 11-02-98 1:49p ldPmklaJi2o_30%a~o 6-5
12,030 11.02-98 1:49p- idPn ila ao_40%a 6-5
369,821 11-02-98 1:49P ldpjnkllaj2o_40%aeo : 6-5
12,030 11-02-98 1:49p ldpjmklab2o_50%a 6-5
369,821 11-02498 1:S5P ldpjmk1a h2o.,07ao 6-5
12,030 11-02-98 1 50P IdPjimklaJb2o_60%a 6-
368,669 11.02-98 1:50p Mdp..mkIsli2o.60,ao 6-5.
12,030 11-02-98 1:SQp ldpnkclajI2q_70%a 6-5
368,633 11-02-98 1:50p ldp mkla o_70%ao 6-5
12,030 11-02-98 I50p 1dpjnklajt o._80%a _ _ _

368,669 1102-98 1:50p IdpjnIla ih2o_80%ao 6-5
12,030 1142-98 1:50p 1dpjmklaji2o.90%a _6_5

368,669 11-02-98 1:S0p ldPjnklaj2o..._90%ao 6-5
11,847 11-02-98 1:50p Idpjnklaspheresl 6-5

8,864 11-02-98 1:50p mklaspbrcs10%a 6_6
351,007 11-02-98 1:50p mkla._spbricsl0%ao 6_6
8,866 11-02-98 150P mkla_.sPr_cs20%a
352,195 11-02-98 Im0p mkla.splircs20%ao 6_6
8,864 11-02-98 150p mklaspbrcs30%a 6_6
35 2003 11-02-98 150p mkla_phrcs30%a.o 6_6
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8,866 11-02-98 MSOp mklaMc rcs40%a 6-6
352,297 11-02-98 1:SOp mkla nsbr cs40%ao 6-6
8,864 11-02-98 I:M0p mklap6 i502%a 6-6
353,155 11-02-98 150p mklla-stprcs50%ao 6-6
8,864 11-02-98 150p mlcla.pr-cs6a 6-6
353,791 11-02-98 1M0p mrklasPhrcs60%ao
8,864 11-02-98 l:SOp mkl iLE. cs7O%a 6-6
355,063 11-02-98 150p kla spbr cs7O%Lo 6-6
8,864 11.02-98 1:SOp mklaj.spcs80%a
356,335 11-02-98 15S0p iklaSjcb..80%ao 6-6
8,864 11-02-98 1:SOp mkIa.6...sp 90%a 6-6
357,925 11-02-98 1:SOp mkia..S90Ua.o 6-6

8,824 11298 1:SOp miklaItct csl0%a 6-7
348,S04 11-0-98 10SP mklaJntctcsl0%ao 6-7
8,824 11-02-98 1:50P mklajnftacs20%a 6-7
348,S04 11.02-98 1:SIp mk~lanitact-cs2Oo 6-7
8,824 11-02-98 I:Slp mkla c Mcs3Ua 6-7
372,305 11-02-98 1.Slp mklantactics30%ao 6-7
8,824 11-02-98 1:51p mklajntact.cs40%a 6-7
347,220 11-02-98 l:SIp mklaintact cs4o%ao 67
8,824 11-02-98 I:SIp mklatctcs50%a _ ;&6-7
348,408 11-02-98 I5S1P mkla~jtccs5%a.0 6-7
8,824 11-02-98 1:Sp mkIla tctss60%a 6-7

346,164 11-2-98 :51p mk1afnct~at602Lo 6-7
8J824 11-02-98 1:51P miklanact cs7o% 6-7
348,504 11-02-98 1:51 mk1qjntact-Cs70Oao 6-7
8,824 11-02-98 1 51P mkhL!CLtcsBo%a 6-7
348,504 11-02-98 IS1P mklaIntact-cs80%ao 6-7
8,824 11-02-98 l:Slp mklajntact-cs90%a 6-7
339,389 11-02-98 1:51p mklajntaqtcs9%al o 6-7

8,825 1102-98 1J51p mklanCPCS10%a 6-8
350,271 1102-98 I:5lP mklAjcCP-CsIO%a.O 6
8,824 11.02-98 1:SP mklamgcs2oa 6-8
351,459 11.02-98 LS1P mk1aiCPcs2O%a.o 6-8
8,824 11-02-98 1:51p Inklacp..mOa 6-8

350,589 11-02-98 1:SIp mklanMpi.c3%LO 6-8
8,8 -- 11-02-98 1:Slp mkia Qs4Oa 6-8
350,582 11.02-98 I5S1P mklajCP40%LO6-8
8,824 11-02-98 1:51P mklajicp.csSOa 6 _8

352,731 11-I-98 151P mlklajnvp.csSoa0 o 6 _8

8,824 11-02-98 1-51p mklajIcp..cs6Oa 648
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352,732 11-02-98 I:51P klaJcpcs6O%Lo 6-8
8,827 1102-98 1:51P mklajicp-cs70%a 6-8
356,004 11.02-98 1-51 IP mkIla-cp cs7O%Lo 6-8
8,824 11-02-98 1:51P mklajpcs8Oa 648
357,492 11-02-98 151P klalcpcsso%Lo 6-
8,824 11-02-98 1:51P mkla-jPcs9O%a 64
359,655 11-02-98 1:51p mkla_jcp_cs9o%"o 68
894 11-02-98 1:51p mkla ncp._b2oa 6-8
350,598 11-02-98 1I51P mkla ncpji2o=o 648

8,493 11.02-98 1.52P makdeI CPila 6-9
349A432 11-098 1:52P mkl.de.CPflao 6-9

94 11-02-98 1:52p mkla.degvCp-,.offa 6-9
350,670 11-02-98 1:52p mklaqdegAp-.offabo 6-9

8,770 11-02-98 1:52p mkla-der.O.OOOlgcca 6-10
352,032 1102-98 1:52p mkIla.deg.0OOOlgcca.o 6-10
8,770 11-02-98 1:52p mzklaLdeg.0.OOQ5gcca 6-10
350,936 11-02-98 1 52p mkla deRL0.0005gcca.o 6-10
8,769 . 11-02-98 1:52p mkla deg0.001gca 6-10
352,130.- 11-02-98 1l52p mkla._degQ.O0lgcca.o 6-10
8,769 - 1102-98 1:52p mkia-de-.0005gcca 6-10
350,324 11-02-98 1 52p .mkala.degO.0059CCLo 6-10
8,767 11-2-98 1:52p mkIa.de0.01g=cca :6-:10
350,194 11-0-98 152p mkh.a.deg-O.Olgcca.o 6-10

12,438 11.02-98 Ig2p ldp xnklascpfilLzj2oO%b 6-11
372,950 11-02-98 1:S2P-Idpjmkl&acpfillzr i2oo%b.o 6-11
12,509 11-2-98 1:53p IdP.mk&la.hzroO%c 6-11
371,812 11402-98 1.53P Wdp mkla.zr J2o0%c.o 6-11

12,626 11-02-98 1:53P Idpj.mkla...cpfiH-.s1.Oa 6-12
372,335 11.0-98 l:53p Idp mk1acpfil}_zr.sl.Oa.o 6-12
12,626 11-02-98 153p Idpjzkla.cpfihlz.ss2.Oa 6-12
372,335 11-02-98 1:53p Idp~xckIqpfl..zrss2.0a.o 6-12

626 1102-98 1:53p Idp.mlila.cpfill zr.s3.Oa 6-12
372,335 11-02-98 1:53p Idp..mkla..cpfill..zrss3.0a.o 6-12
12,626 11.02-98 1:53v Idpjmkla.cpfiHln...ss4.Oa 6-12

1 374,490 11.02-98 1:53p Idpjmkla.cpfiMlzr.ss4.0a~o 6-12

14,435 11-02-98 1:53, Idp mklacpfillzr2ss2.ogd.Ola 6-13
372,682 11-02-98 1dp-jnkla.cpfiu.zr.s2.0gd.0lo 6-13
14,432 1142-98 1:53p ldpjkla.cpflluzr 6s2.OgdO.la 6-13

I
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378,095 11-02-98 153P ldpjkla.cpffi zr..2.OgdD.lao 6-13
14,435 11-02-98 153p ldp~nklcpMl1_zrdss2.0gdl.Oa 6-13
379,615 11-02-98 1:53p Idtp _mIIascpzrs s2.0Odl.Oa.o 6-13

13,238 12-29-98 1:19p Idpjnmka ~cp iIzr s2.0gt. 6-14
370,193 12-29-98 1:19p Idp~jnmkaspfiU M OLd.01.o 6-14
13,213 12-29-98 1:19P Idp-m*1A.CpMIzr s2.OgdO.1 6-14
369,981 12-29-98 1:19P Idp -C -r-SS2.OgdO.Im 6-14
13,213 12-29-98 1:20P Idpj;1a-CPfil-Zf-fsS2.OgdI.O 6-14
370,294 12-29-98 1:20p Idp-mkla.Cpfli E;as2.Ogdl..o 6-14

14,068 11-02-98 1:54P 1dp.mklaf-_CiPL r6Ss2.O-gdO.OIb 6-15
373,161 11-02-98 1.54p Idp-;mkICPfiH-vsa2O gdO.Ob.o 6-15
14,065 11-2-98 1:54P IdpjnpklacpfiUn-qps2.0._gdO.1b 6-15
373,175 11-02-98 1:54p Idp.mk1apfillzrss2.Ogd.lb.o 6-15
14,067 11-2-98 1:54p Idpjmkla.cpfillzr.s2.0.gdl.Ob 6-15
373,175 11-02-98 1:54p Idpnikla.cpfillzr..s.s2.0_gdl.Ob.o 6-15

14,227 11-02-98 1:55p Idpnkilacpfillzss2.0.EdO.Olc 6-16
373,842 11-02-98 15Sp IdpjnmklascpfiIlzr_.s2.OgdO.1c.o 6-16
14,224 11-02-9I 8 1:SSp Idpjk cpfill S.0.gdD.lc 6-16
372,688 11-02-98 1:55P Idpmklspa_CPfiZrSs2ogdO.lC.o 6-16
14,225 11-02-98 1:55P IdpqklIa-cpfIZrSs2.O_gd.Oc 6-16
377,022 11-02-98 I55P Idpk1a...CPfiiLzS d1.0C .O 6-16
* 14,308 11-02-98 ISSP Idpjk~lapcpfillHzrs2.0_gdl.Od 6-16
373,298 11.02-98 1:SSP IdpikLagCPfi.._ZSS2&0. .0dqO 6-16

. 10,647 11-2-98 1 55P b4cwp 6-17
362,900 11-02-98 1:55p b4cwpo 6-17

.11,093 11-02-98 155p lnp42b 6-17
364A72 11-02-98 155p fnp42bo _ _6-17

11,132 11-02-98 1:55p Inp42c 6-17
364,619 11.02-98 1:55p inp42co 6-17
11,178 11-02-98 1:55p ___42d _ _17

364,695 11-02-98 1:55p inp42do 6-17

10,803 11-02-98 1:55p .Mco 6_18
11,043 11-02-98 1:55p b4ncmoa 6-18
366,168 11-02-98 1:55p b4cmoao 6-1
11,042 114-2-98 1-55P b4ncob 6-18
367,164 11-02-98 1l55p b4ccobo 6-18
364,351 11-02-98 155p b4ncmoo 6_18

. . l~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1 392 11.02-98 11:48a 09Scm Appendix I-I
347,971 11-02-98 11:48a 0S9CMO Appendix I-l
1,392 11-M-98 11:48a 1.0cm AppendixIl
347,971 11-02-98 11:48a 1.Ocm.o Appendix I-1
1,388 11-02-98 11:48a 1.1cm Appendix 1I
347,872 11-02-98 11:48a I.lcm.o Appendix I-1
1,395 1102-9811:48a 1.2m Appendix 1
346,783 11-02498 1148a 112cm.o Apndix I-1
1,390 11-02-98 11:48a 1.3cm Appendix I-i

1347,872 11.02-98 11:48a 1.3co Appendix I-1
1,394 11-02-98 11:48a .4Acm Appendix I-1
348,094 11-02-98 1.48a IAcm.o Appendix 1-1
1,393 11.02-98 11:48a 15cm Appendix I-
348,89 1102-98 11:48a lScm.o Appendix I-1
1,394 11.02-98 11:48a 1.6cm APpendix I-I
348,607 11-02-98 11:48a 1.6Cm.o Appendix 1-1
1,392 1102-98 1:48a 1.7cm Appendix 1-
348,6D7 11-02-98 I1l:48a 1.7cmLo Appendix I-l

1,387 11-02-98 1I1.49a 0.85cm Appendix 1-2
347,011 11-02-98 11:49a QO-cmO Appendix 1-2
1,389 11-02-98 Il:49a 0.9cm Appendix 1-2
347,875 11-02-98 11:49a 0.9cm.o Appendix 1-2
1,391 11-02-98 11:49a 1.0cm Appendix 1-2
347,011 11-02-98 11:49a 1.0Cm.O - Appedi 1-2
1,390 11-02-98 11.49a 1.1c_ APPedix 1-2
346,912 11-2-98 11.49a 1.lcnLo Appendix 1-2
1,389 11-02-98 1l:49a 12Cm Appendix 1-2
347,776 11-02-98 1:49a 12cm.O Append1x [-2
1,387 11-02-98 11:49a 1.3cm Appendix 1-2
347,971 11-02-98 11:49a L3Ck=O Appendix 1-2
1,391 11-02-98 11:49a 1ACm Appendix 1-2
348,190 11-02-98 11:49a IACm.O Appendix 1-2
1,387 11-02-98 11.49a IcSmn Appendix 1-2
347,137 11-02-98 11:49a 1.ScU0 Appendix I-2
1,389 11-02-98 11:49a 1.6Cm Appendix 1-2
348,607 11-2-98 11:49a 1.6cm.o Appendix 1-2

1,391 11-02-98 1150a 0.85Cm Appendix I-3
347,966 11-02-98 11:50a 0.85Cm.o Appendix 1-3
1,389 11-02-98 1150a 0.9cm Appendix 1-3
348,608 11-02-98 11F5Qa 0.9cm.O Appendix 1-3
1,392 11-02-98 11:50a 1.0Cm Appedix 1-3
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347,420 11-02-98 11:50a 1.m1 Appendix 1-3
1,390 1102-98 11:50a 1.1cm Appedix 1-3
348,512 11-02-98 I1:SOa 1.Icmqo \ T Appendix 1-3
1,387 11-02-98 11:SOa 12c -Appendix I-3
348,827 11-02-98 1:50a 1.2cn~o Appendix-3
1,389 11-02-98 11:50a 13cm Appendix 1-3
348,830 11-02-98 11:50a 1.3cmo Appdix 1-3
1,387 11- 0-98 11£50a lAcm APPd 1-3
349,148 11-02-98 11.50a IA.cmo ApPendix I-3
1,389 11-02-98 1150a 1.5cm AppendixI-3
348,374 11-02-98 11:50a 1.Scm.o Appendix 1-3
1,389 . 11-02-98 11:SOa 1.6cm A i1-3
349,880 11-02-98 11:50a 1.6cmo Appendix 1-3

1,391 11-02-98 11:50a 0.8&m Appnmdix 1-4
348,926 _1102-98 1:50a 0.cm.o Appendix 1-4
1 88 11-02-98 11:SOa 0.9cm Appendix 1-4
348,509 11-02-98 11:50a 0.9cmLo Appendix4
1,390 11-02-98 1:SOa 1.0m Appendix1-4
346,252 11-2M-98 11:50a l.cno Apdp x I4
1,390 11-02-98 11.SOa 1.1cm A Ipen 1-4
347,671 11-02-98 1150a 1.1cmo Appendix 1-4
1,391 1102W-98 1150a 12m Appendlix 1-4
348,731 11-02-98 1150a 1.2Cmo Appdix 1-4
1,383 11.02-98 1150a 13cm Appdix I4
349,049 11-02-98 11:SOa 1.3cmo Appendix
1,390 11-02-98 11:SOa Acm Appendix4
349,244 11-02-98 1:S1a MAcm= Appendix 1-4
1,389 11-02-98 11:S1a 1.5cm Appendix I-4
349,562 11-02-98 11:Sla 1.Scm.o Appendix 1-4
1,391 11-02-98 1151a 1.6cm Appendix 1-4
349,880 11-02-98 1151a 1.6cmo Appendi 1-4

1,390 11.02-98 1151a 0.8cm Appendix I-S
349,242 11402-98 11.51a 0.8cm.o Appendix 1-S
1,388 11-02-98 11:51a 0.9cm Appe 1ix -SP
347,736 11.02-98 11:51a 0.9cILo Appendi I-S
1,384 11-02-98 Il:Sla 1.0cm Appendix 1-5
348,828 11-02-98 11:51a l.Ocm.o Appendix 1-5
1,387 11-02-98 11 51a 1.1cm Appendit 1-5
349,146 11-02-98 1151a I lcm.o ,Appeidix1-5

1,380 11-02-98 11:51a 12cm Appendix I-S
349,047 11-02-98 11:51a 12cm.o Appendix I-5
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1,385 11-02-98 1151a 13cm Appendix 1-5
348,408 11-02-98 11:51a 13mo Appendix 1-5
1,390 1102-98 11:5a 14cm Appndi1-5
349,878 11-02-98 11:51a lAcmo Appendix i-S
1,389 11-02-98 11:51a 1.5cm Appendix I-S
350,100 11-02-98 11 51a lScm.o Appendix 1-5
1,386 11-02-98 11:Sla 16cm Appendix 1-5
350,514 11-02-98 11Sla 1.6an.o Appendix I-S

1,389 11-02-98 11:52a 0.8cm Appendix1-6
346,584 11-02-98 11:52a 0.8cm.o Appendix-6
1i387 11-02-98 11.52a 0.9a Appendix-6
348,924 11-02-98 11:52a 0.9cm=o Appendix 1-6
1,390 11-02-98 1152a 1.0cm Appendix i6
348924 11-02-98 1152a I.Ocm.o AppdIx 1-
1,385 11-02-98 11:52a 1.1cm Appendix 16
347,958 11-02-98 11:52a .lmo Appendix1-6
1,391 11-02-98 11*52a 1.2cm Appendix 1-6
349,461 11.02-98 1152a 12cm.o Appdix 1-6
1;388 11-02-98 11:52a 1.3cm AppendixI16
348,726 11-02-98 11:52a 13co _ Appendix1-6
1,388 11-02-98 11F52a A4cm AppI-6
350,196 11-02-98 11.52a lAcm.o Appendix 1-6
1,354 12-08-98 9:10a 1.5cm Ap.dixl-6
345.675 12-08-98 9:10a 15cmCo Appendix 1-6
1,389 11-02-98 11:52a 1.6cm App=dix -6
350,832 11-02-98 11.52a 1.6cm.o AppendixI1-6

1,387 11-02-98 11:52a 0.7cm Appendix 1-7
347,937 11.02-98 11:52a 0.7cmuo Appendix I-7
1,391 11-02-98 11:52a 0.8cm Appendix 1-7
347,739 11-02-98 1152a 0.8ncmo -Appendix1-7
1,387 11-02-98 11:52a 0.9cm Appendix I-7
348,609 11-02-98 11:53a 0.9cULo Ap 1-7
1,386 - 11-02-98 11:53a 1.0cm Appendix 1-7
348,828 11-02-98 11:53a 1.Ocm.o Appentix 1-7
1,389 11.02-98 11:53a 1.1cm Appn xI-7
347,994 11-02-98 11:53a l.lcmo Appendix 1-7
1,377 11-02-98 11:53a 12cm Appendix 1-7
349,563 11-02-98 11:53a 1.2cm.o Appendix 1-7
1,34 11-02-98 1153a 1.3cm Appendix 1-7
349,563 11-02-98 1153a 13cmno 1ppendix1-7
1,389 11-02-98 1153a 1A4 Appendix 1-7
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348,729 11-02-98 11:53a lAcm.o Appehdix 1-7
1,388 11-02-98 11:53a 1.5cm .Appendixs-7
350,199 11--98 11:53a 1.ScM.o ApPendix 1-7

1,392 11-02-98 1i53a 0.9cm Appendix I 1
347,971 1102-98 1153a 10.9cmo Appendix 11-1
1395 11402-98 11:53a 105cmn AppendixI-i
346,981 11402-98 11:53a .l5cm.o Appendix l-1
1,392 1102-98 11:53a 1.0cm Appendix 1-
347,971 11-02-98 1153a lAk1Lo Appendix[-1
1,396 11-0M-98 1153a 1.15cma Appendix I-
347,011 11-02-98 11:53a 1.lScmno Appendix 1-1
1,388 1102-98 1153a I.cma Appendix [I-1
347872 1142-98 1153a 1.lcma.o Appendix .14
1,395 1142-9811:53a 1.2cm Appendix 1-1
346,783 1102-98 11:53a 1.r.o .Appendix H-1

365,334 11042-98 11:54a outaa Appendix 1-1
366304 11-02-98 11:54a outaax Appendix rn-i
366,637 11042-98 11:54a outnewta Appendix M-i
364.481 11402-98 1154a outubea Appendix 1El-1

353,842 11402-98 11 54a outa1 Appendix [V-1.
354,994 114-2-98 11:SSa outna2 APIenidrx-1
355,OO1 1142-98 1155a outaa4 Appendix 1.
353,849 11-02-98 1155a outaa5 Appendix IV-i
354,994 11402-98 11:55a outaa7 Appendix IV-
354,041 11402-98 1155a outaa8 Appendix IV-1
357,045 11402-98 1155a outbal Appedix[V-
360,655 11402-98 11:55a outba2 Appendix V-I
356,832 11402-98 11:55a qutba4 Appendix V-I
355,872 1142-98 11:55a outba7 Appendix IV-
358,224 1142-98 1155a outba8 Appendix [I-
355,680 1142-98 1155a outcal Appendix [V-I
355,001 114-kD98 1155a outca2 Appendix V-I
356,832 1142-98 1155a outca4 Appendix IV-I
355,001 11402-98 11'55a outCa5 Appendix[V-i
356,832 11402-98 1155a outca:7 Appendix [V-i
354,94 Q1142-98 11'55a outca8 Appendix IV-i
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