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1. Purpose

The purpose of this 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
Multi-Canister Overpacks (MCO’s). These calculations will be done to support the analysis that

. will be done to demonstrate concept viability related to pre-emplacement storage and use in the
Monitored Geologic Repository (MGR) environment for the pre-closure time frame. The
purpose of these calculations is to evaluate the criticality issues related to these intact fuels for
the pre-closure time frame, including prov:dmg criticality evaluations which can be used to

~ evaluate various storage configurations and input into the preliminary DOE-SNF canister design.

©* 2. Method ° | '

The calculational method being employ:d in this calculauon is MCNP4B2 computer code (Ref.
.. 7.2) to calculate effective multiplication factors (ko) for vanous geometncal oonﬁguranons of N- .
Reactor Spent Nuclear Fuel ’ .

3. Assumptions
The following assumptions were used in the calculations. -

3.1  Beginning of Life pre-irradiation uranium values were used based upon past mucahty
safety analysis (Ref. 7.5). This assumption is used throughout Section 5. =~ -

32  Scrap fuel was evaluated at a pre-irradiation ennchmcnt of 1.25% throughout all Mark
1A SNF calculations in which scrap fuel is incorporated into the case. This is based upon
the fact that no control exists upon the placement of either the Mark 1A inner assembly or
outer assembly into the MCO scrap baskets. Use of the 1.25% enriched material is based
upon this fact. Therefore all of the material in the Mark 1A scrap basket is evaluated as
the higher enriched 1.25% material. This assumption is used throughout Section 5. -

33 ° Pastinspections by Hanford Fuel Operations indicate questionable structural integrity of
the N-Reactor fuel. The fuel matrix comprising the elements was evaluated as
heterogencous 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 S, which the fuel was not evaluated as intact elements. The basis of this

essumption is engineering judgment.

34 Vhen tbemtactMark 1A 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

3.5 A 3048 cm thick water reflector of full density water (1.0 g/em®) was used in &ll cases
that were evaluated with reflection. This is based upon a 30.48 em (12 in.) thick water
reﬂectorbemgeﬂ‘ecuvelyeqmvalcnttoanmﬁmtercﬂedor (Ref. 7.10 p. 106) Ttns
assmnptxonnsusedthroughomSecuonS

36 'l'heMCObasketsusedtostorcintactMarleelcmcntshavcalz-gaugestamlesssteel
outer wall that extends 27.94 cm (11 in.) axially from the bottom of the basket. Inall
cases, in Section §, incorporating 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
edjacent MCO’s and reduce the effect of the water reflection present around thebasket.

. musasmpuonismedthmughomSecuons

3.7 'lhcbaskctusedtostoreintactﬁ:elelmncms,forbothMarklAandMaﬂcIV,hasan
aluminum fuel spacer plate focated 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
thespaeerwillhaveaninsxgmﬁeantnegahvecﬂ'ectonkﬂ This assumption is based: :
uponengmcenng judgement. This assumpﬁonisusedthrougbom Section 5. -

3.8 TheMCOhasas!neldphxgassemblythatmusedaspanoftheclosuremechamsm. 'Ihc .
shield plug was replaced with a void in the non-flooded cases, and water at varied density
(0 to 100% theoretical) for the flooded cases. This assumptmn isused throughout Section
$ and is based upon engineering Judgemmt.

39 ThetophdoftthCOwassxmphﬁedandevaluatedas squaredoﬁ”mn!lcasesin
Section § in which the MCO was used. Thlsassumptxonwasbaseduponengmeenng
judgment. This assumption is used throughout Section §.

3.10 The scrap baskets contain six stainless steel plates that divide the basketinto six
~ compartments. These divider plates were ignored throughout all cases in Section §, 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 k. of the system. 'l'htsassnmphoms
used throughout Section §.

3.11 The basket bottom plates have small drain holes present throughout the entire plate.
These boles were ignored in all of the cases in Section §, to simplify the case. Based
upon engineering judgement, the presence of the holes will have an insignificant effect on
k.. This assumption is used throughout Section §.
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3.12

IheUapmiddshapedsuuamalposs,whchsupponmeMrMecsswelshmudof
the baskets, have been ignored in all calculations. This assumption is based upon the fact
thattheexclusxoniseonscrvaﬁve,smcenwﬂlhavcapomuvccﬁ'ectonk@Thxs :

. assmnptmn is used throughout Section 5.

3.13

The inside cavity length of the MCO was evaluated as 406.7389 em. The actual inside

- length appears to be 406.6286 cm (160.09 in.) (Ref. 7.8, Dwg. # H-2-828041). Dustothe .

complicated design of the end cap and the design of the MCO cover, the inner length had
to be derived from the dimensions on multiple drawings. The small difference between

- -the actual Jength and the evaluated length will have an insignificant effect on the k .
- This assumption is based upon engineering judgement and is used throughout Section §.

3.14.

A uranium density of 18.882 glcm’wasassmed.. Calculations that preserved fuel matrix

- .mass and volume yiclded an average density-of 18.512 g/em® for the fuel matrix, This -

density was increased by 2%, to conservetively bounds any uncertainties related to the
masses and volumes. This 2% increase is based upon engineering judgement stemming-
ﬁ-omrevnewofthevanonsdatasom'eedocumems(Rcf 7.5). Thxsassmpuonisused

: -throughout Section §.

315

4.
41

4.101 ’

~Tbc entire length of the MCO was mmphﬁed and:evaluaied with & 60.96 cm outside
diameter over its‘entire lengthmalleasesmSecuonS in which the MCO was used. . This
assumption was bascd upon cngmeenng )udgmcnt. _

« “Use of Computer Software

Software Approved for Qnality Assurance (QA) Work

MCNP4B end MCNP4B2
'MCNP4B and MCNP4B2 computer code is used to caloulate effective multiplication

- factors for the waste packages evaluated (Refs. 7.8 and 7.3).

¢ Program Name: MCNP

e Version/Revision Number: Version 4B

e Computer Software Configuration Item (CSCI) Number: 30033 V4BLV
e Computer Type: Hewlett Peckard 9000 Workstations

The input files used are echoed in the output files. The output files are listedin - -
attachments V1. The output files are stored on compact disc electronic media (Ref. 7.12).

Page 6 0f S0
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) The MCNP4B computer code (Ref. 7.2) is an appropriate tool to be utilized to
determine the criticality potential, ks, of fresh and spent lattices of intact and
degraded N-Reactor fuel assemblies.

b) 'Ihxssoﬁwarehasbecnvahdatedovcrtbcrangeftmsused. _

c) It was previously obtained from the Civilian Radioactive Waste Management
System (CRWMS) Management & Operating (M&O) Software Control
Management (SCM) in accordance with appropriate procedures.

Program Name: MCNP

- Version/Revision Number: Version 4B2 : '
Computer Software Configuration Item (CSCI) Number: 30033 V4BZLV
Computer Type Hewlett Packard 9000 Workstations

: 'Ihcmputﬁlesusedareechoedinthcompmﬁles 'l‘bcoutputﬁlcsmlxstedmattachmentsvn.
- The output files are stored on compact disc electronic media (Ref. 7.12). .

g) The MCNP4BZ eomputer code (Ref. 7.2) is an appropriate tool to be utilized to
determine the criticality potential, kd,offmhandspentlamccsofmtactand
ot degraded N-Reactor fuel assemblies.
) lhmsoﬂwarehasbeenvahdatedoverghemngeitwasused. o
-d) - Itwas previously obtained from the Civilian Radioactive Waste Management
- System (CRWMS) Management & Operating (M&O) Software Contro}
Management (SCM) in accordance with appropriate procedures.

42 : Software Routines

42.1 Excel

o Title: Excel

¢ Version/Revision Number: Microsoft Excel 97
The Excel spreadsheet program was used for simple numeric ealcu!ahons as documented
in Section 5 of this calculation file. The user-defined formules, inputs, and results were
documented in sufficient detail in the spreadsheets to allow an independent repetition of
the various computations. The Excel files are stored on electronic media (Ref. 7.12) and
as hardcopy in Attachment 5.



Waste Package Operations ... Engineering Calculation

Title: N-Reactor Spent Nuclear Fuel Criticality Calculations
Document Identifier: BBA000000-01717-0210-00005 REV 00 : .Page 8 of 50

5. Calculation
51  Calculation Inputs

‘l'hennmbmofdxgtsformtedva!u:sdoesnotnmsanly indlcateaccm-acy Itmayrcﬂecttbe
value as reported in a reference or be an ertifact of conversion. -

5.1 Description of N-Reactor SNF

Cnhca]nyca!culanons of the intact form of N-Reactor Spent Nuclear Fuel (SNF) were
performed using Beginning of Life (BOL) fuel loading quantities. 'l'hiswasshowntobe
conservanveforthseapplxcanons(l{cf 7.5, p. 4-1).

The dcta:’ls of the N-Reactor fuels were obtained from the N-Reactor data package provided by .
Hanford N-Reactor Operational Support personnel. The N-Reactor fuel considered consisted of -

. two types, Mark 1A and Mark IV, which are very similar in design. Both of these fuelsare -
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 inside an outer annu!ar assembly
Figure 5-1 shows an example of the Mark 1A and Mark IV type fuels.

§.1.1.1 N-Reactor Type Mark 1A SNF

The Mark 1A fuel consists of an inner assembly with a pre-irradiation enrichment 0f 0.947%end - . . -
an outer assembly with a pre-irradiation enrichment of 1.25%. The length of the 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 Mark1A elements are given in Table 5-1

(Ref. 7.5, p. 2-3). The Mark 1A fuel element inner and outer assemblies have Zu'caloy-z end
capshaunganmdallengthof0483 cm on each end.

Theongma!eonﬁguranon consists of forty-eight Mark 1A elements per basket (Figure 5-2). Six
baskets containing Mark 1A SNF ere then placed into a MCO. Previous criticality calculations
(Ref. 7.5) ellow two of the six baskets within the MCO to contain scrap or degraded Mark 1A
fuel. These calculations indicate that these baskets need to be placed into the MCO as the bottom
and top baskets. Four MCO's will then be placed into a 4-Multi-Canister Overpack Waste
Package (4 MCO WP). 'lhedatainputsforthebaskets,MCO’s,and4MCOWP’swﬂ]be
described later in this report. A
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| Endecaps - . ]

Figure 5-1. Schematic of N-Reactor Mark 1A and Mark IV Fuel Elements
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Table 5-1.. N-Reactor Fuel Assemblies Dimensions and Weights

' . Mark IV Mark 1A
Outer Tube Diameters: cm cm
___Ziroonium clad outer diameter 6.160 6.106
Uranium outer diameter 6.032 . 5979
Uranium inner diameter 4422 4.592
Zirconium clad inner diameter 4.321 4481
Outer Tube Enrichment: wt% wt%
0.94700 1.2500
[":U 0.0392 0.0392
U 99.0138 98.7108
Inner Tube Diameters: cm: cm -
Zirconium clad outer diameter 324 3165 - .
" Uranium outer diameter 3.096 2.962
Uranium inner diameter 1321 1.245 :
Zirconium clad inner diameter 1219 L.118 .
Tnner Tube Enrichment: wt% wi%
U . 0.94700 0.94700
g 0.03920 0.03920
U 99.0138 99.0138
Fuel Assembly Dimensions: cm cm
Maximum length . 66.294 53.035
End cap thickness 0.483 0483
Fuel Assembly Weight: kg kg
Maximum weight el 234 16.6
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§.1.1.2 N-Reactor Type Mark IV SNF

The Mark IV fuel consists of an inner assembly with a pre-irradiation enrichment of 0.947% and
an outer assembly with a pre-frradiation 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 66.294 cm long elements. The
pertinent dimensions and weights comprising the Mark IV elements are given in Table §-1 (Ref.
7.5, p. 2-3). The Mark IV fuel element inner and outer assemblies have ercaloy-Zendeaps
hawnganaxm!lengtbof0483 cmoneachend.

The original configuration cons:sts of ﬁfty-fmn'MarkIV elements perbasket(Figme 5-2). Five
baskets containing Mark IV SNF are then placed into a MCO. Previous criticality safety. -
calculations (Ref. 7.5) allow two of the 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. FomMCO’swxllthenbeplawdintoathCOWP The data
inputsforthemrkwbasketsaredesm'bedlatcrinthlsrepoﬂ. ,

5.1.2 Description of N-Rcactor SNF Stomge Baskets.

The Mark 1A and Mark IV N-Reactor SNF will be placed into storage baskets. Either six (Mark
1A) or five (Mark IV) baskets will be placed into an MCO. The 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, “pesting” the baskets together in a vertical stack. - cL

5.1.2.1 N-Reactor Mark 1A SNF Storage Baskets - -

The basket is an annular type basket constructed of 304L stainless steel (Figure 5-3). The center -
pipe is comprised of nominal 6.0 in. XXS stainless steel material (actual dimension 6.625 in. or
16.8275 cm)), end the outer wall comprised of 18-gange stainless steel sheet metal. The outerradius
of the center pipe is 8.41357 cm with the inner radius of the outer shell equal to 28.70708 cm. The
wall thickness of the center pipe is 2.19456 cm. The forty-eight elements are housed in the ennular
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
gpacer guide at the bottom of the basket. This spacer is approximately 5.0 cm thick and arranges the
¢lements in the triangular pitch oonﬁgmatxonas shownin Figure 5-2, (Ref. 7.8, Dwg. # H-2-
828060).
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In eddition, the same basket used to store intact Mark 1A elements is also used to store Mark 1A
scrap material. The scrap baskets do not have the alumirium spacer element guide located at the
bottom (Figure 5-4). Scrap Mark 1A SNF consists of vanoussxzedpxemandsechons
comprised of Mark 1A elements that have structurally failed.

ncWMmﬁyidedintosixmmpmmmgpmwdbyskmMessmelphm(Reﬂ
7.7, Sketch 6). These compartment dividers are conservatively ignored in this evaluation. In
add:nommesuummalpom,wmchsupponmeomls-gaugeM&ssmlshcu,amdso
ignored in the case.

5.1.2.2 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 2 6.985
cm outside diameter stainless steel pipe, with a wall thickness of 1.27 cm (Ref. 7.8, Dwg. # H-2-
828070). Unlike the Mark 1A fuel, inwhlchtheregularandsmpbasketsarethesame,ﬂmMark
Nregularbasketsandsmpbasketshaveshghtdlﬁ'erenoes

‘l‘hcbasketuscdtohouseixﬂactMarkIVfuelassembhwhasanomershellandsxxwmpamnem
dividers that extend approximately half the height of the bucket (Ref. 7.7, Sk;.wh 8). The outside
shell is constructed of 12-gauge 304L stainless steel as well as the basket dividers (Ref. 7.8, Dwg.

# H-2-828070). The outer radius of the outer shell is 22.8290 cm (22.70 in. diameter). Eachofthe
baskets, for intact assemblies, contains an aluminum e¢lement spacer guide at the bottom of the
basket. This spacer is approximately 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-2-828070), shown in Figure 5-2. The inside height of the basket is 67. 818cm,wnhnnovera11
outer height of 70.66788 cm (Ref. 7.7, Sketch 8).

The Mark IV scrap basket is also an annular type basket constructed of 304L stainless steel (Figure
5-6). The Mark IV scrap material is housed in the annular section. The center pipe is comprised of
& 6.985 cm outside diameter stainless steel pipe, with &8 wall thickness of 1.27 cm with an outer shell
comprised of 12-gange stainless steel sheet metal (Ref. 7.8, Dwg. # H-2-828070). The outer radius
of the outer shell is equal to 28.8290 cm (22.70 in. diameter). The basket bottom plate is constructed
from 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 spacer guide at the bottom of the basket.

The baskets ere divided into six compartments separated by six stainless stee! plates (Ref. 7.8,
Dwg. # H-2-828075). These compartment dividers are conservatively ignored in this evaluation.
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5.1.3 Description of N-Reactor Multi-Canister Overpacks (MCO’)

The MCO’s are constructed out of 304L 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 accommodate the top mechanical closure device. The
MCO was evaluated with a 60.96 cm outside diameter over its entire length. The overall length
oftthCOns42009cmmthaninnercavztyhexghtof4066286cm(16009in.)(Ref78

. Dwg. #H-2-828041)

: Thebottomplatehasathmknwsof4.4704cmw:ththetophdhavmgatb1cknessof899!6em
(Ref. 7.8, Dwg. # H-2-828041). The design of the top lid and the mechanical closure device isa
very complex design and was simplified in these cases. Thehdwassquaredoﬁ'mththe
mechanical closure device being ignored.

Inaddmonaccnualpmccssmbcconsu'uctedoutoﬂMLstmn!wssteelispresentmtthCO’ -
,Tlnseentra!processmbeislocaxeddownthccenteroftheMCOthroughthestackedbaskets :
center pipes. Thceenualprooessmbehasanouterdmmctcrof33401anmtbathxcknessof
.0.90932cm (Ref. 7.8, Dwg. # H-2-828051).

. 5.1.4 Description of 4-Multi-Canister Overpack Waste Package (4 MCO WP’)

The final waste package will consist of four MCO’s placed into a § MCO WP. The 4 MCO WP
(Figure 5-8) has an inner diameter of 160.1 cm with an inner cavity height 0f 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 2.5 cm thick end shell lids. The outer corrosion allowance shell is constructed of .-
AS516 Grade 70 Carbon Steel with 10.0 cm thick walls and 11.0 cm end shell lids. The outer :
shell lids are recessed on both ends. The overall outer height of the 4 MCO WP is 498.5 cm.
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5.2 Description of Cases Evaluated

521 Comparison Cases Between Type Mark 1A and Mark IV N-Reactor SNF

The first set of calculations included comparison cases between the type Mark 1A end Mark IV

in order to determine if one of the fuels could be used as a bounding fucl 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 of fuels, Mark 1A and Mark IV, are not
evaluated as being contained in the same MCO. Both single MCO and four MCO’s in the 4

- MCO WP cases ere evaluated. In these cases the MCO(s) are evaluated containing intact fuel in

all of the baskets, intact in the center baskets end degraded fuel in the top and bottom baskets, or
degraded baskets in all of the baskets. All of these initial comparison cases are evaluated with

the MCO(s) and 4§ MCO WP flooded with full density water. 'Ihesystcmsarealsoﬁnlyreﬂected
with & 30.48 cm thick water reflector at full density. o

$2.1.1 Intact Mark 1A and Mark IV N-Reactor SNF

The first set of calculations included comparison cases between the type Mark 1A and Mark IV
intact fuels. The fuels are 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. : BRI

52.1.2 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 1A and Mark IV fuels -
which are evaluated as & combination of intact and degraded scrap material. In this set of cases -
tthCO(s)areloadedmthampbasketonthetopandbottomlcvelsmththcm:ddlebaskets

containing intact fuel.

The Mark IV scrap baskets are evaluated containing 0.947% enriched material. Thc scrap mass
was that equivalent to fifty-four Mark IV fuel elements. The Mark 1A 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 1A inner (0.947% enriched) and outer (1.25%)
assemblies can be placed into the scrap baskets, wnhout eny control over the proportions .
between the two types of materials.

An cvaluatxon (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 1A fuel. In addition, the sphere diameter was limited to the thickest radial fuel matrix
dimension of a Mark 1A fuel element, 0.8585 cm.
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) Inihecasescvaluated,themmdmumealculatedkdwasshownwomwiththe spheres at this
maximum diemeter. This assumption was extrapolated to the Mark IV type fuel with the scrap
evaluated at the thickest radial fuel miatrix dimension of @ Mark IV fuel element, 0.8875 cm.

(Figure 5-9).
5£.2.1.3 Degraded Scrap Mark 1A and Mark IV N-Reactor SNF

SomcquuuonpnstsmlahngmthestructmalmgntyoftheN-Rmctorﬁxels Theqnmt:onns
concerned about whether or not credit can be taken for the structural integrity of those fuels
classified as intact. In order to address this sxtuanonasetofcasswasdcvelopedmwhxcha!l of
thcmatenalcontamedmﬂxebasketswasevaluatedasdcgraded. :

A Thesphmcalcascmennoncdintheprcwommhonwasusedtocvaluatethescm The Mark
quelwascva]uatedaso.%?%mnchcdmatcnalmeachofthebaskctshousedmtheMCO(s)

TheMaxklAs_crapfucIeaschasaslightvariaﬁonﬁomthcMarlescmpﬂwl-case. The Mark -
1A fuel scrap was evaluated as 1.25% 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 1.15% enriched fuel materials. This is a weighted-
avcxageoftheMarklAmncrandouterfuelmb&candxsusedtosxmtﬂatethedegradedinncrand
outer fuel tube scenario.

' 52.1.4 Evalnation of Compamon Cases Between Type Mark 1A and IV N-Reactor SNF

CompansoncasesshowthattheMarkIAandMarkIVfuelhavcvcrysxmxlarcalculatedkd’sfor
the normal case in which the fuel is evaluated as small spherical particles and no fuel is present
in either the Mark 1A or IV basket center posts. Due to the smaller center postand the slightly
higher mass loading, the intact Mark IV cases yielded e higher k. than the intact Mark 1A fuel.
However, the limiting cases are those in which the fuel is evaluated as degraded and not asintact.
An engineering judgment is used to determine that Mark 1A fuel is enveloping for the type of
criticality calculations necessary to evaluate the N-Reactor fuel. In the normal cases the basket
center post for the Mark 1A fuel is much larger than for the Mark IV fuel. If fuel is includedin .
- these central regions the calculated k o is greater for the Mark 1A fuel than for the Mark IV fuel,

with the degraded spherical case. Therefore, the temaining cases only consider the Mark 1A type
N-Reactor fuel. It is possible for small fragments to get into the center post area of the basket.
Since this is a low enriched fuel, 8 homogeneous mixture 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 Cass Involving Various Degrees of Moderation

Asetofcas&swasevaluatedinwhichmcdensnyofthcwatcrintthCOandthe4 MCO WP
was varied to determine the most reactive configuration. -

TbedcnsxtyofthemtusnualmerpmeminanMCOeontamngMarklAﬁ:clﬁasvanedform :
10% to full density (1.0 g/cm®). All of the voids within the MCO are evaluated at the various
densities. TheMCOitselfwasstlllﬁxﬂyreﬂectedonlhcomsldebya3048cmthlcklaycroffull

density water (Figure 5-10).

OncethemostreacuvewaterdmsitywnhmtthCOwasdctmned,acesewasconsuucted

that consisted of four optimally moderated MCO’s in & 4 MCO WP which was filled with water = -
which varied in density from 10% to 100%. ‘Ihe4MCOWPwasﬁxllyreﬂectedontheoutsxde :
by a 30,48 cm thick layer of full density water (Figures 5-11 and 5-12). ~ . ! .

523 C’arbon Steel as Moderator Exclnsion andlor Neutronic Poison

IftheMarklAﬁlelisevaluatedasophmallyspaoedsmallsphcnealpamdwtommulate . :
degraded fuel, high k4's result. Ifno credit can be taken for the structure of the fuel, then steps
must be taken to ensure that the resulting k. »’s are within the acceptance criteria. -A possible :
solmlonistoincludeamateualmcachoftbebaskctstbatwouldacttoexcludewatcrand!orto
nemromca!lypozsonthesystem,thusmducmgkd ‘lhematenalchosenwasﬁrachSASIG
Carbon Stecl.

Aqascwasmns&nﬂedwhichconsistcdomeCOcomainingdegmdedMarklAﬁleL The
interstitial space between the small spheres was filled with &8 mixture of water and carbon steel at
varied proportional densities (Figure 5-13), i.c., if the material contained 90% full densxtyearbon
steel,thctemmnmgl()%vmdwasﬁlledmthwaier

Asetofcascscvaluatedtheeﬁ'cctsofp!acmgthcwbonsteel-watamixtme,afvariom_ :
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 ennular void reglons of the
elements were filled with full density water.
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52.4 Basket Center Pipe Variations

In all of the following cases the' MCO’s were fully flooded and reflected with full density water.
Also each of the MCO’s were evaluated containing degraded Mark 1A fuel as previously
dwwssedmmgthesphmmlcas&heachof&efoﬂomngm&ewnmlpmmmbewasm
included.

Aeasewasconstmctedinwh:chthcbaskctcenterpxpam:emovedmordcrtocvaluatcthck,,
effects. -

Ano&ucasewasemhatedwﬁchwn&daedﬁereachwtyeﬁeﬂsofsbﬁmgtheoenmppe .
5.08 cm radially in one direction. Ihzseasewaseva!uatedtopmmdecompansontoacase Fo
includedintheongmal criticality report. (Ref. 7.5, p. 5-5) S

Thcﬁnalcaseinthissecnoneonsxdmdthereacnﬁtyeﬂ‘ectsofplacmgdegmdedﬁ:clintothc
centerptpewhileeachofthebaskctswasﬁﬂlyloadedwnhdegmdedﬁxel wor e

£.2.5 No Basket Center Pipe - Carbon Steel as Moderator Exclusion and!or Neutmnic
Pofson

A set of cases was used to evaluate the decrease in k4 due to the introduction of carbon steel, at .
various densities, into a basket which had the center pipe removed. Thesamemhoofeurbon
steelandwater,asmvxouslydescn’bed,msusedmﬂmsetofcas&s. e .

§.2.6 U-H,0 Mixture - Homogeneously Dispersed throughout the Basket - Mark 1A 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 1A fuel. The MCO was fully
flooded and reflected with full density water. The water interspersed within the MCO was
evaluated containing various gram quantities of the uranium fuel matrix. The gram quantities
- ranged from 0.001 g/L to 1 g/L. In these cases the basket center pipes were evaluated intact.

§.2.7 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 &s being
present. Zircaloy-2 has a low neutron ebsorption cross section. But when credit is taken for the
volume of the 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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The presence of the Zircaloy-2 material from the cladding was evaluated. In these cases, the
amount of material representing cladding was dispersed through the water mixture within each of
the baskets in the annular region only. Case variations were evaluated which considered the
eﬂ'ectsofplacngn'ca!oy-zmatmalmtheeenterpxpea!ongthhthedegmdedﬁxel. Inthe .
fimiting ecases, no Zircaloy-2 was placed in the center pipe region along with the degraded fuel.

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. The individual MCO's were
evaluated fully flooded with no water between them within the 4 MCO WP, Fulldenmywatcr
teﬂecnonwasplaoedaroundthcouts:de of the § MCO WP.

528 Plaeempnt of Stainless Steel Cruciform between MCO’: 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 casés contained fuel in the center pipe. A set of cases.was
~-developedtodetermnetheeﬁ'eaonthecalqﬂatedkdxfastmn!&ssmclauctfomwasplaoed
im<>the4MCOWPinbetweenthcmdmdualMCO’ } -

ThetopcollmsoftthCO‘shaveanmdmmcterofM.ZBMcm(25.3!'in.)while'thclowcr .

portion of the MCO has an outer diameter of 60.96 cm. The tolerances on loading four MCO's . - -
-into 8 § MCO WP are quite tight but some room between the lower portion of the MCO’s exists. -
Smoethlsiswheretheﬁlelishousedthecrumformwouldnotnwdtocxtendtheﬁ:lllengthof ’

the | MCOWP. - :

Stainless steel plates, ranging in thickness from 1.0 10 4.0 em, were evaluated. - The type of -
material chosen for this ¢ase was 304L stainless steel. ‘An example ofthephymeal layout:s
shown in Figure 5-15. .

§.2.9 Neutronically Poisaned Stainless Steel Cruciform between MCO’s in the 4§ MCO WP

Cases were evaluated that were similar to those discussed in Section 5.2.7. The case chosen as

the base case is that which includes the 2.0 cm thick stainless steel cruciform. This was done

since preliminary evaluations indicate that thickness greater than 2. 0 cm would not allow enough
" room to place the individual MCO’s into the waste package.

An evaluation was made to determine the magnitude of the effect on the calculated k.o if &
neutron absorbing material were integrated into the cruciform structure. The material of choice
was gadolinium. Various gadolinium weight percents ranging from 0.01 to 2.0 wt% were
considered.
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5.2.10 Incorporation of Stainless Steel Process Tube

The last case evaluated consisted of the incorporation of the central process tube. . This tube is
constructed of 304L stainless steel. It is an annular tube having an outer diameter of 1.315 in.
(3.3401 cm) and a thickness 0f 0.358 in (0.90932 cm). This tube was ignored in all of the
previous cases.

TheprowsstubenmsthccnnrelcngthoftheMCOdowntheeentcrofeachofthebaskets
Various cases were considered to evaluate the effects of this center process tube. Cases for
single MCO’s, the 4 MCO WP with and without the stainless steelaucxform,andthe4MCO
WPmththedeowoncdstmnlesssteeluuciformpmcnt,wcrccvalualed. :

Inthxsncxtsctofeascs,thcﬁxelwasplawdbctweenmecenu-alpromsmbeandthcccntcrmbe. oo
No Zircaloy-2 material was interspersed between the heterogeneous spheres of fuel containedin - - -
this region. The fuel spheres contained in this region were evaluated at two radii. The first . -
' radius analyzed 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 of the smaller particles in the center tube. ’l'hcchangeinthcealculatedkaduetothe
dlﬁ'emntswedparucl&occupyingtbebaskcteentcrpxpewasevaluated. .

52.11 Evaluatxon of Neutronic Poisoned Center Rod in 4 MCOWP - . .

Anevaluanonwasmadetodctermine ifothctmatcna!swere abettcrchowefortbenemromc
poisoning of the system. In these cases the loading in the scrap basket were reduced to 575 kg of
uranium, which is the actual loading limitations on the Mark JA 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 approximately
36 elements. This 575 kg mass limit is equivalent to approximately 34 elements..
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The first three cases considered incorporated a 14.4 cm rod located within the center of the 4
MCO WP within the array of the § MCO’s. In the first case the center rod was included as
graphite containing 2 wt% Gd. The remaining 4.0 cm 1.0 wt% Gd poisoned stainless steel
cmcifonnwasincludedintheeasc. No fuel was present in the center pipe region.

The second case is similar to thcﬁmteasedm‘bed intlns secuonwzththeemeepuonthatthc
graph:tccenterrodwasenclosedvathalOcmth:ckstam!essswelshell :

Two variations on the previously outlined cases were also evaluated. The first incorporated a

14.4 cm boron carbide (B,C) rod in the middle of the waste package instead of the previously
described graphite rod. In this case the 4.0 cm thick 1.0 wt% Gd poisoned stainfess steel -
cruciform was evaluated. Thclasteascconsxderedon!ythcprwenoeoﬂth.Cmdanddxdn’t ‘
include the stainless steel cruciform. : S .

An example of these eonﬁgm'ations canbe foun‘dlin Figure 5-17.
52.12 Evaluation of Boron Carbide (B,C) Rods Placed in the Fael Baskets

Cases were evaluated to determine the effects of placing B,C rods into the MCO in various
configurations. The B,C rods were evaluated at the same outer dimensions of the N-Reactor
-~ Mark 1A fuel elements. Three 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,C rods in &ll six baskets withthe -
ﬁxclbaskewwa!uatedmthemmmp&seqmvﬂmtmthedmmemoﬂhemwwslmts. Cooe

Onoeagmn.ihesmpbaskctseontmmdﬂs kg of uranium. The spacing between the fuel
spheres, in the scrap baskets, ophmmdatashghﬂylargcreentcrtoeentcrpnchduetothe
configuration that included the B,C poison rods.
Thccruciformwasnot included in these cases.

- An example of these configurations is shown in Figure 5-18.
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Figure 5-17. MCNP Pilot ~ Neutronically Poisoned Rod Placed into Center of 4 MCO WP
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Figure 5-18. MCNP Plot — Neutronically Polsoned B,C Rod Placed into MCO Baskets
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6. Results

Exismzda:awueuscdhﬁmdevdopmemdthemultspmentedinthiSMm 'Ihcrefore,
the use of any data from this calculation for input into documents supporting procurement,
fabncahon,oreons&ucnonlsteqtﬁ:edwbeidcnnﬁedanduadcedasToBcVeuﬁed('l'BV)in

acoordance with eppropriate procedures.
6.1 Runlts from Comparison Cases of Type Mark 1A and Mark IV N-Reactor SNF

Cases were evaluated using both Mark 1A and Mark IV N-Reactor SNF as outlined in
Section 5.2. Results from the various comparison cases are presented below. )

6.1.1 Results from Intact Mark 1A and Mark IV N-Reactor SNF Cases
MCO’s and 4 MCO WP’s, containing intact Mark 1A or Mark IV N-Reactor SNF were

evaluated. In these cases all of the MCObaskctswexeevaluatedasdesm’bedinSecuonS.Z.l |
'Ihemultsﬁomthevanausintactcasesnregwenm'!‘ableﬁ-l. .

Table 6-1. Results from Intact Mark 1A and Mark IV N-Reactor SNF Cases

TnputFide | TypeofFud |  Configuration E.t1lc° | kg+20
mkle intact]l | Mark1A | SinglcMCO | 0.7922+0.0006 | _ 0.7934
mk4_intact] Mark IV Single MCO 0.8289 + 0.0005 | 0.8299

Idp_mkla intactl | Mark 1A | 4 MCO’s in 4 MCO WP | 0.8151 +0.0006 08163 |+
ldp_mk4_intactl Mark IV 4MCO’sin4 MCOWP | 0.8411 £00004 | 08419 .}.

6.1.2 Results from Intact and Degraded Scrap Mark 1A and IV N-Reactor SNF Cases :

MCO’s and 4 MCO WP’s, containing both intact and degraded Mark 1A or Mark IV. N-Reactor -
SNF, were evaluated. These cases, as described in Section 5.2.1.2, were conservatively evaluated
with the scrap material as optimally spaced spheres with the enrichments corresponding to the
fuel type stored. Theresultsﬁ'omthcvanouscombmanonsofmtactanddegmdcdﬁlelmm '
givenin'l‘able6-2. .

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

Inpnt File Type of Fuel Configuration ke.tlc ky+20
mkla combla Mark 1A’ . Single MCO 0.8783 +£0.0005 | 0.8793
mk4_combl Mark IV . Single MCO 0.8407 £ 0.0005 | 0.8417

| 1dp_mkla combla] MarklA ) 4 MCO’sin4 MCO WP | 0.9026 +0.0005 | 0.9036
ldp mk4_combl MarkIV | 4 MCO’sin4 MCO WP | 0.8562 +0.0004 | 0.8570
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6.1.3 Results from Degraded Fuel snd 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 1A orMark
IV N-Reactor SNF were evaluated. These cases were evaluated as described in Section 5.2.1.3.
'Ihcdegradedﬁxelandthcsaapmatenalwerebothcvaluatedasopnmaﬂyspacedsphemmth
the enrichments corresponding to the fuel stored. The results from the various combinations of
thedcgmdedandscrapfuelcaswaregveanab!cG-S

Table 6-3. Results from Degraded and Scrap Mark 1A and Mark IV N-Reactor SNF

Input File TypeofFuel | © Configuration kytlo kyt20
mkla_spheresla Mark 1A Single MCO 0.8816 +:0.0005- ] 0.8826
mk4_spheresl Mark IV Single MCO 0.8989 + 0.0005 | 0.8999

ldp mkla spheresia| MarklA | 4 MCO’s in 4 MCO WP | 0.9054 £ 0.0005 | 0.9064
ldp_mk4_spheresia | . MarkIV | 4MCO’sin4 MCO WP | 0.9118 +0.0004 | 0.9126

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

MCO'seontmmngMarklAﬁ:el, degraded and scrap, were evaluated with various densities of

. waterplaoedmtothemtemtmalspambetweentheheterogeneousﬁlelspher&sv&thintheMCO e
baskets. Inthesccasw,theMCO'Sereﬂectedbyﬁﬂldensxtywater The resultsof these ™ -+~
'casesarefomxmeab!eM - .

Table 64. Results from Cases Incorporating Water Moderator at Various Densities to
Determine O ptunnm Moderation - Single MCO

Input File %Densityof |  kgtlo kat+20
Water ‘
within MCO
mkla h20 10%a 10% 0.3841 +£0.0003 | 0.3847 .
mkla h20 20%a 20% 04788 +0.0004 | 04796 ‘ '
mkla h2o0 30%a 30% 0.5660 + 0.0005 § 0.5670
mkla_h2o0_40%a 40 % 0.6404 +£0.0005 | 0.6414
} mkla h2o_S50%a $0% 0.7003 +0.0005 | 0.7013
| mkla_h20_60%a 60 % 0.7514 4 0.0005 | 0.7524
mkla h2o0_70%a 70 % 0.7939 £ 0.0005 | 0.7949
mkla_h2o 80%a | 80% 0.8286 +0.0005 | 0.8296
mkla_h20 90%a 90 % - 0.8561 £0.0005 | 0.8571
mkla_spheresia | - 100 % | 0.88164+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 2 4§ MCO WP. The water in between the MCO's, within the 4 MCO WP was
evaluatedatvanousdcnsm&s(OtolWAtheorehcaldensxty) Themultsofthesecassare '
gwenm'l‘able&s

kale 6-5. Resulis from Cases Incorporating Water Moderator at Various Densities to
Deteérmine Optimum Moderation ~ Four MCO’s within & ¢ MCO WP

% Density of
Input File Water within katlo ky+20
) - 4 MCO WP
. | 1dp_mkla_h20 0%a 0% 0.9440 + 0.0004 | 0.9448
|1dp mkia h2o 10%a]  10% 0.9325+0.0004 | 0.9333.]
+ . '|1dp_mkia h20_20%a- 20% 0.9248 +0.0004 | "0.9256 - |-
: -|'1dp_mkla_h20_30%a - 30% 0.9200 + 0.0004 | 10.9208-
{1dp_mkia_h20_40%a 40% 0.9170 £ 0.0004 | 09178 |
ldp_mkia k20 50%a 50% 0.9143 £0.0004 | 0.9151
Idp_mkla h26_60%a - 60% 0.9120 + 0.0004 | 0.9128:
{ 1dp_mk1a_h20_70%a 0% 0.9099 +0.0004 | 0.9107
J1dp_mkla_h2o_80%a "80% | 0.9094+0.0004 | 0.9102:
*{ 1dp_mkla_h20_90%a - 90% 0.9067+0.0004 | 0.9075
1dp_mkis sphemla ___100% 0.9054 £ 0.0005 | 0.9064

63 Rtsults from Carbon Stee! as Moderator Exclasion and/or Neutronic Poison

MCO’scontainingMark 1A fuel,degmdedandscrap were evaluated with various densities of
carbon steel placed into the interstitial spaces between fuel within the MCO baskets for éither

intact Mark 1A elements or the heterogeneous fuel sphere case of Mark 1A elements. In these
cases the carbon steel was combined with water at various proportional densmestooocupythe
vmdspacesmthmthzbasket.

In the case of the intact elements, the carbon steel — water mixture only occupied the radial :
. spaces between the intact fuel elements. The central void and annular regions within the element
itself were filled with full density water. The 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
Neutronic Poison within the Baskets as Carbon Steel-Water Mixture —
Degraded Mark 1A Fuel Basket Center Pipes Intact

Input File " % Density of % Deansity of kytlc ‘Kkgt20
. Carbon Stee! Water :

mkla_sphr cs90%a 90 % 10% 0.2456 £0.0002 | 0.2460
mkls_sphr_cs80%a 80% 20% 0.3053 +0.0002 |. 03057
mkla _sphr cs70%a 70% 30% 0.3647 +0.0003 | 0.3653
mkle_sphr_cs60%a 60% 40% 0.4237£0.0003 | 0.4243
mkla_sphr_cs50%a 50% 50% 0.4842 +0.0004 | 0.4850
mklae_sphr cs40%a 40% 60% -] 05458 +£0.0004 |. 0.5466
mkla sphr ¢s30%a 30% 70% - 0.6146 +0.0004 | 0.6154
| mkla_sphr ¢s20%a | - 20% 80% 0.6901 £ 0.0004 | 0.6909
| mkle sphr cs10%a - 10% - 90% 0.7783 +0.0005 | 0.7793

'Intactelcmentswerca!soevaluatedcommnmgvanousdensmesofcarbonsteelplaoedmtothc .
interstitial radial spaces between the intact fuel elements within the MCO baskets. -In these cases
the carbon steel was combined with water &t various proportional densities to occupy the radial . -
void spaces between the intact elements within the basket. The center and annular regions of the

' .-elementitselfwereﬁlledmthfulldenmtywatcr Thersultsfromthcseeasesaregwenm S
Table6-7

Table 6-7. Results from Cases Incorporating Carbon Steel as Moderator Exclusion and/or
Neutronic Poison within the Radial Space Between Intact Mark 1A Elements within the-
Baskets ~Carbon Steel Combined with Water at Various Densttics — Basket Center Pipes .

, Intact
- Input File % Density of % Density of Ketlo kyt+20

: : Carbon Stecl Water
.| mkla_intact_cs90%a 90 % 10% 0.5129 £ 0.0005 | 0.5139
| mkia_intact_cs80%a 80% 20% - | 0.5349%0.0005 | 0.5359
mkla intact_cs70%a 70% - 30% 0.5597.+0.0005 | 0.5607
"mkle_intact cs60%a 60% 40% 0.5839+0.0005 | 0.5849
mkie_intact cs50%a | 50 % 50% 0.6114 +0.0005 | 0.6124
| mkia_intact_cs40%a 40% 60% 0.6408+0.0006 | 0.6420
| mkla intact cs30%a| - 30% 70% 0.6722 £ 0.0006 | 0.6734
mkla_intact_cs20%a 20% ~ 80% 0.7070 £ 0.0007 | 0.7084
‘mkla_intact cs10%a 10% 90 % 0.7468 £ 0.0007 | 0.7482
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6.4 Results of Basket Center Pipe Variation Cases -~ Mark 1A N-Reactor SNF
6.4.1 Resulis from Carbon Steel within Baskets — No Center Pipe in Baskets - Mark 1A

MCO’s containing Mark 1A 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. 'lhecaswwereevaluatcdasdcscn’bedinSechonS.z.S andtheresultscan

be found in Table 6-8.

Table 6-8. Results from Cases Incorporatmg Carbon Stecl as Moderator Exclusion and/or

" Neutronic Pofson within the Baskets Containing Degraded Fuel - Carbon SteeI—Water
'Mixture at Various Densities - Mark IA fuel - No Center Pipe in Basket - - :

- Input Flle % Density of % Density of kgetlo ' | ke+20
Carbon Steel Water :

‘mkla_ncp:cs90%a ' 90% 10% | 02861 £0.0002 | 0.2865
- | mkle_ncp_cs80%a 80% 20% | 03562 +0.0003. |- 0.3568
mkla_ncp cs70%a 0% .| 30% 0.4222 +0.0003 |. 0.4228
‘mkla_ncp_cs60%a 60% ' 40% 0.4854 +0.0003 | 0.4860
mkle ncp cs50%a - 50% -50%" 0.5496 +0.0003 | 05502
mkla ncp cs40%a 40% 60% 0.6154 £0.0004 | 0.6162
mkla ncp_cs30%a 30% 70% 0.6886 +0.0004 |. 0.6894
- | mkla_ncp ¢s20%a | - 20% 80%" 0.7717 £ 0.0004 | 0.7725
" | mkle_ncp cs10%a 10% 90% 0.8656 +0.0005 | 0.8666
mkla_nép h2oa 0% 100 % 0.9802 + 0.0005 | 0.9812

642 Other Basket Center Pipe Variation Cases - Degraded Mark 1A Fuel

MCO’s containing Mark 1A fuel, degraded and scrap, were evaluated with the center pipes of the -
MCO baskets removed, offset, or filled with degraded fuel, s described in Section 5.2.4. . The
results from these cases can be found in Table 6-9.

Table 6-9. Rm:lts from Basket Center Pipe Variation Cases - Mark 1A Fuel

-} Center Position of Degraded , .
Input File Pipe | CenterPipe Fuelin kqtlo ko420 |:
Present ' CenterPipe | :
mkla ncp h2oa No Not Present N/A ]0.980240.0005] 0.9812
mkla deg cp filla Yes Centered - Yes 0.9200 4+ 0.0005 | 0.9210
mkla deg_cp ofia Yes Offset 5.08 cm No 0.8978 £ 0.0005 | 0.8988
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643 Results from U-H,0 Mixture Dispersed in the Basket - Degraded Mark 1A 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 1A fuel. The MCO was fully
flooded and fully reflected with full density water. 'lhewatermterspmedthhmtthCOwas
evaluated containing various gram quantities of the uranium ﬁxelmatnx. 'lhe mults of these
easwcanbefomdm'l‘able 6-10.

Table 6-10 Results from Uranfum in Solution - Homogeneously Dispersed throughout the

Basket « Degraded Mark 1A Fuel Case
Concentration of Uranium Fuel ,

Input File ' Matrix in Solution (g/L) - k,,,i Ic i | kqt+2c

mkla deg 0.0001gcca 0.1 0.8766 +0.0005. ] 0.8776
‘mkla deg 0. OOOSgwa : 0.5 - - | 0.8693 +0.0005 | :0.8703
mkia_deg_( 1a_deg 0. 001gcca 1.0. 0.8707 +0.0005 | 0.8717

| ~ mkle_deg_0.005gcca 5.0 - 0.8636+ 0.0005 | 0.8646
_mkle.deg 0.0lgeca | 10.0 B - { 0.8671 +0.0005 | 0.8681

6.5 Results from Zircaloy-z Claddmg as Modemtor Exclusion within the Baskets

Cascswercevahzatedasdscn’bcdeectmnSlJ lhwemwemdwdopedwhch
oonsxdetedbothﬁ:e!contamcdintheeenterpxpeandfnelnotcontmnedinthcccnterpxpc. 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 of the 4 MCO WP. Two cases were evaluated. One with fuel in the ceriter pipe, and
another cases had no fuel in the center pipe. Incachofthwecascs,thelxrcaloy—Zmatcnalwas
onlyintcrspersedinthemerinthcannularregmnofthebaskct.

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

Table 6-11. Results from Cases Incorporating Zircaloy-2 from Element Cladding as

Modcrator Exclusion within the Baskets e
Zircaloy 2 - Water - :
Input File - Fuel Mixture Present ketlc kgyt+20
in Center Pipe :
ldp mkia _zr_h200%c ' No 09374 +£0.0004 | 09382
1dp_mkla_cpfill_z zr_b200%b Yes 0.9501 +0.0004 | 0.9509



Waste Package Operations . .. Engineering Calculation

Title: N-Reactor Spent Nuclear Fuel Criticality Calculations . :
Document ldentifier: BBA000000-01717-0210-00005 REV 00 “Page 44 of 50

6.6  Results from Non-Poisoned Cruciform between MCO’s in 4§ MCO WP

A sct of cases was developed as described in Section 52.8 to determine kg if & stainless steel
cruciform was placed into the 4 MCO WP in betweea the individual MCO's.. Thickness® ranging
from 1.0 to 4.0 cm were evaluated. In all of these cascs, the fuel was present inside the center
basket tube. The Zircaloy-2 material was interspersed only in the water between the fuel spheres
intheammlarregion. 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 ketlo kat+20
Cruciform Between |
. MCO’s - ' :
|_ldp_mkla cpfill zr ss1.0a 10 77 7 1 09424400004 |. 09432
Idp_mkila cpfill zr 8s2.0a | 20 - 09402400004 |.. 09412
| ldp mkie cpﬁll zr_ss3.0a © 3.0 " 0.9377£0.0004 |; 0.9385
"1dp_mkle_c cpﬁll zr_ss4.0a : 4.0 09363 +0.0004 |+ 0.9371

6.7 Resnlts from Gadoliniuzi_i Po!sbned Cruciform betwveen MCO’s in (MCO WP

A set of cases was developed as described in Section 5.2.9 to determine k. if @ neutronically-
poisoned stainless steel cruciform was placed into the § 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, 'Ihechaloy-Zmatcna!wasintcrspcmdonlyinthewmcr
betweentheﬁ:elspheminthcannularregxm

The results from these cases are givcn in Table 6-13.

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

. wt% of Gd .
- InputFile Incorporated in ketlc ko+20
Stainless Steel _
Cruciform Between
, MCO’s
ldp mkle cpfill zr ss2.0gd.0la 0.01 0.9484 + 0.0004 0.9492
ldp mkle cpfill 2r ss2.0gd0.1a | 0.1 0.9470 + 0.0004 0.9478
Idp_mkla_cphill_zr_ss2.0gd1.0a 1.0 0.9446 + 0.0003 0.9452
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A last set of cases was evaluated in which only water, and no Zircaloy-2, was present between
the fuel spheres located in the center pipe. The results from these cases are given in Teble 6-14.
This case consisted of 4 MCO's in the 4 MCO WP as previously outlined. Theneutmmea!ly
poisoned 2.0 cm thick stainless steel cruciform was included.

Table 6-14. Results from Zircaloy-2 between Fuel Particlos in Annular Region Only

wi% of Gd
Input File Incorporated in ketlo Keat+20
: - Stainless Stecl
Cruciform Between
- ’ MCOQO’s . :

ldp mkla cpfill 2r ss2.0gd0.01 0.01 0.9408 + 0.0003 - 0.9414
Idp mkia cpfill zr ss2.0gd0.1 . 0.1 0.9392 + 0.0004 0.9400
ldp_mkila cpfill zr §s2.0pd1.0 | - 1.0 ] 0. 9367 +0.0004 | - 09375

68  Resulis from Cases Incorporahng 304L Stainless Steel Center Process Tube

The last set of cases considered consisted of those descn’bedinSection 52.10. In these cases,
the change ink@duetqthepr&seneeofthgstain!wssteeleenu'alprodesstube,waseva!uated.
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 fuel spheres at a radius of 0.42925 cm. This was the
mmmumpostulatedradmspamdcsm,andshowntobemostreachve inthenormalbasc
configuration cases. .

NoZimaloy—Zmatmalwasprescminthcwatcrmatwasmtmpcrsedbctwecnthcfuclsphetsin
this central region. Znealoymatenalwasevaluatedmmewatcrthatwasinlmpetsedbetwecn
the fuel spheres in the basket annular region. Once again four flooded MCO's were evaluated
contained in 8 4 MCO WP. No water existed between the MCO’s within the 4 MCO WP, The
neutronically poxsonedz 0 cm thick stainless steel plate was also present.

Table 6-15. Results from Inclusion of Center Process Tube - 0.42925 cm Radius Fuel

‘ wt% of Gd : :
Input File Incorporated in kytloc kgat20
» Stainless Steel :
Cruciform Between
ldp_mkla cpfill zr ss2.02d0.01b 0.01 0.9442 + 0.0004 0.9450
1dp mkla cpfill zr ss2.02d0.1b 0.1 0.9438 + 0.0004 0.9446
1dp_mkla_cpfill zr s52.0gd1.0b 1.0 0.9412 + 0.0004 0.9420

This set of results outline the effect on k. due to replacing the larger fuel spheres (0.42925 cm
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radius), located in the central region, with the smaller 0.25 cm radius fuel spheres. Due to the
presence of the center process tube an argument can be made that this is the largest sized particle
that can migrate into the central region ontside 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 from this setof
cascsareglveanable 6-16. .

Table 6-16. Results from Inclusion of Center Process Tube - 0.25 cm Radius Fuel

wt% of Gd
Input File Incorporated in kotlc k.+20
' Stainless Steel , ,
Cruciform Between
N i : ' MCO% -

" | 1dp_mkla cpfill zr §s2.0¢d0.01c 001 0.9414 +0.0003: | - 0.9420
| 1dp_mkia cpfill_zr_ss2.0gd0.Ic 0.1 0.9406 +0.0004' |  0.9414
-18p_mkla_cpfill_zr §s2.0gd1.0c 1.0 09383+£0.0004: | 09391
‘_ldp""mk' la_cpfill_zr_§52.0gd1.0d 1.0 0.9492 + 0.0004 0.9500

6.9 Rsults from Placement of Nentroniea!ly Poisoned Rod in Center of 4 MCO WP -

Meamtheresults&omthoseeasesasouthnedinSechonS.z.ll Asdwm‘bedinSectxon
'5.2.11 an evaluation was made relating to the effect of placing a neutronically poisoned rod in
the center of the 4 MCO WP. In these cases no fuel was placed in the center pipe of the baskets.
Fullwaterreﬂectxonemstsoutsxdeofthe4MCOWPmthnowatcrmthmme4MOOWP The
mtﬂtsarcgwcnin'l‘ablc 6-17.

Table 6-17. Results from Indnsion of Neutronically Poisoned Center Rod

Inpnt File Cruciform Material of Rod katlo ky+20
Present .
inp42b Yes Graphite 0.9076 + 0.0004 0.9084
2 wt% Gd
.Graphite '
inp42d " Yes 2 wt% Gd 0.9073 + 0.0004 0.9081
Enclosed In SS
inp42c Yes B.C 0.8976 + 0.0004 0.8984
bdcwp No B.C 0.9112 + 0.0004 0.9120
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6.10 Results from Placement of B,C Rods in Fuel Baskets

These are the results from those cases as outlined in Section 5.2.12. As described in Section
5.2.12 an evaluation was made relating to the effect of placing & 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. Fullwaterreﬂechoncnstsouts1deofthe4MCOWPmtbnowatermthmthe4MCO
WP. The results are given in Teble 6-18.

Table 6-18. Results from Inclasion of Neutronically Poisoned Center Rod

Input File Location of B,.C-} Center Pipe of kgtlc . kgt+2o
Rods Fuel Basket
bicmeoa | Top & Bottom .. Mark1A 0.8583 +0.0004 | - 0.8591
bdcmeo EveryBasket | Mark 1A 091724+0.0004 | - 0.9180
- bedmeodb Every Basket " MarklV 0.9171 £ 0.0004 |- 09179
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8. Attachments

The hardcopy attachments are listed in Table 8-1 below. Electronic attachments are provided on

compact disc and ere listed in Teble V-1 for Excel Spreadsheet, Table VI-1 for Rev OOA MCNP -
cases and Table VII-1 for Rev 00B MCNP cases (Ref. 7. 12)

Table 8-1. Attachments of Supporting Documentation for N-Reactor SNF Disposal

Criticality Analysls

Attachment Number

Description

Pages

T

size and Spacing

Summary Tebles of Cases Used to Determine Optnmum Paruc!e 4

Summary Teble of Cases Used to Determine Most Reactive
Loading Per MCO Basket

l .

d B =

Summary Table of Cases Used to Evaluate Various Neutronic
Absorber Configurations

.

Summary Table of Cases Used to Determine Optimum Pitch
and Particle Sizes for Cases in which the Scrap Baskets were
Limited to 575 kg of U

~ Summary Table and Excel Spreadsheets used in Engineering

Calculations (Also Stored Electronically.on CD)

19

Summary Table of Rev 00A MCNP4B case inputs and outputs
stored in electronic format

E, S| S|<.

Summary Table of Rev 00B MCNP4B2 case inputs and
outputs stored in electronic format

Drawing/Sketch of the Physical Dimensions of the MCO Waste

Package
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Attachment L. Parametric Study ¢o Determine Optimum Pitch for Heterogeneous
N-Reactor Fuel Sphere Cslculational Cases

A parametric smdywascompletedtodetemmethcmostreacuve(opnmmn)mzndsphmmd
most reactive {(optimum) spacing between spheres for the N-Reactor heterogeneous fuel sphere
case. Duemtbcquesnmablestucnna!mtcgmyoftth-Rcacmrﬁm!averyconscrmnve
approach was taken in this evaluation.

This epproach entailed dispersing heterogeneous pieces of fuel throughout the entire basket. The
@mmsphmedmmsdaemnedalongmththeopummnspacmgbcmsphems This
pammctncstudyconsxderedaninﬁmtcbymﬁmtcbymﬁmtcmyofﬁxe!sphaes The -
mmmmreachvitymdetemncd. : .

" Thesizes ofth:pamdcs (spheres)werehmxtedtothethlckmmdwlthxdmwsofthcactualﬁ:el
mamx,asconstmnedbylthmaloycladdmg 'Ihemultsﬁomthevanouspamdcsmand
spacing configurations are given below.

Table I-1. N-Reactor Spheres, Square Pitch Infinite Lattice

0.42925 cm Radius for Spheres
Output Filename | Distance Between | Distance Between S ) :
' Spheres Center to Sphcdegeto - ketlo kert20
| Center (C-C) (cm)- ge (E-E) (cm) S
. 0.9cm.0 09 0.0415 1.0475 1 0.0006 1.0487
~ 1.0cm.0 1.0 ' . 0.1415 1.1193 + 0.0006 1.1205
. l.lem.o 1.1 0.2415 1.1341 +0.0005 1.1351
1.2cm.0 12 . 03415 1.1213 + 0.0004 1.1221
1.3cm.0 13 - 04415 1.0874 4+ 0.0004 1.0882
I.4cm.o 14 0.5415 1.0393 £ 0.0004 1.0401
1.5cm.0 ‘ 1.5 0.6415 0.9814 + 0.0004 0.9822
1.6cm.o0 1.6 - 0.7415 0.9197 + 0.0004 0.9205
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Table I.2. N-Reactor Spheres, Square Pitch Infinite Lattice

0.42 cm Radins for Spheres
Output Filename | Distance Between | Distance Between ]

- Spheres C-C (cm) | Spheres E-E (cm) ke tlc . ka+20
0.85cm.o0 - 0.85 0.01 1.0050 £ 0.0007 - 1.0064
0.9cm.0 09 0.06 1.0628 £ 0.0006 . 1.0640

1.0cm.o 1.0 0.16 1.1204 + 0.0006 - 1.1216
1.lcm.o 1.1 026 -1.1325 £ 0.0005 1.1335
12cm.0 12 0.36 1.1137 £ 0.0004 1.1145
1.3cm.0 13 0.46 1.0748+ 0.0004 1.0756
l4cm.o 14 0.56 1.0222 + 0.0004 10230
1.5cm.0 15 . 0.66 - 0.9619 + 0.0004 0.9627
1.6cm.o - 1.6 0.76 0.8979 + 0.0004 0.8987
. Tablel-3. N-Reactor Sphem, Square Pitch Infinite Lathce
0.41 cmn Radius for Sphens
Output Filename | Distance Between Dzstance Between . o

o ) _ Spheres C-C (cm). Spheres E-E (cxn) ke +10 kyt+2c
0.85cm.o 0.85 ' 0.03 1,0305 £ 0.0006 1.0317
0.9cm.0 09 0.03 1.0789+0.0006 | 1.0801
1.0cm.0 1.0 0.18 1.1265 £ 0.0005 . 1.1275
1.lecm.o 1.1 0.28 " 1,1303 +0.0005 - 1.1313
‘1.2cm.0 12 038 1.1032 + 0.0005 1.1042
1.3cm.0 1.3 048 - 1.0589 + 0.0004 1.0597
1.4cm.0 14 0.58 '1.0031 +0.0004 - 1.0039
1.5cm.0 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 I-4. N-Reactor Spheres, Square Pitch Infinite Lattice

0.4 cm Radius for Spheres
‘Output Filename Distance Between | Distance Between
' Spheres C-C(cm) | Spheres E-E (cm) ke +lo ka+20
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
1.0cm.o 1.0 0.2 1.1298 + 0.000S . 1.1308
1.lcm.o 1.1 0.3 1.1248 + 0.0004 1.1256
12cm.0 12 - 04 1.0928 +0.0004 | 1.0936
1.3cm.0 13 0.5 1.0429+0.0004 ] 1.0437
14cm.0 14 0.6 . 0.9829+0.0004 -] 0.9837
1.5cm.0 1.5 0.7 0.9168 + 0.0004 0.9176
Table I-S. N-Reactor Spheres, Square Pitch Infinite Lattice
" 0.38 cm Radius for Spheres
OutputFilename | Distance Betweenh | Distance Between :
Spheres C-C (cm) | Spheres E-E (cm) ko tlc ka+20
0.8cm.o0 0.8 - 0.04 1.0414 +0.0006 - |- 1.0426
0.9cm.o 0.9 0.14 1.1146 4 0.0005 - 1.1156
:  1.0cm.0 1.0 0.24 1.1299 + 0.0005 . 1.1307
s llcm.o - LI 0.34 1.1071 £ 0.0004 - 1.1079
12cm.0 .12 0.44 1.0625+0.0004 | 1.0633
1.3cm.o 13 0.54 1.0029 + 0.0004 1.0037
14cmo 14 0.64 09355+0.0004 : | 0.9363
. L5cm.o 1.5 0.74 0.8659 + 0.0004 0.8667
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Table I-6. N-Reactor Sphera, Square Pitch Infinite Lattice

0.36 cm Radius for Spheres
Output Filename Distance Between | Distance Between -
Spheres C-C (cm) Spheres E-E (cm) ks 1o kat+2c
0.8cm.o 0.8 - 0.08 1.0811 + 0.0006 1.0823
0.9cm.o0 0.9 0.18 1.1252 + 0.0005 1.1262
1.0cm.0 - 1.0 0.28 1.1197 £ 0.0005 1.1207
1.lcm.o 1.1 0.38 1.0825 4 0.0004 . 1.0833
12cm.0 12 0438 10254+ 0.0004 | 1.0262
1.3cm.0 13 0.58 0.9579+0.0004 .| 09587
14cm.0 14 0.68 0.8837 + 0.0004 0.8845
Table I.7. N-Reactor Spheres, Square Pitch Infinite Lattice
0.34 cm Radius for Spheres
Output Filename | Distance Between | Distance Between S | :
' ' SpheresC-C(cm) SphcresE-E(cm) ketloc | kg+20
* 0.7cm.0 - 0.7 0.02 1.0823 +£0.0006 | 1.0835
0.8cm.o 0.8 0.12 1.1123 + 0.0006 1.1235
0.9cm.o 09 . 022 1.1313 £ 0.0005 1.1323
1.0cm.o 1.0 032 1.1066 + 0.0005 - 1.1076
l.lcmo 1.1 042 " 1.0543 +0.0004 . 1.0551
12cmo - 12 0.52 0.9867 + 0.0004 - 0.9875
1.3cm.0 13 0.62 0.9104 +0.0004 0.9104
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Attachment II. Parametric Study to Determine Optimum Loading for Heterogeneous
N-Reactor Fuel Sphere Calculational Cases

Attachment I considered infinite arrays of fuel spheres to determine the most reactive (optimum)
. 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 constrained by the
geometry of the fuel baskets and MCO. In these cases the 0.42925 cm radius fuel sphere was:

. walmwd“dthmeacmﬂnumbaofspherespresmtinthcbaskamnngdcpmdmgupon

- gpacing, ihusa!tenngtheﬁ:elloadmgineachofthebaskets. Thcmxﬂtsofthesecaswforthe
MarklAﬁzclaregweninTablell-l

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

' Equivalent to # - ,
Output Filename | Spacing Between of Mark 1A ketlc - | . ks+20
S Spheres (cm) Elements per .
: : Basket . : :
.. 0.9cm.0 ) . 0.9 655 - 0.8122 + 0.0005 . 0.8132
. L0cm.o 1. . 10, . .45.0 0.8675 1+ 0.0005 . . 0.8685
. 105cmo | 1.05 412 0.8801 £ 0.0005 - 08811
. Llcmo ) 1.1 . . 360 __0.8816+0.0005- |~ 0.8826
1.15cm.0 , 1.15 , 313 - | 08783100005 |:. 0.8793
‘1.2cm.0 12 275 - | 0.8680+0.0005 - 0.8690

As shown by these results, the highest k » was not achieved with the maximum fue] Joading per
basket (48 elements) but with a lower loading at a more optimized pitch. The most reactive pitch
for these specific geometrical configurations compared well with those determine in the infinite
array study completed in Attachment I. This an'angement was therefore used in the evaluation of
the cases for this calculation.
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Attachment 1. Evalnation to Determine Effects of Various Neutronic Poisoning
Configurations, N-Reactor Fuel Sphere Calculational Cass

An evaluation the effects of placing B,C neutronic poison in various Iocatlonsthlnnthe MCO
was performed. The results from these cases are given in Table II-1.

Table II-1. Summary Table of Cases Uscd to Evaluate Various Neutronic Absorber

Conﬁgurations.
Output | Sphere. Unit Cell | Absorber Form | Absorber Inner kai2c
Filename | Radius | Pitch and Quter
(cm) (cm) Radius (cm) .
outaax 04 | 10782 3BCrodsin 0-3.053 10.9777£0.0008
~ ’ middle four
baskets . '
outaa 04 1.0782 | 3B Crodsinall 0-3053 |0.9161 £0.0007
outubea 04 1.0782 | cylindrical B,C | 3.6-6.39706 | 0.9294 £0.0007
' _ shellaroond | :
centerpostinall
' . - baskets ’
outnewta 04 | 10782 | cylindrical BC- 3.6-6.6 0.9269 £0.0007
. ' ‘ shell aroutid .
center post in ell

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

Aneva!uanontheeﬁ'ectsofvarymgtheparuclesxzeandpltchbetweenpartwlsmtthCOwas

- performed. The results from these cases are given in Teble IV-1.

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

Output Particle Unit Celi Pitch | Sphere Unit Cell k120
Filename | Radius in Top inTop & Radiusin | Pitchin -
: & Bottom Bottom Middle Middle
- Baskets Baskets Baskets Baskets

(cm) _(em) (cm) (cm) ‘
outaal 04 0.52581 . 0.4 0.48276 0.9307 £ 0.0007
outaa2 04 0.52581 04 - | 0.525 . 0.9323 £ 0.0007
outaad |04 0.52581 042 0.5069 ] 0.9312 £ 0.0007
outaa$ 04 0.52581 042 054 ] 0.9326 £0.0008
outaa7 04 0.52581 042925 |0.51807 0.9312+£0.0007 |
outaa8 04 0.52581 042925 | 0S5 0.9332 £ 0.0008
outbal 042 0.5521 . - 0.4 048276 0.9309 + 0.0007
outba2 0.42 0.5521 0.4 0.525 0.9323 £0.0008 |
outbad 0.42 1 0.5521 - 042 0.5069 0.9323 £ 0.0007
outba7 |0.42 0.5521: 0.42925 |0.51807 0.9322 £ 0.0008
outba8 . | 042 0.5521 042925 |0.S55 0.9330 + 0.0008
outcal 0.42925 0.56426 04 048276 ' |0.9314+0.0008 |.
outca2 0.42925 0.56426 0.4 0.525 0.9340 % 0.0007
outcad 0.42925 0.56426 0.42 0.5069 0.9321 £ 0.0008
outcaS 0.42925 0.56426 042 0.54 0.9339 £ 0.0007
outca7 0.42925 0.56426 042925 |0.51807 = | 0.9315 +0.0008
outca8 0.42925 0.56426 042925 |0.55 0.9341 £ 0.0007
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. AttachmentV ’
Tsble V-1. Excel Spreadsheets used in Engineering Celculations Stored in Electronic Format on Compact Disc (Ref. 7.12)
File Description File Size | Date Last Access Scctions Used
Identifier o (Bytes) | . _
aitSexls Calcalated Number Densities for N-Resctor Fuel 3232 02/05%59 0531p Al Sections in Section 5.0 were
_ Matrices ____ R spplicable
sttSb.xls Calculated Number Densities for H20 used in 16,896 020599 C2:171p Section 2.2
- Interspersed Moderation Cases ] . -
i Caicutated Number Densities for Piacement of Carbon 13944 0205589 02:191p
attSexts | Sieel within the MCO a5 a Moderator Exclusion Material | Section 523
Calculsted Number Densities for e Dispersion of - 2,00 G2/0359 0220p
asitSdxis Uranium Scolution st Various . Section $2.6
) Concentrations throughout the MCO ’ _ .
Calculated Number Densities end Volumes used in eases 19,968 020559 06:30p
tSexis with 20 fuel in the center pipe and no central process tube 4 - Section 2.7

evaluated, Zircaloy-2 evaluated as Interspersed in the
anrular

Calculated Namber Densitics and Vohmes used lncases | 18,944 02705759 04:3%5p .

attSfxls with fuel in the eenter pipe and no ceatral process tube |- - Section $.2.7

. cvaluated, Zircaloy-2 evaluated as interspersed .
throughout MCO

Calculated Number Densifics and Volumes used in cases | 19,456 0270589 043%p
stSgxis with fucl in the centerpipcand central processtube |- - : :
evaluated, Zircaloy-2 evaluated #s bterspersed in the
gnnular region enly

Calculated Number Densities and Volumes gsed in cases 19,963 02/05/99 04:40p ; : R

with fue! in the center pipe and central process tube Sections $.2.7- 52.12
evaluated, Zircaloy-2 evaluated as bnterspersed in the

- annular reglon only 0.25 em radius particles

Sections $2.7- 5.2.12

¢
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Attachment V.a. Calcutation 10 Determine Fue! Matrix Volume Present in Rlark 4A Fuel

Fue!l Matrix « Inner Assembly

1. Radius Inner Edge of Inside Fuel Ratrtx fom) . 05225
2. Racius Outer Edge of Inside Fue! Matrix (cm) 1431

Fuel Matrx « Outer Assembly

3. Radlus loner Edge of Outside Fuel Matrix e 2296
4 Radius Outer Edge of Outalde Fuel Matrix (cm) 29005
Length of Fuet Region, L fem) s2.0692
Volume of Inner Fuel Assembly « Fuel Matrte Only fom®) 2954021
Volume of Outer Fuel Assembly « Fuel Matrix Only fam”) £99.8023

Tota! Volume of Fuel Matrix - 1 Elemert {cm’) 835.0045

All pumbers from Ref. 7.5
Equation used to Calculate Volume
Volume em) s g x (R xL)-(xx (RPxL)
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" Number Densities For K-Reactor Fue! Matiices
N-Resctor Fuel < Mark 1A - Outer Assembly

lsotope i mass no. W)
iy 25 2350438
my - 887108 2380508
oy 0092 280455

100

N-Reactor Fuel - Mark 9A - Innes Assembly

Isotope wix " mass o, OL)
By * osd47 ' D5.0439

gy 93.0133 2230508 -
ey 002 236,045 -

Number Densty (L) Formutas Used for Rumber Density Caiculstions
6.08548E420 .
LTUIE2 Ntk X 0 CLALY X 1 X 10 tomstncm
1.5003E+18
4BOTEEEN R péeny ® 98.0 gom® (Referance 7.11)

N, = 6.02252x 107 (Re!. 74, 5. 30)
M (Ref. 74,p.30)

Number DensXy (N)

4810ME+

ATEMUEENR
T 4.9003E+18

4.80T4TE+22



Waste Package Operations Engineering Galculation

Title: N-Reactor Spent Nuclear Puel Criticality Calculations
Document Wanfifier; BBAG00000-01717-0210-00005 REV 00 Attachment V, Page V4

K-Reactor Fue? - Mark 1A - Weighted Average ¢f Inner and Outer Assembly

Isotope ' % mass no. (V) Number Density (N}

By 14518 DB0439 B.507T3EC20

ey §3.808 2380508 4TLEWR2

=y 0.00%2 60438 1.9003E+19
<

100 4B0TSSER2

Calcutation to Detormine Amourt of Zircaloy-2 Present In Mark 1A Fua!

Cladding - Inner Assembly

1. Radius Inner Edge of Inside Clad fom) 0.859
2. Radius Outer Edge of Inside Clad {om) 0825
3. Radius Inner Edge of Outsida Clad {cm) 1432
&. Radics Outer Edgs of Outside Clad (cm) 1.8825

Cladding » Outer Assembly

. Radius Inner Edge of Inside Clad (cm)
6. Radius Outer Edge of inskie Clad (cm)
7. Radus knner Edge of Outsids Clad {cm)
8. Ragius Outer Edge of Outskie Clad (cm)

FEES
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Length &f Fue! Region fem) 820592
Length of End Pieces fom) 0483
Volume of Cladding Inner Assembly Volume of Cladding Outer Assembly
Inner Clad Volume {cm”) 122726 Inner Clad Volume (cm”) £1.9855
Outside Clad Volume (cm™) 508545 Outside Clad Violums (cm®) €275
Tota! Vol of Clad - Inner Assembly () 631374 Tota! Vot ¢f Clad - Outer Assembly fem®) 1030519
' Volume of End Pieces
Inner Assembly (o) . (T
Outer Assembly fem”) 13.0525
Tota! Vol - End Pieces fam”) . 19.7002

Tota! Volume of Zr Clad for g Single Element fem® 1387824
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Atachment Vb, Calculated Number Densities for Reduced Denslty Interspersed Water

% Densty - HO oo i/am®) N (stomedn-cm) #° {atomadn.em} N (atomstn-cm)

] 100 1 S88TIEW2 S34EW22 1000175423
) (1] SO1902Ee2 SPOSSIEN22 . G028
© 0s E35024E422 2BTBIZENR 8825388422
™ o7 4B8BESR2 2340735022 7822196422
o os 4D1268E+22 2006UEW22 C.01902E+22
0 [T LHWEIR 1ETISSEeR S01525Ev22
40 o4 2875126022 133755E+ 2 4012885422
© o3 200634E22 1.0031TE22 $.00351E422
20 c2 $.33755E422 C.58T8E21 . 2006ME22
15 (X $.00317E+22 6.01585E+21 1.804TEE02
10 o1 G.LS7EE+21 SUIEN 1.00317E+22
(3 ces 334306428 157185E421 8.01525E421
% c.0t G6273E«0 334356420 : 1003176028

Formusta used %o Calculate Number Denglties.

N @ Reduced Densty ® ook N* @ 100% Densly
N° @ Reduced Densiy = pao X N° & 300% Denslty

Number DensXties for 100% Densky H,0 fRef. 74, p.1-19)
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AttachmentV-c. Nmurmwmummmmmnnmm

&wmrmmwmwmmx
e

Theoretical Denslity Used (TD}
Grada 85 A §16 Cazbon Gtee! (CS) TAX2 glom® (Ref. 74, p. 1)
Viler(40) 1.0 gfem® (Ref. 74, p. +15)

Number D&mlﬂa (stomsa/bn-cm)

%TDCS XKD " " W " R "

1.0000E¢02  0.0000E+00 S8I93ED4 4E5184ED4 8.3300E-05 S.1635E-03 TIZT2E04 S223ELH2
9.0000E+0T  1.0000E+01 T.ITS6E-04 4 AS65E-04 4.TST0E05 LB4TELS C9545E-04 TASOIEL2
80000401  2.0000£+01 €O11EE0L SCMTEDS 42640605 4.1308E0S CABIZEDL CL578E02
TLH000E+01  $.0000E+01 C04TTEDL S2329E-04 37310605 SB145E05 SADEOL $.82565E02
G.0000E+01  4.0000E401 SABITEDL 2.TTI0E-04 31630605 3.0081ELS 46I6IEDL {93ME02
8.0000E+01  6.0000E¢01 £ 3198E-04 23092504 28850605 2B5818E05 3L53E04 S A812E-02
4.0000E401  6.0000E+08 4558504 1BA4EOL 24320605 20654E08 3.0905E04 $.S280E02
3.0000E+01  7.0000E¢01 - 26919504 13355504 1.5990E-05 1.5431E05 2I182E04 249GTED2
20000E+08  8.0000C+01 1.7270E-04 S8E05 1.0680E-05 18327605 15454504 1.8545E-02
1.0000E+01  0.0000E+01 GE3ELS 481405 B.3300E-05 CASISEDS  TITELS CX2NEL

. Formuztas ysed 1o caicutate number gensiies

NeN @ 100% TDz % TD CS or KO
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 Atachment V. $iumber Denslties (atoms/bn-cm) For N-Reactor Feel Dispersad in Solution Throughout Entire XCO

N-Reactor Foe! « Mark 1A - Weighted Average of inner and Outsr Assambly 1.95% Endiched

g/om® el ln ot tsotope w% mass no. Number Dens¥ies
1.1 nsu 1518 DIMR 205135419
P $3.800 " amsesos 24998021
206U 002 2EOGE 1.0002E418
100 283038421 N
Thee Dans of KO fyfem®) Ho -

1 H : e£825Ee2

° : . ML .

1.0024E+23 proo

182T7E+23 NP g [T g, OO Tl

N-Reactor Fue! - Bark 1A «Weighted Average of inner and Outer Assembly 1.15% Enriched

glom® et st fsotope . "% mass ro. Number Densities
0.005 nsu 14518 - - 2350438 1ATSEIEMS
28y 83809 ' 2380508 $.2499E2¢

28U (1.0 2350458 S.00075E+17

w . 1285165421 o



Waste Package Operations . R " Engineering Caléiitation

Title: N-Reactor Spent Nuclear Fuel Criticality Celculations .
Document Kentifier: BBA000000-01717-0210-00005 REV 00 AttachmentV, Page V9

S8342TE+22
334214E+22
1.00264E+23 i

Thes Dens of B0 (giem®) HO
. o
4]

1015206423  NPWm T o O™

N-Reactor Fuel - Mark 1A - Weighted Aversge of inner and Outer Assembly 1.13'5.&&“

glem® luel in sl hotope s mass . Number Densies

©.001 250 14518 2350438 2e513E418
sy 288% 2380508 24996E420
25U Y.t 250455 1.0002E+17

100 200E020 K™

Theo Dens of KO {g/em®) HO o e .

1 H : ) S285TENR
o . : 134285422 4
' ' : © 900056 Noon

$.0054E+23 N o Tl P00
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K-Reactor Fuel -Rark 1A - Weighted Average of inner and Outer Azssembly 1.15% Enriched

ghem*fuel n sol Ssotope % s 0. Hurber Denslies
€.0005 - sy 11518 250439 1ATS6EHS
8 g8.809 238.0508 12490E+420
26y (Y. 2050455 ED00BE+16 »
100 ' . 1.2652€+20 N
Theo Dens of H,0 (/e HO
1 ] : G.L350E422
(-] 33420E+22
: 1.0020E+423 (L]

10041E423  N™mNUN 4 pp00Tw

R-Rezctor Fue! - Mark 1A - Welghted Average of inner and Outer Assembly 1.45'% Eariched

wi ma3 K. Number Denglies

gfom® ket In sol sotope
0.0001 nsu LK T 1T SR L1 255135017
sy 82800 . 2380508 24998E410
236V 0.0382 . DBOLSS 1.0002E+18

100 28303E+19 Nt



Waste Package Operations Englneering Calculation

Title: N-Reactor Spent Nuclear Fuel Criticality Calculations , .
Document Kentifier: BBA000000-01717-0210-00005 REV 00 AtiachmentV, Page V-11

] ] _ CL350E+22
© 3MXNEI22
100206423 N

100326423 N™Mta Uty a0t

Fomuas Used for Nurber DensRy Calculations

K= (g/em® fuel In ol x wt % U, x 6.02252) /K, for U,

N = (1000 - {g/cm® fuel In sol x 1000) 7 18.832 g/em) } ) x 6.022 x 107 £18.0152 -
We2xN*

Al mass nos. (Rel. 7.11)
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Attachment V.a. Volume Calcutations of Mark 4A Fuel inserts For #,0-Zr Clad Cases - Canter Pips Kot Filled, No Process Tube Rodalied

Radius b Outride ef Center Pipe fom) (Ref. 7.7, Skelches G and &)

Ractus to Inside Surtace of Outer kxsert Wall (om) (Ref. 7.7, Skeiches § and €)

ide height ef Insert (cm) (Ref. 7.7, Sxeiches S and€)
Number of Fuel Elements

Vokume of Urantum Fuel Matrix om Single Element

Volune of Zircsioy-2 Cladding fom Single Element
Catculations for Fuelin Annutar Region

Vohume of Fue! Eloments Modetied - Fue! Matrix Only (em’)
Volume of Zr Clsdding from Mark 1A Fus! Elements ModeSed fom)
Volume of Anrutar Reglon for Fuet In Insert {om)

Volume of K0 - Annutar knsest Fuet Region fam?)

Volume Avaliable for 1,0 snd Zs - Annulsr Region (cm’)

Mass of Zircaloy-2 - Elements Modeled (g) :

Mass of Water In Annulsr Region g)

Censly of KO in H,OZr Rixture fp/em”)
Density o Zr bn HO-Zr Mixturs (glom)

Zircaloy-2 Number Denslties (atomsbo-cm)
Pruer ZiC-2 /o) Poa Tro2 pfem)
€55 ©.359350701

o 20640E04 . 180T1EQS
e 7.55526.05 4L325ELE
Fe 10743505 43131E06

841375
-28.70708

65622
4
€53.0044
169.1844

32201584

&085.9184.

132107.131
GITET.05421

- §9886.97261
f28.3412185
6378705421

0.839031605
0.393950701

Theo. Dens. of Zikcaloy-2 fplom”)
Theo. Dens. of H,0 Used {giom®)

# of Elements in Center Pipe
# of Elements in Anmutar Region

VolFracolZr

Fomulas Used

¥ C o™ N G Poscr X Pra

658 (R:f.;u.p.l-'
1 Ref.74.p.%
"

0.0609631
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o 42544502 umsm . W™ 0A4201EL02
N 3. 3547TELS 2.0584E06 '
€n 48601E04 28412605 o™ 3. M18EL02

[ 4JITEL2 25512603 N™Ovent ke ROZrmiture - 9.5852EL2
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Attachment V4. Volume Calcutations of iark 1A Fus! inserts For K,0-2r Clad Cases - Center Pipe Filled

Racius 1o knside of Center Pipe {cm) (Ref. 7.7, Sketches 8 and €) e21918 M.I‘:m.dlhdoy- €855  (Rel7A,p.H16)
Ractus 1o Outside of Centzr Pipe (om) (Ret. 7.7, Ekatches S and £) 841375 : 'lhe&edbem.dno t Ret. 74, p. 15)
Radius 1o kigide Surtace of Outer insert Wall {om) (Ret. 7.7, Eketches § and ) 28.76708 yem)
Inside height of Insert em) (Ref. 7.7, Bketches 6 and €) ’ ) . sse2
Volume of 43 Fue! Elements - Fue! Matit Only fem®) 42960214 Formutas Used”
Volume of Zr cladding from 43 1121k 1A Fue! Element (em?) £968.0352 )

Volume of Vold Ragion In Center Pipe {em®) 2182243009 NEpu® N P X P
Volume of Annudar Region for Fuel In Insert gnd CenterPipe (em®) - 134260374 .

Volume ¢f 1,0 - Annutar Insert Fue! Ragion (em?) BBe782

Volume Avalisbis for 1,0 and Zr - Annutar Reglon cm®) 130995302

Densty of KO In H,0-Zr Mixture {giem®™ 0901805745

Densly of Zr in M,0-Zr Rixture fgicm®) . 0.64415431
- Zircaky-2 Number Denslies (stoms/bn-em) ) ‘ #,0 Number Denstties (stoms/bn-cm)

Presr TR GlemY) Paa Zio2 (fcn Pun B0 (gfom”)
111 o541 €901

Blement o i ’ Element

N 2.9640E-04 28105605 [ 30185602

[ 7.5582E05 TASI0ELS N €.0310602

N TOTLIELS 65486506 :

N £2544E02 &41T76EC3 : N™  9O486ELR

(Lo} 33847ELS S.3039E06 '

N~ LB501EL 4576060 o™ SOIMEL2
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K™ 434ITELR2 4.2T0RED ) ) R™ Ovensl fr HO-Zrmbctre  §.4738E-02
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Attachment V.g. Volume Calcutations of Rark A Fuel inserts For H,0-2r Clad Cases - Canter Pipe Fllled Fuel Only, Ho Zr,

Process Tube $lodelled
Radius o Outaide of Center Pipe (om)

Radius o kiside Surface of Outer Insert Wal {em)

leside height of Insert form)

Rumber of Fue! Elsments

Volume ¢f Uranium fuel Matrix from single element
Volume of Zircaloy-2 Cladding from single element
Calcutations for Fue! In Annutar Reglon

Volume of Fue! Elements Modeled « Fuel Mattx Only o)
Volume of Zr eladding from Mark $A Fue! Elements Modelied {em”)
Volume of Annular Reglon for Fue! I Insert {em')

Volume of H,0 - Annutar insert Fuel Region fom)

Volume Avsiabla for M,O 81d Zr - Annwtar Reglon (o)
Rlass of Zircaloy-2 - Elements Modeled {g)

Mass of Water In Annutar Region (g)

Densky of H,0 In H,0-Zr Mixture (g/om™)
Denslty of Zr In H,0-Zr Midurs (/o)

Zircaloy-2 Number Densties (stomsbnem) .
Praeer 02 [g/em”) Poa T2 fgfom®)
€85 0422170184
Element
[ o 20640604 1.8075E05
Ne 7.8932E05 48398508

841375
28.70708

6582

8
£55.0044

| tesasu

322204584
8L20.2412
132107.431
£3458.72541
$38285.97261
§7R.9157317
83458.72549

0.935544789
0422170184

Element
N
N

.mwuqun}

Pos KO (gfer)

34287602

C2SMER -

Oens. of Ticaloy2 €85  (Ref. 74,p. M8}

o)
Theo.Dens. ol HOUsed 1
fg'om®)

fofBlementsinCenterPpe 2
SolEBlementsnAnmtsr’ 38
Reglon

Formutas Used

K E 0ot ™ N © Puer X Pos

Rel. 74, p.+19)
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N TOTECS 45527E S
N g2suER 273mECs N™ . e3sSIEQR
M 33TESS 2.1654E.06
K= 4SsOIEB 20090605 ™ $.1306E82
N™  eumER 27505503 N™OvenlfrHOZr et  §.5550E.02
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Attachment V-h, Yolume mamu'nurmm For H,O-Zr Clad Cases - Contar Pipe Fllled Fue! Only, No Zr,

Process Tube Modefled, Fus! Epherss ki Canter Pipe Kodeled gt 0.25 cm Radlus ata §.2em EE Spacing

mbmdwmm
Radius B Inside Eurface of Outer Insert Wall (cm)

Insids Helght of Insert {om)
Number of Fuel Elements
Volume of Uranium fue! Matrix from Single Element

Volume of Zirealoy-2 Cladding from Single Element
Calcutations for Fue! In Annudar Reglon

Volume of Fue! Elements Modelied « Fuel Matrix Only fom®)
Volume of Zr Cladding from Mark 1A Fue! Elements ModeSed {em?)
Volure ¢f Annutar Region for Fue! by Insert {cm”)

Volume ¢f H.0 « Annular Insert Fuel Region fem)

Volume Avaliable fr H,0 and Zr - Annutar Region (em®)

‘Mass of Zircaloy-2 - Elements Modelled ()

Mass of Water In Annutar Region &)

Mdmhwmm
Densky of Zr In H,0-Zr Mixture {giom”) -

Poua Tic-2 (glom®) Pou Tk (glom
€85 04443809668

N 2.9540E-04 20076EDS

843375
2870708

85822
&0
835.0044

189.1544

322201584
765878
132107.131
$3120.39661
$3385.9726%

10314950244

$3120.39561

oss22578T3

0ALL389688

Theo.Dens. ofZircaloy2 €88 (Rel. T4, p. ME)

Theo. Dens. ol HOUesd 4
et

CofElementshCenterPipe 4
# of Elements In Annular ]
Reglon

Vol Frac of Zieo2 b o2 - Water Mix

Formulas Usad

N Q Poa™ N C oo X Prs

Rel. T4, p. H19)

0.087742327
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i 75082605 " B.MTZELDS T ® C2UTEL2
[ ad TOTLEDS &TSNELE -
o 425UEQ 28820603 N™ S3521E02
) SI6LTEQS 22703608,
K~ 4BENEDL SAS89E05 o™ 31154502

AS4STEL2 20450E03 K™ Oversl or HOZrmidture  §.845TEC2
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Aftachment VI
Table VI-1. Rev. 00A MCNP Inputs and Outputs used in Engineering Calculations Stored

in Electronic Format on CD(Ref.7.12) -

File Size Date Last Access | File Name Table Used
(bytes)
11,867 11-02-98 1:221p | 1dp_mkla intactl 6-1
354,749 11-02-98 1:21p 1dp mkla_intactl.o 6-1
10,086 11-02-98 1:21p 1dp_mk4 intactl 6-1
365,249 11-02-98 1:21p 1dp_mk4_intactl.o 6-1
8,329 11-02-98 121p mkila_intactl 6-1
1348211 11-02-98 1:21p mkla_intactl.o 6-1
7,097 11-02-98 121p mk4_intactl 6-1
346,702 '11-02-98 1:21p mkd_intactl.o 6-1
11,820 10-12-98 10:02a | 1dp_mkle combla 62
369,698 10-12-98 10:02a | Idp _mkla_combla.o 6-2
10,245 10-12-98 10:02a | Idp_mk4 _combl 6-2
368,800 10-12-98 10:02a  { Idp_mk4 combl.o 6-2
8,420 10-12-98 10:02a | mkle_combla 6-2
352,439 10-12-98 10:02a | mkle _combla.o 6-2
7,148 10-12-98 10:02a | mk4_combl 6-2
348,850 10-12-98 10:02a | mk4_combl. 6-2
11,849 11-02-98 1:45p 1dp_mkla_spheresla 6-3
365,455 11-02-98 1:45p Idp_mkls _spheresla.o 6-3
10,300 11-02-98 1:45p Idp_mk4_spheresl 6-3
364,805 11-02-98 1:45p 1dp_mk4 _spheresi.o 6-3
-1 8,435 11-02-98 1:45p mkle_spheresia - -1 6-3
350,483 11-02-98 1:45p | mkla_spheresis.o 6-3
8,715 .| 10-12-98 10:02a | mkla_sphereslb 6-3
348,033 10-12-98 10:02a | mkla_sphereslb.o 6-3
7,183 11-02-98 1:45p mk4_spheresl 6-3
345,798 11-02-98 1:45p mk4_spheresl.o 63
8,600 10-12-98 10:03a | mkla_h20_10%2 64
355,924 10-12-98 10:03a | mkls_h20 10%sa.0 64
8,600 10-12-98 10:03a | mklae h20 20%a 6-4
352475 10-12-98 10:03a | mkla_h20 20%a.0 64
8,600 10-12.98 10:03a | mkla_h20 30%a 64
352,673 - 10-12-98 10:03a | mkla_h20 _30%sa.0 | 64
8,601 10-12-98 10:03a ., | mkla h20 40%a 64
353,394 10-12-98 10:03a | mkla h20 40%a.0 64
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File Size Date Last Access | File Name Table Used
(bytes) :
8,600 10-12-98 10:03a mkis h20 50%a 6-4
353,308 10-12-98 10:032 mkla h20 50%a.0 64
8,600 10-12-98 10:032 mkle _h20_60%a 6-4
352,672 10-12-98 10:032 mkis_h20 60%a.0 64
8600 - 10-12-98 10:03a | mkla h20 70%a -1 6-4
352,672 10-12-98 10:032 | mkia_h20_70%a.0 64
8,600 10-12-98 10:03a | mkla h20 80%a 64
350,565 10-12-98 10:03a mkle h20 80%a.0 164
8600 |10-12-98 10:032__| mkia_h20_90%a 64

‘1 350,530 10-12-98 10:03a mkia h20 90%s.0 ~j64
8435 10-12-98 10:03a | mkla_spheresl 6-4
12,017 11-02-98 1:49p 1dp_mkla _h2o0 0%a 16-5
368,652 11-02-98 1:49p 1dp_mkla h20 0%a.0 6-5
12,030 11-02-98 '1:49p 1dp_mkia h20_10%a .} 6-5
368,548 - 11-02-98 .1:49p 1dp_mkla h20 10%a.0 1 6-§
12,030 11-02-98 1:49p 1dp_mkla h20 20%a |1 6-5 -
368,541 11-02-98 1:4%9%p ldp_mkia h20 _20%a.0 6-5
12,030 - 11-02-98 1:49p Idp_mkla h20 _30%a 6-5
369,821 11-02-98 1:49p | 1dp _mkile h?0_30%sa.0 6-5
12,030 11-02-98 1:49p Idp_mkle h20 40%a 6-5
369,821 11.02-98 1:49p 1dp _mklas_h20 40%a.o -1 6-5.
12,030 - 11-02-98 1:49p 1dp_mkls_h20_50%a 6-S
369,821 11-02-98 1:50p | 1dp_mkla_h2o0_$0%z.0 16§
12,030 - 11-02-98 1:50p 1dp_mkle h20_60%a 2165
368,669 11-02-98 1:50p Idp_mkle h20 60%2.0 65
12,030 11-02-98 1:50p 1dp_mkla h20_70%a -} 6-5
368,633 11-02-98 1:50p Idp_mkla h20 70%a.0 {6-5
12,030 11-02-98 1:50p Idp_mkla h20 80%a . 165
358,669 11-02-98 1:50p 1dp_mkla h20 80%a.0 65
12,030 11-02-98 1:50p 1dp_mkla h20 90%e 65

-1 368,669 11-02-98 1:50p 1dp_mkla hZo0 90%sa.0 6-5
11,847 11-02-98 1:50p 1dp_mkla_spheresl 6-5
8,864 11-02-98 1:50p mkla_sphr cs10%a ") 6-6
351,007 - 11-02-98 1:50p mkla_sphr ¢s10%a.0 6-6
8,866 11-02-98 1:50p mkla_sphr ¢s20%ea 6-6
352,195 11-02-98 1:50p mkla_sphr cs20%e.0 6-6
8,864 11.02-98 1:50p mkla_sphr_cs30%ea "1 6-6
352,003 11-02-98 1:50p mkla _sphr cs30%ea.0 6-6
8,866 11-02-98 1:50p mklae _sphr cs40%a 6-6
352.297 11-02-98 1:50p mkla sphr cs40%e2.0 6-6
8,864 110298 1:50p | mkla_sphr_cs50%a 66
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.1 353,155 11-02-98 1:50p mkla sphr_cs50%a.0 6-6
8,864 11-02-98 1:50p mkla_sphr_cs60%a 6-6
353,791 11-02-98 1:50p mkla_sphr_cs60%s.0 6-6

18,864 11-02-98 1:50p mkla_sphr_cs70%a 6-6

- 1355,063 11-02-58 1:50p mkla _sphr ¢s70%a.0 6-6

- | 8,864 11-02-98 1:50p mkla_sphr_cs80%a 6-6

--1.356,335 11-02-98 1:50p mkla_sphr cs80%a.0 - 6-6

. 18,864 11-02-98 1:50p mkla_sphr_cs90%a 6-6

-1 357,925 11-02-98 1:50p mkla sphr_¢s90%a.0 6-6
8,824 11-02-98 1:50p - { mkla_intact cs10%a 1 6-7
348,504 11-02-98 ‘1:50p mkla_intact cs10%2.0 6-7
8,824 11-02-98 1:50p mkla_intact cs20%a "1 6-7
348,504 J 11-02-98 1:S1p mkla_intact cs20%a.0 6-7

- 1 8,824 11-02-98 1:51p |mkle intact cs30%a -} 67

.| 372,305 | 11-02-98 1:51p mkle_intact cs30%2.0 6-7

18,824 11-02-98 1:51p mkle intact cs40%a - 6-7

1.347,220 11-02-98 1:51p mkla_intact cs40%a.0 6-7
8,824 - 11-02:98 1:51p mkla_intact csS0%a .1 6-7
348,403 11-02-98 1:51p° | mkle intact cs50%a.0 16-7
8,824 1 11-02-98 1:51p | mkla _intact cs60%a 6-7
346,164 11-02-98 1:51p mkla_intact cs60%z.0 6-7
8,824 11-02-98 1:51p mkla_intact ¢s70%2a 1 6-7

- | 348,504 11-02-98 1:51p mkla_intact cs70%2.0 16-7

- 18,824 11-02-98 1:51p mkla_intact cs80%a ] 6-7
348,504 11-02-98 1:51p mkla intact cs80%a.0 6-7
8,824 11-02-98 1:51p mkla_intact cs90%a 1 6-7
339,389 11-02-98 1:51p | mkla_intact ¢s90%sa.0 6-7
8,825 11-02-98 1:51p mkle ncp csl0%a 6-8
350,271 11-02-98 1:51p | mkle ncp csi0%a.0 68
8,824 11-02-98 1:51p mkle_ncp_cs20%a 6-8
351,459 11-02-98 1:51p mkle _ncp cs20%a.0 6-8
8,824 11-02-98 1:51p mkla_ncp cs30%a 6-8
350,589 11-02-98 1:51p mkla_ncp_cs30%a.0 6-8
8,824 1110298 1:51p mkila ncp cs40%a 6-8
350,582 11-02-98 1:51p mkla ncp_cs40%a.0 - 6-8
8,824 11-02-98 1:51p mkla_ncp _cs50%a 6-8
352,731 11-02-98 1:51p mkle_ncp_cs50%a.0 6-8
8,824 11-02-98 1:51p mkla_ncp_cs60%a 6-8

-1 352,732 11-02-98 1:51p mkle_ncp_cs60%sa.0 6-8
8,827 11-02-98 1:51p mkls_ncp_cs70%a 6-8
356,004 11-02-98 1:51p 6-8

mkla_ncp_cs70%a.0
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8,824 11-02-98 1:51p mkla ncp cs80%a 6-8
357,492 11-02-98- 1:51p mkla_ncp cs80%a.o 6-8
8,824 11-02-98 1:51p mkla_ncp_cs90%a 6-8
359,655 11-02-98 1:51p mkla_ncp cs90%a.0 6-8.
8,394 11-02-98 1:51p mkla_ncp h20a 6-8
350,598 11-02-98 1:51p mkls_ncp_h202.0 6-8
8493 . 11-02-98 1:52p mkla_deg cp_filla 6-9
349,432 11-02-98 1:52p mkla_deg cp_filla.o 6-9
8,584 11-02-98 1:52p mkla _deg cp offa 6-9
350,670 11-02-98 1:52p mkla_degc cp_offa.o 169
8,770 11-02-98 1:52p mkia_deg.0.0001gcca 6-10
352,032 11-02-98 1:52p mkia deg 0.0001gcca.o .6-10
8,770 11-02-98 1:52p mkla_deg_0.0005gcca 6-10
350,936 11-02-98 1:52p mkla_deg 0.0005gcca.o 6-10
8,769 11-02-98 1:52p mkia deg 0.001pcca 6-10
352,130 11-02-98 1:52p mkla_deg 0.001gcca.o 6-10
8,769 11-02-98 1:52p mkla_deg 0.005gcca 6-10
350,324 11-02-98 1:52p mkla_deg 0.005gcca.0 '] 6-10
8,767 11-02-98 1:52p mkla_deg 0.01gcca .} 6-10
350,194 11-02-98 1:52p mkla_deg 0.01gcca.o '} 6-10
12,438 11-02-98 1:52p 1dp_mkile_cpfill zr h200%b "} 6-11
372,950 11-02-98 1:52p 1dp_mklza_cpfill_zr h200%b.0 6-11
12,509 11-02-98 1:53p 1dp_mkla_zr h200%c 6-11
371,812 11-02-98 1:53p 1dp _mkle zr h200%c.0 1 6-11
12,626 11-02-98 1:53p 1dp_mkla_cpfill_zr gs1.0a 6-12
372,335 11-02-98 1:53p 1dp_mkle_cpfill_zr ss1.0a.0 6-12
12,626 11-02-98 1:53p 1dp_mkla_cpfill zr ss2.0a 6-12
372,335 11-02-98 1:53p 1dp_mkle cpfill zr ss2.0a.0 6-12
12,626 11-02-98 1:53p Idp_mkle cpfill zr ss3.0a 6-12
1372,335 11-02-98 1:53p 1dp mkle _cpfill zr 6s3.0a.0 6-12
12.626 11-02-98 1:53p 1dp_mkle_cpfill zr s54.02 6-12
374,490 11-02-98 1:53p | 1dp_mkle cpfill zr, ss4.0a.0 6-12
14,435 11-02-98 1:53p ldp_mkla_cpfill zr_ss2.0gd.0la 6-13 .
372,682 11-02-98 1:53p 1dp_mkla cpfill zr £s2.0¢d.0lz.o0 ‘| 6-13
14,432 11-02-98 1:53p 1dp_mkla_cpfill_zr £52.02d0.12 6-13
378,095 11-02-98 1:53p 1dp_mkla_cpfill_zr_ss2.0gd0.12.0 6-13
14,435 11-02-98 1:53p 1dp_mkla_cpfill zr ss2.0pd1.0a - | 6-13
379,615 11-02-98 1:53p 1dp_mkle_cpfill_zr_ss2.0gd1.0a.0 6-13
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14,435 11-02-98 1:54p 1dp_mkla_cpfill_zr_ss2.0¢d.0la 6-14
372,682 11-02-98 1:54p 1dp_mkla_cpfill_zr §52.02d.01a.0 6-14
114,432 11-02-98 1:54p 1dp_mkla_cpfill_zr_ss2.0pd0.1a 6-14
1378,095 11-02-98 1:54p | ldp_mkla_cpfill_zr_ss2.0gd0.1a.0 6-14

14,435 11-02-98 1:54p 1dp_mkla_cpfill_zr £s2.00d1.0a - 6-14
1.379,615 11-02-98 1:54p 1dp_mkia_cpfill zr_ss2.0gd1.0a.0 6-14

14,068 11-02-98 1:54p 1dp_mkla_cpfill zr ss2.0 gd0.01b 6-15
1373,161 11-02-98 1:54p 1dp_mkla_cpfill zr ss2.0_gd0.0lb.o | 6-15
| 14,065 11-02-98 1:54p 1dp_mkla_cpfill_zr_ss2.0 gd0.1b 6-15

373,175 11-02-98 1:54p 1dp_mkla_cpfill zr ss2.0 ¢d0.1bo | 6-15
114,067 11-02-98 1:54p 1dp _mkla cpfill_zr ss2.0 pd1.0b 6-15

373,175 11-02-98 1:54p 1dp_mkla cpfill zr £s2.0 ¢d1.0b.o | 6-15
14,227 11-02-98 1:55p |1dp_mkla cpfill zr s2.0 £d0.0lc . | 6-16

373,842 11-02-98 1:55p 1dp_mkla cpfill zr ss2.0 ¢d0.0lc.o | 6-16

14,224 11-02-98 1:55p . | 1dp_mkla_cpfill_zr_ss2.0 gd0.1c 6-16

-372,688 11-02-98 1:55p | 1dp _mkla_cpfill_zr_ss2.0 pd0.Ic.o | 6-16

14,225 11-02-98 1:55p 1dp_mkla_cpfill zr_ss2.0_pd1.0c | 6-16

377,022 11-02-98 1:55p - |ldp_mkia cpfill zr §52.0 ¢d1.0c.o |6-16
| 14,308 11-02-98 1:55p | ldp mkla cpfill zr ss2.0 ¢d1.0d 616

373,298 11-02-98 1:55p 1dp_mkla_cpfill zr s2.0 £d1.0d0 | 6-16.

10,647 11-02-98 1:55p bdcwp 6-17

‘362,900 11-02-98 1:55p - | bdewpo '} 6-17
111,093 11-02-98 1:55p inp42b 6-17

364,472 11-02-98 1:55p inp42bo 6-17

11,132 11-02-98 1:55p inpd2¢c 6-17

364,619 11-02-98 1:55p inp42co 6-17

11,178 11-02-98 1:55p inp42d 6-17

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

10,803 11-02-98 1:55p bdcmceo 6-18

11,043 11-02-98 1:55p bdcmeoa 6-18 -

366,168 11-02-98 1:55p bdcmceoao 6-18

11,042 11-02-98 1:55p bdcmeodb 6-18

367,164 11-02-98 1:55p b4dcmcobo 6-18

364,351 11-02-98 1:55p b4cmeoo 6-18

1,392 11-02-98 11:48a { 0.9cm Appendix I-1

347,971 1110298 11:482 | 0.9cm.0 Appendix I-1

1,392 11-02-98 11:482a 1.0cm Appendix I-1
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347,971 11-02-98 11:48a 1.0cm.0 Appendix I-1
1,388 11-02-98 11:48a l.lem Appendix I-1
347,872 11-02-98 11:48a i.lemo Appendix I-1
1,395 11-02-98 11:48a 12cm Appendix I-1
346,783 11-02-98 11:482 .| 1.2cm.0 Appendix I-1
1,390 11-02-98 11:48a 1.3cm Appendix I-1
347,872 11-02-98 11:48a 1.3cm.0 Appendix I-1
1,394 11-02-98 11:48a l4cm Appendix I-1
348.094 11:02-98 11:482 14cm.o . | Appendix I-1
1,393 11-02-98 11:48a 1.5cm | Appendix I-1
348,289 11-02-98 11:48a 1.5cm.0 . | Appendix I-1 -
1,394 11-02-98 11:48a 1.6cm - t | AppendixI-1 |}
348,607 11-02-98 11:48a 1.6cm.0 Appendix I-1 -
1,392 11-02-98 11:48a 1.7ecm - Appendix I-1
348,607 11-02-98 11:48a 1.7cm.0 Appendix I-1
.. | 1,387 11-02-98 11:492 ] 0.85cm Appendix I-2
. 1347011 11.02-98 11:492 | 0.85cm.0 Appendix 1-2
1,389 11-02-98 11:49a 09cm - Appendix I-2
347,875 11-02-98 11:492a | 0.9cm.0 . Appendix I-2
1,391 11-02-98 11:492 1.0cm .. | Appendix I-2
347,011 11-02-98 11:492 - | 1.0cm.0 | Appendix I-2
1,390 11-02-98 11:49a 1.lem ‘Appendix I-2
346,912 11-02-98 11:492- | l.lcm.0 Appendix I-2
1,389 11-02-98 11:49a 1.2cm Appendix I-2
- 1347.776 11-02-98 11:49a 1.2cm.0 .| Appendix I-2
1,387 11-02-98 11:49a 1.3cm - | Appendix I-2
- 1347,971 11-02-98 11:492 - | 1.3cm.0 | Appendix I-2
1,391 11-02-98 11:49a 1.4cm Appendix I-2
348,190 11-02-98 11:49a 14cm.0 Appendix I-2
' 1,387 11-02-98 11:49a 1.5cm Appendix [-22
347,137 11-02-98 11:492 1.5cm.0 Appendix I-2
1,389 11-02-98 11:4%9a 1.6cm Appendix I-2
348,607 11-02-98 11:492 1.6cm.0 Appendix I-2
1,391 11-02-98 11:502 | 0.85cm Appendix I-3
347,966 11-02-98 11:50a | 0.85cm.0 Appendix I-3
11,389 11-02-9811:502 | 0.9¢cm Appendix J-3
348,608 11-02-98 11:502 | 0.9cm.0 Appendix I-3
1,392 - 11-02-98 11:502 1.0cm | Appendix I-3
347,420 11-02-98 11:502 1.0cm.0 Appendix 1-3
1,390 11-02-98 11:502 1.Jem Appendix I-3
348,512 11-02-98 11:502 1.lem.o Appendix I-3
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1,387 11-02-98 11:50a 1.2cm , Appendix I-3
348,827 11-02-98 11:50a 12cmo - - | Appendix I-3
1,380 11-02-98 11:50a 1.3cm Appendix I-3
348,830 11-02-98 11:50a 1.3cmo C " | Appendix I-3
1,387 11-02-98 11:50a 14cm . | Appendix I-3
349,148 11-02-98 11:50a 14cm.o ' - | Appendix I-3 -
11,389 11-02-98 11:50a | 1.5em - L. Appendix I-3
348,374 11-02-98 11:50a 1.5cm.0 Appendix I-3
1,389 : 11-02-98 11:50a 1.6cm . .| Appendix I-3
349,880 11-02-98 11:50a | 1.6cm.o .| Appendix I-3
1,391 i 11-02-98 11:50a | 0.8cm Appendix I-4
'348,926 11-02-9811:50a '} 0.8cm.o "] Appendix I-4
1,388 - 11-02-9811:50a |09cm | Appendix I-4
348,509 11-02-98 11:502 | 0.9cm.0 . |‘Appendix 1-4
1,390 11-02-98 11:50a 1.0cm Appendix 14 -
346,252 11-02-98 11:50a 1.0cm.0 Appendix -4
1,390 11-02-98 11:50a 1.lem - | Appendix I-4
347,671 11-02-98 11:50a 1.lcm.o - | Appendix 14
‘1,391 11-02-98 11:50a 1.2cm ' .} Appendix I-4
|:348,731 11-02-98 11:50a 1.2cm.0 Appendix [-4
13383 11-02-98 11:50a 1.3cm Appendix 14
-349,049 11-02-98 11:50a 1.3cm.0 - . '| ‘Appendix I-4
1,390 11-02-98 11:50a 1.4cm ‘| -Appendix 1-4
‘349,244 - | 11-02-98 11:51a 1.4cm.0 < Appendix I-4
‘1,389 11-02-98 11:51a 1.5cm ‘| Appendix 14
‘349,562 11-02-98 11:51a 1.5cm.0 : . ) Appendix I-4
1,391 11-02-98 11:51a 1.6cm Appendix 14
349,880 11.02-98 11:51a * { 1.6cm.0 . | Appendix 14
1,390 11-02-98 11:51a 0.8cm Appendix I-S
349,242 11-02-98 11:51a | 0.8cm.o ‘ - Appendix I-§
1,388 11-02-98 11:51a | 0.9cm Appendix I-5
347,736 11-02-98 11:51a 09cm.0 Appendix I-5
1,384 11-02-98 11:51a 1.0cm Appendix I-S
348,828 '} 11-02-98 11:51a 1.0cm.0 Appendix I-S
1,387 11-02-98 11:51a 1.lcm - Appendix I-5
349,146 11-02-98 11:51a 1.lcm.0o Appendix I-5
1,380 . 11-02-98 11:512 | 1.2cm Appendix I-5
349,047 11-02-98 11:51e 1.2cm.0 Appendix I-5
1,385 11-02-98 11:51e 1.3cm ‘ Appendix I-5
348,408 11-02-98 11:51a 1.3cm.o Appendix I-S

1,390 11-02-98 11:51a | 1.4cm Appendix I-5
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349,878 11-02-98 11:51a l14cm.o Appendix I-5
1,389 11-02-98 11:51a 1.5cm Appendix I-S
350,100 11-02-98 11:51a 1.Scm.0 Appendix I-§
1,386 11-02-98 11:51a 1.6cm Appendix I-§
350,514 11-02-98 11:51a 1.6cm.0 Appendix I-S§
1,389 11-02-98 11:52a | 0.8cm Appendix I-6
346,584 11-02-98 11:52a | 0.Bcm.o .| Appendix I-6
1,387 11-02-98 11:52a | 0.9cm Appendix I-6
348,924 11-02-98 11:52a | 0.9cm.0 Appendix I-6
1,390 11-02-98 11:52a 1.0cm Appendix I-6
348.924 11-02-98 11:52a 1.0cm.0 Appendix I-6
.- 11,385 11-02-98 11:52a l.lcm Appendix I-6

- |347,958 11-02-98 11:52a l.lcm.o AppendixI-6
1,391 11-02-98 11:52a 12cm Appendix I-6 -

. | 349,461 11-02-98 11:52a 12cm.0 Appendix I-6

- |13s8 11-02-98 11:52a 1.3cm Appendix I-6 :

. .1-348,726 11-02-98 11:52a 1.3cm.0 AppendixI-6 -
1,388 11-02-98 11:52a l.4cm Appendix I-6
350,196 11-02-98 11:52a 14cmo - Appendix I-6

11,389 11-02-98 11:52a 1.5cm Appendix I-6
. 1345,675 12-08-98 9:10a 1.5cm.0 " | Appendix I-6
{ 1,389 11-02-98 11:52a 1.6cm . | Appendix I-6
- | 350,832 .11-02-98 11:52a 1.6cm.0 Appendix I-6 -
1,387 11-02.98 11:52a | 0.7cm AppendixI-7_|
1347,937 11-02-98 11:52a | 0.7cm.0 Appendix I-7
11,391 11-02-98 11:52a | 0.8cm Appendix I-7
347,739 11-02-98 11:52a ] 0.8cm.o Appendix I-7
11,387 11-02-98 11:52a | 0.9cm Appendix I-7
348,609 11-02-98 11:53a | 0.9cm.0 Appendix I-7
1,386 11-02-98 11:53a 1.0cm - Appendix I-7
348,828 11-02-98 11:53a 1.0cm.o Appendix I-7
1,389 11-02-98 11:53a l.lcm Appendix I-7
347,994 11-02-98 11:53a 1.lcm.o Appendix I-7
1,377 11-02-98 11:53a 12cm Appendix I-7
349,563 11-02-98 11:53a 1.2cm.0 Appendix I-7
11,384 11-02-98 11:53a 1.3cm Appendix I-7
349,563 11-02-98 11:53a 1.3cm.0 Appendix I-7
1,389 11-02-98 11:53a l.4cm Appendix I-7
348,729 11-02-98 11:53a | 1.4cm.0 Appendix I-7
1,388 11-02-98 11:53a 1.5cm Appendix I-7
350,199 11-02-98 11:53a 1.5cmo Appendix I-7
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- 11,392 11-02-98 11:53a | 0.9cm Appendix II-1
347971 11-02-08 11:53a | 0.9cm.0 Appendix II-1
1,395 11-02-98 11:532 | 1.05cm Appendix II-1
346,981 11-02-98 11:532 | 1.05cm.0 Appendix II-1
1,392 11-02-98 11:532 | 1.0cm Appendix II-1
347,971 11-02-98 11:53a | 1.0cm.0 Appendix I-1
1,396 11-02-98 11:53a .| 1.15cm _| Appendix II-1
347,011 11-02-98 11:532 | 1.15cm.0 _| Appendix II-1
{1,388 11-02-98 11:532 | 1.1em { Appendix II-1
1347872 11-02-98 11:532_ | 1.1cmo Appendix II-1
11,395 11-02-98 11:53a | 1.2cm Appendix II-1
|.346,783 11-02-98 11:53a | 1.2cm.o Appendix II-1
.| 365334 11-02-9811:542__ | outaa | Appendix IIi-1 |
- 1.366,304 11-02-98 11:54a | outaax _J Appendix II-1 | -
1 366,637 11-02-98 11:54a | outnewta ] Appendix i1 | -
364,481 11-02-98 11:54a2 | outubea | Appendix II-1
-1 353,842 11-02-98 11:54a | outaal Appendix IV-1
354,994 11-02-98 11:552 | outaa2 Appendix IV-1
~ 1.355,001 11-02-98 11:552 | outaad Appendix IV-1 | -
- .| 353,849 11-02-98 11:552 | outaa$ - | AppendixIV-l | -
354,994 11-02-98 11:552 | outaa? - | AppendixIV-1 |
354,041 11-02-98 11:55a | outaa8 Appendix IV-1 | -
357,045 11-02-08 11:552 | outbal " | Appendix IV-1 | -
360,655 11-02-98 11:55a | outba2 “} Appendix IV-1 | -
356,832 11-02-98 11:55a | outba4 | Appendix IV-1 | - -
355,872 11-02-98 11:55a | outba? Appendix IV-1 |- -
| 358,224 11-02-98 11:55a__{ outba8 Appendix IV-1
355,680 _ 11-02-98 11:55a__ | outcal Appendix IV-1
355,001 11-02-98 11:55a | outca2 Appendix IV-1
356,832 11-02-98 11:55a | outcad Appendix IV-1
355,001 11-02-98 11:55a | outca$ Appendix IV-1
356,832 11-02-98 11:55a _ | outca7 Appendix IV-1
354,994 11-02-98 11:552 | outca8 Appendix [V-1
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11,867 11-02-98 1:21p 1dp_mkla_intactl 6-1
354,749 11-02-98 1:221p - | 1dp mkia intactl.c 6-1
10,086 11-02-98 121p 1dp_mk4_intactl 6-1
365,249 11.02-98 1:21p 1dp_mk4, intactl.o 6-1
8,329 11.02-98 1:21p . | mkla intactl - 6-1
348211 11-02-98 1:21p mkla_intactl.o. 6-1
7,057 .11-02-98.1:21p mkd_intactl . 6-1
346,702 11-02-98 1:21p mk4_intactl.o 6-1
11,820 '] 10-12-98 10:02a | 1dp mkla.combla 62
369,698 10-12-98 10:02a - | ldp_mkla combla.o 62
- |L10,245 10-12-98 10:022 | 1dp_mk4 combl 6-2
1 368,800 '10-12-98 10:02a | 1dp_mk4 combl.o 6-2
8,420 10-12-98 10:02a | mkla_combla - 62
352,439 10-12-98.10:02a | mkla_combla.o 6-2
7,148 10-12-98 10:02a. | mk4_combl 62
348,850 10-12-98 10:02a | mk4_combl. - 6-2
‘11,849 11-02-98 1:45p 1dp_mkla_sphereslsa 6-3
365,455 11-02-98 1:45p | 1dp mkila sphereslao .. | 6-3
10,300 11-02-98 1:45p 1dp_mk4_spherest 6-3
364,805 11-02-98 1:45p 1dp_mk4 spheresl.o 6-3
10,007 12-07-98 1:05p Idp_mk4 spheresia 16-3
359,447 12-07-98 1:05p 1dp_mk4_spheresia.o 6-3
8,435 11-02-98 1:45p mkla_spheresla 6-3
350,483 11-02-98 1:45p mkla_spheresla.o 6-3
8,715 10-12-98 10:02a | mkla_spheresib 6-3
348,033 10-12-98 10:02a | mkla_spheresib.o 6-3
7,183 "1 11402-98 1:45p mk4,_spheres] 6-3
345,798 11-02-98 1:45p mkd4_spheresl.o 6-3
8,600 10-12-98 10:03a | mkla h20_10%a 6-4
355,924 10-12-98 10:03a ) mkla_h20_10%a.0 64
8,600 10-12-98 10:03a | mkla h20 20%a 64
352475 10-12-98 10:03a mkla_h20 20%a.0 | 64
8,600 10-12-98 10:03a | mkla h20 30%a 64
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352,673 10-12-98 10:032 | mkia_h20_30%a.0 164 |
8,601 10-12-98 10:032 ] mkla_h20 40%a 64
353,394 10-12-98 10:032 | mkla_h20 40%a.0 6-4
8,600 10-12-98 10:03a | mkla h20 50%a 164
353,308 10-12-98 10:03a | mkla_h20_50%sa.0 64
8,600 10-12-98 10:032 | mkia_h20 60%a 64
352,672 10-12-98 10:03a | mkla_h20_60%a.0 | 64
18,600 - 10-12-98 10:03a | mkia_h20_70%2a 64
- | 352,672 10-12-98 10:03a | mkla h20 70%a.0 64
8,600 10-12-98 10:032 | mkla h20 80%=a 164
- 1350,566 - 10-12-98 10:03a | mkla h20 80%2.0 64
| 8,600 10-12-98 10:03a | mkla_h20 90%=a | 64
| 350,530 - 10-12-98 10:03a | mkla_h20 90%sz.0 64
8,435 . .10-12-98 10:03a | mkia spheresl -1 64
12,017 11-02-98 1:49p° {ldp_mkla h20 0%e 6-5
368,652 11-02-98 1:49p . | ldp_mkla h20 0%a.0 - | 6-§
| 12,030 11-02-98 1:49p . | ldp_mkla h20 10%a 65
368,548 11-02-98 1:49%p 1dp_mkla_h20_10%a.o 6-S
12,030 -11-02-98 1:49p - ] ldp_mkla _h20 20%za 6-S
368,541 '} 11-02-98 1:49p | 1dp_mkla h20 20%a.0 6-S
12,030 11-02-98 1:49p - |1dp_mkilas h20_30%a 6-S
369,821 . 11-02-98 1:4% 1dp_mkla_h20_30%a.0 | 6-§
12,030 - 11-02-98 1:49p | ldp mkia h20 40%a : 165
- | 369,821 11-02-98 1:49p . | ldp _mkla h20 40%za.0 65
- 112,030 11-02-98 1:49p 1dp_mkla_h20_50%a 6-5
369,821 11-02-98 1:50p Idp_mkla_h20 _50%a.0 6-S !
. '} 12,030 11-02-98 1:50p 1dp_mkia_h20 60%a 6-5
368,669 11-02-98 1:50p 1dp_mkla_h20 60%z.0 6-5.
112,030 11-02-98 1:50p 1dp_mkla _h20_70%ea 6-5
368,633 11-02-98 1:50p ldp_mkls_h20_70%a.0 6-5
12,030 11-02-98 1:50p 1dp_mkia h20 80%a 6-5
368,669 11-02-98 1:50p 1dp mkia h20 80%a.0 6-5
12,030 11-02-98 1:50p - | ldp_mkla h20 90%a 65
368,669 11-02-98 1:50p 1dp: mkis_h20 90%ea.0 65
11,847 11-02-98 1:50p | ldp mkla spheresl 6-5
8,864 11-02-98 1:50p mkle_sphr cs10%a 6-6
351,007 11-02-98 1:50p mkla_sphr ¢s10%a.0 6-6
8,866 11-02-98 1:50p mkla_sphr cs20%a 6-6
352,195 11-02-98 1:50p mkla_sphr cs20%a.0 6-6
8,864 11-02-98 1:50p mkla_sphr cs30%a ] 6-6
352,003 11-02-98 1:50p mkla_sphr cs30%ea.0 6-6
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8,866 11-02-98 1:50p mkla_sphr_cs40%a 6-6
352,297 11-02-98 1:50p mkla sphr cs40%2.0 6-6
8,864 11-02-98 1:50p mkla_sphr cs50%a 6-6
353,155 11-02-98 1:50p mkla_sphr cs50%a.0 6-6
8.864 11-02-98 1:50p mkle_sphr cs60%a 6-6
353,791 11-02-98 1:50p mkla_sphr_cs60%2.0 6-6
8,864 11-02-98 1:50p mkla_sphr_cs70%a 6-6
355,063 11-02-98 1:50p mkla_sphr_cs70%a.0 6-6
8,864 11-02-98 1:50p mkla_sphr_cs80%a 6-6

356,335 11-02-98 1:50p mkla sphr cs80%a.o . 166

+ | 8,864 11-02-98 1:50p mkla_sphr cs90%a '] 6-6
357,925 11-02-98 1:50p mkla sphr cs90%a.0 6-6
8,824 11-02-98 1:50p | mkla_intact cs10%a 6-7
348,504 11-02-98 1:50p mkila_intact cs10%8.0 {16-7

- 18824 - 11-02-98 1:50p mkla_intact ¢cs20%a | 6-7

. 1348504 11-02-98 1:51Ip mkla_intact ¢s20%a.0 -1 6-7
. 8,824 11-02-98 1:51p mkla_intact ¢s30%a ) 6-7

. 1 372,305 11-02-98 1:51p mkla_intact_cs30%a.0 1 6-7
8824 11-02-98 1:51p mkla_intact_cs40%a 67
347220 | 11-02-98 1:51p mkla_intact_cs40%a.0 6-7
8824 11-02-98 1:51p mkla_intact_cs50%a '} 6-7

.~ 1 348,408 11-02-98 1:51p .- | mkla intact ¢s50%8.0 16-7
8,824 11-02-98 1:S1p mkla_intact cs60%za 6-7
346,164 11-02-98 1:S1p mkla_intact_cs60%a.0 6-7

18824 11-02-98 1:S1p | mkla_intact cs70%e | 67

- 1348,504 11-02-98 1:51p mkila intact ¢s70%2.0 | 6-7

18824 11-02-98 1:Sip mklsa _intact cs80%a . 6-7
348,504 11-02-98 1:51p | mkle intact cs80%a.0 16-7
8,824 11-02-98 1:51p | mkla intact_cs90%a 1 6-7
339,389 11-02-98 1:51p mkle_intact cs90%a.0 6-7
8,825 11-02-98 1:S1p mkia_ncp_csl0%ea ‘| 6-8
350,271 11-02-98 1:51p mkla ncp cs10%a.0 6-8
8,824 11-02-98 1:51p | mkla ncp, cs20%a 6-8
351,459 11-02-98 1:51p mkla _ncp cs20%a.0 6-8
8,824 11-02-98 1:51p mkla_ncp cs30%a 6-8
350,589 11-02-98 1:51p .| mkls ncp cs30%ea.0 6-8
8,824 - 11-02-98 1:51p mkle_ncp es40%a 6-8
350,582 11-02-98 1:51p mkla_ncp_cs40%a.0 6-8
8,824 11-02-98 1:51p mkla_ncp ¢s50%a 6-8
352,731 11-02-98 1:51p mkla_ncp_csS0%a.0 6-8
8,824 11-02-98 1:51p mkla_ncp cs60%ea 6-8

‘
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352,732 11-02-98 1:51p | mkla_ncp_cs60%2a.0 68
8,827 11-02-98 1:51p |} mkla ncp_cs70%a 6-8
356,004 11-02-98 1:51p | mkla ncp cs70%2a.0 68
8,824 11-02-98 1:51p | mkla ncp cs80%a 68
357,492 11-02-98 1:51p | mkla _ncp cs80%z.0 68
8824 11-02-98 1:51p | mkla ncp cs90%a 68
359,655 11-02-98 1:51p | mkla ncp_cs90%a.0 68
94 11.02-98 1:51p - | mkla_ncp_h20a 68
350,508 11-02-98 1:51p | mkla ncp_h20a.0 68
8493 110298 1:52p | mkla_deg cp_filla 69
- 349432 11-02-98 1:52p | mkla_deg cp filla.o 69
| 8,584 11-02-98 1:52p | mkia deg cp offa 69 -
. 350,670 - 11-02.98 1:52p | mkla_deg cp_offa.o 169
8770 : - '11-02-98 - 1:52p mkla_deg 0.0001gcca 16-10
352,032 11-02-98 1:52p | mkls deg 0.0001gcca.o - 6-10
- 18770 11-02-98 1:52p | mkla_deg 0.0005gcca 6-10
- |350,936 - 11-02-98 1:52p mkle_deg 0.0005gcca.o 6-10
18,769 . 11-02-98 1:52p - | mkla_deg 0.001gcca 6-10
352,130. 11-02-98 1:52p | mkias_deg 0.001gcca.o 6-10
8,769 . 11-02-98 1:52p | mkis_deg 0.005gcca 6-10
... | 350,324 11-02-98 1:52p . |'mkls _deg 0.005gcca.0 6-10
o 18,767 11-02-98 1:52p | mkle deg 0.0lgcca 6-10
350,194 . 11-02-98 1:52p | mkls_deg 0.0lgcca.o 6-10
12,438 11-02-98 1:52p | Idp mkle cpfill zr h200%b 6-11
372950  |1102-98 1:52p | ldp mkle cpfill zr h200%b.o 6-11
12,509 11-02-98 1:53p | 1dp_mkle zr h200%c 6-11
371,812 11-02-98 1:53p | Idp mkls_zr h200%c.0 6-11
- 112,626 11-02-98 1:53p | I1dp mkla _cpfill zr ss1.0a 6-12
372,335 11-02-98 1:53p | 1dp_mkla_cpfill zr _ss1.0a.0 6-12
12,626 11-02-98 1:53p | 1dp_mkla_cpfill_zr ss2.0a 6-12
372,335 11-02-98 1:53p | I1dp_mkla_cpfill zr ss2.0a.0 6-12
12,626 11-02-98 1:53p | 1dp mkla_cpfill zr ss3.0a 6-12
372,335 11-02-98 1:53p | 1dp_mkile_cpfill_zr ss3.02.0 6-12
12,626 11-02-98 1:53p | 1dp mkle_cpfill_zr_ss4.0a 6-12
374,490 11-02-98 1:53p  |1dp mkla cpfill zr ss4.0a.0 6-12
14,435 11-02-98 1:53p | 1dp _mkla cpfill_gzr _ss2.02d.0la 6-13
372,682 11-0298 1:53p | 1dp_mkle_cpfill_zr_ss2.0gd.0la.0 6-13
14,432 11-02-98 1:53p 1dp,_mkla_cpfill zr_gs2.0gd0.1a 6-13
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378,095 11-02-98 1:53p 1dp_mkla_cpfill zr §s2.00d0.12.0 | 6-13
14,435 11-02-98 1:53p 1dp_mkia_cpfill_zr_ss2.0pd1.0a 6-13
379,615 11-02-98 1:53p 1dp_mkia_cpfill zr 552.0pd1.0a.0 6-13
13,238 12-29-98 1:19p 1dp_mk1a_cpfill_zr_ss2.0gd.01 6-14
370,193 12-29-98 1:19p 1dp_mk1a_cpfill_zr_gs2.0gd.01.0 6-14
13,213 12-29-98 1:19p 1dp_mkis cpfill_zr s52.00d0.1 6-14
1369981 12-29-98 1:19p 1dp _mkla_cpfill zr §52.00d0.1.0 6-14
13,213 . 12-29-98 1:20p 1dp_mkla_cpfill zr_ss2.0zd1.0 . | 6-14
370,294 12-29-98 1:20p 1dp_mkla_cpfill zr ss2.0¢d1.0.0 ] 6-14
| 14,068 . 11140298 1:54p 1dp_mkle_cpfill_rr ss2.0 _£d0.01b 6-15
- 1 373,161 11-02-98  1:54p 1dp_mkila cpfill zr £52.0 ¢d0.0lb.o | 6-15
| 14,065 11-02-98 1:54p Idp_mkia_cpfill_zr s52.0 ¢d0.1b 6-15
. | 373,178 11-02-98 1:54p 1dp_mkls _cpfill zr 5s2.0 ¢d0.1bo | 6-15
C 14067 - 1110298 1:54p 1dp_mkla_cpfill zr £52.0 £d1.0b 6-15
373,175 11-02-98 1:54p | ldp mkle _cpfill zr ss2.0 ¢d1.0b.o | 6-15
- [14227 - . ]11-02-98 1:55p 1dp _mkla cpfill zr §52.0 £d0.01c 6-16
" 1373842 11-02-98 1:55p 1dp_mkla cpfill zr £s2.0 £d0.01c.o | 6-16
L 134,224 11-02-98 1:55p | 1dp mkla cpfill 2r ss2.0 pd0.1c - | 6-16
- .} 372,688 11-02-98 1:55p 1dp_mkia_cpfill zr ss2.0 ¢d0.1c.o | 6-16
114,225 11-02-98 1:55p 1dp_mk1e_cpfill zr s2.0_gdl.Oc - | 6-16
<1 377,022 11-02-98 1:55p 1dp_mkia_cpfill_zr_ss2.0_gdl.0c.o 6-16
o 114,308 11-02-98 1:55p Idp_mkle_cpfill zr ss2.0 gd10d - | 6-16
1373,298 11-02-98 1:55p 1dp_mkle cpfill zr ss2.0 ¢d1.0d.o | 6-16
10,647 11-02-98 1:55p | bdcwp 617
{362,900 -1 11-02-98 1:55p bdcwpo { 6-17
11,093 11-02-98 1:55p inp42b . | 6-17
364,472 11-02-98 1:55p inp42bo -} 6-17
11,132 11-02-98 1:55p inp42c 6-17
364,619 11-02-98 1:55p inp4d2¢co -] 6-17
11,178 11-02-98 1:55p inp42d 6-17
364,695 11-02-98 1:55p inp42do 6-17
10,803 11-02-98 1:55p b4cmceo 6-18
11,043 11-02-98 1:55p bdcmceoa 6-18
366,168 11-02-98 1:55p bdcmceoao 6-18
11,042 11-02-98 1:55p - | bd4cmeob 6-18
367,164 11-02-98 1:55p b4dcmceobo 6-18
364,351 11-02-98 1:55p bdcmceoo | 6-18
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1,392 11-02-98 11:48a | 0.9cm .| Appendix I-1
347,971 11-02-98 11:48a | 0.9cm.0 1 Appendix I-1
1,392 11-02-98 11:48a 1.0cm ' .} Appendix I-1
347971 | 11-02-98 11:48a 1.0cm.0 Appendix I-1
1,388 11-02-98 11:48a 1.lcm Appendix I-1
347,872 11-02-98 11:482 1.lcm.o Appendix I-1
1,395 11-02-98 11:482a 12¢m -} Appendix I-1
- 1346,783 11-02-98 11:48a 12cm.o0 | Appendix I-1
1 1,390 11-02-98 11:48a 1.3cm - : { Appendix I-1
347872 11-02-98 11:48a 1.3cm.0 Appendix I-1
1,394 11-02-98 11:482a 1.4cm .. } Appendix I-1
1 348,094 11-02-98 11:48a 14cm.o - | Appendix I-1 .
1,393 11-02-98 11:482 | 1.5cm Appendix I-1
348,289 . 11-02-98 11:482a 1S5cmo : | Appendix I-1 -
- 11,394 11-02-98 11:48a 1.6cm Appendix I-1 -
'| 348,607 11-02-98 11:48a 1.6cm.0 . : "| Appendix I-1
1,392 . 11-02-98 11:48a 17cm - Appendix I-1 -
1348,607 11-02-98 11:48a 1.7em.0 - | Appendix I-1
1,387 11-02-98 11:49a 0.85cm . . A Appendix -2 .
347,011 11-02-98 11:49a ] 0.85cm.o . { Appendix 12
1,389 11.02-98 11:49a | 09cm - Appendix I-2
347,875 11-02-9811:49a | 0.9cm.o0 . |AppendixI2 |
1,391 . 11-02-98 11:49a 1.0cm. -] Appendix I-2 .
347,011 11-02-98 11:4%9a 1.0cm.0 . ' .. | Appendix 12
1,390 11-02-98 11:49a l.lem : : Appendix 1-2
346,912 11-02-98 11:49a 1.lcm.0 : .| Appendix I-2
1,389 11-02-98 11:49a 1.2cm Appendix I-2
347,776 "] 11-02-98 11:49a 12cm.0 ‘ - | Appendix I-2
1,387 -1 11-02-98 11:49a 13cm - -| Appendix I-2
347,971 11-02-98 11:49a 1.3cm.0 - | Appendix I-2
1,391 11-02-98 11:492 14cm Appendix 12
348,190 . 11-02-98 11:492 1.4cm.o0 Appendix 1-2
1,387 -} 11-02-98 11:49a 1.5cm .} Appendix I-2
347,137 11-02-98 11:49a 1.5cm.0 : Appendix I-2
1,389 11-02-98 11:49a 1.6cm Appendix 1-2
348,607 11-02-98 11:4%9a 1.6cm.0 Appendix 12
1,391 11-02-98 11:50a | 0.85cm : Appendix I-3
347,966 11-02-98 11:502 ] 0.85cm.o Appendix I-3
1,389 11-02-98 11:50a | 0.9cm Appendix 1-3
348,608 11-02-98 11:502 | 0.9cm.0 Appendix I-3

1,392 11-02-98 11:50a | 1.0cm . Appendix I-3
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-1 347,420 11-02-98 11:502 1.0cm.0 Appendix I-3
11,390 11-02-98 11:50a | L.1em Appendix I-3
348,512 11-02-98 11:50a 1.lcm.o Appendix I-3
1,387 - 11-02-98 11:50a 1.2cm Appendix I-3
348,827 11-02-98 11:50a 1.2cm.0 Appendix I-3
1,389 11-02-98 11:50a 1.3cm ‘Appendix I-3
348,830 11-02-98 11:50a 1.3cm.0 Appendix I-3
v 1,387 11-02-98 11:50a 14cm Appendix I-3
- 1349,148 11-02-98 11:50a 14cmo ‘Appendix I-3 .
| 1,389 11-02-98 11:502 1.5cm Appendix I-3
348,374 11-02-98 11:50a 1.5cm.0 -| Appendix -3
1,389 . 11-02-98 11:50a 1.6cm -Appendix }-3 -
349,880 4 11-02-98 11:50a 1.6cm.o Appendix I-3 -
1,391 11-02-98 11:50a | 0.8cm Appendix I4 :
348,926 11-02-9811:50a | 0.8cm.o AppendixI4
- | 1,388 11-02-98 11:502 | 0.9cm Appendix I-4 -
-1 348,509 11-02-98 11:50a 0.9cm.0 Avppendix I-4
1,390 11-02-98 11:50a 1.0cm AppendixI4 |- -
346,252 11-02-98 11:50a 1.0cm.0 AppendixI4
1,3%0 11-02-98 11:50a l.lcm -Appendix I-4
347,671 11-02-98 11:502 1.lcm.o -Appendix [-4
1,391 11-02-98 11:50a 1.2cm -Appendix I4 .
348,731 11-02-98 11:502 1.2cm.0 Appendix 14
1,383 11-02-98 11:50a 1.3cm Appendix 14
349,049 11-02-98 11:50a 1.3cm.o -Appendix I-4
1,390 11-02-98 11:50a 14cm Appendix I-4
349,244 11-02-98 11:51a 1.4cm.0 Appendix I-4
1,389 11-02-98 11:51a 15cm Appendix 14
349,562 11-02-98 11:51a 1.5cm.0 Appendix I-4
1,391 11-02-98 11:51a 1.6cm Appendix I-4
349,880 11-02-98 11:51a 1.6cm.0 Appendix 14
1,390 11.02-98 11:51a | 0.8cm Appendix I-S
349,242 11-02-98 11:51a | 0.8cm.0 Appendix I-§
1,388 11-02-9811:51a | 0.9cm Appendix I-§
347,736 11-02-983 11:51a ‘| 0.9cm.0 Appendix I-5
11,384 11-02-98 11:51a 1.0cm Appendix I-5
348,828 11-02-98 11:51a 1.0cm.0 Appendix I-§
1,387 11-02-98 11:51a 1.lcm ‘Appendix I-5
349,146 11-02-98 11:51a ) L.lcm.o Appendix I-§
1,380 11-02-98 11:51a 1.2cm Appendix I-S
349,047 11-02-98 11:51a 1.2cm.0 Appendix I-S
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1,385 11-02-98 11:51a 1.3cm Appendix I-5
348,408 11-02-98 11:51e 1.3cm.0 . | Appendix I-§
1390 11-02-98 11:51a 14cm . | Appendix I-5
349,878 11-02-98 11:51a 14cm.0 Appendix IS - ¢
1,389 11-02-98 11:51a 1.Scm Appendix I-5
350,100 -} 11-02-98 11:51s 1.S5cm.0 = Appendix I-5
1,386 11-02-98 11:51a 1.6cm | Appendix I-§ 1
350,514 11-02-98 11:51a ] 1.6cm.0 AppendixI-S
1,389 11.02-98 11:52a 0.8cm Appendix I-6
346,584 11.02-98 11:52a 0.8cm.0 | AppendixI-6 -
. 1,387 11-02-98 11:52a 0.9cm | AppendixI-6
1348924 - 11-02-98 11:52a 0.9cm.0 Appendix I-6 -
11,390 11-02-98 11:52a 1.0cm Appendix I-6
» 1 348,924 11-02-98 11:52a 1.0cm.0 Appendix I-6
1,385 11-02-98 11:52a 1.1cm Appendix1-6 |-
347,958 11-02-98 11:52a - | 1.ilcm.0 - | Appendix1-6 -
1,391 11-02-98 11:52a 1.2cm . | Appendix I-6
349,461 11-02-98 11:52a 12cm.0 Appendix I-6
1,388 - 11-02-98 11:52a 1.3cm . | AppendixI-6 -
348,726 11-02-98 11:52a 1.3cm.o AppendixI-6 -
1,388 11-02-98 11:52a 1.4cm Appendix I-6 - :
:350,196 11-02-98 11:52a 14cm.o "| Appendix I-6
-1.354 12-08-989:102 | 1.5cm . | Appendix I-6
345.675 12-08-98 9:10a 1.5cm.0 Appendix I-6 .
1,389 11-02-98 11:52a 1.6cm .| Appandix I-6 .
350,832 11-02-98 11:52a 1.6cm.o Appendix I-6
1,387 11-02-98 11:52a 0.7cm Appendix I-7
347,937 11-02-98 11:52a 0.7cm.o Appendix I-7
1,391 11-02-98 11:52a | 0.8cm .| Appendix I-7
347,739 | 11-02-98 11:52a | O0.Bem.o AppendixI-7
1,387 11-02-98 11:52a 0.9cm Appendix I-7
348,609 11-02.98 11:532a | 09cm.o Appendix I-7
1,386 - 11-02-98 11:53a 1.0cm Appendix I-7
348,828 11-02-98 11:53a | 1.0cm.0 Appendix I-7
1,389 11-02-98 11:53a l.lem Appendix I-7
347,994 11-02-98 11:53a 1.lecm.0 Appendix I-7
1,377 11-02-98 11:53a 1.2ecm Appendix I-7
349,563 11-02-98 11:53a 1.2cm.0 Appendix I-7
1,384 11-02-98 11:53a 1.3cm Appendix I-7
349,563 11-02-98 11:53a 1.3cm.0 Appendix I-7
1,389 1.4cm Appendix I-7
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348,729 11-02-98 11:532 ] 14cm.0 Appendix I-7
. 1,388 11-02-98 11:53a 1.5cm -Appendix 1-7
-1 350,199 11-02-98 11:53a 1.5cm.0 Appendix I-7
1,392 11-02-98 11:53a | 0.9cm Appcndixn-l
347,971 11-02-98 11:53a | 0.9cm.0 Appendix II-1
1,395 .| 11-02-98 11:53a 1.05cm ' Appendix II-1
346,981 4 11-02-98 11:53a 1.05¢cm.o Appendix II-1
1,392 11-02-98 11:53a 1.0cm : AppendixII-1 |-
. 1347971 11-02-98 11:53a 1.0cm.o . | Appendix II-1 -
- 11,396 - 11-02-98 11:53a 1.15cm .| Appendix II-1
1347011 |111-02-9811:53a | 1.15cm.0 ' Appendix II-1-
11,388 11-02-9811:53a | L.icm Appendix II-1
- -1 347,872 11-02-98 11:53a l.lem.o : - | Appendix II-1 .
1,395 11-02-98 11:53a 1.2cm Appendix II-1 -
346,783 - | 11-02-98 11:53a 1.2cm.0 .| Appendix II-1 -
365,334 11-02-98 11:54a outaa .| Appendix III-1
366,304 11-02-98 11:54a | outaax - - | Appendix II-1-
366,637 . 11-02-98 11:54a outnewta | Appendix III-1
364,481 11-02-98 11:54a | outubea : .| Appendix IlI-1:
1353842  }111-02-9811:54a | outaal - | Appendix IV-1.
-+ | 354,994 11-02-98 11:55a | outaa2 -. | Appendix IV-1
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