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6.0 CRITICALITY SAFETY EVALUATION 

6.1 GENERAL DESCRIPTION 

This criticality safety analysis is performed to demonstrate safety of the New Powder Container 
(NPC). This transport package meets applicable IAEA and 10 CFR 71 requirements for a Type A 
fissile material-shipping container for homogeneous and heterogeneous uranium compounds enriched 
to a maximum of 5.00 wt. percent U-235. 

The NPC transport package design features include an internal 3x3 array of stainless steel Inner 
Containment Canister Assemblies (ICCAs) enclosed in a near cubic stainless steel reinforced Outer 
Confinement Assembly (OCA) as described in Section 1.2, Package Description. 

The uranium contents are contained within 8.51 5" (21.63-cm) maximum ID stainless steel canisters 
internally spaced on nominal 12.0" (30.48-cm) center-to-center positions within the OCA. 
Manufacturing tolerance effects on package models are addressed in Section 6.3.1, General Model. 

Water exclusion from the ICCAs is not required for this package design. Each cylindrical inner 
container within the package is analyzed in both undamaged and damaged container arrays under 
optimal moderation conditions and is demonstrated to be a favorable geometry. 

This analysis is performed at a maximum enrichment of 5.00 wt. percent U-235 for both 
homogeneous U02 powder and heterogeneous U02 in the form of pellets, and cylindrical elements to 
represent unrestricted particle size (e.g., outer diameter, OD, is varied through optimum). The most 
reactive condition is therefore modeled for each authorized payload to demonstrate safety. The 
following Table 6.1 summarizes the uranium mass limits per ICCA and per package for the NPC 
container. Other uranium compounds complying with the requirements stated in Table 6.1 are 
acceptable for shipment provided that the equivalent uranium payloads are not exceeded. 

Table 6.1 - Uranium Equivalent Mass Limits* per NPC Package 

I Homogeneous Uranium I NIA 1 60.0 1 
Oxides/Gom~ounds 

(1 5.00 wt.% U-235) 

Maximum Loading 
per NPC (kgs) 

Maximum Loading 
per ICCA (kgs) Material Form 

Minimum OD 
(Inches) 

I I I I 

*For U-235 enrichments I 5.00 wt. %. 

Particle Size 

Restriction: 

IIeterogeneous UOz Pellets (PWR) 

Heterogeneous Uranium Compounds 
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40.54 540.0 364.8 Heterogeneous U02 Pellets (BWR) 

0.300 

Unrestricted particle 
size 

Uranium 

0.342 60.0 

60.0 

60,0 

Net Uranium 

40.54 

40.54 

540.0 

540.0 

364.8 

364.8 
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6.0 CRITICALITY SAFETY EVALUATION 

6.1 GENERAL DESCRIPTION 

This crilicalily AfCly .nalysis is performed 10 dcmonstrale safclY of the New Powdc-r Container 
(NI'C). This ltI.II$poI"I packa&e m«ts applicable IAEA aDd 10 CFR 7] rcquircmo:nlS fOT a Type A 
fISSile malCri.] .$hippingcoo\aincr for IlomogcnOOlls and heterogencous uranium compounds enriched 
toa """'Imum ofS.OO WI. pereent U·23S. 

The NPC InlnspoI1 pal'b.gc design fc~tu~s iodude an intcmal 3x3 array ofsUl.inlcn lteel Inner 
COO\ainIl1crll Canisler AsscmbliCl[ (tCCAs) enclosed in a Dear cubic stainless Med ~inforccd Outer 
Conf"""""'" A .... mhly (nr A) •• d,...,.rihNl ;n Mc,;nn I .2. P{l{"/mg" /H..rriptj"/t 

The uranium contents M~ contained within 8.S] S·· (2 1.63-cm) lIWlimum ID stainless steel canisters 
internally spaced on nominal 12.0" (30.48..cm) ccnU:r'!CKcnter positions ,,·;thin the OCA. 
Manufacluring IOlcmncc effects on package model, arc IlIidn:Mcd in s.:ction 6.3. ], (dMro/ Model. 

Watcrcxc1usion from !he ICCA. i. no! Tcquiml for !hi. packagc ~ign. Each cy]indrica] inner 
container within the package i~ lUl.lyzcd in both uJllbmr,~ and damaged container 1lTll)'S under 
optimal modCTalion conditions and IS dcmoosUlI1ct1 to be:. fa\"Or~blc geometry. 

Thi. analysis i. performed at. maximum enrichment of5.00 "'1. percent U-2J5 for both 
homogeneous Ua, f'O"'der and heterogcnoous UO: In \hi: fonn ofpr;: llcts, and cylindrical c!emcnu to 
rcpn;:s<'nt unrestricted panicle size: (c.&-. outer diameter. 00. is v,nw Ihrough oplimum). The most 
releti,'c condlt;un is tbcrcforc modeled for each ,ulhorucd pilylood to dcmorutrate safcly . The 
follO"'ing Table 6.1 summarittS the uranium mu5limul per ICCA and per pac kage for the NPC 
oontaincr. Other uranium compounds complyina wi!h the rcquircmC11ts stated in Table 6.1 arc 
IICCC"pUlbl~ for shipIl1C111 provided thai the equivalent uranium payloads are nOl c~ cccded. 

", .. m.l r~1"III 

~ 5." 111"(.'" U-llSI N.. UTaIIJIIIII 

~----l-_-.J~,",~,,"----j~::-l-~~:"'-l-c,,,;.~,-l~:,~,.:,~~ 

11 ... ~U ... "umC~ ." 

GNr: ~I 

--~ ._ .. _.-



GNF NPC Docket No. 71-9294 
Safetv Analysis Report Revision 2. 912002 

The "Material Form" column in Table 6.1 includes both homogeneous and heterogeneous uranium 
compounds in the form of solids, or solidified or dried materials. All homogeneous and 
heterogeneous compounds are restricted to material forms having a bulk density 5 10.96 glcc 
(theoretical U02), with a percent uranium content 5 0.88144. 

This specifically includes homogneous uranium oxides (U02, U308, or UOx, x>2). Other homogeneos 
uranium compounds specifically authorized include dried (calcium containing) sludges, nitrates, 
uranyl nitrate hexahydrate (UNH, chemical formula U02(N03)2 6H20, with a theoretical density of 
2.807 grn/cm3), and uranium oxide bearing ash from combustible waste incineration. 

A reactivity comparison between 5% enriched theoretical U02, U3O8, UNH, and CaU6OI9= 1 lH20 
compounds with water is provided in Figure 6.0 demonstrating that the theoretical mixture of U02 
and water is conservative relative to other homogeneous uranium compounds. For k-infinite 
reactivity comparisons, refer Appendix 6.11 for a more complete material specification listing of 
uranium compounds evaluated. 

Figure 6.0 K-infinite Comparison of U-compounds 
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This also specifically includes heterogeneous uranium oxides (U02, U308, or UOx, x>2) and U02 
pellets present in standard BWR and PWR reactor fuel assembly lattices designs (e.g., PWR: 17x17; 
BWR: 10X10, 9x9, 8x8 nuclear fuel assemblies). This analysis demonstrates safety for uranium 
compounds through optimal heterogeneity (unrestricted or unlimited particle size). As such, the 
specified pellets having diameters greater than or equal to the "Minimum" value specified in the table 
may be safely transported in the NPC package provided the tabulated UOz (or equivalent uranium) 
material contents per ICCA and package are met. 
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Uranium-bearing contents may be moderated by water or carbon to any degree and may be mixed 
with other non-fissile materials with the exception of deuterium, tritium and beryllium. Materials 
such as uranium metal and uranium metal alloys are not covered by this analysis. 

For this package, undamaged packages have been analyzed in i n f i t e  arrays and hence pursuant to 
10 CFR §71.59(a)(2) the more restrictive value of " N  is derived fiom the damaged array 
calculations. The Criticality Safety Index for criticality control is then derived fiom this value of "N" I 
per 10 CFR §71.59(b). 

This analysis demonstrates safety for 2N-150 packages. The corresponding Criticality Safety Index 
(CSI) for criticality control of non-exclusive vehicles is given by CSI - 50lN. Since 2N = 150, it 
follows that N = 75, and CSI = 50175 = 0.6667 = 0.7 [rounded up to nearest tenth]. Using the rounded 
Criticality Safety Index result, the maximum allowable number of packages per non-exclusive use 
vehicle is 5010.7 = 71. 
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6.2 PACKAGE DESCRIPTION 

6.2.1 CONTENTS 

The package shall be used to transport homogeneous or heterogeneous uranium compounds 
conforming to the requirements stated in Section 6.1 and with uranium enrichments of not greater 
than than 5.0 weight percent U-235. The uranium isotopic distribution considered in the models used 
in this criticality safety demonstration is shown in Table 6.2 

Table 6.2 - Uranium Isotopic Distribution 

This analysis conservatively demonstrates safety for homogeneous U02 powder, pellets, and 
heterogeneous forms of uranium oxides (unlimited particle size) over the entire range of UOz 
densities and degree of moderation by H20. The maximum U02 equivalent payload demonstrated 
safe in the NPC is specified in Table 6.1. 

Isotope 
L J b ~  

L J a ~  

Any mass distribution including authorized non-uranium packaging materials such as plastic or metal 
in the form of bags, bottles, cans etc. within the 3 x 3 array of ICCAs is also acceptable, provided the 
total uranium content in any one ICCA does not exceed the applicable limit in Table 6.1 and 
provided that the entire contents meets the applicable total package weight limit. 

Modeled wt. % 
5.0000 
95.0000 

6.2.2 PACKAGING 

A general discussion of the NPC packaging design is provided in Section 1.2.1, Packaging. A 
detailed set of drawings of the NPC packaging is provided in the Appendix 1.3.1, Packaging General 
Arrangement Drawings. The NPC packaging is comprised of two primary components: 1) an Outer 
Confinement Assembly (OCA) consisting of the body and lid sections, and 2) nine Inner 
Containment Canister Assemblies (ICCAs). These major components are described below. 

Product containment occurs inside an 18 gauge (0.048" wall thickness) Type 304L stainless steel 
Inner Containment Canister Assembly (ICCA). This ICCA is sequentially wrapped in a 0.020" 
(minimum) h c k  cadmium sheath, followed by a 0.570- inch thick polyethylene wrap (minimum), 
followed by a 24-gauge (.024" wall thickness) outer Type 304L stainless steel containment sheath 
welded closed to effectively contain the cadmium and polyethylene. 

The bottom of an ICCA consists of a 9.72" OD, 7-gauge (0.188" thick) Type 304L stainless steel 
plate. The top of an ICCA includes 7-gauge (0.188" thick) Type 304L stainless steel upper ring 
(8.620" ID x 9.72" OD) to facilitate the poly wrap and welding of the 24 gauge outer sheath. The 
ICCA lid is a 16-gauge (0.0595" thick) Type 304L stainless steel cylinder and contains a molded 
silicon rubber gasket. The closure of the ICCAs is provided by a stainless steel band clamp assembly 
that utilizes a 5/16-24 T-bolt and nut. 

Each ICCA is placed inside a 22-gauge Type 304L stainless steel cylindrical shield (silo), which is 
"foamed" in place on 12-inch X,Y centers within the OCA body. The OCA body assembly includes a 
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lbc package shall be used 10 Il1II1spon bomogcnt!QUli or helerogeneous uranium compounds 
eonfonning 10 Ihe requiremenls slated in Section 6.1 and with uranium enrichmenls of 001 greater 
Ihan than S.O weight perc""t U·23S. The urflllum i5Olopic distribution considcn:d in the models used 
in this crilicality safely demonstn.lion is sbo"'"!t in Table 6.2 

This lIIal)"$is coo§Cf\1IIi"ely dcmonStn.les safety for homogenCQus UO, powder. pellets. and 
bdCTO&cneous forms ofUl"Vlium o"id~ (unlimiled particle size) over the enlire nlRic ofUOl 
densilies and delfCC ofmodeflliion by HIO. The maximum UQ, equivalent payload dcmomtnded 
IIIfe in the NPC is spec ified in Table 6.1 . 

Any mao. dislribution including 3uthorizod non.uranium pflCkagilli materials such as plastic Of ffiCtal 
in thc foml ofba]p. bollie •. canl etc. within the 3 ~ 3 . my of ICC As is.1so acceptable. provided Ihe 
lotal Unlnium cootcnl in lOY one ICCA does not e~cccd t~ applicable limit in Table 6.1 and 
provided that the entire contCll1li Il1CCIS the applicable lOCal )Neuge wcight limit 

6.2.2 PACKAGING 

A genenll discussion " rthe NPC packaging design iii providL"d in S«tiotl 1.2.1, Poc/wg/trg. A 
detailed SCI of drawings of the Nrc packaging is provided to the APP',:l1di~ 1.3.1. P,ICI:Qging Generol 
Arrongemem DrtN-Ings. lbc NPC packaging is comprised ofrwo primary componrnts: I) an Outer 
Coofinemc:ot Assemhly (OCA) consisting of the body and lid Kdions. and 2) oine Inncr 
ContainlIlCDt Canister A$SC1I1blies (ICCAs). These major cotnpUl"lClll5 arc described below. 

Product containment occurs inside an 18 gauge (0.048" wall thid:neu) Type JO.lL st3in~ steel 
Inner Containment Canister ASliCmbly (1 CCA). This ICCA i, KIIU<:IlIi.Jly WTlppI'd in. 0.020" 
(minimum) thid: cadmium sheath. fol~ by. 0.570- inch thic:k pol~thyl~"1lC WTlp (minimum). 
follo .... oo by • 24-g:mgc (.024" w.ll thld,nrslli) outer Type 304L .s.t,;nlc" stccl containment .h~ath 
" 'ddcd dosed to effectively contain lhe cadmium and polyethylene. 

11tc bottom ofan ICCA consists ofa 9 .72" OD. 7-g:mlle (0.188" thick) Type 304L stainlc.~ slecl 
pl"c. lbc lOp or.n ICCA induda 1-gau~c (0.1 88" thick) Type 304L stainless sted upper ring 
(8.620" ID x 9.72"OD) to fadliule lhe poly ... rap and welding ofthc 24 gau~c OUler sheath. The 
ICCA lid " a 16-gauge (O.059S'" Ihick ) Type 304L stainless sted cyhndfT and contains. molded 
silicoo rubbr.:r gllllket. The clOliUTc of Ihe ICCAs is provided by • SlainlClII Sleel blind clamp assembly 
Ihat utili~es a 5/16-24 T _bolt "nd nut . 

Each ICCA i. placed inside a 22-llu8e Type 304L stainless 51«1 cyJi ndriCIIl llhicld (si lo). which is 
"foamed'" in place on 12_ineh X,Y centers .... ithin thcOCA body. The OCA body assembly includes a 
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10-gauge (0.135" wall thickness) Type 304L stainless steel 42.8 1x423 1~37.66 inch outer-dimension 
cubic box. The nominal 37.66-inch height includes the height of eight 6x3x3/16x8.4" Type 304 
stainless steel rectangular channels located on each comer of the package to facilitate fork lifting of 

I 
the package fiom four sides. The Type 304L stainless steel structures associated with the eight (8) 
tube channels and the connecting 6" x 1.5" x 3/16" x 19.6" cross member ties are conservatively I 
ignored at the bottom of the body assembly. 

The central region of the NPC housing the 3 x 3 array of ICCAs is polyurethane foam with a density 
of 7 lb/ft3 (nominal). A 4-inch (X,Y,Z) periphery surrounds the inner 3 x 3 array of ICCAs housed 
within the stainless steel silos. On the bottom and sides, a 3-inch periphery polyurethane foam with a 
density of 11 lb/ft3 (nominal) surrounds the 7 lb/ft3 region. The upper-most region of the OCA body 
that mates to the lid includes a rigid 1-318" layer of 40 lb/ft3 polyurethane foam. The final 1-inch 
periphery of the body assembly contains 1-inch layer of ceramic fiberboard. This material is utilized 
for its thermal performance (heat resistance) properties. I 
The modeled OCA lid includes 10 gauge, 43.21" x 43.21" x 5.9" outer dimension Type 304L 
stainless steel box that is mated to the lower body assembly via 16 guide pins, which ensure proper 

I 
lid seal alignment during closure. The outermost periphery again includes a modeled 1-inch ceramic 
fiberboard. The foam layer beneath the ceramic fiberboard includes a 3.5" layer of 15-lblftl (nominal) 
density polyurethane foam insulation. The lower 1-318" layer is rigid 40-lb/ft3 (nominal) density 
polyurethane foam to protect the interface between the OCA body assembly and OCA lid assembly 
mating surfaces. This higher density 40 lb/ft3 foam section in the lid includes cutouts to 
accommodate the upper lock ring closure of the ICCA. 

I 

The OCA lid dimensions include additional comer support structures, flanged edges, and -2.3-inch I 
overlap of 10-gauge stainless steel protecting the OCA bodyllid interface (which are ignored in the 
final model construct). Closure of the OCA is provided by (16) 112-13UNC socket head cap screws. 
The closure is further secured by the OCA closure strips and (24) 7116-14UNC hex head bolts. The I 
NPC packaging is illustrated in Figure 1.1-1. Full details of the NPC packaging design are provided 
on the drawings in Appendix 1.3.1, Packaging General Arrangement Drawings. The OCA body 
containing up to nine loaded ICCAs, coupled with the OCA lid constitutes the entire NPC package I 
assembly. 

6.2.2.1 MATERIAL SPECIFICATIONS 

One of the important aspects of the criticality safety demonstration for this package is the hydrogen 
content in the foam and polyethylene regions. Hydrogen is important due to its moderating and 
neutron capture characteristics. 

The minimum specified hydrogen content in the foam is 6.4 weight percent. Likewise, the 
polyethylene region surrounding the cadmium is based on stoichiometric CH2, with nominal 
hydrogen content of 14.3%. 
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I O·gauge (0, I lS" wall th,eknCSl) Type J04lslainless slu142,81 ,'(42,81 ,'(37 ,66 lDe~ oulcr-d1lncnsion 
eubic bo~. The nominal 37,66-ineh beight i""lud.,; the beight of eight 6xJx3116x8.4" T)'Jle 304 
lu;nl,," It~1 rect¥lgular ehanncls Iocat<:d on each CQfIICT of the package 10 facilitate fork lifling of 
the: !>'Chge from fOUf sides. The T)'pI: 304l slainless ~Ie<.:l ~trocturcs associated with the eight (II) 
lube channels anll the cOIIn«ting6" " I.S" x 3116"" 19.6" cross member lics Ire con$Cf\lBtivtly 
ignored Bltlle bouom of the body assl'1l1bly. 

The cenl1ll1 regi-ota of the Nrc housing the 3 " 3 array of leCAs is polyurethane foam with. dcn.!it)' 
of71b1ft' (nomi D.lI). A 4-inch (X.Y.Z) periphery surrounds lhe inner J x J array of ICC A! housed 
",ithin the suinless steel ~il()!l . On lhe bottom and sides, a J.ineh pt-"fiphcry polyurclhanc foam with a 
density of 11 Iblll' (nominal) $urroundi lhe 7 Iblfl' region. The upper_most n:gion of tile OCA bod)' 
thai mates to the lid indude, I rigid 1-318"I.ycr of 40 Iblft' polyurethane foam, The final I·incb 
",,"I'N-ry nf thr hnrIy "-,,,,,,,Illy cMtain, I.inch 11)'c, of ceramic fibcrboanl. This materi.1 is utili~cd 
for ilJ!; thermal performance (heat rcsistance) propenies. 

The modeled OCA lid includes to gauge, 43.21" x 4),21"" 5.9" ouler dimension TJJI" J0-4L 
. tainlcss stcd box thai is mated 10 the lower body uscmbly vi. 16 guide pins. ",hieh emurc proper 
lid seal alignment during closure. The outermosl periphery .gain includes. modeled I-inch ccnrnit 
fit>crboard. The foam layer beneath the ceramic fiberboard tneludes a 3.5" laya- of 15-lblft) (nomiD.lI) 
density polyurethane foam insulation. The 10v."Cr 1_318" I.yer is rigid 4O-IbirY (nominal) density 
polyurethane foom to profCCI the interface befy,.etQ the OCA body asS<"f11bly and OCA lid assembly 
mating surfaces. This higher density 40 IblllJ foam 5I:dion in the lid indudc5 cU10llts 10 

accommodate the upper luck riog tl~~ of the ICC .... 

The OCA lid dimcruions include addilioD.lI comer suppon IllUCtu«:s. nangcd edges. and - 2J-inch 
overbp of IO.gauge su.inless stccl proI«tiDgl1w: OCA bod)'!\id interface ( .... hich arc ignored in the 
final II>IXkI Wru;truc:I). Oosurc of the OCA is provided by (16) 1f.2-IJUNC soo.: kct b~ad tap screws, 
The clOIU"'; is further secured by !be DCA closure strips and (24) 7/16-14UNC hex helKl bolts. The 
NPC pKi<ag;ng is illuslJltoo in Figtll"C 1.1- 1. Full details ofthc NPC paek~ging design are provided 
on the dnI"";ogs;n AppendIX 1.3.1. Packaging General ArraogmlCnl Drawings, The DCA body 
conlainilli lip 10 nine to.ded ICeM, coupled wjlh lite OCA lid corulilUlcs the enlire Nrc package 
IlKtIIbly. 

6.2.2.1 MATERIAL S PECIFICATIONS 

One: of the irnponanl aspeC!!; of the crilicality safety dcmorutration for Ihi. I*'kagc ;s the hydrogen 
contcot in the foam and polyClhylcnc regions. ll ydrogen is imponanl due 10 lIS moticnl1ing and 
neutron c.pture charactcnstiCi. 

The minimum s~ilicd hydrog<:n content in too foam is 6.4 ""eighl pcn:CDI. likewise, lhe 
polyethylene region surround iogthe cadmium is based on stoichiometric CHI, wllIt nomiml 
hydrogen l'Qlltent of \ 4.3%. 

---
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To account for the potential high-temperature off-gassing of hydrogen in the polyurethane foam and 
polyethylene regions, and to assure the hydrogen content in the modeled regions is no greater than 
the package after physical testing, sample analysis of both regions were conducted as described in 
Section 2.10.1, Certification Tests, of this application: 

Polyurethane Foam: The average measured hydrogen content of the foam regions used to 
fabricate the test units was 6.48%. The average of 12 replicate samples taken fi-om residual foam 
in the certification test units resulted in measured hydrogen content of 6.40% with the lowest 
observed value at 6.07% hydrogen. The 6.07% hydrogen value corresponded to a sample taken 
from what appeared to be one of the hottest areas observed. This criticality safety demonstration 
is performed using 6.00% hydrogen content in the foam material regions for all undamaged and 
damaged models and is conservative relative to the observed physical package post HAC testing 
(refer to Section 2.10.1.2, Summary, regarding the significant results of the hydrogen stability in 
the foam). 

Polvethvlene: The average measured value of the hydrogen content in the polyethylene material 
use to fabricate the certification test units was 14.23%. The average measured value from four 
post-test replicate samples strategically withdrawn from what was believed to be the hottest 
regions observed was 14.09% with the lowest observed value of 14.01%. The average of eight 
additional replicate samples taken from various locations showing some indications of heating in 
the moderator averaged 14.20% with the lowest observed value of 14.09%. The measured values 
show little change in the hydrogen content in the polyethylene region before and after the test 
even in the hottest regions. This criticality safety demonstration is performed using 14.00% 
hydrogen content in the polyethylene wrap region surrounding each ICCA for all undamaged and 
damaged models and is conservative relative to the observed physical package post HAC testing 
(refer to Section 2.10.1.2, Summary, regarding the significant results of the hydrogen stability in 
the polyethylene). 

Table 6.3 provides a listing of the applicable material specifications used in the NPC model 
construct. The table conservatively applies the minimum measured hydrogen content of the NPC 
polyurethane foam (6.00%) and polyethylene wrap (14.00%) in the applicable packaging regions for 
all normal and damaged model constructs. 

The minimum composition values for C, 0, N, H shown in Section 8.1.4.1 .l. 1, Polyurethane Foam 
Chemical Composition, are applied. Other trace foam constituents (P, Si, C1, and other) are ignored. 
Additional package material conservatism is later described in Section 6.3.1.5, Models - Actual 
Package Differences. 
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L W * * l r d W . U I * b l l r Y  

GNF NPC 
Sai!SY ADaM I! Rt !X!!t 

Docket No, 7t·92!M 
Bnl'lgn 2 912002 

To a«ounI for th~ poi""li.1 high.t~mpcraturc ofT·.I!a~sin.l! of hydrogen in the polyurcthlnC felm and 
polynbylcoo;: regions. and 10 IlSsure the hydrogen conlcnt in the TTJCdch,d rell;om is no greatCf than 
the p;ock.gc ana physical t~st;ng, .... mple analysii orooth regiCJlS were condUCted ., described in 
Se<;lion 2, I 0.1. Ccnifieation TC'SIS, of this application: 

• pol)'Urcthanc Foom: The avcrag~ measured hydroj!cn CCRt""l of the foam rep:.n, USI.'d 10 

fUbriUIC the ICIiI units was 6,48%. The IVcrqC of 12 rqllieatc A.mplcs taken from restdual fOllfD 
in Ihe cl'TIification lCiI unit!; rc!iuhcd in mnsurcd hydrogen conleO! of 6.40% wilh the IOlOo'cst 
uhscrvcd ,·.Iuc" 6.07% hydrogen. The 6.07% hydros"" v.lue corresponded 10 a wnplc taken 
from whal appeared 10 be oOC of the Itouest areas cb$crved. This crilieality safety dctnOnlilJ1l.tion 
is perfonncd using 6.00% bydrogen OODletlt in the foam material rcgillflS for all undamaged and 
damaged models and i. COR5CJ\"alive reiali\'C to the obstr.ed physical pacuge post HAC lesling 
(",f~r 10 5«li"" 2.10. 1.2. Summary. ",garding the 'ign; ficont re~ult. of the hydrogen .",bility in 
the fQafll). 

• PplyethylCJlC: The average mc",,-urcd value of Ihe hydrogen Content in the pclycthylctU: material 
II~ 10 fabricale the certificalion teS! units was 14.23'110. The a\'cllIge measured value from foor 
poot· test rcplitale I4Implcs ~tllltcgically withdrawn from IOohat was bo;)ie"cd 10 be th~ hottest 
regions observed WltJ 14.09"/. with the lowesl observed value of 14.01 %. lbc I\~C of right 
addilional replkatc samples taken from various loc.nolt$ $how;", some indications orbt~ing in 
lhe moderator "'eraged 14.20% with the lo""tSi ~ .... Iuc of 14.09%. 1llc ~asurc:d val,," 
shuw linle change in the hydrogen oontcnl in the polyl;thylcno: Rgion bo;fore and aflcr the te" 
even in the ho1t~t "'Iion.~. This criti .... ity ... rety demonslI1Ilion is performed Wiing 14.00% 
hydrogen content in the polyethylene """p Rgion surrounding cach lCCA for all undamaged and 
~ed modc:ls.nd ilconscrv"jvc rela1i~c to the OMcrved physical pathgc post HAC testing 
(refa to Section 2.10.1.2. Summary, ~nling the signifi(ant results of the hydrogen ~labilit)' in 
the polyethylene). 

Table 6.3 provides a listing Ortlle applicable ma!crial spccification~ used in the Nrc model 
roniCruCt. The table conservatively awlics the minimum measured hydrogen COntent orthe NPC 
pulyun:tbanc foam (6.000110) and pclycthylcnc Wl3p (14.00%) in the applicablc packaging regions for 
.n normal and damaged model C()t1structs. 

The minimum compositiun v.lues for C, 0, N, It shown in Section 8.1.4.1.1. 1. Polyurethane Foom 
Chemical Compo<ition. arc applied . OIher tnw,:c fQafll corwirucnu (P, Si . CI • • nd other) an,: ignored. 
Additional pacugc ItUItenal c:onscrvll;sm is I.ta" dC'SCribnl rn ~ion 6.3. I ..s, Models - Act .... 1 
Pickage Ditrcrcnccs. 
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Table 6.3 - Material Specifications for the NPC Shipping Package 

Material 

U(5.00)02 ~ u e l '  

Density 
(g1cm3) 

304L Stainless Steel 

Cadmium 

110.96 

Polyethylene 

Constituent 

7.9 

8.21 75* 

Polyurethane Foam 
(7 I blft3) 

Atomic density 
(atomslb-cm) 

U-235 (max.) 
U-238 (max.) 
0 (max.) 

0.92 

Polyurethane Foam 
( I  I l blftJ) 

I .2378E-03 
2.3220E-02 
4.891 6E-02 

C 
Si 
Cr 
Fe 
N i 
Mn 

Cd 

0.1122 

Polyurethane Foam 
(15 lblft3) 

3.1 691 E-04 
1.6940E-03 
1.6471 E-02 
6.0360E-02 
6.4834E-03 
1.7321 E-03 

4.4000E-02 

H 
C 

0.1762 

Polyurethane Foam 
(40 I blft3) 

95% of theoretical density 
Maximum values assumed for heterogeneous contents 

7.6965E-02 
3.9504E-02 

C 
0 
N 
H 

0.2404 

Full Density Water 

Global Nuclear Fuel 
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2.8100E-03 
5.9000E-04 
1.9000E-04 
4.0200E-03 

C 
0 
N 
H 

0.6407 

4.4200E-03 
9.3000E-04 
3.0000E-04 
6.3200E-03 

C 
0 
N 
H 

1 .OO 

6.0300E-03 
1.2700E-03 
4.1000E-04 
8.61 OOE-03 

C 
0 
N 
H 

1.6080E-02 
3.3800E-03 
1.1000E-03 
2.2970E-02 

H 
0 

6.68660E-02 
3.34330E-02 

GNF NP'C Docket No. 11·'29<1 
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Table 6 ,3 Material Specif"lCalions for the NPC Shipping Package 

• 
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6.3 CRITICALITY SAFETY ANALYSIS MODELS 

6.3.1 GENERAL MODEL 

6.3.1 .I Material Tolerance(s) 

Table 6.4 provides sheet metal thickness dimensional tolerance from ASTM A240 and ASTM A480 I 
(the former refers to the latter for specific tolerances). The maximum tolerance reductions in gauge 
sheet thickness are uniformly applied in all normal and damaged NPC model constructs. 

The foam density distribution throughout the body assembly and lid assembly is varied as described 
in Section 6.2.2, Packaging. The manufacturers quality assurance program ensures the tolerance on 
the actual foam density is +15%/-10% at all times. For conservatism, the maximum 10% reduction 
in foam density is uniformly applied in all normal and damaged NPC model constructs. I 

Table 6.4 - Dimensional Tolerances 

Type 304L 
Stainless Steel 
Sheet Gauge 

Nominal Thickness 
(in.) 

- 

7 ga. 

10 ga. 

16 ga. 

18 ga. 

6.3.1.2 Inner Containment Canister Assembly (ICCA) 

f 0.014 

k 0.012 

- 
0.188 

0.135 

22 ga. 

24 ga. 

Figure 6.1 shows the material constituent radial dimensions from center of the ICCA ID (61) through 
outer radius of the contamination shield (67). Figure 6.2 depicts the axial version of the ICCA and 
contamination shield. The ICCA model construct consists of a stackup of 11 separate axial pieces. 
This is performed to explicitly include the 118" (0.3 175 cm) gaps of the high denisty polyethylene 
wrap on each end, the maximum axial seam gap tolerance between the three separate 10-118" 
(25.7175 cm) nominal wide cadmium wraps, the axial foam distribution density changes, and the fact 
that the ICCA silo is installed only in the lower body assembly. The upper section of the ICCA also 
penetrates the lid assembly to accommodate the vertical ICCA height, lock ring and bolt closure. 

Permissible Variations* 
(in.) 

0.1740 [0.4420 cm] (ICCA ring) 

0.1230 [0.3124 crn] (OCA skin) 

0.0595 

0.048 

The 8.5 15-inch (21.63 cm) ID of the 18-gauge ICCA includes the maximum manufacturing 
tolerance. Modeled sheet gauge dimensions incorporate the maximum manufacturing tolerance 
specified in ASTM-A240 specified in Table 6.3 above. Since iron, chrome, and nickel constituents 
of stainless steel exhibit thermal and resonance absorption, the use of minimum sheet thickness 
values is also conservative. 

Model Thickness Used 

(in.) [cm] (description) 

" ASTM-A240lA240M- 95a, Table A1.2, Standard Specification for Heat Resisting Chromium and Chromium-Nickel Stainless Steel Plate, 
Sheet, and Strip for Pressure Vessels, August 1995. 

0.029 

0.0235 

Global Nuclear Fuel 
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f 0.006 

+ 0.005 

0.0535 [0.1359] (ICCA lid) 

0.0430 [0.1092] (ICCA inner skin) 

f 0.004 

f 0.003 

0.0250 [0.0635] (ICCA silo) 

0.0205 [0.0521] (ICCA outer skin) 
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6.3 CRITICALITY SAFETY ANALYSIS MODELS 

6.3.1 GENERAL MOOEL 

6.3.1.1 Mlterl,ll Tolerance(. ) 

Table 6.4 provides sheet mct8llhickncss dimcnsionallOlerancc from ASTM A240 IIfKI ASTM A480 
(the former refcn to the latter for specific tolerancn). The maxImum tolerance red uctions in gaugc 
shcc1 thickne55 art: uniformly applied in aU oormal and damaied NPC model conslrUl:l.'i. 

The foam demity distribution throughout the body a$Sembly and lid .. sembly is varied as dC!iCribcd 
In Sttllon 11.2.2. I'ackilglflg. Th~ lIWIuraelur~l~ '1ualhy M»,., Ime" IJLU(!.I;&III e,,,,,,,,,," the luk,&<lCc "" 
the actual foam denSIty is +15%1-10% at all tima. For conservatism. the mu:imum loo". reduction 
in foam density is uniformly applied in all Donnallnd damaged NPC model constructs. 

Table 6.4 - DimenlJlonal Toleranc .. 

--.-

6.3.1.2 Inner Conb:lnment Cllnl,ter A'lIImbty (ICCA) 

Figure 6. J ,.bows the material constituent radial dimensions from ccnl~r of the ICCA lD (/>1 ) through 
OUler radius of the contamination shitld (an Figure 6.2 depicts the axi.1 \'cnion ortbe ICCA and 
contaminatIon shIeld. T he ICCA modcl construct OOIlllislS of. SUlC1cup of II 5C'pmIIC nial pi~'CCs. 
This is performed to explicitly indude the liS'" (0.3115 cm) gaps of the high <kniSly polyethylene 
wrap on cllch cod. the maximum uial ~ gap tolCJ30Ce bc:""CCR the three separate IO- IIS·· 
(25.7175 em) nominal wide cadmium \"raps. the u ial foam dislributlOO densi!)' chan&es. and the fact 
that the ICCA silo is insuolled only in !he Iow(r body IlIi5Cmbly. The uppe15CC1ion of the ICCA atOlO 
pc:1ldB1C$ the lid assembly to ac:CCIIlIlYIOIbIC the venkallCCA height. lock ring and bott c1osur~. 

The 8.515·irn:h (2 1.63 em) ID of the l8-puge ICCA includes thc mlll<imum manufacturing 
IQIcnnce. Modc:1cd ShCC1 gauge dimensions incorporaw the II\IIIxirnum manufoclurinll tolenJDCC.l 
spcciflCd in ASTM- A240 specified in Table 6.3 abov(, Since iron. ch.rome, and nickel conStituent'! 
of $cai.liC!Sli $lccl exhibit thermalaod resonance absorption. the usc of minimum sheet tbickness 
vllueJ is also c:omcr.·ative. 
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For cadmium, a 25% reduction is applied to the actual 20-mil (minimum) thickness, for a modeled I 
thickness of 15-mils (0.0381 cm)' and section width of 10.025" (25.4635 cm). The as-built stackup of 
the axial cadmium wraps allow for a maximum seam gap of 0.1" (0.254 cm). This gap is 
conservatively modeled as 0.15" (0.38 1 cm). 

The high density polyethylene (HDP) is 30.3-inch in height and uniformly surrounds the cadmium, 
with no gaps, and its thickness ensured to be a minimum 0.570" thickness (1.4478 cm) by continuous 
wrapping of 15-mil (nominal) sheets and a quality control weight confirmation. To account for the 
small density reduction in the layered polyethylene wrap, the HDP (0.94-0.98 glcc density) sheet 
material is conservatively modeled as a uniform low density polyethylene (0.92 glcc) over the 0.570" 
thick (1.4478 cm) wrap (min. hydrogen areal density = 0.199 g/cm2). The minimum required 
thickness, height, and quality weight measurement confirm this effective poly thickness and density 
is achieved. 

Figure 6.1 Inner Containment Canister Assembly - Radial Dimensions 

radidmaterial assignments: 

61 = fuel region (e.g., U02+H20) 
61 = 10.8141 cm (4.2575") 
62 = 61 + Gssl 6ssl = 0.1092 cm 
63 = 62 + Gcadmium Gcad = 0.0381 cm 
64 = 63 + Gpoly Gpoly = 1.4478 cm 
65 = 64 + Gss2, 6ss2 = 0.0521 cm 
r id = (1 0 x 2.54) / 2 = 12.7000 cm 
6 = r-id, cs + 6ss3 6ss3 = 0.0635 crn 
beyond 67 is polyurethane foam.. . . 

Note: Limiting added absorber material credit to 75% without comprehensive tests is based on concerns for potential 
"streaming" of neutrons due to non-uniformities. The 75% value demonstrated by this work is conservative for several 
reasons: (1) cadmium is elemental and therefore homogeneous and is not distributed in granular fashion, and (2) the 
experimental work is based on the use of a monodirectional beam of neutrons, while in this package design, an isotropic 
neutron source exists, reducing intragranular transmission effects (if any). 
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For cadmium, a 2~% reduclion i~ applied 10 lile aClual 20.mil (minimum) thickncss, for a IllOdclcd 
thickncss of I S-m11s (0.031\ I ern)' IlrKl section width of I oms" (25,463S em), The as-buil t Slackup of 
the ""ial cadmium "''J3pJ allow fOJ a maximum scam gap of 0,1" (Q,254 cm). This gap is 
ron ......... ti""ly modeled u O. I 5" (0.38 I em), 

The high density polyethylene (HDI') is 3Q,3-ineh in height and unifOl'01ly SUITOIIndS the cadmium. 
wiUt no gap<, and its thickness cn!mrcd to be a minimum Q,S 70" thickncu (1.4478 ern) by continuous 
WIlIpping of IS_mil (nommal) sheets and K quality conU'<)1 weight confirmation. To account fur the 
SIWIU density reduction in the layered polyethylene wrap, the HDP (0,94-0.98 glee density) sbcd 
material is conservati vely modeled as a uni fomt low density polyethylene (0,92 gI",,) o\'er the 0,5W
thic k (1.4478 em) wrap {min. hydrogen areal density · 0,199 g/C01\ The minimum rcqulTlltl 
thic knC$s. height. and quality weight measurement confinn tbis d r""tive poly thickness and density 
is achie\'ed. 

Figure 6,1 Inner Containment Canl.ter Assembly - Rad ia l Dlmen.lon. 

, 
, 

, 

, 
, 

fuel 
I 

, .. 

• 

jl 
,." 

'" 

tI 

oSl - fuel ~(c.g., uo,-H,o) 
III - 10.8141 tm(4,2575~) 

~ - 61 + 6$$1 lro.s] - O, ]092cm 

53 - ~ -< 6cadrniwo &.1 - 0,038] an 
54 - M -< /ipoly 1ipoIy - 1.4478em 
65 - 54 -< &W., 6ssl - 0,OS21 em 
,_III - (10 x 2.54) 12 _ 12.7000 em 
117 - ,_ id, a ~ 6soJ &a3 - 0,0635 em 
bcyorod &7 is poI~ fOMl , ... 
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Figure 6.2 ICCA Modeled Axial Dimensions 

16 ga. 304L SS top lid (0.1359 crn thick) 

7 ga. 304L SS retention ring (0.442 cm thick) I 

7' Polyethylene wrap (77.1525 crn height x 1.4478 crn thick) 

I 

Max. ICCAfuel height = 31.5" (80.01cm ) 
Max. ICCA overall heiaht (too of lid to bottom of ICCA silo) = 80.6514 crn 

7 ga. 304L SS bottom plate (0.442 cm thick) I 

6.3.1.3 Body and Lid Assembly 

For the basic modcl construct, the unit outer dimensions are modeled as a 42.81x42.81 inch square 
box. The inner height is computed based on the stack-up dimensions of the OCA body 34.573" 
(87.8154 cm) and lid 5.998" (15.2349 cm) for a total modeled package height of 40.571" (103.0503 
cm). These outside dimensions of the near cubic package are conservative for the following reasons: 

the external corner support structure is ignored (x-y, x-z) 
the OCA locating buttons, and 16 %-13UNC socket head cap screws are ignored (x-z) 
the lid flange overlap, OCA closure strip, and 24 7116-14UNC hex head bolts are ignored (x-y) 
the heavy duty 6 ~ 3 ~ 3 1 1 6 ~ 8 . 4  rectangular fork-lift channel pocket structure is ignored (x-z) 
the affect of bodyllid bowing due to HAC tests is ignored (x-y, x-z) 

By ignoring the above effects, the NPC undamaged and damaged package array are modeled as close 
fitting and in contact, when in fact the aforementioned structure and OCA structure deformation and 
bowing would provide additional (x-y) and axial (x-z) spacing between individual package units. 

The lighter 7-lb/ft3 internal foam is modeled to encase the 3x3 Inner Containment Canister Assembly 
(ICCA) array. Important dimensions of the basic body + lid assembly, and foam density assignments 
are shown in the x-y and x-z cross-sectional slices of Figures 6.3a and 6.3b, respectively. 

Global Nuclear Fuel 
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GNFNPC 
Slim WMI, Rlpo<1 

Flgu.-. ' .2ICeA Mod'ltd AxI.1 DlmenslOOll 

6.3.1.3 Body .nd lid .... "",bly 

Oockrt No. 1, .. 214 
R.v!tIon 2. tIlOO2 

for the basic toodcl conSlnlf:I.!hI; unit OU'''' dimmsion$ aro modeled lIS a 42.8 1:>,42,81 m..h ~uan.: 
box. The inner llrightll rompulCd ~ on the ItICk-up dllTootlllIoos O(tM OCA body l4.57J" 
(117.81s.4 em) and lid S.998~ (1'.2J49an) ror .IOUI modeltd package height of40.5 7 1 ~ (103,0503 
em). 1besot outside dimcnsiou oflbe __ Mil: piCu,c aroromcrvlti,'c for the roliowinll '~Il!IQnI . 

• tile I:IItmIII comet ruppon Mn,Ic:tute is iponx1 (x-y, X-7) 

• tile OCA locltinl bullons. and 16 ~13Ul"C lOCket head cap Kf'C"\Io"S all: Ignored (~·z) 
• the lid fl&ncc O\w!.p. OCA cloiure strip. and 24 7116-14l.1SC hc~ bead boh. a"" iJlIOf"cd ( .... y) 
• tile "'" ... ,. duty 6lllo<.JIi6.1.4 =1Inzu.Lar 1OR·litt dl:llmcl pocket $lJUCtl.ln il ignored (lI _-":) 
• the affCCt of body lid bo\o'in& due 10 IIAC IC$JI i. Ignored {K-Y. K-z} 

By iporia,1be abo-.'t' cfTQ;\I., tile JIIPC UJIdamased and dam&~ ~bgc am.y an: modeled as closcl 
fini .... and in oontacI., " 'ben in ract the .li:Nc'tlCnlioocd structure and OCA SltUClUro dct"<Jmytioa and 
bow ..... -wid pt"O"Mk .sd'UON.I (lI'Y) and H1I1 (lI_l) spacing belween Individual ~kJle UJllbI. 

1'1w: hJbln 7_lbitt' ,nternal foam iii madded \<) encase the lKJ InncrConlJiruncnl Canistcr Ancmbly 
(lCCA) am.y. Important dunctlSions ofthc bask body + lid .uscmbly .• nd foam density lW;gnmcntl 
an: .00..'11 III tho:: /4''Y and ~'l c~"CliOll&I slices llfFi~ 6.3,. and 6.Jb. respect;""ly. 
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Figure 6.3a Body Assembly (x,y) Dimensions and Foam Distribution 

30.48 cm c-c (x, nominal) 
29.845 cm c-c (x, model) 

GEHPLOI: npclun68 1B/Z3/ ass: +X units: Cti slice: 58 

Y e  

2 9 

11 lb/ft3 polyurethane foam 
density (7.62 cm periphery i layer, all faces of cube, except 
lid) 

108 7374 cm square body assembly 
(10 ga - 0.3124 cm 304L SS wall thickness) I 

I IU,I? polyurethane foam insulation 
(surrounds 3x3 inner container I 30.48 cm c-c (y, actual) 

29.845 cm c-c (y, 
model) 

I 

L . J ~  cm ceramic fiberboard insulator on 
periphery (modeled as void) 

Figure 6.3b Body Assembly (x,z) Dimensions and Foam Distribution 

cm) thick under 1" (2.54 cm) duraboard layer 

40 IblftJ polyurethane foam density layer 1-318" (3.4925 
cm) thick beneath 15 Iblft3 layer, and 1-318" (3.4925 cm) 
thick layer of 4G# at top of OCA. Foam void cut-outs I 

1 1U3.USU3 cm height [lu ga., 0.3429 cm 304L SS wall thickness) I 
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Figure 6.3a Body Assembly ( •• y) Dimensions and Foam Distribution 

30 008 "" <>c (I<. """"'""l 
29.3'S "" Co<: (>. • .....,.,...) 

Figure 6.3b Body Anembly (I~) Dimensions 3nd Foam Distribution 

~II ---.--.~-.-

Docket No. 71·9m 
Revl.lon 2. 912002 



GNF NPC Docket No. 71-9294 
Safetv Analvsis Report Revision 2.912002 

6.3.1.4 Materials 

Figure 6.4 shows blown up cross-section material assignrnent(s) of the ICCA within stainless steel I 
silo. These mixture assignments are shown in color for illustration purposes, and used throughout 
this report (unless otherwise noted). 

I 
Figure 6.4 Inner Containment Canister Assembly (ICCA) within Silo - Mixture Assignments 

I 
GEMPLOT: npc6un60 10/2340 up: +Y across: +X units:  CM s l i c e :  20 

pink = cadmium 

I 
Green = polyethylene I 

* For a further description of the fuel regions with homogeneous mixtures and heterogeneous lattices see Section 6.4.3 

The UOz mixture (fuel) material specifications used in the WPC criticality safety demonstrations are 
dependent upon the case being modeled. The cases considered in the current analysis are (1) 
damaged single packages, (2) infinite arrays of undamaged packages and (3) 5X5X6 arrays of 
damaged packages. Contents include the applicable homogeneous and heterogeneous theoretical 
density U(5.00)02 and water mixtures, optimally moderated, and with the specified mass limits given 
in Table 6.1. Heterogeneous cases have been modeled as lattices of full density U(5.00)o2 vertical 
fuel rods (with no cladding) in full density H20 with the specified minimum diameters in column 2 of 
Table 6.1 and with lattice heights as determined by the lattice water to fuel (W/F) volume ratios, the 
Table 6.1 mass limits, and the assumed lattice boundary conditians (i.e. either overlap of the rods in 
the lattice with the ICCA wall, or no overlap). 

Table 6.5 provides the resulting mixture data summary derived from an internal utility code called 
UFACT. For the cases in the table except the first (which is applicable to heterogeneous pellets and 
rods), a theoretical treatment of the fuel region is used, and the mixture height is not computed as the 
ICCA volume is modeled full (height fured at 80.01 cm). Please also note that for theoretical U02, all 
voids are filled at approximately 11 -5% water content - thus no density correction is required (e.g., 
DFACT = 1.0). 

Global Nuclear Fuel 
A*Uy).*ILUI*bllllru 

GHF NPC 
Sa/ely An;l ln" BlROrt 

6.3.1.4 Materials 

Docktl NO. 11-t~ 
Rm lot! 1. !II2OQ2 

figure 6.4 shows blown up cross·section material assignment(s) of the ICCA within .talnless S'eeI 
silo. Thes-e mb<ture assignments a re shown In c:oIo< for Illustration purposes. and used throughout 
this report (unless otherwise noted). 

Figure 6 .4 Inn" Contillnm. nt Canlsta r A".mbly (ICCAI with in Slto · Mbtur. " s,lgrvnenls 

• f ... -..'"' __ ..... ___ ., .... ,_._ ......... , .... _ • ____ 6.0.3 

The UOl mixtun:: (fud) material spco;ifK"ations UKd in the NPC criticality safely demonstratiOn!; arc 
dependent upon the case being modeled. The ca.scs eOflsidc:tcd in the cum:nt analysis arc (1) 
damaged l inglc p,acbg", (2) infinite arrays of undamaged packages and (3) SXSX6l1lT3yS or 
d.ma~ packaga. ConlCntJ inc;1udc the applkablc: homogeneous and beterogCTIoous thooretical 
dml;ity U(~ 00)0: ~nd """M" miulI~. "f'Iimally rnodcn!ted. and wilh Ihe spI."ei ficd ma~s limits Iliven 
in T.I,lc 6.]. IlclcmgenoouJ eun have been Il\OdI:led IS lattices of full dl."lUity U(S .OO)O~ ,·cnica1 
fuel rods ( .. ~th no cJaddina) in full density H~ wilh lhe spo:<.:ified minimum diamelers in column 2 of 
Table 6 1 and with ]anicc hc:iglllS as dCll-nnincd by the lallice Wliler 10 fuel (W/f) volume TIIlios. Ihe 
Table 6.] mass limits.. and the usumcd lalli« boundary conditions (Le. either overlap of too rods in 
thc lattice with the ICCA ..... 11. or no OVCTlnp). 

Table 6.5 provides the result;ns mixtll~ data lumma')" derived from an inlernal utIlity code called 
Uf ACT. for the ClSI.'S in tbc table e~cepl the first (which il .pplicable LQ hC1CrogC",:oll$ pcllcts and 
nxI<), a thl."Ol""Ctinl tn:atmcnl of the fuel region is used. and the mi~lu~ height i5 nOI cornpull'!l as Ihe 
ICCA volume: is modeled full (heighl fixed at 80.01 em). I'lcase also nOle thai for theorelical UOl. all 
voids arc filled at appruxirnalc1y I L .S% Wlitcr content - thus no densi ty correction is requin:d (c. It .• 
Of ACT .. 1.0). 
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The columns in the table with the corresponding compound identification (COM), weight fraction I 
water (WF-W), U-235 fractional enrichment (ENR), density correction factor (DFACT), mixture 
density (RHOMIX), compound density (RHOC), and uranium density (RHOU), uranium fraction in 
the compound (UFACT), W5 (HIU-235) and WU atom ratios, and IIEIGHT are defined as follows 
(and are equally valid for Table 6.6): 

DFACT = density correct~on factor = [MINIMUM (1 .O, RHOC,,,,~I~I,)]/RHOC 

RHOMIX = mixture density = RHO-MIX=DFACT/[(l-WFR-H20)IRHO-FUEL+WTFRRH20] 

where, RHO-FUEL = RHOC = RHO-U02 = compound density in mixture, and 

WTFR-H20 = WF-W = weight fraction water in mixture 

RHOC = uranium compound density in mixture = (1 - WTFR-H20) * RHOMIX 

RHOCmncrrdlble= maximum credible density of uranium compound 

RHOU = uranium density in mixture = UFACT * RHOC = 0.88144 " RHOC 

UFACT = uranium fraction of compound = MU/ [Mu + (2*Mo)] = 0.88144 for 5.00% enriched U02 

where, Mi is the atomic mass of constituent i 

H15=HIU-235 = Atom ratio of hydrogen to U-235 = H-TO-U-235 

H~TO~U-235=W~TO~F2*235.043928/(18.01534*RHO~FUEL*UFACT*ENR) 
where, W-TO-F=water-to-fuel ratio - WTFR-H20"RHO-FUEL)I(l-WTFR-H20) 

ENR=[N-U-235"235.043928]/(#+N-U-238*238.050788) 

HIU =Atom ratio of hydrogen to uranium = H~TO~U=WTFR~H~0*ATM~UI[UFACT".5*18.0153*(1-WTFR~H~0)] 

HEIGHT = height of mixture in cylinder of specified radius and mixture mass [e.g, HEIGHT= MASSI(Pl*RAD**Z"RHO-MIX)] or 

compound mass (e.g, HEIGHT= MASSI(PI*RAD**2*RHOC)] 

Table 6.5 Fuel Material Specifications - Damaged Single Package 
(theoretical UO2 + H20 mixture) 

COM WF-W FR.ENR DFACT KHOMIX RI10C RHOU UFACT Ii/5 H/U HEIGHT 
gm/cc gm/cc gm/cc x10 cm 

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

In the undamaged and damaged package array cases, homogeneous UOz + H20 mixtures are modeled 
as mass and geometry limited systems. The U02 compound density is treated as theoretical (10.96 
glee). The weight fraction water is computed such that the U02 + water mixture completely fills a 
volume up to the maximum of the Inner Containment Canister Assembly (ICCA). For the NPC 
package, these mass and geometry limited conditions are demonstrated to be the most reactive. 

Table 6.6 provides the corresponding mixture, compound, and uranium densities for this treatment of 
the fuel region. The weight fiaction of water for each U02 fuel mass limit is computed to just fill the I 
ICCA volume. The UOz compound mass in the U02 + H20 mixture is varied to determine the 
maximum acceptable payload of the package under hypothetical accident conditions. In the case of 
60 kgs U02, additional cases at lower weight fraction water were run to confirm the most reactive 
condition. Higher weight fraction water conditions resulting in lower UOz mass are included in this 
table. 
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(tnd an: equally vahd for Table 6.6); 
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1a tItc lIIldamap and dama&cd pacbgc arB)' t __ ~cneous uo, .. H:O mllllUI'CII""" mocklo:d 
as mus and 8«Ji1.ary limited J)'S1I:!M. The UOI compouDd density is lrello:d as lbcvn:Iia.l ( 10.96 
tlee). 11K- ~,ghI hr;t1Oll .. 'Ster IS computed lOCh thou tb~ Uo, of ",ater mixture completel)' 1ll\J.. 
volume lip 10 the maJIOJm.am oftltc lllDCl" Containment CaniSl<.T Aucmbly ( ICCA). For the ,"PC 
r-:bF- tlxx ma55 and pileII)' limited conditions arc detnoomlnllCd 10 be the rrIO$l rac!J\·C. 

Table: 6.6 pruvidcl tile ~in, mixture. compound. and uranium dcn,il~ for tlIil tn:atmaIt of 
the fuel rep;n Tk .'('iPI fnction of,,'ater for CKh Uo, fud mass limil i5 ~ed tOJlI5I filllbc 
lCCA volume. The Uo, rompound mass in Ihe Uo, + 11:0 muo;Nre " varied todeta1nUlC the 
IJ\U,mwn KccplIblc payl,*, oftbe package under hypotbctical.ccidc:m. condilions.ln tItc cue of 
60 kp UOz, addnlOOlll ta5CS Itlowcr weight ITaction ..... tcr .. ·~ run to OOlIfirm the rrIO$l mICIl\-': 
condition Higher "-.:ighl f~llon w.ter con.ciitiOlu resulting In I",,·<.T uo, mw: an: ,ncilldoed In!lm 
table. 

GNr: ---. __ .. -.-



GNF NPC Docket No. 71 -9294 
Safetv Analvsis Report Revision 2, 912002 

Table 6.6 Fuel Material Specifications - Undamaged and Damage Package Arrays 
(U02 + H20 ,  optimal moderation, variable U02 mass) 

COM WE-W FR.ENR DFACT RHOMIX RHOC RHOU UERCT I1/5 H/U HEIGHT 
qm/cc gm/cc gm/cc  x 1 0  cm --- ---- ------ ------ ------ ------ ------ ------ --- --- ------ 

undamaged package array cases: 
RADIUS - 1 0 . 8 1 4 1  CM FUEL MASS - 6 0 . 0 0 0  KG 

U02 . I 5 0  .05000  1 . 0 0 0 0  4 . 3 9 4 5  3 .7354  3 . 2 9 2 5  .88144  1 0 4  5 3  4 3 . 7 2 1  
U02 .200 .05000 1 .0000  3 . 6 6 3 1  2 . 9 3 0 5  2 . 5 8 3 0  .88144  1 4 8  7 5  5 5 . 7 2 9  
U02 .250 .05000  1 . 0 0 0 0  3 .1404  2 . 3 5 5 3  2 . 0 7 6 1  .88144  1 9 7  1 0 0  6 9 . 3 3 9  
U02 .260 .05000  1 . O O C O  3 . 0 5 3 3  2 . 2 5 9 1  1 . 9 9 1 5  .88144  208  1 0 5  7 2 . 2 8 1  
U02 .270 .05000  1.0OCO 2 .9108  2.168'1 1 . 9 1 1 6  .88144  219  111 7 5 . 3 0 4  
U02 .285  .05000  1 . O O C O  2 . 8 5 1 9  2 . 0 4 1 1  1 . 7 9 9 2  - 8 8 1 4 4  2 3 6  1 1 9  8 0 . 0 1 0 ( * )  

damaged package array cases: 
RADIUS - 1 0 . 8 1 4 1  CM FUEL MASS = 40 .000  KG 

U02 .392  .05000  1 .0000  2 . 2 3 6 6  1 . 3 6 0 8  1 . 1 9 9 5  .88144  3 8 1  1 9 3  80 .010  
KAUITJS - 1 0 . 8 1 4 1  CM FUEL MASS = 4 5 . 0 0 0  KG 

U02 - 3 6 0  .OS000 1 .0000  2 . 3 9 1 2  1 . 5 3 0 9  1 . 3 4 9 4  .88144  333  1 6 8  80 .010  
RADIUS - 1 0 . 8 1 4 1  CM FUEL MASS = 5 0 . 0 0 0  KG 

U02 - 3 3 2  .05000  1 .0000  2 . 5 4 5 7  1 . 7 0 0 9  1 . 4 9 9 3  .88144  294 1 4 9  80 .010  
RADIUS 1 0 . 8 1 4 1  CM FUEL MASS = 55 .000  K G  

U02 .30'7 .05000 1 .0000  7 . 7 0 0 4  1 . 8 7 1 1  1 . 6 4 9 2  .88144  262 1 3 3  8 0 . 0 1 0  
RADIUS - 10 .8141  CM FUEL MASS = 6 0 . 0 0 0  KG 

U02 .285  .05000  1 .0000  2 .8549  2 . 0 4 1 1  1 . 7 9 9 2  .88144  2 3 6  1 1 9  8 0 . 0 1 0  ( * )  
RADIUS - 1 0 . 8 1 4 1  CM FUEL MASS - 6 5 . 0 0 0  KG 

U02 . 2 6 5  .05000 1 .0000  3 . 0 0 9 5  2 . 2 1 1 3  1 . 9 4 9 1  . 8 8 1 4 4  214 1 0 8  80 .010  
( * )  ICCA f u l l  condltlon, wf-w - 0.28504 

6.3.1.5 Models - Actual Package Differences 

The criticality safety analysis model of the loaded NPC differs from the actual package in 1) the 
allowance for water intrusion into the ICCA containment, 2) center-to-center canister spacing, 3) 
insulating foam distribution, 4) the modeled stainless steel structure, 5) the modeled cadmium 
thickness, and 6) the modeled poly density. 

1) For homogeneous UOz, the ICCA fuel region is modeled with variable UO2 compound mass 
and variable H20 content as described in the fuel material specifications above. In the limiting 
(damaged package array) models, the UOz compound mass is varied from 40-65 kgs UO2 per 
ICCA. The water content is also varied to optimally moderate the ICCA for the mass limited 
damaged package array. This optimal internal moderation treatment is a known conservatism. 

For heterogeneous materials, the ICCA fuel region is modeled as a lattice of variably spaced 
UOz fuel in the form of right circular cylindrical elements (rods) having a fixed total (UOz) 
mass with full density HzO in the ICCA region outside of the cylindrical elements. The fixed 
mass, either 55 kgs, 53 kgs or 46 kgs, is based on the minimum diamctcr of the pellets or 
particles size specified in Table 6.1. Similar to the homogeneous case, the degree of 
moderation in the individual fuel rod lattices is varied through optimum, which is done as a 
function of the lattice water-to-fuel volume ratios by varying the spacing between the rods. As 
in the homogeneous case, the modeling of accumulations of pellets or other random oriented 
high-density clumps or particles as uniform lattices of UO2 cylindrical elements (rods) is a 
known conservatism. 
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The criticality safc.y .nal~is model oflhc loaded NPC differs from !be: actual package in I) the 
allowinCll for ...... ,'" inltu~ion into tbc ICCA containment. 2) ceoter·lo-ccntcr anislCr spacing. 3) 
insul.tinl foam distribution. 4) the modeled slainl= sled structure. 5) !be moddcd cadmium 
thickness, Ind 6) the modeled polydmsily. 

I) For homogCTlOO\ll UO., th~ rca fuel region is modclcd with \"';ablc Uo, compound mass 
and "¥riablc H10 contcnl llS dCS("ribcd in the: fuel ma.crial spet".f>eations above. In the limiting 
(damaged P"~ .my) modc:ls.thc Uo, wmpound mass '" varied from ~S kg.'! UO, per 
ICC", Tbc: ... ·atcr toIItellt is alliD varied 10 optimally ITlOdcnll<: the ICCA for the IJIllSS limited 
damaged package Imy. lbil optimal inlcmaJ mod'.'I1UIon ~almenl '5 a known COllS.-rvlItism. 

2) For hctCl'OlC11OOIlI materials. the ICC"' fuel region is modeled lQ' lallice of variably lipaced 
UOI fllel in the fonn of ri&ht circullJ cylindrical clements (rods) IlaviDg • fIxed IOlal (UO:) 
mass with lUll density H!O in the: ICCA re,ion '-"'bide o f tbc cylindrical clement •. The fixed 
!I\&U, etther SS kgs. Sl kss or 46 kg.'!. is bued on the miRlmwn dilmctcr of the pellets or 
partides ,izc specified in Table 6. 1. Similar to .he homogencou. case, the degree of 
moderation in!bc: individUIII fwl rod brnices is varied thmu&h optimum. whicb is done as a 
fUDCDon of >he: lanic~ wa",-r.to-fuel volume ratiOli by \"lrying the spacing bctwccn the rods. A s 
in the homo,~s ux.!be: modding of 1<;<':IIRlula,ions orpellels or other random oriented 
high--dcnsily elumps or pilfticles as uniform bruices of UO] ~ylindri~.l clements (rods) is a 
tno\O ... rolls~r'-.lism. 
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3) The center-to-center spacing of the ICCAs is also different from the as-built package. The 
nominal spacing (X,Y) between the individual ICCA units in the 3 x 3 array is 12-inches (30.48 
cm). All models use a nominal conservative ICCA center-to-center spacing of 1 1.75" (29.845 
cm). For the limiting damaged package array models, sensitivity of the canister center-to-center 
spacing is quantified, by modeling the ICCAs fiom 1 1.75" (29.845 cm) to 1 1.25" (28.575 cm) 
spacing for a specified foam burn condition. Effects on system reactivity are assessed. 

4) The insulating foam distribution within the package also differs from the actual package 
contents. In all cases, the minimum chemical composition in the foam is assumed. In addition, 
the density of the polyurethane foam is reduced by the maximum 10% manufacturing tolerance. 
Thus, the 7, 1 1, 15, and 40 lb/ft3 foam densities are actually modeled as 6.3, 9.9, 13.5, and 36 
lb/ft3, respectively. This 10% foam density reduction results in a corresponding reduction in the 
hydrogen atom density. This is a known conservatism, as sensitivity studies demonstrate the 
more hydrogen between the ICCAs, the lower the overall system reactivity (due to hydrogen 
moderating and capture characteristics). 

The foam distribution also differs in the mass of foam included. In the damaged single package and 
arrays, the effects of non-uniform foam burn are based on measured CTU-1 and CTU-2 test results. 
The limiting condition damaged array reactivity is based on the maximum burn observed in either 
certification test unit. The maximum burn treatment results in zero residual foam thickness on all 6- 
faces of the cube, as measured radially and axially from the ICCA centerline (refer to Sections 
2.10.1.7.1.6 and2.10.1.7.2.6). 

The maximum burn condition, coupled with the minimum hydrogen content, uniform application of 
maximum foam density tolerance, and 2% reduction in poly density effectively results in 
conservative treatment of damaged package physical condition post HAC testing. The maximum 
foam burn results in minimum interstitial hydrogen between packages -which is shown to increase 
package reactivity. 

The 1-inch periphery ceramic fiberboard is modeled as a void in all models. This material consists of 
approximately 44% A1203, and the balance as SiQ2 -both compounds are neutronically insignificant. 

4) The amount of stainless steel structure used in the model also differs from the actual package. 
Since the maximum sheet gauge tolerance reductions were applied (refer to Table 6.4), and 
significant external structure ignored, the mass of stainless steel in the model is significantly 
lower than actual. Reducing amount of stainless steel in the model is conservative because there 
is less material to compete with the uranium for neutron absorption reactions (refer also to 
Section 6.6.2.7, Sensitivity Study - Damaged Package Array Structure). 

5) The nuclear poison cadrmum thickness is modeled at 0.015" (0.0381 cm) thick, which represents 
only 75% of the minimum absorber thickness of 0.020" (0.0508 cm). 
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J) The CIm'a·'CX'I.mcr ~pacinll Qflll~ leCAs is als<:> different from the u·built package. The 
nominal ' plcing (X,V) b\:r.o.''''''' !he individual ICCA units in .be) " J ,rray ;s 12·inchCi (J0.48 
em). All m<:>d<:1s use • nominal comcrvati~ ICCA cen'a·.o-ccn'Cf spacing of 11 .75'" (29.845 
cm). For the limitin, danIa,cd package array rn<:><lcl •• sensitivity Qf the canislCf centcNlKC1lter 
Spicing is quantIfied. by modeling lIle ICCAs from 11 .75"' (29.845 em) 10 I ] .25·' (2~.s1S em) 
spacing for. specified foam bum cQndition. Effec ts Qn system reactivity arc uscsscd. 

4) The illllul.ting foam distribution within the package also differs from the actual package 
ronten1S. In III cases. the minimum chemical comp<:>SitioD in the foam is assumed. In addition, 
tile density oflhe polyuretllane foam is reduced by the maximwn 100A manufactunng tolerance. 
ThU$, the 7. I I. I 5. and 40 lblflJ foam densities are actually IDQ<kled as 6.3 , 9.9. ] 3.5, and 36 
Ibltt', m<[IOCIivcly . This I 00.10 foam density n:i!uctiQn resul1S in a cQITeSjl'Ondinll rcductKln in the 
hydrogen atom dcnslIy . I h1s IS a known conSCl'iau5DI. as senSt11Vtty studlCS dcmonmate !he 
more hydrtl!len betwcen the ICCAs. tile lower tbc overall system reactivity (duc 10 hydrogcn 
moderating Hnd capture chllllctcristics). 

The foom distribution al!iO differs in the ma~ offoam included. In the damaged single paclu.&C and 
amlyS . • he cffects ofD()D·uniform foam bum are based on ~ cru·1 and CfU·l 'cstl'l'SUlt:I. 
The limiting condition damaged arn.y reactivity is buc:d OIIl1le muimum bum <:>b!;erVcd in either 
CcrtitiC ~lion teJt unit. "T"M m.tJ<imum bum trc.tmmt re5\dlli in 7.cro re5idl.lal foam tIlkkncn QfI al l (,. 
faces of the cube, ,.. mC:lliurcd radially and uially from the ICCA (entaline (refer 10 s.:cUQI.li 

2. I O. I .7.1.6 and 2.10.1.7.2.6). 

The 1l1IIJIimum bum condiuOf], coupled witll the minimum hydrogl'll wnknt, uniform apphcation of 
maximum foam density tolerance. and Z% n:i!IKtion in poly dau;ity cffco.:tively JaultJ in 
cOOSCT\'alhc treatment of damaged pKh&e phylical OOIIditiOll [>OSt liAC \C!i1inll. The maximum 
foam bum RS\llt:l ill minimum interstit ial hydrogen bct"'"CCI! ~ekag~ - which is Ihown 10 incre ... c 
pacbgc reactivity. 

The I·ioch paiphery eCl'1lDic fibcrlxwd is modeled as • void in alllT1<.><lcb. This material consists of 
approxI""'lCly 44% AI,Q" and lIle balance as SiOJ. - both compounds are neutronically insignificanl 

4) The amount of stainless s.eel §tnlCtun: usro in the model also differs from the ."tual patbgc. 
Since tIM: Rl:L\imum sheet gause toletanCe rcdUl:tKlru; were applied (Nftr 10 Table 6.4). and 
signi fICant ",,1<:ma1 structure ignored, the mass of sta iniesl Itcel in the model it ligllificantly 
lower than actual. Reducing amount ohtain less ~tcd in the ttlode! is conscrva tive bctllusc there 
is less material to compc1e with the lII1Inium for nClJtron Ibsorption reactions (refer also to 
&ction 6.6.2.7, SenJitivity Study - Damaged Packagc AmlY Structure). 

5) The nuclear poi501l cttdmium thickncs.s is rn<:><lc!cd a\ om S., (0.03l!1 em) tIlick. which f<"JlfC$CD!$ 
ooly 75% of the minimum abs<:>rber lIlick""'-'i of 0.020" (O.OS08 em). 
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6) In all damaged package array models, a 2% reduction in polyethylene density (0.92 * 0.98) is 
uniformly applied. This reduction in density effectively covers the observed 0.6% weight loss 
post HAC testing and 0.25% mass allowance for minimum specified poly height of 30.3" verses 
the modeled 30.375" height (refer also Section 6.6.2.8, Sensitivity Study - Damaged Package 
Array Poly Gap). 

6.3.2 CONTENTS MODEL 

A general discussion of the NPC package in the normal (undamaged) transport and hypothetical 
(damaged) accident condition case is given in Section 6.3.1.4, Materiuls, Tables 6.5 and 6.6. The 
following sections presents a discussion of the fissile material contents under these conditions of 
transport, along with an assessment of the foam burn distribution effects in the damaged single and 
array packages. 

6.3.3 DAMAGED SINGLE-PACKAGE MODELS 

A model of the single package damaged condition considers unlimited moderator intrusion into the 
ICCA containing UOz product. The single package was subjected to hypothetical accident condition 
tests per IAEA and 10 CFR $71.73 as specified in Section 2.7, Hypothetical Accident Conditions. 
The UOz contents of the single package were analyzed in accord with the Section 6.3.1.4, Materials, 
Table 6.5. The ICCAs within the package were modeled in the homogeneous case containing 
theoretical UOz and water mixtures, and in the heterogeneous case as water moderated lattices of 
UOz cylindrical elements (rods), with the corresponding weight fraction H20 and water to fuel ratios 
varied through optimal moderation. In all damaged single package models, the unit is surrounded by 
a 2 30.48-cm thick water reflector. 

6.3.3.1 Damaged Single Package with Theoretical U02 + H20 Mixtures 

For homogeneous U02 and H20 fucl mixtures, four sets of damaged single package model constructs I 
are considered. Two damage single package models are run using the limiting CTU-1 and CTU-2 
observed foam burn conditions in which the average residual foam is modeled on each face of the 
cube. The third case conservatively applies a maximum observed burn on each face of the cube. The 
fourth damaged single package model applies a tight water reflector to the package for the limiting 
condition derived from the first three case sets. 

The first three cases replace observed foam burn region with void. The fourth and final case replaces 
the burned foam region with water to assess the impacts of a fully flooded damaged package (applied 
to limiting burn condition). Figures 6.5a - 6.5d show vertical slices of the CTU-1, CTU-2, maximum 
observed burn, and the flooded damaged single package models. 
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6) In.n d.mag<.:d ~k.gc .... y mode .... 2% n:ductiDn in JIOI)"C1byl~ne density (0.92 • O.9H) i$ 
uniformly applied. This reducli(l1l in d~,"ily effectively coVen the ob"",""d 0.60/. weight ~ 
post IIAC II:$I.tng and 0.2S% mull .llowa,,,,,,, for minimum specified poly height of 30.3" VCT1CS 
the madded 30.375" height (",fer . I!oO S«tiOD 6.6.2.8, Sensitivity Study - Damaged Package 
Amy Poly Gap). 

6.3,2 CONTENTS MODEL 

A gmc",1 diKllS!lion ofthc NPC package in the nonnal (undamaged) lraruiport and bypolhelic:al 
(damaged) acci(\cnl condition case is lIiven in S\.'(:tion 6.3.1.4, MQ/uilJls. Tables 6.S and 6.6. The 
follo"'ing section. present, • di!IClIs, ion of Ihe fissile material controlS und.". thde conditions of 
InInspo". along with an """~$mcnt of the foam bum distribution cIT""" in thc damaged single and 
amy packages. 

6.3.3 DAMAGED SINGLE-PACKAGE MODELS 

A model oflbe single packagc damaged condilion constders unlimited lTlOIkDtor intrusion into the 
ICCA cDntaining Va, product The singk package "'"" lubjected 10 hypolhCliaollccident condition 
lests per IAEA and 10 eFR §7 1.73 L'i specified in Section 2.1, IIYPO'MlocoI A«;Jenl Co"Jitkm.<. 
Tile UOl contents of the singlc package ""ere analyw:l in accord ""illt lhe Stttion 6.3.1.4, JWa,erials. 
TMbic 6.5. The lCCAs within the II"ckage wen: modele4 in the homogeneous CtiC containing 
throrctic.1 VOl and waler mixturn. and in thc lv,:terogt;tll;JO\lS case as ' .... Ier moderaled laillees of 
UOI cylindrical elements (rods), with the ~ing .... cight rr.ction 11,0 and waler to fuel rdlios 
varied through oprima! moderation. In 111 damaged l ingle P;OCUgc models, thc unil is JUlTOIJnded by 
. 2; l OAS<TT1 thick water reflector. 

6.3.3.1 Damaged Single Package wilh Theoretic.1 UOJ + HJO Mixture. 

For homo&CDC(lUl!I UO, and HZ<> fuel mixlUl"CS. four ~t$ of damlged sUlgle package roodd construct. 
an: considr:rcd. T.m !larn;,gc single package modds arc run lIsing the limiling CTU·I and CTU-2 
ob$cr.-.::d fO&rll bum coodilions in wllich the a"erage residual foam is modeled on each facc of the 
cub<:. Tbc third ease C<IIlSC1Vali'-cly applies. maximum observed bum on each face of lhe cub<:. The 
fO\U1h damaged 5iflllc packaKc mode! applies a tight water ",fle<,:tor 10 the package for thc lim,l;ng 
eondltlOn (\erj."al from the: first three case sets. 

The finl three ... ws ":I'I.c( observed foam bum regioo with void. The fourth and final CIS(: "'PIKes 
the bumed foam regioo with water to 1s.se5.! Ihe impacls of a fully flooded damaged package ("",lied 
10 limiunl bIIm condition). Figures 6.5a - 6.5d show vertical slices of the CTU-I. CTU-l. maximum 
o/m ........ -d bum,.nd the Ilooded damaged single pacb gc models. 
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Figure 6.5a - Fully reflected damaged single package, theoretical U02 + H20 mixture, CTU-1 
observed burn 

Figure 6.5b - Fully reflected damaged single package, theoretical UOz + H20 mixture, CTU-2 
observed burn 
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Figure 6.Sa - Fully reflKted damaged single packilge, theoretical UO, + H,O mixture, CTU·' 
observed bum 

Figure S.Sb _ Fully raflKted damaged single package, theoretical UO, + H,O mixture, CTU.2 
obeerved bum 
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Figure 6 . 5 ~  - Fully reflected damaged single package, theoretical U02 + H20 mixture, 
maximum burn 

Figure 6.5d - Fully reflected damaged single package, theoretical UO2 + Hz0 mixture, 
maximum burn, flooded package 
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Figura 6.5c _ Fully .efiected damaged single package, theoretica l UO, + H,O mhctura, 
maximum burn 

Figure 6.511 _ Fully reflected damaged single package. theoretical UO, + H,O mixture, 
maximum burn. flooO.d pack:og" 
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6.3.3.2 Damaged Single Package with Heterogeneous U02 in H20 

The packagc models for damaged single packages with heterogeneous U02 cylindrical elements 
(rods) in H20 are the same as the worse case configuration as determined in the analyses for 
homogeneous mixtures, but with the fuel region less than or equal to the maximum ICCA inner 
height based upon the specified cylindrical rod lattice and U02 mass limit. This model is the one 
shown in Figure 6 . 5 ~ ~  the "Fully reflected damaged single package . . . maximum burn" construct, 
except for the potentially smaller fuel element lattice height. For less than maximum height lattices, 
the regions in the ICCAs above the lattice are modeled as voids. 

In the evaluation of the NPC package with heterogeneous UOz fuel, three different types of model 
constructs have been used to represent the heterogcncous material contained in thc ICCA fuel 
regions. Each type of model is then evaluated using both squarc and triangular lattice trcatmcnts, 
covering 26 different W/E ratios (from 0.58 to 8.00) and 4 different pellet outer diameters (ODs). 

The first type of model consists of lattices of right circular cylinder elements (rods) in which the rods 
are permitted to overlap the ICCA boundary, with the parts of the rods internal to the ICCA kept in 
the model. Figure 6.6a shows XY depictions of the ICCA fuel regions for "17X17" cyclindrical 
lattices as the WIF ratios of the lattices are increased. Figure 6.6b shows the XZ layout (at Y = 0.0) 
of the same fuel regions with the decrease in the U02 mass in the ICCA noted when the maximum 
container height is reached. In this exact treatment with overlap, a total of 4 pellet ODs are 
considered. These include the "17x17", "lOXlO", "9x9" and "8x8" pellet sizes, each of which has 
progressively larger pellet diameters. The minimum diameter for the 17x17 PWR pellets is 0.300 
inchcs; that for the BWR 10X10, 9x9 and 8x8 is 0.342 inches, 0.373 inchcs and 0.408 inches, 
respectively. In this analysis, pellet diameters which are larger than the 17x17 lattices are shown to 
be progressively less reactive. 

The second type of model is similar to the first type except that right circular cylinder elements (rods) 
are not permitted to overlap the ICCA boundary and are deleted from the lattice if any part intersects 
with the ICCA wall. A comparison of the Overlap and Without Overlap models is given in Figure 
6 . 6 ~ .  Except for the absence of the overlapping rods (which for the same U02 mass and WIF ratio 
results in a slightly higher lattice height), the Without Overlap models are entirely similar to the 
Overlap ones and the variation with W/F is the same as illustrated in Figures 6.6a and 6.6b. 

The third type of model is one in which the right circular cylinder elements (rod) lattices are modeled 
in the ICCA using the Virtual Fill Option (VFO - see Section 6.4.3). Using this option, each 
individual neutron that is tracked in the ICCA he1 region is presented with the virtual equivalent of a 
rod lattice with overlap (as in the first type of model discussed above), but the rod lattice has its 
central point randomly displaced from the one seen by all other neutrons tracked in the region. 
Because of this random effect, the geometry plotting routines do not show the actual lattice gcometry 
but assure that the neutron enters the Big Region at the center of a fuel region. Examples of this are 
shown in Figure 6.6d, in which the XY plots actually shows a type of pattern resulting from the way 
the plot routinc (GEMPLOT) steps through the XY plane. The same pattern is not seen in the XZ 
plots because the Fill Region plotting is treated differently when parallel to right circular cylinders in 
the z-direction. 
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The package models for damaged single packages wi th heterogeneous UOl cylindrical demcnts 
(rods) in thO arc the !NOme a.o; the worse case configunuion a.o; determ ined in the anal~ses for 
homogeneous mixtures., but with the fuel region less than or e<juallO the maximum ICCA tnner 
height based upon the specified cylindrical rod lallice and UOl mass limit. This model is the one 
shown in Figure 6.5c, the " Fully reflected damaged single package ... maximum bum" eonstruet. 
exc""t for the potentially smaller fuel element lalliee height. For less than maximum heightlaUiecs, 
the regio ns in the ICCA. above the lalliee are modeled as voids. 

In the evaluaticm o f the NPC package witb heterogeneous UOl fud, thre<: different typc~ of model 
constructs ha~e been nsed to represent the hetcrogCllcous material contained in the ICCA fuel 
rcgioru;. Each type of model is tben evaluated using both square and triangular lalliee treatments. 
co,·mnll. 26 different W(f ratios (from 0.58 to 8.00) and 4 di fferent pellet outer diameters (ODs). 

The first type of model consists nf lallices nf right circu lar cylinder elements (rods) in which the rods 
arc permitted to overlap the ICCA boundary. with thc parts of the rod, internal tn the rCCA kept in 
the model. Figure 6.6a .hows XY d""ic1ions of the ICCA fuel regions fnr '"1 7XI7'" cycl indrieal 
lalliccs as the W!F ratios of the !an iCC'i are increased. Figure 6.6b shows the XZ layout (at Y m 0.0) 
Ortlle same Ibcl regions with Ihedecrease in Ihe UO, mass in the rCCA noted when Ihe maximum 
conl.1incr height is reached. In this cxaetlreatmcnt with overlap, a total of 4 pellet ODs are 
enruidcrod. These includc tk "'1 hi 7"", '"lOX 10", ''9X9"" and "SXS"' pellel sizes, each of which has 
pro~ssively larler pellet diameters. Thc minimum diameter for Ihe 17Xl7 PWR pellets is 0.300 
inches: that for tbe BWR 10X10, 9X9 and 8X8 is 0.34 2 inches. 0 .373 inches ar><;! 0.408 inch ~<. 

respectively. In this analysis, pellet diameters which Ire larger than tbe I hl7 lattices arc shown to 
be progressively less reactive. 

The second type of mod.1 is s imilar tn Ihe !irst type u ceptthat right circular cylinder c1emcDiS (rods) 
are nDi pennilled to overlap the ICCA boundary and arc deleted from the lan iee if any pan intcrsms 
with the ICCA wall. A comparison ofth. Ovcriap and With nut Overlap models is gi\"Cn in Figure 
6.6c. Except for the absence o f the overlapping rods (whi ch for the same UOl mass and WIF ratio 
results in a slightly higher lattice height), the Wi thout O verlap models are entirely similar to the 
Ovcrlap ones and the variation with WIF is the !NOme as i!1ustrated in Figures 6.00 aM 6.6b 

The third type of model is one in which the right circular eylmdcr elements (rod) lamees are modeled 
in the rCCA using the Vi rtual Fill Option (VFO - SCc Section 6.4.3). Using this option. each 
indi~idl\al neutron lhat is tracked in the rCCA fuel region is pn:sented with thc virtual cqui"alent ofa 
rod lallice with o~crlap (as in the firs t type of mode! discussed above), but the rod lauiec has il!; 
centrol point randomly displaced from the one secn by all other neutrons tracked in the regiun. 
Because of this random effcct. the grometry plotting rout;n"'! do not show Ihe actual lalliee K~-omctry 
but assure that the ncutron enters Ihe Big Region at the center ofa fuel region. Examples. orthis are 
~hown in Figure 6.6d. in wh ich the XY plots actually shows a type ofpallcrn resulting from the way 
(h~ l'lu( lUuli ll~ (OEMPLOT) ,IeI" lluuuj!h ~'C XY plane. The same pallern i~ no' .e<:n in the XZ 
plots because the Fill Region plotting is treated differently when parallel to right dn:ular 9 ' lindcrs in 
the >I-direction. 
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Figure 6.6a - NPC Container Square and Triangular 17x17 Fuel Rod Lattice XY Models 
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Figure 8.ea - NPC Container Squ~,.. ~nd Tri~nllullr 11X11 Fuel Rod utllee XY Models , 
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Figure 6.6b - NPC Container Square and Triangular 17x17 Fuel Rod Lattice XZ Overlap Models With 55 KG UOz 
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Figure 6 . 6 ~  - Comparison of NPC Container Square and Triangular 17x17 Fuel Rod 
~attice* Models With and Without Overlap 
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Figure 6.6d -NPC Container Square and Triangular 17x17 Fuel Rod ~attice' Models 
With the Virtual Fill Option 

Model VFO Lattice Regular Lattice with Overlap 

Square 
Lattice 

Triangular 
Lattice 

XY 

Square I Triangular Square 

xz 
views I 

(at Y = 0.0) 

1 *55kgs UOz at a WIF = 4.50 

Triangular - 

Global Nuclear Fuel 
* J I w d ~ r n . l l l c Y  

GNF NPC 
S,Ittt ADlmit !IIf!f!!1 

Square 
Lattice: 

XV 

Triangular 
Lattice 
xv 

XZ 
Views 

<al Y · 0.0) 

---. __ .. _.-

Oo<;k~ Mo. 11·121104 
R,IIt!on 2. iljlOU 



GNF NPC Docket No. 71-9294 
Safetv Analvsis Report Revision 2. 912002 1 

The Virtual Fill Option (VFO) has been used in this analysis because it permits modeling of he1 
lattices with a very large number of cylindrical elements (rods). Since only one geometry unit is 
actually used for the lattice (and the lattice is created by mirror reflection boundary conditions on 
the unit) the size of the array that can be modeled is essentially unlimited. 

This analytic capability is required when analyzing the most reactive fuel lattice without regard 
to particle size outer diameter (OD) or W/F ratio since the optimum outer rod diameter for 5.00% 
enriched UOz rods is in the range of 0.05 inches to 0.15 inches. Explicit modeling of fixed arrays 
of these sizes of cylindrical elements in the ICCAs would require hundreds of thousands of 
elements in the lattice. In the present analysis, the range of cylindrical diameters analyzed for 
the optimum case is derived hom four separate particle size diameters through optimum 
heterogeneity (e.g., 0.20", 0. lo", 0.05", and 0.025" diameters). Example 2D plots for these cases 
are shown in Figure 6.6e (the XZ models are those for the square lattices; the models for the 
triangular lattices are similar). 

This analysis demonstrates that optimum heterogeneity occurs at (or very near) particle size 
diameter of 0.100". An actual 'random' array of particles of unrestricted diameter is no more 
reactive than the 'ordered' arrays of heterogeneous cylindrical elements analyzed herein under 
optimum diameter and spacing (WIF ratio) conditions. This is the basis of applying these results 
to heterogeneous fuel mixtures of unrestricted particles sizes. 
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Th~ Virtual Fill OpIioII (VFO) has been usi:d in this analysis because it pennits 1"11O<kling of fuel 
lanito;s .... ith. vt:ry huge number of t")'linWicaJ c lement.. (rudli). Since only One geometry Wlit is 
l<."lualJ)' U'Ied for tile laniu (and the lattice i~ created b), mirror reneetion boundary conditions on 
the unit) the 5i~c of the . m y wt t.n be modeled is cs~ti~lI)' unlimited. 

This analy1ic capability If mjuired when analy/.ing the most reactive fud lattice wnl>out regm:l 
to particle size outer diameter (00) or W/F ratio li nce the optimum outer rod dillll>Ctcr for 5.00% 
mriched UO, rods is in the I"lIngc of 0.05 inchcs to 0.1 S inchl'S. E..;plicit modeling of flJlcd arrays 
of rhcsc sizes of t")'lindricaJ clem<:tlts in the ICCAs would require hundreds of thousands of 
clements in the lattice. In the pn:$Cllt BnaJysi~. the range of cylindrical diamc1ers analyzed for 
tbe optimum C'!II.! is derived frum four separatc particle si:a: diamclCQ through nplimum 
hl.1crogcneity (c.g., 0.20", O. 1 0", O.os·', .nd 0.025" diamct<:r$). E.>.ample 20 pints for these cases 
arc .hown in Fig"'" 6.6<: (tho XZ models"", tho .... for the "I""'" IGuie .. , tOO mod<ll. for tho 
triangular latticl""5 are similar). 

This analysis dcrnoll5tnttcs that optimum betcro"cncit)' occurs at (or "et)' ncar) pIInick Sttt 
diamet~r of 0. 1 00". An actual 'random' Ala)' of pIIrticlcs of unrestricicd diameter is DO more 
reactive thaD the 'ordered' amI)'"f of~ cylindrial ekmcnts analyzed hcrcin under 
optimwn dilJOCtcr IDd splicing (W/F nltio) conditions. This" the buis of.ppJymlllh~ mults 
to hctcrogcnCQUS fuel mixtures of tmrCSlnctcd pllfticlcs SLo:s. 
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Figure 6.6e - NPC Container Models for the VFO Analysis of Optimum Rod ~iameters' 
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6.3.4 UNDAMAGED AND DAMAGED PACKAGE ARRAYS 

Two basic package array model constructs are included in this evaluation - undamaged and 
damaged. 

6.3.4.1 Undamaged Package Arrays with Homogeneous U02 and Hz0 

In the undamaged array case for homogeneous U02 and H20,60 kgs theoretical U02 compound 
plus variable water moderation is modeled through optimal moderation conditions in which the 
ICCA becomes effectively "full". No restriction on water moderation in the undamaged model is 
required, provided that each ICCA is limited to not greater than 60 kgs total material weight. 

Table 6.7 provides the calculated fuel height for 60 kgs U02 compound and water mixtures 
within the ICCA inner canister as a function of weight fraction H20 added (up through optimum, 
full ICCA conditions). In these undamaged models, homogeneous theoretical density UOz 
compound density is used (rho-uo2 = 10.96 g/cc). The weight fraction H20 corresponding to a 
full ICCA occurs at tvt.fr,-h20 = 0.28504. 

Table 6.7 Fuel Material Specifications - Undamaged Package Array 
(60 kgs UOz + HzO theoretical mixture, unrestricted H20) 

COM WF-W FR.ENR DFACT RHOMIX RIIOC RHOU UE'ACT G-BIAS K-BIAS H/5 H/U HEIGIIT 
gm/cc  gm/cc ym/cc x10  cm --- ---- ------ ------ ------ ------ ------ ------ ------ ------ --- --- ------ 

RADIUS - 1 0 . 8 1 4  CM FUEL MASS = 60 .000  KG 
U02 . I 5 0  .05000  1 . 0 0 0 0  4 .3945  3 .7354  3 . 2 9 2 5  -88144  0 .0002  0 . 0 1 2 5  104  5 3  4 3 . 7 2 1  
U02 , 2 0 0  .05000  1 . 0 0 0 0  3 . 6 6 3 1  2 . 9 3 0 5  2 .5830  .88144 -.DO20 0 . 0 0 9 8  1 4 8  7 5  5 5 . 7 2 9  
U02 , 2 5 0  .05000  1 . 0 0 0 0  3 .1404  2 . 3 5 5 3  2.0'161 .88144  - .0044 0 .0070  19'1 1 0 0  69 .339  
U02 . 2 6 0  .05000  1 . 0 0 0 0  3 . 0 5 3 3  2 .2594  1 . 9 9 1 5  .88144 - .0049 0 . 0 0 6 5  208  1 0 5  7 2 . 2 8 1  
tJ02 , 2 7 0  .05000  1 .0000  2 . 9 7 0 8  2 .1687  1 . 9 1 1 6  .88144 - .0054 0 .0059  2 1 9  111 '15.304 
U02 .280  .05000  1 .0000  2 . 8 9 2 1  2 . 0 8 2 8  1 . 8 3 5 8  .88144 - . 0 0 5 9  0 . 0 0 5 3  230 1 1 7  7 8 . 4 1 1  
U02 . 2 8 5  .05000  1 .0000  2 . 8 5 4 9  2 . 0 4 1 1  1 . 7 9 9 2  .88144 - .0062 0 . 0 0 5 0  2 3 6  1 1 9  8 0 . 0 1  ( * )  

( * )  ICCA f u l l  c o n d l t l o n ,  wf-w - 0.28504 

The homogeneous U02 and H20 models for undamaged arrays consist of infinite arrays of 
normal condition NPC packages. Per the applicable L4EA and 10 CFR 571.59 standards, the 
undamaged package arrays are evaluated with the individual units close-packed modeling of the 
5N = infinite arrays is accomplished by using a single unit with mirror boundary conditions on 
all 6 sides, which is conservative relative to the model for a fully reflected finite system. 
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T",'O btiic pKka&c array modd COMtfUCU aR !nclllCkd in tIlil C"'IIluahon - undamro~.oo 

"""-

In 1M IIDCIama(Ied &mI.ycaK' for bonqCIICOUI U<>J and HiJ. 60 kgs IlK<lRhc.1 Uo, C'O!tlpOUlld 
plUIi variab"'....w modcntion;. mcxklallhrough opl;malllXldcr.l;oo rondilions in ""I\lm I~ 
[CCA tK:Wttid effCdi,,,ty ~fUlI~. No n:striction on "''Iller JtKXIeralioo in 1M undamaem modI:l il 
rcquimL pnmdcd \hr.t ~h I{.'CA i. hnutcd 10 nol grealer 1lwl60 kgs lOW mataW "",!Jllt. 

Table 6 7 provides 1M Cllcubllcd ruel ~iiht for6O kJl Uo, rompound aDd ,..ater millUA:$ 
within the: ICC ... lnncr caniiler as allme" on ofwCllht merion 11,0 added (up throu&h optimum, 
full rCCA conditions). In (hex undamalcd modt:ls. homoget'lQO\lS thcomical density ~ 
wmpound density is used (rho_oo2 - 10 % ,,'«:). The ",ejJllt fr.ction H,(J CQlTeopond"'l!O a 
full lCCA 0<;~.1 wt.fr._h20 · 0.2MS04. 

T,bl. 6.1 Fu.1 MIlt.ri,1 Speemc.tlon. - Undamaged P.ck.ga Array 
!eO kg. UO . .. H,o Ihtor.llctl mC.lure, Unrt.trkted H2O) 

C'"' . , ..... ...... wA(""r .. ,.", .. or; """" J>A(""r ._ . , ... . _., ... Ill. "to .. ,""" 
'JAIn "" .. """ . ,. ... --- --- _. --- ------ ----- ---_. ------ ----- ------ ------ - --- -- ---

un,,,, to.I" co ".~ ""' •• "' .••• "" _ .'" ....... 1._ .. 11" ).'I~ ' ,."U .11." •.• 0.) O.OU, 10 ' .J n.'" 
"'" .10. .• _ 1._ l.in, )." •• I.'''~ .11' " -.•• ,. '.011" It' ..... '," _ ., .... _ 1._ ).CO.' ,.'U, 2 .• 'i· ... , .. _ ....... og •• If' ,.. n.'" 
_ . M • • _ 1._ , .•• 11 .... " :.no> .• " .. _ .• eo 0.011> lOt 01. ''-'1\ 
1IC:Il ~>6 .• _ 1._ 2.".' 1.10" :.'''' .11'" _ .• O!4 I.Hot '" ::, '1 . 110 
\0>1 .... _ •• _ :.U,' '.,,:1 I.U ........ _ .••• t 0.">1 • .0 '" ?I.4:: 
_ ." .• _ 1._ I.'''' I.~'" ,."" ... ". _.oeo 0.1<1" 2li'19 ".~: "f 

, ' , ' ....... to •• _,,,_ • • ,-_ - I. " '" 

"The ~ .. 1I00.nrI 11,0 modd~ fu,. und.1magro &mi.)'. (onJi~ of infinile ""'),1 OJf 
IIOOIlaI condlIIoa NPC pKklg"- PC\' the: Ippllcabk: CAliA and 10 CFJI. FI .S9 JWKbrds. tbc: 
~ packa~ &mI.yI aR ~,..tcd with the indiVIdual units dOlC-pa,dttd IIlOOkllnl oflhl: 
~N ~ inrmllC Imylll.a;ompli$hcd by II$IIli I iitlilc unit ""ith minor bou.oduy wndltioa:r; on 
. 11 6 .ido:s. ",h~h iJ c:oniCJVltive relative 10 the modd for llUlly refl«led finIte 1)"1ImI. 
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Figures 6.7a-6.7f depict the models used to assess normal conditions of transport, and illustrate the 
increasing he1 height - up to the 80.01 cm maximum - as the weight fkaction of Hz0 (WF-W) is 
increased. These sample plots apply to the 60 kg UO2 mass limit. 

The package was subjected to the tests specified in IAEA and 10 CFR g71.71, normal conditions 
of transport, and, as reported in Chapters 2, Structural Evaluation and Chapter 3, Themzal, the 
geometric form of the package was not substantially altered. No water leakage into the ICCAs 
occurred, and no substantial reduction in the effectiveness of the packaging was observed. The 
damage incurred will not affect the technical evaluation, and the package contents under normal 
conditions of transport will be less reactive than the contents under hypothetical accident 
(damaged) conditions. 

Figure 6.7a - Infinite undamaged array: 60 kgs U02 + 15% H20, theoretical mixture 

Figure 6.7b - Infinite undamaged array: 60 kgs UOz + 20% H20, theoretical mixture 
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Figur"", 6. 7a-6.7f m;pict the models used to assess JIOJIJl31 conditions of tnmspon. and illustrate the 
increasing fuel height - up 10 Ihe 80.01 em maximum - as the weight fraction of 11,0 (WF_W) is 
increased. These sample plots apply to the 60 kg VOl mass limit. 

The package was subject~d to th~ t •• u .pecifi~d in IAEA and 10 CFR §71 .71. n0JIJl31 conditions 
of IranSpon, and. as reponed in Chapters 2. Structural £"o/ulllio" and Chapter 3, T/t"rmll/. tbe 
geometric fonn of the package was not substantially altered. No water leaka¥e into Ihe ICCAs 
occurred, and DO substanlial reduction in thc effectiveness of the packaging was oos<:rvcd. 'The 
dama¥c incurred will nOI affcctthe toxhnical evaluation. and the package C(lntents under normal 
conditions of transport will be less reacti,·c than the cont~'11ts uom,'r hypothetical accident 
(damaged) conditions. 

Figure 6.7~ - Infinite undamaged array: 60 kga UO, + 15'.4 H20. theoretical mixture 

FIgura 6.7b - Infinite und~maged array: 60 kg_ Uo, + 20'.4 H,o. theoreti,,"l mixture 
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theoretical mixture 

Figure 6.7d - Infinite undamaged array: 60 kgs UOn + 26% H20, theoretical mixture 

Figure 6.7e - Infinite undamaged array: 60 kgs U02 + 27% HzO, theoretical mixture 
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Flgur.I5.7d _lnfini11 undamaged arTay: 60 kgl Uo, + 26% H,O, theoretical mlldurl 
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Flgur. 6,le - Infinltl undamaged IrTaY: 60 kgl UO, + 27% H,O, thlorltical ml~b.lr. 
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Figure 6.7f - Infinite undamaged array: 60 kgs UOz + 28.504% HzO, theoretical mixture 
(ICCA full) 

6.3.4.2 Undamaged Package Arrays with Heterogeneous U02 Rods in H20 

The container model for undamaged arrays with heterogeneous UOz right circular cylinder 
elements in Hz0 is the same as that shown in Figures 6.7a through 6.7f, but with the fuel lattices 
as described in Section 6.3.3.2. As in the homogeneous case, the undamaged arrays were 
modeled as infinite by mirror reflecting the single package at its six (6) boundaries. 

6.3.5 DAMAGED PACKAGE ARRAYS 

6.3.5.1 Damaged Package Arrays with Homogeneous U02 and H20 

The NPC package was subjected to the tests specified in IAEA and 10 CFR 971.73, Hypothetical 
Accident Condition (HAC) testing and the geometric form of the package was not substantially 
altered. The four individual Certification Test Units (CTUs) were fabricated that underwent 
testing summarized in detail in Section 2.7, EIypothefical Accident Conditions. 

Certification Test Units CTU-1 and CTU-2 were subjected to required IAEA and 10 CFR 
§71.73(~)(4) thermal excursion with an average flame temperature of 1,475 OF (800 OC ) for a 
period of at least 30 minutes. In both tests, the fuel was ignited and the test item was subjected to 
a minimum of 30 minutes of a fully engulfing hydrocarbon pool fire. 

A modified CTU-1 unit with reinforced comers was retest of the CTU-3 HAC test sequence 
(CG-over lid-corner orientation). A 10-guage (0.135-inch) doubler plate was added to reinforce 
the comers. CTU-1 was subjected to a Jet-A pool fire test. The Jet-A fuel was placed in the tank 
at a level sufficient to initiate the burn. Additional fhel was pumped into the tank during the 
testing as necessary to maintain the burn for 30-minutes. During the CTU-1 Jet-A burn test, the 
overall average flame temperature was 1,809 deg. F (in excess of the required 1,475 deg. F). 
The maximum surface temperature recorded was recorded as 2,3 19 deg. F. 
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Fliure 6.7f - lofInlt. undam'ied array; 6(1 kgs U~. 25.504% HzO. thltOretiul mldure 
[ICCA full ) 

6.3.4.2 Uodamaied Package Arrays with Heterogeneous UO, Rods In H,O 

The ronl2inCT ~I for undamaged UTII~ with h.\eJogeneou.~ UDJ nllht circular cylinder 
ekmcnts in 11,0 is the same as thai shown in fillures 6 .7. through 6.7 r. bul wilh Ihe fucll.uk •• 
as described in SCClion 6.3.3.2. As in the homogeneous case. the wuiamalll-d allllYS werc 
modeled as infinil. by mirmr rcfkctillll the single package ~I its ,ix (6) boundarics. 

6.3.5 DAMAGED PACKAGE ARRAYS 

6.3.5.1 Damaged Package Arrays with Homog.neous UOJ . od HJO 

The NPC package was subjected 10 tbe lesc. specified in IAEA and 10 CFR §71 .73, Ilypothclic.1 
~idr:nt Condition (HAC) tcstin&and the grometnc form oflhe pack.ge was IlOl subSI.nli.]]y 
.I!crcd. The four individual C.rtiflCalion T elil Units (CTUs) "'·ere fabricaled Ih.1 underwnlt 
lCSIing summari7.cd in detail in S<.:ctioo 2.1.II)"polMlkaJ A«ilknl Condiliml.<. 

Certification Test Unitscru-l and CTU·2 ~ SUbj«led 10 n:quircd IAr:A and 10 CfR 
§71.H(cX4) !bcnna1 exeursioll .. ·lth an '\·mae name len1pMturt or 1 ,475 Of (SOO 'C) Ihr. 
period of atlcasl 30 minlllcs. In both tClits. the fuel "'""IS ign.led.nd the lesl ilem "'"&5 subj«ted to 
a minimum of 30 minUICl of. fully cngulfillJ hydroo.:arbon pool rln:. 

A modified CTU· I unil wilh rdnforad comCT$ 'Io"llS rclC$t "fthe: CTU· 3 HAC lest scqumcc 
(CG-m'CT lid~O!"ntt ori<'lllation). A 100gUlge (O. l lS-lOCh) dou.blrr pI.le "'"1$ .dded 10 ""nforce 
the CO/"IICTS. cru-l was lubjectcd tu I Jet-A pool fire tcsl The Jct.A fuel was placed in Ihe tank 
al • revel suffiei<'llllU initi.1C the bum. Additiollil fuclwas Jl"mped inlO the cank during the 
1esting as nccCIi!W)' 10 tlIIinUlin thc bum for 30·minutcs. During thc CTU-l JCI-A bum lCSl. lbe 
ovcrall aVCTllgr name temperature W.lll 1.809 deg. F (in o:)(ccss o fthc required 1.475 dc;g. F). 
The maximum liurfacc l,mprralUlI; n:corded ",as recorded as 2.319 !kg. F. 
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The CTU- 1 residual foam thickness measurements are reported in Appendix 2.10.1.7.1.6. The - 1 
x (left), +x (right), -y (rear), and +y (front) average cube face residual foam thickness values 
were determined to be 1.01, 1.71,2.19, and 0.89-inches, respectively. The -z (bottom) and +z 
(top lid) average thickness' were 0.23, and 3.09-inches, respectively. The cube face averages I 
were modeled to assess observed CTU-1 non-uniform foam burn effects on package reactivity. 

For CTU-2, a diesel fuel pool fire test was used. During the CTU-2 diesel burn test, the overall 
average flame temperature was 1,972 OF (in excess of the required 1,475 OF). The maximum 
surface temperature recorded was recorded as 2,308 OF. 

I 
The CTU-2 residual foam thickness measurements are reported in Appendix 2.10.1.7.2.6. Thc - I 
x (left), +x (right), -y (rear), and +y (front) average cube face residual foam thickness values 
were determined to be 0.26, 1.41, 0.23, and 0.58-inches, respectively (refer to Appendix 
2.10.1.7.2.6). The -z (bottom) and +z (top lid) average thickness' were 0.0, and 3.0-inches, 
respcctively. The cube face averages were modeled to assess observed CTU-2 non-uniform foam 
burn effects on package reactivity. 

I 
For the fmal damaged package array model, the maximum observed foam burn is uniformly 
applied on all six faces of the cube. This results in zero residual foam on all six faces of the cube 

I 
as measured from the ICCA radial and axial centerline. The total face burn model construct 
conservatively bounds the observed package performance under HAC testing. This is 
underscored by the fact that the minimum hydrogen content in both the poly and foam regions is 
used, and the maximum 10% density tolerance is applied in all foam regions. 

1 
In all damaged package array models, a 2% reduction in polyethylene density (0.92 * 0.98) is 1 
uniformly applied. This reduction in density effectively covers the observed 0.6% weight loss 
and 0.25% mass allowance for minimum specified poly height of 30.3" verses the modeled 
30.375" height. 

The minor x-y and x-z movement of the 3 x 3 ICCA array contained within the OCA are 
compensated by the physical deformation of the OCA body itself, coupled with the 
conservatism's described in Section 6.3.1.5, Models- Actual Package Differences. 

The observed damage incurred to the packaging and its contents did not affect this technical 
evaluation - as the packaging and its contents post IIAC testing is determined to be within the 
bounding assumptions and analyzed conditions of this evaluation. 

I 
The damaged package array models consist of finite, near cubic 5 x 5 ~ 6  close packed arrays (2N = I 
150) to minimize neutron leakage. Additional close packed arrays using a 6 x 5 ~ 5  (2N = 150) and 
9 x 9 ~ 2  (2N =162) are assessed to confirm the aspect ratio of the basic 5 x 5 ~ 6  array is most 
reactive. 

In all cascs, the close packed array is surrounded by 12" (30.48-cm) full-density water reflector. 
As required by IAEA and 10 CFR $71.59, the damaged packages are evaluated as if each 

I 
package was subjected to the tests specified in 10 CFR 971.73, hypothetical accident conditions, 
with optimum interspersed moderation, and full water reflection. 
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The crU-IR:$idU&! foam thickness mcasurcmClll'i are reponed in Appendix 2.10.1.7.1 ,6. The
~ (le ft). +x (right). -y (fl'M), and -y (front) avcrago cube facc residual foam thickn<.:s;s values 
"'m: determined 19 be 1.0 1. 1.71, 2.1 9, and 0.89· iochc$. resp=ively. The -z (bouom) and "'z 
(top lid) average thickneu' .. ~ 0.23. and HI9-incbn. rnpectivcly. The cube face avcni~~ 
.. ~ modekd \0 assess obst-r,"'-' CTU-I non-uni form foam buro effects on package reactivity. 

For CT\J-2.a diesel fuel pool fire test .. -as used.. During the CTU_2 di~1 bum l(Sl , lhc oV~"T1l11 
" 'crage flame IClDpct:a1UCC was 1.912 ~ (in "",cess of the requin:<.! 1.4 75 ~). The ma:l.imum 
surface lcmpen.tun: n,:o;orded .. -as rcc:orded IS 2.308 "f. 

The crU·2 rcsidu.al foam thiclCllcss rncasumncnts are reported in Appcndi:l. 2.10. ] ,7.2.6. The 
,,(left). +x (ri&hl). -y (1Qr). and +y (frool) .>'aa&c cube face resid .... 1 foam thick~, ''1110"", 
wen: determined \0 he 0.26, 1.4 1, 0 .23, and O.S8-in.cbes. rcspecti,-e]y (re f ..... 10 Appendix 
2.10.1.1.2.6). The - z (bottom) and ,j..z (lOp lid) " 'crago lhickDcss' .. ..,.-e 0.0. and J.O· inches, 
respectively. The cube face averages .. -en: modeled \0 USC!!! observed CTlJ-2 oon-unifonn foam 
bum effects on paclalgc rcacti\'ity. 

For the /inal damaged paclalge amy mudd. the nlII.<imum om:rvrd foam bum II uniformly 
applied on .115i~ fllCe5 ofthc cube. This results in um n:sidllal foam OIl.n.IX fKCS orthe cube 
as measured from the ICCA radial and axial crntcrline. The IOIaI f.cc bum lTIOIkl conStnKI 
conservatively bounds the obscr .. ed pacu8e pcrfonnaocc under HAC testin • . This il 
underscored by the fac:tthatthc minimum hydrogen content in both the poly and foam Tl1Iions i. 
used. and thc lfWlimum I ()OJ. dens,ty tolcrance is applied in all foam fl'g1OTlS. 

In all damaged packagc llmIy roodc1s •• 2% n:<.!uctiou in po])'cthylcnc: dm5!1)' (0.92 • 0.98) IS 
uniformly applied, This reduction in density efTCClivcl), eo~en \be CJbs,e""oo 0 .6% wcight loss 
and 0.25% mass allowance for minimum specified poly hl:i&hl of30.3" VCTSH the modeled 
30.375" heigh\. 

The minor ~-y Bnd ~-z movement of the 3" 3 ICCA 1IlTI)' OOI1l1incd .... ithin the OCA are 
compensated by the physica l deformation of the OCA body ilKlf, wupled ..,ith the 
,on5CTVlltism 's dCilCribcd in Section 6.3.1.5. Models- A.tllal Package Diffrn:ncn. 

The OOscrved damage incuT1'Cd to the pac:hgin8 and its contents did nOl .ffeet!his ttthnical 
c>'aluatioo - as the packaging alld its conlcnu poJl ]IAC Lcsting is determined 10 tM: .... ilhin \he 
bounding usumplions and analyzed conditions of this c .... lualion . 

The darna8ed package lllTlIy modd .. consist of finite. ncar cubic S~S~6 close packed ' 1Y1I)15 (2N -
150) 10 minimize neutron leakage. Additional close packed 8rrays using. 6xS~5 (2N .. 150) and 
'h.9x2 (2N - 162) are_ned to confirm the ISpcct ratio of the bu ic S~5x6lU1'l1y is most 
~ivc. 

In .n 1'I5CS, Lhe clo$c pack"..! array is 5I.Irrounded by 12" (JO.48-cmJ full-den.ity .... aLer renlXlOr. 
As """,ired by IAEA and 10 CFR §71 .59, Lhe damaged packa8el1 arc evaluated a. if • • ch 
pacu 8<l "'-as $UbjlXted 10 the tt!l1& specLfied in 10 CFR § 71 . 73. hypothetical accident cond,tioni. 
WIth oplimum inlcrspcn.c"d moderation. and full water rcn«tion. 
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The damaged package Inner Containment Canister Assembly (ICCA) contents are modeled per I 
Section 6.3.1.4, Materials, Table 6.6. 

I 

The U02 compound mass per canister, internal moderation, observed foam burn conditions I 
(CTU- 1, CTU-2), and maximum foam burn conditions are modeled to determine an acceptable 
package Transport Index (TI) based on criticality control. 

I 
In addition, supplemental NPC damaged package array models are constructed based on the 
limiting acceptable payload and foam burn conditions derived above to study certain reactivity 

I 
effects. These sensitivity studies include: 

Effect of the package array shape (aspect ratio) on system reactivity. A 6 x 5 x 5 array (2N = 

150) and a 9 x 9 xx 2 array (2N = 162) are both assessed using the limiting burn condition and 
acceptable payload. 

Effect of internal moderator content andpayload contained in the UOz + 1T20 mixture region 
contained within the ICCA. 

Efect of 100% foam burn and subsequent replacement by optimal interspersed water 
moderation. In this set, the water density is varied from void through 12.5% of full density 
water to determine the hydrogen content necessary to demonstrate safety of the package, and 
determine if the damaged package is over or under-moderated. 

I 
Effect of ICCA center-to-center movement on reactivity for a spec$ed damaged condition. For I 
these cases, the nominal 11.75" (29.8450 cm) center-to-center ICCA spacing is uniformly 
reduced by 118" (0.3175 cm) increments to 11.25" (28.575 cm) to quantify the effect (if any) on 
ICCA spacing within the damaged package. 

Effect of including external Type 304 stainless steel structure usedfor fork truck lifting ofthe 
package. This structure is quantified and effectively "smeared" onto the bottom layer of the 
OCA body. 

Effect ofpolyethylene gap as determinedfiom the physical measurements of the ICCA 3 post 
IIAC testing is assessed to conzrm the modeledpoly height and density assumptions. The 
modeled poly height of is reduced by 75 mils to minimum specified height of 30.3". The 
maximum gap formation at toplbottom is also modeled and compared with the modeled limiting 
damaged package array calculation. 

The following 2D images are provide to clarifi the damaged package array model constructs and I 
associated sensitivity studies: 

I 
Figure 6.8a and 6.8b depicts horizontal/vertical slices of the damaged 5 x 5 x 6 package 
array to determine acceptable UOz equivalent payload under postulated damaged conditions 

I 
of transport, using the observed CTU-1 and CTU-2 non-uniform foam burn conditions, 
respectively. 
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The damaged ~kag~ Inner Containmcnt CanislCT Assembly (ICCA) conlmls an: modeled per 
5«"tion 6.3.1.4. Muler;u/I. Table 6.6. 

The VOl compound rna .. p<."1" eaniSIC!. internal moderation. obscl"ved foam bum condilions 
(CTlJ- I. CTU-2). an<i maximum foam bum cun<iiliOIl:l ,re mOOcled 10 dclCUllille an accqIIable 
package Transpor1 In<icK (11) ba~ on criticality conlrol. 

In addition. 5uPflI~1.I.1 NPC damaged package lIlTIIy model, au oonstt\K:led based on the 
limiling acrcpublc payto.d and foam bum conditions derived abo,.., to _rudy cenain «actiVIty 
dfectll . Tbcsc SI."1l5ili,·ity !ollKlics iroc:luo:k: 

E.flect uftM pacqe """YMrape (USIXC/ rutio) 011 IJ·stem nuctlvity. A 6" S x 5:may (21'11 -
ISO).nd.9" 9 "" 2 amy (21'11 . 1(2) arc boch uscsscd u.ing thc limiting bum condition and 
acccpubk payload. 

E.ffecl oj"inlU1lQIntt><krotor ""nlen/ alulpayload con/a/ned in Ih" VOl';' 11_,0 mixtur.. ""ginn 
conlaini'd ... ·ilhin ,'''' ICCA. 

EllUl of /~foum bll'" wid slIrueq/lenl ""placemenl by optimol inlcrs~ ""aIU 
M(){kratj"". In thi~ lei. the w~tCT dcnsity i. varied from void through 12.5% of full density 
watcr to determine tnc hydrogen contenl necessary to dcmonslnltc safny orlbe package. and 
dc\crrninc if the daflUlgcd package is over or UDder-moderated. 

£fIecl of ICCA crnleNQ-Ctnler """"men/ {)ff ""acln·Uy for a Ip«iflw dantugW rom/ilion. For 
these cascs.1be nomina111.75~ (29.&4$0 cm) a:nleI-to-ccoter [CCA Spacinl i$ uniformly 
reduced by IIS~ (0.3175 em) inc.(I1£ 111$ to 11 .25· (28.575 em) 10 quan1ify thc cffecl (if Iny) on 
ICCA spacing ... ithin \he damaged ~bgc.. 

£ffrcl o/inc/uding atemal Type J(}4 J/(iin/eM Itul """"'/lre IIsed for for! 11"IIC!lijUng of lire 
pachlge. This structure is quanti fied and dTcctively '·smeared'· OntO the bottom IKyct" of thc 
OCA body. 

E.ffecl ofpoiJ"thylene gop U!I detennlnedfrom lhe ph)"~Ic(j1 mea.'·~rememJ lJjthe /CCA., pcm 
IIAC felring if asleMW 10 canfi'''' lire mlJ{kled poly Itcigltl and densily o.uWmpl'ons. "file 
modeled poly hei)l.lot of is reduced by 7S milJ 10 minimum specified height oflOJ"'. The 
ma:mllUm gap formation at top1bol1om i. llso modeled and oom~ \/lith Ibe mOlJded l;milllOj( 
damaged package array caieuiatiotl. 

ThQ following 2D images are provide 10 danfy the dam;oged pacl<.agc Imy mod.cl C"OI1S1IUCIS.OO 
a~SQf;i.,ed Si:ruiilivity studies: 

• Figure 6 .~ and 6.8b depicl$ hori:wnLlI"'CJtiell $Iices of the damaged S ~ 5 "fi p~ckagc 
am y todctrnninc accqtUlole UO: cqui .... lcnt pa)~ under pm!ulated damaged conditions 
oflnlnsporl. usi", the obse".....:[ CTU·I and CTU·2 non·uniform foam bum conditi on~. 

rupttt"..,ly. 
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Figure 6 . 8 ~  depicts horizontaVvertica1 slices of the damaged 5 x 5 x 6 package array to 
determine acceptable UOz equivalent payload under postulated damaged conditions of 
transport, applying the maximum burn condition. 

I 
Figures 6.8d and 6.8e depict horizontalivertical slices of the damaged 6 x 5 x 5 and 9 x 9 x 2 1 
package array size respectively, to confirm the close packed 5 x 5 x 6 aspect ratio is the most 
reactive array configuration. 

I 
Figure 6.8f depicts horizontaVvertica1 slices of the damaged 5 x 5 x 6 package array used to I 
quantify the required hydrogen content necessary for demonstrating package safety. 

I 
Figure 6.8g depicts horizontal zoom of the damaged 5 x 5 x 6 package array for the 1 1.25" 1 
(28.575 cm) ICCA center-to-center spacing to quantify the ICCA (x,y) movement effect. 

I 
Figure 6.8h depicts vertical zoom of the damaged 5 x 5 x 6 damaged package array that 
include the additional external stainless steel structure. 

Figure 6% depicts vertical tophottom zoom of the damaged 5 x 5 x 6 damaged package 
array that includes the maximum polyethylene gap formation. 
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• figure 6.Sc depicts hori20~ l.allvertical slicts of the damaged 5 x 5" 6 pacbgc 'In.)' 10 
dclcrmirn,: acccptable UOl cqui,·~lcnl p.ylmw under polilulated dalI\llgcd conditions of 
tranSpOlt. applying the maximum bum condilio~ .. 

• Figures 6.8<1 and 6.8c d"l'ici horizoniallvcrticaillicc~ of the damaSed 6" 5 "S and 9 x 9 x 2 
package 1lrTlI)' li~c respectivel)" to confinn the close pal.'ked S x S x 6 aspo;t ratio is !he most 
~acrive amly con figuration. 

• Figure 6.S( depicts hori~.ontall\'cn; cal slicCli of the dalI\llgcd S " 5 " 6 package ami)' used to 
quantify the required hydrogen conlent nccessary fOI demon.traling package ilTct)'. 

• Figu~ 6.8g dcpicl~ horizontal ZOOm ofthc damaged S" S ,,6 packagt array for the 11 .25'" 
(2S.575 em) [CCA ccntcr"~Cll1er spacing 10 quanlify the ICCA (:<,y) mo,"cmcnt cffe<:L 

• Fisure 6.8b dCl'icl\ vertical zoom ofth. damaged 5" 5 ,,6 damaged package array that 
include lho: additional external stainless steel SIructure. 

• Figure 6.8; dcpictli vcniultopioottom zoom ofthc damaged 5" 5" 6 damaged pickage 
army thai ir>eludcs!he ma.>limum poly~ylcnc gap formation. 
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Figure 6.8a - Fully reflected damaged 5 x 5 ~ 6  package array: 60 kgs U02 + H20 mixture, 
CTU-1 observed non-uniform burn (horizontal and vertical views) 
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Figure 6.8b - Fully reflected damaged 5 x 5 ~ 6  package array: 60 kgs U02 H20 mixture, I 
CTU9 observed non-uniform burn (horizontal and vertical views) 
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Figure 6.8b - Fully reflet:ied damaged 5 .. 5 .. 6 package array: 60 kgs UO, + H,O mixture, 
CTU·2 observed non .... niform bum (horizontal and vertical views) 
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Figure 6 . 8 ~  - Fully reflected damaged 5 x 5 ~ 6  package array: 60 kgs U02 + H20 mixture, I 
maximum burn (horizontal and vertical views) 
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Figure 6.8d - Fully reflected damaged 6 x 5 x 5 package array: 60 kgs U02 + H20 mixture, 1 
maximum burn (horizontal and vertical views) 
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Figure 6.8e - Fully reflected damaged 9 x 9 x 2 package array: 60 kgs U02 + H,O mixture, I 
maximum burn (horizontal and vertical views) 
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Figure 6.M- Fully reflected damaged 5 x 5 x 6 package array: 60 kgs "01 + Hz0 mixture, I 
100% foam burn, void replacement (horizontal and vertical views) 
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Figure 6.8g - Fully reflected damaged 5 x 5 x 6 package array: 60 kgs U02 + H20 mixture, I 
maximum burn, 11.25" c-c ICCA spacing (horizontal zoom, lower left array corner) 

'LOT: npcate68 18/24/08 up: +Y acro +I unit 

i I/- 
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Figure 6.8h - Fully reflected damaged 5 x 5 x 6 package array: 60 kgs U02 + H20 mixture, I 
maximum burn, external structure add-on to bottom of OCA body (vertical zoom, lower 
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Figure 6.8i - Fully reflected damaged 5 x 5 ~ 6  package array: 60 kgs UOz + H20 mixture, I 
maximum burn, observed maximum poly gap at toplbottom (vertical zoom, ICCA) 
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Figure 6.81 _ Fully reflected damaged 5XSK6 package array: 60 kg$ UO, + H,O mlKture, 
maximum bum, observed maximum poly gap al toplbottom (vertical zoom, ICCA) 
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6.3.5.2 Damaged Package Arrays with Heterogeneous UO2 in H20 

Damaged package arrays with heterogeneous UOz cylindrical elements (rods) have been 
analyzed with the same applicable worse case container array model as used in the homogencous 
analyses. This is the array model shown in Figure 6 . 8 ~  in the preceding section. The models for 
the heterogeneous lattices for these cases are the same as described in Section 6.3.3.2. 

6.4 METHOD OF ANALYSIS 

GEMER, a proprietary Global Nuclear Fuel company criticality analysis computer code was 
used in the analysis of these computational models (Ref. 1). All calculations were performed on 
verified workstations using Pentium processors running under Windows NT. 

6.4.1 COMPUTER CODE SYSTEM 

GEMER is a Monte Carlo program, which solves the neutron transport equation as an eigenvalue 
or a fixed source problem including the neutron-shielding problem. GEMER adds an advanced 
geometry input package to the problem solving capability of the Monte Carlo code that is very 
similar in capability to KENO Va. 

6.4.2 CROSS SECTIONS AND CROSS-SECTION PROCESSING 

GEMER uses cross-sections processed from the ENDFIB-IV library. These cross-sections are 
prepared in 190-group format and the values in the resonance region may have the form of the 
resonance parameters or Doppler broadened multigroup cross-section. This treatment of cross- 
sections with explicit resonance parameters is especially suited to the analysis of uranium 
compounds in the form of heterogeneous accumulations or lattices. Thermal scattering of 
hydrogen is represented by the S(a ,P )  data in the ENDFIB-IV library. The types of reactions 
considered in the Monte Carlo calculation are fission, elastic, inelastic, and (n,2n) reactions; the 
absorption is implicitly treated by reducing the neutron weight by the non-absorption probability 
on each collision. 

6.4.3 GEOMETRY MODELING OF FUEL REGIONS 

The previous Section 6.3 gives a detailed description of the NPC shipping container geometry 
models used in this analysis. This section expands on the descriptions of the fuel regions, 
especially regions containing lattices of cylindrical he1 elements (rods). As noted in the prior 
sections, the provision for heterogeneous fuel in the NPC is conservatively based on the analysis 
of lattices of U02 fuel in the form of right circular cylinder elements (rods) in the ICCAs. Both 
square and triangular lattices have modeled in the heterogeneous cases, together with 
consideration of lattice boundary conditions in which cylindrical elements in the lattices are 
either permitted or not permitted to overlap the internal ICCA wall boundary. 

Global Nuolwr Fwl 
L I Y d ( L W r l r n  

GNF NPC 
Slim min" R.ROd 

6.3.5.2 Damaged Package Array. w ith Heterogeneous U02 In H20 

Docket No. 71·9294 
Reytllon 2. 9121!QZ 

Damaged package a .... ys with hcttrogcn«lu~ UOl cylindrical elemenls (rods) have been 
analyzed witb tbe 5aIlK appliclble worse cast containcr a .... y modd iLl u:;cd in Ihc hoD1QgcnCQ!'1I 
analyses. This is tke ..... y rnodelshown in Figure 6 .~c in the preceding ~tion . TIle model. for 
the hetcrogmeous lallices for these caie' are the $lime a.; dcsl:ribcd in Section 6.3.3.2. 

6.4 METHOD OF ANALYSIS 

GEMER. a proprietary Global Nuclear Fucl company criticality analysis computer c:()de wa.; 
used in the: analysis of these computational models (Ref. I). All calcul ations ..... ere performed on 
verified .... ooolations using Penlium processors running under Windo,,·s NT. 

6.4.1 COMPUTER CODE SYSTEM 

GEMER i. a MonIc Carlo program. "'bieb solves Ihe neutron tnmspon equation &5 an eigclwaluc 
or. fixed sourcc problem including lbe Dcu!rOO·shiclding problem. GEMER adds an ad"lnccd 
gc;Ornctry in!",t p""k~gc 10 the problem >olving capability of the Moou: Carlo code that '1 ~cry 
similar in capability 10 KENO V,. 

6.4.2 CROSS SECTIONS AND CROSS-SECTION PROCESSING 

GEMER US\:S croloS-scctiOJlll procC5$l:d from the ENDFIB·IV library. Th~ cross-Stttions arc 
prepared in 190-group formal and the "alues in the n:sonance region may 1\I,'e the fonn ufthl: 
rCSOllllDce pan.me1en or Dopplcr broadened multigroup anss-scction. This treltmcol Ofl'JOH
SC(lions with expl icit resorw>ec paBllIClcn is especially suited to the analysis of uranium 
oompounds in Ihe form ofhclClOicne<lU'l accumulatiom or latticn. Tbermal SCillIctina of 
hydrogen i. reprc$<'flled by the S{u..Il) data in !he ESDFIB-IV libmy. TIle I)-prs of reactions 
wn:;idcn.:d in the:: MoniC Carlo calculatKm an: fiMKm. dlstic. iDo::lastic. lod (n.,2n) rnccions; thc 
absorption;5 implicicly !laced by rcduc:ingthc ncu!ron weighl by the oon-absorption probability 
on each col1illon. 

6.4.3 GEOMETRY MODELING OF FUEL REGIONS 

Thc proo.·ious Seclton 6.3 gives I detailed description of tile NPC shipping container geometry 
models usod III this analysis. 11Ii, Sttllon expands on thc dcK"riptions of the fuel regions.. 
C$pC(:i111y Kg~ contl;nine lal1ic« of cylindrical fuel ciementl (rods). A, IKlled ;n th<: prior 
SttCionl, !he pro~islOl'l for helcrogene(ll." fuel in the NPC is conservatively ba ... ,d on the analysis 
of lattices ofUO: fud in the form of right cireularcylindcr clemencs (rod~) In the ICCAs. Bolh 
!i!]um: and uiallJlu!ar lanico..,; have motkled in tlu: hctcrogl'l1COUS cases. together with 
oonsi<k:ralion of tanlcc bclundary cnndillons In whkh l')'lIndtlcal clcments In !'he lattie~" arc 
either pcrmitlcd or 001 ~nnined to overlap the inlt'nllli ICCA waU boundary. 

6·42 ---. __ .. _.-



GNF NPC Docket No. 71-9294 
Safetv Analvsis Re~or t  Revision 2, 912002 1 

6.4.3,l The INTERS and GEMER VFO Geometry Options 

In addition to its standard geometry capabilities, the GEMER Monte Carlo code has two 
additional geometry options that are particularly useful in modeling rod lattices. The first is a 
special regular geometry construct called INTERS. As shown in Figure 6.9a, the INTERS 
region is a CUBOID with quarter cylinders missing along two opposite XY edges. The 
centerline of this region always passes through the X=O, Y=O origin. Like regular geometry 
regions such as CUBOIDS or CYLINDERS, INTERS regions may be nested within each other, 
but the last region in the Box must be a CUBOID. The purpose of the INTERS region is to 
permit modeling of a triangular lattice of cylindrical rods by use of simple regular geometry 
input. This can be done two ways. One is to mirror reflect the INTERS box on its f X and f Y 
axes. (The +Z, -Z dimensions then define the height of the rods in the lattice.) The second way 
is to use two separate INTERS regions that differ by the location of quarter cylinder cutouts. As 
provided for by the LNTERS input parameters, one region can be described by cutouts onn the - 
X,+Y and +X,-Y edges, and the second with the cutouts at the -X,-Y and +X,+Y edges. Placing 
these two regions in alternate X and Y locations in an array will then create a two-dimensional 
triangular lattice of cylinders. Because of its geometry definition, the INTERS constructs are for 
all practical purposes limited to use either with infinite triangular lattices, or with lattices in 
which the geometry is permitted to overlap a region (e.g. an ICCA) that the lattice is contained 
in. (GEMER does not currently have a boundary condition that would prevent overlap of part of 
an INTERS region.) 

Figure 6.9a - The INTERS Geometry Region 
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Figure 6.9a - The INTERS Geometry Region 
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The second GEMER geometry option is the Virtual Fill Option (VFO). This option allows 
geometry regions to be automatically filled with a virtual representation of a separate region. As 
depicted in Figure 6.9b, the VFO of a complete Box Type (the "FILL REGION) that is itself 
mirror reflected on all six of its sides, allows placing in a larger region (the "BIG REGION") 
which is any regulary geometry region. When a neutron enters the Big Region, it is translated 
into the Fill Region and tracked via the standard Monte Carlo methods (e.g. importance 
weighing, splitting, Russian roulette) in the Fill Region until the code determines that the 
neutron's path has reached one of the Big Region's boundaries. It is then translated back to the 
Big Region where regular tracking resumes. This option is called "Virtual" because in reality, 
no Fill Region exists (i.e. is stored in the run-time memory) until a neutron enters the Big 
Region. When a neutron is translated into the Fill region, it is randomly located and then 
remains in this region, reflecting fiom wall to wall, until its track would take it back out of the 
Big Region. This wall-to-wall reflection effectively presents a fixed array of the Fill Region 
Boxes to the neutron tracking and hence can be used to model both square pitch and triangular 
pitch (via the INTERS Box) lattices in the Fill Region. One feature of note about VFO is that 
since each neutron entering the Big Region is randomly placed in the Fill Region, each neutron 
sees the same overall Fill Region lattice, but each of these lattices has a different location for its 
central unit. Over an entire calculation, the effect of this is to average the results of the tracking 
over all possible central locations. 

Figure 6.9b - The Virtual Fill Option 

FILL R E G I 3 N  
".. 

BIG EEGICFl 
1% 

REFLECT 

REFLECT REFLECT 

FX6LEC'f 

Global Nuclear Fwl 
L I I d W A W r b M  

GNf NPC 
Saleh' MaruI! ReDOft 

Dock.t No. r1-9ZM 
Revilion 2. mooZ 

Thc second GF ... \iER gcomcuy opIlOD I. me Vin~1 Fill Opuon (VFO). This option allows 
geometry regions 10 be lulOmalicllly filltd with. vinual rcprcscntalion ofa sepanlc "'iion. A. 
ckpicted in Figure 6.9b,lhe VFO of. rompIele Bo~ Type (Ille ~FlLL REGION") WI is iuclf 
mirnx renecttd on all Ii" orits ~i~,IIIoW1 placing in llarg" region (lIIc "BIG REGION") 
which is tny regul.!)' Ccomcuy region. When. neutron enteR lIIe Dig Region.;1 is translaloo 
inlO Ibe Fill Rcgion Ind IrlCkoo vi. the standard MoniC ClI'lo methods (c.g. importance 
wcighing, 'pliuing, Russian roulcue) in Ihe Fill ReglOl\ unlil the code determines IbatllK: 
neulTOn ', palb hu reached one or the Dia Region', boundaries. It is then umstaltd back 10 tht: 
Big Region where regular ItaCking fC$U11lC$. This option is called "Virtual" ~ in reality. 
IlQ Fill Region e"i51i (i.e. is sloud in the run. lime memo!)') until a neutron C11lcn lIIe Big 
Regi on, When. 'Icutron i~ \nlnS1.tcd inlo lIIe Fill ' egi(m, il ~ nmdomly Incated lIIId!hen 
remains in Ihi~ region, renecling from ..... 1110 ... ·.11 , unlil iu uack would take il back OUI of!hc 
Big Region. This wal1 .lO-wall renection efTccli"ely presents a fIXed array of the Fill Region 
Bo~c~ 10 Ihe 1I~"\l1101l II ~ckirlll amj lIelice call be w;cd 10 nJOdcll.oolh >QUlIJC pill:b ""d lIi""Kuhu 
pilch (via lhe INTERS Box) IllIices in thc Fill RcgiOJl. One feature ofoote aboul VFO is lhal 
si nce each ncwon enlering Inc Big Region is randomly ptaetd in the Fill Region, each neulmn sec, Ibe saine ovcl'lIli fi ll Rcgion lauitc, but uch oflllcsc lattices hai a diffcrcnl kx;aJ:ion for ill; 
cClmsl unit Ovcr an enlirc calculation, Ihe cfT~1 ofthi. is to average the """,Its "f lhe tmLking 
evcr aU p" .. iblc ccnlfal loc.,ionl. 

Flgur, 6.9b _ Thl Vlnual Fill Option 
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6.4.3.2 Water to Fuel Volume Ratios and Rod to Rod Spacings in Lattices of Fuel 
Rods 

In uniform but heterogeneous fuel regions, the relative amount of moderator is specified as the 
Water to Fuel volume ratio (WE ratio) in the unit cell. For uniform square and triangular 
pitched arrays of cylindrical (unclad) fuel rods in which the unit cells are two dimensional 
squares or triangles (since the heights of the rods in a given lattice are all the same), these W/F 
ratios are determined completely by the radii of the he1 rods and the center-to-center spacings 
between adjacent units. Figure 6 . 9 ~  shows examples of the unit cells (the areas bounded by the 
dotted lines) for these two types of arrays fiom which it can be seen that the relationship between 
the W/F ratios and the radii (Rf) and spacings (L) are: 

Square Lattices: W/F = L~ - RXR? 

nxRf2 

and 

Triangular Lattices: W E  = 0 . 8 6 6 ~  L~ - RXR: 

nxRf2 

[0.866 in these equations is Sqrt(3.0)/2.0.] 

Comparing these two formulas, it can be seen that if a Square and Triangular lattice with the 
same diameter he1 rods have the same W/F ratios, the triangular lattice will have a greater pitch 
(i.e. L) between rods. In the ICCAs, this means that for the same W E  ratios, triangular lattices 
will have fewer rods and thus for the same fissile mass, will be taller. 

Figure 6 . 9 ~  - Square and Triangular Lattices 

Square Lattice Triangular Lattice 
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6.4,3.2 Water to Fuel Volume Ratios and Rod to Rod Spacings In Lattic8l of Fuel 
Rod. 

In uniform but hClCro~cneous fuel rcg;on~. tlx: relative amount of modenlor i. $I'cdfil'd ., tbe 
W.,eT to Fuel volume ratio (W/F ralio) in the unil cell. For uniform Iq\Wt' and manaular 
pitcbed 1lfTa)'ll o f cylindrica l (unclad) fuel rods io which too unit ""lis lire ,,,,(I di_iQnl.I 
~I or triangles (5incc the heights ofille rods in. given lattice.",.11 the same). thC$C W/F 
ratio!; arc determined completely by the radii of the fuel rods and IlK: cenler·l(H:cntcr spacIngs 
bc,,,,ttr\ adjllt'CIlI units. Figure 6.9c shows examples of the unit tells (1M .",as bounded by the 
dotlCd lines) for !h~ two t)'JlCs of arrays frGm which il can Ix,: fCCD thai the 1e1.lionship bct"ttD 
tile WIF raliOi and the radii (R,) and spacing' (ll arc, 

Squan. Lalliccs: WIF -
, , 

I •• If><Rr 
II ~Rrl 

Triangular Lauj,,;s: W/f - 9,666" k' . ""st 

"RI 
[0,866 in these equations;5 Sqn(3.0}'2.0.] 

Comparing ~ NiO fonnur.. il ~ilII !)t' J«tl lhaL if a Square lind Triangular lanice with Iht 
IWnC diamcttt" fU::1 rods have the same Wff rat~ Lilt triangular lauke will ha ve a g.rcalC1" pilcb 
(i.e. L) bctwcc:n rod.. In the ICCAs. this nKanslhal for the !lame W!f ralios. lriangular lanices 
will have f~ rods and thus fi,)r the!lllrOO Ii~ik: mass. ""m!)t' taller. 

Figu .. 1.!Ie _ Squar. and Trlal\9ulat lattle" 
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6.4.3.3 Fuel Heights of Homogeneous Fuel Mixtures in the ICCAs 

A brief description is given is Section 6.3.1.4 of the treatment of homogeneous U02 and water 
mixtures in the ICCA fuel region. In summary, this method is 

For a (binary) fuel mixture with a given weight fraction of H20, determine 
the corresponding UO2 density, p, assuming a maximum theoretical 

. . density of U02 of 10.96 gm/cm3. 
11. For a given mass, M, of U02 in the ICCA, determine the Volume, V, of 

the U02 + H20 mixture by 

iii. Since the ICCA is cylindrical, V is equal to the base area, T L X R I ~ ~ A ~ ,  times 
the height, h, of the mixture, and hence 

Since the maximum height in the ICCA is 80.01 cm, and its radius is 10.8141 cm, this means that 
for a given U02 mass there is a minimum U02 density below which the contents of the ICCA 
will be less than the specified mass. The following Table 6.8 tabulates these minimum densities 
for the mass limits applicable to this analysis. 

Table 6.8 Minimum UOn Densities for Homogeneous U02 and H20 Mixtures in the ICCA 

6.4.3.4 Fuel Heights of Heterogeneous Fuel Lattices in the lCCAs 

U02 Mass Limit 
(kg4 

60.0 
55.0 
53.0 
46.0 

In heterogeneous uniform square or triangular fuel rod lattices, the fuel heights are still related to 
the W/F ratios (i.e. the cylinder-to-cylinder or rod-to-rod spacings) and the cylinder diameters 
via the relationship p x Area x Height = Mass, but the formula used to determine the p x Area 
depends on the assumed boundary conditions and the way in which the regions are modeled. In 
this analysis, three different cases have been considered. 

Minimum UOs 
Density 

(gm/cm') 
2.041 
1.871 
1.803 
1.565 
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6.4.3.3 Fuel Heights of Homogeneous Fuel MixluTes in the ICCAs 

A brief description is given i. Section 6.3.1.4 of the treatment ofhomogeneou. UO, and waler 
mi~tures in the ICCA fuel region. In summary. this method is 

I. For a (binary) fuel mixture with a given weight fraelion orH10. detcnninc 
the corresponding UOI density. p. assuming a maximum theoretical 
deMity ofUO, of 10.96 8m1em'. 

11. FOT a given mass, M. ofUOI in the ICCA. determine the Volume. V. of 
the UOI + 1110 mi~ture by 

p"V - M 

lit. Since the ICCA is cylindrical, V is ""<]ual to the base aNa, !<"R«."t:/, timc~ 
the heighl. h. of the mixture. and hrnce 

Since the maximum height in the leCA is gO.OI ern, and its radius is 10.8141 em. this means that 
for a given UOI mass there is a minimum Ua, dcnsily below which the contents orlbc ICCA 
will be leo< Ihan th~ specified ""''' The followinj': T.htc 1i .1I. IOho,t.t'" rhe", minimllm den <iii"" 
for the mass limits applicable to this analysis. 

Tabl,6.8 Minimum U01 Densities fOT Homogeneous UO, and H,O Mi~turn in the ICCA 

UO, Mass Limit 
(kgs) 

600 
55.0 
53.0 
46.0 

Minimum UO, 
D~n~ity 

{Rmlerrh 
2.04! 
1.871 

6.4.3.4 Fuel Heights of Heterogeneous Fuel Lattices In the ICCAs 

In hclC1"og .... eoU.~ unifonn ,.qua", or triangular fucl rod lallices , Ibe fuel hcig.hts arc still related to 
the W!f ratios (i. e. the eylirulcr-to-cylinder or rod·to-rod spacings) and the cylinder diamoters 
~ia the relationship p x Area x Height - Mass, but the fonnula used to dctcnn;nc the p x Area 
Ut:1",,,,h "" ~,~ K"UlJJ~..J u.,ulld .... y ~"mlilj",,,, , .. "d the way ill ""hich the region.~ .. modc1<::d In 
tbis analy,is. three di fferent ca!!CS have been considered. 
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Case 1 is for arrays in which it is assumed that the right circular cylinder ke l  elements (rods) can 
overlap the (ICCA) boundary. This assumption means that if a given he1 element in the lattice 
is such that part of it overlaps the ICCA region boundary, the external overlap part is deleted 
from the model but the part internal to the ICCA is kept. For this exact modeling, p = 10.96 
gm/cm3 and the Area is given by the sum of the partial areas of the rods that overlap the 
boundary + the sum of the areas of the internal rods that do not intersect the boundary. This 
latter sum is just N x AR, with N equal to the number of internal rods and AR equal to the area of 
a single cylinder (i.e. nx~f2).  For the first term, the sum is more complicated since individual 
fuel cylinder elements will intersect the boundary at different points. However, the internal 
partial area of each cylindrical element can be determined by integration, and the integration can 
be made simple by considering the ICCA and fuel cylinder (rod) in question to be rotated so that 
the center of the overlapping rod is at X = 0.0. Figure 6.9d shows a depiction of the two 
situations that can result. 

Figure 6.9d - Partial Areas of Overlapping Fuel Cylinders 

Overlapping Fuel cylinder' More that 50% 
Internal 

Overlapping Fuel cylinder" More than 50% 
External 

Y 

Y 

f\ - .- ". . l i  . 
\J ~ 

S 
X 

-center of fuel rod having radius Rf is assumed to be located at (0.0, Yo); Center of ICCA is 0.0, 0.0. 

[N.B. "More than 50% Internal" or "More than 50% External" should be interpreted to mean 
that the curve for the ICCA boundary and the cylindrical fuel element intersects at a value of Y I 
Yo or Y > Yo, respectively.] Separation into these two situations is necessary since the 
fimctional form of the overlapping rod used in the integration can only be the top half of the 
cylinder [i.e. Yrl = Yo + Sqrt (R? - x2)] or the bottom half [i.e. Ya = Yo - Sqrt (Rf2 - x*)]. The 
dotted line parts of the partial rods in Figure 6.9d are the parts not included in the area 
integration. In the "More than 50% Internal" situation, this integration is from X = 0.0 to X = Xi 
(the +X point of intersection of the ICCA boundary and the cylindrical elment [rod] curve) of the 
quantity (YrI - YICCA), with YICCA = s ~ ~ ~ ( R ~ ~ ~ A ~  - x2). If the result of this integral is A,, the 
corresponding value for the internal partial area for the cylindrical fuel element is AR - 2xAp. 
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CaJc I i§ for ..... )"5 in ".~",~ i. is nsumOO IhalllJe, righl circular cylinder fuel element,; (rods) Can 
overlap the (ICCA) boulldary. This UIllmplion mcan5lhat if. liVCll fuel clement in the lattice 
is such that pari of it o>"crlipS the ICCA region boundary. the: extcmallm,rlap pan is del~led 
from the: model but the par! iotcmalto the ICCA i5 k~. For this exact modeling. p '"' 10.% 
gm/em' and the An:a is gi.·"" by !he sum ofthc parti,l ~u o f thc roo.b thai overlap !he 
boundary + me sum of the _, afthe inlernal rod!; lhat do n()I inlC~ lhe: boulldary. This 

latlcr sum isjusl N ~ A~ with N tqwilto the number ofinlemaJ rod!; and A. cquallO the IrC3 o f 
a sinij.lc ~"ylindcr (i.e. n:~Rl>. For the firsl ICTTII. Ihe sum is more complicated since individual 
fuel cylinder clementi will intel"5«lthe boundary al diffemlt points. Hown."., the intcmal 
panial area of each cylindrical clemenl can be delermined by inlepation, and the integration can 
be made simple by considering the ICCA and fuel cylindcr(rod) in question to be rotaled so thai 
the eenll']" ufthe uvcrlawing rod iJ.t X - 0.0 . figure 6 .9d sboYo"5' depletion oflhe ''''0 
situutkmslhot can rc5ult. 

Figure e .9d _ Plftl.1 Arlla of O ........ pplng F .... I Cylind.re 

Ov.r1applnll Fu.1 CylInder More that 50'10 Ov.r1appinll Fuel Cylinder More than 50% 
Inlll"nal Ext.mal 

• 
• 
. 

' .. ' 

f-' , 

c ....... of,.,., rod h.r.I"1I radlu. R, II H'ulDitCllO bit toc.ltd fl IO.O. Vol: C . ..... 01 ICC'" fI 0.0. 0.0. 

[N.B. ~M{R Ihao SO% intem.lf" or wMore than 50% WolCrnal- should be intcrpll:lcd tu mean 
Ibal thc CUJ"\'c for thc ICCA boundary and !be cylindrical ruel element intersects .,. valuc ofY S 
Y. or y ,. Yo. respec.i\-ely.) Separation into these two silUlltiOl1s iii ncccliSary since the 
funclional fonn (If the OYOlappinl rod u5<:d in the intcKJ1Ition can only be Ihe top hl!f of Ihe 
cylinde.-[i.e. V,, · Y. -+ Sqn (R/- X~] or the boltom halQi.c. V,, · VI - Sqn (Rl - X~]. The 
dotted line pam oflbe partial rods in Figure 6.9d art: the pans l!2l included in Ihe arc. 
inlcgmion. In thc ~Mon.: than SO% Internal" silUltion. this in\eiJ&lion i, from X - 0.0 to X - X; 
(liz +X poinl (lfinl~ion ofthc ICCA boundary and the cylindrical elmcntlrod] curve) uf lhe 
quantity (V" - V 1("(;,.). ",ilb Y ICC~ ... SqrI(Roroo.' - X' ). If !he rcsul! of Ihi, inlegral is A", Ibe 
com:spondinll value: for .he internal panill an:a for me cylindric.l fuel clemen. i~ A~ - 2xAp. 
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For the situation when more than 50% or the cylindrical fuel element (rod) is external, the 
integral is made from X = 0.0 to Xi of YICCA - Yr2, and the internal partial area of the fuel 
cylinder is equal to two times the value of this integral. Both of these integrals have results that 
can be expressed in closed form (involving arcsines), and hence the partial fuel cylinder 
determinations can readily be computed. 

The 2nd array case considered is that of fuel element (rod) lattices in which the elements in the 
lattice are not permitted to overlap the ICCA boundary. If any part of a fuel cylinder intersects 
the ICCA boundary at any point, it is deleted from the array. All fuel cylinders are thus 
completely internal, and the total fuel area is just N x AR. As in case 1, the density p for this 
case is 10.96 gm/cm3. 

The third case is that in which the fuel element (rod) lattices are modeled with the Virtual Fill 
Option (VFO). In this case, each neutron that enters the internal ICCA fuel region sees a fuel 
rod lattice with an overlapping boundary condition like that in Case 1, but each lattices of these 
has a randomly location in the XY plane so that each will have a different number of overlapping 
and internal rods. Since the effect of this over an entire calculation is to average the arrays over 
all locations, the method used to determine the lattice heights is that used for the homogeneous 
case. This is done by correlating the given WIF ratio of the heterogeneous lattice with an 
equivalent WF H20 for a homogeneous mixture by the relationship 

which then determines the U02 density in the equivalent homogeneous mixture. [Note that this 
WF M 2 0  determined by this method is independent of the diameter of the fuel rod.] 

6.4.4 CODE INPUT 

All problems were started with a flat initial neutron distribution over the fissile material regions 
only. Except as noted, calculations were run with 200 generations of 2000 neutrons each, 
skipping the first 10 generations before starting the statistical output processing, for a total of 

I 
380,000 histories used in the final eigenvalue calculation. Appendix 6.9 contains sample 
GEMER input files for both the homogeneous and heterogeneous cases considered in this 
analysis. 

6.4.5 CONVERGENCE OF CALCULATIONS 

Problem convergence was determined by examining plots of k#by generation run and skipped, 
as well as the final kfl edit tables. No abnormal trends were observed to indicate non- 
convergence of the eigenvalue solution. Representative convergence plots fm the individual 
damaged single package, undamaged array, and damaged array models are shown in Figures 
6.10a- 6.10d. (The plots shown are for cases with homogeneous UOt and HzO mixtures, but the 
results are also representative of the results for heterogeneous lattices.) 
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For the situation when more than SO"A or the cylindrica l fuci clement (rod) is external. the 
integral is made from X - 0.0 to X, of YOCCA - Y,l. and the internal panial area of the fuel 
cylinder is equal to two times the value of this intcgral. Both of th~ integrals have results that 
can be expressed in clo...d form (involving arcsin"'!). and hence the partial fuel cylinder 
determinations can rcadilybc computed . 

The 2"" army case considered is that of fuel element (rod) lattices in which the elemrnlS in Ihe 
lattice are not permitted 10 overlap the ICCA boundary. If any part of • fuel cylinder intersects 
the ICCA boundary at any point, it i. deleted from the army. All fuel cylinders are thus 
completely internal. and the lotal fuel areB is jusl N)( AA. As in eai;( I, Ihc density p for this 
cas<: is 10.% J!.IILIcml . 

The third case is Ihal in .... hich lite fud demen! (rod) lalliees BI"l: modded witltlbc Virtual Fill 
Option (VFO). In thi' case, each neUirOll that enters tlK- imcrnallCCA fuel region set's a fuel 
rod Ian ice with an overlapping boundary condition like that in Case 1, but each latti~~ of these 
has a randomly location in the XY plalle 50 tbat each ... ·ill have a diffcrcnt number of overlapping 
and internal rods. Since the effect of this over an entire calculation is 10 averagc the array& over 
al l locations, the mcthod used to de!cnnine th~ lauice heights is that used for the homogene()lIS 
C<l,"" This is ~on~ hy C"O"dMtine the 2iv~'11 WfF r.Hin o f the h"""ne"'''''''' I.niee with .n 
equivalent WF H:P for a homogcneollS mixture by the relalionship 

WF H,O • WIF 
10.96 ... WIF 

which then determints the UOl density in Ihc equ"'alent homogeneous nUx!ure. [Note that this 
WF 11,0 determined by this method is independen! of the diameter ofthc fuel rod.] 

6.4.4 CODE INPUT 

All problems were started with a Aat initi al neutron dislribution over the fissile material regions 
only. Except as noted. calculations ""'I"l: run with 200 gC~":llion$ of 2000 neutrons each. 
skipping the fim I 0 gencratio~s before &tarting the .tali,ticml output processing, for a total of 
380.000 hi510ries used in the final eigenvalue calculation. Append ix 6.9 .ontain, sample 
GEMER input file~ for both the homogrncous and hctcrogencou& casel; COnSid<."TM in this 
analy& i~. 

6.4.5 CONVERGENCE OF CALCULATIONS 

Problem convergence was dc!crmincd by c~amining plots ofk., by generation nm and skipped. 
as well as the final4edit tahles. No abnormal trends " 'ere observed 10 indicale non
convergence orthe eigenvalue soluliun. Representative eon"ergrnee plolS for the individual 
damaged single package, undamaged army, IIIld damaged 8tn1y models arc shown in Figures 
6.10a- 6.1Od. (The plolS shown are rOT cases with homogeneous UOl llIld HIO mixtures. but the 
results are also rcpl"l:senlativc of lite results for hcterog~nwus lat1iccs.) 
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Figure 6.10a - Sample k,ffconvergence: damaged unit - npcut-25.in 

DRMRGED SINGLE PRCKRGE 

28 38 5 8  

SRTCHES / BnTCHES SKIPPED ~ 1 8 "  

Figure 6.10b - Sample keffconvergence: undamaged array - npc60i28.in 
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Figure 1I.1b _ Simpl. k..,c:onv.rgenc. : dlmagld unit - npcut_25.in 
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Figure 6.1 0c - Sample keff convergence: damaged array - npca2-60.in (CTU-2 observed 
burn) 

DRWRGED PRCKRGE RRRRY: CTU-2 OBSERVED BURN 

8.938 

K-EFF f36 

8.908 

0 18 28 38 YO 58 

8RTCHLS / BATCHES SKIPPED ~ 1 0 "  

Figure 6.10d - Sample keff convergence: damaged array - npcat-6O.in (maximum burn) 
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Figure 6.10e - Sampl. k.f,eonv.rgene.: d'm'gctd .my - npeal_SO.ln (CTU-2 obHr ... d 
bum) 
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6.5 VALIDATION 

The following general relationship for establishing the acceptance criteria for the NPC package 
(Ref. 4). 

kc - Ak,, 2kef l+  2 o - t  Ak,,, 

where, 
k, = mean value of keflresulting from calculation of benchmark critical experiments 
Aku = an allowance for the calculational uncertainty 
bk, = a required margin of subcriticality (0.05 used) 
k,ff = the calculated value obtained for the package or array of packages 
o = is the standard deviation of the keff value obtain with Monte Carlo analysis 

If the calculational bias = k- 1, the bias is negative if k, < 1, and positive if k, > 1. Thus, the 
acceptance criteria may be rewritten as, 

Validation of GEMER consists of performing calculation of benchmark experiments including 
the area of applicable to the uranium oxides. Bias for GEMER and the ENDFIB-IV library has 
been established for the area of applicability for the NPC package (refer Appendix). The 
uranium oxide bias determined is no greater than 0.009 (& - P)  at a 99% confidence level (Ref. 
2). For uranium nitrate compounds, the bias determined is not greater than 0.0125 (4 - P) at a 
99% confidence level. The uranium oxide bias with cadmium is no greater than 0.01 888 (Aku - 
p) at a 95% confidence level (refer Appendix 6.8, Validation of GEMER). 

The area of applicability for the homogeneous and heterogeneous uranium oxide benchmark 
calculations is enrichment ranges from 1.29 to 9.83 weight percent U-235, WIF ratios from 0.5 to 
10.0 and H/U-235 ratio 41 to 866. The area of applicability for the uranium oxide with cadmium 
benchmark calculations is enrichment ranges from 2.35 to 4.98 weight percent U-235 and H/U- 
235 ratio 260-488. 

Using the above general equation for the upper safety limit (USL) and requirements of 10 CFR 
7 1, calculations are considered subcritical, if the following condition is satisfied: 

ke8 + 20 10.95 - Ak, + /3 

For this evaluation, the NPC package and it contents are considered subcritical if the following 
condition is satisfied: 

kefl + 2 0  S 0.931 
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TIN: following general rclalionsbip for establishing the aCC'-'JlUIncc crileria for Ibe NrC p;ockagc 
(Ref. 4). 

E mean value ofktffresulling from calculation of benchmark critIcal experiments 
• an allowance for the <;alculational ~inty 
~ • re<fUin:d m.trgin of lub<:riticality (0,05 usod) 
,. the calculated value obuiDcd for the packag.: or :uny of pack.g~s 
• is the staodard deviation of the kerr ""I"" obtain with MOIIte Carlo analysis 

[fthe calculatiolLll bi ... P - k.- [. the bias is negative ifk. < I , and positive ifk" > I . Th ..... , thc 
acct"p"""'~ cri!"';a ma.y be rcwritt ..... ~, 

I.()()+p · ... ~k., +1a .... O.05 

ko. .... 1a S O.95 · &" .... fJ. 

Validation ofGEMER consists of performing calculation ofbenc:hmark txpenmcnl$ Including 
the arca ofapplkable to the uranillrrl ox~ Bias for GEMER IllId the EI'10F/B. IV library ha!i 
been esmblished for thellml of . pplicabilily for tl\c NPC pacu,e (refer Appendi.). TIN: 
u~ium oxide bias d~tcrmi~ is no gin!!:, !han 0.009 (lilt •• f/J It 199% confidttICC Ic,'c[ (Ref. 
2). FO!" u~nium nimue co~. the bias dclcnni~ is not &miter !han 0.012S {Lik. · f/J I I. 
99" .... COI1 r>docncc lI:vd. Tbc: unnium o~>dc bias WIth cadmIum IS no greilCl" than 0.018&8 (&k. . 
P).I a 9S% confidence Ie"cl (refer Appcndi ~ 6.8, Validation ofGEMER). 

The area of.pplicability for the homogCtlCOU5 and heterogeneous ,,",";um o~itk bendunark 
calcu[alioru i$ cnricbmcnl ranges from 1.29 to 9.8) ... -richl perccttt U·23S. W/F rallo.; frtllll O.S 10 
[0.0 and HN·23S ralio 41 to 1i66. TlIc area of.pp[ic,bitily for thc uranium o~idc with clldmium 
benchmark calcuJalioos is "",ri~hme.n n llges frtllll2,3S 10 4 .98 " 'eighl percent U·23S and HIU-
235 ~Iio 260-488. 

U~ing Ihe above grncraJ equation for the upper safety limit (USL).nd rcquircmcnlS of 10 CFR 
7 [ , caku[alions are considc:rcd subcritical , if the following oondillon i5 $atislied: 

1:<# ~ 1a $0,95 · lilt,. + P 

For thi~ c~a[ualion. 1he NrC package and il comenlS Ill: wnsidercd subcritica! if the follo ... ·ing 
condition is SIIlislicd: 

~ +1a $0.93/ 

---.--.-...-.-
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6.6 CRITICALITY CALCULATIONS AND RESULTS 

This evaluation demonstrates the subcriticality of single packages (Section 6.6.1) and arrays of 
packages (Section 6.6.2) during both normal and hypothetical accident conditions of transport 
for fissile material contents that are representable as homogeneous or heterogeneous mixtures of 
UOz and HzO. For the types of fissile materials listed in Table 6.1, with the specified mass 
limits, the determined Transport Index (TI) for criticality control of damaged and undamaged 
shipment is given in Section 6.6.3, Transport Index. 

All calculations were performed at the maximum allowable U-235 enrichment (5.00 wt %) to 
ensure optimum reactivity, and the maximum Lffs resulting from these analyses are summarized 
in Table 6.9. A complete listing of all results is included in Tables 6.16 through 6.20 in 
Appendix 6.10. 

6.6.1 DAMAGED SINGLE PACKAGES 

Calculations show that a single package remains subcritical under general requirements for 
fissile material packages, under both normal conditions of transport, and under hypothetical 
accident conditions. To meet the general requirements for fissile material package, a package 
must be designed and its contents so limited, that it would be subcritical under the most reactive 
configuration of material, optimum moderation, and close reflection of the containment system 
by water on all sides or surrounding materials of the packaging. 

6.6.1.1 Damaged Single Package with Homogeneous U02 and H20 

Figure 6.1 1 shows the reactivity of a damaged single package for CTU-1, CTU-2, and maximum 
observed foam burn conditions. A third order regression fit of the Keff + 20 results are shown 
for each fit. The figure demonstrates the damaged single package remains subcritical under the 
most reactive configuration of material, optimum moderation, and close reflection of the 
containment system by water on all sides or surrounding materials of the packaging. The 
damaged single package is demonstrated to be a favorable geometry unit. The limiting condition 
occurs for the maximum foam burn condition. 

The effect of replacing the void (burn region) with full density water is also demonstrated to 
have a small effect for the damaged single package. This is expected due to optimal internal fuel 
moderation treatment and close proximity of the water reflector. 

From Table 6.16 in Appendix 6.10, the maximum calculated Lff + 20 - bias results for the 
damaged single package are: 

FILENAME K-EFF SIGMA K+2S BIAS K+2S-B 
n p c u l - 2 5  0 . 8 4 5 2  0 . 0 0 1 3  0 . 8 4 7 8  - . 0 1 8 9  0 .8666  
npcu2-25 0 . 8 4 0 7  0 . 0 0 1 3  0 . 8 4 3 3  - . 0 1 8 9  0 . 8 6 2 2  
npcut-25 0 . 8 4 0 5  0 . 0 0 1 4  0 . 8 4 3 2  - . 0 1 8 9  0 . 8 6 2 1  
n p c u t w 2 5  0 . 8 4 7 6  0 .0015  0 .8506  - . 0 1 8 9  0 . 8 6 9 4  

Global Nuclear Fuel 
L W . * l r # l L U I * b l l r Y  

GNF NPC 
S.lety Anllnl. B.!HIft 

6.6 CRITICALITY CALCULATIONS AND RESULTS 

Dodl! NO. 71-92t4 
Bnllion 2, tI2OO2 

This c\'Ilualioo demonsIrales Ihr wbcrilicalily of single packa.l:CS (Sccuon 6,6, I) and arrays of 
packages (Soction 6 ,6,2) durinJ boch normal and bypothetical accident oonditions oflranspor! 
for fissile mal""sl contents lIu,I arc ~ntablc as homogeneous or be!er<>g(.>ncQUS mi ~ lurI':S or 
Uo:.nd IhO. For !lie 1)'lIn o f fissile matcri&1s lisled in Table 6, I, wilb Ihe spcrifiod mass 
limits. !he dclC!'miocd Transpon llloc" (Tl) for crilicality control o f damaged and undamaged 
shipment il given in Sect,on 6.63. T """sport {"do;, 

All cakuLatlOnl were performed al lhe maximum allowahle U.235 enrichment (S,OO "', %0) 10 
~ optimum reactivity. and !lie muin,um Jc."t resulting from these analysc~ an': 5umml1nled 
in Table 6.9, A complete H.nin~ o f all result! is indudod in Tables 6.1 6 throuJth 6.20 in 
Append;" 6.10. 

6,6.1 DAMAGED SINGLE PACKAGES 

C.lrnlatio"" ,how thai a single package rem,i"" subcrilic.l under general requin:mcnt! for 
fissile material packages, under bolh nonnal condi tions ofmmspon. and under hypothetic.l 
accident conditions, To meet lbe general requirements for fissile material package •• packa~ 
must be designed ttnd its comenl5 so limiu:d. that it ",·O!.dd bc subcritical unda lbt: most reactive 
configuration of material, optimum modr.ntion. 1IId close n:n~ion of the eontainrrocnt system 
by " 'liter 00 .11 sides or surrounding matcriab o f !lie I*'kaging. 

6.6.1,1 Damaged Single Package with HonJ01Ieneous UCh lind H20 

Figure 6.1 1 shows !lie reacttvily of. damaged single package for CTU· I, CTU·2. aDd maximum 
observed foam bum cooditions. A third order n:grcssion fit of th.c KelT 1: 2" results arC sho,,'o 
for cacb fil. The fiSUn: dcmoru;ln1tcs the damaged single pilCklg~ ",lUIIin' ~ubcritieal undlT the 
most rcacti,'c coufiguntioD of II1illC'ria\, opt,mum moderation, BTld close rene'Ct;on of the 
(onl!:i~t syalrnl by " .. ItT on all sides or surround ing materials orthe packaging. The 
"u,lI\lIged single package is demonstrated W bc a favorable .l:eomclry unit. The limiting condition 
OCClPS forthe maximum foam bum condition. 

The effect of n'Placing tIK: \"Did (bum region) wi!ll full density ..... ater i~ also dCll1OI15Ul11ed to 
ha,'c . $111.111 effect for !lie damaged single package. This is ~PC<:ted due W oplimal intcmal fuel 
",odctl!ion l~atrnC!lt and close pr<l~imity of the water n;nocto,. 

From Table 6. 16 in Appendix 6.10. tbe ma!limum calculoted k..., + 20' bias results for the 
dnmagod lingle package a~: 

0.'U2 
o .• ~a, - . 011' 0."'4 

GNr: 
--~ ._ .. _.-



GNF NPC Docket No. 71-9294 
Safetv Analvsis Report Revision 2. 912002 

Table 6.9 - NPC Calculated Keff Summary 
A. Single Container cases* 

Rod Type Lattice File Name keE o keE+20 B~as (B) kerr+20 - B Rod Type Lattice File Name k,~+Zm Bias (B) kVn +2o - B I 
I 

60 Kgs Homogeneous Slngle Contamer Case 

W A L , I I = m  

55 Kgs Heterogeneous 

Square ESSP-420 0.85195 

- -m 
S q u ~  ETSP-4 I0 0.84464 
Triangular ETTP-430 0.84806 

Square ENSP-410 0.84113 
Triangular ENTP-430 0.84217 
Square EESP-420 0.83597 
Triangular EETP-410 0.83736 

Single Container Case wii 

0.00143 0,85481 = = 
0.00130 0.84724 

0.00148 0.85102 

0.00134 0.84381 

0.00151 0.84519 

0.00135 0.83867 

0.00129 0.83994 

th Overlap 

-0.01890 

53 Kgs Hete~ 

ESSN-437 

iingle Conta 

0.00138 

I 
0.00152 

0.00133 

0.00140 

0.00135 

0.00139 
0.00145 

liner Case wii 

0.85064 

D 
0.84745 

0.84812 

0.84076 

0.84252 

0.83553 
0.83675 

th Overlap 

-0.01 890 17x17 Square 

m- 
10x1 0 Square 

1 OX1 0 Triangular 

9x9 Square 

9x9 Triangular 

8x8 Square 
8x8 Triangular 

53 Kgs Heterc 

OSSN-480 

OSTN-420 

OTSN-437 
OTTN-4 10 

ONSN-4 10 

ONTN-460 

OESN-400 

OETN-420 

Igeneous Single Contain 

0.84512 0.00143 

0.84833 0.00157 

0.83676 0.00140 

0.84175 0.00138 

0.83529 0.00149 

0.83184 0.00133 

032773 0.00153 

0.83446 0.00147 

ler Case a 

0.84798 

0.85147 
0.83956 
0.84451 

0.83827 

0.83450 

0.83079 

0.83740 

&out Overlap 

-0.01890 0.86688 
-0.01 890 0.87037 
-0.01890 0.85846 
-0.01890 0.86341 
-0.01890 0.85717 
-0.01 890 0.85340 
-0.0 1 890 0.84969 

-0.01890 0.85630 

55 Kgs Hetm 

OSSP-480 

OSTP-4 10 
OTSP-437 

OTTP-4 10 

ONSP-400 

ONTP-470 

OESP-400 
OETP-420 

3geneous Single Contai 

0.84764 0.00128 

0.85091 0.00139 
0.84222 0.00134 

0.84648 0.00142 
0.84056 0.00142 

0.83397 0.00136 

0.82941 0.00140 

0.83805 0.001 48 

ner Case without Overlap 

0.85020 -0.01890 0.86910 
0.85369 -0.01890 0.87259 
0.84490 -0.01890 0.86380 
0,84932 -0.01890 0.86822 
0.84340 -0.01890 0.86230 
0.83669 -0.01890 0.85559 
0.83221 -0.01890 0.85111 
0.84101 -0.01890 0.85991 

Square 
Triangular 

Square 
Triangular 

Square 

Triangular 

Square 

Triangular 

17x17 Square 

17X 17 Triangular 
10x10 Square 

1 OX I0 Triangular 

9x9 Square 

9x9 Triangular 

8x8 Square 

8x8 Triangular 

53 Kgs Hetc 

VSSN-400 

VSTN-400 
VTSN-420 

WTN-440 
VNSN-400 

VNTN-440 

VESN-400 

VETN-400 

ler Case WI 

0.85090 

0.85201 

0.84613 

0.84692 

0.83938 

0.84255 

0.83622 

0.83575 

~th VFO 

-0.01 890 

-0.01 890 

-0.0 1890 

-0.01890 
-0.01890 

-0.0 1890 

-0.01890 

-0.0 1890 

55 Kgs Heterogeneous Single Container Case with VFO 

VSSP-400 0.85223 0.00144 0.85511 -0.01890 
VSTP-460 0.85248 0.00154 0.85556 -0,01890 

VTSP-410 0.84517 0-00143 0.84803 -0.01890 

VTTP-410 0.84900 0.00136 0.85 172 -0.01890 

VNSP-400 0.84079 0.00 1 32 0.84343 -0.0 1890 

VNTP-400 0.84181 0,001 50 0.84481 -0.01 890 

VESP-400 0.83521 0.00131 0.83783 -0.01890 

VETP-430 0.83642 0.00147 0.83936 -0.01890 
wn with Green Background 

Square 
Triangular 

Square 

17x17 Square 

17X 1 7 Triangular 

10x10 Square 

1 OX1 0 Triangular 
9x9 Square 

9x9 Triangular 

8x8 Square 

8x8 Triangular 

Triangular 

Square 
Triangular 

Square 

Triangular 
Im Values Sho 

GNf NPC 
S . f. \)' " n. !Y.I. R. p9rS 

A . Single Cont.1iIlCTCases· 

~od r,..,. I .. ''',e file N ..... • .... I" B ... fB)Io"e'~ · B 

l Ul l s., ...... 
.1 tFiliW 

lOX IO S<i""'" 
10XI0 U.,.... I .. 
9X9 iq .... 

9X9 Tri ...... ~ 
IXI iquore 

IXI Tri..,...~ 

I I X I 1 !Iquu-e 
11)(11 Tn..,.._ 

10XI0 iqwro 

10l( 10 

." ." 
'" ". 

I1xn 
I1Xll 

10XII 
10XI0 

'" 
'" 

" " lOll_OF ,.S .... C"""'_C __ O-.... 

V..sSP"20 '.1151" 0.0010 O.ISoIII -o.Olno • .aUlL 

iIl'i'fM iiDii iIIijJ .. 'Qijiji!' IftIiij 
hTSP" IO 

1rITI'''lO 
O:S'''IO 
~. 

EES'''20 
£I!"Il'-010 

.~~ 

.~~ 

'~IIJ 

'~lll 

~m 

~,. 

0.(11)130 

0.001" 
0.00134 

O.otl" 
o.oOIJ' 
0.00119 

0"'12"' -o,Olril) ...... . 
UllOl -0.0'1\10 ....,.,1 
0.11"'11 -O.Gl1\lO 

-0,011\10 
.... n l .-·(1.011\10 ...,151 

"Xp 11.",_ ,.,...C--C- ._0-1.., 
os.~1'480 IJW~ 0.00111 u~ .(1.01190 """1. 
OS'T'''IO ,,-1 0001~ ."~ .(101190 IJl15't 
oniP"Jl .... 111 0.001]<1 ._ -oGII\IO ..-

O'ITP"IO 
ON5' _ 

ONT' ''lII 
ot:sr-ooo 

0.001'2 

0,001'1 
0,00136 
O.OO,.G 

000101 

• .I<0911 -0.011\10 ..... n 
0"']<110 .(1.011'10 • ...ue 
0JJ669 .0.011'10 ._ 

0-'.1221 .o.Olno • .as lll 

0"'101 .0.01_ ",",1 

" .. p ..... , .... ·s,.C .......... c. .. , .. V!'O 
\.s.~._ -..sIll "'11 '" 1.1"11 .... 1". ""' .. 1 

\"""'-'60 uno, 0.001'" U"j6 .(1,011\10 1.11_ 

OOOl'J 

000136 
O.OOIJ~ 

OOOUO 

.(1.01190 

.(IOII'!lO 

.(1.011'10 

.Q,QIt'lCl 

IXI S<i_ VESP_ t.U511 0001]1 o,l1m .(I,Qlno 

IXI T......... V!iTI'''JO ..u..1 0.001" 
• ,... . ..... V._$boootI ...... ~ ~ 

IlXIl ~ ..., 
IUIO ~ 
10X'0 T __ 

9X9 s..... 
9X9 T __ 

IXI iquu< 

'XI Trionplor 

IIXI1 Squo;< 

mm T ..... "_ 
10XI. s.,-.
IOJIIO T ____ 

9X' 5quoK 

9)(9 T ......... 

IXI s.-.
IXI T.--_ 

I1XI1 ~ 
17:< !7 T __ 

lOXia s..-e 
lOXia T ....... IM 

,X9 Sq-. 

9X9 r" .... "lar 
.xl .o;q...., 
I.~' r,;." ... 1ao 

• 

Doektl No. 71·92!1-4 
R","lon jz . I 120QjZ 

S3Kp I...... .s ..... c_c-..,tho. ..... 
ESs/'MJ7 I.M7II OOOIJI o.a_ .0.01190 ~ 
Z?Gfj ili!i!i iijjjj _ Miii iifiiI 
E'TSN'- ....... , 

1ITTlI")1 ~ 

ENSs .. n ~ 
lNI1< .. IO ~ 

[£.!'il<...... • ••• lln 
( f"lloI" llI Ul.lIS 

D.OOlJl 
(l001l) 

(l001~ 

OOOIl~ 

0.001J9 

0.001<3 

O ... 14J .0.01890 • .-otJ5 

OJU.ll l .o,Oll9O 'Aln 

1Uf016 .0.01190 U_ 

0.J41~1 .o.Oll9O .... '.1 
0.1)'" .0.0.1190 U~'J 

0.81613 .(1,01190 U~ 

'J Kp ... k""" _ Siac!c c""",,_ c... " ....... 0.-.....,. 
OSSJol"8Q lJW5Il 0.001<1 o.SOM -(1,01890 o.8MM 

0S1lI"lO O."!lJJ 0.001l1 08SI'1 ·0,01 390 O.ln]1 

anN .. J1 1.Ul;76 o.OOl-lll O.lJ956 .0.011'10 D.I;a.~ 

(1TlN..oIIO 1JW17S 

ONSI< .. ,O 1.IJ5l' 
0)(0;_ '.ll ',,", 
OEsJol'- &.I117J 

ot.'Tl<"lO • .lJ4.I4 

o.OOIJII 

0.1101'9 

o.OOIJJ 

0.001l1 

0001'1 

0 ..... " -(I,Oll9O 0.86).4 1 

0.8).1.21 .0,011190 1.15111 

O.l).4~ .0.01890 1.ID40 

0.82019 .0,01190 .... ,., 

O.SJJ-IIl .o,OlSOO 1.I'1UO 

IJ K .. .. __ S;ocl< Conta, ... Case " i'h VFO 

VS51< .. 00 0 ..... 731 0,00111 0 .15090 .0.011190 • __ 

VSTI> .. OO .~_ 0.001'" O.llS201 .o.ou,oo 1.1"'1 

vrsl< .. 2Q ...... 30 O,OOIlS 0.1<611 ·0.01190 • .863eJ 

vrrn..- .... -IIll 0,001.' 0 .846'12 .fI.OIIl9O .... sal 

VI<SN-fOO '.l.MI!l O.ooHJ O.llJ9l~ .fI.G1890 I.151:Z1 

V/fi"N..oIoIQ 1.1J'I61 MOl'" 
VESI<·.OO ' .lJ15Z 0 .00111 

VE'TN-I(J(I UlJ05 0,001l1 

0,8421' .fI.OIIl9O .... " 5 
0.13611 .fI.OIIl9O 1.IS5 ' l 

O,8)IJ! .fI,OI"" I.I~ 
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B. Undamaged Array cases* 
Rod Type Lattice File Name ken- o kCN+2o Bias (B) kern-20 - B Rod Type Lattice File Name keN+20 Bias (B) ken +2o - B I 

I 
I 60 Kgs Homogeneous Undamaged Array Case 

NA - m u m  
55 KGs Hetel 

Square DSSP-400 - 
Square DTSP-400 

Triangular DTTP-420 

Square DNSP-410 

Triangular DNTP-400 

Square DESP-400 

Triangular DETP-400 

Jndamaged Array Case 

0.00127 0.89691 

I 
0.00133 0.89250 

0.00139 0.89301 

0.00134 0.88831 

0.00149 0.88917 

0.00128 0.88539 

0.00140 0.88442 

with over la^ 
-0.01890 

53 KGs Heterogeneous Undamaged Array Case 

DSSN-400 0.89271 0.00138 0.89547 

DSTN-400 0.89336 0.00146 0.89628 

DTSN-410 0.88681 0.00144 0.88969 

DTTN-430 0.88958 0.00143 0.89244 

DNSN-410 0.88232 0.00130 0.88492 

DNTN-420 0.88310 0.001 29 0.88568 

DESN-410 0.87831 0.00137 0.88105 

DETN-420 0.87802 0.00147 0.88096 

with Overlap 

-0.01890 0.91437 

-0.01890 0.91518 

-0.01 890 0.90859 

-0.01 890 0.91134 

-0.01890 0.90382 

-0.01 890 0.90458 

-0.01890 0.89995 

-0.01 890 0.89986 

17x17 Square 

17X 17 Triangular 

10x10 Square 

1 OX 10 Triangular 

9x9  Square 

9x9  Triangular 

8x8 Square 

8x8  Triangular 

55 KGs Hete~ 

CSSP-430 

CSTP-430 

CTSP-437 

CTTP-400 

CNSP-420 

CNTP-420 

CESP-400 

CETP-4 10 

rogeneous Undamaged Array Case 

0.89233 0.00141 0.89515 

0.89407 0.00164 0.89735 

0.88294 0.00138 0.88570 

0.89104 0.00135 0.89374 

0.88232 0.00137 0.88506 

0.87670 0.00127 0.87924 

0.87068 0.00133 0.87334 

0.87997 0.00145 0.88287 

without Overlap 

-0.01890 0.91405 

-0.01890 0.91625 

-0.01 890 0.90460 

-0.01890 0.91264 

-0.01890 0.90396 

-0.01890 0.89814 

-0.01890 0.89224 

-0.01890 0.90177 

53 KGs Hete~ 

CSSN-470 

CSTN-430 

CTSN-400 

CTm-4 10 

CNSN-420 

CNTN-420 

CESN-400 

CETN-420 

rogeneous Undamaged Array Case 

0.88851 0.00139 0.89129 

0.89308 0.00129 0.89566 

0.88125 0.00139 0.88403 

0.88590 0.00141 0.88872 

0.87967 0.00140 0.88247 

0.87457 0.00125 0.87707 

0.86695 0.00125 0.86945 

0.87874 0.00141 0.88156 

without Overlap 

-0.01890 0.91019 

-0.01890 0.91456 

-0.01 890 0.90293 

-0.01 890 0.90762 

-0.01890 0.90137 

-0.01 890 0.89597 

-0.01890 0.88835 

-0.01890 0.90046 

Square 

Triangular 

Square 

Triangular 

Square 

Triangular 

Square 

Triangular 

17x17 Square 

17x1 7 Triangular 

IOXlO Square 

1 OX1 0 Triangular 

9x9  Square 

9x9  Triangular 

8x8  Square 

8x8  Triangular 

53 KGs Hete 

BSSN-400 

Undamaged 

0.00140 

u 
0.00136 

0.00142 

0.00131 

0.00142 

0.00139 

0.00131 

Array Case 

0.89422 

1%1! 
0.88880 

0.89085 

0.88482 

0.88522 

0.8783 1 

0.88194 

with VFO 

-0.01890 

55 KGs Heterogeneous Undamaged 

17x1 7 Square BSSP-450 0.89451 0.00 134 

17x17 Triangular BSTP-420 0.89628 0.001 46 

10x10 Square BTSP-410 0.88797 0.0015 1 

10x10 Triangular BTTP-437 0.88990 0.00143 

9x9  Square BNSP-420 0.88459 0.001 3 1 

9 x 9  Tr~angular BNTP-400 0.88639 0.00124 

8x8  Square BESP-420 0.87958 0.001 29 

8x8  Triangular BETP-400 0.88143 0.00142 
* Maximum Values Shown with Green Background 

Array Case 

0.897 19 

0.89920 

0.89099 

0.89276 

0.88721 

0.88887 

0.88216 

0.88427 

with VFO 

-0.01890 

-0.01890 

-0.01890 

-0.01 890 

-0.01890 

-0.01 890 

-0.01890 

-0.01 890 

17x17 Square 

m- 
10x10 Square 

1 OX 10 Triangular 

9x9  Square 

9x9  Triangular 

8x8 Square 

8x8  Triangular 
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C. Damaged Array cases* 
Rod Type Lattice File Name kfl (5 ken +2o Bias (B) kern +2o - B Rod Type Lattice File Name ken t 2 o  Bias (B) kern +2o - B I 

I 
I 60 Kgs Homogeneous Damaged Array Case 

N A 1  1 1 1 m  
55 KGs Heterogeneous Damaged Array Case with Overlap 

SS55-470 0.92778 0.00128 0.93034 -0.0189 

ST55-437 0.92766 0.001 18 0.93002 -0.0189 

TS55-460 091822 0.00144 0.921 10 -0.0189 

TT55-450 0.92071 0.00138 0.92347 -0.0189 

NS55-460 0.91434 0.00139 0.91712 -0.0189 

NT55-430 0.91469 0.00135 0.91739 -0.0189 

ES55-410 0.90675 0.00122 0.90919 -0.01 89 

ET55-450 0.90882 0.00139 0.91 160 -0.0189 

53 KGs He1 

SS53-520 

erogeneous 

0.92239 

m 
0.91475 

0.91582 

0.90949 

0.90879 

0.90091 

0.90444 

Damaged A1 
0.00143 

E m  
0,00133 

0.00132 

0.00138 

0.00128 

0.00123 

0.00133 

rray Case with Overlap 

0.92525 -0.0189 

I= 
0.91741 -0.0189 

0.91846 -0.0189 

0.91225 -0.0189 

0.91135 -0.0189 

0.90337 -0.0189 

0.90710 -0.0189 

Square 

Triangular 

Square 

Triangular 

Square 

Triangular 

Square 

Triangular 

17x17 Square =--' 
10x10 Square 

1 OX10 Triangular 

9x9 Square 

9x9  Triangular 

8x8  Square 

8x8  Triangular 

55 KGs Hete~ 

OSSP-430 

OSTP-440 

OTSP-430 

OTTP-437 

ONSP-4 10 

ONTP-520 

OESP-400 

OETP-4 10 

-0geneous Damaged A 

0.92607 0.00131 

0.92629 0.00 143 

0.91271 0.00138 

0.91928 0.00126 

0.91320 0.00132 

0.90778 0.001 22 

0.89670 0.00136 

0.90943 0.00128 

n a y  Case without Overlap 

0.92869 -0.0 189 0.94759 

0.92915 -0.01 89 0.94805 

0.91547 -0.01 89 0.93437 

0.92180 -0.01 89 0.94070 

0.91584 -0.0189 0.93474 

0.91022 -0.01 89 0.92912 

0.89942 -0.01 89 0.91832 

0.91 199 -9.01 89 0.93089 

53 KGs Heterogeneous Damaged Array Case without Overlap 

OSSN-480 0.92213 0.00140 0.92493 -0.0189 0.94383 

OSTN-430 0.92038 0.00142 0.92322 -0.0189 0.94212 

OTSN-470 0.90916 0.00129 0.91 174 -0.01 89 0.93064 

OTm-410 0.91296 0.00138 0.91 572 -0.01 89 0.93462 

ONSN-420 0.90637 0.00 140 0.909 17 -0.0 189 0.92807 

ONTN-490 0.90790 0.00136 0.91062 -0.0189 0.92952 

OESN-500 0.89400 0.00149 0.89698 -0.01 89 0.91588 

OETN-4 I0 0.90299 0.00132 0.90563 -0.01 89 0.92453 

Square 

Triangular 

Square 

Triangular 

Square 

Triangular 

Square 

Triangular 

17x17 Square 

1 7X 17 Triangular 

10x10 Square 

10x1 0 Triangular 

9x9  Square 

9x9  Triangular 

8x8  Square 

8x8  Triangular 

53 KGs Heterogeneous Damaged Array Case with VFO 

SS53-450 0.92132 0.00137 0.92406 -0.0189 

ST53-470 0.92198 0.00130 0.92458 -0.0189 

TS53-486 0.91233 0.00138 0.91509 -0.0189 

TT53-460 0.91603 0.00138 0.91879 -0.01 89 

NS53-430 0.90676 0.00121 0.90918 -0.0189 

KT53-437 0.90957 0.00141 0.91239 -0.0189 

ES53-400 0.90223 0.00126 0.90475 -0.0189 

ET53-440 0.90455 0.001 35 0.90725 -0.01 89 

55 KGs Heterogeneous Damaged h 

SS55-460 0.92745 0.00144 

I 
TS55-480 0.91840 0.00139 

TT55-470 0.91984 0.00139 

NS55-420 0.91206 0.00146 

NT55-470 0.91613 0.00144 

ES55-430 0.90468 0.00141 

ET55-450 0.90883 0.00143 
twn with Green Background 

ray Case with VFO 

0.93033 -0.0189 

I= 
0.921 18 -0.01 89 

0.92262 -0.0189 

0.91498 -0.0189 

0.91 901 -0.01 89 

0.90750 -0.0 189 

0.91 169 -0.0189 

Square 17x17 Square 

17x1 7 Triangular 

10x10 Square 

1 OX1 0 Triangular 

9x9 Square 

9x9 Triangular 

8x8  Square 

8x8  Triangular 

Square 

Triangular 

Square 

Triangular 

Square 

Triangular 
n Values Shc 
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D. Unrestricted Rod Diameter cases* 
Bias (B) krr +2u - B Rod Diameter Lattice 

(Inches) 

File Name 

sgeneous Single Container Case with VFO 
0.84629 0.00145 0.84919 

0.84902 0.00134 0.85170 

I = = 
0.85120 0.00146 0.85412 

0.84886 0.00147 0.85180 

0.84713 0.00141 0.84995 

0.84060 0.00133 0.84326 

0.84035 0.00141 0.843 17 

46 Kgs Hetm 
MSSL-450 

MSTL-500 
0.200 Square 

0.200 Triangular 

m 111 
0.100 Triangular 
0.050 Square 

0.050 Triangular 

0.025 Square 

0.025 Triangular 

46 Kgs Heterogene 

AASL-486 

AATL-437 

:ous Undam 

0.88897 

0.89076 

aged Array Case 

0.00142 

0.00145 = 
0.00152 

0.00138 

0.00126 

0.00135 

0.00152 

with VFO 

0.89181 

0.89366 = 
0.8961 1 

0.891 10 

0.89134 

0.88493 

0.88465 

Square 
Triangular 

m 
Triangular 

Square 

Triangular 

Square 

Triangular 

46 Kgs Heterogenc 

0.200 Square AS46-540 

0.200 Triangular AT46-500 

0.100 Square BS46-600 

rn -- 
0.050 Squate CS46-616 

0.050 Triangular CT46-616 

0.025 Square DS46-616 

0.025 Triangular DT46-600 
* Maximum Values Shown with Green Background 
' 3800000 Neutron Histories 

:ous Damaged Array Case with VFO 

0.91869 0.00129 0.92127 

0.91880 0.00130 0.92140 
0.92574 0.00128 0.92830 

I== 
0.92402 0.00128 0.92658 
0.92449 0.00131 0.9271 1 

0.91810 0.00124 0.92058 

0.91908 0.00127 0.92162 
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In these cases, homogeneous theoretical UO2 (max. density = 10.96) of unlimited mass remains 
subcritical under optimum moderation. The reactivity of the single package system depends the 
effectiveness of the &el in competing with other materials, such as the cadmium, hydrogen, 
stainless steel or water reflector, for absorption of thermal neutrons. 

Figure 6.1 1 - NPC damaged single package results - 60 kgs Homogeneous UOz + HzO 

WEIGHT F R A C T I O N  WATER X1B 

6.6.1.2 Damaged Single Package with Heterogeneous UOz in HzO 

Figures 6.12a through 6.12h show the reactivity of damaged single packages for the 55 . 53 and 
46 kg UOz per ICCA cases described in the preceding sections. These plots (and the other plots 
of heterogeneous cases presented in the following sections) were generated in the same fashion 
as the ones for the homogeneous cases, utilizing a third order regression fit of the kn + 2a: 
results. The figures demonstrate that with the specified pellet OD versus ICCA UOz mass limits, 
0.34" for 55 kg, 0.30" for 53 kg and unlimited pellet diameter for 46 kg, the damaged single 
package remains subcritical under the most reactive configuration of material, W/F ratio, lattice 
array type (square or triangular), lattice boundary conditions (overlap or no overlap) and close 
reflection of the containment system by water on all sides in the surrounding materials in the 
packaging. As for the homogeneous case, the damaged single package is thus demonstrated to 
be a favorable geometq unit. The limiting conditions occur for the maximum foam burn 
condition with W/F ratios -4 for the 55 and 53 kg case and around W/F -5 for the 46 kg 
unlimited particle size diameter case. 
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In these casn.lIornogcncous theoretical UOI ( tna)l. dcn~ity · 10.96) ufunlim;tcd ma;;~ n:ma.iM 
rubent;c.1 under optimwn moderation. The reactivity of the Jingle pacugc system dependt the 
effectiveness of the fuel in competing with other malerials, 5Uch III the cadm;wn. hydrogen. 
Sbinlcss 'leclor waler reO"",!.,r. for ab'ClTplion of lhennal neutrCIT'''_ 

Flgu,.. 6.11 - NPC d.m.ged .Ingl. packag' ,...ultl- 60 kg. Homog.neou. Ua. + H,o 
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6.6.1.2 Oamaged Single Package with Het.rog.n'OI.II UO:! In H20 

Figurn 6.12a th.-ough 6.12h sbow the n'OCtivity.,f daCNgcd single pa<.:kagcs for the ~S . 53 and 
46 kg Ua, per lCCA caMS dcicn~ in Lhc p~ccdinll ~tion.. Th~~c plou (and tbc OtlK'r plots 
ofhctcrogencow; CHC!I pr<=nttd in the follO"ing sections) " 'cre gencrated in the sarm fashion 
IS the !)fin for the homogcnoous cases. utilizing a lhird order regn'SSiOfI lit urthe k.fr .t 2cr 
TnIIt1$. The figures dcmon1trale that with the specified pellet 00 Ve<SUi tCCA UOl mut limitS. 
0.34" for SS kg, 0.)0" for 53 kg and unlimited pellet diameter for 4fi kg, the d:tmaged single 
package remains subcritical under the most reactive conliglinuioo of material, W/F ratio, Jallice 
amy type: ( 'I<]uan: CIT uiangular).lanicc boundary conditions (overlap or no overllp) and close 
refkclion of th!; ~onlllinmcnl system by ,,'at..,. on all sides in the surrounding maten.l s in the 
patbginl. As for th!; homogcnCOllS ca~e. the damaged single packagc is thus demonstrluoo 10 
be a r. VOI1lble gwmetry unit. The limiting conditions occur for the muimum fOllm bum 
eono:lition with WIF ratios -4 for the 55 IIOd 53 kg case and around W/F - 5 for the 46 kg 
unlimilf:d particle .iT", diamc:tcr cast:. 
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Figure 6.12a - NPC damaged single package keffvs. WIF Ratio (10x10 pellet type, square 
 itch, 55 kgs U02 I ICCA) 
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Figure 6.12b - NPC damaged single package keffvs. WIF Ratio (10X10 pellet type, 
trianaular gitch, 55 kgs U02 1 ICCA) 
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Flslu" 1.1211 - NPC dlIma.g.d .Ingl. pllck.g. kelf v • . WIF Ratio (t OXt 0 pellet type, !quare 
altch, 55 kg. U02 1ICCA) 
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Figu .. 6.12b _ NPC damaged .Ingl. paclulge k.fI'Vi. WIF Ratio (10Xl0 pe ll.t type. 
trl.nQutar li!itch, 55 kg. U02 1ICCA) 
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Figure 6.12e - NPC damaged single package keffvs. WIF Ratio (17x17 pellet type, 
triangular  itch, 53 kgs U0211CCA) 

. . . . . . .  . . , . .  ... ...... : ..... : .... .-: ..... --r ..... -..... c ..... : ..... ; ..... ;.*.*. "' LEEENO ,: . . . . . . . . . . . .  . . . . . .  
... 13 165 UO1/ICtll, TP 

.... ' ..... '. .... !.. ..."........+.. "....i ..... i ..... 4 ...... ; ...... . : ..... L . ..... . . . .  L . . : . . . .  .... : ...... 3 ..... i ......,...... i ..... + ..... i ...... i ..... ; ...... ; ..... ; .....,...... . . . . . . . . . . . .  . . .  PELLET OD = 6.188" .:. L : ................................. ... ....................... ..... . . . . . . . . . . . .  ..... ....... . . . . . . . . . . . .  ... x PELLET OD = 8.37311 .............................. . . . .  .,.... - ...... ! ...... ,. ....,...... : ......,..... % ...... . . . . . . . . . . . .  ... , PELLET OD . 8.3,,2,, .... : ...... i ..... ' ...... t..... ..... < ......I...... ; ..... : ...... ; ...... ; ..... ; ...... . . . . . . . . . .  . . . . . . . . . .  : 1  

IS a8 15 BB 75 $0 1 0 s  

IIRTER-TO-FUEL RRTIO X i 8  t 7 RSQ = 98.53) 

Figure 6.12f - NPC damaged single package keff vs. WIF Ratio (reactivity comparison vs. 
pellet size for triangular gitch, 53 kgs U0211CCA, VFO) 
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Figure 6.12e - NPC dam~ed .Ingle plckege kert ..... WIF Rilio (l1Xl1 pelle' Iype, 
!riilngulilr Ritch, 53 "g. UOJICCA) 
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Figure 6.12g - NPC damaged single package keff vs. WIF Ratio (unrestricted particle size, 
square gitch, 46 kgs UOdICCA) - 
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Figure 6.12h - NPC damaged single package keffvs. WIF Ratio (unrestricted particle size, 
triangular eitch, 46 kgs UOallCCA) - 
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From tables A and D in Table 6.9 above the maximum calculated kff + 20 - bias results for the I 
damaged single package are: I 

FILENAME U02 MASS K-EFF SIGMA K+2S BIAS K+2S-B 
ESTP-400 55 kgs 0.8536 0.0014 0.8564 -.0189 0.8753 
ESTN-437 53 kys 0.8499 0.0014 0.8526 -.0189 0.8712 
MTSIJ-540 46 kgs 0.8542 0.0015 0.8572 -.0189 0.8761 

Several results shown in Figures 6.12a through 6.12h are generic to not only the damaged single 
container case but also the infhite undamaged array and 150 container damaged array cases. 
These are: 

1. For the 55 and 53 kg U02 cases, the results using the VFO model are in excellent 
agreement with the results for the square and triangular lattices with overlap. This 
good agreement also expected to be even better in the cases for 46 kg U02 IICCA 
(which cannot at present be explicitly modeled with GEMER's fix geometry 
capabilities) because of the large number of rods in each of the lattices (for the 
0.200:, 0.100", 0.050" and 0.025" rod ODs). 

2. The results for the 55 and 53 kg U02 cases without overlap are consistent lower than 
the same cases with overlap. (Note, however, that as described in section 6.4.3.4,the 
VFO cases are with overlap only.) 

3. The entire set of results indicates that the optimum pellet diameter for the 
heterogeneous lattices is about 0.100". This is the explanation of why the 10x10 rod 
type results are the minimum allowable OD for the 55 kg UO2 payload cases and the 
17X 17 pellet type results are the mirnimun allowable OD for the lower 53 kg UO2 
payload cases (i.c. the 17x17 rod type has a 0.30" OD, the 10x10 rod type has a 
0.34" OD, and the 9x9 and 8x8 rod types have progressively larger diameters of 
0.376" and 0.408", respectively). 

4. The triangular lattices usually tend to have the highest k f6 ,  but their values do not 
differ greatly from the results for the square lattices. In a few cases the square lattices 
actually have larger keffs, which suggests that the differences are within statistical 
limits (2 to 4 o, based on the number of different calculations made for this analysis). 

6.6.2 DAMAGED PACKAGE ARRAYS 

Calculations show that a damaged package array rcmains subcritical under general requirements I 
for fissile material packages, for normal conditions of transport, and under hypothetical accident 
conditions. To meet the general requirements for fissile material packages, a fissile material 
package must be controlled to assure that an array of packages remains subcritical. 

To enable this control, the designer shall derive a number " N  based on all of the following 
conditions being satisfied, assuming packages are stacked together in any arrangement and with 
close full reflection on all sides of the array by water such that: (a) 5N undamaged packages with 
nothing between the packages would be subcritical; (b) 2N damaged packages, if each package 
were subjected to tests specified in 10 CFR $71.73 would be subcritical with optimum 
interspersed hydrogenous moderation.. 
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From tabI~ A ,nd D in T,ble 6.9 ,!>m·e me, maximum calculaled 1<,.,,+ 20 _ bi., ",~ult, for lhe 
damag<:<l single ~uge an:: 

Sc"eral results sho""TI In figures 6.12. lhroul!h 6.12h arc generic to 1101 ooly Ihe damaged single 
cnnJai ncr case but .150 !he inlin;te undamaged amlY and 150 container damaged array cases. 
These arc: 

I . For lhe 55 .nd 53 kg UOI cases, the =ullil u~ing the VFO model an: in cItcllml 
agreemenl wi lh lhc results for lhe square and lriangular lanice.. ",i lh owrlap. ThIS 
good agreement al$o expected 10 be CVen bettcr in lhe eases for 46 kg UOI IICCA 
(which cannot It preSCllt be explicitly modeled wilh GEMER·s fIX goonrtry 
capabilities) because of the large number ofrod$ in each of the lanices (for the 
0.200:,0.100". O.osO" and 0.025'· rod ODs). 

2. The fI.'SUI1S for the S5 Ind S3 kg U(h cases withoul overlap an: eons;stenIIO\\·cr lhan 
lhe same cascs with overlap. (Notc, howcvCl", that 15 dcscribed in section 6.'U.4.1"'" 
VFO cases Ill: with o'·crlap only.) 

3. The cmill: iCI ofn.'Sults indle.te5 lhallbe o ptimum p<:UCI d~tcr for the 
helcrogenco\u I.nices i"boul 0.1 OO~. This is l1li: c:xpl .... lion of wby the lOX 10 rod 
type rcsullil an: thc minimum .lIo,,-.bleOD for the 55 kg UO, paylnad euell.od the 
17XI 7 pellcttypc TCS\lJu arc the mimimllO .Uow.ble 00 for the Iov,·er 53 kg Ua, 
payload cases (i.e. the 17X I7 rod tfPC has I O.J.O~ 00, the lOX 10 rod type has a 
0.34·' 00 .• nd It..: 9X9 and gXI rod ~ b.,·c prOiJ"Slilvc!y larger d,ameters of 
0.376'· and O.408~, rnpccti,·ely). 

4. Tbc triangular lattices USU311)' lend to havc lhc h;ghcJI k..rs. bUllheir value. do oot 
difTcr greatly from the results for the squall: lanices. In . few tallCS Ihe S'l'.L11"1; lanice!; 
""ruaJly ha\"c luger kelTs. which suUests \hat the differences arc wilhin stalistic.l 
limi15 (2 10 4 o. based on the Dumber of differenl calculations m~de for thi~ analysis). 

6.6.2 DAMAGED PACKAGE ARRAYS 

Calculations show that. damaged patkage ami)' Il:mains subcritic.1 under general requirements 
for fissile material packages. for oonnal conditions o f mmsporl. and undcr hypothetical accident 
condition!;. To mttt the gcncral requirements for fissile material pa.:ugcs,' fissile materi.1 
package must be cootrolled to assur<: Ihal an arrny of pachgc~ remains ,"beritical. 

Tomable Ihls conlrol. the designer shall dc:ri\"e a number ·'N·· based on .1I o f the following 
conditions being $IItisficd.lI>Suming packages are stacked together in ... ), .mmgo:ment and with 
cIOM full rcncction on all iides of the array by waler .'loch that: (I) 5N undamiog~ pacbges WIth 
nolhing bc1wtc1\ the pack~ges would be lubcrilical; (b) IN darmged ~bge$, ;feach pack.ge 
""Cf1: subjtclcd to tests specified in 10 CfR pl.73 wO\lld be subcrirical with optimum 
interspersed hydrogenous mOOcllIlion .. 

GNr: ---,-_ .. _,-
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6.6.2.1 Damaged Package Arrays with Homogeneous UOn and H20 

Figure 6.13 demonstrates a damaged NPC package array of size 5 x 5 ~ 6  (2N = 150) remains 
subcritical under CTU-1, CTU-2 observed non-uniform foam burn conditions. This figure also 
demonstrates the damaged package array remains subcritical under maximum foam burn 
conditions. A third order regression fit of the kff f 20 results are plotted as a function of ICCA 
payload. 

The reactivity of the damaged package array depends on the effectiveness of the fuel in 
competing with other materials, such as the cadmium, hydrogen, stainless steel or water reflector 
for absorption of thermal neutrons. For damaged package array conditions, the amount of 
interstitial foam between packages becomes important to creating the required 
thermal spectrum necessary for effective thermal capture by cadmium. 

The homogeneous UO2 payload is varied from 40 - 65 kgs U02 equivalent per ICCA (360 - 585 
kgs U02 per NPC package). In these damaged package array cases, the system becomes mass 
and geometry limited. The ICCA spacing is modeled at 11.75" (29.845 cm), while the nominal 
spacing between ICCAs is 12.00" (30.48 cm). All damaged package array models remain below 
the accident limit kftUSL = 0.93 1 for up to 60 kgs U02 per ICCA. 

From Table 6.16 in Section 6.10, the maximum calculated kff + 20 - bias results for the 
undamaged package array at 60 kgs U02 per ICCA are: 

FILENAME K-EFF SIGMA K+2S BIAS K+2S-B 
npcal 60 0.9059 0.0013 0.9084 -.0189 0.9273 

As expected, the maximum burn condition is demonstrated the most reactive damaged package 
array model, though the interstitial 7-lb/ft3 foam region between ICCAs and the 0.570-inch 
polyethylene are sufficient to maintain the damaged package array subcritical (e.g., &E + 20 - 
bias < 0.95). 
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6.6.2.1 Damaged Package Arrays wIth Homogeneous UO. and H.O 

figure 6.11 demonsmuC5 I damaged NPC package array or5il~ 5~S~6 (2N ~ 150) remains 
subcrilieal under CTU-I. CllJ-2 observed IIOn·uniform foam bum cOlldili0n5. This figure IL!IO 
Ikmonstnln the d&migcd .,...kage: array mnains $Ilbcritical under maximum foam bum 
conditions. A Ihmi order n:grtssiol! fit of the k..r:t 20" ~ults are pLotted ~ I fuDCtion ofLCCA 
po,,,,",, 

The: n:activ,ty of the damaged .,...kage array depmds 00 1M ctrccri~'encss of the fuel in 
rompcIin& " 'ith other materials.lUeh ~ the e.mnium, hydrogen. stainless stccL Of ","'leI reflee"'r 
for.bsorption Ilfthcrmal neutrons. For dtmagod paclage array conditions. !be amount of 
m1CTSI11l.110ilrn bet","een packages bccorncs l~t III Clelung tbl: rcquirt:d 
thcnntl spc<.:lrUrn nccesUlY fordfccliye thermal c.pture by cadmium. 

The homogC1lcQU5 UOI payload is Yaried from 40 _ 65 kgs UO!CCjuivalcn! per ICCA (360 ~ S8S 
k~ UOI per NPC package). [n Ihesc: damaged package array cases. the sy~lcm becomes mass 
and gootTH:try limited. The 1(."CA ~lUCin~ iii nlOdo:led It 11.75" (2'1.&45 ern). ","hile the nominal 
spacing ~","ccn lCCA,;1 12.00" (30.48 em). An damaged package array models remain belli"," 
the ICcidcnt limil k.tI".us~ ~ 0.'131 for up 10 60 kg. UOl per ICCA. 

F."m T~blc 6.16 in Section 6.10. lha maKimum ca lculated k.". ... 10 - hi ... ",.u\u for Ih~ 
undamaged package array at 6(1 k" V02 per ICCA arc: 

As upcclcd. Ihe ma~imum bum condilion is demonstrated the most rcacti,·c damaged package 
arTIly model. though tm: il"ltcrslitil1 7-lbJtr foom n.gioo bctwt:cn ICCAs and the 0.570·in.h 
polyahyk:nc arcsutrw.:icnllO maintain the damaged package array subcrilical (e.g., k..r+ 20· 
bias < O.9S). 
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Figure 6.13 - NPC damaged package array kefi vs. UOz mass per canister (CTU-I, CTU-2, 
and maximum obsewed foam burn conditions) 
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6.6.2.2 Damaged Package Arrays with Heterogeneous U02 in HzO 

Figures 6.14a through 6.14h show the reactivity of damaged package arrays for the 55.0,53.0 
and 46.0 kgs U02 per ICCA cases. The figures demonstrate that with the specified pellet OD 
versus ICCA UOz mass limits, 0.34" (or larger) for 55.0 kg U02 payload, 0.30" (or larger) for 
53.0 kg U02 payload, and for unrestricted particle diameters, the maximum payload is 
demonstrated 46.0 kg U02. In all caes, the damaged package array remains subcritical (i.e., have 
kfl + 20 - bias < 0.95) under the most reactive configuration of material, W/F ratio, lattice array 
type (square or triangular), lattice boundary conditions (overlap or no overlap) and close 
reflection of the containment system by water on all sides in the surrounding materials in the 
packaging. 
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Flgur. 6.13 - NPC damag. d paclulge array k.., VI. UO, mill pII r canl.t. , (CTU·1, CTU·2. 
Ind ~.lmum obs.~ foam bum condition.) 
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6.6.2.2 Damaged Package AlTay. with Het.r098neoL15 UOz in HzO 

Figul'C!l 6.14a tllroogh 6 .14h show Ihe I"CIcli viry of <WnagaI packaj!c arrays for tile 55.0. 53.0 
and 46.0 Irgs U~ peT ICC", ~ases. The figun:s dononsttate thai "'itll \be specifitd pellet 00 
vmus ICC", UO j rnuJ limi". 0. 34~ (or larger) for 55.0 kg 002 paylOiW, 0.30" (of larger) for 
S3.0 kg U02 p"yloW. lind for unrcwicled particle dLamctc.-s. the maximum payload is 
o:krnonsU1l1td 46.0 kg 002. 10 all clOI:S.lhe damaged packagc array remains subcritical (i.c .. ha.-..: 
k..,- + 2,, · bias < 0.95) under tile IIlO$I reaeli, 'c configwation ofmatcrial. WIF ratio, lanice amy 
type (1Iq1lllfC or tri~",w), l.tt~ boundary ronditi""" (overlap or 110 ovcrlap) and close 
rd l«hon of the ~OflI'lIlmcnl system by ",lllcr on .11 s~ in the surmundint: materials in Ihe 
packaging. 
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Figure 6.14a - NPC damaged package array keff vs. WIF Ratio (1OX10 pellet type, Square 
gitch, 55 kgs U0211CCA) 

WflTEP-TO-FUEL RRTIO X1I) 

Figure 6.14b - NPC damaged package array keff vs. WIF Ratio (10x1 0 pellet type, 
triangular gitch, 55 kgs U0211CCA) 
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Figure 6 .14~  - NPC damaged package array keffvs. WIF Ratio (reactivity comparison vs. 
pellet size, triangular eitch, 55 kgs UO$ICCA, VFO) 
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Figure 6.14d - NPC damaged package array keffvs. WIF Ratio (17x17 pellet type, Square 
eitch, 53 kgs U0211CCA) 
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Figure 6.14c - NPC damaged packilge array keHvs. WfF Ratio (rnctlvlty comparison vs. 
pellet size. !riangulO1r Illtch. 55 kgs UO,/ICCA. VFO) 
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Figure B.14d _ NPC damaged package array keHvs. WIF Ratio ( t7X17 pellet type. !quare 
I!:llch. 53 kgs UO,JICCA) 
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Figure 6.14e - NPC damaged package array keffvs. WIF Ratio (17x17 pellet type, 
triangular pitch, 53 kgs U0211CCA) 
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Figure 6.14f - NPC damaged package array keff vs. WIF Ratio (reactivity comparison vs. 
pellet size for triangular gitch, 53 kgs U0211CCA, VFO) 
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Figurl II. 14e _ NPC damag.d packagl array k.lrv •. W!F Rallo (17X17 pellet type. 
lrl.ngulsr altch, 53 kg. UO,nCCA) 
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Figure 6.14g - NPC damaged package array keffvs. WIF Ratio (unrestricted particle size, 
square eitch, 46 kgs UOJICCA) - 
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Figure 6.14h - NPC damaged package array keff vs. WIF Ratio (unrestricted particle size, 
triangular eitch, 46 kgs U0211CCA) 
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From tables C and D in Table 6.9 above, the maximum calculated kff+ 2a - bias results for the 
damaged package arrays are: 

FILENAME U02 MASS K-EFF S I a  K+2S BIAS K+2S-B 
ST55-486* 55 kqs 0.9280 0.0014 0.9307 -.0189 0.9496 - a 17x17 Case 
TT55-450 55 kgs 0.9207 0.0014 0.9235 -.0189 0.9424 - a 10x10 Case 
ST53-460 53 kgs 0.9242 0.0013 0.9263 -.0189 0.9456 - a 17x17 Case 
BT46-600 46 kgs 0.9277 0.0005 0.9287 -.0189 0.9476 - a 0.1" OD Case 

*VFO Case;  Also ,  S I G M A  f o r  c a s e  BT46-600 i s  b a s e d  on 3,800,000 n e u t r o n  h i s t o r i e s  

Notes 1-4 in Section 6.6.1.2 also apply to these results. 

6.6.3 UNDAMAGED PACKAGE ARRAYS 

6.6.3.1 Undamaged Package Arrays with Homogeneous UO2 and H20 

Figure 6.15 demonstrates that an undamaged NPC package array of unlimited size (5N = co) 
remains subcritical provided the U 0 2  equivalent payload is restricted to 60 kgs per ICCA. The 
fuel mixture condition with 60 kgs U 0 2  fuel containing a varying amount of added H20,  as 
described in section 6.3.1.4, Muterials, Table 6.5, has been evaluated. In this worse case 
condition, a third order regression fit of the Keff + 20 results are plotted as a function of WF 
I-120 Erom 0.140 to 0.290. It is noted that prior evaluations have demonstrated that mixtures with 
the 60 kgs UOz mass limit and a varying amount of H 2 0  are more reactive than mixtures that 
contain 60 kg total weight of U 0 2  and H20.  

From Table 6.16 in Section 6.10, the maximum calculated kff + 20 - bias results for the 
undamaged package array are: 

FILENAME K-EFF SI(;MA K+2S BIAS K+2S-B 
nwc60i26 0.8897 0.0014 0.8925 -.0189 0.9114 

As shown, under normal conditions of transport, the UO2 equivalent product is subcritical at an 
optimum WF of H20.  Therefore, the NPC package is not required to be restricted in moderator 
content in the individual ICCAs, provided that the type and form of the moderator is no more 
effective than normal H2O. 

Global Nuclear Fuel 
h*etYLI*LUI I * * l l rY  

GNF NPC 
S.f,tv An.MIt Report 

Doclltt No. 71-9ZM 
Btv!!llon 1 !l2Q92 

Fr(lm tables C .nd 0 in Tabk 6.9 above. the lIWIimum calculated k.K + 10 ' bias n:suhs for the 
WtlT\llgoo package amys 1fC: 

- • 11 ~ 17 Co •• 
- • IC ~lC cu. 
-. 17>17 c •• ~ 
- . C. l" on Cu. 

Notes 1-4 in Section 6.6. 1.2 also apply to the$<: n:~lJIt5. 

6.6.3 UNDAMAGED PACKAGE ARRAYS 

6.6.3.1 Undamaged Package Array. with Homogeneous UO, and H,O 

Figure 6.15 demonstrates Ihat an undamlied "'PC package amyofunlimiled size (5N ~ ... ) 
rcmairuj ~ubcritica l provided the UO, equi,-alent payload it; n:strictcd 10 60 kgs per ICCA. The 
fuel mi~1Ure condition with 60 kp U~ fuel containing I varyi", amount ofaddcd 11,0, ... 
described in section 6.3.1.4, M(J/~ri(Jls. T.bh: 6.S. has bo:cn C'-alUlllcd. In this " '011ie case 
condition. a third ord~ rcgrcssion fit of~ KelT.t 10 rcsulllllfC ploned lIS a function o fWF 
11,0 from 0.] 40 to 0.290. It is noted that prior c\'lhAtioru haWIl dctnonstrated that mi.\tures with 
the 60 kg' uo, mass limit and I varying amount ofll,o Ill! more mtcrivc Ihan mi:<run:s that 
contain 60 kg total wcight ofUO) and H:O. 

From Table 6. ]6 in S«fioo 6.10, the Irwumum calculated k.K+ 20' bias results for Ihe 
undarruogcd pacbgc lmIy lIe: 

Nr H,o • 0.260 
Nr 11,0 • 0.210 
NF HzO o.ao 

AI shown. UDder !IOIllI<Il oono;\i!iQl1' of !"''''I''''', th~ I 10 , ~1\(i\'~IL"Ilt product i, subctitica] It au 
optimum Wf ofll)O. Thcrefnrc. the NPC package il not req uired to be: reltnctcd in modmolOf 
cootcnt in tlx: individual [CCAs. provided that the I)'JIC and ronn of the mocIcfalOr is "" more 
c fTmivc than nomtal [1,0. 

GNr: '" ---._ .. -.-
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Figure 6.15 - NPC undamaged package array Keff vs. Weight Fraction H20 (60 kgs U02 
compoundllCCA) 

0.998 

''full" 
condition: 

6.6.3.2 Undamaged Package Arrays with Heterogeneous U02  in Hz0 

Figures 6.16a through 6.16h show the reactivity of undamaged package arrays for the 55,53 and 
46 kg UOz per ICCA cases described in the preceding sections. The figures demonstrate that 
with the specified pellet OD versus ICCA U02 mass limits, 0.34" for 55 kg, 0.30" for 53 kg and 
unlimited pellet diameter for 46 kg, the undamaged package arrays remain subcritical under the 
most reactive configuration of material, W/F ratio, lattice array type (square or triangular), lattice 
boundary conditions (overlap or no overlap) and close reflection of the containment system by 
water on all sides in the surrounding materials in the packaging. 

Global Nuolwr Fwl 
L I Y I ) ( L W L b r n  

GNF NPC 
Safety Analytl. Repon 

Dock., No. 71·9294 
Revl.lon 2 912002 

FJgure 6.15 - NPC undamaged package array Kerrv • . Weight Fraction H,o (60 kgs U02 
compoundllCCA) 
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6.6.3.2 Undamaged Package Arrays with Heterogeneous U02 i n H20 

Figures 6,lOO through 6.16h show Ihe rcaclivity of umlamagcd package armys for the 55, 53 and 
46 kg UOl per ICCA cases described in the preceding sections, The fi gures dcmonSlrnle lhat 
with the specified pene1 OD venuS ICc.:A UO:! TTllISS limils. 0.34" for 55 kg, 0.30" for 53 kg and 
U1Ilimited pellet diameter for 46 kg, the U1Idamaged package armys rCTTllIin subcritical under the 
mOS1 ",active configuration of material. W!F ratio. lalliee army typ<: (oquare Or lriangular). Mtiec 
boundary conditioll.l (overlap or no overlap) and close rel1cction of the cuntainmem system by 
"'lIer on all sides in the surroUIlding materials in the packaging. 
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Figure 6.16a - NPC undamaged package array keff vs. WIF Ratio (10X10 rod type, square 
 itch, 55 kgs UO$ICCA) 

Figure 6.16b - NPC undamaged package array keffvs. WIF Ratio (IOXIO rod type, 
triangular eitch, 55 kgs U02/1CCA) 
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Figure 6 . 1 6 ~  - NPC undamaged package array keffvs. WIF Ratio (reactivity comparison 
vs. pellet size, triangular eitch, 55 kgs UOdICCA, VFO) 
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Figure 6.16d - NPC undamaged package array keff vs. WIF Ratio (17x17 rod type, square 
gitch, 53 kgs U0211CCA) 
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Figure 6.16e - NPC undamaged package array keffvs. WIF Ratio (17x17 rod type, 
triangular  itch, 53 kgs U0211CCA) 
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Figure 6.16f - NPC undamaged package array keff vs. WIF Ratio (reactivity comparison 
vs. pellet size for triangular gitch, 53 kgs UO$ICCA, VFO) 

. . .... ...... : ..... : ...... : ..... j ..... L ..... : ...... : ..... L ..... : ..... :.....I .I.... 
"' LEGEND 

: . . . . . . . . . . . .  . . . . . . . . . . . .  ........ .........?............ . ............,...... > ..... * ..... I'.... I'..... I ...... . . ::: 53 KGS U02/1CCfl* i L :,..,A i i i 6.- ..it i...... .... ...... ..... ..... ..... ...... ...... ..... .... ...... ... PELLET OD = 8.rl8OII .... i ...... i ..... i ..... i -....: ...... L ..... i ...... i ..... i ..... i ...... i ..... i ....... . . . . . . . .  . . . . . . . .  : : : :  ... x PELLET 00 8.37jn ....! ...... , .....-..... . ......>.....?.....:............<....... ............ < .....* . . . . . . . . .  I : .  . . . . . . . . . . . .  . 

Global Nuoleor Fuel 
L U Y l a d Q - h ( B . s l l  

GHF HPC 
Spf,IyAn, ly!ia R&P2rt 

Docket No. 11·9294 
R,y;,ion 2. 912002 

Figure S.1&' - HPC undamaged package array keffvs. W/F Ratio (11)(17 rod type. 
Irlangullr 2ftch. 53 kgs UO"lICCA) 
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Figure 6.16g - NPC undamaged package array keff vs. WIF Ratio (unrestricted particle 
size, Square eitch, 46 kgs U0211CCA) 
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Figure 6.16h - NPC undamaged package array keff vs. WIF Ratio (unrestricted particle 
size, triangular eitch, 46 kgs U0211CCA) 
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Figura 6. 169 ~ NPC undamaged package array k"lfvs. WIF Ratio (unrestricted partlcl" 
Ilze, !quarl .e.ltcll, 46 kgs UO,JICCA) 
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Figure 6.1611 ~ NPC undamaged package array keffvs. WIF Rallo (unrestricted particle 
size, lriangular eitch, 46 kg$ UO.,rICCA) 
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From tables B and D in Table 6.9 above the maximum calculated Lff+ 20 - bias results for the 
undamaged package arrays are: 

FILENAME U02 MASS K-EFF SIGMA K+2S BIAS K+2S-B 
DSTP-437 55 kqs 0.8980 0.0013 0.9005 -.0189 0.9194 
BSTN-430" 53 kgs 0.8947 0.0013 0.8973 -.0189 0.9162 
ABSL-520 46 kys 0.8960 0.0013 0.8987 -.0189 0.9176 

*VFO Case 

Notes 1-4 in Section 6.6.1.2 also apply to these results. 

6.6.4 SENSITIVITY STUDIES WITH HOMOGENEOUS U02 + HZ0 

6.6.4.1 Sensitlvity Study - Damaged Package Array Shape 

As described in section 6.3.4.2, cases were run to confirm the most reactive aspect ratio of the 
damaged package array shape. The standard near cubic 5 x 5 ~ 6  array (case npcat-6O.in) is 
confirmed representative of the most reactive configuration relative to the 6 x 5 ~ 5  (case 
npcatv6O.h) and the 9 x 9 ~ 2  array (case npcatw60.in) for equivalent package payload and foam 
bum conditions. Though it is noted that there is little statistical difference between the 5 x 5 ~ 6  and 
6 x 5 ~ 5  damaged package array models. From summary Table 6.16, the maximum calculated ks I 
+ 20 - bias results for the damaged package array shape study (60 kgs UOzper ICCA) are: 

FILENAME K-EFF SIC= K+2S BIAS K+2S-B 
npcat  60 0.9275 0.0012 0.9299 -.0189 0.9488 

6.6.4.2 Sensitivity Study - Damaged Package Array Moderator Content and 
Payload 

As described in section 6.3.1.4, Materials, Table 6.6, cases were also run to confirm the most 
reactive damaged package array internal ICCA moderation condition. Lower weight fraction 
water cases were run to confirm the most reactive condition occurs when the mixture height for 
this mass just fills the internal volume of the ICCA. From summary Table 6.16, the results are: I 

FILENAME K-EFF SIGMA K+2S BIAS K+2S-B 
n~catx60 0.8102 0.0013 0.8128 -.0189 0.8317 (wf h?o=0.15) 
nicaty60 0.8671 0.0013 0.8697 -. 0189 0.8886 (wf~h.20-0.20) 
npcatz60 0.9081 0.0014 0.9108 -.0189 0.9297 (wf h20-0.25) 
npcat-60 0.9275 0.001 2 0.9299 -. 0189 0.9488 (wfWh2o-0. 28504) 

The above results confirm the most reactive condition occurs when the mixture height just fills 
the ICCA volume (limiting damaged array case npcat-60.in, wtfi. H20 = 0.28504). 

If additional water is added such that U02 mass is driven out of the ICCA, Figure 6.13 in Section 
6.6.2.2 demonstrates system reactivity will decrease. These results support the fact that any U02 
payload distribution is acceptable provided the maximum mass in any one of the nine ICCAs 
does not exceed 60 kgs U02 (52.9 kgs U). Relative to 60 kgs U02, by lowering the U02 
payload in any ICCA would result in a less reactive damaged package array. 
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From tables B and 0 in Table 6.9 abo,·c thc muimurn calculated k.,. + 20 _mas remlls for the 
undamllged package &rTIYS ~: 

Notes 1-4 in Sa:tion 6.6. 1.2 .150 apply 10 these results. 

6.U SENSITIVITY STUDIES WITH HOMOGENEOUS U02 + H20 

6.6 .•. 1 Sensitivity Study· Damaged Package Array Sha~ 

As described in section 6.3.4.2, cases Were run to conlinn the most rcactive .~p<:d ratio of the 
damaged package array ~hapc. The $t~nd~rd ncar cubic SllS1l6 llBy (case n~IJ,().in) is 
confirmed representative ohhe most n:aclivc configul1uion rclarive 10 lhe 6XS1l5 (case 
npcatv60. in) and the 9x9x2 array (calie npcarw60.in) fOf o:qul'·a1cnl ~ckagc payload and foam 
bum cQndiliom. Though il i. nuullllhM, Ih~,~ i. lhll~ .l>Ili. tklll ..:rilT"." .. ".: locl .. ·OO" ~'" ~>.5~(j ",ool 
6xSxS damaged packagc array models. From summll)' Table 6 .16. the maximum cakulaled k..tr 
+ 2", - biu result, fur the damaged package IlBY shape srudy (60 kp UO:pn ICCA) 1m: 

O. HJ1 0.0012 0.9r~6 -.011' 

11.11 .• . 2 Sensitivity Study· Damaged Package ArYlIY Moderator Content and 
Payload 

As de,criOod in section 6.3. 1.4. MarCTiaIs. Tabk 6.6. C1lSCS w= 1150 run 10 confinn the most 
reIoClivcdal"J\aied package llBy inlCmal ICCA modcnnion COIooliliOll. ~r "'l:iglll flllClion 
.... tl;1" _ w= run 10 confirm the most rcac1i"c condition OCcurs when the mixture hcil!ht for 
Ihis mass just fills lhe: intcmal wlumc of the ICCA. From summaI)' Table 6.16. Ihe results arc: 

Iwf ~~o·O. l SI 
Iw( h2o-0 .201 

0.9081 O.OOIC o . g l ee - . 0119 0.9291 l .. f-h2o_0 . 2~1 
0.921$ 0 .001' O. 92H -. Ot89 O.H n l .. f-h2o_0 . 28~a41 

lbe lbove tc$IIlts confinn tile most re~cth·e coodi tion occurs when Ihc mixture heighl jU>1 fills 
the ICCA volume (limiting damaged may case opcat 6O.i~. Wlfr. 11;00 - 0.2l!5(4). 

If iWkhtlOl\&J watl;1" 'lidded ~uch tllat UU:l man is driven out orttlc ICCA, figure 6.13 in S«tioo 
6.6.2.2 dmJonslnltct system reactiwity will dccrcuc . These /"e;';ullS support the fact thai any U0 1 
payload distribution i$ acceptahle provided the maximum ma!ili in anyone oflhe nine ICCA:;; 
docs not exeeed 60 kg:;; U02 (S2.9 kgl U). Relati ve to 60 kgs UOl. by lov.'Cring the 002 
payload in any ICC .... would resull in I less reactive damaged package array. 
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6.6.4.3 Sensitivity Study - Damaged Package Array 100% Foam Burn 

Figure 6.17 determines the worth of the foam for the limiting damaged package array determined I 
in Section 6.6.2, Package Arrays. In this figure, 100% internal foam burn is assumed, and 
replaced with variable density I&0. The figure shows the void condition is the most reactive, 
and the damaged package array becomes safe (kff + 2~ - bias < 0.93 1) when the interspersed 
hydrogenous reaches - 2.63% water equivalent (or greater). 

The 60 kg UOz per ICCA damaged package array results for CTU- 1, CTU-2, and maximum burn 
models are provided in Figure 6.17 for comparison purposes. The 6% hydrogen content in the I 
inner 7-lb/ft3-foam region is demonstrated sufficient to maintain the damaged package 
subcritical. In general, increasing hydrogen content between packages reduces the reactivity of 
the NPC damaged package containing optimally moderated UOz canisters. The damaged 
package therefore exhibits an over-moderated behavior. 

This is substantiated by the fact that package reactivity increases as the foam burn depth (see 
Figure 6.13) is increased to its maximum observed condition. This effect also underscores the I 
use of void for the ceramic fiberboard around the periphery, and the use of void for the 
postulated burn regions instead of low interspersed water moderation. 

Figure 6.17 - NPC damaged package array kefl vs. interspersed H20 (100% foam burn 
condition) 
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6.6.4.3 Sensitivity Study - Damaged Package Array 100% FGllm Bum 

Figure 6.17 determine! the worth of the fOHm for the limitinJ damaged pa<;lo.gc amy dctmnincd 
in Secti0ll6.6.2, Package Arrays. In this figure, 1000 .... inl."...,.1 fo.om hum i. uwmffl. and 
"'Plated with variable d~n.ity J 1:0. The figure lhow. the void condition IS the most reactive. 
ami the damaged package arTIlY becomes safe (k.!r+ 20"' biM < 0.9J I) "ben Ihe interspersed 
hydrogenous reaches - 2.63% waler equivalent (or greater). 

The 60 kg uo, per ICCA damaged package arra.y resullS for C11J.J. C11J-2. and maximum hum 
models arc provided in Figure 6.17 for comparison p~. The 6% hydrogen contcnt In Ihe 
inner 7-Ib/tr-foam region is demonstrated sufficient to mainf.lin the damaged package 
lubcrili"al. In General. increasing bydrogcn content bctwren packagCli reduces the reacti, \iy of 
the NPC damaged package containing optimally moderated UO! ClImstcrs.. rile damaged 
piICkagc therefore uhibits aD over-moderated bch.a\;or. 

This is substantiated by the fact th.t packa~ TOCIivity increases as the foam bum dqlth (Ott 
Figure 6.13) is increased to illi muimum obsc .... ~ rondition. This cffect.1so underscores the 
uK of void for the ceramic nbcrboard around Ihc periphery. and !he us<: ofvoid for the 
postulated bum regions in!iu:ad of low intc~ wate. tt1Odcration. 

Flgu .. 6.17 - NPC dam'!i1ad p.cuge .ITIIY k.., ..... InleBpeBed H,D (100% 103m bum 
condition) 
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6.6.4.4 Sensitivity Study - Damaged Package Array ICCA Spacing 

Figure 6.18 demonstrates the damaged package reactivity behavior as a function of ICCA 
spacing. A second-order regression fit of the K k 20 results is shown. The 60 kg UOz per ICCA 

I 
payload, maximum burn model is used as the basis for the center-to-center canister spacing 
study. 

This figure demonstrates little sensitivity fiom movement of the ICCA fiom the standard center- 
to-center spacing of 11.75" (29.845 cm) to 11.25" (28.575 cm). Therefore, the 1 1.75" standard 
spacing is sufficiently conservative representation of the nominal ICCA spacing of 12" (30.48 
cm). The reactivity of the damaged package array is not adversely affected by ICCA center-to 
center movement of up to %". 

I 
Figure 6.18 - NPC damaged package array kefi vs. canister spacing 
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6.6.4.5 Sensitivity Study - Damaged Package Array Structure 

The effect of adding certain external stainless steel structure into the limiting condition model is I 
made to determine effect package reactivity. In particular the bottom of each NPC package is 
comprised of eight (8) 6x3~3116" rectangular tubes, four (4) 6x1-112~19.25" connecting 
channels, and a 16-ga. 18x1 8" square doubler plate. A conservative estimate that includes 
maximum manufacturing tolerance of this structure mass associated is determined to be 40.8 kgs. 

I 
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Figure: 6. I g dcmonslralcJ Ihc damogro package ~.cti vily behavior as a funclion of ICCA 
spacing. A scrond-urdcrn:]In'ssion til oflhe K ± 26 ~sul ls is shown. The 60 kg UO, per ICCA 
payload. !I1a1<imum bum model is uli-Cd ali the basis for Ihe cenler.to..ccnler canilter spae,ng 

.""'o. 
This figUJ"C dcmons1ralCl' lillie ~ensilivily from movemenl orille ICCA from lhe standard cen~_ 
lo-<e'l1er spacing of I 1.75" (29.845 em) 10 I 1.25" (28 .S7S em). The~foJC, Ihe I l.7S·· Jllndard 
spacing is sufficieo lly COtlscrval" 'c n:prcscnuuion of Ihe nominal ICCA ~paeina of 12" (30.48 
em). The 1"I:3ctivity ofthe damaged package array \s nOI adversely affecled by ICCA cenler_lo 
cenler mo\'cmcnl of up 10 '1.". 

Figure 6.18 - NPC damaged package arTIlY k.. vs. Qnllter s~clng 
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6.6.4.5 Sensillvlty Siudy _ Damaged Package Array Structure 

n.c effecl ofaddmg ccrtam ulemal stainless fled IIruc:tIIJC mlO Ihe limiling condi lion modd is 
made 10 dctcnnilll: cffcci package rcacti,·ily. In particular the botlom of each NPC package is 
comprised or eighl (8) IhJ .. JII6 H 

.... "I;II.llul ... I~. (WI (4) 6A I- In A 19.2Y· cu""""I;1111 
channels. and _ 16-ga. I b IBM squ.tn: doubler pl~l~. A cons.crvalivc c,;lirnalc Ihl includes 
DWlimum manufacturing IOICflMC oflhis SIruc:tu«: mass usociatcd 18 dcterminro 10 be 40.8 kll" 
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If this mass of 40.8 kgs is then "smeared over the bottom layer of the package, an additional 
thickness of 0.4365 cm may be included in the modeled bottom plate thickness [e.g., Sh = 

mass ss/(rho ss*l*w) = 40,800/(7.9*108.7743*108.7743) = 0.4365 cm]. 
The r ~ a c t i v i ~ ~ o m ~ a r i s o n  is made for the limiting damaged package array case using the 
acceptable 60 kg UOz per ICCA. From Table 6.16, the result is: 

FILENAME K-EFF SIGMA K+2S BIAS K+2S-B 
n p c a t  60 0.9275 0.0012 0.9299 -.0189 0.9488 

Relative to the limiting damaged package array model (npcat-60), the additional external 
stainless steel (npcats60.h) structure on the bottom of the package results in a -0.4% delta-k/k I 
reactivity reduction. 

I 
6.6.4.6 Sensitivity Study - Damaged Package Array Poly Gap 

The effect of polyethylene gap as determined fiom the physical measurements of the ICCAs post 
HAC testing is assessed to confirm the modeled poly height and density assumptions. 

In the first case (npcatg60.in), the modeled polyethylene height of is reduced by 75 mils to the 
minimum specified height of 30.3" (the density remains constant at 0.92*0.98 to offset the 0.6 
wt% maximum observed poly weight loss under accident conditions). No statistical change in 
reactivity relative to the limiting condition damaged package array model (npcat-6O.in) resulted. 

In the second case (npcatf6O.h), the modeled polyethylene height surrounding all 9 ICCAs is 
reduced to correspond to the maximum observed gap conditions post HAC testing. The 
cumulative gap at the top plus bottom of the polyethylene wrap was measured for all ICCAs in 
CTU-1 and CTU-2. Maximum gap measurements for CTU-1 and CTU-2 test units are reported 
in Sections 2.10.1.7.1.6 and 2.10.1.7.2.6, respectively. 

The maximum observed total gap was 0.40" top + 0.29" bottom = 0.69" and reported in 
certification test results Section 2.10.1.2, Summary. For this study, the top gap was increase from 
118" (0.3175 cm) to its maximum of 0.4" (1.016 cm). The bottom gap was increased from 118" 
(0.3 175 cm) to its maximum of 0.29" (0.7366 cm). Since the gap is explicitly modeled, the poly 
density of 0.92 glcc is applied. Again, no statistical change in reactivity relative to the limiting 
condition damaged package array model resulted. 

From Table 6.16, reactivity comparisons are as follows: 

FILENAME K-EFF SIGMA K+2S BIAS Ki-2s-B 
npcat 60 0.9275 0.0012 0.9299 -.0189 0.9488 

These results support the assumption that the 2% polyethylene density reduction factor applied 
to the damaged package array models are conservative and adequately address the observed 
polyethylene weight loss and model height. 
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If this mass of 40.8 kgs is then - smeared" OVer the bottom layer o f tbe package, an addilion~1 
Lhid:ne$!l ofO.4J6~ em may be iroc:luded in the modeled bOlH>m plale thi, knes~ [c.g .. Iih . 
masJ _ u/(rbo_" oIOw) - 40,800'(1.9° lOS. 7743° 1 Oil. 7743) = 0.4365 em] , 
The rnctivily rompulson is nadc for the Jimiting damaged package array case using the 
acceptabk: 60 kg U~ per ICCA. From Table 6.16, the rcsuh is: 

Rela,h 'e 10 the limi, ing damaged package may model (npcaUiO). the addi,ional eX1mI31 
<"',nic:" 5tc<.:1 (opc.,s60.in) ti'",e'urc 00 the bottom of the padc.IIgc results in a ....0.4% <kl",·k/k 
reao:tivity reduction. 

The effcrl ofpolyethylcnc gap'5 determi ned from the ph)"liic.1 ~ts ofth,o ICCAs post 
HAC testing il auesscd 10 confirm the modeled poly height and density assumptions. 

In the firl; t <;as<.: (nlX'ltg60.ioj, the modeled polyethylene heigbt of is n:duccd by 75 mils to the 
minimum ip<:(:ified hcil!J!t of 303" (the density r=utirul COIl'llanl al 0 .92'0.98 10 offset the 0.6 
Wt% malCimum observed poly ... ·elght los, urw;k:r accident rond,tloos). No statistical eban~ in 
reactivi!), relative to the limiting rondi,ion damaged pkk.ge lJl1Iy model (nlX'.t_ 6O.io) rcsuhoo. 

In the second cue (npcatfM.in). the modelnl polyethylene height 5unwnding aU 9 lCCAs is 
reduced 10 correspond to lhe maximum ob$m.·oo pp conditions post UAC testing. The 
cumulative gap at !he: lop plul bottom ofthe poIyethylene .... rap was me,surcd for . n lCCA. in 
C11J. ] ,Dd CTU·2. Muimum gap mc&$Urcmcnts forCTU· 1 .1Id CTU·2 test units are reportw 
in Sections 2.10.1.7. 1.6 tmd 2.10. L 7.2.6, respcctiv~ly. 

The: maximum ob>nved I0I3l gap .... as 0.40- top " 0 ,29" bonom - 0.69" and. reported in 
cm.flClllion !eSt results Section 2. 10. 1.2, Summary. f or !his siudy, tIK: top gap WI! incruase from 
1/8" (0.3175 cm) to its nw.imum of 0 .4'· (1.016 em), Th~ bottom S~p .... as increased from 118'" 
(0.11 n mI) to its maximum of 0.29- (O.7366 em). Sinc;~ tIK: gap i~ expl icitly modded. th~ poly 
density 0(0.92 slce is applied. Again. no SIllti.tical change in reactivity relative to the limitins 
condition damaged pacugt' may model resulted. 

From Table 6.16, reactivity comparison!; arc as follo .... J: 

0.9~13 0 .00'1 O.~2n -.oa, 0.9411 

The&C rc5ulU ,upport the assumption tbat Ihe 2!1. polyethylcn. den, ity reduction factor applied 
H> the damtlSed package array models are conservativc and adcqLL.IItCly address the obsen,ct! 
polyethylene w~ighl loss IIDd model heigbt. 
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6.6.5 CRITICALITY SAFETY INDEX 

The number of packages that remain below the upper safety limit determines the Criticality 
Safety Index (CSI) for criticality control. For normal conditions of transport, an infinite array 
size (5N = oo) remains subcritical. Under hypothetical accident conditions, the contents of 
2N=150 packages would remain subcritical. 

CSI = 50175 = 0.6667 = 0.7. 
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TIle number of packages that remain below the upper safety limit detCfTTlines the Criticalily 
Safcty Index (CST) for criticality commL For norma! conditions o f rrall5pon, an infinite array 
size (SN - "') remains subcriticaL Under bypothctical occident condit itl os, the conlcnlS of 
2N- 150 packages would remain subcri tica1. 

CSI - sons - 0,6667 .. 0.7, 
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6.8 APPENDIX - VALIDATION OF GEMER 

6.8.1 GEMER URANIUM BIAS 

The GEMER Monte Carlo Code has been validated against an extensive set of critical 
benchmark experiments covering a broad range of enrichments, forms and densities of uranium, 
degrees of moderation and reflection, and types and amounts of neutron poisons (Ref. 2). Figure 
6.19 shows a plot of this benchmark data along with a least square analysis of the code bias and I 
statistical uncertainty. 

Figure 6.19 - GEMER &+ vs. HIU-235 Ratios: 269 Benchmark Validation Set 
Rank 1 Eqn. 8002 [EXPONENTIAL] y = a + bexp(-xlc), where a= 0.99290588, 
b= 0.0181 16949, c= 90.332388 

HIU235 Ratios 

The dark red (center) curve in figure 6.19 is the least square fit of the data and the bright red I 
curves are the upper and lower 99% confidence intervals for the fit. As indicated, thc complete 
benchmark data consists of the GEMER calculated kfts of 269 different critical experiments that 
has been fit wid  an exponential curve (y = a + bmexp(-blc), with y = hE and x = EW-235 ratio 
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6.8 APPENDIX - VALIDAnON OF GEMER 

6.8.1 GEMER URANIUM BIAS 

"The GEMER MoniC Carlo Code has been validated against an extensive ~t of critical 
benchmark experiments covering. broad mn ge of enrichments, fonns and densities of W"Ullium. 
degrees of moderation iUld refl ceiion. and IypCs and amounts of neutron poisons (R~f. 2). Figure 
6.19 shows. plot ofth i~ benchmark data a long with a least square analysis of the eode bi~ and 
statistical unccnainly. 

Flgu .. 6.19 _ GEMER K...s VI. HlU·235 Ratios , 269 Benchmark Vil lidlltion Set 
Rank 1 Eqn. 8002 [EXPONENTIAL] y . a" bexp(-xlc), wher. a" 0.99290588, 
boo 0.018116949, c" 90.332388 
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and a, b and c as given in the figure). The H/U-235 ratio is the ratio of the average atom 
densities of hydrogen and U-235 in the fuel region for each of the critical experiments. 

For the complete 269-benchmark validation set, the H/U-235 ratios vary between 0.0 and 
approximately 1450. Optimum moderation is typically in the range of 150 to 500. 
From Figure 6.19, the maximum bias + bias uncertainty is 0.00868. Here, the "bias + bias 
uncertainty" is defined to be the value (1 .O - lower 95% confidence interval of the GEMER 

I 
critical kff curve). The o corresponding to the bias uncertainty is in the range of about 0.0006 to 
0.0008. The calculated results are consistent with a constant bias over a broad WU-235 range. 
This range starts somewhere between an H/U-235 of 250 to 500 and continues out to the 
maximum -1450. 

For uranium oxides only, bias for GEMER and the ENDFIB-IV library has been cstablishcd to 
be no greater than 0.009 (& - P) at a 99% confidence level. The area of applicability for the 
benchmark calculations is enrichment ranges from 1.29 to 9.83 weight percent U-235 and H/U- 
235 ratio 41 to 866. For uranium nitrate compounds (UN, UNH material forms), bias for 
GEMER and the ENDFIB-IV library has been established to be 0.0125 (A,  - P) at a 99% 
confidence level. The area of applicability for the UN, UNH benchmark calculations is 
enrichment ranges from 9.97 to 94.42 weight percent U-235 and HIU-235 ratio 45 to 1437. 

6.8.2 GEMER CADMIUM BIAS 

The above documents 269 critical experiments used to establish the bias for the GEMER code 
for a variety of applications involving enriched uranium. Since most of these experiments do not 
contain cadmium, the effect of cadmium on the bias is significantly diluted by the non-cadmium 
experiments. Hence, it was considered prudent to quantify any "bias adjustment" required to 
allow for the presence of cadmium poison in the NPC package. 

A total of sixteen (16) benchmark experiments for U02 systems containing cadmium have been 
analyzed and used to derive the cadmium bias in the GEMER computer code. Of these 16, ten 
were performed by Sid Bierman et. al., and involved clusters of 4.3 1% enriched UO2 rods in 
water with cadmium plates of varying thickness' placed in between the clusters. Of the 
remaining six experiments, five were also performed by Bierman et. al., and involved 2.35% 
enriched U02 rod clusters in water also with cadrmum plates. The last experiment performed by 
Handley and Hopper involved 4.98% enriched UOzF2 solution inside a steel/cadmium/water 
reflected cylinder. Table 6.10 provides a description of the names of each experiment as 
described in ICSBEP Vol. IV and Reference 2 for cross-reference comparison purposes. 
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and a, b and c as given in the figure). The HIU-235 ratio is the ratio orthe average atom 
den.ities of hydrogen and U-US in the fud region for each of the critical experiments. 

For the complete 269-ocnchmark validation set, the HIU·235 ratios Val)' octween 0.0 and 
approximately 1450. Optimum moderation is typically in the range of 150 to 500. 
From Figure 6.19, the maximum bias + bia. uncertainty is 0.00868. Here, the "bias + bias 
uncertainty" is defined to be tnc "alue (I ,0 ~ 10\\'(;I' 95% confidmee interval of tbe GEMER 
critical k.trcwve). The a corresponding to the bias unccnainty is in the range of about 0.000610 
0.0008. The calculated results are eonsist.mt with a coo.tant bias over a broad 1I1U·23S range. 
This range .tans romcwbcre betv.-eon an l lfU·235 of250 to 500 and continues OUt to the 
maximum ~14S0. 

For uranium oxides only, bias for GEMER and the ENDFIB·IV library has been cstablishoo 10 
be no greater than 0.009 {.di-•• fJJ at a 99"10 confidence level. The area of applicabihty for the 
benchmark calculations is enrichment ranges from 1.29 to 9.83 weight percent U-235 and II/U-
235 rnti0 4 1 to 866. For uranium nitratc compounds (UN. UNII material forms). bias for 
GEMER and the ENDF/B·IV libm.,. has been established to be 0.0125 (.di-•• fJJ at a ?9"1o 
confidence level. The area of applicability for the UN, UNII benchmark calculations is 
enrichment ranges from ~.97 to 94.42 weight percent U·13S and HIU·135 ratio 45 10 1437. 

6.8.2 GEMER CADMIUM BIAS 

The above d""umoms 269 critical experiment.. used to establish the bia. for the GEMER code 
for a varicty ofapplications involving enriched uranium. SiOC<l most of these expm;ments do not 
contain cadmium, me effect of cadmium on the bias is significanlly diluted by Ihe non-cadmium 
e;tpe.iment~. Ilence. it was considered prudent to quantify any "bias adjustment" required to 
allow for the presence of cadmium poison in thc Nrc packagc. 

A total ofslxt\.'Cn (16) benchmark experiments for U~ 5yStCm~ ccntaining cadmium have been 
analyZl.'d and used to dCTi\'e lhe cadmium hias in the GEMER computer cooe, Ofthcsc 16. ten 
Wi'''' performed by Sid Bierman et al .. and involved clwters of 4.3 1 % enriched UO, rods in 
wat~' "ilh ~ad",iu'" plat~> uf val yi llg ~,i~km";.s' plal't:tl ill bt<tW~~ll th~ du~t~~ ~. Of Ih~ 
remaining six experimentS. five were also p"rfonned by Bierman ct. aI., and invnlved 2.35'/0 
cnrieh.'d UO, rod clusters in water also with cadmium plates. The last c.~perimcnt pcrfonned by 
Ilandicy and Iloppcr involved 4.98% cmichcd UO:F, solution inside a stccVcadmiurnlwalcr 
reflected cylinder. Table 6. 10 provides a description ofthc names of each ~pcrimefll as 
described in ICSBEP Vol. IV and Reference 2 for cross·reference comparison purpo!ies. 
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Table 6.10 - Bierman Experiments with Cadmium Used in GEMER Validation 

Figure 6.20a provides a diagram of the arrangement of the pin clusters and the absorber plates 
used for ten of the experiments involving cadmium. This figure is based on data taken from 
Volume IV (LEU-COMP-THERM-009) of the International Criticality Safety Benchmark 
Evaluation Project (ICSBEP) handbook (Ref. 7). 

Figure 6.20b shows the arrangement of the 2.35% enriched UOz fuel pin clusters and the 
relative locations of the absorber plates for experiments with cadmium plates. Of these seven, 
five are used for validation of the GEMER code with cadmium. This figure is based on data 
taken from Volume IV (LEU-COMP-THERM-016) of the International Criticality Safety 
Benchmark Evaluation Project (ICSBEP) handbook (Ref. 7). 
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Tabl. 6.10 - Bi.nn.n Experiments witt. C.dmlum Used In GUIER V. lld.lIon 

Figure 6.20. provide. I diagr-dIO of the arrangement of the piD ciuston and the: absorber plates 
used for len of tb e ex periments involving cadmium. This figure: is based on data taken from 
Volume IV (L EU-CO MP-TlIERM-009) of the internat ional Criticality Safel)' Benebmark 
Evaluation ProjccI (leSSEP) handbook (Ref. 7). 

Figure 6.20b shows the ~mmgcmcnl of the 2.35% enriched Uo, fuel pin Clu.~len and lhe 
relative localions ofthc absorbe-r plates for experiments with cadmium plales. Of thcsc K:'·en. 
five are used for ,·alidalion ofloc GEMER code with c8dmi um. This figure is bucd on data 
taken from Volume IV (LEU-COMP-HIERM·OI6) crlhe International Cri licalily Safel)' 
Bcnchmouk Evaluation Projecl (ICSBEP) handbook (Rtf. 7). 
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Figure 6.20a - Typical Arrangement of Fuel Pin Clusters and Absorber Plates for 4.31% 
Enriched Experiments 

I 
GEMPLOT: BIER31 01/10/00 up: +Y across: +X units: NA slice: 0 100 10 

Figure 6.20b - Arrangement of Fuel Pin Clusters and Absorber Plates for 2.35% Enriched I 
Experiments 

GEMPLOT : RSIC-14 81/18/88 up: +Y across: +X units: NR slice : 0 188 10 
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Figure 6,20a - Typical Arrangement 01 Fuel Pin Clusters and Absorber Plates for 4.31% 
Enriched Experiments 
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In order to make a determination of the applicability of the existing 16 benchmark experiments 
with cadmium to the NPC shipping container, a comparison of important neutron physics 
properties in made in Table 6.1 1. This table provides a comparison of enrichment, size, uranium 1 
moderation, cadmium plate dimensions, and moderation between uranium units and cadmium for 
the NPC package. A total of 15 Bierman he1 rod experiments are used as a basis for the 
benchmark comparison data, while the limiting damaged single package and damaged array 
results are used for the NPC data. 

Table 6.11 - Comparison of Benchmark Experiments to NPC Package 

By comparing the properties that most directly affect the neutron physics behavior of each 
system, the following conclusions are reached about the applicability of these benchmark 
experiments to deriving a GEMER bias for the NPC shipping package. 

Characteristic 

Uranium Enrichment 
Geometry 

Moderation of Uranium 

Moderation between 
Uranium and Cd plates 
Absorber Plate thickness 

Both systems are low enriched, and therefore resonance absorption effects present with 
systems containing relatively large amounts of U-23 8 are similar. 

The overall dimensions of the two systems are similar (e.g., fuel regions are -3 feet in 
length). The NPC cadmium wrap thickness is within the range of thickness of the Bierman I 
experiments. This is expected since very thin regions of cadmium provide the same effective 
neutron absorption properties as thick regions (i.e., large resonance self-shielding 
absorption). 

Bierman Experiments 

2.35% - 4.31 % 
U02 fuel lattice clusters 
20.32cmx38.1cmx91.44cm 
32.5 cm x 40.64 cm x 91.44 cm 
Heterogeneous fuel pins in water 
Pin dia. -1 cm, pitch - 2 cm 
HIU-235 range: 260 - 488 

3-6 cm H20 

Cadmium plates 
Thks. 0.30 mm - 2.0 mm 

The two systems have very similar HIU-235 ratios over the fissile volume. The H/U-235 
ratio determines the neutron energy spectrum inside the fissile region. The effectiveness of 
the cadmium plates to act as thermal neutron absorbers is directly related to the energy 
spectrum of the neutrons leaving the fissile assemblies. Sample neutron spectra comparisons 
between critical experiment and the NPC package are provided in Figures 6.21a-6.21d. 

NPC Package 

5.00% 
3x3 cylinder array 
21.628cmdia. 
80.01 cm max. height 
Homogeneous U02 + 
H20 
M r .  water - 0.29 
HIU-235 range: 236-254 
-3 cm polyethylene and 
-5 cm foam 
Cadmium wrap 
Thks. 0.381 mm 
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In order to make 8 detennination of thc applicabi lity of the existing 16 benchmark experiments 
witb cadmium to the NPC shipping container. a comparison of important neutron physics 
properties in made in Tablc 6. II . This table provides a comparison of mrichmcnl. size. uramum 
moderation. cadmium plate dim(msions. and moderation betwecn uranium uni~~ and cadmium for 
the NPC package. A total of 15 Bierman fuel rod cxperimmts arc used as a basis for the 
benchmark comparison data, while the limiting damaged single pa<:kagc and damaged array 
results are used for the NPC data. 

Table 6.11 - Comparison of Benchmark E.periments to NPC Package 

By comparing the propcnies that most directly affect the neutron physics behavior of cach 
system, the following conclusions an: reached about the applicability of these benchmark 
experimenb \0 deriving a GEMER bias for the NPC shipping package. 

• Both system, an: low enriched. and therefore resonance absorption effCCIS prescnt with 
systems containing relatively large amuunts of U-238 arc similar. 

• TIle overall dimensions oftbe two systems arc similar (e.g .. fuel regions an: -3 fect in 
length). The NPC cadmium wrap thicknes.~ is wilhin Ihe range o f thickness ufthe Biennan 
experiments, This is expected since very thin regions of cadmium provide the same cffc.:tive 
neutron abwrption prop<:rtiC$ as thick region$ (i.~., large rQllnancc sdf.shiddinJo: 
absorption). 

• Thf two syslcms have "cry similar HIU-235 ratios ov~ .. the fissile volume. The HIU-235 
ralio dctcnnines the n('lltron energy spectrum inside the fissile region. Th~ effectiveness of 
the cadmium plates to act as thennal neutron absorhcrs is directly related to the energy 
.l""'lrum of tbc llCUUotl5 leaving Ibc fi...,ik ..... cmblic •. Sample nculrotl .pectra cODlpari>o'" 
between critica l cxp<:riment and the Nrc package are provided in Figures 6.218_6.21 d. 
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The overall qualitative effect of the hydrogen and carbon in both the polyethylene and foam 
regions of the NPC package provide some reasonable degree of thermal neutron moderation 
between ICCAs. Consequently, the effectiveness of the cadmium to act as a thermal neutron 
absorber in both systems is roughly equivalent (refer also to spectra comparisons). 

Based on these observations, the neutron physics properties of the experiments and the NPC 
package compare favorably. The GEMER cadmium bias resulting from these benchmark 
experiments can therefore 'be successfblly applied to criticality calculations involving uranium 
compounds for the NPC shipping package. 

Figure 6.21a - Neutron Energy Spectra for BIER35 (4.31%) 
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• The: overall qu.aJitative effcct of lite hydrogen .nd carbon in bmh the polyethylene .nd fo.m 
""giam oflhe NPC pao.:ugc pnNilk IIOffiC reasonable deg"''''' ofthcrrnal neutron moder~tion 
betwren rCCAs. Co~urntly, the efTocti,-encss ofth!: cadmium to acl as a thermal neutron 
.bsofbeT in both syatc!I>II iJ I'1)lIghly equivaknt (refer a1S<l to spectra compansonJ). 

Based on these obscrvatlOllJ. the neutron I'hYJiC5l'roperties of the experiments and Ihe NPC 
pack.IC compare favorably. The: GEMER cadmium bias resulting from thcsc benchmark 
cxperiments can lbcrcfore be slICceufully applied 10 criticality calculations involving uranium 
COlDpOIlDds for the NPC .hipping package. 
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Figure 6.21b - Neutron Energy Spectra for BIER-38 (4.31%) 
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Figure 6 . 2 1 ~  - Neutron Energy Spectra far NPC - Damaged Single Package 
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Figure 6.21d - Neutron Energy Spectra for NPC - Damaged Package Array 
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6.8.2,l GEMER Cadmium Bias Determination 

Table 6.12 presents the results of the GEMER calculated eigenvalues and l o  statistical 
uncertainties for the sixteen benchmark experiments. Bias values for a given computer code and 

I 
cross-section set are ordinarily tabulated (for a given set of benchmark experiments), as a 
function of an independent variable, which directly influences the calculated value of bff. 
Examples of such variables would be HAJ-235 ratio, water-to-fuel ratio, absorberlpoison 

I 
concentration, fuel unit spacing, etc. Due to the limited moderation range, dependence on an 
independent variable for the 16 benchmark experiments was not performed. Consequently, the 
16 data points for each eigenvalue estimator will be treated as continuous statistical data 
normally distributed about a mean (p) with a population variance (0') and standard deviation 
(GI. 
Table 6.12 - GEMER Benchmark Validation Results 

BIER-31 and BIER-32 omittedsince they involved Cuplates with <I% Cd. 
Based on the data provided in Table 6.1 1, calculations can be performed with the following 
equations to derive the population mean (y), population variance (02) and population standard 
deviation (o) for the sixteen calculated eigenvalues (N=16). This is done for the flux weighting 
distribution. This approach is consistent with the derivation of the existing GEMER bias (ref. 2). 
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Having computed these values, the total bias and 2 0  uncertainty is computed as: 

Total Bias = (p - 1.0) - 20 

Based on the sixteen data points provided in Table 6.1 1, the flux weighted mean bff and a 
values are computed to be: 

Flux Weighted 

p = 0.991472 

a = 0.002666 

From this, a total bias for the GEMER code with cadmium is computed to be: 

Flux Weighted 

Bias = - 0.01386 

For purposes of the NPC package, the initial estimate of the flux weighted bias based on the 
critical benchmark data alone is equal to -0.01368. 

However, an additional cadmium "bias adjustment" due to the difference between the 
experimental benchmark reactivity worth of the cadmium and the package reactivity worth is 
developed in the following sections to account for this extrapolation. 

6.8.2.2 Cadmium Worth: Experiments vs. NPC 

The GEMER ENDF/B-IV cross-section library treatment of cadmium is based on the 190- 
multigroup structure, as shown in Figure 6.22. This figure is generated directly fi-om GEMER 
cross-section library. Explicit resonance parameter solution using single-level Breit-Wigner 
equation is not used for cadmium in GEMER (Ref. 1). 
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Figure 6.22 - GEMER Cadmium Total Microscopic Capture Cross-section vs. Neutron 
Energy 
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2 17-2 19, BNL-325, 2nd Edition, Hughes and Schwartz, 1958). 
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Table 6.13 - Cadmium Benchmark vs. NPC Reactivity Worth Studies 

Table 6.13 demonstrates the relative worth of the cadmium in the experiments is in the range of I 
-1-2.5%, while the relative worth for the NPC package is in the range of 20-24%. This suggests 
that an additional cadmium bias adjustment due to cross-section uncertainty might be warranted 
due to this extrapolation. 

Specifically, the more conservative of the following two approaches are considered an 
appropriate means to quantify the required "bias adjustmenty' due to extrapolating the validation 
benchmarks for low-worth cadmium absorber to a high-worth application such as the NPC 
package. Both of these methodologies are evaluated. 

1. The change in hff corresponding to substituting the chosen neutron absorber with equivalent 
boron and reducing the boron by 10 percent; or 

2. The difference between the neutron absorber worth calculated by GEMER and an 
independent continuous-energy code (e.g,. MCNP4C). 
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6.8.2.3 Boron Substitution Method 

The boron substitution methodology was applied to the limiting condition NPC damaged 
package array (npcat-60.in). To begin the study, the limiting damage package array model was 
re-run two additional times to allow for statistical comparison of results. 

To determine equivalent boron-10 areal density, llv-absorber equivalents of 0.008, 0.0085, and 
0.009 g~'0/cm2 were modeled in place of the 15-mil cadmium to study the 11" absorber behavior 
for the limiting damaged package array. From these cases, the llv-absorber cross-section 
treatment using boron-10 at an areal density of 0.008 g~10/cm2 was demonstrated to yield 
statistically equivalent results as shown below. These cases were in hu71 re-run using a 10% 
reduction in the boron-10 areal density to quantify the actual bias adjustment using the boron 
substitution approach. 

combined s ta t i s t i c s  for following cases (limiting case - damaged package array) 
case k-eff slgma # of batches 

0.927480 0.122000e-02 190 (npcat- 60. ln) 
0.927670 0.127000e-02 190 (npcatl60.ln, repeat) 
0.926890 0.127000e-02 190 (npcatj60.ln, repeat) 

kbar - 0.927347 sbar - 0.722601e-03 
# of nhservatlons - 570 

combined s ta t i s t i c s  for following cases (boron subst. = 0.008 gblO/cm2) 
case k-eff slgma # of batches 

0.930150 0.128000e-02 190 (bor08a.ln) 
0.927430 0.126000e-02 190 (bor08b.ln, repeat) 
0.928510 0.129000e-02 190 (bor08c.111, repeat) 

kbar - 0.928697 sbar = 0.737314e-03 
# of obdervatlons - 570 

cambined s ta t i s t i c s  for following cases (boron subst. = (0.90)*C0.008 g b l O / d )  
case k-eff slgma # of batches 

1 0.932670 0.118000e-02 190 (bor08x.111) 
2 0.931140 0.136000e-02 190 (bor08y.111, repeat) 
3 0.932340 0,122000e-02 190 (bor08z .in, repeat) 

kbar = 0.932057 sbar = 0.724217e-03 
# of ouservatlons - 570 

Using the boron substitution methodology, the following statistical comparison can be made 
between the equivalent boron (0.008 g~10/cm2) and the 10% reduced values. 

stat ist ical  comparison - reackivity worth of 10% reduction i n  b-10 

kbarl = 0.928697 
sbarl - 0.000'737314 
nl = 3 
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Assuming the true variance of the two distributions is the same, then the 100 (1- a)% confidence I 
interval on the difference between means is: 

where, 
sw**2 - (nl-l)sbarl'*Z + (n2 - l)sbzr2**2 

nl + n2 -2 

uslng dbove data.. u - 5, a 95% cl ylelds 

sw**2 : (3-1)  (0.000731314)**2 + (3-1) (0.00077421 7) **2 
(3+3-2) 

95% cl - (0.932057 - 0.928697) + t,," " > ,  *(0.0001308) * sqrt (2/3) 
95% cl = (0.932057 - 0.928697) f 2.776 *(0.0007355)* (0.81650) 
95% cl = 0.00336 + 0.001656 

Thus, with a 97.5% confidence (upper limit on CI) expect a 10% reduction in b-10 content to 
yield a difference in bff that does not exceed 

The total cadmium bias hom critical benchmarks + bias adjustment due to worth extrapolation is 
given by: 

Total Bias +Bias Adjustment = -(0.01386 + 0.005016) - -0.01888 

The final adjusted upper spec limit (USL) is therefore, 

6.8.2.4 Reactivity Worth Comparison Between GEMER Vs. MCNP4C 

A series on Monte Carlo calculations were performed with both the GEMER code and an 
independent Monte Carlo transport code MCNP4C (ref. 8). The historical lineage and 
development of both codes and the neutron cross-section data sets are different. As such, a 
comparison of the results of these two Monte Carlo codes will provide an independent 
assessment of the evaluated nuclear data used by each. 
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The GEMER code is based on the Battelle Memorial Institute's MERIT program and utilizes a 
190-group cross-section data set (multi-group library) based on ENDF/B-IV evaluated nuclear 
data for unresolved resonances and a continuous energy treatment based on a first-level Breit- 
Wigner approximation for resolved resonances. 

MCNP4C utilizes a point-wise continuous energy treatment for all cross-sections and is based on 
ENDFJB-V evaluated nuclear data (for this comparison). 

The benchmark problem created to compare the results of these two codes is a 2-D infinite array 
of ICCAs spaced on a 29.845-cm square pitch. The material and geometric compositions used 
for both codes was taken from the limiting damaged package array model and is intended to 
exaggerate the reactivity worth of the cadmium to providc a bounding casc comparison. Thc only 
minor difference is the treatment of the poly region - the 2% reduction in poly density is not 
included in this infinite ICCA lattice comparison. 

Care was taken to ensure that the input models for both codes numerically simulated the exact 
same geometric and material compositions. Both codes were executed for the case of 100% 
cadmium credit (i.e., full cadmium atom density) as a starting point. Nine cases were run with 
each code simulating a reduction in the cadmium atom density starting with 50% credit and 
decreasing to 0% credit (i.e., no cadmium). Only the cadmium atom density was changed in each 
case (is., no change to the cadmium region thickness was made) in order to assess the reactivity 
effects of the removal of absorber atoms only (is., no geometry effects). Sample GEMER and 
MCNP4C input files are also provided. 

Table 6.14 and Figure 6.23 shows the results of the GEMER and MCNP4C comparison 
calculations. 

Table 6.14 - Cadmium Reactivity Evaluation Between GEMER and MCNP4C 
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of ICC As spaced OIl a 29.845-cm square pilch. The malerial and goomcuic composiliOll$ used 
for both codes I..-aS taken from Ihe limiling damaged pickage array modcllUld IS inlomded 10 
cuggeratc the reactivity worth of the cadmium to provide. bounding ellSC c()mparison. The only 
minor di fferencc is Ihe treatm~1 of the pol y "'giun - the 2% reductiun in pol y density is nOI 
included in Ihi' infin ite [CCA lanice comparison. 

c...., was taken to ensure that the input models for both codes numerically simulated the exact 
Mme gooDletric and material composition •. Butb codes were eIccutcd for the case of 100% 
c.dm luJII credit (Le .• II.dl cadmium alum density) as a .wti.ng point. Nine """'" ".m; JUII "itll 
each code si mulating I reduction in the cadmium atom deMity SlUting " .. ilh 50% credil and 
dCCTcalItng 10 0"10 credit (i.e .. no cadmium). Only the cadmium atom density was changed in each 
ca.~c (Lc .• no challJ!C to th~ cadmium region thickness was made) in order 10 ISKSS Ihc reacti,·ity 
effccts oflhe rcmova.1 ofab'lorber atu"" only (i.e., 00 geomeuy c/feelS). Sample GE..'fER.nd 
MCNP4C input files arc alw provided. 

T.ble 6.14 and Figure 6 .21 sbowo the n$Jlts ofthc GEMER and MeNN e compariwn 
eakulations. 

TlblaS.,4 _ C.dmlum RI 'ctlvlty Evaluation Betw.ln GEMER . nd MCNP4C 

---.-.--.-
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Figure 6.23 - Comparison of GEMER and MCNP4C Reactivity Worth of Cadmium 
Replacement (0.570" poly wrap) 

60 

% Cadmium Credit 

The results of Figure 6.23 show excellent agreement between the calculated cadmium react 1 vity I 
worth for GEMER and MCNP4C. However, a paired, one-sample t-test can be performed to 
determine if there is a statistically significant difference between the reactivity worth calculated 
by GEMER and that calculated by MCNP4C. The following hypothesis tests can be performed: 

Null hypothesis (H,): No statistical difference between GEMER and MCNP4C 
Alternative hypothesis (H,): A statistical difference does exist between the two 

In order to test these two hypotheses, a paired one-sample t-test using the following equations 
can be performed using the MINITAB program (ref. 9). The assumptions include a) n = 9 = 

number of pairs of data, and b) mean = average values of the difference between the GEMER 
and MCNP results. 

Global Nuclear Fuel 
fiJmYY.*aUII**w 

GNFNPC 
lafttv Anamlt BtDort 

Doc:k" No. 71-1214 
Rrt!l1oft jl. !I/'lO!I2 

Figuf. 1.23 _ Com~ril-Ofl of GEMER .nd MCNP4C RHctiv\t)' Worth of C.dmlum 
R •• c:tm,nl (0.570· poly Wf"IIp) 
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~ •. 
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.. 
• • • • • -

TlIe results ofFigurc 6.23 !\bow CJUllenlllPtclUCnl ~""«n the takulaLc4 cad"uwn rellCl vlly 
.. ·onh for OEMER Itld MCI.I·Ne. lIo .. ~ •• pilraL OIle-Mmpk I·ICSI can ~ IKrformt:d 10 
&I,""";",, if~ illlUIl~icJ,lIy Jignit\nnl dlrr~ bcfv,·ccn IhI: f"CIclivity .... onh I:alcul~led 
by OF~\.IER and that cak\lIated by MCNP4C. "J"he follQll'iDS hypotheslltests can ~ performed: 

• Null h)'JlO'lhl$' (II,.): No lUIulllcal dlffm:nc"l: hl:1W«"!I OEM ER Ind MCNNe 
• AllCmltivc h)~it (11.t A JW"!Jcal diffrn:nc:c doa ellisl ~_ the IWu 

In order '" II:SI tbcic two hypod-. • plIrecI ooe-sampk Hal USlITS LhI: followillll ~\laliClnl 
can be pcrfonned lilia, ~ MINITAB prognm (ref. 9). The assumptionl i"duok.) n " 9 " 
number of pain of data. and b) mean 4 n'Cfa8C values of the djff= bct .... ttn thc GEMER 
and MCNP n'SUhs. 

6-97 ---._ .. _.-
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From this, the acceptance region for the (T) value becomes: 

Where (a) is thc confidence interval that the alternative hypothesis is true and t is the student t 
I 

factor from a standard t-distribution table. Using the MINITAB program, the following is 
calculated: 

T-Test of the Mean 
Test of mu = 0.000 vs mu not - 0.000 
Variable N Mean StDcv SF. Mean T 
dl 9 -0.045 0.310 0.103 -0.44 

For a = 0.05, a p value of 0.67 for the difference of the means (p = 0) is calculated. Since p > a, 
we can accept the null hypothesis (Ho) and conclude that there is no statistical difference 
between calculated reactivity worth for the GEMER and MCNP4C computer codes given the 
sample of paired data evaluated in this study. 

The boron substitution methodology is therefore the more conservative approach when compared 
with the difference between the neutron absorber worth calculated by GEMER and an 
independent continuous-energy code MCNP4C. 

GElMER - sample input 
2000. NPC, , , , CYL, , U02,5.00%, WTFR=VAR., SS, , , CD, CE 
/*ECHO 

0 293 0 0 
\csxsEc\uo2\cuo2-so.285 
\CSXSFTC\NOU\GNOU-O.SS 
\C!SXSEC\NOU\tiNOLJ-0. CAD 
\CSXSEC\NOU\GNOU-O.POL 
\CSXSJ2C\NOO\GNOU-O.FO7 0.90 
KENO GEOM 

0 / *  # OF REGIONS OR ZERO 
0 / *  # OF BOX TYPES OR ZERO 
1 / *  # OF BOXES IN X DIRECTLON 
1 / *  # OF BOXES IN Y DIRECTION 
1 / *  # OF BOXES IN Z DIRECTION 
1 / *  BOUNDARY CONDITION OPTION 
I /* STARTlNG SOURCE OPTION 
1 /* COMPLEX EMBEDDED OPTION 
0 / *  # OF PRINT PLOTS 
-1.0 -1.0 -1.0 

Global Nuolwr Fwl 
* * Y I I ( L W l c b r n  

GNF NPC 
Safety An.lnll Report 

From thi~, the acccplllncc region for the (T) value becomes: 

- S - S 
0- t"nn_t In < T < 0 + t ot / 2,n_] In 

Docket No. 11·9294 
Rt Y'ilion 2. 912002 

Wh.re (a) is the confidence intcrvalthal the alternative hypothesis is true and t is the student t 
factor from a Standard t-distributlon table, Using the MINITAB program, thc fonowing is 
ca lculated: 

T- T.at of the Mean 
-o.C 0' "" _ u,uoo v ...... 00< _ 0 . 0'0 

• • ••• 
_0.0" 

."'n '" .... " 
0.310 0.10' 

• -, ... • ", 
For a - 0.05, a p \"a lue pf 0.67 for the difference of the mean. (j.I ~ 0) is calculated. Since p > a, 
"''' <I, .. ...:eel't the null hypothai. (110) lind eondud~ that the,.., i~ no ~"'ti",ic(ll differcn« 
betWCCTl cakulated reactivity worth fDr the GE MER and MCNP4C computer codes given the 
sample of paired data evaluatcd in this study , 

Thc boron substitution methodnlogy is therefore the more comil!1"vativc approach when compared 
with the difference bcIWttn the neutron abso.-bcr worth calculatcd by GEMER and an 
independent continuous· energy code MeNNe. 

G['\\EK - " "'pit 1-op. ' 
/000, .1'<;, • ' ,cre .. ""2 , •. '" orr.R·' ....... .. , , , co, CI< 
I'LeOO 
I'TJ''''' 

'00 looe :0 0 0 
02"00 

1< ... 0>:1002\=,,,, .10> 
\< """" IJU, 10"""'-. , .. 
IC ""OOC I!OO, Ie""", o. C"" 
1< ",,,,,,,1..,-, 10"",,- O. "'~ 
ICS>I.<eI..,-W".",,- ••• -ol 0.'" 
.. toO or."" 

• / •• at o.<OIt"" <:« ""NO 
Q I" Qt·."x n • ., "" •• 110 

o 

I •• at" """'. IX X"'""","'" 
/ • • 0'- IIOXL .. .. , ", •• "",,"" 

, , •• ""' "" .... ,. , n' .... ~"'" 
1 /. OO'JKc.u., 00>101:<-::00 ""lCl!I , / . .., ... ~,.o """..". OPTW. 
, /. """,,""'X _'0"",,, 0",0. 
o ,., OT p,\lIfT "Drs 

o 

-I . " -1,0 _1." _1.0 

---.---~-,-

_1.0 
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BOX TYPE 1 / *  Maln Bady Region 
CYLINDER 1 10.8141 73.8505 0.0000 
CYLINDER 2 10.9233 73.8505 0.0000 
CYLINDER 3 1f1.9614 '73.8505 0.0000 
eYLINDER 4 12.4092 73.8505 0.0000 
CYLINDER 2 12.4612 73.8505 0.0000 
CYLINDER 0 12.1000 73.8505 0.0000 
CYLINDER 2 12.7635 73.8505 0.0000 
BOX TYPE 2 / *  r rn i t  Cell 
CUBOID 5 14,9225 -14.9225 14.9225 -14.4225 
2 1 1 1  1 1 1  1 1 1  1 
BEGIN COMPLEX 
/ *  Entlre System 
COMPLEX 2 1 0.00000 0,00000 0.00000 1 1 1 
END GEOM 
DEFAULTS=YES 
END GEiYER 

MCNP4C - sample input 
Test Input Model for NAS6Ci 
1 1 0.09543202 -1 u-1 imp:n=l 
2 2 0.08705741 1 -2 u-1 1mp:n-1 
3 3 0.04400000 2 -3 u-1 1mp:n-1 
4 40.11646900 3 - 4  u=l imp:n=l 
5 2 0.08705741 4 -5 u=l 1mp:n-1 
6 0 5 -6 u-1 imp: n-1 
7 2 0.08705741 6 - 7  u=1 1mp:n.-1 
8 5 0.00684900 7 u-1 1mp:n-1 
9 0 -8 9 -10 11 -12 13 fill-l mp:n=l 
10 0 (8:-9:10:-11:12:-13) ~mp: n=O 

kcade 2000 1 . r )  10 200 
ksrc 0.0 0.0 0.0 
ml 92235.50~ 2.3052s-04 $ U(5%)02 + 0.285B20 

92238.50~ 4.3245e-03 
1001.50~ 5.4511e-02 
8016.50c 3.6366e-02 

mtl 1wtr.Olt 
m2 6012.50~ 3.1691e-04 $ 304SS 

14000.50~ 1.69400-03 
24000.50~ 1.6471e-02 
26000.50~ 6.0360e-02 
28000.50~ 6.4834e-03 
25055.50~ 1.7321~-03 

m3 48000.50~ 4.40UUe-02 $ Cd 
m4 1001.50~ 7.69650-02 $ Poly 

6012.50~ 3.9504~-02 
mt4 poly.0lt 
m5 6012.50~ 2.529Ue-03 $ 0.90 F07 

8016.50~ 5.31000-04 
7014.500 1.7100e-04 
1001.50~ 3.6180e-03 

mt5 poly.0lt 

Global Nuoleor Fuel 
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6.8.3 VALIDATION SUMMARY - NPC PACKAGE 

Validation of GEMER and the ENDFIB-IV cross-section library consist of performing 
calculation of critical benchmark experiments. The range of applicability includes uranium 
oxides involving the nuclear poison cadmium. 

The uranium oxide bias (Aku - P) determined is no greater than -0.009 at a 95% confidence level. 
The area of applicability for the uranium oxide benchmark calculations are enrichment ranges 
from 1.29 to 9.83 weight percent U-235 and WU-235 ratio 4 1 to 866. 

The uranium oxide bias from critical benchmarks involving cadmium and bias adjustment due to 
extrapolating the validation benchmarks for low-worth cadmium absorber to a high-worth 
application such as the NPC package (Ak,, - P) is demonstrated to be no greater than -0.01888 at 
a 95% confidence level. The area of applicability for the uranium oxide with cadmium 
benchmark calculations is enrichment ranges from 2.35 to 4.98 weight percent U-235 and H/U- 
235 ratio 260-488. 

The cadmium bias resulting from these benchmark experiments can therefore be successfilly 
applied to criticality calculations involving uranium compounds for the NPC shipping package. 
For this evaluation, the NPC package and it contents are considered subcritical if the following 
condition is satisfied: 

Conservatively rounding this result down, the acceptance criteria becomes: 

Global Nuclear Fuel 
&Jaww*w.UII*I- 

GHF NPC 
Saltty AMini. R.pon 
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6.9 APPENDIX - SAMPLE GEMER INPUT 

Table 6.15 - Sample input summary 

Figure No. I Case FILE ID I Description 
Cases 
Damaged single package, theoretical U02 + H20 mixture, wtfr 
H20 = 0.25, maximum burn 
Infinite undamaged array: 60 kgs theoretical U02 + H20 
mixture, wtfr H20 = 0.28504 (ICCA full) 
Damaged package array: 60 kgs U02 + HzO mixture per 
canister, CTU-2 observed burn 
Damaged package array: 60 kgs U02 + H20 mixture per 
canister, maximum burn 

53Kg U02 Cylindrical Fuel Element Lattice Cases 
Damaged single package, 17x17 pellet type triangular lattice 
with overlap, 55 kg U02, WIF = 4.00 
Infinite undamaged array, 17x1 7 pellet type triangular lattice 
with no overlap, 53 kg U02, WIF = 4.70 
Damaged package array, 17x1 7 pellet type triangular lattice by 
VFO, 55 kg U02, WIF = 4.86 

Cylindrical Fuel Element Lattice Lattice Cases 
Damaged single package, 0.100" cylinder diameter, square 
lattice by VFO, 46 kg U02, WIF = 5.40 
Infinite undamaged array, 0.100" cylinder diameter, triangular 
lattice by VFO, 46 kg U02, WIF = 4.90 
Damaged package array, , 0.1 00" cylinder diameter, triangular 
lattice by VFO, 46 kg U02, WIF = 6.00 

A. Homogeneous 
6.24a 

6.24b 

6 .24~ 

6.24d 

B. Heterogeneous 
6.25a 

6.25b 

6 .25~ 

C. Heterogeneous 
6.26a 

6.26b 

6 .26~  

A. Homogeneous U02 and H20 Cases 

Figure 6.24a - Sample input file = npcut-25.in 
IOUO.NPC,, , ,CYL,, UO?, 5.006,WTFR-VAR.,SS, , ,CD,CL 
/*hCHO 
/*TITLE 
2007000 10 0 0 1 0 " 
0 2 9 3  (1 0 

\CSXSLC\UO?\GUOZ 50.75 
\CSXSEC\NOU\LNOU-0 55 
\C:SXr;Ec\NOU\GNOU-0. CAD 
\CSXSEC\NOU\GNOU-O . POI 0.98 
\CSXShC\NOU\GNOU-O.FO7 0.90 
\CSXSFC\NOU\GNOU-O. WAT 
\CSXSLC\MOU\GNOU-0.~11 0.90 
\CSXSBC\NOU\GNOU 0.F15 0.90 
\CSXSEC\NOU\GNOU-0.F40 0.90 
\CSXSF.C\NOU'\GNOl)-0. ORC 
KENO GFOM 

0 /' # OF REGIONS OR ZERO 
0 /' # O> BOX TYPES OR LFRO 
1 /t # OF BOXES IN X DIRECTION 
1 / *  # 01 BOXES IN Y DIRbCTION 
1 / *  # OF BOXES IN Z DIRbCTION 
1 / *  HOUNDAKY C0NI)ITION OPTION 
1 /+ STRKTING SOURCF OPTION 
1 /' COMPI.RX RMRFDDED OPTION 
0 /+ # Ok PRINT PLOTS 

0.0 0.0 0.0 0.0 0 u 0. U 
BOX TYPE 1 / *  I n n e r  canister: b o t t o r  fuel regloll #1 w /  gap, body alrsy 
CYLINDLK 1 10.8141 0.31750 0.00000 16* 5 
CYLINDER 2 10.9733 0.31150 0.00000 1 6 * . 5  
CYLINDER 0 17.4097 0.31750 0.00~100 16* 5 
CYLINDER 2 12.4097 0.31150 0.44200 16* .5  
CYLINDLX 2 1?.461? 0.31750 -0.44200 16'.5 
CYLINDLR 0 17. 1000 0.31750 -0.44/00 16*.1, 

U02 and H20 
npcut-25.in 

npc6um60.in 

npca2-60.in 

npcat-60.in 

55Kg and 
ESTP-400.in 

CSTN-470.in 

ST55-486.in 

46 Kg U02 
MTSL-540.in 

ABTL-490.in 

BT46-600.in 

GNF NPC 
S~I!!ty AnaWal. Rtpon 

6.9 APPENDIX - SAMPLE GEMER INPUT 

Tabl. 6.15 _ Sampla Input aummary 
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CYIIINDER 
BOX TYPE 
CYLlNDbK 

/ *  l n n r r  r a n l o t e r :  f u - 1  r e q r o n  #2: body a h o y  
10.R141 25 .4635 0 .0000 
10  9 2 3 3  25 .4635 0 .0000 CYLINDER 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 

/ *  I n n e r  c d n i s t e r :  f u e l - r e g ~ o n  # 3 ,  0 .15"  c d  g a p :  
1 0 . 8 1 4 1  0 .38100 0 .00000 
1 0 . 9 2 3 3  0 . 3 8 1 0 0  0 .00000 

body a s s y  
16'.5 
1 6 * . 5  
1 6 * . 5  CYLINDER 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 

/ *  I n n e r  c d n l a t e r :  f u e l - r e g l o n  # 4 :  body a n s y  
1 0 . 8 1 4 1  1 5 . 4 6 3 5  0.0QUO 
10.973.3 25 .4635 0 . 0 0 0 0  CYLINDER 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 

b o d y  a s s y  
16'.5 
1 6 * . 5  CYLINDER 

CYLINDER 
CYLINDER 
CYLINDER 

16*.5  
l h * .  5  
16*.5  

CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 

/ *  i n n e r  c a l - u s t e r :  f u r l  r e g l o n  # G .  body d s s y  
1 0 . 8 1 4 1  21 .3385 O.UOO0 
1 0 . 8 1 4 1  21 .3385 0 .0000 
1 0 . 9 2 3 3  21 .3385 0 .0000 CYLINDER 

CYI.IND&R 
CYLINDER 
CYLINDLR 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINUER 
CYLINDER 

/ *  i n n e r  
1 0 . 8 1 4 1  
1 0 . 8 1 4 1  

c a n i s t e r :  
3.4975 
3 .4475 

L u e l  r c g l o n  
0 .0000 
0 .0000 

body 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDI.:R 
BOX TYL'E 

1 2 . 7 0 0 0  3 .4925 0 .0000 
1 2 . 1 6 3 5  3 . 4 9 2 5  0 .0000 
/ *  i n n e r  canister - -  f u e l  r e g i o n  # a :  l i d  i l s s y  
10 .8141 0 . 6 3 2 5 0  11.00000 
10 .8141 0 . 6 3 2 5 0  0 .00000 
10 .9233 0 . 6 3 2 5 0  0 .00000 
10 .9614 0 .63250 0 .00000 
1 2 . 4 0 9 2  0.63250 0 .00000 
1 2 . 4 6 1 2  0 .63750 0 .00000 
12 .7000 0 .63250 0 .00000 
1 2 . 7 6 3 5  0 . 6 3 2 5 0  0 . 0 0 0 0 0  
I *  i n n e r  c a n i s t e r  - f u e l  r c o i o n  89 w /  a a v :  l i d  a s s v  

CYLINDER 
CYLINDER 
CYLINDLR 
CYIAINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYIIINDER 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 

l i d  a s s y  BOX TYPE 
CYLINDER 
CYLINDER 

CYLINDER 
BOX T Y P E  
CYLINDER 

/ *  I n n e r  c d n ~ s t o r  - f i l p l  r e q i o n  %11 w /  t o p :  lid a s s y  
1 0 . 8 1 4 1  1. 18C50 0 .00000 
1 0 . 9 2 3 3  1 .91640 0.00000 

CYLINDER 
BOX TYPE 
CUBOID 

1 7 . 4 0 9 7  1 .91640 0 .00000 
/ *  I n n e r  canister r u b o l d .  b o d y  s f c t x o n  [7# r e q ~ o n )  
1 9 . 7 6 3 6  -12.1636 1 2 . 7 6 3 6  -12.7636 13.3450 -0 .5055 
/ *  l n n e r  canister c u b o l d :  body s e c t l o r 1  ( 4 0 #  r e g l a n )  
1 7 . 7 6 3 6  -12.7636 1 2 . 7 6 3 6  -12 .7636 3 .49760 0 .00000 
I* I n n e r  r ~ n l ~ t e r  urmer  ~ v l i n d e r :  I l d  s e c t L o n  

BOX T Y P E  
CUBOID 
BOX T Y P E  
CYLlNDhR 
BOX TYPE 

1 7 . 7 6 i h  3 .30840 0:b0000* 
/ *  fodm u u l o u t  ( v o i d )  - 40 # / i t 3  f o a r  l ~ d  S F C t l o n  
1 3 . 5 5 1 0  3 .30840 0 .00000 CYLINDER 

BOX T Y P E  
CUBOID 
BOX TYPE 

I *  n n c  bod" o r  l l d  - 10 a d .  3 0 4 a s  l a v e r  
54 .3b87 -5h .3681 54.368; -54 .3687 6 .31240 0 .00000 
/ *  npc body o r  I l d  - 1" d u r a b o a r d  ( v o l d )  l a y e r ,  1 0  g a  
51 .5163 -11 .5163 5 1 . 5 1 6 3  -51 .5163 2 .54000 0 .00000 
54 .0563 -54 .0563 5 4 . 0 5 6 3  -54 .0563 2 .54000 0 .00000 

CUHOIU 
CIJBOID 
CUBOID 
BOX TYPE 
CUBOID 

54.3hR7 -54.3681 5 4 . 3 6 8 7  -54.3687 2 .54000 0 .00000 
/ *  npc body - 4" h o t .  toam l d y e r  (11 X / f t 3 )  - f a c e  
4 2 , 6 0 8 6  -42.6C86 47 .6086 -42 .6086 0 .00000 0 .00000 
54 .0563 -54.0563 5 4 . 0 5 6 3  -54 0563 0 .00000 -7 .62000 
54 .3b87 -54.3681 54 .3687 -54 .3687 0.00000 -7 .62000 
/ +  n p ~  body - 29.0750" £ o a r  l a y e r  (7.11 # / f t 3 )  - f a c e  
42 .6086 -49 .6086 42 .6086 -42 6086 7 3 . 8 5 0 5  0.0000 
42 6086 -42.6C86 42 .6086 -42 h(l8h 73.8505 0 .0000 

b u r n  
l f ie .5  
1 6 * . 5  CUBOID 

CUBOID 
BOX TYPE 
ClIBOID 
CUBOID 
CUUOID 
CUBOID 
BOX TYPE 

54 .0563 -54.0563 5 4 . 0 5 6 3  -54 .0563 73 .8505 0 .0000 
'94.3687 -54.3687 54 .368 1  -54 3687 73 .8505 0 .0000 
/ *  n p c  body - 1 . 3 7 5  " f o a n  l a y e r  (40 t / f t 3 1  - f a c e  
42.6086 - 4 2 . 6 0 8 6  42 .6086 -42 .6086 3 .49250 0 .00000 
5 4 . 0 5 6 3  -54.0563 54.0563 -54 .0563 3 .49250 0 .00000 

CUBOID 
CUBOID 

Global Nuoleor Fuel 
* * r l ~ W r b l ( r U  
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CUi3QID 2 54,3687 -54.3687 54.3687 -44,3651 3.49260 0.04000 16'.5 
BOX TYPE 21 /* npc bady - 30.45" two-part body 
CUBOXD 0 54.3819'7 -54.3687 54.3687 -38.3681 77.3430 0.0000 1 P . 5  
BOX TYPE 22 1* nwo lid - 1.375 " Porn laver (40 #/ft3) - 11d burn 

CUB01 D 
GL5OID 

TYBE 

V 43.8463 -42.8963 
0 34.0563 -14.05G3 
2 64.968'1 -34.3687 
23 f* rips l i d  - 3.5" 
0 43.8963 -49.8963 
0 fi4.0563 -54.0563 
P 54.3687 -94.3687 

0.00000 1St.5 
a-bgaoo IS*.Y 
0.00000 16e.5 

- l i d  burn 
0.000U0 l6*.5 
o. auoao lei -s 
0 .QQOOO lSX.S 

130X TYPB 24 /* Gampleta npc - hady assembly 
CIJWID 0 54.38% -54.3688 54.3488 -14.368% 87.$151 @.R%I06 16*.b 
BOX TYPE 25 / *  complete npc - l i d  assawbly 
CUBOID o 54.3~1 - 5 4 . 3 6 ~ ~  54.3eaa -54.3688 lb.2343 o.aaoo 16. .5 
BOX PYPE 26 / *  LabaL unit: damased unlt, f u l l  h2o se.fleetiob 
CUBDID 0 34.8688 -54.JWC 54.3188 -54.3683 103.0583 0.0000 16*.5 
CUBOID 6 84.8488 -84.8488 84.8488 -84.8488 333.5303 -30.480 16*.5 
26 I l l  1 1  1 1 1  1 

AEGTI COMP18EX 
/+  build 5nnw caniarxr - mgin body gpction (7 Wlh.3 mgicn)  
CE~MPLEX 18 I. 0.0aooe n.oaoon o.oaooo 1 r r 0.0 0.0 0.0 
WMPLEX 12 2 OsOOOOO O.OOC7QD 1.31750 1 1 1 1-0 0.0 d.0 
WMPLER 12 3 fl.oaooo o.aaooo as.7eia 1 r 1 o.a 0.0 0.0 
COMPZTB 12 4 0.00000 0.00000 26.1621 1 1 1 0.5 9.0 0.0 
COMPLEX f2 5 Q.OOOOO o.adooo ss.hz$c I 1 1 Q.O 0.9 0.0 
COMPLEX 12 6 O.OO000 0.DOQQB 52.0066 1 1 1 0.0 0.0 0.0 
I* Bruid ~ n n &  rabfatat - upsex bady seatiax? (461 W f t 3  metian) 
COMPLEX 13 7 O.OOUOO Y1.RQa00 0.110800 1 1 1 0.0 0.0 0.0 
/+ build i n r ~ w  c d s t o r  - Lzd eeGtLon 
COMPLEX 24 8 0.00flOo 0.QOQOO 0.00000 1 1 1 0.0 0.0 0.0 
COPEPLEX LB $ 0.00000 O.QOOOC 0.63250 1 1 1 0.0 0.0 Q,O 
COTliPLWC 14 10 0.00000 .0,00000 0.%5000 1 I  1 0.0 0.0 0.0 
COWPLEX 14 11 0.00000 0.00000 1.39200 1 1 1 0.0 0.0 0.0 
I(* enbit* 3x3 array of 6aanx$ters ~ n t o  h d :  11.75"-caslters 
COMPLPX 15 14 -29.8450 -28.8450 O.UU000 3 3 1 29.8450 29.8450 0.0 
/ *  enWd 3x3 a r r a y  ot  O w m  cut_warts:ll.7S"-c~"ntw$ 
XXJMPLEX 22 15 -29.8450 -29.8450 0.0000fJ 8 3 1 29.8450 89.8450 0.0 
/* w&ed 3x3 array o f  wnI$hors l n t t  Inner bodyr 1L.75"-trente& 
COMPLEX 1% 12 -29.8450 -23.8450 0.90556 3 3 1 29.8'450 29.8450 O,U 
GOMPIZX 20 13 -29.I450 -29.84bE1 Q,OOQOQ 3 3 1 29.9450 29.8430 0.0 
/* embe3 tm-part DrWp selltrod $tackup 
COMPLEX 21 18 0.00080 O.OOQOS1 (3.00000 1 1 I 0.0 0.0 D.0 
CQMPLEX 21 20 O.QCOBO a.ooaoa 73.asaf 1 1 I tl.0 0.0 5.0 
/* hurl$ npc - body assembly 
C5MPLEK E4 16 0.OQ000 0.60000 b.DBOO0 1 1 1 a.0  0.8 0.0 
CQMPLSX 24 15 O.(FOO0O D.OClOOfl 0.31240 1 1 1 0.0 0.4 0.0 
C@M.PLEX 9 4  18 0.00000 O.dOO00 ltI.4784 L 1  1 0.0 0.0 0.0 
C:OMP%BX 24 21 0.00000 O.OOD00 10.472'4 1 1 1. 0.0 0.0 0.0 
/'* kulld npC - Lid as~embly 
COMPLXX; PS ~2 o.aoo~o a.oooon o.oooao I 1 1 0.0 o,a 0.0 
COWLEX a s z a  n.oooao o.ooooo 3.49250 1 1 1 0.0 0.0 0.0 
COMELEB 2517 0.00000 a.aoaon 12.3825 I 1 1 0 .o  0.0 0.0 
COMPLEX 2516 U.OOODO 0.00000 14.9225 1 1 1 0 . 0  0.0 0.0 
/* oom@Lete nm staakpp - singla unit  
CQMPLEX 26 24 0.0ObQ0 0.0Q000 Q.DO000 
CQWLEX 26 25 O.OOOQO arOb)llf10 87.%154 
IND M O M  

Figure 6.24b -Sample input file = npc60i28.in 
1002 .NPC, , , , CYL, , U01,S .On%, WTIR=VAR., SS, , , CDI CE 
/*FCHO 

\CSXSEC\NC'J\GN~C- 0. iC7 C .9C 
\CSXSF.!:\SC3\CIOC-C. WAT 
\CSXSXC\NC7\GNOU-C.i11 3.9C 

KENO OEQM 
0 / *  # OE' KEGIONS OK ZERO 
0 I* # OR BOX TYPES OR ZERO 
1 / *  # OF BOXES IN X DIRECTION 
1 I* 11 OF BOXEs IN Y DIRECTION 
1 /*  A OE BOXES IN Z DIRECTION 
1 /* BOUNDARY CONDITION OPTION 
1 I* STARTING SOURCE OPTION 
1 /' COMPLEX BMBEQDED OPTION 
0 / *  t OF PRINT PLOTS 

-1.q -1.0 -1.0 -1.0 -1.0 -1.0 
BOX TYPE 1 /* imrer cattister: bottom fuel-xegron #1 w/ gap: bady ansy 
CYIJNDER 1 10.8141 0.31750 0.00000 16*.5 
CYLINDEB 2 10.9237 0.31750 0.00000 16*.5 
CYLINDER 0 12.4097 0.31750 0.00000 16*.5 
CYL1NDE)I 2 i2.4092 0.31750 -0.44200 15".5 
CYLINDER 1 12.4612 0.31750 -0.44200 16*.9 
CYLINDER 0 12.7000 0.31750 -0.44700 16-.5 

BOX TYPE 2 /* inner canister: fuwl_reglon 62: body assy 

Global Nuolwr Fwl 
* * Y d ( L W l b r n  

GNF NPC 
S.ftty AQflytl. R.ROn 
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CYUBTDEk 
JW TYPE 
CTLZLNIXW 
OYLHNDER 
CTLIBDed 

/ *  lnnar car ls ter ,  fuel-rep~on 14:  body anny 
13.8111 75.4635 O.CO30 
10.9933 2 5 . 4 6 3 5  O.CO30 
10.9614 2 5 . 4 6 3 5  O.CO3C 
12.4C92 25.4635 0 300C 
1 2 . 4 6 1 7  2 5 . 4 6 3 5  C.OCO5 
LL.7COC 25.4635 C.0'20'2 

WLLUrnR 
mz %YES 
EYLLNUER 

12.7635 a.qa~ab 0. Boooo 
/ *  inner c a ~ a t a n :  fuel reqian &&> h a p  assy 
15.S141 21.33E5 0~00$)8 
10.9233 'X.9355 5.5QW 
10.9614 Cl.@B5 O.Q@g 
l$.nlOfti! 21.33-&5 0.00DU 
la.4~12 ax ,ma o.au$v~ 
z2.70ao &Y..~$M o .aooo 
11.7639 n 3 J W  @*O@U8 
I x  rnntir ~ 1 1 ~ ~ 5 t w :  fue l  L B ~ L Q Z P  I r: mffy &sey 
L0,&141 9.9825 P.OQdD 
Y.jj.@?-CU 3.49ZB 0 . W Q  
1B.YfiLd 3.4925 5.050U - ---- 
LZ. &i392! 3.8926 D, BQOZ 
12.4613 3,5928 0.0000 
16?.7gou 3.4w5 O.d[rOD 
12.7635 3.4429 D.Y)ODll 
;I inael: s&iStes - E w e 1  W@mn W: lid ~ b i e y  
10.61141 P.63ESO 0.5WOO 
1 0 . S @ 8  B.QO!&O U.00000 
10.$614 0 . ~ 0  0.00095 

b* inner canislcer - meL rmjnan 49 tht  gap: LSd gssy 
10.818141 B.31759 0.0BWO L % * . l  
r p  . m a  o,ai1sg Y I . O O Q ~ Q  1P.s 
X Z . ~ O B ~  0 . 1 1 7 5 ~  a.odqod IP.S 
Il.rY6ZiZa Q.337%0 llQ.lOEOtl i w . 5  
f *  innet msn&%tez - fun1 rqloa %I0 w/ ring: 1 ~ d  assy 
10.P1141. D.I*laOO 4.W5dB 16*.5 
lO.?K233 0.442DO b,000"@b Ibw.5 
12 -4ne.a 0 . 4 4 ~ ~ ~  o. aoooo ~ p . 5  
32.4612 W.44988 0.00QD~ L6s.5 
l* i w c  camster - rue1 regian CZI %/ b a s :  lid 
14 .ex21 i.?eo50 D.WOOP I@.& 
10.5233 l.9lhlQ &.do000 L6*.5 CYLINDER 

r n I h l W B  
EP)% T m  

1 2 . < 3 9  1.916640 O.COOC0 16*.5 
I' irncr canrster ccboid: oody sectlor. (7f rnqlonl 
17.7636 -12,7636 12.1636 37.7636 13 .345C -0.5055 16' .5 

SOX TW& 
C r n I D  
BOX rn2Z 
mIam 

/* inner canister stibaib: body seetian 1404 tegiun) 
L2.7536 -lX!.'T63g 12.76'3$ -12.76s 3.4&S8 0.0#008 L6**3 
,'* fa~rcc wnis&ex uppe? cylinder: l id  8eS;tLwa 
12 -163636 3.10P40 0. &Q@BO 18" .8  
I *  5oarh wtoWt fwnidl - $8 kIftf tr*8;m l a  WfitbA 

u.oiooa r a * . ~  
a.ooooo rs*.s 
0.08090 Ikr.5 

$1 10 ga. 3Qg9.s 
~ . O O O O  tW.8  
U.OOoP 16&.!3 
0.QOOQ i y . 5  
O.fl009 P P . 5  
1# *a- W4W 
O.OB000 16+.6* 
a.QbQoo 1p.s 
O.BO00a l P . 6  
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C W I D  P 54.95&3 -54.0563 54.0563 -54.BIE) 3.49290 0-OUOOO I&*-$ 
C W S D  2 #4.3$87 -84.36&1 541.3687 -54.3687 3.49259 Il .DOOL)O 1 V . 6  
BOX TYPE 22 /" npc Lid - 9.5" foaar Lamr (15 $tfC2), 1 0  ga. 3B4ss 
EUBOZD 8 41.5163' -91.9168 51.5163 -51.5163 8,890klD ObQOUOO 181.5 
CUBOID 0 bP.05W -&4.056(61 51,0563 -54.0563 8.89000 P-WOQO 16% .& 
cumsn z 54.3e47 - 5 4 . 3 S f l  64.3681 -54 .3~87  8.83049.0~p P.Q&OBQ 1ba.5 
BOX TYPE iE4 I* eonple.%m npc - hndy dew%nk?ly 
em28 o 54.3888 -w.xt~ms 5 4 . 3 ~  - s ~ . . ~ ~ x x ) B  87.8154 o.naaa I P . ~  
ROE TYPE 25 I* anm@e"ke npc - l a d  e r i d l y  
rl'tJ&TO 1) 54.3688 -54.3r;Sa W.3686 -54.3889 lfi.2343 (1 .Q0W 16% .5 
BOX TPPE ZI /' globrL unit: npc t n f i n i t e  nyetesr 
CUB019 0 54.3700 -54.3700 94.3700 -5a.3700 103,041. 0.000 l6'.5. 

/* m p L a t a t  npe stsokup - s i n g l e  uhiC 
GDblsLEX 2E94 0.UObOO B.OOQBEl O.O@TQQ 1 1 I 1 .0  0.B 0 .0  
@OWLEK 2 6  25 0.09000 0.00006 $7.8154 1 1 I. 0.0 0.0 0.0 
WD *OM 
D&FATlLTS=TSa 
END SENE& 

Figure 6 . 2 4 ~  - Sample input file = npca2-60.in 
2000.NPC ,,,, CYI.,,UO%,5.0O&,WTFR=VAR.,SS,.,CD,CE 
/*ECHO 
r'*TITLE 

Z f f Q E Q 8 0  1 0  0 D 1 D 0 
R ari* O h 

: / a  asctumr CONUI:IOK ~ P T I ~ K  
1 I .  SZART:NS SOURCE OPTION 
1 /' COXPLEX k:M1DUI)k.D O F T I O F  

0.0 9 . 0  0.0 0.e 9,Q 0-0 
BOX TYPE: 3. /* innex canistars bottom fue l - sng ian  +l w /  canpi body nswq 
GYLIWER 1 10.8141 0.91760 O.OOOW0 18". 5 
CYLM5ER Z 10.92?3 O.31790 0.OPB00 16'. 5 
CYLINDER O la, 4052 P.32'1fx0 0.00000 16*. 5 
CtSINDf lR  2 1 2 .  A094 0.31750 -Q .%4206 I§*. 5 
CYLINDER 2 LZ.~~~IZ 0.31750 -8.89200 14.. s 
GYLZWDEK D 12.7000 0.31750 -O.$4WO l W . 6  
CYblNDEA I! l.?,.7%35 0.31750 -5) .50550 16*.$ 
BQ3 TYEE 2 /* in= ~8pi~tw.  f a % L . ~ q L ~ n  912: M y  SPY 
CBLINDER 1 10.8141 95.4655 0.0080 16". 5 
C?LfMDEtl P 10.9233 25.4615 0 .00M 16*.5 
CYLTWDER 3 10.9614 25.8@35 0.0060 1 P . S  
CLYIJNDER 4 ll.4U93 29.4.fl35 o.OQO0 1P.5 
N 2 1?.4@12 23.4@35 4I.DOQfJ lS*.5 
CPLIPDEX a 1a;tooa 2 h . 4 6 3 ~  a . o ~ a e  M*. 5 

Docket No. 71-9294 
Revision 2, 912002 

Global Nuoleor Fuel 
* * Y I ) ( L W l c b r n  

GNF NPC Dock.t No. 71 ·9m 
Safety Analysis Report !'I..vis ion 2. 912M2 

• 

.... ,., ".11" , ..... , ....... , 
,. , .. ' . " ,.O' -". ,." 
" "" ." ,m, .. "" .><,'''' 

........ ,..,." 
'- ''''' ,,,., 
'I,Il"'Il,'''' 
"" .. , ","" ,,"" 'H "., I' , .. , ... . ,." ,. ~ ... ''' __ . _ ._L, 

, .. " .. 
'-"". 
''''. " .".,., .".,.. ....... 

,,"" ....... " .'''''H ,.,. ".". M ......... ". __ " 

.. - " . • .. - ". • 
" ..... .. - ". • .. - " . • ....... ... • 

.~ • 
" ,. .. . " , ..... , ... . 1' .... """ ..... " • 
.. ,,_, _ ", '0" .. ,""'" "''' ~ ... ,.~ .. " ." ..... ,- ... "" ", ... , .. '" ". •• • 

"'" ., ... , , 1 • • • •• •• • ••• • •• • •• 
• •• •• •• • •• • •• • • •• •• • • •• • •• •• _"w, 

.. """ ... " .. . ,'". • .-'-'''10 ","" , . .,,, 

" ." .. 

•• •• • • 
•• • • •• • • •• • • •• 

>t."" •• 
" " " 
" ". " .-• • • • • 

•• • ... • • • •• • • • • • •• • • 
• .. • • •• • • .. • .. • 

•• •• 

,.. .,' .. ,"- ". -, -, ;:!", ". , 

". -~ .. 

6-105 

". " ". , ". to_ " 
". • 
". • ". • ". , ". , ". , ;,- , 

------.~---



Docket No. 71-9294 
Revision 2, 912002 

GNF NPC 
Safetv Analvsis Report 

25,4%34 0.00GQ 
canister- fuel zegieri H, 
0.3.81tld ' a . 0 ~ 0 ~ ~  
Q.361OfJ @,.DO000 
-0.3810~ n.ooaoa 
Q.b%LOPI 0.08900 
Q.3$180 O.1ObOO 
o.38roo e .uod~a 
0.8SlGO 0.QOQOO 
eah.iat~ll..i fuel segian #4: 
36.463s n.oo5o 
25.4632 0.OOqD 
a . 4 6 3 5  o.aooa 
Z25.4635 0.5000 
2s. 4 m s  O. a 0 0 ~  

CYLJmER 
CYUhtaEE 
CY% IN UER 
&as TYPE 

lb* -6 
IS'.% 
16*.5 
lFi6.5 
l se .s  
16*.3 
lC1.$ 
assy 
16*.5 
1B".5 
1BX.S 
I$*.?, 
I$*. 5 
16+,$ 
14'.5 

26.4039. 0. OBUD 
W.4@38 0.0000 
ruaaister: f u e l  r q b n  1% 
a.3G:QO O.OVL!!Il 
o . &:oa a. oowa 
8.  RBlOO 0. 0800l 
0.3ClPB O.OO(lO0 
P.SaerO0 0.ooooo 
0.315100 XI. B000g 
9.38100 0 ,  BOOPI) 
sanisrter: f W l  Y!Wl&n, tFh: 

BOX TrnE 
C%LINZ5Z% 
GBLIZBDER 
GYLIBUER 
CYLINOER 

9.15" ed gap:  

TKPE 
CYZIQBER 
c-f LXErnB 
CYLINDER 

CYLINDER 
Box *%pa, 
CYLINI1E.A 
bKtBtDZh 
CYLIBDEER 

7; inner tanishe2 - fwol men a$ wl p p :  lid tlmy 
10.&141 0.S1750 13.80000 lb*.5 
10.9*33 0.317%# 8.0BOQ0 I&*.% 
19.4042 0,31750 ~ I . ~ Q O O O  t6+.5 --. -- 

m T N m  
BRX L?XFB 
X?rLZElL11ER 

I2.4W2 Oa,l?B@ o.aaoglg 
I* inner canister - fudl  region 110 w/ tma: Iad a s p  
ra . a 4 1  B.$$%jg U , ~ D - D O O  
lR .$$ti43 0.142RB Qo, QQaQQ 
rz.4oen f114.&i"00 ~ . a o b o o  
18.4611 O.BC300 8.00810 
j i  +n&er a991stm - tiltel rugicn + la  w /  hop: lid @ify 
10 .JrldI E.9PBBSQ D.OmT&YO 
rb.9231 I.91640 0 . ~ 0 0 ~ 0  
18.4892 1,91&&0 0, BOO80 
J*  inner s&ti&ez awbid: be* mhtifln 17C segibn! 
12,7696 -1P.7%36 ZP.7@3C -1a.'1636 73.3450 -0.5B55 
/I i w w  e%ni$tex wbeid: $edy fimiaa 414aX fe9.Ecn) 
U.7Mli -12.7615 12,7136 -12.76%6 3.192Z0 6.50000 
/* l m e $  @anis$er u r n s  cyLan&r: 19@ ~EtOtiaR 
ZZ.7&$@ 3.3a840 4.00000 
,'+ fbnm buo~ut r;om&Y - Ile i/Et3 En@ 198 w b % l a n  
LJ.5510 3.30844 0.0OOOQ 
/* b&y w lalf - 1 V  pp1. 906srx Ilamr 
54.3&87 -54 .:k6B? 44.3687 -64.2S157 0.311140 5.PRQ.OO 
r'" m e  b n d ~  6;1 li?J 1" ~ ~ b ~ d  lvBi4l l aY5t * *  18 QeY 

CYLINDER 
O C L X ~  
BOX WPE 
cmxa 
BOX TYPE 
CUBOID 
BOX TPPB 
emahtm 

I* nW hwdv -. 3" bBt. fbsiiF laver I l l  l)/ftM *** SNOB2 b m n  

f *  fip h&dy - 29.P750" Earn L a m  (7.11. bSft3)V*'SNOQ2 bum 
a 3 . ~ 8 e s  -43 .ewa 4a.ga63 -4.3.8963 73.~505 5. Q B ~ Z ~  IS*. 5 
47.4791 -44.5567 48.3615 -44.480s 73.8W5 0.1000 I@*. 3 
54.0563 -64.P263 &4.09&3 -8P.OSS3 7;3..8$06 0,@010 I C - 5  
$4.3!387 -84.3697 94,3@J7 -54.Mt7 73.8509 Q.b@Og l6*.5 
d* npc - 5.375 " fpE l&reE (40 1lEC.3) *"* SNqD2 burn 
47.4717 - 3 4 . ~ ~ 6 7  4S.3688 -4n.was 3.$92$0 '0,000m is*.& 
$4.0563 -54-05bl 54.Q563 -54.Bf463 0.492?50 h.O@OUQ fee.$ 
C4.3587 -IA.3%1 561.368.7 -94.3@7 3,IIPW O.f@WJD 1W.L 

Bm PYPE. 
rnBFaII* 
BsrX TYPE 
CWBiiD 
cwze 
mmro 
ROX TYPl 

30.43" two-part body 
$ ~ . ~ ~ ' I " " " ~ , ~ ~ ~ 7  $8 .xi%@? -54,3697 77.8438 0. OOQb lh*. 4 
/* npo l i d  - 1.375 " Few! layea (49 i l t f t31 *** sWQO2 bum 
C7.4777 -S1,51467 45,3695 -44.4&&9 2.49%W 0,OQQUI Isr.S 
54.0963 -e34.65&3 61J,O563 -%&.BtiBS 3.49150 ~.ODOQB 1V.B 
34.3687 -$6.3607 99.3681 -54,0681 3.4S2513 U.PUOW 1E.9 
/* npn lid - 3.5" Emam LUYSII (15 flirt$l V-h* SIsBdB b w n  
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CUBOID 8 47.4177 -44.5967 45.3695 -44.4805 7.82a00 0.OOPOO IS*.$ 
CUBOID 0 54.0563 -54.0563 54.0563 -54.0563 8.88080 0.00000 1W.S  
CUBOID 2 5a.3687 -54.3887 54.36g7 -54.3687 8.8VOQ0 0.Q0009 16r .5  
BW THFE 29 / *  a!m@l$te npc - bady a s s s v b l y  
CUBOID O 54.38W -59.3588 54.3888 -54.3688 87.8154 0.MOO I&*.% 
BeJc TYPE 25  /* cOr.pl&tE+ ape - lid a 3 s W b l y  
CUBOID 5 54.9PiBR -54.3688 54.3688 -54.3688 15.2345 O.C1000 1 P . 5  
EOX TUPX 26 j' npc slngLe-unit cuba id  
CUB01 D O 54.318 -94.3688 54.3688 -!~4.3$86 l(13.0503 O.bOOC) It*.§ 
Boa TrPE: 27 I* g l o b ~ l  mi:: 2N=150;9%!1~6 &ubaatL, 30.48-cm hzo reZL. 
CWOID 0 271.8440 -271.8440 271.8440 -271.8440 438.3018 0.000 L6*.S 
CuaOID 6 302.3240 -502.3240 302.3280 -332.3240 648.781% -30.118 l 6 * . 6  

27 1 1 1  1 1 1  1 1 1  1 
BEGIN COPIPLEX 
/ *  build i n n e r  -1l;ter - w i n  body Bee t ion  ('I #/&3 regLon) 
C?OMPL~X 17. 1 0.QOUOO 0.00QOO 3.(10000 1 I 1 0 .0  0 . 0  0 .0  
CQMPLEX 1P 8. 0.QoWO 0.OOQzlO 0 . 3 l f 5 0  1 1 L 0 .0  0.o 0 .0  
COMP4,FX 12 9 D.00000 0.00600 15.7810 1 1 1 0.0 0 .0  0.42 
COMVLEX 12 4 a.opooa n.ooooo 2.cr.rb21 1 I I 0 .0  0.0 a . 0  
COMPLEX 12 5 0.00000 0.80000 51.&2$6 1 3, 1 O.0 0 .0  0.5 
COMPLEX L2 6 O.QQ000 0.00600 52,006.6 1 1 Y 0.O 0.0 Q . 0  
I* b t l ~ l i i  l n n e r  a a t l r d t e r  - uppar body 5eetim (40 Xlft3 s w t r o n )  
COMPLEX 13 7 0.00000 O.OObOO 0.00000 1 1 1 0.0 0 . 0  Q ,O 
/* & u ~ l d  i n n e r  erlni.$*ter - l i d  s e s t i e n  
COMPLEX I 4  8 0.00000 O.OOQbO O.ODdQO 1 1 1 0.0 0.0 0.0 
COMPLPIX 34 9 a.ooneo o.oaaoa L).EXZW I 1 t o,.o 0.5 0.n 
COMPLVX 1 4 1 0  d.OObO0 0.066013 0.Y60UD 1 1 1 0.0 8.0 0 . 0  
COMPLEX 14 11 0.00000 0.000fl0 1.392OE1 1 I 1 0.0 0.0 0.0 
I* emaoa 3x3 a r r a y  o f  can i scans  lntrr  lxd:  11.75"-centers  
COMPLEX 1 5  1 4  -29.8450-29.8450 0.00000 3 3 1 28.8490 29.8490 0.a 
/ *  e r h d  3x3  nxrgy o f  foam c u t  ou ta : t l . 7S" -cen tem 
CrnPLEX 22 1 5  -29 ,8450  -29.84% 0.06000 3 3 1 29.8450 24.8450 0.0 
/* eifbad 3x3 arrer O f  canz5terS i n w  4nner W y :  1: .75"-@entme 
COMPLEX 1 8  $2 -29.8450 - 2 9 , 8 4 5  0.50550 3 3 1 29.8450 29.8450 R.0 
aUMPLm 20 13 -2S.Bq50 -$9,@Ps0 O.QO000 3 S 1 89.8*50 88.84TPO b.O 
/ *  embed ?,wa-part body s e c t i o n  star,kup 
CQMPLEX 2 1  19 ll.OOOt)@ 0.00000 0.00000 1 1 1 0.0 8 .0  0.0 
COMPLEX 21 20 0.00Q00 0.00600 f3.&505 1 1 1 0.0 0.0 0.0 
I* build npc - bo$y assmbly 
COMELEX ? A 1 6  0.000100 0.00000 O.OQ000 1 1 1 0.Q 0.Q 0.0 
C0MPLP.X 3 4 1 7  0.BODBD 0.00000 0.31940 1 1 1 0.0 0,O 0.0 
C~EIPLEX a4 18 o - o o ~ o o  o.omuo 1o.ci724 1 I 1 0.0 o.a a . 0  
COWPLW 24 21 0.0600D 0,OUUOO 10.4124 1 1 1 0.0 0.B 0.0 
I f  Lual$ npc - 116 msa@Ly 
COMPLEX 2523. O.UO0OW 0.500QB 0.00000 1 1 1 0 . 0  0.0 0.0 
CtFMPLEX 25 23 8.00088 O,O@tOQ 3.&9250 1 1 1 0.0 0.0 8.0 
COMPLEX 25 11 W.OdOb6 0.000OO 12.5825 1 f 1 0.0 0 .0  0.0 
COM~LEX 2 s  LG o.eoaao o.oesdo ~ c . s z z s  1 t I a.0 0.0 a.a 
lb CQmlete IfPC Sf.aCkuP - Sat@$ U r l ~ t  
COMPLEX 26 84 0.00000 0.00Q00 0 ~ 0 0 0 9 0  1 1 1 0.0 0.0 0.0 
~ M E L E X  m 25 0.00000 O.OQOQU 87.8154 I 1 I a . a  a.a o.u 
$* smhad 5 x 5 ~ 6  c l o s e d  packed a r r a y  
COMPLEX 27 26 -217.475.2 -217.4758 @.a00 5 5 6 188.7376 108.7376 103.0503 
END GEOM 
DSFAUI.T%-XES 
END GPI'MER 

Figure 6.24d - Sample input file = npcat-6O.in 
20Q0.NPCrrrrCYLlsW,5.00%.W~li-VAR.,SS,,,CD,CE 
~'Ect10 

ZCSX%EC\NOD\@NOV-0 .ORC 
XENO GEOM 

t) / *  J OF REGIONS OR %EW 
0 C* # @F BOX TYVES OR ZZRO 

1 I* BTARTINe S O W  OPTION 
i /* C O M P ~ X  EblEEDWD aVTLQN 
U / *  # OF PRINT PLOTS 

0 . 0  0.0 0.0 0.0 
BOX TYPE 1 I* i n n e r  aarrrster: bo t to f i  f u e l  

CYLINDEZt 1 22.4612 0.31750 -0.44280 
CXLINDER 0 12.70VO O.fl95Q -0.44200 
CYLIrUDB, 2 12.7635 0.31740 -0.90550 
stlx TYPE 2 / *  i n n e r  c a n s t a r :  f u s l s e q r o n  
CZLINDER 1 10.8141 29.4635 O.UB00 
CYLINDER 2 10.9233 21.4635 0.b000 
CYLIWDDI 3 10.9614 29.4635 Q.QUQU 

0.0 0.0 
regzun tl w/ gap: 
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CYLINDER 
CYI.INDER 

lE*. 5 
1C".5 
16*.5 
15*.5 
aasp 
16*.5 
1V.5 
16*. 5 
16* -5 
'l6e.S 
i5*.s 
16f.5 

12.7000 0.381QO 0.00000 
12-7635 0.38100 Q .000#0 
I* inner GanlstRr: -1-regien P4: boa$ as5y 
10.8141 25.4635 0.WOQ 

25.4BSS 0.0000 
35.4635 0.QOOU 
~ m i e t e s i  fue l  r4fjz0n 
n.3eloo O . ~ O O T U  
0.381510 O.OD0QO 
D,28l~O !l.QOUOL% 
0.38LUO O.QEIU00 

l2.7iT00 0.38100 U.000Ob 
1Z.?6%5 iL.38406 0-OOQQjao 
/ *  inner canisters f u a l  r e t r n n  W6: body assy 
18.8141 @1,9%5 72.0000 
1O.Elhl 21.3285 0.0080 

12.4fin 21.3385 o.aoau 
12.7000 91 .3B5 O.0900 
l 2 . 7 M  21.3385 0.0600 
f *  inner eanOster: rueJ reqlon 17: body aaw 
L P . R I ~ I  3 . 4 ~ ~  a.ooaa 
I . Q . E I ~ ~  3 . 4 ~ 2 5  n.aoaa 
10.9933 3.4925 0.UOOO 
10.9614 3.4933 250.0Ud0 
12.4092 3.4925 0.0000 

CYLINDER 
CTLTNDW 
BOK TYPE 
r G Y l J S l E R  
CYLIWDB& 
e u L r x a m  
CYLIETDER 

42.4612 3.4928 Q.QU00 
22.7000 3.4325 0.0QOQ 
X2.76JS 3.4gM 0.90QO 
P Lnwr r a n i r t w  - fuvrl region #8: l ~ d  assy 
1 0 . 8 1 4 1  fl.63950 O.ObO$'O 
10.8141 0.13250 !3.00000 
10.9233 0.63250 O.OQ000 
10.Q614 0.65360 0.0UWDfl 

/* inner o m s t e x  - hael region I$@ w/ gap: IL(E assy 
10.S141 EC.31750 0.00QOD 
10.Y333 0.317F30 O.RQbliO0 
12.r0094 Q,JX?tiO 0.OObQO CYLIIDrn 

CYLPNrnR 
&OX TYPE 
GYLZblPE;IE 
WLINDER 

9214SL612 0.31750 (3.6386UQ 
/ *  i n n w  gatlistax - tuel. regLon %10 w l  fsnq: I i d  astiy 
10.814L 0.44260 ff .b!%UO 
10.9jt33 0.442RD 0. QQOOO 
1Z.QO92 0.44280 0.00000 
12.4812 0.44200 O.OB000 
I* inner  cauLatar - f u s l  xeglon iilt w/ @opt l id  ass7 
10.8141 1.7863h 0.00000 
10.9233 1.91640 0.00000 

CKLLNUER 
CYLINIBR 
GYLrnDER 
BOX mm 
CUBVIE 
BOX TYPE 
QJBO5D 
sOx TYSE 
I?YLSNWR 

19.ea.si I . 9 ~ 6 4 0  
I* innso canie.tez 
18.7'636 -18.7636 
I* innex cwLs.ater 
12.1$36 -12.7536 
/* inmez canzster 
12.7635 3.39840 
I' fwam cutout [ w i d )  - 40 W f t 3  fom Lid aecrion 

Q3;YrfNtjSR 4 13.5%10 3.90840 0.00000 
BOX TYPE 16 I *  ??WE Bedy nr l i d  - 10 ga. 3 0 4 ~ s  layzr 
CSlBQIO 2 b4.368f -84,316137 5A.36B7 -54.9687 0.312a 0.OX1QQO 

3.V. 5 

IS* .5 . Xi458 
16*.5 
re*. 5 
16*.5 
burn 
16*.& 
16*.5 
16*.8 
bnrn 
IBn.5 
1P.5 
iw .5  
L6P.S 
D m  
1V.5 
1 F . 5  
16'. 5 

xx rnrm 17 /- npc 1~0dy a* - a" @wwoff~ (void$ bye=, 10 rn 
XZNBDIB 0 91.5168 -51 "5163 51.5163 -51.5163 2.54OUO 0.000.00 . - -. 
CUWT0rd 5 54.654) -54.D563 W.05W -54.0563 2.5POB91 0.00Q110 
CUBBID 1 54.368'9 -54.3687 54.3687 -54.36117 2.54090 0.00000 
BOX TYPE 1e E" nes - 5" be=, f o m  laver (11 %/ti31 - EaDe 
---.- 
cum~~), a i i .as ia  -sr .~sea ~ n . a s s 3  -34.&56s a .vooo~  -7.~s?oao 
FUBOID 2 54.3687 -94.5685 931 .a687 -54.36W 870.0000 -7.S2000 
BOX TYPE 1% I* a p ~  W y  - 29.0150" foam ldyer (7.11 iilfL3) - £ w e  
~ ~ W B O I D  B 42.6088 -42.6086 42.6086 -42.8086 73.8505 0.0000 
CU8OIB 
MIBDIP 
CUBOID 
BOX TPPE 
FrtBorO 
mmIn 
CXJB@IID 
BBX TVEE 91 /' npc hndy - 30.45" teuo-Mrt $a4p 
CUB(l1D 0 54.3887 -54.3697 54.36&7 -54.3687 77.3550 3.0000 16*.5 
mx TIPBE Z2 l* apt l i d  - 1.418 " Iaaf layer ($0 #Zft% - lsd burn 
CUBOID d 41.8988 -43.8368 43.89439 -95.@963 3.49230 0.00000 1%".5 

Global Nuoleor Fuel 
* * Y Y ) . * ( L W l c b r n  

GNf NPC 
S!f!!y win!' RlII5!rt 
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c1mI.u 
COBOID 
s o x  TYPE 
CtIrnIP 
c w r u  
CJcnmID 
nOx TTBE 
CUBOID 
RUX TYBE 
@UBDZD 
BOX TYPE 
ClfBOXLa 
IPCM( me. 
CWOIIY 
W4JI.D 

27 1 

&OWPLEX 
DOMPLEX 
COBFLW. 
/ *  build 
CQMPLEX 
/* build 

I* embpd 
SWPGEX 
/' *d 
COMBLBX 
Y* embed 
OrnPLJS 
CWPLEX 
I* &ed 
CQMPLEX 

Jv complete npo - b&y arssembly 
54.3688 -54.3688 $4,3688 -X4.46&& @7.8%84 o.tioaa 16-4.5 
I+ cempletr RP@ - 1LB as9eirbLy 
54.8&198 -54.3688 Sd-S?Bl -634.3MB 1%,2348 0.0800 16'. 5 

1Mer canister - tr,dTa Bod ectron (7 C/ft3 re ibn) 
rs 1 a.oooeo a.ooooo 8.ooooo L I 1 1.0 o,g 0-g 
1 2  2 P.OOO00 0.00000 0.31750 1 1 1 0.0 0.0 0.0 
18 3 B.00000 0.00bOO 2B.7BlQ 1 1 1 b.0 0.Q 0.0 
1 2  4 O.OOQO0 0.UODOO 28.1621 1 1 1 Q.0 0 . 8  o.Q 
12 5 a.oaaoo o.oomoo 51.6255 I I 1 0.1 0.0 0.5 
12 6 8.aodos o .ao~oo aa.oots  I i 1 0.0 0.0 a,@ 
inner cenwter - wppwr bndy aeaion (40 Wift3 section) 
12 7 o.aoQao a.oooeo o.ooao0 I I i 0-4 o.o 8.a 
LnneE CBnister - l ~ d  weaion 
14 8 0.80000 a.ODOdlT 6.000Q0 1 L 1 5 . 0  E.0 0.6 
14 9 0.060dO O.tiaoqb b . s J n s o  1 1 1 0.0 a.o D.Q 
L4LO 0.00000 Q.00000 0.35DQO 1 1 1 0.0 0.0 0.Q 
1 4  11 O.oaago Q . O F ~ Q O E I  I . ~ S % O O  I 1 i 0.0 a.0 0.4 
3x3 @rDay of ~sniqters zn ts  lLdr I l . ?J" -cgnt t~ro  
15 14 -.z9.s45a -2a.Rrsa (I.QOQOO a a 1 3.$.gmo ~ W . M S ( I  
3x3 army oE Lcam cut-~uts :11.75"-wters 
22 1 5  -2S.4650 -29.8450 Q.QO000 3 3 1 2S.8430 Xt9.Ei4fi0 
3x3 Stray oL faniatsre into i ~ w r  k d y :  11.78"-centess 
L9 12 -99.8GO -W.8450 Q.fiOSS0 3 3 1 29.8450 2L.8450 
20 13 -25.8450 -29.8450 Q.ff0000 3 2 1 29.8450 29.8450 
owe-gar& Pod9 metion oteck 
2 1 1 ~ +  0.0g000 Q.aboao a.Eoaw 1 r 1 o.o 0.0 0.0 
2 1 2 0  Q.OQQ00 Q.OQQJlQ f3.850S 1 1 L Q.0 0.8 0.Q 
npo - badr m l y  
24 16 0.OQOBb 0.QOdQO Q.00800 1 1 1 0.0 0.0 0 .0  
24 1 7  h.OOOO0 0.00009 0.31290 L 1 b 0 .4  0.0 0.0 
3 4  1 8  Q.OQ000 0.00000 10.4714 1 1 1 0.0 0.0 0 . 0  
2'421 O.OOW0 P..BOOOO 1B.4724 1 1 1 D.0 8 . 0  OeQ 

/' build nee - l i d  as$embly 
COMPLFX XsX 0.OOOOD 0.40000 O.fJUU0Q 1 I 1 0.0 P.d 0.0 
COMPLEX 2 J 2 3  0.bOOZ)O Q.00000 3.49250 1 L 1 0.0 0 .0  0 . 0  
COMPLES B B  1 7  Q.bO0Ob (1.00.003 LZ.9825 1 1 1 0.0 0.0 0.0 
CaCBaiEX 25 1 6  0.OOOQO 0.00000 14.9BZ5 1 1 1 0 . 0  0 . 0  0 .0  
$*  camplete npc stackup - ainqle unit 
C@MaLbX 2 6  24 0.000QO 0.06000 0.0OBOO 1 L 1 0.0 0.0 0.0 
CDMPLE% Zfr 25 U.QQUO0 0.POUOO 07.8154 1 1 I 0.0 0.0 0 . 0  
I* mbad 5 x 5 d  clwed g d ~ b @  arsey 
COMpmB P7  ZCj -211.4752 -217.4152 O.000 5 5 6 101.7376 L08.7376 IQ3,QS63 
ENO BEWl - . --. 
DEFAtJLTS-YES 
END OSMER 
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B. Heterogeneous 55Kg and 53Kg UOn Rod Lattice Cases 

Figure 6.25a - Sample input file = ESTP-400.in 
2 0 0 2  NPC SC, HET L a t . E R a d ~ 0 . 3 8 1 0 . 5 5 . 0 k g  U ( 5 . 0 0 ) 0 2 , W T E  4 . 0 0 , M 1 x H t - 6 8 . 4 3 2 c r  

2 0 0  / *  # BATCHES 
2 0 0 0  / +  # NEIJTRONS PER BATCH 

1 0  /' % BATCHES TO S K I P  
0  / *  P I N I T I A L  'SEED' ( I F  NON-ZERO) 
0  / *  # 'IDUMP' 
1 / *  % 'NRSTHT' 
0  / *  # 'NBTED' (NON-ZERO I S  PRINT EDITS)  
0  I *  # 'KRED' INUMBER OF COMBINED REGIONS IN EDITS1 

n 2 9 2  n n 

\,:.<XSF:' %..I \ ( ' Y ,  I-'J.1-I 'I. 1:'1 
\XXSEC\h:lU\t iNC>- '1.FI  -. .!. r J 
\CSXSEC\NCC\GNC' . ' - 0 .F4X.33  

ZCSXSECZNOII\GNOII-MAT 1 . 0 0  
KENO GEOM 

0  / *  'KREZ'M' 
0  /' 'NBOX' 
1 / *  'NHXMAX' 
I  /"NBYMAX' 
1  / *  'NBZMAX' 
1  /. 'NXX' 
1 / *  'NTYPST' 
1 / *  'NEMBRG' 
0  /"NGMCHK' 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

BOX TYPE 
CYI.INDER 
CUBOID 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 

1  / *  1 7 x 1 7  p a l l e t ,  v a r .  W/F 
1 0 . 4 2 9 4 0  1 . 0 4 1 4 0  0 . 0 0 0 0 0  1 6 * 0 . 5  
6  0 , 9 0 2 3 4  - 0 . 9 0 2 3 4  0 . 9 0 2 3 4  - 0 . 9 0 2 3 4  1 .04 .40  0 . 0 0 0 0 0  1 6 ' 0 . 5  
2 / *  i n n e r  canister: b a t t o m  f u e l - r e g i o n  X 1 w /  g a p :  b o d y  a s s y  
6  1 0 . 8 1 4 1  0 . 3 1 7 5 0  0 . 0 0  1 6 * 0 . 5  

0  1 2 . 7 0 0 0 0  0 , 3 1 1 5 0  - 0 . 4 4 2 0 0  1 6 * 0 . 5  
2 1 2 . 7 6 3 5 0  0 . 3 1 7 5 0  - 0 . 5 0 5 5 0  1 6 * 0 . 5  
1 /' l n n e r  canister: f u e l . . r e g l o n  # 2 :  b o d y  dssy 
6  1 0 . 8 1 4 1  7 5 . 4 6 3 5 0  0 . 0 0  16 '0 .5  

CYLINDER 
CYLINDER 
CYLINDER 
CYLIVDER 
CYLIYDER 
CYLINDER 
BOX TYPE 

0  1 2 . 7 0 0 0 0  2 5 . 4 6 3 5 0  0 . 0 0 0 0 0  1 6 ' 0 . 5  
2  1 2 . 7 6 3 5 0  2 5 . 4 6 3 5 0  0 . 0 0 0 0 0  1 6 + 0 . 5  
4  /+  Inner c a n i s t e r :  fue1~-region it 3 :  0 . 1 5  i n  cd gap: body assy 
6 1 0 . 8 1 4 1  0 . 3 8 1 0 0  0 . 0 0  1 6 * 0 . 5  
2 1 0 . 9 2 3 3  0 . 3 8 1 0 0  0 . 0 0  1 6 ' 0 . 5  
0  1 0 . 9 6 1 4 0  0 . 3 8 1 0 0  0 . 0 0 0 0 0  1 6 * 0 . 5  
4  1 2 . 4 0 9 2 0  0 . 3 8 1 0 0  0 . 0 0 0 0 0  16 '0 .5  
2 1 2 . 4 6 1 2 0  0 . 3 8 1 0 0  0 . 0 0 0 0 0  1 6 * 0 . 5  

CYLINDER 
CYLIVDER 
CYLIVDER 
CYLINDER 
CYLINDER 
CYLINULK 
CYLINDER 
BOX TYPE 

0  1 2 . 7 0 0 0 0  0 . 3 8 1 0 0  0 . 0 0 0 0 0  1 6 * 0 . 5  
2 1 2 . 7 6 3 5 0  0 . 3 8 1 0 0  0 . 0 0 0 0 0  16 .0 .5  
5  / *  inner c a n i a t - e x :  f u e l - r e g i o n  # 4 :  b o d y  a s s y  
6 1 0 . 8 1 4 1  1 5 . 4 6 3 5 0  0 . 0 0  16 '0 .5  
2  1 0 . 9 2 3 3  2 5 . 4 6 3 5 0  0 . 0 0  1 6 * 0 . 5  

CYLINDER 
CYLINDER 
CYI.INDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
8OX TYPE 
CYI.INDER 

2  1 2 . 7 6 3 5 0  2 5 . 4 6 3 5 0  0 . 0 0 0 0 0  1 6 ' 0 . 5  
6 /"inner c a n i s t e r :  f u e l - r e g i o n  # 5: 0 . 1 5  i n  c d  g a p :  b o d y  a s s y  
6 1 0 . 8 1 4 1  0 .3810C!  0 . 0 0  1 6 * 0 . 5  

CYLINDER 
CYLINDER 
CYI.1NDER 
CYLINDER 
CYLINDER 
CYLINDER 
ROX TYPE 
CY1,lNDF.R 

0  12 . ' 10000  0 . 3 8 1 0 0  0 . 0 0 0 0 0  1 6 . 0 . 5  
2 1 2 . 7 6 3 5 0  0 . 3 8 1 0 0  0 . 0 0 0 0 0  1 6 * 0 . 5  
'I / *  i n n c r  c a n i s t e r :  f u e l - r e g i o n  # 6 :  b o d y  a s s y  
6 1 0 . 8 1 4 1  1 6 . 4 2 5 9 3  0 . 3 0  1 6 ' 0 . 5  
0  1 0 . 8 1 4 1  2 1 . 3 3 8 4 C  0 . 3 0  1 6 ' 0 . 5  CYLINDER 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 0  1 2 . 7 0 0 0 0  2 1 . 3 3 8 4 0  0 . 3 0 0 0 0  1 6 t 0 . 5  

2 1 2 . 7 6 3 5 0  2 1 . 3 3 8 4 0  0 . 0 0 0 0 0  1 6 * 0 . 5  
8 / '  i n n e r  c a n i s t e r :  f u e l . . r e q i o n  X 7 :  b o d y  a s s y  
0  1 0 . 8 1 4 1  3 . 4 9 2 5 0  0 . 0 0  1 6 * 0 . 5  
2  1 0 . 9 2 3 3  3 . 4 9 7 5 0  0 . 0 0  1 6 * 0 . 5  

CYLINULR 
BOX TYPE 
rYLINDER 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 

Global Nuclear Fuel 

GHF NPC 
kftty AntIwIt R.pon 
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BOX TYPE 
CYLINDER 

/ *  i n n e r  c a n i s t . e r :  f ~ e l ~ r e g r o n  # 8 :  I l d  a s s y  
10 .8141 !I. 63250 0 .00  16 '0 .5  
10 .9233 0 .63250 0 .00  16'0.5 CYLINDER 

CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDEH 

1 2 .  16350 0 .63250 0 . 0 0 0 0 0  1 6 * 0 . 5  
/ *  i n n e r  c a n i s t e r :  f u e l - r e g i o n  t 9 w/ g a p :  l i d  a s s y  
10 .8141 0 .31750 0 .00  1 6 * 0 . 5  
1 0 . ' > 2 3 3  0 .31750 0 . 0 0  1 6 * 0 . 5  CYLINDER 

CYLINDEH 
CYIJNDER 
BOX TYPE 
CYLINDER 

BOX TYPE / *  i n n e r  c a n i s t e r :  f u e l  r e o i o n  #11 w /  t o o :  l i d  ass"  

BOX TYPE / *  I n n e r  c a n i s t e r  c u b o i d :  bodv s e c t i o n  ( 7 %  r e v i o n )  
CUBOID 
BOX TYPE 
CUBOID 

1 2 . 7 6 3 6  -12 .7636 1 2 . 7 6 3 6  -12 .7636 73 .3450 -6 .5055 1 6 * 0 . 5  
/ *  i n n e r  cdri is ter  c u b o i d :  b o d y  s e c t i o n  (40# r e g i o n )  
1 2 . 7 6 3 6  -12 .7636 12 .7636 -12 .7636 3 .49260 0.0000 1 6 * 0 . 5  

BOX TYPE / *  i n n e r  c a n i s t e r  upper c y l i n d e r :  l i d  s e c t i o n  
1 2 . 7 6 3 6  3 .30840 0 .0000 1 6 ' 0 . 5  CYLINDER 

BOX TYPE 
CYLINDER 

/ *  f c a n  c u t o u t  ( w r d )  - 40 t / f t 3  fodrr 11d s e c t l o n  
1 3 . 5 5 1 0  3 .30840 0 .0000 1 6 ' 0 . 5  
/ *  "oc b a d v  o r  I l d  - 10 qa. 3043s  l a v e r  BOX TYPE 

CUBOID 
BOX TYPE 
CIJBOID 

54.36'87 -54:368'1 54 .3687--54 .3687 0;31240 0 .0000 16'0.5 
/ npa body o r  l i d  - 1  i n c h  d u r a b o a r d  ( v o i d )  l a y e r ,  10  g a .  3 0 4 s s  
51 .5163 -51 .5163 51 .5163 -51 .5163 2 .54000 0 .0000 16*0.5  
5 4 . 0 5 6 3  -54 .0563 54 .0563 -54 .0563 2 .54000 0 .0000 16'0.5 CUBOID 

CIlBOID 
BOX TYPF. 
CUBOID 

/ +  ~ p c  body - 4  i n c h  sot. ioarr l a y e r  (11  # / E t 3 )  - f a c e  b u r n  
42 .6086 -42 .6086 42 .6386 -42 .6086 O.OOOC0 0 .0000 16.0.5 
54 .0563 -54 .0563 54 .0563 -54 .0563 0 .00000 -7 .6200 1 6 + 0 . 5  
54 .3687 -54 .3687 54 .3687 -54 .3687 0 .00000 -7 .6200 16'0.5 
/ *  npc body - 24.07b0 i n c h  foam l a y e r  ( 7 , 1 1  # / i t 3 1  - f a c e  b u r n  
42 .6086 -42 .6086 42 .6386 -42 .6086 73 .85050 0 .0000 16'0.5 
42 .6086 -42.6086 42 .6086 -42 .6086 13 .85050 0 .0000 1 6 * 0 . 5  
54 .0463 -54 .0563 54 .0563 -54 .0563 73 .85050 0 . 0 0 0 0  16'0.5 
54 .3687 -54 .3687 54 .3687 -54 .3687 73 .85050 0 . 0 0 0 0  16'0.5 
/ *  npc body - 1 . 3 7 5  m c h  f o a r  l a y e r  I40 # / f t 3 )  - f a c e  b u r n  
42 .6086 -42 .6086 42 .6386 -42 .6086 3 .49250 0 .0000 16'0.5 
54 .0563 -54 .0563 54 .0563 -54 .0563 3 .49250 0 .0000 16'0.5 

CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
BOX TYPE 

54.3687 -54 .3687 54.3687 -54 .3687 3 .49250 0 .0000 16*0.5  
/ ' npc  body - 3C.45 I n c h  t w o - p a r t  b o d y  
54.3687 -54 3681 54.3687 -54 .1687 77 .34300 0 . 0 0 0 0  16'0.5 

BOX TYPE 
CUBOID 
CUBOID 

i *  noc I l d  - 1 . 1 7 5  i n c h  f o a e  l a v e r  I40 # / f t 3 1  - I l d  b u r n  
43 .89k3 -43 .8963 43 .8963 -43 .8963 3.49250 0 .0000 16*0.5 
54 .0363 -54 0563 54 .0563 -54 .0563 3 .49250 0 .0000 16-0 .5  
54 .3687 -54 .3687 54 .3687 -54 .3687 3 .49250 0 .0000 lb '0 .5  
/ *  noc  l l d  - 3. '  inch f o a r  l a v e r  I15 # / f t 3 )  - l i d  b u r n  BOX TYPE 

CUBOID 
CUROID 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 

/ *  c o r r o l e t e  noc  - bodv a s s e r r b l v  
54 .3688 ' -54 .36k8 54 .3688 -54 .3688 87 .81540 0 .0000 1 6 * 0 . 5  
/ '  c o r r p l e t e  n p c  - l l d  a s s e m b l y  
54 3688 5 4 . 3 6 8 8  54 .3688 -54 3688 15 .23480 0 .0000 16'0.5 CIJBOID 

BOX TYPE 
CUBOID 
CUBOID 

/ *  npo w a t e r - r e f l e c t e d  ~ ~ n y l e - u n i t  c u b o l d  
54 3688 -54 .3688 54 3688 -54 .3688 1 0 3 . 0 5 0 3  0 .0000 16*0.5  
84 .8488 -84 .8488 84 .8488 -84 .8488 1 3 3 . 5 3 0 3  -30 .4800 16'0.5 
/ *  g l o b a l  u n i t :  Damaged U n ~ t ,  F u l l  HZ0 R e f l e c t i o n  
54 .3688 54 .3688 54 .3688 54 .3688 103.0500 0.0000 16*0.5  

BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 

84.8488 -84 .3488 84 .8488 -84 .8488 1 3 3 . 5 3 0 3  -30 .4800 16*0.5  
/ ' Reqlon 1  embedded r o d  
0 .38100 0  3175C 0 30000 16'0 5 CYLINDER 

BOX TYPE / *  R e a l o n  2 embedded r o d  
0 .38160 15.4635C 0 .00000 1 6 + 0 . 5  
/ *  RegLon 3  embedded r o d  
0 . 3 8 1 0 0  0.3810C 0 . ~ ! 0 0 0 ~ 1  1 6 * 0 . 5  

BOX TYPE / *  Reglon 4  embedded r o d  
0  38100 25 4635C 0  JOOOO 16*0 5  
/ ' RPqron 5  embedded r o d  
0 .38100 0  3810C 0 .00000 16'0.5 
/ '  Rrgron 6  errbedded r a d  
0 .38100 1 6 . 4 2 5 9 3  0 .30000 16*0 5  
/ +  R r q l o n  1  e r b e d d e d  r o d  
0 .38100 3  4925C 0  30000 16'0 5  
0 .7810 -0 .3810 0 .3810 -0 .3810 3 . 4 9 2 5  0 .0000 16*0 J 
/ *  Reqlon 8  embedded r o d  
0 .38100 0  63250 0  00000 1 6 * 0 . 5  
0 .3810 -0.3810 0 .3810 - 0 . 3 8 1 0  0  63ZC 0 .0000 1 6 * 0 . 5  
/ *  Reglorl 9 errbedded r o d  
0 .38100 0  31750 0.90000 16*0 5 
0 .3810 -0 .3810 0 .3810 -0 3810 0 . 3 1 7 5  0 .0000 1 6 + 0 . 5  

BOX TYPE 
CYLINDER 
BOX TYPE 
CYLINDER 
CLIBOID 
BOX TYPE 
CYLINDER 
CUBOID 
BOX TYPE 
CYLINDER 
CUBOID 
BOX TYPE 
CYLINDLR 
CUBOID 

38 / +  Reglon 10  errbedded r o d  
1 0 , 3 8 1 0 0  0 .44200 0 .30000 16'0.5 
0  0 .3810 -0.3810 0 .3810 -0 .3810 0 . 4 4 2 0  0 .0000 16 '0 .5  

BOX TYPE 3 9  / *  Reulon 11 errbedded r o d  
CYLINDER 1 0 . 3 8 l i 0  1 . 7 8 0 5 0  0 .10000 1 6 * 0 . 5  
CUBOID 0  0 .3810 -0 .3810 0 .3810 -0 .3810 1 . 7 8 0 5  0 .0000 16'0.5 
77 1 1 1  1 1 1  1 1 1  1  
BEGIN COMPLEX 
COMPLEX 2  1 9  O . U U U O  0 . 0 0 0 0  0 . 0 0 0 0  -16  -10 1  1 . 6 2 2 6  2 . 8 1 0 5  0 . 0  
COMPLEX 29  0  8113 1 .4052 0 .0000 -16  -10 1 1.6176 7 . 8 1 0 5  0 . 0  
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COMPLEX 3 30 0 . 0 0 0 0  0.0OOO 0.0000 -16 -10 1 1 . 6 2 2 6  1 . 8 1 0 5  0 . 0  
COMPLEX 3 30 O 8113 1  4052 0 .0000 -16 -10 1 1 6216 7  8105 0 . 0  
COMPLEX 4  31 0 .0000 l1.0000 0 .0000 -16 -10 1  1 .6226 2 . 8 1 0 5  0 . 0  
COMPLEX 4  31  0 .8113 1 . 4 0 5 2  0 .0000 - 1 6  -10 1 1 . 6 2 7 6  7 . 8 1 0 5  0  0 

~ - - - - - . . - . . . . . 
COMPLEX 5 32 0 .0000 0 . 0 0 0 0  0 .0000 -16 -10 1 1 . 6 2 2 6  2 . 8 1 0 5  0 . 0  
COMPLEX 5  32 0 .8113 1 . 4 0 5 %  0.0000 -16 -10 1 1 . 6 2 2 6  2 . 8 1 0 5  0 . 0  
COMPLEX 6 3 3  0 .0000 0 .0000 0 .0000 -16 -10 1  1 . 6 2 2 6  2 . 8 1 0 5  0 . 0  
COMPLEX 6 3 3  0 .8113 1 . 4 0 5 2  0 .0000 -16 -10 1  1 . 6 2 2 6  2 . 8 1 0 5  0 . 0  
COMPLEX 7  34 0.0000 0 .0060 0 .0000 -16  -10 1 1 . 6 2 2 6  2 . 8 1 0 5  0 . 0  
COMPLEX 7  34 0 .8113 1 . 4 0 5 2  0 . 0 0 0 0  - 1 6  -10 1 1.6226 2 . 8 1 0 5  0 . 0  
/' b u i l d  i n n e r  c a r~ i s t c r  - r a r n  b o d y  sectlons (7 # / f t 3  r e q i q n l  
COMPLEX 1 3  2  0 .00000 0 .00000 0 .00000 1  1  1  0 .0  0 . 0  0 . 0  
COMPLEX 1 3  3  0 .00000 0  00000 3 .31750 1  1 1  0 .0  0 . 0  0 . 0  
COMPLEX 1 3  4  0.000CO 0 . 0 0 0 0 0  25 .7810 1 I 1  0 . 0  0 . 0  0 . 0  
COMPLEX 13 5  0.000CU 0 . 0 0 0 0 0  26.1621 1  1  1  0 . 0  0 . 0  0 . 0  
COMPLEX 1'3 6 0.000CO 0 . 0 0 0 0 0  51 .b2iB 1 1 1  0 .0  0 . 0  0 .0  
COMFLEX 13 1  O.OO0CO 0.00000 >2.0066 1  1  1  0 .0  0 . 0  0 . 0  
/ *  b u ~ l d  Lnner  c d n l s t e r  - u p p e r  b o d y  a e c t l o r l  (40  # / I t 3  s e c t l o n )  
COMFLEX 14 8  0 .00000 0 .00000 3.00000 1  1 1 0.0  0 . 0  0  0  
1' build i n n e r  c a n i s t e r  - l i d  s e c t i o n  
COMPLEX 1 5  9 0.00000 0 .00000 0 . 0 0 0 0 0  1  1  1 0.0  0 . 0  0 . 0  . . 
COMPLEX 1 5  10 0 .00000 0  00000 3 63250 1 1  1  0  0 0  0  0  0  
COMPLEX 15 11 0.00OD0 0 . 0 0 0 0 0  11.950CO 1  1  1  0 .0  0 . 0  0 . 0  
COMPLEX 1 5 1 2  0 .00000 0 .00000 1.392C0 1  1  1  0 .0  0 . 0  0 . 0  
I t  errbed 1x3 a r r a y  of i~~rllsters into l i d  1 1  75 l n c h  - L e q t e r s  
COMPLLX 1 6  1 5  -29 .8450 -29 .8450 1).00000 3 3 1  29 .8450 29 .8450 0 . 0  
/' embed 3 x 3  a r r a y  of f o a r  c u t - 0 x 3 :  1 1 . 7 5  I n c h  - c e n t e r s  
COMPLEX 2 3  1 6  -29.8450 79 .8450 0 .00000 3  3 1 29 8420 29 .8450 0 . 0  
/ *  e n b e d  3x3 a r r a y  of c a n i s t e r s  i n t o  i n n e r  body:  1 1 . 7 5  i n c h  - c e n t e r s  
COMPLEX 7.0 1 3  -29 .8450 -29 .8450 11.50550 3  3 1 29.8450 29 .8450 0 . 0  
COMPLEX 21 14 -29 .8450 -29 .8450 11.00000 3  3 1  29.8450 29 .8450 0 . 0  
/ *  embed t.wo-part body s e c t i o n  s t a c k u p  
COMPLEX 22 20 0 . 0 0 0 0  0 .0000 0 .00000 1  1  1  O . C  0 . 0  0 . 0  
COMPLEX 22 21  0 .0000 0 .0000 73 .85050 1  1  1 0.C 0 . 0  0 . 0  
/ +  b u i l d  n p c  - body a s s e l r b l y  
COMPLEX 2 5  1'7 0 . 0 0 0 0  0 . 0 0 0 0  0.00l300 1 1 1 0.C 0 . 0  0 . 0  
COMPLEX 2 5  18 0 .0000 0 .0000 0 .31240 1 I  1  0.C 0 . 0  0 . 0  
COMPLEX 2 5  19  0 .0000 0 .0000 10 .4724 1 I  1  0 .0  0 . 0  0 . 0  
COMPLEX 25 2% 0.0000 0 .0000 10 .4724 1 1 1 0 . 0  0 . 0  0 . 0  
/ *  build n p r  - l i d  a s s e v b l y  
COMPLEX 9 6  2.1 0.0000 0:0000 ll.OOOOO 1  1  1  0 .0  0 . 0  0 . 0  
COMPLEX 26 24 0  0000 0 .0000 3 49250 1  1 1  0  0  0  0  0 . 0  
COMPLEX 2 6  18 0 .0000 0 .0000 .2 .3825 1  1  1  0 .0  0 . 0  0 . 0  
COMPLEX 2 6  17 0 .0000 0 , 0 0 0 0  1 4 . 9 9 2 5  1 1  1  0 .0  0 . 0  0 . 0  
I *  c o r ~ l e t e  noc s t a c k u r ,  - w a t e r  r e f l e c t e d  s i n o l e  u n i t  
COMPLEX- 77 25. o .oooo '  0 . 0 0 0 0  o . o o o o o  1  I 1 0 . 0  0 . 0  0 . 0  
COMPLEX 2 1  26 0 .0000 O.OOO0 87.8154 1  1  1  0 . 0  0 . 0  0 . 0  
END GEOM 
END GEMEK 

Figure 6.25b - Sample input file = CSTN470.in 
2002 NPC IA,H6T Lat ,FRad-0 .3810,  5 0 . 8  kg UI5.00102,WTF=4. lO,M1xHt=80.010m 

200 / *  % RATCHFS 
2000 /' # NEUTRONS PER BATCH 

10 / *  # BATCHES T3 SKIP 
0  I* % INITIAL 'SEED' ( I F  NON-ZERO1 
0  / *  # 'IDUMP' 
1  / *  # 'NRSTRT' 
0  / *  # 'NBTED' (NON-ZERO I S  PRINT EDITS1 
0  / *  It 'KRED' [NUMBER OF COMBINED REGIONS IN EDITS) 

0  293 0  0  
\CSXSEC\UO2\GUOZ-50.00 
\CSXSEC\NOIl\GNCU-0 .SS 
\CSXSPC\NOU\GNOU-0 CAI) 
\CSXSEC\NOU\tiNOU-O.POL 
\CSXSEC\NOU\GNOU-0.W 0 . 9 0  

\CSXSEC\NOU\GNOU-O.OKC 
\CSXSEC\NOll\GNOII-0 .WAT 0 . 0 0 0 1  
KENO GEOM 

0  / *  'KREFM' 
0  J' 'NBOX' 
1 I* 'NBXMAX' 
1  / "  'NBYMAX' 
1  / ' 'NBZMAX' 
1  / *  'NXX' 
1  /' 'NTYPST' 
1  /"NEMBRG1 

- 1 . 0  - 1 . 0  -1 .0  - 1 . 0  - 1 . 0  - 1 . 0  
BOX TYPE 1  / *  17x17 p e l l c t ,  v a r .  W/F 
CYLINDER 1 0.42910 1 .04140 0 .00000 16 '0 .5  

BOX TYPE 2 / *  n n e r  canister. bottor f u e l - r e g l o n  # 1  w /  q a p  b o d y  a s s y  
CYLINDhR 6 1 0 . 8 1 4 1  0.31750 0 .00  1 6 * 0 . 5  
CYLINDER 2 10.9233 0 .31750 0 .00  16 '0 .5  
CYLINIILR I1 12 .40910 0 31750 0  00000 16'0 5  

CYLINDER 1 11.76350 0 .31750 -0 .50550 16'0.5 
BOX TYPE .3 / *  i n n e r  c a n r s t e r :  f u e l - r e q r o n  % 2: body a s s y  
CYLINDER 6  10 .8141 25 .46350 0 . 0 0  16 '0 .5  
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Safety Analvsis Re~or t  Revision 2, 912002 1 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 

12 .70000 
12 .76350 
/ *  i n n e r  
10 .8141 
10 .9233 

25 463511 0 .00000 16 '0 .5  
25 .46350 0 .00000 16 '0 .5  
c a n l s t c r :  f u e l - r e g r o n  ii 3: 0 . 1 5  r n  r d  g a p :  body a s s y  

0  38100 0 .00  1 6 * 0 . 5  
0.381011 0 .00  16*U.5 

CYLINDER 
CYLINDER - - 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYIJNDER 
BOX TYPE 
CYLINDER 

0 .38100 0 .00000 16*0 5  
c a n ~ s t c r :  f u e l - r e g l o n  # 4 :  body a s n y  
25 .46350 0 .00  1 6 * 0 . 5  
2 5 , 4 6 3 5 0  0 .00  1 6 * 0 . 5  CYLINDER 

CYLINDER 
CYLINDEK 
BOX T Y P E  
CYLINDER 

1 6 * 0 . 5  
# 5: 0 . 1 5  ~ n  c d  g a p :  body a s s y  
16'0.5 
16 '0 .5  CYLINDER 

CYLINDER 
CYLINDER 
CYLINDER 

12 .70000 0 .38100 0 .00000 
12.76350 0 .38100 0 .00000 
/ *  i n n e r  c a n i s t e r :  f u e l - r e g l o n  
10 .8141 21 .33840 0 .00  
10 .9233 21 .33840 0 .00  

1 6 * 0 . 5  
1 6 * 0 . 5  
R 6 :  body d s s y  
16'0.5 
16'0.5 

CYLINDER 
CYLINDER 

CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDEK 

12 .70000 21 .33840 0 .00000 
12 .76350 21 .33840 0 .00000 
/' i n n e r  c a n i s t e r :  f u e l - r e g i o n  
10 .8141 3 .49250 0 .00  
1 0 . 9 2 3 3  3 .49250 0.00 

1 6 ' 0 . 5  
t 7:  body a s o y  
16*0.5  

CYLINDER 
CYLINDER 
BOX TYPE 
CY1,IVDER 

1 2 . 7 6 3 5 0  3 .43250 0 .00000 
/ *  i n n e r  c a n i s t e r :  f u e l r e g i o n  
1 0 . 8 1 4 1  0.6325(1 0 .00  
10 .9233 0 .63250 0 .00  
10.Y6140 0.6325(1 0 .00600 

1 6 - 0 2  
# 8: l r d  a s s y  
1 6 * 0 . 5  
1 6 + 0 . 5  
16'0.5 

CYLINDER 

CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 

/ *  i n n e r  c a n r s t e r :  f u e l - . r e g i o n  
1 0 , 8 1 4 1  0 .31750 0.00 
1 0 . 9 2 3 3  0 , 3 1 7 5 0  0 . 0 0  

1 9  W /  g a p :  I l d  a e s y  
16'0.5 
16*0.5  
1 6 * 0 . 5  

CYLINDER 
CYLINDER 
CYLINDER 
BOX T Y P E  
CYLINDER 
CYLINDER 

1 6 * 0 . 5  
#10 W /  r i n g :  l i d  a s s y  
16'0.5 
16'0.5 

/ *  I n n e r  c a n l s t e r :  f u e l - r e g l o n  
10 .8141 0 .44200 0 .00  
10 .9233 0 .44200 0 .00  
12 .40920 0 .44200 0  00000 1 6 * 0 . 5  
12 .46120 0 , 4 4 2 0 0  0 .00000 1 6 * 0 . 5  
/ *  l V m e r  c a n l s t e r :  f u e l  r e q l o n  %11 w/ t o p .  l l d  a s s y  

CYLINDER 10 .8141 1 .78050 0 . 0 0  1 6 * 0 . 5  
10 .9233 1 .91640 0 .00  1 6 * 0 . 5  
12 .40920 1 . 9 1 6 4 0  0 ,00000 16'0.5 
/ +  I n n e r  c a n i s t e r  c u b o i d :  body sectLon (7% reyior i )  
1 2 . 7 6 3 6  - -12 .7636 12 .7636 - 1 2 . 7 6 3 6  73 .3450 -0 .5055 1 6 * 0 . 5  
/+  l n n e r  c a n i s t e r  c u b o i d :  body s e c t i o r i  ( 4 0 #  r e g i o n )  
1 2 . 7 6 3 6  -12 .7636 1 2 . 7 6 3 6  -12 .7636 3.43260 0.0000 16'0.5 
I *  i n n e r  c a n i s t e r  u p p e r  c y l i n d e r :  l i d  s e c t i o n  
1 2 . 7 6 3 6  3 .30840 0 .0000 1 6 * 0 . 5  

CYLINDER 
CYLINDER 
BOX T Y P E  
CUBOID 
BOX TYPE 
CUBOID 
B o x  TYPE 
CYLINDER 
BOX TYPE 
CYLINDER 

/ *  foam c u t o u t  ("o ld)  - 40 # / f t 3  foarr l l d  s e c t l o n  
1 3 . 5 5 1 0  3 .30840 0 .0300 1 5 + 0 . 5  
/ *  npc  body o r  I l d  - 10 g a .  3045s  Layer  
54.3687 -54 .3687 54.3687 -54 .3687 0 .31240 0 .0000 16*0.5  

BOX TYPE 
CUBO I D  
BOX TYPE 
CUBOID 
CUBOID 

/ "  npc  body o r  l l d  - 1  rnch  d u r d b o a r d  [ v o i d )  l a y e r ,  10  qil .  3045s  
51 .5163 -51 5163 51 5163 -51  5163 2 54000 0 .0000 16*0.5  
54 .0363 -54 .0563 54 .0563 -54 .0563 2.54000 0 .0000 16*0.5  
54 .3581 -54 .3687 54.3687 -54 .3687 2 .54000 0 .0000 16'0.5 CUBOID 

BOX TYPE 
CUBOID 
CUBOID 

/' npc body - 3 l n c h  ~ o t  foarr l a y e r  ( 1 1  # / f t 3 1  - f a c e  b u r n  
51.5163 -51 .5163 51 .5163 -51 .5163 7 .67000 0 .0000 16'0.5 
54 .0561 -54 0563 54 0563 -54 .0563 7 .62000 0 .0000 16'0.5 
54 3687 54 3687 54 1687 -54 3 6 8 1  I 62000 0  0000 16*0 5  
/ *  npc  body - 29.0750 ~ n c h  foam l a y e r  ( 7 , 1 1  # / f t 3 )  - f a c e  b u r n  
43 .8963 -43  8963 4 3 . 8 9 6 3  -43 .8963 73 .85050 0  O O U O  1 6 + 0 . 5  
51 .5163 -51 5163 5 1  5163 -51  5163 73 85050 0  0000 1 6 - 0  5  
54 .0563 -54 .0563 54 .0563 - 5 4 . 0 5 6 3  13 .85050 0 . 0 0 0 0  16'0.5 

BOX TYPE 
CUBOID 
CUBOID 
CUBO I D  
CUBOLD 
BOX TYPE 
CUBOID 
CUBOID 

2 1  / *  npc body - 1 . 3 7 5  l ~ c h  foarr l a y e r  140 # / f t 3 1  - f a c e  b u r n  
9 51 .5163 -51 .5163 51 .5163 -51 .5163 3 . 4 9 2 5 0  0 .0000 1 6 * 0 . 5  

1 1  54 .0563 -54 .0563 54 .0563 -54 .0563 3 . 4 9 2 5 0  0 .0000 1 6 * 0 . 5  

BOX TYPE 
CllBOID 
ROX TYPE 

22 / *  npc  body - 3 0 . 4 5  i n c h  t w o - p a r t  body 
1 1  54.3687 -54.368'1 54 .3587 5 4 . 3 6 8 7  77 .34300 0 .0000 1 6 + 0 . 5  
2 3  /' npc l i d  - 1 . 3 7 5  i n c h  ioaf f  l a y e r  (40  # / f t 3 )  - l l d  b u r n  

9  5 1 . 5 1 6 3  -51 .5163 51 .5163 -51 .5163 3 .49250 O.OUO0 16'0.5 
1 1  5 4 . 0 5 6 3  5 4 . 0 5 6 3  54 .0563 -54 .0563 3 .49250 0 .0000 1 6 * 0 . 5  

CUBOID 
CUBOID 

Global Nuclear Fuel 

GNFNPC 
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GNF NPC Docket No. 71-9294 
Safetv Analysis Report Revision 2,912002 1 
CUBOID 
BOX TYPE 
CUBCID 
CUBCID 
CUBC I D  
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
BOX TYPE 

BOX TYPE 
CYLINDER 
BOX TYPE 
CYLINDER 
BOX TYPE 

BOX TYPE 
CYLINDER 
BOX TYPE 
CYLINDER 
BOX TYPE 

2  54 .3687 - 5 4 . 3 6 8 7  54 .3687 -54 .3687 3 . 4 9 2 5 0  0 . 0 0 0 0  16*0.5  
24 / *  npc l i d  - 3 . 5  i n c h  fonv l a y e r  ( 1 5  # / f t 3 )  - l i d  b u r n  

8  51 .5163 -51 .5163 51 .5163 -51 .5163 8 . 8 9 0 0 0  0 .0000 16'0.5 
1 1  54 .0563 -54 .0563 54 .0563 - -54 .0563 8 . 8 9 0 9 0  0 .0000 1 6 * 0 . 5  

2  54 .3687 5 4 . 3 6 8 1  54 .3687 -54 .3687 8 .89030 0 .0000 16*0.5  
2 5  /' c o m p l e t e  npc  - body a a s e r r b l y  
1 1  54.3688 -54 .3688 54 .3688 -54 .3688 87 .81540 0 .0000 1 6 ' 0 . 5  
26  / *  c o m p l e t e  npc  - l i d  a s s e r r b l y  
1 1  54 .3688 - 5 4 . 3 6 8 8  5 4 . 3 6 8 8  -54 .3688 15 .23490 0 . 0 0 0 0  16'0.5 
27  / *  npc  w a t e r  r e f l e c t e d  s i n ~ j l e - u n i t  

0  54 .3688 -54 .3688 54 .3688 -54 .3688 1 0 3 . 0 5 0 3  0 . 0 0 0 0  1 6 * 0 . 5  
28 / *  q l u b a l  u n i t :  2N=150:5x5x6 c u b o i d ,  30.48-crr h20 r e f l .  

0  2'11.844 -2'71.844 271.844 -271.844 618.3020 0 .0000 1 6 * 6 . 5  
6 302.324 -302.324 302.324 -302.324 648.7820 -30 .4800 16'0.5 

29  / *  Reqlon 1 embedded r o d  
1  0.38100 0 .31750 0 .00000 1 6 * 0 . 5  
30 / ' Reglon L  embedded r o d  
1 0.38100 25.463511 0 .00000 1 6 * 0 . 5  
31  / *  Reolon 3 ~ ~ B c d d e d  r o d  
1  0 .38160 0.381011 0 .00000 16'0.5 
37 / *  R e y l o n  4 embedded r o d  
1  0 .38100 75 .46310 OD0000 16'0.5 
33 / *  Reuion 5 errbedded r o d  
1  0 .38160 0 . 3 8 1 0 0  o . o o o o o  1 6 ~ 0 . 5  
34 / *  Reqlon 6  embedded r o d  
1  0 .38100 21 .33850 0 .00000 1 6 * 0 . 5  
35  / *  Reoion 7  embedded r o d  
1  0 .38160 3.49250 0 .00000 16'0.5 
36 / *  Reglon 8  embedded r o d  
1  0 .38100 0 .53250 0 .00000 1 6 * 0 . 5  
3 7  /+  ReQlnn 9  errbedded r o d  
1  0 .38100 0 .31750 0 .00000 1 6 * 0 . 5  
38 / *  Reylun 10  embedded r o d  
1 0  38100 0 .44200 0  00000 16'0 5 

ROX TYPE 39 / *  Region 1 1  embedded r o d  
CYLINDER 1  0 . 3 8 1 0 0  1 .18050 0 .00000 16 '0 .5  --  ? , ,  , . *  ? . ,  . 
L !  L l L  L L L  1 1 1  1 

BEGIN COMPLEX 
COMPLEX 2  29 -10.3950 0 . 0 0 0 0  0 .0000 1 3  1 1  1 . 7 3 2 5  0 .0000 0 . 0  
COMPLEX 2 29 -9 .5287 - 1 . 5 0 0 4  0 .0000 12  2  1 1 . 7 3 2 5  3 .0008 0 . 0  
COMPLEX 2 29  -8 .6625 -3 .0008 0 .0000 1 1  7  1 1 . 7 3 2 5  6 .0015 0 . 0  
COMPLEX 7 29 -7 .7969 -4 .5012 0 .0000 10  2 1 1 . 7 3 2 5  9 . 0 0 7 3  0 . 0  
COMPLLX 2  29  -6 .9300 -6 .0015 0 .0000 9 2  1 1 . 7 3 2 5  1 2 . 0 0 3 1  0 . 0  
COMPLEX 2  29 -b .0637 -7 .5019 0 .0000 8  2 1 1 . 7 3 7 5  1 5 . 0 0 3 8  0 . 0  
rOMPLEX 2  7 9  -5 .1975 - 9 . 0 0 2 3  0 .0000 I  2  1  1 7375 1 8  0046 0  0  
COMPLEX 3  30 -10 .3950 0 .0000 0 .0000 1 3  1  1  1  1315 0  0000 0  0  
COMPLEX 3  30 -9.5287 -1 .5004 0 .0000 17  2  1 1 . 7 3 2 5  3 .0008 0 . 0  
COMPLEX 3  10  -8 .6625 -3 .0008 0 .0000 1 1  2  1  1 . 7 3 2 5  6 .0015 0 . 0  
COMPLEX 3 30 -7 .7962 -4 .5012 0 .0000 10  2 1 1 . 7 3 2 5  9 .0023 0 . 0  
COMPLEX 3  30 -6 .9300 -6 .0015 0 .0000 9  2 1  1 . 7 3 2 5  1 2 . 0 0 3 1  0 . 0  
rOMPLEX 3 30 -6 .0631 -7 .5019 0 .0000 8 2  1 1.7325 1 5  0038 0 . 0  
COMPLEX 3 30 5 . 1 9 7 5  9 .0023 0 .0000 7  1 1  1 .7325 1 8 . 0 0 4 6  0 . 0  
COMPLEX 4  3 1 - 1 0 . 3 9 5 0  0 .0000 0 .0000 1 3  1  1  1 . 1 3 2 5  0 . 0 0 0 b O . O  
COMPLEX 4  31 -9 .5287 -1 .5004 0  0000 12 2  1 1 . 7 3 2 5  3 .0008 0  (1 
COMPLLX 4  31 -8 .6625 -3 .0008 0 . 0 0 0 0  1 1  2  1 1 . 7 3 2 5  6 . 0 0 1 5 0 . 0  
COMPLEX 4  31 -7 .7962 -4 .5012 0 . 0 0 0 0  1 0  2 1 1 . 7 3 2 5  9 . 0 0 2 3 0 . 0  
COMPLEX 4  31  -6 9300 -6 .0015 0 . 0 0 0 0  9  2  1 1 .7375 1 2 . 0 0 3 1  0 . 0  
COMPLEX 4 3 1  -6 .0637 -7 .5019 0 . 0 0 0 0  8 2  1  1 .  1325 1 5 . 0 0 3 8  0 . 0  
COMPLEX 4  31 -5 .1915 -9 .0023 0 . 0 0 0 0  7  7 1  1 . 7 3 2 5  1 8 . 0 0 4 6  0 . 0  
COMPLEX 5  32 -10 .3950 0 .0000 0 . 0 0 0 0  1 3  1 1 1.7325 0 .0000 0 . 0  
COMPLEX 5  32 -9 .5287 -1 .5004 0 . 0 0 0 0  12  2 1  1 . 7 3 2 5  3 . 0 0 0 8  0 . 0  
COMPLEX 5  32 -8 .6625 -3 .0008 0 . 0 0 0 0  1 1  2  1 1 .7325 6 .0015 0 . 0  
COMPLEX 5  32 -7.796'2 -4 .5012 0 . 0 0 0 0  10  2 1 1 .7325 9 . 0 0 2 3  0 . 0  
COMPLEX 5  3 2  -6 .9300 - 6 . 0 0 1 5  0 .0000 9  ' 1  1 .7325 1 2 . 0 0 3 1  0 . 0  
COMPLEX 5  32 - 6 . 0 6 3 7  -7 .5019 0 .0000 8  2  1 1 . 7 3 2 5  1 5 . 0 0 3 8  0 . 0  
COMPLEX 5 32 -5 .1975 -9 .0023 0 .0000 7  2  1  1 .7325 1 8 . 0 0 4 6  0 . 0  
COMPLEX 6  3 3  -10 .3950 0 .0000 6 .0000 1 3  1  1 1 . 7 3 2 5  0 . 0 0 0 0  0 . 0  
COMPLEX 6  3 3  -9.5287 -1 .5004 0 .0000 1 2  2 1 1 . 7 3 2 5  3 . 0 0 0 8  0 . 0  
COMPLEX 6  3 3  -8 .6625 -3 .0008 0 .0000 1 1  Z 1  1 . 7 3 2 5  6 . 0 0 1 5  0 . 0  
COMPLEX 6 3 3  -7 .796% -4 .5012 0.0000 1 0  2  1 1 . 7 3 2 5  9 . 0 0 2 3 0 . 0  
COMPLEX 6  3 3  -6.9300 -6 .0015 0 .0000 9  2  1 1 . 7 3 2 5  1 2 . 0 0 3 1  0 . 0  
COMPLEX 6  3 3  -6 .0637 -7 .5019 0 .0000 8 2 1 1 . 7 3 2 5  1 5 . 0 0 3 8  0 . 0  
COMPLEX 6  3 3  -5 .1975 -9 .0023 0.00110 7  2  1  1 . 7 3 2 5  1 8 . 0 0 4 6  0 . 0  
COMPLEX 7  34 -10 .3950 0 .0000 0 .0000 1 3  1  1  1 . 7 3 2 5  0 .0000 0 . 0  
COMPLEX 7 34 -9 .5287 1 . 5 0 0 4  0 .0000 12  2  1 1 .7325 3 . 0 0 0 8  0 . 0  
COMPLEX 7 3 4  -8 .6625 -3.000R 0 .0000 1 1  2 1 1 . 7 3 2 5  6 . 0 0 1 5 0 . 0  
COMPLEX 7  34 -7 .7962 - 4 . 5 0 1 2  0 .0600 I b  2 1 1 . 7 3 2 5  9 .0023 0 . 0  
COMPLEX 7  34 -6.9300 - 6 . 0 0 1 5  0 .0000 9 i 1  1 . 7 3 2 5  1 2 . 0 0 3 1  0 . 0  
COMPLEX 7 34 -6 .0637 -7 .5019 0 .0000 8  2  1 1 . 7 3 2 5  1 5 . 0 0 3 8  0 . 0  
COMPLEX 7 3 4  -5 .1975 -9 .0023 0 .0000 7  2  1  1 . 7 3 2 5  1 8 . 0 0 4 6 0 . 0  
COMPLEX 8  35 -10 .3953 0 . 0 0 0 0  0.OOUO 1 3  1  1  1 . 7 3 2 5  0 .0000 0 . 0  
COMPLEX 8 35 -9 .5281 - 1  5004 0 .0000 19  7  1  1 . 7 3 7 5  3 .0008 0 . 0  
COMPLEX 8  35  -8 .6625 -3  0008 0.0000 1 1  2 1  1  7325 6 .0015 0  0  
COMPLFX 8  35  -7.7962 -4 .5012 0 .0000 10  2  1  1 . 7 3 2 5  9 . 0 0 1 3  0 . 0  
COMPLEX 8  35  -6 .9303 -6 .0015 0.0000 9  2  1  1 . 7 3 2 5  1 2 . 0 0 3 1  0 . 0  
COMPLEX 8  35  -6 .0637 -7 .5019 0 .0000 8  2  1 1 .  7325 1 5 . 0 0 3 8  0 . 0  
COMPLEX 8 35 -5 .1975 -9 .0023 0 .0000 7  r' 1 1 . 7 3 1 5  18 .0046 0 . 0  
COMPLEX 9 3 6 - 1 0 . 3 9 5 3  0 .0000 0 .0000 1 3  1  1 1 . 7 3 2 5  0 . 0 0 0 0 0 . 0  
COMPLEX 9 36 -9 5287 -1 .5004 0 .0000 12 2  1 1  7325 3 . 0 0 0 8  0  0  
COMPLEX 9 36 -8 .6615 -3 .0008 0 .0000 1 1  2  1  1 . 7 3 2 5  6 . 0 0 1 5  0 . 0  
COMPLEX 9  36 -1 .7962 -4.5017 0 .0000 10  2 1 1 . 7 3 2 5  9 . 0 0 2 3  0 . 0  
COMPLLX 9 36 -6.9303 -6 .0015 O.OO0U 9  2  1  1 7 3 2 5  1 2 . 0 0 3 1  0 . 0  
COMPLEX 9 3 b  -6 .0637 -7 .5019 0 .0000 8  2 1 1 . 7 3 2 5  1 5 . 0 0 3 8  0 . 0  
COMPLEX 9  36 -5 .1975 -9 .0023 0 .0000 7  2  1 1 . 7 3 2 5  1 8 . 0 0 4 6 0 . 0  
COMP,LX 10 37 -10 .3950 0 .0000 0 .0000 1 3  1 1 1 . 7 3 2 5  0 .0000 0  0  
CUMP;EX 1 0  37 -9.5287 -1 .5004 0 . 0 0 0 0  1 2  2  1  1 . 7 3 2 5  3 .0008 0 . 0  
COMPLEX 10 37 -8 .6625 -3 .0008 0  0000 11 2 1  1 . 7 3 2 5  6 . 0 0 1 5  0 . 0  
COMPLEX 10 37 -7.7962 -4 .5012 0 . 0 0 0 3  1 0  2 1  1 . 7 3 1 5  9 . 0 0 2 3  0 . 0  
COMPLEX 10 37 -6 .9300 -6 .0015 0 .0003 9 2 1  1 . 7 3 2 5  1 2 . 0 0 3 1  0 . 0  
COMPLEX 10 37 -6 .0637 -7 .5019 0 .0003 8  2  1  1 . 7 3 2 5  1 5 . 0 0 3 8  0 . 0  

Global Nuclear Fuel 
hWYII*LUI* .YcY 
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COMPLEX 10 37 -5 .1975 -9 .0023 0 .0000 7  2  1  1 . 7 3 2 5  1 8 . 0 0 4 6  0 . 0  
COMPLEX 1 1  38 -10.3950 0 , 0 0 0 0  0 . 0 0 0 0  1 3  1 1  1 . 7 3 2 5  0 .0000 0 . 0  
COMPLEX 1 1  38 -9 .5281 -1 .5004 0 . 0 0 0 0  1 2  2 1 1 . 7 3 2 5  3 . 0 0 0 8  0 . 0  
COMPLEX 1 1  38 - 8 . 6 6 2 1  -3 .0008 0 . 0 0 0 0  1 1  2 1 1 . 7 3 2 5  6 . 0 0 1 5  0 . 0  
COMPLEX 1 1  38 -7 .7962 -4 .5012 0 .0000 10  2  1  1 . 7 3 2 5  9 . 0 0 2 3  0 . 0  
COMPLEX 1 1  38 -6 .9300 -6 .0015 0 .0000 9  2  1  1 .7325 1 2 . 0 0 3 1  0 . 0  
COMPLEX 1 1  38 -6.063'7 -7 .5019 0 .0000 8  2 1  1 .7325 1 5 . 0 0 3 8  0 . 0  
COMPLEX 1 1  38 -5 .1975 -9 .0023 0 .0000 7  2 1 1.7325 1 8 . 0 0 4 6  0 .0  
COMPLEX 1 2  3 9 - 1 0 . 3 9 5 0  0 .0000 0 .0000 1 3  1  1  1 .7325 0 .0000 0 . 0  
COMPLEX 1 2  39 -9.5287 -1 .5004 0 .0000 1 2  2  1  1 .7325 3 .0008 0 .0  
COMPLEX 1 2  39 -8 .6625 -3 .0008 0 .0000 1 1  2  1  1 . 1 3 2 5  6 .0015 0 . 9  
COMPLEX 12 34 -7 .7962 -4 .5012 0 .0000 1 0  2  1 1 . 7 3 2 5  9 . 0 0 2 3  0.0 
COMPLEX 1 2  39 -6 .9300 - 6 . 0 0 1 5  0 . 0 0 0 0  9  L 1 1 . 7 3 % 5  1 2 . 0 0 3 1  0 . 0  
COMPLEX 12 39 -6 .0637 -7 5019 0  0000 8  2 1 1 7325 1 5 . 0 0 3 8  0 . 0  
COMPLEX 1 2  39 -5 .1975 - 9 . 0 0 2 3  0 .0000 7  2 1 1 . 7 3 2 5  1 8 . 0 0 4 6  0 . 0  
/' b u i l d  i n n e r  c a n i s t e r  - main  body s e c t i o n s  ( 7  % / f t 3  f e q i o n )  
COMP1,EX 1 3  2  0 .00000 0 . 0 0 0 0 0  0 .00000 1  1  1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  3 0.00000 0 .00060 0 . 3 1 7 5 0  1  1  1 0 . 0  0 . 0  0 .0  
COMPLEX 1 3  4  0 . 0 0 0 0 0  0.00l700 25 .7810 1 1  1 0.0  0 .0  0 .0  

COMPLEX 1 3  6  0 . 0 0 0 0 0  0 .00000 51 .6256 1  1  1  0 .0  0 . 0  0 . 0  
COMPLEX 1 3  7  0 .00000 0 . 0 0 0 0 6  52 .0566 1  1 1 0 . 0  0 . 0  0 . 0  
/ b u i l d  inner c a n i s t e r  . upper body s e c t i o n  (40  # / f t 3  s e c t i o n )  
COMPLEX 14 8  0 .00000 0 . 0 b b 0 0  O.b0000 
/ *  b u l l d  I n n e r  r a n l s t e r  - l i d  s p r t l o n  
COMPLtX 1 5  9 0 .00000 0 .00000 0 .00000 
COMPLEX 1 5  10  0 .00000 0 .00000 0 .63250 
COMPLEX 1 5  11 0  00000 0 00000 0 .95000 
COMPLEX 1 5  12  0 .00000 0 .00000 1 .39200 
/ *  m b e d  3x3 a r r a y  o f  c a n i s t e r s  I n t o  l ~ d :  
COMPLEX 1 6  1 5  -29 8450 -29 8450 0  00000 
/ *  embed 3x3 a r r a y  o f  foam c u t - o u t s :  1 1 . 1 5  
COMPLEX 2 3  16  -29 8450 -29 .8450 0 .00000 
/' c ~ b c d  3x 1 a r r a y  of r a n l s t e r s  lnto I n n e r  
COMPLEX 90 1 3  -29 .8450 -29 .8450 0 .50550 
COMPLEX 2 1  14 -2'3.8450 - 2 0 . 8 4 5 0  0 . 0 0 0 0 0  
/ *  mhed t w o - p a r t  body s e c t l o "  s t , ~ c k u p  
COMPLEX 22 20 0 . 0 0 0 0  0 .0000 0 .00000 
COMPLEX 2 2  71 0 . 0 6 0 0  0 .0000 73 .89050 
/ %  b u ~ l d  nar - bodv a s s e n b l v  
COMPLEX 2 5  17 0 .6000 0 .0000 0 .00000 
COMPLEX 2 5  I 8  0 .0000 0.0000 0 .31240 
COMPLEX 2 5  1 9  0 .0000 0 .0000 r ' .85240 
COMPLEX 7 5  22 0 .0000 0 .0000 10 .4774 
/ *  b u l l d  npc  - l l d  d s s e a b l y  
COMPI.EX 26 23  0  0000 0  0000 0  00000 
COMPLEX 26 24 0 .0000 0 .0600 3 .49250 
COMPLEX 26 1 R  0 .0000 0 .0000 12  3625 
COMPLtX 2 6  1 1  0 .0000 0 .0000 14 .9225 
/' c o m p l e t e  npc  s t a c k u p  - w a t e r  r p f l e c t e d  
COMPLEX 77 / h  o 0000 0 . 0 0 0 0  n ooooo  
COMPLEX 27 26 0 .0000 0 .0000 87 .8154 
END GEOM 
END GEMER 

1  1  1 0 . 0  0 . 0  0 . 0  
1 1 . 7 5  r n c h  - c e n t e r s  
3 3 1  29 .8450 2 9 . 8 4 5 0  0 . 0  
l n c h  - c e n t e r s  
3  3  1  29 .8450 2 9 . 8 4 5 0  0 . 0  
body:  1 1 . 1 5  inch - c e n t e r s  
3 3  1  29 .8450 2 9 . 8 4 5 0  0 . 0  

1  1 1  0 . 0  0 . 0  0 . 0  
1 1  1 0 . 0  0 . 0  0 . 0  
1 1  1 0 . 0  0 . 0  0 . 0  
1  1  1 0 . 0  0 . 0  0 . 0  

s i n q l e  u n i t  
1  1  1 0 . 0  0 . 0  0 . 0  

Figure 6 . 2 5 ~  - Sample input file = S55-486.in 
2002 NPC,HET L a t , F R a d  0 . 3 8 1 0 , U ( 5 . 0 0 ) 0 2  MASS=55.0kq,WTE=4.86,MlxHt- 7 9 . 6 4 5 ~ 1 ~  

200 / *  # BATCHES 
2000 / *  # NEUTRONS PER BATCH 

10 / *  # BATCHES TO SKIP 
0  / *  I INITIAL 'SEED' ( I F  NON-ZERO1 
0  / * # ' I D U M P '  
1  / *  d 'NRSTRT' 
0  / *  # 'NBTLD' (\ION-ZERO I S  PRINT EDITS) 
0  / *  # 'KRFO' (NJMBER OF COMBINED RLGIONS I N  EDITS) 

0  7 9 3  0  0  
\rSXSEC\U02\GLIOL- 5 0 . 0 0  
\CSXSEC\NOU\GNOU-0.SS 

KENO GEOM 
0  / *  
0  / *  
1  / *  

1 / *  
0  / +  
0 . 0  

BOX TYPE 
INTERS 
CUBOID 
BOX TYPE 
CYIIINDER 
CYLINDER 

' KREFM' 
' NBOX ' 
' NBXMAX ' 
'NBYMAX' 
'NBZMAX' 
'NXX' 
'NTYPST' 
' NEMBRG ' 
' NGMCHK ' 

0 . 0  0 .0  0 . 0  0 . 0  0 . 0  
1 / *  17Y17 pe l l e t ,  var. WIP 
6 5 .439161 0 .760649 0 .391000 1 1 . 0 0  3 0 . 4 8  -30 .48  16'0.5 
1  0.419161 -0 .439161 0 .760649 -0 .760649 30 .48  - 3 0 . 4 8  16'0.5 
2  /' inner r a n l s t c r :  bo t tor r  f u e l - r e y l o n  # 1  w /  gap: body a s s y  

- 1  1 0 . 8 1 4 1  0.3175C 0 .30  1 6 * 0 . 5  
L 1 0 . 9 2 3 3  0  3175C 0.90 l t i "0 .5  

CYLINDER 0  12 .40920 0  3175C 0 .30000 16'0.5 
CYLINDER 2 12 .40920 0 . 3 1 7 5 0  -0 .44700 16'0.5 
CYLINDER 2 12 .46120 0  3175C -0 .44200 16 .0 .5  
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BOX TYPE 3 / *  I n n e r  c a n l s t e l :  f u e l - r e q l o n  # 2 .  budy a s s y  
CYLIYDER -1 10 .8141 25 .46350 0 .00  1 6 * 0 . 5  
CYLIUDEK 2 10 9733 15 .46350 0 .00  16'0.5 
CYLIYDER 3 10.96140 1 5 . 4 6 3 5 0  0 .00000 1 6 - 0 . 5  

CYLIVDER / 12 46120 L5 46350 0 .00000 16-0  5  
CYLINDER 0 11 .70000 25 .46350 0 .00000 16 '0 .5  
CYLINDFR 2  12 .76350 25.4635C 0 .00000 16*0.5  
BOX TYPE 4  I *  I n n e r  Canister. f u e l  r p o l o n  # 3:  0 . 1 5  ~n c d  a a o :  bodv d s s v  - .  
CYLINDER -1 10 .8141 0 .38100 0 . 0 0  L6*0.5  
CYLINDER 2 10 .9233 0.3810tI 0 .00  16*0.5  
CYLINDFR 0  10  96140 0.3810C 0  00000 16 '0 .5  
CYLINDER 
CYLINDER 
CYIIINDER 
CYLINDER 
BOX TYPE 5  / *  l n n e r  c a n l s t e r :  f u e l  r e a i o n  # 4 :  bodv a s s v  
CYLINDER - 1  10 .8141 25.4635C 0 . 0 0  1 6 * 0 . 5  
CYLINDER 2 10 .9233 25.4635C 0 .00  1 6 * 0 . 5  
CYLINDER 3 10 .96140 25.4635C 0 .00000 16*0.5  

CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE b  /' i n n e r  c o n i s t a r :  f u e l  r e o i o n  t 5 :  0 .15  i n  c d  oaD: bodv a s s v  - - 
CYLINDER -1 10 .8141 0.3810C 0 .30  16'0 5 
CYLINDER 2 10 .9733 O.381OC 0 .00  16 '0 .5  
CYlrIWDIR 0  10.Y6140 0.30lOC 0 .00000 1 6 * 0 . 5  
CYLINDEK 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE '1 I *  i n n e r  c a n i s t e r :  f u e l - t e q i o n  # 6:  body a s s y  
CYLINDER -1 1 0 . 8 1 4 1  21.3384C 0 . 3 0  1 6 * 0 . 5  
CYLINDER 2 1 0 . 9 2 3 3  21.3384C 0 . 3 0  1 6 * 0 . 5  
CYLINDER 3 10 .96140 21.3384C 0.3000ll 16'0.5 
CYLINDER 
CYIJNDER 2 12.46120 21.3384C 0 .70000 16'0.5 
CYLINDER b 1 2 .  10000 21.3384C 0 .30000 16'0.5 
CYLINDER 2 12.'16350 21  3384C 0 .30000 16'0.5 
BOX TYPE 8  / *  Inner c a n l s t e r :  f u e l  r e o l o n  # 7 .  bodv ass" . . 
CYLINDER -1 10 .8141 3 . 4 9 2 5 0  0 . 3 5  1 6 * 0 . 5  
CYLINDER 2 10 .9233 3.4925C 0 .00  16'0.5 
CYLINDER 3 10 .96140 3 .4925C 0.1)0000 1 6 * 0 . 5  
CYLINDER 4 12.40920 3.4925C 0 .10000 16'0.5 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 

2  12 .46120 7 . 4 9 2 5 0  0 .00000 1 6 * 0 . 5  
0  12 .70000 3 . 4 9 2 5 0  0 .00000 16 '0 .5  
2  12 .76350 3 .49250 0 .00000 16 .0 .5  
9 / *  i n n e r  c a n i s t e r :  f u e l  r e q i o n  # 8:  l i d  s s s y  

CYLINDER - 1  10 .8141 0 . 6 3 7 5 0  0 . 0 6  1 6 * 0 . 5  
CYLINDER 2 10 .9233 0 .63250 0 .00  16 '0 .5  
CYLINDER 3 10 .96140 0 .63250 0 .30000 16*0 5 
CYLINDER 4 12 .40920 0 .6325C 0.00000 1 6 * 0 . 5  
CYLINDER 2 12.46170 0 .63750 0 .00000 1 6 * 0 . 5  
CYLINDER 0 1 2 .  10000 0  63250 0.00000 16*0 5  
CYLINDER 2 11.76350 0 .63250 0 .00000 1 6 + 0 . 5  
BOX TYPE 10 I *  I n n e r  c o n r s t e r :  f u e l - r e g i o n  # 9 w /  gap: l l d  a s s 9  
CYLINDFR -1 10 .8141 0 .31750 0.30 16'0 5  
CYLINDER 1 1 0 . 9 2 3 1  0 .31750 0.00 16 .0 .5  
CYLINDER 0 1 2 . 4 0 9 2 0  0 .31750 0 .00000 1 6 * 0 . 5  
CYLINDER I 12 46120 0 .31750 0.00000 16*0 5  
BOX TYPE 11 I *  i n n e r  c a n i s t e r :  f u e l  r e g i o n  # I 0  w /  r i n g :  l i d  a s s y  
CYLINDER -1 1 0 . 8 1 4 1  0 .44200 0.0E - 16 '0 .5  . -  - 
CYLINDER 7 10  9233 0 .44200 0.00 1 6 * 0 . 5  
CYLINDER 2 12 .40970 0 , 4 4 2 0 0  0 .00000 1 6 * 0 . 5  
CYLINDER 2 1 2 4 6 1 2 0  0 .44200 0.0000O 1 6 * 0 . 5  
Box TYPE 1 2  / '  i n n e r  c a n i s t c r :  f u e l - r e q l o n  # l l  w /  t o p :  l i d  a s s y  
CYLINDER -1 1 0 . 8 1 4 1  1 . 4 1 5 9 9  0 .00  16.0.5 
CYLINDER 0 1 0 . 8 1 4 1  1 .78050 (1.00 1 6 * 0 . 5  
CYLINDER 2 1 0 . 9 2 3 3  1 .91640 0 .00  16'0.5 --- - -  

CYLINDER 
BOX TYPE 

1 2 . 4 0 9 2 0  1 .91640 0 .00000 1 6 * 0 . 5  
/ *  i n n c r  c a n i s t c r  c u b o i d :  body s e c t i o n  ( 7 #  r e g i o n )  
12 .7636 -12 .7636 12 .1536 -12 .7636 73 .3450 -0 .5055 16 '0 .5  
/ i n n e r  c a n i s t e r  c u b o i d :  body s e c t i o n  I406 r e g i o n )  
1 2 . 7 6 3 6  -12 .7636 12 .7536 -12 .7636 3 .49266 0 .0000 16 '0 .5  
/ *  r n n e r  c a n i s t e r  upper c y l i n d e r :  l i d  s e c t i o n  
1 2 . 7 6 3 6  3 .30840 0 . 0 0 0 0  1 6 + 0 . 5  
/ *  toar c u t o u t  l u a ~ d )  - 40 # / f t 3  Eoaa  l i d  s e c t i o n  

CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CYLINDER 
BOX TYPE 
CYLINDRR 
BOX TYPE 
CUBOID 

13.5510 3 .30840 0 . 0 0 0 0  16*0.5  
/ *  npc body o r  lid - 10 g a .  3 0 4 s s  l d y e r  
54 3681 -54.3687 54 3387 -54 3687 0  31240 0  0000 16'0 5  
/ *  npc body o r  l r d  - I  r n c h  d u r a b o a r d  ( v o l d l  l a y e r ,  10 g a .  3 0 4 s s  
51 .5163 51 .5167 5 1 . 5 1 6 3  -51 .5163 7 .54700 0.0000 16'0.5 

BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
BOX TYPE 

54.0563 -54 .0563 5 4 . 0 5 6 3  - 5 4 . 0 5 6 3  2 .54300 0 . 0 0 0 0  1 6 * 0 . 5  
54 .3687 -54.368'1 54 .3687 - 5 4 . 3 6 8 7  2 .54300 0 .0000 16'0.5 
/+  npc body - 4 i n c h  b o t .  foam l a y e r  ( 1 1  X I f t 3 )  - f a c e  b u r n  
42 .6086 -42 .6086 42 .6086 -42 .6086 0 . 0 0 3 0 0  0 . 0 0 0 0  l 6 * 0 . 5  
54 .0563 -54 .0563 54 .0563 - -54 .0563 0.00:100 -7 .6200 1 6 * 0 . 5  
54.3687 -54 .3587 54 .3687 -54 .3687 0.00300 -7 .6200 1 6 * 0 . 5  
/ *  npc body - 29.0750 i n c h  foar l a y e r  ( 7 . 1 1  # / f t 3 )  - f a c e  b u r n  
42 .6086 -42 .6086 42 .6086 -42 .6086 7 3 . 8 5 3 5 0  0 .0000 1 6 * 0 . 5  
42 .6086 -42 .6086 42 .6086 -42 .6086 73 .85050 0 .0000 16'0.5 
54 .0563 -54 .0563 54 .0563 -54 .0563 7 3 . 8 5 3 5 0  0 .0000 16'0.5 
54 .3687 -54 .3687 54 .3687 -54 .3687 '13.85050 0 .0000 16'0.5 
/ npc b o d y  - 1 . 3 7 5  i n c h  f o a n  l a y e r  (40  #/ft3) - f a c e  b u r n  
42 .6086 -42 .6086 42.6086 -42 .6086 3 . 4 9 7 5 0  0 .0000 16'0.5 

CUBOID 
cUB0:D 
CUB0:II 
BOX TYPE 

CUBOID 
CUBOID 
CUB0:D 
BOX "YPF 
CUBOID 
CVB0:D 
CIIBOID 
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BOX "YE 
CUBOID 
BOX TYPE 

BOX TYPE 
CUBOID 
COBOID 
CUBOTD 
BOX "YFE 
CUBOIrn 
BOX -YPE 
CUBOID 
BOX TYPE 
CUBOID 

22 / *  npc  body - 3 0 . 4 5  i n c h  t w o - p o r t  body 
0  54 .3687 5 4 . 3 6 8 7  54 .3687 -54 .3687 17 .34300 0 .0000 16'0.5 

2 3  / *  npc  l i d  - 1 . 3 7 5  i n c h  foarr l a y e r  140 P / f t 3 )  - l i d  b u r n  
0  4 3 . 8 9 6 3  -43 .8963 43 .8961 - 4 3 , 8 9 6 3  3 .49250 0 .0000 1 6 ' 0 . 5  
I1 5 4 . 0 5 6 3  -54 .0563 54 .0563 -54 .0563 3 .49250 0 .0000 1 6 * 0 . 5  
2 54 .3687 -54 .3887 54.368'7 -54 .3687 3 .49250 0 . 0 0 0 0  16'0.5 

24 / *  npu l i d  - 3.5  inctl foan. l a y e r  ( 1 5  # l f t 3 )  - l i d  b u r n  
0  43 .8963 -43 .8963 43 .8963 -43 .8963 2 .54000 0 . 0 0 0 0  16*0.5 
0 5 4 . 0 5 6 3  -54 .0563 54 .0563 - 5 4 . 0 5 6 3  8 .89000 0 .0000 1 6 * 0 . 5  
2 54 .3687 -54 .3687 54 .3687 - 5 4 . 3 6 8 7  8 .89000 0 .0000 16'0.5 

2 5  /' c o r r p l e t e  npc - body a s s e v b l y  
0  5 4 . 3 6 8 8  -54.3688 54 .3688 - 5 4 . 3 6 8 8  87 .81540 0 .0000 16'0.5 

2 6  / *  c o m p l e t e  n p c  - l i d  a s s e r h l y  
0  54 .3688 -54 .3688 54.3688 - 5 4 . 3 6 8 8  15 .23390 0 .0000 1 6 * 0 . 5  

27 / *  npo s i n g l e - u n i t  c u b o i d  
0  5 4 . 3 6 8 8  .-54.3688 54.3688 - 5 4 . 3 6 8 8  103.0500 0 .0000 16*0.5  

BOX TYPE 28 / *  g l o b a l  u n l k :  2N=150:5xSx6 c u b c r d ,  30 .48-ce  h20 r e f l .  
C[IBOID 0  271.844 -271.844 271.844 -271.844 618.3020 0 .0000 1 6 * 0 . 5  
CUBOID 6 302.324 -302.324 302.324 -302.324 648.7820 -30 .4800 16 '0 .5  
- ~ - -  - - -  

BEGIN COMPLEX 
/ *  b u i l d  i n n e r  c a n i s t e r  - r a i n  body sections ( 1  # / f t 3  r e g l o n )  
COMPLEX 1.3 % U.00000 0 .00000 0 .00000 1 1  1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  3 0.00000 0 .00000 0 .31750 1  1 1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  4  0 .00000 0 .00000 2 5 7 8 1 0  1  1  1  0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  5  0 .00000 Q . O O O O O  26 .1621 1  1 1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  6  0 .00000 0 .00000 51 .6256 1  1  1  0 . 0  0 . 0  0 . 0  
COMPLLX 1 3  7  0  00000 0 .00000 52 0065 1  1 1  0  0  0 . 0  0 . 0  
/ *  b u l l d  r n n c r  c d n r s t e r  - u p p e r  b o d y  s e c t i o n  (40  # / f t 3  s e c t i o n )  
COMPLEX 14 8  0 .00000 0 .00000 0 . 0 0 0 0 0  1  1  1  0 . 0  0 . 0  0 .0  
/ *  build l n n e r  canister - l l d  s e c t l o n  

COMPLEX 1 5 1 0  0 .00000 0 . 0 0 0 0 0  0 . 6 3 7 5 0  1 1 1  0 . 0  0 . 0  0 .0  
COMPLLX 1 5  11  0  00000 0  00000 0  95000 1 1 1 0 O 0 . 0  0 . 0  
COMPLEX 1 5  12 0 .00000 0 . 0 0 0 0 0  1 .39700 1 1  1 0.0  0 .0  0 . 0  
/ *  e n b e d  3 x 3  n r r a v  of  c a n i s t e r s  i n t o  l i d :  1 1 . 7 5  i n c h  - c e n t e r s  
COMPLEX 1 6  1 5  -2918450 -29 .8450 0 . 0 0 0 0 0  3 3 1  29 .8450 2 9 . 8 4 5 0  0 . 0  
/ *  embed 3x3 o r n a y  of £oar ,  c u t - o u t s :  1 1 . 7 5  i n c h  - c e n t e r s  
COMPLEX 2 3  16  -29 .8450 -29 .8450 0 . 0 0 0 0 0  3  3  1  29 .8450 2 9 . 8 4 5 0  0 . 0  
/ *  e r b c d  7 x 3  a r r a y  oi c a n i s t e r s  i n t o  i n n e r  body: 1 1 . 7 5  i n c h  - c e n t e r s  
COMPLEX 20 13 -29 .8450 -29.H450 0 .50550 3  3  1  29 .8450 29 .8450 0 . 0  
COMPLEX 21 14 -29 .8450 -29 .8450 0 .00000 3  3 1  29 .8450 29 .8450 0 . 0  
/i embed t-wo-part body s e c t i o n  s t a c k u p  
COMPIlEX 2 2 2 0  0 .0000 0 .0000 0 .00000 1 1 1  0 .0  0 .0  0 . 0  
COMPLEX 1 2 2 1  0 .0000 0 . 0 0 0 0 7 3 . 8 5 0 5 0  1 1 1  0 .0  0 .0  0 . 0  
/ *  b u i l d  npc  - body d s s e r r b l y  
COMPLEX 2 5  1'1 0.0000 0 .0000 0 .00000 1 1 1 0.0  0 . 0  0 . 0  
COMPLEX % ! , I 8  0.0000 0 .0000 0 .31240 1  1 1  0 .0  0 . 0  0 . 0  
COMPLEX 2 5  19  0.0000 0 .0000 10 .4724 1 1 1 0 . 0  0 . 0  0 . 0  
COMPLEX 2 5  22 0 .0000 0 .000d 10 .4724 1  1 1 0.0  0 . 0  0 . 0  
/ *  b u i l d  npc - l i d  a s s u w b l y  
COMPLEX 26 23 0 .0000 0 .0000 0 .00000 1  1  1 0.0  0 . 0  0 . 0  
COMPLEX 2b 24 0 .0000 0 .0000 3 .49250 1  1  1  0 .0  0 . 0  0 . 0  
COMPLEX 2 b  18 0.0000 0 .0000 12 .3825 1 1 1  0 . 0  0 . 0  0 .0  
COMPLEX 2 6 1 7  0 .0000 0 . 0 0 0 0  14 .9225 1  1 1  0 .0  0 . 0  0 . 0  
/ *  c o m p l e t e  n p c  s t a c k u p  - s i n g l e  a n i t  
COMPLEX 2 7 2 5  0 .0000 0 .0000 0 .00000 1  1 1  0 .0  0 .0  0 . 0  
COMPLEX 27 26  0 .0000 0 .0000 87 .8154 1  1 1 0 .0  0 .0  0 . 0  
/ *  ewhed 5 x 5 ~ 6  c l o s e d  p a c k e d  a r r a y  
COMFLEX 2 8  27 -217.475 -217.475 0 .00000 5  5  6 1 0 8 . 7 3 8  1 0 8 . 7 3 8  1 0 3 . 0 5  
END GEOM 
END FEMER 
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C. Heterogeneous 46 Kg UOn Rod Lattice Cases 

Figure 6.26a - Sample input file = MTSL-540.in 
2002 NPC SC,HET Lat,FRad 0.1270, 46.0kg 3(5.00)02,WTF=5.40,Mixlit-72.751cm 

200 / '  # BATCHES 
2000 / *  # NEUTRONS PER BATCH 

10 i* # BATCHES TO SKIP 
0 / +  # INITIAL 'SEED' (IF NON-ZERO) 
0 / ' # 'IDUMP' 
1 / *  # 'NRSTRT' 
0 / *  R 'NBTED' INON-ZERO IS PRINT WITS) 
0 / *  % 'KRED' (NUMBER OF COMEINED REGIONS IN EDITS) 

0 293 0 0 
\CSXSEC\U02\GUO2-50.00 
\CSXSEC\NOU\GNOU-0.SS 
\CBXSEC\IOL'\GNiLI-1 .CA3 
\::SX4El:\hC' ' :.YC':-'. POL C . 1; 
t.:SXSEC. s 1 3 U  s:;X2L'-:. k'L I :' . 90 

\CSXSEC\NOU\GNOU-0.WAT 1.00 
KENO GEOM 

0 /' 'KREFM' 
0 / *  'NBOX' 
1 / *  'NBXMAX' 
1 / '  'NBYMAX' 
1 / *  'NBBMAX' 
1 / "  'NXX' 
1 I +  'NTYPST' 
1 / +  'NEMBRG' 
O / *  'NGMCHK' 
0.0 0.0 0.0 0.0 0.0 0.0 

BOX TYPE 1 / *  0.100 pellet, var. W I E  
CYLINDER 1 0 177000 30.48 -30 43 16'0.5 
CUROLD 6 0.284734 -.284734 0.>84734 -.284734 30.48 -30.48 16*0.5 
ROX TYPE L / *  inner caninter: bottom foe1 raqion # 1 w /  qan: budv assv 
CYLINDbR -1 10.8141 0.31750 0.00 -16~0.5 
CYLINI>ER L 10.9233 0.31150 0.00 16.0.5 
CYLINDER 0 11.409%0 D.31750 O.UOOO0 16*0.5 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 3 / *  Inner c~inrnier: foe1 reqlon # 2: bodv assv . . 
CYLINDER -1 10.8141 75.46350 0.00 . 16'0.5 ..- - 
CYLINDER / 10.9217 25.46350 0 00 16'0.5 
CYLINDER 3 10.96140 25.46350 0.00000 16'0.5 
CYIAINDER 4 12.40920 25.46350 0.00000 16*0.5 
CYLINDER 
CYLINDER 0 12. 10000 75.46350 0.00000 16*D.5 
CYLINDER 2 12.76350 25.46350 0.000f)O 16*0.5 
BOX T P E  4 / *  lnner canlster fuel rcglon % ? 0.15 In cd gdp body assy 

- - -  - 

CY1,INDER Z 10.9233 0.38100 0.00 16*0.5 
CYLINDER 0 10.96140 0.38100 0.00000 16*0.5 
CYLINDER 4 12.40920 0.38100 0.00000 16'0.5 
CYLINDER 2 12.46120 0.38100 0.00000 16'0.5 
CYLINDER 0 12.~70000 0.38100 0.00000 16*0.5 
CYLINDER 2 12.76350 0.38100 0.00000 16*0.5 
BOX T P E  5 5 %  inner canister: fuel-region # 4: body assy 
CYLINDER -1 10.8141 25.46350 0.00 16*0.5 
CYLINDER 2 10.9233 25.46350 0.00 16*0,5 - - 

CYLINDER 1 10 96140 25 46350 0 00000 16*0.5 
CYLINDER 4 12.40920 75.46350 0.00000 16*0.5 
CYLINDER 7 12.46110 25.46350 0.00000 16'0.5 
CYLINDER 
CYLINDER 2 19.76350 25.46350 0.00000 16'0.5 
BOX TYPE G / *  Inner canrster: fuel-rcqion # 5: 0.15 In cd gap: body assy 
CYLINDER -1 10.8141 0.38100 O 00 16*0.5 
CYLINDER 2 10.9233 0.38100 0.00 16'0.5 - - - -  - -  

CYLINDER 0 10.96140 0.38100 0.00000 16*0.5 
CYLINDER 4 12.40920 0.38100 0.00000 16*0.5 
CYLINDER 2 1%.461%11 0.38100 0.00000 16'0.5 
CYLINDER 
CYLINDER 1 12 76350 0.38100 0 00000 16+0.5 
BOX TYPE I / '  rnncr canlster: fuel-reglon # 6: body assy 
CYLINDER -1 10.8141 20.74445 0.00 16'0.5 
CYLINDER I1 10.8141 21 33840 0.00 16'0 5 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYLINnER 
CYLINDEH 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 

2 10.9233 21.33840 0.00 16'0.5 
3 10.96:40 21.33840 0.00000 15'0.5 
4 12.40YZO 21.33840 0.00000 16*0.5 
% 12.46:20 21.33840 0.0OOUO 16*0.5 
0 12.70000 21.33840 0.00000 16*0.5 
2 12.76350 11.33840 0.00000 16-0.5 
8 / *  rnner canlster: fuel-region # 7: body assy 
0 10.8141 3.49250 0.00 16*0.5 
2 10.3233 3.49250 0.00 16'0.5 
3 10.96140 3.49250 O.OQ000 16*0.5 
4 12.40920 3.49250 0.00000 16*0.5 
2 12.46120 3.49250 0.00000 16*0.5 
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BOX TYPE 9 / +  i n n e r  c a n i s t o r :  f u e l - r e g ~ o n  # 8:  l i d  a s s y  

0 . 6 3 2 5 0  0 . 0 0  16'0.5 
0 .63250 0 . 0 0  1 6 * 0 . 5  
0 .63250 0 . 0 0 0 0 0  16*0.5  

CYLINDER 
CYLINDER 2 1 2 . 4 6 1 2 0  

0  12 .76000 
2  12 .76350 

10  / *  i n n e r  

CYLINDER 
CYLINDER 
BOX T Y P I  a s s y  c a n l s t e r :  f u e l  r e u l o n  W 9  w /  uav: l i d  
CYLINDEK 

BOX TYPE 1 1  / *  i n n e r  c a n l s t e r :  f u e l  r e g i o n  #10 w /  r l n g :  11 
0.44200 0 . 0 5  16'0.5 
0 . 4 4 2 0 0  0 . 0 0  1 6 * 0 . 5  
0 .44200 0  00000 16 '0 .5  

CYLINDER 0 .44200 0 . 0 0 0 0 0  16.0.5 
c a n l s t e r ,  f u e l  r e q l n n  # 1 1  w /  t o p :  l i d  

1 .78050 0 . 0 5  16'0.5 
1 .91640 0  00 16'0.5 

assy 

CYLINDER 
BOX TYPE 
CUBOID 
BOX TYPB 

1 2 . 4 0 9 2 0  1 .91640 0 .00000 1 6 * 0 . 5  
/ *  i n n e r  c a n i s t e r  c u b o i d :  b a d y  s e c t l o n  ( I #  r e g l o n )  
12.'1636 -12 .7636 12 .7636 -12 .7636 '73.3450 -0 .5053 1 6 * 0 . 5  
/ *  i n n e r  c a n l s t n r  c u b o i d :  b a d y  s e c t i o n  ( 4 0 #  r e g i o n )  
1 2 . i 6 3 h  -12 .7636 1 2 . 7 6 3 6  - 1 2 . 7 6 3 6  3 .49260 0.0000 1 6 * 0 . 5  
/ *  i n n e r  c a n i s t e r  u p p e r  c y l i n d e r :  l i d  s e c t i o n  
1 2 . 7 6 3 6  3 .30840 0 .0000 1 6 ' 0 . 5  
/ *  foam c u t o u t  ( v o i d )  - 40 # / f t 3  foam l i d  s e c t i o n  
1 3 . 5 5 1 0  3 .30840 0 .0000 1 6 + 0 . 5  
/i rlpc body o r  11d - 10 ga. 3 0 4 s s  l a y e r  
54 .3687 -54 .3687 54 .3687 -54 .3687 0 .31240 0 . 0 0 0 0  16'0.5 
' n v c  bodv o r  l i d  - 1 i n c h  d u r a b o a r d  i v o i d l  l a v e r .  1 0  oa. 3 0 4 s s  

CUBOID 
BOX TYPE 
CYIilNDER 
BOX TYPB 
CYLINDER 
BOX TYPE 
CURQID 
BOX TYPE: 
CUBOID 
CUROID 
CIlBOID 
BOX TYPE / ^  n o c  bodv - 4  i n c h  b o t .  foarr l a v e r  I11 # / f t 3 1  - f a c e  b u r n  
CUBOID 
CIJBOID 
CIJBOID 
BOX TYPE / *  noc  bodv - 23.0750 l n c h  f o a r  l a v e r  17.11 # / i t 3 1  - f a c e  b u r n  
CllBOIU 
c u B c r u  
CUBCID 
CUBCID 
BOX TYPE 
CUBOID 
ClIBOID 

/' npL body 1 . 3 7 5  I n c h  foarr l a y e r  (40 # / f t 3 1  - f a c e  b u r n  
41 .6086 -42 .6086 42 .6086 -42 .6086 3 . 4 9 2 5 0  0 .0000 16.0.5 
54 0563 -54 .0563 54 0563 -54 0 5 6 3  3  49250 0  0000 1 6 + 0  5  
54 .3687 -54 .3687 54 .3687 -54 .3687 3 . 4 9 2 5 0  0 .0000 16'0.5 CUBOID 

BOX TYPE / *  n o c  bodv - 3 0 . 4 5  i n c h  t.wo-aart b o d v  
CUBOID 
BOX TYPE 
CUBOID 

5 4 . 3 & 7  54:3687 54 3637 -54 .5607 7 7 . i 4 3 0 0  o . o o o o  i 6 * 0 . 5  
/ *  n p c  l r d  - 1 . 7 7 5  r n c h  £ o m  l a y e r  (40  t l f t 3 )  - l r d  b u r n  
43 .8963 4 3 . 8 9 6 3  43 .8963 -43 .8963 3 .49250 0 .0000 16'0.5 

CUBOI D 
CUBOID 
BOX TYPE 
CUBOID 
CUBOI D 

5 4 . 3 6 8 1  -54 .3687 54.3681 -54 .3687 3 .49250 0 .0000 16'0.5 
/ +  npc  l i d  - 3 .5  l n c h  £ o a r  l a y e r  ( 1 5  W / f t 3 )  - l i d  b u r n  
43 8963 -43 8963 43.8963 -43 .8963 2 .54000 0  0000 16'0 5  

CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 

2  54 .3687 -54 .3687 54.3687 - 5 4 . 3 6 8 7  8 .89000 0 . 0 0 0 0  1 6 * 0 . 5  
7 5  / *  c o m p l e t e  n p c  - body a s s e m b l y  
1 1  54 .3688 -54 .3688 54.3688 - 5 4 . 3 6 8 8  87 .81540 0 .0000 16'0.5 
76  / *  cornDlete n p c  - l l d  a s s e r r b l v  

CUBOID 
BOX TYPR 
CUBOI D 

2.7 / *  n p c  w a t e r  r e f l e c t e d  s i n g l e - u n i t  
0  54 .3688 -54 .3688 54 .3688 -54 .3688 163.C503 0 .0000 1 6 * 0 . 5  
6  84 .8488 -84 .3488 84 .8488 -84 .8488 1 3 3 . 5 3 0 3  -30 .4800 1 6 * 0 . 5  CUBOID 

BOX TYPE 28  / *  g l o b a l  u n i t :  2N=150:5x5x6 c u b o i d ,  3C.48-crr. h2o  r e f l .  
CUBOID 0  271.844 -271.844 271.844 -271.844 618.1020 0 .0000 16.0.5 
CUBOID b 302.324 -302.324 302.324 -302.324 648.7820 -30 .4800 16 '0 .5  
27 1 1 1  1 1 1  1 1 1  1  
BEGIN COMPLEX . - - - - - - - 

/ *  b u i l d  i n n e r  c a n l s t e r  - m i n  b o d y  s e c t r n n s  (7  #/ft3 region) 
COMPLEX 1 3  2 U.00000 0 .00000 0 .00000 1 1  1  0 .0  0 .0  0 .0  
COMPLEX 1 3  3  0 .00000 0 .00000 0 .31750 1 1  1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  4  0 .00000 0 .00000 25 .7810 1  1  1  0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  5  0 .00000 0 .00000 % 6 . 1 6 2 1  1  1  1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  6  0  00000 0  00000 51 .6256 1 1  1 0  0  0  0  0  0  
COMPLEX 1 3  7  0 .00000 0 .00000 52 .0066 1  1  1 0 . 0  0 . 0  0 . 0  
/ *  b u l l d  I n n e r  c a n l s t e r  - u p p e r  body section ( 4 0  t / f t 3  s e c t ~ o n )  
COMPLEX 14 8  0  00000 0  00000 0  00000 1  1  1  0  0  0  0  0 .0  
/ *  b u l l d  l n n e r  c q n l s t e r  - l l d  s e c r l o n  
COMPLEX 1 5  9  0 . 0 0 0 0 0  0 .00000 0 .00000 1  1  1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 5  10 0  00000 0 .00000 0 .63250 1 1 1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 5  1 1  0 .00000 0 .00000 0 .95000 1 I  1  0 .0  0 . 0  0 . 0  
COMPLEX 1 5  12 0 .00000 0 .00000 1 .39200 1  1  1  0 . 0  0 . 0  0 . 0  
/' m b e d  3 x 3  a r r a y  of  canrs te rs  lnto l x d  1 1  75  l n c h  - c e n t e r s  
COMPLEX 1 6  1 5  -29 .8450 -29 .8450 0 .00000 3 3  1 29.8450 29 .8450 0 . 0  
/' embed 3 x 3  a r r a y  o f  foam c u t - o u t s :  1 1 . 7 5  i n c h  - c e n t e r s  
COMPLEX 2 3  1 6  -29 .8450 -29 .8450 0 .00000 3  3  1 29.8450 29 .8450 0 .0  
* embed 3x3 a r r a y  of c a n i o t e r a  i n t o  i n n e r  body:  1 1 . 7 5  i n c h  -- c e n t e r s  
COMPLEX 20 1 3  -29 .8450 -29 .8450 0 . 5 0 5 5 0  3  3  1 29.8450 29 .8450 0 . 0  
COMPLEX 2 1  14  -29 .8450 -29 .8450 0 . 0 0 0 0 0  3  3  1  29 .8450 2 9 . 8 4 5 0  0 . 0  
/ *  embed t w o - p a r t  body s e c t L o n  s t a c k u p  
COMPLEX 22 70 0 .0000 0 .0000 0 .00000 1 1 1  0 . 0  0 . 0  0 . 0  
COMPLEX 2 2 2 1  0 .0000 0 . 0 0 0 0 7 3 . 8 5 0 5 0  1  1 1  0 . 0  0 . 0  0 . 0  
J' o u i l d  n v c  - bodv aoaemblv  
COMPLEX 25'1'7 0 .6000 0 .b000 0 .00000 1  1 I 0 . 0  0 . 0  0 . 0  
COMPLEX 25 1 8  0  0000 0  0000 0  31240 1  1  1  0  0  0  0  0  0  
COMPLEX 2 5 1 9  0 .0000 0 .0000 10 .4724 1 1  1  0 . 0  0 . 0  0 . 0  
COMPLEX 25 7 2  0  0000 0 0000 10  4724 1 1 1 0 0  0  0 0  0  
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/ *  build npc - Lld assenbly 
(.0M13LF,X 2623 0,0000 0.0000 0.00000 1 1 1 0.0 0.0 0.0 
COMPLEX 76 24 0.0000 0.0000 3.49250 1 1 1 0.0 0.0 0.0 
COMPLEX 26 18 0.0000 0.0000 1>.3825 1 1 1 0.0 0.0 0.0 
-- --- 
/ *  complete npc stackup - wdter reflected slngle unrt 
CoMrLxx 2725 0.0000 o.oooo 0.00000 1 I 1 0.0 0.0  0.0 

END GEOM 
END GEMER 

Figure 6.2613 -Sample input file = ABTL-49O.in 
2002 VPC IA,HET Iat,FRad=0.1270, 46 Okg U(5.00)02,WTF-4.90,M1xHt=67.067c~ 

200 / *  R BATCHES 
2003 / *  U NEUTRONS PER BATCH 
13 / *  % BATCHES TO SKIP 
3 / *  W INITIAL 'SEED' (IF NON-ZRRO) 
3 / +  % 'IDUMF' 
1 / *  # 'NRSTRT' 
0 / *  # 'NBTED' (NON-ZERO IS PRINT EDITS) 
0 / +  I 'KRED' (NUYBER OF COMRlNED REGIONS IN EDITS) 

0 293 0 0 
\CSXSEC\UOl(GU02-50.00 

\CSXSEC\NOU\GNOU-O.m7 0 90 
\CSXBEC\NOU\GNOU-0.WAT 
\CSXSEC\NOU\GNOU-O.El1 0.90 
\CSXSEC\NOU\GNOU-0.F15 0.90 
\CSXSEC\NOU\GNOU-0.F40 0.90 
\CSXSEC\NOU\GNOU O.ORC 
\CSXSEC\NOU\GNOU-0 WAT 0.0001 
KENO 3EOM 

0 / *  'KREF'M' 
0 /' 'NBOX' 
1 / *  'NBXMAX' 
1 / *  'NBYMAX' 
1 / *  'NBZMAX' 
1 / *  'NXX' 
1 /' 'NTYPST' - - - - -  

1 /' 'NEMBRG' 
0 / *  'NGMCHK' 
-1.0 -1.0 -1.0 -1.0 -1.0 -1.0 

BOX TYPE 
INTERS 
CUBOID 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 

/ *  0.1011 pellet, v&r. W/I 
0.146886 0.254013 0,127000 tl.OO 30.48 -30.48 16*0.5 
0 146886 -.I46886 0 254413 - 254413 30.4H -30.48 16'0 5 
/' lnner canlstrr. bottom fuel regron # 1 w/ gap: body ass)  

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
ROX TYPE 
CYLINDER 
CYLINDER 

/ *  inner canister: fuel reqlon # 2: body assy 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER ii:iooi~ 25.46310 0.000oo 16'0.5 

12.76350 15.46350 0.00000 16.0.5 
/ +  inner canister: fuel-region 1 3: 0.15 in cd gap: body assy 
10.8141 0.38100 0.00 16*0.5 

CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 

12.46120 0.38100 0.00000 16'0.5 
12 70000 0.381011 0.00000 16*0 5 
1 2 .  16350 0.38100 0 00000 16*0.5 
/ *  Inner c$nrstcr: fuel-rcglon # 4: body assy 
10 8141 25.46350 0.00 16'0 5 

BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 

10.9233 25.46350 0.00 16'0.5 
10.96140 25.46350 0.00000 16*0.5 
12.40920 25.46350 0.00000 16'0.5 
12.46120 25.46350 0.00000 16*0.5 
12:iOOOO 25.46350 0.00000 16'0.5 
12.76350 25.46350 0.00000 16*0.5 
/ *  inner canister: fuel-reqion # 5: 0.15 i:l cd gap: body assy 
10.8141 0.38100 0.CO 16.0.5 
10,9233 0.38100 0.CO 16*0.5 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 
CYL1NDF:R 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 

- -  - ~ -  

/ ' Inner canister: fuel-reg~on # 6: body assy 
10.8141 15.06078 0.00 16'0.5 
10.8141 21.33840 0.00 16*0.5 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
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BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 

8  /' i n n e r  c a n i s t e r :  f u e l - r e g i o n  d 7:  body a s s y  
0  10 .8141 3 .49250 0 . 0 0  1 6 * 0 . 5  

0  12 .70000 3.49250 0 .00000 16*0.5 
2 12.76350 3 .49250 0 . 0 0 0 0 0  16 '0 .5  
9 / *  i n n e r  c a n i s t e r :  f u e l - r e g i o n  X 8 :  l i d  a s s y  
0  10 .8141 0 .63250 0 . 0 0  16*0.5  

CYLINDER 0  12.70000 0 . 6 3 2 5 0  0 . 0 0 0 0 0  1 6 + 0 . 5  
CYLINDER 2 12.76350 0 .63250 0 .00000 16'0.5 
BOX TYPE 10  / *  i n n e r  c a n i s t e r :  f a e l - r e g i o n  # Y w/ g a p :  l i d  d s s y  
CYLINDER 0  1 0 . 8 1 4 1  0 .31750 0 .00  16'0.5 
CYLINDER 2  10.9233 0 . 3 1 7 5 0  0 .00  1 6 * 0 . 5  
CYLINDER 1 1  1%.40920 0.31.150 0 .00000 1 6 * 0 . 5  
CYLINDER 2  12 .46120 0 . 3 1 7 5 0  0 .00000 1 6 - 0 . 5  
BOX TYPE 11  / *  i n n e r  c a n i s t e r :  f u e l  r e g i o n  %10 w/ r i n g :  l ~ d  a s s y  
CYLINDER 0  1 0 . 8 1 4 1  0 . 4 4 2 0 0  0 . 0 0  1 6 * 0 . 5  
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYIJNDER 
CYLINDER 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CYLINDER 
BOX TYPE 
CYLINDER 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
cuaoIn 
CUBOIU 
BOX TYPE 

CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 

BOX TYPE 
CUBOID 
CUBOID 
CUBOII) 
BOX TYPE 
cuaoIn 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CUE01 D 
CUBOID 

2 12.409/ '0 0  44200 0 .00000 16'0 5  
2 12.46120 0 . 4 4 1 0 0  0 .00000 1 6 * 0 . 5  

12  / *  i n n e r  c r i n l s t e r :  f u e l  r e s l o n  % 1 1  w /  t o p :  l l d  o s s y  

2 1 0 . 9 2 3 3  1 . 9 1 6 4 0  0 .00  16'0.5 
1 1  12.40920 1 . 9 1 6 4 0  0 .00000 16*0.5  

1 3  / *  i n n e r  canister c u b o i d :  body s e c t i o n  ( I #  r e g i o n )  
5 12.7536 - 1 2 . 7 6 3 6  12 .7636 -12 .7636 7 3 . 3 4 1 0  -0 .5055 16 '0 .5  ~ - -  

14 7; i n n e r  c a n i a t ~ e r  c u b o i d :  body s e c t i o n  ( 4 0 #  r e g i o n )  
9  12 .7636 -12 .7636 12 .7636 -12 .7636 3 .49260 0 .0000 l h * 0 . 5  

1 5  / *  i n n e r  c a n i n t . e r  u p p e r  c y l i n d e r :  l i d  s e c t i o n  
1 1  12 .7636 3 .30840 0 .0000 16'0.5 
1 6  /*  fodm c u t o u t  ( v o i d )  - 40 t I f t 3  f o a v  11d s e c t i o n  
1 1  13 .5510 3.30840 0 .0000 1 6 * 0 . 5  
17  I *  noc  bodv o r  1:d - 10 s a .  3 0 4 s s  l a v e r  

2 54.36'8.1 -5413687 54 .3687--54 .3687 0;31240 0 .0000 1 5 * 0 . 5  
1 8  / *  npc body o r  1;d - 1  i n c h  d u r a b o a r d  ( v o i d )  l a y e r ,  10  g a .  3 0 4 s s  
11  5 1 . 5 1 6 3  -51 .5163 51 .5163 -51 .5163 2 .54000 0 .0000 1 6 * 0 . 5  
1 1  54 .0563 -54 .0563 54 .0563 - 5 4 . 0 5 6 3  2 .54000 0 .0000 16'0.5 

2  54.368'1 -54 .3687 54.368'1 -54.368'7 2 .54000 0 .0000 16'0.5 
1 9  I *  ripc body - 3  n c h  b a t .  £ o a r  l a y e r  (11 # / £ t 3 )  - f a c e  b u n  

I 5 1 , 5 1 6 3  -51 .5163 51 .5163 - 5 1 . 5 1 6 3  7.621100 0 .Q000 1 6 * 0 . 5  
11 54 .0563 -54 .0563 54.0563 - 5 4 . 0 5 6 3  7 . 6 2 0 0 0  0 .0000 1 6 * 0 . 5  
.. ...... .~ - ~ -  

20 J *  npc  body - 2 9 . 0 7 5 0  i n c h  f o a a  l a y e r  (7 , : l  # / f t 3 )  - f a c e  b u r n  
5  4 3 . 8 9 6 3  -43 .8963 43 .8963 -43 .8963 73 .85050 0  , 0 0 0 0  1 6 * 0 . 5  
7  5 1 . 5 1 6 3  -51 .5163 5 1 . 5 1 6 3  - 5 1 . 5 1 6 3  73 .85050 0 . 0 0 0 0  16'0.5 

11 54 0563 -54 .0563 54.0563 - 5 4 . 0 5 6 3  73 .85050 0 .0000 16.0.5 
2 34 .3687 - 5 4 . 3 6 8 1  54.3687 -54 .3687 73 .85050 0 .0000 1 6 * 0 . 5  

71  I *  npc body - 1 375 l n c h  f o a r  l a y e r  ( 4 0  # / E t 3 )  - f a c e  b u r n  
9 51 .5163 -51 .5163 51.5163 -51 .5163 3 .49250 0 .0000 1 6 * 0 . 5  

1 1  54 .0563 -54 .0563 54 .0563 -54 .0563 3 .49250 0 .0000 16.0.5 
2 54 3687 -54 3687 54 3681 -54 3687 7 49250 0  0000 16'0 5  

27 / *  npc body - 3 0 . 4 5  i n r h  t w o - p a r t  b o d y  
1 1  54 3681 -54  3687 54.3687 -54 .3687 17.34300 0 .0000 16'0.5 
/ ?  / *  noL l l d  - 1  315 ~ n c h  f o a r  l a v e r  (40  #/:t31 - l l d  b u r n  

24 / *  npc  l i d  -- 3 . 5  i n c h  foan. l a y e r  ( 1 5  # / i t 3 1  - l i d  b u r n  
9 5 1  . 5 1 6 3  -51 - 5 1 6 3  51 .5163 -51 .5163 8 .89000 0 .0000 16'0.5 

2 5  / +  c o r r p l e t s  npc - body a s s e r r h l y  
1 1  54 .3688 -54 .3688 54 .3688 -54 .3688 87 .81540 0 .0000 16'0.5 
76 /. c o v p l e t e  npc  - i l d  assernbly  
1 1  54 3688 54 3688 54 .3688 -54 3688 15 .23490 0  0000 1 6 * 0 . 5  
27 / ' npc  s l n y l e - u n i t  

0  54 .3688 -54 .3688 54 .3688 -54 .3688 1 0 3 . 0 5 0 3  0 .0000 16'0.5 
28 / +  g l o b a l  u n ~ t .  iN 1 5 0  5 x 5 ~ 6  c u b o l d ,  3 0 . 4 8 - c r  h2o r e f l .  

O 211 .844 -271.844 271.844 -211.844 618.3070 0 .0000 l h * 0 . 5  
6  309.324 -302.324 302.324 -302.324 648.7820 -30 .4800 16'0.5 

- - - -  

BEGIN COMPLEX 
/ *  b u i l d  i n n e r  c a n i s t e r  - main  body s e c t i o n s  ( 7  # / f t 3  r e g i o n )  
COMPLEX 1 3  2  0.00000 0 .00000 0 . 0 0 0 0 0  1  1  1  0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  3  0 .00000 0 .00000 0 . 3 1 7 5 0  1  1 1 0.0 0 . 0  0 . 0  
COMPLEX 13 4  0 .00000 0 .00000 25 .7810 1 1 1  0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  5 0  00000 0 .00000 2 6  1 6 2 1  1 1 1 0 . 0  0  0  0 0  
COMPLEX 1 3  6 0 .00000 0 .00000 51 .6256 1  1 1 0.0  0 . 0  0 . 0  
.. -- 
/ b u l l d  l n n e r  c a n ~ s t r r  - u p p e r  body s e c t l o r ,  ( 4 0  % / f t 3  s e c t l o n )  
COMPLEX 1 4  8 0 .00000 0 .00000 0 . 0 0 0 0 0  1 1  1  0 . 0  0 . 0  0 . 0  
/ *  b u i l d  i n n e r  c a n i s t e r  - l i d  s e c t i o n  

CiMPLEx 7 . 5 1 0  O . Q O O O O  o . o o o o o  0 . 6 3 2 5 0  1 1 I 0 . 0  0 . 0  0 . 0  
COMPLEX 1 5 1 1  0 . 0 0 0 0 0  0 . 0 0 0 0 0  0 . 9 5 0 0 0  1  1 1  0 . 0  0 . 0  0 . 0  
COMPLEX 1 5 1 2  0 .00000 0 . 0 0 0 0 0  1 . 3 9 2 0 0  1 1  1  0 . 0  0 . 0  0 . 0  
/' embed 3 x 3  a r r a y  of c a n i s t e r s  i n t o  l i d :  1 1 . 7 5  i n c h  - c e n t e r s  
COMPLEX 1 6  1 5  -29.8450 -29 .8450 0 . 0 0 0 0 0  3  3 1 29.8450 29 .8450 0 . 0  
/ +  e r b c d  3x3 a r r a y  uf f o a n  c u t - o u t s :  1 1 . 7 5  r n c h  - c e n t e r s  
COMPLEX 23  1 b  -29 .8450 -29 ,8450 0 . 0 0 0 0 0  3  3  1  29 .8450 29 .8450 0 . 0  
/ *  errbed 3x3 a r r a y  o f  c a n i s t e r s  i n t o  i n n e r  body:  1 1 . 7 5  i n c h  - c e n t e r s  
COMPLEX 20 1 3  -19 .8450 -29 .8450 0 . 5 0 5 5 0  3 3 1 29.8450 2 9 . 8 4 5 0  0 . 0  
COMPLEX 2 1  14  -29 .8450 -29 .8450 0 . 0 0 0 0 0  3  3  1 29.8450 2 9 . 8 4 5 0  0 . 0  
I *  embed t w o - p a r t  body s e c t i o n  s t a c k u p  
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COMPLEX 9 2  20 0 .0000 0 .0000 0 . 0 0 0 0 0  
COMPLEX 2 )  71 0 .0000 0  0000 13 85050 
/ *  b u l l d  rtpc - body a s s e m b l y  
COMPLEX 2 5  1 1  0 .0000 0 .0000 0 .00000 
COMPlEX 2 5  18 0  0000 0  0000 0  31740 
COMP1,EX 2 5  19  0 .0000 0 .0000 2 .85240 
COMPLEX 2 5  22 0 .0000 0 .0000 10 .4724 
/ *  b u l l d  npc  - l ~ d  a s s e m b l y  
COMPLEX 26  2 3  0 .0000 0 .0000 0 .00000 
COMPLEX 96  24 0 .0000 0 .0000 3 .49250 
COMPLEX 76  18 0.0000 0 .0000 12  3825 
COMFLEX L b  17 O.O'd00 0 .0000 1 4 . 9 2 2 5  
/ #  c o n p l ~ r e  n p r  n t a c k u p  - w a t e r  r e l l e c t e d  
COMPLEX 7 7  25 0  0000 0 .0000 0  00000 
COMPLGX 9 7  26 0 .0000 0 .0000 8 ' . 8 1 5 4  
END GEOM 
LND GEMER 

Figure 6 .26~  - Sample input file = BT46-600.in 
7002 NPC,HET L a t ,  Meld-0. 1 2 7 0 , U [ 5 . 0 0 ) 0 2  MPiSS-46.0kg, WTF=6.0O0M~xHt=79. 5 7 1 ~ ~  

200 I -  II B A T C B t S  
LOO0 / ' # NEUTRON5 PER BATCH 

10  / *  # BATCHES TO S K I P  
0  /' # I N I T I A L  ' S E E D '  [ I F  NON-ZERO1 
0 / *  P ' I D U M P '  
1 I*  # ' N R S T R T '  
a / *  # ' N B T E D '  IN:)N-ZERO IS P R I N T  EDITS)  
0 / *  # 'KRED'  (NUMBER O F  COMBINED REGIONS I N  E D I T S 1  

0  293 0  0  

KENO GEOM 
0  / *  

BOX TYPE 
I N T E R S  
CUBOID 
BOX TYPE 
CYLINDER 
CYLINDLR 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 
CY1,INDER 
CYLINDER 
CYLINDER 

'KREFM' 
' NEOX ' 
'NBXMAX' 
'NRYMAX' 
'NBZMAX' 
' NXX ' 
' N T Y P S T '  
'NEMBRG' 
' NGMCflK ' 

0 . 0  0.0 0 . 0  
1 / *  0.100 p e l l e t ,  var. WIF 
6  0.159994 0.2'71117 0 .127000 1 1 . 0 0  3 0 . 4 8  -30.4H 1 6 ' 0 . 5  
1  0 .159994 - . I 5 9 9 9 4  0 .277117 - .277117 3 0 . 4 8  -30 .48  1 6 * 0 . 5  
2 / *  i n n e r  canister: b o t t o r ,  f u e l - e e g ~ o n  # 1 w /  q a p :  body a! 

-1 10 .8141 0 .31750 0 . 0 0  1 6 * 0 . 5  

0  12 .70000 0 .31750 -0.44200 16 '0 .5  
2  12 .76350 0 .31750 -0 .50550 16'0.5 
.3 / *  i n n e r  canister: f u e l - r e g i o n  # 2 :  body a s s y  

-1 10 .8141 25.46350 0 .00  16'0.5 

CYLINDER 0  12 .70000 25 .46350 0 .00000 1 6 - 0 . 5  
CYLINDER 2 12.76350 75.46350 0 .00000 16 '0 .5  
BOX TYPF 4  / *  Inne r  c a n ~ , t c r  h i e l - r e r j l o n  % 3  0  1 5  111 cd q a p .  bodv 
CYLINDER -1 10 .8141 0 .38100 0 .00  1 6 + 0 . 5  
CYLINDER ? 10.9733 0 . 3 8 1 0 0  0 00 1 6 * 0 . 5  
CYLINDFR 0  10  96140 0  18100 0  00000 1 6 * 0 . 5  
CYLIN1)ER 4 12.40920 0 .38100 0 .00000 1 6 * 0 . 5  
CYLINDER 2 12 .46120 0 .38100 0 .00000 16 '0 .5  - - - -  

CYLINDER 0  12.70000 0 .38100 0 .00000 16'0.5 
CYLINDER 2 12.'16350 0.38100 0.00000 1 6 * 0 . 5  
BOX TYPE 5  / *  i n n e r  c a n i s t e r :  f u e l - r e g i o n  # 4 :  body a s s y  
CYLINDER -1 1 0 . 8 1 4 1  25 .46350 0 .00  1 6 * 0 . 5  
CYLINDER 2  1 0 . 9 2 3 3  25 .46350 0 .00  16'0.5 
CYLINDER 3  10 .96140 25 .46350 0 .00000 1 6 * 0 . 5  
CYLINDER 4  12.40920 25 .46350 0 .00000 1 6 * 0 . 5  
CYLINDER 2 12 .46120 25 .46350 0 .00000 1 6 * 0 . 5  
CYLINDER 0  12 .70000 25 .46350 0 .00000 1 6 * 0 . 5  
CYLINDER 2  12.76350 25 .46350 0 .00000 1 6 * 0 . 5  
HOX TYPE 6 / *  i n n e r  o a n r s t e r :  f u e l  regLon # 5 :  0 . 1 5  i n  c d  g a p :  b o d y  
CYI.INDER -1 10 .8141 0 .38100 0 . 0 8  16 '0 .5  
CYLINDER 2  10 .9233 0 .38100 0 .00  1 6 * 0 . 5  
CYLINDER 0  10 .96140 0 .38100 0 .00000 1 6 * 0 . 5  . -- - 

CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 7 / *  I n n e r  canister: f u e l  r eg ion  # 6 :  body a s s y  
CYLINDER -1 10 .8141 21 .33840 0 . 0 5  16'0.5 
CYLINDER 2 10.9233 21 .33840 0.OC 16'0.5 

assy 

a s s y  

Global Nuclear Fuel 
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S!f!ty """tnlt RI!!O!! 

.-... " .. _ .. "" , ... ,,' _. 

.-... "" -... ,," --... ",. 
-. .. "" ,. .. " .... .-... ,, " 
-"" " .. _ ... " " _ ..... " 

.. -... -..... ,. . ...... ...... " ..... --" .. - .. -... -. .... . "" .. ,,, .. .. - .. -,. ,,,,, 
B.O> . . ......... " 

, .. --'. t.'" . ..... ,._. ...... . ..... , .. ",. ...... . ..... " .. " ,..., ...... .. . om 

•• .. 
•• .. •• •• .. .. •• .. ,. _.ft .... 

..-... .. " -... .. ' .. "~''''' .. ,., .. - ...... . - ,.-
n .. _ ..... O' ..... ....... , , , ... ----

.... ,.. --._-.. , .... ---. ..,,,,,. -----

.' .". 

. , ..... , ..... , .," ... ...... ,.". 

, ... 

•• • • .. 
•• •• •• .. • • •• .. 
•• .. 

• • .. .. .. .. •• .. .. • • • • 
• • 

, .. " .... .. , .. , .. "_., .,, " ........ " ... . , .. ,,- .. " .... . ,."" '-"'" ............... . 
• I ' , ... ' co,,"," _ ... ,_, _ ... . , . / _. _ .... 
. , " .,, " '''''' ... , .... . '''.'' '' . "' .. '" " ... . · ""... ...... . ,- " ... . 

/ ....... . " .... , ..... ".,., · ".'"'' '''" .. ..,.. , .... . · ".- ,." ..... ,.... ... .. , · .. .. '" ...... ....... ''''., , ,. ,- ., . ..,,, , .. , _ ... . ,. -.... " "" .. ..... ," " .. , , " .• m " ... ... ... .. .•.• · ... ....... ...... - ..... . 
• '" .... " " ..... • _00 .... . · ".'"'' " .,,,, ...... .. .. , • ... _ n ....... _00 ..... . 

.t ......... . " ... _It ..... , • ,. ' __ ,n" ,,,,_ . . ....... _,_ ... . 
• , ••. "" • ..... • 00 ..... . , " .", ,.".. ... ,,"., · ". "'" . ", ... _.. " ... , ".-', '. 11'" •. _.. .. .•.• , ........ .."'" . -" ...... · ... - ....... - ".,., 
, "",,. '. " ,,, • _00 ..... . .... -_ .... , ......... .. -.... 

• , If .'" .. ...... .. "." , ... w, ... ..... .... .. .... 
• ... ...... "."... • _00 • ••. , · " ........ ...... _.. . .... . 
• .. ... .. n .. "", ._" ..... , · ".- .. ........ _" ..... . 
• ..... ,,, n ..... .._" .. . .. . .. , '--"'" ' .. , ...... . , .. " .... _._ .... . , " .'" .. ,"..... " ... , · .. .. " .... ,.. .... .. ... , 
• " .. .. , .. " •• _00 ..... . ".-..... " ... - ..... . " ."." ' .JO'" •. _.. " "., · ".- .... , ......... " .... • ". ,,'" • 'u. • _.. " .•.• ,. ,

If.'" 
,_ ..... 
" .. -. ... , ... , . " _ .... ,,"., 

, ... m .• "., .. 

6-122 

---. __ .. _.-

Docke! No. 71 -82i41 
Btyl'i9n 2 ,12092 



GNF NPC Docket No. 71 -9294 
Safetv Analvsis Report Revision 2, 912002 1 
CYliINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDEK 
BOX TYPE 
CYLINDER 
CY L I N I X R  
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 

BOX TYPE 
CYLINDEK 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLINDER 
CYLINDER 
BOX TYPE 
CYLINDER 
CYLINDER 
CYLIN1)ER 
CYLINDER 
HOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CYLINDER 
BOX TYPE 
CYLINDER 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
CUB0111 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
CIIBOII) 
BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
CUBOID 
CUBOID 
CUBOID 
BOX TYPE 
CIIBOID 
CUBOID 
CUBOID 
BOX TYPE 
CUBOID 
BOX TYPE 
rllunTn ..-.- 
BOX TYPE 
ClIBOID 
BOX TYPE 
CUBOID 

3  10 .96140 21 .33840 0 .00000 16.0.5 
4  12 .40920 21 .33840 0 . 0 0 0 0 0  16 '0 .5  
2 12.46120 1 1 . 3 3 8 4 0  0 . 0 0 0 0 0  l 6 * 0 . 5  
0  12 .70000 21 .33840 0 . 0 0 0 0 0  16'0.5 
2  12 .76350 21 .13840 0 . 0 0 0 0 0  16*0.5  
8  / *  i n n e r  c a n i s t e r :  f u e l  r e g r o n  # 7 :  body a s s y  

-1 10 .8141 3 .49250 0 . 0 0  1 6 * 0 . 5  

0  12 .70000 3 .49250 0 . 0 0 0 0 0  1 6 ' 0 . 5  
2  12 .76350 1 .49250 0 . 0 0 0 0 0  16 '0 .5  
9 / *  i n n e r  m i n i s t e r :  f i i e l P r e g i o n  # 8 :  l i d  a s s y  

-1 10 .8141 0 .63250 0 .00  16 '0 .5  
2 1 0 , 9 2 3 3  0 .63250 0 . 0 0  16'0.9 
3 10 .96140 0 , 6 3 2 5 0  0 .00000 1 6 * 0 . 5  
4  12 .40920 0 .63250 0 .00000 16'0.5 
2  12 .46120 0 .63250 0 .00000 16*0.5  
0  12 .70000 0 .63250 0 .00000 16.0.5 
2 12.76350 0 .63250 0 .00000 16'0.5 

10  /+  i n n e r  c d n i a t e r :  f r ~ e l ~ r e q i o n  # 9  w/ gap:  l i d  aa!:y 
-1 10 .8141 0 .31150 0 .00  16'0.5 

2 10 .9233 0 . 3 1 7 5 0  0 .00  1 6 * 0 . 5  
0  12 ,40920 0 .31750 0 .00000 1 6 * 0 . 5  
2 12.46110 0 , 3 1 7 5 0  0 .00000 1 6 * 0 . 5  

1 1  /+ i n n e r  c a n i s t e r :  f u e l - r e g i o n  XI0 w/ r i n g :  l i d  a s s y  
-1 10.R141 0 . 4 4 2 0 0  0 .00  1 6 * 0 5  

2 10.9233 0 . 4 4 2 0 0  0 .00  1 6 * 0 . 5  
2 12 .40920 0.442UO 0.00000 1 6 * 0 . 5  

1 %  / ' I n n e r  c a n i s t e r :  f u e l _ r e g i o n  i i l l  w /  t o p :  l i d  a s s v  
-1 10 .8141 1 . 3 4 1 8 6  0 .00  1 6 + 0 . 5  

0  10 .8141 1 . 7 8 0 5 0  0 .00  1 6 * 0 . 5  
2  10 .9233 1 . 9 1 6 4 0  0 .09  16'0.5 
0  12 .40920 1 . 9 1 6 4 0  0 .00000 1 6 * 0 . 5  
1 3  / *  I n n e r  c d n l s t c l  c u b o l d  b a d y  s e c t l o n  (7P r e g l o n )  

5  12 .7636 -12 .3636 12 .7636 -12 .7636 7 3 . 3 4 5 0  -0 .5055 
14  / *  Lnrler c a n l s t e l -  c u b o r d :  b a d y  s e c t l o n  I408 reglon) 

9 12 .7636 -12 .7636 12 .7676 -12 .7636 1 .49260 0 .0000 
1 5  / +  i n n e r  c a n i s t e r  u p p e r  c y l i n d e r :  l i d  s e c t i o n  

0  12 .7636 3 .30840 0 .0000 16*0.5  
1 6  / *  f o a r  c u t o u t  ( v o i d )  - 40 # / f t 3  f o a r  l l d  s e c t i o n  

17  j *  npc  body o r  1:d - 10 g a .  3 0 4 s s  l a y c r  
% 54.3687 -54 .3681 54.3687 -54 .3687 0 .31240 0 .0000 

1 8  /' npc body o r  l:.d - 1 i n c h  d u r a b o a r d  I v o l d )  l a y e r ,  
0  51 .5163 -51 .5163 51 .5163 -51 .5163 2 .54000 0 .0000 

16'0.5 
1 0  g a .  3043s  

15'0.5 
0  54 .0563 -54 .0563 54 .0563 - 5 4 . 0 5 6 3  2 .54000 0 .0000 1 6 * 0 . 5  
2  54 .3687 -54 .3687 54 .3687 -54 .3687 2 .54000 0 .0000 1 6 * 0 . 5  

1 9  / *  ripc body - 4  nci l  b o t .  f o a r  l a y e r  ( 1 1  # / f t 3 1  - f a c e  b ~ r n  
7  42 .6080 -42 .6086 42 .6086 -42 .6086 0 . 0 0 0 0 0  0 .0000 1 6 * 0 . 5  
0  54 .0563 -54 .0563 54 .0563 - 5 4 . 0 5 6 3  0 , 0 0 0 0 0  -7 .6200 16'0.5 
2 54 .3687 -54 .3687 54.3687 -54 .3687 0 .00000 -7 .6200 1 6 * 0 . 5  

20 / *  npc  body - 2 9 . 0 7 5 0  i n c h  £oar  l a y e r  ( 7 . 1 1  # / £ t 3 )  - f a c e  b u r n  
5 42.6086 -42 .6086 42 .6086 -42 .6086 73 .85050 0 .0000 16'0.5 

)1  / *  nnc horiv - 1 1 7 5  l n c h  foarr l a v e r  (40  # / f t 3 1  - Face  b u r n  

9 2  / *  no, bad" - 3 0 . 4 5  i n c h  two-war t  b o d v  
.. ...... - - . ~  

23 /' npc  l i d  - 1 . 3 7 5  i n c h  faarr l a y e r  (40  # / f t 3 )  - l i d  b u r n  
0  43 .8963 -43 .8963 43 .8963 -43 .8963 3 .49250 0 .0000 1 6 ' 0 . 5  
0  54 .0563 -54 .0563 54 .0563 -54 .0563 3 .49250 0 .0000 16*0.5  
- ...... .~ -~~ 

24 / *  npc l i d  - 3 . 5  i n c h  f o a r  l a y e r  ( 1 5  # / i t 3 1  - l i d  b u r n  
0  43 .8963 -43 .8963 43 .8963 -43 .8963 2 .54000 0 .0000 1 6 * 0 . 5  
0  5 4 . 0 5 6 3  -54 .0563 54 .0563 -54 .0563 8 .89000 0 .0000 16*0.5  

75 / *  c o r r p l e t e  npc - body a s s e r r b l y  
0 54.3688 -54 .3688 54.3688 -54 3688 87 .81540 0  0000 16'0 5 

2 6  / *  corr.plete npc - l i d  a s s e m b l y  
0  5 4 . 1 6 8 8  -54 .3688 54.3688 -54 .3688 15 .23490 0 .0000 16'0.5 

27 / *  npc s l n q l e - u n l t  c u b o l d  
0  54 .3688 54 .3688 54.3688 -54 .7688 1 0 3 . 0 5 0 0  0 .0000 16 '0 .5  

28  /' g l o b a l  u n l t  ZN-l50:5x5xb c u b o l d ,  3 0 . 4 8 - c r  h2o r e f 1  
0  271.844 -271.844 271.844 -271.844 618.3020 0 . 0 0 0 0  1 6 - 0 . 5  ..-.- 

CUBOID 6  302.324 -302.324 302.324 -302.324 648.78211 -30 .4800 1 6 * 0 . 5  
28  1 1 1  1 1 1  1 1 1  1 
BEGIN COMPLEX 
/* b u i l d  i n n e r  c a n i s t e r  - milill b o d y  s e c t i o n s  (7  X / f t 3  r e g i o n )  
COMPLEX 13  2 0 .00000 0 .00000 0 , 0 0 0 0 0  1 1  1 0 . 0  (1.0 0 . 0  
COMPLEX 1 3  3  0 .00000 0 .00000 0 .31150 1  1  1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  4  0 .00000 0 .00000 25 .7810 1  1 1  0 . 0  0 . 0  0 . 0  
COMPI.EX 1 3  5 0.00000 0 .00000 2 6 . 1 6 2 1  1  1  1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  6  0 .00000 0 .00000 5 1 . 6 2 5 6  1 1  1  0 . 0  0 . 0  0 . 0  
COMPLEX 1 3  7 0.00000 0 .00000 5 2 . 0 0 6 6  1 1 1  0 . 0  0 . 0  0 . 0  
/ *  build i n n e r  c a n i s t e r  - upper  b o d y  s e c t i o n  (40  # / f t . 3  s e c t ~ c n )  
(ZOMPLEX 14  8 O.OUOO0 W.000b0 0 . 0 0 0 0 0  1  1  1  0 . 0  0 . 0  0 . 0  
1' hui l r i  i tlnt=t. r a n i s t ~ r  - l i d  section , ~-~ 

COMPLEX 1 5  9 0 .00000 0.0000[1 U . O O O O O  1 1 1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 5  10 0.00000 0 .00000 0 . 6 3 2 5 0  1 1  1  0 . 0  0 . 0  0 . 0  
COMPLEX 15  1 1  0 .00000 0 .00000 0 .95000 1 1  1 0 . 0  0 . 0  0 . 0  
COMPLEX 1 5 1 2  0 .00000 0 .00000 1 . 3 9 2 0 0  1 1  1  0 . 0  0 . 0  0 . 0  
/ *  embed 3x3 a r r a y  of  c a n i s t e r 3  ir1t.o l i d :  1 1 . 7 5  i n c h  - c e n t e r s  
COMPLEX 16  1 5  -29 .8450 -29 .8450 l l .00000 3  3  1  29 .8450 29 .8450 0 . 0  
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/ e ~ b e d  3x3 ar ray  of fuarr cut-outs: 11.75 i n c h  - cerl ters  
COMPLEX 23 16 -29.8450 -29.8450 0.00000 3 3 1 29.8450 29.8450 0.0 
/ *  enbed 3x3 a r r a y  of c a n i s t e r s  into inner body: 11.75 inch - c e n t e r s  
COMPLEX 20 13 -29.8450 -29.8450 0.50550 3 3 1 29.8450 29.8450 0.0 
COMPLEX 21 14 -29.8450 -29.8450 0.00000 3 3 1 29.8450 29.8450 0.0 
/' enbed two-part body oect.ion s t ackup  
COMPLEX 2220 0.oooo 0.0000 0.00000 1 1 1 0.0 0.0 0.0 
COMPl,EX 22 21 0.0000 0.0000 73.85050 1 1 1 0.0 0.0 0.0 
/ *  build npc - body assembly 
COMPLEX 25 17 0.0000 0.0000 0.00000 1 1 1 0.0 0.0 0.0 
COMPLEX 25 18 0.0000 0.0000 0.31240 1 1 1 0.0 0.0 0.0 
COMPLEX 25 19 0.0000 0.0000 10.4124 1 1 1 0.0 0.0 0.0 
COMPLEX 25 22 0.0000 0.0000 10.4724 1 1 1 0.0 0.0 0.0 
/ *  burld npr - lid asscmbly 
COMP1,EX Lfr 2 3  0.0000 0.0000 O.OOO0O 1 1 1 0.0 0.0 0.0 
COMPLEX 1624 0.0000 0.0000 7.49250 1 1 1 0.0 0.0 0 0  
COMPLLX 26 18 0.0001) 0.0000 lr.3825 1 1 1 0.0 0.0 0.0 
COMPLEX 26 11 0.0000 0.0000 14.9225 1 1 1 0.0 0.0 0 0 
/ *  rorplete n p ~  o t a ~ k u p  - llnglc unlt 
COMPLEX (7 2 5  0.0000 0.0000 0 00000 1 1 1 0.0 0.0 0.0 
COMPLEX 27 26 0.0000 0.0000 87.8154 1 1 1 0.0 0.0 0.0 
/ *  e~bed 5 x 5 ~ 6  c losed  packed a r r a y  
COMPLEX 78 7 7  -217.475 - 2 1 1 . 4 7 5  0.00000 5 5  6 108.738 108.738 103.05 
END GEOM 
E N D  GEMER 
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6.10 APPENOIX - TABULATION OF GEMER RESULTS 

A. GEMER Resultl lor HomogenllQUl UO. and H.O C8~B' 

DocI<.t No. 11.o2f.4 
Revillo!) 2, iB002 

hbl, 6,16 -l.lstlnll of GEMER C",lo;:ul,tlons for Homog .... ou .. C .... 

FILENAME K_EFf SIGMA KHS BIAS K+2S·B FlLENA.'1E I(·EFF SIG,\olA K·~ IIIAS 1(+15·11 

cIornqed "'''II< ..,il, cnJ· 1 oboervN burn. Ihtorttleal uo2+hZo mi . ture und&mogN .my. SN - inn.iIe (60 lp uo2 + 112" mio.narc) 

"J'CIII_" U0850 0.(1)1010 (1,81 IJO -0,01119 O,UOIO npc6Oi1' 0.81280 0.00120 0.81'20 .(1.0119 O.K}oOIO 

.p""I_ 20 O, IJ~oIO O,oollO 0.8l700 .(1,0189 0,855 80 npc60;20 l),ts990 1),00140 0,&627V .(1,0189 o.all60 
npeu C 2S 0,&.<520 O,OOllO 0,&'<780 .(1.0189 .. - npc60iZS 0.88440 O,oollO 0,118710 .(I,OIIl'l1 .-
!)paIl _3D 0&.<160 O,OOIJO O.MoIlO _(1.0 1119 0.&6320 npc6Oi26 0.11970 0.00140 0.119150 -0.01119 0.91140 

npeul _U (I,ilJ180 0,00140 1),8:l460 ·MI89 1)8S)SO "pc6Oi27 Q.S9S60 O.OOIJO 0,891120 -O,OIIl'l1 091110 
!)paIl _40 O.IIZ60 0.00120 0.81S10 -0,0189 0,8)J90 npc6OiZ8 O.&9l-4O O,OOIZO 0,119780 -0.01&9 0,91670 

npculU .,~ 0.00120 0.71840 .(1,0189 0.807lO 

<bmo&od.1Il&k unit. cnJ-1 d:lRn-ed bum, tI!oeor.nuJ 001+1120 mi~lW. undarnliod amy. 51' ti intlnil< 160 tI' ",,2 + 5% '20 ...;.ture) 
npcu2_ U 0-11120 0.(01)1) 0.8lJ90 -0.0189 0.83280 npclun60 0,)4760 0,00010 0,:l4910 -0,0119 ." ... 
"""".N 0.83070 0,001010 0 ,83360 .(1,0189 (I.8S25O npcZun60 1),)6990 .- 0.n170 -0,0189 (1,)9060 

npn.2_1S .~m o.OOIJO O,8-(lJO .(1.0189 0.1I6l1O npc3unliO 0,40130 .- (1,.00320 .{I.OII9 042200 

-.~ O-IJ690 0.00140 0.83970 -0.0189 0.85860 npc-lun60 (1,0390 0,00100 0,43590 .(1.0119 0,4S480 

np:I02_1S .~.., 0.00110 0 ,8lO5O -O,I)U9 1),84940 npdunliO 0.' S8t!O 1)00100 0.41\080 -0.0189 (1.41971) 

-.~ O,BI ISO 0.00140 0 ,.14lO .{I,OIIIl I),UJIO ""- (I.4gb).O .- MUla -0.0119 O,Wi IO 

DpCOO2_~s 0.71660 0.00130 0.711930 -0,0189 0,8OI!lO 

oSama&td sinalc ....n ..... imum bum, IIIeorctiuI uo2+h20 mi.IWC uMomoliN _my, SN • il)l1"11< (60 kif \102 comp<lUnd. S% blo Mdod) 

"pall_IS .. - 0.00120 0,81010 .(I.OIS9 O.829lO npolum6il 1),36360 I) 00010 U.36S20 ·0.0119 0,3&410 

DpaII_ZO 0.&3010 0.00140 0.83280 4,0189 0,85110 ""- 0.37780 .- (I,)7<JSO .0.01119 0,)9840 

npoul_l!i .~~ 0,(1(1140 O~JlO .(1,0119 0 ,11>210 "poJwnt.O 0,_40 .- 0,41110 .0.0189 O,~)OOO 

"""",_10 0,8JII6O 0,001'10 0.~160 -0,0119 .-~ npc-lum60 0,4)840 .- 0,44031) ' 0.0189 O,419lO 

.. ""IIUS 0.&3020 0.00140 (8)190 .().OIS9 O.tsl80 npoSIlm60 0.46830 0.00100 0,47031) .o,Oi 19 0,48'ro 

""'"." UU40 0.00140 UI6lO .{),0119 0.83110 ""- 0,489110 0.00110 (1,49200 .o,OI89 O,SI09O 

-" o.717lO 0,001l0 .. - -0,01811 0 ,8OI!70 

I 
I 
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GNF NPC 
SJI!W Analy. l. R' pon 

e , GEJ.,lER Result& for 55 Kg and 53 Kg UO. and H,o Cases with 17X11, 10Xl 0, 9Xg and 8)(8 Pelle! Types 

Ooc"-t No. l1-t2t<l 
Rnltlon 2 , '12002 

Table 6,11 -\..i.,ing of GEMER Calculations for S ingi. Container 55Kg.nd 53 Kg Hfltarog • ....ou. C .... 

N."", KliFF SI(l).1A 

H KG. SinlleC ... with O.erla~ 
!7X I 7 ~ .. ", Lattic. 

ESSP,OS8 0,3176] 0.0011l 0,529~9 -0,01890 

O.~71 -0.01890 
0.5-4!179 
0.66]{;1 ESSP, IOO 

ESSP,'OO 
ESSP,lOO 
ESS~-400 

ESSP"'IO 
ESSP,420 
HSSP ... OO 

ESS'''')? 
ESSP-"O 

£5SP"',O 

ESS''''60 
HSSP"'70 

ESS''''SO 
liSSP"'U 
ESSP"'90 
ESSP-500 
ESSP,'20 
ESSP,"" 
ESSP,5-4~ 

ESSP·560 
ESSP,6O(I 

ESSP-616 

Ot>'2JS 0,00121 

071507 000135 0.71m -0.01890 0.80661 
0,8J680 0,00147 g,It\'fI4 -0.01890 o.aS864 
0,11<1672 0,((11'1 0.11<1951 -0.01890 0.868<11 
0,84&48 0,IX1I44 0,1")6 -0.01890 0.11Ol6 

USltl! 0,0014) 0,15-481 -OOU90 ... ,l71 
0.8<lS92 0,001ll 0,14156 -0,01890 0-16146 
0,84752 0,001}.! O,ISOlO .(1,01190 0.86910 
0,&4628 0,001lS 0,14191 ,~Ulll90 0 ,116718 
0.849115 0.00149 0,1521) .(I,OIB90 0,1711) 

0,14916 0,001)4 O.U I84 -0.01890 0,81014 
0,8495(1 0,00140 0,15230 -0,01890 0,111ZO 
0,14960 0.00140 0,"240 -0,01190 O,l7llO 
0,14746 0.001)6 0.1,.,.1 .(1,01890 O.~ 

0,1445-4 000129 0,141 12 -O.OIB90 O.A6601 
0,14S--1 O.OOl11 0,84719 .(1,01890 0,&6619 
0.14268 0.0012'1 0,14}26 -0,01890 0.Il60l16 
0,1]709 

0,1l5-45 
0,12760 

0,111IS3 
U.416 

0.001l1 0.1l9115 -0.01890 
/),00140 O,llt25 -0.01890 
0,001l1 UJO}4 -0.01890 

0,001l9 Ul16. -0.01890 
O,OO!}S 0 .11706 -0.01890 

0.15115 

0 ,157" 
0 ,84924 

D.l40S1 

0-135% 
ESSP.7(l(I 0.19511 0,00111 0,791" -0,01890 0 ,11655 
ESSP·7OS O,~ 0,OOU4 0,79134 .0,01890 0 ,11624 

ESSP-IOO ( 71 )94 0.001J9 0,71672 -0.01890 0,19U2 
I1XllTri __ ~.... Ma>. 0.17371 

ESTP.{I58 0,52325 0,00111 0,52561 ~,0.890 O,SUS! 
ESTp·lOO 0,6)1101 O.OO l lZ 0,....,,1 .{I,0!890 0"%1 
ESll'_ZOO o:n~ 0.00149 0,78102 .{I.OI890 0.80692 

N_ KEFF SIGMA IC.-2S K" 2S _ B 

51 KGo S",,10 C_ "'''''''''' o.uIap 'X. Square ........,., 
ESSS-OSII 0..52000 0 .0011 ~ .{I,OI890 

-0,01890 
(1,,.. I 22 

0.~SU8 ESs.."· IOO 0.63321 0.001" 
ESSN·200 

ESS:OOO 
ESSN-400 
ESSN"' IO 
ESSN ... 20 

ESSN ... JO 

ESSS"'31 
ESSN-440 
ESSN""SO 
ESSN-460 

ESSS"'ro 
ESSN"'IO 
ESSN"'16 
ESSS"'90 
ESSS·SOI) 

E.SSN·'ZO 
ESSN·s,co 

ESSN·SU 
ESSN·560 

""ESSN-6I~ 

O.7168J 0.00142 0,77\1167 .(1.01890 0.79lI57 

0,1l110 0.00148 0.aJ4(l6 .(1.0 1890 0.85296 

0,_' O,OOIl' 0,849" -0.011190 0,XI>I48 
0,84691 O,OOUl 0,84953 -0,01890 0,81>141 
0.84524 0.00119 0,114802 .(1.01890 0.86692 

O.SOU'" 0.00151 0.1I4S~ -O.OUI90 0.86746 
. ... 7N 0.0008 O.'!I064 -0.01&90 o,!169S4 
o.846n 0,001J2 0,8-4916 -0,01&90 D.8b806 
O.I46IIJ 0.00!l~ 0.S49~~ -0.01890 0,86IlA5 
0.84S1~ 0.001 4 1 0.1I4S18 -0,01890 0.8~708 

~! 0,00114 0.&41$0 -0.01890 o.g6640 
0,1411(1 0,001l7 0,8S044 -0.01890 0,86'1J~ 

0.14195 0,001l5 0,84465 -0,01890 0.86355 
0 .... 212 0.001l1 0 .84474 -0,011190 0.86)64 

014504 O.001l4 0,84712 -001890 0,86662 
0,14OU> 0.00129 0,"'2114 -0,01890 0,86174 

O,lloIl' 
0,'3~ 

0,83201 

O,'.I7~ 

0'! 1732 

0,00141 

000119 
0,001 48 
0,00116 

0,00128 

0,83698 -0,01890 

D.83972 -001890 
0,83491 -0,01890 
0,82108 ·0,01 890 

0.82008 -0.01890 

0, 8S588 

0.85862 
0,85J~ 7 

O,~J99g 

0,83898 

ESSN.700 0.79481 0,(014) 0.19161 -O.O l g90 0.BI6S? 
f.SSN· 705 0,7910) 0,00 I 26 0,799" -0,01890 0.81845 

ESSN·300 0.11 1" 0.001 47 0,77449 -0.01890 0,1HJ9 
I 7X I 7 Trilllliul ..... ,,,« M.. 0,86954 

ESTN-OS8 O.s19ll1 0.00119 0.52229 -O,OIIWO Q.S--1I9 

ESTN·lOO hll77 O,OOIJ' 0,6J647 -0,01890 0,"5)7 
f.STN·200 0.78191 0.00143 0.78477 ·0,01890 0,80367 
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GNF NPC 
St!tryAn.IyI!t R. Qs!!3 

1'STP-300 

-=
ESTl'..fIO 
ESTP..f20 
El!TP..f30 
ESTP..f17 

F,STP-440 
~;STP..fSO 

ESTP..f60 
ESTp·470 
ESTr..fSO 

ESTP..f~6 

ESTP..f9O 

ESTP-SOO 
t:STP_S20 
HS7P_S.O 

ESTP-S44 
H511'-S60 

O.~3\149 0.1IOIS2 0.\14153 -001890 0.86043 

0.85JSII 0.001 4 1 M'1I40 -0.01890 0.115JG 
O.3492S 0.00149 O.~Sn3 -0.01190 0.17113 
0. 849H 0.00141 0.85206 -0.01890 0.87096 
0.85 188 0.001 45 O.gS4n -0.01890 0.87368 

0.84887 0.00149 0.8S18S -0.01890 0.8701' 
0.84'h16 000144 0.8'214 -0.01 890 0.17164 
O.~4616 0,001 49 0 .!t4914 -0.01890 0.86804 
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GNF NPC 
Safety Analysis Report 

ENTP-lOO 
ENTP-400 

ENTP-410 

ENTP-420 

ENTP-430 
ENTP-4J7 

ENTP-440 

ENTP-4S0 

ENTP-460 

ENTP-470 

ENT P·480 

ENTP-486 
ENTP-490 
ENTP-SOO 
ENTP-S20 

ENTP-540 

ENTP-544 

ENTP· S60 
ENTP-600 

ENTP-616 

ENTP-700 

0.8320 1 0.00138 0.83477 -0.01890 0.85367 
0.84097 0.00122 0.84341 -0.01890 0.86231 
0.84 107 0.00146 0.84399 -0.01890 0.86289 
0.83961 0.00145 0.84251 -0.01890 0.86 14 1 
0.84217 0.00151 0.845 19 -0.01890 0.86409 
0.8389 1 0.00148 0.84187 -0.01890 0.86077 
0.83747 0.00143 0.84033 -0.0\890 0.85923 
0.837 10 0.00140 0.83990 -0.01890 0.85880 
0.83761 0.00149 0.84059 -0.01890 0.85949 
0.83666 0.00141 0.83948 ·0.01890 0.85838 
0.83707 0.00139 0.83985 -0.0 1890 0.R5875 
0.83300 0.00 138 0.83576 -0.01890 0.85466 
0.83569 0.00 133 0.83835 -0.01890 0.85725 
0.83044 0.00127 0.83298 -0.01890 0.85 188 
0.82757 0.00139 0.83035 -0.01 890 0.84925 
0.82723 0.00 129 0.82981 -0.0 1890 0.8487 1 
0.82238 0.00 141 0.82520 -{).0IR90 0.844 10 
0.82024 0.00131 0.82286 -0.01890 0.84 176 
0.80406 0.00128 0.80662 -0.01890 0.82552 
0.79660 0.00133 0.79926 -0.01 890 0.81816 
0.77114 0.00141 0.77396 -0.01890 0.79286 

ENTP-705 0.77019 0.00127 0.77273 -0.01890 0.79163 
ENTP-800 0.75055 0.00131 0.753 17 -{).01890 0.77207 

8X8 Square Lattice Max 0.86409 
EESP-058 0.52867 0.00122 0.531 11 -0.01890 0.55001 
EESP- IOO 0.64634 0.00134 0.64902 -0.01890 0.66792 
EESP-200 0.787 18 0.00134 0.78986 -0.01890 0.80876 
EESP-300 0.83115 0.00141 0.83397 -0.01890 0.85287 
EES P-400 0.83488 0.00140 0.83768 -0.01890 0.85658 
EES P-410 0.83342 0.00 146 0.83634 -0.01890 0.85524 
EES P-420 0.83597 0.00135 0.83867 -0.01890 0.85757 
EESP-430 0.83230 0.00136 0.83502 -0.01890 0.85392 
EES P-437 0.83 195 0.00136 0.83467 -0.01 890 0.85357 
EES P-440 0.83026 0.00 133 0.83292 -0.01890 0.85 182 
EESP-450 0.8338 1 0.001 25 0.83631 -0.01890 0.8552 1 
EESP-460 0.82725 0.001 41 0.83007 -0.01890 0.84897 

ENTN-3oo 
ENTN-400 
ENTN-4 10 
ENTN-420 
ENTN-430 
ENTN-437 
ENTN-440 
ENTN-450 
E"TN-460 
ENTN-470 
ENTN-480 
ENTN-486 
ENTN-490 
ENTN-500 
ENTN-520 
ENTN-540 
ENTN-544 
ENTN-560 
ENTN-600 
ENTN-616 
ENTN-700 

0.83026 0.00141 0.83308 -0.01890 0.85 198 
0.83540 0.00131 0.83802 -0.0 1890 0.85692 
0.83982 0.00135 0.84252 -{).0 1890 0.86142 
0.83527 0.00129 0.83785 -0.0 1890 0.85675 
0.83279 0.00137 0.83553 -{).0 1890 0.85443 
0.83543 0.00143 0.83829 -{).01890 0.85719 
0.83322 0.00147 0.83616 -0.0 1890 0.85506 
0.83314 0.00135 0.83584 -0.0 1890 0.85474 
0.83340 0.00139 0.836 18 -0.0 1890 0.85508 
0.83370 0.00135 0.83640 -0.0 1890 0.85530 
0.83362 0.00140 0.83642 -0.0 1890 0.85532 
0.8319 1 0.00145 0.8348 1 -0.0 1890 0.8537 1 
0.83294 0.00136 0.83566 -0.0 1890 0.85456 
0.83171 0.001 38 0.83447 -0.0 1890 0.85337 
0.82694 0.00123 0.82940 -0.0 1890 0.84830 
0.8244 1 0.00133 0.82707 -0.01890 0.84597 
0.82395 0.00141 0.82677 -0.01890 0.84567 
0.81948 0.00 139 0.82226 -0.01890 0.841 16 
0.80746 0.IX)J)4 0.81014 -0.0 1890 0.82904 
0.79990 0.00130 0.80250 -0.01890 0.82 140 
0.77 107 0.00135 0.77377 -0.01890 0.79267 

ENTN-705 0.76972 0.00131 0.77234 -0.0 1890 0.79 124 
E"TN-800 0.74875 0.00129 0.751)3 -0.0 1890 0.77023 

8X8 Square Lattice Max 0.86142 
EESN-{)58 0.52286 0.0011 5 0 . .525 16 -0.01890 0.54406 
EESN- IOO 0.63879 0.00135 0.64 149 -0.01890 0.66039 
EESN-2oo 0.78284 0.00145 0.78574 -0.01890 0.80464 
EES"-3oo 0.82532 0.00134 0.82800 -0.01890 0.84690 
EESN-4oo 0.83275 0.00 139 0.83553 -0.01890 0.85443 
EESN-4 10 0.83247 0.00145 0.83537 -0.01890 0.85427 
EESN-420 0.83082 0.00144 0.83370 -0.0 1890 0.85260 
EESN-430 0.82975 0.00141 0.83257 -0.01890 0.85147 
EESN-437 0.82972 0.00 145 0.83262 -0.01890 0.85 152 
EESN-440 0.83 140 0.00 144 0.83428 -0.01 890 0.853 18 
EESN-450 0.82779 0.00137 0.83053 -0.01890 0.84943 
EESN-460 0.828 17 0.001]9 0.83095 -0.01890 0.84985 
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GNF NPC 
Safety Analysis Report 

EESP-470 0.82495 0.00137 0.82769 -0.01890 0.84659 
EESP-480 0.82152 0.00144 0.82440 ·O.OIM90 O.1W330 
EESP-486 0.82403 0.00128 0.82659 -0.01890 0.84549 
EESP-490 0.8 1964 O.()()1)2 0.82228 ·0.01890 0.84118 
EESP·500 0.8165 1 0.00148 0.81947 ·0.01890 0.83837 
EESP-520 0.81448 0.00146 0.81740 -0.0 1890 0.83630 
EESP-540 0.81374 0.00 139 0.81652 -0.0 1890 0.83542 
EESP-544 0.8) 182 0.00144 0.8 1470 -0.0 1890 0.83360 

EESP-560 0.80986 0.00130 0.8 1246 -0.01890 0.83 136 
EESP-600 0.80198 0.00143 0.80484 -0.01 890 0.82374 
EESP-616 0.79233 0.001 29 0.79491 -O.OIR90 0.8138 1 
EESP·700 0.76305 0.00140 0.76585 ·0.01890 0.78475 
EESP-70S 0.75989 0.00122 0.7623) -0.0 1890 0.78 123 
EESP-800 0.72616 0.00 131 0.72878 -0.01890 0.74768 

8X8 Triangular Lattice Max 0.85757 
EETP-058 0.52787 0.00108 0.53003 -0.01890 0.54893 
EETP-I OO 0.64733 0.00 13!! 0.65009 -0.01890 0.66899 
EETP-200 0.78450 0.00132 0.78714 -0.0 1890 0.80604 
EETP-300 0.83129 0.00 145 0.83419 -0.0 1890 0.85309 
EETP-400 0.83465 0.00136 0.83737 -0.0 1890 0.85627 
EETP-4 10 0.83736 0.00129 0.83994 -0.0 1890 0.85884 
EETP-420 0.83687 0.00125 0.83937 ·0.0 1890 0.85827 
EETP-430 0.83590 0.00132 0.83854 -0.01890 0.85744 
EETP-437 0.83531 0.00146 0.83823 -0.01890 0.857 13 
EETP-440 0.83203 0.00145 0.83493 -0.01890 0.85383 
EETP-450 0.83478 0.00135 0.83748 -0.01890 0.85638 
EETP-460 0.83330 0.00150 0.83630 -0.01890 0.85520 
EETP-470 0.83344 0.00133 0.83610 -0.01890 0.85500 
EETP-480 0.82582 0.00135 0.82852 -0.01890 0.84742 
EETP-486 0.827 13 0.00142 0.82997 ·0.0 1890 0.84887 
EETP-490 0.82548 0.00124 0.82796 -0.0 1890 0.84686 
EETP-500 0.82183 0.00 130 0.82443 -0.01890 0.84333 
EETP-520 0.81697 0.00137 0.81971 -0.0 1890 0.8386 1 
EETP-540 0.80792 0.00132 0.81056 ·0.01890 0.82946 
EETP-544 0.80531 0.00124 0.80779 -0.0 1890 0.82669 
EETP-560 0.80047 0.00134 0.80315 -0.01890 0.82205 

EESN-470 0.82302 0.00149 0.82600 -0.01890 0.84490 
EESN-480 0.82 123 0.00129 0.82381 -0.01890 0.8427 1 
EESN-486 0.82040 0.00136 0.82312 -0.01890 0.84202 
EESN-490 0.82081 0.00137 0.82355 -0.0 1890 0.84245 
EESN-500 0.8\777 0.00127 0.82031 -0.01890 0.83921 
EESN-520 0.8\568 0.00149 0.8 1866 -0.0\890 0.83756 
EESN-540 0.8 11 19 0.00135 0.81389 -0.01890 0.83279 
EESN-544 0.81424 0.00143 0.8 1710 -0.01890 0.83600 
EESN-560 0.8 1001 0.00 134 0.81269 -0.01890 0.83159 
EESN-600 0.79913 0.00125 0.80163 -0.01890 0.82053 
EESN-616 0.79338 0.00135 0.79608 -0.01890 0.81498 
EESN-700 0.76337 0.00128 0.76593 -0.01890 0.78483 
EESN-705 0.76327 0.00138 0.76603 -0.0 1890 0.78493 
EESN-Soo 0.72949 0.00132 0.732 13 -0.01890 0.75 103 

8X8 Triangular Lattice 
EETN-OS8 0.52529 0.00108 
EETN-JOO 0.63944 0.00135 
EETN-200 0.78020 0.00146 

Max 0.85443 
0.52745 -0.01890 0.54635 
0.64214 -0.01890 0.66104 
0.783 12 -0.01890 0.80202 

EETN-300 0.8288 1 0.00137 0.83 155 -0.01890 0.85045 
EETN-400 0.83382 0.00143 0.83668 -0.0 1890 0.85558 
EETN-4 10 0.83306 0.00156 0.836 18 -0.0 1890 0.85508 
EETN-420 0.83385 0.00145 0.83675 -0.0 1890 0.85565 
EETN-430 0.83229 0.00 132 0.83493 -0.01890 0.85383 
EETN-437 0.83367 0.00139 0.83645 -0.01890 0.85535 

EETN-440 0.83 144 0.00 13 1 0.83406 -0.01890 0.85296 
EETN-450 0.82992 0.00 152 0.83296 -0.0 1890 0.85186 
EETN-46O 0.829 18 0.00155 0.83228 -0.01890 0.85 118 
EETN-470 0.83033 0.00128 0.83289 -0.0 1890 0.85179 
EETN-480 0.82429 0.00132 0.82693 -0.01890 0.84583 
EETN-486 0.82494 0.00 119 0.82732 -0.01890 0.84622 
EETN-490 0.82204 0.00133 0.82470 -0.01890 0.84360 
EETN-500 0.82005 0.00 141 0.82287 -0.01890 0.84177 
EETN-520 0.81552 0.00138 0.8 1828 ·0.01890 0.837 18 
EETN-540 0.80707 0.00130 0.80967 ·0.0 1890 0.82857 
EETN-544 0.80605 0.00128 0.8086 \ ·0.0 1890 0.82751 
EETN-560 0.80 121 0.00140 0.8040 1 ·0.01890 0.82291 
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GNF NPC 
Safety Analysis Report 

EETP·600 0.79255 0.0013 7 0.79529 -0.01890 0.8 1419 
EETP-616 0.79213 0.00130 0.79413 -0.01890 0.81363 
EETP-700 0.76687 0.00 134 0.76955 -0.0 1890 0.78845 
EETP-705 0.11086 0.00124 0.11334 -0.0 1890 0.79224 
EETP-800 0.73683 0.00130 0.73943 ·0.01890 0.75833 
55 KGs Single Case without Overlap Max 0.85884 

0.87530 
0.55621 
0.67165 
0.8 1032 

17 X 17 Square Lattice Max OL 
OSSP·058 0.53515 0.00108 0.5373 1 ·0.01890 
OSSP· IOO 0.6501 1 0.00132 0.65275 -0.01890 
OSSP-200 0.78878 0.00132 0.79142 ·0.01890 
OSSP-300 0.83274 0.00 145 0.83564 ·0.01890 0.85454 
OS5 P·400 0.84496 0.00 150 0.84796 -0.01890 0.86686 
OSS P-410 0.84281 0.00 139 0.84559 -0.01890 0.86449 
OSS P-420 0.84371 0.00146 0.84663 -0.0 1890 0.86553 
OSS P-430 0.84609 0.00138 0.84885 ·0.01890 0.86775 
OSSP-437 0.84465 0.00 141 0.84747 ·0.0 1890 0.86637 
OSSP-440 0.84495 0.00143 0.84781 ·0.0 1890 0.86671 
OSSP-450 0.84567 0.00143 0.84853 ·0.01 890 0.86743 
0551)-460 0.84576 0.00140 0.84856 -0.01890 0.86746 
OSSP·470 
OSSP-480 
OSSP-486 
OSSP-490 
OS51'·500 
OSSP·520 
OSSP·540 
OSSP-544 
OSSP·560 
OSSP·600 
OSSP-616 
OSSP-700 
OSSP-705 
05SP-800 

0.84653 0.00140 0.84933 ·0.01890 0.86823 
0.84764 0.00128 0.85020 -0.01890 0.86910 
0.83826 0.0015 1 0.84 128 -0.0 1890 0.86018 
0.83611 0.00129 0.83935 -0.0 1890 0.85825 
0.82953 0.00145 0.83243 -0.0 1890 0.85133 
0.82988 0.00134 0.83256 -0.01890 0.85146 
0.83196 0.00 136 0.83468 ·0.01890 0.85358 
0.83 125 0.00144 0.834 13 ·0.01890 0.8530] 
0.82024 0.00128 0.82280 ·0.0 1890 0.84 170 
0.8 1096 0.001]6 0.81368 ·0.0 1890 0.83258 
0.80437 0.00144 0.80725 ·0.01890 0.826 15 
0.79053 0.00 134 0.79321 ·0.01890 0.8 12 11 
0.79133 0.00127 0.79387 -0.01890 0.81211 
0.77210 0.00132 0.11474 -0.01890 0.79364 

17X I7 Triangular Lattice Max 0.86910 
OSTP·058 0.53860 0'{)0128 0.54116 -0.01890 0.56006 
OSTP- IOO 0.64567 0.00143 0.64853 -0.0 1890 0.66743 

EETN-600 0.79279 0.00145 0.79569 -0.01890 0.81459 
EETN-616 0.79067 0.00124 0.793 15 -0.0 1890 0.81205 
EETN·700 0.76947 0.00135 0.772 17 -0.0 1890 0.79107 
EETN-705 0.767 14 0.00128 0.76970 -0.01890 0.78860 
EETN-800 0.73784 0.00137 0.74058 -0.01890 0.75948 
5] KGs Single Case without Overlap 

17X 17 Square Lattice 
OSSN-058 0.52711 0.00 107 
OSSN-IOO 0.64479 0.00131 
OSSN-200 0.77802 0.00144 

Mox 
MaxOl 

0.52925 -0.0 1890 
0.6474 1 ·0.01890 
0.78090 ·0.01890 

0.85565 
0.87 155 
0.548 15 
0.666] 1 
0. 79980 

OSSN-300 O.R2923 0.00127 0.R3177 -0.01890 0.85067 
OSSN-400 0.84043 0.00 157 0.84357 -0.0 1890 0.86247 
OSSN-4 10 0.84 186 0.00142 0.84470 -0.01890 0.86360 
OSSN-420 0.84010 0.00136 0.84282 -0.01890 0.86172 
OSSN-430 0.84]96 0.00135 0.84666 -0.0 1890 0.86556 
OSSN-4]7 0.841 96 0.00 141 0.84478 ·0.01890 0.86368 
OSSN-440 0.84 128 0.00145 0.844 18 ·0.0 U~90 0.86308 
OSSN-450 0.8422] 0.00 144 0.845 11 -0.0 1890 0.86401 
OSSN-460 0.84360 0.00155 0.84670 -0.0 1890 0.86560 
OSSN-470 0.84]]1 0.001]7 0.84605 -0.01890 0.86495 
OSSN-480 0.84512 0.00 14] 0.84798 ·0.01890 0.86688 
OSSN-486 0.8]889 0.00 1]7 0.84 16] -0.0 1890 0.8605] 
OSSN-490 0.83930 0.00 147 0.84224 -0.01890 0.86114 
OSSN·5OD 0.82964 0.00141 0.83246 -0.01890 0.85136 
OSSN·520 0.82926 0.00133 0.83192 -0.01890 0.85082 
OSSN-540 0.82872 0.00 142 0.83 156 -0.01890 0.85046 
OSSN-544 0.8]272 0.00127 0.83526 -0.01890 0.85416 
OSSN-560 0.8 1960 0.00142 0.82244 -0.01890 0.84134 
OSSN-600 0.8 1]45 0.00134 0.81613 -0.01890 0.83503 
OSSN·616 0.804]5 0.00125 0.80685 -0.01890 0.82575 
OSSN-7oo 0.79297 0.0015 1 0.79599 -0.01890 0.81489 
OSSN-705 0.79059 0.00 129 0.79]17 -0.01890 0.81207 
OSSN-800 0.77256 0.00132 0.77520 -0.01890 0.79410 

17XI 7 Triangular Lattice Max 0.86688 
QSTN-058 0.52932 0.00123 0.5] 178 -0.01890 0.55068 
OSTN· lOO 0.64044 0.00\32 0.64]08 -0.01890 0.66198 
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GNF NPC 
Safety Analysis Report 

OSTP·2oo 0.78434 0.00 133 0.78700 ·0.01890 0.80590 
OSTP-3oo 0.83433 0.00 151 0.83735 -0.01890 0.85625 
05TP-4oo 0.84762 0.00 137 0.85036 -0.01890 0.86926 
OSTP-410 0.85091 0.00 139 0.85369 ·0.01890 0.87259 
OSTP-420 0.849 19 0.00 132 0.85183 ·0.01890 0.87073 
OSTP-430 0.84915 0.00139 0.85 193 ·0.01890 0.87083 
OSTP-437 0.84993 0.00119 0.8523 1 -0.01890 0.87 121 
05TP-440 0.84432 0.0013 7 0.84706 -0.0 1890 0.86596 
05Tp·450 0.84720 0.00135 0.84990 -0.0 1890 0.86880 
OSTP-46O 0.84623 0.00145 0.84913 -0.01890 0.86803 
OSTP-470 0.83697 0.00139 0.83975 -0.01890 0.85865 
05TP-480 0.82826 0.00139 0.83 104 ·0.01890 0.84994 
05Tp·486 0.83146 0.00154 0.83454 -0.0 1890 0.85344 
05Tp·490 0.83007 0.00 153 0.8 33 13 -0.0 1890 0.85203 
05TP-500 0.83165 0.00132 0.83429 -0.0 1890 0.853 19 
OSTP·520 0.82761 0.00 130 0.8302 1 ·0.01890 0.8491 1 
05TI"-540 0.83301 0.00 132 0.83565 -0.01890 0.85455 
05TP·544 0.82886 0.00130 0.83146 ·0.0 1890 0.85036 
05TP-560 0.83002 0.00 136 0.83274 -0.01890 0.85164 
05TP-600 0.8 1210 0.0013 1 0.81472 -0.01890 0.83362 
OSTP·616 0.81 153 0.00135 0.81423 ·0.01890 0.833 13 
OSTp·700 0.78252 0.00139 0.78530 ·0.01890 0.80420 
05Tp·705 0.78334 0.00133 0. 78600 -0.01890 0.80490 
05Tp·8oo 0.76745 0.00137 0.77019 -0.01890 0.78909 

lOX 10 Square Lattice Max 0.87259 
OTSp·058 0.54154 0.00127 0.54408 -0.01890 0.56298 
OTSP- lOO 0.6485 1 0.00 126 0.65103 -0.0 1890 0.66993 
OTSp·2oo 0.78707 0.00 150 0.79007 ..a.01890 0.80897 
OTsr·300 
OTSP-400 
OTSP-410 
OTSP-420 
OTSp·430 
OTSP-43 7 
OT51'-440 
OT5P-450 

0.83337 0.00146 0.83629 ·0.01890 0.85519 
0.84047 0.00138 0.84323 ·0.01890 0.86213 
0.83605 0.00 139 0.83883 -0.01890 0.85773 
0.83604 0.00 134 0.83872 ·0.01890 0.85762 
0.83968 0.00 133 0.84234 ·0.0\890 0.86 124 
0.84222 0.00 134 0.84490 ·0.01890 0.86380 
0.83062 0.00151 0.83364 ..a.0 1890 0.85254 
0.83386 0.00143 0.83672 -0.0 1890 0.85562 

OSTN-200 0.78565 0.00134 0.78833 ·0.0 1890 0.80723 
OSTN·300 0.83332 0.00149 0.83630 -0.01890 0.85520 
OSTN-4oo 0.84576 0.00139 0.84854 -0.01890 0.86744 
OSTN-410 0.84693 0.00 151 0.84995 -0.01890 0.86885 
OSTN420 0.84833 0.00 157 0.85 147 -0.01890 0.87037 
OSTN-430 0.84845 0.00 139 0.85123 ·0.01890 0.87013 
OSTN-437 0.842 11 0.00139 0.84489 -0.01890 0.86379 
OSTN-440 0.84253 0.00 140 0.84533 ·0.01890 0.86423 
OSTN·450 0.84322 0.00 156 0.84634 ·0.01890 0.86524 
OSTN-460 0.84425 0.00 134 0.84693 ·0.01890 0.86583 
OSTN-470 0.83381 0.00140 0.83611 1 ·0.01890 0.8555 1 
OSTN-480 0.82804 0.00145 0.83094 -0.01890 0.84984 
OSTN-486 0.82880 0.00130 0.83 140 ·0.01890 0.85030 
OSTI\'490 0.82990 0.00 144 0.83278 -0.01890 0.85168 
OSTN-500 0.82960 0.00 136 0.83232 ·0.0 1890 0.85122 
OSTN-520 0.8333 1 0.00 149 0.83629 ·0.01890 0.855 19 
OSTN-540 0.82895 0.00125 0.83145 -0.0 1890 0.85035 
OSTN·544 0.83203 0.00 143 0.83489 ·0.0 1890 0.85379 
OSTN·560 0.83049 0.00 146 0.8334 1 -0.01890 0.85231 
OSTN·600 0.8 1570 0.00 135 0.81840 -0.01890 0.83730 
OSTN·616 0.8 1178 0.00131 0.8 1440 -0.0 1890 0.83330 
OSTN-700 0.78255 0.00 132 0.78519 ..a.01890 0.80409 
05TN·705 0.78318 0.00128 0.78574 -0.01890 0.80464 
OSTN-800 0.77037 0.00 134 0.77305 -0.01890 0.79 195 

lOX 10 Square Lanice Max 0.87037 
OTSN-058 0.5 3788 0.00106 0.54000 -0.01890 0.55890 
OTSN- IOO 0.64278 0.00 132 0.64542 -0.01890 0.66432 
OTSN-200 0.78225 0.00 148 0.7852 1 -0.01890 0.80411 
OTSN-300 
OT5N-400 
OTSN410 
OT5N·420 
OT5N-430 
OTSN·437 
OTSN-440 
OTSN-450 

0.82890 0.00141 
0.83598 0.00148 
0.83195 0.00\32 
0.83583 0.00138 
0.83399 0.00146 
0.83676 0.00140 
0.83069 0.00125 
0.83339 0.00147 

0.83 172 -0.01890 
0.83894 -0.01890 
0.83459 -0.01890 
0.83859 ·0.01890 
0.83691 -0.01890 
0.83956 -0.01890 
0.833 19 -0.01890 
0.83633 -0.01890 

0.85062 
0.85784 
0.85349 
0.85749 
0.8558 1 
0.85846 
0. 8:'5209 
0.85523 

Docket No. 71·9294 
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GNF NPC 
Safety Analysis Report 

OTSP-460 0.83026 0.00148 0.83322 -0.01890 0.85212 
OTSP-470 0.83518 0.00136 0.83790 -0.01890 0.85680 
OTSP-480 0.82839 0.00145 0.83 129 -0.01890 0.85019 
OTSP-486 0.82907 0.00135 0.83 177 -0.01890 0.85067 
QTSP-490 0.82894 0.00133 0.83 160 -0.01890 0.85050 
OTSP-SOO 0.82901 0.00132 0.83 165 -0.01890 0.85055 
OTSP-S20 0.82854 0.00127 0.83108 ·0.01890 0.84998 
OTSP-S40 0.81462 0.00135 0.81732 -0.01890 0.83622 
OTSP-S44 0.81505 0.00138 0.81781 ·0.01890 0.8367 1 
OTSP-560 0.8 14 16 0.00146 0.8 1708 -0.01890 0.83598 
OTSP-600 0.80999 0.00132 0.81263 ·0.01890 0.83 153 
OTSP-616 0.79433 0.00 139 0.79711 -0.01890 0.81601 
OTSP·700 0.76982 0.00132 0.77246 -0.0 1890 0.79136 
OTSP-705 0.76972 0.00122 0.77216 -0.01890 0.79106 
OTSP-800 0.75841 0.00123 0.76087 -0.01890 0.77977 

lOX 10 Triangular Lattice Max 0.86380 
OTTP-058 0.53656 0.00123 0.53902 -0.01890 0.55792 
OllP-IOO 0.64808 0.001 37 0.65082 -0.0 1890 0.66972 
OITP-200 0.78678 0.00135 0.78948 -0.01890 0.80838 
OITP-300 0.83392 0.00157 0.83 706 -0.01890 0.85596 
OTTP-400 0.84635 0.00136 0.84907 -0.01890 0.86797 
OTTP-410 0.84648 0.00142 0.84932 -0.0 1890 0.86822 
OTrP-420 0.84041 0.00 152 0.84345 -0.01890 0.86235 
OTIP-430 0.83933 0.00 13 1 0.84 195 -0.01890 0.86085 
OITP-437 0.84099 0.00147 0. 84393 -0.01890 0.86283 
OTTP-440 0.84404 0.00144 0.84692 -0.0 1890 0.86582 
OTTl'-450 0.84402 0.00143 0.84688 -0.0 1890 0.86578 
OITP-460 0.84209 0.00 136 0.84481 -0.01890 0.8637 1 
OTTP-470 0.82837 0.00145 0.83127 -0.01890 0.85017 
OTTP-480 0.82542 0.00 151 0.82844 -0.01890 0.84734 
on'p-486 0.82686 0.00134 0.82954 -0.01890 0.84844 

OllP-490 0.8 1763 0.00133 0.82029 -0.01890 0.83919 
OTTP-500 0.8 1509 0.00140 0.8 1789 -0.01890 0.83679 
OTTP-520 0.8 1784 0.00131 0.82046 -0.01890 0.83936 
OITP-540 0.80957 0.00137 0.81231 -0.01890 0.8312 1 
OTTP-544 0.8 11 20 0.00128 0.81376 -0.01890 0.83266 

OTSN-460 0.83406 0.00137 0.83680 -0.01890 0.85570 
OTSN-470 0.83486 0.00 130 0.83746 -0.01890 0.85636 
OTSN-480 0.828 11 0.00143 0.83097 -0.0 1890 0.84987 
OTSN-486 0.82975 0.00 140 0.83255 -0.01890 0.85145 
OTSN-490 0.82703 0.00140 0.82983 -0.0 1890 0.84873 
OTSN-500 0.83070 0.00 148 0.83366 -0.0 1890 0.85256 
OTSN-520 0. 82515 0.00[35 0.82785 -0.01890 0.84675 
OTSN-540 0.81597 0.00122 0.8 184 1 -0.0 1890 0.8373 1 
OTSN-544 0.8 1872 0.00138 0.82 148 -0.01890 0.84038 
OTSN-560 0.8 14 18 0.00137 0.81692 -0.01890 0.83582 
OTSN-600 0.81 147 0.00133 0.8 14[3 -0.01890 0.83303 
OTSN-6 16 0.79280 0.00137 0.79554 -0.01890 0.8 1444 

OTSN-700 0.77 119 0.00129 0.77377 -0.01890 0.79267 
OTSN-705 0.76692 0.00129 0.76950 -0.01890 0.78840 

OTSN-800 0.75958 0.00129 0. 76216 -0.01890 0.78106 
I OX IO Triangular Lattice Max 0.85846 

OTTN-058 0.53 183 0.00123 0.53429 -0.01890 0.55319 
OTTN-100 0.6433 3 0.00144 0.64621 -0.01890 0.6651 1 

OTTN-200 0.78362 0.00147 0.78656 -0.01890 0.80546 
OTTN-300 0.82879 0.00133 0.83 145 -0.01890 0.85035 
OTTN-400 0.84044 0.00 137 0.843 18 -0.01890 0.86208 
OTfN-410 0.84175 0.00 138 0.84451 -0.01890 0.86341 
OTTN-420 0.84068 0.00 136 0.84340 -0.01890 0.86230 
OTTN-430 0.83812 0.00 157 0.84 126 -0.01890 0.86016 

OlTN-437 0.83787 0.00138 0.84063 -0.0 1890 0.85953 
OTTN-440 0.83866 0.00131 0.84 128 -0.01890 0.86018 
On'N-450 0.83773 0.00129 0.84031 -0.01890 0.8592 1 
OTTN-460 0.83957 0.00129 0.84215 -0.01890 0.86105 
OTTN-470 0.82576 0.00150 0.82876 -0.01890 0.84766 
OITN-480 0.82932 0.00139 0.83210 -0.01890 0.85100 
OTTN-486 0.82669 0.00 139 0.82947 -0.01890 0.84837 
OTTN-490 0.8 1605 0.00145 0.8 1895 -0.0 1890 0.83785 
OllN-500 0.81493 0.00129 0.8 175 1 -0.0 1890 0.8364 1 

OITN-520 0.81735 0.00136 0.82007 -0.01890 0.83897 
OTTN-540 0.80784 0.00145 0.8 1074 -0.0 1890 0.82964 
OllN-544 0.80830 0.00137 0.8 1104 -0.01890 0.82994 
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GNF NPC 
Safety Analysis ReDort 

OTIP-560 0.80972 0.00134 0.81240 -0.01890 0.83130 
OTIP-600 0.80708 0.00128 0.80964 -0.01890 0.82854 
Onp~6 1 6 0.80752 0.00129 0.8 1010 -0.01890 0.82900 
OTIP-700 0.77640 0.00127 0.77894 -0.01890 0.79784 
OTIP-705 0.77849 0.00133 0.78115 -0.01890 0.80005 
OTIP-800 0.74412 0.00 122 0.74656 -0.01 890 0.76546 

9X9 Square Lauice Max 0.86822 
ONSP-058 0.54446 0.00108 0.54662 -0.01890 0.56552 

0.65777 -0.01890 0.67667 ONSP-IOO 0.65495 0.00 141 
ONSP~2oo 0. 78438 0.00 134 0.78706 -0.01890 0.80596 
ONSP-300 0.82896 0.00142 0.83 180 -0.01890 0.85070 
ONS P-400 0.84056 0.00 142 0.84340 -0.01890 0.86230 
ONSP-4 10 
ONSI'-420 
ONS P-430 
ONS P-437 
ONSP-440 
ONSP--450 
ONSP--460 
ONSP--470 
ONSP-480 
ONSP-486 
ONSP-490 
ONSP-5oo 
ONSP~520 

ONSP-540 

0.83671 0.00134 0.83939 -0.01 890 0.85829 
OJ!3587 0.00148 0.83883 -0.01 890 0.85773 
0. 83 161 0.00142 0.83445 -0.0 1890 0.85335 
0.83239 0.00145 0.83529 -0.01890 0.854 19 
0.83258 0.00 150 0.83558 -0.01890 0.85448 
0.83575 0.00 147 0.83869 -0.01890 0.85759 
0.83326 0.00 132 0.83590 -0.01890 0.85480 
0.83469 0.00 140 0.83749 -0.01890 0.85639 
0.82939 0.00 132 0.83203 -0.01890 0.85093 
0.83287 0.00135 0.83557 -0.01890 0.85447 
0.81823 0.00 14 1 0.82 105 -0.01890 0.83995 
0.81756 0.00 131 0.82018 -0.01890 0.83908 
0.79440 0.00 134 0.79708 -0.01 890 0.81598 
0.79535 0.00 142 0.79819 -0.01890 0.81709 

Or-;SP-544 0.79540 0.00 155 0.79850 -0.01890 0.S1 740 
ONSP-560 0.79513 0.00 132 0.79777 -0.01890 0.81667 
ONSP-600 0.79 101 0.00 136 0.79373 -0.0 1890 0.8 1263 
ONS I'-616 0.79665 0.00 132 0.79929 -0.01890 0.818 19 
ONS P-700 0.76429 0.00 133 0.76695 -0.01890 0.78585 
ONS P-705 0.76545 0.00127 0.76799 -0.01 890 0.78689 
ONS P-800 0.72250 0.00121 0.72492 -0.0 1890 0.74382 

9X9 Triangular Lattice Max 0.86230 
ONTP-05S 0.54377 0.00 111 0.54599 ~0 . 0I 890 0.56489 
ONTP-IOO 0.65148 0.00 143 0.65434 ~0.01890 0.67324 

OITN-560 0.80824 0.00141 0.8 11 06 -0.01890 0.82996 
OTI -600 0.808 14 0.00132 0.81078 -0.01890 0.82968 
OlTN-61 6 0.80894 0.00142 0.8 1178 ~0.01890 0.83068 
OrrN~700 0.776 13 0.00118 0.77849 -0.01890 0.79739 
OrrN-705 0.777 15 0.00118 0.77951 -0.01890 0.7984 1 
OlTN-800 0.74239 0.00132 0.74503 -0.01890 0.76393 

9X9 Square Lattice Max 0.86341 
ONSN-058 0.53964 0.00127 0.54218 -0.01890 0.56108 

0.64952 -0.01890 0.66842 ONSN- IOO 0.64716 0.00 118 
ONSN-200 0.78282 0.00 137 0.78556 -0.01890 0.80446 
ONSN-300 0.82805 0.00 144 0.83093 -0.01890 0.84983 
ONSN-400 0.83404 0.00 140 0.83684 -0.0 1890 0.85574 
ONSN-410 
ONSN-420 
ONSN-430 
ONSN-437 
ONSN--440 
ONSN--450 
ONSN-460 
ONSN-470 
ONSN-480 
ONSN-486 
ONSN-490 
ONSN-500 
ONSN-520 
ONSN-540 

0.83529 0.00 149 0.83827 -0.01890 0.85717 
0.835 18 0.00 134 0.83786 -0.0 1890 0.85676 
0.82877 0.00 137 0.8315 1 -0.01890 0.8504 \ 
0.82991 0.00142 0.83275 -0.01890 0.85165 
0.82864 0.00139 0.83\42 -0.01890 0.85032 
0.83 11 0 0.00127 0.83364 -0.01890 0.85254 
0.83058 0.00131 0.83320 -0.01890 0.852 10 
0.83036 0.00140 0.833 16 -0.01890 0.85206 
0.82894 0.00147 0.83 188 -0.01890 0.85078 
0.83093 0.00134 0.8336 1 -0.01890 0.85251 
0.81702 0.00132 0.81966 -0.01890 0.83856 
0.8 1915 0.00138 0.8219 1 -0.01890 0.84081 
0.794 14 0.00 132 0.79678 -0.01 890 0.81568 
0.79598 0.00 137 0.79872 -0.01890 0.81762 

ONSN-544 0.79399 0.00 146 0.7969 1 -0.01890 0.8 1581 
ONSN-560 0.79666 0.00136 0.79938 -0.01890 0.11 111211 
ONSN-600 0.794 12 0.00134 0.79680 -0.01 890 0.81570 
ONSN-616 0.79394 0.00 147 0.79688 -0.0 1890 0.81'78 
ONSN-700 0.76529 0.00 129 0.76787 -0.01890 0.78677 
ONSN-705 0.765 16 0.00119 0.76754 -0.0 1890 0.78644 
ONSN-IIOO 0.72234 0.00 128 0.72490 -0.01890 0.743110 

9X9 Triangular Lattice Max 0.85717 
ONTN-058 0.53694 0.00 11 5 0.53924 -0.0 11190 0.558 14 
ONTN-IOO 0.64687 0.00 142 0.64971 -0.01 890 0.66861 
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GNF NPC 
Safety Analysis Report 

ONTP-200 0.7863\ 0.00 14 1 0. 78913 -0.01890 0. 80803 
ONTP-]OO 0.8335 1 0.00138 0.83627 -0.01890 0.85517 
ONTP-400 0.83025 0.00 143 0.833 11 -0.01890 0.8520 1 
ONTP-41Q 0.83204 0.00144 0.83492 -0.01890 0.85382 
ONTP·420 0.83283 0.00139 0.83561 -0.01890 0.85451 
ONTP-430 0. 82749 0.00143 0.83035 -0.01890 0.84925 
ONTP-437 0.82614 0.001 35 0.82884 -0.0 1890 0.84774 
ONTP-440 0.82835 0.00150 0.83135 -0.01890 0.85025 
ONTP-450 0.83133 0.0014 1 0.83415 -0.0 1890 0.85305 
ONTP-460 0.82875 0.00 126 0.83127 -0.01890 0.85017 
ONTP-470 0.83397 0.00136 0.83669 ·0.0 1890 0.85559 
ONTP·480 0.83 189 0.00 153 0.83495 -0.01890 0.85385 
ONTP-486 0.82989 0.00 130 0. 83249 -0.01890 0.85 139 
ONTP-490 0.83001 0.00 138 0.83277 -0.01890 0.85 167 
ONTP-5oo 0.83177 0.00153 0.83483 -0.01890 0.85373 
ONTP-520 0.82703 0.00142 0.82987 -0.0 1890 0.84877 

ONTP-540 0.80202 0.00129 0.80460 -0.01890 0.82350 
ONTP-544 0.80245 0.00142 0.80529 -0.01890 0.82419 
ONTP-560 0.80282 0.00133 0.80548 -0.01 890 0.82438 
ONTP-600 0.77571 0.00130 0.7783 1 -0.0 1890 0.7972 1 
ONTP-616 0.77411 0.001 36 0.77683 -0.01 890 0. 79573 
ONTP-700 0.76585 0.00129 0.76843 -0.01890 0.78733 

ONTP-705 0. 76715 0.00133 0.7698 1 ·0.01 890 0.7887\ 
ONTP-800 0.74 149 0.001 33 0.74415 -0.01 890 0.76305 

8XR Square Lattice Max 0.85559 
OESP-058 0.54631 0.001 13 0. 54857 -0.01 890 0.56747 
OESP-lOO 0.65750 0.00130 0.66010 -0.01890 0.67900 
OESP-200 0.78835 0.00145 0.79125 -0.01890 0.81015 
OESP·300 0.82644 0.00143 0.82930 -0.0 1890 0.84820 
OESP-400 0.82941 0.00140 0.8322 1 -0.0 1890 0.85111 
OESP-41O 0.81282 0.00140 0.8 1562 -0.0 1890 0.83452 
OESP-420 0.81236 0.00147 0.8 1530 -0.01890 0.83420 
OESP-430 0.81426 0.00134 0.81694 ·0.0 1890 0.83584 
OESP·437 0.8 1518 0.00138 0.81 794 -0.01890 0.83684 
OESP-440 0.81183 0.00144 0.8147 1 -0.01890 0.8336 1 

OES P-450 0.81511 0.00 142 0.8 1795 -0.01890 0.83685 

ONTN-200 0.78202 0.001 35 0. 78472 -0.01890 0.80362 
ONTN-300 0.82806 0.00141 0.83088 -0.0 1890 0.84978 
ONTN-400 0.82584 0.001 34 0.82852 -0.01890 0.84742 
ONTN-410 0.83 120 0.0014 1 0.83402 -0.01890 0.85292 
ONTN-420 0.83061 0.00136 0.83333 -0.01890 0.85223 
ONTN-430 0.82506 0.00133 0.82772 -0.01890 0.84662 
ONTN-437 0. 82748 0.00134 0.830 16 -0.01890 0.84906 
ONTN-440 0.82799 0.00146 0.8309 1 -0.01890 0.84981 
ONTN-450 0.82909 0.00138 0.83 185 -0.01890 0.85075 
ONTN-460 0.83184 0.00133 0.83450 -0.01890 0.85340 
ONTN-470 0.83073 0.00147 0.83367 -0.01890 0.85257 
ONTN-480 0.83058 0.00141 0.83340 ·0.0 1890 0.85230 
ONTN-486 0.82795 0.00 131 0.83057 -0.0 1890 0.84947 
ONTN·490 0.83021 0.00143 0.83307 -0.0 1890 0.85 197 
ONTN-500 0.82966 0.00134 0.83234 -0.0 1890 0.85 124 
ONTN-520 0.82792 0.00 128 0.83048 -0.0 1890 0.84938 

ONTN-540 0.80326 0.00 127 0.80580 -0.0 1890 0.82470 
ONTN-544 0.80602 0.00144 0.80890 -0.01 890 0.82780 
ONTN-560 0.80470 0.00 132 0.80734 -0.0 1890 0.82624 
ONTN·600 0.773 10 0.00140 0.77590 ·0.01890 0.79480 
ONTN-6 16 0. 77387 0.00138 0.77663 -0.01890 0.79553 
ONTN-700 0.76902 0.00144 0.77 190 -0.01890 0.79080 

ONTN-705 0.76956 0.00 126 0.77208 -0.01 890 0.79098 
ONTN-800 0.74193 0.00 123 0.74439 -0.01890 0.76329 

8X8 Square Lattice Max 0.85340 
OESN-058 0.54335 0.00113 0.54561 -0.01890 0.5645 1 

OESN- IOO 0.65 199 0.00141 0.6548 1 -0.01890 0.6737 1 
OESN -200 0.7841 4 0.00132 0.78678 -0.01890 0.80568 
OESN-300 0.82 164 0.00148 0.82460 -0.01 890 0.84350 
OESN-400 0.82773 0.00153 0.83079 -0.01 890 0.84969 
OESN-410 0.81042 0.00146 0.81334 -0.01 890 0.83224 
OESN-420 0.81377 0.00150 0.81677 -0.01890 0.83567 
OESN-430 0.8 1388 0.00139 0.81666 -0.01890 0.83556 
OESN-437 0.8 1509 0.00144 0.81797 -0.01890 0.83687 
OESN-440 0.81496 0.00142 0.8 1780 -0.01890 0.83670 

OESN-450 0.81605 0.00 152 0.8 1909 -0.01890 0.83799 
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GNF NPC 
Safety Analysis Report 

OESP-460 0.82 112 0.00128 0.82368 -0.01890 0.84258 
OESP-470 0.81909 0.00138 0.82185 -0.0\890 0.84075 
OESP-4BO 0.81856 0.00 127 0.82 1 \0 -0.01890 0.84000 
OESP-486 0.8 1948 0.00136 0.82220 -0.0 1890 0.84110 
OESP-490 0.8 1578 0.00137 0.8 1852 -0.01890 0.83742 
OESP-500 0.8 1746 0.00135 0.82016 -0.01890 0.83906 
OESP-520 0.8 1736 0.00132 0.82000 -0.0 1890 0.83890 
OESP-540 0.79534 0.00129 0.79792 -0.01890 0.81682 
OESP-544 0.79704 0.00140 0.79984 -0.01890 0.8 1874 
OESP-560 0.79554 0.00 133 0.79820 -0.01890 0.8 1710 
OES P-600 0.79103 0.00130 0.79363 -0.01890 0.8 1253 
OES P-616 0.77768 0.00 127 0.78022 -0.01890 0.799 12 
OES P-700 0.7372 1 0.0013 1 0.73983 -0.01890 0.75873 
OES P-705 0.73963 0.00127 0.74217 -0.01890 0.76107 
OESP-800 0.72681 0.00122 0.72925 -0.0 1890 0.74815 

8X8 Triangular Laltie..:: Max 0.851 11 
OETP-058 0.54 106 0.001 12 0.54330 -0.0 1890 0.56220 

OETP-100 0.65342 0.00 132 0.65606 -0.0 1890 0.67496 
OETP-200 0.787 11 0.001 45 0.7900 1 -0.0 1890 0.80891 
OETP-300 0.82746 0.00140 0.83026 -0.01890 0.84916 
OETP-400 0.83788 0.00143 0.84074 -0.01890 0.85964 
OETP-4 10 0.83776 0.00146 0.84068 -0.01890 0.85958 

OETP-420 0.83805 0.00 148 0.84101 -0.01890 0.85991 
OETP-430 0.82374 0.00153 0.82680 -0.01890 0.84570 
OETP-437 0.82580 0.00 139 0.82858 -0.0 1890 0.84748 
OETP-440 0.82 161 0.00 136 0.82433 -0.01890 0.84323 
OETP-450 0.82303 0.00 132 0.82567 -0.01890 0.84457 

OETP-460 0.82364 0.00150 0.82664 -0.01890 0.84554 
OETP-470 0.82167 0.00138 0.82443 -0.01890 0.84333 
OETP-480 0. 79395 0.00139 0.79673 -0.01890 0.8 1563 
OETP-486 0.79467 0.00146 0.79759 -0.0 1890 0.8 1649 

OETP-490 0.79788 0.00\34 0.80056 -0.01890 0.81946 
OETP-500 0 .79739 0.00147 0.80033 -0.01890 0.8 1923 

OETP-520 0.79475 0.00\39 0.79753 -0.0 1890 0.8 1643 
OETP-540 0.79869 0.00145 0.80159 -0.01890 0.82049 
OETP-544 0.79722 0.00143 0.80008 -0.01890 0 .8 1898 

OESN-460 0.81443 0.00 143 0.8 1729 -0.0 1890 0.836 19 
OESN-470 0.817 12 0.00 140 0.8 1992 -0.01890 0.83882 
OESN-480 0.8 1783 0.00 129 0.8204 1 -0.01890 0.83931 
OESN-486 0.8 1711 0.00 144 0.81999 -0.01890 0.83889 
OESN-490 0.81727 0.00146 0.82019 -0.01890 0.83909 
OESN-5oo 0.81515 0.00141 0.8 1797 -0.0 1890 0.83687 
OESN-520 0.81692 0.00132 0.8 1956 -0.0 1890 0.83846 
OESN-540 0.79642 0.00132 0.79906 -0.01890 0.81796 
OESN-544 0.79528 0.00140 0.79808 -0.01890 0.81698 
OESN-560 0.79580 0.00129 0.79838 -0.01890 0.81728 
OESN-600 0.7909 1 0.00120 0.79331 -0.01890 0.8 122 1 
OESN-616 0.77779 0.00 126 0.78031 -0.01890 0.79921 
OESN-700 0.73684 0.00122 0.73928 -0.01890 0.75818 
OESN-705 0.736 10 0.00130 0.73870 -0.01890 0.75760 
OESN-800 0.72573 0.00134 0.7284 1 -0.01890 0.74731 

8X8 Triangular Lattie..:: Max 0.84969 
OETN-058 0.53595 0.001 16 0.53827 -0.01890 0.557 17 
OETN-IOO 0.65067 0.00136 0.65339 -0.01890 0.67229 
OETN-200 0.78345 0.00143 0.7863 1 -0.01890 0.80521 
OETN-300 0.8200 1 0.00156 0.82313 -0.01890 0.84203 
OETN-400 0.83129 0.00128 0.83385 -0.01890 0.85275 
OETN-410 0.83204 0.00133 0.83470 -0.01890 0.85360 

OETN-420 0.83446 0.00147 0.83740 -0.01890 0.85630 
OETN-430 0.82317 0.00139 0.82595 -0.01890 0.84485 
OETN-437 0.82214 0.00 123 0.82460 -0.01890 0.84350 
OETN-440 0.82 184 0.00 136 0.82456 -0.01890 0.84346 
OETN-450 0.82284 0.00 136 0.82556 -0.01890 0.84446 

OETN-460 0.82 198 0.00 143 0.82484 -0.01890 0.84374 
OETN-470 0.82 130 0.00138 0.82406 -0.01890 0.84296 
OETN-480 0.79529 0.00145 0.798 19 -0.01890 0.8 1709 
OETN-486 0.79638 0.00134 0.79906 -0.01890 0.8 1796 

OETN-490 0.79513 0.00 139 0.79791 -0.01890 0.8 1681 
OETN-500 0.79668 0.0013 1 0.79930 -0.0 1890 0.8 1820 
OETN-520 0.79555 0.00 ]40 0.79835 -0.01890 0.8 1725 
OETN-540 0.79636 0.00138 0.79912 -0.01890 0.8 1802 

OETN-544 0.80053 0.00133 0.80319 -0.01890 0.82209 
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GNF NPC 
Safety Analysis Report 

OETP-560 0.79583 O.(KlI34 0.7985 1 -0.01890 0.8\74 1 
OETP-600 0.77813 0.00133 0. 78079 -0.01890 0.79969 
OETP-616 0.77734 0.00140 0.78014 -0.01890 0.79904 
OETP-7oo 0.76551 0.00 127 0.76805 -0.01890 0.78695 
OETP-705 0.76599 0.00 124 0.76847 -0.0 1890 0.78737 
OETP-800 0.7 1518 0.00 136 
55 KGs Single Case with VFO 

17X 17 Square Lattice 
VSSP-058 0.52672 0.00116 
VSSP-JOO 0.64202 0.001) 1 
VSS P-200 0. 78343 0.00144 
VSS P-300 0.83596 0.00146 
VSS P-4oo 0.85223 0.(XH44 
VSSP-410 0.85243 0.00132 
VSSP-420 0.84854 0.00 131 

0.71790 -0.0 1890 

M" 
Max NO 

0.52904 -0.01890 
0.64464 -0.01890 
0.78631 -0.011190 
0.83888 -0.01890 
0.8551 1 -0.01890 
0.85507 -0.01890 
0.851 16 -0.01890 

0.73680 
0.85991 
0.87259 
0.54794 
0.66354 
0.8052 1 
0.85778 
0.87401 
0.87397 
0.87006 

VSSP-430 0.84985 0.00 136 0.85257 -0.0 1890 0.87147 
VS$P-437 0.84658 0.00134 0.84926 -0.0 1890 0.868 16 
VSSr-440 0.84599 0.00 140 0.84879 -0.01 890 0.86769 
VSSP-450 0.84958 0.00134 0.85226 -0.01890 0.87 11 6 
VSSP-460 0.84732 0.001 35 0.85002 -0.01890 0.86892 
VSSP-470 0.84780 0.00 138 0.85056 -0.01890 0.86946 
VSSP-480 0.84688 0.00 13 1 0.84950 -0.01890 0.86840 
VSSP-486 0.84700 0.00142 0.84984 -0.01890 0.86874 
VSSP-490 0.84380 0.001 35 0.84650 -0.01890 0.86540 
VSSP-500 0.84494 0.00132 0.84758 -0.01890 0.86648 
VSSP-520 0.83942 0.00136 0.84214 -0.01890 0.86104 
VSS P-540 0.83877 0.00 120 0.84117 -0.01890 0.86007 
VSS P-544 0.83499 0.00128 0.83755 -0.01890 0.85645 
VSS P-560 0.82968 0.00133 0.83234 -0.01890 0.85124 
VSSP-600 
VSSP-616 
VSSP-700 

0.82174 0.00135 0.82444 -0.01890 0.84334 
0.817 14 0.00 134 0.8 1982 -0.01890 0.83872 
0.796 10 0.00 11 8 0.79846 -0.01890 0.81 736 

VSSP-705 0.79612 0.00 143 0.79898 -0.01890 0.8 1788 
VSSP-800 0.76746 0.00132 0.77010 -0.01890 0.78900 

I7X \7 Triangular Lattice Max 0.87401 
VSTP-058 0.52423 0.00101 0.52625 ..{).01890 0.54515 

OETN-560 0.79630 0.00 136 0.79902 -0.01890 0.8\792 
OETN-600 0.77520 0.00130 0.77780 -0.01890 0.79670 
OETN-616 0.77838 0.00126 0.78090 -0.0 1890 0.79980 
OETN-700 0.76568 0.00128 0.76824 -0.0 1890 0.78714 
OETN-705 0.76840 0.00126 0.77092 -0.0 1890 0.78982 
OETN-800 0.71715 0.00134 
53 KGs Single Case wi th VFO 

17X 17 Square Lattice 
VSSN-058 0.51939 0.00 11 4 
VSSN-IOO 0.6331 1 0.00 130 
VSSN-200 0.77990 0.00 145 
VSSN-300 0.83342 0.00148 
VSSN-400 0.84788 0.00 151 
VSSN-4 10 0.84811 0.00135 
VSSN-420 0.84537 0.00142 

0.71983 -0.0 1890 

M" 
Max NO 

0.52167 -0.0 1890 
0.63571 -0.01890 
0.78280 -0.01890 
0.83638 ..{).01890 
0.85090 ..{).01890 
0.85081 -0.01890 
0.8482 1 -0.01890 

0.73873 
0.85630 
0.87037 
0.54057 
0.65461 
0.80170 
0.85528 
0.86980 
0.86971 
0.867 11 

VSSN-430 0.84661 0.00 143 0.84947 -0.01890 0.86837 
VSSN-437 0.84625 0.00138 0.8490 1 -0.01890 0.86791 
VSSN-440 0.84786 0.00135 0.85056 ..{).01890 0.86946 
VSSN-450 0.84536 0.00135 0.84806 -0.01890 0.86696 
VSSN-460 0.84324 0.00142 0.84608 -0.01890 0.86498 
VSSN-470 0.84565 0.00153 0.8487 1 -0.01890 0.8676 1 
VSSN-480 0.84421 0.00134 0.84689 -0.01 890 0.86579 
VSSN-486 0.84053 0.00140 0.84333 -0.01890 0.86223 
VSSN-490 0.84118 0.0013 7 0.84392 -0.0 1890 0.86282 
VSSN_SOO OJ14007 0.00 132 0.8427 1 -0.01890 0.8616 1 
VSSN-520 0.83899 0.0013 1 0.84 161 -0.01890 0.86051 
VSSN-540 0.83520 0.00135 0.83790 -0.01890 0.85680 
VSSN-544 0.83150 0.001 37 0.83424 -0.01890 0.853 14 
VSSN-560 0.82943 0.00130 0.83203 -0.01890 0.85093 
VSSN-600 
VSSN-616 
VSSN-700 

0.82084 0.00125 
0.8 1484 0.00143 
0.79417 0.00126 

0.82334 -0.01890 
0.8 1770 -0.0 1890 
0.79669 -0.01890 

0.1:\4224 
0.83660 
0.8 1559 

VSSN-705 0.790 12 0.00138 0.79288 -0.01890 0.81178 
VSSN-800 0.76944 0.00133 0.772 10 -0.01890 0.79 100 

17XI7 Triangular Laltice Max 0.86980 
VSTN-058 0.5 1790 0.00 11 9 0.5 2028 -0.01890 0.539 18 

Docket No. 71·9294 
Revision 2. 912002 
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Safety Analysis Report 

VSTP- IOO 0.64086 0.00 128 0.64342 -0.01890 0.66232 
VSTP-200 0.78681 0.00143 0.78967 -0.0 1890 0.80857 
VSTP-300 0.84006 0.00135 0.84276 -0.0 1890 0.86 166 
VSTP-400 0.85158 0.00 141 0.85440 -0.01890 0.87330 
VSTP-410 0.84982 0.00 153 0.85288 -0.01890 0.87 178 
VSTP-420 0.85253 0.00 136 0.85525 ·0.01890 0.87415 
VSTP-430 0.85012 0.00 163 0.853]8 -0.01890 0.87228 
VSTP-43 7 0.84776 0.00 151 0.85078 -0.01 890 0.86968 
VSTP-440 0.84959 0.00146 0.8525 1 -0.0 1890 0.8714 1 
VSTP-450 0.84892 0.00129 0.85150 -0.01890 0.87040 
VSTP-460 0.85248 0.00154 0.85556 -0.01890 0.87446 
VSTP-470 0.84876 0.00133 0.85142 -0.01890 0.87032 
VSTP-480 0.84850 0.00142 0.85 134 -0.0 1890 0.87024 
VSTP-486 0.84611 0.00139 0.84889 -0.01890 0.86779 
VSTP-490 0.84977 0.00 138 0.85253 -0.01890 0.87 143 
VSTP-5oo 0.84474 0.00 129 0.IM732 -0.0 1890 0.86622 
VSTP-520 0.83850 0.00 149 0.84148 -0.01890 0.86038 
VSTP-540 0.83591 0.00136 0.83863 -0.01890 0.85753 
VSTP-544 0.83675 0.00136 0.83947 -0.01 890 0.85837 
VSTP-560 0.8]0]0 0.00132 0.8]294 -0.01890 0.85184 
VSTP-600 0.824]5 0.00138 0.82711 -0.01890 0.84601 
VSTP-616 0.81860 0.00142 0.82 144 -0.01890 0.840]4 
VSTP-700 0.79919 0.00134 0.80 187 -0.01890 0.82077 
VSTP-705 0.79798 0.00143 0.80084 -0.01890 0.81974 
VSTP-800 0.170)0 0.00135 0.71]00 -0.01890 0. 79190 

IOX10 Square Lanice Max 0.87446 
VTSP-058 0.52992 0.00110 0.53212 -0.0 1890 0.55102 
VTSP- loo 0.64323 0.0013] 0.64589 -0.01890 0.66479 
VTSP-200 0.78527 0.00 148 0.78823 -0.01890 0.80713 
VTSP-300 0.83833 0.00 140 0.84 113 -0.01890 0.86003 
VTSP-400 0.84474 0.00 131 0.84736 -0.01 890 0.86626 
VTSP-410 0.84517 0.0014] 0.84803 -0.01890 0.86693 
VTSP-420 0.841 79 0.0013 7 0.84453 -0.01890 0.86343 
VTSP-430 0.84]13 0.00 139 0.8459 1 -0.01890 0.8648 1 
VTSP-437 0.84299 0.00135 0.84569 -0.01890 0.86459 
VTSI'-440 0.84374 0.00 143 0.84660 -0.01890 0.86550 

VSTN-IOO 0.6352 1 0.00128 0.63777 -0.0 1890 0.65667 
VSTN-200 0.78282 0.00134 0.78550 -0.0 1890 0.80440 
VSTN-300 0.83]43 0.00159 0.8366 1 -0.0 1890 0.8555 1 
VSTN-400 0.84909 0.00146 0.85201 -0.01890 0.87091 
VSTN-41O 0.84806 0.00 14 1 0.85088 -0.01890 0.86978 
VSTN-420 0.84574 0.00 142 0.84858 -0.0 1890 0.86748 
VSTN-430 0.84469 0.00 143 0.84755 -0.0 1890 0.86645 
VSTN-437 0.84751 0.00126 0.85003 -0.01890 0.86893 
VSTN-440 0.84755 0.00137 0.85029 -0.01890 0.869 19 
VSTN-450 0.84687 0.00138 0.84963 -0.01890 0.86853 
VSTN-460 0.84807 0.00140 0.85087 -0.01890 0.86977 
VSTN-470 0.844 10 0.00 127 0.84664 -0.0 1890 0.86554 
VSTN-480 0.84265 0.00133 0.84531 -0.01890 0.8642 1 
VSTN-486 0.84439 0.00144 0.84727 -0.0 1890 0.8661 7 
VSTN-490 0.84238 0.00136 0.84510 -0.01890 0.86400 
VSTN-500 0.84455 0.00147 0.84749 -0.01890 0.86639 
VSTN-520 0.83989 0.00140 0.84269 -0.01890 0.86159 
VSTN-540 0.83817 0.00138 0.84093 -0.01890 0.85983 
VSTN-544 0.83247 0.00144 0.83535 -0.01890 0.85425 
VSTN-560 0.83277 0.00 136 0.83549 -0.0 1890 0.85439 
VSTN-600 0.82432 0.00135 0.82702 -0.01890 0.84592 
VSTN-6 16 0.81747 0.00 136 0.820 19 -0.0 1890 0.83909 
VSTN-700 0.79508 0.00 133 0.79774 -0.01890 0.8 1664 
VSTN-705 0.798 12 0.00 137 0.80086 -0.01890 0.81976 
VSTN-AOO 0.77066 000 125 0.77316 -0.0 1890 0.79206 

lOX 10 Square Lattice Max 0.87091 
VTSN-058 0.5 1917 0.00 11 1 0.52139 -0.0 1890 0.54029 
VTSN- IOO 0.63652 0.00 120 0.63892 -0.01890 0.65782 
VTSN-200 0.78009 0.00134 0.78277 -0.01890 0.80 167 
VTSN-]OO 0.83220 0.0013 1 0.83482 -O.OH!90 0.85372 
VTSN-400 0.841 73 0.00144 0.84461 -0.0 1890 0.86351 
VTSN-4 10 0.84188 0.00122 0.84432 -0.01890 0.86322 
VTSN-420 0.84343 0.00135 0.846 13 -0.0 1890 0.86503 
VTSN-430 0.841 60 0.00147 0.84454 -0.0 1890 0.86344 
VTSN-437 0.83705 0.00132 0.83969 -0.01890 0.85859 
VTSN-440 0.83829 0.00136 0.84 101 -0.01890 0.8599 1 
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Safety Analysis Report 

VTSP·450 0.84292 0.00 132 0.84556 -0.01890 0.86446 
VTSP-460 0.84265 0.00 14 1 0.84547 ·0.01890 0.86437 
VTSP-470 0.83875 0.001 48 0.84171 ·0.01890 0.86061 
VTSP-480 0.83776 0.00127 0.84030 ·0.01890 0.85920 
VTSP-486 0.83728 0.00131 0.83990 ·0.0 1890 0.85880 
VTSP·490 
VTS p·500 
VTSp·520 
VTS P·540 
VTSP·544 
VTSP·560 
VTSP·600 
VTS p·6 16 
VTSP-700 
VTSP-705 

0.84166 0.00134 0.84434 ·0.01 890 0.R6324 
0.83675 0.00125 0.83925 ·0.01 890 0.858 15 
0.83017 0.00126 0.83269 ·0.0 1890 0.85 159 
0.82824 0.00146 0.83 1\6 -0.0 1890 0.85006 
0.82283 0.00124 0.8253 1 ·0.01890 0.84421 
0.8 1973 0.00121 0.822 15 -0.01890 0.84 105 
0.80936 0.00132 0.8 1200 -0.01890 0.83090 
0.80567 0.00 132 0.80831 ·0.0 1890 0.8272 1 
0.78280 0.00 134 0.78548 -0.01890 0.80438 
0.78054 0.00 132 0.783 18 ·0.01890 0.80208 

VTSP-800 0.75709 0.00126 0.7596 1 -0.0 1890 0.7785 1 
lOX 10 Triangular Lattice Max 0.86693 

VTTP-OS8 0.52750 0.00 11 8 0.52986 -0.0 1890 0.54876 
VTTP- IOO 0.64 138 0.00135 0.64408 -0.01890 0.66298 
VTTP-2oo 0.78728 0.00146 0.79020 ·0.01890 0.809 10 
VTIP-3oo 0.83624 0.00 136 0.83896 -0.01890 0.85786 
VTIP-400 0.84532 0.00133 0.84798 -0.0 1890 0.86688 
VTTP·41O 0.84900 0.00136 0.85 172 ·0.01890 0.87062 
VTTP·420 0.84257 0.00144 0.84545 -0.01 890 0.86435 
VTIP-430 0.R4550 0.00123 0.84796 -0.01890 0.86686 
VTIP-437 0.84473 0.00136 0.84745 -0.01890 0.86635 
VTIP-440 0.84498 0.00 147 0.84792 -0.01890 0.86682 
VTIP-450 0.84019 0.00138 0.84295 -0.01890 0.86185 
VTIP-460 0.84244 0.00 127 0.84498 -0.01890 0.86388 
Vrrp-470 0.84168 0.00 124 0.844 16 -0.01890 0.86306 
VTTP-480 0.84193 0.001 44 0.8448 1 ·0.01890 0.8637 1 
VTTP-486 0.84 165 0.001 40 0.8444 5 -0.01890 0.86335 
VTTP-490 0.84450 0.00 130 0.84710 -0.0 1890 0.86600 
VTTP-500 0.83550 0.00 127 0.83804 -0.0 1890 0.85694 
VlTP-520 0.83325 0.00137 0.83599 -0.0 1890 0.85489 
VTTP-540 0.82776 0.00 140 0.83056 -0.0 1890 0.84946 

VTSN-450 0.83729 0.00144 0.84017 -0.01890 0.85907 
VTSN-460 0.83685 0.00147 0.83979 -0.01890 0.85869 
VTSN-470 0.838 19 0.00133 0.84085 -0.01890 0.85975 
VTSN·480 0.83767 0.00138 0.84043 -0.01890 0.85933 
VTSN-486 0.83723 0.00132 0.83987 -0.01890 0.85877 
VTSN-490 
VTSN-500 
VTSN-520 
VTSN-540 
VTSN-544 
VTSN-S60 
VTSN-600 
VTSN-6 16 
VTSN·700 
VTSN-705 

0.83355 0.00143 
0.83666 0.00129 
0.R3088 0.00 127 
0.82630 0.00 128 
0.82464 0.00 145 
0.81965 0.00129 
0.8086 1 0.00 137 
0.80402 0.00 144 
0.78260 0.00 128 
0.77932 0.00 1 17 

0.8364 1 -0.0 1890 0.8553 1 
0.83924 -0.01890 0.858 14 
0.83342 -0.01890 0.85232 
0.82886 -0.01890 0.84776 
0.82754 -0.0 1890 0.84644 
0.82223 ·0.01890 0.84113 
0.81135 -0.0 1890 0.83025 
0.80690 -0.0 1890 0.82580 
0.785 16 -0.0 1890 0.80406 
0.78 166 -0.01890 0.80056 

VTSN-800 0.75668 0.00 132 0.75932 ·0.0 1890 0.77822 
IOXI O Triangular Lattice Max 0.86503 

VTTN·058 0.5 1748 0.00115 0.51978 -0.0 1890 0.53868 
VTTN- IOO 0.63549 0.00 11 7 0.63783 -0.0 1890 0.65673 
VTTN-200 0.78 11 8 0.00 141 0.78400 -0.01890 0.80290 
V1TN-300 0.83204 0.001 46 0.83496 ·0.0 1890 0.85386 
VTTN-400 0.84205 0.00 152 0.84509 -0.01890 0.86399 
VTTN-4 10 0.84260 0.00139 0.84538 -0.01890 0.86428 
VTTN-420 0.84 165 0.00143 0.8445 1 -0.01890 0.8634 1 
VTTN_4JO 0.R4IQQ 0.00151 0.8450 1 -0.01890 0.86391 
VlTN-437 0.84 138 0.00138 0.84414 -0.0 1890 0.86304 
VlTN-440 0.84402 0.00145 0.84692 -0.0 1890 0.86582 
VITN-450 0.84 182 0.00142 0.84466 -0.01890 0.86356 
VTTN-460 0.84291 0.00148 0.84587 -0.01890 0.86477 
VTfN-470 0.84015 0.00124 0.84263 -0.01890 0.86153 
VTTN-480 0.8375 1 0.00138 0.84027 -0.0 1890 0.859 17 
VTTN-486 0.83712 0.00136 0.83984 -0.0 1890 0.85874 
VTTN-490 0.83780 0.00 137 0.84054 -0.01 890 0.85944 
VTTN-500 0.83346 0.00 129 0.83604 -0.0 \890 0.85494 
VTTN-520 0.83313 0.00 126 0.83565 -0.01890 0.85455 
VTTN-540 0.82918 0.00 141 0.83200 ·0.01890 0.85090 
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1-

92
94

 
R

ev
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n

 2
,9

12
00

2 
GNF NPC 
Safety Analysis Report 

VTTP-544 0.82606 0.00 133 0.82872 -0.01890 0.84762 
VTfP-560 0.824 14 0.00144 0.82702 -0.01890 0.84592 
VTTP-6oo 0.81429 0.00128 0.81685 -0.01890 0.83575 
VlTP-616 0.80703 0.00133 0.80969 -0.0 1890 0.82859 
VTTP-700 0.78779 0.00 132 0.79043 -0.0 1890 0.80933 
Vl1'P-705 0.78330 0.00 139 0.78608 -0.OIR90 0.80498 
VTIP-8oo 0.75638 0.00 129 0.75896 -0.01890 0.77786 

9X9 Square Lattice Max 0.87062 
VNSP-058 0.5282 1 0.00110 0.53041 -0.01890 0.54931 
VNS P-IOO 0.64457 0.00117 0.64691 -0.01890 0.66581 
VNSP-200 0. 78882 0.00164 0.792 10 -0.01890 0.81 100 
VNSP-300 0.8342 1 0.00136 0.83693 -0.01890 0.85583 
VNSP-400 0.84079 0.00132 0.84343 -0.01890 0.86233 
VNS P-41 0 0.83998 0.00 143 0.84284 -0.01890 0.86 174 
VNS P-420 0.83699 0.00137 0.83973 -0.0 1890 0.85863 
VNSP-430 O.IBInO 0.00142 0.84114 -0.01890 0.86004 
VNSP-437 0.83956 0.00 132 0.84220 -0.01890 0.861 10 
VNSP-440 0.83527 0.00 144 0.838 15 -0.01890 0.85705 
VNSP-450 0.83756 0.00126 0.84008 -0.01890 0.85898 
VNSP-460 0.83595 0.00136 0.83867 -0.0 1890 0.85757 
VNSP-470 0.83551 0.00148 0.83847 -0.01890 0.85737 
VNSP-480 0.83250 0.00134 0.835 18 -0.01890 0.85408 
VNSP-486 0.83405 0.00 125 0.83655 -0.01890 0.85545 
VNSP-490 0.83258 0.00135 0.83528 -0.01890 0.854 18 
VNSP-500 0.83097 0.00133 0.83363 -0.01890 0.85253 
VNSP-520 0.82567 0.00136 0.82839 -0.01890 0.84729 
VNSP-540 
VNS P-544 
VNS P-560 
VNSP-600 
VNSP-616 
VNSP-7oo 
VNSP-705 
VNSP-8oo 

0.81806 0.00137 0.82080 -0.01890 0.83970 
0.81764 0.00 143 0.82050 -0.01890 0.83940 
0.81561 0.00122 0.8 1805 -0.01890 0.83695 
0.79987 0.00130 0.80247 -0.01890 0.82 137 
0.79926 0.00 127 0.80 180 -0.0 1890 0.82070 
0.77086 0.00 121 0.77328 -0.0 1890 0.792 18 
0.77227 0.00 137 0.7750 1 -0.01 890 0.79391 
0.74564 0.00 132 0.74828 -0.01 890 0.767 11'1 

9X9 Triangul ar Lattice Max 0.86233 
VNTP-058 0.52709 0.00111 0.5293 1 -0.01890 0.5482 1 

VlTN-544 0.82721 0.00145 0.83011 -0.01890 0.8490 1 
VlTN-560 0.82223 0.00133 0.82489 -0.0 1890 0.84379 
VTfN-600 0.80975 0.00128 0.8123 1 -0.01890 0.83 12 1 
VTTN-6 16 0.8 1102 0.00123 0.8 1348 -0.0 1890 0.83238 
VlTN-700 0.7853 1 0.00130 0.7879 1 -0.01890 0.80681 
VITN-705 0.78607 0.00[35 0.78877 -0.01890 0.80767 
VlTN-800 0.75847 0.00122 0.7609 1 -0.01890 0.7798 1 

9X9 Square Lattice Max 0.86582 
VNSI'\-058 0.51939 0.00 11 5 0.52169 -0.01890 0.54059 
VNSN-IOO 0.63748 0.00130 0.64008 -0.01890 0.65898 
VNSN-200 0.78220 0.00 142 0.78504 -0.01890 0.80394 
VNSN-3oo 0.82865 0.00141 0.83 147 -0.01 890 0.85037 
VNSN-400 0.83652 0.00 143 0.83938 -0.01 890 0,85828 
VNSN-410 0.83445 0.00 139 0.8372] -0.01890 0.856 13 
VNSN-420 0.83424 0.00137 0.83698 -0.01890 0.85588 
VNSN-430 0.83501 0.00138 0.83777 -0.01890 0.85667 
VNSN-437 0.83485 0.00132 0.83749 -0.01890 0.85639 
VNSN-440 0.83236 0.00164 0.83564 -0.01890 0.85454 
VNSN-450 0.83427 0.00121 0.83669 -0.0 1890 0.85559 
VNSN-460 0.83555 0.00142 0.83839 -0.01890 0.85729 
VNSN-470 0.83134 0.00144 0.83422 -0.01890 0.85312 
VNSN-480 0.8296 1 0.00144 0.83249 -0.01890 0.85139 
VNSN-486 0.82831 0.00 149 0.83129 -0.01890 0.850 19 
VNSN-490 0.82936 0.00132 0.83200 -0.0 1890 0.85090 
VN~N_:'IjOO 0.82629 O.OOISO 0.82929 -0.01890 0.84819 
VNSN-520 0.82284 0.00134 0.8255 2 -0.01890 0.84442 
VNSN-540 
VNSN-544 
VNSN-560 
VNSN-600 
VNSN-616 
VNSN-700 
VNSN-70S 
VNSN-800 

0.8 1970 0.00136 0.82242 -0.01890 0.84132 
0.8 1655 0.00 146 0.81947 -0.0 1890 0.83837 
0.8 1272 0.00 129 0.81530 -0.0 1890 0.83420 
0.79967 0.00 142 0.8025 1 -0.0 181)0 0.8214 1 
0.798 10 0.00141 0.80092 -0.01890 0.81982 
0.77336 0.00130 0.77596 -0.0 1890 0.79486 
0.77064 0.00138 0.77340 -0.01890 0.79230 
0.74559 0.00 11 6 0.7479 1 -0.0 1890 0.7668 1 

9X9 Triangular Laltice Max 0.85828 
VNTN-058 0.52 185 0.00 120 0.S2425 -0.0 1890 0.54315 
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GNF NPC 
Safety Analysis Report 

VNTP-IOO 0.64436 0.00130 0.64696 -0.01890 0.66586 
VNTP-200 0.78680 0.00140 0.78960 -0.01890 0.80850 
VNTP-300 0.83482 0.00 139 0.83760 -0.01890 0.85650 
VNTP-400 0.84181 0.00 150 0.8448 1 -0.01890 0.8637 1 
VNTP-410 0.83974 0.00 143 0.84260 -0.01890 0.86150 
VNTP-420 0.84147 0.00135 0.84417 -0.01890 0.86307 
VNTP-430 0.83820 0.00134 0.84088 -0.01890 0.85978 
VNTP-437 0.83703 0.00125 0.83953 -0.0 1890 0.85843 
VNTP-440 0.84012 0.00132 0.84276 -0.01890 0.86 166 
VNTP-450 0.83775 0.00 137 0.84049 -0.01890 0.85939 
VNTP-460 0.83858 0.00137 0.84132 -0.0 1890 0.86022 
VNTP-470 0.83823 0.00147 0.84 11 7 -0.01890 0.86007 
VNTP-480 0.8363 1 0.00136 0.83903 -0.01890 0.85793 
VNTP-486 
VNTP-490 
VNTI'-500 
VNTP-520 
VNTP-540 
VNTP-544 
VNTP-560 
VNTP-6oo 
VNTP-6 16 
VNTP-700 
VNTP-705 

0.83209 0.00132 0.83473 -0.01890 0.85363 
0.83308 0.00142 0.83592 -0.01890 0.85482 
0.82915 0.0013 1 0.83 177 -0.01890 0.85067 
0.83205 0.00136 0.83477 -0.01890 0.85367 
0.8219 1 0.00144 0.82479 -0.0 1890 0.84369 
0.82085 0.001 40 0.82365 -0.01890 0.84255 
0.81296 0.00136 0.8 1568 -0.01890 0.83458 
0.80353 0.00140 0.80633 -0.01890 0.82523 
0.80082 0.00124 0.80330 -0.0 1890 0.82220 
0.77529 0.00122 0.77773 -0.0 1890 0.79663 
0.77491 0.00131 0.77753 -0.01890 0.79643 

VNTP-8oo 0.747 14 0.00110 0.74934 -0.01890 0.76824 
8X8 Square Lanice Max 0.86371 

VESP-058 0.52816 0.00110 0.53036 -0.01890 0.54926 
VESP-I OO 0.64697 0.00133 0.64963 -0.01890 0.66853 
VESP-200 0.78655 0.00143 0.7894 1 -0.01890 0.80831 
VES P-3oo 
VESP-400 

0.83040 0.00138 0.83316 -0.0 1890 0.85206 
0.83521 0.00131 0.83783 -0.01890 0.85673 

VES P-410 0.83473 0.00137 0.83747 -0.0 1890 0.85637 
VES P-420 0.83390 0.00140 0.83670 -0.01890 0.85560 
VES P-430 0.83292 0.00149 0.83590 -0.01890 0.85480 
VES P-437 0.831 05 0.00 141 0.83387 -0.01890 0.85277 
VESP-440 0.831 15 0.00137 0.83389 -0.01890 0.85279 

VNTN-IOO 0.63506 0.00\J8 0.63782 -0.01890 0.65672 
VNTN-200 0.7804 1 0.00129 0.78299 -0.01890 0.80189 
VNTN-3oo 0.82682 0.00139 0.82960 -0.01890 0.84850 
VNTN-400 0.83906 0.00139 0.84184 -0.0 1890 0.86074 
VNTN-410 0.83619 0.00 141 0.83901 -0.0 1890 0.8579 1 
VNTN-420 0.8395 1 0.00133 0.842 17 -0.01890 0.86107 
VNTN-430 0.83667 0.001 40 0.83947 -0.01890 0.85837 
VNTN-437 0.83843 0.00139 0.84121 -0.0 1890 0.8601 1 
VNTN-440 0.83967 0.00144 0.84255 -0.01890 0.86145 
VNTN-450 0.8366 1 0.00134 0.83929 -0.01890 0.85819 
VNTN-460 0.83367 0.00141 0.83649 -0.0 1890 0.85539 
VNTN-470 0.83 170 0.00143 0.83456 -0.0 1890 0.85346 
VNTN-480 0.83273 0.00134 0.83541 -0.0 1890 0.85431 
VNTN-486 0.83340 
VNTN-490 0.83108 
VNTN-500 0.82663 
VNTN-520 0.82765 
VNTN-540 0.81984 
VNTN-544 0.82 153 
VNTN-560 0.81836 
VNTN-600 0.80406 
VNTN-616 0.801 11 
VNTN-700 0.77449 
VNTN-705 0.775 10 

0.00140 0.83620 -0.0 1890 0.855 10 
0.00136 0.83380 -0.0 1890 0.85270 
0.00148 0.82959 -0.0 1890 0.84849 
0.00127 0.830 19 -0.0 1890 0.84909 
0.00139 0.82262 -0.0 1890 0.84152 
0.00137 0.82427 -0.0 1890 0.84317 
0.00129 0.82094 -0.0 1890 0.83984 
0.00128 0.80662 -0.0 1890 0.82552 
0.00128 0.80367 -0.0 1890 0.82257 
0.0013 1 0.777 11 -0.01890 0.79601 
0.00 136 0.77782 -0.01890 0.79672 

VNTN-800 0.75276 0.00140 0.75556 -0.01890 0.77446 
8X8 Square Lattice Max 0.86 145 

VESN-058 0.52199 0.00114 0.52427 -0.01890 0.543 17 
VESN- loo 0.635 19 0.00125 0.63769 -0.01890 0.65659 
VESN-2oo 0.78353 0.00146 0.78645 -0.01890 0.80535 
VESN-300 
VESN-400 

0.K2996 0.00\38 
0.83352 0.00135 

0.83272 -0.01890 0.85 162 
0.83622 -0.0 1890 0.85512 

VESN-410 0.83 120 0.00148 0.83416 -0.01890 0.85306 
VESN-420 0.83208 0.001 36 0.83480 -0.01890 0.85370 
VESN-430 0.83 144 0.00 121 0.83386 -0.01890 0.85276 
VESN-437 0.82847 0.00142 0. 83131 -0.01 890 0.85021 
VESN-440 0.82807 0.00 123 0.83053 -0.01890 0.84943 
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GNF NPC 
Safety Analysis Report 

VESP-450 0.82958 0.00 125 0.83208 -0.01890 0.85098 
VES P-460 0.82837 0.00138 0.831 13 -0.01890 0.85003 
VESP-470 0.82820 0.00136 0.83092 -0.01890 0.84982 
VESP-480 0.82265 0.00141 0.82547 -0.01890 0.84437 
VESP-486 0.82749 0.00146 0.83041 -0.01890 0.8493 1 
VESP-490 0.82684 0.00136 0.82956 -0.0 1890 0.84846 
VESP-500 0.82588 0.00143 0.82874 -0.01890 0.84764 
VESP-520 0.81789 0.00139 0.82067 -0.01890 0.83957 
VESP-540 0.80739 0.00133 0.81005 -0.0 1890 0.82895 
VESP-544 0.81006 0.00136 0.81278 -0.01890 0.83 168 
VESP-560 0.80412 0.00132 0.80676 -0.01890 0.82566 
VESP-600 0.7932 1 0.00124 0.79569 -0.01890 0.81459 
VESP-616 0.78699 0.00 141 0.78981 -0.01890 0.80871 
VESP-700 0.76175 0.001 19 0.76413 -0.01 890 0.78303 
VESP-705 0.76086 0.00132 0.76350 -0.01890 0.78240 
VESP-800 0.73397 0.U0139 0.73675 -0.01890 0.75565 

8X8 Triangular Lattice Max 0.85673 
VETP-058 0.52948 0.001 19 0.53186 -0.01890 0.55076 
VETP-IOO 0.64935 0.00138 0.652 11 -0.01890 0.67 101 
VETP-200 0.78855 0.00 145 0.79 145 -0.01890 0.8 1035 
VETP-300 0.83304 0.00153 0.836 10 -0.01890 0.85500 
VETP-400 0.83415 0.00129 0.83673 -0.0 1890 0.85563 
VETP-410 0.83637 0.00138 0.83913 -0.0 1890 0.85803 
VETP-420 0.83407 0.00126 0.83659 -0.0 1890 0.85549 
VETP-430 0.83642 0.1)0147 0.83936 -0.0 1890 0.85826 
VETP-437 0.83334 0.0014 1 0.83616 -0.0 1890 0.85506 
VETP-440 0.83385 0.00138 0.8366 1 -0.01890 0.85551 
VETP-450 0.83277 0.00149 0.83575 -0.01890 0.85465 
VETP-460 0.82878 0.00138 0.83154 -0.0 1890 0.85044 
VETP-470 0.83032 0.0015 1 0.83334 -0.01890 0.85224 
VETP-480 0.82786 0.00133 0.83052 -0.01890 0.84942 
VETP-486 0.82778 0.00148 0.83074 -0.0 1890 0.84964 
VETP-490 0.82564 0.00134 0.82832 -0.01890 0.84722 
VETP-500 0.82580 0.00131 0.82842 -0.01890 0.84732 
VETP-520 0.8 1880 0.00141 0.821 62 -0.0 1890 0.84052 
VETP-540 0.8 12 11 0.00136 0.81483 -0.01890 0.83373 

VESN-450 0.82945 0.00131 0.83207 -0.01890 0.85097 
VESN-460 0.82696 0.00136 0.82968 -0.01890 0.84858 
VESN-470 0.82439 0.00135 0.82709 -0.01890 0.84599 
VESN-480 0.8 1938 0.00130 0.82198 -0.0 1890 0.84088 
VESI\-486 0.82556 0.00137 0.82830 -0.01890 0.84720 
VESN-490 0.82339 0.00145 0.82629 -0.0 1890 0.845 19 
VESN-500 0.82023 0.00133 0.82289 -0.0 1890 0.84179 
VESN-520 0.817 19 0.00134 0.8 1987 -0.0 1890 0.83877 
VESN-540 0.81040 0.00135 0.813 10 -0.01890 0.83200 
VESN-544 0.809 19 0.0013 1 0.8 11 8 1 -0.0 1890 0.83071 
VESN-560 0.80409 0.00144 0.80697 -0.0 1890 0.82587 
VESN-600 0.79410 0.00140 0.79690 -0.01890 0.8 1580 
VESN-616 0.78832 0.00135 0.79 102 -0.01890 0.80992 
VESN-700 0.76097 0.00128 0.76353 ·0.0 1890 0.78243 
VESN-705 0.76342 0.00133 0.76608 ·0.01890 0.78498 
VESN·800 0.735 12 0.00 122 0.73756 -0.01890 0.75646 

8X8 Triangular Lattice Max 0.85512 
VETN-05K 0.52090 0.00126 0.52342 -0.01890 0.54232 
VETN- IOO 0.63770 0.00124 0.64018 -0.01890 0.65908 
VETN-200 0.77984 0.00153 0.78290 -0.01890 0.80180 
VETN-300 0.82685 0.00 132 0.82949 -0.01890 0.84839 
VETN-400 0.83305 0.00135 0.83575 -0.0 1890 0.85465 
VETN-410 0.83109 0.00140 0.83389 -0.01890 0.85279 
VETN-420 0.83203 0.00133 0.83469 -0.0 1890 0.85359 
VETN-430 0.83214 0.00142 0.83498 -O.OH190 O.R5388 
VETN-437 0.83017 0.00140 0.83297 -0.01890 0.85187 
VETN·440 0.82779 0.00124 0.83027 -0.0 1890 0.84917 
VETN-450 0.83156 0.00134 0.83424 -0.01890 0.85314 
VETN-460 0.83045 0.00143 0.8333 1 -0.01890 0.8522 1 
VETN-470 0.82740 0.00141 0.83022 -0.0 1890 0.84912 
VETN-480 0.82481 0.00143 0.82767 -0.0 1890 0.84657 
VETN-486 0.82440 0.00124 0.82688 -0.01890 0.84578 
VETN-490 0.8273 1 0.00139 0.83009 -0.0 1890 0.84899 
VETN·500 0.82369 0.00133 0.82635 ·0.01890 0.84525 
VETN-520 0.81608 0.00135 0.8 1878 -0.01890 0.83768 
VETN-540 0.8 1433 0.00142 0.81717 -0.01890 0.83607 
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GNF NPC Docket No. 71-9294 
Safety Analysis Report Revision 2. 9/2002 

VETP-544 0.81138 0.00130 0.81398 -0.0 1890 0.83288 VETN-544 0.81134 0.00 135 0.8 1404 -0.0 1890 0.83294 
VETP-560 0.80636 0.00143 0.80922 -0.01890 0.82812 VETN-560 0.80617 0.00126 0.80869 -0.0 1890 0.82759 
VETP-600 0.79228 0.00137 0.79502 -0.01890 0.8 1392 VETIl-6oo 0.7947 1 0.00 127 0.79725 -0.0 1890 0.816 15 
VETP-616 0.79018 0.00136 0.79290 -0.0 1890 0.811 80 VETN-6 16 0.78766 0.00128 0.79022 -0.0 1890 0.809 12 
VETP-700 0.76792 0.00130 0.77052 -0.01890 0.78942 VETIl-700 0.76635 0.00 132 0.76899 -0.01890 0.78789 
VETP-705 0.76295 0.00129 0.76553 -0.01890 0.78443 VETN-705 0.76411 0.0013 1 0.76673 -0.01890 0.78563 
VETP-800 0.73507 0.0013 1 0.73769 -0.01890 0.75659 VETN-800 0.73467 0.00132 0.7373 1 -0.01890 0.7562 1 

Max 0.85826 0.83305 M" 0.85465 
Max VFO 0.87446 0.84909 Max VFO 0.8709\ 
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Table 6.18 -Listing of GEMER Calculations for Undamaged Arrays 5SKg and 53 Kg Heterogeneous Cases 

Name KEFF SIGMA K+2S Bias K+2S - B 
55 KGs Infinite Case with Overlap 

17X 17 Square Lauice 
DSSP-058 0.58749 0.00 11 7 0.58983 -0.01890 

0.70436 -0 .0 1890 
0.60873 
0.72326 DSSP-IOO 

DSSP-200 
DSSP-300 
DSSP-400 
DSSP-410 
DSSP-420 
DSSP-430 
DSSP-437 
DSSP-440 
DSSP-450 
DSSP-460 
DSSP-470 
DSSP-480 
DSSP-486 
DSSP-490 
DSSP-500 
DSS P-520 
DSSP-540 
DSS P-544 
DSSP-56O 
DSSP-600 
DSSP-616 
DSSP-7oo 
nSSP-705 
DSSP-800 

0.70180 
0.83905 
0.88536 
0.89437 
0.892 15 
0.8922 1 
0.89264 
0.89210 
0,89 141 
0.89304 
0.88917 
0.89]9] 

0.89181 
0.89043 
0.89] 14 
0.89163 
0.88768 
0.88 123 
0.87758 
0.87402 
0.86276 
0.85796 
0.83493 
0.83303 
0.81324 

0.00 128 
0.00137 0.841 79 -0.01890 0.86069 
0.00 129 0.88794 -0.0 1890 0.90684 
0.00 127 0.89691 -0.0 1890 0.91 581 
0.00 145 0.89505 -0.01890 0.91395 
0.00129 0.89479 -0.01890 0.91369 
0.00144 0.89552 -0.01890 0.9 1442 
0.00133 0.89549 -0.01890 0.9 1439 
0.00141 0.89423 -0.01890 0.91313 
0.00133 0.89570 -0.01890 0,91460 
0.00 135 0.89 187 -0.01890 0.91077 
0.00 136 0.89665 -0.0 1890 0,91555 
0.00 131 0.89443 -0.01890 0.91333 
0.00 150 0.89343 -0.01890 0.91233 
0.00 132 0.89578 -0.01890 0.91468 
0.00 128 0.89419 -0.01890 0.91309 
0.00 124 0.89016 -0.01890 0.90906 
0.00 142 0.88407 -0.01890 0.90297 
0.00133 0.88024 -0.01890 0.89914 
0.00133 0.87668 -0.0 1890 0.89558 
0.00 134 0.86544 -0.0 1890 0.88434 
0.00\32 0.86060 -0.01890 0.87950 
0.00 141 0.83775 -0,0 1890 0.85665 
0.00120 0.10543 -0.01890 0.85433 
0.00125 0.81574 -0.0 1890 0.83464 

17X I7 Triangular Laltice Max 0.9 1581 
DSTP-058 0.58829 0.00116 0.59061 -0.0 1890 0.6095 1 
DSTP-IOO 
DSTP-200 
DSTP-300 

0.70259 
0.83790 
0.88530 

0.00133 0.70525 -0.0 1890 0.724 15 
0.00 145 0.84080 -0.01890 0.85970 
0.00 133 0.88796 -0.01890 0.90686 

Name KEFF SIGMA K+2S Bias K+2S - B 
53 KGs Infinite Case with Overlap 

17XI7 Square Lauice 
DSSN-058 0.5834 1 0.00 110 0.58561 -0.01890 

0.69777 -0.01890 
0.6045 1 
0.71667 DSSN- loo 

DSSN-200 
DSSN-300 
DSSN-4oo 
DSSN-410 
DSSN-420 
DSSN-430 
DSSN-437 
DSSN-440 
DSSN-450 
DSSN-460 
DSSN-470 
DSSN-480 
DSSN-486 
DSSN-490 
DSSN-500 
DSSN-520 
DSSN-540 
DSSN-544 
DSSN-560 
DSSN-600 
DSSN-616 
DSSN-700 
DSSN-705 
DSSN-800 

0.69537 0.00 120 
0.83 194 0.00\37 0.83468 -0.01890 0.85358 
0.88084 0.00 147 0.88378 -0.01890 0,90268 
0.89271 0.00138 0.119547 -0.01890 0.91437 
0.88994 0.00 140 0.89274 -0.0 IR90 0.91 164 
0,88754 0.00 145 0.89044 -0.01890 0.90934 
0.88748 0.00 152 0.89052 -0.011190 0.90942 
0.88880 0.00 139 0.89 158 -0.01890 0.9 1048 
0.88753 0.00 146 0.89045 -0.01890 0.90935 
0.88602 0.00139 0.88880 -0.0 1890 0.90770 
0.88718 0.00143 0.89004 -0.01890 0.90894 
0.88783 0.00136 0.89055 -0.01890 0.90945 
0.8888 1 0.00133 0.89 147 -0.01890 0.91037 
0.K8860 0.00 138 0.89 136 -0.01890 0.91026 
0.88644 0.00139 0.88922 -0.01890 0.90812 
0.88763 0.<)Q129 0.89021 -0.01890 0.90911 
0.88779 0.00135 0.89049 -0.01890 0.90939 
0.87967 0.00132 0.88231 -0.01890 0.90121 
0.878 17 0,001 19 0.88055 -0.01890 0.89945 
0.872 77 0.00130 0.87537 -0.01890 0.89427 
0.86356 0.00142 0.86640 -0.0 1890 0.88530 
0.85709 0.00136 0.8598 1 -0.01890 0.87871 
0.8]241 0.00127 0.83495 -0.01890 0.85385 
0.83327 0.00126 0.83579 -0.01890 0.85469 
0.8 1215 0.00131 0.81477 -0.01890 0.83367 

17X 17 Triangular Lauice Max 0.91437 
DSTN-058 0.58093 0.00 11 3 0.583 19 -0.01890 0.60209 
DSTN- IOO 
DSTN-200 
DSTN-300 

0.69657 0.00 133 0.69923 ·0.0 1890 0.71813 
0.83523 0.00139 0.K3801 -0.01890 0.8569 1 
0.88378 0.00 145 0.88668 -0.0 1890 0.90558 
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12
00

2 
GNF NPC 
Safety Analysis Report 

DSTP-400 
DSTP-41O 
DSTP-420 
DSTP-430 
DSTP-4J7 
DSTP-44Q 
DSTP-450 
DSTP-460 
DSTP .. ·no 
DSTP-480 
DSTP-486 

DSTP-490 
DSTP-500 
DSTP-520 
DSTP-540 
DSTP-544 

DSTP-560 
DSTP-600 
DSTP-616 
DSTP-700 
DSTr-70S 
DSTr-800 

0.89598 
0.89452 
0.89513 

0.89444 
0.89798 
0.89242 
0.89367 
0.89327 
0.89334 
0.89044 
0.89 146 

0.89073 
0.M8821 
0.87896 
0.87611 
0.87760 

0.87308 
0.86759 
0.86460 
0.83709 
0.83294 

0.80836 

0.00148 0.89894 -0.0 1890 0.91784 
0.00134 0.89720 -0.0 1890 0.916 10 
0.00136 0.89785 -0.01890 0.9 1675 
0.00146 0.89736 -0.0 1890 0.91626 
0.00128 0.90054 -0.01890 0.91944 
0.00126 0.89494 ..0.01890 0.91384 
0.00136 0.89639 -0.0 1890 0.9 1529 
0.00139 0.89605 -0.01890 0.9 1495 
0.00142 OJ!96 I 8 -0.01890 0.91508 
0.00137 0.89318 -0.01890 0.91208 
0.00136 OJI94 I 8 -0.01890 0.9 1308 
0,00 136 0.89345 -0.0 1890 0.91235 
0.00143 0.89 107 -0.01890 0.90997 
0.00139 0.88 174 -0.01890 0.90064 
0.00138 0.87887 -0.01890 0.89777 
0.00 12 1 0.88002 -0.0 1890 0.M91'l92 
0.00140 0.87588 -0.01890 0.89478 
0.0013 1 0.87021 -0.01890 0.889 11 
0.00137 0.86734 -0.01890 0.88624 
0.00135 0.83979 -0.01890 0.85869 
0.0013 1 0.83556 -0.01 890 0.85446 
0.00 126 0.8 1088 -0.01890 0.82978 

lOX 10 Square Lattice Max 0.91944 
OTSP-058 0.59096 0.00 109 0.59314 -0.01890 0.61204 
OTSP- IOO 
DTSP-200 
OTSP-300 
DTSP-400 
DTSP-410 
DTSP-420 
DTSP-430 
OTSP-437 
DTSP-440 
OTSP-450 
OTSP-460 
DTSP-470 

0.70645 
0.84093 
0.88501 
0.88984 
0.88857 
0.88826 
0.88821 
0.88783 
0.88553 
0,88505 
0.88495 
0.1'18226 

0.00 139 0.70923 -0.01890 0.728 13 
0.00145 0.84383 -0.01890 0.86273 
0.00 137 0.88775 -0.01 890 0.90665 
0.00133 0.89250 -0.01890 0.91140 
O.lX)l35 0.89127 -0.01890 0.91017 
0.00139 0.89104 -0.01890 0.90994 
0.00134 0.89089 -0.01890 0.90979 
0.00146 0.89075 -0.01890 0.90965 
0.00142 0.88837 -0.01890 0.90727 
0.00140 0.88785 -0.01 890 0.90675 
0.00119 0.88733 -0.01890 0.90623 
0.00129 0.88484 -0.01890 0.90374 

DSTN-400 
DSTN-410 
DSTN-420 
DSTh-430 
DSTN-437 
DSTN-440 
DSTN-450 
DSTN-460 
DSTN-470 
OSTN-480 
DSTN-486 
DSTN-490 
DSTN-500 
DSTN-520 
OSTN-540 
DSTN-544 
DSTN-560 
DSTN-600 
DSTN-616 
DSTN-700 
DSTN-705 
DSTN-800 

Docket No. 71 -9294 
Revision 2. 912002 

0.89336 0.00146 0.89628 -0.01890 0.91518 
0.89368 0.00 128 0.89624 -0.01890 0.915 14 
0.89304 0.00127 0.89558 -0.01890 0.9)448 
0.89094 0.00138 0.89370 -0.01890 0.91260 
0.89032 0.00 130 0.89292 -0.01890 0.91182 
0.89035 0.00 140 0.R9315 -0.01890 0.91205 
0.89166 0.00133 0.89432 -0.01890 0.91322 
0.88790 0.00 136 0.89062 -0.01890 0.90952 
0.88821 0.00 137 0.89095 -0.01890 0.90985 
0.88664 0.00 124 0.88912 -0.01890 0.90802 
0.88577 0.00124 0.88825 -0.01890 0.907 15 
0.88864 0.00 135 0.89 134 -0.0 1890 0.9 1024 
0.88526 0.00 129 0.88784 -0.01890 0.90674 
0.8822 1 0.00135 0.88491 -0.01890 0.9038 1 
0.87586 0.00134 0.87854 -0.01890 0.89744 
0.117585 0.00129 0.87843 -0.01890 0.89733 
0.8755 1 0.00126 0.87803 -0.0 1890 0.89693 
0.86772 0.00123 0.87018 -0.01890 0.88908 
0.860 15 0.00126 0.86267 -0.01890 0.88 157 
0.83805 0.00 124 0.84053 -0.01890 0.85943 
0.83479 0.00124 0.83727 -0.01890 0.856 17 
0.80914 0.0013 7 0.81 188 -0.01890 0.83078 

lOX 10 Square Lauice Max 0.91518 
OTSN-058 0.58473 0.00119 0.587 11 -0.01890 0.60601 
DTSN- IOO 
DTSN-200 
DTSN-300 
OTSN-400 
DTSN-4 10 
OTS -420 
DTSN-430 
DTSN-437 
OTSN-440 
OTSN-450 
DTSN-460 
DTSN-470 

0.69872 0.00132 0.70 136 -0.0 1890 0.72026 
0.83485 0.00 133 0.83751 -0.0 1890 0.85641 
0.87718 0.00 152 0.88022 -0.0 1890 0.89912 
0.88344 0.00 131 0.88606 -0.0 1890 0.90496 
0.88681 0.00 144 0.88969 -0.0 1890 0.90859 
0.88346 0.00 130 0.88606 -0.0 1890 0.90496 
0.88454 0.00133 0.88720 -0.0 1890 0.90610 
0.88277 0.00 132 0.8854 1 -0.01890 0.90431 
0.88469 0.00 144 0.88757 -0.01890 0.90647 
0.88277 0.00 131 0.88539 -0.01890 0.90429 
OJI8268 0.00 135 0.88538 -0.01890 0.90428 
0.87869 0.00141 0.88 151 -0.01890 0.90041 
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GNF NPC 
Safety Analysis Report 

OTSP-480 
OT5P-486 

DTSP490 
DTSP-SOO 
OTSP-520 
OTSP-540 

OTSP-544 

DTSP-560 

OTSJ"-600 
OTSP-616 

DTSP· 700 

DTSP-70S 
OTSI)-800 

0.88488 

0.88493 
0.87986 
0.88150 
0.87778 
0.87169 

0.87216 
0.86606 

0 .8580 1 
0 .85299 
0.81949 
0.81575 
0 .79555 

0.00136 0.88760 ..0.01890 0.90650 
0.00142 0.88777 -0.01890 0.90667 
0.00130 0.88246 -0.0\890 0.90 136 
0.00117 0.88384 -0.01890 0.90274 
0.00120 0.880 18 -0.01890 O.8990H 
0.00131 0.87431 -0.01890 0.89321 
0.00133 0.87482 -0.01890 0.89372 
0.0013 7 0.86880 -0.01890 0.88770 
0.00 131 0.86063 -0.01890 0.87953 
0.00 133 0.85565 -0.01890 0.87455 
0.00 121 0.82 19 1 -0.01890 0.8408 1 
0.00133 0.8184 1 -0.01890 0.8373 1 
0.00 124 0.79803 -0.01890 0.8 1693 

lOX 10 Triangular Lattice Max 0.91140 
DITP-058 0.59027 0.00 122 0.5927 1 -0.01890 0.61161 
DTTP-l OO 
DTTP-200 
DITP-300 
DTTP-400 
DTTP-4 10 
DTTP-420 
DITP-430 
DTTP-437 
DTTP-440 
DTTP-450 
DITP-46O 
DTTP-470 
DITP-480 
DITP-486 
DITP-490 
OITP-500 
OTTP-520 
DlTP-540 
DTTP-544 
DTIP-56O 
DTIP·600 

0.70448 
0.83845 
0.88513 
0.88828 
0.89029 
0.89023 
0.88951 
0,88789 
0.89007 
0.88648 
0.89030 
0.88858 
0.88243 
0.88350 
0.88261 
0.88197 
0.87493 
OJI6782 
0.86545 
0.86119 
0.85354 

0.00138 0.70724 -0.01890 0.72614 
0.00 148 0.84 141 -0.01890 0.8603 1 
0.00 144 0.88801 -0.01890 0.90691 
0.00 144 0.89 11 6 -0.01890 0.91006 
0.00 125 0.89279 -0.01890 0.9 1169 
0.00 139 0.89301 -0.01890 0.91191 
0.00 135 0.89221 -O.OHI90 0.911 11 
0.00 126 0.89041 -0 .01890 0.9093 1 
0.00 127 0.89261 -0.01890 0.9115 1 
0.00 134 0.88916 -0.01890 0.90806 
0.00 134 0.89298 -0.01890 0.91188 
0.00 139 0.89 136 -0.01890 0.91026 
0.00 137 0.8851 7 -0.01890 0.90407 
0.00135 0.88620 -0.01890 0.905 10 
0.00 145 0.88551 -O.OHI90 0.9044 1 
0.00141 0.88479 -0.01890 0.90369 
0.00135 0.87763 -0.0 1890 0.89653 
0.00 118 0.87018 ·0.01890 0.88908 
0.00141 0.86827 ·0.01890 0.88717 
0.00120 0.86359 ·0.01890 0.88249 
0.00 126 0.85606 -0.01890 0.87496 

DTSN-480 
DTSN-486 
DTSN-490 
DTSN·500 
D1'SN-520 
DTSN-540 
OTSN·544 
O1'SN· 560 
DTSN·600 
DTSN·616 
DTSN·700 
DTSN·705 
DTSN·800 

Docket No. 11-9294 
Re",lslon 2. 9/2002 

0.87747 0.00127 0.88001 -0.01890 0.89891 
0.88065 0.00132 0.88329 -0.01890 0.90219 
0.87905 0.00141 0.88187 -0.01890 0.90077 
0.87621 0.00133 0.87887 -0.01890 0.89777 
0.87439 0.00132 0.87703 -0.01890 0.89593 
0.86859 0.00123 0.87105 ..0.01890 0.88995 
0.86967 0.00132 0.87231 -0.01890 0.89 121 
0.86651 0.00134 0.86919 ·0.01890 0.88809 
0.85408 0.00138 0.85684 ·0.01890 0.87574 
0.85305 0.00130 0.85565 ·0.01890 0.87455 
0.81892 0.00126 0.82 144 ..0.01890 0.84034 
0.812 13 0.00116 0.8 1445 ·0.01890 0.83335 
0.79392 0.00126 0.79644 ·0.01890 0.81534 

lOX 10 Triangular Lall ic~ Max 0.90859 
DTTN·058 0.58057 0.00118 0.5829] ·0.01890 0.60 18] 
DTTN- IOO 
DTrN-2oo 
DTTN-300 
DTTN-400 
DITN-4 10 
DTTN·420 
DITN·430 
DTTN·437 
DTTN-440 
OTTN-450 
DlTN-46O 
DTrN-470 
DTTN.480 
DTTN.486 
DlTN.490 
DTTN·500 
DlTN·520 
DlTN·540 
DlTN·544 
DTTN·560 
DTTN·600 

0.69725 0.00137 0.69999 -0.01890 0.7 1889 
0.83601 0.00142 0.83885 -0.01890 0.85775 
0.88341 0.00144 0.88629 -0.01890 0.905 19 
0.88657 0.00131 0.889 19 -0.01890 0.90809 
0.88424 0.00135 0.88694 -0.01 890 0.90584 
0.88728 0.00 134 0.88996 -0.01890 0.90886 
0.88958 0.00143 0.89244 -0.01890 0.91134 
0.88466 0.00 139 0.88744 -0.01890 0.90634 
0.88478 0.00125 0.88728 -0.01890 0.90618 
0.88348 0.00 1 39 0.88626 -0.0 1890 0.90516 
0.88392 0.00138 0.88668 -0.01890 0.90558 
0.88279 0.00146 0.88571 -0.01890 0.90461 
0.88144 0.00135 0.88414 -0.01890 0.90304 
0.87791 0.00126 0.88043 -0.01890 0.89933 
0.88070 0.00133 0.88336 ·0.01890 0.90226 
0.87702 0.0013 1 0.87964 ·0.01890 0.89854 
0.87256 0.00139 0.87534 ·0.01890 0.89424 
0.86714 0.00130 0.86974 ·0.01890 0.88864 
0.86750 0.00134 0.87018 ·0.01890 0.88908 
0.86068 0.00130 0.86328 -0.01890 0.88218 
0.85084 0.00127 0.8533R -0.01890 0.87228 
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Safety Analysis Report 

OTTP-616 
DTTP-700 
DITP-705 

DTTP-8OO 

0.85010 
0.82968 
0.82S08 
0.79061 

0.00 127 0.85264 -0.01890 0.87154 
0.00 123 0.83214 -0.01890 0.85104 
0.0012.5 0.82758 -0.01890 0.84648 
0.00 124 0.79309 -0.01890 0.81199 

9X9 Square lattice Max 0.91191 
DNSP-058 0.58986 0.0012\ 0.59228 -0.0 1890 0.61118 
DNSP-IOO 
DNSP-200 
DNSP-300 
DNSP-400 
DNSP-410 

DNSP.420 

DNSP-430 
DNSP-437 
DNSP-440 

DNSP-4SD 
DNSP-460 
DNSP-470 

DNSP-480 

DNSP-486 

DNSP-490 

ONSP-500 
DNSP-S20 
DNSP-S40 
DNSP-544 

DNSP-560 

DNSP-600 
DNSP-616 
DNSP-700 

DNSP-705 

DNSP-800 

DNTP-058 
DNTP- IOO 
DNTP-200 

DNTP-300 

0.70483 
0.841 81 
0.88346 

0.88225 
0,88563 

0.88253 
0.88484 
0.88240 
0.88383 
0.88 101 

0.88275 
0.87832 

0.88087 
0.87753 
0.87555 
0.87722 
0.87 190 
0.86S28 
0.86060 
0.85088 
0.83590 
0.83390 
0.8 1840 
0.81697 
0.78293 

0.00132 0.70747 ··(1.0 1890 0.72637 
0.001 47 0.84475 -0 .0 1890 0.86365 
0.00145 0.88636 -0.01890 0.90526 
0.00148 0.88521 ·0.01890 0.904 11 
0.00134 0.8883 1 -0.01890 0.90721 
0.00142 0.88537 -0.01890 0.90427 
0.00139 0.88762 -0.01890 0.90652 
0.00137 0.885 14 -0.01890 0.90404 
0.00140 0.88663 -0.01890 0.90553 
O.(X)l37 0.88375 -0.0 1890 0.90265 
0.00 149 0.88573 -0.01890 0.90463 
0.00 I 33 0.88098 -0.01890 0.89988 
0.00 130 0.88347 -0.01890 0.90237 
0.00 140 0.88033 -0.01890 0.89923 
0.00 11 2 0.87779 -0.01890 0.89669 
0.00 147 0.88016 -0.01890 0.89906 
0.00133 0.87456 -0.0 1890 0.89346 
0.0014 1 0.868 10 -0.0 1890 0.88700 
0.00139 O.Mft33M -0.018Q() 0.88228 
0.00 135 0.85358 ·0.01890 0.87248 
0.00135 0.83860 -0.01890 0.85750 
0.00117 0.83624 -0.01890 0.85514 
0.00133 
0.00134 
0.00120 

0.82 106 -0.01890 
0.8 1965 -0.0 1890 
0.78533 -0.01890 

9X9 Triangular Lattice M" 
059357 -0.0 1890 
0.70658 -0.01890 
0.84296 -0.01890 
0.88172 ·0.0 1890 

0.83996 
0.83855 
0.80423 
0.90721 
0.61247 
0.72548 
0.86 186 
0.90062 

0.59 131 0.00113 
0.70372 
0.84008 
0.87884 

0.00143 
0.00 144 
0.00144 

DTIN-616 
DTTN-700 
DTTN-705 
DTTN·800 
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0.85097 0.00121 0.85339 -0.01890 0.87229 
0.82624 0.00118 0.82860 -0.01890 0.847S0 

0.82757 0.00128 0.83013 -0.01890 0.84903 
0.79086 0.00129 0.79344 -0.01890 0.81234 

9X9 Square Lattice Max 0.91134 
DNSN-OS8 0.S8467 0.00 11 6 0.58699 -0.01890 0.60589 
DNSN-IOO 0.700S5 0.00132 0.703 19 ·0.01890 0.72209 
DNSN-200 0.83598 0.00135 0.83868 -0.01890 0.85758 
DNSN-300 0.87789 0.00 140 0.88069 -0.01890 0.89959 
DNSN-400 0.87870 0.00 142 0.88154 -0.01890 0.90044 
DNSN-41O 0.88232 0.00 130 0.88492 -0.01890 0.90382 
DNSN-420 0.87999 0.00 133 0.88265 -0.01890 0.90 155 
DNSN-430 0.87779 0.00145 0.88069 -0.01890 0.89959 
DNSN-437 0.88092 0.00134 0.88360 -0.01890 0.90250 
DNSN-440 0.87868 0.00139 0.88 146 -0.01890 0.90036 
ONSN-450 0.87975 0.00136 0.118247 -0.01890 0.90 137 
DNSN-460 0.87840 0.00142 0.88 124 -0.01890 0.900 14 
DNSN-470 0.87401 0.00140 0.8768 1 -0.01890 0.8957 1 
DNSN-480 0.87646 0.00136 0.87918 -0.01890 0.89808 
DNSN-486 0.8733 1 0.00124 0.87579 -0.01890 0.89469 
DNSN-490 0.8720 1 0.00127 0.87455 -0.01890 0.89345 
DNSN-500 0.87295 0.00134 0.87563 -0.01890 0.89453 
DNSN-520 0.86759 0.00132 0.87023 -0.01890 0.88913 
DNSN-540 0.86004 0.00 136 0.86276 -0.01890 0.88166 
DNSN-544 0.86030 0.00 132 0.86294 -0.01890 0.88184 
DNSN-560 0.85359 0.00 125 0.85609 -0.01890 0.87499 
DNSN-600 0.8373 1 0.00 127 0.83985 -0.01890 0.85875 
DNSN-6 16 0.83328 0.00 123 0.83574 -0.01890 0.85464 
DNSN-700 
DNSN-705 
DNSN·800 

0.82004 0.00 125 
0.81621 0.00 130 
0.78373 0.00135 

9X9 Triangular Lattice 
DNTN-058 0.58400 0.00 126 
DNTN- IOO 0.69936 0.00 115 
DNTN-200 0.83490 0.00 140 
DNTN-300 0.87475 0.00138 

0.82254 -0.01890 
O.K1881 -0.01890 
0.78643 -0.0 1890 

Max 
0.S8652 -0.0 1890 
0.70166 -0.01890 
0.83770 -0.01890 
0.87751 -0.01890 

0.84144 
0.83771 
0.80533 
0.90382 
0.60542 
0.720S6 

0.85660 
0.8964 1 
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GNF NPC 
Safety Analysis Report 

DNTr-400 
DNTr-41O 
DNTP-420 
DNTP-430 
DNTP-437 
DNTP-440 
DNTP-450 
DNTP-460 
DNTP-470 
DNTP-480 
ONTr-486 
DNTP-490 
DNTP-500 
DNTP-520 
DNTP-540 
DNTP-544 
DNTP-560 
DNTP-600 
DNTP-616 
DNTP-700 
DNTP-705 
DNTI'-800 

DESP-058 
DESP-IOO 
DESP-2oo 
DESP-3oo 
DESP-400 
DESP-410 
DESP-420 
DESP-430 
DESP-437 
DESP-440 
DESP-450 
DESP-460 
DESP-470 

0.88619 
0.88601 
0.88]70 
0.88187 
0.88168 
0.87968 
0.88051 
0.87962 
0.87825 
0.87778 
0.88 151 
0.87717 
0.87686 
0.87028 
0 .86980 

0.86887 
0.86284 
0.84742 
0.84060 
0.80927 
0.80594 
0.7872] 

0.00 149 0.88917 -0.0 1890 0.90807 
0.00 133 0.88867 -0.01890 0.90757 
0.00 129 0.88628 -0.0 1890 0.905 18 
0.00133 0.88453 -0.01890 0.90]4] 
0.00 127 0.88422 -0.0 1890 0.90312 
0.00 146 0.88260 -0.01890 0.90150 
0.00132 0.883 15 -0.0 1890 0.90205 
0.00 133 0.88228 -0.0 1890 0.901 18 
0.00136 0.88097 -0.01890 0.89987 
0.00 150 0.88078 -0.01890 0.89968 
0.00 129 0.88409 -0.0 1890 0.90299 
0.00 132 0.8798 1 -0.01890 0.89871 
0.00 135 0.87956 -0.01 890 0.89846 
0.00150 0.87328 -0.0 1890 0.892 18 
0.00 146 0.87272 -0.0 1890 0.89 162 
0.00 130 0.87 147 -0.0 1890 0.89037 
0.00 122 0.86528 -0.01 890 0.884 J 8 
0.00128 0.84998 -0.01890 0.86888 
0.00 120 0.84300 -0.01890 0.86190 
0.00 130 0.8 11 87 -0.01890 0.83077 
0.00 125 0.80844 -0.01890 0.82734 
0.00 123 0.78969 -0.01890 0.80859 

8X8 Square Lattice M" 
0.59577 -0.01890 
0.70997 -0.01890 

0.90807 
0.61467 
0.72887 

0.59325 0.00126 
0.70741 
0.83800 
0.87587 
0.88283 
0.87828 
0.87693 
0.8760 1 
0.87 189 
0.87232 
0.87365 
0.8699 1 
0.86757 

0.00 128 
0.00138 0.84076 -0.01890 0.85966 
0.00 142 0.8787 1 -0.0 1890 0.89761 
0.00128 0.88539 -0.01890 0.90429 
0.00144 0.88116 -0.01890 0.90006 
0.00 132 0.87957 -0.01890 0.89847 
0.00 126 0.87853 -0.01 890 0.89743 
0.00 142 0.87473 -0.01890 0.89363 
0.00 133 0.87498 -0.01890 0.89388 
0.00142 0.87649 -0.01890 0.89539 
0.00 133 0.87257 -0.01890 0.89147 
0.00 143 0.87043 -0.0 1890 0.88933 

Docket No. 71-9294 
Revision 2, 9/2002 

DNTN·4OQ 0.88035 0.00 146 0.88327 ·0.0 1890 0.90217 
DNTN-410 0.87957 0.00 134 0.88225 -0.0 1890 0.90 11 5 
DNTN-420 0.88310 0.00 129 0.88568 -0.01890 0.90458 
DNTN-430 0.87550 0.00145 0.87840 -0.01890 0.89730 
DNTN-437 0.87743 0.00 140 0.88023 -0.01890 0.899 13 
DNTN-440 0.87683 0.00 145 0.87973 -0.01890 0.89863 
DNTN-450 0.87530 0.00144 0.878 18 -0.01890 0.89708 
DNTN·46O 0.87474 0.00126 0.87726 -0.01890 0.89616 
DNTN-470 0.87549 0.00144 0.87837 -0.0 1890 0.89727 
DNTN-480 0.87364 0.00143 0.87650 -0.0 1890 0.89540 
DNTN·486 
DNTN-490 

0.87490 0.00122 0.87734 ·0.01890 0.89624 
0.874 17 0.00132 0.87681 -0.0 1890 0.895 71 

DNTN-500 0.87]10 0.00139 0.87588 -0.01890 0.89478 
DNTN-520 0.87207 0.00136 0.87479 -0.01890 0.89369 
DNTN-540 0.86884 0.00118 0.87 120 -0.0 1890 0.89010 
DNTN-544 0.86765 0.00 122 0.87009 -0.0 1890 0.88899 
DNTN-56O 0.86587 0.00137 0.8686 1 -0.0 1890 0.88751 
DNTN-600 
DNTN-6 16 

0.84680 0.00123 0.84926 -0.0 1890 0.868 16 
0.84160 0.00124 0.84408 -0.01890 0.86298 

DNTN-700 0.80817 0.00 126 0.81069 -0.01890 0.82959 
DNTN-705 0.80772 0.00122 0.8 1016 -0.01890 0.82906 
DNTN-800 0.78699 0.00 136 0.7897 1 -0.0 1890 0.8086 1 

8X8 Square Latlice 
DESN-058 0.5&427 0.00 11 6 

Mox 
0.58659 -0.0 1890 
0.70364 -0.01890 

0.90458 
0.60549 
0.72254 DESN-IOO 0.70 106 0.00129 

DESI"-200 
DESN-300 
DESN-4oo 
DESN-410 
DESN-420 
DESN-430 
DESN-437 
DESN-440 
DESN-450 
DESN-460 
DESN-470 

0.83705 0.00130 0.83965 -0.01890 0.85855 
0.874 10 0.00147 0.87704 -0.01890 0.89594 
0.87787 0.00 138 0.88063 -0.0 1890 0.89953 
0.87831 0.00137 0.88 105 -0.01890 0.89995 
0.87494 0.00153 0.87800 -0.01890 0.89690 
0.87266 0.00126 0.875 18 -0.0 1890 0.89408 
0.87057 0.00134 0.K7325 -0.0 1890 0.89215 
0.86988 0.001]6 0.87260 -0.01890 0.89150 
0.86967 0.00 134 0.87235 -0.0 1890 0.89 125 
0.86583 0.00 137 0.86857 ·0.01890 0.88747 
0.86570 0.00 123 0.86816 -0.01890 0.88706 
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GNF NPC 
Safety Analysis Report 

DESP-480 
DESP-486 
DESP-490 
DESP·500 
DESP·520 
DESP-540 
DESP-544 
DESP·560 
DESP-600 
DESP-616 
DESP-700 
DESP·705 
DESp·800 

DETP-058 
DETP-IOO 
DETP·200 
DETP-300 
DETP-400 
DETP-410 
DETP-420 
DETP-430 
DETP-437 
DETP-440 
DETP-450 
DETP-46O 
DETP-470 
DETP-480 
DETP-486 
DETP-490 
DETP-500 
DETP-520 
DETP-540 
DETP-544 
DETP-560 
DETP-600 

0.86500 
0.86316 
0.86027 
0.85793 
0.85976 
0.85832 
0.85742 
0.85066 
0.84197 
0.83314 
0.79910 
0.79985 
0.76559 

0.00138 0.86776 ..{).01890 0.88666 
0.001 19 0.86554 ..{).0189O 0.88444 
0.001 36 0.86299 -0.01890 0.88 189 
0.00 138 0.86069 -0.01890 0.87959 
0.00 129 0.86234 -0.01890 0.88124 
0.00 127 0.86086 ·0.01890 0.87976 
0.00130 0.86002 ..Q.01890 0.87892 
0.00131 0.85328 ..Q.01890 0.87218 
0.00132 0.84461 ..Q.0189O 0.86351 
0.00124 0.83562 ..Q.OJ89O 0.85452 
0.00128 0.80166 -0.01890 0.82056 
0.00121 0.80227 -0.01890 0.82 117 
0.00132 

8X8 Triangular Lall;ce 
0.76823 ·0.01890 

Mox 
0.59539 -0.01890 

0.78713 
0.90429 
0.61429 0.59303 0.00 118 

0.70846 
0.83927 
0.87795 
0.88162 
0.87813 
0.87958 
0.87763 
0.87700 
0.87894 
0.87784 
0.87691 
0.87739 
0.87109 
0.86984 
0.87297 
0.86839 
0.85624 
0.85046 
0.84884 
0.84557 
0.83198 

0.00 122 0.71090 -0.01890 0.72980 
0.00134 0.84195 ..Q.0189O 0.86085 
0.00144 0.88083 -0.01890 0.89973 
0.00140 0.88442 ..Q.01890 0.90332 
0.00143 0.88099 -0.01890 0.89989 
0.00137 0.88232 -0.01890 0.90122 
0.00 131 0.88025 -0.01890 0.89915 
0.00 134 0.87968 ·0.0 1890 0.89858 
0.00125 0.88 144 ·0.01890 0.90034 
0.00129 0.88042 -0.01890 0.89932 
0.00 133 0.87957 -0.01890 0.89847 
0.00134 0.88007 -0.01890 0.89897 
0.00 124 0.87357 -0.01890 0.89247 
0.00 141 0.87266 -0.01890 0.89156 
0.00137 0.8757 1 -0.01890 0.89461 
0.00146 0.87 131 -0.01890 0.8902 1 
0.00 134 0.85892 -0.01890 0.87782 
0.00 134 0.853 14 -0.01890 0.87204 
0.0013 1 0.85 146 -0.01890 0.87036 
0.00125 0.841:\07 -0.011:\90 0.86697 
0.00128 0.83454 -0.01890 0.85344 

DESN·480 
DESN-486 
DESN-490 
DESN-500 
DESN-520 
DESN-540 
DESN·544 
DESN·560 
DESl'·600 
DESN-616 
DESN-700 
DESN·705 

Docket No. 71·9294 
Revision 2, 912002 

0.86490 0.00 130 0.86750 ..{).0 1890 0.88640 
0.86 177 0.00135 0.86447 ..{).01890 0.88337 
0.86324 0.00 124 0.86572 ..{).01890 0.88462 
0.85989 0.00 126 0.86241 -0.01890 0.88 131 
0.85967 0.00 137 0.86241 ..{).0 1890 0.8813 1 
0.85507 0.00135 0.85777 -0.01890 0.87667 
0.85636 0.00129 0.85894 -0.01890 0.87784 
0.85258 0.00134 0.85526 -0.01890 0.874 16 
0.84018 0.00129 0.84276 ..Q.0189O 0.86166 
0.83478 0.00126 0.83730 ..Q.01890 0.85620 
0.80089 0.00126 0.80341 -0.01890 0.82231 
0.79614 0.00132 0.79878 -0.01890 0.81768 

DESN·800 0.76506 0.0011 9 0.76744 ..Q.01890 
Mox 

0.58585 -0.0 1890 

0.78634 
0.89995 
0.60475 

8X8 Triangu lar Lattice 
DETN-058 0.58353 0.001 16 
DETN-JOO 
DETN·200 
DETN·3oo 
DETN-4oo 
DETN-410 
DETN-420 
DETN·430 
DETN-437 
DETN-440 
DETN-450 
DETN-460 
DETN·470 
DETN-480 
DETN-486 
DETN-490 
DETN-5oo 
DETN-520 
DETN-540 
DETN·544 
UETN-5bO 
DETN-600 

0.70079 0.00133 0.70345 ..{).01890 0.72235 
0.835 17 0.00140 0.83797 ..{).01890 0.85687 
0.87449 0.00145 0.87739 ..{).01890 0.89629 
0.87731 0.00144 0.88019 ..{).0189O 0.89909 
0.87818 0.00137 0.88092 ..{).0189O 0.89982 
0.87802 0.00147 0.88096 -0.01890 0.89986 
0.87570 0.00 142 0.87854 -0.01890 0.89744 
0.874 15 0.0013 1 0.87677 -0.01890 0.1:19567 
0.873 11 0.00 120 0.8755 1 -0.01890 0.8944 1 
0.87430 0.00138 0.87706 ·0.01890 0.89596 
0.87294 0.00 132 0.87558 -0.01890 0.89448 
0.87002 0.00 135 0.87272 -0.01890 0.89162 
0.86977 0.00 150 0.87277 ..{).01890 0.89167 
0.86384 0.00 128 0.86640 ..{).0 1890 0.88530 
0.86592 0.00 136 0.86864 ..().01890 0.88754 
0.86209 0.00130 0.86469 ..{).01890 0.88359 
0.85458 0.00136 0.85730 -0.01890 0.87620 
0.84868 0.00 125 0.85 11 8 -0.01890 0.87008 
0.84804 0.00132 0.85068 -0.01890 0.86958 
0.84250 0.00127 0.84504 -0.01890 0.86394 
0.83368 0.00142 0.113652 -0.01890 0.85542 
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GNF NPC 
Safety Analysl. Report 

DETP·616 

DETP-700 
DETP-70S 
DETP-800 

0.82784 
0 .80825 

0.80811 

0 .77441 

O.{XH34 
0.00125 
0 .00119 

0.00144 

0.83052 -0.01890 
0.81075 -0.01890 
0.81049 -0.01890 
0.77729 -0.01890 

55 KGs Infinite Case with No Overlap 

I7X I7 Square Lattice 

Max 
MaxOL 

0.59937 -0.01890 

0 .84942 

0.82965 

0.82939 

0.79619 

0.90332 

0.91944 
0.61827 CSSP-OS8 0.5970 I 0.00 118 

CSSP-IOO 
CSSP-200 

CSSP-JOO 
CSSP-400 

CSSP-4 10 
CSSP-420 

CSSP-430 
CSSP-4)7 
CSSP-440 

CSSP-450 

CSSP-460 

CSSP-470 
CSSP-480 

CSSP-486 

CSSP490 
CSSP-SOO 
CSSP-520 

CSSP·540 
CSSP-544 

CSSP-560 

CSSP-600 

CSS P-6 16 
CSS P-700 

CSS P-705 

CSSP-800 

0.70805 
0.83579 
0.87895 

0.88675 

0.88837 
0.89196 
0.89233 

0.88711 
0.88868 

0.118980 
0.88935 
0.89051 

0.89200 
0.88068 
0.88199 
0.86862 

0.87277 

0.87165 
0.87062 

0.85908 

0.85485 

0.84 177 

0.83112 
0.83146 
0.8078 1 

0.00148 0.7 1101 -0.01890 0.7299 1 
0.00141 0.8386 1 -0.01890 0.8575 1 
0.00 139 0.88173 -0.01890 0.90063 
0.00163 0.89001 -0.0 1890 0.90891 
0.00 150 0.89137 -0.0 1890 0.91027 
0.00149 0.89494 -0.0 1890 0.91384 
0.00141 0.895 15 -0.0 1890 0.91405 
0.00142 0.88995 -0.0 1890 0.90885 
0.00137 0.89 142 -0.01890 0.91032 
0.00124 0.89228 -0.0 1890 0.911 18 
0.00133 0.89201 -0.01890 0.91091 
0.00134 0.89319 -0.01890 0.91209 
0'(Xl139 0.89478 -0.01890 0.91368 
0.00126 0.88320 -0.01890 0.90210 
0.00137 0.88473 -0.01890 0.90363 
0.00134 0.87130 -0.01890 0.89020 
0.00120 0.87517 -0.01890 0.89407 
0.00148 0.87461 -0.01890 0.89351 
0.00128 0.87318 -0.01890 0.89208 
0.00135 0.86178 -0.0 1890 0.88068 
0.00137 0.85759 -0.01890 0.87649 
0.001 17 0.84411 -0.01890 0.86301 
0.00 129 0.83370 -0.01890 0.85260 
0.00136 0.83418 -0.01890 0.85308 
0.00131 0.8 1043 -0.0\890 0.82933 

17X17 Triangular Lattice Max 0.9 1405 
CSTP-058 0.59722 0.00 122 0.59966 -0.0 1890 0.61856 
CSTP-I()() 
CSTP-2oo 

0.7083 1 
0.83925 

0.00 1 28 0.7 1087 -0.0 1890 0.72977 
0.00 143 0.842 11 -0.0 1890 0.8610 1 

DETN-616 
DETN-700 
DETN-705 
DETN-800 

0.83190 0.00 126 
0.80730 0.00129 
0.80718 0.00133 
0.77462 0.00118 

0.83442 -0.01890 
0.80988 -0.01890 
0.80984 -0.01890 
0.77698 -0.01890 

Docket No. 71 -9294 
Revis ion 2. 9/2002 

53 KGs Infinite Case with No Ov~rlap 

I7X17 Squar~ Lattic~ 
Mox 

MaxOL 
0.59417 -0.01890 

0.85332 
0.82878 
0.82874 
0.79588 
0.89986 
0.91518 
0.61307 CSSN-058 0.5920 1 0.00108 

CSSN-IOO 
eSSN-200 
ess "-300 

CSSN-400 
CSSN-4 10 
CSSN-420 
CSSN-430 
CSSN-437 
CSSN-440 
CSSN-450 
CSSN-460 
CSSN-470 
CSSN-480 
CSSN486 
CSSN-490 

eSSN-500 

eSSN-520 

CSSN-540 
CSSN-544 
eSSN-560 
CSSN-600 
CSSN-616 
CSSN-700 
eSSN-705 

CSSN-8oo 

0.70072 0.001 40 0.70352 -0.01890 0.72242 
0.83282 0.00 148 0.83578 -0.0 1890 0.85468 
0.87585 0.00 142 0.87869 -0.0 1890 0.89759 
0.88249 0.00 137 0.88523 -0.01890 0.90413 
0.885 14 0.00 138 0.88790 -0.01890 0.90680 
0.118429 0.00 143 0.88715 -0.01890 0.90605 
0.81169 1 0.00148 0.88987 -0.01890 0.90877 
0.88477 0.00137 0.88751 -0.011190 0.9064 1 
0.88374 0.00147 0.88668 -0.01890 0.90558 
0.88548 0.00137 0.88822 -0.01890 0.907 12 
0.88677 0.00143 0.88963 -0.01890 0.90853 
0.88851 0.00139 0.89129 -0.01890 0.91019 
0.88853 0.00 136 0.89125 -0.01890 0.91015 
0.88156 0.00130 O.lUI416 -0.01890 0.90306 
0.88214 0.00138 0.88490 -0.01890 0.90380 
0.87008 0.00117 0.87242 -0.01890 0.89132 
0.87101 0.00126 0.87353 -0.01890 0.89243 
0.87315 0.00127 0.87569 -0.01890 0.89459 
0.87173 0.00136 0.87445 -0.0 1890 0.89335 
0.85919 0.00125 0.86169 -0.01890 0.88059 
0.85367 0.00130 0.85627 -0.01890 0.87517 
0.83933 0.00118 0.84 169 -0.01890 0.86059 
0.83206 
0.83062 
0.80853 

0.00 125 0.83456 -0.01890 0.85346 
0.00132 0.83326 -0.01890 0.852 16 
0.00 125 0.8 11 03 -0.01890 0.82993 

17X 17 Triangular Lattice Max 0.91019 
CSTN-058 0.58812 0.00 113 0.59038 -0.0 1890 0.60928 
CSTN-IOO 
CSTN-200 

U.70439 0.00 1 I!! 0.70675 -O.O Il~YO 0.72565 
0.83373 0.00 142 0.83657 -0.01890 0.85547 
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GNF NPC 
Safety AnalYSis Report 

CSTP-300 
CSTP-400 
CSTP-4 10 
CSTP-420 
CSTP-430 
CSTP-437 
CSTP-440 
CSTP-450 
CSTP-460 
CSTP-470 
CSTP-480 
CSTP-486 
CSTP-490 
CSTP· SOO 
CSTP-520 
CSTp· 540 
CSTP·544 
CSTP·S60 
CSTP·600 
CSTP-616 
CSTP·700 
eSTP-70S 
CSTP-800 

CTSP-OS8 
CTS P· loo 
CTSP·2oo 
CTSP-3oo 
CTSP-400 
CTSP-410 
CTS P-420 
CTS P-430 
CTSP-437 
CTS P-440 
CTSP-450 
CTS P-460 

0.88137 
0.89226 
0.89410 
0.89234 
0.89407 
0.887 17 
0.88899 
0.89191 
0.88784 
0.87698 
0.86779 
0.86992 
0.8720 1 
0.87075 
0.87320 
0.87377 
0.87441 
0.87437 
0.85379 
0.85498 
0.822 17 
0.82 128 
0.806 17 

0.00 135 0.88407 -0.01890 0.90297 
0.00 130 0.89486 -0.01890 0.91376 
0.00135 0.89680 -0.0 1890 0.91570 
0.00 131 0.89496 -0.0 1890 0.91386 
0.00 164 0.89735 ·0.01890 0.91625 
0.00 140 0.88997 -0.01890 0.90887 
0.00 139 0.89177 -0.01890 0.91067 
0.00 132 0.89455 -0.01890 0.91345 
0.00138 0.89060 ·0.01890 0.90950 
0.0013 1 0.87960 ·0.01890 0.89850 
0.00 128 0.87035 -0.01890 0.88925 
0.00 152 0.87296 ·0.01890 0.89 186 
0.00 144 0.87489 ·0.OUI90 0.89379 
0.00 140 0.87355 -0.01890 0.89245 
0.00 145 0.87610 ·0.01890 0.89500 
0.00 124 0.87625 -0.01890 0.89"5 
0.00 136 0.877 13 -0.01890 0.89603 
0.00130 0.87697 -0.01890 0.89587 
0.00128 0.85635 .0.01890 0.87525 
0.00131 0.85 760 -0.01890 0.87650 
0.00 126 0.82469 -0.01890 0.84359 
0.0013 1 0.82]90 -0.01890 0.84280 
0.00 124 0.80865 ·0.01890 0.82755 

lOX 1 0 Square Lattice Mox 
0.60438 .0.01890 
0.7 1149 -0.01890 

0.91625 
0.62328 
0.73039 

0.60 198 0.00 120 
0.70877 
0.83579 
0.87720 
0.87787 
0.87826 
0.8798 1 
0.88 153 
0.88294 
0.8723 1 
0.875 18 
0.87545 

0.00 136 
0.00 140 0.8]859 -0.01890 0.85749 
0.00 133 0.87986 -0.01890 0.89876 
0.00 137 0.88061 -0.01890 0.8995 1 
0.00 131 0.88088 -0.01890 0.89978 
0.00 142 0.88265 ·0.01890 0.90155 
0.00 133 0.884 19 -0.01890 0.90309 
0.00 138 0.88570 -0.01890 0.90460 
0.00 129 0.87489 -0.01890 0.89379 
0.00 145 0.87808 ·0.01890 0.IW698 
0.00 140 0.87825 -0.01890 0.897 15 

CSTN·300 
CSTN-4oo 
CSTN-4 10 
CSTN-420 
CSTN-430 
CSTN-437 
CSTN-440 
CSTN-450 
CSTN-460 
eSTN-470 
CSTN-480 
CSTN-486 
CSTN-490 
CSTN-Soo 
CSTN·S20 
CSTN-540 
CSTN-S44 
CSTN-560 
CSTN·600 
CSTN·616 
CSTN-700 
CSTN-705 
CSTN·8oo 

Docket No. 71 ·9294 
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0.87924 0.00 144 0.R8212 -0.0 1890 0.90102 
0.88811 0.00 150 0.89 111 -0.01890 0.9 100 1 
0.88976 0.00138 0.89252 ·0.0 1890 0.91142 
0.89066 0.00149 0.89364 -0.0 1890 0.9 1254 
0.89308 0.00129 0.89566 ·0.01890 0.91456 
0.88808 0.00139 0.89086 ·0.01890 0.90976 
0.8852 1 0.00144 0.88809 -0.01890 0.90699 
0.883 13 0.00130 0.88573 -0.01890 0.90463 
0.88837 0.00122 0.8908 1 .0.01890 0.90971 
0.87684 0.00146 0.87976 -0.01890 0.89866 
0.86904 0.00135 0.87174 -0.01890 0.89064 
0.87122 0.00 143 0.87408 ~0 .0 1 890 0.89298 
0.87206 0.00138 0.87482 -0.01890 0.89372 
0.87400 0.00 146 0.87692 -0.01890 0.89582 
0.87340 0.00145 0.87630 -0.01890 0.89520 
0.87439 0.00142 0.87723 -0.01890 0.89613 
0.87504 0.00131 0.87766 .0.01890 0.89656 
0.87503 O.lX)]34 0.8777 1 -0.01890 0.89661 
0.85301 0.00126 0.85553 -0.01890 0.87443 
0.85563 0.00131 0.85825 .0.01890 0.877 15 
0.81958 0.00139 0.82236 -0.01890 0.84126 
0.82048 0.00 126 0.82300 -0.01890 0.84190 
0.80406 0.00 127 0.80660 .0.0 1890 0.82550 

lOX I 0 Square Lauice 
CTSN~058 0.59522 0.00 123 

M" 
0.59768 -0.01890 
0.70539 -0.0 1890 

0.91456 
0.61658 
0.72429 CTSN- IOO 0.70279 0.00130 

CTSN~2oo 

CTSN·300 
crsN-400 
crSN-410 
CTSN-420 
CTSN-430 
CTSN-437 
CTSN-440 
CTSN-450 
CfSN-460 

0.83198 0.00 152 0.83502 -0.01890 0.85392 
0.87520 0.00148 0.878 16 -0.01890 0.89706 
0.88125 0.00 139 0.88403 -0.01890 0.90293 
0.87478 0.00130 0.87738 -0.01890 0.89628 
0.87533 0.00132 0.87797 -0.01890 0.89687 
0.87828 0.00 148 0.88 124 -0.0 1890 0.9001 4 
0.877 12 0.00 128 0.87968 -0.0 1890 0.89858 
0.873 79 0.00139 0.87657 ·0.0 1890 0.89547 
0.86987 0.00140 0.87267 -0.01 890 0.89 157 
0.87563 0.00142 0.87847 ·0.0 1890 0.89737 
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Safety Analysis Report 

CTSP-470 
CTSP-480 
CTSP-486 
CTSP-490 
c rSI'-500 
CTSP-520 
CTSP-540 
CTSP-544 
CTSP-560 
c rsp-600 
CTSP-616 
CTSP-700 
CTSP-705 
CTSP-800 

CTTP-058 
CITP-IOO 
CITP-200 
CITP-300 
CITP-400 
CTTP-410 
ClTP-420 
CTTP-430 
CTTP-437 
CTTP-440 
CITP-450 
CITP-460 
CTTP-470 
CTTP-480 
CITI'-486 
CITP-490 
CTTP-500 
CTTP-520 
CITP-540 
C'TTP-544 
crrp-560 

0.87770 
0.87093 
0.87392 
0.87088 
0.86916 
0.87011 
0.856 11 
0.85348 
0.85228 
0.85298 
0.83405 
0.80384 
0.80388 
0.79654 

0.00146 0.88062 -0.0 1890 0.89952 
0.00146 0.87385 -0.0 1890 0.89275 
0.00139 0.87670 -0.0 1890 0.89560 
0.00 145 0.87378 -0.0 1890 0.89268 
0.00139 0.87 194 -0.0 1890 0.89084 
0.00 137 0.87285 -0.0 1890 0.89175 
0.00137 0.85885 -0.01890 0.87775 
0.00 126 0.85600 -0.01890 0.87490 
0.00 133 0.85494 -0.01890 0.87384 
0.00132 0.85562 -0.01890 0.87452 
0.00 141 0.83687 -0.01890 0.85577 
0.00 128 0.80640 -0.01890 0.82530 
0.00 139 
0.00124 

0.80666 -0.01890 
0.79902 -0.01890 

lOX 10 Triangular Lattice Mox 
0.6004 1 -0.01890 
0.7 1118 -0.01890 
0.84387 -0.01890 
0.88500 -0.01890 

0.82556 
0.81792 
0.90460 

0.61931 
0.73008 
0.86277 
0.90390 

0.5981S 0.00 1 \3 

0.70886 0.00116 
0.84083 
0.88 198 
0.89104 
0.89099 
0.87928 
0.88265 
0.88559 
0.88250 
0.88484 
0.88640 
0.870 15 
0.86569 
0.86649 
0.85884 
0.85887 
0.85949 
0.84844 
0.84883 
0.84858 

0.00152 
0.00151 
0.00135 0.89374 -0.01890 0.9UM 
0.00 137 0.89373 -0.01890 0.91263 
0.00136 0.88200 -0.01890 0.90090 
0.00130 0.88525 -0.01890 0.904 15 
0.00 132 0.88823 -0.01890 0.907 13 
0.00139 0.88528 -0.01890 0.90418 
0.00 144 0.88772 -0.01890 0.90662 
0.00141 0.88922 -0.01890 0.90812 
0.00 140 0.87295 -0.01890 0.89 I 85 
0.00133 0.86835 -0.01890 0.88725 
0.00145 
0.00 132 
0.00 130 

0.86939 -0.0 1890 0.88829 
0.86148 -0.01890 0.88038 
0.86147 -0.0 1890 0.88037 

0.00 126 0.86201 -0.01890 0.88091 
0.00 136 0.85116 -0.01890 0.87006 
0.0013 1 0.85 145 -0.01890 0.87035 
0.OO1J4 0.85 126 -0.0 1890 0.87016 

CTSN-470 
CTSN-480 
CTSN-486 
CTSN-490 
CTSN-500 
CTSN-520 
CTSN-540 
CTSN-544 
CTSN-560 
CTSN-600 
CTSN-6 16 
CTSN-700 

Docket No. 71 ~9294 
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0.87494 0.00 148 0.87790 -0.01890 0.89680 
0.87241 0.00139 0.87519 -0.01890 0.89409 
0.87015 0.00143 OJI7301 -0.01890 0.8919 1 
0.86984 0.00 150 0.87284 -0.01 890 0.89 174 
0.87227 0.00135 0.87497 -0.01890 0.89387 
0.86990 0.00 141 0.87272 -0.01890 0.89 162 
0.85343 0.00 136 0.856 15 -0.01890 0.87505 
0.85793 0.00 145 0.86083 -0.01890 0.87973 
0.85356 0.00 137 0.85630 -0.01890 0.87520 
0.85286 0.00 127 0.85540 -0.01890 0.87430 
0.83533 0.00 131 0.8379S -0.01890 0.8568S 
0.80S06 0.00 130 0.80766 -0.0 1890 0.82656 

CTSN-705 0.8042 1 0.00126 0.80673 ·0.0 1890 
0.79839 ·0.0 1890 

0.82563 
0.81729 
0.90293 
0.61221 
0.72237 
0.8S668 
0.89980 

CTSN-8oo 0.79565 0.00137 
lOX I 0 Triangular Lattice 

CTTN-058 0.59095 0.00118 
Max 

0.59331 -0.0 1890 
0.70347 -0.01890 
0.83778 -0.01890 
0.88090 -0.01890 

CITN-IOO 0.70089 0.00 129 
CITN-200 0.83478 O.OOISO 
CTIN-300 0.87808 0.00141 
CTTN-400 
CTTN-410 
ClTN-420 
ClTN-430 
ClTN-437 
CTfN-440 
CTTN-450 
ClTN-460 
ClTN-470 
CITN-480 
ClTN-486 
ClTN-490 
CTTN-SOO 

CITN-S20 
CTIN-540 
CTTN-544 
CTTN-S60 

0.8840S 0.00148 0.88701 -0.01890 0.90591 
0.885!H) 0.00141 0.88872 -0.01890 0.90762 
0.87818 0.00 139 0.88096 -0.01890 0.89986 
0.87847 0.00134 0.8811S -0.01890 0.9OOOS 
0.87944 0.00153 0.882S0 -0.01890 0.90140 
0.88032 0.00140 0.883 12 -0.01890 0.90202 
0.88229 0.00149 0.88527 -0.01890 0.90417 
0.88 187 0.00151 0.88489 -0.01890 0.90379 
0.86834 0.00136 0.87 106 -0.01890 0.88996 
0.86615 0.00122 0.86859 -0.0 1890 0.88749 
0.87018 
0.85855 
0.85986 

0.00 135 
0.00 138 
0.00 130 

0.87288 -0.0 1890 
0.86 131 -0.0 1890 
0.86246 -0.0 1890 

0.89178 
0.8802 1 
0.88136 

0.85985 0.00138 0.86261 -0.01890 0.88 151 
0.84653 0.00149 0.84951 -0.01890 0.86841 
0.85 169 0.00 129 0.85427 -0.01890 0.873 17 
0.84982 0.00 129 0.85240 -0.01890 0.87 130 
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GNF NPC 
Safety Analysis Report 

CTTP-600 
CTTP-616 

CTTP-700 

CTTp·705 
CTTP-800 

0.85088 
0.84595 

0.81326 

0.8115 1 
0.77634 

0.00 132 0.85352 ·0.01890 0.87242 
0.00 128 0.84851 ·0.0 1890 0.8674 1 
0.00 129 0.81584 ·0.0 1890 0.83474 

0.00125 0.81401 ·0.0 1890 0.83291 
0.00121 0.77876 ·0.01890 0.79766 

9X9 Square Lattice Max 0.9 1264 

CNSP-058 0.60462 0.00122 0.60706 -0.01890 0.62596 
CNSP-\OO 

CNSP-200 

CNS P-300 

CNSP-400 

CNSP-410 

CNSP-420 

CNSP-430 
CNSP-437 

CNSP-440 

CNSP-4S0 

CNSP-460 
CNSP-470 

CNSP-480 
CNSP-486 
CNSP-490 
CNSP-500 

CNSP-520 

CNSP-540 

CNS P-544 

CNS P-560 
CNS P-600 

CNSP-616 

CNSP-700 

CNSP-705 
CNSP-800 

0.71111 
0.83768 

0.87393 

0.87967 

0.87818 

0.88232 

0.87656 

0.87502 
0.87524 

0.87837 

0.87603 
0.878 15 
0.87678 
0.87752 
0.85832 
0.85874 
0.83322 
0.83383 
0.8307 1 
0.83779 
0.83773 
0.83323 
0.803 18 
0.80135 
0.75295 

0.00142 0.71395 -0.0 1890 0.73285 
0.00135 0.84038 -0.01890 0.85928 
0.00147 0.87687 -0.01890 0.89577 
0.00126 0.88219 -0.0 1890 0.90109 
0.00 134 0.88086 -0.0 1890 0.89976 

0.00137 0.88506 -0.01890 0.90396 
0.00140 0.87936 -0.0 1890 0.89826 
0.00136 0.87774 -0.01890 0.89664 
0.00135 0.87794 -0.01890 0.89684 
0.00134 0.88105 -0.01890 0.89995 
0.00133 0.87869 -0.01890 0.89759 
0.00137 0.88089 -0.01890 0.89979 
0.00127 0.87932 -0.01890 0.89822 
0.00129 0.880 10 -0.01890 0.89900 
0.00134 0.86 100 -0.01890 0.87990 

0.001 17 0.86108 -0.0 1890 0.87998 
0.00137 0.83596 -0.0 1890 0.85486 

0.00138 0.83659 -0.01890 0.85549 
0.00134 0.83339 -0.01890 0.85229 
0.00137 0.84053 -0.01890 0.85943 
0.00131 0.84035 -0.01890 0.85925 
0.0013 1 0.83585 -0.01890 0.85475 
0.00126 0.80570 -0.01890 0.82460 
0.00130 0.80395 -0.01890 0.82285 

0.00126 0.75547 -0.01890 0.77437 
9X9 Triangular Lattice Max 0.90396 

CNTP-058 0.60308 0.00117 0.60542 -0.01890 0.62432 
CNTP-IOO 
CNTP-200 

0.7 1358 
0.838 11 

0.00130 0.7 1618 -0.0 1890 0.73508 

0.00135 0.84081 -0.0 1890 0.85971 

CTTN-600 
CTTN-6 16 
ClTN-700 
ClTN-705 
CTTN-800 

Docket No. 71-9294 
Revision 2. 9/2002 

0.84992 0.00145 0.85282 -0.01890 0.87172 
0.8472 1 0.00 126 0.84973 -0.0 1890 0.86863 
0.81235 0.00 131 0.81497 -0.0 1890 0.83387 
0.8 1009 0.00 129 0.81267 -0.0 1890 0.83 157 
0.77554 0.00 142 0.77838 -0.0 1890 0.79728 

9X9 Square Lattice Max 0.90762 
CNSN-058 0.59831 0.00 122 0.60075 -0.0 1890 0.61965 
CNSN-IOO 

CNSN-200 
CNSN-300 

CNSN-400 
CNSN410 
CNSN420 
CNSN430 
CNSN-437 
CNSN-440 
CNSN450 
CNSN460 
CNSN-470 

CNSN-480 
CNSN-486 
CNSN490 
CNSN-500 
CNSN-520 

CNSN·540 
CNSN -544 
CNSN-560 
CNSN-600 
CNSN-616 
CNSN-700 
CNSN-705 

CNSN-800 

0.70525 0.00 132 0.70789 -0.01890 0.72679 
0.830S5 0.00130 0.833 15 -0.01890 0.85205 
0.87228 0.00149 0.87526 -0.01890 0.894 16 
0.87891 0.00135 0.88 16 1 -0.0 1890 0.90051 
0.87862 0.00 142 0.88146 -0.0 1890 0.90036 
0.87967 0.00 140 0.88247 -0.0 1890 0.90137 
0.87 164 0.00137 0.87438 -0.01890 0.89328 
0.87333 0.00 140 0.87613 -0.0 1890 0.89503 
0.87000 0.00130 0.87260 -0.0 1890 0.89 150 

0.87312 0.0013\ 0.87574 -0.0 1890 0.89464 
0.87420 0.00138 0.87696 -0.01890 0.89586 

0.87235 0.00130 0.87495 -0.01890 0.89385 
0.87075 0.00136 0.87347 -0.0 1890 0.89237 
0.8714 1 0.00124 0.87389 -0.0 1890 0.89279 
0.86006 0.00130 0.86266 -0.01890 0.88156 

0.85686 0.00136 0.85958 -0.0 1890 0.87848 
0.83056 0.00139 0.83334 -0.0 1890 0.85224 

0.83276 0.00145 0.83566 -0.0 1890 0.85456 
0.83553 0.00 138 0.83829 -0.01890 0.85719 
0.83344 0.00138 0.83620 -0.0 1890 0.85510 

0.83516 0.00 134 0.83784 -0.01890 0.85674 
0.83[09 0.00 130 0.83369 -0.0 1890 0.85259 

0.80244 0.00134 0.805 12 -0.01890 0.82402 
0.80499 0.00 133 0.80765 -0.0 1890 0.82655 
0.75473 0.00 11 9 0.757 11 -0.01890 0.7760 1 

9X9 Triangular Lattice Max 0.90137 
CNTN-058 0.59338 0.00 126 0.59590 -0.01890 0.61480 
CNTN-IOO 

CNTN-200 
0.70597 0.00 141 0.70879 -0.01890 0.72769 
0.8361 1 0.00 147 0.8]905 -0.0 1890 0.85795 
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GNF NPC 
Safety Analysis Report 

CNTP-300 
CNTP-400 
CNTP-4 10 
CNTP-420 
CNTP-430 
CNTP-437 
CNTP-440 
CNT P-450 
CNTP·460 
CNTP-470 
CNTP-480 
CNTP-486 
CNTP-490 
CNTP-500 
CNT P-520 
CNTP-540 
CNTP-544 
CNTP-560 
CNTP-600 
CNTP-616 
CNTP-700 
CNTP-705 
CNTP-800 

0.87617 
0.87449 
0.87430 
0.87670 
O.l!6698 
0.87313 
0.86860 
0.87182 
0.87277 
0.87263 
0.87065 
0.87408 

0.87385 
0.87548 
0.87154 
0.84344 
0.84 155 
0.84142 
0.80987 
0.80821 
0.80398 
0.8065 1 
0.779 18 

0.00 125 0.87867 -0.01890 0.89757 
0.00 151 0.8775 1 -0.01890 0.89641 
0.0013 1 0.87692 -0.0 1890 0.89582 
0.00127 0.87924 -0.01890 0.89814 
0.00 134 0.86966 -0.01890 0.88856 
0.00 142 0.87597 -0.01890 0.89487 
0.00132 0.87124 -0.01890 0.89014 
0.00 133 0.87448 -0.0 1890 0.89338 
0.00 127 0.87531 -0.01890 0.89421 
0.00141 0.87545 -0.0 1890 0.89435 
0.00137 0.87339 -0.0 1890 0.89229 
0.00138 0.87684 -0.01890 0.89574 
0.00135 0.87655 -0.01890 0.89545 
0.00139 0.87826 -0.0 1890 0.89716 
0.00 137 0.87428 -0.0 1890 0.893 18 
0.00148 0.84640 -0.01890 0.86530 
0.00134 0.84423 -0.01890 0.86313 
0.00 127 0.84396 -0.01890 0.86286 
0.00135 0.81257 -0.01890 0.83 147 
0.001 40 0.81101 -0.01890 0.8299 1 
0.00 125 0.80648 -0.01890 0.82538 
0.00 1]7 0.80925 -0.01890 0.828 15 
0.00 126 0.78170 -0.01890 0.80060 

8X8 Square Lattice Max 0.89814 
CESP-058 0.6079 1 0.00 113 0.610 17 -0.01890 0.62907 
CESP- IOO 
CES P-200 
CESP-300 
CESP-400 
CESP-4 10 
CES P-420 
CES P-430 
CES P-437 
CES P·440 
CESP-450 
CES P-460 

0.71488 
0.83779 
0.8684 1 
0.87068 
0.84837 
0.84968 
0.855 17 
0.85521 
0.85626 
0.85699 
0.85472 

0.00134 0.71756 -0.0 1890 0.7]646 
0.00139 0.84057 -0.01890 0.85947 
0.00 151 0.87 143 -0.01890 0.89033 
0.00133 0.87334 -0.01890 0.89224 
0.00125 0.85087 -0.01890 0.86977 
0.00 142 0.85252 -0.01890 0.87 142 
0.001 27 0.85771 -0.0 1890 0.87661 
0.00144 0.85809 -0.01890 0.87699 
0.00134 0.85894 -0.01890 0.87784 
0.00137 0.85973 -0.01890 0.87863 
0.00128 0.85728 -0.01890 0.87618 

Docket No. 71 ~9294 
Revis ion 2, 9/2002 

CNTN·300 0.87376 0.0014 1 0.87658 -0.01890 0.119548 
CNTN-400 0.86897 0.00156 0.87209 -0.01890 0.89099 
CNTN-4 10 0.86807 0.0013 1 0.87069 -0.01890 0.88959 
CNTN-420 0.87457 0.00125 0.87707 -0.01890 0.89597 
CNTN-430 0.86965 0.001 27 0.872 19 -0.01890 0.89 109 
CNTN-437 0.86826 0.0013 1 0.87088 -0.01890 0.88978 
CNTN-440 0.87088 0.00146 0.87380 ·0.0 1890 0.89270 
CNTN-450 0.87224 0.00135 0.87494 -0.01890 0.89384 
CNTN-460 0.86945 0.00\3 1 0.87207 -0.01890 0.89097 
CNTN-470 0.87273 0.00137 0.87547 -0.01890 0.89437 
CNTN-480 0.87374 0. 00\34 0.87642 -0.01890 0.89532 
CNTN-486 0.87247 0.00140 0.87527 ·0.0 1890 0.89417 
CNTN-490 0.87221 0.00123 0.87467 -0.01890 0.89357 
CNTN-500 0.87248 0.00139 0.87526 -0.0 1890 0.8941 6 
CNTN-520 0.87044 0.00128 0.87300 ·0.01890 0.89 190 
CNTN-540 0.84302 0.00127 0.84556 -0.01890 0.116446 
CNTN-544 0.84380 0.00138 0.84656 -0.01890 0.86546 
CNTN-560 
CNTN-600 
CNTN-616 
CNTN·7oo 
CNTN-705 
C TN-800 

0.84365 0.00 124 0.84613 -0.01890 0.8650] 
0.80875 0.00 121 0.81117 -0.01 890 0.83007 
0.80749 0.00133 0.8 1015 ·0.0 1890 0.82905 
0.80535 0.00127 0.80789 -0.01890 0.82679 
0.80704 0.00\30 0.80964 -0.01890 0.82854 
0.77860 0.00\36 0.78132 -0.01890 0.80022 

8X8 Square Lattice Max 0.89597 
CESN-058 0.60245 0.00121 0.60487 -0.01890 0.62377 
CESN-loo 
CESN·2oo 
CESN-300 
CESN-400 
CESN·4 1O 
CESN-420 
CESN-430 
CESN-437 
CESN-440 
CESN-450 
CESN-46Q 

0.70646 0.00 120 0.70886 -0.011190 0.72776 
0.83356 0.00137 0.83630 -0.0 1890 0.85520 
0.86277 0.00 146 0.86569 -0.01890 0.88459 
0.86695 0.00 125 0.86945 -0.0 1890 0.88835 
0.84894 0.00135 0.85 164 -0.0 1!i90 0.87054 
0.85167 0.00139 0.85445 -0.0 1890 0.87335 
0.85362 0.001 46 0.85654 -0.0 1890 0.87544 
0.85528 0.00124 0.85776 -0.0 1890 0.87666 
0.85441 0.00 151 0.85743 ·0.01890 0.87633 
0.85904 0.00147 0.86198 -0.01890 0.88088 
0.85563 0.00144 0.8585 1 -0 .0 1890 0.87741 
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GNF NPC 
Safety Analysis Report 

CESP-470 

CESP-480 
CESP-486 
CESP-490 
CF.S P·500 
CESP-520 

CES P-540 

CESP-544 

CESP·560 
CESP-600 

CESP·6 16 
CESP-700 

CESP·705 

CESP-800 

CETP-OS8 
CETP-lOO 
CETP-200 
CETP-300 
CETP-400 
CETP-410 
CETP-420 
CETP-430 
CETP-437 
CETP-440 
CETP-4S0 
CETP-460 
CETP-470 
CETP-480 
CETP-486 
CETP-490 
CETP-500 
CETP-520 
CETP-S40 
CET!'-S44 
CETP-S60 

0.85973 

0.85884 
0.85782 

0 .85814 

0.86067 

0.85816 

0.83566 

0 .83537 

0.83402 

0.82942 
0.8 1658 

0.76682 

0.76988 
0.76140 

0.00135 0.86243 -0.01890 0.88 133 
0.00134 0.86 152 -0.01890 0.88042 
0.00124 0.86030 -0.01890 0.87920 
0.00134 0.86082 -0.01890 0.87972 
0.00 140 0.86347 -0.01890 0.88237 
0.00130 0.86076 -0.0 1890 0.87966 
0.00 128 0.83822 -0.0 1890 0.857 12 
0.00 145 0.83827 -0.01890 0.85717 
0.00137 0.83676 -0.01890 0.85566 
0.00134 0.83210 -0.01890 0.85 100 
0.00127 0.819 12 ·0.01890 0.8)802 
0.00137 0.76956 ·0.01890 0.78846 
0.00130 0.77248 -0.0 1890 0.79138 
0.00 140 0.76420 -0.01890 0.783 10 

8X8 Triangular Lllttice M" 
0.60563 -0.0 1890 
0.71810 -0.0 1890 
0.83598 -0.01890 

0.89224 
0.62453 
0.73700 
0.85488 

0.60321 0.0012 1 
0.71SS6 
0.83302 

0.86707 
0.87799 
0.87997 
0.87789 
0.86585 
0.86709 
0.86329 
0.86468 

0.86710 
0.86721 
0.83389 
0.83386 
0.83441 
0.83472 
0.83689 
0.83S94 

0.834S9 

0.83526 

0.00127 
0.00148 
0.00150 
0.00139 
0 .0014S 

0.00137 
0.00 145 
0.00 144 
0.00127 
0.00140 
0.00137 
0.00138 

0.87007 -0.01890 0.88897 
0.88017 -0.01890 0.89967 
0.88287 -0.0 1890 0.901 77 
0.88063 -0.0 1890 0.89953 
0.86875 -0.0 1890 0.88765 
0.86997 -0.01890 0.88887 
0.86583 -0.01890 0.88473 
0.86748 -0.01890 0.88638 
0.86984 -0.01890 0.88874 
0.86997 -0.01890 0.88887 

0.00127 0.83643 -0.01890 0.85533 
0.00139 0.83664 -0.01890 0.H5SS4 
0.00133 0.83707 -0.01890 0.85597 
0.001 39 0.83750 -0.01890 0.85640 
0.00\36 0.8396 1 -0.0 1890 0.8585 1 
0.00142 0.83878 ·0.01890 0.85768 
0.00126 0.83711 -0.01890 0.85601 
0.00139 0.83804 -0.01890 0.85694 

CESN-470 
CESN-480 
CESN-486 
CESN-490 
CESN-500 
CESN-520 
CESN-540 
CESN-544 
CESN-560 
CESN-600 
CESN-616 
CESN-7oo 
CESN-705 
CESN-800 

Docket No. 71-9294 
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0.85993 0.00127 0.86247 -0.01890 0.88137 
0.85877 0.00134 0.86145 -0.01890 0.88035 
0.85776 0.00131 0.86038 -0.0 1890 0.87928 
0.85692 0.0013 1 0.85954 -0.01890 0.87844 
0.85975 0.00134 0.86243 -0.01890 0.88133 
O.R5RI4 0.00133 0.86080 -0.01890 0.87970 
0.83426 0.00138 0.83702 -0.01890 0.85592 
0.83268 0.00126 0.83520 -0.0 1890 0.854 10 
0.83413 0.00\35 0.83683 -0.0 1890 0.85573 
0.83090 0.00 I 25 0.83340 -0.01890 0.85230 
0.81493 0.00137 0.8 1767 -0.0 1890 0.836S7 

0.76509 0.00129 0.76767 -0.0 1890 0.78657 
0.76841 0.00132 0.77105 -0.01890 0.78995 
0.759 19 0.00130 0.76 179 -0.0IR90 0.78069 

8X8 Triangular Lattice 
CETN-058 0.59729 0.00 1 19 

M" 
0.59967 -0.0 1890 
0.70956 -0.01890 
0.83365 -0.01890 
0.86623 -0.01890 
0.88119 ·0.01890 
0.88022 -0.01890 
0.88156 -0.0 1890 
0.86664 -0.0 1890 
0.86820 -0.0 1890 
n.R6744 -0.01890 
0.86600 -0.0 1890 
0.86643 -0.01890 
0.86649 -0.01890 

0.88835 
0.61857 
0.72846 
0.85255 
0.88513 
0.90009 
0.89912 
0.90046 
0.88554 
0.887 10 
0.88634 
0.88490 
0.88533 
0.88539 

CETN- IOO 0.70718 0.00 119 
CETN-200 0.83069 0.00148 
CETN-300 
CETN-400 
CETN-410 
CETN-420 
CETN-430 
CETN-437 
CETN-440 
CETN-450 
CETN-460 
CETN-470 
CETN-480 
CEnI-486 
CETN-490 
CETN-500 
CETN-520 
CEn.:-540 
CETN-S44 
CETN-560 

0.86357 
0.87849 
0.87748 
0.87874 
0.86380 
0.86S44 
0.86448 
0.86332 

0.86351 
0.86393 

0.00133 
OJ)()135 
0.00137 
0.00 14 1 
0.00 142 
0.00 138 
O.OO I4R 
0.00134 
0.00146 
0.00128 

0.83493 0.001]2 0.83757 -0.01890 0.85647 
0.83283 0.00137 0.83557 -0.01890 0.85447 
0.83428 0.00136 0.83700 -0.01890 0.85590 
0.83509 0.00 135 0.83779 -0.0 1890 0.85669 
0.83610 0.00127 0.83864 -0.01890 0.85754 
0.83569 0.00134 0.83837 -0.01890 0.85727 
0.83600 0.00 136 0.83872 -0.01890 0.85762 
0.83665 0.00134 0.8393] -0.01890 0.85823 
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GNF NPC 
Safety Analysis Report 

CETp·600 

CETP-616 

CETP· 700 

CETP·70S 
CETp·800 

0.81738 

0.81630 
0.80700 

0.80326 

0.74844 

0.00126 0.81990 -0.01890 0.83880 
0.00135 0.81900 ·0.01890 0.83790 
0.001)4 0.80968 ·0.01890 0.82858 
0.0013 1 0.80588 ·0.01890 0.82478 
0.00133 0.75 11 0 -0.01890 0.77000 

55 KGs infinite Case with VFO 

17X 17 Square Lattice 

\"lax 

Max NO 
0.58999 -0.0 1890 

0.90 177 
0.91625 
0.60889 BSSP-058 0.58773 0.00113 

BSSP-JOO 
BSSr-200 

BSSP·300 

BSSP-400 

BSSP·410 

BSSP-420 

BSSP-430 
BSSP-437 
BSSP-440 

BSSP-450 

BSSP-460 

BSSP-470 

BSSP-480 
BSSP-486 

BSSP·490 

BSSP-SOO 
BSSP-520 
BSSP-540 

855P-544 
BSSP-560 

BSSP-600 

BSSP· 616 
BSSp·700 

BSSP-705 

BSSP-800 

0.70533 

0.83929 
0.885 17 

0.892 16 

0.89188 

0.89375 

0 .89193 
0.89420 

0.89175 
0.89451 

0.89083 
0.89\32 
0.89139 
0.88795 

0.89004 
0.88847 

0.881 34 
0.87849 
0.87797 

0.87383 
0.86222 
0.85767 
0.83425 

0.83 11 1 
0.80770 

0.00 135 0.70803 -0.01 890 0.72693 
0.00 140 0.84209 -0.01890 0.86099 
0.00139 0.88795 -0.01890 0.90685 
0.00149 0.895[4 -0.01890 0.91404 
0.00144 0.89476 -0.01890 0.91366 
0.00132 0.89639 -0.0[890 0.9 1529 
0.00132 0.89457 -0.01890 0.91347 
0.00136 0.89692 -0.01890 0.91582 
0.00138 0.89451 -0.0 1890 0.9 134 1 
0.00 134 0.89719 -0.01890 0.91609 
0.00143 0.89369 -0.01890 0.9 1259 
0.0014 1 0.89414 -0.01890 0.9 1304 
0.00129 0.89397 -0.01890 0.91287 
0.00133 0.8906 1 -0.0 1890 0.9095 1 

0.00125 0.89254 -0.01890 0.9 11 44 
0.0013 7 0.89 121 -0.0[890 0.9 10[ I 
0.00122 0.88378 -0.01890 0.90268 
0.00133 0.88 11 5 -0.01890 0.90005 
0.0012 1 0.88039 -0.01890 0.89929 
0.00138 0.87659 -0.01890 0.89549 
0.00129 0.86480 -0.01890 0.88370 
0.00140 0.86047 -0.01890 0.87937 
0.00122 0.83669 -0.0 1890 0.85559 
0.00138 0.83387 -0.01 890 0.85277 
0.00137 0.8 1044 -0.01890 0.82934 

17XI7 Triangular Latt ice 
BSTP-058 0.58759 0.00 11 4 

M" 
0.58987 -0.01890 

0.70455 -0.01890 

0.9 1609 
0.60877 

0.72345 BSTP-100 0.70 189 0.00133 

CETN-600 
CETN-616 
CETN-700 
CETN-705 
CETN-800 

Docket No. 71 ~9294 
Revision 2. 9/2002 

0.81555 0.00130 0.8 1815 -0.01890 0.83705 
0.81625 0.00135 0.8 1895 -0.01890 0.83785 
0.80622 0.00126 0.80874 -0.01890 0.82764 
0.80784 0.00127 0.81038 -0.01890 0.82928 
0.74737 0.00132 0.75001 -0.01890 0.7689 1 

53 KGs Infinite Case with VFO 
17X17 Square Lattice 

M" 
Max NO 

0.58265 -0.01890 

0.90046 
0.91456 
0.60 155 aSSN-058 0.58019 0.00 123 

BSSN-I OO 
BSSN-200 
BSSN-300 
BSSN-400 
BSSN-41O 
BSSN-420 
BSSN-430 
aSSN-437 
BSSN-440 
BSSN-450 
BSSN-460 
BSSN-470 
BSSN-480 
BSSN-486 

BSSN-490 
BSSN-500 
BSSN-520 
BSSN-540 
BSSN-544 

BSSN-560 
BSSN-600 
BSSN-6 16 
BSSN-700 
BSSN-705 
BSSN-800 

0.69484 0.00137 0.69758 -0.01890 0.7 1648 
0.83476 0.00146 0.83768 -0.0 1890 0.85658 
0.87897 0.OO I4[ 0.88179 -0.01890 0.90069 
0.89142 0.00 140 0.89422 -0.01890 0.91312 
0.89039 0.00 136 0.893 11 -0.0 1890 0.9120 1 
0.88886 0.00 144 0.89174 -0.0 1890 0.91064 
0.88855 0.00137 0.89129 -0.0 1890 0.91019 
0.88809 0.00 127 0.89063 -0.0 1890 0.90953 
0.88819 0.00[36 0.89091 -0.01890 0.9098 1 
0.88751 0.00135 0.89021 -0.0 1890 0.9091 1 
0.88885 0.00152 0.89189 -0.0 1890 0.91079 
0.88719 0.00 132 0.88983 -0.0 1890 0.90873 
0.88726 0.00 132 0.88990 -0.01890 0.90880 
0.88757 0.00117 0.8899 1 -0.0 1890 0.9088 1 
0.88386 0.00137 0.88660 -0.0 1890 0.90550 
0.88355 0.00 131 0.886 17 -0.0 1890 0.90507 
0.88398 0.00 125 0.88648 -0.0 1890 0.90538 
0.87700 0.00 133 0.87966 -0.0 1890 0.89856 
0.87849 0.00 139 0.88127 -0.0 1890 0.900 17 
0.87279 0.00137 0.87553 -0.0 1890 0.89443 
0.85792 0.00134 0.86060 -0.0 1890 0.87950 
0.85759 0.001 18 0.85995 -0.0 1890 0.87885 
0.83293 0.00 130 0.83553 -0.01890 0.85443 
0.83425 0.00 135 0.83695 -0.01890 0.85585 
0.80678 0.00 134 0.80946 -0.01890 0.82836 

17X 17 Triangular Lattice 
I1STN-OS8 0.5799 1 0.00126 0.58243 

M" 
-0.01890 

0.9 13 12 
0.60133 
0.71665 BSTN- IOO 0.6950 1 0.00137 0.69775 -0.01890 
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GNF NPC 
Safety Analysis Report 

BSTP-200 
BSTP-300 
BSTP-400 
BSTP-4 IQ 

BSTP-420 

BSTP430 
BSTp·437 

BSTP-440 
BSTp·4S0 

BSTp·460 
BSTP-470 

BSTP-480 
BSTP-486 
BSTP-490 
BSTP-500 
BSTP·520 
BSTP· 540 

BSTP-544 
BSTp· 560 

BSTp· 600 

BSTP·616 

BSTP·700 

BST p·70S 

BSTp·800 

BTSP-05!! 
BTSP- lOO 
BTSP-200 
BTSP'-300 
BTSP-400 
BTSP-410 
BTSP-420 
BTSP-430 
BTSP-437 
IHSP-440 
BTSP-450 

0 .84181 
0 .88625 

0 .89598 
0 .89454 

0.89628 
0.89466 
0.89392 
0.89322 

0.89457 
0.89252 
0.89333 

0.89267 

0.89316 
0.89295 
0.88894 

0.88539 

0.87926 

0.87925 

0.87573 
0.86495 
0.86053 
0.83643 

0.83773 
0.80792 

0.00149 0.84479 ·0.01890 0.86369 
0.00146 0.8891 7 -0.01890 0.90807 
0.00 148 0.89894 -0.01890 0.91 784 
0.00 142 0.89738 -0.01890 0.91628 
0.00 146 0.89920 -0.01890 0.91810 
0.00 135 0.89736 -0.01890 0.91626 
0.00 151 0.89694 -0.0 1890 0.9 1.584 
0.00 143 0.89608 -0.01890 0.9 1498 
0.00130 0.89717 ·0.01890 0.91607 
0.00132 0.895 16 -0.01890 0.91406 
0.00134 0.89601 -0.01890 0.91491 
0.00139 0.89545 -0.01890 0.914]5 
0.00128 0.89572 -0.01890 0.91462 
0.00139 0.89573 -0.01890 0.9146] 
0.00127 0.89 148 -0.01890 0.910]8 
0.00134 0.88807 -0.01890 0.90697 
0.00127 0.88180 -0.01890 0.90070 
0.00137 0.88199 -0.01890 0.90089 
0.00134 0.87841 -0.01890 0.89731 
0.00125 0.86745 -0.01890 0.88635 
0.0013] 0.86319 -0.01890 0.88209 
0.001]0 0.83903 -0.01890 0.85793 
0.00131 0.84035 -0.01890 0.85925 
0.00131 0.81054 -0.01890 0.82944 

lOX 1 0 Square Lattice M", 
0.59250 -0.01890 
0.70760 -0.01890 

0.91810 
0.61140 
0.72650 

0.590 18 0.00 116 
0.70492 
0.84004 
0.87925 
0.8869] 
0.88797 
0.88695 
0.88599 
0.88809 
O . IH~474 

0.88519 

0.00134 
0.00138 0.84280 -0.01890 0.86170 
0.00141 0.88207 -0.0 1890 0.90097 
0.00139 0.88971 -0.01890 0.9086 1 
0.00 151 0.89099 -0.0 1890 0.90989 
0.00 148 0.88991 -0.0 1890 0.9088 1 
0.00 127 0.8885] -0.0 1890 0.90743 
0.00 133 0.89075 ·0.01890 0.90965 
0.00 144 0.88762 -0.01890 0.90652 
0.00 128 0.88775 -0.01890 0.90665 

BSTN-200 
BSTN-300 
BSTN-400 
BSTN-4 10 
BSTN-420 
BSTN-430 
BSTN-437 
IlSTN-440 
BSTN-450 
IlSTN-460 
BSTN·470 
BSTN-480 
BSTN-486 
BSTN-490 
BSTN-500 
BSTN-S20 
nSTN-540 
BSTN-544 
BSTN-S60 
DSTh-600 
BSTN-61 6 
DSTN-700 
BSTN·70S 
BSTN-800 

Docket No . 71·9294 
Revision 2. 912002 

0.8]876 OJX)l 43 0.84162 ·0.0 1890 0.H60S2 
0.88119 0.00 13] 0.88]85 -0.0 1890 0.90275 
0.89274 0.00 152 0.H9578 -0.0 1890 0.9146H 
0.89035 0.00 139 0.893 1] -0.0 1890 0.91203 
0.89426 0.00 142 0.89710 -0.01890 0.91600 
0.89470 0.00130 0.89730 -0.01890 0.91620 
0.89357 0.0013] 0.8962] ·0.0 1890 0.91513 
0.89257 0.00 1] 1 0.895 19 ·0.0 1890 0.91409 
0.88799 0.00146 0.8909 1 ·0.01 890 0.90981 
0.88881 0.0013] 0.89147 -0.01890 0.9\037 
0.88997 0.00 137 0.8927 1 -0.01890 0.91 161 
0.88573 0.00 133 0.888]9 -0.01890 0.90729 
0.8H700 0.00135 0.88970 -0.01890 0.90860 
0.8811 12 0.00 146 0.89104 -0.01890 0.90994 
0.887 13 0.(X)l35 0.88983 ·0.01890 0.90873 
0.H8496 0.00 148 0.88792 -0.01890 0.90682 
0.87807 0.00 130 0.88067 -0.01890 0.89957 
0.87758 0.00128 0.88014 -0.01890 0.89904 
0.87111 0.00137 0.87385 -0.01890 0.89275 
0.86592 0.00127 0.86846 -0.01890 0.88736 
0.86116 0.001 30 0.86376 -0.01890 0.88266 
0.83838 0.00126 0.84090 -0.01890 0.85980 
0.8]759 OJ)()128 0.84015 -0.01 890 0.85905 
0.80983 0.00139 0.81261 -0.01890 0.83151 

10XI0 Square Lauice 
BTSN-058 0.58195 0.00107 

M", 
0.58409 -0.01 890 
0.69882 -0.01890 

0.91620 
0.60299 
0.71772 BTSN·lOO 0.69632 0.00125 

BTSN·200 
BTSN·300 
OTSN-400 
BTSN-4 10 
BTSN-420 
BTSN-430 
BTSN-437 
BTSN-440 
IJTSN-450 

0.83343 
0.878 15 
0.88477 
0.88608 
0.88308 
0.880 14 
0.88449 
0.88068 
0.88224 

0.00143 0.83629 -O.OUI9O 0.85519 
0.00135 0.88085 -0.01890 0.89975 
0.00148 0.88773 -0.01890 0.90663 
0.00136 0.88880 -0.01890 0.90770 
0.00135 0.88578 -0.01890 0.90468 
0.00127 0.88268 -0.01890 0.90 158 
0.0014 1 0.8873 1 -0.01890 0.90621 
0.00122 0.88312 -0.01890 0.90202 
0.001 ]7 0.88498 -0.01890 0.90388 
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BTSP-460 
BTSP-470 
BTSP-480 
BTSP-486 
BTSP-490 
BTSP-500 
BTSP-520 
BTSP-540 

BTSP-544 
BTSP-560 
BTSP-600 
BTSP-616 
BTSP-700 
BTSI'-705 
BTSP-800 

0.88337 
0.88068 
0.88284 
0.88335 
0.88344 
0.88000 
0.87221 
0.86926 
0.86747 
0.86225 
0.84859 
0.84569 
0.82237 
0.82156 
0.78960 

0.00134 0.88605 -0.01890 0.90495 
0.00136 0.88340 -0.01 890 0.90230 
0.00138 0.88560 -0.01 890 0.90450 
0.00132 0.88599 -0.0 1890 0.90489 
0.001 42 0.88628 -0.01890 0.90518 
0.00128 0.88256 -0.01890 0.90146 
0.00134 0.87489 -0.0 1890 0.89379 
0.00142 0.87210 -0.01890 0.89 100 
0.00134 0.870 15 -0.01890 0.88905 
0.00134 0.86493 -0.01890 0.88383 
0.00137 0.85133 -0.0 1890 0.87023 
0.00127 0.84823 -0.01890 0.86713 

0.00140 0.82517 -0.01890 0.84407 
0.00127 0.82410 -0.01890 0.84300 
0.00126 0.79212 ·0.01890 0.81102 

IOXIO Triangular Lattice Max 0.90989 
BTTP-058 0.5879 1 0.00114 0.59019 -0.0 1890 0.60909 
BTTP-IOO 
STTP-200 
B'IIP-300 
BTTP-400 
BTTP-410 

BTTP-420 
8TTP-430 

BTTP-437 
BTTP-440 
BTTP-450 
BTTP-460 
BTTP-470 
BTTP-4BO 
BTTP-486 

BTTP-490 
BTTP-500 

BTTP-520 
8TTP-540 
BTTP-544 

0.70453 
0.84027 
0.885 17 
0.888 14 

0.88717 
0.88788 
0.88868 
0.88990 
0.88857 
0.88566 
0.88709 
0.88574 
0.88715 
0.88488 
0.88633 
0.88311 
0.87593 
0.86906 
0.87159 

0.00135 0.70723 -0.01 890 0.72613 

0.00130 0.84287 -0.01890 0.86177 
0.00146 0.88809 -0.01890 0.90699 
0.00145 0.89104 -0.01890 0.90994 

0.00145 0.89007 -0.01890 0.90897 
0.00136 0.89060 -0.01 890 0.90950 
0.00133 0.89134 -0.01 890 0.91024 
0.00143 0.R9276 -0.01890 0.91166 
0.00137 0.89131 -0.01 890 0.9 1021 

0.00124 0.88814 -0.01890 0.90704 
0.00 144 0.88997 -0.01890 0.90887 
0.00130 0.88834 -0.0 1890 0.90724 
0.00 136 0.88987 -0.01890 0.90877 

0.00131 0.88750 -0.01890 0.90640 
0.00140 0.88913 -0.01890 0.90803 
0.00138 0.88587 -0.0 1890 0.90477 
0.00148 0.87889 -0.01 890 0.89779 
0.00131 0.87 168 -0.01890 0.89058 
0.0013 1 0.87421 -0.01890 0.893 11 

BTSN-460 
BTSN-470 
BTSN-480 
BTSN-486 
BTSN-490 
BTSN-500 
BTSN-520 
BTSN-540 
BTSN-544 
BTSN-560 
BTSN-600 
BTSN-616 

BTSN-700 
BTSN-705 
BTSN·800 

Docket No. 71 ~9294 
Revision 2. 9/2002 

0.88319 0.00143 0.88605 -0.01890 0.90495 
0.88099 0.00 132 0.88363 -0.01890 0.90253 
0.87739 0.00128 0.87995 -0.01890 0.89885 
0.87859 0.00137 0.88133 -0.01890 0.90023 
0.87817 0.00139 0.88095 -0.01890 0.89985 
0.87587 0.00130 0.87847 -0.01890 0.89737 
0.87790 0.00141 0.88072 -0.0 1890 0.89962 
0.86924 0.00132 0.87188 -0.01890 0.89078 

0.86660 0.00125 0.869\0 -0.0 1890 0.88800 
0.864 14 0.00125 0.86664 -0 .01890 0.88554 
0.85179 0.00 134 0.85447 -0.0 1890 0.87337 
0.84732 0.00129 0.84990 -0.0 1890 0.86880 
0.82240 0.00 142 0.82524 -0.01 890 0.84414 
0.8 1990 0.00130 0.82250 -0.0 1890 0.84140 
0.79022 0.00136 0.79294 -0.0 1890 0.81 184 

lOX 10 Triangular Lattice Max 0.90770 
BTTN-058 0.58175 0.00117 0.58409 -0.0 1890 0.60299 
BTTN-IOO 
BTTN-200 
BTTN-300 
BTTN-400 
BTTN-4JO 

BTTN-420 
BTTN-430 

Rn~-437 

BTTN-440 
aTI'N-450 
BTTN·460 
BTTN-470 
BTfN-480 
BTTN-486 
BTTN·490 
BTTN· 500 
BTTN-520 
BTTN-540 

BTTN·544 

0.69716 0.00138 0.69992 -0.01890 0.71882 
0.83333 0.00141 0.83615 ·0.01890 0.85505 
0.87909 0.00133 0.88175 ·0.01890 0.90065 
0.88724 0.00132 0.88988 -0.01890 0.90878 
0.88782 0.00 135 0.89052 -0.01890 0.90942 
0.88801 0.00142 0.89085 ·0.01890 0.90975 
0.88533 0.00 127 0.88787 -0.01890 0.90677 
0.88559 0.00135 O.8R829 -0.01890 0.907 19 
0.88360 0.00 140 0.88640 -0.01890 0.90530 

0.88391 0.00 142 0.88675 -0.01890 0.90565 
0.88246 0.00145 0.88536 -0.01890 0.90426 
0.88361 0.00140 0.8864 1 ·0.01890 0.9053 1 
0.87894 0.00126 0.88146 -0.01890 0.90036 
0.87925 0.00135 0.88195 -0.01890 0.90085 
0.88090 0.00131 0.88352 ~0.0 1 890 0.90242 
0.88203 0.00138 0.88479 -0.0 1890 0.90369 
0.87772 0.00 13\ 0.88034 -0.01890 0.89924 
0.87291 0.00132 0.87555 -0.01 890 0.89445 
0.87263 0.00136 0.87535 ·0.01 890 0.89425 
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BTTP·S60 
BITP-600 
BTIP-6 16 

Orrp-700 
BTTP-70S 
STIP-SOO 

BNSP-058 
BNSP-l00 

BNSP-200 
BNSP·JOO 

BNSP-400 
BNS P-4 10 
BNSP-420 

BNSI'-430 
BNSP-437 

BNSP-44Q 

BNSP-450 
BNSP-460 
BNSP-470 
BNSP-480 
BNSP-486 
BNSP-490 
BNSP-SOO 
BNSP-520 
BNSP-540 
BI'\SP-S44 

BNSP-560 

BNSP-600 
ONSP-6 16 

BNSP-700 
llNSP-705 
ONSP-800 

0.86668 

0.85274 
0.84611 

O.K2360 

0.82457 

0 .79351 

0.00130 0.86928 -0.01890 0.88818 
0.00123 0.85520 -0.01890 0.87410 
0.00 143 0.84897 ·0.01890 0.86787 
0.001 40 0.82640 -0.01890 0.84530 
0.00142 0.82741 -0.01890 0.84631 
0.00124 0.79599 -0.01890 0.81489 

9X9 Square: Lattice Max 
0.59161 -0.01890 
0.70&47 -0.01890 
0.84476 -0.01890 
0.88 159 -0.01890 
0.88567 -0.01890 
0.88375 -0.01890 
0.8872 1 -0.01890 
0.88323 -0.01890 

0.91166 
0.61051 
0.72737 
0.86366 
0.90049 
0.90457 
0.90265 
0.90611 
0.90213 

0.58929 0.00116 
0.70597 
0.84182 
0.87875 

0.88259 

0.88099 

0.88459 
0.88045 
0.88002 

0.87928 

0.87680 

0.87854 

0.87&42 

0.87791 

0.87823 
0.87653 
0.87323 
0.86921 
0.86475 
0.85973 
0.85553 
0.84\15 
0.84059 
0.8 1209 
0.80763 
0.78 173 

0.00125 
0.00147 
0.00142 
0.00154 
0.00 138 
0.0013 1 
0.00139 
0.00138 0.88278 -0.01890 0.90168 
0.00143 0.882 14 -0.01890 0.90104 
0.00130 0.87940 -0.01890 0.89830 
0.00136 0.88 126 -0.0 1890 0.90016 
0.00135 0.88 11 2 -0.01890 0.90002 
0.00133 0.88057 -0.01890 0.89947 
0.00133 0.88089 -0.01890 0.89979 
0.00142 0.87937 -0.0 1890 0.89827 
0.00138 0.87599 -0.01890 0.89489 
0.00145 0.87211 -0.01890 0.89101 
0.00126 0.86727 -0.01890 0.88617 
0.00136 0.86245 -0.01890 0.88135 
0.00130 0.85813 -0.01890 0.87703 
0.00131 0.84377 -0.0 1890 0.86267 
0.0014 1 0.84341 -0.01890 0.8623 1 
0.00 126 0.8 146 1 -0.01890 0.83351 
0.00134 0.8 1031 -0.01890 0.8292 1 
0.001 18 0.78409 -0.01890 0.80299 

9X9 Triangular Lanice 
BNTI>-058 0.58911 0.00118 

Max 
0.59147 -0.01890 
0.70847 -0.01890 

0.90611 
0.61037 
0.72737 BNTP-) 00 0.70589 0.00129 

BTrN-560 
BTTN-600 
BTTN-6 16 
BTTN-700 
BlTN-705 
BnN-800 

Docket No. 71-9294 
Revision 2. 912002 

0.86748 0.00 127 0.87002 -0.0 1890 0.88892 
0.85497 0.00 128 0.85753 -0.01890 0.87643 
0.85059 0.00131 0.85321 -0.01890 0.87211 
0.824 16 0.00119 0.82654 -0.01890 0.84544 
0.82435 0.00124 0.82683 -0.01890 0.84573 
0.79471 0.00118 0.79707 -0.01890 0.81597 

9X9 Square lattice 
BNSN-058 0.58140 0.001 11 

Max 
0.58362 -0.01890 
0.70275 -0.01890 
0.83620 -0.01890 
0.87911 -0.01890 
0.88482 -0.01890 
0.88446 -0.01890 
0.88070 -0.01890 
0.88235 -0.0 1890 

0.90975 
0.60252 
0.72 165 
0.855 10 
0.89801 
0.90372 
0.90336 
0.89960 
0.90125 

B S"- IOO 0.700 11 0.00132 
BNSN-200 0.83354 0.00133 
BNSN-300 0.87629 0.00141 
BNSN-400 0.88220 0.00131 
BNSN410 0.88 168 0.00 139 
BNSN420 0.87794 0.00138 
BNSN-430 0.87955 0.00140 
BNSN-437 
BNSN-440 
BNSN-450 
BNSN-460 
BNSN-470 
BNSN-480 
BNSN-486 
BNSN-490 
BNSN-500 
BNSN-520 
BNSN-540 
BNSN-544 
BNSN-560 
BNSN-600 
DNSN-6 16 
DNSN-700 
BNSN-705 
BNSN-800 

0.87866 0.00139 0.88 144 -0.01890 0.90034 
0.87734 0.00 142 0.880 18 -0.0 1890 0.89908 
0.87643 0.00132 0.87907 -0.0 1890 0.89797 
0.874 13 0.00 149 0.877 11 -0.0 1890 0.89601 
0.8713 1 0.00 138 0.87407 ..Q.0189O 0.89297 
0.87152 0.00 133 0.874 18 -0.01890 0.89308 
0.87055 0.00138 0.8733 1 -0.01890 0.89221 
0.87053 0.00 I 5 I 0.87355 -0.01890 0.89245 
0.87068 0.00 138 0.87344 -0.01890 0.89234 
0.86476 0.00130 0.86736 -0.01890 0.88626 
0.85989 0.00132 0.86253 -0.01890 0.88143 
0.85771 0.00126 0.86023 -0.0 1890 0.87913 
0.85398 0.00135 0.85668 -0.0 1890 0.87558 
0.84526 0.00122 0.84770 -0.0 1890 0.86660 
0.83880 0.00131 0.84 142 -0.0 1890 0.86032 
0.811 18 0.0014 1 0.8 1400 ·0.01890 0.83290 
0.81088 0.00 121 0.8 1330 -0.0 1890 0.83220 
0.78082 0.00139 0.78360 -0.01890 0.80250 

9X9 Triangular l attice 
BN~·058 0.58349 0.00 117 

M", 
0.58583 -0.01890 
0.70088 -0.01890 

0.90372 
0.60473 
0.71978 BfI.'1N- IOO 0.69824 0.00 132 
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GNF NPC 
Safety Analysis Report 

BNTp·200 
BNTP·300 
BNTP-400 
BNTP·410 
BNTP·420 
BNTP·430 
BNTp·437 
BNTP-440 
Bt\T P-450 
BNTP-460 
BNTP·470 
BNT P-480 
BNTP-486 
BNTP-490 
BNTp·500 
BNTp·520 
BNTP·540 
BNTP·544 
BNTp·56O 
BNTp·600 
BNTp·616 
BNTP·700 
BNTP·705 
BNTP·800 

BESP-OS8 
BESp· IOO 
BESI'·200 
BESI'·300 
BESP-400 
BESP-410 
BESP-420 
BESP-430 
BESP·437 
BESP-440 
BESP-450 

0.83982 
0.88004 
0.88639 
0.88546 
0.88486 
0.88373 
0.88356 
0.8826 1 
0.8837 1 
0.88007 
0.87936 
0.88101 
0.87964 
0.88050 
0.87759 
U.K7058 
0.86483 
0.8621 1 
0.85607 
0.84825 
0.84257 
0.8 1286 
0.8 1536 
0.78562 

0.00137 0.84256 -0.01 890 0.86 146 
0.00 143 0.88290 -0.0 1890 0.90 180 
0.00124 0.88887 -0.01890 0.90777 
0.00139 0.88824 ·0.01890 0.90714 
0.00138 0.88762 -0.01890 0.90652 
0.00116 0.88605 -0.01890 0.90495 
0.00138 0.88632 -0.01890 0.90522 
0.00124 0.88509 -0.01890 0.90399 

0.00129 0.88629 -0.01890 0.90519 
0.00140 0.88287 -0.01890 0.90177 
0.00 IJJ 0.88202 -0.0 1890 0.90092 
0.00129 0.88359 -0.01890 0.90249 
0.00129 0.88222 -0.0 1890 0.90112 
0.00134 O.883UI ·0.01890 0.90208 
0.00 136 0.88031 -0.0 1890 0.89921 
0.00127 0.873 12 -0.01890 0,89202 
0.00134 0.86751 -0.01890 0.8864 1 
0.00130 0.8647 1 -0,01890 0.88361 
0.00122 0.85851 -0.01890 0.8774 1 
0.0011 4 0.85053 -0.01890 0.86943 
0.00 126 0.84509 -0.01890 0.86399 
0.00 136 0.8 1558 ·0.0 1890 0.83448 
0.00137 0.8 18\0 ·0.01890 0.83700 
0.00 136 0.78834 ·0.0 1890 0.80724 

8X8 Square Latt ice M.x 

0.59544 ·0.0 1890 
0.70840 ·0.01890 
0.84068 ·0.01890 
0.87980 ·0.0 1890 

0.90777 
0.61434 
0.72730 
0.85958 
0.89870 

0.59300 0.00122 
0.70576 0.00132 
0.83754 
0.87708 
0.87665 
0.87596 
0.87958 
0.87472 
0.876 19 
0.87604 
0.87223 

0.00157 
0.00136 
0.00143 0.8795 1 -0.01890 0.89841 
0.00136 0.87868 -0.01890 0.89758 
0.00129 0.882 16 -0.01890 0.90 106 
0.00129 0.87730 -0.01890 0.89620 
0.00149 0.87917 ·0.01890 0.89807 
0.00 139 0.87882 -0.01890 0.89772 
0.00 136 0.87495 -0.0 1890 0.89385 

BNTN·200 
BNTN·300 

Docket No. 71~9294 
Revision 2. 9/2002 

0.83599 0.00148 0.83895 .a.0 1890 0.85785 
0.878 16 0.00132 0.88080 .a.01890 0.89970 

BNTN·400 0.88094 0.00138 0.88370 ·0.01890 0.90260 
BNTN·410 0.88174 0.00155 0.88484 ·0.01890 0.90374 
BNTN·420 0.88 192 0.00137 0.88466 ·0.01890 0.90356 
BNTN·430 0.87892 0.00 137 0.88166 ·0.0 1890 0.90056 
BNTN-437 0.88054 0.00140 0.88334 ·0.01890 0.90224 
BNTN-440 0.88238 0.00142 0.88522 ·0.011190 0.90412 
Bt\TN-450 0.87862 0.00 141 0.88 144 -0.01890 0.90034 
BNTN-460 0.87560 0.00135 0.87830 -0.01890 0.89720 
BNTN-470 0.87636 0.00 125 0.87886 ·0.0 1890 0.89176 
BNTN-480 0.87224 0.00 139 0.87502 -0.01890 0.89392 
BNTN-486 0.87527 0.00138 0.87803 ·0.01890 0.89693 
BNTN-490 0.87472 0.00132 0.87736 ·0.01890 0.89626 
BNTN·5oo 
BNTN-520 
BNTN·540 
BNTN·544 
BNTN·560 
BNTN·600 
BNTN-616 
BNTN-700 
BNTN·705 
BNTN·800 

0.87387 0.00135 0.87657 ·0.0 1890 0.89547 
0.87066 0.00 140 0.87346 ·0 .01890 0.89236 
0.865 14 0.00 142 0.86798 ·0.01890 0.88688 
0.86163 0.00130 0.86423 .a.01890 0.88313 
0.85945 0.00124 0.86193 ·0.01890 0.88083 
0.84530 0.00126 0.84782 ·0.01890 0.86672 
0.84057 0.00133 0.84323 -0.01890 0.86213 
0.81505 0.00 133 0.8 177 1 .a.01890 0.83661 
0.8 1387 0.00127 0.8164 1 -0.01890 0.83531 
0.785 10 0.00 123 0.78756 -0.01890 0.80646 

Rxg S'luare Latt ice 

BESN·058 0.58533 0.00114 
M" 

0.58761 -0.01890 
0.70394 -0.01890 
0.83583 -0.01890 
0.87428 .0.01890 

0.904 12 
0.60651 
0.72284 
0.85473 
0.89318 

BESN·100 0.70118 0.00138 
BESN·200 0.83293 0.00145 
BESI'·300 0.87 152 0.00138 
BESI'-400 
BESN-410 
BESN-420 
BESN-430 
BESN-437 
BESN-440 
BESN-450 

0.87479 0.00148 0.87775 -0.01890 0.89665 
0.87553 0.00139 0.87831 .0.01890 0.89721 
0.87455 0.00128 0.8771 1 -0.01890 0.89601 
0.87 152 0.00 127 0.87406 -0.01890 0.89296 
0.87264 0.00 141 0.87546 -0.01890 0.89436 
0.87056 0.00 131 0.873 18 -0.01890 0.89208 
0.87102 0.00 141 0.87384 -0.01890 0.89274 
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GNF NPC 
Safety AnalYs is Report 

BESP-460 
BESP-470 
BESP-480 
BESP-486 
BESP-490 
BESP-500 
BESP-520 
BESP-540 
BESP-544 
BESP-560 
BESP-600 
BESP-616 
BESP-700 
BESP-705 
BESP·800 

0.87 103 
0.87046 
0.86959 
0.86925 
0.86820 
0.8662 1 
0.85955 
0.85187 
0.85259 
0.84862 
0.83474 
0.82950 
0.80 155 
0.79997 
0.76845 

0.00152 0.87407 -0.01890 0.89297 
0.00 129 0.87304 -0.01890 0.119 194 
0.()()136 0.8723 1 -0.01890 0.89 121 
0.00 129 0.87183 -0.01890 0.89073 
0.00 136 0.87092 -0.01890 0.88982 
0.00 128 0.86877 -0.01890 0.88767 
0.00 142 0.86239 -0.01890 0.88 129 
0.00130 0.85447 -0.01890 0.87337 
0.()()127 0.85513 -0.0 1890 0.87403 
0.00 124 0.85110 -0.0 1890 0.87000 
0.00 139 0.83752 -0.01890 0.85642 
0.00142 0.83234 -0.01890 0.85124 
0.00138 0.80431 -0.0 1890 0.8232 1 
0.00126 0. 80249 -0.0 1890 0.82139 
0.00111 0.77067 -0.0 1890 0.78957 

8X& Triangular Lauice Max 0.90106 
BETP-058 0.592 13 0.001 14 0.5944 1 -0.01890 0.6133 1 
BETP-l OO 
BETP-200 
BETP-300 
BETP-4oo 
BETP-410 
BETP-420 
BETP-430 
BETP-437 
BETP-440 
BETP-450 
BETP-460 
BETP-470 
BETP-480 
BETP-486 
BETP-490 
BETP-500 
BETP-520 
BETI'-540 
BETP-544 

0.70837 
0.84 175 
0.87842 
0.88143 
0.88016 
0.87735 
0.87640 
0.87684 
0.87543 
0.87666 
0.87355 
0.87339 
0.873 11 
0.87116 
0.87220 
0.86766 
0.864 15 
0.85538 
0.8548 1 

0.00130 0.7\097 -0.01890 0.72987 
0.00 138 0.84451 -0.01890 0.8634 1 
0.00134 0.88110 -0.01890 0.90000 
0.00 142 0.88427 -0.01890 0.90311 
0.00133 0.88282 -0.01890 0.90172 
0.0013 1 0.87997 -0.01890 0.89887 
0.00145 0.87930 -0.01890 0.89820 
0.00 150 0.87984 ·0.01890 0.89874 
0.00 132 0.87807 -0.01890 0.89697 
0.00136 0.87938 -0.01890 0.89828 
0.00138 0.8763 1 -0.01890 0.89521 
0.00 148 0.87635 -0.01890 0.89525 
0.00133 0.87577 -0.01890 0.89467 
0.00129 0.87374 -0.01890 0.89264 
0.00 139 0.87498 -0.01890 0.89388 
0.00 132 0.87030 -0.01890 0.88920 
0.00144 0.86703 -0.01890 0.88593 
0.00136 0.85810 -0.01890 0.87700 
0.00 144 0.85769 -0.0 1890 0.87659 

BESN-460 
UESN-470 
BESN-480 
BESN-486 
BESN-490 
BESN-5oo 
BESN·520 
BESN·540 
BESN·544 
BESN·560 
BESN-6oo 
BESN-6 16 
BESN-7oo 
BESN-705 
BESN·8oo 

Docket No. 71-9294 
Revis ion 2. 912002 

0.87006 0.00137 0.87280 -0.01890 0.89170 
0.86695 0.00130 0.86955 -O.OUI9O 0.88845 
0.86540 0.00 130 0.86800 -0.01890 0.88690 
0.86538 0.00135 0.86808 -0.01890 0.88698 
0.86210 0.00 135 0.86480 -0.01890 0.88370 
0.86349 0.00133 0.86615 -0.01890 0.88505 
0.858 14 0.00 126 0.86066 -0.01890 0.87956 
0.85273 0.00142 0.85557 -0.01890 0.87447 
0.85236 0.00143 0.85522 -0.01890 0.87412 
0.84689 0.00 128 0.84945 -0.01890 0.86835 
0.83340 0.00 126 0.83592 -0.01890 0.85482 
0.82904 0.00130 0.83164 -0.01890 0.85054 
0.80032 0.00129 0.80290 -0.01890 0.82 180 
0.79777 0.00 11 6 0.80009 -0.0 \890 0.81899 
0.76865 0.00132 0.77 129 -0.01890 0.79019 

8X8 Triangular Lattice Mllx 0.8972 1 
BETN-058 0.5827 1 0.00 117 0 .58505 -0.01890 0.60395 
BETN-IOO 
BETN·200 
BETN-300 
BETN-400 
BETN-410 
BETN-420 
BETN-430 
BETN-437 
BETN-440 
BETN-450 
BETN-46O 
BETN-470 
BETN-480 
BETN-486 
BETN-49O 
BETN·500 
BETN·520 
BETN·540 
BETN·544 

0.69924 0.00 121 0.701 66 ·0.01890 0.72056 
0.83533 0.00 137 0.83807 -0.01890 0.85697 
0.87525 0.00137 0.87799 -0.01890 0.89689 
0.87932 0.00 131 0.88194 ·0.01890 0.90084 
0.81583 0.00134 0.87851 -0.01890 0.89741 
0.87769 0.00 142 0 .88053 -0.01 890 0.89943 
0.87443 0.00 145 0.87733 -O .O I ~90 0.89623 
0.87652 0.00 144 0.87940 ·0.01 890 0.89830 
0.876 11 0.00 129 0.87869 ·0.01 890 0.89759 
0.8685 1 0.00131 0.87113 ·0.01890 0.89003 
0.87265 0.00 141 0.87547 ·0.01 890 0.89437 
0.86997 0.00 139 0.87275 -0.01890 0.89 165 
0.867 12 
0.86759 
0.86564 
0.86593 
0.86334 
OJI5474 
0.85290 

0.OO13R 
0.00 131 
0.00 137 
0.00 146 
0.00 134 
0.00 129 
0.00 128 

O.Rt19!UI ·0.01890 0.88878 
0.87021 ·0.01890 0.889 11 
0.86838 ·0.01890 0.88728 
0.86885 ·0.01890 0.88775 
0.86602 ·0.01890 0.88492 
0.&5732 -0.01890 0.87622 
0.85546 ·0.01890 0.81436 
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GNF NPC Docket No. 71-9294 
Safety Analysis Report Revision 2, 9/2002 

BETP-560 0 .85006 0.00143 0.85292 -0.01890 0.87182 BETN-560 0 .84837 0.00137 0.85 111 -0.01 890 0.8700 1 
BETP-600 0.83689 0.00136 0.8396 1 -0 .0 1890 0.85851 OETN·600 0.83757 0.00118 0.83993 -0.01890 0.85883 
BETP-616 0.83288 0.00127 0.83542 -0 .01890 0.85432 BETN-6 16 0.82811 0.00133 0.83077 -0.01890 0.84967 

BETP-700 0.80646 0.00125 0.80896 -0.0 1890 0.82786 BETN-JOO 0.80417 0.00109 0.80635 -0.01890 0 .82525 
BETP·70S 0.80335 0.00133 0.80601 ·0.01890 0.82491 BETt\-705 0.80160 0.00142 0.80444 -0.0 1890 0.82334 
BETP-800 0.77430 0.001 16 0.77662 -0.01890 0.79552 BETN-SOO 0.77280 0.00 123 0.77526 -0.01890 0.794 16 

Max 0.90317 M" 0.90084 
Max VFO 0.9 1810 Max YFO 0.91620 



G
N

F
 N

P
C

 
D

o
ck

et
 N

o
. 7

1 -
92

94
 

S
af

et
v 

A
n

al
vs

is
 R

ep
o

rt
 

R
ev

is
io

n
 2

.9
12

00
2 

I 

N
am

e 
55

 K
G

s A
c 

SS
55

-0
58

 
SS

55
-1

00
 

SS
55

-2
00

 
SS

55
-3

00
 

SS
55

-4
00

 
SS

55
-4

10
 

SS
55

-4
20

 
SS

55
-4

30
 

SS
55

-4
37

 
SS

55
-4

40
 

SS
55

-4
50

 
SS

55
-4

60
 

SS
55

-4
70

 
SS

55
-4

80
 

SS
55

-4
86

 
SS

55
-4

90
 

SS
55

-5
00

 
SS

55
-5

20
 

SS
55

-5
40

 
SS

55
-5

44
 

SS
55

-5
60

 
SS

55
-6

00
 

SS
55

-6
16

 
SS

55
-7

00
 

SS
55

-7
05

 
SS

55
-8

00
 

ST
55

-0
58

 
ST

55
-1

00
 

ST
55

-2
00

 
ST

55
-3

00
 

T
ab

le
 6

.1
9 

-L
is

ti
n

g
 o

f 
G

E
M

E
R

 C
al

cu
la

tio
n

s 
fo

r 
D

am
ag

ed
 A

rr
ay

s 
55

K
g

 a
n

d
 5

3 
K

g
 H

et
er

o
g

en
eo

u
s 

C
as

es
 

K
E

FF
 

SI
G

M
A

 
xi

de
nt

 C
as

e 
w

ith
 O

ve
rl

ap
 

17
x1

7 
Sq

ua
re

 L
at

tic
e 

0.
55

 1
55

 
0.

00
10

8 
0.

67
87

2 
0.

00
14

2 
0.

83
88

6 
0.

00
13

3 
0.

89
88

7 
0.

00
14

1 
0.

91
99

4 
0.

00
13

0 
0.

91
91

3 
0.

00
13

5 
0.

92
42

7 
0.

00
1 3

2 
0.

92
57

2 
0.

00
12

8 
0.

92
26

1 
0.

00
13

3 
0.

92
30

2 
0.

00
14

5 
0.

92
57

4 
0.

00
13

9 
0.

92
53

7 
0.

00
12

3 
0.

92
77

8 
0.

00
1 2

8 
0.

92
68

4 
0.

00
02

7 
0.

92
70

7 
0.

00
14

8 
0.

92
45

4 
0.

00
14

3 
0.

92
62

7 
0.

00
13

0 
0.

92
15

9 
0.

00
14

3 
0.

91
49

6 
0.

00
12

3 
0.

91
 1

92
 

0.
00

13
4 

0.
90

77
2 

0.
00

13
 1 

0.
89

57
4 

0.
00

14
6 

0.
89

32
1 

0.
00

13
6 

0.
86

14
2 

0.
00

13
7 

0.
86

54
7 

0.
00

1 
17

 
0.

84
31

2 
0.

00
13

3 
17

x1
7 

T
ri

an
gu

la
r L

at
tic

e 
0.

55
07

9 
0.

00
1 

17
 

0.
67

79
9 

0.
00

13
3 

0.
83

78
7 

0.
00

15
0 

0.
90

24
9 

0.
00

14
2 

B
ia

s 
K

+2
S 

- B
 

-0
.0

18
90

 
0.

57
26

1 
-0

.0
18

90
 

0.
70

04
6 

-0
.0

18
90

 
0.

86
04

2 
-0

.0
18

90
 

0.
92

05
9 

-0
.0

18
90

 
0.

94
14

4 
-0

.0
18

90
 

0.
94

07
3 

-0
.0

18
90

 
0.

94
58

1 
-0

.0
18

90
 

0.
94

71
8 

-0
.0

18
90

 
0.

94
41

7 
-0

.0
18

90
 

0.
94

48
2 

-0
.0

18
90

 
0.

94
74

2 
-0

.0
18

90
 

0.
94

67
3 

-0
.0

18
90

 
0.

94
92

4 
-0

.0
18

90
 

0.
94

62
9 

-0
.0

18
90

 
0.

94
89

3 
-0

.0
18

90
 

0.
94

63
0 

-0
.0

18
90

 
0.

94
77

7 
-0

.0
18

90
 

0.
94

33
5 

-0
.0

18
90

 
0.

93
63

2 
-0

.0
18

90
 

0.
93

35
0 

-0
.0

18
90

 
0.

92
92

4 
-0

.0
18

90
 

0.
91

75
6 

-0
.0

18
90

 
0.

91
48

3 
-0

.0
18

90
 

0.
88

30
6 

-0
.0

18
90

 
0.

88
67

1 
-0

.0
18

90
 

0.
86

46
8 

M
ax

 
0.

94
92

4 
-0

.0
18

90
 

0.
57

20
3 

-0
.0

18
90

 
0.

69
95

5 
-0

.0
18

90
 

0.
85

97
7 

-0
.0

18
90

 
0.

92
42

3 

N
am

e 
53

 K
G

s A
c 

SS
53

-0
58

 
SS

53
-1

00
 

SS
53

-2
00

 
SS

53
-3

00
 

SS
53

-4
00

 
SS

53
-4

10
 

SS
53

-4
20

 
SS

53
-4

30
 

SS
53

-4
37

 
SS

53
-4

40
 

SS
53

-4
50

 
SS

53
-4

60
 

S
S

53
-4

70
 

S
S

53
-4

80
 

SS
53

-4
86

 
SS

53
-4

90
 

SS
53

-5
00

 
SS

53
-5

20
 

SS
53

-5
40

 
SS

53
-5

44
 

SS
53

-5
60

 
SS

53
-6

00
 

'5
85

3-
61

6 
SS

53
-7

00
 

SS
53

-7
05

 
SS

53
-8

00
 

ST
53

-0
58

 
ST

53
- 1

00
 

ST
53

-2
00

 
ST

53
-3

00
 

K
E

FF
 

SI
G

M
A

 
ci

de
nt

 C
as

e 
w

ith
 O

ve
rl

ap
 

17
x1

7 
Sq

ua
re

 L
at

tic
e 

0.
54

16
3 

0.
00

1 
16

 
0.

67
03

8 
0.

00
13

8 
0.

83
15

6 
0.

00
14

1 
0.

89
39

3 
0.

00
13

4 
0.

9 
12

91
 

0.
00

14
7 

0.
9 

14
48

 
0.

00
13

3 
0.

91
41

8 
0.

00
14

5 
0.

9 
16

43
 

0.
00

 1
28

 
0.

9 
15

56
 

0.
00

13
8 

0.
9 

17
65

 
0.

00
 1

43
 

0.
91

85
4 

0.
00

14
2 

0.
92

13
4 

0.
00

 1
47

 
0.

9 
18

49
 

0.
00

 1
26

 
0.

92
18

5 
0.

00
 1

38
 

0.
92

16
3 

0.
00

13
6 

0.
92

08
0 

0.
00

 1
3 1

 
0.

91
87

1 
0.

00
14

1 
0.

92
23

9 
0.

00
 1

43
 

0.
9 

12
53

 
0.

00
 1

3 1
 

0.
91

41
2 

0.
00

12
9 

0.
90

78
4 

0.
00

 1
27

 
0.

89
63

5 
0.

00
13

7 
0.

89
14

6 
0.

00
12

7 
0.

86
44

7 
0.

00
12

0 
0.

86
67

8 
0.

00
13

4 
0.

84
26

7 
0.

00
1 

14
 

17
x1

 7 
T

ri
an

gu
la

r L
at

tic
e 

Q
.5

39
96

 
0.

00
1 

11
 

0.
66

85
0 

0.
00

12
1 

0.
83

25
5 

0.
00

14
0 

0.
89

41
9 

0.
00

14
4 

B
ia

s 
K

+2
S 

- B
 

-0
.0

18
90

 
0.

56
28

5 
-6

.0
18

90
 

0.
69

20
4 

-0
.0

1 
89

0 
0.

85
32

8 
-0

.0
18

90
 

0.
91

55
1 

-0
.0

 1
89

0 
0.

93
47

5 
-0

.0
1 8

90
 

0.
93

60
4 

-0
.0

18
90

 
0.

93
59

8 
-0

.0
1 

89
0 

0.
93

78
9 

-0
.0

1 8
90

 
0.

93
72

2 
-0

.0
18

90
 

0.
93

94
1 

-0
.0

 1
89

0 
0.

94
02

8 
-0

.0
 1

 89
0 

0.
94

3 
1 8

 
-0

.0
1 

89
0 

0.
93

99
1 

-0
.0

18
90

 
0.

94
35

1 
-0

.0
1 

89
0 

0.
94

32
5 

-0
.0

18
90

 
0.

94
23

2 
-0

.0
 1

89
0 

0.
94

04
3 

-0
.0

 1
89

0 
0.

94
41

5 
-0

.0
 1

89
0 

0.
93

40
5 

-0
.0

18
90

 
0.

93
56

0 
-0

.0
 1

89
0 

0.
92

92
8 

-0
.0

1 
89

0 
0.

91
79

9 
-0

.0
18

90
 

0.
91

29
0 

-0
.0

18
90

 
0.

88
57

7 
-0

.0
18

90
 

0.
88

83
6 

-0
.0

1 
89

0 
0.

86
38

5 
M

ax
 

0.
94

41
5 

-0
.0

 1
89

0 
0.

56
 10

8 
-0

.0
1 

89
0 

0.
68

98
2 

-0
.0

1 
89

0 
0.

85
42

5 
-0

.0
18

90
 

0.
91

59
7 

GNF NPC 
Safety Analysis Report 

Docket No. 11 -9294 
Revision 2, 9/2002 

Table 6.19 -listing of GEMER Calculations for Damaged Arrays 55Kg and 53 Kg Heterogeneous Cases 

Name KEFF SIGMA K+25 Bias K+2S - B 
55 KGs Accident Case with Overlap 

17XI7 Square Lattice 
5S55·058 0.55 155 0.00108 0.5537 1 ·0.0 1890 

0.68 156 -0.01890 
0.84152 -0.01890 

0.5726 1 
0.70046 
0.86042 

SS55· 100 
5555·200 
5S55·300 
SS55·400 
SS55·4 10 
S555·420 
5555-430 
S555-437 
S555-440 
5555·450 
5S55-46O 
S555-470 
S555-480 
SS55-486 
SS55-490 
S555·500 
S555·520 
S555·540 
S555·544 
5S55·560 
S555·600 
S555·616 
5555·700 
SS55·705 
5555·800 

0.67872 0.00 142 
0.83886 0.00 133 
0.89887 0.0014 1 0.90169 -0.01890 0.92059 
0.91994 0.00130 0.92254 -0.01890 0.94144 
0.91913 0.00 135 0.92183 ·0.01890 0.94073 
0.92427 0.00132 0.9269 1 ·0.01890 0.9458 1 
0.92572 0.00128 0.92828 -0.0 1890 0.947 18 
0.9226 1 0.00133 0.92527 -0.0 1890 0.944 17 
0.92302 0.00145 0.92592 -0.0 1890 0.94482 
0.92574 0.00139 0.92852 ·0.01890 0.94742 
0.92537 0.00123 0.92783 ·0.01890 0.94673 
0.92778 0.00128 0.93034 -0.01890 0.94924 
0.92684 0.00027 0.92739 -0.0 1890 0.94629 
0.92707 0.00 148 0.93003 -0.01890 0.94893 
0.92454 0.00 143 0.92740 -0.QUI90 0.94630 
0.92627 0.00 130 0.92887 -0.01890 0.94777 
0.92 159 0.00143 0.92445 -0.01890 0.94335 
0.9 1496 0.00123 0.9 1742 -0.01890 0.93632 
0.91192 0.00134 0.91460 -0.0 1890 0.93350 
0.90772 0.0013 1 0.91034 -0.01890 0.92924 
0.89574 0.00146 0.89866 -0.01890 0.91756 
0.8932 1 0.00136 0.89593 -0.0 1890 0.9 1483 
0.86142 0.00137 0.86416 -0.01890 0.88306 
0.86547 0.00 11 7 0.8678 1 -0.01890 OJIB671 
0.843 12 0.00133 0.84578 -0.01890 0.86468 

17XI7 Triangular Lallice Max 0.94924 
ST55-058 0.55079 0.00 11 7 0.553 13 -0.01890 0.57203 
5T55-JOO 0.67799 0.00 133 0.68065 ·0.01890 0.69955 
5TS5·200 
5TS5·3oo 

0.83787 0.00 150 0.84087 -0.0]890 0.85977 
0.90249 0.00142 0.90533 ·0.01890 0.92423 

Name KEFF 51GMA K+25 Bias K+2S · B 
53 KGs Accident Case with Overlap 

17X I7 5quare Lllttice 
SS53·058 0.54163 0.00116 0.54395 -0.01890 

0.673 14 -0.01890 
0.83438 -0.01890 

0.56285 
0.69204 
0.85328 

5S53- 100 0.67038 0.00138 
5553-200 0.B3 156 0.00 141 
5S53·300 
5S53-4OO 
SS53-410 
S553·420 
5553·430 
S553-437 
5553·440 
S553-450 
SS53-460 
SS53·470 
S553-480 
S553-486 
SS53-490 
S553-500 
5553-520 
5553·540 
5S53·544 
5553-560 
5553-600 
SS53-6 16 
S553-7OO 
5553-705 
5553-800 

0.89393 0.00134 0.8966 1 -0.0 1890 0.9155] 
0.9 129 1 0.00 147 0.9 1585 -0.01890 0.93475 
0.9 1448 0.00 133 0.9 171 4 -0.01890 0.93604 
0.91418 0.00 145 0.9 1708 -0.0 1890 0.93598 
0.91643 0.00 128 0.9 1899 -0.01890 0.93789 
0.91556 0.00138 0.9 1832 ·0.01890 0.93722 
0.91765 0.00 143 0.9205 I -0.0 1890 0.93941 
0.91854 0.00 142 0.92 138 -0.01890 0.94028 
0.92134 0.00 147 0.92428 -0.01890 0.94318 
0.91849 0.00 126 0.92101 ·0.01890 0.93991 
0.92185 0.00138 0.9246 \ -0.01890 0.9435 \ 
0.92163 0.00136 0.92435 ·0.01890 0.94325 
0.92080 0.0013 1 0.92342 -0.01890 0.94232 
0.9187 1 0.00141 0.92153 -0.01890 0.94043 
0.92239 0.00143 0.92525 -0.01890 0.944 IS 
0.91253 0.0013 1 0.915 15 -0.01 890 0.93405 
0.91412 0.00129 0.91670 -0.01890 0.93560 
0.90784 0.00127 0.91038 -0.01890 0.92928 
0.89635 0.00137 0.89909 -0.0 1890 0.91799 
0.89146 0.00127 0.89400 -0.01890 0.9 1290 
0.86447 0.00120 0.86687 -0.01890 0.88577 
0.86678 0.00 134 0.86946 -0.01890 0.88836 
0.84267 0.00 11 4 0.84495 -0.01890 0.86385 

17XI 7 Triangular Lattice Max 0.944 15 
STS3-058 0.53996 0.00 11 1 0.54218 -0.01890 0.56 108 
S"53-IOO 0.66850 0.00121 0.67092 ·0.01890 0.68982 
ST53-2oo 
ST53-3oo 

0.83255 0.00140 0.83535 -0.01890 0.85425 
0.89419 0.00144 0.89707 -0.01890 0.9 1597 



G
N

F
 N

P
C

 
S

af
et

v 
A

n
al

vs
is

 R
ep

o
rt

 
D

o
ck

et
 N

o
. 7

1-
92

94
 

R
ev

is
io

n
 2

,9
12

00
2 

I 
0.

92
04

1 
0.

00
14

0 
0.

92
38

3 
0.

00
14

6 
0.

92
47

1 
0.

00
12

2 
0.

92
30

1 
0.

00
13

3 
0.

92
76

6 
0.

00
1 

18
 

0.
92

57
3 

0.
00

13
9 

0.
92

46
6 

0.
00

14
0 

0.
92

30
6 

0.
00

13
6 

0.
92

53
5 

0.
00

14
8 

0.
92

63
5 

0.
00

13
2 

0.
92

37
8 

0.
00

13
2 

0.
92

64
5 

0.
00

04
0 

0.
92

18
9 

0.
00

13
0 

0.
91

36
5 

0.
00

12
9 

0.
90

66
5 

0.
00

13
3 

0.
90

88
5 

0.
00

12
7 

0.
90

50
4 

0.
00

14
1 

0.
89

99
8 

0.
00

12
1 

0.
89

81
5 

0.
00

12
6 

0.
86

57
8 

0.
00

12
6 

0.
86

44
5 

0.
00

13
0 

0.
83

48
7 

0.
00

12
7 

10
x1

0 
Sq

ua
re

 L
at

ti
ce

 
0.

55
00

2 
0.

00
10

4 
0.

68
42

5 
0.

00
14

1 
0.

83
99

2 
0.

00
14

4 
0.

89
69

7 
0.

00
13

9 
0.

91
 57

0 
0.

00
12

 1 
0.

91
44

7 
0.

00
13

8 
0.

91
78

3 
0.

00
13

3 
0.

91
61

4 
0.

00
13

9 
0.

91
76

4 
0.

00
13

8 
0.

91
79

8 
0.

00
13

2 
0.

91
61

0 
0.

00
13

1 
0.

91
82

2 
0.

00
14

4 
0.

91
68

1 
0.

00
13

1 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

M
ax

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
 1

89
0 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

0.
91

46
7 

0.
92

04
3 

0.
92

10
3 

0.
92

08
9 

0.
9 

19
26

 
0.

9 
19

79
 

0.
92

02
3 

0.
92

41
7 

0.
9 

18
89

 
0.

9 
16

98
 

0.
9 

17
92

 
0.

92
00

8 
0.

9 
17

33
 

0.
91

46
7 

0.
9 

10
46

 
0.

90
89

3 
0.

90
73

3 
0.

89
88

8 
0.

89
50

5 
0.

86
54

9 
0.

86
69

9 
0.

83
82

7 
10

x1
0 

Sq
ua

re
 

0.
54

19
1 

0.
67

38
0 

0.
83

61
8 

0.
89

22
1 

0.
90

84
5 

0.
9 

1 1
39

 
0.

90
92

1 
0.

91
 1

78
 

0.
9 

1 1
46

 
0.

91
24

1 
0.

90
98

9 
0.

9 
14

75
 

0.
9 

12
47

 

0.
00

13
3 

0.
00

14
9 

0.
00

13
6 

0.
00

13
7 

0.
00

 1
28

 
0.

00
14

4 
0.

00
12

4 
0.

00
12

8 
0.

00
13

3 
0.

00
13

1 
0.

00
14

2 
0.

00
14

8 
0.

00
 1

33
 

0.
00

13
1 

0.
00

 1
36

 
0.

00
13

5 
0.

00
14

5 
0.

00
12

1 
0.

00
12

6 
0.

00
 1

30
 

0.
00

12
3 

0.
00

13
2 

L
at

tic
e 

0.
00

 1
09

 
0.

00
 1

24
 

0.
00

 1
49

 
0.

00
 1

29
 

0.
00

12
9 

0.
00

 1
37

 
0.

00
 1

29
 

0.
00

13
8 

0.
00

 1
24

 
0.

00
14

4 
0.

00
 1

26
 

0.
00

 13
3 

0.
00

 1
33

 

-0
.0

 1
 89

0 
-0

.0
 1

89
0 

-0
.0

1 
89

0 
-0

.0
1 

89
0 

-0
.0

 1
 89

0 
-0

.0
 1

 89
0 

-0
.Q

 18
90

 
-0

.0
 1

 89
0 

-0
.0

 1
 89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1 8

90
 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

1 8
90

 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

M
ax

 
-0

.0
1 8

90
 

-0
.0

 1
89

0 
-0

.0
1 

89
0 

-0
.0

 18
90

 
-0

.0
1 8

90
 

-0
.0

1 
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

GNF NPC 
Safety Analys is Report 

5T55-4oo 
5T55-410 

5T55-420 

5T55-430 

5T55-437 

5T55-440 
5T55-450 

5T55-46O 

ST55-470 

ST55-480 

5T55-486 

5T55-490 

5T55-500 

5T55-520 

5T55-540 
ST55-544 

5T55-560 

5T55-6oo 

5T55-616 
5T55-700 

5T55-705 
5T55-800 

0.92041 0.00\40 0.9232 1 -0.0 1890 0.94211 
0.92383 0.00146 0.92675 -0.01 890 0.94565 
0.9247 1 O.<XH22 0.92715 -0.01890 0.94605 
0.92301 0.00 133 0.92567 -0.01 890 0.94457 
0.92766 OJKH 18 0.93002 ·0.01890 0.94892 
0.92573 0.00139 0.9285 1 -0.01890 0.9474 1 
0.92466 0.00140 0.92746 -0.0 1890 0.94636 
0.92306 0.00\36 0.92578 -0.01890 0.94468 
0.925]5 0.00 148 0.92831 ·0.0 1890 0.9472 1 
0.92635 0.00 132 0.92899 -0.01890 0.94789 
0.92378 0.00 132 0.92642 ·0.01 890 0.94532 
0.92645 0.00040 0.92725 -0.01890 0.94615 

0.92 189 0.00 130 0.92449 -0.01890 0.94339 
0.9 1365 0.00129 0.91623 -0.01890 0.93513 
0.90665 0.00 133 0.909]1 -0.01890 0.9282 1 
0.90885 0.00 127 0.9 1139 -0.01 890 0.93029 
0.90504 0.00 141 0.90786 -0.01890 0.92676 
0.89998 0.00 121 0.90240 -0.01890 0.92 130 
0.89815 0.00126 0.90067 -0.01890 0.91957 
0.86578 0.00126 0.86830 -0.0 1890 0.88720 
0.86445 0.00130 0.86705 -0.0 1890 0.88595 
0.83487 0.00127 0.8374 1 -0.01890 0.8563 1 

lOX 10 Square Lattice Max 0.94892 
TS55-058 0.55002 0.00104 0.552 10 -0.0 1890 0.57 100 
TS55- 100 
TS55-200 
T555-3oo 

TS55-4oo 
TS55-41O 
T555-420 
T555-430 
T555-437 
TS5 5-440 
TS55-450 
TS55-460 
TS55-470 

0.68425 0.00 141 0.68707 -0.0 1890 0.70597 
0.83992 0.00144 0.84280 -0.0 1890 0.86170 
0.89697 0.00139 0.89975 -0.0 1890 0.91865 
0.9 1570 0.0012 1 0.9 1812 -0.01890 0.93702 
0.9 1447 0.00138 0.91723 -0.01890 0.93613 
0.9 1783 0.00133 0.92049 -0.01890 0.93939 
0.9 16 14 0.001 39 0.91892 -0.0 1890 0.93782 
0.9 1764 0.001 38 0.92040 -0.01890 0.93930 
0.9 1798 0.00132 0.92062 -0.01890 0.93952 
0.9 16 10 0.0013 1 0.9 1872 -0.01890 0.93762 
0.91822 OJ)0144 0.92 11 0 -0.01890 0.94000 
0.91681 0.00131 0.9 1943 -0.01 890 0.93833 

ST53-4OO 
5T53-41O 
ST.53-420 
ST53-430 
ST53-437 
ST53-440 
ST53-450 
STS3-460 
5T53-470 
ST53-480 
ST53-486 
STS3-490 
5T53-5oo 
ST53-520 

ST53-540 
ST53-544 
ST53-560 
ST53-600 
ST53-6 16 
ST53-7oo 
ST53-705 
ST53-8oo 

0.9 1467 0.00 133 0.91733 -0.01890 0.93623 
0.92043 0.00 149 0.9234 1 -0.0 1890 0.94231 
0.92 103 0.00136 0.92375 -0.01890 0.94265 
0.92089 0.00137 0.92363 -0.01890 0.94253 
0.91926 0.00128 0.92 182 -0.0 1890 0.94072 
0.91979 0.00 144 0.92267 -0.0 1890 0.94 157 
0.92023 0.00 124 0.92271 -0.0 1890 0.94161 
0.92417 0.00128 0.92673 -0.0\890 0.94563 
0.91889 0.00[33 0.92155 -0.0 [890 0.94045 
0.91698 0.00 131 0.9 1960 -0.0[890 0.93850 
0.91 792 0.00 142 0.92076 ·0.01890 0.93966 
0.92008 0.00148 0.92304 -0.01890 0.94 194 
0.9 1733 0.00 133 0.9 [999 -0.0 1890 0.93889 
0.9 1467 0.00131 0.91729 -0.0 1890 0.93619 

0.91046 0.00 136 0.91318 -0.0 1890 0.93208 
0.90893 0.00135 0.9 1163 -0.0 1890 0.93053 
0.90733 0.00 145 0.91023 -0.0 1890 0.929 13 
0.89888 0.00121 0.90130 -0.01890 0.92020 
0.89505 0.00126 0.89757 -0.01890 0.91647 
0.86549 0.00 130 0.86809 -0.01890 0.88699 
0.86699 0.00 123 0.86945 -0.01890 0.88835 
0.83827 0.00 132 0.8409 1 -0.0 1890 0.8598 1 

10XIO Square Lattice Max 0.94563 
TS53-058 0.54 19 1 0.00 109 0.54409 -0.01890 0.56299 
TS53- IOO 
TS53-2oo 
TS53-3oo 
TS53-4oo 
1'S53-41O 
T$53-420 
TS53-430 
T553-43 7 
T553-440 

TS53-450 
TS53-460 
TS53-470 

0.67380 0.00 124 0.67628 -0.01890 0.695 18 
0.83618 0.00 149 0.839 16 -0.01890 0.85806 
0.89221 0.00 129 0.89479 -0.01890 0.91369 
0.90845 0.00129 0.91103 -0.01890 0.92993 
0.91139 0.00137 0.91413 -0.01890 0.93)03 
0.9092 1 0.00 129 0.911 79 -0.01890 0.93069 
0.911 78 0.00138 0.91454 -0.01890 0.93344 
0.91 [46 0.00 124 0.91394 -0.01 890 0.93284 
0.91241 0.00 144 0.91 529 -0.0 IH9O 0.934 [9 
0.90989 0.00 126 0.91241 -0.0 1890 0.93 131 
0.91475 0.00 133 0.9174 1 -0.0 1890 U.9363 1 
0.91247 0.00 133 0.9 1513 ·0.0 1890 0.93403 
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GNF NPC 
Safety Analysis Report 

TS55-480 
TS55-4H6 
TS55-490 
TS55-500 
TS55-520 
1S55-540 
TS55-544 
TS55 -560 
TS55-6oo 
TS55-616 
TS55-7oo 
TS55-705 
TS55-800 

0.91757 0.00129 0.92015 -0.01890 0.93905 
0.9 151W 0.00135 O.91H50 -0.0 IH9U 0.93740 
0.9 1250 0.00142 0.91534 -0.0 1890 0.93424 
0.9 1294 0.00129 0.91552 -0.01890 0.93442 
0.90682 0.00129 0.90940 -0.01890 0.92830 
0.90386 0.00 134 0.90654 -0.01890 0.92544 
0.90728 0.00 131 0.90990 -0.01890 0.92880 
0.8993 7 0.00 134 0.90205 -0.0 1890 0.92095 
0.88960 0.00128 0.89216 -0.0 1890 0.91106 
0.88297 0.00133 0.88563 -0.01 890 0.90453 
0.84668 0.00133 0.84934 -0.01890 0.86824 
0.84200 0.00 133 0.84466 -0.01890 0.86356 
0.82579 0.00129 0.82837 -0.01 890 0.84727 

lOX 10 Triangular Lattice Max 0.94000 
IT55-058 0.55210 0.001 \3 0.55436 -0.01890 0.57326 
1T55- 100 
'1T55-200 
rf55-300 
lT55-400 
lT55-4 10 
lT55-420 
n '55-430 
1T55-437 
IT55-440 
1T55-450 
IT55-460 
TI55-470 
IT55-480 
TT55-486 
IT55-490 
TT55-500 
IT55-520 
IT55-540 
IT55-544 
TT55 -560 
lT55-600 

0.67954 0.00122 0.68 198 -0.01890 0.70088 
0.84317 0.00127 0.8457 1 -0.01890 0.86461 
0.90077 0.00\3 1 0.90339 -0.0 1890 0.92229 
0.91759 0.00\3 1 0.92021 -0.01890 0.9391 1 
0.91750 0.00120 0.91990 -0.01890 0.93880 
0.91796 0.00\4 1 0.92078 -0.01890 0.93968 
0.9 1742 0.00 145 0.92032 -0.01890 0.93922 
0.917 11 0.00 144 0.91999 -0.0 1890 0.93889 
0.91703 0.00 141 0.91985 -0.01890 0.93875 
0.92071 0.00 138 0.92347 -0.01890 0.94237 
0.9 1867 0.00 11 8 0.92103 -0.01890 0.93993 
0.91624 0.00127 0.91878 -0.01890 0.93768 
0.91570 0.00140 0.9 1850 -0.01890 0.93740 
0.91735 0.00129 0.9 1993 -0.01890 0.93883 
0.91664 0.00132 0.91928 -0.0 1890 0.93818 
0.9 1769 0.00129 0.92027 -0.0 1890 0.93917 
0.90962 0.00\35 0.91232 -0.01890 0.93 122 
0.90\83 0.00 133 0.90449 -0.01890 0.92339 
0.89689 0.00 137 0.89963 -0.01890 0.91853 
0.88939 0.00 130 0.89199 -0.0 1890 0.91089 
0.88336 0.00 129 0.88594 -0.0 1890 0.90484 

TS53-480 
TS53-486 
T553-490 
T553-5oo 
T553-520 
TS53-540 
TS53-544 
TS53-560 
TS53-6oo 
TS53-6 16 
TS53-7oo 
TS53-705 
T553-800 

0.90935 0.00138 0.91211 -0.01890 0.93 101 
0.9 1333 0.00132 0.9 1597 -0.01890 0.93487 
0.91063 0.00 154 0.9 137 1 -0.01890 0.93261 
0.91261 0.00148 0.9 1557 -0.01890 0.93447 
0.90724 0.00 121 0.90966 -0.01890 0.92856 
0.90403 0.00122 0.90647 -0.0 1890 0.92537 
0.90097 0.00120 0.90337 -0.01890 0.92227 
0.90050 0.00132 0.90314 -0.01890 0.92204 
0.89120 0.00 136 0.89392 -0.0 1890 0.9 1282 
0.88222 0.00 132 0.88486 -0.01890 0.90376 
0.84873 0.00 11 8 0.85 109 -0.01890 0.86999 
0.84614 0.00130 0.84874 -0.01890 0.86764 
0.82584 0.00 117 0.82818 -0.01890 0.84708 

10X IO Triangular Lattice Max 0.9363 1 
TT53-058 0.54057 0.00 124 0.54305 -0.0 1890 0.56 195 
TT53- IOO 
1T53-200 
Tf53-300 
TT53-400 
IT53-410 
TT53-420 
TT53-430 
TT53-437 
TT53-440 
IT5]-450 
TT53-460 
IT53-470 
TT53-480 
TT53-486 
IT53-490 
TT53-500 
TT53-520 
TT53-540 
1153-544 
TT53-560 
n53-600 

0.67548 0.00 129 0.67806 -0.0 1890 0.69696 
0.83538 0.00 144 0.83826 -0.0 1890 0.85716 
0.89167 0.00 1]3 0.89433 -0.01890 0.91323 
0.90968 0.00\38 0.91244 -0.01890 0.93134 
0.91259 0.00146 0.91551 -0.01890 0.93441 
0.90812 0.00127 0.9\066 -0.01890 0.92956 
0.9 1473 0.0014] 0.91759 -0.01890 0.93649 
0.90937 0.00139 0.9 121 5 -0.01890 0.93\05 
0.91582 0.00132 0.9 1846 -0.01890 0.93736 
0.91356 0.00 121 0.91598 -0.01890 0.9]488 
0.91 171 0.00144 0.9 1459 -0.01890 0.93]49 
0.91277 0.0013 1 0.91539 -0.01890 0.93429 
0.91 180 0.00135 0.9 1450 -0.01890 0.93340 
0.91089 0.00122 0.9 1333 -0.01890 0.9322] 
0.91436 OJ)Q147 0.91730 -0.01890 0.93620 
0.91076 0.00\37 0.91350 -0.01890 0.93240 
0.90707 0.{K)l 24 0.90955 -0.01890 0.92845 
0.90 128 0.00\33 0.90394 -0.0 1890 0.92284 
0.90 105 0.00 132 0.90369 -0.01890 0.92259 
0.89251 0.00 130 0.895\1 -0.0 1890 0.9 1401 
0.882 14 0.00 11 6 0.88446 -0.0 1890 0.90336 
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GNF NPC 
Safety Analysis Report 

IT55-6 16 
TI55-700 
TT55-70S 

1155-800 

0.8792 1 0.00123 0.88167 -0.01890 0.90057 
0.8626\ 0.001 29 0.86519 -0.0 1890 O.S8409 
0.85449 0.001 27 0.8570) -0.01890 0.87593 

0.8 1805 0.00 11 6 0.82037 -0.01 890 0.83927 
9X9 Square Lattice Max 0.94237 

NS55·058 0.5523 1 0.00109 0.55449 ·0.0 1890 0.57339 
NS55-I OO 0.68417 0.00 133 0.68683 -0.01890 0.70573 
NS55-200 0.84246 0.00144 0.84534 -0.01 890 0.86424 
NS55-300 0.89471 0.001 42 0.89755 -0.0 \890 0.9 \645 
NS55-400 0.9\ [82 0.00141 0.91464 -0.01890 0.93354 
NS55-4 10 0.90814 0.00130 0.9\074 ·0.0 1890 0.92964 
NSS5-420 0.91099 0.00 143 0.9 1385 -0.0 1890 0.93275 

NS55-430 0.90992 0.00125 0.9 1242 -0.0 1890 0.93132 
NS55-4J7 0.91142 0.00136 0.9 1414 -0.01 890 0.93304 

NS55-440 0.91216 0.00124 0.9 1464 -0.01 890 0.93354 
NS55-450 0.91320 0.00135 0.9 1590 -0.01890 0.93480 
NS55-460 0.91434 0.00139 0.9 17 12 -0.01890 0.93602 
NS55-470 0.91 196 0.00140 0.91476 -0.01890 0.93366 

NS55-480 0.91138 0.00132 0.91402 -0.01890 0.93292 
S55-486 0.90978 0.00 131 0.9 1240 -0.01890 0.93130 

NS55-490 0.91240 0.001 41 0.91522 -0.0 1890 0.934 12 
NS55·S00 0.90991 0.00136 0.91263 -0.01890 0.93 153 
NS55-520 0.90356 0.00125 0.90606 -0.01890 0.92496 
NS5S-540 0.89595 0.0012 1 0.89837 -0.01890 0.91727 

NS55-544 0.88982 0.00114 0.89210 -0.0 1890 0.9 1100 
NS55-560 0.88701 0.00142 0.88985 -0.0 1890 0.90875 
NS55-600 0.86922 0.00132 0.87 186 -0.01890 0.89076 

NS55-6 16 0.86 19 1 0.00133 0.8645 7 -0.01890 0.88347 
NS55-700 0.84986 0.00132 0.85250 -0.01890 0. 87 140 
NS55-705 0.84628 0.00121 0.84870 -0.01890 0.86760 
NS55-800 0.8 137 1 0.00 129 0.81629 -0.01890 0.83519 

9X9 Triangular Lattice Max 0.93602 
NT55-058 0.54875 0.00 109 0.55093 -0.01890 0.56983 
NT55- IOO 0.68549 0.00131 0.68811 -0.01890 0.7070 1 
NT55-200 0.83973 0.00140 0.84253 -0.01 890 0.86 143 

NT55-300 0.89734 0.00145 0.90024 -0.01890 0.9 1914 

Tf53-616 
TT53-700 
TT53-705 
r r53-800 

0.87844 0.00 136 0.88 11 6 -0.01 890 0.90006 
0.86 128 0.00 133 0.86394 -0.01890 0.88284 
0.85849 0.00137 0.86 123 -0.0 1890 0.8801 3 

0.82 163 0.00 121 0.82405 -0.0 1890 0.84295 
9X9 Square Lattice Max 0.93736 

NS53-058 0.54266 0.00 11 4 0.54494 -0.01 890 0.56384 
NSS3- IOO 0.67369 0.00128 0.67625 -0.0 1890 0.69S 15 
NSS3-200 0.83030 0.00153 0.83336 -0.01890 0.8S226 
NSS3 -300 
NSS3-400 
NSS3-4 10 
NS53-420 
NS53-430 
NSS3-437 

NSS3-440 
NS53·450 
NS53-460 
NS53-470 

NSS3-480 
NS53-486 
NSS3 -490 
NS53 -S00 
NSS]-S20 
NSS]-S40 
NSS]-S44 

NS5J-560 
NSS]-600 

NS53-6 16 
NSS3-700 
NS53-70S 
NS53-800 

0.89279 0.00136 0.89S51 -0.01 890 0.9 1441 
0.90669 0.0012S 0.90919 -0.0 1890 0.92809 
0.90746 0.00130 0.91006 -0.01890 0.92896 
0.90804 0.00136 0.91076 -0.0 1890 0.92966 
0.909]6 0.00137 0.91210 -0.01890 0.93 100 
0.90760 0.00 130 0.91020 -0.0 1890 0.92910 

0.90949 0.00138 0.91225 -0.01890 0.93115 
0.90782 0.00133 0.91048 -0.01890 0.92938 
0.90540 O.(X)] 36 0.908 12 -0.01890 0.92702 
0.90776 0.00 126 0.91028 -0.01890 0.92918 
0.90238 0.00 136 0.905 10 -0.01890 0.92400 
0.905 14 0.00 136 0.90786 -0.01890 0.92676 
0.90607 0.00 138 0.90883 -0.01890 0.92773 
0.90268 0.00 129 0.90526 -0.01890 0.924 16 
0.90408 0.00 135 0.90678 -0.01890 0.92568 
0.89325 0.00 132 0.89589 -0.01890 0.91479 

0.89232 0.00 138 0.89508 -0.01890 0.9 1398 
0.88397 0.00 124 0.88645 -0.01890 0.90535 
0.86833 0.00 132 0.87097 -0.01890 0.88987 
0.865]4 0.00128 0.86790 -0.01890 0.88680 

0.849!!2 0.00 126 0.85234 -0.01890 0.87 124 
0.84846 0.00 114 0.85074 -0.01890 0.86964 
0.8 125 1 0.00 137 0.8 1S25 -0.01890 0.83415 

9X9 Triangular Lattice Max 0.93 11 5 
NT53-058 0.54409 0.00122 0.54653 -0.01 890 0.56543 
NT53- 100 
NT53-200 
NT53-300 

0.67508 0.00136 0.67780 -0.01890 0.69670 
0.83496 0.00135 0.83766 -0.0 1890 0.85656 

0.889 13 0.00 145 0.89203 -0.01890 0.9 1093 
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GNF NPC 
Safety Analysis Report 

NT55-400 0.90861 0.00136 0.91 133 -0.0 1890 0.93023 
NT,55-410 0.91049 0.00138 0.9132,5 -0.0 1890 0.93215 
NT55-420 0.91284 0.00142 0.91568 -0.01890 0.93458 
NT55-430 0.91469 0.00135 0.91739 -0.01890 0.93629 
NT55-437 0.91307 0.00132 0.91571 -0.01890 0.93461 
NT55-440 0.91 155 0.00 134 0.9 1423 -0.01890 0.93313 
NT55-450 0.91355 0.00139 0.91633 -0.01890 0.93523 
NT55·460 0.91409 0.00132 0.91673 -0.01890 0.93563 
NT55-470 0.91449 0.00144 0.9 1737 -0.01890 0.93627 
NT55-480 0.91078 0.00142 0.91362 -0.0 1890 0.93252 
NT55-486 0.91286 0.001 19 0.9 1524 -0.01890 0.934 14 
NT55-490 0.9 1206 0.00136 0.91478 -0.01890 0.93368 
NT55-500 0.90554 0.00134 0.90822 -0.01890 0.92712 
NT55-520 0.90613 0.00145 0.90903 -0.01890 0.92793 
NT55-540 0.90 143 0.00125 0.90393 -0.01890 0.92283 
NTS5-544 0.903 14 0.00134 0.90582 -0.01890 0.92472 
NT55-560 0.89811 0.00124 0.90059 -0.01890 0.9 1949 
NT55-600 0.87734 0.00124 0.87982 -0.01 890 0.89872 
NT55-616 0.87316 0.00121 0.87558 -0.01890 0.89448 
NT55-700 0.83674 0.00132 0.83938 -0.01890 0.85828 
NT55-705 0.K3475 0.00134 0.83743 -0.01890 0.85633 
NT55-800 0.81256 0.00127 0.8 1510 -0.01890 0.83400 

8X8 Square Lattice Max 0.93629 
ES55-058 0.55119 0.00120 0.55359 -0.01890 0.57249 
£S55-100 
£S55-200 
ES55-300 

ESS5-400 
ES55-4 10 
ES55-420 
ES55-430 
E$55-437 
E$55-440 
ES55-450 
ES55-460 
ES55-470 

0.68494 0.00134 0.68762 -0.01890 0.70652 
0.84361 0.00 150 0.8466 1 -0.01890 0.8655 1 
0.89473 0.00139 0.8975 1 -0.0 1890 0.91641 
0.90482 0.00127 0.90736 -0.01890 0.92626 
0.90675 0.00122 0.90919 -0.01890 0.92809 
0.90069 0.00143 0.90355 -0.01890 0.92245 
0.90390 0.00130 0.90650 -0.01890 0.92540 
0.90393 0.00132 0.90657 -0.01890 0.92547 
0.90404 0.00136 0.90676 -0.01890 0.92566 
0.90076 0.00137 0.90350 -0.01890 0.92240 
0.90180 0.00130 0.90440 -0.01890 0.92330 
0.90308 0.00 126 0.90560 -0.01890 0.92450 

NT53-400 
NT53-410 
NT53-420 
NT53-430 
NT53-437 
NT53-440 
NT53-450 
NT53-460 
NT53-470 

NT53-480 
NT53-486 
NT53-490 
NT53-500 
NT53-520 
NT53-540 
N153-544 

NT53-560 
NT53-600 

NT53-616 
NT53-700 
NT53-705 
NT53-800 

0.90420 0.00 141 0.90702 -0.01890 0.92592 
0.90662 0.00 124 0.90910 -0.01890 0.92800 
0.90696 0.00 146 0.90988 -0 .01890 0.92878 
0.90401 0.00134 0.90669 -0 .01890 0.92559 
0.90810 0.00 136 0.91082 -0.0 1890 0.92972 
0.90489 0.00131 0.9075 1 -0.0 1890 0.9264 1 
0.90548 0.00129 0.90806 -0 .01890 0.92696 
0.90779 0.00 137 0.91053 -0.0 1890 0.92943 
0.90652 0.00 144 0.90940 -0.0 1890 0.921DO 
0.90671 0.00 134 0.90939 -0.01890 0.92829 

0.90779 0.00142 0.9\063 -0.0 1890 0.92953 
0.90693 0.00 121 0.90935 -0.01 890 0.92825 
0.90879 0.00128 0.91135 -0.0 1890 0.93025 
0.90454 0.00132 0.907 18 -0.0 1890 0.92608 
0.90577 0.00134 0.90845 -0.01890 0.92735 
0.90067 0.00139 0.90345 -0.0 1890 0.92235 
0.89524 0.00 129 0.89782 -0.0 1890 0.91672 
0.87990 0.00 129 0.88248 -0.01890 0.90138 
0.86952 0.00 130 0.872 12 -0.0 1890 0.89102 
0.83766 0.00 120 0.84006 -0.01890 0.85896 
0.83823 0.00 12K 0.84079 -0.01890 0.85969 
0.8 1514 0.00 124 0.81762 -0.01890 0.83652 

8X8 Square Lattice Max 0.93025 
ES53-058 0.54298 0.00 103 0.54504 -0.01890 0.56394 
ES53-1oo 
ES53-2oo 

ES53-300 

ES53-400 
ES53-410 
ES53-420 
ES53-430 
E$53-437 
E$53-440 

E553-450 
ES53-460 
ES53-470 

0.67585 0.00124 0.67833 -0.01890 0.69723 
0.83593 0.00 149 0.83891 -0.01890 0.8578 1 
0.88740 0.00142 0.89024 -0.01890 0.909 14 
0.89811 0.00135 0.90081 -0.01890 0.9 197 1 
0.898 11 0.00129 0.90069 -0.01890 0.91959 
0.89740 0.00132 0.90004 -0.01890 0.91894 
0.90091 0.00123 0.90337 -0.0 1890 0.92227 
0.89829 0.00127 0.90083 -0.01890 0.91973 
0.89815 0.00132 0.90079 -0.01890 0.91969 
0.89805 0.00130 0.90065 -0.01890 0.91955 
0.90026 0.00137 0.90300 -0.01890 0.92190 
0.89662 0.00 135 0.89932 ·0.01890 0.91822 
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GNF NPC 
Safety Analvsls Report 

ES55-480 
ES55-486 
ES55-490 
ES55-5oo 
E555-520 
ES55-540 
E555-544 
ES55·560 
ES55-6oo 
E555-6 16 
E555-700 

0.89865 0.00135 0.90135 -0.0 1890 0.92025 
0.89596 0.00121 0.89838 -0.01890 0.91728 
0.89779 0.00132 0.90043 -0.0 1890 0.91933 
0.89328 0.00130 0.89588 -0.01890 0.91478 
0.8896 1 0.00 125 0. 89211 -0.0 1890 0.9 11 01 
0.88642 0.00124 0.88890 -0.01890 0.90780 
0.89090 0.001 19 0.89328 -0.01890 0.912 18 
0.88449 0.001]5 0.!!87 19 -0.01890 0.90609 
0.87203 0.00 1]3 0.87469 -0.01890 0.89]59 
0.8663] 0.00 121 0.86875 -0.01890 0.88765 
0.82896 0.00 129 0.8] 154 -0.01!!90 0.85044 

E$55-705 0.83020 0.00 124 0.83268 -0.01890 0.85 158 
E555-800 0.78910 0.00 129 0.79168 -0.0 1890 0.8 1058 

8X8 Triangular Lattice Max 0.92809 
E1'55-058 0.55425 0.00 11 9 0.55663 -0.0 1890 0.57553 
ET55 -100 0.68]74 0.00133 0.68640 -0.01890 0.70530 
ET55-200 0.83874 0.00130 0.84134 -0.01890 0.86024 
E1'55-300 0.89471 0.00137 0.89745 -0.01 890 0.91635 
ET55-400 
E1'55-4 10 
E1'55-420 
ET55-430 
ET55-437 
E1'55-440 
ET55-450 
ET55-460 
ET55-470 
E1'55-480 
ET55-486 
E1'55-490 
ET55-500 
E1'55-520 
ET55-540 
E1'55-544 
ET55-560 
E1'55-6oo 

0.90736 0.00142 
0.90718 0.00151 
0.90682 0.0013 1 
0.90668 0.00 132 
0.90666 0.00132 

0.91020 -0.01890 
0.9 1020 -0.01890 
0.90944 -0.0 1890 
0.90932 -0.01890 
0.90930 -0.01 890 

0.92910 
0.92910 
0.92834 
0.92822 
0.92820 

0.90689 0.00127 0.90943 -0.01890 0.92833 
0.90882 0.00139 0.91160 -0.01890 0.93050 
0.90351 0.00133 0.90617 -0.01890 0.92507 
0.90607 0.00128 0.90863 -0.01890 0.92753 
0.90168 0.00137 0.90442 -0.01890 0.92332 
0.90285 0.00 128 0.9054\ -0.0 1890 0.92431 
0.90150 0.00 131 0.904 12 ..0.01890 0.92302 
0.89914 0.00 135 0.90 184 -0.01890 0.92074 
0.88825 0.00131 0.89087 -0.0 1890 0.90977 
0.88223 0.00 127 0.88477 -0.01890 0.90367 
0.87975 0.00 144 0.88263 -0.01890 0.90153 
0.87646 0.00119 0.87884 -0.01890 0.89774 
0.86388 0.00 122 0.86632 -0.01890 0.88522 

E553-480 
ES53-486 
ES53-490 
ES53·500 
1:553-520 
E553-540 
ES53-544 
ES5]-560 
ES53-6oo 
ES53 -616 
E553-7oo 

0.89926 0.00135 0.90 196 -0.01890 0.92086 
0.89857 0.00137 0.90131 -0.0189Q 0.92021 
0.8948 1 0.00 135 0.89751 -0.01890 0.91641 
0.89433 0.00128 0.89689 -0.0 1890 0.9 1579 
0.89235 0.00123 0.89481 -0.0 1890 0.91371 
0.88675 0.00 131 0.88937 -0.01890 0.90827 
0.88796 0.00127 0.89050 -0.01 890 0.90940 
0.88324 0'(Kl 114 0.88552 -0.01890 0.90442 
0.87050 0.00 127 0.87304 -0.01890 0.89194 
0.86384 0.00 134 0.86652 -0.0 1890 0.88542 
0.82947 0.00124 0.83 195 -0.01890 0.85085 

ES53-705 0.829 18 0.00124 0.83 166 -0.01 890 0.85056 
ES53-800 0.79452 0.00\34 0.79720 -0.01 890 0.81610 

8X8 Triangular Lattice Max 0.92227 
I::T53-058 0.54549 0.00120 0.54789 -0.01 890 0.56679 
ET5 3-100 0.67405 0.001 25 0.67655 -0.01890 0.69545 
ET53-200 0.83264 0.00136 0.83536 -0.01890 0.85426 
ET53-300 0.88582 0.00129 0.88840 -0.0 1890 0.90730 
E1'53-4oo 
ET53-41O 
ET53-420 
ET53-430 
ET53-437 
E1'53-440 
E1'53-450 
ET53-460 
ET53-470 
E1'53-480 
E1'53-486 
E1'53-490 
E1'53 -5oo 
E1'53-520 
ET53-540 
ET53-544 
ET5 3-560 
ET53-6oo 

0.9034 1 
0.90039 
0.90444 
0.90272 
0.90261 

0.00 137 
0.00 133 
0.00 133 
0.00 128 
0.00140 

0.90615 -0.01890 
0.90305 -0.01890 
0.907 10 -0.0 1890 
0.90528 -0.0 1890 
0.90541 -0.01890 

0.92505 
0.92195 
0.92600 
0.924 18 
0.92431 

0.89811 0.00129 0.90069 -0.01890 0.91959 
0.90019 0.00122 0.90263 -0.01890 0.92153 
0.89937 0.00 142 0.9022 1 -0.01890 0.921 11 
0.89846 0.00 137 0.90 120 -0.0 1890 0.920 10 
0.89988 0.00 132 0.90252 -0.01890 0.92142 
0.89916 0.00 121 0.90158 -0.0 1890 0.92048 
0.89434 0.001 27 0.89688 -0.0 1890 0.91578 
0.89392 0.00 140 0.89672 -0.0 1890 0.91562 
0.88848 0.00135 0.89118 -0.0 1890 0.91008 
0.87958 0.00127 0.882 12 -0.0 1890 0.90102 
0.87973 0.00135 0.88243 -0.01890 0.90\33 
0.87629 0.00121 0.87871 -0.01890 0.8976 1 
0.86246 0.00\34 0.86514 -0.01890 0.88404 
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GNF NPC 
Safety Analysis Report 

ET55-616 
ET55·700 

ETSS·70S 
EnS-SOO 

0.86419 0.00126 0.8667 1 -0.01 890 0.8856\ 
0.8377 1 0.00125 0.84021 -0.0 1890 0.85911 
0.83472 0.00124 0.83720 -0.01890 0.85610 
0.80525 0.00114 0.80753 -0.01890 0.82643 

55 KGs Accident Case without Overlap 
17X I7 Square Lattice 

Max 
MaxOL 
·0.01890 

0.93050 
0.94924 
0.58421 
0.71449 

OSSP-058 0.56307 0.00112 0.56531 
OSSP- IOO 0.69287 0.00136 0.69559 -0.01890 
OSSP-200 0.84394 0.00142 0.84678 -0.01890 0.86568 
OSSP-)OO 0.89907 0.00139 0.90185 ·0.01890 0.92075 
OSSP-400 0.91937 0.00 149 0.92235 -0.01890 0.941 25 
OSSP-4 10 0.921 77 0.00 139 0.92455 -0.01890 0.94345 
OSSP-420 0.91939 0.00 137 0.92213 -0.01 890 0.94 103 
OSSP-430 0.92607 0.00 13 1 0.92869 -0.01890 0.94759 
OSSP-43 7 0.92035 0.001 34 0.92303 -0.01890 0.94193 
OSSP-440 0.92193 0.00 139 0.92471 -0.01890 0.94361 
OSSP-450 0.92537 0.00 133 0.92803 -0.01890 0.94693 
OSSP-460 
OSSP-470 
OSSP-480 
OSSP-486 
OSSP-490 
OSSP-500 
OSSP-520 
05SP-540 
OSSP-544 
OSS P-560 
OSS P-600 
OSS P-616 
OSSP-7OO 
OSSP-705 
OSSP-800 

0.92316 0.00 13 1 0.92578 -0.0 1890 0.94468 
0.92635 0.00045 0.92724 -0.01890 0.9461 4 
0.92670 0.00046 0.92761 -0.01890 0.94651 
0.91449 0.00 125 0.91699 -0.01890 0.93589 
0.9 1690 0.00143 0.91976 -0.01 890 0.93866 
0.90525 0.00144 0.908 13 -0.01890 0.92703 
0.90573 0.00138 0.90849 -0.01890 0.92739 
0.90338 0.00 130 0.90598 -0.01890 0.92488 
O.9060S 0.00139 0.90883 -().O 1890 0.92773 
0.89456 0.00 140 0.89736 -0.01890 0.91626 
0.8840 1 0.00135 0.88671 -0.01890 0.90561 
0.87479 0.001 34 0.87747 -0.01890 0.89637 
0.86288 0.00132 0.86552 -0.01 890 0.88442 
0.86 128 0.00123 0.86374 -0.01890 0.88264 
0.83545 0.00 143 0.83831 -0.01 890 0.85721 

17X 17 Triangular Lattice Mu: 0.94759 
OSTp·058 0.56250 0.00115 0.56480 -0.01890 0.58370 
OSTP-loo 0,68945 0.00120 0.69 185 -0.01 890 0.71075 
OSTP-200 0.84162 0.00132 0.84426 -0.01890 0.86316 

ET53-616 
ETS3-700 
ET53-705 
ET53-8oo 

0.86 131 0.00 123 0.86377 -0.01890 0.88267 
0.83805 0.00 123 0.8405 1 -0.01890 0.85941 
0.83424 0.00 126 0.83676 -0.01890 0.85566 
0.80 103 0.00125 0.80353 -0.01890 0.82243 

53 KGs Accident Case without Overlap Max 0.92600 
0.94563 
0.51440 
0.70302 

I7X17 Square Lattice Max OL 
OSSN-058 0.55328 0.00 111 0.55550 -0.01890 
OSSN-IOO 0.68 136 0.00 138 0.684 12 -0.01890 
OSSN-200 
aSSN-300 
aSSN-400 
OSSN-4 10 
OSSN-420 
OSSN-430 
OSSN-437 
OSSN-440 
05SN-4S0 
OSSN-46O 
OSSN-470 
OSSN-480 
OSSN-4116 
OSSN--490 
o SN-Soo 
OSSN-520 
OSSN-540 
OSSN-544 
OSSN-560 
OSSN-600 
OSSN-616 
OSSN-700 
OSSN-705 
a SSN-800 

0.83584 0.00 145 0.83874 -0.01890 0.85764 
0.88855 0.00150 0.89 155 -0.01 890 0.91045 
0.91008 0.00140 0.91288 -0.01890 0.93178 
0.9163 1 0.00133 0.9 1897 -0.01890 0.93787 
0.91658 0.00 139 0.91936 -0.0 1890 0.93826 
0.9 1781 0.00142 0.92065 -0.01890 0.93955 
0.91562 0.00134 0.91830 -0.01890 0.93720 
0.91652 0.00143 0.91938 -0.01890 0.93828 
0.9 1797 0.00143 0.92083 -0.01890 0.93973 
0.92 146 0.00139 0.92424 -0.01890 0.94314 
0.9204 1 0.00133 0.92307 -0.01890 0.94 197 
0.92213 0.00140 0.92493 -0.01890 0.94383 
0.91465 0.00141 0.9 1747 -0.01890 0.93637 
0.91739 0.00 11 8 0.91975 -0.01890 0.93865 
0.90428 0.00133 0.90694 -0.01890 0.92584 
0.9059 1 0.00138 0.90867 -0.01890 0.92757 
0.90552 0.00 127 0.90806 -0.01890 0.92696 
0.90400 0.00 127 0.90654 -0.0 1890 0.92544 
0.8925 1 0.00 134 0.895 19 -0.01890 0.91409 
0.88405 0.00 119 0.88643 -0.01890 0.90533 
0.87159 0.00 140 0.87439 -0,01890 0.89329 
0.86264 0.00134 0.86532 -0.01890 0.88422 
0.862 19 0.(K)J29 0.86477 -0.01890 0.88367 
0.83547 0.00136 0.838 19 -0.0 1890 0.85709 

17X 17 Triangular Lattice Max 0.94383 
OSTN-058 0.55606 0.00116 0.55838 -0.0 1890 0.57728 
OSTN- IOO 
OSTN-200 

0.67982 0.00 137 0.68256 -0.01890 0.70 146 
0.83566 0.00 147 0.83860 -0.0 1890 0.85750 
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OSTP-300 0.90070 0.00148 0.90366 -0.01890 0.92256 
OSTP-400 0.92008 0.00 13 1 0.92270 -0.01890 0.94 160 
OSTP-410 0.92128 0.00131 0.92390 -0.01890 0.94280 
OSTP-420 0.92341 0.00140 0.92621 -0.0 1890 0.94511 
OSTP-430 0.92477 0.00146 0.92769 -0.01890 0.94659 
OSTP-437 0.9 1890 0.00136 0.92162 -0.01890 0.94052 
OSTP-440 0.92629 0.00143 0.929 15 -0.01890 0.94805 
OSTP-450 0.92443 0.00134 0.92711 -0.01890 0.94601 
OSTP-460 0.92315 0.00120 0.92555 -0.01890 0.94445 
OSTP-470 0.90753 0.00140 0.91033 -0.01890 0.92923 
OSTP-480 0.9009 1 0.00133 0.90357 -0.01890 0.92247 

OSTP-486 0.90237 0.00139 0.90515 -0.01890 0.92405 
OSTP-490 0.90391 0.0014 1 0.90673 -0.01890 0.92563 
OSTP-500 0.90670 0.00136 0.90942 -0.01890 0.92832 
OSTP-520 0.90598 0.00140 0.90878 -0.0 1890 0.92768 
OSTp·540 0.90945 0.00 143 0.9 1231 -0.0 1890 0.9312 1 

OSTP-544 0.90945 0.00138 0.9 122 1 -0.01890 0.931 11 
OSTP-560 0.90670 0.00137 0.90944 -0.01890 0.92834 
OSTP-600 0.88769 0.00130 0.89029 -0.01890 0.909 19 
OSTP-616 0.88540 0.00 130 0.88800 -0.01890 0.90690 
OSTP-700 0.85 11 0 0.00 126 0.85362 -0.01890 0.87252 

OSTP-705 0.85035 0.00116 0.85267 -0.01890 0.87 157 
OSTP-800 0.83 176 0.001 17 0.83410 -0.01890 0.85300 

lOX 10 Square Lattice Max 0.94805 
OTSP-058 0.56810 0.001 13 0.57036 -0.01890 0.58926 
OTSP- IOO 0.69088 0.00136 0.69360 -0.01890 0.71250 

OTSP-200 0.84222 0.00130 0.84482 -0.0 1890 0.86372 
OTSP-300 0.89570 0.00 144 0.89858 -0.01890 0.9 1748 
OTSP-400 0.9 1004 0.00 129 0.91262 -0.01890 0.93152 
OTSP-4 10 0.90967 0.00 139 0.9 1245 -0.0 1890 0.93135 
OTSP-420 0.91126 0.00 139 0.91404 -0.01890 0.93294 

OTSP-430 0.91271 0.00 138 0.91547 -0.01890 0.93437 
OTSP-437 0.9 11 7 1 0.00136 0.9 1443 -0.01890 0.93333 
OTS P-440 0.90882 0.00 126 0.9 1134 -0.01890 0.93024 
OTSP-450 0.90771 0.00141 0.9 1053 -0.01890 0.92943 
OTSP-460 0.9 1032 0.00132 0.9 1296 -0.01890 0.93 186 

OSTN-300 
OSTN-400 
OSTN-410 
OSTN-420 
OSTN-430 
OSTN-437 
OSTN-440 
OSTN-450 

OSTN-460 
OSTN-470 

OSTN-480 
OSTN-486 
OSTN-490 
OSTN-500 
OSTN-520 
OSTN-540 
OSTN-544 
OSTN-560 

OSTN-600 
OSTN-616 
OSTN-700 
OSTN-705 

OSTN-800 

0.89208 0.00 142 0.89492 -0.01890 0.91382 
0.9 1439 0.00 141 0.91721 -0.0 1890 0.93611 

0.91621 0.00 143 0.9 1907 -0.01890 0.93797 
0.91635 0.00 136 0.91907 -0.0 1890 0.93797 
0.92038 0.00 142 0.92322 -0.01890 0.94212 
0.9 1618 0.00133 0.9 1884 -0.01890 0.93774 
0.9 1778 0.00137 0.92052 -0.01890 0.93942 
0.9 1787 0.00146 0.92079 -0.01890 0.93969 
0.91697 0.00143 0.91983 -0.01890 0.93873 
0.90776 0.00148 0.9 1072 -0.0 1890 0.92962 

0.90191 0.00136 0.90463 -0.0 1890 0.92353 
0.90 150 0.00 128 0.90406 -0.0 1890 0.92296 

0.90070 0.00134 0.90338 ·0.0 1890 0.92228 
0.9024 1 0.00134 0.90509 ·0.0 1890 0.92399 

0.90548 0.00125 0.90798 ·0.01890 0.92688 
0.90800 0.00128 0.91056 -0.0 1890 0.92946 
0.90885 0.00139 0.91163 -0.0 1890 0.93053 
0.90748 0.00 123 0.90994 -0.0 1890 0.92884 
0.88927 0.00 125 0.89177 -0.0 1890 0.91067 
0.88616 0.00 134 0.88884 -0.0 1890 0.90774 
0.85044 0.00 129 0.85302 ·0.0 1890 0.87192 
0.85084 0.00 125 0.85334 -0.0 1890 0.87224 
0.83357 0.00 125 0.83607 -0.0 1890 0.85497 

10X I0 Square Lattice Max 0.942 12 
OTSN-058 0.56332 0.00 125 0.56582 -0.0 1890 0.58472 
OTSN- IOO 
OTSN-200 

OTSN-3oo 
OTSN-400 
OTSN-410 
OTSN-420 
OTSN-430 
OTSN-437 
OTSN-440 
OTSN-450 

OTSN-460 

0.68577 0.00132 0.68841 -0.0 1890 0. 70731 

0.83805 0.00140 0.84085 -0.0 1890 0.85975 
0.89239 0.00142 0.89523 -0.0 1890 0.914 13 
0.90551 0.00145 0.9084 1 -0.0 1890 0.9273 1 
0.90645 0.00 132 0.90909 ·O.0 IR90 0.92799 
0.90577 0.00137 0.9085 1 -0.0 1890 0.92741 
0.90675 0.00137 0.90949 -0.0 1890 0.92839 
0.90746 0.00 147 0.91040 -0.0 1890 0.92930 
0.90532 0.00135 0.90802 -0.0 1890 0.92692 
0.90694 0.00 144 0.90982 -0.0 1890 0.92872 
0.9072 1 0.00 132 0.90985 -0.0 1890 0.92875 
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OTSP-470 0.90778 0.00138 0.91054 ·0.01890 0.92944 
OTSP-480 0.901 73 0.00141 0.90455 ·0.01890 0.92345 
OTSP-486 0.90095 0.00 144 0.90383 ·0.01890 0.92273 

OTSP-490 0.90239 0.0014 1 0.90521 ·0.0 1890 0.924 11 
OTS P·500 0.90338 0.00139 0.90616 ·0.01890 0.92506 
OTSP·520 0.90531 0.00141 0.908 13 -0.01890 0.92703 
OTSP-540 0.88738 0.00131 0.89000 -0.01890 0.90890 
OTSP-544 0.88774 0.00\30 0.89034 -0.01890 0.90924 
OTSP-560 0.88782 0.00 124 0.89030 -0.01890 0.90920 
OTSP-6oo 0.88219 0.00 122 0.88463 -0.01890 0.90353 
OTS P-616 0.86189 0.00 127 0.86443 ·0.01890 0.88333 
OTS P-700 0.83270 0.00136 0.8]542 -0.01890 0.85432 
OTS P-705 0.8]083 0.00129 0.83]41 -0.01890 0.85231 
OTSP-SOO 0.82403 0.00127 0.82657 -0.01890 0.84547 

l OX 10 Triangular lattice Max 0.93437 
OlTP-058 0.56299 0.00124 0.56547 -0.01 890 0.58437 
OTTP-lOO 0.68846 0.00139 0.69 124 -0.01890 0.71014 

OlTP-200 0.84 196 0.00139 0.84474 -0.01890 0.86364 
OTTP-]OO 0.90017 0.00140 0.90297 ·0.01890 0.92187 
OTTP-400 0.91426 0.00136 0.91698 -0.01890 0.93588 

OlTP-4 10 0.919 11 0.00124 0.92159 -0.01890 0.94049 
OITP-420 0.91297 0.00133 0.9156] -0.01890 0.93453 

OTTP-430 0.9 1515 0.00 13] 0.91781 -0.0 1890 0.9367 1 
OTTP-437 0.91928 0.00 126 0.92 180 -0.0 1890 0.94070 
OTTP-440 0.91657 0.00131 0.91919 -0.01890 0.93809 

OITP-450 0.91724 0.001 34 0.91992 -0.01890 0.93882 
OTTP-460 0.91756 0.00125 0.92006 -0.01890 0.93896 
OTTP-470 0.89862 0.001 ]4 0.90130 -0.0 1890 0.92020 
OTTP-480 0.89827 0.00141 0.90109 -0.01890 0.91999 
OTTP-486 0.90149 0.00126 0.90401 -0.01890 0.9229 1 
OTTP-49O 0.88892 0.00 123 0.89138 -0.01890 0.91028 
OTTP-500 0.88835 0.00124 0.89083 -0.01 890 0.90973 
OTTP-520 0.88932 0.00129 0.89 190 -0.01890 0.91080 
OITP-540 0.87972 0.00146 0.88264 -0.01890 0.90154 
OTIP-544 0.87766 0.00 140 0.88046 -0.01890 0.89936 

OTSN-470 
OTSN-480 
OTSN-486 
OTSN-490 
OTSN-500 

OTSN·520 
OTSN-540 
OTSN-544 
OTSN-560 
OTSN-600 
OTSN·616 
OTSN-700 
OTSN-705 
OTSN-800 

0.90916 0.00129 0.9 11 74 -0.0 1890 0.93064 
0.90]93 0.00128 0.90649 -0.01890 0.92539 
0.90414 0.00 125 0.90664 -0.01890 0.92554 
0.903]2 0.00125 0.90582 -0.01890 0.92472 
0.90407 0.00 144 0.90695 -0.01890 0.92585 
0.90304 0.00 11 8 0.90540 -0.0 1890 0.92430 
0.88742 0.00135 0.890 12 ·0.01890 0.90902 
0.88742 0.00 129 0.89000 -0.01890 0.90890 
0.88835 0.00 131 0.89097 -0.01890 0.90987 
0.88447 0.00 127 0.88701 -0.0 1890 0.90591 
0.86454 0.00 129 0.867 12 -0.01890 0.88602 
0.8]555 0.00142 0.83839 -0.01890 0.85729 
0.83284 0.001]0 0.83544 -0.01890 0.854]4 
0.823 1] 0.001]5 0.82583 -0.01890 0.8447] 

lOX 1 0 Triangular 
Lattice Max 0.93064 

OTTN-058 0.5557 1 0.00125 0.5582 1 -0.01890 0.577 11 
OITN- IOO 0.68089 0.00143 0.68375 -0.0 1890 0.70265 
OTIN-200 0.8375 1 0.00141 0.84033 -0.0 1890 0.8592] 
O'ITN-]OO 0.89644 0.00140 0.89924 -0.01890 0.9 18 14 
OTTN-400 0.90981 0.00147 0.91275 -0.01890 0.93165 

OTIN-41O 0.91296 0.00138 0.91572 -0.01890 0.93462 
OITN-420 0.909 11 0.00124 0.9 11 59 -0.01890 0.93049 

OTTN-4]O 0.91049 0.00138 0.91325 -0.0 1890 0.93215 
OTTN-437 0.91148 0.00126 0.91400 -0.0 1890 0.93290 
OTTN-440 0.9 11 56 0.00136 0.91428 ·0.0 1890 0.93318 
OTTN-450 0.9 1089 0.00 )41 0.9137 1 -0.0 1890 0.9326 1 
OTTN-460 0.9 1245 0.00 144 0.91533 -0.0 1890 0.93423 

OTTN-470 0.89979 0.00 125 0.90229 -0.0 1890 0.92 119 
OTTN-480 0.90313 0.00 139 0.90591 -0.01890 0.92481 
OTTN-486 0.9011 7 0.00 129 0.90]75 -0.01890 0.92265 
OTTN-490 0.88995 0.00128 0.89251 -0.01890 0.9 114 1 
onN-500 0.88861 0.00143 0.89 147 -0.01890 0.9 10] 7 
OTfN-520 0.89036 0.00141 0.89]18 -0.01890 0.9 1208 
OITN-540 0.87943 0.00139 0.88221 -0.01890 0.90 11 1 
OTTN-544 0.87956 0.00 16] 0.88282 -0.0 1890 0.90 172 
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2 
I 

GNF NPC 
Safety Analysis Report 

OTIP-560 0.88207 0.00132 0.8847 1 -0.01890 0.90361 
OITP·6oo 0.88084 0.00 122 0.88328 ·0.01890 0.90218 
OTTP·616 0.87930 0.00 126 0.88 182 ·0.01890 0.90072 
OTTP·700 0.84280 0.00132 0.84544 -0.01890 0.86434 
OTTP·705 0.84089 0.00 133 0.84355 -0.01890 0.86245 
OTI·P·8oo 0.80332 0.00 125 0.80582 ·0.01890 0.82472 

9X9 Square Lattice Max 0.94070 
ONS P-058 0.57376 0.00116 0.57608 ·0.0 1890 0.59498 
ONSP- 100 0.69872 0.00 146 0.70164 ·0.01890 0.72054 
ONSP-200 0.84075 0.00134 0.84343 ·0.0 1890 0.86233 
ONS P-300 0.89156 0.00138 0.89432 ·0.01890 0.91322 
ONSP-400 0.91066 0.00144 0.91354 ·0.01890 0.93244 
ONS P-4 10 0.91320 0.00132 0.91584 ·0.01890 0.93474 
ONS P-420 0.91 176 0.00126 0.91428 ·0.01890 0.933 18 
ONSp·430 0.9 1086 0.00129 0.9 1344 ·0.01890 0.93234 
ONSP-437 0.90716 0.0014 1 0.90998 ·0.01 890 0.92888 
ONSP-440 0.90965 0.00142 0.91249 ·0.01890 0.93139 
ONSP-450 0.90962 0.00138 0.91238 -0.01890 0.93 128 
ONSp·460 0.911 15 0.00128 0.9137 1 -0.01890 0.93261 
ONSP-470 0.91043 0.00134 0.91311 -0.0 1890 0.93201 
ONSP-480 0.91126 0.00125 0.91376 -0.01 890 0.93266 
ONSP-486 0.907 16 0.00 136 0.90988 -0.01890 0.92878 
ONSP-490 0.89004 0.00 132 0.89268 -0.01890 0.9 11 58 
ONSP-500 0.89363 0.00 130 0.8962] -0.01890 0.91513 
ONSP-520 0.86256 0.00 137 0.86530 -0.01 890 0.88420 
ONSP-540 0.86 171 0.0013 2 0.86435 -0.01890 0.88325 
ONSP-544 0.86434 0.001 15 0.86664 -0.01890 0.88554 
ONSP-560 0.86447 0.00137 0.86721 ·0.01890 0.88611 
ONSP-6OQ 0.86207 0.00139 0.86485 ·0.0 1890 0.88375 
ONSP-616 0.86102 0.00121 0.86344 -0.01890 0.88234 
ONSP-700 0.83076 0.00124 0.83324 -0.01890 0.852 14 
ONS P-705 0.8]248 0.00128 0.83504 ·0.01890 0.85394 
ONSP-800 0.77949 0.00116 0.78181 ·0.01890 0.80071 

9X9 Triangular Latlice 
ONTP-058 0.56955 0.0012 1 
ONTP- loo 0.69611 0.00128 

Max 0.93474 
0.57197 ·0.01 890 0.59087 
0.69867 -0.01890 0.7 1757 

OTTN-560 
OTI'N·600 
OTrN-616 

OTIN-700 
OrrN-705 
O'JTN-800 

0.88212 0.00 124 0.88460 ·0.01890 0.90350 
0.88275 0.00 138 0.88551 -0.01890 0.90441 
0.88207 0.00 134 0.88475 -0.01890 0.90365 
0.8431 7 0.001 32 0.8458 1 -0.01890 0.86471 
0.84311 0.00 137 0.84585 -0.01890 0.86475 
0.80228 0.00 133 0.80494 -0.01890 0.82384 

9X9 Square Lattice Max 0.93462 
ONSN·058 0.568 16 0.00119 0.57054 -0.01890 0.58944 
ONSN-IOO 0.68507 0.00 139 0.68785 ·0.01890 0.70675 
ONSN-200 
ONSN-300 
ONSN-400 
ONSN·41O 
ONSN·420 
ONSN·430 

0.83667 0.00 147 0.8396 1 -0.0 1890 0.85851 
0.88845 0.00 139 0.89123 ·0.0 1890 0.91013 
0.90492 0.00 130 0.90752 -0 .01890 0.92642 
0.90499 0.00 142 0.90783 -0.0 1890 0.92673 
0.90637 0.00 140 0.909 17 -0.01 890 0.92807 
0.90073 0.00 127 0.90327 -0.01 890 0.922 17 

ONSN-437 0.90325 0.00 141 0.90607 -0.0 1890 0.92497 
ONSN-440 0.90306 0.00134 0.90574 -0.01890 0.92464 
ONSN-450 0.90202 0.00147 0.90496 -0 .01890 0.92386 
ONSN-460 0.90485 0.00132 0.90749 -0.0 1890 0.92639 
ONSN-470 0.90 196 0.00137 0.90470 -0.01890 0.92360 
ONSN-480 0.905 18 0.00 124 0.90766 -0.0 1890 0.92656 
ONSN-486 0.90604 0.00 145 0.90894 -0.01890 0.92784 
ONSN-490 0.89124 0.00 141 0.89406 -0.0 1890 0.91296 
ONSN-500 0.88850 0.00 121 0.89092 -0.01890 0.90982 
ONSN-520 0.85768 0.00 146 0.86060 -0.01890 0.87950 
ONSN·540 0.8601 8 0.00 140 0.86298 ·0.01890 0.88188 
ONSN-544 0.85995 0.00139 0.86273 -0.01890 0.88163 
ONSN·560 0.86424 0.00 146 0.86716 -0.01890 0.88606 
ONSN-600 0.86625 0.00 144 0.86913 -0.01890 0.88803 
ONSN-616 0.86257 0.00125 0.86507 ·0.01890 0.88397 
ONSN-700 0.8 3375 0.00 129 0.83633 -0.01890 0.85523 
ONSN-705 0.83095 0.00129 0.83353 -0.01890 0.85243 
ONSN-800 0.77742 0.00125 0.77992 -0.01890 0.79882 

9X9 Triangular Lanice 
ONTN-058 0.55950 0.00123 
ONTN- IOO 0.68390 0.001]6 

Max 
0.56 196 -0.01890 
0.68662 -0.01890 

0.92807 
0.58086 
0.70552 
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GNF NPC 
Safety Analys is Report 

ONTP-200 0.84344 0.0014 1 0.84626 -0.0 1890 0.865 16 
ONTP-300 0.89460 0.00136 0.89732 -0.0 1890 0.91622 
ONTP-4oo 0.90426 0.00131 0.90688 -0.01890 0.92578 
ONTP-410 0.90570 0.00140 0.90850 -0.01890 0.92740 
ONTP-420 0.90638 0.0014 1 0.90920 -0.01890 0.92810 
ONTP-430 0.89545 0.00138 0.89821 -0.01890 0.91711 
ONTP-437 0.89990 0.00 141 0.90272 -0.01890 0.92 162 
ONTP-440 0.90083 0.00 125 0.90333 -0.01890 0.92223 
ONTP-450 0.90374 0.00 134 0.90642 -0.0 1890 0.92532 
ONTP-460 0.90417 0.00131 0.90679 -0.0 1890 0.92569 
ONTP-470 0.90389 0.00133 0.90655 -0.01890 0.92545 
ONTP-480 0.90658 0.00 124 0.90906 -0.01890 0.92796 
ONTP-486 0.90722 0.001 48 0.9 1018 -0.01890 0.92908 
ONTP-490 0.90431 0.00136 0.90703 -0.01890 0.92593 
ONTP-500 0.90356 0.00142 0.90640 -0.0 1890 0.92530 
ONTP-520 0.90778 0.00122 0.91022 -0.01890 0.92912 
ONTP-540 0.87296 0.00129 0.87554 -0.01890 0.89444 
ONTP-544 0.87467 0.00132 0.87731 -0.01890 0.89621 
ONTP-560 0.87389 0.00133 0.87655 -0.01890 0.89545 
ONTP-600 0.83252 0.00 134 0.83520 -0.01890 0.85410 
ONTP-616 0.83599 0.00137 0.83873 -0.01890 0.85763 
ONTP-7oo 0.83253 0.00125 0.83503 -0.01890 0.85393 
ONTP-705 0.83294 0.00124 0.83542 -0.01890 0.85432 
ONTP-8oo 0.80405 0.00117 0.80639 -0.01890 0.82529 

8X8 Square Lattice Max 0.92912 
OESP-058 0.57888 0.00 11 4 0.58 116 -0.01890 0.60006 
OESP-loo 0.69630 0.0013 7 0.69904 -0.01890 0.7 1794 
OESP-200 0.84068 0.00 140 0.84348 -0.01890 0.86238 
OESP-300 0.88811 0.00147 0.89105 -0.0 1890 0.90995 
OESP-400 0.89670 0.00136 0.89942 -0.01890 0.91832 
OESP-4JO 0.87869 0.00139 0.88147 -0.01890 0.90037 
OESP-420 0.88 159 0.00128 0.884 15 -0.01890 0.90305 
OESP-430 0.8801 7 0.00129 0.88275 -0.01890 0.90165 
OES P-43 7 0.88536 0.00139 0.88814 -0.01890 0.90704 
OES P-440 0.88478 0.00132 0.88742 -0.01890 0.90632 
OESP-450 0.88919 0.00137 0.89 193 -0.01890 0.91083 

ONTN-200 0.83661 0.00146 0.83953 -0.01890 0.85843 
ONTN-300 0.89096 0.00139 0.89374 -0.01890 0.9 1264 
ONTN-400 0.89970 0.00142 0.90254 -0.01890 0.92 144 
ONTN-41O 0.90090 0.00140 0.90370 -0.0 1890 0.92260 
ONTN-420 0.90309 0.00138 0.90585 -0.0 1890 0.92475 
ONTN-430 0.90003 0.00 147 0.90297 -0.01890 0.92 187 
ONTN-437 0.90364 0.00 145 0.90654 -0.0 1890 0.92544 
ONTN-440 0.90072 0.00132 0.90336 -0.0 1890 0.92226 
ONTN-450 0.90444 0.00131 0.90706 -0.01890 0.92596 
ONTN-460 0.9024 1 0.00 134 0.90509 -0.01890 0.92399 
ONTN-470 0.90534 0.00132 0.90798 -0.01890 0.92688 
ONTN-4RO 0.90308 0.00 135 0.90578 -0.01890 0.92468 
ONTN-486 0.90657 0.00 131 0.90919 -0.0 1890 0.92809 
ONTN-490 0.90790 0.00136 0.91062 -0.0 1890 0.92952 
ONTN-500 0.90452 0.00135 0.90722 -0.0 1890 0.926 12 
ONTN-520 0.90652 0.00 135 0.90922 -0.01890 0.928 12 
ONTN-540 0.87250 0.00136 0.87522 -0.01 890 0.894 12 
ONTN-544 0.87464 0.00 135 0.87734 -0.0 1890 0.89624 
ONTN-560 0.87272 0.00 130 0.87532 -0.01890 0.89422 
ONTN-600 0.83829 0.00142 0.841 13 -0.0 1890 0.86003 
ONTN-616 0.83783 0.00 140 0.84063 -0.0 1890 0.85953 
ONTN-700 0.83345 0.00 118 0.8358 1 -0.0 1890 0.85471 
ONTN-705 0.83432 0.00116 0.83664 -0.01890 0.85554 
ONTN-800 0.80590 0.00124 0.80838 -0.01890 0.82728 

RX8 Square Lattice Max 
0.57360 -0.01890 
0.69170 -0.01890 
0.83973 -0.01890 
0.88770 -0.01890 

0.92952 
0.59250 
0.71060 
0.85863 
0.90660 

OESN-058 0.57 122 0.00119 
OESN- IOO 
OESN-200 
OESN-300 
OESN-400 
OESN-410 
OESN-420 
OESN-430 
OESN-437 
OESN-440 
OESN-450 

0.68898 0.00 136 
0.83683 0.00 145 
0.88486 0.00 142 
0.89352 
0.8780 1 
0.88134 
0.88424 
0.88786 

0.00142 0.89636 -0.01890 0.91526 
0.00136 0.88073 -0.0 1890 0.89963 
0.00153 0.88440 -0.01890 0.90330 
0.00150 0.88724 -0.01890 0.906 14 
0.00138 0.89062 -0.0\890 0.90952 

0.88441 0.00125 0.8869 1 -0.01890 0.90581 
0.88910 0.00144 0.89198 -0.01890 0.91088 
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GNF NPC 
Safety Analysis Report 

OESP-46O 0.89 160 0.00134 0.89428 -0.0 1890 0.9 1318 
OESP-470 0.89184 0.00142 0.89468 -0.0 1890 0.91358 
OES P-480 0.89048 0.00\34 0.89316 -0.01 890 0.9 1206 
OESP-486 0.88876 0.00150 0.89 176 -0.01890 0.91066 
OES P-490 0.89080 0.00\35 0.89350 -0.01890 0.91240 
OESP-500 0.89104 0.00 134 0.89372 -0.01890 0.91262 
OESP-520 0.88894 0.00 121 0.89136 -0.0 1890 0.91026 
OESP-540 0.86470 0.00 146 0.86762 -0.0 1890 0.88652 
OESP-544 0.86530 0.0014 1 0.86812 -0.01890 0.88702 
OESP-560 0.86383 0.00134 0.8665 1 -0.0 1890 0.8854 1 
OES P-600 0.85979 0.00\30 0.86239 -0.0 1890 0.88 129 
OES P-6 16 0.84794 0.00 136 0.85066 -0.01 890 0.86956 
OES I'-700 0.79 120 0.00130 0.79380 -0.01 890 0.8 1270 
OES P-705 0.793 11 0.00 11 7 0.79545 -0.01 890 0.8 1435 
OES P-800 0.78672 0.00132 0. 78936 -0.01890 0.80826 

8X8 Triangular Lattice Max 0.91832 
OETP-058 0.56928 0.00126 0.57180 -0.01 890 0.59070 
OETP- IOO 0.698 11 0. 00 \38 0.70087 -0.01 890 0.7 1977 
OETI'-200 0.83743 0.00140 0.84023 -0.01890 0.85913 
OETP-300 0.88323 0.00 131 0.88585 -0.01890 0.90475 
OETP-400 0.90418 0.00143 0.90704 -0.01890 0.92594 
OETP·410 0.90943 0.00 128 0.91 199 -0.0 1890 0.93089 
OETP-420 0.90726 0.0013 3 0.90992 -0.0 1890 0.92882 
OETP-430 0.89872 0.00 136 0.90144 -0.01890 0.92034 
OETP-437 0.89895 0.00131 0.90 157 -0.01890 0.92047 
OETI'-440 0.89615 0.00135 0.89885 -0.01890 0.91775 
OETP-450 0.89927 0.00152 0.90231 -0.0 1890 0.92121 
OETP-460 0.90000 0.00134 0.90268 -0.0 1890 0.92158 
OETP-470 0.89991 0.00135 0.90261 -0.0 1890 0.92 151 
OETP-480 0.86045 0.00135 0.86315 -0.0 1890 0.88205 
OETP-486 0.86313 0.001 40 0.86593 -0.0 1890 0.88483 
OETP-490 0.86572 0.00\38 0.86848 -0.01890 0.88738 
OETP-500 0.86467 0.00122 0.867 11 -0.01890 0.8860 1 
OETP-520 0.86727 0.00 121 0.86969 -0.01890 0.88859 
OETP-540 0.86678 0.00 131 0.86940 -0.01890 0.88830 
OETP-544 0.86603 0.00 127 0.86857 -0.0 1890 0.88747 

OESN-460 
OESN-470 
OESN-480 
OESN-486 
OESN-490 
OESN-500 
OESN·520 
OESN-540 
OESN·544 
OESN·560 
OESN-600 
OESN-616 
OESN-700 
OESN-705 
OESN-800 

0.88989 0.00141 0.8927 1 -0.0 1890 0.9 11 61 
0.89205 0.00 125 0.89455 -0.0 1890 0.9 1345 
0.88958 0.00133 0.89224 -0.01890 0.9 11 14 
0.89194 0.00126 0.89446 -0.01890 0.91336 
0.89026 0.00129 0.89284 -0.01890 0.9 11 74 
0.89400 0.00149 0.89698 -0.01890 0.91588 
0.88988 0.00136 0.89260 -0.0 1890 0.9 11 50 
0.86490 0.00 136 0.86762 -0.01890 0.88652 
0.86531 0.00 144 0.868 19 -0.0 1890 0.88709 
0.86282 0.00 131 0.86544 -0. 01890 0.88434 
0.86076 0.00 134 0.86344 -0.01890 0.88234 
0.84640 0.00128 0.84896 -0.01890 0.86786 
0.79598 0.00129 0.79856 -0.01890 0.8 1746 
0.79228 0.00 126 0.79480 -0.01890 0.8 1370 
0.78772 0.00 132 0.79036 -0.01890 0.80926 

8X8 Triangular Laltice Max 0.9 1588 
OETN-058 0.56 11 9 0.00 135 0.56389 -0.01890 0.58279 
OETN- IOO 
OETN-200 

0.68949 0.00 145 0.69239 -0.01890 0.71 129 
0.8340 1 0.00 151 0.83703 -0.01890 0.85593 

OETN-300 0.88249 0.00 141 0.88531 -0.0 1890 0.9042 1 
OETN-400 0.90074 0.00135 0.90344 -0.01890 0.92234 
OETN-4 10 0.90299 0.00132 0.90563 -0.0 1890 0.92453 
OETN-420 0.90083 0.00134 0.9035 1 -0.0 1890 0.92241 
OETN-430 
OETN-437 
OETN-440 
OETN-450 
OETN-460 
OETN-470 
OETN-480 
OETN-486 
OETN-490 
OETN-500 
OETN-520 
OETN-540 
OETN-544 

0.89507 0.00139 0.89785 -0.01890 0.9 1675 
0.89562 0.00135 0.89832 -0.01890 0.9 1722 
0.89427 0.00 145 0.897 17 -0.01890 0.91607 
0.8945 1 0.00 148 0.89747 -0.0 1890 0.91637 
0.89555 0.00 128 0.898 11 -0.01890 0.91701 
0.89450 0.00 122 0.89694 -0.01890 0.91584 
0.86182 0.00 134 0.86450 -0.01890 0.88340 
0.86546 0.00 141 0.86828 -0.01890 0.887 18 
0.86254 0.00138 0.86530 -0.01890 0.88420 
0.85998 0.00 128 0.86254 -0.01890 0.88144 
0.86364 0.00142 0.86648 -0.01890 0.88538 
0.86609 0.00139 0.86887 -0.01890 0.88777 
0.86655 0.00127 0.86909 -0.01890 0.88799 
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GNF NPC 
Safety Analysis Report 

OETP-560 0.86697 0.00 138 0.86973 -0.01890 0.88863 
OETP-600 0.84535 0.00132 0.84799 -0.0 1890 0.86689 
OETP-616 0.84702 0.00 138 0.84978 -0.0 1890 0.86868 
OETP-700 0.83659 0.00 126 0.83911 -0.0 1890 0.85801 
OETP-705 0.83429 0.00133 0.83695 -0.01890 0.85585 
OETP-8oo 0.77 175 0.00132 0.77439 -0.01890 0.79329 

0.93089 
0.94805 
0.57028 
0.70219 
0.86070 

55 KGs Accident Case wilh VFO 
17X 17 5quare Lattice 

Max 

Max NO 
0.55138 -0.01890 
0.68329 -0.01890 
0.84180 -0.01890 

5555-058 0.54912 0.00 113 
5555-100 0.68063 0.00 133 
5555-200 
5555-300 
5555-400 
5555-4 10 
5555-420 
5555-430 
5555-437 
5555-440 
5555-450 
5555460 
5S55470 
5555480 
5555486 
5555490 
5555-500 
5555-520 
5555-540 
5555-544 
5555-560 
5555-600 
5555-616 
5555-700 
5555-705 
5555-800 

0.83888 0.00146 
0.89895 0.00136 0.90 167 -0.01890 0.92057 
0.92197 0.00 144 0.92485 -0.01890 0.94375 
0.92149 0.00130 0.92409 -0.01890 0.94299 
0.92 18 1 0.00134 0.92449 -0.01890 0.94339 
0.91972 0.00136 0.92244 -0.0 1890 0.94 134 
0.92482 0.00128 0.92738 -0.01890 0.94628 
0.92487 0.00123 0.92733 -0.01890 0.94623 
0.92362 0.00128 0.926 18 -0.01 890 0.94508 
0.92745 0.00144 0.93033 -0.01890 0.94923 
0.92295 0.00 149 0.92593 -0.0 1890 0.94483 
0.92503 0.00 149 0.92801 -0.01890 0.9469 1 
0.92626 0.00 131 0.92888 -0.01890 0.94778 
0.92367 0.00126 0.926 19 -0.0 1890 0.94509 
0.92051 0.00126 0.92303 -0.01 890 0.94 193 
0.91 715 0.00 140 0.91995 -0.0 1890 0.93885 
0.91139 0.00 137 0.9 14 13 -0.01890 0.93303 
0.90791 0.00 136 0.91063 -0.0 1890 0.92953 
0.90851 0.00127 0.91105 -0.01890 0.92995 
0.89446 0.00132 0.897\0 -0.01890 0.9 1600 
0.8880 1 0.00129 0.89059 -0.0 1890 0.90949 
0.8635 1 0.00 11 9 0.86589 -0.01890 0.811479 
0.86729 0.00127 0.86983 -0.01890 0.88873 
0.83666 0.00124 0.83914 -0.01 890 0.85804 

17X1 7 Triangular Lattice Mox 0.94923 

OETN-560 
OETN-600 
OETN-616 
OETN-700 
OETN-705 
OETN-SOO 

0.86676 0.00138 0.86952 -0.0 1890 0.88842 
0.84778 0.00141 0.85060 -0.01890 0.86950 
0.84323 0.00119 0.84561 -0 .01890 0.8645 1 
0.83402 0.00128 0.83658 -0.01890 0.85548 
0.83457 0.00130 0.837 17 -0.01890 0.85607 
0.77290 0.00 139 0.77568 -0.01890 

53 KGs Accident Case with VFO 
17X 17 5quare Lattice 

M" 
Max f\O 

0.54300 -0.01890 
0.67391 -0.0 1890 
0.83775 -0.01890 

0.79458 
0.92453 
0.94383 
0.56190 
0.69281 
0.85665 

5553-058 0.54074 0.00 11 3 
5553· 100 
SS53-200 
5553-300 
5553400 
5553410 
5553-420 
5553-430 
5S53-437 
5S53-440 
5S53-450 
SS53-46O 
S553470 
5553480 
5S53-486 
5553-490 
5553-500 
SS53-520 
5553-540 
5553-544 
5553-560 
SS53-600 
5553-616 
5553-700 
5553-705 
5553-800 

0.67 14 1 0.00 125 
0.83509 0.00133 
0.8923 7 0.00122 0.89481 -0.01890 0.91371 
0.9 1365 0.00127 0.91619 -0.01 890 0.93509 
0.9 1615 0.00 147 0.91909 -0.01890 0.93799 
0.91528 0.00 135 0.9 1798 ·0.01890 0.93688 
0.91510 0.00 128 0.91766 -0 .01890 0.93656 
0.9 1492 0.00 151 0.91 794 -0.0 1890 0.93684 
0.91898 0.00 136 0.92 170 -0.0 1890 0.94060 
0.92132 0.00137 0.92406 -0.01890 0.94296 
0.918\0 0.00142 0.92094 -0.01890 0.93984 
0.91 701 0.00 145 0.91991 -0.01890 0.93881 
0.91689 0.00130 0.91949 -0.01890 0.93839 
0.91926 0.00 135 0.92196 -0.01890 0.94086 
0.91967 0.00 136 0.92239 -0.01890 0.94 129 
0.91865 0.00 140 0.92 145 -0.01890 0.94035 
0.91811 0.00 125 0.92061 -0.01890 0.9395 1 
0.91020 0.001 31 0.91282 -0.01890 0.93172 
0.91044 0.00130 0.9 1304 -0.0 1890 0.93194 
0.90466 0.0013 1 0.90728 -0.01890 0.92618 
0.89646 0.00 134 0.89914 -0.0 1890 0.91 804 
0.89008 0.00 132 0.89272 -0.0 1890 0.91 162 
0.86674 0.00 127 0.86928 -0.01890 0.888 18 
0.86327 0.00132 0.86591 -0.0\ 890 0.88481 
0.83631 0.00 137 0.83905 -0.01890 0.85795 

17X17 Triangular 
Lattice 0.94296 

Docket No. 71·9294 
Revision 2. 9/2002 



G
N

F 
N

P
C

 
S

af
et

v 
A

n
al

vs
is

 R
ep

o
rt

 
D

o
ck

et
 N

o
. 7

1 -
92

94
 

R
ev

is
io

n
 2

, 9
12

00
2 

I 

0.
00

1 
11

 
0.

00
13

 1
 

0.
00

14
0 

0.
00

14
3 

0.
00

14
6 

0.
00

13
5 

0.
00

13
9 

0.
00

13
1 

0.
00

13
3 

0.
00

12
7 

0.
00

14
2 

0.
00

14
4 

0.
00

 1
4 1

 
0.

00
04

4 
0.

00
13

6 
0.

00
04

7 
0.

00
14

1 
0.

00
13

6 
0.

00
13

0 
0.

00
13

8 
0.

00
13

7 
0.

00
14

1 
0.

00
12

5 
0.

00
13

2 
0.

00
12

9 
0.

00
1 

16
 

-e
 L

at
tic

e 
0.

00
12

4 
0.

00
13

9 
0.

00
13

4 
0.

00
14

8 
0.

00
14

0 
0.

00
13

9 
0.

00
13

9 
0.

00
14

2 
0.

00
13

5 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

M
ax

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

-0
.0

18
90

 
-0

.0
18

90
 

0.
53

59
9 

0,
00

1 1
8 

0.
66

87
5 

0.
00

12
6 

0.
83

25
7 

0.
00

14
0 

0.
89

34
3 

0.
00

14
6 

0.
91

54
7 

0.
00

14
2 

0.
91

83
5 

0.
00

13
4 

0.
91

79
9 

0.
00

14
3 

0.
9 

1 8
28

 
0.

00
 1

34
 

0.
91

93
5 

0.
00

12
5 

0.
92

06
7 

0.
00

 1
50

 
0.

92
12

4 
0.

00
14

1 
0.

91
88

4 
0.

00
14

6 
0.

92
19

8 
0.

00
 1

30
 

0.
92

13
6 

0.
00

13
3 

0.
9 

18
95

 
0.

00
 1

29
 

0.
91

91
9 

0.
00

13
3 

0.
92

15
0 

0.
00

13
1 

0.
91

92
3 

0.
00

14
2 

0.
91

37
4 

0.
00

13
6 

0.
91

 1
40

 
0.

00
13

7 
0.

90
82

0 
0.

00
 1

29
 

0.
89

88
9 

0.
00

12
9 

0.
89

49
5 

0.
00

12
6 

0.
86

62
5 

0.
00

1 
16

 
0.

86
39

5 
0.

00
 1

28
 

0.
83

95
1 

0.
00

13
0 

1 O
X 

10
 S

qu
ar

e 
L

at
tic

e 
0.

54
14

8 
0.

00
1 

13
 

0.
67

59
0 

0.
00

 1
22

 
0.

83
29

2 
0.

00
14

7 
0.

89
07

7 
0.

00
13

9 
0.

90
73

8 
0.

00
14

5 
0.

91
10

4 
0.

00
13

1 
0.

91
 1

30
 

0.
00

14
8 

0.
9 

10
47

 
0.

00
 1

39
 

0.
91

 1
99

 
0.

00
14

2 

-0
.0

1 8
90

 
-0

.0
1 

89
0 

-0
.0

1 8
90

 
-0

.0
1 8

90
 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 18

90
 

-0
.0

1 8
90

 
-0

.0
 1

89
0 

-0
.0

 18
90

 
-0

.0
 1

89
0 

-0
.0

 1
 89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
1 8

90
 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

 89
0 

M
ax

 
-0

.0
1 8

90
 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
 89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

-0
.0

 1
89

0 
-0

.0
 1

89
0 

GNF NPC 
Safety Analysis Report 

ST55-058 

ST55-100 
ST55-200 

ST55-300 

ST55-400 

ST55-4 10 

ST55-420 

STS5-430 

ST55-437 
ST55-440 

ST55-450 

ST55-46Q 

ST55-470 

STS5-480 
ST55-486 

STSS-490 

STS5-S00 
ST55-520 

51'55-540 
ST55-544 

STS5-560 

STS5-600 

ST55-616 

ST55-700 
ST55-705 

ST55-800 

0.54886 0.00 111 0.55 108 -0.01890 0.56998 
0.68029 0.0013\ 0.6829 1 -0.01890 0.70 181 
0.83943 0.00140 0.84223 -0.01890 0.86113 
0.89905 0.001 4) 0.90 191 -0.0 1890 0.9208 1 
0.92279 0.00146 0.92571 -0.01890 0.94461 
0.92399 0.00135 0.92669 -0.0 1890 0.94559 
0.92637 0.00139 0.92915 -0.01890 0.94805 
0.92495 0.0013 1 0.92757 -0.0 1890 0.94647 
0.92360 0.00133 0.92626 -0.0 1890 0.945 16 

0.92524 0.00127 0.92778 -0.01890 0.94668 
0.92381 0.001 42 0.92665 ·0.01890 0.94555 
0.92750 0.00 144 0.93038 ·0.01890 0.94928 
0.92650 0.00141 0.92932 ·0.OU!90 0.94822 
0.92685 0.00044 0.92773 ~0.01890 0.94663 
0.92801 0.00136 0.93073 -0.01890 0.94963 
0.92732 0.00047 0.92827 -0.01890 0.947 17 
0.92540 0.001 4 1 0.92822 -0.0 1890 0.947 12 
0.92066 0.00 136 0.92338 -0.0 1890 0.94228 
0.9 1233 0.00130 0.9 1493 ·0.01890 0.93383 
0.9 1529 0.00138 0.9 1805 -0.0 1890 0.93695 
0.9 1014 0.00 137 0.91 288 -0.01890 0.93 178 
0.90030 0.00 141 0.90312 -0.01890 0.92202 
0.89257 0.00 125 0.89507 -0.01890 0.91397 
0.86992 0.00 132 0.87256 ·0.01890 0.89146 
0.865\2 0.00129 0.86770 ~0 .0 1 890 0.88660 
0.83830 0.00116 0.84062 -0.0 1890 0.85952 

10X I0 Square Latt ice Max 0.94963 
TS55"()58 0.55127 0.00124 0.55375 ~0 .0 1 890 0.57265 
TS55-1 00 
TS55-200 
TS55-300 

TS55-4oo 
TS55-41O 

TS55-420 
TS55-430 
TS55-437 

0.68097 0.00139 0.68375 -0.01890 0.70265 

0.84016 0.00\34 0.84284 -0.0 1890 0.86174 
0.89475 0.00148 0.8977 1 -0.0 1890 0.91661 
0.91450 0.00 140 0.91730 -0.0 1890 0.93620 
0.9 1556 0.00139 0.91834 -0.01890 0.93724 

0.91645 0.00139 0.91923 ..().01890 0.938 13 
0.9 1685 0.00 142 0.9 1969 -0.01890 0.93859 
0.9 1726 0.00135 0.9 1996 ~0 .01890 0.93886 

ST53-058 
ST53-100 

ST53·200 
ST53·300 
ST53-400 
ST53-4 10 
ST53-420 
ST53-430 

ST53-437 
ST53-440 
$T53-450 
ST53·46O 

ST53·470 
ST53-480 
ST53-486 
STS3-490 
ST53-500 
ST53-520 

ST53·540 
STS3~544 

ST53·560 
STS3~6oo 

ST53-6 16 
ST53-700 
ST53-705 

ST53·800 

0.53599 0.00118 0.53835 -0.01 890 0.55725 
0.66875 0.00126 0.67 127 ~0 .01890 0.690 17 
0.83257 0.00 140 0.83537 ~0.0 1 890 0.85427 
0.89343 0.00 146 0.89635 -0.0 1890 0.91525 
0.91547 0.00 142 0.91831 ~0.0 1 890 0.93721 
0.9 1835 0.00 134 0.92103 -0.01890 0.93993 
0.91799 0.00143 0.92085 -0.01890 0.93975 
0.9 1828 0.00134 0.92096 -0.01890 0.93986 

0.9 1935 0.00 125 0.92185 -0.01890 0.94075 
0.92067 0.00 150 0.92367 -0.01890 0.94257 
0.92 124 0.00 141 0.92406 -0.01890 0.94296 
0.91884 0.00146 0.92176 -0.0 1890 0.94066 
0.92198 0.00130 0.92458 -0.0 1890 0.94348 
0.92 136 0.0013 3 0.92402 -0 .0 1890 0.94292 
0.9 1895 0.00129 0.92 153 -0.0 1890 0.94043 
0.9 19 \9 0.00133 0.92 185 -0.0 1890 0.94075 
0.92 150 0.00131 0.924 12 -0.0 1890 0.94302 
0.91923 0.00142 0.92207 -0.OUI90 0.94097 
0.913 74 0.00136 0.9 1646 ·0.0 1890 0.93536 
0.9 1140 0.00 137 0.9 1414 ·0.01890 0.93304 
0.90820 0.00 129 0.9 1078 -0.0 1890 0.92968 
0.89889 0.00129 0.90 147 -0.0 1890 0.92037 
0.89495 0.00 126 0.89747 -0.0 1890 0.91637 
0.86625 0.001 16 0.116857 -0.01890 0.88747 

0.86395 0.00128 0.8665 1 -0.0 1890 0.8854 1 
0.83951 0.00130 0.84211 -0.0 1890 0.86101 

10XIO Square Lattice Max 0.94348 
TS53..()58 0.54148 0.00 11 3 0.54374 -0.0 1890 0.56264 
TS53-100 
TS53-2oo 
TS53-300 

TS53-4oo 
TS53-4 10 
TS53-420 
T553-430 

TS53-437 

0.67590 0.00 122 0.67834 -0.0 1890 0.69724 

0.83292 0.00 147 0.83586 -0.0 1890 0.85476 
0.89077 0.00139 0.89355 ·0.0 1890 0.91245 
0.90738 0.00145 0.9 1028 -0.0 1890 0.929 18 

0.9 11 04 0.00131 0.9 1366 -0.01890 0.93256 
0.9 11 30 0.00 148 0.91426 -0.0 1890 0.933 16 
0.91047 0.00139 0.91325 -0.0 1890 0.932 15 

0.91199 0.00 142 0.91483 -0.0 1890 0.93373 
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GNF NPC 
Safety Analysis Report 

T855-440 
T555-450 

TS55-460 
T855-470 
TS55-480 
T555-486 
TS55-490 
TS55-5oo 

T555·520 
TS55-540 
T555·544 
TS55-560 
TS55-600 

T555-6 16 
T555-700 
T555-705 
T555-800 

0.91657 0.00136 0.91929 -0.01890 0.93819 
0.9 18 11 0.00140 0.92091 -0.0 1890 0.9398 1 
0.91689 0.00132 0.91953 -0.01890 0.93843 
0.9 1762 0.00120 0.92002 ·0.0 1890 0.93892 
0.91840 0.00 139 0.92 11 8 -0.01890 0.94008 
0.91593 0.00\35 0.91863 -0.01890 0.93753 
0.91704 0.00132 0.9 1968 -0.01890 0.93858 
0.9 1197 0.00 131 0.9 1459 -0.01890 0.93349 
0.90540 0.00140 0.90820 -0.01890 0.92710 
0.90357 0.00 11 8 0.90593 -0.0[890 0.92483 
0.90034 0.001)4 0.90302 ·0.01890 0.92192 

0.89540 0.00129 0.89798 ·0.0 1890 0.9 1688 
0.88531 0.00144 0.88819 ·0.01890 0.90709 
0.87722 0.00137 0.87996 -0.01890 0.89886 
0.85289 0.0014 1 0.8557 1 -0.01890 0.8746 1 
0.85073 0.00128 0.85329 -0.01890 0.87219 
0.82054 0.00 11 8 0.82290 -0.0 1890 0.841 80 

lOX 10 Triangular Lattice Max 0.94008 
TT55-058 0.55040 0.00 127 0.55294 ·0.01890 0.57 184 
TI55- IOO 
Tf55-200 
11'55-]00 

TI55·400 
TI55·410 
TT55-420 

TT55-430 
11'55-437 
Tf55-440 
TT55-450 
TT55-460 
n '55-470 

n '55-480 
n'55-486 
TI55-490 
TT55-500 

0.68]74 0.0013 1 0.68636 -0,01890 0.70526 

0.84400 0.001 45 0.84690 -0.01890 0.86580 
0.89799 0.00138 0.9(}()75 -0.01890 0.9 1965 
0.91855 0.00128 0.92 111 -0.0 1890 0.9400 1 
0.91788 0.00132 0.92052 -0.0 1890 0.93942 
0.9 1832 0.00137 0.92106 -0.0 1890 0.93996 

0.9 1930 0.00 145 0.92220 -0.01890 0.941 10 
0.9 1945 0.00137 0.922 19 -0.01890 0.94109 
0.9 1708 0.00134 0.91976 -0.01890 0.93866 
0.91764 0.00132 0.92028 -0.01890 0.939 18 
0.91804 0.00136 0.92076 -0.01890 0.93966 
0.91984 0.00139 0.92262 -0.01890 0.941 52 
0.9 1913 0.001 42 0.92197 -0.0 1890 0 .94087 
0.9 1814 0.00127 0.92068 -0.01890 0.93958 
0.9 1853 0.00135 0.92123 -0.01890 0.94013 
0.91626 0.0014 1 0.91908 -0.01890 0.93798 

TS53-440 
TS53·450 
TS53-460 
TS53-470 
TS53-480 
TS53-486 
TS53-490 
TS5]-5oo 

TS5]-520 
TS53·540 
TS53·544 
TS53-560 
TS53-600 

TS53-6 16 
TS53-700 
TS53-705 

TS53 ·800 

0.90978 0.00 135 0.9 1248 -0.0 1890 0.93138 
0.91097 0.00 145 0.9 1387 -0.0 1890 0.93277 
0.90979 0.00 143 0.91265 -0.0 1890 0.93155 
0.91023 0.00137 0.9 1297 -0.0 1890 0.93 187 
0.90962 0.00128 0.9 12 18 -0.0 1890 0.93108 
0.9 1233 0.00138 0.91509 -0.0 1890 0.93399 
0.91015 0.00134 0.91283 ·0.01890 0.93 173 
0.9 1095 0.00 130 0.91355 -0.01890 0.93245 

0.90662 0.00 130 0.90922 -0.01890 0.928 12 
0.90 162 0.00 124 0.90410 -0.01890 0.92300 
0.90014 0.00134 0.90282 -0.0 1890 0.92 172 
0.89480 0.00132 0.89744 -0.0 1890 0.9 1634 
0.88256 0 .00129 0.88514 -0.01890 0.90404 
0.87863 0 .00 147 0.88157 -0.0 1890 0.90047 
0.85299 0.00 116 0.8553 1 -0.01890 0.8742 1 
0.84810 0.00 125 0.85060 -0.0 1890 0.86950 
0.82 193 0.00 128 0.82449 -0.0 1890 0.84339 

10X I0 Triangular 
Lattice Max 0.93399 

TI5]-058 0.54266 0.00108 0.54482 -0.0 1890 0.56372 
TTS3-100 
TT53-2oo 
'11'53-300 
TT53-400 
TT53-410 
TT53-420 

TT53-430 
n '53-437 
lT5]-440 

1T53-450 
TT53-460 
TT5J-470 

TT53·480 
TT53-486 
TT53-490 
lT53-500 

0.67055 0.00 128 0.673 11 -0.0 1890 0.6920 1 

0.83215 0.0015 1 0.835 17 -0.0 1890 0.85407 
0.89615 0.00148 0.899 11 -0.01890 0.9180 1 

0.9 106 1 0.00144 0.91349 -0.0 1890 0.93239 
0.91317 0.00 127 0.9157 1 -0.0 1890 0.9346 1 
0.9 1332 0.00 122 0.9 1576 -0.0 1890 0.93466 
0.9 1418 0.00 148 0.9 1714 -0.0 1890 0.9]604 
0.9 11 82 0 .00 127 0.9 1436 -0.01890 0.93326 

0.90957 0.00 12] 0.91203 -0.01890 0.93093 
0.9141 1 0.00 134 0.9 1679 -0.0 1890 0.93569 
0,9 1603 0.00 138 0.91879 -0.01890 0.93769 
0.9 1 [77 0.00 139 0.91455 -0.01890 0.93345 

0.9 1352 0.00136 0.91624 ·0.01890 0.935 14 
0.9 1204 0.00127 0.91458 -0.01890 0.93348 
0.9 1423 0 .00129 0.91681 -0.01890 0.9]57 1 
0.9 1291 0.00 126 0.91543 -0.01890 0.93433 
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GNF NPC 
Safety Analys is Report 

1155-520 
rr55·S40 
1155-S44 
lT55-560 
TT55-600 
1155·616 
1155·700 

0.91116 0.00 135 0.91386 -0.01890 0.93276 
0.90390 0.00 125 0.90640 -0.01890 0.92530 
0.90261 0.00125 0.90511 -0.01890 0.92401 
0.89714 0.00130 0.89974 -0.01890 0.91864 
0.89041 0.00139 0.89319 -0.01890 0.91209 
0.88483 0.00 140 0.88763 -0.01890 0.90653 
0.85564 0.00126 0.85816 -0.01890 0.87706 

1155-705 0.85512 0.00135 0.85782 -0.01890 0.87672 
IT55-800 0.82572 0.00114 0.82800 -0.01890 0.84690 

9X9 Square Lattice Max 0.94152 
NS55-058 0.55306 0.00105 0.55516 -0.01890 0.57406 
NS55- IOO 0.68336 0.00135 0.68606 -0.01890 0.70496 
NS55-200 0.84337 0.00138 0.84613 -0.01890 0.86503 
NS55-300 
NS55-400 
NS5S-410 
NSSS-420 
NS5S430 
NS5S-437 
NS55-440 
NS55-450 
f\SS5-460 
NS55-470 
NS55-480 
NS55-486 
NS5S49O 

SSS-500 
NS55-520 
NS55-S40 
NSSS-S44 
NSS5-560 
NS55-600 
NS55-6 16 
NSSS-700 
NSS5-70S 
NS55-800 

0.89649 0.00147 0.89943 -0.0 1890 0.91833 
0.9 1097 0.00133 0.9 1363 -0.0 1890 0.93253 
0.91OS2 0.00139 0.91330 -0.01890 0.93220 
0.91206 0.00146 0.91498 -0.01890 0.93388 
0.909 17 0.00137 0.91191 -0.01890 0.93081 
0.90993 0.00129 0.91251 -0.01890 0.93 141 
0.90950 0.00 133 0.91216 -0.01890 0.93 106 
0.91208 0.00130 0.91468 -0.01890 
0.91120 0.00139 0.91398 -0.01890 
0.90951 0.00128 0.91207 .{I.0189O 
0.90983 0.00128 0.91239 -0.01890 

0.93358 
0.93288 
0.93097 
0.93 129 

0.910 10 0.00133 0.91276 -0.01890 0.93166 
0.90953 0.00122 0.91197 -0.0 1890 0.93087 
0.90431 0.00 123 0.90677 .{I.01890 0.92567 
0.89984 0.00 135 0.90254 -0.01890 0.92144 
0.89459 0.00125 0.89709 -0.01890 0.91S99 
0.8931S 0.00 132 0.89579 -0.01890 0.91469 
0.88391 0.00 129 0.88649 -0.01890 0.90539 
0.87385 0.00 134 0.87653 -0.01890 0.89S43 
0.861\95 0.00138 0.87 171 -0.01890 0.8906 1 
0.841 98 0.00135 0.84468 -0.0 1890 0.863S8 
0.84039 0.00126 0.84291 -0.01890 0.86181 
0.80795 0.0014 1 0.81077 -0.01890 0.82967 

lT53-520 
lTS3-S40 
TT53-544 
TT53-560 
TT53-600 
TT53-616 
1153-700 

0.90925 0.00127 0.9 1179 -0.01890 0.93069 
0.90431 0.00143 0.90717 -0.01890 0.92607 
0.90282 0.00127 0.90536 -0.01890 0.92426 
0.90016 0.00126 0.90268 .{I.01890 0.92158 
0.88381 
0.88351 
0.8S671 

0.00137 0.886SS .{I.0189O 0.90545 
0.00130 0.88611 .{I.0189O 0.90501 
0.00139 0.85949 -0.01890 0.87839 

TT53-70S 0.85372 0.00136 0.85644 -0.01 890 0.87S34 
1153-800 0.82783 0.00127 0.83037 -0.01890 0.84927 

9X9 Square Lattice Max 0.93769 
NSS3-058 0.S4273 0.00117 0.54507 -0.01890 0.56397 
NS53· )00 0.67 178 0.00127 0.67432 -0.01890 0.69322 
NS53-200 0.83608 0.00140 0.83888 -0.01890 0.85778 
NS53-300 
NS53-400 
NS53-410 
NS53-420 
NS53-430 
NS53-437 
NS53-440 
NS53-450 
NS53-460 
NS53-470 
NS53-480 
NS53-486 
NS53-490 
NS53-500 
NSS3-520 
NSS3 -540 
NS53-544 
NS53-560 
NS53-600 
NS53-6 16 
NS53-7oo 
NS53-705 
NS53-800 

0.88886 0.00 146 0.89178 ·0.0 1890 0.91068 
0.90145 0.00 124 0.90393 -0.01890 0.92283 
0.90492 0.00134 0.90760 -0.01890 0.92650 
0.90376 0.00 143 0.90662 -0.01890 0.92552 
0.90676 0.0012 1 0.90918 -0.01890 0.92808 
0.90598 0.00145 0.90888 -0.01890 0.92778 
0.905 13 0.00127 0.90767 ·0.01890 0.92657 
0.90605 
0.9055 I 
0.90197 
0.90286 

0.00140 
0.00140 
0.00130 
0.00138 

0.90885 -0.01890 
0.90831 -0.01890 
0.90457 -0.01890 
0.90562 -0.01890 

0.92775 
0.9272 1 
0.92347 
0.92452 

0.90274 0.00133 0.90540 -0.01890 0.92430 
0.90624 0.00137 0.90898 -0.01890 0.92788 
0.90315 0.00134 0.90583 -0.01890 0.92473 
0.89996 0.00146 0.90288 -0.01890 0.92 178 
0.894 16 0.00122 0.89660 .{I.0189O 0.91550 
0.88983 0.00121 0.89225 -0.01890 0.9 11 15 
0.88740 0.00127 O.lUI994 ·0.01890 0.90884 
0.87346 0.00123 0.87592 -0.01 890 0.89482 
0.87 114 0.001 14 0.87342 -0.01890 0.89232 
0.84080 0.00128 0.84336 -0.0 1890 0.86226 
0.84034 0.00135 0.84304 ·0.01890 0.86 194 
0.81079 0.00 117 0.81313 -0.0 1890 0.83203 
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GNF NPe 
SafelY Analysis Report 

9X9 Triangular Lattice Max 0.93388 
NT55-058 0.55089 0.001 15 0.55319 -0.01890 0.57209 
NT55-JOO 0.68309 0.00134 0.68577 -0.01890 0.70467 
NT55-200 0.84150 0.00132 0.844 14 -0.01890 0.86304 
NT55-300 0.89486 0.00146 0.89778 ·0.01890 0.91668 
NTS5-400 0.91436 0.00135 0.9 1706 ·0.01890 0.93596 
NT55-4[ O 0.91469 0.00137 0.91743 -0.01890 0.93633 
NT55420 0.9 1272 0.00 140 0.9 1552 -0.01890 0.93442 
NT55430 0.91568 0.00137 0.9 1842 ·0.01890 0.93732 
NT55-437 0.91328 0.0013 1 0.9 1590 -0.0\890 0.93480 
NT55-440 0.9 11 91 0.00136 0.9 1463 -0.01890 0.93353 
NT55-450 0.90938 0.00133 0.91204 -0.01890 0.93094 
NT55 -460 0.91 140 0.00 134 0.91408 -0.0[890 0.93298 

NT55-470 0.91613 0.00144 0.91901 -0.01890 0.93191 
NT55-480 0.9 11 73 0.00136 0.9 1445 ·0.01890 0.93335 
NT55-486 0.90964 0.00137 0.9 1238 -0.01890 0.93128 
NT55-490 0.91 142 0.00144 0.9 1430 -0.01890 0.93320 
NT55-500 0.90813 0.00140 0.91093 -0.01890 0.92983 
NT55-520 0.90368 0.00129 0.90626 -0.0 1890 0.92516 
NT55-540 0. 89606 0.00129 0.89864 -0.01 890 0.91754 
NT55-544 0.89866 0.00134 0.90134 -0.01890 0.92024 
NT55-560 0.88863 0.00124 0.89 11 1 -0.01890 0.9 100 1 
NT55-600 0.88028 0.00128 0.88284 -0.01890 0.90 174 
NT55-616 0.87458 0.00121 0.87700 -0.01890 0.89590 
NT55-700 0.84750 0.00129 0.85008 -0.01890 0.86898 
NT55-705 0.84532 0.001 19 0.84770 -0.01890 0.86660 
NT55-BOO 0.81145 0.00133 0.B1411 -0.01890 0.8330 1 

axa Square LaHice Max 0.9379 1 
ES55-058 0.55345 0.00111 0.55567 -0.01890 0.57457 
ES55-100 0.68369 0.00132 0.68633 -0.0 1890 0.70523 
ES55-2oo 
ES55 -3oo 

ES55400 
ES55410 
ES55-420 
ES55-430 

0.84220 0.00160 0.84540 -0.01890 0.86430 
0.89099 0.00136 0.89371 -0.01890 0.9 126 1 

0.89977 0.00143 0.90263 -0.01890 0.92 153 
0.90354 0.00 123 0.90600 -0.01890 0.92490 
0.90405 0.00 146 0.90697 -0.01890 0.92587 

0.90468 0.00 14 1 0.90750 -0.01890 0.92640 

9X9 Triangular Lattice Max 0.92808 
NT.53-0.58 0 . .5433.5 0.00 109 0.54553 -0.01 890 0 . .56443 
NT53- 100 0.67595 0.00132 0.67859 -0.01 890 0.69749 
NT53-200 
NT53-300 

NT53-400 
NT53-410 
NT53-420 
NT53-430 
NT53-437 
NT53-440 

NT53-450 
NT53460 
NT53-470 
NT53-480 
NT53-486 
NT53490 
NT53-500 
NT53-520 
NT53-540 
NT53-544 
NT53-560 
NT53-600 
NT53-616 
NT53-700 
NT53-705 
NT53-8oo 

0.8346\ 0.00149 0.83759 -0.01890 0.85649 
0.89066 0.00145 0.89356 -0.01890 0.91246 
0.907 10 0.00131 0.90972 -0.01890 0.92862 
0.90744 0.00 130 0.91004 -0.01890 0.92894 
0.90779 0.00139 0.91057 -0.01 890 0.92947 
0.9089 1 0.00 139 0.9 11 69 -0.0 1890 0.93059 
0.90957 0.00141 0.9 1239 -0.01 890 0.93129 
0.90649 0.001 22 0.90893 -0.01890 0.92783 

0.90883 0.00126 0.91135 -0.01890 0.93025 
0.90779 0.00 130 0.91039 -0.01890 0.92929 
0.90779 0.00132 0.91043 -0.01890 0.92933 

0.90674 0.00122 0.90918 -0.01890 0.92808 
0.90956 0.00 125 0.91206 -0.01890 0.93096 
0.90563 0.00141 0.90845 -0.01890 0.92735 
0.90508 0.00141 0.90790 -0.01890 0.92680 
0.90368 0.00139 0.90646 -0.01890 0.92536 
0.89853 0.00127 0.90107 -0.0 1890 0.91997 
0.89597 0.00128 0.89853 -0.01890 0.91743 
0.89019 0.00144 0.89307 -0.0 1890 0.91 197 
0.87457 0.001 32 0.8772 1 -0.01890 0.8961 1 
0.87225 0.001 30 0.87485 -0.01890 0.89375 
0.84556 0.00113 0.84782 -0.0 1890 0.86672 
0.84255 0.00122 0.84499 -0.0 1890 0.86389 
0.8 1341 0.00 11 3 0.81567 -0.01890 0.83457 

8X8 Square Lattice Max 0.93129 
ES53-058 0.5438 1 0.00109 0.54599 -0.0 1890 0.56489 

ES53·100 0.6774 1 0.00123 0.67987 -0.0 1890 0.69877 
ES53-200 
ES53-300 

ES53-400 
ES53-410 
ES53-420 
ES53-430 

0.835 18 0.00139 0.83796 -0.0 1890 0.85686 
0.88706 0.00 144 0.88994 -0.0 1890 0.90884 

0.90223 0.00 126 0.90475 -0 .01890 0.92365 
0.89620 0.00 147 0.899 14 -0.01890 0.91804 
0.89884 0.00136 0.90156 -0.01 890 0.92046 
0.89861 0.00 141 0.90143 -0.01890 0.92033 
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GNF NPC 
Safety Analysis Report 

ES55-437 
ES55-440 
ES55-450 
ES55-46O 
ES55-470 
ES55-480 
ES55-486 
ES55-490 
ES55-500 
ES55-520 
ES55-540 
ES55-544 
£S55-560 
ES55-600 
£S55-6 16 
ES55-700 
ES55-705 
ES55-800 

0.90462 0.00141 0.90744 -0.0 1890 0.92634 
0.90234 0.00139 0.90512 -0.01890 0.92402 
0.90232 0.00 142 0.905 16 -0.0 1890 0.92406 
0.90180 0.00 129 0.90438 -0.01890 0.92328 
0.90183 0.00123 0.90429 -0.01890 0.923 19 
0.89946 0.00131 0.90208 -0.01890 0.92098 
0.90036 0.00 131 0.90298 -0.01890 0.921 88 
0.90260 0.00150 0.90560 -0.01890 0.92450 
0.89770 0.00135 0.90040 -0.01890 0.91930 
0.88985 0.00 122 0.89229 -0.01890 0.91119 
0.88415 0.00124 0.88663 -0.0 1890 0.90553 
0.88 113 0.00136 0.88385 -0.01890 0.90275 
0.87296 0.00139 0.87574 -0.0 1890 0.89464 
0.86390 0.00128 0.S6646 -0.0 1890 0.88536 
0.85966 0.00121 0.S6208 -0.0IS90 0.88098 
0.83 164 0.00 122 0.8340S -0.0 1890 0.85298 
0.82878 0.00127 0.83132 -0.01890 0.85022 
0.79782 0.00128 0.80038 -0.01890 0.8 1928 

8XS Triangular Lattice Max 0.92640 
ET55-058 0.55315 0.00 120 0.55555 -0.01890 0.57445 
ET55- 100 0.68083 0.00 141 0.68365 -0.01890 0.70255 
ETS5-200 0.84213 0.0013 1 0.84475 -0.01890 0.86365 
ET55-3oo 
ET55-400 
ET55-4 10 
ET55-420 
ET55-430 
ET5 5-437 
ET55-440 
ET55-450 
ET55-460 
ET55-470 
ET55-480 
ET55-486 
ET55-490 
ETS5-500 

0.89320 0.00138 0.89596 -0.0 1890 0.91486 
0.90666 0.00146 0.90958 -0.0 1890 0.92848 
0.905 12 0.00126 0.90764 -0.01890 0.92654 
0.90661 0.00145 0.9095 1 -0.01890 0.92841 
0.90590 0.00135 0.90860 -0.01890 0.92750 
0.90866 0.00 143 0.91152 -0.01890 0.93042 
0.9065 1 0.00139 0.90929 -0.01890 0.928 19 
0.90883 0.00143 0.91169 -0.01890 0.93059 
0.90526 0.00144 0.90814 -0.01890 0.92704 
0.90137 0.00 123 0.90383 -0.01890 0.92273 
0.90434 0.00 132 0.90698 ·0.01890 0.92588 
0.9072 1 0.00 11 8 0.90957 -0.01890 0.92847 
0.9062 1 0.00132 0.90885 -0.0 1890 0.92775 
0.90493 0.00 134 0.9076 1 -0.0 1890 0.9265 1 

ES53-437 
ES53-440 
ES53-450 
ES53-46O 
ES53-470 
ES53-480 
ES53-486 
ES53-490 
ES53-500 
E553-520 
E553-540 
£S53 -544 
E$53-560 
ES53-6oo 
ES53-6 16 
ES53-700 
ES53-705 
£$53-800 

0.90128 0.00137 0.90402 -0.0 1890 0.92292 
0.89881 0.00141 0.90163 -0.01890 0.92053 
0.89963 0.00 122 0.90207 -0.01890 0.92097 
0.89897 0.00 134 0.90165 -0.0 1890 0.92055 
0.89722 0.00 132 0.89986 -0.01890 0.91876 
0.89409 0.00138 0.89685 -0.01890 0.9 1575 
0.897 15 0.00141 0.89997 -0.01890 0.91887 
0.89606 0.00138 0.89882 -0.01890 0.91772 
0.89228 0.00129 0.89486 -0.0 1890 0.9 1376 
0.89186 0.00129 0.89444 -0.01890 0.91334 
0.8848\ 0.00133 0.88747 -0.01890 0.90637 
0.88145 0.00136 0.884 17 -0.01890 0.90307 
0.87976 0.00136 0.88248 -0.0 1890 0.90 138 
0.86222 0.00 128 0.86478 -0.0 1890 0.88368 
0.85542 0.00 147 0.85836 -0.0 1890 0.87726 
0.83006 0.00134 0.83274 -0.01890 0.85 164 
0.82958 0.00 137 0.83232 -0.01890 0.85 122 
0.79728 0.00 11 7 0.79962 -0.01890 0.8 1852 

8X8 Triangular Lattice Max 0.92365 
£T53-058 0.54547 0.00 11 8 0.54783 -0.01890 0.56673 
ET53-IOO 0.674 10 0.00 124 0.67658 -0.01890 0.69548 
ET53-200 0.83455 0.0015 1 0.83757 -0.01890 0.85647 
ET53-300 
ET53-4oo 
ET53-410 
ET53-420 
ET53-430 
ET53-437 
ET53-440 
ET53-450 
ET53-460 
ET53-470 
£T53-480 
ET53-486 
ET53-490 
ET53-500 

0.88774 0.00 144 0.89062 -0.01890 0.90952 
0.90372 0.00138 0.90648 -0.01890 0.92538 
0.90 142 0.00 151 0.90444 -0.01890 0.92334 
0.90038 0.00 121 0.90280 -0.0 1890 0.92170 
0.90293 0.00 137 0.90567 -0.0 1890 0.92457 
0.89923 0.00140 0.90203 -0.0 1890 0.92093 
0.90455 0.00135 0.90725 -0.0 1890 0.92615 
0.90115 0.00 128 0.90371 -0.0 1890 0.92261 
0.89725 0.00 129 0.89983 -0.0 1890 0.9 1873 
0.90115 0.00127 0.90369 -0.0 1890 0.92259 
0.89963 0.00 139 0.90241 -0.01890 0.92131 
0.90080 0.00135 0.90350 -0.0 1890 0.92240 
0.89888 0.00 125 0.90 138 -0.0 1890 0.92028 
0.89997 0.00 128 0.90253 -0.01890 0.92 143 
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GNF NPC Docket No. 71 -9294 
Safety Analysis Report Revision 2. 9/2002 

ETSS·520 0 .89549 0.00131 0.8981 1 -0.01890 0.91701 ET5J-520 0.89637 0.00135 0.89907 -0.0 1890 0.91797 
ETS5-S40 0.88883 0.0013 7 0.89157 -0.01890 0.91047 ET53-S40 0.887 16 0 .00138 0 .88992 -0.01890 0.90882 
ETS5-544 0.88853 0.00126 0.89\05 -0.0 1890 0.90995 ETS3-S44 0.88618 0.00 126 0.88870 -0.01890 0.90760 

ET55-560 0.88420 0.001 23 0.88666 -0.01890 0.90556 ET53-560 0.88169 0.00121 0.884 11 ·0.01890 0.9030 1 
ET55-600 0.86921 0.00130 0.87 181 -0.01890 0.89071 ETS3-600 086827 0.00 127 0.8708 1 -0.01890 0.8897 1 

E155-616 0.86 165 0.00143 0.8645 1 -0.01890 0.88341 ETS3-6 16 0.8654 1 0.00 137 0.86815 -0.01890 0.88705 

ETSS-700 0.83365 0.00129 0.83623 -0.01890 0.85513 ET53-700 0 .83148 0.00138 0.83424 · 0.0 1890 0.85314 

ET55-705 0.83226 0.00130 0.83486 ·0.0 1890 0.85376 ET53·705 0.83125 0.0012 1 0.83367 ·0.01890 0.85257 

ETS5· BOO 0.80070 0.0012 7 0.80324 -0.0 1890 0.82214 ETSJ·8oo 0.79972 0.00121 0.802 14 ·0.0 1890 0.82104 

M" 0.93059 M" 0.92615 

Max VFO 0.94963 Max VFO 0.94348 
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Table 6.20 - Listing of GEMER Calculations for 46Kg Heterogeneous Cases 

46 Kg Single Container Case with VFO 
VFO-Name VFO-KEFF VFO-Sigma K+2S Bias K+2S - B VFO-Name VFO-KEFF VFO-Sigma K+2S Bias 

0.200" Rods - Square Lattice 

MSSl-058 0.486 19 0.00111 0.4884 1 -0.01890 0.50731 
MSSL-IOO 0.60077 0.00 126 0.60329 -0.01890 0.62219 
MSSL-200 0.75505 0.00 14\ 0.75787 ·0.01890 0.77677 
MSSL-300 0.82073 0.00136 0.82345 -0.01890 0.84235 
MSSL-400 0.84290 0.00145 0.84580 ·0.01890 0.86470 
MSSL-410 0.842]5 0.00134 OJI4503 ·0.01890 0.86393 

MSSL-420 0.84374 0.00 143 0.84660 -0.0 1890 0.86550 
MSSL-430 0.84597 0.00139 0.84875 -0.0 1890 0. 86765 
MSSL-437 0.84393 0.00 149 0.8469 1 ·0.01890 0.86581 
MSSL-440 0.8441 2 0.00 142 0.84696 -0.0 1890 0.86586 
MSSL-450 0.84629 0.00145 0.849 19 -0.01890 0.86809 
MSSL-460 0.84319 0.00 148 0.84615 -0.01 890 0.86505 
MSS L-470 0.84467 0.00145 0.84757 -0.01890 0.86647 
MSSL-480 0.84335 0.00 136 0.84607 -0.0 1890 0.86497 
MSSL-486 0.84529 0.00139 0.84807 -0.0 1890 0.86697 
MSSL-490 0.84542 0.00139 0.84820 -0.0 1890 0.86710 
MSSL-500 0.84468 0.00147 0.84762 -0.01890 0.86652 
MSSL-520 0.84432 0.00146 0.84724 -0.0 1890 0.86614 
MSSL-540 0.84409 0.00135 0.84679 -0.01890 0.86569 
MSSL-544 0.84304 0.00 133 0.84570 -0.01890 0.86460 
MSSL-560 0.84 122 0.00 156 0.84434 -0.01890 0.86324 
MSSL-600 0.83829 0.00132 0.84093 -0.01890 0.85983 
MSSL-616 0.83724 0.00 135 0.83994 -0.01890 0.85884 
MSSL-7oo 0.81857 0.00138 0.82133 -0.01890 0.84023 
MSSL-705 0.8177 1 0.00 116 0.82003 -0.01890 0.83893 
MSSL-800 0.797 16 0.00 127 0.79970 -0.0 1890 0.8 1860 

MSTL-058 
MSTL- IOO 

0.200" Rods - Triangular Lattice 
0.48770 0.00 100 0.48970 
0.5984 1 0.00121 0.60083 

-0.01890 
-0.0 1890 

0.86809 

0.50860 
0.6 1973 

MNSL-058 
MNSL-100 
MNSL-200 
~SL-300 

MNSL-400 
MNSL-410 
MNSL-420 
MNSL-430 
MNSL-437 
MNSL-440 
MNSL-450 
MNSL-460 
MNSL-470 
MNSL-480 
MNSL-486 
MNSL-490 
MNSL-500 
MNSL-520 
MNSL-540 
MNSL-544 
MNSL-560 
MNSL-600 
MNSL-616 
MNSL-7oo 
MNSL-705 
MNSL-800 

MNTL-058 
MNTL- IOO 

0.050" Rods - Square Lattice 
0.48231 0.00102 0.48435 -0.01890 0.50325 
0.58753 0.00 123 0.58999 -0.0 1890 0.60889 
0.73674 0.00 142 0.73958 -0.0 1890 0.75848 
0.80462 0.00144 0.80750 -0.0 1890 0.82640 
0.8328 1 0.00138 0.83557 -0.01890 0.85447 
0.83423 0.00138 0.83699 -0.01890 0.85589 
0.83788 0.00144 0.84076 -0.01890 0.85966 
0.83672 0.00 146 0.83964 -0.01890 0.85854 
0.83735 0.00143 0.8402 1 -0.0 1890 0.8591 I 
0.83673 0.00 141 0.83955 -0.0 1890 0.85845 
0.83798 0.00150 0.84098 -0.0 1890 0.85988 
0.84235 0.00135 0.84505 -0.01 890 0.86395 
0.84 190 0.00138 0.84466 -0.01890 0.86356 
0.842 10 0.00150 0.84510 -0.01890 0.86400 
0.84403 0.00 135 0.84673 -0.0 1890 0.86563 
0.84444 0.00 152 O.!N748 -O.OIl:i90 O.S6638 
0.84320 0.00 141 0.84602 -0.0 1890 0.86492 
0.84886 0.00 147 0.85 180 -0.01890 0.87070 
0.846 11 0.00 139 0.84889 -0.01890 0.86779 
0.84510 0.00 129 0.84768 -0.01890 0.86658 
0.84461 0.00 157 0.84775 -0.0 1890 0.86665 
0.84725 0.00 14 1 0.85007 -0.01890 0.86897 
0.84444 0.00 131 0.84706 -0.01890 0.865% 
0.83314 0.00 140 0.83594 -0.01890 0.85484 
0.8332 1 0.00 145 0.83611 -0.01890 0.8550 1 
0.8 1838 0.00 133 0.82 104 -0.01890 0.83994 

0.050" Rods - Triangular Lattice 
0.47952 0.00115 0.48 182 
0. 5873 1 0.001]2 0.58995 

Max 

-0.01 890 
-0.01890 

0.87070 

0.50072 
0.60S85 
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GNF NPC 
Safety Analysl. Report 

MSTL-200 0.75817 0.00 143 0.76103 -0.01890 0.77993 
MSTL-300 0.IU968 0.00 152 0.82272 -0.01890 0.84162 
MSTL-400 0.84382 0.00138 0.84658 -0.01890 0.86548 
MSTL-410 0.84444 0.00148 0.84740 -0.01890 0.86630 
MSTL-420 0.84529 0.00148 0.84825 -0.01890 0.86715 
MSTL-430 0.84313 0.00 148 0.84609 -0.01890 0.86499 
MSTL-437 0.84447 0.00143 OJI4733 -0.0 1890 0.86623 
MSTL-440 0.84523 0.00129 0.84781 -0.01890 0.86671 
MSTL-450 0.845 15 0.00135 0.84785 -0.01890 0.86675 
MSTL460 0.84471 0.00150 0.84771 -0.01890 0.8666 1 
MSTL-470 0.844 16 0.00131 0.84678 -0.0 1890 0.86568 
MSTL480 0.84576 0.00131 0.84838 -0.01890 0.86728 
MSTL486 0.84832 0.00155 0 .85142 -0.01890 0.87032 
MSTL-490 0.84457 0.00138 0.84733 ·0.01890 0.86623 
MSTL-500 0.84902 0.00 134 0.85170 -0.0 1890 0.81060 
MSTL-520 0.84510 0.00149 0.84808 -0.01890 0.86698 
MSTL-540 0.84382 0.00135 0.84652 -0.01890 0.S6542 
MSTL-544 0.84344 0.00143 0.84630 -0.01890 0.86520 
MSTL-560 0.84415 0.00146 0.84701 -0.0 1890 0.86591 
MSTL-600 0.84084 0.00133 0.84350 -0.01890 0.86240 
MSTL-616 0.83HS 0.00128 0.83834 -0.01890 0.85724 
MSTL-7oo 0.81979 0.00136 0.S2251 -0.01890 0.84141 
MSTL-705 0.82340 0.00 126 0.82592 -0.0 1890 0.8441:12 
MSTL-8oo 0.80041 0.00128 0.80291 -0.0 1890 0.82181 

0.84902 Max 0.S7060 
Max S&'1"" 0.87060 

0.100" Rods - Square Laltice 
MTSL-058 0.48431 0.00 11 5 0.48667 -0.0 1890 0.50551 
MTSL-JOO 0.5941:16 0.00123 0.59732 -0.0 1890 0.6 1622 
MTSL-200 0.74634 OJ)() 147 0.74928 -0.01890 0.768 18 
MTSL-300 0.81045 0.00143 0.81331 -0.01890 0.83221 
MTSL-400 0.841 11 0.00138 0.84387 -0.01890 0.86217 
MTSL-410 0.84055 0.00133 0.84321 -0.01 890 0.862 11 
MTSL-420 0.1:14461 0.00139 0.84739 -0.01890 0.86629 
MTSL-430 0.114466 0.00127 0.84720 -0.0 1890 0.866 10 
MTSL-431 0.84537 0.00144 0.84825 -0.01890 0.867 15 

MNTL-2oo 
MNTL-300 
MNTL-400 
MNTL-4 10 
MNTL-420 
MNTL-430 
MNTL-43 7 
MNTl-440 
MNTL-450 
MNTL-46O 
MNTL-470 
MNTL-480 
MNTL-486 
MNTL-490 
MNTL-500 
MNTL-520 
MNTL-540 
MNTL-544 
MNTL-560 
MNTL-600 
MNTL-616 
MNTL-1oo 
MNTL-105 
MKTL-800 

MESL-058 
MESL- IOO 
MESL-200 
MESL-300 
MESL-400 
MESL-41O 
MESL-420 
MESL-430 
MESL-437 

0.13965 
0.80406 
0.83 101 
0.83656 
0.83506 
0.83766 
0.83675 
0.83803 
0.84039 
0.83914 
0.84254 
0.84460 
0.84535 
0.84268 
0.84221 
0.84386 
0.84260 
0.84529 
0.84643 
0.84713 
0.84206 
0.83241 
0.83321 
0.82066 
0.84113 

Docket No. 71·9294 
Revision 2. 9/2002 

0.00 140 0.74245 -0.01890 0.76135 
0.00135 0.80676 -0.01890 0.82566 
0.00 150 0.83401 -0.01890 0.85291 
0.00 137 0.83930 -0.01890 0.85820 
0.«>0153 0.83812 -0.01890 0.85702 
0.00147 0.84060 -0.01890 0.85950 
0.00 136 0.83947 -0.01890 0.85837 
0.00 14 1 0.84085 -0.01890 0.85915 
0.00 138 0.843 15 -0.01890 0.86205 
0.00143 0.84200 -0.0 1890 0.86090 
0.00 150 0.84554 -0.01890 0.86444 
0.00137 0.84734 -0.01890 0.86624 
0.00 138 0.84811 -0.01890 0.8670 1 
0.00129 0.84526 -0.01890 0.864 16 
0.00 133 0.84487 -0.0 1890 0.86371 
0.00141 0.84668 -0.0 1890 0.86558 
0.0014 1 0.84542 -0.011190 0.86432 
0.00128 OJI4785 -0.01890 0.86675 
0.00140 0.84923 -0.01890 0.86813 
0.00141 0.84995 -0.01890 0.86885 
0.00138 0.84482 -0.01890 0.86312 
0.00128 0.83491 -0.01890 0.85387 
0.00 140 0.83601 -0.01890 0.85497 
0.00 131 0.82328 -0.01890 0.84218 

Max 0.86885 
Max S&r 0.87070 

0.025" Rods - Square lattice 
0.47690 0.00 11 1 0.479 12 -0.01890 0.49802 
0.58435 0.00 128 0.58691 -0.01890 0.6058 1 
0.73050 0.00 153 0.73356 -0.01890 0.75246 
0.79411 0.00 158 0.79127 -0.01890 0.8 1617 
0.82429 0.00 139 0.82701 -0.0 1890 0.84597 
0.8241 1 0.00 152 0.82721 -0.01890 0.846 11 
0.83070 0.00 142 0.83354 -0.01890 0.85244 
0.83316 0.00 148 0.836 12 -0.01890 0.85502 
0.83 162 0.00 138 0.83438 -0.01890 0.85328 
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GNF NPC 
Safety Analysis Report 

MTSL-440 0.8463 1 0.00130 0.8489 1 -0.01890 0.8618 1 
MTSL-450 0.84523 0.001 42 0.84807 -0.01890 0.86697 
MTSL-460 0.84688 0.00133 0.84954 -0.01890 0.86844 
MTSL-470 0.847 10 0.00136 0.84982 -0.01890 0.86872 
MTSL-480 0.84680 0.00 147 0.84974 -0.01890 0.86864 
MTSL-486 0.84858 0.00 140 0.85138 -0.01890 0.87028 
MTSL-490 0.84532 0.00 126 0.84784 -0.0 1890 0.86674 
MTSL-500 0.84727 0.00135 0.84997 -0.0 1890 0.86887 
MTSL-520 0.85062 0.00 140 0.85342 -0.01890 0.87232 
MTSL-540 0.85424 0.00146 0.85716 -0.01890 0.87606 
MTSL-544 0.85052 0.0014 1 0.85334 -0.01890 0.87224 
MTSL-560 0.84946 0.00132 0.852 10 -0.0 1890 0.87100 
MTS L-600 0.85040 0.00139 0.85318 -0.01890 0.87208 
MTSL-616 0.84872 0.00131 0.85134 -0.01890 0.87024 
MTSL-700 0.83377 0.00144 0.83665 -0.0 1890 0.85555 
MTSL-705 0.83436 0.00148 0.83732 -0.01890 0.85622 
MTS L-800 0.8 1657 0.00 138 0.8 1933 -0.01890 0.83823 

0.87606 
0. 100" Rods - Triangular Lattice 

MTTL-058 0.48163 0.00119 0.48401 -0.01890 0.50291 
MTTL-IOO 0.59320 0.00\36 0.59592 -0.01890 0.6 1482 
MTTL-200 0.74350 0.00138 0.74626 -0.0 1890 0.76516 
MTTL-300 0.8 1212 0.00137 0.8 1486 -0.01 890 0.83376 
MTTL-400 0.84 174 0.00 156 0.84486 -0.0 1890 0.86376 
MTTL-4 10 0.83926 0.00 139 0.84204 -0.01890 0.86094 
MTTL-420 0.84373 0.00 145 0.84663 -0.01890 0.86553 
MTTL-430 0.84611 0.00 139 0.84889 -0.01890 0.86779 
MTIL-437 0.84414 0.00146 0.84706 -0.01890 0.86596 
Mn·L-440 0.84348 0.00 153 0.84654 -0.0 1890 0.86544 
MTTL-450 OJI45 14 0.00138 0.84790 -0.0 1890 0.86680 
MTTL-460 0.84780 0.00 135 0.85050 -0.0 1890 0.86940 
MTTL-470 0.851 12 0.00 150 0.854 12 -0.0 1890 0.87302 
MTTL-480 0.84924 0.00144 0.852 12 -0.01890 0.87102 
MTIL-486 0.84843 0.00 131 0.85 105 -0.01890 0.86995 
MTTL-490 0.849 11 0.00 142 0.85 195 -0.01890 0.87085 
MTrL-500 0.84786 0.00 139 0.85064 -0.01890 0.86954 

MES L-440 
MESL-450 
MESL-460 
MESL-470 
MESL-480 
MESL-486 
~ESL-490 

MESL-500 
MES L-520 
MESL-540 
MESL-S44 
MESL-560 
MESL-600 
MESL-616 
MESL-700 
MESL-705 
MES L-800 

METL-OS8 
METL- IOO 
MET1..-200 
METL-300 
METL-400 
METL-4 10 
METL-420 
METlA30 
METL-437 
METL-440 
METL-4S0 
METL-460 
METL-470 
METL-480 
METL-486 
METL-490 
METL-500 

Docket No. 71-9294 
Revision 2, 9/2002 

0.83442 0.00 141 0.83724 -0.0 \890 
0.83420 0.00 151 0.83722 -0.0 1890 
0.835 19 0.00133 0.83785 -0.0 1890 
0.83568 0.00135 0.83838 -0.01890 
0.83594 0.00143 0.83880 -0.01890 
0.83832 0.0014 1 0.8411 4 -0.0 1890 
0.83623 0.00138 0.83899 -0.01890 
0.83853 0.00 129 0.84 111 -0.01890 
0.83892 0.00139 0.841 70 -0.0 1890 
0.83576 0.00 142 0.83860 -0.01890 
0.83794 0.00 148 0.84090 -0.01890 
0.83988 0.00132 0.84252 -0.01890 
0.84060 0.00 133 0.84326 -0.01890 
0.83660 0.00 137 0.83934 -0.01890 
0.82816 0.00 143 0.83 102 -0.0 1890 
0.82778 0.00 129 0.83036 -0.01890 
0.8 1671 0.00133 0.8 1937 ·0.0 1890 

Mox 
0.02SM Rods - Triangular Lattice 
0.48044 0.00 109 0.48262 -0.0 1890 

0.856 14 
0.85612 
0.85675 
0.85728 
0.85770 
0.86004 
0.85789 
0.86001 
0.86060 
0.85750 
0.85980 
0.86142 
0.86216 
0.85824 
0.84992 
0.84926 
0.83827 
0.86216 

0.50152 
0.583 14 0.00134 0.58582 -0.01890 0.60472 
0.73344 0.00 132 0.73608 -0.0 1890 0.75498 
0.796 17 0.00139 0.79895 -0.01890 0.8 1785 
0.826 19 0.00140 0.82899 -0.01890 0.84789 
0.83031 0.00148 0.83327 -0.01890 0.85217 
0.8303) 0.00 150 0.83333 -0.01890 0.85223 
0.83249 0.00153 0.835S5 -0.01890 0.85445 
0.83021 0.00137 0.83295 -0.01890 0.85185 
0.83166 0.00 141 0.83448 -0.0 \890 0.85338 
0.83260 0.00 137 0.83534 -0. 01890 0.85424 
0.83529 0.00140 0.83809 -0.01890 0.85699 
0.837 17 0.00 151 0.84019 -0.01890 0.85909 
0.83559 0.00 137 0.83833 -0.01890 0.85723 
0.83568 0.00145 0.83858 -0.01890 0.85748 
0.R34R9 0.00 141 0.8377 1 -0.01890 0.85661 
0.83764 0.00134 0.84032 -0.01890 0.85922 
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GNF NPC 
Safety Analysis Report 

MTTL-S20 0.84861 0.00138 0.85137 -0.01890 0.87027 
MITL-540 0.84927 0.00 133 0.85193 -0.0 1890 0.87083 
MTTL-S44 0.849 17 0.00138 0.85193 -0.0 1890 0.87083 
MITL-560 0.84723 0.00 153 0.85029 -0.0 1890 0.86919 
MITt-600 0.85120 0.00 146 0.854 12 -0.01890 0.87302 
MITt-6 IG 0.84365 0.00 144 0.84653 -0.01890 0.86543 
MITL-700 0.83]27 0.00136 0.83599 -0.01 890 0.85489 
MITt-70S 0.83370 0.00133 0.83636 -0.0 1890 0.85526 
MITt-BOO 0.81712 0.00\37 0.81986 -0.01890 0.83876 

Max 0.87302 
Max S&T 0.87606 

METL-520 
METL-540 
METL-544 

METL-560 

METL-600 
METL-616 
METL-700 
METL-70S 

METL-800 

46 Kg Undamaged Array Cases with VFO 

Docket No. 71-9294 
Revision 2. 9/2002 

0.83992 0.00143 0.84278 -0.0 1890 0.86168 
0.83954 0.00139 0.84232 -0.0 1890 0.86122 
0.84027 0.00142 0.84311 ·0.0 1890 0.86201 
0.84035 0.00141 0.84317 -0.01890 0.86207 
0.83823 0.00146 0.84115 ·0.01890 0.86005 
OJ13826 0.0013 1 0.84088 ·0.01890 0.85978 
0.82743 0.00145 0.83033 ·0.01890 0.84923 
0.82801 0.00147 0.83095 ·0.01890 0.84985 

0.8 13 11 0.00\38 0.81587 ·0.01890 0.83477 
Max 0.86207 

Max S&T 0.862 16 

VFO-Name VFO-KEFF VFO-Sigma K+2S Bias K+2S - B VFO-Name VFO·KEFF VFO-Sigmn K+2S Bias K+2S - B 

0.200" Rods - Square Lattice 
AASL-058 

AASL--loo 

0.54593 0.00120 0.54833 -0.0 1890 0.56723 
0.68 134 0.65994 0.00 125 0.66244 -0.01890 

AASL-200 0.80791 0.00133 0.8 1057 -0.01890 0.82947 

AASL·300 0.86836 0.00142 0.87 120 -0.01890 0.89010 
AASL-4oo 0.88524 0.00140 0.88804 -0.0 1890 0.90694 
AASL-4 10 0.88709 0.00132 0.88973 -0.0 1890 0.90863 
AASL-420 0.88632 0.00140 0.889 12 -0.0 1890 0.90802 

AASI.-430 0.88711 0.00135 0.8898 1 -0.0 1890 0.90871 

AASL-437 0.88789 0.00136 0.8906 1 -0.01890 0.90951 
AASL-440 0.88599 0.00 140 0.88879 -0.01890 0.90769 

AASL-450 0.88886 0.00 134 0.89 154 -0.01890 0.91044 

AASL-460 0.88685 0.00 141 0.88967 -0.01890 0.90857 

AASL-470 0.88539 0.00 135 0.88809 -0.0 1890 0.90699 
AASL-480 0.88736 0.00\39 0.890 14 -0.0 1890 0.90904 

AASL-486 0.88897 0.00142 0.89181 -0.0 1890 0.91071 

AASL-490 0.8879 1 0.00142 0.89075 -0.0 1890 0.90965 
AAS L·500 0.88600 0.00\35 0.88870 -0.01890 0.90760 
AASL·520 0.88485 0.00 128 0.8874 1 -0.01890 0.90631 
AASL-540 0.87942 0.00 13 1 0.88204 -0.01890 0.90094 
AASL-544 0.88304 0.00 132 0.88568 -0.01890 0.90458 

ACSL-058 
ACSL-IOO 
ACSL-200 
ACSL-300 
ACSL-400 
ACS L-410 
ACSL-420 
ACS L-430 
ACSL-437 
ACSL-440 
ACSL-4S0 

ACSL-460 
ACSL-470 
ACSL-480 
ACSL-486 
ACSL-490 
ACSL-500 
ACSL-520 
ACSL-540 
ACSL-S44 

0.050" Rods - Square Lattice 
0.53983 0.00108 0.54199 -0.0 1890 
0.64692 0.00125 0.64942 -0.0 1890 
0.7902 1 
0.852 19 
0.87856 
0.87622 
0.88 162 
0.88211 
0.88395 
0.88235 
0.88 119 
0.88503 

0.88300 
0.88638 
0.88367 
0.88359 
0.88610 

0.886 15 
0.88595 
0.88777 

0.00136 0.79293 -0.01 890 
0.00149 0.855 17 -0.0 1890 
0.00146 0.88148 -0.01890 
0.00124 0.87870 -0.01890 
0.00144 0.88450 -0.0[890 
0.00126 0.88463 -0.0 [890 
0.00\37 0.88669 -0.0[890 
0.00 129 0.88493 -0.01890 
0.00143 0.88405 -0.01890 
0.00\37 0.88177 -0.01890 
0.00138 0.88576 -0.01890 
0.00145 0.88928 -0.0 1890 
0.00\36 0.88639 -0.01890 
0.00\36 0.8863 1 -0.0 1890 
0.00124 0.88858 -0.0 1890 
0.00124 0.88863 -0.0 1890 

0.0014 1 0.88877 -0.0 1890 
0.00 144 0.89065 -0.01 890 

0.560119 
0.66832 
0.11 11 83 

0.87407 
0.90038 
0.89760 
0.90340 

0.90353 
0.90559 
0.90383 

0.90295 
0.90667 
0.90466 
0.908 18 
0.90529 
0.9052 1 
0.90748 
0.90753 
0.90767 
0.90955 
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GNF NPC 
Safety Analysis Report 

AASL-560 0.88326 0.00 135 0.88596 -0.0 11190 0.904116 
AASL-6oo 0.87907 0.00127 0.11816 1 -0.0 1890 0.9005 1 
AASL-616 0.87446 0.00124 0.87694 -0.0 1890 0.89584 
AASL-700 0.85746 0.00 135 0.860 16 -0.0 1890 0.87906 
AASL-705 0.85548 0.00 125 0.85798 -0.0 1890 0.87688 
AAS L·llOO 0.83608 0.00 142 0.113892 ·0.01890 0.85782 

Max 0.9 107 1 
0.200" Rods - Triangular Lattice 

AATL-058 0.54722 0.00 108 0.54938 -0.0 1890 0.56828 
AATL-100 0.66350 
AATL-200 0.80727 
AATL·300 0.86486 
AATL-400 0.88568 
AATL-410 0.88722 
AATL-420 0.88735 
AATL-430 0.88620 
AATL-437 0.89076 
AATL-440 0.88880 
AATL-450 0.88957 
AA TL-460 0.88933 
AATL-470 0.88786 
AATL-480 0.88969 
AATL-486 0.88631 
AATL·490 0.88677 
AATL-500 0.88788 
AATL-520 0.88567 
AATL-540 0.88408 
AATL-544 0.88578 
AATL-560 0.88247 
AATL-600 0.88003 
AATL-616 0.87572 
AATL-700 0.85787 
AATL-705 0.85653 
AATL·8oo 0.83850 

0.00118 0.66586 -0.0 1890 0.68476 
0.00 139 0.8 1005 -0.0 1890 0.82895 
0.00\37 0.86760 ·0.01890 0.88650 
0.00137 0.88842 ·0.01890 0.907]2 
0.00 130 0.88982 ·0.0 1890 0.90872 
0.00 150 0.89035 ·0.0 1890 0.90925 
0.00138 0.88896 ·0.0 1890 0.907116 
0.00145 0.89366 ·0.01 890 0.91156 
0.00 1]9 0.89158 ·0.0 1890 0.91048 
0.00130 0.89217 ·0.0 1890 0.91 107 
0.00 133 0.89 199 -0.01890 0.91089 
0.00135 0.89056 -0.01890 0.90946 
0.00142 0.89253 -0.01890 0.91 143 
0.00 136 0.88903 ·0.0 1890 0.9079] 
0.00146 0.88969 ·0.0 1890 0.90859 
0.00139 0.89066 ·0.0 1890 0.90956 
0.00133 0.88833 ·0.01890 0.90723 
0.00 148 0.88704 ·0.01890 0.90594 
0.00 13] 0.88844 ·0.0 1890 0.90734 
0.00137 0.8852 1 ·0.01890 0.904 11 
0.00151 0.88305 ·0.01890 0.90195 
0.00138 0.87848 -0.01890 0.89738 
0.00 122 0.8603 1 -0.01890 0.87921 
0.00 135 0.85923 -0.01890 0.878 1] 
0.00117 0.84084 -0.01890 0.85974 

Mal!; 0.9 1256 
Max S&T 0.91256 

ACSL-560 
ACSL·600 
ACSL-616 
ACSL-700 
ACSL-705 
ACSL·800 

ACTL·058 
ACTL· 100 
ACTL·200 
ACTL-300 
ACTL·400 
ACTL·410 
ACTL-420 
ACTL-430 
ACTL·437 
ACTL·440 
ACTL·450 
ACTL-460 
ACTL-470 
ACTL·480 
ACTL-486 
ACTL-490 
ACTL-500 
ACTL-520 
ACTL-540 
ACTL-544 
ACTL-560 
ACTL·600 
ACTL·616 
ACTL·700 
ACTl-705 
ACTL-800 

Docket No. 71·9294 
Revis ion 2. 912002 

0.88834 0.00 138 0.89110 -0.01890 
0.88641 0.00130 0.8890 I -0.01890 
0.88528 0.00141 0.8811 10 -0.0 1890 
0.8735 1 0.00128 0.87607 -0.01890 
0.87336 0.00 138 0.876 12 -0.01890 
0.85578 0.00 12] 0.85824 -0.0 1890 

M" 
0.050" Rods - Triangular Lattice 
0.53669 0.00 119 0.53907 ·0.01890 
0.64866 
0.79045 
0.852 19 
0.87917 
0.87789 
0.8782 1 
0.879 12 
0.88496 
0.88078 
0.88408 
0.88684 
0.88550 
0.88689 
0.88435 
0.88347 
0.88531 
OJ!8653 
0.88606 
0.88548 
0.88624 
0.88882 
0.88570 
0.87278 
0.87322 
0.85659 

0.00 140 0.65 146 ·0.0 1890 
0.00 134 0.79313 ·0.0 1890 
0.00137 0.85493 -0.01890 
0.00148 0.882 13 ·0.01890 
0.00122 0.88033 -0.01890 
0.00 142 0.88105 ·0.0 1890 
0.00147 0.88206 ·0.0 1890 
0.00 135 0.88766 ·0.0 1890 
0.00 149 0.88376 -0.0 1890 
0.00 133 0.88674 -0.0 1890 
0.00 136 0.88956 -0.0 1890 
0.00144 0.88838 -0.0 1890 
0.00 146 0.8898 1 -0.0 1890 
0.00 126 0.811687 -0.0 1890 
0.00 142 0.88631 -0.01890 
0.00 142 0.888 15 -0.01890 
0.00 133 0.889 19 ·0.01890 
0.00 127 0.88860 -0.01890 
0.00 139 0.88826 -0.01890 
0.00140 0.88904 -0.01890 
0.00 126 0.89134 -0.0 1890 
0.00 131 0.88832 -0.0 1890 
0.00128 0.117534 -0.01890 
0.00136 0.87594 -0.01890 
0.0013 1 0.8592 1 ·0.01890 

0.91000 
0.90791 
0.90700 
0.89497 
0.89502 
0.87714 
0.91000 

0.55797 
0.67036 
0.81203 
0.87383 
0.90103 
0.89923 
0.89995 
0.90096 
0.90656 
0.90266 
0.90564 
0.90846 
0.90728 
0.9087 1 
0.90577 
0.9052 1 
0.90705 
0.90809 
0.90750 
0.907 16 
0.90794 
0.91024 
0.90722 
0.89424 
0.89484 
0.11781 1 

Max 0.91024 
Max S&T 0.9\024 
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GNF NPC 
Safety Analvs ls Report 

0.100" Rods - Square LaHice 
ABSL-058 0.54036 0.00127 0.54290 -0.01890 0.56180 
ASSL- IOO 0.65354 0.0011 6 0.65586 -0.01890 0.67476 
ABSL-200 0.79634 0.00 \30 0.79894 -0.0 1890 0.8 1784 
ASSL-300 0.85897 0.00 140 0.86177 -0.01890 0.88067 
ABSL-400 0.88468 0.00133 0.88734 ·0.01890 0.90624 
ABSL-410 0.88495 0.00150 0.88795 -0.01890 0.90685 
ABSL-420 0.88756 0.00138 0.89032 -0.01890 0.90922 
ABSL-430 0.88636 0.00137 0.889 10 -0.01 890 0.90800 
ABSL-437 0.88741 0.00144 0.89029 -0.01890 0.90919 
ABSL-440 0.88751 0.00129 0.89009 -0.01890 0.90899 
ABS L-450 0.88759 0.00154 0.89067 -0.01 890 0.90957 
ABSL-460 0.89 134 0.00149 0.89432 -0.0 1890 0.91322 
ABSL-470 0.88864 0.00127 0.89 11 8 -0.01890 0.91008 
ABSL-480 0.89296 0.00142 0.89580 -0.01890 0.91470 
ABSL-486 0.88909 0.OD 131 0.89 171 -0.01 890 0.91061 
ABSLA90 0.88933 0.00131 0.89195 ·0.01890 0.91085 
ASSL·5OD 0.891 07 0.00127 0.89361 ·0.01 890 0.9125 1 
ABSL-520 0.89600 0.00 133 0.89866 -0.01890 0.91756 
ABSL-540 0.89228 0.00 133 0.89494 -0.01890 0.91384 
ABSL·544 0.89281 0.()0139 0.89559 -0.0 1890 0.91449 
ABS L-560 0.89 142 0.00132 0.89406 -0.0 1890 0.91296 
ABSL-600 0.88925 0.00 141 0.89207 -0.0 1890 0.91097 
ASS L-616 0.88897 0.00136 0.89169 -0.01890 0.91059 
"SSL-700 0.87214 0.00132 0.87478 -0.01890 0.89368 
"SSL-705 0.87297 O.OUI23 0.87543 -0.01890 0.89433 
ASSL-800 0.85544 0.00129 0.85802 -0.01890 0.87692 

Max 0.9 1756 
O. IOOH Rods - Triangular Lattice 

ABTL·058 0.54080 0.00106 0.54292 -0.01890 0.56182 
ABTL-IOO 
ABTL-200 
ABTL-300 
ABTL-400 
ABTL-410 
ABTL-420 

0.65 154 0.00\32 0.654 18 -0.01890 0.67308 
0.79916 0.00150 0.802 16 -0.01890 0.82 106 
0.8623 1 0.00 145 0.86521 -0.01890 0.884 11 
0.88693 0.00 142 0.88977 -0.01890 0.90867 
0.88416 0.00146 0.88708 -0.01890 0.90598 
0.88603 0.00133 0.1:18869 -0.01890 0.90759 

ADSL-058 
ADSL- IOO 
AOSL-200 
AOSL·300 
ADSL-400 
ADSL-410 
AOSL-420 
AOSL-430 
ADSL-437 
ADSL-440 
ADSL-450 
ADSL-460 
ADSL-470 
ADSL-480 
ADSL-486 
ADS L-490 
AOSL-500 
ADSL-520 
ADSL-540 
A05L-544 
ADSL-560 
ADSL-600 
ADSL-616 
ADSL-700 
ADSL-705 
ADSL-800 

AOTL-058 
AOTL-I OO 
AOTL-200 
AOTL-300 
ADTL-400 
ADTL-410 
ADTL-420 

0.025" Rods - Square Lattice 

Docket No. 71-9294 
R,vlslon 2. 9{2002 

0.53699 0.00112 0.53923 -0.01890 0.55813 
0.64626 0.00 131 0.64888 ·0.01890 0.66778 
0.78685 0.00 148 0.7898 1 -0.01890 0.80871 
0.84212 0.00140 0.84492 -0.0 1890 0.86382 
0.87205 0.00 145 0.87495 -0.011190 0.89385 
0.87301 0.00 145 0.87591 -0.01890 0.8948 1 
0.87462 0.00132 0.87726 -0.01890 0.89616 
0.87263 0.00137 0.87537 -0.01890 0.89427 
0.87525 0.00133 0.87791 -0.OUI90 0.8968 1 
0.87536 0.00 137 0.878 10 -0.01890 0.89700 
0.87542 0.00140 0.87822 -0.01890 0.897 12 
0.87698 0.00144 0.87986 -0.01890 0.89876 
0.87973 0.00126 0.88225 -0.01890 0.90 11 5 
0.87690 0.001 40 0.87970 -0.01890 0.89860 
0.87837 0.00 140 0.88 117 -0.0 1890 0.90007 
0.87836 0.00137 0.88 11 0 -0.01890 0.90000 
0.87640 0.00134 0.87908 -0.01 890 0.89798 
0.8808 1 0.00 137 0.88355 -0.01890 0.90245 
0.87885 0.00135 0.88 155 -0.01890 0.90045 
0.88052 0.00 145 0.88342 -0.0 1890 0.90232 
0.88223 0.00135 0.88493 -0.0 1890 0.90383 
0.87829 0.00 14 1 0.881 11 -0.01890 0.9000 1 
0.88050 0.00 141 0.88332 -0.01890 0.90222 
0.86499 0.00134 0.86767 -0. 01 890 0.88657 
0.86636 0.00 129 O.86!S94 -0. 01890 0.88784 
0.85027 0.00 127 0.8528 1 -0.01890 0.87 171 

Max 0.90383 
0.025" Rods - Triangular Lattice 
0.53490 0.00120 0.53730 ·0.01890 0.55620 
0.64439 0.00124 0.64687 -0.0 1890 0.66577 
0.78703 0.00 140 0.78983 -0.0 1890 0.80873 
0.84284 0.00 137 0.84558 -0.01890 0.86448 
0.871 14 0.00133 0.87380 -0.01890 0.89270 
0.87076 0.00 140 0.87356 -0.01890 0.89246 
0.87084 0.00 141 0.87366 -0.01890 0.89256 
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GNF NPC 
Safety AnalYSis Report 

ABTL·430 

ABTL-437 

ABTL-440 
ABTL-450 
ABTL-460 

ABTL-470 

ABTL-480 

ABTL486 
ABTL·490 

ABTL-SOO 
A8TL-520 
ABTL-540 
ABTL-544 
ABTL-560 
ABTL·600 

ABTL-616 

ABTL-700 

ABTL-705 
ABTL-800 

0.88804 0.00 144 0.89092 ·0.01890 0.90982 
0.89131 0.0013 1 0.89393 -0.01890 0.9 1283 
0.88908 0.00135 0.89178 -0.0 1890 0.91068 
0.88723 0.00130 0.88983 -0.01890 0.9087] 

0.89073 0.00144 0.8936\ -0.01890 0.9 1251 
0.891 10 0.00141 0.89392 -0.01890 0.91282 
0.88989 0.00143 0.89275 -0.01890 0.91 165 
0.88989 0.00137 0.89263 -0.01890 0.91 153 
0.89307 0.00 152 0.8961 1 -0.01890 0.9 1501 
0.889 13 0.00137 0.89187 -0.01890 0.91077 
0.89038 0.00137 0.893 12 -0.01890 0.91202 
0.89299 0.00136 0.89571 -0.01890 0.9 1461 
0.89054 0.00136 0.89326 -0.01890 0.912 16 
0.88812 0.00132 0.89076 -0.01890 0.90966 
0.89083 0.00 126 0.89335 -0.0 1890 0.9 1225 
0.88224 0.00137 0.88498 -0.01890 0.90388 

0.87672 0.00137 0.87946 -0.01890 0.89836 
0.87357 0.00 128 0.876 13 -0.0 1890 0.89503 
0.85460 0.00132 0.85724 ·0.01890 0.87614 

Max 0.9 1501 
Max S&T 0.91756 

ADTL·430 
ADTL-437 
ADTL-440 
ADTL-450 
ADTL-460 
ADTL-470 
ADTl-480 
ADTL-486 
ADTL-490 
ADTL-500 

ADTL-520 
ADTL-540 

ADTL-544 
ADTL-560 
ADTL-600 
ADTL-6 16 
ADTL-700 
ADTL-705 
ADTL-800 

46 Kg Damaged Array Cases with VFO 

Docket No . 11-9294 
Revision 2. 9/2002 

0.87458 0.00127 0.877 12 -0.01890 0.89602 
0.8739 1 0.00 145 0.876HI -0.01890 0.89571 
0.87581 0.00 142 0.87865 -0.01890 0.89755 
0.87647 0.00139 0.87925 -0.01890 0.898 15 
0.87906 0.00122 0.88 150 -0.01890 0.90040 
0.88089 0.00139 0.88367 -0.01890 0.90257 
0.87745 0.00134 0.88013 -0.0 1890 0.89903 
0.881 12 0.00144 0.88400 -0.0 1890 0.90290 
0.87697 0.00132 0.8796 1 -0.0 1890 0.8985 1 
0.87801 0.00148 0.88097 -0.01890 0.89987 
0.88147 0.00138 0.88423 ·0.01890 0.90313 
0.88 127 0.00 147 0.8842 1 -0.0 1890 0.90311 

0.88161 0.00 152 0.88465 -0.0 1890 0.90355 
0.87924 0.00136 0.88 196 -0.01890 0.90086 
0.87964 0.00137 0.88238 -0.01890 0.90 128 

0.88068 0.00150 0.88368 -0.0 1890 0.90258 
0.86849 0.00138 0.87 125 -0.0 1890 0.89015 
0.86826 0.00143 0.87 11 2 -0.01890 0.89002 
0.85202 0.00143 0.85488 -0.01890 0.87378 

Max 0.90355 
Ma", 5&T 0.90383 

VFO-Name VFO-KEFF VFO-Sigma K"'2S Bias K+2S - B VFO-Name VFO·KEFF VFO-Sigma K+2S Bias K+2S - B 

0.200" Roo!> - Square Lauice 
AS46-058 0.50171 0.00100 0.5037 1 -0.01890 0.52261 

AS46- IOO 0.62810 0.00126 0.63062 -0.0 1890 0.64952 
AS46-200 0.80113 0.00 141 0.80395 -0.01890 0,82285 
AS46-300 0.87626 0.00144 0.879 14 ·0.01890 0.89804 
AS46-400 0.90300 0.00 139 0.90578 -0.0 1890 0.92468 

AS46-41O 0.90 190 0.00137 0.90464 -0.0 1890 0.92354 
AS46-420 0.9056] 0.00133 0.90829 -0.01890 0.927 19 
AS46-430 0.90621 0.00 132 0.90885 -0.01890 0.92775 
AS46-437 0.90726 0.00135 0.90996 -0.01890 0.92886 
AS46-440 0.90861 0.00146 0.91153 -0.01890 0.93043 

CS46-058 
CS46-100 
CS46-200 

CS46-JOO 
CS46-400 

CS46-4 10 
CS46-420 
CS46-430 
CS46-437 
CS46-440 

0.050" Rods - Square Lattice 
0.49 184 0.00106 0.49396 -0.01890 0.5 1286 
0.61395 0.00126 0.6 1647 -0.01890 
0.78329 0.00 130 0.78589 -0.01890 
0,85964 0.00146 0.86256 -0.0 1890 
0.89626 0.001 32 0.89890 -0.01890 
0.89734 0.00 1]7 0.90008 -0.0 1890 
0.901 39 0.00137 0.90413 -0.01890 

0.90192 0.00151 0.90494 -0.0 1890 
0.90 185 0.00136 0.90457 -0.01890 
0.90358 0.00158 0.90674 -0.0 1890 

0.63537 
0.80479 

0.88 146 
0.9 1780 

0.9 1898 
0.92303 
0.92]84 

0.92347 
0.92564 
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GNF NPC 
Safety Analysis Report 

AS46-450 0.90806 0.00139 0.91084 ·0.01890 0.92974 
AS46-460 0.91216 0.00147 0.91510 ·0.01890 0.93400 
AS46-470 0.91223 0.00133 0.9 1489 ·0.0 1890 0.93379 
AS46-480 0.9 1407 0.00 126 0.91659 ·0.0 1890 0.93549 
AS46-486 0.91351 0.00 146 0.9 1643 ·0.01890 0.93533 
AS46-490 0.91354 0.00139 0.9 1632 ·0.011190 0.93522 
AS46·500 0.9 1610 0.00 139 0.91ij8ij -0.011190 0.9377B 
AS46·520 0.9 1215 0.00133 0.9 1481 -0.01890 0.93371 
AS46·540 0.91869 0.00129 0.92127 -0.01890 0.94017 
AS46·544 0.91716 0.00146 0.92008 -0.01890 0.93898 
AS46·560 0.9 1545 0.00143 0.91831 -0.01890 0.93721 
AS46·600 0.91627 0.00138 0.91903 -0.01890 0.93793 
AS46·616 0.91354 0.00130 0.9 \6 14 -0.01890 0.93504 
AS46·700 0.89348 0.00126 0.89600 -0.0 1890 0.91490 
AS46·705 0.89050 0.00 136 0.89322 -0.0 1890 0.912 12 
AS46·800 0.8688 1 0.00126 0.87133 -0.01890 0.R9023 

Max 0.94017 
0.200" Rods - Triangular Lattice 

AT46-058 0.5005 1 0.00 11 0 0.50271 -0.0 1890 0.52 161 
AT46-100 0.629 18 0.00125 0.63 168 -0.01890 0.65058 
AT46-200 0.79906 0.00153 0.80212 -0.01890 0.82102 
AT46-300 0.87492 0.00130 0.87752 -0.0 1890 0.89642 
AT46-400 0.90489 0.00 142 0.90773 -0.0 1890 0.92663 
AT46-410 0.90654 0.0013 1 0.90916 -0.01890 0.92806 
AT46-420 0.9073 1 0.00134 0.90999 -0.01890 0.92889 
AT46-430 0.90938 0.00 136 0.9 12 10 -O.OIS90 0.93100 
AT46-437 0.91 126 0.00 146 0.9 141B -0.01890 0.93308 
AT46-440 0.9 11 22 0.00136 0.91394 -0.01890 0.93284 
AT46-450 0.90899 0.00134 0.9 11 67 -0.01890 0.93057 
AT46-460 0.9 1345 0.00 129 0.9 16Q3 -0.01890 0.93493 
AT46-470 0.9 1224 0.00140 0.9 1504 ·0.01890 0.93394 
AT46480 0.9 1637 0.00134 0.91905 -0.01890 0.93795 
AT46486 0.9 1346 0.00124 0.91 594 -0.01890 0.93484 
AT46-490 0.91146 0.00141 0.91428 -0.0 1890 0.93318 
AT46-500 0.91880 0.00 130 0.92140 -0.0 1890 0.94030 
AT46-520 0.9182 1 0.00124 0.92069 -0.0 1890 0.93959 

CS46-450 
CS46-460 
CS46-470 
CS46-480 
CS46-486 
CS46-490 
CS46-500 
CS46-520 
CS46-540 
CS46-544 
CS46-560 
CS46-600 
CS46-616 
CS46-700 
CS46-705 
CS46-800 

CT46-058 
CT46- 100 
CT46-200 
CT46-300 
CT46-400 
CT46-4 10 
CT46-420 
CT46-430 
CT46-437 
CT46-440 
CT46-450 
CT46-460 
CT46-470 
CT46-4BO 
CT46-486 
CT46490 
CT46-500 
CT46-520 

Docket No. 71·9294 
Revision 2. 912002 

0.90615 
0.91003 
0.91053 
0.91116 
0.9 1188 
0.9 1540 
0.91274 
0.91540 
0.91646 
0.92135 
0.91886 
0.92084 
0.92402 
0.90783 
0.911 50 
0.89 121 

0.00139 0.90893 -0.0 1890 
0.00137 0.9 1277 -0.0 1890 
0.00133 0.9 1319 -0.01890 
0.00 128 0.91372 -0.0 1890 
0.00 143 0.9 1474 -0.0 1890 
0.00 144 0.91828 -0.0 1890 
0.00135 0.9 1544 -0.01890 
0.00 134 0.91808 -0.01890 
0.00 146 0.9 1938 -0.0 1890 
0.00116 0.92367 -0.01890 
0.00 130 0.92146 -0.01890 
0.00 128 0.92340 -0.01890 
0.00 128 0.92658 -0.01890 
0.00 132 0.9 1047 -0.0 1890 
0.00 11 9 0.91388 ·0.01890 
0.00 140 0.89401 -0.01890 

M" 
0.050" Rods - Triangular Latlice 
0.49205 0.0011 1 0.49427 -0.01890 
0.6 1648 0.00124 0.61896 -0.01890 
0.78563 
0.85624 
0.89577 
0.89991 
0.90211 
0.90127 
0.902 11 
0.90598 
0.90840 
0.9058 I 
0.91036 
0.91399 
0.91129 
0.9 11 73 
0.91332 
0.91715 

0.00 153 0.78869 -0.01890 
0.00137 0.85898 -0.01890 
0.00138 0.89853 -0.01890 
0.00150 0.9029 1 -0.01890 
0.00138 0.90487 -0.01890 
O .OOI4~ 0.904 17 -0.OI!S90 

0.001 50 0.90511 -0.01890 
0.00147 0.90892 -0.0 1890 
0.00135 0.9 11 10 -0.01890 
0.00142 0.90865 -0.01890 
0.00 147 0.91330 -0.01890 
0.00135 0.91669 -0.01890 
0.00 131 0.91391 -0.01890 
0.00127 0.9 1427 -0.01890 
0.00 126 0.9 1584 ·0.01890 
0.00 140 0.9 1995 -0.0 1890 

0.92783 
0.93 167 
0.93209 
0.93262 
0.93364 
0.93718 
0.93434 
0.93698 
0.93828 
0.94257 
0.94036 
0.94230 
0.94548 
0.92937 
0.93278 
0.9 1291 
0.94548 

0.51317 
0.63786 
0.80759 
0.87788 
0.9 1743 
0.92\81 
0.923 77 
0.92307 
0.92401 
0.92782 
0.93000 
0.92755 
0.93220 
0.93559 
0.9328 1 
0.93317 
0.93474 
0.93885 
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AT46-540 0.9 166 1 0.00125 0.9191 1 -0 .0 1890 0.9380 1 
AT46-544 0.91744 0.00135 0.9201 4 -0.0 1890 0.93904 
AT46-560 0.91850 0.00 142 0.92134 -0.0 1890 0.94024 
AT46-600 0.91727 0.00133 0.91993 -0.01 890 0.93883 
AT46-616 0.9 1347 0.00 \35 0.916 17 -0.0 1890 0.93507 
AT46-700 0.89630 0.00133 0.89896 -0.0 1890 0.91786 
AT46-705 0.897 17 0.00130 0.89977 -O.OUI90 O.IJUI67 
AT46-800 0.8717 1 0.00120 0.87411 -0.0 1890 0.8930 1 

8546-058 
8546- 100 

8 S46-2oo 

8 546-300 
8546-400 
8546-410 

9546-420 
8546-430 

B546-437 

8546-440 

8546-450 

8546-460 

8 546-470 

8546-480 

8546-486 
8S46-490 

8546-500 

8S46-520 
8546-540 

8546-544 
8 546-560 

8546-600 

8 S46-6 16 

BS46-700 
BS46-705 
BS46-800 

Max 0.94030 
0. 1 OO~ Rods - Square Lattice Max 5&T 0.94030 

0.49777 0.00120 0.5001 7 -0.0 1890 0.5 1907 
0.6 1721 0.00 122 0.61965 -0.01 890 0.63855 
0.79010 
0.86631 
0.90 117 
0.90869 
0.90813 
0.90713 
0.9 1223 
0.9 1027 
0.912 14 
0.9 1283 
0.91338 
0.91587 
0.91836 
0.9 1963 
0.91776 

0.92090 

0.92026 

0.92346 
0.92 184 

0.92574 
0.92539 
0.90749 
0.90659 
0.89039 

0.00 150 0.793 10 -0.01890 0.81200 
0.00150 0.8693 1 -0.0 1890 0.88821 

0.00 143 0.90403 -0.0 1890 0.92293 
0.00132 0.91133 -0.01890 0.93023 
0.001 39 0.9 109 1 -0.01890 0.92981 
0.00 129 0.9097 1 -0,0 1890 0.9286 1 

0.00137 0.9 1497 -0.01890 0.93387 
0.00147 0.91321 -0.01890 0.9321 I 
0.00151 0.91516 -0.0 1890 0.93406 
0.00 146 0.9 1575 -0.0 1890 0.93465 

0.00130 0.91598 -0.01890 0.93488 
0.001 45 0.9 1877 -0.01890 0.93767 
0.00 142 0.92 120 -0.01890 0.94010 
O.OOl:l6 0.922 15 -0.01 890 0.94 105 
0.00133 0.92042 -0.01890 0.93932 
0.00 139 0.92368 -0.0 1890 0.94258 
0.00 127 0.92280 -0.01890 0.94 170 
0.00125 0.92596 -0.0 1890 0.94486 
0.00133 0.92450 -0.0 1890 0.94340 

0.00 128 0.92830 -0.0 1890 0.94720 
0.0013 1 0.92801 -0.01 890 0.94691 

0.00 139 0.91027 -0.0 1890 0.92917 
0.00 123 0.90905 -0.01890 0.92795 

0.00 112 0.89263 -0.01890 0.91153 

CT46-540 
CT46-544 
CT46-560 
CT46-600 
CT46-616 
CT46-700 
CT46-705 
CT46-800 

0546-058 
OS46-1OO 
0 $46-200 
0 $46-300 

0546-400 
0 546-410 
0 546-420 
0 546-430 
0 546-437 
0 546-440 
0 546-450 
0 546-460 
0 546-470 
OS46-4KO 
0$46-486 
0546-490 
OS46-5OO 

0 546-520 
0 546-540 
0546-544 
OS46-560 
0546-600 
OS46-6 16 
0 $46-700 
0 546-705 
0 $46-800 
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0.91 562 0.00 136 0.9 1834 -0.01890 0.93724 
0.91 865 0.00134 0.92133 -0.01890 0.94023 
0.92192 0.00131 0.92454 -0.01890 0.94344 
0.92321 0.00 127 0.92575 -0.01890 0.94465 
0.92449 0.00131 0.92711 -0.01890 0.94601 
0.90962 0.00 129 0.9 1220 -0.01890 0.93110 
0.91095 0.00133 0.9136 1 -0.01890 0.9325 1 
0.89150 0.00125 0.89400 -0.01890 0.91290 

M .. 
0.025" Rods - Square Lattice Max S&T 

-0.0 1890 0.49300 0.00 103 0.49506 
0.6 1111 

0.77565 
0.85460 

0.89 155 
OJI9367 
0.893 18 

0.89375 

0.89626 
0.89656 
0.89559 
0 .90060 

0.90146 
0.90077 
0.90360 
0.90409 
0.90599 
0.90756 
0.90963 
0.91374 
0.9 1439 
0.91625 
0.91810 

0.90290 
0.90094 
0.88750 

0.00 125 0.6 136 1 -0.01890 
0.00144 0.77853 -0.01890 
0.00141 0.85742 -0.0 1890 

0.00 135 0.89425 -0.0 1890 
0.00 129 0.89625 -0.0 1890 
0.00156 0.89630 -0.0 1890 
0.00140 0.89655 -0.0 1890 
0.00142 0.89910 -0.0 1890 
0.00 154 0.89964 -0,01890 
0.00 127 0.898 13 -0.0 1890 
0.00 142 0.90344 -0.0 1890 
0.00124 0.90394 -0.0 1890 

0.00135 0.90347 -0.0 1890 
0.00130 0.90620 -0.0 1890 
0.00 124 0.90657 -0.0 1890 
0.00 148 0.90895 -0.01890 
0.00 132 0.9 1020 -0.01890 
0.00127 0.912 17 -0.0 1890 
0.00135 0.9 1644 -0.01 890 
0.00 135 0.9 1709 -0.0 1890 
0.00130 0.9 1885 -0.0 1890 
0.00124 0,92058 -0.0 1890 
0.00137 0.90564 -0.01 890 
0.00134 0.90362 -0.01890 
0.00142 0,89034 -0.01890 

0.9460 1 
0.94601 
0.5 1396 
0.6325 1 
0.79743 
0.87632 
0.913 15 
0.91515 
0.9 1520 
0.91545 
0.91800 
0.9 1854 
0.9 1703 
0.92234 
0.92284 
0.92237 
0.92510 
0.92S47 
0.92785 

0.92910 
0.93 107 
0.93534 
0 .93599 

0.93775 
0.93948 
0.92454 
0.92252 
0.90924 
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Mox 0.94720 
0.100" Rods · Triangular Lattice 

BT46--058 0.49500 0.00114 0.49728 ·0.0 1890 0.5 1618 
BT46·100 0.62308 0.00132 0.62572 ··{1.0 1890 0.64462 
BT46·2oo 0.79 157 OJX)J34 0.79425 ·0.01890 0.813 15 
BT46·300 0.86788 0.00 148 0.87084 ·0.01890 0.88974 
BT46-400 0.90064 0.00148 0.90360 ·0.01890 0.92250 
BT46-4 10 0.90207 0.00134 0.90475 ·0.01890 0.92365 
BT46-420 0.90738 0.00135 0.9 1008 ·0.01890 0.92898 
BT46-430 0.90859 0.0013 1 0.9 1121 ·0.0 1890 0.9301 1 
BT46·437 0.9 [270 0.00143 0.91556 ·0.01890 0.93446 
BT46·440 0.9 1105 0.00142 0.9 1389 ·0.0 1890 0.93279 
BT46·450 0.91 088 0.00 143 0.91374 ·0.01890 0.93264 
BT46·460 0.9152 1 0.00150 0.9 182 1 ·0.01890 0.9371 1 
BT46·470 0.920 15 0.00 138 0.9229 1 ·0 .0 1890 0.94 181 
8T46·480 0.92026 0.00133 0.92292 ·0 .01 890 0.94 182 
BT46-486 0.9 1702 0.00 131 0.91964 ·0.01890 0.93854 
BT46-490 0.91882 0.00 148 0.92 178 ·0.01890 0.94068 
OT46·5oo 0.91897 0.00 129 0.92 155 ·0.0 1890 0.94045 
BT46·520 0.92161 0.00136 0.92433 ·0.0 1890 0.94323 
81'46·540 0.92381 0.00128 0.92637 ..0.01890 0.94527 
BT46-544 0.92260 0.00 127 0.925 14 ·0.01890 0.94404 
BT46·560 0.92469 0.00125 0.927 19 ·0.01890 0.94609 
BT46-600 0.92768 0.00050 0.92868 ·0.01890 0.94758 
OT46·6 16 0.922 14 0.()()144 0.92502 ·0.01890 0.94392 
OT4&-700 0.9 11 88 0.00130 0.91448 ·0.01890 0.93338 
8T46·705 0.91012 0.00129 0.91270 ·0.01890 0.93160 
BT46·8oo 0.89305 0.00128 0.89561 ·0.01890 0.9145 1 

Max 0.94758 
Max S&T 0.94758 

OT46·058 
OT4&-IOO 
OT46·200 
OT46-3oo 
OT46-400 
OT46-4 10 
0'1'46-420 
OT46·430 
OT46-437 
OT46-440 
OT46-450 
OT46460 
OT46-470 
OT46-480 
DT46-486 
OT46-490 
OT4&-500 
OT4&-520 
OT46--540 
OT4&-544 
OT4&-560 
OT46-600 
OT46-616 
OT46·700 
OT46-705 
OT46-800 

Mox 
0.025" Rods - Triangular Lattice 

Docket No. 71 ·9294 
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0.93948 

0.49 178 0.00107 0.49392 ·0.01890 0.51282 
0.612 19 0.00134 0.6 1487 -0.01890 0.63377 
0.77807 0.00152 0.78 11 1 -0.01890 0.8000 1 
0.85316 0.00147 0.856 10 -0.01890 0.87500 
0.88709 0.00143 0.88995 -0.01890 0.90885 
0.88856 0.00143 0.89142 -0.01890 0.9 1032 
0.89277 0.00136 0.89549 -0.01890 0.9 1439 
0.8961 1 0.0015 1 0.89913 -0.0 1890 0.91803 
0.89684 0.00135 0.89954 -0.0 1890 0.91844 
0.89645 0.00 144 0.89933 -0.01890 0.9 1823 
0.89857 0.00 143 0.90 143 -0.0 1890 0.92033 
0.902 15 0.0013 1 0.90477 -0.0 1890 0.92367 
0.90164 0.00125 0.90414 -0.01890 0.92304 
0.90467 0.00139 0.90745 -0.OH!90 0.92635 
0.90 125 0.0013 1 0.90387 -0.01890 0.92277 
0.90848 0.00136 0.91120 -0.01890 0.930 10 
0.90760 0.00\32 0.91024 -0.01890 0.929 14 
0.9102 1 0.00 145 0.91311 -0.01890 0.93201 
0.91299 0.00128 0.91555 -0.0 1890 0.93445 
0.91077 0.00 14 1 0.91359 -0.01890 0.93249 
0.9 1136 0.00 132 0.9 1400 ..0.01890 0.93290 
0.91908 0.00 127 0.92 162 -0.01890 0.94052 
0.91589 0.00136 0.91861 -0.01890 0.93751 
0.90530 0.00115 0.90760 ·0.01890 0.92650 
0.90373 0.00135 0.90643 -0.01890 0.92533 
0.88578 0.0013S 0.88854 -0.01890 0.90744 

Max 0.94052 
Max S&T 0.94052 
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6.11 REACTIVITY COMPARISON OF U-COMPOUNDS 

A reactivity comparison between 5% enriched theoretical UO2, U308, UNH, and CaUxOy* ZH20 
compounds with water was considered to demonstrate that a theoretical mixture of U02 and 
water is conservative relative to other homogeneous uranium compounds. 

For comparison purposes, an infinite system is modeled for the compound material specifications 
provided in Tables 6.21 and 6.22. The comparison results between U02, U308, UNH, and 
CaU6OI9a 1 lHzO are provided in Figure 6.0 in Section 6.1, General Description. A total of five 
separate calcium-uranium oxide compounds were evaluated as shown in Table 6.22. Only the 
most reactive form is provided in Figure 6.0. 

In summary, Table 6.23 provides the calculated infinite multiplication factor results for the select 
compound and water mixtures, through optimal moderation. This table demonstrates, for infinite 
systems, there is little difference between U02 and other oxide forms U308, and CaUxO,* ZH20; 
while the UNH is markedly lower due to nitrogen absorption. These results do demonstrate that 
for finite systems, provided the total material mass does not exceed the equivalent homogeneous 
payload for U02, these other compound forms will be less reactive. 

Table 6.21 Material Specifications - Infinite System Reactivity Comparisons for U02, 
U308, and UNH Compounds, 5% Enriched 

COM WE-W FK.ENR DFACT RHOMIX RHOC RHOU 
g m / c c  qm/cc  gm/cc  

--- ---- ------ ------ ------ ------ ------ 
uo2 ,  r h o - ~  - 1 0 . 9 6  g / c c ;  u f a c t  - 0 .88144  
U02 . O O O  . 05000  1 . 0 0 0 0 1 0 . 9 6 0 0 1 0 . 9 6 0 0  9 .6606  
U02 . 0 2 5  .05000  1 . 0 0 0 0  8 .7750  8 . 5 5 5 6  7 . 5 4 1 3  
U02 . 0 5 0  .05000  1 .0000  7 . 3 1 6 4  6 . 9 5 0 6  6 .1265  
002  . 0 7 5  .05000  1 . 0 0 0 0  6 . 2 7 3 6  5 . 8 0 3 1  5 . 1 1 5 1  
U02 . I 0 0  .05000  1 . 0 0 0 0  5 . 4 9 1 0  4 .9419  4 . 3 5 6 0  
U02 . I 2 5  .05000  1 . 0 0 0 0  4 . 8 8 2 0  4 .2717  3 . 7 6 5 3  
UO2 . I 5 0  . 0 5 0 0 0  1 . 0 0 0 0  4 .3945  3 . 7 3 5 4  3 .2925  
U02 . 2 0 0  .05000  1 . 0 0 0 0  3 . 6 6 3 1  2 . 9 3 0 5  2 . 5 8 3 0  
0 0 2  . 2 5 0  .05000  1 . 0 0 0 0  3 . 1 4 0 4  2 . 3 5 5 3  2 . 0 7 6 1  
302  . 3 0 0  .05000  1 . 0 0 0 0  2 . 7 4 8 2  1 . 9 2 3 8  1 . 6 9 5 7  
302  . 3 5 0  .05000  1 . 0 0 0 0  2 . 4 4 3 7  1 . 5 8 8 1  1 . 3 9 9 8  
3 0 2  . 4 0 0  .05000  1 . 0 0 0 0  2 . 1 9 9 0  1 . 3 1 9 4  1 .1630  
U02 .450  .05000  1 .0000  1 . 9 9 9 3  1 . 0 9 9 6  0 .9692  
302 .500  .05000  1 .0000  1 . 8 3 2 8  0 .9164  0 . 8 0 1 7  

UFACT 

uox  = u 3  
UOX .000  
UOX .050  
SOX . l o 0  
LJOX . I 5 0  
uox - 2 0 0  
UOX .250  
UOX .300  
UOX .350  
UOX .400  
UOX .450  
UOX .500  

08 ;  rho-c  - 8 . 3 9  g / c c ;  
. 05000  1 .0000  8 . 3 9 0 0  
.05000  1 .0000  6 . 1 2 6 3  
.05000  1 .0000  4 . 8 2 4 6  
.05000  1 . 0 0 0 0  3 . 9 7 9 1  
.05000  1 .0000  3 .3858  
.05000  1 .0000  2 .9464  
.05000  1 .0000  2 . 6 0 8 0  
.05000  1 .0000  2 . 3 3 9 3  
.05000  1 .0000  2 . 1 2 0 8  
.05000  1 . 0 0 0 0  1 . 9 3 9 7  
.05000  1 .0000  1 . 7 8 7 0  

u f a c t  - 0 . 8 4 1 9 3  
8 . 3 9 0 0  7 . 1 1 4 1  . a 4 7 9 3  
5 .8200  4 . 9 3 5 0  . 8 4  193 
4 . 3 4 2 2  3 . 6 8 1 8  . a 4 7 9 3  
3 . 3 8 2 3  2 . 8 6 7 9  . a 4 7 9 3  
2 . 1 0 8 6  2 . 2 9 6 1  . a 4 7 9 3  
2 .2098  1 . 8 1 3 8  . 8 4 7 9 3  
1 . 8 2 5 6  1 . 5 4 8 0  , 8 4 7 9 3  
1 . 5 2 0 6  1 . 2 8 9 3  - 8 4 7 9 3  
1 . 2 7 2 5  1 . 0 7 9 0  . 8 4 7 9 3  
1 . 0 6 6 8  0 .9046  . 8 4 7 9 3  
0 . 8 9 3 5  0 .7576  . 8 4 7 9 3  

unh  - UO, (NO3): l 6H20; rho-c  = 2 . 8 0 7  g / c c ;  u f a c t  = 0  
UNH . 0 0 0  .05000  1 . 0 0 0 0  2 . 8 0 7 0  2 . 8 0 7 0  1 . 3 3 0 2  .47390  
UNH . 0 5 0  .05000  1 . 0 0 0 0  2 . 5 7 4 4  2 .4457  1 .1590  .47390  
UNH . I 0 0  .05000  1 . 0 0 0 0  2 . 3 7 7 4  2 . 1 3 9 7  1 . 0 1 4 0  .47390  
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5qI31alC calcium·ur.mium oxide compound! wen: evaluatl'<l as shown in Table 6.22. Only the 
ITI(I$ n:ac!ivc form i. proridc4 in Figure 6.0. 

In summary, T.bl. 6.23 provides !he catculatc4 infinite multiplication faclor results for !he select 
eompound and water mixtures, through optimal moderation. Th i. table demonstrates, for jnfinjIC 
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UNH .I50 .05000 1.0000 
UNH .ZOO .05000 1.0000 
UNII .250 .05000 1.0000 
UNH .300 .05000 1.0000 
UNH .350 .05000 1.0000 
UNH .400 .05000 1.0000 
UNI1 .450 .05000 1.0000 
UNH .500 ,05000 1.0000 

Table 6.22 Material Specifications - Infinite System Reactivity Comparisons for Calcium - 
Uranium Oxide compounds2, 5% Enriched 

compound ~d rho c (g/cc) ufact 
cal: cauo3 6. 9'1 0.72980 1 
ca2: cauo4 7.45 0.695663 
ca6: cau3010*4h20 5.33'7 0.723955 
ca7: cau6019*llh20 5.25 0.724702 
ca8: caubo19*10h20 5.10 0.731392 

mol. wt. 
325.9748 
341. 9'142 

Table 6.23 K-Infinite System Reactivity Results 

CALCULATIONAL RESULTS 

FILENAME K-INF SIGMA Kt2S BIAS Kt2S-B # HIST LOST DATE 

k-lnflnlte reactlvlty comparisons for select u-compounds 

Source: Crystal Data Detemination Tables, U.S. Department of Commerce National Bureau of Standards. Third Edition, 
Vol. 5 & 6. 
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