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1. INTRODUCTION

This calculation is an extension of the calculation package

entitled VSC-24 Criticality Safety Analysis for Palisades

ISPSI (Ref. 32). Criticality analysis in this calculation

package will consider natural boron dissolved in pool water

as a means to control criticality rather than burnup credit

of spent fuel. All loading fuel assemblies in this calculation

are unirradiated (fresh fuel). Otherwise specified, all

assumptions and input parameter from the previous calculation

remain unchanged in this calculation.

The stainless steel in the previous KENO models of Ref. 12 is-

replaced with carbon steel. The atomic densities of various

materials used in this calculation are given in Table 1.

2-
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TADJeE_, h
:

Atomic Densities of Various Materials

Atom Densities
IRTERIAL Elements fatoms/ barn-c3j.

WATER (70F) 11 6 . 6 ~7 E- 2
0 3.34E-2

WATER (212F) 11 6.41E-2
0 3.20E-2

CARBON Fe 8.28E-2
STEEL C 2.61E-4

Si 1.90E-4
Mn 1.09E-3

LEAD Pb 3.30E-2

ZIRCONIUM Zr 4.29E-2

RX-277 11 2.77E-?y

B-11" 1.46E-3
0 3.71E-2
Na .60E <i^

Mg 2.08E-4
Al 6.97E-3
Si 7.67E-4
Fe 4.89E-5

ORDINARY 11 1.49E-2
CONCRETE C 3.81E-3

0 4.15E-2
Ca 1.16E-2
Si 6.04E-3
Mg 5.87E-4
Fe 1.97E-4
Al 7.35E-4
Na 3.04E-4

y

A !n |,,,, [ QL,3
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2. RESULTS / ANMlY.5/5

2.1 SyAmm y of Calgulated Results:

Table (2-1) is the summary of the results obtained from the k-

offective calculations of the VSC cask system. From these

results, many other parameters portinent to the criticality

safety of the VSC cask system can be estimated or derived.

Figura(2-1) indicates the acceptable combinations of U-235

initial enrichment and boron concentration in pool water to

have the system k-eff less than 0.95 and 0.98. The following

subsections will give a detail description of the approach to

construct this curve.
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0 0.000E+00 0.000E+00

1206 1.30SE-06 7.462E-07

239 2.615E-06 1.492E-06

359 3.923E 06 2.238E 06
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3832 4.184E-05 2.387E-05
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SUMMARY OF FUEL AND REACTUR PARAMETERS
.. ==========..masessesseme.......===

(txxon 15xi$ PWR )

REACTOR PARAMETERS:
...... . . . .

Power Thermal Output...........: Reactor _ Power := 2650 MW

Number of Assembtles...........: Number _Assem ga 204

ASSEMBLY DESCRIPTIONS:
. . . . .

Assembly Width Absem, Width := 8.25 in.................

20,955 cmAssem Width =

Array Site...... ..: Array := 15 15 (Rods)..... ....

Fueled Rods / Assembly.......... 4 humber_fuelRod := 216

Rod Pitch............ .........: Pitch := 0.550*in
Pitch 1.397 cm

' Heavy Metal (Uranium).. ....: MTHM := 0.40724*MTU..

Initial Enrichment.............: Enrichment := 3.0*%
,

Fuel (UO2) Density.... .....: Percent _Theo : = 94.0 %.

FUEL ROO DESCRIPT10NS:
.. . . .

-Fuel Rod Diameter........ .: Rod _Dia := 0.415 in...

Red _ Die = 1.0541'em

Active Length.......... .......: Act_Lengtn := 131.80'in
334.'i72 cmAct_ Length =

' Clad Thickness.................: Clad _ Thick := 0.02B5 in
0.0724 cmClad _ Thick =

Fuel Clad Cap..................: Gap := 0.004*in
0.0102*cmGap =

_

>

_ . _ _ - _ _ - - _ _
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6ASIC FUE; -CEOM(TRY CALCULa!!ONS
======sen====a...........=......

The ~ following geometry parameters are calculated or obtained directly from the
fuel parameters given in the prevlous summary teble,

o F u' e l Pellet (pin) Redius and Diameter

Pellet _ Die ta Rod _ Die 2-(Clad _ Thick + Gap)*

Pellet _ Die 0. 88 9 'e ma

Pellet Dio
tellet_ Rad is-

2

0.4445 cmPellet, Red =

o inner Cladding Rndius and Diametort

InClod_ Die : = Rod,Dia 2' Clod _ Thick- +

Intled. Die = 0.9093'em

InClod, Die
InClod Rad t*.

2

InCled_ Rad = 0.4547*cm

o Fuel Rod Radius and Diometer:

Rod,Dio.= 1.0541 em-

Rod Die
Rod. Rad is --

2

0,5271 cmRod, Rod =

o Equivalent Radius of Fuel Cell (Cylindrical M o d e '. ) :

l

t

.
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Pitch
C e t L ., 3 e d . . ----

.N

. Cell _ Rad-= 0.7882 em

$ince all non-ft rods-in the fuel assembty are.

assumed to be water rods, the fuel cell pitch and the
equivalent fuel cell radius must be modified to take
these water rods into account. I' is assumed that the
water rods will be 6meared out (homogenized) throughout
the assemb|y volume.

Total _ Rod := Array

Tetal_ Rod 225=

7ota( _ Rod
Mod _ Pitch := Pitch *

N Number _FuelRod

Mod _ Pitch = 1.4258 cm

Mod _ Pitch
Mod _ Cell _ Rad :=-

_

\ f

Mod _ Call _ Rad . 0.8044*cm

,

1

-

i

. . ._
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BASIC VOLUME CALCULATIONS:
...=======,... ses====...

o Pellet (U02) Volume:

2

Pellet _Vol := Pellet _ Rad s Act_ Length

3

207.7986 cmPellet _Vol =

o Air Gap Volume:

2 2.
Gap _Vol := _InClad_ Rad Fellet_ Rad , s Act_ Length

3

* 9.6079 cmGap _Vol

o Cladding Volume:

r ~

2 2

Clad _Vol := Rod _ Rad InClad_ Rad , s Act_ Length

3

74.7413 cmClad _vol =

o Fuel Rod iotal Volume:

2

Rod _Vol := Rod _ Rad s Act_ Length

3

292.1478 emR o d ,_ V o l =

o Water Moderator Volume (based on the designed pitch);

2

H20_Vol := Pitch Act_ Length Rod _Vol

3

361.1962 em.H20_Vol =

>

. *

\),

- - - - _ - _ - - - _ - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _
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o Water Moderator Volume (based on the modified pitch):

|

2

Mod _H20_Vol := Mod _ Pitch 'Act_ Length Rod _Vol

3

388.4189 cmMod _H20_Vol =

o Unit Cell Volume (based on the designed pitch):

H2O_VolCell _Vol := Rod _Vol +

3

653.344 cmCell _Vol =

o Unit Cell Volume (based on the modified piteh):

Mod _H20_VolRod _VolModCell_Vol : = +

3

680.5667 cmModcell_Vot a

C

_ _ _ _ _ _ _ _ _ _ _ _ _ _______ __
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8ASIC MA$s CALCULATIONS:
===seses,s=====enamam==-

o NoLecular weight of commom material (Reference (10):

MW_U235 := 235.0*gm

MW _U238 := 238.0 gm

- MW_UO2 := 270.3*gm

,

o Density of heavy metal (uranium) in the fuel rods

gm

UO2_Theo_ Density := 1 0 . 9 6 ----

3

cm

- Fuel _ Density := Percent _Theo'UO2,Theo_ Density

gm

Fuel _ Density 10.3024 ---=

3

cm

MW_U238
Uranium _ Density : = Fuet_ Density-

MW,UO2

gm
Uranium _ Density 9.0713*=

3

cm

I

o Amount of heavy metal per assembly (calculated):

MHTU := Uranium _ Density * Pellet _Vot* Number _FuelRod,

t

|

0.4072*MTUMHTU =

L
|

|

|-
.

/ ,

-. ._. _ _
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NUtil INPUT PARMETER$.
.... ese. e...... ==s

NULIf requires the following parameters as-input ' dimensions
of-the fuel unit cell, reactor power history, power density
based on the fuel cell volume, atomic densities of the
materiets in the fuel celi (fuei pellet, cladding,.and
moderator).

The basic dimensions of the fuet unit ceit are given in
previous sections. The fuel cell with the designed pitch
will be used for all-the NUllF calculations in this
criticality analysis. The reactor operating cycle is taken
ac 16 months at futt power and 2 months of outage. Other
required parameters are calculated below

** Atomic Density Calculations
. ...... ....... 4 ........

The foltowing fuei parameter will be considered in this
section:

Enrichment := 3.3'%

GWd

Burnup := 0.0*
HTU

}IW (f'
Nat_ Boron _ Con := N tappm g

~

o U 235 atomic densltles based'on petlet volume

Avogadro

N_U235 : s Uranium _ Density- -~aEnrichment
MW.U235

-4 atoms

N_U235 = 7.6711 10 '~

barnacm

o U238 atomic densities based on petLet volume:

Avogadro

-N_U238 := Uranium _ Density' '(1.0 Enrichment)-

MW,U230

&,

. . .- . . - . -. -
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*2 stops

N,U238 * 2.2195 10 * - - - -

barnacm'

-r

o.-016 atomic | density based on pellet-volume

N_016-:= ?*(N_U238 N,U235)+

2 atoms
4.5925-10N_016 = -

barnacm

o 2irconium ctodding atomic density is token as

-2 atoms

N_Zr40 := 4.291 10 .... Reference (10)*

barn cm
.)

o Hi atomic density in waters

2 atoms

N.H1 70F := 6.671 10 (at i = 70F)*

barn'cm

2 atems
,

N_H1.212F = 6.406 10 1127)(at i a' - -

-barn'em

1

o 016 atomic density in water:

*2 atoms

N_016_70F := 3.336+10 70F)(at 1 =+

ba r n 'e m

I
2 atoms

N 016_212F := 3.203 10 (at -T s' 21?F)*

barn'em j

13
?

. - . , , - . - . .. . .- .--- -. - . . . - . -. . - . . -. - - . . ._. .
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o Natural boron concentration in tseters

\s
i.|*|

,

-WAe++++-em;+0 &h t-Bwo @n W __H L_7AJ_ I (-<

5 atoms
N,Nat8oron 70F 6,671 10 +=

barn'em
\'

ilk .k4,t.ILa.r a.r AL2J---t+--k+t-B ^ e a _ e a n w _ H L,4jLf- 4/s

5 atoms

W _katBoron_21?F s 6.406 10 -

bern em

o Operating time required to attain the dealred burnup level:

MTHH
Operating _ Time := Burnup' Number _Assema

Reactor, Power

Operating _1(me 0' day=

i

!

/
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WITABL INPUT PANAMETERS
===..======sess==ess===

The first NITAWL computer run (see Figure ( ]) is used to
format the cross s e c't l o n s from the 123 group cross section.
set contained in ths AMPX master library. This WitAWL

computer run also performs resonanee selfa shielding
corrections for the following nuclides: U 236,.U238 Pu 240,
and Pu-242. If the loaded fuel is untrradiated (i.e., fresh
fuel) then only U-238 is corrected for resonance
self shielding.

** Dancoff factori
. ...... ....

The Dancoff factor calculated by the NULIF code is given
as:

Dancoif_NUL1F is O ' S ! 2 *- C. ~/(/pg .}

Hewever the.Dancoff factor from the NULIF output is not
defined in the same way as the one requested by the NITAWL
computer code. Ihe NITAWL's Dancoff factor is defined est

Dancoff_WITAWL := 1.0 - Dancoff_NULIF

Thus, for this case:

W
0.0100 ' O2ge ggl. 'Dancoff_NITAWL =

Scattering Cross Sections Parameters' * *

. . . ......... .. ...

The.following potential scattering cross sections are
obta'ined from Reference (11),

o_016 ta 3.8 born o_U235 := 10 born

o_U236 := 10 * b a r n o_U238 := 9 barn

o_Pu240 := 11 born o_Pu242 := 11 born

I:

,

!

|
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1)..U 238 Resonance Parameter:
-------------------------

For-fresh fuel,.the atomic density of U 238
(N_U238) previousty calculated is used. For

j
trradiated fue!, the N_U238 must be replaced
with the value obtained from the hULIf burnup
calculation results.

|

o Ftrat moderator (U 235) scattering cross
section per absorber atom (U-238):

)
N_U235

o_s1 := o_U235
N_U238

o_si 0.3456+ born=

o Second moderator (0 16) scattering cross section per
absorber atom (U 238):

N,016
a s2 := > _016

N_U238

o_s2 7.S627 barn=

o Effective moderator cross section per absorber. atom
(U 238):

1

om_eff := o 0238 + (o s1 + p _s2) +

Pellet _ Die *N_U238

cm_eff = 67.8885 born

l
,

|

O.

?

. _ -
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XSDQNPM-INPUT PAQAMillRS i
e=,essesses... ......e==

The geometric modei for the X S D R h i' M code is a cylindrical
fuet unit ce|| with radius-based on the m0d18 led pitch of
the. square unit cell. The dimensions of the fuel unit cells
are calculated in seetion entltted "Desic fvel Geometry
Calculations a. The otomic dens (ties used in the XSDRkPM
mixing table are the some es the velues ettculeted in the

"NULIf INPUT PARAMETER $" tection. The fuel cled air gap and
the cladding region is combined together to form o $1ng|e
Zirconium region with the stomic density toIculated betow:

Cl6d_Vol
N_Zr40_XSD := --- - h,7r4D

Clad,Vol Gpp_Vol+

2 stoms
3.8022 10 - - - - - -N,2r40,xs0 =

born'em

's.

|

1
_
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' KENO INPUT PARAME11R$
. . . . , . . . . . . . . = = = . . . . .

The geometr ic models of the KEND*IV computer code are
discuss;d in Section 5.0. Unless specifically noted, all the
ne;.etry cards of the KINO input remain the same as the
reference geometric model discussed in Section $.0. This
section will' calculated other input parameters applied to
this particular KEhD run.

$1nce the loaded fuel assembtles in the cask are
homogenized, the atomic densities in the KENO mixing table
must be based on the volume of the fuel cell (with modified
pitch). The homogenl2ed atom densities of all the nuclides
in the fuel cell are calculated bcLow:

Pellet _Vol
h_U235_ Homo := N_U235

ModCell_Vol

4 atoms

N_U235_ Homo 2.3422 10= *

barnacm

Pellet _Vol
_ k_U238_ Homo := N_U238

Modcell_Vol

3 atoms

N_U238_ Homo = 6.7769 10
bern*cm

Clod _Vol
N_2r40,"omo := 'N_2r40-

ModColl_Vol

3 atoms

N_Zr40_ Homo * 4.7125 10 - -

barn cm

.

Pellet _Vol M o d _ H 20 _ V o ',
- N_016_ Homo := *N_016 'N_016_70F+

ModColl_Vol Modtell_Vol

2 atoms

N_016_ Homo 3.3062 10= *

born'em

f

. . , - - -
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Mod H20,vol !

N_H1_ Homo ** ' N H 1,7 0 8-

ModCe|L,yo[
l

-1

2 atoms

3.8073 10N_H1 Homo = - ---
,

@
>,'f*

barn *cm ,) ~j '

'I

N _ W n t B o (qQ,oga_4,g .gg_gg gggg 4.p g g.,*
-

5 atoms
3,8073 10N,NatBoron_ Homo = -

bern*cm -|

d
/'

- - - - - - ___ , _ . _ _ _ _ .
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Nulli INPUT PARMt1[R$
seaene ... .e. eaeeae

NULIF requires the following parameters as inputs dimensions
of the fuel unit cell, reactor power history, powtr denbity
based on the fuel ceil volume, atomic densities of the
materials in the fuel celi (fuel pellet, cladding, and
moderator),

the basic dimensions of the fuel unit cell are given in
previous sections. The fuel cell with the designed pitch
will be used for att the NULIF calculations in this
criticality analysis. The reactor operating cycle is taken
- as 16 months at full power and 2 months of outage. Other
required parameters are calculated betow:

** Atcmic Density Calculations
.. ... .... . . .. .. .

The fellowing fue| parameter will be considered in this
settion: f

Inrichment := 2.5'%

OWU
.

Burnup := 0.0*
I M1U

t)c ' n / I'

Nat_ Boron _ Con :. -40+ ppm

o U 235 atomic densities based on pellet votumet

Avoyadro

N_U235 :* U r a n i u m _ D e n s i t '/ ' ---- ' I n r i e h m e n t
MW_U235

4 atoms

5.8114 10 --.N_U235 =

barn'cm

o U238 atomic densities based on pellet volumet
,

Avogadto
N U238 := Uranium _ Density * --- ' ( 1 . 0 forithment)-

,

MW.U238

4

. -_ _ _ _ __ _ _ ..
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-2 > 1 t. n L
2,2379 10h,U230 '*

t. 6 P si ' ( R*

l' 016 : t t ni i I (! t h 6 i t y l' $ t. e d Oh ptLL0t y ti i y rh t t

h ,, 01 6 i* 2'(h_V23I b_V23$)+

2 ettns
g gj4 4,39g 1p - _ _ _ _ - _ - .

t>prr*tn

0 2 i r ( c h I u ni t ( 01111 1 h (1 0 t O ff I( (| t h k i t y i6 tbbth 05|

'2 0tCmb
R g. f g. t e n g g ( 1 0 )k,2r40 :* 4,201 1D - - - - -

, , ,

tt.+n cm

D F 1- 0 t (' m I C (i e h % i t y ih b (i t t r 1

+2 0 t 0 ffe 5

70F)h_Ht_70F : = 6.671 10 (et f =
t, o r n ' t n;

/ ta t o m b

2127)N_H1,2128 :* 6.406'10 *- - - (ot ? *
t, o + n t ni

9 016 otomit dthslty in weter-

*2 ettms

N_016_70F := 3.336+10 - - - (et 1 * 70f)
torn'tm

2 etom$
W _016,212t := 3.203 10 --- (at 1 a 212F)

tiern tm

I

i

l

|

!

i
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o Watural boron concentratton in water
,- 1

(* T
- ..t+m,,se- +. :..m.,_c uu.u2 r * a |.

,

5 stems

W _ketBoron_707 = 6.671 10 - - - -

bernacm |.,

N
'

--h;..W a t & e r ce;3 4 2 8--4-5 W.a t._--B c-r-o n r crn-* h'",*T1721 ??e

$ etoms
a 6.406 10N,NetBoron_212F *-

barn *cm

o Operating time required to atteln the desired burnup leve1:

MTHM

Operating _ Time := B u r n u p * W u m b e r A s s e m * - -- - -

Reaetor_ Power

Operetino. Time 0*dey=

|

|
|
,

!
|

.

/
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'4(14-4 ~in k u 4 tL* 1 s t t,

4 e, $ . , - ... ...........

Tha 5 -1.'' &3.' AWL computer run (see Figuret ]) is used to,

( s rt et tne eross seetions from the 123 grcup :ross seetion
set contained in the AMPX master library. This WITAWL
computer run atso performs resonance seLi shielding
correct?ons for the foltowing nucLides: U 236 U238, Pu 240,
and Pu 242. If the loaded fuel is unirradiated (i.e., fresh
fue|} then onty U 238 is corrected for resonance
self shielding.

** Dancoff factor
.. . . ..

The Dancotf factor coIculated by tbe NULIf code is given
as

e ? -0 ; " Q, 7pp 2 g[~Doncoff_NUL1f '

However the Dancoff factor from the NUL1F output is not
defined in the same way as the one requested by the N11 AWL
computer code. The NITAWLis Dancoff factor is defined est

Dancoff_WITAWL := 1.0 Dancoff_WULIF

Thus, for this case

e n ''ES' C. 2(ft)g /)WfDoncoff_k11 AIL

** Scattering Cross Sections Parametersi

...... . . ... . ..... .. .. ..

The foitowing potential scattering ceoss sections are
obtained from Reference (11).

a_016 := 3.8 barn o_U235 := 10 barn

e_U236 := 10 barn p _U238 := 9 born

o_Pu240 : s 11 born c_Pu242 := 11 born

!

l

l

Q\1

,

. - . - - - r-, , _ , . 7
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1). U 238 mesonance Peremeters
.._.. ..........-........

For fresh fuel, the atomic density of U 238.

(W _U238) prevlousLy cetculeted is used. Ior
irradiated fuel, the W .U238 must be replaced
with the value obteined ffom the hut 1F burnup
ce|cutetion results,

o first moderetor (U 235) scettering cross
seetion per absorber atom (V 238):

,

W 0235
e_s1 is -+p _U23S

N_V238

= 0. 2 5 9 7 * be r np_si

o. Second moderator (0 16) seottering cross seetion per
absorber atom (U-238):

t

h_016
o_s2 ** * p _016

N_U238
,

7.7074*berno_s2 *

o' Effective modcretot cross section per absorber atom
(U 238):

1

em_eff := a_U238 (o_si o_s2) + -++

Pellet _ Die +h_L238

om_cff = 67.3214' barn

|

|

|

|
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X$DRkPM INPUT PARAHfT(R$
........................

:t

The geometric mcdel for the A$DkhPa code is a yllnoritel
fuel unit cell with rediva t> e s e d on the modificJ ritch of
the squert unit cell. The d 6 m e rt 61 o n s ef the fuel unit cell 6
are c a l c u l a t e cf in section ehtitled " It e t i c futt Ctometry

Calculations". The etcmic ctnsitick used in the K$bkht>,

mixing table are the some es the vblues celculated in the i

ukULif I t' F U T PARAMLi(R$" sectleh. The fuel cled cir gep end
the cladding repich is c o fr ts i n e d t ci p e t h e r to f o r n, p Single

2irconium region with the atomic density c e l c u l 6 t e ti ti t l o w t

C|0d_Vo|
N 7r40_X$D :* - - --- - -*- - -- --- -~ ' h , Z r 4 0

t i e d ,, V o l Cer Vel+

2 otems
. 3.0022 10N,2r40,X$D '- - - -

barn cm

i

f-
!

l

|

|

<

,
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l
1

8
i

i kihD th001 PARAkillP$ |
j ..................... l

i the geomettit medeis of the Lih0 IV tomputer tode ere l

f discussed in $cetion 5.0. Unitas sperifitelly noted, ett the
geomttty r e t ti s of the KihD input remain the some as the.

j. r ef ere nc e geometric model discussed in Section 5.0. This ;

settien will tottuleted other input poremeters applied to
this p6rtituter Lik0 run.

4
1 Since the loeded fut! e s s e m ti t i e s in the cask are
|
3 bomogenited, the stomic censities in the Kih0 mining table
j must be based on the volume of the fuel cel1 (with modified
) pittb). The homogenited atom densities of all the nut! Ides
1 in the fuel cell ett celcultted belo.:

I
i

4

I te!Let Yel
h.UP35,bomo t. --- -- - + h U 2 3 5<

Modte|1,Voi

l
4 4 etoma

j h,U235,, Homo a 1.7744-10 - - -

been cm

P e l l e t ,, V o I
, W ,V?30_Homp t - - - - - .k,UP30

,

ModCell,VoL
i

+3 etoms
k , U 2 3 8 , H o ne o 6.B31 10 ' - - - - - -4,

born'(m,

i
J

CLptt Vo1
. N,7r40 Homo * - --- ---- - h , 2 r 4 0

ModCeLl V0L

3 etoms
)

4.7125 10N,gr40, Homo .

born'cm
I

( tetiet,Vol Mod,H20,Vol
k,016, Homo * - - - - - - - ~ ~ - - -'W,016 - 'h,,016,70F-+.

Modttll,Vol ModCe|L, Vet

|- ? etems
3.306 10N_016, Homo ' - - - -.

born *Cm

,
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| Mod H20_vot
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ModceL| _ yel
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|
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? etoms

= 3.6073 10 - - -- -h_H1_ Homo>

born cm f .-

i \ g/
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5 atoms
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1 I
I huLIf (40V1 P ..f M i l l R S
j ..... 2....,.........

i WUL17 regelrts the following parameters as loputs dimensions
of tha fuel unit cell, reactor power history, power density )
based n the fueI ce|| vplume, atomic densities of the !

$ materials in t h t- fue( cell (furt pe1Let, cladding, and
moderstar).

I

|

1he basic dimenttons of the fuel unit cell are gIven in
prevlout secticne. The fuel te|| with the designed pitch
witi be used ior &ti the nut!F calculations in this

q' criticality analysis. Ihe teactor oper& ting cycle is token
na 16 morth$ at futi power and 2 months of outage. Other
cequired parameters are calculated beiows

,

** Atomic Density Calculations
.......... ................

The following fuel parameter will be considered in this
section:

Enrichment * 4.2 % -

GWd
Burnup :. 0.0 ---

M10 y^' g
,

//9 2 d
'

hat, Boron. con 1 +0 h ppm

o U 235 atomic densitie6 based on petlet volume

Avogadro
N,U235 s. U r ani um,D e ns i t y - Enrichment

NW0235

4 stoma

N_U235 9.7632 10. -

born cm

o U238 atomic densities based on peItot volume

Avogadro
k_U238 := U r a ni um_D ens i t y - -(1.0 Enrichment)-

MW.U238

:

.

!

.--._.,...m,~.-. _ -, ___ -... .--- _., _ _ _ . _ - . , . _ . . . ., _ , -, . . - - - _ . ,



. . - . .

.

2 stops

= 2.1989 10W ,U238 '
,

j~ born *cm j

j

o 016 atomic density based on pellet volumet
;-

<

N_U235)N 016 := 2*(h_U238 +

*2 atoms
= 4.593-10W_016 -

been*cm
i

o Zirconium cledding atomic density is taken o

*2 atoms
|

N_Zr40 n. 4.291 10 ....Referer:ce(10)*

bern*cm

o H1 atomic density in water
4

2 atoms
*

N_Hi_70F ie 6.671 10 70F)(ot 1 **-

barn *cm

2 otoms

N_H1_212F := 6.406'10 212F)(et i =-

'
born acm

o 016 atomic density in water

2 atoms
'W _016,7DF := 3.336 10 70F)(et 1 =-

bern*cm

'

*2. etoms

h_016.21?F :. 3.203'10 212f)(ot 1 =-

barn'cm

GS
,

. - -. - -- -. - -. -. _-_ ._ -
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o Watural boron concentratton in esters
,

,.r-

---W ; W e t-9t+o n.JJJ-42-We t- 404-o n C-o n a N;n-Y?tW
'

5 etoms

k_katBoron_70F a 6.671 10 *

ba r n 'e m ,

.4
3s
"

-4- 4a+1Lo.r-ca J44J-u WILo r o n _ c o n * N __ H 1,_112.l_
.

$ atoms

N_WatBoron_212l 6.406 10* *

Farn em

o Operoting time required to attain the desired burnup tevel:

M1HM

Operatinp_iime ie Burnup' Number _Assem- ---

Reactor _ Power

Operating _flme 0*dey=

1

i

4'

(Y
/

. - , . - _ , -_ _ _. ,_ -.. - _ . _ _ _ _ _ . . - . . .- . . . _ . . . . , . . . . . - _ . . . _ . . _ . _ . .
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|

N11AUL input PARAMilits

1.......................

The fitat kl1 AWL computer run tsee Iigure[ }) is used to l

format the cross sectiens f r c> m the 123 group cross section !
set contained in the A N F' E master librery. This hi1 AVL
computer run also performs testnence setf* shielding
c o r r e c t l o ri s for the follo.ing nuclides U 236, U238, tv 240,
and Pu 241, if the 100ded fuel is unfrredlettd (1.t., fresh
fuel) then only U+232 is torrected for resonance4

aeif shielding.

** Doneoff fector:
... .. . . .

The Doncoff factor calculetta by the kutif code is given
es!

Dentoff_kut!F :. " * v O , 79(s 2, gf''

However the Danceff f6ctor 8 r o th the NUL1I output is not
defined in the same way as the one requested by the kl1 AWL
computer code. The N!? AVL's Dancoff fcctor is defIntd est

DDncoif_h!TAWL :. 1.0 D o n e o f f _ N U L ', F-

1

Thus, for thin case:

. '1 ^ e C'* 0. 2 0t>6 g)ffDoncoff_h11 AWL r- .

'' Scottering Cross Secttons Perameters
.. .......... .. ... . ......., ...

The following potential scattering cross sections are
obtained from Reference (11).

0.016 . 3.8*bern p _U235 1 10 born

p _V236 s. 10 born o_U238.8 9' barn

-

o_Pu240 . 11 'b e r n , ,r'U2'? := 11+ born
i-

|

|

_ - . .._ _ _ _ . __. - _ __ . _ _ _ . . . ~ . __ _
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s

1 i), U4 238 kesonance P 6 t e ni e t e r s
. . _ _ . . . . . . . . . . . . . - .

t

]

j for fresh fuel, the stomic density of U 23b >

. (k_U238) previousty entculated is used, for

| irradiated fuel, the h,U238 must be replaced
'

with the value obtelned from the NULIf burnup
q caLcuLetion resuits,

n

A o first enod : r at or (U+235) scattering cross
section per ebsorber atom (U 238):

k ,, U 2 3 5
4 ,,,3 . --..._ _ ., _up3$

k U238

s 0.464'berno_si

0 Setond moderetor (0 16) sentterihg cross settien per=

absorber etom (U 238):

N 016
p 62 : * - - --'o_016

h,U230

j c_SP = 7.9374*bern

o tffeetive moderotor crosa settion per obsorber stem
(V 238):

1

om eff to p ., U 2 3 8 + (p _61 o_st)* +
;

Pe||et. Die *N,U230,

6 8. 5 3 7 8 * ba r npm eff a
c

!!

k

,

i

<

- . . _. - ... . - _ . . - - - . .- _ . .-.
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X$DRWPN 1WPUT PARAutitR$
essesassesseseesseessese

a

the geometric model for the XSDRWPM code is a cylindrical
fuel unit cell with radius based on the modifled pitch of
the square unit cell. The dimensions of the fuel unit cells
sre calculated in section entitled " Basic Fuel Geometry
Calculations". ihe atomic denstiles used in the XSDRhPM
mixing table are the same as the values calculated in the

"kullF !WPUT PARAM[1TR$" section. The fuel clad air gap and
the cladding region is combined together to form a single
Zirconium re0 ion with the atomic density calculated belowt

;

Cled_Vol
N_2r40_X$D is - - - - 'W _Zr40

Gap _VolClad _Vol +

2 atoms *

3.8022 10N_Zr40,XSD e *

barn'em

|
|
t

I

i

_ . . . . _ -- _ _ - - _ _ _ _ _ __.
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|

LINO INPUI PASAQtitR$
. . . . .................

* The. geometric models of the LEWO IV copputer code are
! discussed in 5ection 5.0. Unless specifical!y noted, all the

geometry cards of the LINO i nput remain the same as the
reference geometric modet discussed in Section $.0, this

Isection witI calculated other i nput parameters applied to
i

this particular LENo run.

$1nce the loaded fue| assemblies in the cask are
homogenized, the atomic densities in the KtWU mixing t6ble
must be based on the volume of the fuel cell (with modified
pitch). The homogenized atom densities of all the nuetides
in the fuel cell are calculated t> e l o w :

Pellet _Voi
N_U235_ Homo . =- N_U235

, ModCelf,Vol

4 atoms

N_U235_ Homo 2.981 10 - - - -.

bern'cm

4

Pe1iet_YoI
N_U236 Homo 3 -- 'N_U238_

ModCe|| ,Vo(

3 atoms

.N_U238_ Homo . 6.7138 10 +

bern cm

C1ac_Vol
N_2r40_ Homo . -- -*W _ 2r40-*

ModCeit,Vol

+3 atoms
W ,Zr40_ Homo . 4.7125 10 *-

bernacm

Pellet _Vol Mod _H20_Vol
N_016_ Homo . - -- 'N_016 N_016_70F.+

ModCet| _Vot ModCell_Vol

2 atoms
. 3.3063 10N_016_ Homo -

barnacm

,

r

c * e . ,-e,w .-w- m. .,.c.. .s.m.. ee.,-.m.-,..rn..,,,,.,,--,-,,--.e.,- +.m e =,..w,, -~ y--m.y.....,emv.-.m..r,,_,
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Mod _H2O_Vct
- -h_M1_701h _ M 1_ H o n, o =

ModCe|| _Vol

? e t o ni s

3.8073 10h _ N 1_ H o rn o
- - - - -a

bern*cen

\

{ ' _.E._4 4_t4 +4-9*--h + a+ e--t-*-wrk4-k+ n+ oak-s t-Ao+ cun Lan- --r

'tY 5 atoms
a 3,8073 10h ,, N e t 9 0 r o n _ H o m o * - - -

b e r n c rn

b

__



,-%.#. ,Jd + A-a----A 4.A .__. %.J.m4- dJweh Jka4-.Ji-d-A -- -An- km.m14Lh4 -JA wA- M .BAph--L---a4-a>&+4a-o&Gmio.-*-b M*ns a 4hA m2Mals E--*e--mm- +44&&---,wAu .h4 a#m.-ha4 4-.S- ..--+ML,4i.

Mils'

Wilf,f0,it(60 h[NiY ll/Ni

tHf,n4Pi,W,Cl$r,NC.
WM( , k973?.01,VS( .
11't!(!!d7K!il) til0A M t!215, 4 3 M". [0f t'[[> Wii .

'

A'it >$ a [F l ,1,N
1

) N khffL.khk~ gig ()
411U # 1[i3,i v.i

f [kIh!,U P[1,T f f!2,U.fi31

1 MU:H3,hUlli,9,l.
w Mf n 1>

:fDF

*[[GN,ill) ill(N F# l$r t!, 4.;t C:',10!8i(D FAT [i
30wd mnetmt
MD001, *, 0, i. ' l. C
} )i).( g V f-

b b')i
{ ;-; t 2 M"M1, .f, i 10 !,',

y, i ' 9 0 0 .' , i.h 1,10, is

*j4 !$ (OSI, J- ), I, * / , I

W;p 1M44, . 0, ;, 4
.

; * l'00i:$, .(, l.'
? ,

,e'i9x .h 1, .:,w

.p 100?c ., 1, ).:.

. i m.:
, ..-

e -- k, a4 s !g*

.fb + - ' | p i
. i- ge

.s ; ! W o. .r, ,.. >
'

:p IfMll. % 1, !.0, |.

:H y p 1U.0 ?, ..% : .0, ., ,

h %;p 109017, .n. 1, . . ^ , ic = i

4:t<ttP.ito niel
%dl39,2,i
*(til gutt b y

%;, !,fN !, 1.. N ,T j O (i. ) , . 9 , .. , 5.
.

Il m ), ' O . , J r. , t . 'c 0; .

"
2[(f.plit; b , n' *tti t's .~k !.

7;#",f!, V2E, 4.7E.N
m.4, n, ,, l m. ..4

,

.. * - ..

{, ha ' *t f g

??0iM, N, a, N .

shi st!! m t d m t! m)W = 7J I, M s.' p t
(UX M !b )$, t.2102'5, h W . i:30Ns

'

31); 6; ,- # 1, t . ' ' ,,
h'01, Gi tz , 3 'M *;
)d( IC g b l 0, 1. ('0 )- 2(

p,' ^'

i

$II$$ M i!15b, Ee1I 1.Y , M il5 bIIe [ N ')\8

U M 61,' .hi, ( 671-
C0102, Olt , i.:!4 2
e O 103, - t<10, 3. U H

( N. . ' -t
I k Ik g is . $ hh .g

440101, kl , t..t? l-;'
440102, Olt, 3 336-0

| 440103, 110, 9 15F6
/ M7 b~
* [IION Td 15415, A.210235,9*0pp NAT. IS0f,
44010:, H1, 0 671-2
4 0102, 010, 3 ? 6 2
440103, B10,1.!0?-5 -

| / dh on CQhg= IIION M 15xl$, 4 ?! [T15, 4tt;p kAT. IMON
/

l
l-
l- .-, ,_. . . . - . _-, - - . - - . . . . . _ .- . . . _ . , ....- ,.-., - .. .. --. _.. . _ - - .- . .- -



. _ . .

| *
|

hci',,,SM,*.'? i
..,p., tp,, }.r.,4.r

> :

(*p. *si
'<f 59'A*

D *Y gf I a ,b _ , a A A $ ,g og 6 q

d '''. ; ! , Fl, t.671 .
( *, s . { . . Si 2 ,_

. .t, - .

*in, 9'i .. . r, , r -
Ii. e sL et .s q

; C, i ? , f
i .. We '

* A k ) h \ Bg g g

>> i p ;*>=i.ut 4 a se _ . & 6

* **If. t ,- t g:.
a6+# a g 8

g

i e *

h. 4A
'g

a*'. .
( g ' , $'

e,4 -, m ,

,,)(
'

; > . > . -

} d*' **4***" ? bO i k ,' N' Y' |ffi
'

t 6 '
g g

-;,-,,4

%
9 ** 4, ,=>4

, 3 4

P 9g.*|er

! ', e4 i

'-[ 6
t ,,,.9,,, g|*, ag1 I. , ,i,, . . s . .>.

[gi t t' .; () ,

>

=
* 1, t . t .1 .,

p,[ - ,i.#,-.d-- e
..

w o I b

i
d

1- , '.,,

%mine<

-, W ;rVI.-*'' :.; ,5 . .. ..,

.C'-s',1 , , +

-, ,
,-,4

s s

=* s 4
.

i
p

*- < < p ,;
'

Of$- o-. t

(llh inI j l. {{ g ,' ' ' ' . M .: ', j ' \ !c .(e y

, . , , , , , , , .
* 1 ?. u ,- 3 e. . . 6i

d , g * *48 I
g y

4 4 3,1. t . t 4 ,. i *g+. .t
/,

. i e i * :
..,

_ se"

~ f ' '' ,' f, I' M i {I j. ,' W[ j '
I 'i h' [ E ' \

b', t- 1t4

J,! '? :- ( | , f I S ; )***

, - .. *i
64

.

f ,a i ,
.

r,

rf {*,,c 1,,

{J!sT , y t, f. - [ 5. . j,. N, ' h. ~~ , $ I;; * *it*
. < . ,.

tg L 8 ,

...i- , - * ,.
# 48 .$g .4. 1 '*4

? .9 [ii * ''* ,
, ..t. i .,

9

9

p I

- _ - - - -. _ --- . -- _ _ _ - -- _ - - - _ _



_.___. _ . _ . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ . _ - - .__

_

/Mj
IN)hl0
(Ghkf j /0,12M. t[Nh tilN
ti E F ,0 9t!A ,( ML ,h; .

( HMI ,hs 73' 01,t 5( . 77f.3 ,e -

,

; 1110t[[42X111)[110A10:15 FWR, d.;l Lt35, +H0 rp I. AT.10f'0N)
Lif f t ,ilt( A,14!,D i tM C1,iiU0074:1
|Uh!'I if fl A,1 Af'[4.s

I !!',Gh ,ilfl f .

F(klLD.IUl4.
(0h?T ,i!Fla,1 A8!; .

| i'[ siiNI ,1# f( d .

! t ii GP ,4NP ,1, U .
| t ?S ht N F07D"7)
i s tot , int 2,to n.
I I!?;M.'Alfd-.

|'f!TA;P,hlitut.1,..
;

T !WLtPu ??' '?i
w,4a n.
t i %i n,it ti:, TUG.
t el!. itlFit,W.DH,D t r5in, vin ' N
(iFi!!,ilt|4,El {l.

'[i; 7 fi1 [8

;!aw) 100 n ,F , c .t (: 9
- p i. o . ua n

j ;t; , :1 :< : U a 6' *
(.

| :11 ', ' 1 l

m: e ... < < 1
-

.

$$I "$ .' '2' *35

4.

S et 1. -(, . . - 1. i 6 (- !.42 . i
i

'3)I l '

1 1
c

! !

>
r

k

t

I

,

idfl

G 2:3tl f42;'Lt

4:2091
0 |

nmW '

(

.tn0' 1 GD a/ '

d250109

" ii i

.C4

4.7t ?N 2.tM4-2 !
I4.!'v30-2

00
3.fM2 2
00
6 671 2 3.336-2
?.0(?-5

i '

'I 5f,leh fhe0J'

I

n . no.o no.ne: m.tm c.nu
Otll !El 212 03

i F3

-___ - - ..



- - - - - - , - - - - - - - - - - - - - - - - - , - - - -

k t$ 5

- h-- $a 'i$%- *

|l)

111 ; '. t J( :t r'
,

.il

hi001 , ; in ..!

t . ,i, d .) 0.' l , .
, 4, * - ' ,,. . . ..

i, - a 4 6- I

*
t s i,, ?.r, .,j 3 - i. ; , , ,
t .- s .- . .

e e --

s r n. . y I
.

t',- *(*
ss 1

t & ; t 4. ,' 4e
ss

b( ji) '

t ?, j \' S f, tJa s- , 't

I. [.tI, l.l l.' i. l

. 'a
9

s s" 3 j {
y *

--

s - ,

e-

9 e ia

*glv i1s.
. , , , . i

-.

r; r, i.
s t

4r
I

e4

*t[ 'j

it
*

$\{ ', \
$. 4 1

* t T,; . + (-
. -6

4.", 9t jt
t a

2 9a

L e'
g

s 4

{[ki',

:0
ric. c.iw a. ,

d $

k,.' ip
3

5

3
- - - _ - - - - - - - - - - - - - - - - - - - -



m -- g- A a -s.t 2.

/N05(0~
[43 [il , F( ,i'tM 0 E[NEY Tilti
U M 9. h 4 3 ,(I5t:, 0
(t M E,A473 01,V30 1 7 0 +' '''-
illtf([[d2f!Bl) -[ LION 15r15 PN, 4 2WSS, W pp RAI,b0ffh)
' ABIL,iPE*.,b6!,uf M!CiJh=007421
C0hii,1AFia,iFid.
EiW'jhiP[(.

f! % ;in[A.
Fthi(310)
O f AM,t(h04,;, F .
#[h04313777777.
Ep ' 10^^^ #3
nomi te cas re c.mn, me ne ut.im

,, . t,, .e,,,ss , 1 .- i; i

,,
e' ,14 n. - ,i 4 .. t,

i : ! ; -l? 1 0 2 .1 <

o 9 e .1 9, 9 .

1.0 0 | - 1. ') -1 3
1 ;, ;.';51 1 93 R-;
1-121;;331 r 717 -'

dij G P., i3(*'-2'

4 . ,prk s 4 , ,_--

*,1, < -c V ad es. *
4

r aI , '

1;f '!t09 j .7!(0 '-

.h, ' 9. ! ff: * Ot c.c ? r. fic' EJ f -5
'

,' ..

r ,n % ' _ % ., e, v%g
,

, u- u>e- , ,*) 'i(- ,'s - 6 <>.

" , fi( I e. C( , 'di h)I l . V ) ' '' J*

J , ,(04 ' 29d-

j 'c .770)*[ ', [ '0( [ leh0(~) 0004 ' 7!(9 .8*

3 41U M ? :R J 5 ;20')M : HM-: % "?M 0 "' -''

11M05 7.e?C5 4 5 30001 4. R4 *.'

Qh (| *>-{ M' C, -

N (,u

)
/
k

/

\

f

y'

fe,



. . _ _ _ . _ - ~ . _ . . - _ . ._ ..._.

CALCULATION SHEET ./
'

h- [1 pf. 5 C)f U235 ob p b,

NUl|f /ct.m nn
c1|cWYhC N -c,,g '

% CRAC & hk lyt'dl/

f-t-G-o

,

CLIENT: JOB NO. REVISION:
,

ORIGINATOR: HENRY TRAN DATE: CALC. NO. :

CHECKER: DATE: PAGE: [ff
. _ _ . __ ._ _ _ _ - -



- ._ .=_

,

!k 'IF INPUT PARMLTERS
=====

IRJLIF L requires the following parameters as input: dimensions
of the fuel unit cell, reactor power history, power density
based on the fuel cell volume, atomic densities of the
materials in the fuel cell (fuel pellet, cladding, and
moderator).

The basic dimensions of the fuel unit cell are given in
previous sections. The fuel cell with the designed pitch
will be used for all the NULIP calculations in this
criticality analysis. The reactor operating cycle is taken
as 16 months at full power and 2 months of outage. Other
required parameters are calculated below:

** Atomic Density Calculations:
___.-__________ ....___.._.

.The following fuel parameter will be considered in this
section:

Enrichment := 5.0 %
,

Burnup := 0.0* /
MTU ;

| ! 9p- h ',f |t st
~Nat_ Boron _ Con := -1000, ppm

o U-235 atomic densities based on pellet volume:

Avogadro
N_U235 := Uranium _ Density -- Enrichment

MW U235
_

-3 atoms
N_'U235 = 1.1623 10 -

barn cm

o U238 atomic densities based on pellet volume:

N_U238 := Uranium _ Density- - (1. 0 - Enrichment)
MW U238

_

k\p



- _ _ - - _ _ _ _ _ _ _ _ _ - _ . - - _ - _ . - _ _ _ _ - - - - --

*? etoms

h,0238 2.1805 10 - - - - - -=

bnen cm

o 016 otomic density based on toilet volume:

h_016 := 2*(k_U23B k_U235)+

2 otems

W _016 4.5935 10=
-

born cm

o Zirconium clodding atomic density is token os:

2 otoms

k_Zr40 := 4.291 10 ---- .... Reference (10)
born cm

o H1 atomic density in water;

2 otows

k_H1_70T := 6.671 10 -- - -- - (at i = 70F)
born cm

2 otoms

N_H1_212T := 6.406 10 212F)(et T =-

barn cm

o 016 otomic density in woter:

+2 otoms

k_016_70F := 3.336 10 (at i = 70F)
bern cm

2 etoms

k_016_212T := 3.203 10 (at i 212F)- =

bern em

I

_ -



._ - .

o Netural boron concentration in waters

-W:-k e t IHrg70 ; . . . . i ,6-U r tr@mtk-_ H 1_ T n F, 9 f, 6 -

f.}5 atoms

N_NatBoron_70F = 6.671 10 'p*

bernacm

# / [A___-k; wit-thre v n , t 4-P-7 . - -uvspo+,0-W Nek4--fW V

5 atoms

N_NatBoron_212F 6.406 10= - -

bern cm

o Operating time required to atteln tbe desired burnup tevel

M1HM

Operating _ Time := Burnup* Number,Assem*
Reaetor_ Power

Operating _ lime 0* day=

/



NITAWL INPUT PARAMETER $
e............e.... ..==

The first NITAWL computet run (see figurel )) is used to
format the cross sections from the 123 group cross section
set contained in the AMPX master library. This NITAWL
computer run ntso performs resonance self* shielding
corrections for the following nucLtdes: U-236, U238, Pu 240,
and Pu 242. If the loaded fuel is unirradiated (i.e., fresh
fuel) then only U 238 is correeted for resonance
self shielding.

** Dancofi factor:
... .. .

Ihe Dancoff factor calculated by the NULIF code is given
as

Dancoff_NUL!T := 0 . ' L 3 2^ C, 7(/92 g

However the DanCOff factor from the NULIF output is not
defined in the same way es the one requested by the NITAWL
computer code. Ihe NITAWL's Dancoff factor is defined as:

Dancoff_klTAVL := 1.0 Doncoff_NULIF

Thus, for this case:

= 0-. 2 ; J 0 " - O.2608 //M[Dancoff_N1TAWL

** Scattering Cross sections Parameters
. . . . . .

The following potentiot scattering cross sections are
obtained from Referenca(11).

o_016 := 3.8*btrn o_U235 := 10 + b a * .

. o_U236 := 10* barn o_U238 := 9' barn
!
|

p _Pu240 := 11' barn o_Pu242 := 11* barn

D'

S>
_ _ - _ _ _ - - - _ _ _ _ _ - - _ - - - _ _ _ _ _ _ _ _ _ _ _ _ - _ -
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1). U 238 2esonei.ce Parameter
-------------------------

For fresh fuel, the atomic density of U-238
(N_U238) prevlousty calculeted is used. For
irradiated fuel, the N_U238 must be replaced
with the value obtelned from the NU;lf burnup
calculation resutts.

o Ftr$t moderator (U 235) scettering cross
seetion per abscrber atom (U 238);

N_U235
o_s1 := -*a U235

N,U238

o_s1 0.533 barn=

o Second moderetor (0 16) scattering cross section per
absorber atom (U 238):

N_016
p_s2 := e_016

N_U238

v_s2 8. 0 0 51 a b e r n=

o Effective moderetor cross seetion per absorber atom
(U 238):

$

1

cm_eff := a_U238 (e_s1 o_s2)+ + +

Pellet _ Die'k_U238

69.1253 bornom_eff =

!

l

|-

t

!

.

!

'

|
t

_ _
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H (in water) : 6.671E 02 ; atoms / barn.cm]
H (homo, fuel): 3.807E-02 atoms / barn.cm)

NAT. BORON NUllF & XSDRNFM KENO IV
CONCENTRATION B 10 ATOM B 10 ATOM

( ppm ] (atoms / barn.cm)[ atoms / barn.cm)
............. ............. .............

0 0.000E+00 0.000E+00
100 1.308E-06(E) 7.462E-07 @
200 2.615E 06 1.492E-06
300 3.923E 06 2.239E 06
400 5.230E 06 2.985E-06
500 6.538E 06 3.731E-06
600 7.845E 06 4.477E 06
700 9.153E-06 5.224E-06
800 1.046E-05 5.970E-06
900 1.177E-05 6.716E 06

1000 1.308E-05 7.462E-06
1100 1.438E-05 8.209E-06
1200 1.569E-05 8.955E 06
1300 1.700E 05 9.701E-06
1400 1.831E 05 1.045E 05
1500 1.961E 05 1.119E-05

g- , 1600 2.092E-05 1.194E-05
1100- 2.223E 05. 1.269E-05-

1800 2.354E 05 1.343E-05
1900 2.484E-05 1.418E 05
2000 2.615E-05 1.492E-05
2100 2.746E-05 1.567E-05
2200 2.877E 05 1.642E 05
2300 3.007E 05 1.716E-05

0 S11 - 2400 - 3.13SE-05 1.791E-05
2500 3.269E-05 1.866E-05
2600 3.400E-05 1.940E-05
2700 3.530E-05 2.015E-05
2800 3.661E 05 2.089E-05
2900 3.792E-05 2.164E-05
3000 3.923E-05 2.239E-05
3100 4.053E 05 2.313E 05
3200 4.184E 05 2.388E-05
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