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APPENDIX 6A

Justification
Assumptions and conclusions from Section 6 are not changed. Section 6.4.2 concludes
that the 16xI6 fuel assembly configuration corresponding to CoC paragraph 5.(l)(b)(v) is
the most reactive. Table 6.4-2 gives KENO-IV keff+2cr results for this FA configuration.

Calculations were made for each fuel type being modified. The contents were inserted
into the 927AI/Cl packaging under hypothetical accident conditions and evaluated as
individual packages and 2x4xI package array. (Figure 6.3-3 shows the KENO Model for
Damaged Containers). Results are given in Table 6A-1. Note that the fuel in items (iii)
and (v) are identical with the exception of fuel length. The longer fuel is modeled at both
0.325" and 0.3255" pellet diameters.

Table 6A-1 Hypothetical Accident Condition Calculations for 927A1/CI with Revised Fuel Assembly
Types, 10.96 g/cc pellet density and 12-Inch Annular Pellet Zones Top and Bottom

Run No. CoC Para 5.(b)(1) Assembly Type kk,, a eff + 2a

Individual Package in Isolation - SCALE Version 4.4 / CSAS25 / 44GROUPNDF5

48 (ii) 14X14 0.9083 0.0013 0.9109

46 (iii) and (v) 16X16 (0.325") 0.9071 0.0012 0.9095

47 (iii) and (v) 16X16 (0.3255") 0.9057 0.0013 0.9083

65 New (vii) 16X16 (0.3225") 0.9169 0.0014 0.9197

Package Array - SCALE Version 4.4 I CSAS25 I 44GROUPNDF5
51 (ii) 14X14 0.9304 0.0012 0.9328

49 (iii) and (v) 16X16 (0.325") 0.9270 0.0013 0.9296

50 (iii) and (v) 16X16 (0.3255") 0.9255 0.0012 0.9279

66 New (vii) 16X16 (0.3225") 0.9333 0.0012 0.9357

It is important to note that the 0.325" pellet diameter for the I 6x16 fuel type was actually
approved in previous revisions of the CoC. Prior to December 1992 the pellet diameter
for the 16x16 fuel was 0.325". It was increased to 0.330" in Revision 17. Hence, in the
case of reducing pellet diameter for paragraphs (iii) and (v), Westinghouse is returning to
a fuel type that had already been approved, albeit at a lower pellet density.

The new fuel type becomes the more limiting fuel but calculations demonstrate that keff
for all types remains below the upper subcritical limit (USL) which is 0.9377.

The parameters important to criticality safety for the new 16x16 fuel design are given in
Table 6A-2.
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Table 6A-2 Parameters Important to Criticality Safety for
New 1 6x 16 Fuel Type

Parameter
Geometry 16x16

Wt.%U235 5.0

Nominal pellet density 10.96 glcc

No. fuel rods 236

Active fuel length 150.0

Nominal clad OD 0.374

Nominal clad thickness 0.0225

Nominal pellet diameter 0.3225

Annular inner pellet diameter 0.155

Fuel rod lattice pitch 0.5065

Unit cell VH20Nu02 1.789

G U235/cm fuel assembly 56.7

Kg U235/Assembly 21.6

Kg U/Assembly 431

Acceptance Criteria
The SCALE 4.4 code package was used for all criticality calculations performed herein.
Final calculations utilized the CSAS25 or CSAS2X sequence along with the 44 group
ENDF/BV cross section library.

The arbitrary margin to ensure the subcriticality of ks, called Akm, shall be no less than
0.05, where ks is the calculated allowable maximum multiplication factor, keff.

The equation for ks is given as:

ks < kc -Aks - Akc - Akm,
where
kc is the keff from the calculation of benchmark criticality experiments,
Aks is uncertainty in the value of ks, and
Akc is uncertainty in the value of kc and identical to the uncertainty in tile bias (i.e. Akc
=AJ3)
Akm =additional administrative margin to ensure subcriticality (i.e. Akm= 0.05)

The calculation bias, p, is defined as 0 = kc - I, therefore
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ks < f + I -Aks - AP -Akm, or
ks + Aks -(- AP) < I - Akm
ks +Aks-(P- AP) < I-0.05
ks + Aks -(- AP) < 0.95

For these calculations, ks is the average keff and Aks is two times the minimum standard
deviation (a) of the system that are listed at the top of the plot of average k-effective by
generation skipped in the KENO-Va output, and a negative value of 0.0123 is assigned
for the bias and uncertainty in the bias (P-AP) associated with using SCALE 4.4 and the
44-group cross-section library. This is consistent with the Columbia Plant methodology
for determining the upper subcritical limit (USL) in accordance with ANS/ANSI-8.1
guidance. The upper subcritical limit is 0.9377 and,

USL= I - Akm + ( - AP)
ks+Aks <USL
keff + 2a < 0.9377
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Table 6A-3 Input Deck for New 16x16 Fuel Assembly TIAC Package Array

-CSAS25
EXPLICIT MODELLING OF TIHE 927 SHIPPING CONTAINER
44GROUPNDFS LATTICECELL
U02 I DEN=10.96 1.0 293 92235 5 92238 95 END
ZIRC4 2 1.0 293 END
1120 3 1.00 293 END
SS304 4 1.0 293 END
CARBONSTEEL 5 1.0 293 END
1120 6 1.00 293 END
1120 7 1.0 293 END
U02 9 DEN-10.96 1.0 293 92235 5 92238 95 END
ZIRC4 10 1.0293 END
1120 11 1.00 293 END
END COMP
SQUAREPITCII 1.28651 0.81915 1 3 0.94996 20.835660 END
MORE DATA RES=9 CYLINDER 0.409575 0.19685
DAN(9)=0.48795876
RES=10 CYLINDER 0.47498 0.41783
DAN(10)=0.44792306 END MORE
KENO DESCRIPTION OF THE 927 CONTAINER 1.5 INCIIES ABOVE STRONGBACK
READ PARM GEN-210 GEN=410 NPG=1000 RND=756564767891 RUN-YES
END PARM
READ GEOM
UNIT I
CYLINDER I 1 0.409575 320.04 0.0
CYLINDER 0 1 0.41783 320.04 0.0
CYLINDER 2 1 0.47498 320.04 0.0
CUBOID 3 1 0.64326-0.64326 0.64326-0.64326320.040.0
UNIT 2
ARRAY I 30.0
CUBOID 6 1 20.58432 -2.91068 26.035 -3.810 320.04 0.0
CUBOID 5 1 20.58432 -3.54568 26.035 -4.445 320.04 0.0
UNIT 3
ARRAY I 30.0
CUBOID 6 1 23.81250 0.0 26.035-3.810 320.04 0.0
CUBOID 5 1 24.44750 0.0 26.035 -4.445 320.04 0.0
UNIT 4
CUBOID 6 1 7.140580 -7.140580 19.36750 0.0 320.04 0.0
CUBOID 5 1 7.620000-7.620000 19.84375 -0.47625 320.04 0.0
CUBOID 5 1 7.620000 -7.620000 19.84375 -1.11125 320.04 0.0
CUBOID 6 1 7.620000-7.620000 29.36875 -1.11125 320.04 0.0
UNIT 5
CUBOID 3 1 0.64326-0.64326 0.64326-0.64326 320.04 0.0
UNIT II
CYLINDER 0 1 0.19685 30.48 0.0
CYLINDER 9 1 0.409575 30.48 0.0
CYLINDER 0 1 0.41783 30.48 0.0
CYLINDER 10 1 0.47498 30.48 0.0
CUBOID3 11 4P0.643255 30.48 0.0
UNIT 21
ARRAY 11 3*0.0
CUBOID 6 1 20.58432-2.9106826.035-3.810 30.48 0.0
CUBOID 5 1 20.58432-3.5456826.035-4.445 30.48 0.0

Septcmbcr 27. 2005 
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Table 6A-3 Input Deck for New 16x16 Fuel Assembly IIAC Package Array
(cont.)

UNIT 31
ARRAY I1 300.0
CUBOID 6 1 23.81250 0.0 26.035 -3.810 30.48 0.0
CUBOID 5 1 24.44750 0.0 26.035 -4.445 30.48 0.0
UNIT 41
CUBOID 6 1 7.140580-7.140580 19.36750 0.0 30.48 0.0
CUBOID 5 1 7.620000 -7.620000 19.84375 -0.47625 30.48 0.0
CUBOID 5 1 7.620000 -7.620000 19.84375 -1.1112530.48 0.0
CUBOID 6 1 7.620000-7.620000 29.36875 -1.1112530.48 0.0
UNIT 51
CUBOID 11 1 0.64326-0.64326 0.64326-0.6432630.48 0.0
UNIT 6
ARRAY 2 -32.0675 0.0 0.0
CUBOID 6 1 37.7825 -37.7825 35.5600 0.0000 381.0 0.0
CUBOID 5 1 38.0873-38.087335.8648 -0.3048 381.0 0.0
GLOBAL
UNIT 7
ARRAY 3 3*0.0
REPLICATE 7 1 6r30.48 I
END GEONM
READ ARRAY
ARA-I NUX-16 NUY-16 NUZ-I
COMN!TIIIS IS TIIE ARRAY CONFIGURATION OF TIIE STANDARD 16X 16 CE ASSENMBLY!
FILL

1111151111115111

1115511111155111

1115511111155111

END FILL

Sepembr 2, 205 ev.5 PGE A-
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Table 6A-3 Input Deck for New 16x16 Fuel Assembly FIAC Package Array
(cont.)

ARA=1I NUX-16NUY-16NUZ=I
CONS!THIIS IS TIHE ARRAY CONFIGURATION OF TIIE STANDARD 16X16 CE ASSEMBLY!
FILL
11111111 1111111111 1111111 111111

II II II II II II II II II II 11 II II II II II

1111 1151511111111111115151 1I 1111
1111115151111111111111515 1111111

1111 1111 1111 115151 11 11 11111111
11111111 11111151 11111111 11111111

11111151511111111111115151 111111
11111151511111111111115151111111
11111 11 f II 11 11 11 11 11 11 11 11 11 11 11
11 11 111 t 11 11 1111 11 11 11 11 11 11 11 11
II II II II II II II II II 11 II II II II II II
END FILL
ARA=2 NUX-3 NUY=I NUZ=3
FILL21 4131

2 4 3
214131 END FILL

ARA=3 NUX=2 NUY-4 NUZ-1
FILL 8R6 END FILL
END ARRAY

rcad bnds
+xbsvacuum
-xb=vacuum
+yb=vacuum
-yb=vacuum
+zbsvacuum
-zb=vacuum
cnd bnds
END DATA

END
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