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BASELYNE NEUTRON TRANSPORT CALCULATIONS

fast reutron fluence evaluations for the Yankee Rowe re

using both ona- and two-dimensional discrete ordinates
wo-dimensional computations were completed with the DOT co
he forvard and adsoint mode. The ANISN discrete ordinates
utilized to perfeorm the required rae-dimensional analyses.
two-dimensional cases were run in R,Theta geometry, while,
one~dimens ¢al runs were carried out using the i

-~ fmA i -
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1.1 Geometric Mode..ng

The geometric models used i fluence evaluations were based on design
drawings ©f the plant wi I t © the design based on available
as~built mersurements. n i as~built information was enmployed
establish the inner radiu hickness ©f the pressure vessel as well
location and thickness ¢© mal shield.

A plan view of the Yankee Rowe reactor geometry at the co )
is shown in Figure 1«1, This model was based on information
Westinghouse reactor design drawings! +~86J500, 6467614, 54°
E40FEST7, 6467692, 673C510, and 673CS511 >n Babcock and Wilc
71698E0 and 66042E: and on Stone & Webs.er dravings 96959~FV-
Also utilized i~ the development of th) ¢ model was addit
dimensional in:iv:mation provided by Yanxee Atomic Electric

The analysis of the 1/8 core sector shown as 0-45 degrees on Figure 1-1 was
used as the baseline for the transport evaluations. In terms of the baffle
support structure and thermal shield brackets, the chosen sector minimizes the
amount of steel between the reactor core and the pressure vessel resulting in
congervative evaluation of the vessel exposure.

The mesh line schematic used in the R,Theta analysis for the 0~(" sector shown
in Figure 1~1 is depicted in Figure 1-2, Tr- radial and azimuthal mesh line
dimensions corresponding to Figure 1-2 are given in Tables 1-1 and 1-2,
respectively.

In additien to the two-dimensional calculations, several one-dimensional
computations were also carried out to establish adjustment factors for th

final results and to perform sensitivity studies of several c¢f the input
variables. In establishing a geometric model for the one-dimensional
calculations, the radial mesh from the first theta interval shown in Figure 1~}
were taken as a representative configuration. Fowvever, since, in the theta
sense, they are not giobal to the overall problem the baffle support structure
and thermal shield strap were removed from the geometry. The rcdlal mesh line
schematic for the one~dimensional model is shown in Figure 1-3. The mesh line
dimrnsions for this model were taken from Table 1-1.
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FIGURE 1l-)

PLAN VIEW OF THE YANKEE ROWE RE(CTOR GEOMETRY AT CORE MIDPLANE
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TABLE 1-1

RADIAL MESH LINE DIMENSIONS FOR THE R, THETA MODEL
OF THE YANKEE ROWE REACTOR
0 = 45 DEGREY SECTOR

LINE RADIUS LINE RADIUS LINE RADIUS LINE RADIUS
Lsml. Ne. (eml  Ne _(eml. _Ne. _(eml
£5.14 36 $9.78 73 120,33 106 142,54
60.00 37 100,852 72 121.25 107 144.42
65.00 a8 101.26 73 122.18 108 145,31
70.00 9 101.45 74 123.10 109 146.19
78.00 40 101.93 78 124.02 110 147,07
80.00 4l 102,44 76 124.97 1111 147.98
82.00 42 102.86 77 128.92 112 148.83
82.00 43 103.09 78 126.51 113 149.71
81.44 a4 103.79 79 127.26 114 150.59
10 84.96 45 104.34 80 128.01 118 151.48
il 86.57 46 104.98 81 128,76 116 182.36
12 87.08 47 1085.46 82 129.51 117 183.24
13 87.44 48 106.10 83 130.26 118 184,12
14 87.91 49 106.78 B4 131.01 119 155.00
15 88.231 50 107.38% 85 131.76 120 155.8%
16 88.73 51 107.72 86 132.8) 12. 156.76
17 89.59 52 108.25 87 133.26 122 157.6%
18 $0.08 83 108.89 88 134.01 123 158.53
19 90.50 54 109.20 89 134.76 124 159.41
20 91.46 -1 110,17 90 134,78 128 160.29
21 91.95 56 110.80 91 136.82 126 164.03
22 92.46 57 111.74 92 136.26 127 167.78
23 $2.78% 58 112.08 93 137.00 128 171.5%2
24 93.45 89 112.93 94 137.38 129 175.26
28 $3.73 60 113.77 95 137.77 2130 175.90
26 94.02 61 114.62 96 138.15 132 176.53
27 94.62 62 115.28 97 138.54 132 177.17
28 95.47 63 115.89 98 138.92 133 178.00
29 95.87 64 116.52 99 139,31 134 180.00
30 96.47 65 117.16 100 139.69 138 183.00
3l 96.82 66 117.79 101 139.97 136 187.00
32 97.63 67 118.30 102 140.30 1137 191.00
33 $8.10 68 118.81 103 140.%0 138 195.00
34 98,73 69 119.32 104 141.78 139 200.00
s 99.04 70 119.82 105 142.66

".\l‘ﬂ‘ﬂ”&'k
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FIGURE 1+3

MESH LINE SCHEMATIC FOR THE ONE~DIMENSIONAL
MODEL OF THE YANKEE ROWE REMNCTOR
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Aigtribution d

used in the calculations
¢ fuel assembly

Figure 1-1. Also

in reference 3. The power
distrib data itsel ents the relative in each fuel assenmbly
averaged \dividual jel cyc.ies. The bul weighted relative
assembly pavers from Tabl } were employed to provide the base case source
distribution for use in the forward transport calculations.
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In addition to the relative assembly powers and within assemk;» grad;ents,
Yankee Atonic also supplied axial peaking factors for each fuel eyele (3)
These peaking factors, representing the maxizum flux locat ;:n, are also
on Table 1=3., The burnup weighted axial peaking factor of 1.22 was used

.

computation of the normalization factor for the forward DOT runs along with

LY

nominal core power level of 600 MWt

Cs ng the flux (E » 1.0 Mev) response from a series of three DOT runs with
downcomer temperatures of 450, 500, and 5285 degrees F permits the determination
of the impact of downcomer water temperature on vessel exposure rates as a
function of azimuthal angle. The results of this evaluation are provided
Figure i~-4 and Table 1-4, 1In this relative comparison, the 500 F case was
taken to be the baseline and data for 1"termcdxate tempera:ares were taken frc:
the curves shown in Figure 1-4. The data extracted from the DOT runs to
generate the temperature sensitivity study were tanen from the \esde‘ ¢ladding

at 14.5 and 44.5 degree azimuthal locations. These particular azimuths were
taken as representative of the maximum and minimum exposure of the vessel.
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The ca.culated values for flux (E > 1.0 Mev) at the vessel cladding from the
€00 F base case are shown graphically as a function of azimuthal angle in
Figure 1-5. From Figure 1-5, it is noted that the maximum fast flux occurs in
the 12 to 17 degree range relative to the cardinal axes and the minimum occurs
at the 45 degree location,

ARDJQINT CALCULATIONS

In order to perform the fuel cycle specific evaluations, adjoint transport
calculations based on source points in the vessel cladding zone were carried
out for azimuthal locations representing the maximum and minimum exposure of
the pressure vessel wall., These azimuthal locations were 14.5 degrees for the
paximum and 44.5 degrees for the minimum., Both calculations were carried out
using the DOT code with P3 scattering cross-sections and an S8 angular
gquadrature. The geometri. model used in these evaluations was the same as that
shown in Figure 1-2. The adjoint source term used in both calculaticns was the
fast neutron flux (E > 1.0 MeV).

Following completion of the adjoint DOT computations, the output adjoint fluxes
were processed to provide importance function input to be used in evaluating
each irdividual fuel cycle. Using the importance functions developed from the
adacint DOT runs along with the power distributions for each fuel cycle,
calculations were then carried out to determine the cycle specific neutron
exposure of the reactor vessel.

In performing the cycle specific fluence calculations, each fuel cycle was
subdivided into a period of power operation and a coastdown interval resulting
in a total of 40 operating periods. The calculations made use of power
distributions given in Table 1-3 with the same power distribution assumed to
apply for both subdivisions of each cycle. Temperature corrections from Figure
1=4 were used in conjunction with downcomer temperatures from reference 23 in
computing the normalization of the fluence results for each period of
operation. Cycle specific values of axial peaking factors were taken from
Table 1-3; and, again, the individual factors were assumed to apply to beth
}ower operation and coastdown periods. A radial translation factor of 0.987,
developed from the 500 F forward DOT run was also used to translate results
from the cladding mid-mesh to the actual clad/base metal interface.

The impact of the stainless steel clad core was evaluated with two
one-dimensional transport calculations using the ANISN code in cylindrical
geometry. The one-dimensional gecmetric mocel was as shown in Figure 1-3. The
calculations were carried out using the same P) cross-section sets as w-.re used
in the DOT calculations and an S8 order of angular quadrature. The pr blems
wvere normalized to a core scurce of 1.0 n/cm-sec and utilizer the radial
spatial distribution of source from the 0 degree azimuth in the DOT
calculations, A comparison of the ANISN results at the pressure vessal cr.ad

- 11 =
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FIGURE 1-4

EFFECT OF DOWNCOMER WATER TEMPERATURE ON THE FAST NEUTRON
FLUX (E » 1.0 MeV) INCIDENT ON THE PRESSURE VESSEL INNLR RADIUS
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TABLE 1-4

EFFECT OF DOWNCOMER WATER TEMPERATURE ON THE FAST NEUTRON
FLUX (E > 1.0 MeV) INCIDENT ON THE PRESSURE VESSEL INNER RADIUS

INLET MAXIMUM MINIMUM
TEMPERATURE FLUX FLUX
(Deg F) (n/cm2-gec) [n/cm2-sec)
450 0.855 0.823
455 0.868 0.839
460 0.880 0.853
465 0.892 0.871
470 0.908 0.888
475 0.921 0.904
480 0.937 0.922
485 0.951 0.941
4%0 0.969 0.960
498 0.983 0.980
$00 1.000 1.000
508 1.018 1.023
510 1.036 1.045
51% 1.085 1.070
520 1.074 1.094
528 1.096 1.123
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FIGURE 1-8

FAST NEUTRON FLUX (E » 1.0 MeV) AS A FUNCTION OF
AZIMUTHAL ANGLE WITHIN THE PRESSURE VESSEL CLADDING
$00 DEGREE F BASE CASE CALCULATION
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yielded a value of 0.911 for the fuel adjustment factor fos cycles 1-%. This
adjustment for the presence of stainless steel clad fuel was used for fuel
cycles 1 through 9 which represent the cycles that included stainless fuel on
the periphery of the core. Although stainless clad fuel was also present
during cycles 10 and 11, the assemblies were interior to the core and no credit
was taken for their presence.

Cycle lengths and downcomer temperatures were taken directly from reference 3.
The individual cycle correction factors to account for axial peaking facters,
temperature variations, and fuel composition are summarized in Table 1-5

Results of the individual adjoint calculations are summarized in Tables 1-6 and
1+7 for the 14.%5 degree and 44.5 degree locations, respectively. A last
neutren (E > 1.0 Mev) fluence profile was developed for the end of cycle 20 by
normalizing the azimuthal flux shape from the 500 F base case transport
calculation to the cycle specific calculations at the 14.5 and 44.5 degree
locations. Since the forward DOT utilized the 20 cycle average core power
distribution as input, the calculated azimuthal shape should be gquite
representative. The appropriate normalization factors were computed as follows
by dividing the cycle specific fluence by the DOT calculated flux in the vessel
cladding.

-

CYCLE SPECIFIC FLUENCL 2.13E+18 8.52E+18
DOT FLUX 3.26E+10 1.30E+10
NORMALIZATION 6,53E+08 6,.55E+08

The agreement between the normalization factors calculated for the maximum and
minimum vessel flux locations lends support to the use of the azimuthal shape
taken from the forward DOT calculation. 1n developing the final fluence
profile for the vessel inner radius, the average value of these normalization
factors was used; i.e., 6.54E+08., A summary of the calculated azinmuthal
fluence profile is presented in tabular form in Table 1-8 and illustrated
graphically in Figure 1~6.

The fluence values provided in Table 1-8 and Figure 1-6 are representative of
the clad/base metal interface at the axial location of the peak flux in the
0~45 degree sector. The actual axial location of the peak cannot be documented
here, since Yankee Atomic supplied no axial profiles but, only a single peaking
factor for each cycle. Again, the data are applicable to the end of fuel cycle
20 and are representative of 6.77E+08 effective full power seconds

(21.45 EFPY) of operation.

In addition to the fluence at the vessel inner radius, the distribution of
fluence through the thickness of the pressure vessel wall is of interest.
Tabulations of the fluence distribution at the maximum and minimum exposure
locations are given in Table 1~9. The radial distributions were obtained by
normalizing the radial flux profiles from the 500 F forward DOT to the relative
distributions given in Table 1-9.




TABLE 1-5

SUMMARY OF CYCLE DEPENDENT ADJUSTMENT FACTORS
USED TO DERIVE CYCLE SPECIFIC FAST NEUTRON FLUENCE

AXIAL COOLANT TEMPERATURE
PEAKING FUEL

1.000
0.836
0.983
0.867
1.003
0.898
1.032
0.915
1.022
0.957
1.022
0.938
1.022
0.%230
1.032
0.963
1.032
0.9852
1.013
0.920
1.041
0.972
1.020
0.968
1.013
0.995
1.083
0.930
1.0‘5
0.972
1.050
1.019
1.060
0.950
1.080
0.972
1.041
0.930
1.053
0.963




TABLE 1-6

SUMMARY OF CYCLE SPECIFIC FAST NEUTRON FLUX AND FLUENCE

CYCLE

CYCLE TIME
NQ. (efps)
1P 1.87E+07
ic 6.45E+06
2P 1.76E+07
2C 6.04E+06
P 9.90E+06
ac 9.15E+06
4P 1.,70E+07
4C 9.03E+06
5P 2.19E+07
5C 4,90E+06
6P 2.82E+07
6C 9.26E+06
7P 2.70E+07
7¢C 8.,78E+06
8P 2.43E+07
8C $.59E+06
9P 2.97E-07
oC 6.24E+06
10P 2.94E+07
10C 1.08E+07
11P 2.92E+07
11C 4,67E+06
12P J.68E+07
12¢C 1,83E+06
13P 3.20E+07
13¢ 1.01E+06
14P 3.87E+07
14C 5.66E+06
15P 3.00E+07
15¢C 3.92E+06
16P 3.51E+07
16C 1.43E+06
17p 3,30E+07
17¢C S.47E+06
18P J.63E+07
18cC 4.37E+06
19P 3.24E+07
19¢C 6.36E+08
20P 3,76E+07
20C 4.44E+06

CUMULATIVE

TIME

-l SiRE)
1.87E+07

2.52E+07
4,28E+07
4.88E+07
§.87E+07
6.78E+07
8.48E+07
9.39E+07
1.16E+08
1,.21E+08
1.49E+08
1.58BE+08
1.85E+08
1.94E+08
2.18E+08
2.24E+08
2.54E+08
2.60E+08
2.89E+408
3.00E+08
3.29E+08
3,34E+08
3.70E+08
3.72E+08
4,04E+08
4,05E+08
4,41E+08
4.47E+08
4,77E+08
4.80E+08
§.16E+08
5.17E+08
§.50E+08
5.55E+08
5.92E+08
$.96E+08
6.29E+08
6.35E+08
6.72E+08
6.77E+08

CYCLE
AVERAGE
FLUX

2.32E+10
2.00E+10
2.28E+10
2.04E+10
¢.74E+10
2.51E+10
2.6BE+10
2.42E+10
3.13E+10
2.96E+10
2.66E+10
2.,46E+10
3.02E+10
2.80E+10
2.98E+10
2.82E+10
2.96E+10
2.78E+10
3.69E+10
3.41E+10
3.70E+10
3.49E+10
3.49E+10
3.38E+10
3.37E+10
3.34E+10
3.26E+10
2.93E+10
3.35E+10
3.1%9E+10
3.33E+10
3.25E+10
3.39E+10
3.10E+10
3.38E+10
3,18E+10
3.42E+10
3.13E+10
3,50E+10
3.23E+10

AT THE 14.5 DEGREE VESSEL INNER RADIUS LOCATION

CUMULATIVE
FLUENCE

4,33E+17
$.62E+17
9.63E+17
1.09E+18
1.36E+18
1.59E+18
2.04E+18
2.,26E+18
2.95E+18
J.09E+18
J.84E+18
4,07E+18
4.88E+18
§.13E+18
5.85E+18
€.01E+18
6€.8B9E+18
7.07E+18
8.15E+18
B8.51E+18
9.59E+18
9.75E+18
1.10E+19
1.11E+19
1.22E+19
1.22E+19%
1.34E+19
1.35E+19
1.45E+19
1.47E+19
1.58E+19
1.59E+19
1.70E+19
1.72E+19%
1.84E+19
1.885E+19
1.97E+19
1.99E+19
2.12E+19
2.13E+19



SUMMARY OF CYCLE S UTRON FLUX AND FLUENCE
AT THE 44.%5 DEGREE VESSEL INNER RADIUS LOCATI

A ™
MCAL

ON

CYCLE

CYCLE CUMULATIVE AVERAGE CUMULATIVE
TIME TIME FLUX FLUENCE
(efps —d8ipE) ~LD/EN2-S8C) . n/ema)
.B7E+07 7E+07 9.80E+09 1.83E+17
L4SE+06 . S2E+07 8.23E+09 JI6E+17
L 76E+07 28E+07 L43E+ L02E+17
.04E+06 ,B8E+ J2BE+0 . S52E+17
.90E+06 L15E+ L 66E+17
L1SE+06 ,03E+ .60E+17
70E+07 LA9E+17
LO3E+06 L38E+17
L19E+07 .22E+18
L90E+06 L28E+18
.B2E+07 L E9E+18
L26E406 ,EBE+18
. 70E+07 O1E+18
L7BE+06 L11E+18
.43E+07 LA1E+18
SOE+06 J47E+18
,87E+07 LEL1E+18
. 24E+06 LBBE+18
L94E+07 LI2E+18
0SE+07 46E+18
L92E+07 ,B9E+18
L67E+06 L96E+18
L 6BE+07 L 47E+18
BIE+0S6 E0E+18
.20E+07 ,93IE+18
L01E+06 L95E+18
S7E+07 41E+18
66E+06 ,4BE+18
00E+07 .B9E+18
92E+06 .93E+18
§1E+07 40E+18
43E+06 L42E+18
30E+07 ,BEE+18
47E+06 .20E+10 92E+18
63E+07 L31E+10 40E+18
L3TE406 L96E+08 .21E+10 L45E+18
.24E+07 L29E+08 LISE+10 ,B9E+18
LI6E+086 6€.35E+08 L20E+10 .97E+18
76E+07 6.72E+08 LI3E+10 B.47E+18
4.44E+06 6,77E+08 J22E+10 8,52E+18
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TABLE 1-8

AZIMUTHAL DISTRIBUTION OF MAXIMUM FAST NEUTRON (E > 1.0 MeV)
FLUENCE AT THE PRESSURE VESSEL INNER RADIUS
(END OF CYCLE 20 = 21.45 EFPY)

THETA FLUENCE THETA FLUENCE
~LReq). . (ndemgl.  (Deq)
0.50 1.95E+19 23.50 1.76E+19
1.850 1.96E+19 24,50 1.70E+19
2.50 1.99E+19 25.50 1,64E+19
3.43 2.01E+19 26.20 1.60E+19
3.93 2.02E+19 26.60 1.58E+19
4.50 2.04E+19 26.90 1.,56E+19
.50 2.08E+19 27.50 1.52E+19
6€.50 2.06E+19 28.21 1.48E+19
7.50 2.07E+19 28.62 1.45E+19
8.50 2.09E+19 29.05 1.42E+15
9.14 2.11E+19 29.47 1,39E+1%
9.64 2.11E+19 29.84 1.37E+19
10.80 2.13E+19 30.80 1.33E+19
11.%0 2.13E+19 31.80 1.28E+19
12.50 2.14E+19 32.50 1.22E+19
13.50 2.14E+19 33.50 1.17E+19
14.50 2.13E+19 34,50 1.12E+19
15.82 2.10E+19 35.50 1.07E+19
16.19 2.08BE+19 36,35 1.04E+19
16.50 2.08E+19 36.90 1,02E+19
16.82 2.08E+19 37.58 9.95E+18
17.50 2.08E+19 38.50 9.69E+18
18.50 2,04E+19 39.850 9.36E+18
19.50 1.99E+19 40,50 9.10E+18
20.50 1.94E+19 41.50 8.90E+18
21.30 1.89E+19 42.50 8.70E+18
21.80 1.86E+19 43.50 8.57E+18
22.50 1.82E+19 44.50 8.51E+18
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FIGURE 1-6

AZIMUTHAL DISTRIBUTION OF MAXIMUM FAST NEUTRON (E > 1.0 MeV)
FLUENCE AT THE PRESSURE VESSEL INNER RADIUS
(END OF CYCLE 20 = 21.45 EFPY)
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TABLE 19

FAST NEUTRON FLUENCE (E » 1.0 MeV) AS A FUNCTION
OF RADIAL POSITION WITHIN THE YANKEE ROWE PRESSURE VESSEL

(END OF CYCLE 20 = 21.45 EFPY)

NEUTRON FLUENCE

(n/em2)

RADIUS

139.97 2,14E+19 8.51E+18
140.14 2.12E+19 E.44E+18
140.60 2.03E+19 8.11E+18
141.34 1.B8E+19 7.59E+18
142.22 1.70E+19 6.86E+18
143.10 1.51E+19 6.18E+18
143.99 1.34E+19 $.50E+1¢
144.87 1.19E+19 4,88T+18
145.7% 1.08E+19 4,33E+18
146.63 9.21E+18 3.,84E+18
147.51 8.0BE+18 3.,40E+18
148,39 7.16E+18 3.00E+18
149.27 6,26E+18 2.65E+18
150.15 S.49E+18 2,34E+18
151.04 4,8lE+18 2.06E+18
151.92 4.21E+18 1.81E+18
152.80 3.6BE+18B 1.59E+18
152.68 3.21E+18 1.39E+18
154.56 2.80E+18 1.,22E+18
155,44 2.43E+18 1.07E+18
156.32 2.11E+18 9.3CE+17
156.76 1.97E+18 8.71E+17
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TABLE 23-1

FAST NEUT.WN FLUX (E > 1.0 MeV) AT THE PRESSURE VESSEL CLAD

THETA

0.50
1.50
2.50
3.43
3.93
4.59
5.50
6.50
7.50
.50
9.14
9.64
10.50
11.50
12.50
13.50
14,50
15.852
16.19
16.50
16.82
17.50
18.50
19.50
20.50
21.30
21.80
22.50

IN THE 0-4%5 AND 45-90 DEGREE SECTORS
CYCLE 1~-'C AVERAGE POWER DISTRIBUTION =~ 500 F DOWNCOMER

NE 7'RON FLUX
(n/ *m2-sec)

2.98E+10
3,00E+10
3.04E+10
3.07E+10
3.09E+10
3.11E+10
3.13E+10
3.15E+10
3.17E+10
3.19E+10
3.22E+10
3.23E+10
3.28E+10
3.26E+10
3.27E410
3.27E+10
3.26E+10
3.21E+10
3.18E+10
3.1BE+10
3.18E+10
3.18E+10Q
3.12E+10
3.04E+10
2.98E+10
2.89E+10
2.84E+10
2.78E+10

2.80E+10
2.82E+10
2.86E+10
2.90E+10
2.93E+10
2.95E+10
2.99E+10
3.01E+10
3.04E+10
3.08E+10
3,06E+10
3.07E+10
3.06E+10
3.04E+10
3.04E+10
J.94E+10
3.04E+10
3.03E+10
3.03E+10
3.04E+10
3.01E+10
2.96E+10
2.90E+10
2.85E+10
2.81E+10
2.76E+10
2,68E+10
2.59E+10

- 328 »

THETA

23,50
24.50
25.50
26.20
26.60
26.90
27.50
28.21
28.62
29.058
29.47
29.84
30.50
31.50
32.50
33.8%0
34.50
35.850
36.35
26.90
37.55%
38.50
39.50
40,50
41.50
42.50
43.50
44.50

NEUTRON FLUX

(n/cm2-sec)
2.6%E+10 2.6BE+10
2.60E+10 2.59E+10
2.51E+10 2.50E+10
2.45E+10 2.43E+10
2.41E+10 2.38E+10
2.38E+10 2.34E+10
2.32E+10 2.27E+10
2.26E+10 2.20E+10
2.22E+10 2.15E+10
2.17E+10 2.10E+10
2.13E+10 2.08E+10
2.09E+10 2.01E+10
2.03E+10 1.84E+10
1,98E+10 1.86E+10
1.86E+10 1.79E+10
1.78E+10 1.72E+10
1.71E+10 1.67E+10
1.64E+10 1.61E+10
1.59E+190 1,57E+10
1.56E+10 1,54E+10
1.52E+10 1.51E+10
1.48E+10 1.47E+10
1.43E+10 1.43E+10
1.39E+10 1.39E+10
1.36E+10 1.36E+10
1.33E+10 1,33E+10
1.31E+10 1.31E+10
1.30E+10 1.20E+10



o estimate the
.5 degree azimuth
al rods set to zero.
tions were remcved! ]
the spacers were also

The results of
examination of

. -

from Table 1l-

TIENAY WTTH
FLUENCE WITHC

FLUENCE WITH SPACERS

approximation the 44.5 degree vessel ire in the octants
rs and deleted fuel rods would be lower than the baseline

ions by & factor of 0.925.

Parameter Study of Vessel Inner Radlius

geometric model used in these fluence ev
dimensions for the inner radius of the vessel :L ! nin dius was
established as 139.69% cm. by averaging several measured
Yankee Atomic. The span of these measured radii ranged from a
1399.32 cm. to a maximum of 140.06 cm. Thus, the measurements va
nominal by from =0.31 to +0.37 cm.

To assess the uncertainty associated with these radial variations a
one-dimensional ANISN runs was performed using the model described
1.0. The zirconium core calculation was taken as the base case and tw
additional runs were carried out with the minimum and maximum radii.
following data extracted from the cladding location of each computatic

demonstrate the impact of vessel radius on the incident exposure rate.

Relative Min or Max
Flux Nominal

Vessel IR = 139,38 cm : 1.08
Vessel IR = 139.69 Ccm : 1.00
vessel IR = 140.05 cm 0.94
pe seen from the above tabulati

en, associated wit!
radius is on the order of +/- 5«6




£
-
U
r.
.
b
(o)
<
«
=
x

O
B
[N
had
74
%
e

O

SCHEMATIC




SUMMARY OF FAST NEUTRON (E > 1.0 MeV)

TABLE 2~2

FLUX AND FLUENCE

AT THE 44.5 DEGREE AZIMUTHAL LOCATION WITH PERIPHERAL
FUEL RODS REMOVED

CYCLE
CYCls TIME
NO. _(efps)
1P 1.87E+07
ic 6.45E+06
2P 1.76E+07
2C 6.04E+06
P 9.90E+06
e 9.15E+406
4P 1.70E+07
4C 9.03E+0€C
SP 2.19E+07
5C 4.90E+06
(33 2.82E+0Q7
6C 9.,26E+06
7P 2.,70E+07
7¢ 8.78E+06
8P 2.43E+07
8C 5.59E+06
9P 2.97E+07
8cC 6.24E+06
10P 2.94E+07
10C 1.05E+07
11P 2.92E+07
11C 4.67E+06
12P 3.68E+07
12¢C 1.83E+06
13P 3.20E+07
13¢ 1.01E+06
14P 3.57E+07
14C 5.66E+06
18P 3.00E+07
18C 31.92E+06
167 J.81E+07
JéC 1.43E+06
17P 3.50E+07
17¢ 5.4 E+06
18P 3.6 E+07
18C 4.37E+06
19P 3.24E+07
1s8C 6.36E+06
20P 3.76E+07
20C 4,44E+06

CUMULATIVE

TIME

1.87E+07
2.52E+07
4.28E+07
4.8BE407
§,.87E+07
6.78E407
8.48BE+07
9,39E+07
1.16E+08
1.21E+08
1.49E+08
1.58E+08
1.85E+08
1.94E+08
2.18E+08
2.24E+08
2.54E+08
2.60E+08
2.89E+08
3,.00E+08
3,29E+08
3.34E+08
3,.70E+08
3.72E+08
4.04E+08
4,05E+08
4.41E+08
4.47E+08
4,77E+08
4.80E+08
5.16E+08
5.17E+08
5.50E+08
5.55E+08
£.92E+08
5.96E+08
6.,29E+08
6.35E+08
6.72E+08
6.77E+08

- 26 =

CYCLE
AVERAGE
FLUX

9.13E+09
7.67E+09
8.79E+09
7.73E+09
1.07E+10
®.585E+09
1.03E+10
9.15E+10
1.19E+10
1.11E+10
1.03E+10
9.45E+09
1.14E+10
1.04E+10
1.13E+10
1.08E+10
1.07E+10
$.80E+09
1.39E+10
1.27E+10
1.37E+10
1.28E+10
1.30E+10
1.24E+10

+26E+10
1.23E+10
1.22E+10
1.08E+10
1.26E+190
1.16E+10
1.23E+10
1.19E+10
1.24E+10
1.11E+10
1.18E+10
1.09E+10
1.22E+10
1.09E+10
1,20E+10
1.10E+10

CUMULATIVE
FLUENCE

1.71E+17
2,20E+17
3.78E+17
4,.22E+17
$.27E+17
6.15E+17
7.90E+17
8.73E+17
1.13E+18
1.19E+18
1.48E+18
1.56E+18
1.87E+18
1.96E+18
2.24E+18
2.30E+13
2.61E+18
2.6BE+18
2.09E+18
J.22E+18
3.62E+18
3,68E+18
4,16E+18
4.18E+18
4.58E+18
4,59E+18
$.03E+18
5.09E+18
8§, 47E+18
§.51E+18
$.95E+18
§.96E+18
6.37E+18
6.43E+18
6.86E+18
6.91E+18
7.31E+18
7.37E+18
7.83E+18
7.88E+1l8



2.4 Thermal Shield Removal

The impact of thermal shield removai on the exposure of the reactor pressure
vessel was determined by rarunning the baseline $00 F forward DOT calculatien
with the thermal shield (zone 5 or Figure 1-2) replaced with downcomer water &t
00 F. The results of the evaluation are provided on Table 2-3.

From Table 2-3 it is noted that, depending on azimuthal angle, the removal of
the thermal shield would cause an increase in the fast neutron exposure rate at
the pressure vessel inner radius by a facter of from 1.39 to 1.50. This
variation with azrgle is caused by the varying steel/water ratio, but in this
case dous not exnibit a large swing from 0 - 45 degrees.



FAST NEUTRON FLUX

THETA
iReg)
0.50
1.50
2.50
2.42
3.92
4.50
5.50
6.50
7.50
.50
9.14
9.64
10.50
11.50
12.50
13.50
14.50
15.52
16.19
16.50
16.82
17.80
18.50
19.50
20.50
21.30
21.80
22.50

TABLE 2-3

WITH AND WITHOUT THE THERMAL SHIELD IN PLACE
CYCLE 1+-20 AVERAGE POWER DISTRIBUTION = 500 F DOWNCOMER

' “UTRON FLUX
—lDEm2=88S)

WITH
THERMAL

~SHIELD
2.98E+10

3.00E+10
3.04E+10
3.07E+10
3.09E+10
3.11E+10
3.13E+10
3.15E+10
3.17E+10
3.19E+10
3.,22E+10
3.23E+10
3.28E+10
3.26E+10
3.27E+10
3.27E+10
3.26E+19
3.21E+10
3.18E+10
3.18E+10
3.1BE+10
3.18E+10
3.12E+10
3.04E+10
2.96E+10
2.89E+10
2.B4E+10
2.78E+10

WITHOUT
THERMAL

4.15E+10
4.20E+20
‘-272*&:
4.33E+10
4.35E+10
4.38E+10
4.41E+10
4.42E+10
4.45E+10
4.50E+10
4.55E+10
4.58E+1C
4,61E+10
4.60E+10
4,57E+10
4.56E+10
4,.55E+10
4,55E+10
4.49E+10
4.,48E+10
4.46E+10
4.44E+10
4.35E+10
4.245+10
4,.14E+10
4.06E+10
4,01E+10
3.95E+10

RATID
1.39
1.40
1.49
10‘1
1.4
1,41
1.4
1.40
1!‘0
1.41
1.4
1.‘2
1.42
1.4
1-‘0
1.39
1.40
1.42
1,41
1.41
1.40
1.40
1.39
1.39
1,40
1,40
1.41
1.42
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THETA
LDeg)
23.50
24.50
25.50
26,20
26.60
26.90
27.50
28,21
28,62
29.05
29.47
29.84
30.50
31.50
32.50
33.50
34.50
35.50
36.38
36.90
37.58
38.50
29.50
40.50
41.50
42.50
43.50
44.50

NEUTRON FLUX

—dDLSm2=S8C)

WITH WITHOUT
THERMAL THERMAL
LSHIELD ~ _SHIELD
2.,69E+10 3.86E+10
2.60E+10 3.75E+10
2.51E+10 3.63E+10
2.43E+10 3J.85E+10
2.41E+10 23.50E+10
2.3BE+410 J.46E+10
2.,32E+10 23.37E+10
2.26E+10 3.30FE+10
2.22E+10 3.24E+10
2,17E+10 3.1BE+10
2.13E+10 2.13E+10
2.09E+10 3.0BE+10
2.03E+10 2.99E+10
1.95E+10 2.B87E+10
1.86E+10 2.785E+1N
1.78E+10 2.63E+10
1.71E+10 2.53E+10
1.,64E+10 2.43E+10
1.59E+10 2.36E+10
1.856E+10 2.32E+10
1,82E+1¢ 2.27E+10
1.48E+10 2.21E+10
1.43E+410 2.15E+10
1.39E+10 2.10E+10
1.36E+10 2.08E+10
1.33E+10 2.00E+10
1,31E+410 1.97E+10
1,30E+10 1.95E+10

(E > 1,0 MeV) AT THE PRESSURE VESSEL CLAD

BATIO
1.43
1.44
1.‘5
1!‘5
1!‘5
1.45
1"5
1.46
1.46
1.47
1.47
1.47
1.47
1.47
1.48
1!‘.
1.48
1.48
1.48
1.49
1.49
1.49
1.50
1.851
1.8
1.80
1.50
1.50
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From this surveillance capsule data base, it is seen that at the capsule
locations calculated values using the current radiation transport
methodology tend to be low relative to measurement by about 12 %,

Reactor Cavity Measurements

Over the course of the last decade many utilities, either because of a
need for very accurate fluence evaluations for regulatory concerns or as a
mode of data agquisition to establish a life extension data base, have
installed neutron dosimetry in the annular space between the outer radius
of the reactor vessel and the inner radius of the primary biological
shield. Programs have been in place since 1983 and comparisons of

calc! .ations with measured data from these programs provide an additional
means to benchmark analytical capability against data obtained directly
from power reactor facilities. The following is a summary of comparisons
of plant specific calculations with cavity dosimetry measurements from a
variety of Westinghouse reactors.

Neutron Flux (n/cm2-sec)

~ELANT/DATA POINT ~MEASURFD 74 .
R1 6.86E+08 8.13E+08 0.844
R2 6.14E+08 6.75E+08 0.910
R3 4.01E+08 3.78BE+08 1.061
R4 2.75E+08 2.99E+08 0.920
RS S.65E+08 6.49E+08 0.871
R6 5.25E+08 5.37E+08 0.824
R7 2.97E+08 3.28E+08 0.908
RS 2.40E+08 3.17E+08 0.757
s1 6.62E+08 8.22E+08 0.808
$2 3.44E+08 6.37E+08 1.011
83 6.60E+08 6.99E+08 0.944
S4 4,92E+08 5.41E+08 0.909
) 5.07E+08 6.65E+08 0.762
86 4.64E+08 §.82E+08 0.797
87 4.23E+08 4.02E+08 1.082
s8 3.39E+08 3.70E+08 0.916
T1 S.36E+08 5.51E+08 0.973
T2 4.44E+08 4.57E+08 0.972
T3 3.33E+08 3.58E+08 0.930
T4 2.04E+08 2.34E+08 0.872
TS §.25E+08 6.39E+08 0.822
T6 4.44E+08 5.10E+08 0.871
T7 3.83E+08 4.34E+08 0.882
TE 2.56E+08 2.79.+08 0.918

- 30 =



Neutron Flux (n/cm2-sec)

b

~PLANT/DATA POINT L SN
nl 4.76E+08 S.53E+08 0,861

U2 4.16E+08 5.12E+08 0.813

U3 3.70E+08 4.39E+08 0.843

U4 2.40E+08 2.94E+08 0.816

Vi 1.73E+09 1.87E+09 0.925

V2 1.45E+09 1.69E+09 0.858

V3 1.12E+09 1.23E+09 0.911

V4 9.28E+08 1.10E+09 0.844
AVERAGE C/M RATIO FOR 32 CAVITY DATA POINTS 0.887
1 SIGMA STANDARD DEVIATION OF THE DATA BASE 0.073

*rom this cavity dosimetry data base, it is seen that at the cavity sensor
locations calculated values using the current radiation transpert
methodology tend to be low relative to measurement by about 11 . This
observation is fully consistent with the previous comparisons ‘rom the
surveillance capsule data base.

Maine Yankee Measuremerts

Ir. addition to the data base comparisons on Westinghouse designed
reactors, the current Westinghouse radiation transport methodology was
used for an analysis of the Maine Yankee reactor that included a
comparison of calculation with dosimetry results from both surveillance
capsules and reactor cavity, That analysis with the comparative
information is documented reference 6. Pertinent calculation/measurement
corpa-ie=ons from that evaluation are as follows:

Neutron Flux (n/cm2-sec)

—LOCATION ~SALCULATION ~MEASUREMENT 4
35 DEG ACC. CAPSULE 3.45E+11 4.81Z+11 0.717
263 DEG WALL CAPSULE 3.38E+10 3.89E+10 0.8861
263 DEG CAVITY = CYCLE 7 6.37E+08 7.98E+08 0.798
263 DEG CAVITY - CYCLE 8 §.16E+08 6.53E+08 0.790
AVERAGE C/M RATIO FOR 4 DATA POINTS 0.792

The observed C/M ratios are slightly lower than the overall Westinghouse
data base averages, but a-e still within approximately 1 sigma of those
averages. Thus, the dosimetry comparisons indicate the same trend towards
underprediction as was observed with the prior comparisons.
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Attachment B

Results of the PTS Fracture Mechanics Analysis




Fluence Distribution for Beltline Materials

Peak fFluence at 21.44 EFPY (1990)=

2.6 e19 n/em2

Table

AZIMUTHAL VARIATION Axial wWelds
0D to$ 5 to 19 10 to 15 15 to 20 20 to 25 25 to 30 30 to 35 35 to 40 40 to 45 40 to 45
Upper Plate
10 to 20 0.300 0.314 0.321 0.302 0.268 0.226 0.14% 0.132 0.132
20 to 30 1,030, 1.077 1.102 1.03“ 0.919 0.77% 0.510 0.453 0.453
30 to 40 1.625 1.698 1.738 1.637 1,449 1.222 0.805 0.7 0.7
40 to 50 1.853 1.936 1.982 1.867 1.653 1.393 0.917] 0.8 0.814
X of Height 50 to 60 1.947 2.03 2.082 1.961 1.737 1,464 0.964 0.856 0.856
60 to 70 1.947 2.034 2.082 1.961 1.737 1.4664 0.964 0.856 0.856
70 to ™0 2.001 2.0 2.140] 2.016 1.785 1.504 0.991 0.880 0.880
80 to 90 1.965 2.053 2.101 1.980 1.753 1.477 0.973 0.864 0.864
90 to 100 1,947 2,034 2.082 1,961 1,737 1,464 0,964 0.856 0.856
Circ weld 1.781 1.90% 1.79 1.588 P 0.882 0.783
Lower Plate 35 to 40
0 to 10 1.781 1.79 1.588 1.339 1.086 0.882 0.783 0.882
X of Neight 10 to 20 1.40% 1.411 1.249 1.053 0.854 0.694 0.616 0.694
20 to 30 0.808 0.814; 0.721 0.608 0.493 0.400 0.355 0.400
30 to 40 0.140 0.1 0,125 0.105 0. 085 0.069 0.062 0.06%




Mean Delta RTEDY Distribution for Beltline Haterials

Peak Fluence at 21.44 EFPY (1990)= 2.1 ¢19 n/em@

AZIBUTHAL VARIATION Axial Welds

0 to 5 5 to 10 10 to 15 15 to 20 20 to 25 25 to 30 30 to 35 35 to 40 40 to 45 40 to &5

Upper Plete

102 105 106 103 96 87 78 70 66 157
192 195 197 193 184 170 138 129 227
222 225 226 223 204 \73 164 255
230 233 234 230 213 183 174 263
X of Height 233 236 237 234 Al 187 178 267
233 236 237 234 216 187 178 267
235 237 239 235 217 189 180 268
234 236 238 234 216 188 179 267
233 236 237 234 216 187 267

Circ Weld 312 315 316 313 295 269

Loser Plate 35 to 40

0 to 10 308 312 290 260 269
X of Neight 10 to 20 293 297 274 253

20 to 30 259 23 219

30 to 40 150 139 129

Note: To determine the reference tamperature, an initial temparature of 30F for plates
ana 10F for welds must be added to these mean reference temperatures,




Table 3

PTS Fracture Mechanics Results

1990 Peak Fluence Peak Reference Conditional Failure
( x 1E+19 n/cm2) Temperature (F) Probability

Upper FPlate 269 5.60E-04

Lower Plate ) 342 4.00E-06

Circ. Weld 326 1.30E-04

Upper Axial Weld 278 5.80E~03

Lower Axial Weld 279 2.00E-05
6,51E-03




