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' * February 20, 19M
BYR 91-019

United States Nuclear Regulatory Commission
Document Control Desk
Washington, DC 20555

Attention: Mr. Patrick Sears
Senior Project Manager
Division of Reactor Projects - I/Il
Office'of Nuclear Reactor Regulation

References: (a) License No. DPR-3 (Docket No. 50-29)
(b) Letter, Yankee Atomic Electric Company to NRC, dated

November 28, 1990

Subject: Reactor Pressure Vessel Fluence Uncertainty

Dear Sir:

In Reference (b), Yankee Atomic Electric Company (Yankee) submitted the
results of an updated reactor pressure vessel fluence assessment. In

telephone conversations with Mr. Lambros Lois of the NRC on the assessment,
further work was requested with regard to the uncertainty applied to the
Yankee fluence calculations. Attachment A provides a response to the
uncertainty request,

Included in Attachment A ic the comparison of the Westinghouse
methodology to the PCA benchmark experiments, comparison of Westinghouse
calculations to surveillance capsule and cavity dosimetry measurements, and a
radial traverse of fast neutron flux within the reactor internals and pressure

-vessel. As a result of the comparison of Westinghouse calculation to measured
data, Yankee has concluded that a 13% bias should be applied to the
Westinghouse fluence calculations.

The application of a 13% bias on the fluence has resulted in an increase
in the projected fluence. Attachment B contains the fluence and associated
reference temperatures for the beltline materials at the end of Cycle 21
(1992) and the end of Cycle 22 (1994).

Sincerely,

Gu
,

John D. Haseltine
Director
Yankee Project
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i ATTACHMENT A-
.

VALTIRTIOtt OF NU"EH TRANSIORT lEnlODOLOG"*

The neutron transport methodology used by Westirghouse in t. e evaluation
of the fast neutron exposure experienced by reactor pressure vessels has
been designed to be consistent with AS1H Stardards E482, "St udard Guide
for Application of Neutron Transport Methods for Reactor Vessel
Surveillance" ard E853, "Stardard Practice for Analysis and Interpretation
of Light-Water Reactor Surveillance Results". In keepirg with the
reccxmcrdations set forth in those stardards, the methMology has been
validated by camparison with reasurements obtained fr.am a series of
facilities exhibitirg various degrees c,f complexity. In particular
camparisons of analytical prtdictions with reasur. cents have been carried
for the PCA bench:rark experiments carried out at ORNL and for a variety of
surveillaroe capsule and reactor cavity data sets obtained from power
reactor irradiations.

PCA CCMPARISONS

The ECA benchmark experiments, Mmited in References 1, 2, and 3,
provide an vpe.u.Lunity to test basic transport methodology in a well
characterized envirormnt. The ICA replica is a slab configuration
designed to model a theral shield - pressure vessel geometry in a pool
type reactor. The core source strength ard spatial distribution as well
as material empev itions and dimensions were well characterized and
supplied to the analyst. Therefore, any uncertainties relating to the
determination of the core neutron sourm or the reactor geometry were
eliminated and the test of the methodolcgy was lirdted to basic
cross-section input ard other code approximations such as mesh size, order
of angular quadrature, cross .,ection expvision, energy group structurn,
ard convergerm criteria.

This phase of the benchmarkirg studies used in the evaluation of the
Westinghouse methodolcgy was based on the analysis of the PCA 12/13
experimental configuration. A schematic description of this configuration
is provided in Figures 1 ard 2. A plan view of the PCA reactor and
pressure vessel simulator showirg materials characteristic of the core
axial midplane is shown in Figure 1; whereas, a section view through the
center of the rockup is shown in Figure 2.

The 12/13 configuration was chosen for this evaluation due to the
geccetric similarity of this particular rockup to the thermal shield -
downecmer - pressure vessel designs that are typical of many pressurized
water reactors. Of particular note in regard to the areas of similarity
are the 12 cm. water gap on the core side of the thermal shield, the 13
cm. water gap between the therral shield ard the pressure vessel, the 6
cm. thick stainless steel therral shield, the 22.5 cm. thick low alloy
steel pressure vessel, and the simulated reactor cavity (void box)
positioned behird the pressure vessel rockup.
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Fran'the viewpoint of fast neutron cttenuation, the 12/13 configuration*

'results in a reduction factor for fast neutron flux (E > 1.0 MeV) of
approximtaly 1000 between the reactor core ard the inner wall of the
pressure vessel; and a correspondity reduction factor of about 30 frcan the
inner surface to the outer surface of the pressure vessel wall. 'Ihese
similarities in both geometry ard the neutron attenuatiry properties of .

the configuration provide confidence that judgementa mde regardirg I

analytical /experhaental comparisons in the benchmark mockup can be related
to analyses performed for operating pressurized water reactors.

Durity the ICA experiments, measurements were taken at several locations
within the mockup to provide traverse data exteniiry from the reactor core
outward through the pressure vesaca simulator. 'Ihe ryecific measurement
locations applicable to the 12/13 configuration are listed in Table 1. It
should be noted that all of the meastuus.:nts were obtained on the lateral
centerline of the mockup at the axial midplane elevation.

Data frun locations A4, AS, ard A6 internal to the pressuru vessel
simulator establich the neans for verification of calculated neutron flux
magnitudes ard e-p gradients within the pressure vessel wall itself.
Since masurements at operatiry pouer reactors can at best provide data in
the downcamer region interior to the vessel wall or in the reactor cavity
exterior to the vessel wall, these ICA data points establish a key set of
c w parisons to aid in the accurate determination of embrittlement
gradients within the pressure vessel of operatiry power plants; and
provide valuable information to be used in extrapolating pcuer reactor
surveillance capsule and cavity dosimtry meastuusints to positions within
the pressure vessel wall.

Caparison of analytical predictions with mmnuumeis at the A4, AS, ard
A6 Iccations of the 12/13 configuration are provided in Table 2. 'Ihese
ccuparisons are provided on two levels. h first comparison relates
predicted reaction rates for the Ni-58 (n,p), U-238 (n,f), and Up-237
(n,f) reactions directly with ta irdividual foil measurements. h
second ccrparison relates the cat '11ated flux (E > 1.0 MeV) with the
remaded flux values derived frt.a a least squares adjustmnt of the
measured foil data.

Frun Table !2 it is noted that agreement amarg the various predictions BJd
measuruments is excellent. 'Ihe agreement for the irdividual foil
reactions rarged frun 2.5 - 10.6 percent, while the cmparison with the

j derived fast nautzen flux ranged frun 3.4 -7.7 percent. It should be
noted that this level of agreement is consistent with the 1 sigma
uncertainties associated with the meastuusais themselves.

From these cmparisons it is concluded that, given an accurate
representation of the coru neutron source ard the reactor geometry, the
basic transport mthodolcgy currently in use at Estinghouse will produce
accurate nyusentations of neutron flux magnitude, energy spectrum, ard
expcsuru gradients within light water reactor pressure vessels.

-2-
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FIGURE 1

PCA 12/13 COtFIGURATICti - X,Y GD3EIRY
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TABLE 1-

,

SUMMARY OF MEASURDEll' IDCATIONS WI'HIDI
' HIE PCA 12/13 CDtiFIGURATION

LCCATION ID Y(cm)

Cbre Center AD -20.50
'Ibermal Shield Front Al 11.98
'Ihermal Shield Back A2 22.80
Pressure Vessel Front A3 29.71
Pressure Vessel 1/4T A4 39.51
Pressure Vessel 1/2T AS 44.67
Pressure vesse] 3/4T A6 50.13
Void Box A7 59.13

Note: Y dimnsions are referenced to the core side
of the altrninum wmiow (see Figure 1)
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TABLE 2-,

CCNPARISON OF CAICJIATED AND MEASURED SENSOR REACTION RATES -

WTIHIN 'IHE PCA 12/13 PRESSURE VIESEL SDETIA'ICR
,

lNi-58 (n,p) REACTICE RATE (rps/ nucleus) =

IOCATION' CAILUIATED MEASURED CM
A4 5.52E-09 5.69E-09 0.970

'A5 .2.18E-09 2.25E-09- O.969
A6 8.45E-10 7.99E-10 1.058

U-238 -(n,f) REACI' ION RATE (rps/ nucleus)

IDCATION CAINIATED MEASURED C/M
A4 1.73E-08." 1.69E-08. 1.024
A5 '7.56E-09 -7.36E-09 1.027
A6 3.22E-09 3.11E-09 1.035

Np-237 (n,f) REACI' ION RATE (rps/ nucleus)'

IDCATION _ CN.U)_. MEASURED CM
A4 1.20E-07 1.17E 07 1.026-
AS 6.72E-08 '6.17E-08 1.089
A6 3.65E-08' 3.30E-08 1.106

CCHPARISON OF CAIGIATED AND MEASURED FAST NEUIRON FIDX -(E'> 1.0 McV)
WTIHIN 'IHE FCA 12/13 PRESSURE VEESEL SIMJIA'IOR-

NEUIPON FIITX (n/an2-sec)

IDCATION CAILUIATED MEASURED ~ CM
A4 4.51E-08 %.36E-08, 1.034
A5 -2;18E-08 z.08E-08- 1.048
A6 1.01E-08 9.39E-09 .1.,077

|.

|
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,SUfN$IIIANCE CAPSUIE COMPARISONS-

Over the course of the operating lifetime of power reactors, surveillanco
capsules are periodically withdrawn to provide unterials data as well as
neutrun dosimetry applicable to the specific reactor. W eso dosimetry
results afforti the opportunity for power reactor benchmarkirq against for
points located interior to the reactor vessel wall. We following is a
sunnary of ocuparisons of plant specific calculatic w with capsule
reasuruments for a variety of Westinghouse reactors.

Neutrun Flux (n/cn2 oc)
PLANP/ CAPSULE CAlfULA'IED MF)LW C/M

A1 9.2SE+10 1.01E+11 0.916
B1 1.08E+11 1.34E+11 0.806
C1 9.25E+10 1.06E+11 0.873
D1 9.58E+10 .1.01E+11 0.949
El 9.44E+10 1.05E+11 0,899

F1 1.07E+11 1.24Et11 0.863
G1 9.23E+10 9.47E+10 0.975
H1 9.51E+10 1.09E+11 0.872
Il 9.51E+10 1.09E+11 0.872
J1 9.32E+10 1.30E+11 0.717

*

J2 8.94E+10 1.01E+11 0.885
K1 8.33E+10 1.04E+11 0.801
K2 9.21E+10 1.10E+11 0.837
L1 9.52E+10 1.16E+11 0.821
I2 8.34E+10 9.05E+10 0.922
M1 1.10E+11 1.43E+11 0.769
M2 6.64E+10 8.56E+10 0.776
M3 1.10E+11 1.46E+11 0.753
N1 1.31E+11 1.61E+11 0.814
N2 1.19E+11 1.42E+11 0.838
N3 7.66E+10 8.27E+10 0.926
01 6.15E+10 6.92E+10 0.889
02 6.77E+10 7.30E+10 0.927
03 5.94E+10 6.28E+10 0.946
P1 5.64E+10 6.47E+10 0.872
P2 5.96E+10 6.84E+10 0.871
P3 5.41E+10 4.99E+10 1.084
Q1 6.45E+10 7.47E+10 0,863

Q2 7.04E+10 8.43E+10 0.835
Q3 7.26E+10 7.12E+10 1.020
Q4 6.33Es10 5.78E+10 1.095

AVERAGE C/M PATIO EOR 31 SURWTTI ANCE DATA ICINPS 0.880

1 SIGMA STANDARD DEVIATION OF ' HIE DATA BASE O.085

Frum this surveillanco capsule data base, it is seen that at the capsule
locations calculated values usire the current radiation transport
methodology terri to be low relative to unasurement by about 12 %.

-7-
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RENCIOR CAVITY DOSIMUTRY COMPARISONS-

1

over the course of the last N many utilities either because of a need
for very accutate fluence evaluations-for regulatory cxancerns or as a mode
of data aquisition to establish a life extension data base have installed
neutron Am4=try in the annular space between the outer radius of the
reactor vessel and the inner radius of the primary biological shield.
Progtams have been in place since 1983 and cotiparisons of calculations

,with -ved data frcxn these program pruvide an additional means to
1raduark analytical capability against data obtained directly frtxn pcwr
reactor facilities. 'Ihe following is a sumary of otunparisons of plant
specific calculations with cavity dosimetry measurements frtan a variety of
Westinghouse reactors.

Neutron Flux (n/cn2-sec)

PLANT / DATA PODTP CALCULATED MEASURED C/M
R1 6.86E+08 8.13E+08 0.844
R2 6.14E+08 6.75E+08 0.910
R3 4.01E+08 3.78E+08 1.061
R4 2.75E+08 2.99E+08 0.920
R5 5.65E+08 6.49E+08 0.871
R6 5.25E+08 6.37E+08 0.824
R7 2.97EM8 3.28E+08 0.905~
IIS 2.40E+08 3.17EM8 0.757 i

S1 6.62E+08 8.22E+08 0.805
-S2 6.44E+08 6.37E+08 1.011'

,

S3 6.60E+08 6.99E+08 0.944
S4 4.92E+08 5.41E+08 0.909
SS 5.07E+08 -6.65E+08 0.762:
S6 4. 64E+08 5.82E+08 0,797

S7 4.23E+08- 4.02E+08 1.052
S8 3.39E+08 3.70E+08 0.916
T1 5.36E+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
'IS 5.25E+08 -6.39E+08 0.822
T6 4.44E+08 5.10E+08 0.871
T7 3.83E+08 4.34E+08 0.882
T8 2.56E+08 2.79E+08 0.918
U1 4.76E+08 5.53E+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
V1 1.73E+09 .1.87E+09 0.925
V2 1.4SE+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 FUR 32 CAVITY DATA ICDTIS 0.887

1 SIGMA STANDARD DEVIATION OF ' DIE DATA BASE 0.073

-8-
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Fran this cavity dosimtry data base, it 10 seen that Ct the cavity sensor
'locat. ions calculated values using the current radiation transport
mthodology tend to be low relative to masutwent by about 11 %. 'Ihis
observation is fully consistent with the previous canparisons fran the
surveillance capsule data base.

Cunbinirg the 31 sample capsule data base and the 32 sanple cavity data
base yields an overall average C/M ratio of 0.884 with a 1 sigm stardard
dcviation of 0.079. 'Ihat is the calculations tend to be biased low by a
factor of 0.884 ard the uncertainty on that bias factor is appruximtely
9 percent. 'Ihis observed bias my be rccoved fran the calculation by
nultiplyiry the analytical results by a factor of (1.0)/(0.884) = 1.13.

'Ihe inplication of the data base evaluation is that, havirg applied the
bias factor to the analytical results, further canparison with plant
specific mm:urements either fran surveillance capsules or reactor cavity
should result in observed C/M ratios of 1.00 i 0.09, where 0.09 represents
a 1 sigm standard deviatial in the final ratio.

It should be noted that, reince the surveillance capsule and cavity
dosimtry data bases were obtained fran a number of different reactors,|

the observed variations in C/M ratios irrltde rot only the effect of cycle
to cycle variations at a given facility, but also the effects of varying
reactor gecmetries ard operational characteristics fran reactor to
re ctor. 'Iberefore, the application of this rultiple facility bias factor
to the Yankee-Rowe fluence calculations is a reasonable approach to yield
mininum uncertainty projections for the reactor vessel. 'Ihe resultant
fluec e levels after apalication of the 1.13 bias factor should have an
associated 1 sigm uncertainty within the 20% limit specified in our
recent tele. phone conversation.

I
m emns

1 - McElruy, W. H. et al, "INR Pressure V-1 Surveillance Dosimtry
Inprovemnt PrWtmu: PCA Experimnts ard Blind Test", IURS3/G-1861,
July 1981.

2 - beF1roy, W. N. et al, "IRR Pressure Vessel Surveillance Dosiretry
Inprovemnt Program: PCA Experiments, Blind 'Ast, ard Ehysics-
Dosinntry Support for the PSF experimnts", IURB3/CR-3318, Sept.1984.

| 3 - FhFhuy, W. N. et al, "IRR Pressure Vessel Surveillance Dosimet''y
Inprovement PrWima: 1986 HEDL S'ttmary Ar.nual Report, IURB3/CR-4307,
January 1987.

|
|

|

|

|
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In addition to the infornntion relttive to hvking of the transport
rathodology and the resultant uncertainties .in fluence projections, the
(IRC requested a radial traverse of fast neutron flux within the reactor
internals ard pressuru vessel. In Table 3 a radial traverse frun the
inner side of the core barrul to the outer radius of the pressure vessel
is providad. 'Ihe data were taken frun the 500 degree F forward DCTP
calculation at the 14.5 degree azinuthal position. Since the traverse was
taken frun the 500 F forward Dar, it should be noted that the core ratree
in the calculation was the burnup weighted average of 20 cycles of
operation and included a burnup weighted axial peakirs factor of 1.22.
Further no te_q:erature corrections were applied to the traverse.
Corrections for water tmperature variations over plant life would of
course charge with radial position throtgh the water zones. ':he data
traverse as presented should, how/cr, provide a good characteristic
description of the attenuation afforded by the reactor internals,

structures.

1

1
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TAHLE 3*

,

FAST NEUDni FII'X (E > 1.0 MeV) AS A Fu1CTIGi OF RADIAL
POSTTION AIDG A 14.5 DEGREE AZI!UDD1 TRAVERSE

[D7dA TAKEtt ITO! 'IHE 500 F IUMARD D7I' CAlmIATION)

FIUX FmX
PADIUS (cm) (n/an2-sec) RADIUS (cal _ (n/cm2-sec)

117.48 1.02E+12 139.83 3.26E+10
117.79 Barrel IR 139.97 Vessel IR
118.05 9.74E+11 140.14 3.20E+10
118.56 9.14E+11 140.60 3.07E+10

I 119.07 8.39E+11 141.34 2.84E+10
119.57 7.55E+11 142.22 2.56E+10
120.08 6.63E+11 143.10 2.28E+10
120.33 Barrel OR 143.99 2.02E+10
120.79 5.56E+11 144.87 1.79E+10
121.72 4. 64E+11 145.75 1.58E+10
122.64 3.98E+11 146.63 1.39E+10
123.56 3.49E+11 147.51 1.22E+10
124.50 3.11E+11 148.39 1.08E+10
125.45 2.85E+11 149.27 9.45E+09
126.22 2.75E+11 150.15 8.29E+09
126.51 'Ihermal Sh.1R 151.04 7.26E+09
126.89 2.67E+11 151.92 6.35E+09
127.64 2.52E+11 152.80 5.55E+09
128.39 2.31E+11 153.68 4.85E+09
129.14 2.09E+11 154.56 4.23E+09
129.89 1.88E+11 155.44 3.67E+09
130.64 1.68E+11 156.32 3.19E+09
131.39 1.48E+11 157.21 2.75E+09
132.14 1.31E+11 158.09 2.35E+09
132.89 1.14E+11 158.97 1.99E+09
133.64 9.75E+10 159.85 1.66E+09
134.39 8.11E+10 159.41 Vessel OR
134.76 'Ihermal Sh. OR
134.77 7.24E+10
135.15 6.60E+10
135.89 5.57E+10
136.63 4.80E+10
137.19 4.32E+10
137.58 4.05E+10
137.96 3.81E+10
138.35 3.62E+10
138.73 3.47E+10
139.12 3.37E+10
139.50 3.31E+10
139.69 Clad IR

|

- 11 -
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Table i

Fluence Distribution for Beltline Materiets

Peak ilvence at End of cycle 21 2.58 ett n/cs2

A2IMUTHAL YARIAi1ON Axist Welds

0 to 5 5 to 10 10 to 1515 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 0.362 0.378 0.387 0.365 0.323 0.272 0.221 0.179 0.159 0.159
20 to 30 1.242 1.298 1.329 1.252 1.108 0.934 0.757 0.615 0.546 0.546
30 to 40 1.959 2.047 2.095 1.973 1.747 1.4T3 1.194 0.970 0.861 0.861

40 to 50 2.234 2.334 2.389 2.251 1.992 1.680 1.362 1.106 0.982 0.982
% of Height 50 to 60 2.347 2.453 2.510 2.365 2.094 1.765 * 431 1.162 1.032 1.032.

60 to 70 2.347 2.453 2.510 2.365 2.094 1.765 1.431 1.162 1.032 1.032

70 to 80 2.412 2.521 2.580 2.430 2.152 1.814 1.471 1.195 1.060 1.060

60 to 90 2.369 2.475 2.534 2.387 2.113 1.781 t.444 1.173 1.041 1.041

90 to 100 2.347 2.453 2.510 2.365 2.094 1.765 1.431 1.162 1.032 1.032

cire Weld 2.147 2.243 2 . 2'.' 6 2.163 1.915 1.614 1.309 1.063 0.944

Lower Plate 35 to 40
0 to 10 2.147 2.243 2.296 2.163 1.915 1.614 1.309 1.063 0.944 1.063

% of Height 10 to 20 1.689 1.764 1.806 1.701 1.506 1.270 1.029 0.836 0.742 0.836

20 to 30 0.975 1.018 1.042 0.982 0.869 0.733 0.594 0.483 0.428 0.483
30 to 40 0.169 0.176 0.181 0.170 0.151 0.127 0.103 0.084 0.074 0.084
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Table 2

Mean Detta RTWDT Distribution for Bettline Materiets

Peik Fluence at Erd of Cycle 21 2.58 e19 n/cm2

A2IMUTHAL VAR 1ATION Axial Welds

0 to 5 5 to 10 10 to 1515 to 20 20 to 25 25 to 30 30 to 35 35 to 40 40 to 45 40 to 45
Upper Plate

10 to 20 114 117 118 114 107 97 86 77 72 167

20 to 30 205 208 210 206 197 185 169 152 143 238

30 to 40 233 236 238 234 227 216 202 188 179 267

40 to 50 242 245 246 242 234 224 211 197 189 275

% of Height 50 to 60 245 248 250 246 238 227 214 201 192 278

60 to 70 245 248 250 246 238 227 214 201 192 278

70 to 80 247 250 252 248 239 229 216 203 194 280

80 to 90 246 249 251 246 238 228 215 201 193 279

90 to 100 245 248 250 246 238 227 214 201 192 278

Cire Weld 324 326 327 324 317 306 293 280 273

tower Plate 35 to 40
0 to 10 319 322 324 320 312 302 289 274 266 280

% of Height - 10 to 20 304 307 308 305 298 287 272 256 247 265

20 to 30 268 271 2 73 269 259 246 230 214 205 230

30 to 40 154 156 157 155 150 144 138 133 131 137

Note: To determine the reference temperature, an initlet temperature of 30r for plates
and 10F for welds must be added to these mean reference temperatures,
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Table 3

Fluence Distrttution for Bettline Materiets

Peak Fluence et End of Cycle 22 2.74 e19 n/cm2

AZ!MUTHAL VARIAT!ON Axial Welds

0 to 5 5 to 10 10 to 1515 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 0.384 0.402 0.411 0.387 0.343 0.289 0.234 0.190 0.169 0.169
20 to 30 1.319 1.379 1.411 1.329 1.177 0.992 0.804 0.653 0.580 0.580
30 to 40 2.080 2.174 2.225 2.096 1.856 1.564 1.268 1.030 0.914 0.914

40 to 50 2.3 72 2.479 2.537 2.390 2.116 1.T84 1.446 1.175 1.043 1.043
% of Height 50 to 60 2.493 2.605 2.666 2.511 2.223 1.874 1.520 1.234 1.096 1.096

60 to 70 2.493 2.605 2.666 2.311 2.223 1.874 1.520 1.234 1 096 1.096

70 to 80 2.562 2.677 2.740 2.581 2.285 1.926 .1.562 1.269 1.126 1.126

80 to 90 2.516 2.629 2.691 2.535 2.244 1.892 1.534 1.246 1.106 1.106
90 to 100 2.493 2.605 2.666 2.511 2.223 1.874 1.520 1.234 1.096 1.096

,

Cire Weld 2.280 2.333 2.439 2.297 2.034 1.714 1.350 1.129 1.002

Lower Plate
'

35 to 40
0 to 10 2.280 2.383 2.439 2.297 2. J. 1.714 1.390 1.129 1.002 1.129

% of Height 10 to 20 1.793 1.874 1.918 1.807 1.600 1.348 1.093 0.888 0.788 0.888
20 to 30 1.03! 1.081 1.107 1.043 0.923 0.778 0.631 0.513 0.455 0.513
30 to 40 0.179 0.107 0.192 0.181 0.160 0.135 0.109 0.089 0.079 0.089
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Table 4

Mean Delta RTNDT Distributlon for Belt |Ine Materials

Peak FLsence at End of Cycle 22 2.74 e19 n/en2

AZIMUTHAL YARIATION Axlal Welds

0 to 5 5 to 10 10 to 1515 to 20 20 to 25 25 to 30 30 to 35 35 to 40 40 to 45 40 to 45
Upper Plate

10 to 20 118 121 123 118 111 100 89 79 74 170

20 to 30 209 212 213 210 ;c1 189 173 157 148 242

30 to 40 237 240 242 238 230 220 207 192 183 271

40 to 50 246 249 251 246 238 228 215 201 193 279

% of Height 50 to 60 249 253 254 250 241 231 218 205 196 282

60 to 70 249 253 254 250 241 231 218 205 196 282

'70 to 80 251 255 257 252 243 232 220 207 198 284

80 to 90 250 253 255 251 242 231 219 205 197 283

90 to 100 249 253 254 250 241 231 218 205 196 282

cire Weld 327 330 331 327 320 310 297 284 277

Lower Plate 35 to 40
0 to 10 323 326 328 324 316 305 293 279 270 284

% of Height 10 to 20 308 311 312 309 301 291 276 261 252 269

20 to 30 272 276 277 273 264 251 234 218 210 234

30 to 40 157 159 160 157 152 146 140 135 132 139

Note: To deterraine the reference tenperature, an initial temperature of 30F for plates
and 10F for welds must be added to these mean reference temperatures.
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