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- INTRODUCTION -

o . , : !

X Know1edge of'the neutron environment within the'pressure vesse1 surveillance

- capsule geometry is required as an integral part of LWR pressure vessel survei]]ance
programs for two reasons. First, in the interpretation of rad1ation {nduced -
properties changes observed in materials test specimens, the neutron ‘environment to

. which the test specimens were exposed must be known. Second. in re]at1ng the changes
observed in the test specimens to the condition of the reactor pressure vessel, a
relationship between the env1ronment at var1ous positions within the reactor vessel
and that experienced by the test spec1mens must be established. The former
requirement is normally met by emp1oy1ng a comb1nat1on of rigorous analytical techn1ques
and measurements obtained with passive neutron flux monitors conta1ned in each of

the survei]lance capsules.v_The latter information, on the other hand, is derived

solely from analysis.

Thts'report describes a.discrete-ordinates Sn transport ana1ysis performed for .the
Indian Po1nt Unit 2 reactor5tofdeterm1nevthe fast neutron (E>1§0MeV).f1ux and fluence
-levels within the reactor vesse]}and surye111ance capsu1es; and, in turn, to

develop lead factors for use in relating neutronrexposure‘of the'pressure'vesse1 to

that of the surveillance capsules.

METHODS 0F ANALYSTIS

A. Reactor Geometry
“A plan view of the Ind1an Point Un1t 2 reactor geometry at the core m1dp1ane
is shown in Figure 1.-'Sincepthe reactor exhibits 1/8th core symmetry only
-0° - 45° sector is depicted. Eight,irradiation capsules attached to the

" thermal shield are included in the design to constitute the reactor vessel
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....surveillance .program.” Four capsules are located.symmetrically at 4° from

the cardinal axis while four more are positioned 40° from the cardinal axis.
The relative locations of the two sets of capsules are indicated by points

A and B on Figure 1.

A plan view of a single surveillance capsule attached to the thermal shield is
depicted in Figure 2.  The stainless steel test specimen container is one inch
“lsquare and approximateiy 38 inches in 1ength " The containers are positioned

' axiaiiy such that the specimens are centered on the core midpiane thus,

spanning the centrai three feet of the tweive foot high reactor core.

From a neutronic standpoint thevsurveiiianCe capsule structures are

significant. In fact, as will be shown later, they have a marked impact on the

neutron flux distributions in +hehwater annu1us'between the thermai.shieidkand

the reactor vessel. Thus, in order to properiy ascerfain the neutron. f]ux at the
test specimen locations, the capsuies themseives must be inc]uded in the -
anaiyticai modei. ‘Use of a two-dimensional transport code -is, therefore, ’

mandatory.

Transport Caicuiations
In, the anaiysis of the neutron environment within the Indian Point Unit 2

reactor geometry, predictions of neutron flux magnitude and energy spectrum were

made with the DOT(]) two- dimensionai discrete ordinates code. The radial and

. azimuthai distributions were obtained from an R e computation wherein the

. geometry shown in Figures i and 2 was described in the anaiyticai model.

In addition to the R,6 computation a second calculation in R,Z geometry was

aiso carried out to obtain relative aXiai variations of neutron flux throughout

- the geometry,of,intereSt. In the R,Z analysis tha reactor core was treated as

-3~
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~ Both the R,6 and the R,Z analyses employed 21 neutron energy groups, an S

an equivalent volume cy11nder of 168.54 cm. radius; and “of course, the

-surveil]ance capsu]es themselves were not included in the model.

8

“angular quadrature, and a'P] cross-section expansion. The Cross sections

Were generated via the West1nghouse GAMBIT(Z) code system w1th processing
by the APPROPOS(3) and ANISN(4) codes. The energy groupvstructure used in

the analysis is listed in Table 1.

A key input parameter in the analysis of 1ntegrated fast neutron exposure of
the reactor vessel is the core power distribUtion. For this analysis, ihput
power. distributions 1nc1uded rod by rod variations for all peripheral assemblies.
These were derived from stafistica] studies of power distributions corresponding

to long-term operating conditions.

A key input parameter in the analysis of integrated fast neutron exposure of _

. the reactor.vesse] is the;core-power distribution - For this'analysis, power -

d1str1but1ons representative of time averaged cond1t1ons der1ved from statistical
studies of 1ong term operation were emp1oyed (5) These input d1str1but1ons

included rod by rod spatial variations for all per1phera] fuel assemblies.

Having the-results of the R,6 and R,Z calculations, three dimensional-variations

of neutron flux may be generated within the pressure vessel-surveillance capsule

geometry by aésuming that the following relation holds for the ebplicable-

“regions ‘of the reactor -

..{(R,Z},.e,Eg.) = ¢(R,e,Eg) F(Z,Eg).



TABLE 1

21 GROUP ENERGY STRUCTURE \

|

© GROUP . | LOWER_ENERGY (MeV)

1 | 7.79%
2 ~ 6.07.

3 4.72
4 3.68
5 2.87
6 2.23

7 1.74
8 1.35
9 1.05

10 ' 0.821
1 0.388
12 0.11
13 4.09 x 1072
14 1.50 x 1072
15 5.53 x 107°
16 5.83 x 107

7 7.89 x 107°
18 1.07.x 107>
19 1.86 x 107
20 3.00 x 107
21 0.0

*Upper energy of group 1 is 10.0 MeV |



“where: - - ¢(R,Z,6,Eg) =- neutron flux at point R,Z,6 within energy group g
' ¢(R,e,Eg) = neutron flux at point R,® within energy group g
,obtained from the R,6 calculations.
'F(Z,Eg). = relative axial distribution of neutrons within

energy group g obtained from the R,Z calculation.

" RESULTS OF ANALYSIS.

Resu]ts of the neutron transport analysis of the Indian Po1nt Unit #2 reactor:

©oare summar1zed in F1gures 3 through 7 and Tab1es 2 and 3.

In Figure 3, the calcu]ated'maximum fast neutron'f1ux (E>1.0MeV) 1evels~at

- the pressure vessel inner rad1us, 1/4 thickness, and 3/4 thickness 10cat1ons

are presented as a funct1on of azimuthal angle. The re]at1ve axial var1at1on

of neutron flux within the vessel is shown in Figure 4. Axial variations of

fast neutron (Ez1.0MeV) flux can be obtained using Figures 3 and 4.

In Figure 5, the predicted fast neutron (E>1.0MeV) fluence (for a period %f
32 Effective Full. Power Years-of Reactor 0perat1on at a power level of 2700 Mwt)
for Indwan Po1nt Unit 2 is given as a funct1on of rad1a1 pos1t1on W1th1n the

vesse] wa11

The neutron flux (E>1.0MeV) distributions within the survei]]ance capsules are

'xhhighlighted in Figures 6 and 7. Figure 6 depicts the azimuthal variation of

~fast neutron flux at a radius equal to that of the surveillance capsule centerline

{R=211.33). The perturbatibn.introduced by the presence of the capsule

material is clearly evident. In Figure 7, the radial gradieht of neutron flux

-7
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(E>1.0MeV) at the aximuthal center of the'capsules is depicted. - It is of
.interest to note that from the core side of the test Specimens to the pressure
ve§se1 side of the test specimens the fast neutron flux drops approximately
308, | | ' RS

Lead factors for each of the Indian Point Unit 2 suryei]iahce capsules are

presented in Table 2. The lead factor is defined asg

l%

LF =
- where: o = neutron flux ~(E>1.0MeV) wtthin the surveillance capsule
dpy = maximum neutron fluxe (E>].0MeV)'at the pressure .vessel

inner radius.

_ _Since the.westinghouse surrei11ance capsu1es'cohtaih passive nevtron flux..
. monitors 16cated atvthe-cehteruofhthe corehside row of charpy specimens, .
. the geometrtd-cehter of-the’eapsu1e, and the‘cehter of the pressure vessel.
~side row of charpy spec1mens, lead factors are presented for each of these
three rad1a1 pos1t1ons.

- In Table 3 the relative neutron f]ux spectra calculated to ex1st at the
-’center of the survei]]ance capsu1es are 11sted ~The data in each case have
been normalized to a tota] neutron f]ux of 1 n/cm -sec. This spectra1 |
: 1nformation may be used ‘to deve]op spectrum averaged reaction cross-sections
-tfor use in- ana]yzing neutron dosimeter packages contained within the sur-
.veillance capsu]es. A set of cross—sect1ons in the group structure 11sted

1n’Tab1e 3 are given in Table 4 for e]ected fast neutron reactions.

These data are based on 1nformat1on found in the ENDF IV dos1metry file.

13-



~ LOCATION*

WITHIN

CAPSULE

"R =211.10 cm
R =211.33 cm
R =212.10 cm

A g v s g S ppes R (50 £s 8 Se N Eien

TABLE 2

-LEAb FACTORS FOR INDIAN POINT UNIT 2

~~ SURVETLLANCE CAPSULES

4° CAPSULES 40° CAPSULES

RAR - 5,T,Y,2)
1.4 | 3.90
09 372
.95 3.14
| Ave. | = M
» ' Z-

—
—

*Locations correspond to the center of front charpies, center of

capsule, and center of rear charpies.

L

7Y 5.2
5 - 3

[ X EeMay



B O L

ADEQUACY OF THE'ANALYTICALYMETHOD

-.The accuracy .of the calculat1ons descr1bed in this report depends on the:

~ability to def1ne appr0pr1ate core power distributions, the adequacy of the

cross-section 11brar1es and on the appropriateness of the transport

~model itself. Taken as a whole, these factors combine to yield an overall
~uncertainty in the analytical results. The overall Westinghouse analytical

- method described herein has been compared with measurements obtained at a-

number of operating PWR's. These compar1sons have been described in the

open 11terature(6 7) s but will a]so be summar1zed here.

Figures 8 and 9 depict a comparison of the calculated activity of four fast

© neutron detectors with measurements obtained from surveillance capsules - -

remoued from nine 2-loop PWR's. The calculations are in good agreement with
the: measurements Since these monitors'respond-tO'different portions of the
neutron energy spectrum, the agreement is an indication that both the energy

spectra and flux magn1tudes are being determined we]] by the_ana]ytica] method.

Figures 10 and 11 .also show comparisons of ca]cu]ations with measurements of

fast neutron flux. In this case, the data were‘obtained'external to the
‘reactor vessel in the air gap between the vessel and the biological shield.

" The data shown in Figure 10 was obtained at a 4-1oop reactor similar to-

Indian Point Unit 2; while the data in Figure 11 was obtained at a 3-loop

reactor. Again, the agreement between calculation and measurement is excellent.

Based on the<comparisonsjpresented in'Figures 8 through 11, it is conc]uded.
thaf the Westinghouse design method is appropriate for the analysis of large

PWRs and-that the results.presented herein are applicable to the Indian Point

Unit 2 reactor.
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GROUP NO.

1 -
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H
i

¢Total

TABLE 3

RELATIVE NEUTRON FLUX SPECTRUM AT THE CENTER

i
i

© OF THE_SURVEILLANCE CAPSULES

RELATIVE NEUTRON FLUX

4° CAPSULES 40° CAPSULES
.00163 . © .000852
.00552 .00283
.00743 .00447
.00672 00467 -
.0103 ~.00793
0191 .0155
0255 .0219
0332 L0299
.0403 <0373
0406 .0382
125 - 122
141 ERTYE
.0564 - .0586
.0420 0438
.0311 .0326
‘ .0750 - .0800
= 0560 .0595
0607 ‘ .0661
.0466 .0508
0489 . .0530
126 | .126
1 n

- 1.30 x 10

= le-. ..

5.34 'x 10
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TABLE 4
. | - | | \
REACTION ‘CROSS-SECTIONS FOR ANALYSIS OF FAST NEUTRON MONITORS
o(E) barns \
GROUP. FeS4n ™ N%B(n.P)co®® cub3(n,a)c0®
T .592 | .607 ‘,f » .035
2 - .572 . 608 ~.0098
3 464 .535 . 00085
4 325 .388 | 0.0
5 45 22 00
6 o404 013 0.0
7 o oo 00
N 0089 0112 0.0
N 9 o083 0.0
01 0.0 0 00
5(4°) o087 NI 000785
S(40°) 067 o -~ .0899 ~.000490
£ olE) o(€) dE
- g = 2
o
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- In regard to the use of a P] Vs P3 scattering approximation in the analysis,
the comparisons in Figures 8 through 11 demonstrate the adequacy of a P]
approach. - The variabi]ity of measured flux levels from plant to plant and
'cycle to cyc1e ootweighs the uncertainty in the calculations, thus, the '
use of a P3 scattering épproximation wou]d not result in a sighificantA

jmprovement in analytical vs. experimental comparisons.
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