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- RELATING SURVEILLANCE CAPSULE MEASUREMENTS
TO PRESSURE VESSEL DAMAGE

J. F. Carew, D. K. Min, and A;‘L;AA?ongon\fi_ .

As part of the pressure vessel (PV) materials surveillance'program, sur-
vei11ance‘capsu]es inciuding material specimens and'heutron flux dosimeters
are generally required to monitor changes in the fracturé toughness properties |
of the reactor vessel materid]s; These capsu]es.are withdrawn sequentfa]ly
according to a predetermined schedule covéring the service life of the vessel,
and specimen‘material changes and dosimeter actiﬁation measured. The neutron
fluence accumulated by the:flux dosimeters is determined from the measured
dosimeter activation and known reaction croséAsection (in practfce, the
54fe(n,p)54Mn reaction.) The capsule fluence and méterial.changes are
then extrapdTated to the pressuré vessé] using a fluence lead-factor de-
termined from detaiTed multigroup neutron transport‘calculatfons. Typically,
in this extrapolation changes in neufrdn‘spectrum are neglected.'AThe purpose
of this study is tﬁofo]d; fifst; to determine the effect of inciudih§'spec£ra1’
chéngeg iﬁ the extrapolation ffom‘capsu]e to vessel énd second, to evaluate
the effect of using the létést ENDF/B-V 54Fe(n,b)54Mn cross sections in
converting dosimeter activation to fluence. |

A total lead-factor relating capsule and pressure vessel damage may be

defined,
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¢ and ¢V are the capsule and vessel fluxes and cD(E) is the damage

where ¢
. cross section of interest. . The f]uenceklead-factor, Lr, generally used to

extrapolate from capsule to vessel is based on the flux above 1.0 MeV and is

f«» (E)as/fq» (E)E . (2)

1.0 MeV 1.0 MeV

defined,

LT'maylthen be expressed as a product of the fluence and spectra1 lead-

factors

br=Llplg s , : '=’ (3)

where'the spectral lead factor is defined,

- ~D ~D o g
Lg | 5/oy . (4)
and the effective damage cross sect1on is given by,

R - f( (GF (yE)de//C(" o (5)

1.0 MeV
The pressure vessel damage is then related to the measured activation by,
~D
A .
o™ = “QL o | (6)
F°S o

where AgaT is the satureted activity per target atom and BA'is,the effective
activation cruss section defined by replacing o with o in. Equafwon (5).

In order to evaluate both Lg and'E‘\A a onesdimensional-ANISNC;);modelsof
the Three MiTe Island-2 core, core supports, thermal shield and vessel was
constructed. Calculations were performed using both the RSIC-CASK(Z)
(22-Group, ENDF/B-II) and RSIC-EPR(3) (100 Group, ENDF/B-IV) neutronics
Libraries. An S8-P3 angu]ar decompos1t1on was used and the ca]cu]at1ons were
carried out in the fixed source mode.

The effective damage cross section, BD, Was calculated using the damage

~ cross sections developed by Serpan(4) and 100-group ANISN Fluxes. In



Figure 1 30 is presented for the thermal shield, downcomer and pressure vessel

regions. Also presented is the spectral lead-factor, L defined relative

X
to the pressure'vesse1 inner-wall. Ls varies from ~1.22 for an aécelerated
capsule to ~i.06 for a standard capsule located close to the‘preSsure vessel.
Since L$>1, these results indicate that the ATT(change in transition
temperature) predicted for the vessel inner wall based on the greater fhan 1.0

MeV fluence and a fluence lead-factor (i.e., Eq. (6) with L. = 1) will be con-

S

servative. However, due to the increase of’éD inside the vessel similar es-
timates of ATT for internal vessel locations are not in general cohgerVétive
. and a spectral lead-factor may be required.

. :In Table 1 ENDF/B-IV(5) and ENDF/B-V(S) group average cross sections
for the S4Fe (n,p)54Mn reaction are- presented, together with EA calculated
using a typical 22-Group ANISN capsule spectrum. The ENDF/B-V EA‘is Tow and
(using Eq. (6)) wj]] result in an ~2% increase in vessel fluence aﬁd damage
predictions.

In summary, the effects of spectral éhanges on the extrapolation Qf
capsule measurements have been evaluated and found to resu]f in a reduction in
estimates of PV inner wall fluence and damage. Also, updating.ihe
54Fe(n,p)54Mn activation cross section to ENDF/B-V will increase PV flu-

ence and'damage estimates by a few percent.
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Table'1

Lower Energy™*

Dosimeter Activation Cross Sectijonst

Average

Cross Section (b)**

Group Bound (MeV) ENDF/B-1V
1 12.2 4272
2 10.0 .5371
3 8.18 .5833
4 6.36 .5720
5 4.96 .4745

6 4.06 .3262
7 3.01 .2082
8 2.46 .09658
9 2.35 .05234
10 1.83 .02229
11 1.11 .00116
12 .55 0.0
13 .11 0.0

;T'

*

7.14(~5) is read 7.14 x 10-5.
Upper energy of Group 1 is 15.0 MeV and the group structure is the same as in CASK.
*ok Cross sections collapsed using a watt fission spectrum (a=0.988 MeV, b=2.249

NeV‘ ) Jo1ned to a 1/E spectrum at 67.38 KeV.

Comparison of ENDF/B-IV and ENDF/B-V S4Fe(n,p)5%Mn

Effective
Capsule Cross Section (b)
ENDF /B-V Spectrum ENDF/B-IV -  ENDF/B-V
4152 .0003 3.886(-4)  3.777(-4)
4728 .0012 1.673(-3) " 1.473(-3)
4772 .0032 5.010(-3) 4.100(-3)
4714 .0089 1.351(~2) 1.113(-2)
.4321 .0170 2.134(-2) 1.944(-2)
.3276 .0172 1.485(-2) 1.492(-2)
.2196 .0308 1.696(-2) 1.789(-2) _
.1082 .0359 9.178(-3)  1.028(-2)
.05613 .0113 1.559(-3) 1.672(-3)
.02962 .0575 3.393(-3) 4.508(-3)
00297 .1556 4.764(-4) 1.225(-3)
7.139(-5) .2618 0.0 4.946(-5)
0.0 .3993 0.0 0.0
| I = 8.835(-2) 8.706(~2)






