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RELATING SURVE ILLANCE CAPSULE MEASUREMENTS 

TO PRESSURE VESSEL DANAGE 

3. F. Carew, D. K. Min, and A. L.: Aronson,  . :  . . 
. .. ,.. !. 

As p a r t  of the pressure vessel (PV) materials surveillance program, sur- 

veil 1 ance capsules i ncludi ng material specimens and neutron flux dosimeters 

are generally required t o  monitor changes'in the fracture toughness properties . 

. .  . 

of the reactor vessel tilaterial s. These capsul es are withdrawn sequential ly 

according t o  a predetermined schedule covering the service 1 i f e  of the vessel., 

and specimen material changes and dosiseter activation measured. The neutron 

f l  uence. accumulated by the flux dosimeters i s  determined from the measured 

dosimeter activat.ion and known reaction cross section ( i n  practice, the 

54~e(n,~)5~~in'reaction.) The capsul e f l  uence and material. changes are 

then extrapolated t o  the pressure vessel using a fluence lead-factor de- 

termined from detail ed mu1 t igroup neutron transport calculations. Typical ly , 

in this  extrapol ation changes i n  neutron 'spectrum are neglected; . The purpose 

of t h i s  study is twofold; f i r s t ,  t o  determine the effect of including spectral. ' 
. , 

changes i n  the extrapolation from capsule t o  vessel and second, t o  evaluate 
. . 

t he  effect o f  using the 1 atest  ENDF/B-V 5 4 ~ e ( n , ~ ) 5 ~ ? 4 n  cross sections i n  

converting dosimeter activation t o  fluence. 

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

defi ned, 



V D where $' and + are the capsule and vessel fluxes and o ( E )  i s  the damage 

cross section of interest.  . The fluence lead-factor, L F ,  generally used to  

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

def i  ned , 
Q, / OD 

L~ = / a C ( ~ l a ~ /  / $ v ( ~ ) d ~  . 
1.0 MeV .1.0 MeV 

LT may then be expressed as a product of the fluence and spectral lead- 
* 

factors 

where the spectral lead factor i s  defined, 

and the effect ive damage cross section i s  given by, 

=c(v) 
-D OC(V) = ( E ) O D ( E ) + / F ( V ) ( E ) ~ E  . . . 

0 ' .  1.0 MeV 
The pressure vessel damage i s  then related to  the measured activation by, 

-D 
a c *SAT Dpv = - 
LFLs fr (6) 

dl where ASAT i  s the saturated act iv i ty  per target atom and u : i s .  the ,effective 

act ivat 10n cruss section defined by rep1 acing 2 w i t h  a'~l'n.,~ji.,aiion (51, 

In order to  eval uate b o t h  LS and cA a one-dimensional ~ ~ ~ ~ ~ ~ ) - . . r p o d e l . : o f  " 

the Three tvlile Island-2 core, core supports, thermal 'shield and vessel was 

constructed. Cal culations were performed using both the RSIC- CASK(^) 

(22-Group, ENDF/B-11) and R S I C - E P R ( ~ )  (100-Group, ENDF/B-IV) neutronics 
. . 

Libraries. An S8-P3 angular decomposition was used and the calculations were . 

carried out in the fixed source mode. 

-D The effect ive damage cross section, o ,  was calculated u s i n g  the damage 

cross sections developed by ~ e r ~ a n ( ~ )  and 100-group ANISN Fluxes. In 



Figure 1 aD i s  presented fo r  the ther-nal shield, downcomer and pressure vessel 

regions. A1 so presented i s  the spectral lead-factor, L defined relat ive s ' 
t o  the pressure vessel inner-wall . L varies from -1.22 for  an  accelerated S 
capsule t o  4 . 0 6  for a standard capsule located close t o  the pressure vessel. 

Since L >1, these results  indicate that the ~TT(change in transi t ion s 
temperature) predicted for  the vessel inner wall based on the greater than 1.0 

MeV f l  uence and a f l  uence lead-factor ( i  .e., Eq .  ( 6 )  w i t h  LS = 1) wil l .  be con- 

servative. Honever, due t o  the increase of %D inside the vessel similar es- 
. . - .. 

- I  

timates of bTT fo r  internal vessel locations are no t  in general conservative 

and a spectral lead-factor may be required. 

In Table 1 E N D F I B - I V ( ~ )  and ENDFIB-~(6) g r o u p  average cross sections 

for  the 5 4 ~ e  ( n  , p ) 5 4 ~ n  reaction are-  presented, together with 3* ccl culated 

using a typical 22-Group ANISN capsule spectrum. The ENDFIB-V 2 A . i s  low and 

(using Eq. ( 6 ) )  will result  in an -2% increase in vessel fluence and damage -.. 

predictions. . . 

In summary, the effects  of spectral changes on the extrapolation o f  

capsule nleasurements have been evaluated and found t o  result in a reduction i n  

estimates of PV inner wall fluence and damage. Also, updating the 

5 4 ~ e ( n , p ) 5 4 ~ n  activation cross sect ion t o  ENDFIB-V will increase PV flu- 

ence and damage estimates by a few percent. 
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Table ' l  Comparison of ENDF/B-IV and ENDFIB-V 54~e(n ,~)54bln  

Dosimeter Activation Cross sec t  ionst  

Average Effective 
Lower ~ n e r ~ y *  Cross Section (b)** Capsul e Cross Sect ion (b)  

Group Bound (MeV) ENDF/B- I V ENDFIB-V Spectrum ENDF/B-IV - ENDFIB-V 

t 7-,14(-5) i s  read 7.14 ' . . * Upper energy of Group 1 ,is  15.0 MeV and the  group s t ruc ture  i s  the  same as  i n  CASK. 
** Cross sections collapsed using a watt f i s s ion  spectrum (a=0.988 >lev, b=2.249 

#ev-1) joined t o  a 1 / E  spectrum a t  67.38 KeV. 




