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Mr. H. B. Tucker Jaylor 
Vice President - Nuclear ACRS-lO MConner 

Production Department Rlngram 
Duke Power Company Gray File 
P. 0. Box 33189 
422 South Church Street EBlackwood 
Charlotte, North Carolina 28242 

Dear Mr. Tucker: 

We have been reviewing the Oconee Neutron Dosimetry prov-ided in 
BAW-1697 and BAW-1699. Please provide the additional information 
needed to complete our review described in Enclosures 1 and 2.  
In recent discussions with Mr. R. Gill of your staff, It has been 
agreed that a schedule will be provided regarding the neutron 
dosimetry analysis in 60 days after receipt of this letter.  

The reporting and/or recordkeeping requirements necessary for any 
response to this letter affect fewer than ten respondents; therefore, 
0MB clearance is not required under P. L. 96-511.  

JohnF. Stolz, Chief 
Operating Reactors Branch #4 
Division of Licensing 
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See next page 
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Duke Power Company 

cc w/enclosure(s): 

Mr. William L. Porter 
Duke-Power Company 
P. 0. Box 33189 
422 South Church Street Office of Intergovernmental Relations 
Charlotte, North Carolina 28242 116 West Jones Street 

Raleigh, North Carolina 27603 

Honorable James M. Phinney 
County Supervisor of Oconee County 
Walhalla, South Carolina 29621 

Mr. James P. O'Reilly, Regional Administrator 
U. S. Nuclear Regulatory Commission, Region II 
101 Marietta Street, Suite 3100 
Atlanta, Georgia 30303 

Regional Radiation Representative 
EPA Region IV 
345 Courtland Street, N.E.  
Atlanta, Georgia 30308.  
William T. Orders' 
Senior Resident Inspector 
U.S. Nuclear Kegulatory Commission 
Route 2, Box 610 
Seneca, South Carolina 29678 

Mr. Robert B. Borsum 
Babcock & Wilcox 
Nuclear Power Generation Division 
Suite 220, 7910 Woodmont Avenue 
Bethesda, Maryland 20814 

Manager, LIS 
NUS Corporation 
2536 Countryside Boulevard 
Clearwater, Florida 33515 

J. Michael McGarry, III, Esq.  
DeBevoise & Liberman 
1200 17th Street, N.W.  
Washington, D. C. 20036



Enclosure 1 

REQUEST FOR ADDITIONAL INFORMATION 

CAPSULE DOSIMETRY REVIEW 

OCONEE NUCLEAR STATION, UNITS 1, 2 AND 3 

DOCKETS NOS. 50-269/270/287 

1. Establish the similarities between the Oconee and Crystal River 3 units.  

2. Evaluate the effect on dosimetry of the capsule rotation which 
occurred in the Crystal River 3 vessel.  

3. Provide an uncertainty analysis (see Enclosure 2).  

4. Estimate the effective full power years for reaching 50 ft-lbs 
upper shelf energy for the limiting unit vessel belt-line 
materials.



- Enclosu e 2 

REVIEW OF CAPSULEOC II-A FOR OCONEE 2 (BAW-1699) AND CAPSULE OC III-B 

FOR OCONEE :3 (BAW-1697) 

The reports descfibe the results of the examination and analysis of the second 

capsule of the reactor vessel surveillance program for Oconee 
2 and Oconee 3.  

The first capsule was removed and analyzed after the first year of operation 

of the two reactors and has been reported in BAW-1437 for Oconee 2 and 
BAW-1438 for Oconee 3.  

The objective of the surveillance program is to monitor the effects of 
neutron irradiation on pressure vessel toughness under operating conditions.  

The purpose of this review is to evaluate the neutron physics, fluence 
estimates and neutron flux methodologies described in the reports. The areas 
reviewed are: Chapter 6, neutron dosimetry; Appendix D, fluence analysis 

procedures; and Appendix E, capsule dosimetry data. 
We shall examine each of 

these topics.  

NEUTRON DOSIMETRY 

The purpose of neutron dosimetry is threefold, i.e. determine the fluence 
within the surveillance capsule, determine the maximum fluence in the pressure 

vessel as a function of reactor operation and predict the pressure vessel 
fluence in the future. Test specimen fluence data are used to establish a 

correlation between changes in material properties and fluence exposure to 

neutron energies greater than 1.0 MeV. Such a correlation requires neutron 

spectral information which is obtained from threshold reaction 
detectors.  

The critical reactions on which the quantification of the fluence was based 

are 237Np (n,f) 1 3 7Cs and 23 eU. (n,f)137Cs with a half life of 30.03 years and 

fission threshold energies of 0.5 and 1.1 MeV respectively. To obtain an 

accurate determination of the neutron flux (and hence, fluence) incident on.  
the detector, one needs, in addition to reactor operating history and detector 

energy response, the neutron energy spectrum. However, the number and kind-
of detectors available are not adequate for an experimental determination of 

the spectrum, hence, an analytically determined'spectra has been used. The 

azimuthal distribution on the inside diameter and the radial fluence distri
bution in the pressure vessel have also been determined analytically. A 

complicating factor in the capsule exposure was the fact that 25% of the 
irradiation was received in Oconee-3 and 75% in Crystal River-3. The capsule 
in Crystal River was rotated by 900 with respect to the reactor center which 

makes the interpretation of data and their analysis difficult.  

Usually neutron dosimetry is subject to uncertainties from activation measure

- ments. The Np4Cs and U->+Cs reactions which form the bases for 
the 

quantitative evaluation of the fluence have a 10-15% uncertainty. When 

this measurement is used to calculate the fluence to the pressure vessel, 

the uncertainty increases to about 20%, and when it is extrapolated in 

time to 15 and 32 EFPY for the welds, the uncertainty increases to about 

30%. This type of uncertainty which results from experiment 
and 

calculation is not reported or even mentioned in the 
two reports.  

Uncertainties in flux and fluence evaluations are an important part of 

the calculation (see, for example, BAW-1485 which forms the basis for 

the fluence estimate).



Another type of uncertainty or indeed a phenomenon which is not taken into 
account is the spectral differences of the flux at the center of the 
surveillance capsule, the clad-vessel interface and at several depths of 
penetration'in the vessel. It-is, for example, apparent from the fluence 
values reported in Tables 6-2 and 6-4 that the neutron spectrum is "harder, 
at the center of the surveillance capsule than the clad-vessel interface.  
The ratio of fluence for Cycle 1 with E>1.0 MeV to E:>O.1 MeV at the capsule 
center is larger than the corresponding value for the clad-vessel interface.  

Finally, the uncertainty which resulted from the rotation of the capsule when 
transferred from Oconee to Crystal River has not been discussed. This transfer 
would have compounded the uncertainties.associated with the location of the 
capsule and the analysis of the rotation. In particular, the effect of the flux 
gradient on the wire monitors in the rotated position should have been discussed.  
The uncertainties in 'the values of the fluence should be established and 
applied to the fluence of the -pressure-vessel.  

FLUENCE ANALYSIS PROCEDURE 

The purpose of Appendix D to the reports is to outline the analytical techniques 
which were used in the computation of the flux and its spectral consistency
throughout the reactor and the pressure vessel. Another objective is to out
line the reduction of the measured activity to the value of the flux from the 
flux monitors.  

The energy dependent neutron fluxes at the detector locations were determined 
by a discrete ordinates solution'of the Boltzmann transport equation with the 
two-dimensional code DOT-3.5. The reactor model included the core, the liner, 
bypass coolant, core barrel, inlet coolant, thermal shield, downcomer, 
pressure vessel, reactor cavity and the concrete shield. An explicit model 
of the capsule was included and pin-by-pin time-averaged power distributions 
for the fuel assemblies. The cross sections were in 22-energy groups and 
the approximations were S in the an ular guadrature and P in the expansion 
of the scattering. Both fr, 6) and (r,z) models were calcdlated.  

The methods used are the same or similar to those generally used by the 
industry. However, the benchmarking of DOT-3.5 has not been described nor reviewed 

. by the staff. The reported results look reasonable and B & W is known to have 
achieved good results in pressure vessel fluence calculations.  

Capsule Dosimeter Data 

The purpose of the Appendix E to the reports is to list the neutron dosimeter 
activity, the reaction measured, its isotopic composition and the thickness of 
the shield, if any. The monitors include most of the reactions used in 
activation measurement. However, the analysis does not include an uncertainty 
analysis which is a major part of dosimetry.



CONCLUSIONS AND RECOMMENDATIONS 

He conclude that the methodology utilized in the capsule analysis is acceptable, 
however, the reports have not established uncertainty values for the reported.  

.fluxes. We recommend that the following values be used..  

FLUENCE CALCULATION UNCERTAINTIES 

Calculation Uncertainty (%) 

Capsule (derived from measured *14 
activity 

Pressure vessel (maximum loca- ±20 
tion for capsule irradiation 
time interval) 

Pressure vessel (maximum loca- ±22 
tion, long term extrapolation) 

Pressure vessel welds ±33 

The above values.have been estimated by B & W. We recommend that future 
surveillance capsule reports include discussion and values of the uncertainty.  
We recommend that additional analysis be performed for the..QC I1I-8 capsule which 
was placed in Crystal River in a rotated position and be reported and reviewed 
by the staff. Finally, we recommend that the similarities of Oconee 1 to Oconee 2; 
and 3 and Crystal River should be established since the results for Oconee 1 
are based on these similarities.  

C. Whitmarsh, draft B.& W report to be published.


