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EPRI PERSPECTIVE

PROJECT DESCRIPTION

For the purpose of assessing radiation-induced degradation of nuclear plant pressure
vessels, it is necessary to characterize the neutron and gamma flux, fluence, and
spectrum. Primary reliance is placed on the combination of analytical calculations,
and a series of metallurgical surveillance specimens placed inside the reactor vessel
in accelerated flux positions to monitor changes in material properties with
exposure. The success of this approach relies on the ability to validate the cal-
culations through dosimetric measurements and to correlate changes in the material

properties with the radiation flux and spectrum.

To obtain neutron flux and spectrum information below 1 MeV, fission foils are often
employed. When such foils are applied without any adjustment for the photofission
effect, an overprediction of the neutron flux can result at locations where the
relative gamma flux %s high. Photofission can also cause problems in unfoldirg the
spectrum by increasing the unfolded spectrum in energy groups above the actual
threshold energy of the detector. This spurious increase in foil activations can
either lead to large and erroneous fluctuations in the spectrum when unfolded, or

in the nonconvergence of the iterative unfolding process. In seeking to determine
the extent of this effect, work has been performed at the University of Virginia

reactor facility. The fission foils used were 232Th, 235U, 2380, and 239Np.

PROJECT OBJECTIVES

The objectives of the program for the assessment of radiation effects in pressure
vesscls are to provide dosimetric data for pressure vessel embrittlement in the
form of experimental measurements and validated calculational techniques that can
be used (1) to estimate the changes in material properties through service life,

(2) to assess the status of those pressure vessels which are thought to be in
regulatory jeopardy due to various trace elements such as copper and phosphorus

in the weldments, and (3) to provide flux and s;cctrum estimates for the development
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of new damage correlation models.
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The objective of this study was to qualitatively establish that photofissions do
contribute to the activity produced in the foils, which if not corrected could
erroneously overpredict the neutron flux incident upon the pressure vessel. This
effect is predictable on theoretical grounds, but was not previously verified in a
reactor environment. Since neutrons produce greater damage to metals relative to
gamma radiation, this effect can cause the service life of the pressure vessel to

be significantly underestimated.

PROJECT RESULTS

The results indicate that the photofission effect can be significant. Overestimates
of the neutron flux from this can cause an overprediction by approximately 20% in

the radiation damage to the pressure vessel. The importance of the results is that
in measurements in the vicinity of the pressure vessel, or in reactor pressure vessel
surveillance positions, fission foils used to determine the neutron flux may over-
predict the neutron field. This overprediction may lead to underestimates of safety
margins of pressure vessels, or discrepancies between experimental and calculational

benchmarks.

Henry Till, Project Manager
Nuclear Power Division
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SUMMARY

The prediction of the useful lifetime of a light water reactor pressure vessel
(RPV) involves the determination of the temperature shift in the Charpy V-notch
curve for materials irradiated with neutrons relative to non-irradiated
materials. Procedures, such as those embodied in U.S. Nuclear Regulatory
Commission Guide 1.99, can be used to predict the allowable change of the
reference temperature to correlate this value with the neutron fluence that
irradiated the pressure vessel. The neutron fluence, defined as the total flux
(neutrou/cm?-sec) greater than 1 MeV multiplied by the irtadiation time
(seconds), can be used to determine the effective lifetime of the pressure ves-
sel, The critical parameter involved in this determination is the neutron
spectrum which is used to determine the greater than 1 MeV fluence.
Uncertainties in the neutron spectrum, therefore, have a direct linear
correlation with uncertainties in the predicted reactor pressure vessel lifetime.
The reac:or pressure vessel dosimetry program sponsored by ~he Electric Power
Research Institute (EPRI) has as one of its goals the reduction of the
uncertainty in the predicted neutron spectra incident upon ani throughout the
pressure vessel. Threshold foil, fission track recorder, and fission chamber
dosimetry procedures have been and continue to be among the mo:t useful tech-
niques for determining the neutron spectra. The threshold foil p»rocedure uses
the neutron activation of threshold foils in combination with spectral unfolding
techniques to determine the neutron spectrum at the foil locations. For certain
foils used in threshold foil dosimetry, there exists the possibility that gamma
rays (which do not significantly damage the RPV) at the dosimeter locations can
increase the activation of the foils due to photofission, photoexcitation, and
other photon induced reactions. This additional photon induced activity, if not
corrected for, will result in an over.:stimate of the neutron spectrum, & higher
predicted value of the greater than 1 MeV fluence, and an underestimate of

the effective pressure vessel lifetime.

In order to gain an understanding of the degree to which these photon=-induced
reactions can “contaminate” activation type dosimetry, EPRI sponsored a research

program at Science Applications, Incorporated (SAI) to demonstrate the specificity of
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this contamination and to establish an experimental/analytical procedure which
has the potential for correcting for this contamination. To this eud, an
experiment w.s carried out at the University of Virginia pool-type research

reactor to me.sure the pho‘on=-induced contamination in certain photo-sensitive
foils., This experiment _esulted in the development of a technique, requiring
both measurements and calculations, that offers the potential for quantifying the
photon-induced contamination. Although this experiment was scoping in nature, it
has been demonstrated that for certain reactors photon contamination of
activation dosimeters can necessitate a significant correction to provide only
the neutron-induced reactions. As an example, analytical investigations for a
three loop pressurized water reactor (PWR) indicate that without correcting for
photon-induced reactions, the dosimetry data would result in an overestimate of
the neutron fluence and an underestimate, perhaps by 20%, of the predicted vessel
lifetime. These analyses also indicate that each reactor must be considered on
an individual basis and that broad generalities concerning the magnitude of the
effects for a wide variety of reactors must not be made.
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