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Summary

Irradiation experiments are being performed for the U.S. Nuclear
Regulatory Commission (NRC) Heavy Section Steel Technology (HSST)
program. Results of dosimetry performed in the second experiment have
been reported in (1) and (2). Similar procedures veve followed in the
third experiment. The experiences gained in these two experiments have
led to modifications in the composition and distribution of foil dosimeters
which monitor the neutron flux-spectra in the irradiated steel specimens.
It is expected that in the new experiments much higher accuracies than
previously possible can be achieved in the determination of irradiation
damage parameters.

Description of the Experiments

The HSST experiments are performed at the Bulk Shielding Reactor (BS1)
at Oak Ridge National Laboratory (ORNL). This reactor consists of a
lattice of Materials Test Reactor (MTR)-type fuel elements immersed in
a large pool of water. It is operated at a maximal power of 2 MW with
forced convection cooling. The thermal and the fast flux (E>1 MeV) are
approximately 1.2 x 10 1 3 and 4 x 10 1 2 cm"2 sec"1, respectively, at the
north face of the reactor. A schematic of the reactor facility and its
associated experimental components is shown in Fig. 1.

The 3 experimental capsules are arranged along the core faces as
shown in Fig. 2 for the second HSST experiment. The same arrangement was
used for the third experiment except that the second and third capsule
was placed on the west face of the core instead of the east face. Each
experiment consisted of a dosimetry run and the metallurgical irradiation
run. The capsules for the dosimetry runs were dummy steel capsules each
having provisions for 15 sets of foil dosimeters as shown in Figs. 3-6.
These were irradiated for approximately one day at ambient temperatures



Capsules of the same size containing steel specimens for fracture mechanics
testing (see Fig... 7) were irradiated for approximately 90 full power days
at the temperature of nominal 288°C. Foil dosimeters were also used
in these metallurgical irradiation runs, but the sets were restricted
to non-fission detectors with sufficiently long half-lives. The three
capsules were rotated by 180° twice during irradiation to achieve uniform
exposure.

Evaluation of the Dosimetry

The number and composition of dosimeter sets used in the HSST experi-
ments is listed in Table 1. The main object of the dosimetry is to deter-
mine fast fluence (E>1 MeV) to correlate fluences with irradiation damage.
Fast fluence is probably not the best damage parameter; since considerable
damage can be done by neutrons in the 0.1 to 1 MeV range total dpa
(displacement per atom) for iron is now the -referred indicator [see (3)].
However, the neutron spectra in this experiment are probably sufficiently
uniform so that spectral effects can be disregarded.

Fast fluxes can be determined directly if detectors with thresholds
at 1 MaV are included in the detector set. The linear programming pro-
cedure in the program package WINDOWS (4) has been used for this purpose
and fast fluxes have been determined at these locations within bounds
of ±20%. Unfortunately, threshold detectors in most of the foil sets
have thresholds above 2 MeV and neutron physics calculations are needed
to complement the measurements. A 3-dimensional 10 energy VENTURE (5)
diffusion calculation was performed for this purpose. However, agree-
ment between calculation and measurements was generally rather poor.
The vertical flux distribution, in particular, was quite different and
a least squares fourth degree polynomial correction was applied to faring
the calculation in agreement with the experiment. Adjustments were also
needed for the shape of the calculated spectrum. This was done with the
unfolding procedure CRYSTAL BALL, which is also part of the WINDOWS
package, with the calculated spectrum as input spectrum. It was noticed
that the unfolded fast fluxes decreased by about 20% whenever the fission
detectors were omitted from the detector set.



It is not certain, however, that this effect applies uniformly to all

positions within the experimental capsules, thus, no attempt was made

to extend this adjustment to the dosimetry in the metallurgical irradia-

tion runs. The reported values may, therefore, exhibit some bias toward

low fast flux values.
After combining and adjusting calculated and experimental values, a

spatial map of the fastf ;:es within the experimental capsules was
constructed. Details of the procedure can be found in (2). Graphs of
the flux distribution are given in Figs. 8-10 for the second experiment
The flux distribution in the third experiment is essentially the same.

The reported values were obtained solely from the metallurgical
irradiation runs and the data from the dosimetry runs are used for con-
firmation. Agreement is better than +30% for all locations where dosim-
eters were available.

Tests for uncertainties in the experimental values were made in the
third HSST experiment. The dosimeters in the dosimetry run were counted
at 2 different laboratories, ORNL and HEDL (Hanford Engineering Development
Laboratory). The differences between the two laboratories point to a
systematic uncertainty of about 5% and a random uncertainty of 3% (la)
for fission detectors and somewhat smaller values for non-fission detectors.
For the metallurgical irradiation run, some of the detectors were counted
a second time at ORNL, about 1 month later than the first counting. Com-
parison between the 2 countings indicate a random uncertainty of 3% (la).

Conclusions and Future Experiments

The results achieved in the dosimetry analysis of the second and
third HSST experiments are less than ideal. Not only are the uncertainties
in the fast flux determination rather high, but they are also difficult
to estimate reliably. Most of the uncertainties are related to the need
for using calculations to fill gaps in measured values. These uncertainties
could be reduced by using more and more complete sets of dosimeters.. There
is, however, a limit of time and money that can be spent for these purposes.



It is, therefore, important to concentrate on essential measurements,
eliminating those which do not contribute to the damage related flux-
fluence determination.

A series of further HSST experiments are presently being started at
the BSR. The following changes have been instituted for the dosimetry
in these experiments.

1. Dosimetry runs will be eliminated. The purpose of these runs was
primarily exploratory and there is no longer a need for it since the
fluxes in the BSR-HSST configuration are now sufficiently known. Instead,
the dosimetry will now be directly connected with the metallurgical
irradiation to obtain the most immediate correlation between flux measure-
ments and radiation damage.

2. Multiple foil sets will contain threshold detectors with thresholds
down to 1 MeV. This means primarily inclusion of 2 3 8U(n,f), and 237Np(n,f)
detectors which had been excluded because the necessary cadmium cover
cannot withstand the 288°C temperature. Gadolinium covers will be used

in the new HSST experiments. The fission detectors will be supplemented
and at times replaced by 93Nb(n,n')93Nb detectors. This detector is in
many ways ideal because of its long half-life (16.4 years) and its low
threshold around 1 MeV (6). Unfortunately, its cross section is not as
well known as that of other detectors. It suffices, however, to check
for the uniformity of the fast neutron spectrum over a large number of
locations when the inclusion of fission foils in every dosimeter set
becomes too expensive.

3. Single wire dosimeters will be placed at as many locations as possible
to obtain a complete and accurate spatial distribution of fast fluxes.
Multiple detectors are not needed for this purpose since spectral changes
are not as fast as flux changes and are fairly predictable.

4. Non-threshold detectors do not provide much useful information for
irradiation damage studies and will be restricted to a few locations to
check for abnormalities in the thermal and epithermal range.
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Table 1. Number and Content of Dosimeter Sets (Cont'd)

Dosimetry Set Id. 8
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Figure 1. Bulk Shielding Reactor (BSR)
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Figure 2. Placement of Capsules Around the BSR
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Figure 3. Simulated HSST Capsule
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Figure 7A. Second HSST Irradiation Capsule
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Figure 7B. Coordinates far Second HSST Irradiation Capsule
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