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In reactor environments, the radiation field is comprised of two principal 
components, neutrons and gamma-rays. The history of reactor development 
reveals an initial concern for the neutron component of the radiation 
field that was virtually overriding. Such an'initial emphasis is, of course, 
completely understandable. After all, fission reactors are neutron chain 
multiplying assemblies and only after a considerable amount of time were 
significant effects due to the gamma-ray component in reactor design, shielding, 
and safety actually recognized. Recognition of these effects has provided 
the impetus for improved characterization of reactor gamma-ray energy depo
sition and spectra. These general motivations have been summarized in a 
recent review of gamma-ray energy deposition and spectra in Fast Breeder 
Reactor (FBR} environments.l 

The fundamental entity underlying the description of the reactor gamma-ray. 
component is the absolute gamma-ray energy spectrum. Radiation effects 
arising from the gamma-component are induced by the interaction of the absolute 
gamma-ray energy spectrum in the reactor environment. Consequently, accurate 
definition of this absolute spectrum is the aoal of both theorv and experi
ment. In li~ht of these motivations, there now exist urgent and pragmatic needs 
t·or reactor benchmark gamma-ray spectrometry data. To this end, continuous 
gamma-ray spectrometry has been. performed a:t startup in the Fast Flux Test 
Facility (FFTF}. .~ 

FFTF, a 400 Mw FBR located on the Hanford reservation, has been built by the 
U. S. Department of Energy (DOE) for irradiation testing and development of 
FBR fuels and materials. FFTF will provide the means to develop and opera
tionally test FBR components and to gain operating experience for future FBR. 
Initial criticality was established on February 9, 1980. 

A reactor characterization program has been scheduled for FFTF at startup, 
which consists of Very Low Power (VLP), Low Power (LP}, and High Power (HP) 
irradiations. 2 In-core gamma-ray spectrometry was carried out at VLP in a 
specially designed FFTF insert called the In-Reactor Thimble (IRT). The IRT 

twork performed under the auspices of the U. S. Department of Energy (DOE). 



insert replaced a central fuel assembly (No. 2201} in the FFTF core for these 
VLP measurements and provided an adequate·environment for the operation of 
spectrometry probes. In particular, an ambient temperature of about l0°C 
was maintained at the interior of the IRT for these experiments, whereas. the 
actual FFTF core temperature was approximately 200°C. . · 

Actually continuous gamma-ray spectrometry was the very first IRT experiment 
and was carried out during February 24-29, 1980. Measurements were conducted 
at midplane, in the lower axial shield 81 centimeters below midplane, and in 
the upper axial reflector 64 centimeters above midplane. At each location 
background measurements were performed with the reactor·completely shutdown, 
i.e. with all rods inserted. The choice of gamma spectrometry as the very 
first experiment in the IRT was based on the need to keep the backgound 
gamma intensity at the lowest possible level. This background intensity 
together.with the finite response time of pulse processing instrumentation 
combine to create an effectivP. limit~tinn for i~-core anmma-rav. spectrometrY. 
Even so, the plutonium fueled FFTF (core No. 1) produced a total background\ 
event rate of roughly 1.3·104counts/sec at the midplane location. 

Following background observations at each location, measurements were 
sequentially carried out at two different (subcritical) power levels in order 
to focus on complementary regions of the gamma spectrum. The gamma-ray energy 
region below roughly 4 MeV was emphasized in the lower power level irradiation, 
whereas the upper power level was used for the gamma-ray energy region above 
4 MeV. Measurements were conducted for at least four hour durations at each 
power level so that some data could be obtained on the approach to equilib-
rium due to tne buildup of fission product gammas. \ 

For these FFTF experiments, Compton recoil gamma-ray spectrometry was used. 
Application of this method was carried out at the "state-of-the-art" as 
recently described, 3 • 4 with one notable improvement. Extension of Compton 
recoil gamma-ray spectrometry to considerably higher energy, ~7 MeV, was· 
effected through use of the new Janus detector configuration. A more detailed 
description of the Janus gamma probe and its advantages for high energy 
reactor gamma-ray spectrometry are reported in a companion paper at this meeting. 5 

As an example of the quality of data obtained with the Janus probe, Figure 1 
pr·esents the lower energy electron spectrum collected at the FFTF-IRT midplane 
location. The corresponding unfolded;gamma-ray spectrum is displayed in 
Figure 2. These results can only be regarded as preliminary because analyses 
for finite-size effects, pair product~on, and experimental error have not as 
yet been ~erfor~ed. After.Proper treatment of these effects, experimental 
results: Wlll be compared w1th calculated spectra based on diffusion theory. 
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FIGURE 1. Background Subtracted Low Energy Electron Spectrum Obtained With the Janus 
Probe (Non-Coincidence Mode) at FFTF Core Midplane in the Lower Power Level 
Irradiation. 
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FIGURE 2. Unfolded Gamma-Ray Continuum Attained at FFTF Core Midplane in the Lcwer 
Power Level Irradiation. 
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