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GAMMA SPECTROSCOPIC EXAMINATION OF THE PEACH BOTTOM HTGR CORE 

Fission product distributions were established for individual core 

components after the final shutdown of the Peach Bottom High-Temperature 

Gas-Cooled Reactor (HTGR). The purpose was to provide information on 

relative axial and radial power distributions, thorium absorption rates, 

fuel stack length, and fission product release (Ref. 1). 

A total of 55 driver elements, 21 fuel test elements, three reflector 

elements, and one control rod with sleeve were axially scanned with a 

high-resolution Ge(Li) detector. The intrinsic efficiency was cross-

calibrated with quantitative gamma spectroscopy of one driver element at 

Oak Ridge National Laboratory (ORNL) (Ref. 2), 

On a core average basis, the predicted and measured Cs-137 inventory 

was within the measurement uncertainty of ±0.4% (Icr), which can be con

sidered an upper limit for the Cs-137 diffusion through the fuel element 

sleeve into the core. This is in good agreement with a fractional release 
-4 

of 2 X 10 assessed for the primary circuit (Ref. 3). Significant cesium 

migration was found within several fuel elements as shown in Fig. 1. 

Cesium was transported from the high-temperature region down the purge 

stream to the cooler portion of the element, where it accumulated. Figure 

1 contains the in situ Cs-137 inventory measurements as well as the compo

nent measurements done at ORNL. Good agreement was found, which verifies 

the cross calibration between the two gamma spectroscopic methods. 

Because of insignificant cesium release, element average burnups were 

established from the measured Cs-137 inventories. The average burnup of 

48 selected driver elements agreed within ±0.7% (la) with GAUGE code (Ref. 

4) predictions. Element to element differences between calculated and 

measured burnup were found to be significant with a ±6.8% root mean square 
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deviation when compared with a mean counting error of ±4.8%. The 

predictive accuracy of the radial power distribution for the Peach Bottom 

HTGR was therefore concluded to be ±6.8%, which falls within the ±3% to 8% 

accuracy for other reactor systems (Ref. 5). 

The time history of the radial power distribution is presented in 

Fig. 2, which compares normalized isotope inventories with predicted power 

distributions. The Cs-137 distributions follow closely the time averaged 

power distribution, whereas the shorter half-life isotopes Zr-95 and La-140 

are approaching the predicted end-of-life distribution. Time averaged and 

end-of-life axial power profiles were determined from Cs-137, Zr-95, and 

La-140 distributions and were also found to be in good agreement with 

predictions. Relative thorium absorption rates agreed reasonably well 

with measured relative Pa-233 profiles. An average 0.7% increase in fuel 

stack length was observed, which was within the design specification. 

In summary, the gamma spectroscopic surveillance of about 10% of the 

Peach Bottom core provided the data base for nuclear design verification. 

Significant cesium movement within the fuel elements was detected for the 

majority of driver elements, but the overall release into the core was 

undetectable within the measurement uncertainty. The core average burnup 

was verified with an accuracy of ±0.7%. 
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Fig . 2 . Normalized r a d i a l i so tope d i s t r i b u t i o n for Peach Bottom Core 2 


