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ABSTRACT

Modifications and tests performed on the hodoscope system at TREAT 
since the last Information Exchange Meeting are reviewed. The major 
effort has been spent in correcting minor deficiencies and in improving 
and upgrading the performance and reliability of a successful time- 
resolved fuel detection system.

INTRODUCTION

Observation of time-resolved fuel redistribution in a reactor en
vironment is a difficult problem that requires an overall system design 
which is not only sensitive to fuel motion but also capable of reliably 
storing, processing and analysing the large volume of data produced in a 
transient test. The fast-neutron hodoscope at TREAT1’2 has demonstrated 
one type of approach which has been successful in solving many of the 
inherent problems in detecting fuel motion. While the main reason for 
the success of this system has been due to the use of fast fission neu
trons as a signature of fuel, a second reason is due to the modular na
ture of the hodoscope system. This modularity allows for rather signi
ficant changes in a particular subsystem without producing a major 
impact on the overall system. In addition, modifications to the system 
can be performed quickly and relatively cheaply. The present hodoscope 
system is divided into the subsystems of: collimation, detection, pulse 
processing and storage, support, data processing and data analysis. The 
present paper presents a review of the major efforts undertaken by the 
hodoscope group at Argonne since the last technical exchange meeting.^’4 
Most of this work represents improvements, upgrading and correction of 
minor deficiencies.

122—cm COLLIMATOR

Installation of the new collimator at the north face of the TREAT 
reactor has been completed. The collimator has a field of view at the 
object plane of 6.6 cm in width and 122 cm in height. The vertical size 
was chosen to permit coverage of fuel dispersal above and below the
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activc zones of 91 cm FTR fuel pins. The viewing width corresponds to 
the dimensions of a 61-pin FTR bundlo. The viewing area is divided into 
a 10 x 36 array or. rectangles each of which have a horizontal spacing of
0.66 cm and a vertical spacing of 3.45 cm. In order to provide this 
coverage as well as meet physical constraints, the collimator channels 
are "cross-focussed,” that is, the image is inverted with respect to 
both the vertical and horizontal axeii of symmetry in the object plane.

Figure 1 shows a sketch of the collimator and the associated sup
port structure. The collimator section is commoted of front and rear 
collimators. The front collimator serves to reduce background and to 
minimize the cross-over of neutrons between the collin-.iti.ng channels in 
the rear collimator. The support structure is pivoted anc allows the 
hodoscope to be scanned across the object plane. Such scanning is 
useful in testing detectors, positioning the hodoscops on the center of 
the test capsule and in special applications such as in-situ radiography. 
Both the scanning drive and position indicator have been improved in the 
new facility and the rear of the collimator can be easily rotated to any 
desired position. The positional accuracy of the rear collimator is 
approximately 0.025 mm.

The lead filter array at the rear of the collimator allows the in
sertion of up to 7.6 cm of lead, in 1.3 cm steps, between the collimator 
and the neutron detectors. The lead is used to reduce the count rate at 
high reactor powers and to reduce the supralinear response of the neutron 
detectors.

The source positioner accurately positions a 24.5 Ci PuBe(a,n) 
source in front of the neutron detectors. This source is used to test 
the individual channel response, and to calibrate the various detectors.
The source positioner is controlled by a small microprocessor which 
automatically positions the source and records the detector count rate.

Finally, the various gaps between the front collimator, rear col
limator and the biological shield have been filled with stepped concrete 
blocks. This shield design has considerably reduced the leakage radia
tion and has provided safer access to the working area near the hodoscope.

By May 1976, the 122-cm collimator had been installed, tested, and 
successfully used in five transient tests. Figure 2 shows the results 
from a horizontal scan of an R-series test pin (14% enriched UO2). The 
signal-to-background (S/B) ratio is 2.9 which is consistent with the re
sults obtained using the old 51*-cm collimator. This indicates that the 
reduction of the minimum path length for radiation from one channel 
crossing over to an adjacent channel (from 150 cm to 100 cm) had only a 
minimal effect on the S/B ratio.

Because of the larger viewing span of the new collimator, the area 
observed by each individual channel has increased by about 2.7 times 
over the area in the original collimator. It is estimated that this 
increase will raise the minimum amount of fuel movement observed
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per channel to 1/8 to 1/4 g for single pin tests and to 1 to 2 g for 7- 
pin tests. Transient results analysed to date indicate that this pro
vides adequate resolution.

The successful performance of the 122-cm collimator, which differs 
significantly in design from the 51-cm collimator, adds confidence in 
scaling up hodoscope techniques to other safety test facilities.

51-cm COLLIMATOR

The old 51-cm collimator has been moved to the south face of the 
TREAT reactor. The necessary electronic and mechanical connections are 
in progress and the complete system is expected to be operational by 
early November. The collimator covers a viewing area of 5.7 cm in width 
by 51 cm in length. The object plane is divided into a 15 x 23 array of 
detectors each viewing a 0.38 x 2.25 cm rectangle. The detection system 
and electronic processing and storage systems will be shared with the 
122-cm collimator. Present plans are to use the 51-cm collimator for 
those tests in which the smaller detector spacing is most desirable and 
in which the covetage of a full 91-cm fuel pin is not necessary. In 
addition, tl:". 5i-cm collimator will soon have a fission detector array^ 
which will allow better data collection at high (>10,000 MW) power 
tests.

DETECTION

Work has beep, in progress to improve the understanding of the 
response of the present detectors in a reactor environment and to im
prove and upgrade the defection system performance. Tests at the Fast 
Neutron Generator Facility at Argonne have measured the efficiency of 
the Hornyak button (fast neutron) detectors as a function of energy5 .
The results sh&w that the present Hornyak button detector has an effi
ciency of (1 .5 ± 0 .2) x 10 3 when integrated over a neutron fission 
spec trim. The effective neutron thiashold of the Hornyak button, using 
the present discriminator threshold, is VL.0 MeV and the efficiency of 
the button is constant above a few MeV.

Efficiency measurements ware also made on the prototype fission 
array shown in Fig. 3. The results indicate that low count rates pre
viously measured at the TREAT reactor were probably due to misalign
ment7 . A fission detectcr support to allow for panning of the array in 
order to maximize the count rate has been designed. The array will have 
31 channels and will be able to provide fuel detection capability over 
the three central columns of the 51-cm hodoscope. The necessary elec
tronics for the array has been completed and the coating of the fissile 
plates to a thickness of 2.5 mg/cnr of Np23702 has been accomplished. 
Intentions are to use this array in the equation-of-state (EOS) experi
ments which are scheduled for late this fall.

Wor has also progressed on extending the hodoscope detection capa
bility to other materials such as steel and sodium. The steel detection 
results using high energy capture gamma rays have been encouraging and a 
gamma detection array has been constructed and tested in a transient 
tostfl. The detection of sodium via the 473 KeV capture gamma ray has
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Fig. 3. Cutaway View of 31-Channel 
Fission Counter Array.
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been studied and the results appear negative. The overwhelming compe
tition from annihilation gamma rays as well as fission gamma rays pro
duces a signal-to-background ratio which appears to be too small to 
permit a time-resolved detection capability.

ELECTRONIC DATA PROCESSING AND STORAGE

The design and implementation of the magnetic recording system is 
progressing. The system will use a high-speed head-per-track disk as 
the basic storage medium. The minimum collection interval of the system 
is 0.6 ms. Present plans are to have both the disk and camera storage 
systems operate simultaneously in order to provide redundancy.

A multi-channel fan-out system has been designed to split the 
linear output of the detectors to both the disk and camera scaler sys
tems. In addition, the system r.an be multiplexed by a microprocessor to 
allow the measurement of a particular scaler count rate. •

SUPPORT FACILITIES

Design work is in progress to minimize the radiation hazard from 
the use of the 24.5 Ci calibration source and from steady state reactor 
operation at 80 KW. A special storage cell is being designed which will 
allow remote handling of the source. In addition, portable shielding 
blocks will be placed completely around the hodoscope.

A considerable effort has also been made to insure the reliable 
operation of the entire hodoscope system in transient tests. Particular 
effort has been spent in streamlining and updating quality control pro
cedures for pre-transient check-out of the hodoscope system. The 
quality control program fcr the handling and processing of the photo
graphic film has also been extensively revised.

DATA-PROCESSING

Improvements have continued in the processing of raw experimental 
data into analytic results which can be interpreted as fuel motion. Re
duction of the photographic film to digital data has been improved by 
modifications to the scanning program. The PDP 11/20 computor, which is 
dedicated to transient analysis, has been up-graded to a PDP 11/35 with 
floating point hardware. In order to increase the use of this computor 
for actual data processing, a small PDP 11/05 computor system has been 
purchased to allow for editing and testing of data processing programs 
without interference with transient analysis on the 11/35.

SUMMARY

A series of incremental improvements have been accomplished or 
initiated for the TREAT hodoscope. A new collimator system is opera
tional, and the old collimator is being relocated. Detector response 
is being more carefully characterized and capabilities to cope with 
high power levels are being prepared. Studies of steel detection have 
given satisfactory results so far. Improvements in data collection, 
system support, and data processing are also taking place.
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