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LEGAL NOTICIE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the Commission, nor any
person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness
of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed
in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, apparatus,
method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee
of such contractor, to the extent that such employee or contractor
of the Commission, or employee of such contractor prepares, dis-—
seminates, or provides access to, any information pursuant to his
employment or contract with the Commission, or his employment with
such contractor.
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A PINHOLE CAMERA AUTORADIOGRAPHIC TECHNIQUE FOR
ENCAPSULATED IRRADIATED FUEL SPECIMENS

by

W. N. Beck

ABSTRACT

A gamma pinhole camera was devised to permit a
nondestructive examination of irradiated specimens while
still in sealed capsules. The camera was designed such
that a complete experiment may be withdrawn from an ir-
radiation facility, the specimen autoradiographed, and the
experiment then reinserted if so desired. The pinhole ap-
erture is 0.020 in., and the source to pinhole block is 4 ft.
The image-to-source sizes are a one-to-one ratio. The
resolution of the image is 0.03 in.

INTRODUCTION

In the development of fuel materials for reactors, it is essential to
determine experimentally the characteristics of the material under condi-
tions representative of actual in-pile operation. As a means of accomplish-
ing these objectives, fuel specimens may be encapsulated, introduced into
an operating reactor, and subjected to preselected periods of irradiation.
Postirradiation examination and measurements of these specimens are used
to establish the operational characteristics of the particular fuel. The
capsule experiments are also frequently employed to determine the limits
of burnup which can be achieved at various fuel temperatures.

The procedure generally applied is to perform several experiments
with different capsules, each of which is irradiated at different times and
temperature conditions. A subsequent postirradiation inspection of each of
the specimens will determine if additional irradiations are required.

Because of the equipment and techniques required, irradiations of
fuel specimens are inherently expensive and time consuming. In order to
minimize the number of separate irradiations necessary to evaluate a fuel
material, a pinhole autoradiograph technique has been developed, which
permits a nondestructive inspection of the contents of the irradiated capsule.
On the basis of the measured dimensional changes observed on the auto-
radiograph, the irradiation damage to the specimens can be evaluated, and
a decision can then be made as to whether the irradiation of the specimens
should be continued.
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PROCEDURE

The technique of utilizing gamma radiation and a pinhole camera
to locate sources has been previously demonstrated.(l) In the proposed
application, however, it was imperative that the resolution of the image be
such that a quantitative measurement of the image be accurately represent-
ative of the actual size and shape of the sources.

An analysis of a pinhole aperture suitable for these requirements
and at the proposed levels of gamma intensity indicated that an effective
aperture could be maintained if the cone angle forming the aperture did
not exceed 12°. Several experimental pinhole blocks were fabricated of
tungsten having aperture sizes from 0.010 to 0.040 in. The apertures
which were machined out of solid blocks were formed by 2 cones lying
on the same axis, the base of the cones at the face of the blocks and the
apexes overlapping at the center to the desired aperture. The pinhole
blocks were evaluated with a source of known size and shape, located in-
side a hot cell. The pinhole blocks were mounted into 4-in. shielded plugs
which fitted the access ports of the hot cell. The best resolution was ob-
tained from a block having a 0.020-in. aperture, and a source-to-pinhole
distance of 4 ft. The X-ray film holder was positioned an equal distance
away from the pinhole block so that the image maintained a one-to-one
ratio to the source size. Figure |l shows a diagram of the construction of
a completed pinhole block made of uranium.

The film found to be most suitable is Ilford Type G. The film
holder is a cardboard cassette backed with 0.010 in. of lead.

Figure 1

60
—’)'_ Diagram of a pinhole block.

The aperture is 0. 020 in,
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PINHOLE AUTORADIOGRAPHIC FACILITY

A shielded camera was constructed which would accommodate an
11-ft irradiation capsule assembly in order to perform autoradiographs
of instrumented capsules on top of or near a reactor. A drawing of the
facility is shown in Figure 2. The shielded container is located over the
vertical hole which contains the experiment. The experiment is then
withdrawn into the shielded container to an elevation where the specimens
in the capsule align with the pinhole block extension tube. The exposure
time for the film is dependent upon the gamma intensity of the specimens,
but generally varies from 1 to 1.5 hr. Satisfactory autoradiographs have
been obtained from high-level gamma sources which were reading 20 r/hr
through 8 in. of lead. As mentioned earlier, the location of the pinhole
block is such that the image will have a one-to-one size relationship to
the source.

/— SHIELD PLUG

PIN HOLE BLOCK
l’ Qu HOLDER

CAPSULE

LEAD SMELD
PLATE

REACTOR VEATICAL IRRADIATION FACILITY

Figure 2. Shielded capsule container used for autoradiographing irradiated specimen
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