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ABSTRACT

Commercial fiber optics cables, both bundled and single-fiber, were
evaluated for application in an in-line photometer being developed for
monitoring uranium and plutonium concentrations in high radiation envi-
ronments in nuclear fuel reprocessing plants. The relative attenuation
of the optical signals due to both the radiation damage and to the
couplings between lengths of optical cable was determined for specimen
cables. An ultraviolet-enhanced fiber bundle demonstrated good radiation
resistance to a total dose of 10° rads, which is the dose estimated to
be received during a 1-y lifetime of the in-cell portion of the photom-
eter. The loss in signal transmission in cables with several junctions
was much greater in the fiber-bundle cable than in a 1-mm-diam, silica,
single-fiber cable: a loss of 6 dB across each junction in the fiber
bundle cable vs 3 dB in the single-fiber cable. Coloration of the
single-fiber cable after a dose of 10° rads was 2.5 times greater at 500
nm compared with that of a fiber bundle of similar length. However, the
single-fiber cable was still usable at a dose greater than 10' rads.
The photometer was designed to use a single-fiber optical cable with
adequate radiation shielding.
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INTRODUCTION

A need for a remotely maintainable, rugged, and radiation resistant

instrument for the detection of uranium and plutonium in nuclear fuel

reprocessing streams has lead to the development of an in-line photometer.

The photometer developed by the authors is equipped with fiber-optic

light pipes to transmit monochromatic light from the photometer into and

out of the high-radiation areas of the reprocessing facility (Fig. 1).

Thus, the radiation-sensitive optical and electronic components are

isolated in accessible, protected locations, and the heavy metal concen-

tration can be detected directly in the reprocessing streams.

The feasibility of such a photometer design is dependent on (1) the

maintenance of adequate light transmission in a high radiation field,

and (2) the ability to couple the sections of optical cable that are

necessary for remote maintainability. The optical fiber must withstand

o

a d.ose (accumulated radiation exposure) of 10 rads, the estimated total

radiation that will be acquired during a 1-y lifetime of the in-cell

portion of the photometer. In addition, the .ignal transmission should

not be attenuated excessively by the six optical cable joints which will

be required between the flow cell in the reprocessing areas and the out-

of-cell photometer assembly.

This report discusses the broad-band transmission losses encountered

after irradiation of optical fiber bundles and single-fiber cables in a

10 rad/h gamma field. The report also compares the reduction of light

transmission through dry, butt junctions of optical light pipes for both

types of cables.



EXPERIMENTAL PROCEDURES AND EQUIPMENT

Permanent and transient radiation damage were observed by noting

relative changes in the spectral transmission of both fiber bundles and

single fiber cables. In a preliminary study, radiation damage was

observed in a 47-cm-long Welch-Allen fiber bundle (actually made by

Schott in Germany) after successive decide increases of jxposure to

gamma radiation. The fiber optics were irradiated by a 24,000-^i,

cobalt-60 source having a relatively uniform dose rate of 1.25 x 10

rad/h in a 15-cm-diam, 20-cm-high cylindrical volume. The fiber bundle

was scanned with a Beckman DB/G spectrophotometer at least 24 h after

irradiation to observe whether permanent radiation damage had occurred.

A mirrored jig was used to align the fiber in the optical path of the

instrument; the output was recorded by a strip chart recorder. Although

a rigorous experimental procedure was not used in this study, shifts in

spectral characteristics of the fiber bundle1 could be estimated for a

given dosage.

A better optical system was used to determine whether permanent

radiation damage would occur in 1-m lengths of fiber bundles obtained

from Maxlight Optical Waveguide Industries, Inc. After the bundles were

irradiated by the cobalt-60 source, the fibers were examined with a

computerizad scanning spectrophotometer to determine whether spectral

changes had occurred. The system consisted of a Heath light source con-

taining tungsten and deuterium lamps, a Tektronix spectrophotometcr

with a silicon array target tube, and a PDP-8 based data acquisition

system (1).



better correlation with previous work (Fig. 4). Fluorescence and Cerenko*

radiation were below the detection limit of the system used. Irradiation

of the QuS fiber was terminated at a dose exceeding 10 rad due to

mechanical breakage of the fiber. The fiber showed rapid damage in the

first minutes of irradiation, with slow recovery of transmission until

about 10 rads of exposure. Then, the- damage slowly increased again

(Fig. 5).

The relative reduction in the transmission from the dry, butt

coupling of optical cables was much more significant than that due to

permanent or transient radiation damage. The loss in the transmitted

signal through each joint of the fiber bundles was 6 dB, regardless of

rotational alignment. The loss through the QuS single-fiber cable was 3

dB through each joint. In a six-joint cable, the loss due to intercon-

nections would be 36 dB in a Maxlight fiber bundle and 18 dB in a QuS

fiber.

CONCLUDING REMARKS

Because the joints are the greacest source of signal attenuation in

the relatively short paths to be used (20 m ) , the photometer was designed

for single-fiber light pipes. Until other sources of fibers become

available, the 1-mm-diam, silica fiber by QuS will be used for further

testing and evaluation of the photometer. These large single-fiber

light pipes allow relaxed optical tolerances, moderate ultraviolet

transmission, and minimal signal losses from couplings. Additional

shielding may be incorporated into the photometer design to decrease the

increased vulnerability of this fiber to high radiation.



Although the literature cites differences in the effects of radia-

tion at varying dose rates (2,3), no data are available to predict

radiation damage to the fiber optics under the conditions to be encountered

in a nuclear fuel reprocessing plant. The dose rate in a plant is

anticipated to vary from 10 to 10 rad/h, depending on the location of

the in-cell portion. Evaluation of the durability of the single-fiber

light pipe will be extended to include a study of the damage observed at

radiation doses other than the 10 rad/h rate used in these studies.

Future studies will be made to define the remote maintainability of

other components of the photometer. These will include the development

of optically sound connectors which can withstand the high radiation

fields and high acidities of the fuel reprocessing streams, as well as

remote manipulator handling.
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