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As used in the above, "‘person acting on behalf of the Commission® includes any ¢mployze or
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or his employment with such contractor.
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1. AIRCRAFT FLIGHT RECORDER LOCATION BY RADIATION TECHNIQUES

Radiocactive Locator Beacon

The development of a radicactive locator beaconl,? for utilization in the
recovery of alrcraft flight recorders 1s continuing. The radiocactive lo-
cator bescon must emit penetrating gamma radlation to meet the specified
ranges of detection through water and mud. Cobalt-60 as cobalt metal was
selected as the radicactive source because 1t provides the required gamma
radiation (e.g., the radiation will penetrate 2 £t of mud, 3 ft of water,
and 10 £t of air), has a half-life of 5.3 yr, and has an extended record
of safe use in many radiation devices.

The use of the smallest detectable gource is desirable in order to mini-
mize the shielding requlrements and to reduce the radiation hazards in-.
volved in the recovery operation. Eight millicuries of 0060 will be ade-
quate to meet the detection regquirements of the Federal Aviation Agency.
The dose rate 1 £t from the exposed source in air would be ~4.25 mr/hr and
at 10 ft, ~.2 mr/hru Thus, little difficulty would be encountered in
handling this size source, and there would not be a significant hazard to
crash survivors or rescue personnel.

The three currently employed types of Iflight recorders have insufficient
space available inside the case for a shielded radloactive source. The
conceptual degign for the beacon is basged on a o0 source mounted ex-
ternal to the flight-recorder tape deck within a high density shield from
which the source will be ejected on impact. Both uranium metal and
tungsten-nickel alloy are excellent shielding materials. Uranium is the
better shielding material but must be encased in stainless steel cladding
for alpha containment and fire resistance. Total weilght of the proposed
locator beacon will be ~£5 1b.

Shield Design No. 1

An 8-me 0060 source, enclosed in a stainless steel capsule, 1s mounted
at the center of a U-in. spherical shield. The sphere is designed so
that it will separste into two sections upon impact. The larger section
will fall away and expose the source; the smaller section, to which the
source is attached, 1s firmly attachec to the flight recorder by means
of a mounting bracket (Fig. 1.1).

In the event of an airplane crash, the entire assembly will continue
moving forward becsuse of 1ts inertia. The radicactive source shield,

Ir. a. Niemeyer, Aircraft Flight Recorder Location by Radiation
Techniques, ORNL-TM-510 (to be published).

2H. A, O'Brien, Jr., Radioisotope Applications, July-September 1962,
ORNL-TM-437.
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belng firmly anchored to the fuselage, will be held back, the shear pins
will break, and the source will be exposed.

Shield Design No. 2

In the alternative method, the shield i1s composed of three segments held
together by trigger-activated pins (Fig. 1.2). Upon impact, the trigger
device (Fig. 1.3) would pull the pins out of the slots so that all three
pieces of the shielding would fall away and the source attached to the

instrument by a chain or a braided steel cable would be entirely exposed.

The pin locking the segments of the shield together is held in a cocked
position behind a sear. Upon impact, the plunger will be Torced past the
sear allowing the spring to complete the motion of withdrawing the locking
pin from the shield., The spring could be replaced by an explosive car-
tridge designed to detonate at a predetermined impact force.

Radiation Detector and Signal Generating Device

Another method of locating flight recorders involves a radilation detector
such as the audible personal radiation monitor (PRM) type device developed
by Oak Ridge National Laboratory which would be fastened to the Tlight re-
corder tape deck along with sonar and possibly audio signal generating
equipment. In this case the flight recorder would be located by probing
with a partially shielded o™ source. When the source is brought near
enough, the PRM-type detector would electronlically activate the sonar and
sudlo equipment. If the tape deck were on land it would be located by
the avdible alarm and if in water or mud, by a sonar detector.

The use of this type of system has many drawbacks which might be difficult
to overcome. One of the FAA requirements is that "every consideration
should be given to long life, low weight, small size, and crash surviv-
ability." Considerable development work and testing would be required to
egtablish the best packaging methods and to ascertaln the reliability of
such a systemn.

With the assumption that a dose rate of 0.2 mr/hr would be a practical
value for activating the PRM-type locator through the specified shielding
materials, a Co O source of avout 30 mec would be required. The use of a
partially shielded source of this size introduces significant radiation
hazards, and the required shielding would not be easily portable.

Conclusions

The most reliable method for locating flight recorders appears to be by
megns of a radioactive locator beacon. Such beacons when utilizing a
o0 source have essentially 100% reliability, for they do not rely on
fragile electronic equipment or batteries but obtain thelr energy from
spontaneous radloactive decay. This type beacon easily meets the FAA
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requirements of a shelf-life of 6 months Tollowea by an operating life
of 1L days. FEnvironmental temperatures ranging from -62°C to +1100°C
would have no effect on its operation. The isotope beacon can readily
withstana the FAA reguirement of altitude, vibration, impact shock, and
total immersion in sea watcer. The beacon is very rugged, easy to fabri-
cate, and requires virtually no maintenance or testing. The rccovery
operation will require a portable scintillometer, such as a model 389H
Super Scintillac made by Victoreen Instrument Company.

It is recommended that radiation meagsurements in mud, wabter, and alr
should be repeated using an 8-mc Co U source and a scintillometer to con-
Tiem the optimim size source and to develop recovery procedure with a
scintillation type instrument. A protected tape deck should be irra-
diated under the most severe conditions which might occur in actual use
and should oe tested to determine if the radlation has any detrimental
effect on the magnetic tape or the thermal insulation. Detalled design
and development work on the trigger mechanism should be undertaken to
insure satisfactory operation of the locator beacon. A prototype beacon
should be fabricated and tested to ascertain that all recquired concitions
Tor usage are met, including activation of the beacon on lmpact, crash
survivability, and recovery.

2. JTODINE-125 X-RAY SOURCE

Todine-125 decays with a 60-day half-life bg celectron capture to the
0.035k-Mev excited state of Teled, fThe Teled decays by emission of a
gamme. ray which is largely converted in the K shell and results in emis-
sion of the 0.0273-Mev Ky x ray. Thus, the net result o the decay of
112> by these modes is the production of two coincident photons which ‘
have energies of 27.3 to 35.4 kev. These decay characteristics make 1125
ideally sulted for a portable x-ray source, if a "point" source of rela-
tively low self-absorption can be prepared.

A source was prepared from a solution of ~3.0 mg NaOl and 2.0 curies 1125
which was reduced in volume to ~L drop. This was transferred to a 2-mm-
diam by 3-mm-deep hole in the source container, which measured 2.5 mm in
diameter by 9 mm long. Thke solution in the source container was slowly
evaporated to dryness, followed by a double encapsulation prior to place-
ment of the source in the radiographic camera. Tests snowed that 95%
(1.96 curies) of the original I20 was successfully transferred.

A cooperative testing program 1s planned for determining useful appli-
cations of the source. Participating in this program will be: General
Motors Research Laboratories; Dr. W. G. Myers, Ohio State University;
Dr. K. L. Krabbenkoft, Harper Hospital, Detroit, Michigan; and the Oak
Ridge National Leboratory.

Prior €to shipment of the source to the General Motors Laboratory, several

radiographs were made of the human hand at distances of 6 and 12 in. with

30-sec to 3~-min exposures. Figure 2.1 is a 2-min exposure at 12 in. using
Kodak "Royal Blue" x-ray film with an intensifying screen. Some of the
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Fig. 2.1. Radiograph of Hand



resolution is lost in reproduction, but the original pictures have a reso-
lution comparable to that of normal x-ray machines.

Flgure 2.2 1is a hand exposure in which two pieces of glass are shown near
the outermost joint of the ring finger. Also seen in the picture is a
pocket dosimeter. This was a 30-sec exposure at © in. using Polaroid
Type 3000X film. Another hand exposure, showing in the outermost joint
of the ring finger what appears to be a piece of metal, is shown in Fig-
ure 2.3. A 3-min exposure at 12 in. on Polaroid 3000X film was used.

These radiographs show that this portable x-ray device can be effectively
utilized as a diagnostic aid without the necessity of elaborate equip-
ment. Further testing as outlined above will broaden the scope of use-
fulness of this source both in medicine and in industry.
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Other progress reports issued by Isotopes Development Center are:

Curium Program - Monthly

Radiocactive Source Development - Bi-Monthly (even)

Safety Testing Program - Bi-Monthly (odd)

Fission Products - Bi-Monthly (even)

Reactor- and Cyclotron-Produced Isotopes - Bi-Monthly (odd)
Target Development - Quarterly

Isotopic Separations - Quarterly
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