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ABSTRACT

Significant progress has been made in the past year to

improve the geometry of krypton-85 powered lights, making

it possible to acquire the Lights from a greater distance

than was previously possible. This paper is an update

and current status report on the work being done and the

improvements made in both krypton-85 and tritium lights

since the report made by F. N. Case and W. C. Remini at

the November 1980 IES meeting.



Krypton-85 and tritium are both important gaseous radionuclides for '

excitation of phosphors to produce visible light. Krypton is a byproduct

radioisotope, produced by nuclear fission and release in a waste stream

when reactor fuel elements are processed. It's use in light sources provides

a beneficial use for the byproduct and diminishes the need for special

storage while it decays. Tritium is produced routinely for defense needs

and has a large number of medical and industrial applications.

The total light output from a radionuclide gas-filled light source is

dependent upon the efficiency designed into the system relative to utiliza-

tion of beta particles emitted by the radionuclide, the transmission of light

from the source to point of use, and phosphor efficiency. How well the lights

can be acquired by the human eye is dependent on the color of the light and

geometry of the light in addition to the total light output. It is to these

areas that we have directed the krypton-85 light source development work

during the past year.

F. N. Case and W. C. Remini,1 in a paper presented to the Illuminating

Engineering Society (IES) Aviation Lighting Seminar in 1980, described the

work on development of phosphor granules and the light source design at that ,

time. During the past year a new phosphor* was obtained which increased the

light output of the krypton-85 lights to 225% of the previously obtained

light output/curie of krypton-85. The phosphor gives off a blue-white

light rather than a yellow-green light. In addition, the light source and

light pipe geometry have been redesigned which has resulted in significantly

greater observability of the lights.

In the original light source design the reflector was machined from

brass and nickel plated on the inner surface. The space between the outer

surface of the reflector and the hemisphere holding the quartz light was

filled with lead (3/4 in.) to shield the gamma ray emitted by krypton-85

(0.514 MeV, 0.41% yield). While the gamma ray yield from krypton-85 is low,

shielding is required to reduce the radiation from the source to an acceptable

limit (<10 mreai/hr at 1 meter). The quartz light source was shock mounted in

*The phosphor is designated as WRG-1055 and is manufactured by the
USR Corporation in Bloomsburg, Pennsylvania.



the shield using silastic adhesive rubber and polyuretliane sponge cushions

(Fig. 1). The shield was covered with a 6-in.-rliam by 14-in.-long light

pipe to transmit the light from the reflector and shield to a dome machined

at the top of the light pipe where the light is emitted. Three of these

lights are shown in Fig. 2.

An improvement in efficiency was obtained by using granules ofphosphbr

that were large enough to provide an extended surface for light emission-

While light produced inside the granules is lost, there is a gain in the

overall absorption of beta particles emitted by the krypton-85 isotope.

Granules were prepared by two methods. In one case particles of quartz were

coated with phosphor, and in the second the phosphor was mixed with a binder

and extruded through 0.35 mm holes, dried, and broken into approximately

0.35 mm lengths. The second method was used because it solved the problem of

non-uniform coating of phosphor on the quartz granules. The light source

envelope was prepared from a 40-in.-long, l/4-in,-diam quartz tube fabricated

into a cone shaped spiral (Fig. 3). This geometry made it possible to insert

the cone into a reflector and to collect the light with a 6-in.-diam lucite

light pipe.

The tube was filled with granules of phosphor and the assembly heated to

remove moisture. Krypton-85 gas was loaded into the tubes using cryogenic

pumping and the tube sealed and leak tested by immersion in water and

observing for bubbles. Very small leaks were determined by soaking the light

source in water for 16 hr (overnight) and testing the water for radioactivity.

The new light design is a rectangular shape 6-in. by 8-in. Seven tubes

filled with phosphor granules manufactured as previously described were

fitted into a lead shielded rectangular brass base as shown in Fig. 4. The

tubes are 7-in.-long, high purity quartz (Fig. 5), filled with krypton as

described above, and mounted in lucite brackets and glued with a clear

silastic adhesive. The brass base is provided with angular reflectors

(nickel plated and polished) to reflect light from the back side of the tubes

to the light pipe. Light is transmitted to the viewer by a lucite** light

pipe with polished nickel plated reflectors on the back side. Several

**Trade name of E. I. duPont Company.



different light pipes have, been designed. The unidirectional unit is shown

in Fig. 6. Bidirectional units are shown in Figs. 7 and 8 and an omni-

directional unit is shown in Fig. 9.

The light pipes are fabricated of solid Incite stock two inches thick.

After cutting to the desired shape the pieces are laminated together to form

the final light pipe. The procedure for laminating the pieces consists of

first assuring that the mating surfaces are flat and clean. The surfaces to

be joined were then placed in ethylene dichloride and allowed to soak for

approximately one minute. During the soak period the part was occasionally

lifted from the liquid ethylene dichloride to assure that the entire surface

was wetted. Both surfaces to be joined were wetted with the ethylene di-

chloride in this manner. The wetted surfaces were then clamped tightly

together to exclude bubbles and allowed to dry for 1 to 2 hours.

The light pipe serves as the radiation shielding for the top of the

light source. Calculations indicate that approximately 30 inches of lucite

are required to shield the 30-curie krypton-85 source to 1 mRad/hr at

contact. The light pipes shown in the figures were 12 inches high and a

lead collar, which may be seen in Figures 7, 8, and 9, was used to reduce

the radiation readings to acceptable levels. The shorter light pipe was

desired to make the units less awkward to move around in the test sequences

during demonstrations. When installed as a permanent airfield light the

light source containing krypton-85 would be placed below the ground surface

and light transmitted above the surface through the light pipe. To provide

frangibility to the light pipe in case of impact with mobile equipment, the

pipe would be constructed in two pieces designed to break off at ground

level. This would maintain a minimum of personnel radiation shielding over

the light source.

Significant additional work has also been carried out on tritium light

sources. Signs for runway distance markers have been fabricated and tested.

These tests were performed under a contract with the U. S. Air Force. The

sign construction consists of tritiunl tubes mounted in a clear lucite

bracket backed up with styrofoam and enclosed in a fiberglas reinforced



plywood box. The front cover is clear lexan,* 1/8-in.-thick, backed up by •

a 0.040-in.-thick layer of opal acrylic plastic. Construction details of

the signs may be seen in Figs. 10 and 11.

The tests performed on the signs are listed in Table 1. The test failure

criterion was tritium tube breakage. The signs passed all tests. Figure 12

is a picture of the sign as constructed for the test. It is identical to an

actual sign except that it was not painted, it had a clear cover so that the

tubes could be inspected after each test, and tubes containing no tritium were

used. The only damage sustained by the signs due to these tests was a tearing

of the fiberglas cloth on the corners (Fig. 13) after 20 drops from 1 meter,

and 2 drops from 2 meters in the rough handling test.

Table 1. Testing Program on Runway Distance Markers
Conducted for the Air Force

Illumination Intensity Test

Discoloration Test per NBS Handbook 116

Temperature, Thermal Schock, Pressure,
Impact, Vibration, and Immersion Tests
per NBS Handbook 116

Service Lift Test

Temperature - Humidity Cycle Test (Mil
Std 810C)

Blowing Sand Test (ASTM-D658)

Rough Handling Test (ASTM-D775)

These signs have been placed in observation tests in various weather

conditions and have met observability criterion of readability at 2000 ft

under meteorological visibility conditions of 1/2 mile. A complete report

of these tests will be published as U. S. Air Force Report ESL-TR-81-45.

A field test of the krypton-85 lights and the tritium runway distance

markers was conducted in September of 1981 at the Marine Corps Auxilliary

Air Station, Bogue, North Carolina.

*Trademark of the General Eldctric Company.



The tests consisted of several dLffeeing light configurations using

ten krypton-85 light sources, including helicopter pad marking in which

helicopters made approaches and landings, VSTOL landing site in which

Harrier aircraft made approaches (landings were cancelled due to extreme

weather conditions), C-130 drop zone identification in which the krypton-85

lights were used to identify a drop zone per Air Force directives, and

taxiway tests in which a taxiway wais outlined by the lights and used by both

fixed wing and helicopters. Runway edge marker configurations were also set

up for observation in all the different types of aircraft participating in

the field test.

Tritium-powered runway distance markers and barrier markers were also

demonstrated in these tests.

The tests were generally successful. Pilot comments varied; however,

all agreed that the primary objective of the Air Force work, which was to

develop a krypton-85 light useful for a taxiway marker, was met. A

complete report of this will be published as a separate report on DOE

Project Firefly.
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ORNL Photo 5721-80

Figure 1. Circular Krypton-85 Light Source with Light Pipe Removed
C p Shield for Shipping Purposes to Left)
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Figure 2. Three Assembled Gircular Krypton-85 Light Sources
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Figure 4. Brass Base (shield and reflector) of Rectangular Krypton-85 Light Source
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Figure 5. Quartz Tubes Loaded
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ORNL Photo 5556-81

Figure 7. Bidirectional Krypton-85 Light
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ORNL Photo 5553-81

Figure 8. Bidirectional Krypton-85 Light
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ORNL Photo 5555-81

Figure 9. Omnidirectional Krypton-85 Light
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Figure 10. Close Up View of Assembly Details of Tritium Light
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