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EXAMINATION OF THE FEASIBILITY FOR DEMONSTRATION AND USE OF
RADIOLUMINESCENT LIGHTS FOR ALASKAN REMOTE RUMNMWAY LIGHTING

1.0 INTRODUCTION

In March 1983, the State of Alaska, Department of Transportation and
PubTic Facilities {Alaska DOTEPF) authorized and funded a study by the Pacific
Northwest Laboratory {?HL}(a} to examine the feasibility for demonstration
and yse of radigluminescent Tights {RL lights} for remote Alaskan runway
tighting applications. Radioluminescent lights have been under development by
the U.S. Department of Enerqy {DOE} and the Department of Defense (DUD) for a
variety of purposes. Previously, the lights have used the beta enerqy
emission from tritium, krypton-B85, and promethium decay %o excite a phosphor
to produce 1ight for emergency and instrument iighting, Recent developmenis
using the isotopes tritium and krypton-85 at 0ak Ridge National Laboratory
Eﬁﬁﬁii{b) and advanced phosphor technoiogy have produced Tighis suitable for
appiications where more intense light is required, such as runway marking.
This report examines the feasibility of such applications for rural Alaskan
airports. :

1.1 SCOPE OF WORK

The scope of the work is to investigate the feasibility of using RL
Yights for marking runways at remote Alaskan airfields, The foliowing were
the work objectives for the effort,

e Acguire and evaluate all available information on RL tights for use
in rupway tighting and marking

e Identify availability of BL lights, estimate the capital, operating,
and maintenance costs. Anticipate near-term development which will
affect future use of these J1ights in Alaska. Assess human factors
including effect on piltot night vision, public acceptance, etc.

fa} The Pacific Northwest Laboratory 1s operated by Battelle Memorial
Institute for the U.S. Depariment of Energy.

{b) Qak Ridge National Laboratory is operated by Union Carbide
Corporation for the 4.5. Department of Energy.
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e Estimate equipment and airfield Tighting costs, and develop the
benefits-costs relationships for using these Tights in place of
conventional Tighting systems.

o Identify sites and siting needs for demonstration and use of the
1ights in Alaska.

e Develop a preliminary plan, and lights and lighting design require-
ments, including estimated costs for demonstrating the lights at a
remote Alaskan runway site.

e Identify and evaluate the radiological, legal, and institutional
{(including regulatory) issues affecting the use of RL lights in
Alaska.

e Evaluate environmental factors that affect the adaptation of this
technology in the Arctic.

The work needed from PNL for the Alaska DOT&PF was to be completed in two
phases, each with several tasks. The work presented in this report covers the
Phase I effort and was comprised of four tasks. These four tasks encompass
Task I - State of the Art Evaluation of RL Lights, Task II - Environmental,
Radiological, and Regulatory Evaluations, Task III - Engineering Evaluations,
and Task I¥ - Demonstration P1an Development and meet the scope and objectives
advanced in the previous section.

The Phase II effort of this work is to implement a demonstration and
installation of RL lights at an appropriate location in Alaska. The portion
defining the approximate 1imits for the future scope of the effort is found in
Section 6, Implementation. Until all factors are defined, the specific sites
and siting needs for demonstration and use of the lights in Alaska cannot be
completed.

1.2 REPORT ORGANIZATICN

The various sections of this report cover the effort provided by the
study's statement of work. The study methodology is briefly discussed
including objectives and guidelines, information sources assessed and related
project activities. This is followed by a discussion of the state-of-the-art



for radicluminescent Tight development including discussions of the
environmental, radiological, requlatory, institutional, and behavioral- and
human-factors issues related to the use of radioluminescen? lighting for
aircraft marking, runway lighting, and other purposes. Uther possible uses
include highway marking and marine navigational aids in Alaska bu? are not
specifically addressed in this report, The engineering evaluations and design
considerations are found in the next section, followed by a cost analysis for
depioying these lights at a remote Alaskan runway to demonstrate their
applicability in the Arctic and/or sub-Arctic environments. Finally, the
study's conclusions are presented followad by a brief section dealing with
fssues related to implementation of 4 program for lighting Alaskan viilage and
cgther remote airports.

1.3 STUBY METHODOLOGY

The methodology, objectives and milestones for this study were identified
during proposal preparation and contract negotiations with the Alaska DOTSPF.
The objectives and limitations and methodology for the effort are discussed in
the following paragraphs.

1.3.1, Objectives and Limitations

The objectives for the Phase | effort reported here are as follows:

e Acguire information to identify the state-of-the-art for application
of RL lights for Tighting systems for remote Alaskan airfields,

® Address the environmental, radiclogical, licensing and related
edicational needs and Tssues for using thess deyices in Alaska.

& Develop preliminary system designs and costs estimates for using RL
jighting to meet remote Alaskan runway Tighting and working needs.

& Assist in the development of a preliminary program plan for
demonstrating the lights in Arctic and sub-Arctic Alaska.

& Assess the behavioral and human factors, institutional, and
educational aspects of using RL 1ights for lighting and warking
Alaskan bush runwavs.



The Alaska DOT&PF is a participant in a much larger development effort
sponsored by DOE and DOD to use RL 1ighting to meet remote and austere
lighting needs. Other contributors to the effort thus include DOE, DDE's
Taboratories ORNL and PNL, and various organizations within the Department of
Defense. Department of Defense organizations include the North Carolina Army
National Guard, the Alaskan Air Command, the Alaska Air National Guard, the
U.S. Air Force Engineering and Services Center and others. Funding for the
larger effort is provided by the DOE and DOD. Thus, the Alaskan effort is
benefited by a large national program. Overall planning for the work is
handled by a technical working group {TWG), which has membership from all
organizations participating in the program. This structure imposes 1imita-
tions in planning, research, development, demonstration, and implementation on
the individual user, that is, the Alaska DOT&PF but allows the Alaska DDT&PF
access to a much larger body of technical input and expertise than they could
obtain by a unilateral research program,

1.3.2 Program Activities and Information Sources

The project plan is shown in Figure 1.1. The plan was used in the
proposal to inform the sponsor how PNL and Alaska DOT&PF personnel expected to
approach the effort and served as a guide for completing the work.

A brief explanation of Figure 1.1 is useful to clarify the various
~activities and how they were performed. In addition, because of the ongoing
nature of the larger effort, some changes in direction and milestones were
necessary and will be discussed where appropriate. Information for the
background and state-of-the-art assessment was drawn from 1iterature sources,
information supplied by DRNL and others conducting research on tritium lights,
and manufacturer's information. A1l of these resources were assessed and the
resul ts are presented in Sections 2.1 and 2.2. A discussion of basic
information on the chemical, physical, radiclogical properties of tritium, and
its licensing needs were prepared and are presented in Sections 2.3 and 2.4.
The environmental, radiological, and regulatory evaluations and the state-of-
the-art evaluation proceeded essentially in parallel. The information for
environmental, radiological, and regulatory evaluation was obtained from
Titie 10, Code of Federal Regulations, other Nuclear Regulatory Commission
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(HRC) publications, acgident data, and the general 1iterature. In addition,
an evaluation of the potential exposure to tritium was compieted assuming
worst~case scenarios. Institutional issues, educational needs, and needed
behavioral. and human-factors data were addressed using inputs similar to
those identified esarlier and are presented in Sectipn 2.5. Engineering
svaiuations and the design considerations discussed inm Section 3 were
completed in several iterations. This was necessary because of the continuing
nature of the larger effort where major modifications to the Iights, Tighting
fixtures, and runway-1ight configurations were being completed and tested.
The design shown in Section 3 is based on the latest technoloqy available as
applied to a 3000-foot-leng rural Alaskan rusway., This design will be tested
and modified as reguired at Central, Alaska, during the winter of 1583.84, A
tost analysis is developed in Section 4. A demonstration plan which
summarizes the work o be done at Central, Alaska, and Alaska DOTEPF
participation in the gverall program sponsored by DOE and DOD is found in the
overall 000, DOE test plan containing the DOT&PF test plan, Appendix A,






2.0 BACKGROUND AND STATE-OF-THE-ART

The work coverad in this section includes the Task { and Task II effort,
Included are a brief background discussion, the state-ogf-the-art for radio-
Tuminescent 1ight development, envirommental issues, licensing regquirements,
and radiological protection needs and assessmenis.

2.1 BACKGROUND

The Alaska Department of Transportation and Public Facilitiss {(DOT&PF) is
working o provide airport lighting and marking systems to rural communities
throughout ATaskae(z’z'a} The application of radicluminescent Tights as an
al ternative to conventional lighting systems at these remote locations may
offer reliable, safe, low-cost options which need to be examined. In
addition, the use of radicluminescent lights to improve flight safety by
permanant replacement of flarepots or lanterns when used by air taxi
operations under Fart 135 of the FAA regulations for night operations at
remote airficlds, could reduce ipsurance and other aperating custs by
extending operating time, reducing accident rates, and promoting more
pfficient yse of aircraft, These reductions in costs, improved service, and
flight safety, when passed on to the local level, can enhance the quality of
Tife in the bush communities.

2.2 STATE-UF ~-THE-ART ASSESSMENT

The use of radiation from radicisotopes W excite phosphors that, in
tarn, emit visible 1ight has been known for many years.‘a"zg} An example pf
this was the use of radium mixed with a binder and zinc sulfide phosphor
painted on watch dials for self illumination. Since radium is high in cost
and represents a serious health hazard to persons exposed to it, its use is
now prohibited. Angther isotope, tritium, has replaced radium to produce the
required radiation source for self illumination of the phosphor in the
commercial sector.

In principle, beta particles {electrons) are produced by the selected
isotope during its decay to form another element., These electrons strike a



phosphorescent material, such as zing sulfide, which contains a small quantity
of fmpurity, such as copper, silvar, or cadmium, and are shsorbed. Light is
produced when the energy from thig absorption is released, Figure 2.1, Other
forms of radiation can also he produced during the decay process. These
include alpha particles and gamma rays. Alpha particles are helfum nuclei,
which sre emitted at high velocifty, Gamma rays are a form of electromagnetic
radiation similar to x-rays, but have & higher frequency, grea2tier penetrating
power, and increased damage fo 1iving tissue., Thus, if an isotope is to have
a practical value as an energy source for self-powered 1ights, 1t should have
the foliowing characteristics:

a relatively long half.life,

not emit alpha particies or gamma rays, or be easily shielded,
produce a stable daughter, e.g., nonradicactive isotope,

be nen-texic chemically or radislogically, and

have a modest or low cost.

. b & » %

Possible isotopes that could meelt these reguirements are iisted in Tabie 2.1,
Existing or experimental applications of radicactive isotopes for lighting
purposes are shown in Table 2.2. Krypton-85 and promethium-147 have anly been

Lighs A A B Light

Phosphior

FIGURE 2.1. Techhical Principle {Gas-Tritium or Krypton-85,
' Solid - Promethium}



TABLE 2,7. Possible Isotopes for Sel f’mpw%jﬂ?um nators
and Thair Relevant Properties’ =2

Max imum
Yaif hata
. Yife emeryy  Gamma-ray Lhemical HRaololopgicad
isoieee  fyears)  {me¥)  {percent) toxicity taxicity Remarks
Trivium {®'} 2.4  4.m8 nél nil very iow  Low snergy. ideal for luminous
paint. Low £o5%, Lasy 1o nangis,
Ko shielding reuuirsd.
Prometn bun-147 2.8 4.73 att nii macium Guipsnsive, Shyrd agif jife,
Eryptan-ai 0.7 .67 G5 pars HE Fow Inert gas. Some shialding
apnt of roquired, EBxpansivae. Encapsula-
4.5 mey tion can discolor bDecause of

radiation.

TABLE 2.2. £xist€agﬁor Experimental Uses for Isotopes in Self-Powered
T Lightsid-15)
{30tope Uses

Teitium (H3) EXIT signs: public buildings and aircraft, self-
Tuminpus watch dials in aircraft and instrument
dials, markers

Promethium-147 Apelio, Moon Orbiter and land-docking lights

Kevpton-85 Exparimental Yignts built and evaluated; A research
area

uged in special applications and in test situations, Tritium meets all of the
above requirements and s, therefore, widely used in a variety of
commercially-available products in various applications.

Tritium can be used in two ways. First, it ¢an be chemically incorporated
inty styrene and other organic binders fo produce Tuminescent paints. These
paints have been used For watch and aircraft dial 1lumination, wine field
marking, gunsight illumination, and other purposes. Second, tritium gas can
e encapsulated in a glass tube or container coated on the inside with g zine
sul fide phosphor. Uses for this fype of Tight source include EXIT and other -
sel f-powered warning signs for buildings, aircraft, and light standards in the
photographic industry. For example, tritium Tights containing from & to
030 curies of tritium have been used on commercial aircraft and in smergency
Tights {EXIT signs, et¢.) since the m‘é-l%{}g*{é’?’g}
radiotuminescent lights in existing applications are:

Primary advantages of

_9«»



¢ They require no external source of power, thus are not subject o
power failure or interruption.

» They do not burn out or reguire wiring; thus, are self-contained and
main tenance s minimal.

e Supply problems from short shelf 1ife component replacement, such as
batteries, are reduced where itemporary or emergency lighting is
reguired,

¢ They can function under many severe environmental conditions such as
temperatures lower than -70°F,

Thus, the technology is well developed for a varigty of purposes. At least
seven commercial companies are producing a variely of products commercially in
the United States and Europe, Appendix B. These companies were surveyed
concerning the possibilities of using RL Yighting for runway Tighting and

mark ing purposes and the responses received are inciuded in this appendix.

Strong interest exisis to expand this technology to military uses in
remote, austere, and tactical applications where utility or portable
glectrical power is unavailable or difficult to cbtain. Research and
development incentives for this sxpansion have been identified and develapment
work to provide 1ights meeting the needs is underway, sponsored by the
Department of Defense and fepartment of Energy;{;8'22) Both have had
specific objectives in mind; however, the products of this testing to meet
these objectives have shown that radioluminescent lighting could meet many
Alaskan needs including remote Alaskan airfield lighting and marking.

Primary restrictions io the further development and use of the lights are
the licensing requirements imposed by the Nuclear Regqulatory Commission or
foreign govermments: obtaining Federal Aviation Administration waivers and
acgeptance;, trifium availabilify;: technical resirictions ¥mposed by the
physical Timitations of the phosphor, beta-pariicle penetration, quality
assurance and quality control;, and manufacturing and production meeds, The
licensing issues and other federal requirements are discussed later and will
not be further reviewed here, Because of the above mentionsd limitations of
phosphor, tritium loading requirements, and heta particle penetration distance,

-3 -



the lights will produce only a finite Tight ocutput for a given area of
phosphor surface, Although this limit is not reached in existing designs, it
is doubtful that the intensity per unit area can be increased more than a
factor of wo over present ﬁechnaicgy.{a} Future developments should thus
relate io better configurations where loss of 1ight due to interference is
reduced, or use of mirrors or reflecting materials to direct the Tight for
more efficient use, In addition, human factors research is needed to

establ ish how the light output is perceived by the user, that is the pilots.
Minimal work has been done in this area and it has largely been limited to
visibility of self-Tuminous EXIT signs. (2% Ancther area that needs to
be carefully addressed is the gquality control and guality assurance
requirements which should be imposed by a user when purchasing these lighis
from & manufacturer. On several occasions, lights have failed prematurely
because leakage has otcurred, phosphor quality was poor, or the phosphor was
contaminated,fb} In general , this has cccurred when the quality control, or
quality assurance criteria, have been relaxed by a purchaser, Specific needs
Tn this area are tesis to ensure tritium has not Teaked out of the tubes, the
phosphor s not contaminated, and that quality is maintained. ﬁ'gre1imiaary
evaluation of the lights for airfield and runway use wa2s conducgted in garly
1883 for military purpeses and for civilian use in Alaska. Resulls are
encouraging. At the present time, most of the research and development is
hetng conducted by the government, that is DOE and DOD, but at least one
manufacturer(c) is also developing light sources and designing their own
manufacturing facilities. Nearly all of the manufacturers are small, having
sales totalling less than 10 to 15 miliion dollars per year; the market
incentives need to he significant to justify a relatively large financial
commitment for research by industry.

(a} Telephone discussions with D. John Watts, Safety Light Corp,, 4/7/83 and
6/30/83; Neil Case and J. A. Tompkins, ORHL 6/21/83, 8;1?}83 and 9/7/83;

: and Larry XKeating, NRD Corporation, 1/27/84,

(b} Telephone discussicns with Card Haff and Andy Tompkins, ORNL, severg]
pecasions; W, C. Remini, DOE-HQ, several occasions,

{¢c} Telephone discussions with D, John Watts, Safety Light Corp., 4/7/83 and
§§§§é§3, and Reil Case and J. A. Tompkins, ORNL, 6/21/83, 8/17/83 and

- 11 -



in summary:

A1l of the technology requirsd is available {0 produce a radio-
Tuminescent Tight potentially suitable for rumway lighting and for
marking a ramote Alaskan runway.

Many advances in design of fixtures, which will enhance the way in which
the 1ight is presented to and received by the pilot are possible. The
range of these designs s jusi now being explored; thus, many
improvements can be expected as ianovations in these designs appear.

It is doubtful that the unit light intensity, that is light ocutput
from a unit surface area, can be fincreased beyond a factor of two.
lse of mirrors, and other reflective systems, and more efficient
designs that eliminate interferences will enhance the human
acquisition of the light. Thus, & pilot could acquire the jight
from a distance of 6 or more miles rather than 2 miles acquisition
identi fied during the 1982-83 fast in Alaska.

Designs of large-scale systems that use these lights are still in
early development for runway lighiing and marking; thus, as we
batter understand the human factors affecting the lights and their
use under varying weather conditions, substantial improvements in
this area can be expected.

The lights should be simple to install and use, require minimal
maintenance, and because they can produce 1ight without external
power at Tow temperatures, should be viable for Arctic and
sub-Ar¢iic use.

Manufactyrers could produce a radioluminescent Tight suitable for use in
Alaska. They may noil be capable of compieting the development and
deronstrations needed in 2 and 3 above to advance the technology to
maturity because of infernal financial Yimitations without additional
help from the user, #.¢., stafe or federal support,

-~ 17 -



7. A better definition of the quality control and quality assurance
needs for purchase of the 1ights s needed. Tests or evaluations
needed to ensure that failure after purchase is minimized need to be
better defined.

2.3 ENYIROMMENTAL EVALUATIONS

Discussion in this section centers on the release of fritium and Jiz
gffect on the environment, Within the discussion, various terms used in the
analysis are defined along with important chemical and physicail
characteristics of the tritium isotope. Finally, two possible worst-case
accidents are analyzed and discussed: {1} a worker exposed while handling a
fixture and {2} a large mmber of threshold and edge 1ights destroved during
an accident,

2.3.1 Physical Characteristics of Tritium and Definitions of Terms

The radicactive agent in RL Tights, as has been discussed, is tritium,
Tritium is a commonly used name for 3H, a radicactive form {isotope) of the
element hydrogen. The important radioclogical characteristics of tritium
include its half-1ife, the type of radiation ewitted, and the energy of the
smitied radiation,

The hal f-1ife of a radicactive agent is the time required for one-half aof
the radicactive material present to undergo radicactive decay. During the
second hal f-1ife period, one-hal f of the remainder will decay, and so on.

Each radiosctive nuclide has its own characteristic haif-life. The half-life
of tritium is 12.3 years*(16’}7’25}

The type of radiation emitted will influence the shielding regquiremnts
for the device, Tritium smits a beta particle., A beta particle is a high
speed electron, which has been emitted from the mucieus of an atom, The beta
particle will eventually ltose most of its energy of motion and become just
another electron. Beta particies {electrons) are relatively easy to shield
against, Commonly employed shielding materials include plastics, glass, and
aluminum; the thickness of shieiding material required depends upon the energy
of the beta particle.

- 13 -



The enerqgy of a beta particle, such as those emitted by tritium, ig in
the form of kinetic enerqy, energy of motion., The energy unit used most
commonly to describe radiation energy is the million electron volt (MeV). The
gnergy level will influence the ability of the radiation to penetrate through
matter; the greater the energy, the further the radiation will travel., A
particular beta particle emitted by tritium can have a wide range of energigs;
however, the maximum energy that any particular beta particie will have is
7.018 He¥,§¥6’17'25§ A Seta particle, such as that from tritium, having an
energy of 0.018 MeY will penetrate no more than 3710000 of an inch through
wazer{ZE) and about 1/2 inch through air,{z?} The glass and plastic used
to contain the tritium gas in these markers have beta shielding capabiiities
similar to water., The walls of the glass and plastic cylinders surrounding
the tritium have thicknesses which vary between 1/32 and 1/18 inch; much
greater than the distance a beta particle emitted by tritium can penetrate,
The consequence of this s that any radiation emitted by tritium has
insufficient energy to penetrate the walls of any confinement system, which
may conceivably be used in an airfield Tighting unit.

Ionizing radiation, such as the beta particle emitted by tritium, can
interact with tissues of the body by depositing energy in the cells of the
body and may disrupt the normal functioning of the cell. Radiation dose is a
measure of the extent to which radiation energy has been deposited in a
tissue. The wmost commonly used unit of radiation doge s the rem, a subunit
af a rem i a mi1lirem, a millirem i5 cne one-thousandth of a rem,

Radiation dosimetry refers to the measurement and calculation of
radiation dose. Calculations of radiation doses are often used to predict the
radiation dose to radiation workers in the nuclear industry or the general
population, which may occur under variocus circumstances. Radiation dosimetry
is divided into two distinct categorfes: extermal dosimetry and internal
dosimetry.

Fxternal dosimetiry refers to the calculation of a radiation dose from
sources of radiation, which are outside of the body. There are three organs
or groups of organs, for which an external dose is caiculated: skin, lens of
the sye, and the whole body. For purpose of calculation these organs are
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assumed to Yie at a depth of 0.07 mm, 3.0 mm, and 10.0 mm, respectively,
beneathh the surface of the skin., Separate acceptable dose limits have been
ostablished for these three organ systems which are 30 rem, 5 rem, ang 5 rem
per year, respectively. These dose limits are for individuals who work with
radiation as part of their job, The acceptable annual dose limits for members
of the general population are about 1710 those given above.

The depths given above represent the location of the radiation sengitive
tizsues; radiation which does not penetrate to the depth specified is
considered o not provide a meaningful dose. For example, the skin consists
of two major layers: the dermis and the epiderm%s,{g?”zg) the dermis being
the gutermost layer, The epidermis is likewise composed of three layers. The
cells of the lowest layer {stratum basal} are the source of new skin in that
they are continually dividing and supply new cells Lo make up fur the
continual loss of surface layers from abrasion. The lTowest {basal} layer iies
at a depth between G.07 and 0.12 mm below the puter surface of the skin, The
dose to the skin iz significant pnly if the basal layer is i{rradiated because
the tasal layer i3 ine source of new skin cails,

Beta particles from tritium genergliy penetrate only a shori distance,
aghout C¢.0084 mm, in tissus but do not penetrate o the hasal iayer in skin.
For this reason, the radiation dose to the skin from elemental tritium ouiside
of the body 5 essentially zero irrespective of the amount of tritium
present. For the same reason, the radiastion dose to the lens of the eye and
the whole body from elemental tritium sutside body is essentially zero,

Internal dosimeiry refers to the calculation of a radiaztion dose to ithe
organs 0f the body from radicactive material contained within the body, The
internal radiation dose is a function of the energy of the emitted radiation,
the ampunt of radicactive matarial in an argan, andg the mass of the organ.

internal doses can pe calculated on an organ-by-organ Basis and then the
organ doses can be zummed to give a "whole body" dose, The calculations
assume that the radicactivity is uniformiy distributed throughout zn organ,
although the various organs may have gifferent concentrations,
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The time that the radionuc)ide will remain in the body is & function of
its solubility in body fluids, and whether it i$¢ incorporated into tissues, for
gxample, bone. Collectively, the distribution ¢f the material within the body
and ts eventual excretion is referred 1o as the metabolism of the
radionuciide,

A1l of the energy of a beta particie will contribute to the computed
radiation dose because the radionuciide s surrounded by living celisg, that is
in ¢ontrast to external dosimetry in which the beta particle must traverse
non-1iving skin before irradiating living tissue. Therefore, the radiation
hazard from tritium is that which results from the internalization of
tritiygn, The internalization may result from inhalazion of air contaminated
with tritium containing materials, ingestion of contaminated materials, or
absorption of Iritiated water through the intact skin, The radialion dose {o
an individual conseguant to inhalation of iritium is dependent upon the
chemical form of the tritium; the major chemical forms are elemental hydrogen
and tritiated water.

{
31) astimates

The International Committee on Radiation Protection (ICRF)
that the radiation dose from slemental tritium i primarily that to the lung
from inhaled tritium gas and that the dose t¢ the lung will oe 80 to 150 times
that in any other tissue. Thus the dose calculation methods described by the
ICRF for slepental tritium, estimate radiatipn doses to the lung only, The
biciogical wodel for tritiated water assumes that ingested or inhaled
tritiated water is completely and instantanecusty absorbed from the GI tract
ang the lungs respectively. Further, the rate of intake through intact skin
is fully one~-half the rate due 0 iaha?atian.isz] The ICRP computed that
5.3 x iﬁ“g millirem per microcurie of tritisted water ingesteg or inhaled
wauld be The radiation dose following an intake of {ritiated water,

7.3.7 Estimation osf Radiation Dosas

- Owing to the radioactive nature of the tritium activated runway markers,
it iz mporiant to estimate the radiation doses, which may be recelived by
individuals who work with the devices, and by the general population from the
tritiom in the markers as a result of Doth normal and accident conditions,
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Under normal conditions, the tritium gas in a RL Tight s contained
within a sealed glass ampule, which is itself placed within two plastic tubes
the ends of which nhave been stoppered and sealed with & potfing compound. The
external radiation dose from tritium in this configuration is zerc. As
discussed in the previous section, the radiation emitted by tritium does not
nave sufficient energy ito penetrate through the glass or plastic enciosures.

The internal dose potential from the use of tritiated runway markers is
also expected to be negligible, Experiments with tritium activated aircraft

EXIT lights, containing nominal activity of 4 Ci(a} were found to leak

tritium gas at an average rate of about 74 x 10“12

intact glass tubes;i15} an equivalent leskage rate from an indivicual light

source in a runway marker is about 5.9 x 1070 Ci per hour. The ANST N-540

£1 per hour through

Standard for Radioluminescent Light Sources states that commercially produced
tight sources shall nol have leakage rates greater than 30 x }8”9 1 per
24-hour pericd. Such a low Jeakage rate is insignificant for either
out-of-doors or inside well-ventilated buildings.

2.9.3 fvaluation of Possible Accidents

Owing to the large number of conceivable accident scenarios, which could
be considered, it is not practical {o esiimate the potential for explsure or
the radiation-dose potential for each, For this repori, two accidents are
madeled, which may be considered warst case situations. Tne first assumes
that a light fixture is shattered during handling by a worker, immediately
releasing its entire contents. The second assumes that the threshold lights
plus #ight edge markers are destroyed at a runway accident, immediately
releasing their contents,

Radiation doses from airborne materials, such as fritiym are dependent
upon the ¢ondentrations of the radicactive materisl. The eguations, which ars
gsed to estimate air concentrations, are not valid for distances less than

{a} Activity is determined guantitatively by how many atoams are disintegrating
pr emitting particles {for Iritium beta particles) per second. Thus, if
the activity is 3.7 x 100 disintegrations per second, the amount of
radicactive material 15 7 curie {1 Ci}.
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about 10 weters from the point of release. For this reason, it is often
necessary to rely upon data developed from routineg handling of accidents which
are a rare consequence of ltaboratory procedures and the research and
gevelopment process.

Perhaps the most relevant exampies are incidents of this type, which
occurred at Qak Ridge Natiomal iabaratory(a} and Pacific Nortnwest
Laboratory during the preparation &f tritium light tubes or obther work related
to the Alaskan tests held during the winter of 1983-84, Ingividuals workiag
in the area when the tubes were broken have been exposed to relesased iritium.
These individuals had been standing at distances from 0.7 meters 1o several
meters from the tubes whan they wers broken., In all but one case, the rooms
were well ventilated, experiencing 6 to 10 air changes per hour., 1In one case,
4 glass tube was broken in & storage area and ventilation was minimal, The

glass tube was encased in 2 Lexan®

container, but the Lexaﬁg cortainer was not
sealaed, Urine samples were cbiained from all individuals within 48 nours
after exposure, Maximum dose received by any individual was 30 millirem. By
way of comparison, the maximum acceptable vradiation dose to a radiation worker
i5 5 rem per year or 3 rem per calendar guarier; thug, in the ingident
described above, only a small fraction of the allowable dose was incurred., To
further put these dose leveis into perspeciive, consider the following:

flying in a commercial aircraft from Alaska to the “Lower 48% st altitudes
above 33,000 ft exposes the passenger to radiation from solar and cosmic

| sources, which are not present at the earth*s surface. Such radiztion is
primarily gamma or x-vay and can contribute to radiation dose rates of

3.0 millirem per trip, and this exposure increases with increasing altitude
and latitude, It is interssting to note that 10 itrips are reguired to produce
the same maximym exposure as the tritium tube breakage.

Laboratory experiments have been conducted using swine as the exposed
{ y
ani&a?ggg’ where iarger dose rates have Deen obgerved. An analysis of a
scenaric using these data was performed and is summarized in Appendix (.

However, the long duraticns of exposurs and other variables do not permit

(a} Letter from Karl W. Haff, ORNL, to G. &, Jensen, PNL, dated April 24, 1984.
® Tradename of General Electiric Company Plastics Division,
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direct comparison to the above incidents. It is, of course, passible to
conceive of an infinite numher of accident scenarios which Could then be
analyzed for risk, At this point, it i3 not clear what &ype of scenariss the
1izensing process will be reguired %o consider; however, the above examples
suggest that the probable risk to humans for an RL airfield lighting system i3
generally minimal.

The second accident situation considered invoives the destruciion of
22 markers at the end of & runway a5 may ocCur consequent to an atrcoraft
crash. The air congentrations of tritium were estimated sl distances of
356 feet, 1/2, 1, and 1-1/2 miles from the end of the rusway., The air
¢concentrations were estimated using the methods desg¢ribed in Reguliatory
buide 1.145, "Atmospheric Dispersion Models for Potential Accident Consegquence
Assegsments of Nuclear Power ??ants."(34) The assumptions used in the
catculations were that 9,098 1 of tritium were rel2ased and wind was blowing
directly from the accident gite to the point of calculation with a velpcity of
4.5 miles per hour., {alculations were made for points along the centerline of
the runway, 2% well as 30°%, 459, 80°, and 90° from the centerling of the
runway. The results of the calculations are shown on Figures 2.2 to 2.6, ang
Table 2.3, The figures show the integral air concentrations, Table 2.3 shows
the radistion dose commitment. A17 of the doses are iess than the maximum
vaiues given ia 10 CFR 32.24 for a low prohability failure conditien and,
except for the distances less than 300 feet from the end of a runway, all are
helow the maximum values given in 10 CFR 32.28 for normal use and operation,

These caiculations do mot estimate the air cencentrations and resultant
radiation dose commitment to individuals at the point of the accident, such as
to a4 pilot of an aircraft involved in the assumed crash. As mentioned
previously, the calculational methods are not valid ai very close aistances,
It can be assumed that the dose commitment to a pilst involved 3n such a
crash, and to bystanders in the plume, will tie larger than that to individuals
down wind from the accident.
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In summary, the radiation dose from tritium activated runway markers
under normal conditions is negligible., The radiation dose conmitment to
individuals consequent to an accident is due to inhalation of the tritium,
Accidental breakage of tubes either in the laboratory or in containers holding
glass tubes has produced no significant exposure. Experiments should be
performed to measure the actual rate of dispersal of, and exposure to tritium
following accidental destruction of a typical fixture.

The major accident involving 22 markers at one end of the runway is
anticipated to be a low probability accident. The dose commitments consequent
to such an accident are within the range of the maximum allowable dose
commitments to members of the population under normal use conditions and are
less than the maximum dose commitment for a low probability accident beyond
300 feet from the accident. For the gquantities of radioactive material
released when 22 markers are destroyed, the radijation dose commitments to
persons in close proximity to the accident (within 300 ft) are expected to be
large { 5.0 rem). However, the exact doses are not known at this time.

The design criteria for items containing generally licensed quantities of
radioactive material, as stated in 10 CFR 32.5 (a)(2)(iii), is that the
radiation doses resulting from an accident should not exceed the doses listed
in colunn IV of the table contained in 10 CFR 32.24. These doses are 15 rem
to the whole body, 200 rem to the extremities and localized areas of the skin,
and 50 rem to other organs. An enclosed area accident involving releases to
give a dose of these magnitudes requires that the Nuclear Reguiatory
Commission be notified immediately,

2.4 LICENSING REQUIREMENTS

The Nuclear Regulatory Commission (NRC) is the principal federal agency
responsible for licensing uses of nuclear energy. Included in this
reponsibility are matters dealing with design, manufacture, distribution and
use of most devices containing radioactive materials. Primary legislation for
this reponsibility is found in the Atomic Energy Act of 1954, This act
assigned primary responsibilities for the promotion and development of
peaceful uses of atomic energy to the Atomic Energy Commission (AEC).
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TABLE 2.3. Computer Dose Commitments Due to Inhalation of Tritium Following
a Major Accident {Dose in rem)

Angle from Centerline Distance

of Runway 00 FE 72 WiTe TWiTe =172 WiTE
On centerline 2.4 x 102 8,7 x 1073 4.8 x 1073 3.1 % 10-3
20° off centerline 11 x102 s55.107%  a8x10% 281073
45° off centerline 2x 1wl asxw? 23x107% 0 19 x107d
§0° off centerline ixtw? a7 xw0? 2sxi10t 17 x1070
90° off centerline 1.9x107%  4a3xw0? 2.3x10% 1.5 x1073

Legislation since this original act, notably the Energy Reorganization Act of 1974,
separated the promoticnal funciions from the regulatory functions and ¢reated

the HRC, By this act, the NRC was delegated authority for handling licensing

and regulation of all facilities and materials licensed under the Atomic

Energy Act of 1954, as ammended, including such mattiers as safeguards, frans-
portation, byproduct and special nuclear materials and cnnfirmatory research,

Other federal Tegislative actions which affect the use of
radicluminescent 1ights in Alaska include the National Environmental Policy
Act of 1963 {NEPA} and Executive Urder 11514 which sets forth a policy to
gncourage harmony belweern man and his environment and the Federal WNater
Pollution Contrel Act {FWPCA). The AEC in January 1973 {38 CFR 2679
January 29, 1973} developed a policy statement regarding the effect of
ammendments to FWPCA and the AEC's responsibilities in implementing NEPA and
FuUPCA, This interim policy statement and 2 memorandum of understanding is
sti?) in effect under NRC, It i3 the provisions of these acts which have
allowed DOE and its National Laboratories to bring the lights to Alaska for
testing in the winters of 1982-83 and for plamed testing in 1983-84., Fuyrther
Ticensing of thesea Tights by the State of Alaska for use in Alaska for
Tighting and marking will be handled under the provisions of this legislation
and the rules of Title 10, Code of Federal Regulations, Parts 30 through 35
{10 CFR 30w35),(35) Mast of these regulations are directed at use of
mitticurie quantities of radinisctopes rather than the larger mul ticurie
guantities of tritium, kKrypton-85, etc., 10 be ussd in radicluminescent lights
for runway 1ighting and marking purposes.
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The NRC issues either a general or a specific license for use of
byproduct(a) materials. A specific license is issued to a named person upon
application filed pursuant to the regulations in 10 CFR 30-35. General
licenses are effective without the filing of applications with the NRC or the
issuance of licensing documents to particular persons. Under Section 31.5,
the NRC issues a general license permitting anyone to receive, possess, use,
or transfer byproduct material contained in, among other things, "devices
designed and manufactured for . . . producing 1ight," provided the devices
have been manufactured and initially transferred in accordance with a specific
Ticense issued pursuant to Section 32.51, or the equivalent requirements of an
Agreement State.(b)
carry about 200 curies of tritium in several EXIT signs and hospitals and

For example, commercial aircraft such as Boeing 727's

buildings using these devices may have up to a total of 1500 curies in various
safety Tighting items, ATl of these devices have been manufactured and
transferred in accordance with the provisions of 10 CFR 32,51. Alaska is not
an agreement state at present and so Alaska DOT&PF would be subject to the

provisions of these regulations and guide1ines(35,35,3?)

when using
radioluminescent 1ights. Section 32.51 defines the requirements for NRC
jssuance of a specific license to manufacture or initially transfer devices
containing byproduct materials for use under Section 31.5. The state could
insist that each 1ight used be manufactured in a fashion that it could be a
licensed item and that the needed quality control and assurance testing are

completed. Since each Tight is expected to contain more than 30 curies of

(a} Title 10 Code of Federal Regulations, Part 150.4 (10 CFR 150.4},
“Byproduct material" means: (1) any radioactive material (except special
nuclear material} yielded in or made radioactive by exposure to the
radiation incident to the process of producing or utilizing special
nuclear material; or {2) the tailings or wastes produced by the
extraction or concentration of uranium, thorijum or thorium from any ore
primarily for its source material concent, including discrete surface
wastes resulting from solution extraction processes. Underground ore
bodies depleted by such solution extraction operations do not constitute
"byproduct material" within the definition Ref. 10 CFR 150.4.

{b) Title 10 Code of Federal Regulations, Part 150.4 (10 CFR 150.4), defines
an agreement state as follows: an agreement State means any State which
the Commission or the Atomic Energy Commission has entered into an
effective agreement under subsection 274b of the Act. {Atomic Energy Act
of 1954} "Nonagreement State" means any other State.
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tritium, the major burden for licensing would be placed on manufacturers, who
would be required as a minimum to complete and meet the testing and certifica-
tion requirements jdentified in U.5. Depariment of Commerce/National Bureay of
Standards, Asmerican MNational Standard ﬂm540.{3?} Specific documentation to
meet 32.%1 {&){2)¥(ii and i1} and 32.5%1 {b} would be provided by the manufac~
turer, Other reguirements would be mei by identifying specific individuals or
organizations who had the appropriate quaihitications.

In the case of the radioluminescent lights and their use, the required
documentation for the $iate having a license should be minimal. Specific
reasuns for this are identified in the section on environmental evaluations.
The manufacturer’s general license for the light itself should suffice
providing the state has appropriate storage and handling facilities for use in
installation and replacement purposes. At the presesnt {ime, it is difficuilt
to establish the specific reguirements because no precedent exists for use of
as large a quantity of tritium {50 to 100,000 curies) as would be reguired to
light a runway. Additional tests may be required by NRL for issuance of 4
general license. Here again, the manufacturer would have the major
responsibility.,

Among the specific reguirements, which could be imposed under 10 CFR that
would pertain to the State of Alaska's use of these devices are the following:

. 30.33(a){2} The applicant's propased equipment and facilities
{by reference} are atequaie to protect health and minimize
danger to iife or property.

* 30.33{a}{3} The applicant is qualified by itraining ond
{by reference} gxperignce to use the material for the purpose
requested in such & mamer as te protect health
and minimize danger to 1ife2 or property,

» 32.5.{a3(2} the applicant submits sufficiant information
{by referenca) relating to the design, manufacture, prototype
testing, quality contrels, labels, proposed
uses, installation, servicing, lesk testing,
pperating and safely instrugtions, and potential
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32.51(b)
(by reference}

hazards of the device to provide reasonable
agsurance that:

(i)

{11}

(111}

The device can be safely operated by

persons not having training in radiclogical
protection.

Under ordinary conditions of handling,
storage, and use of the device, the
byproduct material contained in the device
will not be released or inadvertently
removed from the device, and it s
unlikely that any persea will receive in
any calendar quarter a dose exceeding

10 percent of the limits specified in
Section 20.101 {i.e., 10 percent of

1.25 rem/quarter for whole body; head and
trunk; active blood forming organs; lYens
of eyes; or gonads; 18.75 rem/quarter for
extremities, 7.5 rem/quarter for skin},

Under accident conditions [such as fire
and explosion) asspciated with handling,
storage, and use of the device, it is
unlikely that any person would receive an
gxternal radiation dose or dose commitment
in excess of that specified in column IV
of the table in Section 32.28 {i.e.,

15 rem whole body, 200 rem to the
extremitios and skin, and 50 rem to other
organs}.

If the applicant desires that the device he

requi
for 1

red to he tested For praoper operation and
eagkage at intervals longer than six months,

he must submit additional information for the

{ommission’s consideration on:
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1. Primary containment (source capsule}

2. Protection of primary confainmant

3. Method of sealing containment
Containment construction materigls

b, Form, gquantily, and radictoxicity of
contained radicdctive materials

6. HMaximum temperature and pressurs withstood
during prototype test

7. Operating experience with similar devices

The shipment of radiocactive material between states by rail), air, road,
gr water 5 regulated by the U.S, Department of Transportation as specified in
Titie 49, "Transportation® of the Code of Federal Regulations, Paris 100-198
{49 (FR 2@@-399}.{38} In special cases, the NRC also regulates the
packaging of radicactive material for transport and transpertation of
radivactive material under certain conditions as specified in 10 CFR 71. In
addition, state laws and local ordinances will have to be complied with during
siipping of the Tights. The detaiis of these requirements are so varied that
they will not be summarized here but no difficulties are foreseen in trans-
parting the devices o Alaska if properily packaged ang nandled. {urreni state
laws and requlations are identified and compiied in NUREG/CR-1263(5.z). 0%
Applicabie regulatory guides are attached in Appendix D.

In surmary, either a general or specific license can be applied to the
use or possession of tritium activated runway markers. The license category
mst appropriate for these devices will be dependent upon the extent Lo which
these markers have been tested and the results of the tests., The tests to
which these devices should be subjecied are similar €0 those despribsg in
10 CFR 32,101 Schedyle B - Prototype Tests for Luminpus Safety Bevices for Use
in Aireraft, and American National Standard N-540-1975, “American RNatignal
Standard K-540; Classification of Radioactive Self-Luminous Light Sources."
The types of tests required include drop tests, vibration tests, puncrure
tests, and shock tests. A single marker must be able to pass all tests
without breaking or lsaking radicactive materisl., These tests shouid be

perfarmed by the manufacturer.ti?»3%)
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The Teast burdensome license, from the standpoint of the user, for which
tritium activated runway mearkers would be eligible appears to be as a
generally licensed quantity; the quantity of radicactive material 1s too great
to be constdered an exempt quantity. However, this general licensed quantity
status has nat been achieved. Thus, a specific license of broad scope may be
necessary. Owing to the fact that these devices are relatively new, the exact
restriction that may bde imposed upon the 1icenses are uynknown, Discussions
with NRC staff have indicated that the restrictions will be dependent upon the
tests to which these devices have been subjected and the results of the
tests, Specifically, if the Tights have not been registered with the NRC,
they may be ifreated as experimental devices and many restrictions may he
placed upon the licenses including a requirement for a radiation zafety
officer, and a radiation safety commitifee; also the unattended use of these
devices may not De allowed. At the same time that a Iicense application is
made to possess the sources, a request for a custom review should be made.

The request for & custom review is generally made by the user; however, the
supporting data requested by the NRC should be provided by the manufacturer.
The effect of a successful custom review of these runway markers is that the
license restrictions may be no greater than those restrictions placed on
generally licensed quantities of byproduct matarial,

2.5 INSTITUTIONAL ISSUES AND EDUCATION

Public acceptance of the radioluminescent lighting technology at the
community level is critical to the overall success of the program. During the
demopstration phase, it will be important to understand public concerns with
RL lights and 20 be able 0 commnicate effectively to the public. The main
factors that impact publiic acceptance include: concerns with radicactive
substances; perceived costs and benefits of the technology; local economic
impacts; direct prior experience with new fechnology and related developments;
role of activist organizations; and characteristics and level of organization
of candidate site communities.

Because of the radicactive properties of RL Tights, public concern can be
expected. Social scientists working in Alaska and individuals involved in
public and privately supported environmental organizations vary in their
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astimates of the degree and character of public concern, However, there i3
concensus that some public response could be expected regardless of the
remoteness of the community. The view was expressed that people would readity
see the benefits that would accrue to their village or borough as a resuit of
the installation of the RL lighis for airstrips; the benefits of the
technology, when clearly undersiood, should assure rapid acceptance,{&}
Another perspective was that some resistance and negative response could be
expecied with the introduction of these 1ights, regardless of where they are
sited. However, it is also anticipated that once 1ssues are sorted through,
the major concern of most groups {in particular, native groups) would be the
effect of RL Tighting on residents' Tivelincod.'?)

Public perception of nuCledr issyes, which is relevant to the acceplance
of RL Yighis, has been found o vary great?y.{éa’gz} This preliminary
investigation suggesis that pubiic acceptance of RL 1ighis will vary by the
Jocations of the site communities in the state. Several factors were
mentioned in recent discussions with experts in Alaska as potential aspects of
geographic di fferences. For example, it could be expected that to the extent
that various popaiatiaﬁ groups have been exposed to the impacts of other
development activities, Tike oi1 development, they would hold a more cautious
view of the henefits of other efforts. Coasial groups were seen as those
population areas that could be expected to have the greatest number of
formally or informally organized cpposition groups that are ready tn wmobilize
and carefully question any new development efforts»(b] Qthers felt that
smaller fowns may not be able to mount a respanse, Alsg voiced was the view
that some villages may oppose most any develepment simply because of the
nature of the residents. One Case was cited where villagers living next o 2
DEW line became concerned regarding the effects of the microwaves on the local

{a} Conversation between Chris Cluett, Human Affairs Research Centers {HARC),
PNl., and Dan Rogness of Alaska Public Health Service, Environmental Heal th
Branch, August 2, 1983,

{b} Conversation between Lhris Cluett, HARC, PNL, and Patty McMillan,
anthropniogist with the Arctic Dnvironmental Information and Data Center,
Anchorage, Alaska, August 3, 1963,
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papu1atian.{a§ The controversy apparently died down after a government
gxpert was sen? in to evaluate the situation.

A pubiic¢ education and information program should be carefylly designed
i be sensftive to the characteristics of the area where RL Tights will likely
be introduced and to the particuliar concerns of the Tocal residents. Thus,
the program is being designed not o force a technology on an unwilling public
hut rather to undersiand and be responsible to public concerns; that is, the
program is designed to create a Yevel of acceptance that will help ensure the
success of the program. Some of the issues of public concern that can be
effectively dealt with through a program of public education and information
include: health and safety issues; RL iights disposal probiems: impacts of
vandalism and preventative measures; and public participation in siting
decisions,

Health and safety concerns with fechnology development ars fypically felt
by small communities and should be addressed by this program. Concerns, such
23 whether or not radiation can snier the food chain and arrangements for
eventual disposal of the lights are fopicy that have already besn raisedtb}
and are addressed elsewhere, Other guestions that might arise focus on the
Tikelinood that radiation could escape from the Tights due to eventis, such as
vandalism, This Jatter fssue is more likely to be a concern in communitiss
where similar events have occurred in the past; preparatory research into the
frequency of similar evenis in candidate communities needs 1o be evaluated
durinyg the demonstration planned at Central, Alaska, this year.

Public information programs or messages are alise influenced by the way in
which they are delivered: the media (e.q., TV, radio, or newspapers); the
source {community opinfon leader, public¢ figure, or natiomal pulitical
figure); and even the language of such messages influence whether or not
peaple listen o or accept this informatien.(42’43} Sansitivity to these

{a) Conversation between Chris Clueti, MARC, PNL, and Dan Rogness, Alaska
PubTic Health Service, Environmental Health Branch, August 2, 1983,

{b} Conversation between Chris Clueit, HARC, PNL, and Mary Core, Lxecutive
Yirector of Issues, Alaska Center for the Environment, Augusit 5, 1983,
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variables and their application in the candidate communities should be planned
for in undertaking a public information program for the demonstration phase.

The objective of these public information programs should be to educate
“the concerned public regarding both the benefits and the costs of Rl Yights.
In some instances, public information can be adequately distributed in print
or ¢lactronic media. Because of the likelihood that use of RL Tight will
arouse public concern, provision should be made for a forum for public
participation, such as town meeting or other public meeting). Careful
preparation is vital regarding issues that are most likely to be of greatest
concern to the candidate communities., Amalyses of public responses tw other
nuclear-related technologies and concerns expressed by scientists and
environmental groups indicate that health and safety issues will be foremost
among public concerns. There is also a recognition that the residents of
Alaska are concerned about their traditional way of life; developments that
benefit or hinder their capability to sustain themselves in an accustomed
manner will be viewed with distrust and opposition. Clearly a public
information program prior to the introduction of these lights should be
undertaken with careful and thorough consideration of how to present the
issues of greatest concern to the candidate communities.

2.5.1 RHuman Factors Heegds

The design of a radioluminescent Yighting system for remote Alaskan
runways and the demonstration of that system in its design environment
presents a number of human factors issues that should be addressed. The
following are the major human factors issues that should be investigated in
planning for and conducting the demonstration phase of this project.

2.5.1.1 Pilot Acceptance and Performance

The use of RL Tighting will present the pilot with unfamiliar visual cues
that may affect spacial orfentation and depth perception and perhaps other
perceptual areas. These factors will, in turn, affect pilot acceptance.

There have been a number of studies by the Office of Naval Research, the Air
Force Asrospace Medical Divisfon and the FAA in the general area of night
approaches and landings using various Tighting systems, In addition, the Air
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Force 1§ continuing 1ts research in the grea cof electroluminescence and its
effects on aircres vision., The data from these sources should be reviawed and
evaluated as an on-going part of this project,

OFf particular importance will be the preflight briefings, These are
needed t acquaint the flight crews of the purpose of the evaluation prior to
evaluations of lights and the spegific data to be collected. If possible,
visual afds such as sti1l photography or video tapes of approaches to
RL~T1ghted rumways need o be included. In addition, the post-flight
debriefing/data acquisition protocols are being developed. These should be
sharply focused, asking such guestions as: "At what altitude and attitude did
you first detect the runway?" rather than: “When did you fiest gee the
Tights?® The DOT&PF questionnaire used in the 1983 testing at Malamute
A{rfield could be used as a starting point.

2.5.1,2 Personnel Training

The use of RL lighting may require special training for the people who
handle, store, install, maintain, and dispose of system components. These
requirements should be defined as an integral part of the effort and evaluated
during the demonstration phase.

in formulating spegific traiming requirements, a scemaric shouid first be
developed for the demonstration. The scenario should then seéve as the basis
for determining the tasks required of people who will handle, store, maintain
and dispose of the system, This, in turn, will Jead to a list of training
requirements and a training plan. In addition, a plan for data coliection and
analysizs should be developed.

2.5.1.3 UOperating and Maintenance Procedures

Concurrent with the identification of training requirements, 1% is
essential to begin development of procedures for all phases of the project.
Thiis includes the identification, handling, and disposal of damaged componenis
that might pose a hazard to people. The task analysis nentioned above will
yield information on those ftasks that require written procedures and also
provide a basis for selecting procedure formats., Procedures should be ready,
at lzast in preliminary form, for the demonstration phase so that they can be
evaluated for their fechnical accuracy, acceptance, and usability,
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2.5.1.4 Human Factors Engineering Assessment of System Design

The human factors engineering aspects of design should be considered
during the design phase and evaluated during the demonstration phase. Factors
to be considered are: ({1} ease of handling and storage both in transit and
on-site, (2) maintenance and test equipment; and (3) component containers
especially those designed for shipping of damaged components containing
radioactive material.



3.0 ENGINEERING EVALUATIONS AND DESIGN CONSIDERATIONS

3.1 AIRFIELO LIGHTING RESPONSIBILITY

Radicluminescent lighting systems are mainly being developed to serve
rural Alaskan airfields up to 4000 feet in length, Single- and twin-engine,
Tight intermediate speed afrcraft are the primary traffic at these airfields.
The supply, installatien, and maintenance of any runway lighting system is
normally the responsibility of the airport owner/operator. Of specific
concern are the airports ownad and operated by the Alaska DOTAPF, However,
any airport lighting system is subject to Federal Aviation Administration
{FAA) approval before it can be used by commercial pilots for night operation
while carrying passengers. Under current FAA requlations, the mininum
ajrfield 1ighting system acceptable for use at State-owned and/or operated
airports would be a Medium Intensity Runway Lighting 3System {MIRL} as
described in FAR advisory cireular No. AC 150/5340-24, Since federal
reguiations permit no modification to 1ighting specifications at the Regional
level of FAA {(in this case the Alaska Region) at the present time, the AL
system clearly cannot be considered as substitute to a MIRL, However, FAA
does recognize that special circumstances may mecessitate night operation of
an aircraft in and out of an airfield that is not equipped with a MIRL
system. For this reason, the FAA regional authority may permit a specific air
carrier to conduct might operations at an unlighted airfield if i1luminated by
flare pots or Tanteras, This process is administratively addressed by FAA
through modification to the operator's specification, which is issued to
Ticensed air ¢carriers under Part 135.229 FAR,

Since the RL system is not expected in the near term to be a completely
acceptabie alternative to an MIRL system until operational experience is
gained, L must be treated administralively as a flare pot or lantern
alternative for an administratively acceptable definition. With this
distinction in mind, the development of a RL system will continue toward
eventual mplementation into routine uge in Alaska with the following
authorities and points of cooperation reguired:
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ENTITY

ACTION

EFFECT

United States
Department of Energy

Must transfer technology
to private sector and
make enough tritium
available to industry.

Commercial and
competitive interest
is aroused,

Compercial manufaciurer

Apply for and receive
HRC general license i
manufacture and sell 8L
airport lighting system
components .,

Equipment becomes
commercially
available,

State of Alaska
Department of Transporta-
tion and Public Facilities

Procure and install

a standardized RL lighting
system, which FAR has
received acceptable, at an
girport,

A ranway marking
system s installed,

A commercfal air carrier
that desires to utilize
the system for night
cperations.

Apply to FAA for a modifi-
cation in their operating
specification and negoti~
ate with FAA the specific
details of operation
granted under the modifi-
tation,

Night operation is
permi tted under a
prearranged set of
criteria.

Alaskan HReqion Federal
Aviation Administration

Develop a policy 1o des)
with improved flars pot
systems for commercial car-
riers under Part 135 FAR
and general aviation.

A routine procedure
is established that
will permit improve-
ments in safety and
air service to the
cONSUmeY ,

3.2 DESIGN DEVELOPMENT

A RL system suitable for use im Alaska at rural runways has begun to

avalve,

At a demonstration of tritfum wands (see Figure 3.1) used for

airfield marking at Bouge Field, North Carolina, in August of 1982, DQT&PF

personnel first observed the 1ights.
versions of the RL 1ights but not the wand,
by DDE and was conducted by Dak Ridge National Laboratory.

PRL personnel had observed earlier
This demonstration was spongored

From this point an

fterative process of design modification and evaluation has continued and is

still in progress.
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4.2.5 Breakage

It is anticipated that the single greatest factor influencing the
maintenance cost of an RL system would be the cost of replacement of units
that are broken as a result of accident, vandalism and/or theft. Again, it is
not possibie at this time to estimate these factiors before we have gained some
field experience in a user environment,

4.3 PRELIMINARY LCC AMALYSIS AND COST-BEMEFIT CALCULATIONS COMPARING
CONYENTIONAL SYSTEMS

4.3.1 Summary of Cost Factors

Based on the above, it would appear that an RL system could be developed
that would be competitive with conventional lighting systems in first cost and
should result in considerable operating (total} cost savings over conventional
systems, Installation costs for a medium intensity Tighting system for a
2520 ft runway at Birch Ureek, Alaska, are estimated at $265,000, Typical
costs for conventional medium intensity Tighting systems in Alaska rangs from
a Jow of 5100,000 to a high near $300,000. Thus, cost when canpared %o the
cost of configuration number 2, Table 4.1, which is expected to be a typical
configuration, is expected to be nearly twice the cost of the RL Tight system.
While maintenance costs cannot be estimated with a satisfactory level of
accuracy at this time, there is avery reason %o expect that continying cost
for both maintenance and operations would not exceed those for conventional
systems.,

4,3.2 Visual Approach Slope Indicator {VASI}

An RL visual approach slope indicator {VASI} can be considered as an
option ©0 the basic system. Since a typical ¥ASI would regquire a minimum of
9 panel modules, the greatest portion of the cost would be the 1ight panels
at $7942, 1t is reasonable, therefore, to assume that mounting hardware and
installation {if included as part of the edge and threshold light
installation} might add an additional $600 to this, Therefors, assume the
cost of a VASI would be approximately 38500,
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4.3.3 #ind Drection Indicator

At this time there are not enocugh test data or design information on a
wind direction indicator to develop a realistic cost estimate.
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5.0 CONCLYSIONS

Radinluminescent (RL) lights have been used with some success as
Miuminators to assist night landings of aircraft. This appiication has been
identified as a potentiaily valusble alternative to firepols or similar
nonconventional lighting at many rural alrports throughout Alaska.

RL airport illuminators are experimental at this time and are not
avaiiable commercially; however, successful demonstrations have been made
suggesting that a prototype design has been refined to a point where
technology transfer to industry may be made in the near future.

Prejiminary cost estimates suggest that significant cost zdvantages couid
be possible for applications in ryral Alaska compared to conventicnal lighting
systems,

Sirce the RL lights contain radicactive materials, there is some
potential risk that their use will result in exposure to radiation doses to
humans who come into contact with them., lUnder normal usage, this risk is
shown to be insignificant. \lUnder worst-case accident scenarios, however, It
15 possible that 3 significant duse greater than 5.0 rem could be received Ly
a Himited number of people. OBenerally speaking, the radiological hazard,
however, is agpected 1o be minimal for this application,

Development of the RL airfield Tighting system is expected to continue in
the 1983-84 period with some permanent installations possible in late 1984,
However, implementation of such systems are not expecied to be possible on a
routing basis prior to 1685,






6.0 IMPLEMENTATION

Radioluminescent systems that could be used for airport lighting
applications and would be useful to the Alagka DOTAPF are, at this time, in
the process of research and development, They are not now available from any
source other than the U.5. Oepartment of Energy, and this availability is
1imited to special experiments, This condition is not expected to change in
FY 1984, However, if the present rate of progress continues in the
development of thege systems, 1t s possible that impiomentation of this
technology into the rouline coperations of the DOTAPF could begia in FY 1985,

This report describes in detail the RL system and suggesis that itis
successTul development could be very beneficial to the DOTEPF, the State of
Alaska, and its people. If this is to happen, however, severa)l factors must
be resolved, The following is a 1ist of factors that, while prodably
incomplate, should serve to define approximate limits for the future scope of
this development effort:

1. Funding from DOTAPF to the U.S. DOE must continue in FY 1984 and DOTEPF
rosearch staff must maintain an active Tevel of invalvement with the DOE
Program through the Technical ¥orking Group.

2. DOE allocations from the federal budget for this program must continue,

3, The limited demonstratican planned for Central, Alaska, during December
1983, and January 1882, must prove satisfactory to:

a. CGComeunity residents

b. Pitots and commercial air carriers
¢, FAA Division of Flight Standards
d. DOT&PF persomnel,

4. Based on evaluations and testing during the wintey of 1383-84, a final
design for an operational RL system must be developed with detailed
speci fications., '

5. DOE must begin the process of transferring the RL techmology to
commercial manufacturers,
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6. DOTSPF must encourage commercial manufacturing firms to produce Tights as
part of their product Tine and to apply for A general license on those
products from the NRC,

7. 1f potential markets for H. afrport lighting appear to be too small 1o
interest the existing tritium Yight industry, then the State of Alaska
may consider applying for the license and arr&ége for manufacture within
the State,

B. The Alaska Region of the FAA must develop adequate policies and
procedures to permit the incorporation of RL airport Yights into routine
use in Alaska for afr taxi operations under Part 135 FAR.

{f, by the summer of 1984, items 1 through 4 above are found to have been
favorahly resolived, then we recommend for consideration a demonsiration
installation at an appropriate Jocation in Alaska. This location would serve
as a permanent field test in a user environment from which data could
continually be gathered to support the resolution of items 5 through 8,
Although this installation would not be a truly routine operational system, it
would be a permanent prototype and could become the final stepping stone
toward full implementation.
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FOREWORD

PROJECT FIREFLY is a joint Department of Energy (DOE) and Depart-
ment of Defense {DOD) program establizhed by the DOD/DOE RL Tech-
nical Working Group {RL-TWG} to develop unique airfiield night
lighting deviges powered by radioluminescent (RL) phosphors.

This Arctic Téat Plan (ATP) has bheen prepared by the RL~TWG to
respond to the AAC mission requirement for a self-sustaining
airfield lighting system suitable for Arctic deployment. The RL-
TWG shall test several RL airfield lighting applications during
Fall/Winter 83/84, Alaskan Air Command {(AAL) exercisge., AAC and
other users shall evaluate the operational success during an
Evaluation Review Board (ERB) following the exercise, &Air Force
Engineering and Services Center's (HQ AFESC) Engineering and
Services Laboratory {(ESL) has overall responsibility for the
test. The success of this Arctic Developmental Test will depend
largely upon the coopervative efforts of the DOB, the Natioaal
Guard Bureau (NGHE}, and State of Alaska operating under the

auspices the RL-TWG,
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"PROJECT FIREFLY IT"

ARCTIC TEST PLAN

1.0 OBJECTIVE: The objective of this developmental test and
evaluation (DT&E) is to evaluate the operational suitability and
effectiveness of the improved tritium runway lighting to support
military aircraft operations, and also to allow further design
refinement pribr to a full scale initial operational test and
evaluation {(OTs&E).

2.0 SCOPE: This work unit (JON 2673-0034) shall be conducted
over a period of approximately six months. (Reference:

SCHEDULE, Section 7.0.) The contractor, Oak Ridge Naticnal
Laboratory (ORNL}, shall deploy a second generation set of
tritium airfield lights and fixtures to be deployed consecutively
at two locations in Alaska, test flﬁwn, and evaluated by aircrews
of various aircraft. Ground support crews will also evaluate the
ease of deployment, installation, reconfiguration, maintenance,
.and redeployment'of the lights. Lights will be provided by
Department of Energy, Uak Ridge National Laboratory (OQRNL), and
will include a combination of runway and taxiway lights, visual
approach slope indicator (VASI), and helipad lighting systems.
Several organizations shall provide radiological protection and
test consultation services at the ATS during executing of the
ATP. The Engineering and Services Laboratory (ESL) shall orche-
strate the ATP to insure all test objectives are tested and

evaluated. HQ AAC shall provide the ATS, make its resources



available tg the test team, «oordinate the aATP with the #all/
wWinter 83/84 exercise participants, and direct the Evaluation
Revia§ Board (ERB} to assess the results of the Arctic Test,
ORNL and ESL shall observe the ERB to document the test results
in interim and £inal tecnnical reports.

3.0 SACKGROUND: A joint DUOR/DOE study group was formed to
develop applications for Defense nuclear waste radioisotopes as
"alternate energy” lighting systems. This group, now known as
DOD/DOE BL Technical wWorking Group (TWG), has identified and
denmoastrated many military applications.

The ﬁilitary, and specifically the Air Force, is inveétigatw
ing alternate airfield lighting systems which provide improved
portability, maintainabiii?y, and operational support., Radio~
luminescent {RL) lighting uses radiation from radicisotopes in
combination with phosphors to produce visible and infrared {(IR)
light. oOak Ridge National Laboratories (QRNL), under contract to
the Department of Energy (DOE), applied earlier technology and
dave loped RL lighting utilizing tritium as the energizing
isotope, and initially demonstrated this jighting in 1980, The
tricium lighting is completely portable and does not require any
wiring, external power, or fuel. These charagreristics offer
potential for worldwide application, but the need is especially
evident for use at tactical operating locations (TOLg) during the
long and dark arctic winters.

subseguently, doint DOE/ESL sponsored rasearch at ORNL

produced a report entitied, Tritiume-Poverad Runway Distance and




Taxiway Markers, ESL-TR-81-45, Aug Bl. ORNL performed the

initial evaluation tests on these RL signs, which included the
evaluation of illumination intensity, discoloration, temperature,
thermal shock, pressure, impact, vibration, immersion, rough
handling, blowing sand, and service life tests.

The program became known as PROJECT FIREFLY when tests of an
improved RL fixture were conducted by ORNL at Bogue MCALF, NC on
14-18 Sep 8l. These test evaluated the product of joint DOE/ESL
- sponsored RL developments (ESL-TR-80-55, and ESL-TR-82-12), and
showed that the new fixture was ‘at least twice (2288%) as bright
as the original prototypes. During 9-12 Aug 82 tests at Rogue
MCALF, ORNL conducted a developmental test and evaluation (DT&E)
of a new tritium light fixture geometry redesigned to provide a
significantly greater area of light emission.

In 1982, Air Force Engineering and Services Center (AFESC),
Alaskan Air Command (AAC), and the State of Alaska Department of
Transportation and Public Facilities (AKDOTPF) incorporated a
tritium light test into the joint service exercise, BRIM FROST
83. The results of this test showed the lights had potential tor
runway application, but design improvements were regquired pri-
marily to improve the acquisition range by airborne pilots.

In July 1983, a newly designed tritium light was shown at a
conference hosted jointly by AAC and AKDOTPF. Planning was
initiated to operationally test the new lights during 1983-H4,

A fina) report concerning this military test shall be

approved by HQ AFESC, HQ AAC and coordinate with HQ MAC. AFESC



will published rasults for distribution to all participating
agencles.

The proyram priority and direction to develop an airfield
lighting system that would fulfill Air Force needs for air base
gurvivability and mobility are established in the following docuw
ments:

1. Program Management Directive (PMD} Draft for
Portable Airfield Lighting Systems {(Program Elements:
275949, 28031, 28uU32-TAC, 41115, 41BS6-MAC and 62601},
2, HQ USAF Statement of Need (50N} Draft 30N~1-82 for
Improved Energy sSelf-Sufficient Airtield Lighting
{Format B}.

OENL installed (RL) runway and threshold airfield ligheing
system for the pre-Artic test at Mackall Army Airfield, N.C. on
Z~3 Nov 83, The unoffig¢ial test results indicated the Airlift
Center (ALCENT) C-130 aircrews were able to acquire the RL lignts
within 4-6 nautical miles (NW) from the touchdown zone as
required by MAC., ALCENT provided more than 20 C-130 low
approaches over Mackall AA. Feedback from the ALCENT's test
director indicated the aircrew members® ability rto acguire the RL
lights improved with each approach. BSome C-130 aircrew members
were acjguiring the lights $.2 NW from the touchdown Zone,

4.0 PARTICIPATING ORGANIZATIUNS: Xey Project Personnel
4.1 Alr Forge Engineering and Services Center: H{ AFESC
RDCS: USAF Test Manager, Mr Thomag Hardy, {(904)
283-627%, AUTOVON: 970~-627%, Associate Test Manager, Mr wWade

Grimm, {904) 283~6284, AUTOVON: 970-6284.



4.2 Alaskan Air Command: HQ AAC
DOOS: Staff Executive Officer, Test Director, Maj Lee
Hult, AUTOVON: 317-552-5346,
DE: DCS/Engineering & Services, Col Hodge, AUTOVON:
317-552-5222,
DEM: Director of Operations and Maintenance, Maj Syta,
AUTOVON: 317-552-4142,
SGB: Command Bicenvironmental Engineer {(BFE), Lt Col
Richard Nuss, AUTOVON: 317-552-4282,
616 MAG/DU: Director of Operations, Col Snider,
AUTOVON: 317-552~5517,
4.3 Military Airlift Command: HQ MAC
XPQT: MAC Test Coordinator, Maj Bob Oertel, AUTOVOUN:
638-3903/4.
USAFALCENT/RA: MAC Test Advisor, Maj Ron Jones,
AUTOVON: 486-244Y.
4.4 Headguarters United States Air Force: HQ USAF
LEEVX: USAF Project Coordinator, Maj Harold W. Olson,
{202) 697-4173, AUTOVON; 297-4173.
4.5 Radioluminescent Technical Working Group: RL-TWG
DEPARTMENT OF ENERGY
HQ DOE: Program Manager, Office of Defense Waste and
By-Product Management (DP-123}/Chairman, RL-TWG, Mr wWilliam C.
Remini; or Mr Tom Anderson, {(301) 353-4265, FTS: 233-4265,
ORNL: Program Manager, Mr Karl Haff (615) 574-704Y6 FTS
624-7096, Principal Investigator(s), Mr Neil Case; or Mr Andy

Tompkins, (615) 574-7105/7095, FTS: 624-7105/7045.



DUE/ORU:  Contract Manager, Mr Doyle Brown, {815}) B76«4476,
FTH: ézﬁméﬁ?ﬁ.

H{ NGB/PO: Chief, Oftice of Poligy & Lialson, Lt Col
Wwilliam Florence, (202) 69%5~6998, AUTOVUN; <25-6998,

North Carcliina ARNG: Alr Operations Qfficer, Lt Col Les
Everett, (919} 733~-2585, AUTOVON: 582~-%181.
STATE OF ALASKA

Alaska-DOT: Chief, Energy & Building R&D (DUT/RF), Mr Lee
Leonard, (907) 479-3003/2241/4650,

Alaska~ANG {176 TAG/CAG): MAC/ANG Liaison Ufficer, Ma: Erv
Hobbs, {907) 243-1145 x 200, AUTOVON; 317-626-1200/1444.

Battelle~Alaskas Alaskan Operations Manager, Mr Lyle D,
Perrigo, {(907) 474~8811 ory

Battelle-PNL: Senior Research Engineer, Mr George A.
Jensen, (509} 375-2602.

4.6 United States Alir Porce Radiological Protection
Committee: UBAF-RPC.

HQ AFMSL/SGPZ: Radiocsotope Commitiee Recorder, Capt

8ollinger, AUTOVON: 240-3331.
5.0 TENT REQUIREMENTS:

5,1 HY AFESC/RDC will perform a developmental test on the
second generation of vritium RL-lights.

%.1.1 The tritium threshold lights should be visually

acquired at a minimum distance of four nautical miles by A~10/
C-130 pilots flying in total darkness, when the atmosphericg

vigsability is seven nautical miles or greater,



5.1.2 The tricium lights should allow acgurate runway
alignment guidance at a minimum of two nautical miles.

$.1,3 The tritium VASI system should provide glide
path information at a winimum of two nautical miles.

5.2 The ground support people shall evaluate tritium light
fixture assemblies to determine whether or act they prasent a
hazard to ground personnel, aircraft or surrounding environment,

5.,2.1 The tritium fixtures should be designed for
temporary installavion at remote airfields,

5.2.2 The tritium fixture design should contain a
gimple built—-in security system to help minimize theft of che
lights,

5.2.3 The tritium fixeures should be durable, light
weight and easy to asseuble and disassemble in the arctic and
subarctio environment.

5.24.4 The tritium lights should be capable of pro-
viding a continucus and reliable light source under severe arctic
temperatyres and weather conditions,

5.3 The airfield lighting waiver required by AFM d8-14,
Para 1-9, shall be arranged by HQ AAC/DOOS and coordinated with
HQ AAC/DL, HY USAF/LEEBBU/LEEVX/XOCQRF/RDRQ, HQ AFESC/RDCE AND
FAA/ACT-350. ORNL shall provide working drawings of prototype
fixtures as they are required toc satisfy the waiver.

5.4 ORNL shall work with the TWG Test Director €0 arrange
for transport of the test fixtures and test team to an Argric

Test Site (ATS) in Alaska to be determined by HQ AAC,



%.4.1 The fixtures shall be installed to illuminate a
LU tt x SU00 &t runway.

5.5 ORNL/PNL shall provide on-site technical support in
Alaska during the deployment to maintain the lighting system and
observe the evaluation.

5.6 An approved tritium light questionnaire shall be
distributed by AAC to participating Elying organizations
following a briefing by HQ AAC/DOOS,

5.7 The test team evaluation shall be compieted in two
parts to follow the approved test plan., ORNL sheall perform all
data reduction and analysis and fully document the test resules
in the interim and final fechnical reports.

5.7.1 Part I&% Visual Evaluation: Results of the
qﬁestionnair& survey will be summarized by an evaluation review
board divecteqd by HQ AAC/ADU who will make a written assessment
of the overall operational acgeptability of the tritium lights,

5.7.2 Part I1 = Physical Evalustion: observations,
photographa, and interviews recorded while the test team wit-
nesses the evaluation shall be coﬁdensed by ORML and presented in
the final reports.

3,8 UYpon complerion of the evaluation, ORNL shall recaover
and return the complete tritium lighting system to vak Kidge, TH.
ORNL/PHL shall remain in custody of the lighting system until
further testinyg or digposal at rhe discretion of the DOE Program
Manager,

$.% Reporting: ORNL shall prepare interim and tinal

technical reports which shall include all data, calculations and



analyses required in this technical effort. In addition, ORNL
shall include detailed descriptions, photographs, and drawings of
the final fixture design; fabrication & installation techniques;
installatiosn & £light training plansg; final erection problems:
shipment limitations; and detailed project costs., The final
technical report shall cover complete gystem performances limited
to the actual field observations during this test to includs
disposal method and cost, Conclusions and recommendations
concerning further use, further ®&D, and projected economic
analysis (i.e., cost of Lst...l0th,..i00th runway) of RL airfield
lighting ahall be delinsated as an overall assessment of the
prajedt.

5,10 Responsibilities: The participating organizationse are

assigned the following responsibilities:

5.10.1 Engineering and Services Laboratory: (ESL)
Prepare necessary Jdooument$ for internai coordination.
5.10.1.1 Assign a2 USAF Test Manager who will
srchestrate the Ltest activities énﬁ prepare all special actions
tor TWE coocrdination:
%,10.1.1.1 Test plan
5.10.1.3.2 Liaison with USAF Radio-
logical Protection Committee
5.10,1.1.3 Coordinate all test
activities with HQ AAC,
5.10,1.2 Coordinate transportation of usaf

personne] with Test Director.



5,10.1.3 Provide input to ORNL concerning pre~
test evaluation.

5.140,1.4 Review preliminary development
gvaluation draft report,

5.10,1.5 Publish and distribute final system
de?elopment reporg,

5.10.1.86 Prepare, distribute, c¢ollegt and
analyze aircrew and ground support personnel guestionnaire,

5.106.1.7 Act as DOD test manager. Will
coordinate with DOE on TWG matters.

5.18.2 Alaskan Air Commands (HQ AAC)

5.10.2.1 Assign a Test Director who will
orchestrate test flights and reguired test support.

5.10.2.2 Provide Arctic Test Hite {(ATS}.

$.10.2.3 <Cocordinate ATP with winter exercise
authorities to determine availability of ATS and rime of ATP

execuLion.
5.10.2:4 Provide photographic documentation,

5.10,2,5% Provide ground support for light
deployment,

5.10.2.6 Coordinate and direct pllot
evaluation board.

3.10.2.7 Make at least one wenicle available
for transportation at ATS,

5.10.2.8 Provide schedule of day-to~day

operation involving tield test {(coordinate with test directori.

10



5.10.2.9 Provide adequate security tor
deployed lights.

5.10,2.10 Provide weather information and
documentation.,

5.10.2.11 Coordinate the use of non-AAC test
airfields and facilities,

5.10.2.12 Arrange for distribution of pilot
questionnaires and provide preliminary results.

5.10.2.13 Arrange participation by difterent
type alrcraft.

5.10.2.14 Obtain/provide authorization for
test team personnel to have access to tritium lighting storage,
deployment and test locations.

5.10.2.15 oObtain/provide authorization for
test team personnel for emergency medical aid; issue of arctic
clothing and vehicles for transportation.

5.10.2.16 AAC Test Director:

5.10.2.16.1 Act as Point of Contact
with DUE Test Advisor in conéert with DOD Test Manager, DOE
Program Managers and TWG Test Director.

5.10.2,.,16.2 Assist in preparation
and review of test plan.

5.10.2,16.3 Coordinate ANG/ARNG
activities throughout test.

5.10.2.16.4 Coordinate and provide

Arctic clothing for team members not stationed in Alaska.

11



3.10.2.16,% Periorm as communica-
Liong prequéncy manager £or test team by coocrdinating come
munications call signs angd FM treguencies for communications
between team members and aircraft as reguired.

$.,18.2.16.8 AAC/DO representative
will fungtion as AAC test director; direct flying test program;
interface with parcicipating aircrews; and assist in evaluating
critium lights based on objectives and eriteria in this plan.

5.10,2.16.7 AAC/DE representative
will ensure layout and setup is accomplished per Alr Operations
CEficer's recommendation; ensure modification and maintenance of
tritium lights as required: and assist in evaluation of the
lighta per this plan use of Allen Army Airfield, AK,

$,10,2.16.8 Obtain written approval
to AR 383%5-11, parvagraph 2«3,

5.10,.2.17 343 COMPW:

5,10.2.17.1  Appoint an A-10
gualifieqd project coffiger to coordinate A«iy rlight operations,
brief/debrief pilots, and coordinate with local agencles partici-
pating in the evaluation.

3.10.2.17.2 Ensure the base RPO
monitors and approves arrangements ror delivery, transportation,
storage, and deployment/redeployment of the tritium lights until
transferrea to the 21 TFw for deployment to Donnelly L2.

5.10.2.17.3 Provide A~10 and 0-2

aircraft to participate in evaluation.

12



5.,10.2,17.4 Provide at least four
personnal for receipt and transport of tritium lights upon
ayrival in Alaska. Since Battelle/Pacific National Laboratory is
custodian of the RL light fixtures, thelr repressntative will be
present o count and make suitable checks on the receipt of these
fixtures,

5.10.2.17.5 Provide an enclosed bed
carge truck and cargo van for tramsporting the lights. The
vehicles should be large enough to hold containers taking up
about two 463L pallets, be weatherproot; and be gcapable of balnag
secured.

$.,10.2,17.8 Provide a secure
location for temporary storage of the tritium lighting and
shipping packages, as necessary.

%,10.,2,.17.7 Provide four personnel
for transportation and installation of lights at Allen AAF,
including assistance in varying test configurations, pertorming
fixture maintepance and removing the lights and fixtures. These
should be the same four personnel iﬁ 5.1U.17.4.

5.10.2.17.8 Provide vehicle and
runway condition reading RCR measurement eguipment and operator
to conduct RCS/RCR measurement 1AW T.0, 33~1-23, if reguired by
the AAL tesnt director,

5.10,2.17.9 Provide groung to air

comumunications {UHF/VHF},.

13



5.10.2.17.10 Provide personnel and
equipment, as necessary, to support A-10 turnarounds at the
designated test airfield, if required.

5.10.2.18 21 TFW:

5.10.2.18.1 Provide a contingency
storage location tor the tritium lights at Elmendorf AFB,

5.10,2.18.2 Appoint a rated project
of ficer to coordinate operational aircraft support tor the test
at Allen AAF.

5.10.2.18,3 Provide (-12 aircratt

support for evaluation of the lighting system.

z
k3

5.10.2.18.4 Provide four personnel
to deploy the lighting package from Eielson AFB to Donnelly L2Z:
and install, maintain and remove the lights and fixtures..

5,10.2.18.5 Deploy, install,
maintain and redeploy an eléctroluminescent (EL) or conventional
incandescent lighting. set from Eielson or Elmendorf to Donnelly
LZ which will provide backup lighting for C-130 support.

5.10.3 Military Airlift Command: (HQ MAC)

5.10.3.1 Provide MAC aircrews and aircraftt to
evaluate the RL lighting at the ATS.

5.10.3.2 Extend a MAC Airfield Lighting Waiver
to the RL lighting system for the period of the ATS deployment.

5.10.3.3 Assist in preparing, distributing,
collecting and analyzing aircrew and ground support personnel

guestionnaires,

14
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3.10.3.4. Ensure aircrews and ground support
personnel are briefed and debriefed.

5.10.3.% Provide a Radiological Protection
Ofricer {RPO) to approve and monitor handling, storage, trans-
portation and uge of the.tritiuw lights while involved in AAC
resting. (Custodial responsibility will be maintdined by the DOB
or its designated contractor representative.)

5,10.4 Headguarters, United States Air Forgces:s (HQ

USAF)

5.10.4.3 Provide timely Alr Staff coordination
of the ATP,

%.10.4.2 vpProvide a USAF Project Coordinator/
Action Ofticer as a focal point for executive coordination and
management briefings.

$.10.5 Headguarters Department of Energy: {(HQ DUE;

5.10.5.1 SBerve as Chairman, RL-TWG,

5.10.5,2 Provide program m&ﬁ&gameﬁ& direction
for all DDE test activities.

5,10.5.3 Coordinate test plans with responsi-
hie DOD persconnel.

5.10.5.4 Coordinate test preparation ang DOE
reqgquirements with ORNL.

$5.106.5.9 Provide executive management brief-
ings as reguired.

S.1U.6 ek Ridge Operations OFficer {(DUE/ORO)

5,10.6.1 Courdinate gest plan wigh DOD,

15



5,10.6.2

Coordinate HQ DOE requirements for

contract documentation between OROC and ORNL.

5,10.6,3
during test.

5.10.6.4

Provide test and assigstance personnel

Approve and assist in RL light system

and equipment secuxrity planning and execution,

5.10.6.5

Provide raimbursement authorization

letter to non-DOE asupport personnel for travel, and subsistence.

5.10.7 ©Quk Ridge NWational Laboratory: [(ORBL}

5.10.,7.1
5.10.7.2

Prepare prototype fixure,

Fabricate adegquate guantity of RL

light fixtures for a 5000 £t runway.

5.10,7.3
tion (full scalel.
5.10.7.4

accountability documents.

5,10,7.5
evaluation.

$.10.7.86
rion.

5.10.7.7

5.10.7.8
lists,

5.10.7.9

transport to Alaska.

Provide pianning‘for pre~test evalua-
Prepare shipping dac§ments and
Arrange transportation for pre~test
Deploy lights for pre-test evalua~

Make required modifications.

Prepare check lists and iaventory

Package lights and eguipment for

5.10.7,18 Obtain f£inal concurrencesg for

shipment from ORG/DOE,

i6



5.10.7.11L Provide technical guidance in
assembly of lights at destination.

5.10.7.12 Provide briefing to HQ AAC Radiolog-
ical Protection Officer (RPO) and ground support installation
team on light handling and safety assessment.

5.10.7.13 Train and brief ground support
installation test personhel on test objectives.

5.10.7.14 Supervise and assist packaging of
lights for return to ORNL.

5.10.7.15 Make final inventory and transfer
documents.

5.10.7.16 Prepare dratt test evaluation docu-~
ment and distribute for comments.

5.10.7.17 Prepare draft technical report and
distribute ﬁor comments.

5.10.7.18 Prepare final technical repoft tor
distribution.

5.,10.7.19 Initiate fund reimbursement letter
for travel of non-ORNL personnel as required.

5.10.7.20 Assist in preparation of test plan.

5.10.8 Pacific Northwest Laboratory {(PNL) will pertorm

cecld climate engineering and human factors work required for
field testing., Provide required support to and or in lieu of
ORNL responsibilities (above).

5.10.9 176th Tactical Airlift Group:

5.10.9.1 Provide transportation suppert ftor

transfer of lights from ORNL to and from Alaska.

17



5.,1U0.9.2 Effect physical transfer to AAC,

5,10.9.3 Notity HEG AAC/DOUSS of exact delivery
cime as early as possible, )

5.10.9.4 Provide a C~130 aircraft for evalua~
tion purposes at Allen AAF.

3.18.10 National Guard:

5.10,18.1 North Carolina Army Air National
Guard {NC-ARNG) will provide training in Ala2gka same as TWG Test
Director and will provide logistical support for the ATS., will
coordinate test procedures with AK-ARNG, AK-ANG,

%.10.10,1.1 Provide aircrew
briefings on best method to acquigition tritium RL~lights during
test.,

5.,30.10,2 Alaska Army National Guard
{AK-ARNG)

5.10.10.2.1 Provide helicopter
transportation for personnel and eguipment within local vicinity
of ATS.

5.10.12,.2.2 Provide helicopter
support for test.

$.10.11 gtate of Alaska: {AK-DUT) (See Appendix F)

$.10.11.1 'Fabricatve and install light base
ynits at test zite,
3.10.11.2 Provide liaison between State of

Alaska ang the RL~TWG.

1y



5.10.11.,3 AKDUTPF, Battelle AK, and other test
team members, as applicable, will advise test director on contig-
uration, modification and evaluation of tritium lights in con-
junction with FAAR evaluation state of ATS.

5.10,11.4 Provide a secure storage area upon
tranafer of eguipment in Alaska prior to AK-DOT deployment.

5.10.12 United States Air Force Radiological

Protection Committee: (USAF-RPC)

5.180.12.1 ORNL/PNL will perform Radiological
Protection function as outline in Appendix C.

5.10,12.23 Advise HG AAC/SGB of their resapon~
sibilities.

5,11 Satety: See Appendix C,

5.1¢ 8Becurity: See Appendix D,
£,0 SPECIAL ACTIONS:

6.1 Security Classification: It is anticipated that the
sscurity classification for this project will remain unclasgi~
fied,

£.2 Release of Information: All information concerning
developrents under this contract shall be reported to other
agencies through HQO AFESU/RD. Until public release of the tinal
technical report by the USQF, there shall be no briefings, pre-—
sentavions, publications, or information relative to this tech-
nical effort transmitted by ORNL without prior approval of AQ

AFESC/RD and the DOE Proyram Manager.

19



6.3 w©fricial Photography: ORNL shall cooperate with the
cfticial Air Force photoyraphic support arrvanged by HQ AAC/DOOS
for the Air Force Project Cfficer and the DOE Program Manager.

6,4 Radiological Protection GEficer {RPO): ORNL/PNL will
asaist the RPO during the entire contract period. (oordination
for handling the RL markers will also be accomplished by ORNL
with AFMSC/SGPZ, Brooks AFs, TX 74235,

7.0 SCHEDULE: The following schedule applies:

7.1 TRITIUM LIGHTING TEST SCHEDULE

Phase Date Event
Deploymant 18 Hey 43 Lighting package delivered by 176 TAG
C=130 to Allen AAF
13 Nov 82 Light tixtures/bases secured/lights
installed

Braliminary 19-22 nov 83 <(Coentiguration and visual acguisition
Test range evaluations by: AAC, ADOTPF,
FFA, AK ANG, and AK ARNG

23 Nov B3 Light fixtures /bases packed up and
transported to secure storage at
Eielson AFB.

Baployment 27-28 Nov 83 Lighting package picked up from
Eielson AFB and transported by 23

TFPW personnal to Donoelly LZ and

installed
C-130 Test 28 Nov -~ 11  Uperational evaluation during this
{Annex 1V) Deg 83 period
11 Bee or Lighting package return to Eielson by
Earlier 21 Trw (as directed by AAC test
director)
Weather 1i-1% bDec Weather backup for Allen and/or A-10s
Backup as needed
End of AAC i% Dec 83 Transfer to State of Alaska for
Test AKDOQTRF testing
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Phase  Date Event
End ot Mar 84 Lighting package returned to Lower
Alaska Test 48 by 176 TAG C~130
7.2 Scheduled avents,

7.2.1 18 Hov 83 « The tritium lighting package will be
delivered to Allen AAF, AKX, by 176 TAG via C-130, The package
will be accompanied by andfor met by member{s) of the test team
and custodial representative (PNL}. 343d personnel will receipt
and transport the lighting to the secure storage location, The
243¢ RPO and Battelle PNL representative will inspect the lights
and packaging. If wearher conditions do not permit the C-130
landing at Allen AAF, Eielson AFB will be the alternate delivery
location, In the event of a divert to Eielson AFB, 343d
personnel will be notified as soon as possible sé all support can
be repositiconed. .

7.2.2 1% Nov 83 -~ The fixtures will be ingtailaé on
the airfield per instructions of Test Director {Annex ¥I}. The
runwiay will be determined by the AAC test director.

7.2.3 19~23 Nov 83 - Preliminary Test Period, This
period will be used to evaluate installation methods, altevnate
lighting configurations, and visual ac¢guisition range. <Contin-
gent un other airfield operations, the tr;zium lighting test will
begin approximately 1600L and end at 20005 daily.

7.2.3.1L During each test period, aircraft will
£ly mulriple low approaches, with full stops and takeoffs, using

the eritium lighting. The pillots will receive a briefing {Annex
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11, IV) prior to the first flight, c¢omplete rthe gquestionnaire
(Annex V), and be debriefed by test personnel as appropriate.

7.2.3,2 After sach test séquance the lighting
configuration may be altered in an attempt to improve perform-
ance, Bach change will be fully c¢oordinated with the pilot{s}
flying during that pericd. Their guestionnaire comments must be
keyed to the spegific test.

7.2.3.3 At the completion of gach teést period,
the test team may remove the lights and place them in secure
storage. The lights may remain installed if no participant,
including the Allen AAF manager, has any objections.

7F.4.4. A-1l{ Operational &valuation. &ot lesg than
four 343 COMPW A~1Q aircraft will participate in a the cest. If
waather ¢onditionsg and runway c¢ondition reading (RCR) permit, the
gite will be Allen AAF. 1If Allen AA¥ is unacceptable, another
test will be completed at a suitable A~1U logation, with Eielson
EFik as a last selection., Each A~-10 will make at least one low
approach to the lighting system prior to a full stop., After the
full stop the pilot will be debriefed. After takeoff, the pilot
may make additional low approaches, fuel permitting, prior to
returning to Eielson AFB. Bach piig: will complete the alrcrew
guestionnaire,

7.2.5  27-28 tov 83 - {-130 uperationai Test Deploy-
ment, 21 TFW personnel will transport and install the tritium
Pighting at Donnelly LI. Test team members will be present to
provide supervision and asai%tance; Lighting will be installeg

IAW MACR 55-130.
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T.2.6 4B Mov - 1l Dec 83 -~ =130 Uperational Test.
C-130 aircraft supperting the 172 Infantry Brigade Field Training
Exercise will land, using the tritium lighting. A conventicnal
Gackup lighting system will be available, and turned on if the
pilot reguests,

742.7 11 Dec 83 - Tritium and conventional lighting
removed from Dennelly L2 by 21 TFw and test team personnel and
returned to Eielaon AFB and temporarily stored.

7.2.8 15 De¢ 83 -~ Tritium lighting package transferred

Lo ARKRUTPE for givilian testing.
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APPENDIX |

PROCEDURES FOR

PRELIMINARY TESTING OF

Ri, RUNWAY LIGHTING

1., Each organizaiten or agengy participating in the tritium
runway lighting test will appeint a project officer or point of
contact for scheduling briefing and coordination.
2. COrganizations and alrcraft which will be directed or invited
to participate are as follows;

a2, 321 TPwW/C-12

B, 343 COMPW/O-2, A=1U

c. Bilf MAG/C-130

d. 176 TAG/C-130

@¢. 422 Av Bn/C-12, UH~]

£.  USCH/C-130

g. State of AlaskasUnknown

n. Federal Aviation Administration/unknown

i. Other civilian agencies/aircraft
3. To yain maximum participation from each oryganization,
flexibility in scheduling each test period will be maintainsd.
4. Alreraty will be scheduled to Fly during a4 specific time
blaock during each test period on the'days of 19-22 Nov 43,
5. Pilots using IFR flight plans may execute an instrument

approach or may cancel the clearance and proceed VFR.
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6. Pilots will thoroughly familiarize themselves with the ter-
rain surrounding Allen AAF and the layout of the airfield and
runway.

7. The primary runway for testing the lighting at Allen AAF is
anticipated to be Runway 18. Runway 1B is 7499' lonyg and 150°
wide. Depending upon tritium lights available, only 5,000 feet
will be lighted. Runways 36, 06, 24, 09 and 27 may be used if
conditions warrant.

8, Prior to their flights, pilots will receive a thorough
briefing on the runway in use, lighting configuration, radio
frequencies, and other pertinent information.

Y. The pilot uill.contact the test team on the specified radio
frequency as soon as possible. At that time, he will receive an
additional briefing on current status of lights, weather condi-
tions, and runway condition reading {RCR) or latest reported
braking action,.

10, Pilots will align the aircraft on the extended runway
centerline, at least five miles from the threshold. This may be
accomplished visually or by use of TACAN DME information.

11. Pilots will, as accurately as possible, document the maximum
distance at which the lights are acquired and the distance the
lights become usable for runway alignment and/or glide path
information., TACAN DME will be noted if used for measurement.
12, 1f weather conditions permit, the pilot will execute a low

approach and return to the final approach for a second view of
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the test lighting. Pilots may subsequently land or execute
additional low approaches., At least one full stop lamding is
requested. Pilots will provide comments to the teést team while
on the ground.

13, Civilian pilots may make low approaches. Full stop landings
are authorized if US Army civilian use requirements are met,

14, Pilors will c¢omplete the handout Questionnaire and submit to
the unit project officer or mail to HQ AAC/DUUSS, Elmendorf AFH,
AK 93506,

15, Engineers and/or ground support crews wilil also complete
gquestionnaires and submit £o the project officer or mail to HO
AACAEM, Eimendorf AF#, AK 99506.

16, The AAC test director will establish operating procedures/
methods depending on site envirvonmental conditions during the

test.
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APPENDIX 11
BASIC EVALUATION PLAN

Introduction

Subjective znalysis of ground observations and aircrew
questionnaires shall bhe the primary methods of data collection.
The approved tritium light guestionpaire {ANNEX VI) shall be
briefed and gdistributed to participsting flving organizations by
HQ AAC/DOOSS., Members of the team shall interview Prime BEEP and
other ATS support personngl to determine the success of ground
pperations. At the conclusion of the exercise, HQ AAC/ADO shalil
dirvect an Evaluation Review Board (ERB) to make a written assess~
ment of the overall operational acceptability of the RL iighting
system under Arctic operations. ESL and ORNL/PNL shall observe
the ERB <¢ritique t¢ dogument the results and recommendations in
the final technical reports.
Method

The test team evaluabion shall be completed in two paris Lo
Egllow the ATP. ORNL ghall perform all data reduction and
analysis to document test results in the interim and f£inal tech-
nical reporis.

Part I - Visual Evaluation: (uestionnaires shall be
distributed to aircrew. and ground observers as they iIn-process
the exeycise and during dally préflight briefings, The observers

will receive an explanation of the purpose of the test. The
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questionnaires can be returned by self-addressed mail to HQ AAC/
DOOYY. Those received by the end ¢f the exercise shall he
reviewed by ERB.

Part Il - Physical Evaluation: GRNL/FNL shall ccllect,
analyze, and condense the test teamsg obgervations, photographs,
and witnegs interviews at the ATS. Preliminary findings shall be
priefed at the ERB and presented in the f£inal reporis.

vvaluation Objectives {See Annex VII}

Data Colleotion

The evaluation objectives shall be evaluated from the
following sources collected by AAC, and the RL-TWG test team:
1. Aircrew Oﬁestiannaires
2. Ground and Alrborne Observations
3. Individual Interviews
4. Mission Debriefings
%. Exer¢ise {ritigue
6, Evaluation Board
7. Photographic Alds
Analysis
The f£inal reports shall contain the RIL airfield lighting's
actual system performance under Arctic conditions as determined
by expert observers (l.e., ER8), and other data collecrion tech-
pigues. A discussion shall explain the final fixture designs,
fabrication technigues, expedient installation methods, project

costs, shipment limitations, and final erection problems.
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Conclusions/Recomnendations

Proposed tuture applications, further RaD, and project
economic and coperational benefits shall he delineated ag an over—
all asasessment 0f the Arctic Development Test. All conclusionsg
ang recommendations shall be substantiated by this analysis and
approved by the PROJECT FIREFLY test committee before publica~
tion,

Documentation

ORNL shall prepare a draft technical report. The final
rechnical report shall be written in ageordance with DID 4~35314,
Submit two copies of draft final report within 30 days after
completion of SOW, Section 5.2, .Submit reproducible original
within 60 days after receipt of sponsor's comments on the
approval of drafts. Approving authority will be AFESC/RLCS.
Reproducible ﬁ;igin&l wiil be a "camera ready” copy. reference
HIL-sTD-847A, Report shall be published as a joint AFESC/DGE

technical report.
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APPENDIX IT1

SAFETY PLAN
1. PBurpose. The purpose of the safety plan is to anticipate
both general and radiological accidents to reduce, control, ang
eliminate hazardous c¢onditions, Before ground installation and

air operationsg can begin at the ATS, official approval must be

granted from the Test Director and the ATS Airfield Manager., The

fallowing safety documents are applicable to this test:

APR 1274 AFR BU0~18

AFR 147-12 AFUSH 3TD 127-~66
A¥® 160w132 T.Q. 00-110-a-12
AFR l6l-H ' T.0O. OU=110~N-2

AFR 16116 T.0, 00=]1]10=N~3

AFR 161~28 T.0. 80-118-N-5

2, wvyverall safety Responsibility. The Test Manager is responsie

bile tor enforcing the overall safety progvam for the test., The

Alaskan Alr Commang Chief of Safesy (Hy AACA/IG) or his desiynated

repregentative is thes safsty officer during all air opervations.
The Test Manager 18 the safety offiger for all other ATP avents
at the ATg. The Test Hanagsr «ill maintaln oloseg gcordination
with AA/IG on all safety matters.

3. Safaty Areas. The safety requirements of the ATP have been

divided into two separate aresas to establish the specific
regquirements tor different operations: areas:
a. Geneval safevy.

b. Radiological Safely.
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4, General Safety. The responsibility for yeneral site safety

resides with AFESC. The authority to execute specific safety
directives is delegated to the Test Manager. The Director of
Information (HQ AAC/PA) is responsible for public notification of
the test.

a. Safety Briefing., The Test Manager will brief all RL-TWG
personnel on the safety hazards at the ATS.

b. WVisitors, Visitors shall not be allowed at the ATS
without approval of the Test Manager or the ATS Airfield Manager.
Visitors shall be instructed on applicable area safety regula-
tions.,

c. Individual Safety Responsibilities., Careful attention
to the hazards at the ATS must be stressed at each level of
supervision. The purpose of the safety rules is to outline the
most important precautions to be taken with the ATS. These rules
do not cover all the possibilities, but as new problems arise,
new safety measures will be established to cope with the circum-
stances. In the interim, common sense must be applied to insure
that safety prevails. This entire Safety Plan must be closely
followed by all persconnel and enforced by all supervisors. These
procedures shall be accepted as minimum standards until the Test
Manager, with the concurrence of HQ AAC/IG/SGP authorizes devia-
tion.

d. Vehicles. Speeds shall not exceed 30 mph when driving

on unpaved roads. Seat belts will be used at all times while
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vehicles are in motion. Spsed within the immediate avrea of the
ATS shall not exceed 10 mph, When a vehicle is parked, the hand
brake will be set and the transmission placed in reverse or park
for automatic transmissions,

e. Hy§othermia. Extremely cold weather is expected during
the vest period, This has the potential for hypothermia, frost
bite and ageidents caused by impaired physical ability. Arctic
cleoehing will be {ssued. Arctic orientation training will be
regquired for each test team member as they arrive in Alaska,
Provedures set by the military for emergency supplies reguired
during air rravel and field operations will be imposed on non=
military personnel invelved in the test.

f£. Accigent Reporting (Emergencyl:

(1} &Bcope. This standard procedurs is iatended Lo
serve ag & guide Lo expedite medical ¢are as a result of an
accident. Ali "post emergency" }eperting angd accident investiga-
tion will be performed by current Alr Force Regulations and is
net within the scope of this procedure.

{2) Responsibility. It is the responsibility of every
person involved in this program to be completely familiar with
the emergency reporting procedures established by this plan and
to immediately implement these progedures after an aceident. It
is the responsibility of the Test Director to familiarize all
supervisors with this pracedu%a, and in turn, the supervisors

will explain these procedures to their subordinates,

32



{3) Emeryency Repurting Procedures. After an accident
at the ATS the following procvedure will be tollowed:

{a} The senior supervisor at the scene of an
aceident will direct appropriste first aid. Caution will prevent
agyravation of an agcident-related injury.

{b} The ATS Dispensary will be immediately noti-
fied of the nature of the ac¢cident, including apparent condition
of the injured person, and rhe location ¢f the accident. The
Test Manager or the senior supervisor at the scene shall deter-
mine whether ¢o attempt transfer of the injured vo a hospital, or
to reguest emergency ambulance support.

(c} The Test Manager or ithe senior sﬁpervisax
ghall determine the seriocusness of the accident., If it is deter-
ained that the‘accident is not sericus enough to reguire emeryen~
cy hospitalization, disregard para 4£(3}{p} and administer first
aid at the site, If further medical attention appears neCessary.,
the injured person will be taken to a doctor by normal Lranspor-
tation.

g. First Ald, An adeyuate supply of first aid items will
be maintained at the ATE, These items will be properly stored

and periodically inspected to insure adeguacy £Or an emergency.

5. Radielogical Safety. ORNL will perform the responsibilities

of the #P0O. The Alaskan Air Command BEE (HQ AAC/SGP) will nave
the complete aurhority £or the enforcement of all NRC require-

ments and procedures whiles on USAF real propsrity at the ATS. The
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safety procedures for handiing, transporting, storing, and
installing the RL fixtures at the ATS are specified below:

a. Hazard, These tritium-filled tubes do not emit any beta
radiation outside their sealed glass containers, But in the
event of tubhe breakage, Type-2R containers will be on~hand to
package the broken tube £or safe transport to URRL for disposal.
Personnel exposure galoulationg have been made for 4 maximum
credible acoident involving 1000 ci H-3 {one shipping oontainer
of wands}. A single light fixture breakage would result in an
exposure equal to 1lU% of the value shown in the 1U0C¢ ¢i reslease
calculation, {See attached ORNL calculation of dose in runway
lighting accident,)

b. Responsibility. ORNL representative will be acting as
Radioclogical Protection Orficer (RPO} to advise and act in radia-
tion incidents, The HQ AAC RPU will be in charge of radiation
related problems and will aavise and act in an overall position
of authority should a radiation incident ocour during the exer-
cise.

¢, Training., The RL-TWG test team will briet individuals
who will install and dismantle lights prior to any assignment,
The installation briefing {Annex III) will cover the following
areas:

{1} safe handling.
{2) Proper installation.
{3} dreakage hazards.

(4) Physical security.
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APPENDIX IV

SECURITY PLAN

1. Transportation. Lights will be transported from ORNL to

McGhee-Tyson ANGR TN packaged to meet DOT regulations. Transter
of lights to an ANG aircraft (C-130) will be under the guidance
of ORNL personnel, A package count will be made to confirm
transfer inventory at each transfer point, e.g., loading at ORNL
onto transter vehicle, unloading truck and loading aircraft at
McGhee-Tyson, unloading aircrgft at Fairbanks, Alaska, for trans-
port to the ATS, When loads are divided for transter in more
than one vehicle, an inventory record will be maintained.

Light fixtures will be attached to base units previcusly
installed in the field., 1In the event the test site becomes
inactive relative to light use, the lights will be removed from
the base unit and placed in a secure area.

Lighté will be transported to a secured location following
the Arctic testing. Then an inventory of lights will be
conducted., Lights will be placed in a secure area during
non-test periods.

4. Storage. Following the test, lights will be dismantled,
placed in "DOT Type A" shipping containers for delivery of lights
to ORNL., Arrangements will be made with ORNL Traffic Department
for meeting the aircratt and delivery of the lights to ORNL. A
final inventory of the lights will be made upon receipt of the

lights at ORNL,
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A notification list will be maintained by URNL/PNL personnel
to provide information Lo appropriate URNL/PNL and DOE personnel
in the event that a reportable iﬁcident ogeurs during the test,
HQ AAC/DOOS/SGR/IG/DE/PA and H AFESC/RD/PA will be expeditiously
notified of any incidents. (See attached notification list.)

Lights are labeled with a notification statement, radiatieﬁ
symbol, identification «f radicisotope {(tritium) and guantity of
isotopes present, These labels are attached to the base of sach
light unit {wand} and a serial number is engraved into the base
of each wand., The lights are shown to De the property of the
USDOE and in case of an emergency ithe OURNL plant shift supervisor
must be notified.

J. Horificaticon. The following agencies will be notified within

eight hours of any reportable incident: B
a. Alaskan Alr Command:
DUOSS:  Maj Hult, AUTOVON: 317-552-5346

SPQ: Capt Knall, AUTOVON:

S4By Ma3 Cazmichael, AUTQVON: 317~35%2+4282

16 Col Brandt, AUTOVOR:
0 Lol Hodge, AUTOVON: 317-552-5222
PA: Lt <ol sanforg, AUTOVON:

D. Air rForce Epgineering and Services (enter:
CC: Cal Callahan, AUTOVON: 970-56101
RD: Col Boyer, AUTOVUN: 37¢-630%

PA: Ma; Geayry, AUTOVON: 970-6478
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¢. Department of Energys
DP-123: Mr Rewmini, (615) 35342653
DOE/ORO: Mr Brown (615) 574-4876
GREL: Plant Shift Supervisor, {(615) 574-6606
PNL: Ny Jengen, {509%) 373~3602
g, Htate of Alaska:s
Alaskan~ROT: Mr Leonard, {207} 479-3003/2241/4040

4. News Release. Any press releases will be coordinated by DOE,

AFESC and Alaskan Aly Command. Any press releases for incidents
that coctur during transport of lights in the State of Alaska will
be coordinated by DUE, AFESC, AAC and Alaskan DOT. Any press
releases reguired while lights are transported in the lower 48

states will be coordinated with all the above.
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ACTIUN

HQ NGBAPU

ATTH: LT COL FPLORENCE
PENTAGUN, RM 2E3¢3
WASHINGTON DC 20331

HQ MAC/DEE
ATITN: LT COL EDDINGS
SCOTT ArB IL ©2225

HG AAL/DE
ATTN:  COL HODGE
ELMENUORE AFB AK 399506

HQ AAC/DEM
ATTN:  MAJ BYTA
BLMENLORY AFB AK 33506

HY AAL/DEWMG
ATTN: dAJ TULL
BLMENDORY AFB AK $%506

HO AAC/DDOS
ATTN: MAJ HULT
ELMENDORF AFB AK 93506

AK~ARNG (OLF-62 MAW}
L76 TAG/CAG

ATTN:  MAJ HOBBS
KULIS ANGB aK 49502

HQ USAE/XCORF

ATTN: COL STRICKLAND
PENTAGON, RM B¥Y93S58
WASHINGTON DC 20331

HQ USAPR/LEEVN
ATTN:  MAJ QLSURN
BOLLING AFS DC 20332

HG USAF/LEEEU
ATTN ME WORDEN
BOLLING AFB DC 20332

HQ DOE (DP=123)
ATTN: MR REMINI
GALTERSBURG DC 20545

APPENDIX ¥

DISTRIBUTION LIST

ACTION

ERADCOM (NV & ECL-DELNV-8E]

ATTN:  ME NOWAK

FIT BELVGIR VA 22080
NC-ARNG

ATTN: LT COL EVERETT
P O BOX B
MORRISVILLE NC 27560
HQ AFESC/RD

TYNUALL AFB FL 32403
HQ AFESC/RDC
TYNDALL AFB FL 32403
HQ AFESC/RDV
TYNDALL AFH FL 32403
HQ AFESC/DEQ
TYNDALL AFB PL 32403
H{y AFESC/DEB
TYNDALL AFB FL 32403
HG AFESC/DEM

TYNDALL AFH FL 32403
HQ AFESC/DEV

TYNDALL A¥B FL 32403
L S0W/Dux

ATTN: LT COL GAMBLE
HURLBURT APB FL 32544
GRNL

ATTN: MR CASE

P O BOX %

OAK RIDGE TN 378534

HQ AFMAC/SGPY
ATTN: CAPT BOGLLIRGER
BROOKS AFB TX 78235

(IRNL

ATTN: MR X,
¥ O BOXK X
QAK RIDGE, TH 37430

W. HAFF



DISTRIBUTION LIST {CON'T)

ACTION

DUE/LANL

ATTN: MR ANDERSON (MS:0348)
P 0. BOX 18663

LUS ALAMOS NM 87549

NASA/JVPL
ATTN: MR ROSCHKE (M5:507-228)
PASADENA CA 91109

DUE/PRL~BATTELLE, NW
BATTELLE BLVD

ATTN: MK JENSEN
RICHLAND WA 93353

DOE/PRL-BATTELLE OF ALASKA
101 W BENSON, SUITE 3053
ATTN: MR PERRIGU
ANCHURAGE AKX 99503

STATE UF ALASKA
DOT/PF (ATTN:
2301 PEGER RD
FAIRBANKS AK 499701

MR LECGNARD)

HO MAC/XPQT
ATTN: MAJ CERTEL
SCOTT AFR IL 62225

HQ MAC/XPRS
ATTN: MAJ HABTINGS
SCOTT AFR IL 83245

USAFALCENT/HA
ATIN:  MAJ JUNES
POPE AFp NC 28308

HQ HMAC/DUXT
ATTN:  CAPY NELLIS
sSCOTYT AFPB 1L 64225

HG MAC/DOXRS
ATTN: MAJ GOLLEY
SCOTT AFB IL 62225

HQ ARRS/DORQ
ATTN: MAJ FARAGE
SCOTT AFB IL 62245
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DOE/ORO

ATTN: MR BROWN
PO BOX B

QAR RIDGE TN 37830

USAF~OEHL/RZI
ATTN: SMSGT HARVEY
BROOKS AFB TX 78233

INFORMATION

ESC/SCU~5
ATTN: CAPT TUSTIR
HARSCOM AFB MA 01731

USA-NATICK LABS
ATTH: DR R & SMITH
KANSAS &1

NATICK MA Q1764

USA~CRREL-EE
ATTN: MB WOURIY
72 LYME RD
HANUVER NH 03735

HQDA (MA-WSA}

ATTN: MAJ HELL
PENTAGON, RM 38454
WASHINGTON D 2031¢

SAF/MII

ATTN: HAJ KRUGP
PENTAGON, KM 4C940
HASHIRGTON DC 20330

HQ USAF/LEYSF
WASHINGTON X0 20330

HQ AFSC/DLWM
ATTN: CAPT REBED
ANDREWS AFB MD 20334

HQ AFSC/SDN
ATTN: MR MILLER
ANDREWS AFB MD 20334



DISTRIBUTION LIST (CON'T)

INFORMATION

USA-FEBSA-T
ATTN: DR HOLLIS
FT BELVOIR VA 22060

9 AF/LED-RDJTF
ATTN: CAPT STARASLER
SHAW AFB SC 29512

WR-ALC/MMTMH
ROBINS AFB GA 31098

AD/YQ
ATTN: COL BITTLE
EGLIN AFB FL 32541

AFIT/DET
ATTN: CAPT SCHULTZ
WRIGHT~-PATTERSON AFB OH 45433

ASD/RADE
ATTN: MAJ PIERUWAY
WRIGHT-PATTERSON AFH OH 45433

AFAMRL/HEA
ATTN: DR TASK
WRIGHT-PATTERSON AFB OH 45433

USA-CERL-ES

ATTN: MR WINDINGLAND
P U BOX 4005
CHAMPAIGN IL 61820

HQ AFCC/DEMU
SCOTT AFB IL 62225

AIR FORCE ENERGY LIAISON OFFICE
DOE/ALO

P O BUX 5400

ALBUQUERQUE NM 87115

COMMANDING OFFICER
NCEL (ATTN: CODE LU3AE)
PORT HUENEME CA 93040

HQ AFTEC/XPP
KIRTLAND AFB NM 87117



APPEMDIX VI
5TATE OF ALASKA
TEST PLAN

Evaluation of:

Radioluminescent (RL) Airfield Marking System

Location and time:

Field test at Central, Alaska. Period from December 13, 1983, to
February 15, 1984,

Equipment to be evaluated:

1. Radicluminescent airfield edge and threshold second
generation lights with prototype fixtures and semi-permanent base
mount systems. Some of the first generation lights may also be
used it deemed necessary.

2, Radioluminescent portable glide slope landing aide
contingent on availability.

3. Radioluminescent airfield wind direction indicator.
Obijectives:

To evaluate, in an operational environment, a usable, self
powered lightihg system designed for remote airfields. The
system must be operationally simple wtih low maintenance

requirements and realistic cost potential,

SCHEDULE AND LESCRIPTION QF EVENTS

Upon selection of a bush airfield:
1. Alaska Department of Transportation and Public Facilities

(DOTPF) personnel will notify appropriate airport maintenance
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personnal on selection of runway for RL light test. HMaintenanoe
personnel {either contragt personnel or direct state employees)
will be instructed as to necessary inspection checks we will
reguire for lights. They will have easy access to DOTPF/DROE
Laboratory personnel if any problems arise with the system in the
absence of DOTPF/DOE Laboratory personnel. ~ {{ompleted as of

Ocoober 1, 1983)
Weatrher data will be compiled daily by DOTEF/DUOE Laboratory

personnel, Data to be collecred will include:

a. Ouitdoor temperature,

be Wind direction and speed,

¢. Ambient light conditions.

d. Precipitation.

e, Qloud cover,
2. Village conecil and mayors «ill be informed of test program and
briefed on the lighting system. If the village is receptive to
the light test in their Jogation, a "Public Relations®™ program
will g¢ into effect in which all village citizens, young and old,
will be informed of the importance of the runway lights to their
community and what level of risk the RL light system presants.
Items 1o be covered in the briefing will include:

#, RL light safely features.

., Effects of breakage ©f RL lights {(health-physics).

¢. No external power source, therefore, low maintenance.

d. Importance of scheduled air travel to bush in winter.

{Completed September 8, 1983)
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3. DUTPF personnel will coordinate with YAA on notification of
air carriers and private pilots of the test lighting system.
{Completed September 22, 1983)
4. Letters will be sent to the following groups of people to
inform them of the test location and duration, Their
participation to view/evaluate the light system will be
ancouraged.

a. Alaska Department of Transportation and Public Facilities
personnel.

b. FAA personnel.

c. State legislators.

d, Canadian Department of Transportation,

@, Alr Carriers Association representatives.

f. Civil Air Patrel (CAP) personnel.

G . B Navy.

h. Coast Guard.

i, Army Guard.

3. Alr Guard,
5., #scheduled bush air carriers and airlines for the village will
pe briefed on the lighting system -=- a special briefing will be
given to interested pilots (private and commercial) on how the
lighting system works and how the lighting system would be
perceived by a pilot {3lides and other vides aides will be used},
Nawspaper ads and radio shorts will bhé used to aotify pilots of

the briefing location and time,
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6., Pilota wiil be informed that we would appreciate all comments,
gither positive of negative, or phone or mail, on the lighting
system after they have flown to it. Evaluation sheets will be
provided for pilots prior to system installation, A system of
evaluation form distribution and retrieval of completed forms will
be organized,

geptenber 1943

gase mounts for light fixtures will be installed at selected brush
airfisld location by DOTPF personnel. (See figures 1 and 2 for
fikture and base mount design as suitable alternatives),

Novaember 1981

Un November 1—-4 DOTPF/DOGE Laboratory personnel will brief the
Technicgal Working Group (TGC) on the sState of Alaska's tests.

Identifying all details and points of coeordination necessary.

November 18w22

At Allen Army Airfield DOTEF/DOE Labaratbry personnel will oftfer
assistance where needed to the DOE/ALr ¥Foryge personnel. Alsc
during this period DOTPF/DOE Laboratary personne) will make
agiustmentyg to the lighting configuration to aliow FAA ¥Flight
Standards inspectors to Ely against the lights in a light
dircrart. FAA will evaluate three separate configurations as
shown 1n figures 3, 4, and 5. This gperation should be
accomplished during one evening of testing. Exact schedule will

be developed during the November 1-4 meetings at Camp McKall.
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November 24 - December 13

buring this period FAA will be requésted by state of Alaska to
adopt a procedure to allow commercial and/or private pilots to
utilize the lighting system cnce it has been installed and
accepted at Central, Alaska.

Dacember 1983

Alaska Air National Guard {AKANG) C-130 Transport will arrive at

Central with carge of RL lights, fixtures, and ancillary

sy uipmnent .

NOTE: It preassembly of light fixtures is required before lights
arrive at final bush airfield demonatration location, the
above will occur along with the following steps,

1. DUTPF/DOE Laboratory personnel will meet C-130 and offload

equipment to ground transportation. Eguipment will be taken to

S2CUre warm storéga and assembly area at DOTPP facility, 2301

Fegeyr Road, Fairbanks, AK, or other approved location.

2. Assembly of RL lights and fixtures will commence.

NUTE: If preassembly ig not required the rollowing will take
place.

December 1983

1. Lights will be transported to bush airfield location ax
Central, Alaska, via AKANG C-130 airgraft.

2, Light system willi be mounted on preset base mounts.

3. Test landings and takgoffs will be made to the newly installed
light system, Deficiencies will be corrected at this time. FAA

will gooperate here.
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NOTE: ALl shipping containers for the lights will be stored at a

secure DOTPEF or other approved faclility at Central
throughout the duration of the DUTPFF test.
At least one DUTPF/DOE laboratory personnel will vemain at the
runway location for up to one week upon deployment of the lights,
Travel inspection/evaluation trips to the village will be made
weekly Or as needed after initial aceceptance of the lights.
Any changes in light configuration throughout the duration of the
test will be agreed upon by both DOTPF and FAA personnel.
The USAF, AAC, AKARNG, AXANG, and CAP airc¢raft and personnel will
he enoouraged to fly to Central to view and evaluate the lights
throughout the duration of the State's test, A guestionnaire will
provide a data base for this aspect of the test, Also a cost
analysis by the commercial carriers will be requested to determine
the impact of the lighting system on their respective operationg,

January 18 - 20, 1941

Une or more days during this week will be set aside for a
presentacvion on the RL lighting system for USDOE and alaska DOUTPF
personnel, A field trip to Central to view the lights will also
be scheduled during this time for others primarily interestsed in
civilian uses of RL airfield lightiang systems,

February 1984

Upon somnpletion of DUTPH's portion of the test, the AKARMNG and/or
AKANG will be called upon tor air support to return the lights to
secure storage in Anchorage or Fairbanks pending instructions from

1918
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ANNEX I
EVALUATION OBJECTIVES

1. Identify and evaluate human factors and cold climate
engineering variables aftecting the deployment, operation and
maintenance, and redeployment of tritium lights and fixtures for
different arctic and subarctic applications, including:

a. Ease and safety of storing and transporting the lights
and fixtures.

b. Ease and safety of fixture handling while encumbered
with arctic clothing for extreme cold, wind and snow conditions.

c. Suitability and adaptability of fixture supports for
temporary installation (freezing and/or staking to ground) and
effectiveness of tixture bases.

d. Installation and removal time reguirements,

e. Maintainability, to include cleaning the lights and
fixtures. |

£. Ability to stand up to weather, propeller and jet blast
effects.
2. Evaluate the physical and environmental safety and security
of RL lighting applicable in remote arctic operations.
3. Evaluate security precautions to preclude thett and/or
destruction of the lights.
4, Identify and evaluate visual slant range at which pilots
acquire the tritium lights. The improved RL airfield lighting
system should have a 4-6 mile acQuisition range. This is to bhe

verified by each aircrew.
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5. Evaluate pilot views of eritium lighting as aig Eor approach,
tanding, rollout and takeoff,

6. Kkvaluate cgapability of a VASL system to provide glide siope
information to pilots.

7, Assess overall adequacy of tritium lighting to support a
variety of airceraft and operations in an arctic aand subarctic

environment.

8. Provide individual and/or group recommendations to enhance

any aspect of light utilization.

9, Ground support briefing to be conducted by responaibility of

AAL/ DEMG,
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ANNEX LI
BREEVING HBANDOUT OGN
TRITIUM RADIOLUMINESCENT {(RL} PORTABLE LIGHTING
BACKGROUND
Radioluminescent {RL} lighting is defined as the use ¢f radiation
from radiocisotopes in.cewbination with phosphors to produce
visible light. Radioluminescent lighting has been used in
industyy for clock dialg, exit signs and light standara$ in the
photographic industry. The military has used light-emitting
paints for aircraft dial ifllumination, mine f£ield markers, and
gunsight¢ illumination,
within the last geveral years a joint DOL/GOE effort has been
underway to develop tritium RL lighting for airfield applicarion.
A First generation of tritium lighting was evaluated at Clear
Creek,L? during BRIM FROST 83. These lights proved to have a
visual acquisition range of one to two miles which was suitable
nnly for slow moving aircraft.
Since then, conprehensive engipeering eftorts have produced a
significantly improved runway light. It i¢ anticipated this
light can be acguired by aircrews between rour to six miles,
which is suitable to support C-13C/A-10 type aircraft opera-
rions,
Certain knowa techniques way be used by participating pilots to
improve acquisition of the lights, such as keeping cockpit/cabin

lighting to an absclute minimum, and not staring at the tritium
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lights; viewinyg slightly to the aide may improve acyuisition.
Also helpful is not turning landing lights on yntil shovt final,

as they tend to wash oyt the vest lighes,

One final remindeyr -~ Tritium lights are not incandescent. They

give oft a smooth glow rather than a bright point light.

Attached are specific procedures to follow during the tesc and a

yuestionnaire to be compleced.
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ARREX IIl
PROCEDURES FOR A=10 EVALUATION
OF TRITIUM RL RUNWAY LIGHTS
1. A primary motive behind tritium lighting development ia the
enhancement of tactical operations at bare bases, especially in
the arctic environment.
2, It is extremely jimportant that A~10 pilots have the opportu-
nity to evaluate the tritium runway lighting and its capability
ro support their mission,
3. Pilots will receivs & briefing prior to their first flight.
4. A maximus mumber of pilots is desired, but an individual
pilot may fly more than one test sortie.
5. At least two sortiss are desirsd dslly {1600L-2000L}.
6. Aircratt will depart Eislson AFB to arrive at Allsn AAF
betwsen 1600 and 1300 local with sufficient intervals to allow
time for low approaches ard landings,
T+, Pilots may sxecuts an inatrument approach 20 Runway 18 at
Allen AaP, AK. |
8. Pilots may executs visual approaches if weather conditions
allow VPR operations.
%, Pilots will execute at least one aizsed spproach/low approach
prior to & full stop landing. \
1#. Prior to a full stop landing the pilot will receive the cure
rent weathsr conditions including an acceptable ruawaf condition

reading (RCR) Erom the test teams.
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1}, Final decision to land will remain with the pilot -~ HAPRETY

wWILL NOT BE COMPRUMISED.

12, After landing, the aircraft will be taxied to the gpecified
parking area and shut down for mandatory brake ¢ool period.

13, If possible, pilots will be verbally debriefed by the test
team.

14, A~10 aircraft will then take off, make ons additional low
agproach, and return to Eielson AFB,

15. Pilots and ground support crews will complete yuestionnaires

and retuyn them Lo the projeqt officer.
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ANNEX IV
PROCEDURES POR {~130 DEVELUPMENT TEST
OF TRITIUM RUNWAY LIGHTING AT DUNNELLY LI
1. Portable, dependable airfield lighting is a necessary asset

in the successful accomplishment of the tactical airlift mission,

2. It is extramely important the U«130 pilots have the oppoariu=
nity to evaluate the improved tritium runvay second generation
tritiom lighting and its capability to support their mission.

3. The 616 MAG will appeint a project officer to coordinate all
test reguirements and ensure participating €-130 aircrews are
briefed and debriefed,

4., L=130 aircrews will receive a thorough brief prior to their
first flight and receive a questionmaire handout package.

S. Pilots will tile a Elight plan and fly their aircraft to
Donnelly, LI IAW normal MAC and ATC coperating reguirements ang
procedures,

6. Pilots will align the aircraft on the extended runway
centeriine, at least five nautical miles £rom the runway
threshold tQ begin a straight—-in approach.

7. Pilots will, as ac¢ourately as possible, document the maximum
distance at wnich the lights are acquired, usable distance, glige
path intormation, and other data required by the aircrew

guestionnaire.
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8. Low approaches/missed approachss will not pe plamned in
support of the tritium test.

4, Pilots may reguest that conventional runway lighting be
turned on anytime they feel safety may be compromised.

10, Pilots will complete the quéstionnaire and return it to the

unit project coftricer.
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ANNEX V
TRITIUM RUNWAY LIGHTING
AIRCREW QUESTIUNNAIRE
Instructions: This questionnaire shall be completed as soon as
possible after viewing the test lights. Please identify acguisi-
tion distance for each apprecach made. Return to your project
officer or return to: HQ AAC/DO0S, Elmendorf AFB AK 99506. When

evaluating the RL lighting system (RLS), use “"outstanding" as it

you were evaluating an excellent incandescent system. A satis-~
factory system will be your opinion on an acceptable airtield
lighting system,
i. General
A. Approach tlown: VOR ___ NDB __ TACAN _ Visual
B. Maneuvers: Low Approaches _ Landings
C. Have you flown approaches and/or landed at this airfield

before? Yes . No

I1. Weather Conditions

A. Cloud Cover: Scattered Broken Overcast
B. Ceiling/Visibility: Height AGL; Distance nm
C. Precipitation: Snow Foy Haze None

11I. VASI Landing System
A. Maximum Acquisition Distance (each approach})

m

n
1T 273 & 5 &
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B. &t what distancge did the VASYT provide usable “glide patn®

information? {each approach) nm

C. How was this distance measured? {each approach)

Estimated

Radar

DME

Chart

! é 3 4 3 [
3, Rate the VASI for overall performance in providing runway
end acquisition and glide path informarvion: Outstanding

Excellent satigfactory Marginal Unsatisfactory

I¥. “Threshold Runway Markers
A. Haximum Acguisition Distance (each approach}

nm
1 i 3 % > [

B, At what distance did the lights aid ia runway alignment?

{sach approach) rim
i ‘ 3 & 5 3

C. How was this distanCe measured? {each approachi

Esgimated

Badar

DME

Chart
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D. Rate the threshold and edge lights for overall
pertormance: Outstanding Satisfactoxy __ Marginal
Unsatisfactory -

V. Edgelights Runway Marker Lights
A. Maximum Acquisition Distance (each approach)

nm

I 2 3 4 5 b6
8, At what distance did the lights aid in runway alignment?

{each approach) nm
1 2 3 4 s £

C. How was this distance measursd? (each approach})

Extimated

Radar

DME

Chart

i z 3 4 5 &
Vi, Landing/Takeotff
A. Could you identify the entire landing/rollout/takecit

area using the test lights? Yes No

B. Did the test lights provide similar visual cues (i.e.,

peripheral vision, depth pergeption, eL¢,) as conventional

lighting? $imilar Different Better than
As youd asg Ncoi as good as
Commaentea:
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viIl. Conclusion:

A,

Does the RL 1ighting system (RLS) meet your reguire-

ments as a landing, rollout, and takecff aid? What recOmmenda-—

tions would you make to improve uponh this system? Please write

your angwers to the above questions and any additional comments

appropriate regarding the RLS.

Name: Rank:

Qrganization: Location:

Telephone {Autovon and commercial):

Type alrcraft flowns

Alrcrew duty Status: P cPp Gther
ABirorew aviation experience years flignt hours

If observer: Type aircraft:

Have you evaluatsd RLS before? Yes No

Y111, Your cooparation and support is appreciateg. Plsase

turn in gquestionnaire as requested in the coordinating

ingtrucrions, Youyr input is essentialit
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ANNEX IV
INSTALLATION BRIEFING PLAN
(30 minutes)
TITLE: “Radioluminescent {(RL) Light Handling"

AUDIENCE: Prime BEEF installation team, and HQ AAC Radiological
Protection Officer's {RPO) staff.

LOCATION: Arctic Test Site (ATS}.

- PURPOSE. Explain and demonstrate safe installation of RL
lighting fixtures.

- OVERVIEW
- INTRODUCTIUN: "Test and evaluation of new technology..."
- DESCRIPTION
-~ What are RL lights?
-—- How do they work?
-—- Are they hazardous?
- GROUND OPERATIONS
-- Why use in Arctic?
-- Method(s) of deployment
- Physical security
- SLAFETY
-— In case of breakage: Reporting & Controlling
-- Function of RPO
— DEMUNSTRATION
-- BSite preparation
-— Installation
-- Alignment

- SUMMARY: Q & A
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ANNEX VII
TRITIUM RUNWAY LIGETING
GROUND SUPPORT CREW QUESTIONNAIRE

The RIL lights to be used for USAF field teats in Alaska during
the fall and winter of 1983~#4 are expérimental devices. Of
importance to these fall and winter tests are the ease and
efficiency with which they can be deployed, redeployed, used and
stored, Key factors affecting these four operations are nandle~
ability, materials performance, attachment, removal, assembly,
disassembly, dusting, condeansation, icing and maintenance under
the field conditions in which thney will he tested,
Instructions: Please complete this quesaiannaire'as soon as pos-
sible after conducting oné or more of the foiiqwing operations;
{1y stﬁring, {2) deploying, (3) redeploying, and/or {4} observiny
pperation of the tritium RL lights. Limit your comments Lo thoge
gquestions that address the activities in «whigh you were personal-
ly invelved.
i Type of Cperation

A. Btoring

8., Deployment

. Hedeployment

D. Uperations/maintenance

il. wWeather Conditions

A. Surface temperasture

B, Surface wind speed Direection
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{:D
L.
Ice Eog

E.

Surface ¥isibility:

Precipitation:

Date

Haze

Distance

Snow

Rone

Time

67
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I11i, VvAEl Landing dSysten

Qutstanding

A. Handleability
. Time

B, Assembly

C. bisassembly

£, Attachment

2.  Kemoval

F;’ weight

3. Materials
Performance

#H, Frosting

1. Busting

J. <{ondensation

K. Cleanability

L. Personnel Reg'd

¥, &Htorage

kxcel lent

Batistaciory

Marginal

Unsatisfactory

When evaluating H, 1, & J consider eguipment desiygns ability to limit each c¢haracteristic,
For L it is Outstanding when system reqguires less than conventional system, and more

would be unsatistactory,

68



iV. ‘“Fhreshold Lights

gutstanding

Excellent

satisfactory

Margitai

Unsatisfactory

A. Handleability

B. Assembly

C. Disassembly
D, Attachment
E. Removal

. HWeight

G. Materials
Performance

H., Frosting

I. Busting

J« Condensation

K. C(Cleanability

L. Personnel Req'd

M. BEorage

When evaluating H, I, & J consider equipment designs ability to limit each characteristic,
For L it is Ouestanding when system requires less than conventional system, and more

would be unsatisfactory.
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Y. Edge Lights

A. Handleability
1. Tine

B, Assembly

C: Disassembly

B. Attachment

£. Removal

F. weight

5. Materials
Performance

H, Froasting

I. bDusting

Jd. {fondensation

¥. Cleanability

L. Personnel HKeg’d

¥. Brorage

Qutstandlng

Excellent

satistactory

Marginal

Unsatigsfactory

When evaluating H, I, & J consider equipment designs ability to limit each characteristic,
For L it is dutstansing when system reguires less than conventional system, and more

would be gnsatistactory,
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Vi Conclusions and Racommendations

A. Give your overall evaluatiocn of the ease of storage/

deployment/redeployment /use of the tritium RL lights.

B, List any suggestions you may have for improving the

design and use of the RL lights {(handling, storage, etc.).

Vil. Responder

Name Rank /Rating

Organization Location

Telephone HNumber

71



ANNEX VIII
TERMS, DEFINITIONS, ACRONYMS
AAC Alaskan Air Command
AFESC Alr Force Engineering and Services Center

AKDOTPF State of Alaska Department of Transportation and Public

Facilities
ATC Air Traning Command
ATP Arctic Test Plan
ATS Alaskan Test Site
AvBn Aviation Battalion
COMPW Composite Wing
DOD Department of Defense
DOE/OR Department of Energy/Cak Ridge Operations
EL Electroluminescent
FAA Federal Aviation Administration
IFR Instrument Flight Rules
IR Infrared
MAC Military Airlift Command
MAG Military Airlift Group
NCARNG North Carolina Army National Guard
NRC Nuclear Regulatory Commissicn
ORNL Oak Ridge Naticonal Laboratories
OT&E Operational Test and Evaluation
PNL Pacific Northwest Laboratory
RCR Runway Condition Reading
RL " Radicluminescent
RPO Radiological Protection Officer
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R
TACAN
TAG
TFW
TOLs
ORF
USAF
Us8CG
VasE
VR

YHF

Runway Surface Conditiona
Tactical Ald to Navigation
Tactical Airlift Group

Tactical Fighter Wing

Tactical Opsrating Locations
Uitra High Freguency

United States Air Force

Uniited States Coast Guard
Visual Apgroach Slope Indicator
Visual Flight Rules

Very High Frequency
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APPENRIX B

COMMERCIAL PRODUCERS OF TRITIUM LIGHTS IN
THE UNITED STATES AND EURCPE




NRD CORPORATION
2437 ALT BOULEVARD
GRAND ISLAND RY 14072

SAFETY LIGHT CORPORATION
k150~4 OLD BERWICK ROAD
BLOOMSBURG PA 17815

SELF POWERED LIGHTING
8 WESTCHESTER PLAZA
ELMSFORD NY 10523

BRANDHURST COMPARY, LTL,
WELLINGTON ROAD

.G, BOX 79

HIGH WYCOMBE, BUCKS
ENGLAND HP12 3PS

SAURDERS~ROE DEVELOPMENTS, LTD.
MELLINGTQH RCAD, HAYES
MIDDLESEX

ENGLAND UB 3 4NB

M8-MICROTEC 48
FREIBURGSTRASSE 624
CH-3172 NIEDERWAKGEN/SERN
SWITZZRLAND

RADIUM-CHEMIE, LID.
CH~G053

TEUFEN
SWITZERLAND






™ Battelle

Pacific Northwest Laboratories
PO Bos 999

Righiand, Washingron 15.3.4. 99352
Telephone (509) 37325602

Teiex 15-2814

Juns 28, 1983

SAMPLE LETTER REQUESTING INPORMATION
SENT T0 FIRMS LISTED ON PREVIGUS PAGE

GenLliemen:

We are currently working #ith several orgenizations 2o evaluate and
farcher develop self-contalned iighting for a varisty of purposes.

As a part of this effort, we have a comzitment to assess the statewnf«
the=art for the use of radicluminescent lighting for airflield lighting
and working purposes such ap runway edge, thrashold and taxiwsy
lighting. Uae of thia lighting would be ln remobe and rural areas
whare commeraial electric power 13 unavailable, unrelliable or
sxtremely expanaive.

Protatype ayastems as Lhey exist now require further developmens or
modificatlion before operational deslgns for routine use are avallabis;
howaver, Yo svalgate the stais-of-the-art, gpecific informatlon such
a3 the Tnilowing would be useful:

% Could industry provide a lignt of sufficient intensity Lo be
ugeful in this appilleation?

* Wnat would he required to produce auch z ligh® and whal! would be
its ooat?

* VWould the light be direcibional, bidirectional or gmnlidirestional?

¥ I3 there something ln existing produet lines which would ba
guitable?

¥ Wnat are the foreseen Lnstitutional probliems such as licenaing,
public acceptance, ets.? '



J 28, 1983 |
bage 2 £%Battelle

While thege are not all the quesations that ahould be addressed, they
are representatlive; and any information you could provide, ineluding
catalogs and published information, would be useful. 3ince we ars
conducting the evaluation for a public organizabtion, the report on
the work can be made available on request, and appraprists arrangs-
manks could be made to ensure that you receive a sapy.

#itn bast regards,

George A, Jensen

Senior Hessaroh Bnglrneer

Caramics and Polymers Developsenl Section
HMaterisia Depsriment

GAI/EY



robaraites 49

LH-3172 Msderwangen /e
Frammurgsirasse 824

Tetefon Nauongt 031 34112
frmmatcnal - 4131 3 N26
Telge 32328 marbe

Battelie
Pacific Northwest Laboratories
2.0, Box 999

Richland, Washington 9935%2 USA

ARttn, Mr. George A. Jensen
Ceramivs & Polymers Dev. Seot

iy Zepchan ibra Nachrictt voep Urgar Zaichen atom
Fepyr rif Your message of e ref. {ate
OWT/ ss July 12, 1383

Gaseous Tritium Light Sources {(GTLS)

Dear Mr. Jensen

Thank you for your letter of June 28, 13983, Your interest is
very much appreciated. GTLSs and some devices with tham are our
only products, s0 that we are naturally interested in new appli-
cations.

We sketch angwers to your guestiong as follows:

1. "Could industry provide a light of sufficient intensity to be
useful in thias appliczation?®

Te be more spegific, we would need «¢ know from you what
"sufficient intensity" useful in this aspplication guantitatively
means.

The prototype systems you have looked at must have given you
at ieast a good idea of what is necessary.

The further general comment refers wo self~gontained sources
with tririum gas, Using a source configuration which gives a
gond energy conversion efficiency, any light intensity can be
produced at established, known costs, The quesgtion of the hard-
ware cost is muCh more open and depends on the optical para-
meters reguired for the application and the applicable safety
criteria.
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mb-microtec ag

CH-3172 Niederwangen,;/Barn
Fretburgstrasse 624

Telefon Nauonal 031 34 1125
Imternaucnal + 4131 341125

Teiex 32823 merbe

Battelle, Attn. Mr. George A. Jensen, Richland, Washington Page 2

"What would be reqguired to produce such a light and what would

be its cost?”.

Clearly, some answers to the guestions raised in 1. are necessary
to give a meaningful answer to this question.

"Would the light be directional, bidirectional or omnidirecticnal?"
If the application reguires, either one of these directional
proporties answers in the form of economical practical designs

can be found.

"Is there something in existing product lines which would be
suitable 2 "

Definitely not. Closest comes a prototype panel (usual EXIT
sign size e.g. 7,5 x 16,5 inches) with an array of parabolic
reflectors loaded with 5 mm dia green GTLSs. It is quite direc-
tional, quite rugged, weight about 5,5 lbs and its activity

is some 140 Curies T, Order of magnitute emitted light in-
tensity is 0.25 Lumen.

"What are the foreseen institutional problems such as licensing,
public acceptance, etc?”

In our opinion, none of the private companies handling tritium

at the present time would easily increase its tritium through-

put by one or two orders of magnitude, as may be necessary to
support the wide scale program which you envision.

On the other hand, given the proper location, expertise and
capital, tritium gas in the required quantities can be handled
safely.

Public acceptance may always be a problem. Here, the circum-
stances for acceptance should be favorable: low "physical"

risk, and few exposed persons who tend to benefit rather directly.

Please, let us know, if that is the preliminary type of information
you loock for. Receipt of the information requested from you would
permit us to become more specificg.

We certainly are interested in an exchange of information and we
request the report on your work when it becomes available.

I enclose a brief description on cur company and some of its
products.

Sincerely yours

mb-microtec ag
TPV -
0.W. Thiiler



RADIUM-CHEMIE LTD. TEUFEN

Tolephona 071/ 33 1415

Tainx: 77 231

Manufgcturars of Luminous Pragucts Mr. George A, Jereen

and Lursinising Equipmant Pacific Nogribhwesi Laboratoriss
P.O. Box 799
RICHLAKD, Washingten 89157,
.54,

vour fiaf..  BAJLF Qur Bt EMin 34 - A Teutun, Oetober 3d, 1983,

Genilemsn

We ackrowledge receipt of your latter cnated June 28, 1983 describing briefly
your commitmant to Assess the statseof-the-art for the yge cof radioluminescent
lighting for airfield lighting and others,

Singe w= are not manrufaeturing suitable gaseocus tritium light sources for the
applicatiosn in mind, w2 fzel sorry fto give you & negative answeyr, We ggsume
that you havs also approached the sxisting specialists. such as NLR.D,,
Brasdnurst Co.l.td. and MB Microtec for agsisisnce and proposals.

wd have baen specialising in the manufacture of tritium, promesthium=147 and
£14 activated lumimous products, ag desoribed In the atiached Jeaflefs.

We epplogize for he unesusl delay in geplying.

Sincerely yours,
RATIM-CHEMIE L7177,
.y

£, Muber



BRANDHURST COMPANY LIMITED

DS R BvEin 20 Box TG Welingion ASad, Migh Wycombe, Butiinghamshire HP12 3PS
Telephene High Wycombe [G484; 32417 Temex 837138

DAT/RAR
6th July, 1883

Mr, G.A, Jensen,

Senior Research Engineer,

Caramics & Polymers Development Section,
Materials Department,

Battelle,

Pacifie Northwsst Laboratories,

P.G. Box 9835,

gichland,

Washington 39352,

Dear Mr. Jensen,

Thank you for your letter of 28th June regarding the
use of radioluminescant lighting for airfield marking
PUrpOsSes.

You are quite correct in your assumption that there
ig a great deal ¢of interest in this application for ourx
product and Brandhurst have, in fact, manufactured several
protatypes which are already undergoing trials. To answer
your gquestiong:~

1. We most certainly can provide a light of sufficient
intensity to be useful in many of the applications
mentioned.

2. The ¢ost would depend upon the particular application
and could vary between 350 and $500 per unit according
to size and brighitness,

3. For a given tritivm content a unidirectional light
would be the brightest, however, we have produced
prototypes which are unidirectional, ernidirectional
and variable.

4. To my knowledge, there is nothing in existing product
lines which would be suitable.
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Mr. G.A. Jensen 6th July, 1383

5. In mainland U.8,A. it would be necesgsary to licence
such an obiect and, as it has a high tritium content,
it is more likely to be granted a licence for military
PULROSEH.

We do not have any published information at this date
but ence cur trials are concluded we may be in a position
e forward it to you.

With best regards.

Yours sincerely,

D. A, Tonks
Managing Director







APPENDIX €

ANALYSIS OF AN ACCIDENT USING
DATA DEVELOPED IN REFERENCE 33




Radiation doses from tritium are dependent upon the concentration of
radioactive material released to the atmosphere, in this case tritium, and the
relative amounts of tritium, as elemental tritium or water, taken up by man or
animals under the same conditions of exposure. The equations used to estimate
the air concentrations are not valid for distances less than about 100 meters
from the point of release. For this reason, it is often necessary to rely
upon data developed from animal experiments or routine handling of accidents
which are a rare consequence of laboratory procedures and the research and
development process. The Tatter case was addressed in the text. To ensure
that a possible accident was not overlooked, an analysis of an accident was
made using data obtained from several experiments performed using swine as an

experimental anima1.(33)

The swine were contained in pens situated 0.5 meters above the Tocation
where tritium activated light sources were broken. Water content of the
released tritium was high, approximately 1.5 percent, much higher than that
contained in any lights produced today, which is less than 0,1 percent. The
experiments were conducted under two sets of conditions: first, the pens were
in open air; and second, the pens were enclosed in a plastic tent-1like
structure to model the out-of-doors and a closed room, respectively. Tritium
uptake was determined from blood samples taken prior to and 24 hours after the
experiment.

The extrapolation to humans from swine depends upon the relative amount
of tritium taken up by the human compared to the swine under the same
conditions of exposure. Using the exposure data from these experiments as a
basis for calculation, the radiation dose to an individual in cliose proximity
to a tritium activated runway marker (368 Ci of tritium) that was destroyed
was 0.7 rem if the accident occured out-of-doors and 50 rem if the accident
occured in an enclosed area such as a nonventilated room.. The long durations
of exposure and other variables in the above experiments do not permit direct
comparison to the expected accidents described in the text but could define
the outer 1imit of doses that could result from the destruction of a Tight.
It is, of course, possible to conceive an infinite number of accident
scenarios which could then be analyzed for risk. At this point, it is not
c¢lear what type of scenarios the licensing process will be required to



consider; however, the above example shows that the probable risk to humans
for an accident invoiving an RL lighting fixture is minimal.
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CUSTOM MADE SEALED SOURCES
AND BEVILES

GUIDE FOR STANDARD FDRMAY AND CONTENT
OF APPLILATIONS FOR HEALTH AND SAFETY
REVIEWS OF LUSTOM MADE SEALED SOURCES AND
DEYICES CONTAINING LICERSED RADIQACTIVE MATERIAL

PURPOSE AND SCOPE

This gufde provides a description of the content and format of an
applicatiaon for the possession and use of custom made sealed sources
and/or devices by an applicant specifically Ticensed puyrsuant to
$30.32, Titig 10 Code of Federal Regulations, Part 30. Use of this
format will ensure the fompleteness of the information needed for
the custom review and will aid in shortening the time required for
the review process.

CONTENT OF APPLICATION FOR CUSTOM REVIEW AND LICENSING OF SEALED
! ES

The applicant shall submit sufficient information regarding each
model of sealad source and/or device to enable the NRC to make a
safety analysis of the sealed source and/or device including safety
and efficacy of the proposed yse. Such information shall include:.

1. identification

A. Sealed, plated or foil radfoactive source{s).

{11 If the radioactive sourze design {g registered with
the HRC or an Agreement State, specify the manufacturer,
mode] number, {sgtope and maximum activity for each
source to be iacorporated {ate the device,

{2} 1f the sealed source design has not Besn registerad
with the NRC or an Sgrsement State, provide the
information as cutlined in Appendix A for the custom
ssurcels).

B, [levice
{1} Specify the name and address of the manufacturer,

(2} tidentify the device by type or descripiive name and
model numder or other specific medel designation.



2.

5.

?rcgosed Use

A. Describe the proposed use of the device and identify the
environments and operating conditions expected during
nermal conditions of use. Inciude descriptions of the
types of users, Tocations of use and the circumsiances of
normal use. =

B. Describe the probable effects of severe conditions on the
device, including accidents and fires, and possible
diversion from intended use.

Longtruction

A.  Submit engineering drawings of the source housing, fdentifying
311 materials of construction, dimensions, methods of
fabrication angd geans of incorporating the radicactive
material into the scurce housing and device.

B, Include a detailed description of all special design
features (for examgle, shutters, fail safe on-off mechanism,
{nteriocks, etc.} which protect the radiocactive material
from abuse and minimize the radiation hazards. Desiribe
in sufficient detail sc that the nature, function and
methad of operation are ¢learly defined.

NOTE: If device is fareign made, 31l drawings, notes,
descriptions ate. shall be in English,

Human Access

Qéserihe the degrea of access of human beings to the radicactive
material contained in the device and to the radiation em{tied
from the device during normal ceaditions of use.

Radtation Profiles

Provide zalculations, estimatess or measurements where avaiiadle
of the radiation profiles, e.g., expeCied dose rates at b§ ¢m,
30 ¢m and 100 cm, from the most and Yeast accessable surface

of the custom device with ¢the shutter{s), on-off mechanismis),
etc. fn (1) the cpen or "on* and {2) closed or "of f* positions,
These radiation profilss should be provided for esch xind of
radipactive material and maximum activity expected 1o be used
in the devigse.



Labeling and Instructions for Use

Submit facsimilies of the labeling or marking te be placed on
the device. Include a descripiion of where the device will be
lsbeled. The Tabel or marking shall consist of the name,
trademark, or symbol of the manufagturer, assemblar, or the
Yicensee who will possess the cusiom device, the type and
amount of radisactive material, the date of mpasumment, the -
standard radiation symbol and the words, “CAUTION RADIOACTIVE
MATERIAL.® The label or marking must be of the standard

- radiation caution colors as specified in §20.203, 10 CFR 20,

Avaitability of Services

Submit information stating whe will perform the following
services on the custom device. (If any of the listed services
will be performed by somecne other than the specifically
Ticensed device manufacturer, provide a description of training
and experience of the individual{s) who will perform the
services and include 3 description of the procedures 1o be
used in the performance of the services.)

&, Installation and relocation within the applicants’ facilities,
1§ applicable, '

8. Inftial rédiatiun survey .upon receint, installation, etc.
at the applicant's facility. ‘.

L. Leak Testing: {(Required for all sealed sources pther
thas gasedus, e.q., kryplon-85, or sources with haif.
lives of Jess than 30 days.) A certificate showing that
each radiation source contained in the device has baen
tested for 1sakage or contaminatior within six (8} months
of the date of itransfer t0 the recipient of the device
must be provided to the recipient. Results of the Jesk
testing shail be in units of microcuriss and should be
maintained by the Vicensed recipient for Tnspection by
the Commission. State {f the device manyfacturer will
furnish the leak test certificate on the finished device
or, otherwise, fully explain the means of obtaining the
initial leak test certificate.

G.  Repair, periodic maintenance, shutter or beam contro}
operations checks.

E.  Source exchange.



F. Dispasal in the event the custom device 1s no longer
resded.

Tast Resulis on the Finished fustom Device Prior to Use

The appiicant shall specify that the tests Tisted below wil}
be performed on the finished custom device o verffy that the
device meets specificationy furnished 46 the KRL. ]f the test
results are o be supplifed fo the recipient by the licensed
gevice manufacturer, it should bhe so stated. If the specified
tests are not te be conducted by the specifically licensed
device manufacturer, the applicant shall specify the namels},
training and experience of the person(s] whe will perform the
tests; and 3 description of the proceduras and equipment to ¢
used for performing the festy shell be included. Copies of
the test resulss on the fustom device shall be maintained for
{nspection by the Commission.

A, Radiation profiles {{sodose curves, for example, dose
rates at § om, 30 cm, and 100 cm.] &f the custom device
with ghutter{s) and/or beam control mechanism{s} in both
the (1) open {"on") and {2} closed ("off"} posftions.
Radiation Tevels should be measured using the maximus
activity of each ¥ind of radiocactive matertal tc be used
in the device,

B.  ¥isual or other quality control inspections to determine
if cracks, voids, or other manufacturing defects exist.

£.  Shutter or other “ON"-“OFF" beam tontrol operatians.

0.  Leak tests for radiation leakage or contam{pation prior
to use. '

E£. Other Tests: Specify an& additignal tests o be done an
the finished tuxtom device to verify that the device can
be vperatad safety with mininum radiation hazard.

Safety Analysis Summary

submit 2 brief safety anlaysis summary on the evaluation of
the ability of the custom design to withstasd the norma)
conditions of handling, use, and storage; including corrosion,
vibration, impact, and the probable effects on radiation
contzinnent and shielding of zhnormally severs gonditions,

such as expleosion and fire. Any additional {nformation ing¢lucing
results of experimental studies and tests which will facilitate

the final determination of the safety of the custom device
should also be included Tn the safety analysis suamary.

-
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APPENDIX A

CUSTOM MADE RADIATION SOURCE(S)

Lustom Source Supplier

Identify by name and address the suppliier of the custom made source
to be used 1n the custom made device.

Identification

Identify the source by type or model number or other specific model
or part number designation.

Radioactive Mater{al

{1}
(2}
(3)
(4)

(1)

(2)

Specify the radioisotope.
Maximum activity per source in millicuries or microcuries.
Chemical and physical form of the radicactive material.

Descriptive details of the method of fncorporating and binding
the radiocactive material in the source.

Construction

Submit engineering drawings of the source capsule (both fnner
and ocuter capsule, if applicable) identifying all materials of
construction, dimensions and methods of sealing the source.

Submit drawings of the source holder, for example, the mechanical
support for the source, if any, identifying materials of
construction, dimensions and methods for mounting the source

in the holder.

NOTE: If sealed source is foreign made all drawings, notes,
descriptions, etc. shall be in English.

Labeling

Provide a description of the information to be engraved, etched or
imprinted ‘on the radiation source or a facsimile of the labe!

containing this information to be attached to the source. Ideally

the source labeling should include the wards: "CAUTIDN - RADIOACTIVE
MATERIAL," manufacturer's trademark or unique serial number, radionuclide
activity, assay date, and the radiatian symbol. Where labeling the



source 15 impractical, a %ag containing the above {nformation
should be attached to the source, unless the attachment of such a
tag is also fmpractical, NOTE: When a sealed scurce {5 permanently
mounted tn a device, spurce 1aceiing 16 not required proviged Lhe
devige is capeleq as spelitied above,

F. Source Assay
Deseribe the assay method used to determine the radicaciive content

of the finished ssurce, The assay method szhall be tracesbis to a
Kational Standard.

6. Quality Control Inspections of Finished Source

Jestribe the téstls to be performed on the finished source 0 ensure
« that the final praoduct meets the design specifications. Where
applicable provide information on the fc?jcwinq minimal tests.

{1} ¥isual or other inspectiong to be performed on source seals or
welds to ensure integrity of the finished proaduct.

{2} Leak tests.

{3} Tests for determination of radiation levels at, for example, &
and 30 centimeters from the externa) surface of the finished
source averaged over an area not to exceed (00 square centimeters.

B, Additional Information

Submit any additional iaformation, fncluding experimental studies
and tasts that may have been performed on gsimilar source designs,
which will facilitate a2 determinztion of the safety of the scurce
and afficacy of its use in the custom device.
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I. INTROQUCTION
This guide describes the information newdsd 2o evaluate spplications for
specific Ticenses for receipt, possession, and use of sealed socuries
sunt3ining byproduct material in sonportable gauging devices, i.e,,
gauges mounted in “fixed” locations, for measurement and/or contrgl of
aaterial density, flow, level, thickness, weight, ete. In additias %o
the contents af tiis guide, applicants should refef to the rsguirsmants
in the Commission’s regulastions listed below, The applicant should
carefully read the requiations, This guide is nol a subsiituta for an

ungerstanding of the regulaticns.

ﬁE”} 1, 16 (52 Pare 19, PHosicas, [nstructions ard Reparis to Workars:
i, .
Inspections.®
¥
2. 10 CFR Pary 20, "Stangards for Protection Against Ragiation.”
3. 10 {FR Part 30, "Rules of (eneral Applicadility to Licensing of
Syproduct Material "
4. 10 CFR Part 170, "Fees For Fagilities ang Materials {izenses, and
Uther Regulatory Services Uncer The Atomic Emergy Act of 1358, As
Amendged. "
11, reEg
f”‘j The sgalicant should refer to 10 CFR Part 170, Secticn 170.31 “Schedule
{:

¢f Faes for Materials Licenses and Cther Regulatory Services,” to determine
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the amgunl of the fees which must accompany the appligation. Ho agtisn
will he taken on appliicatizag filed without the oraper fee. (hegks

shauld be made payadie to the U.5. Nuclear Regulatory lemmission,

FILING AN APPLICATION

Two copies of the Form HRC-313F should be submitted in aceordance with the
instructions on the form and should provide, as a ainimum, the information
descrided in this guide. Since licensees are required %0 comply with
Lommission rulas ang requlaticns, license conditions, and the content of
the submitted application, we suggest that the applicant prepare and
retain one copy for reference. Space on the form is Timited, additional
information should be pravided on attachmenrts (o each copy of the fors,
Atsachments should ¢learly reference ?hs applicadle ttams on the Tors faf

witigh acditional information is being sroviged. *

Applications should contain sufficient information t& enadle the Zommission
to nave & clesr yngdersianding of the 3ctivities tu be performed by the
appiizant.  Submittal of insufficient information will result in delays

in issuance of e license. Epplications should be mailed to:

Huclear Reguiatery Commissicn

Givision of Fyel Cygle and Material Safety
Material Livensing Branch

Washington, DC 20885

Eacept for Item 1 which is seif-explangtory, the following prci?ﬁ%s 3

discussion of the minisum informstisn needed for 2ach i{tam on the Form
KRC~311.
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Items 2. 3. &4, and § - Apolicant. Mailing Address, ang Locations of Use:

The applicant, gorporation, or other Tegal entity should be specified by
name fn Ilem 2 and mailing addrass in Item 4. The name and telaphane

number of the individual who should be contacted concerning the application
should Be provided in ltem 3. Individuals should e designated as the
applicant only if they are acting in & private capacity ang the use of
byprodugt material is not cennected with 2heir emdloyment with a corpgration

or othar Jegal entity.

The actual Iocation{s} where the bdynroduct material im sealad saurtes,
source holders, gauges, atc., will De possessed, stored, and/or used

should be specified in Item 5.  Such Yocation{s) should be ¢clearly icentified
by read.cf gireet name, numbar, city and $tate. A Sags Office Box number

shCula net appedr in Item &, d

frem 6 « Individual isers: The name of the individual{s} who will use

{operate] anad/or supervise the use of ihe devices listed in the appiigation
must be Tisted in iftem 6. An adequate number of trained ysers should be
Tisted 12 provide for contingity of operaticns, Normally, an individus!

user should be physically present when Lhe devices are in use.

Item 7 » Ragistign Protection Gf7icarr Normally, it is not necessary for

users of nomportanle Jauging devicas o designate 3 radiation pig}ection
c?fjcer uniess there sre muitiple ysers and gouges within the plant or
facility. However, the applicant should 1ist the name in [ftem 7 of an
individual yser, supervisor, foreman, or other designated individual wno

has besn assigned responsiBilities far determining thal:
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{a) ATY Dyproduct materials, sealed spurces, and devizes in use and/or
in the possession of the apulicany are Timited %o thosa Tisted in
the license and are¢ being used for the purposes specified in the

Ticense,

(3) Only those inmdividuals authorized by the Ticense use or supervise

use of the devices.

{£} Periodic leak tests of the sealed sources are condugted as required

Dy the license.

(43 Toe mstanlished “icci;cut“ procedures are Tollowed during main-
tetigned or regairs oo or arsuad the 2ises, tanks, uessals, fonveyors,
€12, 10 preveat insivicuals from entarirg tre radiation plams. (As
shewa fn Item 15 of this guide, “lotk=out” procadures must be described

in Lhe a2pplication fer certatn Lyres of devices.}

Item 3 » Bysrsdoet Material Fores amd Uses - fach radicisotope o be

used shauld be specified in Jtam 3. A, and Item 8.B. should show that the
pypraduct material is 20 be possessed and usad is in the form of sealed
source{s). The name of the manufacturer and nodel sumbaer of the sealed
source show'ld e shown in Jtem 3.4, 8nd the tolal activity, in millicuries,
in the seated source should be provided in Ixem 8.0, Item B.£. should
specify the manufacturer ang modal number of each gauge, saurce holder or
device in which the hyproduct material and sealed source descrited in

Tiems 8.4, through 8.0. will be used. In addition, Item S.E. should



describe the purpese for which Lhe device will be used. Some eiama%es of

the ainds of information to be providen in Jtem § are as follows:

- 8.8 8.C 2.0 2 E,
tesium137  Sealed sources Xvl, Inc. Net to exgesd For use in an ASC
Model XyYZ-1 100 mitlicurias Lomsany Model 22
per $ourss saurce holders to

gantrd! level aof
¢oke in hoppers.

Cobaiz~60  Sealed sources Mesa Verdse, Inc. Not to pxceed Far use in Grand Mesa,
Hogdel A-34 1500 mitlie Inc., Model 1207 source
‘ curies per holders to control level
source of molten glass in
furnazses.
ff”’)te&a!t*&& Sealed sources Rig Grande, Inc. Rot to exZeed For use in an Qjets,
oo Model RG-1 500 mitlicuries Ine., Model X-32
i} per sourcs halders for density

contrel of concretsr
sangd migtyre in
mixers,

item § ~ Starags of Sealed 3curces: Since sealed sources are normally

removed Vrom gauging devices by the manufacturer av supplier of the
gevices, it is only nece#ssary to reference Item B8 in [tem 3.A, of the
application for information regarding siorage davices, i.e,, storage in
the caugiang devices only. Applicants who will remove or relocate gavging
devices {refor tc 3ection ¥I1 in this guice) should describe stgrage
devices (if any) and storage areas {(refer to Jtem 13 ia this guide).

F o)

[tems 10 and 1) =« adiatian Detection Instruments: For reutine use of

@ devices, radistion survey and mgasuring instruments are not normally
f‘l-

+
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required. Applicants who will perform other agtivities which require the
use of radiation detection instruments should provide the applicable

informaticon described in Section Vil of this guide.

Itam 12 « Personnal Monitoring: For routine use of deviges, the use of

personnel monitaring devices {fiim badges or thermoltuminesgent dosimelers)
are not narmally required. Asplicants who want to perform nonroutine
acrivities which will require the use af personnal monitoring devices

should provide the name of the supnliier of tha menitaring devices should
provide Lhe name of the suopiter of the mcnizaring devices and the freguency
of pachange for provessing by the supplier. For guidance toncarning
peescanel moriloring requiremsnts, the appliicant should refer to Section
29.202, 10 CFR Pary 25,

”

item 73 « Faziiities and Eouipment: The applicsnt shiould provide a

deseripiion of the squipment and fagilities to utilize the deviges ¢ane
taining the byproduct saterial. A simpTe arnmotated sketsh or drawing
shewing where sach gevice i3 installed and the Tocation of adjacant

ladders, aisles, or work aress empioyees will asccupy should be provided.

tom 14 - Waste Dispasal: The applicant should describe the disposal

method far sealed scurces containing byproduct material when use of the
devices containing the byproduct material is discontinued. If the supplier

will remove the davices angd sealed sources from the applicant’s facility

for dispasal, this should e so stated in the 3pplizaticn. If persons



Gr company other thar the supplisr will remove the devices #nd gealad
sgurtes from the asolicant's facility for return to the susplier gr
transfer to an suthorized recipient, the number o} the RRL or Agreement
State license whith authorizes removal and disposal of the apolicant's

sealeq sources angd devigss showld De proviged.

If the applicant will remove devices tontaining sesled sources for returs
te the manufaciyrer or for transter to another 3uthurized person for
disposal, tais should be stated in the application. Section ¥1I1.1 of
this guide specifies the additional information which should be provided

in the application for authoerizatian to serform this operalioa.

Item 15 - Radiation Protoction Program:  For routine use of devices, the

appiicani should provide the fallowing infsrmation: d

(&) The names of the company or persoen who will gfonduct servicing operations
involving instailations, relocations, removals, inttial ragiation
surveys, maintenante, repairs, and removal of the devigces ¢ontaining
icansad materia] and iastallation, replacement, and digpssal of
sealed sources containing licensed matorial used in the gevices. [f
any of these agperations will be performed By sameons-other than the
supplier of the device, the 3pplicant should provide the name and
the number of the MRU or Agreement State license which augﬂgrézes
performance of these operations, Applicants whoe reguest author-
ization to parform any of the 3nove servigcing operations should

provide the informstion described in Section VIi.1 of tnis guide.



{b) A description of how atcess to the devices containing byproduct
material will be controllad. {Barriers, warning signs, remete or

inscoassihle locations, control by individual users, e%c.)}

(¢t} For use of a device where it s possihle for 2 major portion of an
ingividual's body Lo receive exposure to the ragiation beam from the
gevice, a description of "lack-out” procedures, {i.e., nrocedures

for areventing emplioyaes from entering the radiation beam during
maintenance, renairs, or athzr work on or aroung the hin, tank,

hopper, pipe, &ic., on which the device is mount&é}.shcu2d he submitted,

If the davige shutier or switch is locked, Solted, "taggedeof{“,
P 48

ete., until the work is completed, the applicant should desoride
tieis and provide the namg of ithe Tndividualis) respeasitle for

enfarcing this procedure. ®

{d] Tne procedures for leak testing of the sealed sourcas. If ihe
suppiter of the deviges containing the sealed soyrces will perform
Teak Lests of the sealed scurse in the applicant’s Tacildity, it is
oniy necessary for Lhe applicant to state this and is specify the
frequenty of the leak tests., If the applicant plans to use a leak
test xit, the name of the supplier ang the model number of the leak
1853 kit should be specified. Applicants who will perfarm their owa
Teak tests, f.e., zoliegce the leak test wipes énd analyze Ezf wipes,

should provide the information described ia Sectiocm YI1.2. of ihis

guide.

"y
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the required frequencies for leak testing of sealad sources in nongortanle

desices range from three months for alpha emitting byproduct material to six
months for Beta~gamma emitiers. Some sealed source/device combinations gontaining
bela-gamma emitiers have.ieak tast Trequencies not 10 exgceed three years.
Information congeening sealed sources and gevices whigh have three year leak

test frequanties may be obtained from suppliers and/or manufacturers. Unless

a specific request Tor the three year Teak test freguency is includsd in the

application, a six-month freguenty will be specified in Jiganses.

tems 15 arg 317 « Cualifications of Individyal Users: The training

and/or experisnce of each individual named in (tem 6 of the application

)

} muts L Commensurate with the reguested use and should be described in
atrachue~te Yor Items 16 ang 17, For routise use sf devigfes ¢antaining
sealzd svyrces, the training provided by the manyfaclurers &t txe time of
installation is suffigient to qualify ingividual users. Training for
aoﬁrcutfne aperations (¢.g., installation, relgcation, remuval from
sarvize, e1€.) or training providad by somecns siher than the davice
manufasturer must Be deseribed in detail and submilied as an attachment
to the appliizarion. As 3 ainimem, the following information shouid be

subimitteds
£a) The names and cuatificstions of the iasirugiors.

(b} An outline af the training program.
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{¢} The duration of the training program.

{d)} The method for determining Lrainge cospetency.

Tegm 13 = Certifization: The applicavion should e signed ang dated by an
efficial resregsentative o7 the gpplicant, a.g., the Plant Manager, Depariment
er Civigion Meaq, «Safety Supervyisar, etg,, to cartify that tre application
containe information whigh s true and correct 10 the best of the applicant’s

knowiodge and belief. aApplications whigh are unsigned will be retursed

tor proper signature.

AMENOMENT OF LICSNSES

Appiicaticas far amendment of existing licenses may be filed fa the same
masner as initial appiications or may be filed in Jetier form, “The
apgtication shoulg claarly identify the Jizense to Se amended by license
puntier and specify the exact nature of the requestad changss to Lhe

tigense. Additional supporting informatien, as necessary, should de

nrovided.

RENEWAL_OF LICENSES

Appticstions for renewal of licenses filed at least thirty (30} days

prior %4 the exzpiratizn Jdate shown in the license remain ia affact unti?
final action nas been completed on the application, Applications filed
after the expiration date are considered to te new applicstions. Applicanis
needing additional Line 1o prepare renewal applications should subair

writlen requests for sxtersion of the ligense expiration date.
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Renewal applications should contain complete and up~to-date information
goncerning the soplicant’s sctivities to be condutted under the Iicense.
General references to previocusly submitted information (e.g., see previcus
applications, see previous amendment, ete.) or submittal of copies of the
current license are not accestable. The Form NRC-313 sbeu?% be complieted
in its entirety and dosuments submitied with the agplication should

describe the applicant’s current program,

Apniicants may referarce nrevicus applications and/or documents in remewal
applicaticns proviced ihese are clearly identi{fied Dy dale. Whers jortigns
of previcusly sudaitted spplizations and/ar doCuments will be referenced

in the renewal appiicstisn, these shauwld be clearly identified by date,

attachment number, sesction nuvher, and page number.

. SPECIFIC AUTWORIZATIGNS

This seCticn describes the information applicants must provide in applications
te the Cammission for specific authorizations to perform any of the

follewing aperations:

g
*

Servicing operations on deviges containing byproduct materials,

Ny

Leak testing of sealed suurces except by means of leak lest kits.

e

3. Catipration of ragiation survey and maasuring instruments.
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Eaeh of the above are discussed, in order, in the follpwing.

1. Servicing Orerations. Applicaniys who wanl to perform operstions on

davices invelving instailation, relgcation, maintenange, repair,

removal for disposal, perfsrmance of radiation surveys following

instaliation, etc., should provide the following informatien:

{a)

(83

(e}

Tre specific device{s) on which the uperations are 1o he performed.

A descripiion of each specific operation o be performed.

The step-by-stap procedures Lo be foliowed in performing each
operation including a descriptian af Lhe radiation safety:

arscadures whick will be ¥3)1swed. *

Tne name of sach individual whe will perform the services.

An gutlline of the training received By each individual whg wild
perform tne operation, This training shseld inciuge imstructions
in the perfarmance of each speci?ic gperstion; the step~dy-step
procesures %o e followed; ragiation safely and the use of
radiation survey instruments, "lgck-out™ pracedures, i.e.,
procedures far sgourtng the device shutters and/or siiifhes in

the closed or shielged position; and, if spplicable, personne!

monitering requirements.
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A desgription of the qualifizations of the individual{s) who

provided the training in serviging of deviges.

it operations are performed which require radiation sueveys,
{e.g., installaticns or removals) 3 description should De
praovided to show the locations of the radiation meassurements

angd the kinds of regards 0 De maintained of the resylits.

Ledk tesiing of sealed sources. Applicants wha want Lo perform leak

tests of sealed sources, i.¢., colleet the wipe tests 3nd analyze

tha resulits, showid provide the following infarmazion:

{8}

(o3

{c}

(d)

Tra name and gualifizations 37 each ingi.idual who will pertors

whe Taak tests. v

Procedures ang materials o he used in collecting test samples.

The tyow, manutacturer’s nase, mode! sumber, snd »adialisn
getection and measurement characteristics af the insirument to

be usad fsr assay of tast samples.

Instrument calibration procedures, including the name af ihe
manufacturer and model nunber of aarh 1tandard source ts he
) —

used; the auclide and guantity of radigactive material in each

standard saures; the stap~by-step calibration procafiures to be
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followed; and the name and the experience and training of eazk
ingividual who will perform the zalibrstions. In proviging
information congerning the standard sources used in the catibrations,
applicants should provide information conceraing the acquracy

of eath spurce used. Each scurce should he, a5 2 sinisum,

* 5 percent of the stated value and traceable to a primary

standard, suCh 3% thai maintained by the Nationa'l Bureauy of

Standards.

{e) The method, including a sample zalculatinn, used o ¢oavers

instrument readings %o units of sctivity, e ¢g., migrocuries.

Ragiation survev instruments, 1Y the applicant will parform agtivities

reguiring the use of radiation survey instruments, eagh infirument
should be described. The manyfagturer’s name, model numher and lhe
range of each instrument should ba provided. If the applicant will
perfters Ccalibrations of the ragdisticn survey instiruments, the following

information shauld be provided:

73} The marufacturer and model nunber of each radiatios source to

be used.

{by The nuglide and quantity of radipactive material contained in
iy

eich soyrce.
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{¢) The acguracy of the source(s). The traceability of the spurse

26 & primary standard should Be provided.

{d) The step-by-stap procecures, including assogialed ragiation

safTely procadures.

{e} The name ang the experisnte Ind training in instrument calihratisong

for each parsen who will perform the calibrations,

if the applicant intends Lo cantract oult the calibration of instruments,
the name, aduress, angd Yigcense number of the Tirm should Be specified

together with the frecusney of calfbration Tor each type 27 instrument.

An iﬁﬁquaté catibration of survey instruments usually cannet o
perfarmed with the built-in chegk sources, Electronic calibrations
that do ot InveTue 3 source of radiation are alss not adeguate t3
determine the pruper functioning and response of all components of
an instrumens. Daily or other frequent checks of syrvey {nstr.ents

should he supplemented every B months with a two-point calibration

ar each scale of sach jnstrument with the two+meints ssparated bv 4%

isast BO% of the scale.  Survey instruments showld alsg de galibrated

following repair. A survay instrument mav e considerad properly

‘calidrated when the inttrument reagings are within MR sercent of

A

the calculated or known values for each goint checked. Readings within

* I0 percent are scceptable if & calibration ¢hart or grapch is prepared

and attachad to the instryment,
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APPENDIX £

ALASKAN AIR COMMAND TRITIUM LIGHT EVALUATION

"BRIMFROST 83"
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Tritium Runway Lighting Taest

See Distribution List

1. Tritium runway lighting was evaluated by the Alaskan air
Command during BRIM FROST 83, The test demonstrated that the

lights can be deployed, operated, and maintained in austere
arctic conditions. Alrcrew comments reflected that the lights

were not as operationally effective as anticipated. However,
we are optimistic that with engineering modifications or the
addition of extra lighting, operational capability can be greatly

improved,

2, Attachment 2 is a repert on the tritium lighting evaluation.
Bdditional questions may be addressed to our POC, Major Hult,

Av 217-552-53486,
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" JOHN C. BORDEAUX, SR. 2 Atch

1. Distributiop List

2. OUperaticonal Report on
the Tritium Runway Lighting
Test Conducted During BRIM
FROST 2813

Colonel, USAF
DCS/Cperations

DOTFE ledmmbieth Jutald WIN

Tup Cuver for Awmerica



Operational Report

on The Tritium Runway
Lighting Test Conducted

During BRIM FROST 83



PROBLEM

1. Alaskan Air Command hag unigue reguirements for portable
runway lighting. Pirst, the arctie environment makes instal-

lation and maintenance of lighting eguipment difficult and
hazardous. Also, during winter periods the hours of useabls
daylight are few, making it mandatory to have lighting to sup~
port air operations. Finally, the commitment to support joint
AF-USA exercises requires dependable runway lighting.

2., The purpose of the tritium runway light test was to evaluate
its capability to support Alaskan Air Command operations in the
arctic environment, This included the following objsctives
extracted from the APESC/RD test plan:

a. Storing, shipping, handling, installing and maintaining
the lights,

b. Physical and environmental safety and security aspects.

¢. Acquisition range of the lights under varying conditions
and for different aircraft,

BACKGROUND

1. A package of tritium powered iights was developed for the test
project. These included runway sdge, VASI, lead in, and wind tee.

2, The lights and test personnel were transported to Alaska and,
Clear Creek LZ by ANG aircraft.

3. The lights were installed and operational approximately 20 Jan 83
and remained in wosition until 2 Feb 83,

4. C-130 and helicopter crews operated into Clear Creek and come-
pisted test questionnaires, i

5. Limited A-10, 0-2 and C-12 sorties {low approach) were also
flown against the tritium lights.

6. The light system was setup at Malamute DZ, Fort Richardson,
5-7 Feb 83 for State of Alaska Testing. One 21 TFW C-12 sortie
wag flown during this test,

7. On 8 Peb 83 Battelle Alaska was given custodial responsibility
for the lights.

8, On % Feb 83 the tritium lights were stored in the 21 CSG Prime
Beef Readiness Equipmemrrt building.



DISCUSSTION.
i, HMalintenance and Safety.

There were no problems identified with storing, shipping, handling,
installing, or maintaining the tritium lights during the test. The
lights were deployed from Fort Wainwright to Clear Creek via heli-
copter and subsequently installed on plastic bases. These fixtures
were secured at designated positions along the runway by freezing
in place. Several fixtures were overturned by C-1308 prop blast but
sustained no damage and were returned to sarvice.

2. Security.

Prior to the BRIM FROST 83 test, much concern was raised about the
tritiovm lights being removed, stolen, or vandalized, Because of
the physical conditions at Clear Creek and limited security person-—
nel available, it was decided tHat risk was within limits and this
would be an undefined evaluation factor.. Results in this area were
totally satisfactory. Throughout the test period only one light
was removed, retrieved immediately, and returned to service. This
one isolated case is insignificant when considering the large num~
ber ©f USAP and USA personnel involved at Clear Creek, the length
of deployment, and lack of active sscurity measures.

3., Alrerew Evaluation,
a. Acguisition Range.

{1} Range at which pilots ¢ould visually acquire the fritium
lights was considered a critical evaluation factor. Throughout the
test it was shown that acguisition range was highly dependent upon
the level of light from external sources. Range decreased greatly

with dawn and dugk or with a full moon and clear skies. Under ideal

dark conditions, range varied from one to two miles and was depen-
dent againh on several factors.. First, pilots of slower aircraft
such as helicopters acquired the lights sooner than faster/larger
alrcraft such as the C-130, Also, range seemed to increase with
increasing pilot familiarization with the tritium lights. Also, the
lead in and VASI panels were acquired scoper than the smaller runway
edge lights, which was expected, considering the differences in light

fixture frontal area. .

(2} The USA UR~60 pilots considered the tritium lights
entirely satisfactory for their mission. They evaluated both visible
and infrared (IR} lighting and rated both excellent,

{3} 0©~2 pilot participation in the test was winimal. Con-
sensus was that the tritium lights, in the present configuration,
would be as acceptabls as the alternative method of runway iden~
‘tification, coleman type fuel laterns.. Acguisition range, underx
ideal conditions, was one to twoe miles and tended to improve
slightly with familiarity.
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{4) A-~10 pilots participation in the test was minimal,
fuestionnaires received showed erratic ailrcrew responses which did

not provide any meaningful information. A primary reason was
undoubtedly due to pilot unfamiliarity with the tritium lights.

{5} Ce12 pilots acquired the tritium lights at one to two
miles under ideal conditions. Range again improved with the famil~
larity. : h

{6} C€-~130 pilots tended not to acguire the lights as gquickly
as pllots of smaller, slower moving airgraft. Even under best con-
ditions they felt range was between one-half and one and one-half
miles. This, again, is probably due to aircraft size and approach

speed.

b. Runway Alignment. Most pilots felt the tritium lights
provided useable alignment information from about one mile. This
was considered satisfactory for slow moving aireraft which would
be afforded additional time for cdrrection, Pilots of higher speed
aircraft felt the tritium lights provided minimal ¢time for align-
ment and forced go arounds were a definite possibility.

¢. VASY Lights, fThe tritium VASI system was a simple thres
bar system, Acquisition range for most pilots was one to one
and one-half miles. However, useable ranyge {able zo discern glide-
slope deviation) was generally put at about one half the acguisi~-
tion range, Most pilots considered the VAS] system, as configured
for this test, a limited cross-check system rather than a total

" glideslope guidance system.

d. Runway landing zons/Bdge lights., Only UH-60 and C-130 air-
craft landed using the tritium light system and nearly all pilots
considered them adeguate for safe landing. 0~2, A-10, and C~12
aircraft flew low approaches only, but these pilots felt a safe
landing could have been made.

CONCLUSION

The test completed during SBRIM FROST 83 showed the durability and |
dependability of the tritium lights. It also showed the system, as
now designed, can probably support the operations of small, slow
moving type airecraft. For larger, faster moving aircraft the lights
offer only marginal performance and would have to be supported with
other lighting aids to be totally acceptable.

-

RECOMMENDATIONS

1. 7The vse of tritium runway lights, as presently designed,
should be limited to supporting operations of small, slow moving
alrecraft like O~2s5 and helicopters.

2= XKircrews riust have the opportunity to fly approaches to the
tritium lights, in a controlled training environment, prior
to any operaticonal deployment,
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3. Vigual acquisition range must be improved by redesigning
the lights and/or providing an additional location aid.

4. TFurther testing and evaluation is required to determine the
feasibility of tritium lights to support A-l0 or C-130 operations.



APPENDIX F

SAMPLE QUESTIONNAIRE AND EVALUATION SUMMARY
MALAMUTE LANDING ZONE, ALASKA, FEBRUARY 1983
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RAD10-LUMINESCENT AIRFIELD LIGHTING DEMONSTRATION
QUEST IONNAIRE

To be completed by all observers:

This questionnaire {s intended to act as a semi-formal dats gathering method
which will help determine the overall effectiveness of the R-l system as well
identify areas where further testing, development, or fimprovements are

nepded,

2%

Name of Dbserver

Affiliation '
Address |
Telephone .
OBSERVATION BAYE: - TIME:
LOCATION:
1} Are you a Ticensed pilot? [T] Yes [] Mo
2} Curing the cbservation what would you estimate was the maximum distance
which you were able to see any of the B~L Tights.
[T owvamite [ wvemite [ wewite  [] 1 aile
D 1.5 mile D 2 mile D 2.5 mile D 3 mile
3} The first R-L Lights which you caw were:
D Lead-in markers D VASI
[[] Wind Tee [T Runway Edge Lights
4) While in the traffic pattern were you able to maintain reference of the
" runway by use of the R-L Lights?
D Yes D No Comments:
5) While on fina) approach did the R-L lead-in markers help you 2lign with

Lhe runway?
D Helped very much D Helpad somewhat

l:] Did not help ' Comments:

. - -
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7}

8)

9)
10}

113}

12}

13}

- PR

( '. : L] { -
Did the R-L VYAS] assist in maintaining glide slope?
) ke ped very much [] Helped somewhat
[] vid not hetp Comments:

Did the R-L VASI assist in horizontal runway alignment?

D Helped very much ' D Helped somewhat
[:] Did not help Commants:

In your opinion, {is the Rel VAS] a practical landing aid for runways 4000
feet and under?

E} Yes D Ne i Comments:

Was the R-L Wind Tee clearly visible? D Yes D Ko

Was the R~L Wind Tee gasily interpreted?

[:] Yes [:] KQ Comments:

In your opinion, is the R-L Wind Tee a practical landing zid?

D Yes D Ne Comments:

Were you able to see the R-L Runway Edge Lights from a distance which
would permit adequate time for final approach corrections?

D Yes D No Comments:

Did the R-L Edge Lights give adequate definition to landing zone?
-

D Yes D No Comnents:




14}

15}

16}

.??}

18}

i9)

Thank you far your cooperation. Please return to:

—

x{ﬁ% i {

Were the reflectors on the R-L Tight fixture bases of assistance during
Tanding?

D Yos D No Comments: B

What 15 your opinion of the color of the R-L phosphor?

Were the R-L taxi-way lights adequate to define ground control?

-

In your opinion, is the R-L Tighting system which you have observed
suited for aspplication in Alaska in its present form?

[:] Yes [:] Ho E:} Yes with improvements and modifications

What improvements and modifications would you 1ike to see?

General Comments:

Lee Veonard

Research Section

Alaska Department of Transportation
and Pubtic Facilities

2301 Peger Road

Fairbanks, AK 98731



R-L GUESTIONNAIRE

SUMMARY OF RESULTS

FROM: Malomute Field Test
Fort Richardson, Alaska
 February 5 & 7, 1983

TOTAL WUMBER OF QUESTIGNNAIRE RESPONSES: 23 Responses

ROTE: Questignnaire attached for reference.

QUESTICH #1

22 respondents were licensed pilots
1 was not a licensed pilot.

9 peaple observed from ¢-130,
5 people observed from C~12 {Béech King Air Light Twin}

& peaple observed from Cessna 206
8 people observed from Huey helicopler

Note: Some individuals observed Jights from two or more aircraft during
the test period.

Lonclusiong:

J—

Essentially all of the queried cbservers were Ticensed pilots.

QUESTION #2

i mile ~ 1 13 mile ~ 3

374 Hile - 7 2 mile - 4

1 Hile - & 3 Mile ~ 2

Conclusions: .

Fifty-six percent of the observers acguired the lights in the 3/4 to 1
mile range while 39% acquired them at a greater distance which would
indicate that 1 mile would be a2 nominal acquisition distance to report

under the weather conditions experienced during tasts,

QUESTION #3
Lead in Vights - 18
VAS! - 3

Adge lights - 2

R

gnd sony Teliy that

Seventy-eight percent acguired the lead-in Tights first
Systiem,

some form of Lhe lead in system was necossary 1o any H-L
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QULSTION 24

Yes » B
No - 15

Conclusion:
LTy b L e AP

Downwind reference of edge lights was not good--65% nat able to keep track
of lights while 35% did. However, C-130 crews were using 1} to 2 mile from
rufiay downwinds while Cessns 206 was blocked from seeing Jights on
downwind betause of Yow ceiling and the interference of the tree line.

QUESTION 25,

Helped very much - 17
Helped somewhat - 6
Loncliusionsg:

of abservers felt that the lead-im Tights were

One hundred percent
helpful.

QUESTION #5:

Helped very mych -~ §
Helped somewhat - 10
0id not helg - 5

No comment ~ 3

Conclusions;
Cittyefiva rarcent of observers felt the R«L VASI was useful for approach
;.a‘i' ;}G«

QUESTION #7

Helped very much ~ 4
Kelped somewhat - 1)
Bid not heip - B

No comment - 2

Lonclusions:

Sixty-five percent of observers felt the R-L VASI wss  useful for
horizontal aligrment, although JYater in the debriefing the concensus
scenad 1o be that this use of the VASI was insignificant.
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QUESTION #8:
¥es - 13

Hoe - &

Ko choice - 4

Conclusion:

Fifty-seven percent of observers seemed to think that the R-L VAS] was a
significant landing aid. The difference between this perceotage and that
shown im question & & 7 seems to reflect the feeling of some that for

tight aircraft a VASI is sot normally required.

QUESTION #9:

Yes - 9
Ng -~ 32
No choice ~ 2

Concliusigng:

The reaction of observers to the wind tee was not very favorasble. However,
Ehe concensus seems to be thal the wind tee which was used was toco small
to permit adequate definition. Redesign should improve this problem.

QUESTION #30

Yag ~ 4§
No - 14
Ho choige -~ §

Conciusion:

Same as §9.

QUESTION #11

Yeg ~ 7 _ ; )
No - 10 ' o
R choige ~ §

Conclusion:

bt —

Seme as 79,

-

oo



QUESTION 712

Yag « 15
Bp -~ §
Ko choice ~ 2

Conclusion:

Seventy percent of the opbservers felt that the R-L System permitted
adequate time for final approach corrections while 28% did not. This would
indicate that 70% would be comfortable Tanding to the system while 22%

would be hesitant,

QUESTICN #13

Yes - 18 ‘
Ho ~ 3 o
#o choice ~ 2

Lonclusions:

Seventy-eight percent of obsarvers Telt the landing ione was pdequateiy
defined by the system while only 13% did not. We interpret this to mean
that 13% were dissatisfied with the distance at which they could acquire

runway definitian.

QUESTION #14:

Yes -~ 11
Kg - 8
Nog choice - 4

Lonclusions:

Forty-eight percent of ocbservers felt the reflectors were helpful while
35% did not. This result is highly dependent on the aircraft from which
the observation was made and the power of the landing Tights. The
reflectors were considered important by the (-130 observers and not very

helpful to the Tight aircraft.

QUESTION #15:

1 e i o b 1 . 344, b byt

Adequate ~ 20
Inadequate ~ 2
Ko conment ~ 1

Conclusions:

Unly two observers or 9% objected Lo the color of R-L lights,



QUESTION #16:

Adequate « 1§

Inadequate - 1
Ho comment - 3
LongTusions:

Only 1 observer or 4% did not feel the taxiway lights were adegquate for
ground control.

QUESTION #17

" Yes - 2
No ~ 3
Yes w/improvements - 18 Caes

No gcomment -

Conclusions:

Lighty-seven percent of the observers felt that the system would be
suitable for application in bush ATaska at runways 4,000 feet and less.
Howaver, the majority of these {78% of al) observers) felt improvemenls

were needed to the system which they observed.

GENERAL :
Of a total of 368 possible gualitative answers from the 23 observers the
following results were obtained:

Sixty-five percent were positive answers showing confidence in the
system as a whole.

Twenty-six percent were negative answers suggesting that the system
was not yet adequate for the use intended.

Nine percent were neutral.



APPENDIX G

FAA RESPONSE TO RL LIGHT TESTING DURING FEBRUARY 1983
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Albert J, Crook
Manager, AL-FSDO-61

Jergae P, Bushnell
Yanager, AAL-200

ne Alaska Department of Tramsportatiocn Research Section, werking with
the Alaska Air Hational Guard, FAA Flight Standards and the Army National
Guard, conducted a dempnstration of a radioluminescent 1ight {R-L) sys-
tem at Malemute Field, located three miles from Ft, Richardson’s Bryant
Afrfield. To test the lighting system's effectiveness ¥or aircraft in
different performance categorfies, Lockheed Hercules C~130%s, a Cessna
206, and a Huey Helicopter were used. The [-130 demonstration was con-
ducted on February 5, 1983, A Cessna 206 flight, scheduled for Febr
ruary Gth, had to be cancelled for weather. This flight and the Huey
Helicopter flight were accomplished the foliowing evening.

The Tighting system consisted of lead in Yights, VASI panels, & Tighted
wind cone, and rumway edge Tights, During our observatdons, partici-
pants unanamously agreed, liohting system usefulness and rumway acqui-
sitéon weee enhanced with expertence., The R-L system does not have the
Yight intensity or color of a standard incandesent lighting system, thus
reéuc?ng the usefyl range and changing the runway characzer7st7c appear-

ange,

Hith Tead inniights, the airfield was vibible from 2-3 miles. This
provided pijots sufficient time to achieve proper alignment in all
aircraft performance categories. Without the Tead An lights, rumway
acquisition wavates difficult and left insufficient fime for the {~130's
to make final approach aligmment corrections. Light aircraft fiown by
pilots familiar with the system were able to operata with only thres-
hold and edqe Yights.
Tighting configuration, having the advantage of reducing ground speed ta
meet visibf21ty conditanns,

The VAST Tight provides valuabie assistance in maintaining ¢lide slope

and horizontal aligmient. UWith Tight intensity affecting depth percep-
tion, particularly with dlowing snow, this was a practical ddnding aid.
Instead of the oprmal red over white VASI presentation, tha R-L system

usad three 1ight panels that, when aligned in a hat shane fashion, gave
an on glide siope indication. After several approaches, the new VYASE

system was comdortable Lo use,
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Runway £dae Lichts gaVe adequate defianition of the Tanding zone and
were excellant for taxiing. When used without lead in Tights,romwayy

FAA Form 1360.14 (7-67)

acauisition was difficult but the range could be extended by con-
centrating more liaghts in the threshold touchdown area. Again, oper-
ating with odly vomway edge 1ights requires experience with the Tddht
system to Beln locate the wonway, Runway edge lights should not be
considered adeguate for a sole means of locating an airfield. MNavi-
gational aid intersections, terrain features, and pilotaqe would en-

hance airfield acquisition,

The R-L Lighting System corpinations are well suited for ruzzd Alaska
Tocations without electrical power. UWith the availability of lead in
Tights, VASI systems, and runway edqge 1ights, combinations may be de=
veloping to satisfy operator requirssents. The R-L system, unlike
flare pots, pro¥ides light continuously, requires no maintenance, and
operates effectively in all weather conditions. By using the lead in
Tights for timely runway acquisition, VASI lights for horizontal quid-
ance, and the runway edge 1ights for runway identificatiomn, 1t appaars
ooerations would be limited only by runway length and surrounding

terrain.
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APPENDIX H

TECHNICAL WORKING GROUP TEST AND EVALUATIDN
SEPTEMBER 7 AND 8, 1983




AASF #1 15 September 1983

MEMORANDUM FOR RECORD

SUBJECT: Test and Evaluation Pyoject Firefly 7«8 Sep 83 at Camp Hackall

1. As per discussicen, Mr. Beminl requested the undersigned to release thils report
as the official ainutes of the THG conference held and tfest asd svaluatlon conducte
ed st Haleigh and Camp Mackall, NC oo 7-8 Sep 83 in orvder to expedite prograsm in-
formation o all recipients.

2. Members of the TWG met on the afternoon of 7 Sep for the purpose of reviewing
and fimallzing the test program for chat night. During the afternoen the runway
at Mackall to be used (RW D4) wag set up for the might's testing (see Incl #1 for
Camp Mackall Alrfield layout).

3. The primary purpose of this test was to determine if increasing the number of

cubes per fixture would provide the required ascquisition distancve of 4-86 siles for
USAY Military Airiifr Command {MAC) use. The fixtures used for threshold landing

and touchdows zome lights were sen~reflectorvized and contained multiple fubes.

The vunway edge lights were refleztorized and contained ons tube for sach fixture.
The lights were deploved as depicted on page 510 MALR 33-130 {Incl #4) minus the

7ad lights to mark the end of zhe runway.

4. Testing at Mackall confirmed that increasing the number of tubes dees increase
the acquisition distance of rthe lights. Digtances in excess of 6 wmiles were identi-
fied for acquiring the lights and in excess of 4 miles for identifying "breaks” in
the lights {see Incis #2,%,6,47 for rest results). The runway edge marker Lights
{reflectorized cne tube) were not adequate to provide the desired "definivion” for
Tunwav identification. The four tube round oblong container used in Alaska tests
for the BW edge markers isg more suitable for this purpese than the ong fube ree
flacrorized Iight. ’

3, Pertinent weather for this tesr was 20,000’ scarrered visibility of 7 miles,
ne moon, and relative humidicy of 633,

6. The following conclusions were determined regarding the nights testing:

4. By facreasing the number af rubes, acquisition and identification distances
can be obiained well within rhe stated needs of HAC of &6 miles.

b. The parabelic reflector containing one tube provides insufficient runway
edge Lighting to provide early runway definition,
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c. The round oblong lighting fixture containing 4 tubes per fixture used in
Alaska is believed to be sufficient for RW edge markers to provide early RW defini-
tion,

d. Additional work is required regarding engineering and hardware (human factor
considerationsa) in comstructing the fixtures, mounting apparatus, and shipping
containers,

e. More technicians from Oak Ridge must be dedicated to field testing for
tequired support.

f. 1In that the purpose of the tritium lights was not intended as a navigatiomal
ald but 2 landing aid, the committee should evaluate the use of a "beacon" or other
light to be used as an aid to provide early acquisition of the airport environment.

7. A meeting was held on 8 Sep 83 with the TWG committee and other participating
personnel in which the above conclusions were reached and genmerally agreed upon.
(See Incl #3 for list of attendees and participating personnel.) The following
items were discussed and evaluated/agreed upon:

a. Mr., Reminl, DOE, directed the followling:

(1) ORNL is to obtain two TEG's for powering strobe lights (beacon) and
have both fully operaticnal prier to the next field test,

(2) ORNL 1is to evaluate number needed and provide ORNL techmicians in
sufficient numbers to support future field tests.

(3) ORNL 1is to inspect and inventory all hardware, supplies, fixtures,
etc., prior to shipment to verify contents and condition.

{(4) Make coordinatlon with Alaskan personnel to bring RW edge marker lights
from Alaska to Mackall for next field test. Gecrge Jensen, BATTLLE veclunteered to
initiate coordination for same.

(5) LIC Everett, test director, to publish official minutes of test and
meetings.

(6} ORNL 1is to coordinatefinitiate time motion study to determine number
manhours to establish and have operatiomal the airfield lighting system. Also to
determine time required to '"tear dowm" and prepare for movement/shipment. Study
to include the optimum mmber of personnel to accomplish these actions.

(7) ORNL 1s to maximize efforts to improve and simplify all hardware,

" shipping containers, fixtures, mounting apparatus, etc., associated and needed

with the lighting system.

(8) ORNL, time and resources permitting, is to engineer and construct red
tritium lights for marking end of RW use. Committee needs were identified to be
four red fixtures {(two for each side of runway) with 10 tubes per fixture (total of
forty (40) red tubes).
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