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EXAMINATION OF THE FEASIBILITY FOR DEMONSTRATION ANO USE OF 

RADIOLUMINESCENT LIGHTS FOR ALASKAN REMOTE RUNWAY LIGHTING 

1.0 INTRODUCTION 

In March 1983, the State of Alaska, Department of Transportation and 

Public Facilities (Alaska DOT&PF) authorized and funded a study by the Pacific 

Northwest Laboratory (PNL)(a) to examine the feasibility for demonstration 

and use of rodiolumlnescent lights (RL lights) for remote Alaskan runway 

lighting applications. Radioluminescent lights have been under development by 

the U.S. Department of Energy (DOE) and the Deparment of Defense (000) for a 

variety of purposes. Previously, the lights have used the beta energy 
emission from tritium, krypton-85, and promethium decay to excite a phosphor 

to produce light for emergency and instrument lighting. Recent developments 

using the isotDpes tritium and krypton-85 at Oak Ridge National Laboratory 

(ORNL)(b) and advanced phosphor technology have produced lights suitable for 

applications 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 

lights for marking runways at remote Alaskan airfields. The following were 

the work objectives for the effort. 

• Acquire and evaluate all available information on RL lights for use 

in runway lighting and marking 

• Identify availability of RL lights, estimate the capital_ operating, 

and maintenance costs. Anticipate near-term development which will 

affect future use of these lights in Alaska. Assess human factors 

including effect on pilot night vision, public acceptance~ etc. 

(a) The Pacific Northwest Laboratory is operated by Battelle Memorial 
Institute for the U.S. Department of Energy. 

(b) Oak Ridge National Laboratory is operated by Union Carbide 
Corporation for the U.S. Department of Energy. 
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• Estimate equipment and airfield lighting costs, and develop the 

benefits-costs relationships for using these lights in place of 

conventional lighting systems. 

• Identify sites and siting needs for demonstration and use of the 

lights in Alaska. 

• Develop a preliminary plan, and lights and lighting design require­

ments, including estimated costs for demonstrating the lights at a 

remote Alaskan runway site. 

• Identify and evaluate the radiological, legal, and institutional 

(including regulatory) issues affecting the use of RL lights in 

Alaska. 

• 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 IV- Demonstration Plan Development and meet the scope and objectives 

advanced in the previous section. 

The Phas-e 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 limits 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 

ccrnpleted. 

1.2 REPORT ORGANIZATION 

The various sections of this report cover the effort provided by the 

study's statement of work. The study methodology is brieny discussed 

including objectives and guidelines, information sources assessed and related 

project activities. This is followed by a discussion of the state-of-the-art 
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for radiolunrlnescent light developroont including discussions of the 

environmental, radiological, r~gu1atory. institutional. and behavioral- and 
human-factors issues related to the use of radioluminescent lighting for 

aircraft marking, runway lighting, and other purposes. Other possible uses 

include highway marking and marine navigational aids in Alaska but 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 

deploying 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 followed by a brief section dealing with 

issues related to Implementation of a program for lighting Alaskan village and 

other remote airports. 

1.3 STUDY METHODOLOGY 

The methodology, objectives and milestones for this stu~ were identified 
during proposal preparation and contract negotiations with the Alaska OOT&PF. 

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 I effort reported here are as follows: 

• Acquire information to identify the state-of ... the-art for application 

of RL lights for lighting systems for remote Alaskan airfields. 

• Address the environroonta1, radiological, licensing and related 

ed..lcational needs and issues for using these devices in Alaska+ 

• Develop preliminary system designs and costs estimates for using RL 
lighting to meet remote Alaskan runway lighting and working needs. 

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

• Assess the behavioral and human factors, institutional, and 
erucational aspects of using RL lights for lighting and marking 

Alaskan bush runways. 
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The Alaska DOT&PF is a participant in a much larger development effort 

sponsored by DOE and DOD to use RL lighting to meet remote and austere 

lighting needs. Other contributors to the effort thus include DOE, DOE's 

laboratories ORNL and PNL, and various organizations within the Department of 

Defense. Department of Defense organizations include the North Carolina Anny 

National Guard, the Alaskan Air C011111and, 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 frcxn all 

organizations participating in the program. This structure imposes limita­

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 Infonnation Sources 

The project plan is shown in Figure 1.1. The plan was used in the 

proposal to infonn 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 hc:Jrl' they were performed. In addition. because of the ongoing 

nature of the larger effort, scxne changes in direction and milestones were 

necessary and will be discussed where appropriate. Infonnation for the 

background and state-of-the-art assessment was drawn from literature sources, 

information supplied by DRNL and others conducting research on tritium lights, 

and manufacturer's information. All of these resources were assessed and the 

results are presented in Sections 2.1 and 2.2. A discussion of basic 

information on the chemical, physical. radiological 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 

Title 10, Code of Federal Regulations, other Nuclear Regulatory Commission 
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(NRC] publications, accident data, and the general literature. In addition, 

an evaluation of the potential exposure to tritium was completed assuming 
worst-case scenarios. Institutional issues~ educational needs, and needed 
behavioral- and human·factors data were addressed using inputs similar to 
those identified earlier and are presented in Se-ction 2.5. Engineering 

evaluations and tl'H! design considerations discussed in Section 3 were 

completed in several iterations. This was necessary because of the continuing 
nature of the larger effort where major modifications to the lights, lighting 

fixtures, and runway-light configurations were being completed and tested. 

The design shown in Section 3 is based on the latest technology available as 

applied to a 3000-foot-long rural Alaskan runway. This design will be tested 

and modified as required at Central, Alaska, during the winter of 1983-84. A 

cost analysis is developed in Section 4. A demonstration plan which 

summarizes the work: to be done at Central. Alaska, and Alaska DOT&:PF 

participation in the overall program sponsore<i by DOE and 000 is found in the 

overall DOD, OOE test plan containing the DOT&PF test plan, Appendix A. 
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2.0 BACKGROUND AND STATE-OF-THE-ART 

The work covered in this section includes the Task I and Task II effort. 

Included are a brief backgroond discussion, the state-of-the-art for radio­

luminescent light development, environmental issues~ licensing 'f'"lKtUirements, 

and radiological protection needs and assessnents. 

2.1 BACKGROUND 

The Alaska Department of Transportation and Public Facilities (DOT&PF) is 

working to provide airport lighting and marking systems to rural communities 
throughout Alaska. (l ,Z,Jl The application of radioluminescent lights as an 

alternative to conventional lighting systems at these remote locations may 

offer reliable. safet low-cost options which need to be examined. In 

addition, the use of radiolwninescent lights to improve flight safety by 
permanent replacement of f1arepots or lanterns when used by air taxi 

operations under Pal"t 135 of the FAA regulations for night a·perations. at 

remote airfields, could reduce insurance and other operat1ng costs by 
extending operating time, reducing ac:c1dent rates. and promoting more 

efficient use of aircraft. These reductions in costs~ improved service, and 

flight safety, ..tlen passed on to the local level, can enhance the quality of 

life in the bush corn:nunities. 

2.2 STATE-OF-THE-ART ASSESSMENT 

The use of radiation from radioisotopes to excite phosphors that, in 

turn, emit visible light has been known for many years. (4-15 l An example of 

this was the use of raditlll mixed with a binder and zinc sulfide phosphor 

painted on watc.h dials for self illumination. Since radium is high in cost 

and represents a serious hea1 th hazard to persons exposed to it, its use is 

now prohibited. Another 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 
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phosphorescent material~ such as zinc sulfide, which contains a small quantity 
of impurity, such as copper. silver, or cadmium, and are absorbed. Light is 
produced when the energy from this absorption is released, Figure 2.1. other 
forms of radiation can also be produced during the decay process. These 
include alpha particles and gi!ITI1kl rays. Alpha particles are helium nuclei, 

which are emitted at high velocity. Gamma rays are a form of electromagnetic 

radiation similar to x-rays* but have a higher frequenGY, greater penetrating 
power 1 and increased damage to living tissue. Thus~ if an isotope is to have 
a practical value as an energy source for self-powered lights, it should have 
the following characteristics: 

• a relatively long half-life, 

• not emit alpha particles or garnna rays, or be easily shielded, 
• prodl.ce a stable daughter) e.g., nonradioactive isotope, 
• be non-toxic chemically or radiologically, and 

• have a modest or 1ow cost. 

Possible isotopes that could meet these requirements are listed in Table 2.1. 

Existing or experimental applications of radioactive isotopes for lighting 
purposes are shown in Table 2.2. Krypton-85 and promethium-147 have only been 

Phosphor 

FIGURE 2.1. Technical Principle (Gas-Tritium or Krypton-85, 
Solid - Promethium) · 
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TABLE 2.1. Possible Isotopes for SeT f-P'flif<;ddllumi nators 
and Their Relevant Properties ~ 

M4J\iJI'IUI!l 
'ialf oeta 
life enerqy 

I sotooe (l:,ears) _i_ '!leV l 
Tnt1Wll (H3) 12.4 \l.OlS 

Prm.etl'l il.ll!l-147 2.5 0.23 

Krypt:m-85 lO.i O.bJ 

Gamna-ray Chemical 
\eert:entj toxicit_y 

'" nil 

i'lil nil 

(},5 ,.,._ ni·, 
cel"!t of 
J.S me~ 

Raoiologica; 
to:dclt.x 
very '"" 
:neai!.lll 

'"" 

;_o. energy. ideal for 1umioous 
paint. l~ cost. E4sy to ~anole. 
No shield<ng requ1rea. 
Exvensi~e. Short naif life. 

inert gas. s~ tlneldlng 
required. Expensive. tm:ap~~.-la-­
tioil can c.iscolor D-eCiliJSe of 
radiat1on. 

TABLE 2_2_ Existing or Experimental Uses for Isotopes in Self-Powered 
Lights!4-15) 

Isotope 

Tritium (H3) 

Prometl"lium-147 

Krypton-85 

Uses 

EXIT signs; public buildings and aircraft, self­
luminous watch dia1s in aircraft and instrument 
dials, markers 

Apollo, MOon Orbiter and land-docking lights 

Experimental lights built and evaluated; A researcn 
area 

used in special applications and in test situations. Tritium meets all of t.~>te 

above requirements and is, therefore, widely used in a variety of 
commercially-available Products in various applications. 

Trititim can be used in two ways. 

into styrene and other organic binders 

First, it can be chemically incorporated 

to produce luminescent paints. These 

paints have been used for watch and aircraft dial illumination~ mine field 

markingt gunsight illumination, and other purposes. Second. tritium gas can 

be encapsulated in a glass tube or ~ontainer coated on the i:"'side .,it.1 a zinc 

sulfide phosphor. Uses for this type of light source 'Include EXIT and other 

self~powered Harning signs fat buildings, aircraft, and light standards in the 

photographic industry. For example, tritium lights containing from 4 to 

30 curies of tritium have been used on commercial aircraft and in emergency 

lights !EXIT signs, etc.) since the mid-1960s.! 6 •7 •8 ) Primary advantages of 

radioluminescent lights in existing applications are: 
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• They require no external source of power. thus ate not subject to 

power failure or interruption. 

• They do not burn out or require wiring; thus, are self-contained and 

maintenance is minimal. 

• Supply problems from short shelf life component replacement~ such as 

batteries, are reduced where temporary or emergency lighting is 

required. 

• They can function under many severe environmental conditions such as 

temperatures lower than -70°F. 

Thus, the technology is well developed for a variety of purposes. At least 

seven commercial companies are producing a variety of products commercially in 

the United States and Europe, Appendix B. These companies were surveyed 

concerning the possibilities of using RL lighting for runway lighting and 

marking purposes and the responses received are included in this appendix. 

Strong interest exists to expand this technology to military uses in 

remote, austere, and tactical applications where utility or portable 

electrical power is unavailable or difficult to obtain. Research and 

developrrEnt incentives for this expansion have been identified and development 

work: to provide lights meeting the needs is underway~ sponsored by the 

Department of Defense and Department of Energy. 08- 22 l Both have had 

specific objectives in mind; however, the products of this testing to meet 

these objectives have sh(.)<m that radioluminescent lighting could ~et many 

Alaskan needs including remote Alaskan airfield lighting and marKing. 

Primary restrictions to the further deve1o~nt and use of tile lights are 

the licensing requirements imposed by the Nuclear Regulatory C01m1ission or 

foreign govermrents; obtaining Federal Aviation Ad:'ninistration waivers and 

acceptance; tritium availability; technical restrictions imposed by the 

physical limitations of the phosphor-~ beta-par-tlcle penetration. quality 

assurance and qua1ity control; and manufacturing and production needs. The 

licensing issues and other federal requirements are discussed later and will 

not be further reviewed here. Because of the above mentioned limitations of 

phosphor, tritium loading requirements, and beta particle penetration distance, 

-10 -
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the lights will produce only a finite light output for a given area of 

phos~or surface. Although this limit is nat reached in existing designs, it 

is OOubtful that the intensity per unit area can be increased more than a 

factor of tw over present technology. (a) Future developments should thus 

relate to better configurations where loss of light due to interference is 

reduced, or use of mirrors or reflecting materials to direct the 1ight for 

more efficient use. In addition. human factors research is needed to 

establish h"" the light output is perceived by the user, that is the pilots. 

Minimal •ark has been done in this area and it has largely been 1 imited to 

visibility of self-luminous EXIT signs.1 23 •24 l Another area that needs to 

be carefu11y addressed is the quality control and quality assurance 

requirements •hich should be imposed by a user When purchasing these lights 

from a manufacturer. On several occasionst lights have failed prematurely 

because leakage has occurred, phosphor quality was poor; or the phosphor was 

contaminated. Cb) In general. this has occun-ed when the, quality control, or 

quality assurance criteria, have been relaxed by a purchaser. Specific needs 

in this area are tests to ensure tritium has not leaked out of the tubes. the 

phosphor is not contaminated, and that quality is maintained. A preliminary 

evaluation of the lights for airfield and runway use was condutted in early 

1983 for military purposes and for civilian use in Alaska. Results are 

encouraging. At the present time, most of the research and development is 

being conducted by the government. that is DOE and DOD, but at least one 

rnanufactureric) is also developing 1ight sources and designing their own 

manufacturing facilities. Nearly a11 of the manufacturers are sma11, haYing 

sales totall fng less than 10 to 15 million dollars per year; the market 

incenthes need to be significant to justify a r'e1ative1y 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, ORNL, 6/21/83, 8/17/83 and 9/7/83; 
and Larry Keating, NRD Corporation, 1/27/84. 

(b) Telephone discussions •ith Carl Haff and Andy Tompkins, ORNL, several 
occasions; W+ C. Remini, DOE-HQ~ severa1 occasions. 

(c) Telephone discussions •ith D. John Watts, Safety Light Corp., 4/7/83 and 
6/30/83, and Neil Case and J. A. Tompkins, ORNL, 6/21/83, 8/17/83 and 
9/7/83. 
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In SUifl'llary: 

1. All of the technology required is available to produce a radio­

luminescent light potentially suitable for runway lighting and for 

marking a remote Alaskan runway. 

2. Many advances in design of fixtures, which will enhance the way in which 

the light is presented to and received by the pilot are possible. The 

range of these designs is just now being explored; thust many 

improvements can be expected as innovations in these designs appear. 

3. It is doubtful that the unit light intensity, that is light output 

from a unit surface area! can be increased beyond a factor of two. 

Use of mirrors, and other reflective systems, and more efficient 
designs that eliminate interferences will enhance the human 

acquisition of the light. Thus, a pilot could acquire the light 

from a distance of 6 or mote miles rather than 2 miles acquisition 

identified during the 1982-83 test in Alaska. 

4. Designs of large-scale systems that use these lights are still in 

early development for runway lighting and mrl<ing; thus, as we 
better understand the human factors affecting the lights and their 

use under varying weather conditions, substantial improvements in 

this area can be expected. 

5. The lights should be simple to install and use~ require minimal 

maintenance, and because they can produce light without external 
power at low temperatures, should be viable for Arctic and 
sub-Arctic tJse. 

6. Manufacturers could produce a radio luminescent 1 i gh t sui tab 1 e for use in 

Alaska. They may not be capable of completing the development and 

demonstrations needed in 2 and 3 above to advance the technology to 

maturity because of internal financial limitations without addit1ona1 

help from the user, e.g., state or federal support. 
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7. A better definition of the quality control and quality assurance 

needs for purchase of the lights is needed. Tests or evaluations 

needed to ensure that failure after purchase is minimized need to be 
better defined. 

2.3 ENVIRONMENTAL EVALUATIONS 

Discussion in this section centers on the release of tritium and its 

effect on the environment. Within the discussion, various terms used in the 

analysis are defined along with important chemical and physical 

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 number of threshold and edge lights destroyed during 

an accident~ 

~.3.1 Physical Characteristics of Tritium and Definitions of Terms 

The radioactive agent in RL lights, as has been discussed. is tritium. 

Tritium is a commonly used name for 3H, a radioactive form {isotope) of the 

element hydrogen. The important radiological characteristics of tritium 

include its half-life, the t;ype of tadiation emitted, 'and the energy of the 

emitted radiation. 

The hal f-1 ife of a radioactive agent is the time required for one-half of 

the radioactive material present to undergo radioactive decay. During the 

second half-life period, one-half of the remainder will decay. and so on. 

Each radioactive nuclide has its own characteristic half-life. The half-life 
of tritium is 12.3 years.(lG,17,25) 

The t;ype of radiation emitted will i nf1 uence the sh iei ding requirements 
for the device. Tritium emits a beta particle. A beta particle is a high 

speed electron~ which has been emitted from the nucleus of an atom. The beta 

particle wi11 eventually 1ose most of its energy of motion and become just 

another electron. Beta particles {electrons) are relatively easy to shie1 d 

agail'lst. Commonly employed shielding materials include plastics. glass, and 

aluminumi the thickness of shielding material required depends upon the energy 
of the beta particle. 
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The energy of a beta particle, such as those emitted by tritium. is in 
the form of kinetic energy, energy of motion. The energy unit used most 

conmonly to describe radiation energy is the mf11ion electron volt (MeVL The 
energy 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 energies; 

hrwever, the maximum energy that any particular beta particle wi11 have is 

0.018 Mov.f 16 •17 •25 l A beta particle, such as that from tritium, having an 
energy of 0.018 MeV will penetrate no more than 3/10,000 of an inch through 

waterf 26 l and about 1/2 Inch through air.( 27 l The glass and plastic used 

to contain the triti!.ln gas in these marKers ha\le beta shielding capabilities 

similar to water. The walls of the glass and plastic cylinders surrounding 

the tritium have thicknesses which vary between 1/32 and 1(16 inch; much 

greater than the distance a beta particle emitted by tritium can penetrate. 

The consequence of this is that any radiation emitted by tritium has 

insufficient ~nergy to penetrate the walls of any confineroont system~ which 

may conceivably be used in an airfield lighting unit. 

Ionizing radiation~ such as the beta particle emitted by tritiumt can 

interact with tissues of the body by depositing energy in the cells of the 

body and may disrupt the nonnal functioning of the cell. Radiation dose is a 

measure of the extent to which radiation energy has been deposited in a 
tissue. The mst conmonly used unit of radiation dose is the rem. a subunit 
of a rem is a mi11irem. a mi11irem is one 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 nuc1ear industry or the general 

population* which ma.y occur under various circumstances. Radiation dosimetry 

is divided into twi> distinct categories: external dosirrw:tr'y and internal 

dosimetry. 

External dosirretry 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 lihich an external dose is calculated; sKin, lens of 

the eye. and the whole boqy. For purpose of calculation these organs are 
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assumed to 1ie at a depth of 0.07 mm, 3.0 mmJ and 10.0 mm, respectively, 

beneath the surface of the skin. Separate acceptable dose limits have been 
established for these three organ systems whiCh are 30 rem, 5 rem~ and 5 rem 
per year, respectively. These dose limits are for individuals who work with 
radiation as part of tneir job. The acceptable annual dose limits for members 

of the general population are about lilO those given above. 

The depths given above represent the location of tne radiation sens1tive 
tissues; radiation which does not penetrate to the depth specified is 

considered to not provide a meaningful dose. For example, the skin consists 
f t . 1 th d . d t" . . . (27- 29 ) th d . b . o wo maJor ayers: e erm1s an ue ep1aerm1s~ e ermts e1ng 

the outermost layer. The epidermis is likewise composea 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 to make up for the 

continual loss of surface layers from abrasion. The lowest (basal) layer lies 

at a depth between 0~07 and 0.12 mm below the outer surface of tne skin. The 

dose to the skin is significant only if the basal layer is irradiated because 
the basal layer is toe source of new skin cells. 

Beta particles from tritium generally penetrate only a short distance~ 

about 0.0064 nrn, in tissue but do not penetrate to tne basal layer in skin. 

For this ;eason~ the radiation dose to the skin from elemental tritiu~ outside 

of the body is essentially zero itrespective of the amount of tritium 

present. For the same reason, the radiation dose to the lens of the eye and 
the whole body fr001 elemental tritium outside body is essential1y zero. 

Internal dosimetry refers to the calculation of a radiation dose to the 

organs of the body fr001 radioactive material contained within the body. Tne 
internal radiation dose is a function of the energy ~f the emitted rddiation, 

the amount of radioactive material in an organ, and the mass of the organ. 

Internal doses can oe calculated on an organ-by-orgdn basis and then the 

organ doses can be summed to give a "whole body" dose. The calculations 

assume that the radioactivity is uniformly distributed throughout an organ, 
although the various organs may have different concentrations. 
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The time that the radionuc1ide will remain in the body is a function of 

its solubility in body fluids, and whether it is incorporated into tissues, for 

example~ bone. Collectively, the distribution of the material within the body 

and its eventual excretion is referred to as tne metabolism of the 
radionuclide. 

All of the energy of a beta particie will contribute to the computed 

radiation dose because the radionuclide is surrounded by iiving cells. that is 

i~ contrast to external dosimetry in which the beta particle must traverse 

non-living skin before irradiating living tissue. Therefore, the radiation 

hazard from tritium is that wnich results from the internalization of 

tritium. The internalization may result from inhalation of air contaminated 

with tritium containing materials, ingestion of contaminated materials, or 

absorption of tritiated water through the intact skin. The radiat1on dose to 

an indiv1duai consequent to inhalation of ~ritium is dependent upon the 

chemical form of the tritium; the major chemical forms are elemental hydrogen 

and tritiated water. 

The International Committee on Radiation Protection (ICRP){Jl) estimotes 

that the radiation dose from elemental tri~ium is primari1y that to the ;ung 

from inhaled tritium gas and that the dose to the lung will oe 60 to 1~0 times 

tha: in any other tissue. Thus the dose calculation methods described by the 

The LCRP for elemental tritium, esti.'Tiate radiation doses to the lung on1_y. 
biological model for tritiated water assumes that ingested or inhaled 

tritiated water is. completely and instantaneously absorbed from the Gl tract 
and the 1ungs respectively. Further~ the rate of intake through intact skin 
is fully one-half the rate due to inhalation.{JZ) The ICRP computea thdt 

6.3 X 10-2 mi11irem per microcurie of tritiated water ingested or inhaled 

would be tne radiat:on dose following an intake of tritiated water. 

2.3.2 Estimation of Raaiat1on Doses 

Owing to the radioactive nature of the tritium activated runway markers, 

it is important to estimate the radiation doses, which may be received by 

individuals who work with the devices. and by the general populdtion from tne 

tritium in the markers as a result of both normal and accident conditions. 
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UoOOr normal conditions, the tritium gas in a R:... light is contained 

within a ~eaied glass ampule, which is itself placed within two plastic tubes 

the ends of which have been stoppered and sealed with .a potting compound~ Tne 

exter~a1 radl1tlon dose from tritium in this configuration is zero. As 
discussed in the previous section, the radiation emitted by tritium does not 

have sufficient energy to penetrate through the glass or plastic enclosures. 

P1e internal dose potential from the use of trhiated runway :narkers is 

also expected to be ~egligible. Experiments with tritium activated aircraft 

EXIT lights, containing nominal activity of 4 c;(a) were found to leaK 

tritium gas at an average rate of about 74 x l0- 12 Ci per hour through 

intact glass tubes; \1 5 ) an equi•Jd1ent leakage rate from an indivioual lignt 

source in a runway marker is about 5.9 x 10-lO Ci pet hauL The ANSI tt-540 

Sti:lf'idard for Radioluminescent light Sources states that commerch1ly produced 

light sources shall r,ot nave leakage rates greater than 50 x 10-9 Ci per 

24-hour period. Such a low ieakage rate is insignificant for either 

out-of~doors or inside well-ventilated buildings. 

2.3.3 Evaluation of Possible Accidents 

Owi1g to the large number of conceivable accident scenarios, which could 

be considered, it is not practical to estimate the potential for exposure or 

the radiation-dose pote:1tial ~or each. For this report, two accidents are 

IT!Qdeled~ whicn may be considered worst case situations. The fir-st asSl.mes 

that a 1ight fixture is shattered during handling by a worker, immediately 

releasing its entire co:"ltents. The second assumes that the thresnold lights 

plJs eight edge markers are destroyed at a runway accident~ imrr~dlately 

releasing their contents. 

Radiation doses from airborne materials+ such as tritium are dependent 

upon tf!e concer~tratioos of the radioactive material. The eqJations, wnicll are 

used to estimate air concentrations, are not valid for distances less than· 

{a) Activ1ty is ::leterm1ne:d quantitatively by how many atoms are disintegrating 
or emitting particles {for tritium beta particles} per second. Thus~ if 
the activity is 3.7 x 1010 disintegrations per second~ the amunt of 
radioactive materia1 is 1 curte (l Ci). 
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about 100 meters from the point of release. For this reaso~, it lS often 

necessary to rely upon data developed from routine handling of accidents which 

are a rare conseq~ence of laboratory procedures and the research and 

development process. 

Perhaps the roost relevant examples are incidents of this type, which 

occurred at Oak Ridge National laboratory(a) anc Pacific Nortnwest 

Laboratory d:.;ring the preparation of tritium light tubes or other won:. re1atec 

to the Alaskan tests held during the winter of 1983-84. Inoividuals wor~ing 

in the area when the tubes were broken have been exposec to re;eased tritiu;n. 

These individuals had been standing at distances from 0.7 meters to several 

meters from the tubes when the_y were broken. In a 11 but one case. tne ro001s 

were well venti1ated~ experiencing 6 to 10 air changes per hour. In one case, 

a glass tube was broken in a storage area and ventilation was minimal. The 

glass tube was encased in a Lexan® container, but the lexan® container was not 

sea1ed. Urine samples were obtained from all individuals within 48 hours 

after exposure. Maxtmum dose received by any individual was 30 mil1irem. By 

way of comparison, the maximum acceptable radiation dose 'to a radiation worker 

is 5 rem per year or 3 rem per calendar q:.;arter; thus) i_r, the :ncident 

described above~ only a small fraction of the allowable dose was incurred. !o 

further put these dose levels into perspective~ consicer the following: 

flying in a co.mmercia1 aircraft from Alaska to the .. Lower 48" at altitudes 

above 33,;)00 ft exposes the passenger to radiation from solar and cosmic 

sources. which are not present at the earth's surface. Such radiation is 

primarily gamma or x-ray and can contribute to radiation dose rates of 

3.0 mi1lirem per trip. and this exposure increases with increasing altituce 

and latitude. It is interesting to note that 10 trtps are requirea to produce 

the same max:imurn exposure a$ the tritium tube breakage. 

:..aboratory experiments have been conducted us·ing swine as the exposed 
'33' animal\ 1 where larger dose rates have been onserved. An ana'!ysis Jf a 

scenario using these datd was performed and is surmtarized in Appendix c. 
However~ ~he long durations of exposure and other variables do not permit 

(a) Letter from Karl W. Haff, ORNL, to G. A. Jensen, PNL, dated April 24, 1984. 
® Tradename of General Electric Conpany Plastics Division. 
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direct comparison to the above incidents. It is, of course, possible to 

conceive of an infinite number of accident scenarios which could then be 

analyzed for rlsk. At this point, it is not clear what type of scenarios tne 

licensing process wtll be required to consider; however, the above examples 

suggest that the probable risk to numans for an RL airfield lighting system is 

generally minimal. 

The second accident situation considered involves the destruction of 

22: markers at the end of 3 runway as may occur consequent to an aircraft 

crash. The air concentrations of tritium were estimated at distances of 

300 feet, 1/2* 1. and 1-l/2 miles from the end of the runway. The air 

concentrations were estimated using the uethods aescribed in Regulatory 

Guide 1.145, 11 Atmospheric Dispersion Models for Potential Accident Consequence 

Assessments of Nuclear Power ?1ants."(J4) The assumptions used in the 

calculations were that 9,096 Ci of tritium were released and wind was blowing 

directly from the accident site to the point of calculation witn a velocity of 

4.5 miles per hour. Calculations were made fat" points along the centerline of 

the runway, as well as 30c ~ 45<;1. 60°, and 90° from the centerline of the 

runway. The results of the calculations are shown on Figures 2.2 to 2.6, and 

Table 2.3. The figures show the integral air concentrations~ laDle 2.3 shows 

the radiotion dose commitment. All of the doses are less than the maximum 

values given in 10 CFR 32.24 for a low prob.ability failure condition and, 

except for the distances less than 300 feet from the end of a runway, all are 

below the maximum values given in 10 CFR 32.24 ~or normal use and operation. 

These calculations do not estimate the air concentrations and res.;ltant 

radiation dose commitment to individuals at the point of the accident, sucn as 

to a pilot of an aircraft involved in the assumed crash. As mentioned 

previously. the caiculational methods are not valid at very close oistances. 

rt can be as.sumed that "the dose comitment to a pi1ot involved in such a 

crash, and to bystanders in the plume, will be 1arger than that to ·Jndiviaua1s 

down wind from the a eel denL 
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In summary, the radiation dose from tritium activated runway markers 

under normal conditions is negligible. The radiation dose commitment 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 quantities of radioactive material 

released when 22 markers are destroyed, the radiation 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 column 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 Regulatory 
Commission be notified immediately. 

2.4 LICENSING REQUIREMENTS 

The Nuclear Regulatory Commission (NRC} is the principal federal agency 
responsi.ble for licensing uses of nuclear energy. Included in this 

reponsibility are matters dealing with design, manufacture, distribution and 

use of most devices containing 

this reponsibility is found in 

radioactive materials. Primary 

the Atomic Energy Act of 1954. 

legislation 

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 COJ\1llitments oue to Inhalation of Tritium Following 
a Major Accident (Dose in rem) 

Angle from Centerline 
300 Ft of Runway 

On cenl!!rli ne 2.4 X 10·2 

20' off centerline 1.1 X 10·2 

45' off centerline 1.2 X 10·2 

60' off centerline 1.1 X 10·2 

90' off centerline 1.9x10·2 

Oi stance 
1/2 Mite 1 Mile 

8.7 X 10·3 

5.5 X 10·3 

4.8 X 10•3 

4.7 x 10·3 

4.3 X 10-J 

4.8 x w·3 

3,8 X 10·3 

2.3 x 10-3 

2.5 X 10·3 

2.3 X 10-J 

1-112 rme 
3.1 X 10-J 

2.8 X 10·3 

1.9x10-3 

1.7 X 10'3 

1.6xlo-3 

Legislation since this original act, notably the Energy Reorganiz.ation Act of 1974~ 

separated the promotional functions from the regulatory functions and created 

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

and regulation of all facilities and materials licensed under the At0111ic 

Energy Act of 1954, as ammended, including such matters as safeguards, trans­
portation, byproduct and special nuclear rnater"ials and confirmatory research. 

Other federal legislative actions which a-ffect the use of 

radioluminescent lights in Alaska include the National Environmental Polley 

Act of 1969 (NEPA) and Executive Order 11514 which sets forth a policy to 

encourage harmony between man and his environment and the Federal Water 
Pollution Control 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 
FWPCA. This interim policy statement and a memorandum of understanding is 

still in effect under NRC. It is 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 planned testing in 1983-84. Further 

licensing of these lights by the State of Alaska for use in Alaska for 

lighting 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 30-35). (351 Most of these regulations are directed at use of 

millicurie quantities of radioisotopes rather than the larger mul ticurie 

quantities of tritium, krypton-85, etc •• to be used in radioluminescent lights 

for runway lighting 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 1 i gh t," provided the devices 

have been manufactured and initially transferred in accordance with a specific 

license issued pursuant to Section 32.51, or the equivalent requirements of an 

Agreement State.(b) For example, commercial aircraft such as Boeing 727 1 s 

carry about 200 curies of tritium in several EXIT signs and hospitals and 

buildings using these devices may have up to a total of 1500 curies in va·rious 

safety 1 i ghting i terns. A11 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 guidelines< 35 •36 •37 l when using 

radioluminescent lights. Section 32.51 defines the requirements for NRC 

issuance 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 light 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 light is expected to contain roore 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, thorium 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 1 i cens i ng wou 1 d be p 1 aced on manufacturers, who 

would be required as a minimwn to complete and meet the testing and certifica­

tion requirements identified in U.S. Department of Commerce/National Bureau of 

Standards, American National Standard N-540,\Jl) Specific documentation to 

meet 32.51 (a)(2)(ii and iii) and 32.51 (b) would be provided by the manufac­

turer. Other requirements would be met by identifying specific individuals or 

organizations who had the appropriate qualifications. 

In the case of the radio1uminescent ·lights and their use, t.he required 

documentation for the State having a 11cense should be minimal. Specific 

reasons for this are identified in the section on environmental evaluations. 

The manufacturer's general license for the 1ight itself should suffice 

providing the state has appropriate storage and handling facilities far use in 

installa:ion and replacement purposes. At the present time, it is difficult 

to establish the specific requirements because no precedent exists for use of 

as 1atge a quantity of tritium (50 to 100,000 curies) as would be required to 

light a runway. Additional tests may be required by ~RC for issuance of d 

general license. Here again, the manufacturer would have the mdjor 
responsibi1 ity. 

Among the specific requirements, which could be imposed under 10 CFR that 

wou 1d pertain to the State of A 1 ask a 1 s use of these devices dre the fallowing: 

• 

• 

• 

30.33(a)(2) 

(by reference) 

30.33(a)(3) 

(by reference} 

32.51(a)(2: 

(by reference) 

The app1icant 1 S proposed equiprrent and facilities 
are adequate to protect health and minimize 

danger to life or property. 

The applicant is qualified by traini:~g and 
experience to use the material for the purpose 

requested in suc:1 a manner as to protect health 

and minimize danger to life or pro~erty. 

The applicant submits suff1cient informat1on 

relating to tne design, man~facture, prototype 

testing, quality controls. labe:1s, proposed 

c1ses, installation, servicing, leak testing, 

operating and safety instructions, and potential 
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• 32.51(b) 

(by reference) 

hazards of the device to provide reasonable 
assurance that: 

(I) The device can be safely operated by 

persons not having training in radiological 
protection. 

(iil 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 is 
unlikely that any person 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 fanning organs~ lens 
of eyes; or gonads~ 18.75 rem/quarter for 

extremities, 7.5 rem/quarter for skin}. 

(iii) Under accident conditions (such as fire 

and explosion) associated with handling. 

storage, and use of the device, it is 

unl ik.ely that any person would receive an 

external radiation dose or dose commitment 
in ex.cess of that specified in column IV 

of the table in Section 32.24 {i.e., 

15 rem whole body, 200 rem tn the 

extremities and skin, and 50 rem to other 
organs). 

If the applicant desires that the device be 

required to be tested for proper operation and 

for leakage at intervals longer than six months~ 

he must submit additional information for the 

Commission's consideration on: 
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1. Primary containment (source capsule) 

2. Protection of primary containment 

3. Method of sealing containmt:nt 

4. ::ontainment construction materials 

5. Form~ quantity, and radiotoxicity of 
contained radioactive materials 

6. Maximum temperatJre and pressure withstood 

during prototype test 

7. Operating experience with similar devices 

The shipment of radioactive ~aterial between states by rail, air, road, 

or water is regulated ~y the U~S. Department of Transportation as specified in 

Title 49~ "Transportation'1 of the Code of Federal Regulations, Parts 100-199 

(49 CFR 100-199).( 38 ) In special cases, the NRC also regulates the 
packaging of radioactive material for transport and transportation of 

radioactive material under certain conditions as specified in 10 CFR 71. In 

addition, state laws and local ordinances will have to be complied with during 

snipping of the lights. The details of ::hese requirements are so variec that 

they will not be summarized here out no difficulties are foreseen in trans­

porting the devices to Alaska if properly packaged ana handled. Current state 

laws and regulations are identified and compiled 1n NUREG/CR-1263(~.2).( 39 ) 
App1icaole regulatory guiaes are attached in Appendix D. 

Tn summary, 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 to which 

these markers have been tested and tne results of tne tests. The tests 1-0 

which these devices should be subjected are similar to those describea in 

10 CFR 32.101 Schedule B - Prototype Tests for Lu,ninovs Safety Devices for Use 

in Ai"'craf:~ and American National Standard N~54C-l975, "American National 

Standard N~540; Classification of Radioactive Self-Luminous Light Sources.~~ 

The types of tests required include drop tests, vibration tests. puncture 

tests, a:nd shoe'< tests. A sirgle ;narker must be able to pass all tests 

without breaking or !eaKin9 radioactive ~aterial. These tests should be 

performed by the manufacturer.(35 ~ 35 ) 
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The least burdensome license~ from the standpoint of the user: for which 

tritium activated runway markers would be eligible appears to be as a 

generally licensed quantity; the quantity of radioactive material is too great 

to be considered an exempt quantity. However_ this general licensed quantity 

status has not 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 be imposed upon the licensee are unknown. 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 lights have not been registered with the NRC, 

they may be treated as experimental devices and many restrictions may be 

placed upon the licensee including a requirement for a radiation safety 

officer~ and a radiation safety co11111ittee; also the unattended use of these 

devices may not be allowed. At the same time that a license application is 

made to possess the sources. a request for a custom review shou1 d be made. 

The request for a custom review is generally made by the user; however, the 

supporting data requested. by t~e NRC should be 'provided by the manufacturer. 

The effect of a successful custom review of these runway markers is that the 

license restrictions may ~e no greater than those restrictions placed on 

generally licensed quantities of byproduct material, 

2.5 INSTITUTIONAL ISSUES ANO EDUCATION 

Public acceptance of the radlolwninescent lighting technology at the 

comrunity level is Cr"itical to the overall soccess of the program. During the 

demonstration phase. it will be important to understand public concerns with 

RL lights and to be able to comn•micate effe<:tively to the public. T~e main 

factors that impact public acceptance include: concerns with radioactive 

substances; perceived costs and benefits of the technology; local economic 

impacts; direct prior experience with new technology and related developments; 

role of activist organizations; and characteristics and level of organization 

of candidate site communities. 

Because of the radioactive properties of RL lights, 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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estimates of the degree and character of public concern. However, there is 

concensus that some public response could be expected regardless of the 

remoteness of the comnunity. The view was expressed that people wou1 d readily 

see the benefits that would accrue to their village or borough as a result of 

tile installation of tile RL lights for airstrips; the benefits of tile 

technology, when clearly understood. should assure rapid acceptance.(a) 

Another perspective was that some resistance and negative response could be 

expectad with tile introduction of these lights, regardless of where they are 

sited. However, it is also anticipated that once issues are sorted through, 

the major concern of rost groups (in particular', native groups) would be the 

effect of RL lighting on residents' livelihood.(b) 

Pub1lc perception of nuclear issuess which is relevant to the acceptance 

of RL lights, has been found to vary greatly.( 40 •41 ) This preliminary 

investigation suggests that public acceptance of RL lights will vary by tile 

locations of the site contnt.mities in th·e state. Several factors were 

mentioned in recent discussions with experts in Alaska as potential aspects of 

geographic differences. For example, it could be expected that to the extent 

that various population gl"oups have been exposed to the impact'S of other 

develo~nt activities~ lH:e oil developnEnt, they would hold a mre cautious 

view of t.i!e benefits of ot.i!er efforts~ Coastal groups were seen as those 

population areas that could be expected to have the greatest number of 

for"111a11y or infonnally organized opposition groups that are ready to mobilize 

and carefully question any new development efforts. (b) Others felt that 

smaller' towns may not be able to mount a response. Also voiced was the view 

that some villages may oppose most any development simply because of the 

nature of the residents~ One case was cited where villagers living next to a 

DEW line became concerned regarding the effects of the microwaves on the 1oca1 

(a) Conversation between Chris Cluett, Human Affairs Research Centers (HARC), 
PNL, and Dan Rogness of Alaska Public Health Service~ Environmental Health 
Branch, August 2, 1983. 

(b) Conversation between Chris Cluett, HARC, PNL, and Patty McMillan, 
anthropologist with the Arctic Environmental Information and Data Center~ 
Anchorage~ Alaska, August 3~ 1983. 
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population. {a} The controversy apparently died down after a governlll?nt 

expert was sent in W evaluate the situation. 

A public education and information program should be carefully designed 

w be sensitive w the characteristics of the area where RL lights will likely 

be introduced and to the particular concerns of the local residents. Thus. 

the program is being designed not w force a technology on an unwilling public 

hut rather to un<Erstand and be responsible to public concerns; that is, the 

program is designed to create a level 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 lights disposal problems; impacts of 

vandalism and preventative measur"es; and public participation in siting 

decisions. 

Health and safety concerns with technology developnt;nt are typically felt 

by small co!l11lunities and should be addressed by this program~ Concerns, such 

as whether or not radiation can enter the food chain and arrangements for 

eventual disposal of the lights are topics that have already been raised[b) 

and are addressed elsewhere. Other questions that might arise focus on the 

likelihood that radiation could escape from the lights due to events, such as 

'iandalism. This latter issue is more likely to be a concern in cOfllllunlties 

where similar events have occurred in the past; preparatory research lnto the 

frequency of similar events in candidate c0111t1unities needs to be evaluated 

during the demonstration planned at Central, Alaska, this year. 

Public informatiOJ1 programs or messages are also influenced by the way in 

which they are delivered: the media [e.g., TV, radio, or newspapers); the 

source (community opinion leader) public figure, or natianai political 

ffgure}; and even t'"le language of such rressages influence whether or not 

people listen to ,or accept this lnfonnation. (42 •43 ) Sensitivity to these 

{a) Conversation between Chris Cluett~ HARC, PNL. and Dan Rogness, Alaska 
Public Health Service, Environmental Health Branch, August 2, 1983. 

(b) Conversation between Chris Cluett, HARC, PNL, and Mary Core, Executive 
Director of Issues, Alaska Center for the Environment, August 5§ 1983. 
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variables and their application in the candidate comnunities should be planned 

for in undertaking a public information pl"ogram for the demonstration phase. 

The objective of these public infonMtion programs should be to educate 

the concerned public regarding both the benefits and the costs of RL lights. 

In some instances~ public information can be adequately distributed in print 

or electronic media. Because of the likelihood that use of RL light will 

aroose public concern. provision should be made for a forum for public 

participation~ such as town meeting or other public meeting). Careful 

preparation is vital tegarding issues that are lt'l')St likely to be of greatest 

concern to the candidate coonnunities. Analyses of public responses to 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 wi11 be viewed with distrust and opposition. Clearly a public 

information program prior to the introduction of these 11 ghts shou1 d be 

undertaken with careful and thorough consideration of how to present the 

issues of greatest concern to the candidate communities. 

2.5.1 Human Factors Needs 

The design of a ra<lio1uminescent lighting system for remote Alaskan 

runways and the demonstration of that system in its design environment 

presents a number of human factors issues that shou1 d 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 Pi1ot Acceptance and Performance 

The use of RL lighting will present the pilot with unfamiliar visual cues 

that may affect spacial orientation and depth perception and perhaps other 

perceptual areas. These factors will, in turn, affect pilot acceptance. 

There have been a nl.lllber of studies by the Office of Naval Research~ the Air 

Fo~ce Aerospace Medical Division and the FAA in the general area of night 

approaches and landings using val"'ious lighting systems. In addition. the Air 
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Force is continuing its research in the area of electroluminescence and its 

effects on aircrew vision. The data from these sources should be reviewed and 

eva1 ua ted as an on-going part of this project, 

Of particular importance will be the preflight briefings, These are 
needed to acquaint the flight crews of the purpose of the evaluation prior to 

evaluations of lights and the specific data to be collected. If possible 1 

visual aids such as still photography or video tapes of approaches to 
RL-lighted runways need to be included, In addition, the post-flight 
debriefing/data acquisition protocols are being developed. These should be 
sharply focused, asking such questions as: 11At what a1 titude and attitude did 

you first detect the runway?" rather than: "When did you first see the 

lights?" The DOT&PF questionnaire used in the 1983 testing at Malamute 
Airfield 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 De defined as an integral part of the effort and evaluated 

during the demonstration phase. 

In fol"Tflllating specific ttaining requirements. a scenario should first De 

developed for the demonstration. The scenario should then serve as the basis 

for determining the tasks required of people who will handle, store; maintain 

and dispose of the system. This, in tAJrn, will lead to a list of training 
requirements and a training plan. ln "ddition, a plan for data collection and 

analysis should be developed. 

2.5.1.3 Operating and Mainte~ance Procedures 

Concurrent with the identification of training requirements, it is 

essential to begin ~velopment of procedures for all phases of the project . 

This includes the identification~ handling, and disposal of damaged components 

that might pose a hazard to people. The task analysis nw:ntioned above wi11 

yield information on those tasks that require written procedures and also 

provide a basis for selecting procedure fonnats. Procedures should be ready, 

at least in preliminary fonn, for the demonstration phase so that they can be 

evaluated far their technical 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 deroonstration 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. 
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3.0 ENGINEERING EVALUATIONS AND DESIGN CONSIDERATIONS 

3.1 AIRFIELO LIGHTING RESPONSIBILITY 

Radio1uminescent lighting systems are mainly being developed to serve 
rural Alaskan airfields up to 4000 feet in length. Single- and twin-engine, 
light intermediate speed aircraft are the primary traffic at these airfields. 
The supply, installation, and maintenance of any runway lighting system is 

normally the responsibility of the airport owner/operator. Of specific 
concern are the airports owned and operated by the Alaska OOT&PF, 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 regulations, the minimum 
airfield lighting system acceptable for use at State-owned and/or operated 
airports ""uld be a Medium Intensity Runway Lighting System (MIRL) as 
described in FAA advisory circular No. AC 150/5340-24. Since federal 
regulations permit no roodification to lighting specifications at the Regional 

level of FAA \in this case the Alaska Region) at the present time, the RL 
system clearly cannot be considered as substitute to a MIRL. However, FAA 

does recognize that special circumstances may necessitate night operation of 

an aircraft in and out of an ai rfie 1 d that is not equipped with a MIRL 

system. For this reason, the FAA regional authority may per1it a specific air 

carrier to conti.Jct night operations at an unlighted airfield if illuminated by 

flare pots or lanterns. This process is aQninistratively addressed by FAA 

through mdi fication to the operator's specification, which is issued to 

licensed air carriers under Part 135.229 fAR. 

Since the RL system is not expected in the near term to be a completely 

acceptable alternative to an MIRL system unt?l operational experience is 

gained, it roost be treated actninistratively as a flare pot or lantern 

alternative for an administratively acceptable definition. With this 

distinction in mind, the develoj:M!Ent of a RL system will continue toward 

eventual implementation into routine use in Alaska with the following 

authorities and points of cooperation required: 
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ENTITY 
United States 
Department of Energy 

Commercial manufacturer 

State of Alasta 
Department of Transporta­
tion and Public Facilities 

A commercial air carrier 
til at desires to utilize 
the system for night 
operations. 

Alaskan Region Federal 
Aviation Administration 

3.2 DESIGN DEVELOPMENT 

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

Apply for and receive 
NRC general license to 
manufacture and sell RL 
airport lighting system 
ccmponents. 

Procure and install 
a standardized RL lighting 
system, which FAA has 
received acceptable, at an 
airport. 

Apply to FAA for a modifi­
cation in their operating 
specification and negoti­
ate wltn FAA tile specific 
details of operation 
granted under the modifi­
cation. 

Oevelop a policy to deal 
with improved f1are pot 
systems for commercial car­
riers under Part 135 FAR 
and general aviation. 

EFFECT 
COI11llercia1 and 
competitive interest 
is aroused, 

Equipment becomes 
commercially 
available. 

A rum1ay marking 
system is installed. 

~ight operation is 
permitted under a 
prearranged set of 
criteria. 

A routine procedure 
is established that 
will permit improve­
ments in safety and 
air service to the 
consumer. 

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

evolve. At a demonstration of tritium wands (see Figure 3.1) used for 

airfield marking at Bouge field, North Carolina, in August of 1982, OOT&PF 

personnel first observed the lights. PNL personnel had observed earlier 
versions of the Rl lights but not the wand. This de~ronstration was sponsored 

by DOE and was conducted by Oak Ridge National Laboratory. From this point an 

iterative process of design mdification and evaluation has continued and is 

still in progress. 
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IMPLANTING 
IN GROUND 

FIGURE 3.1 . RL Wand 
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3.2.1 Bouge Field, August 1982 

At the Bouge Field test, the 4000 foot runway was configured as shown in 
Figure 3.2. Observations were made by simulating fixed wing aircraft 
approaches with an Ar~ National Guard UH-1 helicopter. The results of these 
observations by Lee Leonard, of Alaska DOT&PF, and Lyle Perrigo, of Battelle 
Alaska Operations, are as follows: 

At approach speeds of about 80 knots and an altitude of about 
1000 feet, the lights seemed to appear all at once at about 1 to 
1-l/2 miles with the naked eye and at about 1-l/2 to 2-1/2 miles 
with second generation night vision equipment. 

3.2.2 Alaska, January-February 1983 

Following the Bouge test, a test was planned for the winter of 1982-83 in 
Alaska. Because of the environmental conditions anticipated in Alaska, it was 
agreed that the simple fixture system used at Bouge would not be adequate for 

use in Alaska. During the autumn and early winter of 1982, DDT&PF and PNL 
wor-Ked with Oak Ridge National Laboratory to develop a portable fixture 
element suitable for Alaska. The Alaska Air National Guard provided logistic 
support by and assistance to wind-test prototypes. 

Figure 3.3 shows the final prototype selected for use. A break-away 
plastic traffic cone is truncated and fitted with a wooden plate to receive a 
six-inch diameter plastic cylindrical light fixture enclosing four tritium 
wands, each wand containing approximately 100 curies. This basic fixture was 
then tested in Alaska at two locations: 

1. At Clear Creek strip, approximately 20 miles southeast of Fairbanks, 
from January 17 to February 2, 1983, as part of the "Brimfrost-83" 
joint military exercises. 

2. Malamute Landing Zone at Ft. Richardson near Anchorage, Alaska, on 
February 4 to 7, 1983, as a test and demonstration conducted by the 
OOT&PF and the Alaska Air National Guard with assistance from the 
Alaska Region FAA Flight Standards Office. 

Field support for both the Clear Creek and Malamute tests was provided by 
DOT&PF, DRNL and PNL. 
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FIGURE 3.2. Bogue Field RL Lights and Fixture 
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FIGURE 3.3. Prototype Light Fi xture 
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The Brimfrost test provided little information to the DOT&PF as far 

as gathering data on 1 i ght aircraft operation to the RL sys tern because 

flight operations were largely limited to C-130 or UH-1 aircraft. 

However, the test was a good shakedown for both the U.S. Air Force and 

DOT&PF. Pilot observations were gathered and considered for eventual 

sys tern improvements. 

3.2.2.1 "Brimfrost 83" Tests 

Configuration 

For the Brimfrost exercises, the runway lighting was configured as shown 

in Figure 3.4. (44 ) Edge and threshold light fixtures were of the type shown 

in Figure 3.3 with three visible wands and one infrared wand per fixture. A 

special visual approach slope indicator (VASI) as shown in Figure 3.4 was also 

installed (see Figure 3.5 for the geometry). To provide for greater visual 

acquisition distance on approach and to aid the pilot in acquiring horizontal 

alignment, an extra set of panels were set up as a lead-in light array at 

500 feet spacing off the south threshold also shown in Figure 3 .4. 

Observations 

As at Bouge Field, a helicopter was used to simulate fixed-wing 

approaches for the field test crew. In the case of Clear Creek, several 

distractions in the form of incandescent flood lights in the area of the 

encampment of soldiers and support facilities compounded the problem of 

evaluating the lights. However, several observers were able to pick up the 

lead-in lights and VASI sys tern at a distance of three miles or greater with 

the edge lights appearing at 1 to 2 miles. While the acquisition distance for 

the edge lights was similar to the Bouge Field experience, the lead-in lights 

and VASI affected pilot perception. Evaluations at Clear Creek indicated that 

the parallel tube array with reflective backing as used in the VASI and 

lead-in elements were superior to the wand-type of edge lights for absolute 

range of acquisition. 

Air Force pilots flying C-130 aircraft and landing at Clear Creek 

Airfield were asked to evaluate the lights as an operational system. The 
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FIGURE 3.4. RL Runway Lighting Configuration as Used at "Brimfrost 83" and 

"Malamute Landing Zone 83" 

- 44-

• 



PHOTO SHOWS 
ERECTION OF VASI 
SYSTEM AT CLEAR 
CREEK DURING " BRIMFROST 
83" 

~-___,.r---::J1JTln WOODEN BOX WITH 

FIGURE 3.5. RL Visual Approach Slope Indicator (VASI) 

LEXAN COVER ... 12" x12" 
EACH CONTAINING 
8 TRITIUM TUBES OR 
- 240Ci/ BOX 



results of the Air Force evaluations have been reported, and a copy of the 

operational report on the "Brimfrost" RL evaluation prepared by Major Hul t of 

the Alaska Air Command is presented as Appendix E. For a number of possible 

reasons, the consensus of the evaluation suggested that for Military Airlift 

Coomand (using C-130 aircraft), the RL lights in the configuration used at 

Clear Creek were less than satisfactory. As a closing note to this test, 

h<JNever, it should be pointed out that: 

1. Most of the C-130 pilots taking part in the evaluation were from 

outside Alaska, not intimately familiar with operation in remote 

Arctic areas. 

2. C-130 pilots of the Alaska Air National Guard, who were more 

familiar with remote Arctic operations and problems, rated the 

system higher than the non-Alaskan pilots. 

3.2.2.2 Malamute Landing Zone 

Configuration 

Tests at Malamute produced the greatest body of data from which to 

evaluate the 1 i ghts from the DOT&PF standpoint and their effectiveness and the 

potential for improvement. The test period was short. On the evening of 

February 5, 1983, the Alaska Air National Guard flew about 23 landings and 

takeoffs using three C-130 aircraft as part of their routine training 

program. The next observations were conducted on the evening of February 7, 
1983. During this series of evaluations, low approaches were flown over the 

RL lighted runway by Air Force personnel in a C-12 ( Beech King Air). Landings 

and takeoffs were made by Alaska region FAA Flight Standards personnel in a 

Cessna 206. The Army National Guard UH-1 helicopter was also used. On this 

occasion, the tests were terminated early due to onset of a heavy snow 

shower. However, there was adequate data acquired to result in a most 

meaningful evaluation. 

For all of the Malamute tests, the runway was configured as shown in 

Figure 3.4( 44 ) with the edge lights spaced at 200-foot intervals. The 

lighting configuration was fundamentally that of the Brimfrost tests with the 

addition of a wind direction indicator as shown in Figure 3.6. Each of 
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FIGURE 3.6. Wind Direction Indicator Used at 11Malarute 83 11 Tests 
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the observers who took part in the Malamute tests were asked to complete a 
questionnaire. A sample questionnaire and the summary of the evaluation are 
presented as Appendix F. 

Observations 

The results of the questionnaire evaluation clearly suggested that the RL 
system as configured at Malamute Landing Zone held considerable potential for 
rural airports of the type now owned and operated by the State of Alaska. The 

evaluation also identified several areas in which design changes were needed 
in the system. After a debriefing held at Kulis Air National Guard Base by 

OOT&PF on February 8~ 1983, general agreement was reached by DOT&PF and 
PNL/ORNL staff that the following system design changes were required. 

• Since tritium was the most costly material in the system and since 
the amount of light emitted from the fixture was roughly 

proportional to the tritium it contained, the threshold fixtures 
should contain more tritium th~n the edge light fixtures. This 
would concentrate the light around the ends of the runway~ enhancing 
visibility and improving the ability of the pilot to align the 
aircraft with the runway. This idea is illustrated in Figure 3.7. 

• The wind direction indicator would need to be completely redesigned. 

• The use of reflectors in the light fixtures should be tested. 

• The FAA filed a report with the regional Chief of Flight Standards, 
Appendix G. 

3.2.3 Second Generation Prototype Development 

From the above fundamental design conclusions, ORNL began a concentrated 
effort to redesign the system with the primary goal being to increase the 

distance at which the lights could be seen from approaching aircraft. During 
the spring of 1983, ORNL experimented with polished metal reflectors. A 
redesigned tritium tube, Figure 3.8, was placed in front of parabolic 
reflectors in 

single units. 
the threshold 

a panel array, as shown in Figure 3.9; or were configured as 
Based on the assumption that reflector panels would be used in 

regions of the runway, Alaska OOT&PF research staff suggested a 
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FIGURE 3.7. Conceptual RL Runway Lighting Configuration Based on MAC 55-130. Edge llghts use 
1 panel, 483 curies of tritium, while threshold areas use 4 or 5 panels per fixture, 
1932 to 2415 curies of tritium. 



FIGURE 3.8. Tritium Tube for Second Gen~ration Units 
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design scheme conforming to the lighting layout shown in Figure 3.7 in which 
the ends of the runway would be enhanced using a panel array. 

Preliminary Evaluation 

On August 1g, 1g83, a test was conducted at ORNL to evaluate the 
parabolic reflector panels. It had been estimated from calculations that 4 to 
6 miles could be expected. Unfortunately, this range was not achieved. For 

the tests, several threshold configurations based on those shown in 
Figures 3.2 and 3.4 were used. Weather conditions were poor, with haze, 

broken cloud cover, and visibility limited to 3 miles. In addition, moonlight 
illumination was 75 percent. Ambient light was variable throughout the test. 

The following observations were made: 

• Acquisition of the lights was not significantly improved using the 
reflector panels over the 2- to 3-mile acquisition distance found in 
earlier Alaskan tests. 

• No difference in acquisition distance was observed for panels used 
in Alaskan testing and the new reflector panels. 

• The use of the reflectors makes alignment very critical, and the 
lights fade whenever exact alignment is not obtained regardless of 
viewed distance from the lights. 

• The improved tube with its increased tritium content, improved 
phosphor and geometric design was significantly brighter than the 
earlier tubes tested. 

Following this test, it was decided by the Technical Working Group (TWG) 
that ORNL needed to construct panel fixtures using a modular element, as shown 
in Figure 3.10, as the basic unit. 
with each tube containing 6g curies 

was used as the reflector element. 

Seven tubes were used per 12" x 12" module 
of tritium. White polystyrene insulation 

A prototype system using this type of 
basic element was evaluated at Camp Mackall, North Carolina, on September 7, 

1g83. At that test, observers were able to acquire the lighting system at a 
distance of 4 to 6 miles. A summary of these observations was prepared by 
Lieutenant Colonel Everett and is presented as Appendix H. 
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FIGURE 3.10. Second Generation Panel 



Based on the results of the developments of various fixtures and the 
evaluations of these fixtures from April through Se ptember of 1983, it was 
decided that a series of field tests would be conducted in Alaska dur ing the 
winter of 1983-84. The systems to be tested would be configured from two 
basic fixture elements : the 7-tube reflector module, sh own in Figure 3. 10, 

for panel arr ays and an edge light-taxiway light un it as shown in Fi gure 3.11. 

Panel arrays would be mounted, shatJn in Figure 3. 12 . For all practi cal 
purposes then, these elements would effectively be the culmination of the 
second generation prototype development. Tests and evaluations anti cipated 
f or Decentler, 1983 , through March, 1984, should point to further refinements 
in fi xture design , if needed. With the completion of thi s second generation 

development, it i s natJ possible to begin cost analysis with a better degree of 
confidence. 
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FIGURE 3.11. Edge Light- Taxiway Light 
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4.0 COST ANALYSIS 

4.1 COST OF MANUFACTURE 

Manufacture of tritium lights for airfield lighting applications has been 
confined to ORNL as part of a research and development project. Therefore, 

all costs discussed in this section will be based on real costs incurred at 
ORNL for the manufacture of the lighting element of the type to be used for 
the 1983-84 demonstrations and shown in Figures 3.11 and 3.12. It is 
anticipated, however, that the lighting elements for operational systems would 

be manufactured by private industry. At this writing, it is not known how the 
costs incurred at ORNL would relate to those of a commercial manufacturer. 
Discussions with potential manufacturers and ORNL staff have suggested certain 
variations in costs might exist. These speculations will be mentioned in this 
section, but only the costs obtained from ORNL are included. 

4.1.1 Tritium 

The most expensive single material contained in any set of RL runway 
lights is the tritium, and it is expected to remain that way for the 
foreseeable future. At this time, the only source of tritium within the 

United States is the Isotopes Distribution Center at ORNL. . The current cost 
to the existing tritium light industry is approximately $1.10 per curie. 

4. 1.2 Light Elements 

The fundamental component of all RL runway light fixtures which make up 
the second generation system is the tritium tube, shown in Figure 3.8. This 
item is the only nonconventional portion of the system. Ancillary nardware to 
support, contain, mount, and house these tubes in various configurations are 
fabricated from commercial materials. The cost of these fixturing materials 
are not expected to comprise the biggest expense of the airfield lighting 
package. At this point, it is anticipated that the cost of a single tritium 
tube would be as follows: 
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Tritium Tube Cost* 
• Tritium 66 curies/tube ($1.10/Ci) $72.60 
• Pyrex glass specially formed 15.00 

(as per Figure 4.1) 
• Phosphor 
• Labor to prepare and load 

phosphor and tritium 
• Quality Assurance, Testing 
• TOTAL COST 

1.00 

15.00 
20.00 

$123.60 

* Personal communication from ORNL personnel on several 
occasions. 

4.1.3 Edge and Threshold Lights 

Some manufacturers have indicated that the costs for materials, 
fabrication, overhead, etc., would typically be 25 to 30 percent of the costs 
of handling and filling the tubes. This does not strictly agree with the ORNL 
estimate above, but either way it is clear that the cost of tritium is the 
critical factor in the price of the tube. The cost of the materials, 
fabrication, and assembly of the fixtures that hold the tubes is estimated to 
be 2 to 12 percent of the cost of a completed tritium tube. This cost would 
vary since the cost of a fixture with fewer tubes per unit probably would cost 
a higher percentage than a fixture with several tubes. Therefore, an edge 
1 i ght fixture 1 ike the one shown in Figure 3.11 might cost: 

2 x $123.60 = $247.20 for two tritium tubes 
+ 12% 
$276.86 Total 

or, a 12 11 x 12 11 panel rrodule, as shown in Figure 3.12, with 7 tubes might cost: 

7 x $123.60 = $865.20 for 7 tritium tubes 
+ 2% 
$882.50 Total 

This cost is assumed to be FOB at the factory at an unspecified location in 
the 11LO\'Ier 48" states. 
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Besides the light units themselves, the following costs are associated 
with lighting a rural airport. 

• Transportation of lights from factory to Alaska. 

• Purchase of support hardware (panels, stanchions, frangible 
couplings, etc . ). 

• Transportation within Alaska . 

• Installation contract . 

Shipping to Alaska will be via conventional rootor freight, which at this time 
is approximately $90 per 100 lb. Support hardware is conventional steel 
fabrication, which is typically $3 per lb. Frangible couplings are about 
$4 each . Transportation within Alaska would most likely be via air freight , 
which in the most expensive case would require a charter of a light aircraft . 
Based on communications with air freight carriers in Fairbanks, the maximum 
transportation costs would be under $3,500 for a set of RL lights with 
shipping containers. Installation could vary considerably based on specific 
location and the final design of the mounting hardware. Weather contingencies 
are ah'#ays a problem, but the following estimate could be typical for 
ins ta 11 a ti on : 

*Labor- 4 men for 6 days (including travel time) 
Travel and per diem 
Equipment rental 
Overhead 
Contingency 
Profit 10~ 

Total 

* Assuming a remote location as much as 500 miles from 
Fairbanks or Anchorage. 

$ 7,200 

4,600 
300 

5,000 
3,000 
2,000 

$22,100 

Based on the above costs, let us consider three different light configurations 
which will be evaluated during the winter of 1983-84. The configurations are 
shown in Figures 4.1, 4.2, 4.3, and represent different amounts of tritium or 
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number of tritium tubes. The estimated cost for each and the range of costs 
for lighting remote Alaskan runways is shown in Table 4.1. 

4.2 MAINTENANCE 

It is still premature to discuss potential maintenance costs with any 
degree of certainty. The fixtures are still in a prototype stage of 
development, and maintenance costs can only be based on a final design. We 
can, however, discuss the parameters of an RL lighting system that are 
expected to effect maintenance costs. 

4.2.1 Energy Cost 

Since RL lights are self powered, -the energy costs are included in the 
first cost and replacement cost. However, since the tritium continually 
decays, reducing the light emitted, the useful life of an RL light is finite. 
What this life cycle may be in practice is not known. The half-life of 
tritium is approximately 12 years, but depending on the gas pressure, 
phosphor, tube shape, etc., it is not easy to s~y whether or not the 
diminishing rate of useful light output will be directly proportional to. the 

· rate of decay in beta energy of the tritium. At this point, we can use 8 to 
10 years as a life cycle for estimating purposes, but it is definitely only a 
rough estimate. 

4.2.2 Quality Assurance 

Since each light is a unit, it is reasonable to expect some defective 
units would find their way into use. The most critical factor would be a 
tritium leak in a light tube, which might not show up until the fixture had 
left the factory. Thus, quality control and quality assurance requirements 
need better definition. Another area of possible defect would be the phosphor 
and the binder with which it is attached to tube surface. Other potential 
defects \'~aUld be related to the materials and assembly. The frequency of such 
defects is related to the manufacturing process and to a 1 arge degree relates 
to size of the market and, thus, the rate of production. These factors will 
effect maintenance costs, but cannot be estimated at this time. 
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TABLE 4.1. Cost Table 
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3000 root runway U5,521 s 52,017 s {DO S1,D7D n.~oo 119,800 $85,577 

4000 foot r unway $311,557 $ 64,78S s 500 11 .2zo s2,zoo $20,000 $88,705 
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4. 2. 3 Break•&• 

It ls 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 possible at this time to estimate these factors before we have gained some 

field experience in a user environment. 

4.3 PRELIMINARY LCC ANALYSIS AND COST·BENEfiT CALCULATIONS COMPARING 
CONVENTIONAL SYSTEMS 

4. 3.1 Summary of Cost Factors 

Based on the above, it wul d appear that an RL system caul d be developed 

that would be canpetitive with conventional lighting systems in first cost and 

shoold result in considerable operating (total} cost savings over conventional 

systems. Installation costs for a medium intensity lighting system for a 
2520 ft runway at Birch Creek, Alaska, are estimated at $265,000. Typical 

costs for conventional me.t:iium intensity lighting systems in Alaska range from 

a low of $100,000 to a high near $300,000. Thus, cost when compared to 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 light system. 

Whfle maintenance costs cannot be estimated with a satisfactory level of 

accuracy at this time, there is every reason to expect that continuing cost 
for both maintenance and operations would not exceed those for conventional 

systems. 

4.3.2 Visual A22roach Slope Indicator (VAS!) 

An Rl visual approach slope indicator (VASil can be considered as an 
option to the basic system. Since a typical VASI would require a minimum of 
9 panel modules, the greatest portion of the cost would be the light panels 

at $7942. It is teasonable, therefore~ to assu~ that roounting hardware and 

installation {if included as part of the edge and threshold light 

installation) might add an additional $600 to this. Thetefore, assume the 
cost of a VAS! would be approximately $8500 . 
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4.3.3 Wind Direction Indicator 

At this time there are not enough test data or design information on a 
wind direction indicator to develop a realistic cost estimate. 
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5.0 CONC:.USlONS 

Radioluminescent (RL) lights have been used with some success as 

illuminators to assist night landings of aircraft. This application has been 

identified as a potentially valuable alternative to firepots or similar 

nonconventiona1 lighting at many rural airports throughout Aiaska. 

RL airport iliJminators are experimental at this time ana are nat 

available conrnercia 11 y; ha.vever, successful deroons trati ons 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. 

Prelimlnary cost estimates suggest that significant cost advantages could 

be poss ib1e fo_r applications in rural Alaska compared to conventional i ighting 

sys terns. 

Sirce the RL lights contain radioactive.materials, tnere is sor:la 

potential ri5k that their use will tesult in exposure to radiation dose5 to 

humans who come into contact with them. Under normal ,usage, this risk is 

shown to be ins1gnlficant. Under worst-case accident scenarios~ however, 'it 

is possible that d significant dose greater than 5~0 T"em could be received by 

a limited number of people. Genera11y speaking~ the radiologica1 hdzard, 

however, is expected to be minimal for this application. 

{)e~Je1opment of t)le RL airfield lighting system is expected to continue in 

the 1983~84 period with SOll'W!! petmanent installations possible in late 1984. 

Howeve-r, implementation of S;JCn systems are not expected to be possible on a 

routine basis prior to 1985. 
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6.0 IMPLEMENTATION 

Radioluminescent systems that could be used for airport lighting 

apPlications and ..,ul d be useful to the Alaska DOT&PF are, at this time, in 

the process of research and development. They are not now available from any 
source other than the U.S. Department of Energys and this availability is 
limited 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 these systems, it is possible that implementation of this 

technology into the rootine operations of the OOT&PF could begin in FY 1985. 

This report describes in detail the RL system and suggests that its 

successful development could be very beneficial to the DOT&PF, the State of 

Alaska, and its peop1e~ If this is to happen, however~ several factors must 

be resolved. The following is a list of factors that, while probably 

incanplete, shou1d serve to define approximate limits for the future scope of 

this development effort: 

1. Funding from DOT&PF to the u.s. OOE must continue in FY 1984 and DOT&PF 

reseatch staff must maintain an active level of involvement with the DOE 

Program through the Technical Working Group. 

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

3. The limited demonstration planned for Central, Alaska, during December 

1983, and January 1984, must prove satisfactory to: 

a. Community residents 

b. Pilots and commercial air carriers 

c. FAA Division of Flight Standards 

d. DOT&PF personnel. 

4. Based on evaluations and testing during the winter of 1983-84, a final 

design for an operational RL systen must be develope<i with detailed 

specifications. 

5. DOE must begin the process of transferring the RL technology to 

commercial manufacturers. 
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6. OOT&PF wst encourage conmercial manufacturing firms to produce lights as 
part of their product line and to apply fo-r a general license on those 
products fran the NRC. 

7. If potential markets for Rl airport lighting appear to be too small to 

interest the existing tritium light industry, then the State of Alaska 

may consider applying for the license and arrange for manufacture within 
the State. 

8. The Alaska Region of the FAA must develop adequate policies and 

procedures to permit the incorporation of RL airport lights into routine 
use in Alaska for air taxi operations under Part 135 FAR. 

If, by the summer of 1984, items 1 through 4 above are found to have been 

favorably resolved 7 then we recommend for consideration a demonstration 
installation at an appropriate location in Alaska. This location would serve 
as a permanent field test in a user environ~Tent from which data caul d 
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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APPENDIX A 

IMPROVED TRITIUM RAOIOLUMINESCENT (RL) AIRFIELD LIGHTING 

DEVELOPMENT TEST PLAN 

PROJECT FIREFLY 11 
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FOREWORD 

PROJECT FIREFLY is a JOint Department of Energy (DOE) and Depart­

ment of Defense (DOD) program established by the DOD/DOE RL Tech­

nical working Group (RL-TWG) to develop unique airfield night 

lighting devices powered by radioluminescent (RL) phosphors. 

This Arctic 7est Plan {ATP) has been prepared by the RL-TWG to 

respond to the AAC mission requiremant 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 (AAC) exercise. AAC and 

other users shall evaluate the operational success during an 

Evaluation ~ev~ew Board {E~Bl following the exercise. Air Force 

Engineering and Services C~nter's {HQ AFESC) Engineering and 

Services Laboratory (ESL) has overall responsibility for the 

test~ ~he success of this Arctic Developmental Test will depend 

largely upon the cooperative efforts of the DOE, the National 

Guard Bureau (NGB), and State of Alaska operating under the 

auspices the RL-TWG. 
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"PROJECT l''IHE~'LY II" 

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 lightiny to support 

military aircraft operations, and also to allow further design 

refinement prior to a full scale initial operational test and 

evaluation (OT&E). 

2.0 ~COPE: This work unit (JON 2673-0034) shall be conducted 

over a period of approximately six months. (Reference: 

SCHEDULE, ~ection 7.0. l. The contractor, Oak Ridge National 

Laboratory (ORNL), shall deploy a second generation set of 

tritium airfield lights and fixtures to be deployed consecutively 

at two locations in Alaska, test flown, 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 (ORNL), 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 
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available to the test team, coordinate the ATl1 with the fo'all/ 

Winte~ 83/84 exercise participants, and direct the Evaluation 

Review Board (EN~) to assess the results of the Arctic Test. 

ORNL and ESL shall observe the ERB to document the test results 

in interim and final technical reports. 

3.0 ~ACKGROUND; A )oint DOD/DO£ study group was formed to 

develop applications for Defense nuclear waste radioisotopes as 

"alternate energyH lighting systems. This group 1 now known as 

DOD/DOE RL Technical working Group (TWG), has identified and 

demonstrated many military applications~ 

The military, and specifically the Air rorce, is investigat­

ing alternate airfield lighting systems which provide improved 

portability, maintainability, and operational support. Radio­

luminescent (RL) lighting uses radiation from radioisotopes in 

combination with phosphors to produce visible and intrared {IH} 

light. Oak Ridge National Laboratories {ORNL), under contract to 

the Department of Energy (DOE), applied earlier technology and 

developed RL lighting utilizing tritium as the energizing 

isotope, and initially demonstrated this lighting in l9BO. The 

tritium lighting is completely portable and does not require any 

wiring 1 external power 1 or fuel. These characteristics offer 

J:.IOtential for worldwide application, but the need is especially 

evident tor use at tactical operating locations (TOLs} during the 

long and dark arctic winters~ 

Subsequently, JOint DOE/ESL sponsored resea~ch at ORNL 

produced a report entitled, Tritium-Powered Runway Distance and 

2 
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Taxiway Markers, ESL-TR-ijl-4~, Aug Hl. 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 lite 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 81. These test evaluated the product of JOint DOB/ESL 

syonsored RL developments (ESL-TR-80-55, and ESL-TR-82-12), and 

showed that the new fixture was ~t least twice (228%) as bright 

as the original prototy~es. During 9-12 Aug 82 tests at Rogue 

MCALF, URNL conducted a developmental test and evaluation (DT&E) 

ot a new tritium li9ht fixture geometry redesigned to provide a 

significantly greater area of light emission. 

In 1982, Air Force En9ineering 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 for 

~unway application, but design improvements were reQuired ~ri­

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 1983-84. 

A final report concerning this military test shall be 

approved by HQ AFESC, HQ AAC and coordinate with HQ MAC. AFESC 
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will published .resolts for distribution to all participating 

agencies. 

The program priority and direction to develop an airfield 

lighting system that would fulfill Air Force needs for air base 

survivability and mobility are established in the following docu-

ments: 

1. Program Management Directive (PMD) Draft for 

Portable Airfield Lighting Systems {Program Elements: 

27596, 28031, ~8032-TAC, 41115, 41896-kAC and 62601). 

2. HQ USAF Statement of Need (SON) Draft SON-l-82 for 

Improved Energy self-Sufficient Airtield Lighting 

o-·ormat B). 

O~L installed (RL) runway and threshold airfield lighting 

system for the pre-Artie test at Mackall Army Airfield, N.C. on 

2-3 Nov 83. The unofficial test results indicated the Airlift 

Center {ALCENT} C-130 aircrews were able to acquire the RL lights 

within 4-6 nautical miles {NW) t'rom 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 to acquire the RL 

lights improved with each a~proach. Some C-ljO aircrew members 

were acquir1n9 the lights b.2 NW from the touchdown zone~ 

4.0 PARTICIPATlNG 0RGANl2A~IUNS! Key PrOJect Personnel 

4.1 Air Force Engineering and Services Center: HQ AF£SC 

ROCS: USAF Test Manager, Mr Thomas Hardy, (904) 

283-627~, AUTOVON: 970-627~, Associate Test Mana9er, Mr Wade 

Grimm, {904) 283-6284, AUTOVON: 970-6284. 
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4.2 Alaskan Air Command: HO AAC 

DUOS: 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 ~yta, 

AUTOVON: 317-552-4142. 

SGB: Command Bioenvironmental Engineer (BFE), Lt Col 

Richard Nuss, AUTOVON: 317-552-4282. 

616 MAG/DO: Director of Operations, Col Snider, 

AUTOVON: 317-552-5517. 

4.3 Military Airlift Command: HQ MAC 

XPQT: MAC Test Coordinator, Maj Bob Oertel, AUTOVON: 

638-3903/4. 

USAFALCENT/RA: MAC Test Advisor, Maj Ron Jones, 

AUTOVON: 48b-244!l. 

4.4 He.adquarters United States Air ~·orce: HO USAF 

LEEVX: USA~ Project Coordinator, Maj Harold w. Olson, 

(20:.!) 697-4173, AUTOVON; 297-4173. 

4.5 Radioluminescent Technical Working Group: RL-TWG 

DEPARTMENT OF ENERG~ 

HQ DOE: Program Manager, Office of Defense Waste and 

By-Product Management (DP-123)/Chairman, RL-TWG, Mr William c. 

Remini; or Mr Tom Anderson, (301) 353-4265, FTS: 233-4265. 

ORNL: Program Manager, Mr Karl Haff (615) 574-70!l6 r'T~ 

624-7096. Principal Investigator(s), Mr Neil Case; or Mr Andy 

Tompkins, (615) 574-7105/7095, FTS: 62.4-7105/70!l5. 
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DOE/ORO: Contract Manager, Mr Doyle Brown, (615} 576-4a76 1 

FTS' 626-4876. 

IifJ NUB/PO: Chiet, Oft'ice of Policy & Liaison, Lt Col 

William Florence, (202) 695-699ti, AUTOVONt :t25-6998. 

North Carolina ARNGt Air Operations Officer, Lt col Les 

Everett, (919) 733-25S5, AUTOVON: 582-9181. 

STAT~ OF ALASKA 

Alaska-DOT: Chief, ~nergy & Building R&O (DOT/RF), Mr Lee 

Leonard, (907) 479-3003/2241/4650. 

Alaska-ANG (176 TAG/CAG); MAC/ANG Liaison Officer, MaJ Erv 

Hobbs, (907) 243-1145 X 200, AUTOVON; 317-626-1200/1444. 

Battelle-Alaska: Alaskan Operations Manager, Mr Lyle o. 

Perrigo, (907) 274-8811 or~ 

Battelle-PNL: senior Research Engineer, Mr George A. 

Jensen, [509) 375-2602. 

4~6 United states Air Force Radiological Protection 

Committee; U5Af-RPC. 

liQ AFMSC/SGPZ: Radiosotope Committee Recorder, Capt 

Bollinger, AUTOVQN: 240-3331. 

5.0 TEST R~QUIREMENTB: 

5*1 HQ AFESC/RDC will perform a developmental test on the 

second generation of tritium RL-lights. 

S.l.l The tritium threshold lights should be visually 

acquired at a minimum distance of tour nautical miles by A-10/ 

c-130 pilots flying in total darkness, when the atmospheric 

visability is seven nautical miles or greate~. 
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5.1.2 The tritium light$ should allow accurate runway 

alignment guidance at a minimum of two nautical miles~ 

5*1.3 The tritium VAS! system should provide glide 

path information at a minimum of two nautical miles. 

5.4 The ground support people shall evaluate tritium light 

fixture assemblies to determine whether or not they present a 

hazard to ground personnel, aircraft or surrounding environment. 

5.2.1 The tritium fixtures should be designed for 

temporary installation at remote airfields. 

5.2.2 The tritium fixture design should contain a 

simple built-in security system to help minimize theft of the 

lights. 

5.2.3 The tritium fi~tures should be durable, light 

weight and easy to assemble and disassemble in the arctic and 

subarctic environment. 

5.2.4 The tritium lights should be capable of pro­

viding a continuous and reliable light source under severe arctic 

temperatures and weather conditions. 

5~3 The airfield lighting waiver required by AFM H~-14, 

Para l-9, shall be arranged by HO AAC/DUOS and coordinated with 

HQ AAC/00, RQ USAF/LEEEU/LEEVX/XOORF/RDRQ, HQ AFESC/RDCS AND 

FAA/ACT-350. URNL shall provide working drawings of proto~ype 

fixtures as they are required to satisfy the waiver. 

5.4 ORNL shall work with the TWG Test Director to arrange 

for transport of the test fixtures and test team to an Arctic 

Test Site {ATS) in Alaska to be determined by HQ AAC. 
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5.4~1 The fixtures shall be installed to illuminate a 

i~U tt x SUUU tt 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 flying organizations 

following a briefing by HQ AAC/DOOS. 

5.7 The test team evaluation shall be com~leted in two 

parts to tollow the approved test plan~ ORNL shall perform all 

data reductton and analysis and fully document the test results 

in the interim and final techn1cal reports. 

5.7.1 Part I ~Visual Evaluation: Results of the 

questionnaire survey will be summarized by an evaluation review 

board directed by HO AAC/ADO vho will make a written assessment 

ot the overall operational acceptability of the tritium lights. 

5~7.~ Part It - Physical Evaluation; observations, 

photographs~ and interviews recorded while the te$t team wit­

nesses the evaluation shall be condensed by ORNL and presented in 

the final reports. 

5.8 Upon completion of the evaluation, ORNL shall recover 

and return the complete tritium lighting system to vak Hidge, TN. 

oRNL/PNL shall remain in custody of the lighting system until 

further testiny or disposal at the discretion of the DOE Program 

Manager. 

5~9 Reporting: ORNL shall prepare interim and tinal 

technical reports which shall include all data, calculations and 
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analyses required in this technical effort. In addition, ONNL 

shall include detailed descriptions, photographs, and drawings of 

the final fixture design; fabrication & installation techniques; 

installation & fli~ht training plans~ final erection problems; 

shipment limitations; and detailed project costs. The final 

technical report shall cover complete system performance limited 

to the actual field observations during this test to include 

disposal method and cost. Conclusions and recommendations 

C?ncerning further use, further H&O, and projected economic 

analysis (i.e., cost of 1st ••• lOth ••• lOOth runway) of RL airfield 

lighting shall be delineated as an overall assessment of the 

project .. 

5.10 Responsibilities: The participating organizations are 

assigned the following responsibilities: 

5.10.1 Engineering and Services Laborato~: {ESL} 

Prepare necessary oocuments for internal coordination. 

5.10.1.1 Assign a USAF Test Manager who will 

orchestrate the test activities ana prepare all special actions 

for TWG coordination: 

5.10.1.1.1 Test plan 

5.10.1.1.2 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 

personnel with Test Director. 
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5~10~1.3 Provide input to ORNL concerning pre-

test evaluation~ 

5.10.1.4 Review preliminary development 

evaluation dratt report. 

5.10~1.5 Publish and distribute final system 

development report. 

5.10.1~6 Prepare, distribute, collect and 

analyze aircrew and ground support personnel questionnaire. 

5.10.1.7 Act as DOD test manager. Will 

coordinate with DOE on TWG matters. 

5.10.2 Alaskan Air Command; (HQ AAC) 

5.10.2.1 Assign a Test Director who will 

orchestrate test flights and required test support. 

5.10.2.2 Provide Arctic Test Site (ATS). 

5.10.2.3 Coordinate ATP with winter exercise 

authorities to determine availability of ATS and time of ATP 

execution. 

deployment. 

evaluation board. 

5.10.2.4 Provide photographic documentation. 

5.10.2.5 Provide ground su~~ort for light 

5.10.2.6 Coordinate and direct pilot 

5.10.2.7 Make at least one vehicle available 

for transportation at ATS~ 

5.10.l.8 Provide schedule of day-to-day 

overation involving tield test {coordinate with test director}. 

10 
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5.10.l.9 Provide adequate security for 

deployed lights. 

5.10.2.10 Provide weather information and 

documentation. 

5.10.2.11 Coordinate the use ot non-AAC test 

airfields and facilities. 

5.10.2.12 Arrange for distribution ot pilot 

questionnaires and provide preliminary results. 

5.10.2.13 Arrange participation by difterent 

type aircraft. 

5.10.2.14 Obtain/provide authorization tor 

test team personnel to have access to tritium lighting storage, 

deployment and test locations. 

5.10.2.15 Obtain/provide authorization for 

test team ~ersonnel for e~ergency 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 DOE Test Advisor in concert 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 tor team members not stationed in Alaska. 
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5.10.2.16*5 Perform as communica­

tlons trequency manager for test team by coordinating com­

munications call signs and FM trequencies for communications 

between team members and aircraft as required. 

5.10.2.16.6 AAC/DO representative 

will function as AAC test directori direct flying test program; 

interface with participating aircrews; and assist in evaluating 

tritium lights based on objectives and criteria in this plan. 

5.10.2.16.7 AAC/DE representative 

will ensure layout and setup is accomplished per Air Operations 

Officer's recommendation; ensure modification and maintenance of 

tritium lights as required; and assist in evaluation of the 

lights per this plan use of Allen Army Airfield, AK. 

5.10~2.16.8 Obtain written apvroval 

to AR 385-ll, paragraph 2-3. 

5.10.2,17 343 COMPW: 

5.10.2.17.1 Appoint an A-10 

qualified ~roject officer to coordinate A-10 tlight operations, 

brief/debrief ~ilOts, and coordinate with local agencies partici­

pating in the evaluation. 

5.10.2.17~2 ensure the base RPO 

monitors and approves arrangements tor delivery, transportationT 

storage, and de~loyment/redeployment of the tritium lights until 

transferreo to the 21 TFW for deployment to Donnelly LZ. 

5.10.2.17.3 Provide A-10 and 0-2 

aircraft to participate in evaluation. 

12 
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5.,10.2.17.4 Provide at least four 

personnel for receipt and trans~ort of tritium lights upon 

arrival in Alaska. Since Hattelle/Pacific National Laboratory is 

custodian of the RL light fixtures, their representative will be 

~resent to count and make suitable checks on the receipt of these 

fixtures .. 

5.10.2~17.5 Provide an enclosed bed 

cargo truck and cargo van far trans~orting the lights. The 

vehicles should be large enough to hold containers taking up 

about two 463L pallets, be weatherproof, and be capable of being 

secured. 

5.10.2.17.6 Provide a secure 

location far temporary storage of the tritium lighting and 

shipping packages, as necessary. 

S~l0.2 •• 17.7 Provide four ~ersonnel 

for transportat-ion and installation of lights at Allen AAF, 

including assistance in varying test configurations, pertorming 

fixture maintenance and removing the lights and fixtures. These 

should be the same four personnel in 5.10.17.4. 

5~10.2.17~8 Provide vehicle and 

runway condition reading RCR measurement equipment and operator 

to conduct RC5/RCR measurement IAW T.O. 33-l-23, if required by 

the AAC test director. 

5.10.2.17~9 Provide ground to air 

communications (UHF/VHF}. 
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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 for the tritium lights at Elmendorf AFB. 

5.10.2.18.2 Appoint a rated proJeCt 

officer to coordinate operational aircraft support tor the test 

at Allen AAF. 

5.10.2.18.3 Provide C-12 aircraft 

support for evaluation of the lighting system. 

5.10.2.18.4 Provide four personnel 

to deploy the lighting package from Eielson AFB to Donnelly LZ: 

and install, maintain and remove the lights and fixtures.· 

5.10.2.18.5 Deploy, install, 

maintain and redeploy an electroluminescent (EL) or conventional 

incandescent lighting set from ~ielson or Elmendorf to Donnelly 

LZ which will provide backup lighting for C-130 su~port. 

5.10.3 Military Airlift Command: (HQ MAC) 

5.10.3.1 Provide MAC aircrews and aircraft 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 ~reparing, distributing, 

collecting and analyzing aircrew and ground support ~ersonnel 

questionnaires. 

14 
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s.l0.3.4 Ensure aircrews and ground support 

personnel are brieted and debriefed~ 

5.10.3.5 Provide a Radiological Protection 

Ofticer (RPO) to approve and monitor handling, storage1 trans­

portation and use of the tritium lights ~hile involved in AAC 

testing. (Custodial responsibility ~ill be maintained by the OOE 

or its designated contractor representative.) 

5.10.4 Heaaguarters, United States Air Force: (HO 

USAF) 

5.10.4.1 Provide timely Air Staff coordination 

of the ATP. 

5.10.4.2 Provide a USAF Project Coordinator/ 

Action Ofticer as a focal point for executive coordination and 

management briefings. 

5.10.5 Headquarters Department of Energy: (HQ DUE) 

5.10.5.1 Serve as Chairman, RL-TWG. 

5.10.5.2 Provide program management direction 

for all DOE test activities. 

5.10.5.3 Coordinate test plans with responsi-

ble DUD personnel. 

~.10.5.4 Coordinate test preparation and DOE 

requirements with ORNL. 

ings as required. 

5.10.6 

5.10.5.5 Provide executive management brief-

uak Ridge owerations office: (DUE/ORO) 

5.10.6_.1 Coordinate test plan with DOD. 
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5~10~6.2 Coordinate HO DOE requirements for 

contract documentation between ORO and ORNL~ 

5.10.6.3 Provide test and assistance personnel 

during test. 

5.10~6.4 Approve and assist in RL light system 

and equipment security planning and execution. 

5.10.6.5 Provide reimbursement authorization 

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

5.10.7 Oak Ridge National Labora~o~: [ORNL) 

5.10.7.1 Prepare prototype fixure. 

5.10.7.2 Fabricate adequate quantity of RL 

light fixtures for a 5000 ft runway. 

5.10.7.3 Provide planning for pre-test evalua-

tion (full scale). 

5.10.7.4 Prepare shipping documents and 

accountabllity documents. 

evaluation. 

tion. 

lists. 

5.10.7.5 Arrange transportation for pre-test 

5~10.7.6 Deploy lights for pre-test evalua-

5.10.7.7 MaKe required modifications. 

5.10.7.8 Prepare check lists and inventory 

5.10.7.9 Package lights and equipment for 

transport to Alaska. 

5.10.7.10 Obtain final concurrences for 

shipment from ORO/DOE. 
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5.10.7.11 Provide technical yuidance 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 personnel on test objectives. 

~.10.7.14 Supervise and assist packaging of 

lights for return to ORNL. 

5.10.7.15 Hake 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 for comments. 

5.10.7.18 Prepare final technical report 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.~ Pacific Northwest Laboratory (PNL) will pertorm 

cold climate engineering and human factors work requ1red for 

field testing. Provide required support to and or in lieu of 

ORNL responsibilities (above). 

5.10.9 !76th Tactical Airlift Groue: 

5.10.9.1 Provide transportation support tor 

transfer of lights from ORNL to and from Alaska. 
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>.10.9.2 Effect physical transfer to AAC. 

>.10.9.3 Notify !10 AAC/llOOSS of exact delivery 

time as early as possible. 

5.10.9.4 Provide a C-130 aircraft for evalua-

tion purposes at Allen AAF. 

5.10.10 National Guard: 

5.10.10.1 North Carolina Army Air National 

Guard {NC-ARNG) will provide training in Alaska same as TWG Test 

Director and will provide logistical support for the ATS~ Will 

coordinate test procedures with AK-ARNG, AK-ANG. 

5.10.10.1~1 Provide aircrev 

brietings on best method to acquisition tritium RL-lights during 

test. 

5.10.10.2 Alaska Army National Guard 

(AK-ARNGI 

5~10.10.2.1 Provide helicopter 

transportation for personnel and equipment within local vicinity 

of ATB. 

5.10.12.2.2 Provide helicopter 

support for test. 

S.lO*ll State of Alaska: (AK-OOT) (See Appendix F) 

5.10.11.1 'Fabricate and install light base 

units at test site. 

5.10.11.2 Provide liaison between State ot 

Alaska and the RL-TWG~ 
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5~10.11.3 AKDOTPF, Battelle AK, and othe~ test 

team members, as applicable, will advise test director on contig­

uration, modification and evaluation of tritium lights in con­

junction with FAA evaluation state of ATS • 

5.10*11.4 Provide a secure storage area upon 

transfer of equipment in Alaska prior to AK-DOT deployment. 

5~10.12 United States Air Force Radiological 

Protection Committee: (USAF-RPC) 

5.10.12.1 ORNL/PNL will pe<form Radiological 

Protection function as outline in Appendix c. 

5.10~12.2 Advise ~0 AAC/SGE of their res~on-

sibilities. 

5.11 Satety: See Appendix c. 

5.12 Security; See Appendix D. 

6,U SPECIAL ACTIONS: 

6.1 Security Classification: It is anticipated that the 

security classification for this project will remain unclassi­

fied. 

b.2 Release of Information: All information concerning 

developments under this contract shall be reported to other 

agenc1es through HQ AFESC/RDa Until public release of the tinal 

technical report by the USAF 1 there shall oe no briefings, pre­

sentations~ publications, or information relative to this tech­

nical effort transmitted by ORNL without prior approval of AQ 

AFESC/RO and the DOE Program Manager~ 
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6.3 Ofticial Photo~raphyt oRNL shall cooperate with the 

ofticial Air Force photoyraphic support arranged by HQ AAC/OOOS 

for the Air i''orce Project Officer and the DOE Proyram Manager. 

b.4 Radiological Protection Officer (RPO): ORNL/PNL will 

assist the RPO during the entire contract period. Coordination 

for handling the RL markers will also be accom~lished by ORNL 

with AFMSC/SGPZ, Brooks AFB, TX 7H235. 

7.U SCHEDULE: The following schedule applies: 

7.1 TRITIUM LIGHTING TEST SCHEDULE 

Phase 

Deployment 

Preliminary 
Test 

Deployment 

C-lJO Test 
(Annex l:V) 

Weather 
kiackup 

EnO of AAC 
Test 

lB Nov 83 

19 NOV 83 

event 

Lighting vackage delivered by 176 TAG 
C-130 to Allen AAF 

Light fixtures/bases secured/llghts 
installed 

19-22 Nov 83 ~ontiguration and visual acquisition 
r~nge evaluations by: AAC, AOOTPF, 
fr'A, AK ANG, and AK ARNG 

23 Nov 63 Light fixtures/bases packed up and 
transported to secure storage at 
Bielson AFB. 

27-26 Nov Bl Lighting package picked uv from 
Eielson AFB and transported by 21 
TFW personnel to Donnelly LZ and 
installed 

~8 Nov - 11 Operational evaluation during this 
Dec 83 period 

11 Dec or 
Earlier 

11-lS Dec 

15 Dec 83 

Lighting package return to Eielson by 
:u tk'W (as directed by AAC test 
director) 

Weather backup for Allen and/or A-lOs 
as needed 

Transfer to State of Alaska for 
A.KDO!'PF testing 
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Phase 

t:nct ot 
Alaska Test 

Date 

Mar 84 

7.2 Scheduled eventsw 

Event 

Lighting .~;~ackaye r-eturned to Lower 
4H by 176 'IAti C-130 

1.2.1 18 Nov ~3 - The tritium lighting package will be 

delivered to Allen AAF, AK, by 176 TAG via C-130. The package 

will be accompanied by and/or 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 

34Jd kPO and Battelle PNL representative will inspect the lights 

and packaging. If weather 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 so all support can 

be repositloned. 

7.2.2 !9 Nov 83 - The fixtures will be installed on 

the airfield 1-ler instructions of Test Director (Annex VI)~ The 

runway will be determined by the AAC test director. 

7.2.3 19-23 Nov IB- Preliminary Test Period. This 

period will be used to evaluate installation methods, alternate 

lighting configurations, and.visual acquisition range* Contin­

gent on other airfield operation$, the tritium lighting test will 

begin approximately, l600L and end at 2000L daily. 

7.2.3.1 During each test period, aircraft will 

fly multiple low approaches, with full sto~s and takeoffs, using 

the tritium lighting~ The pilots will receive a briefing (Annex 



1II, IV} prior to the first flight, complete the questionnaire 

(Annex V), and be debriefed by test personnel as appropriate. 

7~2.3.2 After each test sequence the lighting 

configuration may be altered in an attempt to improve perform­

ance. Each change will be fully coordinated with the pilot(s) 

flying during that period. Their questionnaire comments must be 

keyed to the specitic test. 

7.2.3.3 At the completion of each test 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. 

7.2.4. A-10 Operational ~valuation. Not less than 

four 343 COMP~ A-10 aircraft will participate in a the test. If 

weather conditions and runway condition reading (RCR} permit, the 

s~te will be Allen AAF. If Allen AAF is unacceptable, another 

test will be completed at a suitable A-lu location, with Eielson 

Arb as a last selection. Each A-10 will make at least one low 

approach to the lighting system prior to a tull stop. After the 

full stop the pilot will be debriefeda After takeoff, the pilot 

may make additional lov approaches, fuel pe~itting, prior to 

returning to Eielson AFB. 

questionna~re. 

Bach pilot will complete the aircrew 

7.2.5 l7-28 Nov S~ - C-130 operational Test Deploy-

ment. 21 TFW personnel will transport and install the tritium 

lighting at Donnelly LZ. Test team members ~ill be present to 

provide supervision and assistance. Lighting will be installed 

lAW MACH 55-13Ga 
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7~~.6 28 Nov- 11 Dec 83 - C-130 Uperational Test. 

C-130 aircraft supporting the 17~ Infantry Brigade Field Tralning 

exercise will landf using the tritium lighting. A conventidnal 

backup lighting system will be available, and turned on if the 

pilot requests. 

7.2.7 11 Dec 83 -Tritium and conventional lighting 

removed from Donnelly LZ by 21 TFW and test team personnel and 

returned tc Eielscn AFB and temporarily stdred. 

7.2.8 15 Dec 83 -Tritium lighting package transferred 

to AKDOTPF tor civilian testing. 
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APPENDIX I 

PROCEDURt.:S FOR 

PRELIMINARY TESTING OF 

RL RU~~AY LIGHTING 

1. Each organizaiton or agency partici~ating in the tritium 

runway lighting test will appoint a project officer or point of 

contact for scheduliny briefing ana coordination. 

2. organizations and aircraft which will be directed or invited 

to ~articipate are as tallows; 

•• 21 TFW/C-12 

b. 343 COMPW/0-2, A-10 

c. 616 MAG/C-130 

d. 176 TAG/C-130 

e. <22 Av Bn/C-12, UH-l 

USCG/C-130 

g~ State of Alaska/Unknown 

h. l:'ederal Aviatton Administration/Unknown 

i. Other civilian agencies/aircraft 

3. To yain maximum ~artici~ation from each oryanization, 

tl~xibility in scheduling each test period will be maintained. 

4. Aircraft will be scheduled to tly during a specific time 

block during each test veriod on the days of 19-22 Nov 83. 

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 ~rimary runway for testing the lighting at Allen AAF is 

antici~ated to be Runway lB. Runway 18 is 7499' lony 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. 

9. The ~ilot will 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 ~ath 

information. TACAN DME will be noted if used for measurement. 

12. If weather conditions permit, the ~ilot 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 landing is 

requested. Pilots will provide comments to the test team while 

on the ground. 

13. Civilian pilots may make }ow approaches. Full stop landings 

are authorized if US Army civilian use requirements are met. 

14. Pilots will complete the handout questionnaire and submit to 

the unit project otficer or mail to HQ AAC/OOUSS, Elmendorf AF~, 

AK 9950b. 

15. Engineers and/or ground support crevs will also complete 

questionnaires and submit to the proJect ofticer or mail to HQ 

AAC/DEM, Elmendorf AF~, AK 99506. 

16. The AAC test director will establish operating procedures/ 

methods depending on site environmental conditions during the 

test. 
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APPENDIX II 

~ASIC ~VALUATION PLAN 

Introduction 

Subjective analysis of ground observations and aircrew 

questionnaires shall be the primary methods ot data collection. 

The approved tritium light questionnaire {ANNEX VI) shall be 

briefed and distributed to partici~ating flying organizations by 

HO AAC/DOOSS. Members of the team shall interview Prime BE~F and 

other AT~ support personnel to determine the success of ground 

operations. At the conclusion of the exercise, HQ AAC/ADO shall 

direct an £valuation Heview Board (ERB} to make a written assess­

ment of the overall operational acceptability of the R~ lighting 

system under Arctic operations. ESL and ORNL/PNL shall observe 

the &RB critique to document the results and recommendations in 

the tinal technical reports. 

Method 

The test team evaluation shall be completed in two parts to 

fellow the ATP. URNL shall perform all data reduction and 

analysis to document test results in the interim and final tech­

nical ceports. 

Part I - Visual Evaluation: Questionnaires shall be 

distributed to aircrew and ground obsecvers as they in-process 

~he exercise and during daily preflight briefings. The observers 

will receive an explanat1on of the purpose of the test. 1'he 
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questionnaires can be returned by self-addressed mail to HQ AAC/ 

ooo~s. Those received by the end of the exercise shall he 

reviewed by £RB. 

Part II - Physical Evaluation: ORNL/PNL shall collect, 

analyzet and condense the test teams observations, photographs 1 

and witness interviews at the ATS. Preliminary findings shall be 

briefed at the ERB and presented in the final reports. 

~valuation ObJectives (See Annex VII) 

nata Collection 

The evaluation objectives shall be evaluated from the 

following sources collected by AAC, and the RL-TWG test team: 

1~ Aircrew Questionnaires 

2. Ground and Airborne Observations 

3. lndi viaual Interviews 

4. Mission Debriefings 

5. ~xerc~se Critique 

6. Evaluation Boara 

7. Photo~raphic Aids 

Analysis 

The final re~orts shall contain the RL airfield lighting 1 s 

actual system ~erfo~ance under Arctic conditions as determined 

by expert observers (i.e., ERB}# and other data collection tech­

n~ques. A aiscussion shall explain the final fixture designs, 

tab~~cat!on techniques, exvedient installation methods, p~OJeCt 

costs, shLpment limitatlOns, and final erection problems. 

• 
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co.nc lus.ions(R~comme ndat ions 

Pro~osed tuture a~plications, further R~D, and prOJect 

economic and operational benefits shall be delineated as an over­

all assessment of the Arctic Development Testa All conclusions 

and 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 

technical report shall be written in accordance with DIP ~-3~91A. 

Oubmit two copies of draft final report within 30 days after 

completion of sow, section 5.2. Submit reproducible origtnal 

within 60 days after receipt of sponsor 1 s comments on the 

a~proval of drafts. Approving authority Will be AFESC/RPCS. 

Reproducible original will be a "camera ready" copy 1 reference 

MIL-OTD-847A. Report shall be published as a Joint AfESC/DOE 

technical report • 
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APPENDIX III 

SM'ETY PLAN 

1. Purpose. The lJUrpose of the. safety plan is to anticit,:.~ate 

both general and ~adiological accidents to reduce, control, and 

eliminate hazardous conditionsy 8efore ground installation and 

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

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

following safety documents are applicable to this test: 

A.l''R 127-4 AFR 800-16 

AFR 127-12 AFOSH ::i'I'P 127-66 

AFR 160-132 T.O. 00-110-A-12 

Ar'R l&l-8 T.O. 00-110-N-2 

AC'R 161-16 T.o. 00-110-11-3 

AFR 161-28 T.O. 00-110-N-5 

2. overall ::iatety R.es12onsibility,. The Test Manager 1s resl;)onsi­

ble tor enforc1ng the overall safety program for the tes::~ !he 

Alaskan Air Command Chief of Safety (HQ AAC/IG) or his desi~nated 

re~resentative is the safety officer duri~g all dir opera~ions. 

The Test Manager is the safety otficer for all other ATP ever.ts 

at the AT~. The Test Manager ~ill maintain close ccordinatton 

with AAC/IG on all safety matters~ 

3. sa.tety Areas.. The safety requirements of the ATP have been 

divided into two separate areas to establish the specific 

requirements tor different operational areas: 

a. General tiatety. 

b. Radiological Safety. 

JU 
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4. General Safety. 

resides with AFESC. 

The responsibility for yeneral site safety 

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. 

•• Safety Briefing • The Test Manager will brief all RL-TWG 

personnel on the safety hazards at the ATS. 

b. Visitors. 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 Hesponsibilities. 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 personnel and enforced by all supervisors. These 

procedures shall be accepted as minimum standards until the Test 

Manager, with the concurrence of HQ AAC/IG/t)GP authorizes devia­

tion. 

d. Vehicles. 

on unpaved roads. 

Speeds shall not exceed 30 mph when driving 

Seat belts will be used at all times while 
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~ehicles are in motion. Speed within the immediate area of the 

ATti shall not exceed 10 mph~ When a vehicle is ~arked, the hand 

brake will be set and the transmission placed in reverse or park 

for automatic transmissions. 

e~ Hypothermia. Extremely cold weather is expected during 

the test period. This has the potential for hypothermia, frost 

bite and accidents caused by impaired ~hysical ability~ Arctic 

clothing will be issued. Arctic orientation training will be 

required for each test team member as they arrive in Alaska. 

Procedures set by the military tor emergency supplies required 

duriny air travel and field operations will be imposed on non­

military personnel involved in the test. 

f~ Accident Reporting (Emergency}: 

(1) scope~ This standard procedure is intended to 

serve as a guide to expedite medical care as a result o~ an 

accident. All. •l?ost emergency'• 'reporting and accident investiga­

tion will be performed by current Air Force Regulations and is 

not ~ithin the scope of this procedure~ 

(2) Responsibility. lt 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 1mmediately implement these procedures after an accident. It 

is the cesponsibility of the Test Director to familiarize all 

supervisors with this procedure, and in turn, the supervisors 

will explain these procedures to their subordinates. 
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(3) Emergency Reporting Procedures. After an accident 

at the ATS the following procedure will be tollowed: 

{a) The senior supervisor at the scene of an 

accident will direct appropriate first aid. Caution will prevent 

agyravation of an accident-related injury. 

(b) The ATS Dispensary will be immediately noti­

fied of the nature of the accident, including apparent condition 

of the injured person, and the location of the accident. The 

Test Manager or the senior supervisor at the scene shall deter­

mine whether to attempt transfer of the injured to a hospital, or 

to request emergency ambulance support. 

(c) The Test Manager or the senior supervisor 

shall determine the seriousness of the accident. If it is deter­

mined that the accident is not serious enough to require emergen­

cy hospitalization, disregard para 4f(3}(b) and administer first 

aid at the site. If further medical attention a~pears necessary, 

the inJured person will be taken to a doctor by normal transpor­

tation. 

y. First Aid. An adeyuate supply of first aid items will 

be maintained at the ATS. These items will be properly stored 

and periodically inspected to insure adequacy for an emergency • 

S. Radiological Safety. ORNL will perform the responsibilities 

of the RPO. The Alaskan Air Command BEE (HO AAC/$GP} will have 

the complete authority for the enforcement of all NRC require­

ments and ~rocedures while on USAF real property at the ATS. The 
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satety procedures ~or handling, transporting, storiny, 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 tube breakage, Type-2R containers will be on-hand to 

package the broken tube for sate transport to ORNL for disposal. 

Personnel exposure calculations have been made tor a maximum 

credible accident involving 1000 ci H-3 {one shipwing container 

of wands). A single light fixture breakage would result in an 

exposure equal to 10% of the value shown in the 1000 ci release 

calculation. {See attached ORNL calculation of dose in runway 

lighting accident.) 

b. Responsibility. ORNL representative will be acting as 

Radiological Protection Otficer (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 authortty should a radiation incident occur duriny the exer-

cise. 

c. Training. The RL-TWG test team will briet individuals 

who will install and dismantle liyhts pr~or to any assignment. 

The installation briefing (Annex III) will cover the following 

areas: 

(l) ~afe handliny. 

(2) Proper installation. 

(l) ~reakage hazardsa 

(4) Physical security. 
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APPENDIX IV 

~ECURITY PLAN 

1. TransQortation. Lights will be transported from ORNL to 

McGhee-Tyson ANGR TN packaged to meet DOT regulations. Transfer 

of liyhts 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 transfer vehicle, unloading truck and loading aircraft at 

McGhee-Tyson, unloading aircraft at Fairbanks, Alaska, for trans­

port to the AT~. 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 previously 

installed in the field. In 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. 

Lights 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 duriny 

non-test periods. 

~. ~torage. Following the test, lights will be dismantled, 

placed in "DOT Type A" shipping containers for delivery of liy:hts 

to UHNL. Arrangements will be made with URNL Traffic Del-'artment 

for meeting the aircratt and delivery of the lights to OHNL. 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 to appropriate URNL/PNL and DOE ~ersonnel 

in the event that a reportable incident occurs during the test. 

HQ AAC/DOOS/SGP/IG/OE/PA and HQ AFESC/RO/PA will be expeditiously 

notified of any incidents& {See attached notification list.l 

Lights are labeled with a notification statement, radiation 

symbol, identification of radioisotope (tritium) and quantity of 

isotopes present. These labels are attached to the base of each 

light unit (wand} and a serial number is engraved into the base 

of each wand. The lights are shown to be the property of the 

USOQE and in case of an emergency the URNL ~lant shift supervisor 

~ust be notified. 

J. Notificat10n. The tollowing agencies will be notified within 

eight hours of any reportable incident: 

a. Alaskan Air Command: 

DOOSS: MaJ Hult, AUTUVON• 317-552-5346 

SPO: 

St.iB: 

IG; 

oe: 

PA: 

Capt Knall, AUTOVON: 

MaJ Ca~ichael, AUTUVON: Jli~552-42ti2 

Col Brandt, AUTOVON: 

Col Hodge, AUTOVU~: 317-552-5222 

Lt Col ~anfortl, AUTOVON: 

b. Air !:'orce Engineering and Services Center: 

CC: _ Col Callahan, AUTOVON: 970-6101 

RD: Col Boyer, AUTOVON: 970-6309· 

PA: MaJ Geary, AUTOVON: 97U-6476 
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c. Department of Energy: 

DP-123: M.r Remini, (615-) 353-4265 

DOE/ORO: Mr Brown (615) 574-4876 

o:R.NL: Plant Shift Supervisor, (615} 574-6606 

PNL: Mr Jensen, (509} 375-2602 

d. State of Alaska: 

Alaskan-DOT: Mr Leonard, (907) 4H-3003/224l/4640 

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

AFEBC and Alaskan Air Command. Any press releases for incidents 

that occur during transport of lights in the State of Alaska will 

be coordinated by DOE, AEESC, AAC and Alaskan DOT. Any press 

releases required while lights are transported in the lower 4a 

states will be coordinated with all the above. 
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ACTION 

HQ NGB/PO 
ATTN' £..T COL FLORENCE 
PENTAGON, ~M 2E3~3 
WASHINGTON PC 20331 

HQ MAC/DEE 
ATTN: LT COL EDDINGS 
SCOTT AiB IL 62225 

HQ AAC/DE 
ATTN: COL HODGE 
ELMENUORF AFB AK 99506 

HQ AAC/DEM 
ATTN: MAJ SYTA 
ELMENDORf' AFB AK 99506 

HQ AAC/DEMG 
ATTN: AAJ TULL 
BLME~!JORl:' AFB AK 99506 

HQ AAC/DOOS 
ATTN: MAJ HULT 
ELM~NDORF AF8 AK 99506 

AK-ARNG (OLF-62 MAW) 
176 TAG/CAG 
ATTN: MAJ HOBB~ 
KULIS ANGB AK 99502 

HQ USAr'/XUORF 
ATTN: COL t;iTkUCKLANO 
PENTAGON~ RM Bl:'935B 
WASHINGTON DC 20331 

HQ USA!."/LEEVN 
A':TN: MAJ OLSON 
!:lOLLING AE-'B DC :.!.0332 

HQ USAf/ £..EEEU 
ATT~: MR WORD£N 
BOLLING AFB DC 20332 

HQ DUE ( D~-123) 
ATT~: MR RCMINI 
GAlTERSBURG DC 20545 

A?PE!WIX V 
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ACTION 

ERADCOM (NV & EOL-DELNV-SE} 
ATTN: MR NOWAK 
FT BELVOIR VA 22060 

NC-ARNG 
ATTN! LT COL EVERETT 
P 0 BOX B 
MORRISVILLE NC <7560 

HQ AFESC/RD 
TYNUALL AFB FL 3240) 

HQ AFESC/I<DC 
TYNOA£..L AFB fL 32403 

HQ AFESC/RDV 
TYNDALL AFB PL 3<403 

HQ AFESC/DEO 
TYNDALL AFB FL 32403 

HQ 1\FESC/DEB 
TYNDALl: AFB lt'L 324UJ 

HQ AFE!:iC/DEM 
TYNDALL AFB FL 32403 

HQ AFESC/DEV 
TYNDALL AFB FL 32403 

1 SOW/DUX 
ATTN: ~T COL GAMHLE 
HURLBURT AFB FL 32544 

Ql{N~ 

ATT~' MR CASE 
P 0 BOX X 
OAK RrDGE TN 37830 

HQ AFMXC/SGP2 
ATTN: CAPT ~LLINGER 
HROOKS AF~ TX 78235 

ORNL 
ATTN: MR K. W. HAFF 
P 0 BOX X 
VAK RIDGE, TN 37~30 
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DISTRIBUTION LIST (CON'T) 

ACTION 

DIJE/LANL 
ATTN: MR ANDERSON (MS:C348) 
P IJ. BOX !663 
LIJS ALAMOS NM 87545 

NASA/JPL 
ATTN: MR ROSCKKE (MS:507-228) 
PASADENA CA 91109 

DOE/PNL-BATT~LLE, NW 
HAT'tELLE BLVD 
ATTN: MR JENSEN 
RICKLAND WA 993o3 

DOE/PNL-liATTELLE OF ALASKA 
101 W BENSON, SUITE 305 
ATTN: MR PERRIGO 
ANCKORAGE AK 99503 

STATE uF ALASKA 
DOT/PF (ATTN: MR LEONARD) 
2301 P~GER RD 
FAIRBANKS AK 997Ul 

HQ MAC/XPQT 
ATTN; MAJ OERTEL 
SCOTT AFB IL 62225 

KQ MAC/XPQS 
ATTN: MAJ RASTINGS 
SCOTT AFB IL 62225 

USAFALCENT/RA 
ATTN: MAJ JON~S 
POPE AP~ NC 2B30B 

HQ MAC/DOXT 
ATTN: CAPT NELLIS 
SCUTT AFB IL 62225 

HQ MAC/DUXS 
ATTN: MAJ GOLLEY 
SCOTT AFB IL 62225 

HQ ARRS/DURO 
ATTN: MAJ FARAGE 
SCOTT AFB IL 62225 
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ACTION 

DOE/ORO 
ATTN: MR BROWN 
POilOXE 
OAK RIDGE TN 37830 

USAF-OEHL/RZI 
ATTN: SMSGT HARVEY 
BROOKS A~B TX 78235 

INFORMATION 

ESC/SCU-5 
ATTN: CAPT TUSTIN 
RANSCOM AFB MA 01731 

USA-NATICK LABS 
ATTN: DR R Q SMITH 
KANSAS ST 
NATICK MA 01760 

USA-CRREL-EE 
ATTN: MR WOURI 
72 LYKE RD 
HANOVER NH 03755 

HQDA ( MA-WSA) 
ATTN : MAJ ~ELL 
~ENTAGONt RM 38454 
WASHINGTON DC 20310 

SAF/MII 
ATTN: AAJ KRUOP 
PENTAGONt kM 4C940 
WASHINGTON DC <0330 

HQ USAF /LEY SF 
WASHINGTON OC 20330 

HO AFoC/DLWM 
ATTN: CAPT RE~D 
ANDREWS AFB MD 20334 

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



DISTRIHUTION LIST (CON 1 T) 

INFORMATION 

USA-t'ESA-T 
ATTN: DR HOLLIS 
FT BELVOIR VA 22060 

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

WR-ALC/MMTMH 
ROBINS AFB GA 31098 

AD/Y\l 
ATTN: COL BITTLE 
EGLIN A~B FL 32541 

A>'IT/DET 
ATTN: CAPT SCHULTZ 
WRIGHT-PATTERSON AFB OH 45433 

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

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

USA-CERL-E.S 
ATTN: MR WINDINGLAND 
P U BOX 4005 
CHAMPAIGN IL 61820 

HQ AFCC/DEMU 
SCOTT AFB IL 62225 

AIR FORCE ENERGY LIAISON OFFIC~ 
DOE:/ALO 
P 0 BUX 5400 
ALBUQUERQUE NM 87115 

COMMANDING OFFICER 
NCEL (ATTN: CUDE L03AE) 
PURT HUENEME CA 93040 

H\l A>'TEC/XPP 
KIRTLAND AFB NM ~7117 
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Evaluation of: 

APPEriDIX VI 

l::i'l'ATJ::: UF' ALASKA 

TEST PLAN 

Radioluminescent (RL) Airfield Marking System 

Location and time: 

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

l''ebruary 15, 1984. 

Equipment to be evaluated: 

lc Radioluminescent 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. 

~. Radioluminescent portable glide slope landing aide 

contingent on availability. 

3. Radioluminescent airfield wind direction indicator. 

Objectives: 

To evaluate, in an operational environment, a usable, self 

powered lighting system designed for remote airfields. The 

system must be operationally simple wtih low maintenance 

requirements and realistic cost potential. 

SCHEDULE AND UBSCHIPTION OF EVENTS 

Upon selection of a bush airfield: 

1. Alaska Department of Trans~ortation and Public Pacilities 

(DOTPF) personnel will notify appropriate air~ort ma1ntenance 
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personnel on selection of runway for RL light test. Maintenance 

~ersonnel (either contract personnel or direct state employees) 

will he instructed as to necessary inspection checks we will 

require for lights. They will have easy access to DOTPF/00£ 

Laboratory personnel if any problems arise with the system in the 

absence of OOTPF/DOE Laboratory personnel. ·(Completed as of 

October l, 1983) 
weather data will be compiled daily by DOTPF/DOE Laboratory 

personnel. Data to be collected will include: 

a~ Outdoor temperature. 

b. Wind direction and speed. 

c. Ambient light conditions. 

d. Precipitation. 

e. Cloud cover. 

2. Village concil and mayors will be informed of test program and 

briefed on the lighting system~ If the village is receptive to 

the light test in their location, a «public Relations" ~rogram 

will go into effect in which all village citizens, young and old, 

~ill be informed of the i~portance of the ~unway lights to their 

community and what level of ris~ the RL light system presents. 

Items to be covered in the briefi~g will include: 

a. RL light safety features. 

b~ Effects of breakage of RL lights {health-physics). 

c~ No external power sourc~, therefore, low maintenance. 

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

(Completed Se~tember 8, 1~83) 
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3. DOTPf personnel will coordinate with ¥AA on notification of 

air carriers and private pilots of the test lighting system. 

(Completed September 22, 1983) 

4. Letters ~ill 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 

encouraged. 

a. Alaska Department of Transportation and Public Facilities 

personnel. 

b. FAA personnel. 

c. State legislators. 

d~ Canadian Department of Transportation. 

e. Air carriers Association representatives. 

f. Civil Air Patrol (CAP) personnel. 

g. o. s. Navy. 

h. Coast Guard~ 

i. Army Guard. 

J• Air Guard. 

5. Scheduled bush air carriers and airlines tor the village will 

oe briefed on the lighting system -- a special briefing will be 

given to interested pilots (private and commercial) on now the 

lighting system works and how the lighting system would be 

perceived by a pilot (slides and other video aides will be used}. 

Newspaper ads and radio shorts will be used to notify pilots of 

t~e briefing location and time. 
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b. Pilots will be informed that we would appreciate all comments, 

either vositive or negative, or phone or rua~1, 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. 

~eptember 1983 

Base mounts for light fixtures will be installed at selected brush 

airfield location by DOTPF personnel~ (See figures 1 and 2 for 

fixture and base mount design as suitable alternatives). 

!!Q.yember 1983 

Qn November l-4 DOTPF/OOE Laboratory personnel will brief the 

Technical Working Group (TGC) on the State of Alaska's tests. 

Identifying all details and points of coordination necessary. 

November 18-22 

At Allen Army Airtteld DOTPt'/OOE Laboratory personnel \i'ill otter 

assistance where needed to the DOE/Air Force personnel. Also 

during this period DOTPF/DO£ Laboratory personnel w1ll make 

adJustments to the lighting contiguration to allow FAA l!light 

~tanda~ds inspectors to fly against the lights in a light 

aircra.tt. FAA will evaluate thcee separate contigurations as 

shown in figures 3, 41 and ~. This operation should be 

accomplished during one evening of testing. Bxact schedule will 

be developed during the November 1-4 meetings at Camp McKall~ 
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~e~~ 22 - December 13 

Duriny this veriod FAA will be requested by state of Aiaska to 

adopt a procedure to allow commercial and/or private pilots to 

utilize the lighting system once it has been installed and 

accepted at Central, Alaska& 

December 1983 

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

Central with cargo of RL lights, fixtures, and ancillary 

equipment~ 

~: If preassembly of light fixtures is required before lights 

arrive at final bush airfield demonstration location, the 

above will occur along with the following steps. 

1. DUTPF/OOE Laboratory personnel will meet C-130 anct·offload 

equivment to ground transportation. Equipment will be taken to 

secure warm storage and assembly area at DOTPF facility, 2301 

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

2. Assembly of RL lights and fixtures will commence~ 

~; !f preassembly is not required the tollowing will taX~ 

place. 

December 1963 

1. Lights will be transported to bush airfield location at 

Central, Alaska, via AKANG C-130 aircraft~ 

2. Light system will be mounted on preset base mounts • 

3. Teat landings and takeoffs will be made to the newly installed 

light system. Deficiencies will be corrected at this time. fo'AA 

will cooperate here~ 

45 



NOT€: All ahippin~ containers for the lights will be stored at a 

secure DOTPF or other approved facility at Central 

throughout the duration of the DuTPF test. 

At least one OUTPF/DOE laboratory personnel will remain 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 acceptance of the lights. 

Any changes in light configuration throughout the duration of the 

test will be agreed upon by both DOTPF and l:'AA personnel. 

The USAF, AAC, AKARNG, AKANG, and CAP aircraft and personnel will 

be encoura~ed to fly to Central to view and evaluate the lights 

throu~hout the duration of the State's test. A questionnaire will 

provide a aata 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 operations. 

January 16 - 20, 1983 

one or more days during this week will be set aside for a 

p~esentation on the RL lighting system for USOOE and Alaska OUTPF 

personnel. A field trip to Central to view the lights will also 

be scheduled duriny this time for others ~rimarily interested in 

civilian uses of RL airfield lighting systems. 

Februa!J" 1984 

Upon completion of bUTPf:' 1 s i)Ortion of the test, the AKARNG and/or 

AKANG will be called upon tor air su~port to return the lights to 

secure storage in Anchorage or Fairbanks pending instructions from 

DOt:~ 
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Any adnormalities in the light system which can be easily remedied 

will be corrected at this time. The lens covers will be cleaned 

as needed. 

February 15, 1984 

The lights will be made available to the AAC for their continued 

testing. 

A pilot debrieting and critique will be held following the removal 

of the lighting system. Newspaper ads and radio shorts will be 

used to notify pilots of briefing location and time. 

Upon completion of the test, a meeting will be held in Central to 

get feedback from the DOTPF maintenance personnel and residents of 

Central on their perceptions of the RL runway lighting system. 

Uuring the spring of 1984 all data will be compiled and a report 

written • 
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Fi g ure 1. RL ~ixtures for Test and Evaluation at Central AK 
Dec thru ~eb 83- 84 ' 
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Figure 2. RL Light ~ase Mount 
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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 fixture bases. 

d. Installation and removal time requirements. 

e. Maintainability, to include cleaning the lights and 

fixtures. 

f. Ability to stand up to weather, propeller and Jet blast 

effects. 

2. ~valuate 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 be 

verified by each aircrew. 
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s. Evaluate pilot views of tritium lighting as ai~ for approach, 

landing, ~ollout and takeoff. 

Q. ~valuate capability of a VASI system to provide glide slope 

information to pilota~ 

7. Asa~ss overall adequacy of tritium lighting to support a 

variety of aircraft and operations in an arctic and subarctic 

environment. 

8. Provide individual and/or group recommendations to enhance 

any aspect of light utilization~ 

9. Ground support briefing to be conducted by responsibility of 

AAC/DEMG, 
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ANNI::X II 

BRIE~ING HANDOUT ON 

TRITIUM RADIULUMINESCENT (RL) PORTABLE LIGHTING 

BACKGROUND 

Radioluminescent (RL) lighting is defined as the use of radiation 

tram radioisotopes in combination with phosphors to produce 

visible light. Radioluminescent lighting has been used in 

industry for clock dials, exit signs and light standards in the 

photographic industry. The military has used light-emitting 

paints for aircraft dial illumination, mine field markers, and 

gunsight illumination. 

Within the last several years a joint 000/00E effort has been 

underway to develop tritium RL lighting for airfield application. 

A tirst generation of tritium lighting was evaluated at Clear 

Creek,LZ during BRIM FROST 83. These lights proved to have a 

visual acquisition range of one to two miles which was suitable 

only for slow moviny aircraft. 

Since then, comprehensive engi-neering eftorts have produced a 

significantly improved runway light. It is anticipated this 

l1ght can be acquired by aircrews between tour to six miles, 

which is suitable to support C-130/A-10 type aircraft opera­

tions~ 

certain known techniques may be used by participating pilots to 

improve acquisition of the lights, such as keep1ng cockpit/cabin 

lighting to an absolute minimum, and not staring at the tritium 
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iiyhts~ viewiny slightly to the side may im~rove acyuiaition. 

Also hel~ful is not turning landiny lights on until short final, 

as they tend to wash out the test lights. 

One final reminder - Tritium lights are not incandescent. They 

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

Attached are specitic procedures to follow during the test and a 

questionnaire to be completed. 

56 

• 

• 



A,Ntlllll. I II 

PROCBDIJII.ES I'OR A-1 0 INALOATIOII 

OP TlUTIUII RL IWIIIfAI LIGHTS 

1. A prt .. ry .ative bthind tritiua lighting development ia the 

enhanceaent of tactical operations at bare bases, especially in 

the arctic environm.nt. 

2. It ia ext~ly t.portant that A-10 pilota have the opportu­

nity to evaluate the tritiua runway lighting and ita capability 

to support thair aiaaion, 

J. Pilote will receive a bcieting prior to their firat flight. 

4. A •xi- nu-r of pilot& ia duirad, but an individud 

pilot •Y fly .are than one teat aortie, 

s. At leaat two aortiea ....., deairad daily (16001.-200UI.I. 

6. Aircratt will depart Bielaon APB to arrive at Allen AAP 

between 1600 and 1900 local with sufficient interval& to allow 

tt.e for low approachea and landinga. 

7. Pilota uy .... cuu an inatru•nt approaCII to aunway 18 at 

Allen AAP, lUI:, 

s. Pilot& aay executa visual approachea if weather condition• 

allow vra oparationa. 

9. Pilot& will execute at 1eaat one aiaaed a~proaCII/low a~proach 

prior to a full atop landing. 

lu. Prior to a full atop landing tha pilot will receive the cur­

rent weather condition& including an acceptable runway condition 

~eading IRI.:a) !rca tha teat te-. 
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11. Final decision to land will rema1n with the pilot - bAfET¥ 

WILL ~ §! COMPRUMI£EO. 

12. After landing, the aircraft will be taxiea to the specified 

parking area and shut down for mandatory brake cool period. 

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

team. 

14. A-10 aircraft will then take off, make one additional low 

avproach, ano return to Eielson AFB* 

15. Pilots and ground support crews will complete questionnaires 

and return them to the project officer~ 

sa 

' 

I 



ANNEX IV 

PN.OCE:t>URES POR C-130 OC:VEL.UPMENT TLST 

OF TRITIUM RUNWAY LIGHTING AT DONNELLY LZ 

1. Portable, dependable airfield lighting is a necessary asset 

in the successful accomplishment of the tactical airlift mission. 

2. It is extremely important the C-130 pilots have the opportu­

nity to evaluate the improved tritium runway second generation 

tritium lighting and its cavability to support their mission. 

3. The 616 MAG will appoint a project officer to coordinate all 

test requirements and ensure participating C-130 aircrews are 

briefed and debriefed. 

4. c-130 aircrews will receive a thorough brief prior to their 

first tlight and receive a questionnaire handout packaye. 

5. Pilots will file a flight plan and fly their aircraft to 

Donnelly, LZ lAW normal MAC ana ATC operating requirements ana 

procedures. 

b. Pilots will align the aircraft on the extended runway 

centerline, at least five nautical miles from the runway 

threshold to begin a straight-in approach. 

7. Pilots will, as accurately as possible, document the maximum 

distance at which the lights are acquired, usable distance, yliae 

path intormation, and other data required by the aircrew 

questionnaire. 
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8. Low approaches/missed approaches will not be planned in 

supvort of the tritium test. 

9. Pilots may request that conventional runway lighting be 

turned on anytime they feel safety may be compromised. 

lU. Pilots will complete the questionnaire ana return it to the 

unit proJect oft'icer. 

60 

' 

• 



ANNEX V 

TRITIUM RUNWAY LIGHTING 

AIRCREW OUESTIUNNAIRE 

Instructions: This questionnaire shall be completed as soon as 

possible after viewing the test lights. Please identify acquisi­

tion distance for each approach made. Return to your vroject 

officer or return to: HO AAC/DOOS, 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 NOB 

B. Maneuvers: Low Approaches 

TACAN 

Landings 

Visual 

C. Have you flown approaches and/or landed at this airfield 

before? Yes No __ _ 

II. weather Conditions 

A. Cloud Cover: Scattered Broken overcast __ _ 

B. Ceiling/Visibility: Height ___ AGL; Distance ___ nm 

C. Precipitation: Snow __ Fog 

III. VA::il Landing System 

Haze 

A. Maximum Acquisition Distance (each approach) 

nm 
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B. At what distance did the VASI provide usable •glide path-

information? (each approach) nm 
12 3 4 56-

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

Estimated 

Radar 

DME 

Chart 

D. Rate the VA~I for overall performance in providing runway 

end acquisition and glide path information: Outstanding ____ 

Excellent Satistactory ____ Marginal ____ Unsatisfactory 

IV.. Threshold Runway Markers 

A. Maximum Acquisition Distance (each approach) 

B~ At what distance did the lights aid in runway alignment? 

(each approach} nm -r ,- -r -. ,- -r 
c. How was this distance measured? (each approach/ 

Estimated 

Radar 

DME 

Chart 
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o. Rate the threshold and edge lights for overall 

pertormance: outstanding ___ ~atistactory Marginal 

unsatisfactory 

v. Edgelighte Runway Marker Lights 

A. Maximum Acquisition Distance (each approach} 

B. At what distance did the lights aid in runway alignment? 

(each approach) nm 
1234-5--6-

c. How was this distance measured? (each approach) 

Estimated 

Radar 

DME 

Chart 

VI. Landing/Takeoff 

A. could you identify the entire landing/rollout/takeoff 

area using the test lights? 'les No 

B •. Did the test lights i)rovide similar visual cues {i.e., 

peri~heral vision, de~th perception, etc.) as conventional 

lighting? Similar Different Better than 

As yood as ____ Not as good as __ __ 
' 

Comment•'------------------------------------------------------
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V1I. Conclusion: 

A. Does the RL lighting system (RLS) meet your require-

ments as a landing, rolloutt and takeoff aid? What recommenda-

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

your answers to the above questions and any additional comments 

appropriate regarding the RLS. 

B. Narne: 
_______________________________ Rank: 

Organization: _____________________ ,Location; 

C. Telephone (Autovon and commercial): ____________________ _ 

o. Type aircraft flown; 

E. Aircrew duty status: P CP Other 

F. Aircrew aviation experience years ____ fliynt hours ____ _ 

G. If observer: Type aircraft: 

Have you evaluated RL£ before? Yes _____ No 

vr II. Your cooperation and support is appreciated. Please 

turn in questionnaire as requested in the coordinatin~ 

instructions. Your input is essentiall:! 
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ANNEX IV 

INSTALLATION HRIEFING 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 

- INTROOUCTIUN: nTest 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 

- ~AFETY' 

In case of breakage: Reporting & Controlling 

Function of RPO 

DEMUN~TRATION 

Site preparation 

Installation 

Alignment 

- SUMMARY': 0 & A 
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ANNEX VII 

TRITIUM RUNWAY LIGHTING 

GROUHD SUPPORT CREW QUESTIONNAIRE 

The RL lights to be used for USAF field teats in Alaska during 

the fall and winter of 1983-ij4 are experimental devices. Uf 

imyortance 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 handle­

ability, materials performance, attachmentt remo~al, assembly, 

aisassembly; dusting, condensation, icing and maintenance under 

the field conditions in which tney will be tested. 

Instructions: Please complete this questionnaire as soon as pos­

sible after conducting one or more of the Eollowiny operations• 

( U storing, {2) deploying, (3) redeploying, and/or (4} observiny 

operation ot the tritium RL lights. Limit your comments to those 

questions that address the activities in which you were ~ersonal­

ly involved. 

I+ Type of Operation 

A. Storing 

a. Deployment 

c. Redeployment 

D. operations/maintenance 

I I. weather Conditions 

A. Surface temperature 

a. Surface wind speed 

b6 

Direction 
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t:. surtace Visibility: Distance----------

o. Precipitation: snow Rain Fog 

Ice fog Haze None __ _ 

E.. Date Time 
• 
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III. VAtH Landi ny tiystem 

Outstaf!_ding t:xcellent Satistactory Marginal Unsatistactory 

A. Handleabll i ty ---
l. Time 

B. Assembly 

c. Disassembly 

D. Attachment 

E. Removal 

t'. Weight . -
G. Materials 

Performance 

u. Frosting 

1. Dusting ··-
J. Conaensat ion 

K. Cleanability 

L. Personnel Req'd ·--
M. t>torage ··--

When evaluating H, I, & J consider equi~ment desiyns ability to limit each characteristic~ 
For L lt is Outstanding when system cequires less than conventional system, and more 
would be unsatistactory. 
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lV. Threshold Lights 

Outstanding_ Excellent Marginal UnsatistactO££ 

A. Handleabili ty 

B. Assembly 

c. Disassembly 

o. Attachment 

E. Removal 

F. Weight 

G. Materials 
Performance 

H. r·rostin9 

I. Dusting 

J. Condensation 

K. Cleanabi li ty 

L. Personnel Req'd 

M. Storage 

When evaluating H, I, & J consider equipment designs ability to limit each character1stic. 
Vor L it is Outstanding when system requires less than conventional system, and more 
would be unsatisfactory. 
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V. Edge Lights 

Outstandiny !:iatistactory Unsatisfactorr. 

A. Handleabi ll ty 

l. T1me 

B. Assembly 

c. Disassembly 

D. Attachment 

E. Removal 
---~-

F. Weight 

G. Materials 
Performance 

H. }-~costing 

I. Dusting 

. CondtinSdtl.on ". 
K. Cleanability 

L. Personnel Req'd 

M. Storage 

When evaluating H, I. & J consider eyuipment designs ability to limit each characteristic. 
F'or L it is Uutstanaing when system requires less than conventional systemf and more 
would be unsatistactory. 
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VI. Conclusions and Recommendations 

A. Give your overall evaluation of the ease of storaye/ 

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.). 

VII. Responder 

___________________________ Rank/Rating -------------Name 

Organization __________________________ Location ------------

Telephone Number ---------------------------
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AAC 

AFI=:~C 

AKDUTPF 

ATC 

ATP 

ATS 

AvBn 

CUMPW 

DUD 

DUE/OR 

EL 

FAA 

IFR 

IR 

MAC 

MAG 

NCAN.NG 

NRC 

URNL 

OT&E 

PNL 

RCN. 

RL 

RPU 

ANNEX VI I I 

TERMS, D~FINITIONS, ACRONYM~ 

Alaskan Air Command 

Air Force Engineering and Services Center 

state of Alaska Department of Transportation and Public 
Facilities 

Air Traning Command 

Arctic Test Plan 

Alaskan Test Site 

Aviation Battalion 

COmb)OSite Wing 

Department of Defense 

Department of Energy/Oak Ridge Operations 

Electroluminescent 

Federal Aviation Administration 

Instrument Flight Rules 

Infrared 

Military Airlift Command 

Military Airlift GrOUb) 

North Carolina Army National Guard 

Nuclear Regulatory Commission 

Uak Ridge National Laboratories 

Operational Test and Evaluation 

Pacific Northwest Laboratory 

Runway Condition Reading 

Radioluminescent 

Radiological Protection Officer 
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TACAN 

TAG 

TFW 

'l'OLs 

UHF 

USAF 

USCG 

VASI 

VFR 

VHF 

~unway Surtace Conditions 

Tactical Aid to Navigation 

Tactical Airlift Group 

Tactical Fighter Wing 

Tactical Operating Locations 

Ultra High Frequency 

United Statee Air Force 

United states Coast Guard 

Visual Approach Slope Indicator 

Visual Flight Rules 

Very High Frequency 
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APPENDIX B 

COMMERCIAL PRODUCERS OF TRITIUM LIGHTS IN 

THE UNITED STATES ANO EUROPE 



I 
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NRD CORPORATION 
2937 ALT BOUL~IARD 
GRANO lSLANO NY 14072 

SAFETY LIGHT CORPORATION 
4150-A OLD BEaWICK ROAD 
BLOOMSBURG PA 17815 

SE1.P POWERED LIGJ!TING 
8 WF.'lTCHESTER PI.AZA 
ELMSFORD NY 10523 

BRAN!JHUHS't COMPANY, LTD, 
WELLINGTON ROAD 
P.O. BOX 70 
HIGH WYCOMBE, BUCKS 
ENGL.AND HP12 3PS 

SAUNDERS-ROE DBVELOPMENTS, LTD. 
MILLINGTON ROAD, KAYES 
MIDDLESEX 
EN~LAND UB 3 4NB 

HB-MICROTEC AG 
fREIBIJRGSTRASSE 624 
CH-3172 NIEDERWANGEN/BERN 
SWI'!ZSRLAND 

R40IUH-CBEM1E, ~TO. 
CH-9053 
TEUFEN 
SWITZERLANO 
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June 28, 1983 

SAMPLE LETTER REQUESTING INFORMATION 
SENT TO FIRMS LISTED ON PREVIOUS PAGE 

Gen::.lemen: 

0Battelle 
Pacific Northwest Laboratories 
P.0.~999 

R1cil!Jind, Wa~MingtonlL5J\ 99"351 
Telephone j$09) 375-2602 

Telet 15-.2874 

We are eurrently working with $everal organization$ to evaluate and 
further develop self-contained lighting for a variety of purposes. 
As a part of this effort, we have a commitment to asaess the state-of .. 
the-art for the use of radiolumi~eseent lighting for airfield lighting 
and worl(ing purpo.ses such as runway edge, threshold and taxiway 
lighting. Use of this ligbting would be in remote and rural areas 
where commercial electric power ~s unavailah~e 1 unreliable or 
extremely expensive. 

Prototype syster:ns 115 they exist now require further development or 
wodification before operational designs for routine use are available; 
hollfflver, to eva:!.!late the atate-af-the-art, specific information such 
~s the following would be useful: 

• Could industry provide a light of sufficient intensity to be 
useful in th!s application? 

• What would ~e req~ired to produce such a light and what would be 
ita cost? 

• Would the light be directional, bidirectional or omnidirectional? 

t !s there something in existing p~aduct lines ~hicO would he 
!'JUitable? 

• What are the t'oreseen irwtitutior.al problems such as licensing, 
public acceptancet etc.? 



June 28, 1983 
Page 2 CBanene 

While these are not all the questions that should be addressed, they 
are tep~esentative; and anY 1nronnat1on you could provide, including 
catalogs and published information, would be useful. Since we are 
conducting the evaluation for a public organization, the report on 
the work can be made available on request, and appropriate arrange­
ments could be made to ensure that you receive a copy. 

With best regards, 

George A. Jensen 
Senior Research Engineer 
Ceramics and Polymers Development Section 
Materials Department 

GAJ /tf' 

• 



!ill Zer::ken 
'fov ''"! 

.hre Nac'lfltl'll "C'*' 
Yo<.Jr -nessage c' 

Battelle 
Pacific Northwest 
P.O. Box 999 

~b-no,;:;ntec ag 
Cr~3172 N!ederwa'">gen;tffi<n 
Fn!lt·.lfQSlrasse €24 
TehiJIOi"' Nauonal 031 34 •1 25 
lr~Crl'lat•cnl!l + 4131 :341125 
Tele" 32829 rrerbe 

Laboratories 

Richland, washington 99352 USA 

Attn. Mr. George A~ Jensen 
Ceramics & Polymers Oev. Sect 

Unser Zcicl1en 
o ... r ref 

OWT/ss July 12, 1983 

Gaseous Tritium Light Sources {GTLS) 

Dear Mr. Jer.sen 

Thank you for your letter of June 28, 1983~ Your interest is 
very much appreciated. GTLSs and some devices with them are our 
only products~ so that we are naturally interested in new appli­
cations. 

we sketch answers to your questions as follows: 

L "Could industry provide a light of st:fficient intensity to be 
useful in this application?" 

To be more specific, we would need ~o know fro~ you what 
"sufficient intensity 11 useful in th1.s applicatior. quantitatively 
means. 

The prototype systems you have looked at must have given yoc 
at least a good idea of what is necessary. 
The further general comment refers to self-contained sources 
with tritium. gas. Using a source config'J.ration which gives a 
good energy conversion efficiency, any light intensitj<' can be 
produced at established, known costs. The question of the hard­
ware cost is much more open and depends on the optical para­
meters required for the application and the applicable safety 
criteria. 

. I. 



mb-m1crotec ag 
CH-3172 N1ederwangen;Bern 
Fre•burgstrasse 624 
Telefon Nanonal 031 341125 
International+ 4131 34-1125 
Telex 32 829 merbe 

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

2. "What would be required to produce such a light and what would 
be its cost?". 
Clearly, some answers to the questions raised in 1. are necessary 
to give a meaningful answer to this question. 

3. "Would the light be directional, bidirectional or omnidirecticnal?" 
If the application requires, either one of these directional 
properties answers in the form of economical practical designs 
can be found. 

4. "Is there something in existing product lines which would be 
sui table ? " 

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 T2. Order of magnitute emitted light in­
tensity is 0.25 Lumen. 

5. "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 look for. Receipt of the information requested from you would 
permit us to become more specific. 

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 our company and some of its 
products. 

Sincerely yours 

mb-,rotec ag 

"'' I \ ' I, v~ 1/V-
b.W. Thiiler 
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AADIUM-CHEMIE LTD. TEUP'EN 

TelephOM 071/3314 15 
Teie.~ n 231 

Manul~!UI't!f'l of LumiMus Prodl.lda 
and l.uminising Equipment 

G,en~leman ~ 

EH/h 

Mr. George /l_, Jer1sen 
Pacific Northwest Laboratories 
P.O. Sox 999 
RICHLAND, Washington 99352 . 
U.S.A, 

October ld, 19e3. 

We acknowledge receipt of yo~r letter oated June 28, 1983 descrioinq briefly 
your commi tmel"'t to asse8s the 1itate-of-the:-ar": far the use of radiolunoinescent 
lighting for airfield lighting and others. 

Since we ere not ~anufac~uring suitable gasecua tritium light sources fer the 
application in "'lind, we feel sorry to give you a negative answer. We assume 
that you have also approached the existing specialists, :;~uch as N,li,D., 
Brandhurst Co.\..td. and MB Microtec for assistlllnce and prcposa:ls. 

we h~ve been specialising in the man~faeture cf t~itium, prcmethiu~-1~7 and 
~14 activated 1umino~3 products, as described in the a~tached lea:f~ets. 

We apologize for the unusual ~elaY in r!!plying. 

Sincerely yours, 

RAD!U~-CH~M!E LT~. 

E. Huber 



BRANDHURST COMPANY LIMITED 
;::.o Box !C_ Welh'"g:::."' R:nic, -·qr Wycorr;t:e. 8..::1\•"gha~s~ ,._. '""'P12 3~S 

';eieoncne Hu~r:Wyccmoo(C49413341' Te•ex 837'-38 

DAT/RA!l 

6th July, 1983 

Mr. G.A~ Jensen, 
Senior Research Engineer, 
ceramics & Polymets Development Section, 
Materials Department, 
Battelle, 
Pacific Northwest Laboratories 1 

P~O. Box 999 1 

.Richland, 
Washington 99352. 

Dear Mr. Jensen, 

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

You are quite correct in your assumption that there 
is a great deal of interest in this application for our 
product and Brandhurst have, in fact, ~nufactured several 
prototypes which are already undergoing trials. To answer 
your questions:-

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

2. The cost would depend upon the particular application 
and could vary between $50 and $5(}0 per unit according 
to size and brightness. 

3. Por a given tritium content a unidirectional light 
would be the brightest, however, we have produced 
prototypes which are unidirectional, omnidirectional 
and variable. 

4. To my knowledge, there is nothing in existing product 
lines which would be suitable. 

2/ .•• 

"'"'¥~! d '""' ~"''="'5JC9 &ooc 
l'<E'~,'S!N iXl oH•ce as aoove 

"'• , r 
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• 
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Mr. G.A. Jensen 6th July, 1983 

5~ In mainland U.S.A. it would be necessary to licence 
such an object and 1 as it has a high tritium content, 
it is more likely to be granted a licence for military 
purposes .. 

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

With be$t regards. 

Yours sincerely, 

D~ A. Tonks 
Managing Director 
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APPENDIX C 

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 
fr001 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 latter 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 animal. (33 ) 

The swine were contained in pens situated 0.5 meters above the location 
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-like 
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 c001pared 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 close 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 limit of doses that could result from the destruction of a light. 
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 
clear what type of scenarios the licensing process will be required to 



consider; however 9 the above example shows that the probable risk to humans 
for an accident involving an RL lighting fixture is minimal. 

' 
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APPLICABLE REGULATORY GUIDES 
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~.-. ..... ._ ;' ... ~ U.S. NUCLEAR REGULATORY COMMISSION 
R..,iwon 1 

Au.,n 1979 

... '" 
;' ~~ r· (l 'D 
~ ·\_: ; -· ~- ~' .. 
·~., . '"-··· "-~.; 

REGULATORY GUIDE 
••••• OFFICE OF STANDARDS DEVELOPMENT 

REGULATORY GUIOE 10.7 

GUIDE FOR THE PREPARAnON OF APPLICAnONS FOR. LICENSES 
FOR LABORATORY AND INDUSTRIAL USE OF SMALL 

QUANTITIES OF BYPRODUCT MATERIAL 

1. INTRODUCTION 

Th.- I"UicW <HaL-ribef. th• t)'JM of in(t~mlallun 
n.-o:d"d b)' the NRC s~ff t~ ~YIIIuate an ar,&•li­
c:ation rc.r a s,.c:ilic UC'ftlw for t.t.oraton~• •nd 
&n.tu•u·ws uaml( ai.Uku.-w quanlltJu• ()( by­
prc.Juo.:t ••terW (r.ac:tor-prvdueed radionu­
elldft) Thia t)-pe of ticen~o4! is provad~d (or 
und- Title 10. Code or 1-""dual Rei"Ulateon,;. 
J>an 30, .. Rul" ot Ceneral AppliesbWty to Uo­
-.. .. tir .L.iceaainlf' ol Byproduct l'ttah•rl;.al." 

.. ,.ra«'''8Pb 20 . 1(C') uf lU c • ·R hrl 20, "Stand• 
anJa for Pr-ot.c:t.ion Al(aansl tt.dillt.Joo, " s~tes 
t.Aat " ••. ......-• -pl(ed in activities ~o~nder 
J.i .. ~ iaaiMd by UM Nueltrar Rei"Ulatory Co.­
ajaa»G punu-t co the Atoaic Enerry Act ol 
19!)4. aa -.,ded , -d the Enercy Reorcaniza­
tion Act ot 1974 abou.ld , in addition to C:OIIIply­
i.nl( wi\h tb• l"''l'qui~enta Ml forth in this 
part. aak• e""ft")' l'euonable effort to maintain 
ractiatioft espoaunta, and ntle•••• of r-adio­
.cu~ aateriala iD eftluenta to unre~otrieted 
a~•. - ao- u ia A-aaorubly ~tchic:v;~ble" 
(Al.ARA) . Beculatory Guide 8 . 10 , "()peratinC 
J'b.\Joa<»pbf for Muntaminc Occupational ltudia­
t~<&n Exposu~ A.a Low Aa Ia Reasonably 
Acn~·able. • P""-'idea the NRC atarr po11ition 
on t.biA .iaportant aubject . Li~n•• appUcants 
abould pve conaaderat"'-' to the ALARA phuoa­
opby . u c»KTibed in Replatory G~o~ide 8 . 10 , 
in tJwo deYejop8eet of plan~> tor work with 
IM•enaed radioKtive •a&eriabi . 

2. LICENSE F£ES 

An • .,.,tica~ tee 1a l"'ll!Qui.-.d ror _,,l type• 
CJf lk•nllot!a. The ~tpplicant ~ohuult.t rwfen· tu 
~170 31, "!kh•·duk- ol ,..,,~ fur Matt-rial~ 

l .. u·,·u""" iollltf •llhc:r lt~~Ku.l.lory Sct'\'J.:.-,., ·• u( 

U.IIC IIIGULATOIIl' OUJDII 

.......... ~------·-- ... ~ ...... _.... • - NlllC .... .. • , ......... ..,, of .,. 

Ceo ··.....-..·---............. .... ......... .,..._. ___ .... .,..,_.,_ .. 
........ -.-.~---- ·...-.-­-----·------------ .. -..... ----~-..~·-'· ... ,_... - . --. -·- ., . - . - .... Cas c--·--• --.-.. --_.. ---..--•-·•-·•••-c-_..,, ______ Tt•~~~-*--···-_________ _.,_ 

10 CFR Pan 170 tc. deterTAine th~ amc.unt of fee 
that must aceotDpMny the IJIPlk•til)n . lteview of 
th~ appiJr.atiuft wW not h~Cift unliJ the proper 
fee i5, rr,Ct·iveJ t.} th~ SRC 

1 FILING AN APf'LICATION 

An appl.ic•nt Cur a bypr...duct mlltt'rull ( radl·?· 
ll•)topu) li('ens• shc.~o~ld eomr•ltotto F'<• rTII :~RC • 
JJ :JJ (lit!t' tht< appendix tc. thi!l ruit.Je) I All 
itf'ID~> on th .. application fuMII "hould bt- ctlm· 
plel~d m loufti~.:ient dtrL»iJ f,t· th<· NIt<: lo tkh:r• 
IDJne thnt the applicant'=> l.'fluiplllenl, fadht•e'- • 
»nd nduotivn ~rot~ Lion ~u·••arr .. a~ ader1uau: 
to protect health and minillli.ae danrer t() LIIe 
and propeny . 

Since the spa.c• provided on Form NKC·l131 
is l.iaaited. the applicant should append addi· 
tional sheets to provide complete infol"'llation . 
Each aeparate sh"t or doc:ument subm1tted 
with the application ¥hould be identific'd b)' a 
headinl( indicatinC the appropriate itn~ numt.tr 
(on Fona N KC·llll) and iu pur.,osc ( c tr . • 
r-adiation safety instructic..na) . 

The apfllil.:ation should be completed in trJ~· 
Ucate . ·rhc vririnal 11nd one cupy shuult.l b•· 
111aiJed to the Diviaion of F\u:l Cycle and ~liille­

nal Sate.ty. Office of Nuclt!lr Material Slll'e:t> 
and Safecuar·dr., U.S . Nuclear Rerulottory Com· 
111u11iun. Wa~ohinrtnn . U . C . 20!1!>5 . One C'npy r,( 
Uu~ application , with aU attach111enu. . "huuld lit: 
r.tained t,y the applicant since th~ hccnl>c: wrll 
require. as a c.-ondit.iDn. that the: &natltution 
CoUow the ,.latemenu. and re.pr·e~oc:ntllliCJn:a. 5of'l 
forth in th.- application anJ any supplc.·mt-nt t<J 
it . 

1 A~'-'&.c.ar1fm• ~Lir afi&M.~ UM'S sllo"l" ~ ,.,.t;.Utfd on F'v~ 
~RC:• 11::0"4 . H4 ""'-'~~U"Jf\• fc.r wM ~~~ Mll'ltC'Il .,. Nr("•-. II' :-a..:_. C­
r,.lly t.....ud r:... --.n...s.,. ,.,,. !"IIC•3l:IR 

, ____ .... ~ ..... c- v s Nwc-

.......... c-. w- oc ...-. .....__ Doc•- .,., s--•• _ .. 

.,..,__,_"' .... '~· .. --, ........ ~. 2 ,__.._,_.._, 3F ___ ,_ 

4 lrhea .... ..,S..W. ,..___....,. __ ..._. ,,, __ 
·~--· I ..... ''""' ... f ., • ...c., .. ,. ... ,.....,.. 

10 (.-. 

................ t ..... ~ ........ ..- • .,..,.._,...,., bt ~~·· . . .. ..,. 

__... ........ - --.. "" """"" , _. 01 ........ _,... 
.,~_,,._ .. _ .. _ "'""'"S N"''-"-oo-. 
~' w.,...IIDft oc lOIM. """"""" o .... ty o.. ..... ,.. ,,, T_.......,,... __ Doo-c-

.. ·--·-~.-....---.-.......-. ._... ..... ..---------

• 
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.C. CONTENTS OF AN APPLICATION 

M~t it-• of f'ona NHC-3131 ar~ selr­
~xplanat.ory (SH instruc:lion• wiUI the !ona) . 
The followinc c:omments appl~· to tht· ithiicAtNJ 
numba-ed items ol Use fona . 

Items % md 4. S~cify th~ applicant cor·po­
r-aii..n-c;r-..,Tt\fl- war:tl cont ity ll:v n:•m~ :and 
addn·~s of principal oftic-f' . Individual'> shuui•J 
J.,. dt·,i.cnate-d •to the• upplk:anl onl)' 1f lhc• ""'' 
of tht' b)·produc:t aatr.rial is not conn.-<'l~d with 
tiM: in..lJ''idU:!.l'lO l"lll)'IC\ymc·nt "ilb ;o <'tll'I.OI'IIllt•ll 

or uthe-r en tit~· . Jr the: '<N•lic11n1 i:~ an 
an..ti\•i.tual. tlk &n•frvi.Jual t.lwuld h•· ' •1''-'<"1111'<1 
t.y fuU name an..t audr't'U. ano·h.a.Jtnfif :olat~ and 
.ii'JJI C,'o~.jo 

lt..m 5 S~cll'v the 11r- t a..adre-.. s of lh(• 
.&..>e"iii ~:1 of use J tht- a • .Mt·e:os dilfc: rs from 1 tw 
<·nt' 1(1\' t•n in llt•ID o+ . Jf U~<' is tO l1f' II Ait\l'l· 
Lhoon •lflt- Jwcation. Use Sl"'C'il k •ddr·etu• •• r ead t 
tthuuld 1,. liv~n . Ot'tocribfo th"' .:Xh'nt of u"e 
and th.. fadliti•·to l'nd .-.,uivm•nt aL <:a•·h 
.IIM'•tion . A pust offkt· bo•ll addrr••> is n ... c 
~cepU&tJie . 

lte:m G. Specif:\· the: n .. es <•( the JM"nons wbu 
wiJT-.ia~lY suJ)f:n·ise the use or radioactiv~ 
material or who wW us• radi~tive material 
-.·itllout 5UfWtvisicm . 

Jtt·m ; . Specify tb<r- n:uD" or the ~non who 
wi.il-b:e -desicnated u the radiation protection 
of(ict<r . 2 This penon should be ,..sponsiblr for 
Jlllplesentinc the radiation s.tety prornm and 
tht-rt-fo n- readily availAble to the users in rut! 
of' difficult~ and 1hould be trained and upotri­
•. ,,..,.d in radilttrun t>rot"'""" and an tht• u!lc­
and handline ol Tadioactiv• aaterials . In • 
tr.~a:.U pf"O&'~ not requirin&' a full-lim~ 
radiation protection officer, the dutie• o( lh• 
radi;ation prot«tion o((iceT aay be auip~d to 
ont' of the per~n• named under lteat 6 of Fo nD 
P\k4'-:HJI Not<· . howt''l;er . tb•t 11 must be: 
~•tat.l111he-d lhat the person actinl •• radiation 
prot..ctton oCficer wW have the opfWrtunity to 
devot• suffideat time to the ndialion nfety 
asJWCS. of the procr- lor the use of 
radioactl''e aateriala . 

!!.!'1'• "" 1 B , C' I and..Q . Dncrtbe th• b!'pr<wt­
uct nuuerral b~· i•otupe . "hemical and/tt r physi­
C'MI fonD. and activity . i.n millicuries or aicro­
c:uric• . A sep<~ratf' posses• ion limit Cor t·acb 
nudi.te t..hould t.e ap«ifietJ . PosMs11on UmiU 
requc~oted sboul..t CO\'er 1 h4l' total a.nicipated 
lliV.-ttt<lry . includin« 5tored matt•rials and 
,.a.,,.. . and ahoulo be: eommensuzute- with lhe 
•PJ-licant1a neeJli <~nc.i C»ediu~~ for safe 
hancWnc. 

If the uw or Haled or J>latetJ lo(Jurces is cun­
tea~plated. the iaoto~ . manufacturer. and 

..,_ ·-- ..__ ,.,.._ otr-- .... ·r..s.·~ ..... , .,, ... ~ -.,_,_ 

IIIO~<h•l nurnt .. ·r· of t::trh ~oe:nk!d ur t•hoted !>'lUre•: 
tohouh.l lu· ~t•cnfictJ . If lA ~onurcc· wcll be: U!ot:d in 
11 lfDS chr·om:ctorraph , rau~~re, nr t>lher d~vicc: . 
Use manufacturer and aode:l numi.Jer of th~ 

ctPvicf' should bto spc:cfffc:d. 

ltc:111 8£ and Item 9 . Tbe us~ lo be: m11clc ••( 
I hi:- r:iuioac:tfvi: mat~nals should b~ clcac·Jy 
tl•·MTilw•l Suf( it-lt'nt •11'1 ail shuuhJ l•r• JCivc·n '" 
allow ~ del.,1'11\in:ot1Un Cl( th ... pol~nllal (UI' CXJ•"' 
"'ut·•· lu c·:uh.oll"ll anti n~tli<o:crt i\•c • m:ctt•ri:cl•. ''"' " 
or tht•se w<.~ rkinr; wtth the materflll~ ancl ••f 1 he 
I•UlJho· 

ltc·m,. Ill ;uul 11 . :'i i••···•f .\ (., . t ·:u ·h ,.,,.j,,, t, .. ,1 
clt•!c r tr1.1n m .. crurn•·nt tnc· nuanuf:o .·t ur :· r~ ,. l'lHIIIt' 

and m·•dd numi.Jcc· . thP. numl.,.r 111' t·.och l}'f.le ,,( 
inf>t&·ument. <~Vaihcble. the ty}Jc: c.; racl i:ttt.1n 
clf'lcrtoe•~ t "'l·h". lJ~:ta . l(.omm,. . .,,. nt-c..:r ron ; . 
thc sensJtl\'il y r14n(4! ( millirort.ljtc:u" pc:c· hc•ur 
nt· <'tlUnlli p .. ,. 111inulf') thf' wm<Jt '' lhlckn .. ~s in 
1111(/ • m~. :ond I h .. IYfJC: or ... ~.. Th.- ty~ vf u .. e­
Wt)IJJ•J nortllally h•· munitorinl{. "'" n·r·yJnlf. 
a••·•Y•nr . •>r m••a!>urinte . 

U•,cribe the in~u·umc:nt ClAiibrauon J•roct-­
cJurc: . lit11t~ th<· ft'f'IJUC:n <'}' . and de,.crttJe the 
111ethocJr. and J,~mc:edurt'to for the: cahhration <~f 
aurv~y and munitorinr i.nllrumenh . h weU lito 
any other an~truments 11nd systetr.l> u•ed in the 
n.<Jiatiun protf!Ction pru~eram . suc·h a~o m~ar.ur­

inJ i.n ~trument• uud to ass11y selled-~ooure~ 
lcak•test aample:. (see Item 15). contamination 
samples <~ . r . . air samples, surlac:e "wipe" 
sampln). 11nd bioassay samples (su Item 12) . 

An llt.k"t!U:th• c:.Ubration of !>urvt:y in!>tru· 
ments usuaUy c•nnl•l bt' performed with built· 
in c-hcwk :.ourc·c·"' Jo:lf'c·tr"Onic t·alil •r:llc<>ll!o th:ll 
do not involve ,. $0UrCtt ur radiation are also 
not act<•cluate to detert~~ine the proper function­
in( and re&ponse or aU compon~nta or an 
instru•~nt . 

Daily ••r othf'r freque-nt <"hN·k!i of l>urvey 
i.nstrumemts sho<dd be llupplll!lllented ~very 
& months w1th a '"'"•point calibr:Jtion on each 
scale of each instrument with tbe two points 
a<:p•rated by at least 50\ of the ~cale Survey 
i.nstrumttnts ,.hould also be calibrated following 
rt:pa1r. A sul'V4'Y instrumenr IIIli}' lit: consi<.J~red 
properly cahlll'ated wnen th~ instrument read· 
ing> ar• within :!:10 pcn:-.nt of the cakullltcd <JI' 

known VIIIU~!> Cor f'ach point ch~ck~d . Kea<.Jings 
with in t20 pl'rcent 11re- con~oi<.Jt'red acce:ptable if 
a calibntion c-h11rt or 1raph is prt:paz·r:d and 
111 tachcd to t he inatrwncnt. 

If lilt• illJplu:ant ,:.r<>po .. ac" tv l'allt.ratt· bi:o 
surv11 y instrum~nts . :a dctallcd des.:nption o( 
pl;mn(.'d c;~hllnliun prucc<.iure!> shoulo.l t.e sut.­
mitte.J T he description oC c:ditJration pr·u.:e-· 
durea should Lndud•-. as a 111inimum: 

a . The 1111nuCactur~r and model numLet· or 
each radiation sourer to be uli~d, 
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b. ·TIM nuclide and quantity of radioactive 
.. terial coataioed iD eac:b toun:e. 

~. The IIC'C\IrKY o( the 10uree(a) . The 
trac•ability ot the source lD a prillulry 11tandard 
•hould be provided. 

d. The t>lel)•by-alep pro<:'t:dures. includinf 
aa.ocuted ndution a.alety p~ .. durea, and 

•. The %11-• and J)ft'tinmt ellpc:riet'lc• ot 
-c:b peTaon who wW l)f!rfo,.. the c:..libntiont- . 

If the appU.:ant intenJit to contract out thv 
calibn&jgo of instnunenta , the na:Jie. addreu. 
~ond licenM nuabcr of U\e firm 3ih'-uld be 1pec1• 
fied to~ether wttb the fHquency O( calibration . 
The applicant ahould conract the firm that will 
perform tiM calibrations to determ&ne il inror· 
aation c:oncernin1 c:alilJrat10n procedures has 
beal tiled wit.h the Co.ajasiOft . If inlonnatiun 
coneemin~ calibration pr'OC'edurea haa not ~n 
filed. it abould be obtained and subaailtt:d . 

QuantitaUve l!M&Iturin~ mstru.ents used to 
IDOnitor tbe adequacy ol containaent and con­
taamauon control aucb aa those used for •••­
aunnl' leak tat . air, efnuent, bioauay, work 
ar... aad .quts-ent contaaination samples 
ahouJd uauall)' be calibrated prior to each use . 
TIM pT"OCedures and frequency for calibration 
of •uc>h inatr'\!8ftlts ahould bt' aubaltled and 
abouJd include: 

a . The n ... of t.he aanufacturer and ~del 
number ol eKh ut the stan'-'arda to be uaed, 

b Tbe nuclide and quantit)· of radioactive 
aateri&J coouined in dc:h of the standard 
.....vr"'s. 

c: . A stat~t or th• acc:"nc:y of each or the 
aun.1ard AOurce~. The sour ..... KC:l.lrac:y should 
be . •• a tam.IIDwa. ~ percent o( the atated 
vio.lue ud trac:•able to a ·prilllary standard. 
!i\IC'h .... that ••uuaincod by the Nat10notl Bur~au 
ol :i&.andal'da . 

d :it•J>•by....,1ell c:alibntion pn.c••lures and, 
4 a.,i .... 'OJir .. le. -.oc:a.~~ted r»dUitJOn aaCt•t)' pro• 
.:udur.• . and 

"' Ttw n... alld ..-rtuu·nt ••J>ert•n.:~ or 
.. .c-h , ... ,.,...n •h.• ••II IH'I"form th.- m .. u ·un ... nt 
ca.bLrat.wcu.. 

lt~lll I;! Persunnel morut ... l-.ng i~o t•equirc.t to 
.. n.:u.i~ 7'UIIIvlilln•· .. '"lth S~20 . 10l and 20 . ~~ or 
10 CFR Part 20 . Personnt'l I'IWnitor&ng 1s also 
rcoquinod il a ,...,....,n enu.•r,. a hl«h •·•u.Jialion 
ar•• {.,-eater than 100 ~aillirna• J.oe•· hou•·> . If 
I""'"~M'IIM'I IDODih•rin« C'QIIIjt-nl •ill W Ul,..d. 
tlw n-. of the o~anaaation furnishing film 
~~c or thef"'DuJuauu:scent .:loaUDeter ( TLO) 
••rvu·• aad the frequency ror changing 
t.adce•. doa-.t•rs. etc. . should be sp.citied . 
J( pocut c:h-W.rs or poc:ll.•t dosiaeters •iU be 
u-.j. tb• U-(UJ ran~e u( thf' deYM:e, in 

... 

•illiroentrena, the frequency of rea din(, and 
the procedures for aaintainin( and caUbnring 
the deviees should be apec:ilied . 

If personnel •onitorinJ will not be usc:d. th~ 
a(Jplicanl shuuld ~u~mit calculaoon~ ur cJ~u • 
mentation fro~~~ radiation surveys deDJOnstratinJr 
that it i• unlikely that any individual wil l 
~ve a dose equal to or rreater than that 
mdicated in HI Cf'R Part 20 . 

1"hu avptu-:tnt shouh1 :.how tho.t •ht nl!~d r .... 
t.JO,..,tays h11~ t:.<:en thorourhly '·un:oi~r~:d 'lr.d 
shc.uld establish th~ artequaC'}' cof the pl"'Jf>OM:<.I 
biulsiUy pn•(r&J$1 in r·eh.tiofl lU lht- f>rOJt••H d 
pro(raa of us• of ra.Jioactivt. m11tc:r ... 1. 81<.· 
11uays a" norm~y required ..,·her. indi\'1duab 
work with eaillicurie quaDtillu of hydro·~t:n ·3. 
iodine•l25 , or 10dine·l3l d .. r.c:.ndUII JJR the 
typ~ o( work, equiplll~nt, lind (.JI'OCCdUre!> (ol• 
luwed . Rt-rulatory Guide 8.20. "Applications of 
Bitwu.uy for 1·125 and l·l:H," and ad(l("umcnt 
entitlt:d "Guidelines for 8ioa11uy Rcquiremt•nt~ 
for Tritium~3 ~aay be c>unsulttd Other m~ttt:· 
dais eaay ll1ao be Ulied in physiclll ur che11ucal 
rorma and under conditions that prnent an 
opportunity for uptake by the body tiH'OI.Iih 
inl'eation. inhalation. or absorption . A bio· 
assay pro~ to detenlline and control the 
uptake of radioactive material shuu ld t,c cc.n• 
stdered and discussed in relation to each such 
materiAl. JU't~t·edurr. c-H·. 1\c·rut:orory (iuid•· 
1.9. "Acceptable Concepu. Model• . Equ~&tiun:. . 
and 1\aoSUIIlpUonltl for a Biu;;ssay l'rorrllen." "'"Y 
be C'Onsultt:d . 

Th• criterill to bt: used in detenn&ninl( the 
need fur bioa:ouys. the type and f'r~ooquc:ncy uf 
bioaasays that wW be performed, and the t.io· 
:aNIIAY Jar~·.-llurt:s should ~c :...,o-cific·d :mtl 
deS4"ritled in dt:tlil . If a coiD•c:eT~aJ t.iu:.:o.:.ay 
ser~:ice is to b~ used. the n1me ancJ addrt-ss of 
the t'in11 :ihvuld be provided . 

BiOU!'IIYllo mar not t.t substitUitod for (llher 
ttlt:mttl\1!1 of • !taf•t )I progr;am 'uch a~ air moni· 
tor in!{ ilnd 11isversion control C hood•. ~lovt­
bollt:~> . ••c . ) iind fo1· w~ll·thou~ht·out ,and 
w(:ll·~llecuto ·tt h:lndling proccdun:o• 

llcom t:i. 1'hc· f4ciJit1ea and r4uipmt:nt for 
l.'llch ":iii(: ·~f u:.c• ~thoulll IJ" dt:,•·nt,o.:cl in dt:taal 
·rhe P"'P<'IIif'd f.lciJit1es and ~ui)•m,.nt for each 
f>(k:r·atwn '" tw c·ronduct..-d 11huuhl toe atlt·t~u:alc· 
I•> prou:ct ht:alth and ainlmaze diing•r to lil~< 
4nd Jaropc•r"l y . In deacrilotng avaa lalJlt: fac:ilitic:~o 
and equa)'mcnt. the fc;iluwin~ shuultt ,,. . 
incluoJcooJ. a" appn.!Jrlat~ : 

a . l'hy:.k:al J>h&nl. lall .. r·lltur·y . ur• ..,ur·kinl{ 
ar<'a fadhtit•!t •·ume hoods. l(lm:r IM.,Ilf'!io. w;utt· 
l't"Ct:J.il:u: lt•ll. :.'•c:d11l :~oink• . \"VftlJiiatiun aud n •n· 
ta1neaent ·~·strm•. efOuent lUter ayatcms. and 

'" .,.,.., .. , "" ob.- bJ a wnn .. ,...._, lo rb• u s 
Noaclttar ltet"la~MY C:-..•-· Ott"" fl6 Nucltter i'lat~ 
Satecr ..., s.t•l"•rda. Di.,_ fl6 ,.... Cycltt ucs ,..,.nal 
Sal•t)' . We.t\0111'\00I . D C . 20US. AU..,I»ft . Dorectar . Offoc• of 
~ .... - ~·~ Salety - ,...,. ... csa . 
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all p~sinc. WOTk . and protective cluthmJC 
'-'iuuiCe are .. sho111d t». ck-~orribcd 

A drawvsc or sketch ~otwuhJ bt.: '""b111ittcd 
showutlf the Jocataon of all such equip111cnt and 
the n:btaonsha~ w area~o where ndioact1v~ 

aatena.t. will bf! handled to unre~trkted .. a-<:»a. 
wht~ raadaoactiVt' ... te-r1al" will nut U.· hanJit'd 
Jn thow prorn.as wheru r•ciloactJvtt .u1 ~:ri<tl 
.. )' ~ airbonae or •"l' he included &n au·­
bonae etflu.Dt• . the draw&nlr or skt'tch lih<>uld 
aJao mdUcM a Sl' ht-a.etic dhCription <>f lht- \'f'n• 
liJauon •ystea annot~ted \.0 sho .. :urflow rate• . 
dilfer..aU&I prc~oaurea. filtr.H.ion llDd othea 
ern ~~eat t~went equipaent . and air 11nd 
cfflutnt ~torinr &na.truaenta . Dr.winaca. or 
sket..:h- should be drawn to a specified scale. 
oa· du.caaaooa 11hould be included on e11C"h 
draw&nc or aketch . Each draw inc or sketch 
ahoulJ ~ labeled to ~oped/y the location <>f the 
facwu. and ~wpment depicted with respect 
tu the addreu<ea) ctven m It.- r. or Jo'oa'111 
.NHC•llll . 

b . Containers. devices . prot«tive cloth inc. 
auJWiarJ ahieldmc. cenera.l laboratory eqYip-
1Mftt, air ... pUne equiPIMftt , etc: .• actually 
-pklyed iD the daily use or aatc:rial. S~c:c:lll 
pro,'iliolu tor atueldine and containiHnt to 
aiP"'&ae per.onnel uposure should be de­
acribed . Stone• conr.iners and faciUties 
s.bould provide bo&Jl atueldinc ud a«unty for 
aaten.ala . 

c The nu.ber, t~. and ~ltth ot r.-ote 
b;oa.Jlinc dev~ . 

d II Nspirator)' protective ~u&J.Iaent wlll 
t.. used to liait the inhalation or airborne 
radioacu,·e •aterill. the provisions or 520 . 103 
of 10 CFR Part 20 should be followed and 
appropnau infonaation should be subaiucd . 

! l.£!1_.~ . Th• proeedu res for dispos inC of 
by~rodt.act aaterial waate 11hot.ald be described . 
Uod•r NRC reeulationa, a llcen•~ .. y dispoae 
ol •a•t• m tbe CoUo•inl ways : 

a Tranar"" \0 • perl>Gn prvp.l'ly t..·en ... d tv 
rt.:et•av., such ••atC" "' conf.,,..nct· w1t.h par"­
er:aJih 20 . 301<a) of 10 cnt Part 20 . The naav 
ol tJM Clra (which ahould be '-"<~niiK'ted in 
•dvanN \.0 ckterwiP• any lilaatationa that the 
fara _, hav• un an:ep~c:.r ol Wllsh•) sho~o~ld 
..,. IIV.O . 

b . ReleaM into · • aanaury •-er in con(or­
.-nce waLb 120 . 303 o( 10 CJo' H Part ~­
J)epeftdinl on water usaee, Nleasea of up \.0 1 
cune per year are penllttted . 

c . Bt.~nal in soU in c:onlonaance Wllh 120 .304 
ot 10 CFR Pan 20 . Up \.0 12 burl&la per year 

ftM: Jit:nahaa.able Tht: alluwabl~ quantit)• c.lt'pc:nds 
UJK>n the: rll thonuc:lidt• 4 

d . Jtelea ~t· into air ur Wlllt:r Ill cunct:nlntU<1n• 
in confonnanl"'e aath 120 lOfi C>f 10 CJo'R Part 20 
PuHio&IJit eap•a~o~re tc. pf'r•••nto ••Hl>&l" limih th t· 
.11mu~o~nt thll t Ill:&)' ~ relt·,.,.ed 

t: . T n•.tlnu·nt or c.I:•.J.~<~sal by ancll\t:r.t ~I•Jn Ill 

<:mafornuan• ... "' " h !120 :sus 1•f 10 C:Jo'H f'an 2!1 
rhi~ ,.UtI be I>J.It'd /i.:ltlJy apJ.Ir"OVf:d h)" l.h" 

r·, mn""""'•"" • 
f (Jtht•r ltlt' l hnd·, ' l•ecif al"':ell:: ;tJ-J;r•,Vt:•l t.y 

lhf' Conuau~,.jr.n J1Uf'IIU3hl to §:?<1 302 I)( 10 <.:Fk 
Part :.:o 

a. Survo·y Prorram Com .. isllivn rt:~ulatit..ns 
requ1n th:ot -urveys be: 111ade tc• detenDin~ it 
radi:uion ha1.11rd• exiat in ~ facility in wh ich 
radJOactlVI! lll»terials are used or stu red ( -e~ 
¥20 . 2Ql or 10 C:FR P11r1 20) A -urvc.-v sh<>uld 
include the evalultion or externlll exposure to 
personnel concentrations of 11rborne radio­
active •aterial in the facWty, and rad10act1ve 
efrlut:nta r rvna the CacalJty . Although a thc:oreti­
cal calculation ie often used \.0 de.unstrate 
COiapiJance With rctCUla"OilS re.rardll\1( 11rt.orne 
or external ndiatJOn. it cannot always b~ used 
in lieu of a phyaical ~ourvey . 

Except for those cases where sou rces of 
r11diatioo and rad10active matenal are well 
t~nown and :wt'urately and 1o1~111dy contn..llt'd. 
it wall usually b4: necessary that a phys1cal 
s urvey b;: 111ade With apJiroprlate dete~:tion :md 
•easuretaent instruael\tl to deter1111ne the 

. nature and extent of radiation and radioactiv~ 
•ater1:1l or. as 1 11111\ilnu• , c:onfinn th" re~tult:. 
of 11 theoretal·al detenn&nallon . 

A l"-4..lHitlun prvtec:t1un fJI''Jifram shuul·l 
&ncludc: !he to llow&nl{ surveys fur radioactiVe 
conta1111nallc.n and rad1ation . 

C I ) In l:lboratory or J.llant are lilt ( ~ . g . . 
c heckintr fc•l' contaa&nation on bench I<>P', han­
•flm.r ~tn•l ~olur>~re equiru•c:nt . c:loJthiniC . hand"). 

(:=I Wlu lc• .. ..,,.k II> be-me d .. ru~ wath r:u.li:.lc"n 
or radioactive aateru•ls ( e . g . , brttathing zone 
11r surv•·y". general :ur survt-y~ ; per:.onnr·l 
exr>osun· llf'asurt~asents . irldudinc eyes antJ 
••'II r••nulu•:.. •·h•·•·k inl{ a.hult .. •·:. :and c-unl :un­
asenl) 

(3) In areas asliOCiated wath disposal or 
relcau of radaoac:Uve •atenala ( e . g ., chedung 

- "Tl>• ~IIC - ,._..,. • --... ·~· -w4 lk» .. 
no )06 ot 10 CPII Pwt • , ., ,. IMn. ~ • · '""'' · tt u... _, .. ....... all ....,._ fill ....... oocla4n .. 
- ...a Ull )06 of 10 Cfll hn m wUI ,....,..,.. NIIC ...,...,.,. 
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disposal c:ontajners and disposal sites ; liquid , 
cu. and ~Lid efnuenu ; filters and filter-duct .,., ... ) . 

The fl'eQIM'nCY of surve)"~> wiU d o:pend on 
Uw nature O( \h~ r•dioK\1\ft' ll>"t~ t'111:t ltn•i 
their use . H-ver , aurveya should b• per• 
fo n::.rd ~raor to the u•~ of radioa.:ti'-'' l!\ater1als 
iD order to eatabtish a bu.-line . The foourveys 
should be repeated wht'n radioac:tivf: IDiterialli 
.erw prwsnt. whft'l t.he quantity or type of 
••t•rl&l preHnt chantee• , or when chan res 
oc:c11r in their con~nt ~~oyst•~n• o r aethods 
ol UM. Repetitive aurveys .. Y alao be 
neceaa.ry to control t.be location of radioac:tiv~ 
materials iD the handl.lrt~ ay1te• and in the 
CIH of the UN of Haled ~urcH outside I 

a.h ie ldt:d t'OIItA.iner . 

For operations involvinc .. terials in 11s, 
liquid . or finely divided fora•, the au~·ey 
pro~n. abould be desirned to .onitor the 
adequ.ecy ol contaiD-nt and cvntrol of the 
aatt:nal• involved . The pro(Tlllll ahould include 
.&r ... mpliftc, 110nitoriDC of efO~o~enta . and sur­
ve)'l 1.0 ~•lua&e ecmtaainalion ot personnel . 
f.cilitae.. and equip•ent . Physical 'efn11ent 
_ .. u,........ta are eaaenU.l to detenaine COIDpli• 
anee widl Appendix B to 10 CFR Part 20 . 

The deKription or u air , .. plinc procr .. 
abould include the arwa wh1re ... plea wW be 
t.lkea , the frwqueacy or ... pUn~, and the 
location of the ... pler wiiJI respect to workers ' 
breath inc zoau. A .. ays perfo naed to evaluate 
aar .amples and tbe IDethods used to re!Jite 
result• 1.0 actual personnel exposures should 
aJ:.u b .. described . 

The ernuent IDOnitorinr PNICrlllll (or 
rcle105t'" to unrestricted ar•a• should enco.• 
pau aU .airbome and l.i.quid radioacLJ\'c aalerial 
re~as•s . Theoretical evaluations should be 
supp.&.tat~rt\ted by stack IDOftit<~rinl , water sam­
pUn~ . U\d other environ•enuJ IDOnito nnc ap· 
l•f"OI.Iriatf' for the planned and 1J0lenti011 
r•le~oM•. 

For upft'ations involvusr only sealed 
•wurcn. a survey procr- abould include 
4'\'aiualian and/ or aeasurc~~ent of ndiation 
Jo ·\'••1• fur ltoriC\' and u~ ~.-onfa~rauun" . Wh•:n 
..,._,~ art' uac.-d iD dl!'\'ir'ft havin~r "on" •tn•l 
M••ff~ pu..it~aa, buth pu.ationa shuul&.i be e:vai­
YMl&'d at the t~ or installataon . Supple•enl;ol 
•urvwya should be perfon11ed Collowinr any 
clum&'n .in operatiOn . ahieldlnc . or use . 

TIM type . •ethods , and frequency of 
surveys abould be described iD the applicatiun . 
Cuidanee .. y be obtaiDed rro. tbe NaLlonal 
Cowadl aa Radiation Protection Report No . 10, 
•Radio1ocical Monitorillc Methods and Inatru­
..nu. ·• and \be International Atoaaic Enercy 

-c-..- _, -. __. ,,_ IIC11P ~-. P 0 
... as-: . ..... .-. D.C . .-. 

Arency's Technical Report Series No . 120 . 
"~lonitor;nc or Radioactive Con tunnatio n on 
~urfaces . "1 

b . Records Manar~menl ProKr-a111 . Prov i :o~ ion 
rua· ke()p inr ancJ revao:win.: r<' .. :c.rd!oo of ~~ourvt:yto ; 

mt.o terials inveat.,ries ; ptL'rS<Innel eapo~~oures ; 
r c:..·uipt , U'>l', otnd dilif>')Sal or lllllleriab , elc . , 
should lJe deacribed . Persons rt:IJIC)ns illl• tor 
kc:epiniC and rt:vleWiniC recurds should lie iden• 
Uti~ . 

c . Seale~Sourc:e- Le11lc.•Test P1'0Cedureto 
Sealed sources eontaininC aore than 100 micro­
curies of a beta or , .... -itter or 1110re than 
10 laicrocuriea of an alpha .. iuer •uat be leak 
tHted at 6·-.onth interval.a . Leak tea tine of 
alpha-particJe-emittinc sources containinl 111<>re 
than 10 •icrocuries of an alpha e111itter is 
requirltd at 3-aonth interval~> . Jt a eoaunerci~&l 
finD ;. to perfonD the leu teats, the name, 
add rna , and License nuaber or the firm should 
be aub•itted . ar the teua are to he per(onDed 
usinc a co.a~erct.l "kit ," the nam• of the Jut 
eanufacturer or distributor and the k i t audcl 
desicnation should be civen . If the applicant 
intends to ptorfonD his own lc:ak tests without 
the use ot a c:oe.ercw k.it, the foUowinc 
infonaatlon should be sut.itted : 

( 1) Qualilications of p.raonnel who wW 
perlonD the leak test , 

( 2 ) Procedures and aaterials to be used in 
tak.in~ teat samples, 

( 3 ) The type , a~anufacturer's name . • odel 
nuaber, and radiation detec:ti<.n and !IHraloun:· 
•ent characteristic s of IJie instrument to n .. 
usP.d for usay of test ,....plell , 

( 4) lnstruiDiftL calibration procedures. 
~ncludin&' calit.ration source ch :'l riolt>tc rr~otics . 
JDikl" , ano.l ID()del number , and 

(5) The mt!lh<>d, indudinlt • SHip It! calcu­
lo~~li<>n , lo t,,. IISf!d to tvnvtrrt in:.t r umen r reat.l· 
inp to unih u( activity . e . c ., microc:urlt:~. 

d . ln•tructions to Personnr.l. If a numl•t· r of 
•ndiv u.luat .. .. m u t>t~ radiufao.:tJV" llllltl"ri• l~~o und~rt· 

the .. upo·t•vi,. l()n •• r """ ur IDO,... of thu 5e rwr1oon:. 
namt:cJ an ltelt G of 1-'ur~~~ NHC- 3 1:.11. wn tten 
in•trucl ion~~o a. hould be r•rep11rcd and i u t.mittNI 
with the Lic ense application in the fonD in 
which they will be distrilluted to tho•e workiniC 
with radioactive 1Diteria111 . These instruc t ions 
should cover . but not necesaarily be limited to : 

( 1 ) The availabLiity . seJection , and u.e or . 
laboratory apparel and safety-related equip- : 
•ent 1111d device• ( e . c ., laboratory coats . 
cloves , and remote pipethnc devices ). 

•e ... - _, .,. .,.._ r..- u .. ,,..,. . t• . " o ... .u. 
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<.2) L.ialit~tions <~nd ~'Ondition~o '" b•• m,.. in 
, h~m~ling- Uquid or un<"ontOtin~d ( un~ncap~ou· 
; J;at~d. disp.,n;ibl~·, cor vnlatih:) r :uti<Jac•t iv«: 
· eatt.-rials and •penal lawratory ~utpmt'nt to 

bf! UMd in WUI'king With lh~St' l)'pt'llo Of 111atc• 
t"Yla . Fc•r ex;unpl~ . the inl>tructlons sho uld 

' explain when OJ>erations Wlth mat.,rials :.hould 
~ confiDed to a radioch~mtcal fume hood or 

: clove boa and should sp .. C"U)' the use of appro• 
; priate shieldiDC and remote handlin(t equipment 

when enercetic ~u- ur l;<tmma·c:mitting matt'­
rw. are to ~ uHd . 

(3) Th~ p.•rfonaanc~ •)( radlalion survey 
and monitorin& pruce~urt'l> Cor e11C"h arc:a in 

: wh.&ch radioactive .. teriala are to be used . 

(4) 8afety p~autions to be observf'lt in 
tlk mov-.nt of radioactive .. terials between 
l.n.lildinp. roo.s. and arotu wir..bin rootu . 

(!) Safety requi~ts for storace of 
radioactive materials. inc-ludinr Ia be line of 
containet'$ o! radioactive eateriala and postln& 
and MCUrin& areu where radioactive materials 
an- tC\ be stored . This should include the stor· 
a&'e of conl.UUnated laboratory equipmc.ont such 
n&l ... ware. 

( 6) Requuf'lftents for pouintt of areas in 
wi:J. .. ·h ra.Hoal"ti\.'e eatcri.;.l• a1·c: uaf'.J . 

( -r) The a,·allabilit~· 11nd use of pt'rsonnul 
monttorinr QL'Vices. incluclinc the re.:ording of 
radiation eapusure• and th«" proce•ture-11 to bt· 
fullu wed for th•· proc.-s,.•ntt of personnel ftl()ni­
'"rin6; ..S•·viccs t~uch •~ lht'I'IIWhlminellocent d•>l>t· 
meters and film badps in order to obtain pt'r· 
sonnel .. mitorinl results . 

(I) Waste dispoaal proc:edun:s to be fol­
aow.-d • .includinl{ limitations Oft the disposal of 
h4u1..S nr otM.l" .Jispt"rs•hle waite: 10 tlw :o:mi­
lotry !W'Wtor and pr'CX't•durea · tor th• c<,ll<·<"t•nn . 
•tor:attt:. OlD&.! ~iltpGIIAI of ~ltlL'r waaiL'S . 

(') Tbe .. inleftanc-e ot appropriate r«· 
ord1 as required by 10 CFR Part 20 and 
JO CFR Pan 30 . 

(10) The requi,....,ts for and the 111ethod 
ol p.rt'OI'IIlinr or havin& approprate sealed· 
.o~ leak r.esta perfoi"'Ded . 

(11) Good radiation safety practices, in· 
C"ludinc t.be control o! cont .. iAation. speci!ica­
'-' of acc~table ~vable and fixed cont-i­
aation Ieveli! !or both rntricted and unre• 
atricted areas, prohibition of aaokinc and. the 
c:anawaption of food or beverages in areas 
where nadioactive aateriala .. y be uaed. and 
prohibiticm ot the frequent transfer ot poten• 
lially cont.aainated equipment betwMn poten­
tially conuainated areas and unr.stricted ......... 

( 1:!' Th•· u,.,. <.( ratl•••al'l•v•· ll'lat•·ria h "' 
amm:•l' . If ra.Ji<uu:tiv<• m:ttet·•;,ls will tit- u:.*'cl in 
.mim :tl~o, jn,.t I'Ut' t"'n" c·u•w•·rn 101( :.u•:h u~e \o:fll 
:.h<•ult1 t,.,. prc•parecJ and ~ouhmilled ...-uh tht 
h•·•·n~>e •r•r•licati<ln . ~uc:h mstruc-tJ.,n5 !!ohuuld 
include• (a ) :.r,ecifkallon of lhe f<~cUil i~llo ,., !>to 
used to hou,.,. the an.i.nud:o , ( h) instruC"'iconl> l<~ 

t,c prnvicJec.l to animal caretaker-a for handling 
.. nillla ls . :tnintal w~tste=o . and carcasllol'l> . c <') 

in:itNctions to appropriate personnel for cleltn-
in~ and c.lt."CUntaminatinl{ animal c:.gello . JtnoJ c c.1 J 
metbods to be used to ~nsure that anim;.l mom!> 
will he luc:kl'd or otherwi»t: s~un:cJ unit·!>!> 
attended by authorized u~er:. ur racliOloCttvc 
a :ttt!l'illl• . II dt'acriptk•n or animal hantl linl{ anti 
housinr facilities should be included under 
Item 13 or t·orm NRC-3131 . 

( l:J ) U.ergency procedure!> . Thue inlotruc­
tions shoullt be addressed to aU persons in all 
labontory or (aciJily ar~a"' where radioactive 
eateriala will be used and should cover actio ns 
to be taken in case or such accidents involv.ng 
radioactive materials a1 spllls. fires. relc:ase or 
lou ot material, or accidental contarai.natlon or 
personnel Specifically . these instructions 
should (a) speclfy ianaediate action:; to be 
taken in order to p~vent or limit the contami• 
nation of versonn~l and are•s. e . 1 .. the shut­
tinr down oC ventilation equipment , evacul!ion 
or contaminated and potc:ntiaUy rontaminlf ted 
art'as . contatn.ent CJ( any spills of radioactivf' 
material. (b) Jive the telephone number~~ of in· 
dividuals to be noutied in case of emergenc y . 
and ( c ) instruct personnel in proper ent ry . 
cJ~contamln:tli.un. and recnvery operation~> for 
c:ontam&n~lt·d facilities . (!\lou! Only propl·J· Iy 
tramet! indiviiJuals should attempt decontam&na­
tion and recovery operations . ) 

(14) Kequireaumts and procedures tor pick­
in~( up . receiving . and opening packages C see 
§20 . 20S uf 10 CFR Part :ZO) . 

Items 16 and 17 . A resua~e of the trainin.: 
aniCeipcncnce Oi each person who will directly 
supervi1e the uae of material, who wiD use 
.. teri&l without supervision. or who will have 
rnponslbilities ror radiological safety should 
be sub111itted. The reawai should include the 
type {on-the-job or foreal courH worll), loca­
tion . and duration of the training . Traininr 
should cover (a) principles and practices of 
radiation protection, (b) radioactivity measure­
menu. standardization . a.nd 1110nitorinr tech­
niques snd instruments , (c) mathematics and 
calculations basi.c to the use and nteasurement 
of radio.1ctivity , aad (d) biolorical effects ot 
radiation . The description o( the use of radio­
active materials should include the specific iso­
topes handled, the eallilllwa quantities of mate­
rials handled, where lbc eapcrience wa:. 
rained, the duration of experience , and the 
type ot use . The qualilications, training . and 

.. 
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CO'WJ•t:ric-nc't• of t-a,·n po·r!6«>n "h•·ulol lw t'\llhtlu·n•.u­
r~t~ "''lth thto rlutlf"rlotl .. n.t it" ""'' ,,, ,,..,,,,,.~oro! 
ir. thll' Af'pht'O.ti••n . 1'ht• .• m .. unl :oncl 1)'1"' ••f 
traan1n( and •·xv-·•,•·n.:c •• 11 h 1 ;"J"'tl()ll an.J 
r,.dJoacti\'~ mat~rials rf'..,uir~d l•l ~ouppuz·t a 
do:t4:MIIanation of adequacy b)' lhl' Co•m•••t.Jn 
wlll v&r)' IIWirkt-..tl)' ...-ith ct-t·t ;Jin fact•.r~o . 

11 other J'er:..•ns ~oout'h :1~ trchnit'al as ~< i~>t:.nts 

.nd labor-atorv wodt.er~o wiU u~o4: ndttJ<tt:liv" 
a~t&cmla in trw »ba•nr<· of pf!r•ona "l••·rifiood 
awve, the ·~~~·tfJcall<>n uf thv trai.nin~ of 10uch 
perwnnel ahould in('lu..St- (a) i.nwtruction in 
ndiat.ion ufety. includt.n~ topics o.-overe-d and 
by wh- taught. (b) on-th•·job traininl i.n use 
ot ndioactive -teriala . and (c) determination 
of co.petency to wor-k without the presence of 
aupervisory personnel. 

Th~ WM ot IDKroc:urie quantities of a few 
nonvolaUle radioactive aaterial» by a person 
•ith a ...u....- o( training and experience 
uadft' preciaely ..,ecilied and careruUy cun­
tr•lUed conditJona aubject to the surveillance or 
a •"*JWtent and adequatt'l)' traint•d r:tdintion 
protecuon olfictrr aay be j"atified . S"ch mini· 
aua traininr and •x.,.ncnce ••r conaist or ;, 
f~"" bo"n of traaninl( and e.X~rfence in the Ulie 

or <mr or .C.rf" ndioactlvc· IDatt:rials s&.ular hl 
th•· UM p~~d in the- ap!llic:at10n under lh., 
suP*r'\·,•»n an.J l"tonhip of ,. licc·nsf'<t ut-c·r 

f'•r•o•u• usir.~r mUl.icune quant.iti«•s or a nulll· 
b•r of radiolnuc:Li<Jws for jtener:.l labontory 
tr~~r •c.•·Jl under unlip4rCified condilavns 
shvuJJ ha'\'e 1110re e:uensi'\'e traCnina: and cxpot· 
n.nc:~ and, depes~dmf <>n the ex~t nature oC 
thf' J'H''opoaed prol(raa of use of radionu.clides . 
aoo~· nee<t to ha'l.' e ~fllc.•t .. •l foMIIAI •'Otlrsc• .-nrk 
at the t.-oUert: or university level C\•verinl( lht: 
ar"':'"' ll.lll41d un.J~·r lt- 16 of Form NRC.:·liJI . 

l'he u- or larrer quantities ol IDateriAI 
(a,..pr·(>8chJni a curie) under condJtions loo'here 1 

P. ' lenual exau for sil(nificant Joss and ina:~~~­
t.ion. inhalation. or absorption or U\e radio­
.cti'l.,.. .material by those working with th• mate­
rial i.a noraaU)· done under carefuU.y cornroU.d 
condjuons uainc apecialized equipaent . A 
}Mrson who is to uH radioKtive aateriala ind.­
pcndau.ly un~ \hese conditions ahould not 

""'" h:av·· " a .... ·kl(r""'"l •• r ( •• , .. ;,, ll':tlnlll~ in 
aU ,IJ'f•lt:. t!cMTibo:cJ in ll~m w ..,r .,.,,,... 1\:ltl'­
:u :ll t.ut .~ huuld ;\j,... tuw•· ell~«•n,.iv" t:Jtpt·r·io·n<·t· 
w~.~rkmtt with r,.dl<•;t<;liVt! m:llc:ri,.l :Jn<.l -. 
lh<.•rouih w<.~rki.nJ knuwlcdJ,. uf the <'•tUiJ•menl 
rt<CtUit•c•J 11.1 h.:.rndltt th• matt:rial Sllfely 

5. AME~OMENTS TO LICENSES 

l.it·•·n>o<•«'ll .. ,.., f't>(tuir.-d to t'Oftduct th• ·u· l••·u· 
tcram• in ott'l'Orc.lflnc:e with 1\atl!aent~ . n·pr(•• 
~cntatton~ . find prot'f~dure-s containc:d tn th~ 

lkc:nac a~o~plication and supportive docum4:n l!> . 
The llc:c:nse must therefore be amended if the 
licensee f•lans to ••kf' any chan~es in facili­
ties, equip•ent (including .-onitorinr stnd sur· 
vey instru111enta), procedures . · personnel, or 
fly product m:atc:rial to b.- usf'd . 

Appticlltion,. ror license amendments may tJe 
Cili:d either on lbe avplication form or in letter 
rorm . The applicatiun should idc:ntiry theo 
licen~ .. hr number and should clearly descritJe 
th<• ~Jt:K'l n:IIUI"e' O( lhf' C'hilnl[eS, ldtlill<)n~ . ()I' 

dt!leuons . lh•ference,. to previously sul>milt~t t 

inrurnmtion :mt1 dt>eumt:nts sh, .. uld ht! c-lc:ar 1tn<l 
svf'citic and .. houltJ idc:nrity the ~ertit'll'nt 
infunu:ota"n I•)' •l.:.rtc, l"•irt', :mel I•:Orlii(I':•Jlh 

5. RE~EWAL OF A LICE~SE 

An .'lpplk:.tton for rt-nf'wa! or a lic,nst· !t.houlcl 
bet t'il•·.J at te ... l .10 tl»ys priot· tu the ~X~Irllticrr. 
0111~ . T!li~ will ensure UuH the lken .. e .J• .. ·s ""' 
c: ... ..,u·t: ""I i; fr.n•l ••·t.wn '-'fl tht· applicatiOn hal> 
hC't.'n t11k~n b~· the NRC u prov1cJf'd for 1n 

J,t;Jrll(rMph 30 . 37( ll > <lf 10 CF R l'art 30 . 

Rent-will :aJ . plicati<m~ "houhl '"' falc:d on }'unn 
NRC- :H :U. IIIJPI"f•priat<.-ly liUilJ•I.,tacnl<'d . .'lnd 
shc.ultJ c:••ntain COinf•lete and u,_.·to·date \nfor­
m.'ltJ<m abuut the 11ppli<:ant'• current ~o~r·o~rram 

In ..,,·dc:r to f;~c:iJilate the revaew proc"c"~ . th•· 
appli..:auon for renewal should be submitted 
without reft-rence tcr ~o~reviou!!IY submitted 
doC:WDents and information . If such references 
cannot be avoided . they should be clear and 
specific: and should identity the pertinent 
inronaation by date. pafe. and pararraph . 
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APPENDIX A 

U.S NUCLEAR REGULATORY COMMISSION 

I •tt• A..,.._,..., .. , '•A•• 
"' "'•:uctt•"' "'' 

INSTRUCTIONS FOR PREPARATION OF 
'APPLICATION FOR BYPRODUCT MATERIAL LICENSE 

FORM NRC-313 Ill 
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9. STORAGE OF SEALED SOURCES 
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Describe in dnail tna infonnatiorl requinld for hlfM 1 S. 18 and t7. Bttin eact1 Item on a 
JIPI'Mo ,_. Md ll., 10 tn. appliution • follows: 

11. RADIATION PROTECTION PROGRAM. Oft0'1be tM radiation protection p~ogram 11 appropriato fet 
tn. maeerial to be ..,..d including tn. du1ift and retpOMibilitift of "" Rad11tion Protectiorl OHietr, 
contrat _..., .. , biolwy P'OCildiM'ft til -*til , dav·to1tay gtNral wfotv inellllctiorl to ._ fo"-d. 
ecc. H ttw application it for IMIId ~·• lho .emit ltlk ttttlno procGtwt, 01 if ttlk tatino will .,. 
.-for"* ..-..a 1e11t - a. it, IC*:ifv ftla'lufacturw and ~ ~,.._ of uw e.~~t '-It kit. 

1S. FORMAL TI'AINING IN RADIATION SAFETY. An~ a ,._... for tldl itldiYid~ namtd in 
lt-latld 7. Oftcribl individual's formal trainino in 1M followin; _,. "WMr• IC)plicable. Induct. 
N ,_ uA Plf1Cifl or inllituticln ptowiclint tn. tralniftt, duratiorl uA wlirline. wMn trainint wa 
Nelliwd,.tc. 

Ia. "-Siooldiwity ~• l&lndatdizMion and lt!Of'itorinl 
tect~Nquft atld iNINfi*'IJ. 

c. Mat'-"'ia ..S calaalations bllic to ttw uw ..s ,.....,_., of 
....SioM:Iiwily. 

d . 8~ .,ftecrs of radiation. 

17. EXP£RIENa. An~ a rftUIM for tach individ~ nlfiWd in Itt"" 8 and 7. O..aibl ind1widual's 
-· UC*iwiCII ,.;ch rldt.cion, indudinl WI!Mro OI!Mft.nc:e WI\ oblainlld. Worll Upefoer!CII or on· 
lfM-iob traoning tftould be COII'Ifftlft-lt• with tiM propotld .,., lnclwo list of radioisotOPft INid 
-•imum Ktivity of •left VIed. 
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CUSTOM MADE SEALED SOURCES 
AND DEVICES 

GUIDE FOR STANDARD FORMAT AND CONTENT 
OF APPLICATIONS FOR HEALTH AND SAFETY 

REVIEWS OF CUSTOM MADE SEALED SOURCES AND 
DEVICES CONTAINING LICENSED RAO!OACT!VE MATERIAL 

1 PURPOSE AND SCOPE 

II 

This gufde provides a description of the content and format of an 
application for the possession and use of custom made sealed sources 
and/or devices by an applicant specifically licensed pu•suant to 
$30.32, Title 10 Code of Federal Regulations, P••t 30. Use of this 
format wi11 ensure the completeness of the i~formation needed for 
the eustom review and w111 aid in shortening the time required for 
the review process~ 

The applicant shall submit sufficiont information regarding each 
model of sea1ed source and/or device to enable the HRC to make a 
safety analysis of the sealed source and/or device including safety 
and efficacy of the proposed use. Such information shall include: 

1. Identification 

A. Sealed, plated or foil radioactive source(sl. 

!ll If tho radioactive source design is registered with 
the NRC or an Agreement State~ specify the manufacturer, 
model number, isotope and mu.imum activity for each 
source to be incnrporated into the device. 

(2) If the sealed source design has not been registered 
with the NRC or J.n Agreement State~ provide the 
information as outlined in Appendh A for the custot11 
source( s). 

B. OeYice 

{l) Specify tt\e name and address of the manufacturer. 

(2) Identify the device by tyye or descriptive name and 
model numoer or other specific model designation. 
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2. Proposed Use 

A~ Describe the proposed use of the device and identify the 
envir-onments and operating conditions upec:ted during 
normal conditions of use. Include desc~fptions of the 
types of users, locations of use and the circumstances of 
normal use. 

B. Describe the probable effects of se'iere conditions on the 
device. including accidents and ffrfs. and possible 
diversion from intended use. 

3. Construction 

A. Submit engineering drawings of the source housing, identifying 
all materials of construction, dimensions, methods of 
fabrication and means of incorporating the radioactive 
Nter1a1 into the source housing and device .. 

B. Include • detailed description of all special design 
features (for example, shutters, fail safe on-off mechanism, 
interlocks, etc.} which protect the radioactive materia 1 
fr01r. abuse and m1 n1mi ze the rad1 ati on hazards~ Des;ribe 
in sufficient detail so that the n!ture. function and 
method of operat1on are clearly defined. 

NOTE:: If device is foreign made. all drawfngs, notes~ 
descriptions etc. shall be in English. 

4. Human Access 

Describe the degree of access of human beings to the radioactive 
materia1 contained in the device and to the radiation emitted 
from the device during normal conditions of use~ 

5. Radiation Profiles 

Provide ea1cu1ations, estimates or measurements where avai,able 
of the radiation profiles~ e.g., expected dose rates at 5 em~ 
30 em and 100 em. from the most and 1east accessable surface 
of the custom device with the shutter{s), on-off mechanism{slt 
etc. in {l) the open or 11 0n .. and (21 closed or "off" positions. 
These radiation profiles should be proviled for each kind of 
radioactive mater·ial and maximum activity expected to be used 
in the device~ 

. . 

• 

• 
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7. 
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labeling and Instructions for Use 

Submit facsimilies of the labeling or marking to be placed on 
tne device. Include a description of where tne device will be 
labeled. The label or marking shall consist of the name, 
tradtmark, or symbol of the manufacturer, assembler, or the 
licensee who will possess tne custom device, the type and 
uount of radioactive material, the date of MUurment. the 
standard radiation symbol and the words, •cAUTION RAOIOACTIVE 
MATERIAL.• The label or marking must be of the standard 
radiation caution colors as speci~ied in S20.203, 10 CFR 20. 

Availability of Services 

Submit information stating who will perform the following 
services on the custom device, (If any of the listed services 
will be performed by someone other than the specifically 
licensed device manufacturer, provide a description of training 
and experience of the individual(s) who will perfonn the 
services and include a de$criptfon of the procedures to be 
used in the performance of the services.) 

A. Installation and relocation within the applicants' facilities, 
if applicable. 

B. Initial radiation survey .upon rKefpt. installation, etc. 
at the applicant's facilfey. • 

C~ Leak Testing: {Required for all se&1ed sources ether 
than gaseous, e*g •• krypton~as, or sources with hal fM 
lives of less than 30 days.] A certificate showing that 
tach radiation source contafntd in the device has been 
tested for leakage or contamination within six (6) months 
of the date of t~ansfer to the recipient of the device 
must be provided to the recipient. Results of the leak 
testing shall be in units of microc~,o~riu and should be 
maintained by the licensed recipient for inspection by 
the Commission. State if the device manufacturer will 
furnish the leaK test certificate on the finished device­
or, otherwise, fully explain the means of obtaining the 
initial leak. test certificate. 

0. R.epah. periodic maintenance, shutter or bea!l'l control 
operations checks. 

E. Source exchange. 
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F. Disposal in the e"Jent the custom device is no longer 
needed. 

6. Test Results on the Finished Custom Device Prior to Use 

The applicant shall specify that the toots listed below wlll 
be performed on the finished custom device to verify that the 
device meets specifications furnished to the NRC. If the test 
resu1 ts are to be supplied to the recipient by the licensed 
device manufacturer, it should be so stated. If the specffied 
tests are not to be conducted by the speci fica11y licensed 
devi'e manufa~turer. the applicant shall specify the name(sl~ 
training and experience of the person(sl who w111 perform the 
tests; and a description of the procedurts and equf~ent to Lc 
used for performing the tests sh>ll be included. Copies of 
the test results on the custom device shall be maintained for 
inspection by the Commission • 

A~ Radhtfon prof11u {isodose curves, for example, dose 
rates at 5 em, 30 em, and 100 cm.l of the custom device 
with shutter(sl and/or beam control mechanism(s) in both 
the (l) open ('on") and (21 closed ('off"] posft!ons. 
Radiation levels should be measured using the maximum 
activity of each ~ind of radioactive materfal tc be used 
in the device. 

B. Visual or other quality control inspections to dete~ine 
if cracks, voids, or other manufacturing defects exist. 

C. Shutter or other •oN·-"orF• beam control operations. 

D~ Leak tests for radiation leakage or contamination prior 
to use. 

E. Other Tests: Specify any additional tests to be done on 
the finished custom device to verify that the device can 
be oper~ted safety wi~~ minimu~ radiation hazard. 

9. Safety Analysis Summa!l 

Submit a brief safety anlaysis summary on the evaluation of 
the ability of the custom design to withstand the normal 
cortd1tions of handling~ use, and storage; ir.cluding eorrosion, 
vibration, impact. and the probable effects on radiation 
eontain:l:ent and shielding of abnorma11y 'ievet<e conditions, 
such as explosion and fire. Any additional infor.r.ation inchocHng 
results of experimental studfes and tests ~hich will facilitate 
the final determination of the safety of the custo;u <!evice 
should a1so be included in the safety aflalysis S!r.tr.lary. 

.. 

• 

• 

• 
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APPENDIX A 

CUSTD~I MADE RADIATION SOURCE(S) 

A. CustOI!I Source Supplier 

Identify by name and address the supplier of the custom made source 
to be used in the custom made device. 

B. Identification 

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

c. Radioactive Material 

(I) Specify the radioisotope. 

(2) Maximum activity per source in mi111curies or microcuries. 

(3) Chemical and physical fonn of the radioactive material. 

(4) Descriptive details of ttle method of incorporating and .binding 
the radioactive material in the source. 

0. Construction 

{1) Submit engineering drawings of the source capsule (both inner 
and outer capsule, if applicable) identifying all materials of 
construction, dimensions and methods of sealing the source • 

(2) 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 info~ation to be engraved, etched or 
imprinted ·an the radfation source or a facsimile of the label 
containing this information to be attached to the source. Ideally 
the source labeling should include the words: "CAUTIOt!- RADIOACTIVE 
MATERIAL," manufacturer's trademuk: or unique serial number, radfonuclide 
activity, assay date, and the T"adiation symbol. ""here labeling the 
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SOijrce fs impractical, a tag containing the above information 
sbou1d be attached to the unless tne attachment of such 
tag is also 

F~ Source Assay 

Describe the assay method used to determine the radfoacthe content 
of the finished source. The assay method shall be traceable to a 
National Standard. 

&. Quality Control Inspections of Finhh<!_d Source 

Describe the tests to be performed on the finished sour-ce to ensure 
• tbat the final product meets the design specifications. Where 

applicable provide info.mat!on on the following minimal tests. 

{1) Visual or other inspections to be performed on source seals or 
welds to ensure integrity of tbe finished product. 

{2) Leak tests. 

{3} Tests for deter.mination of radiation levels at, for example, 5 
and 30 centimeters from the external surface of the finished 
source a~eraged over an area not to exceed 100 square Cetltimeters~ 

H. Additional Info.mation 

Submit any additional information, including experimental studies 
and tests that ~ay have been petformed on similat source design~. 
which will facilitate a determination of the safety of the souree 
and effieacy of its use in the custom device. 

• • 

• 

• 

• 

• 
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INTR00UCT10N 

This gufde describes tht infal"tt''ation ntt~td to tvaluate apQ:licatiorls tor 

specific lietnses for receipt, poittssion, and use of sealed sources 

co~taining byproduct material in nonportable gauging devices, i.e., 

ga~ges mour.ted in 11 fixtd11 locations, for measurement and/or control of 

mattrial density, f1ow, level, tl'lickntss, •eight. etc. In addition to 

the conttnts of this guide, applicants s~ould refe' to the requirements 

in the Commission's regulations listed below. The applicant should 

carefully rud the reguhtions. This guide is not a substitute for an 

understanding of the regulaticns. 

1 • 10 CFP' ?ar! 19, "ttoti:ts, Instructiont ar.d Rtports to WorkiH't~ 

Inspec:ti::ms." 

• 
2:. to Ci='11: Part 20, 11 Stal"'dards for Prottction Against Radiation. 11 

3. 10 CFR Part 30, "Rules of General Applicability to Licensing of 

Byproduct Material." 

4. 10 CFR Part 170, "F~es For Fa,ilities and Mattrials ltcenses, and 

Other ~e;ulatory Strvices Under The Atomic Energy Act of 1954. At 

Ail'ltnded. " 

ll. FEES -
:1~ The ~~illicant should Ptfer to 10 CF~ Part 170, Secticn 170.31 ''SchRdule 
..._.) 

of Fns for Hattria 1s Li eense5: anC Cther Regu h. tory Services," to determine 
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the amount of the feu whic~ mus-t accompany the a~:~piic~tt'iot'l. No action 

will be taker. on applicatie~s ffied ~;t~out the prQpe~ fee. Checks 

sho~.~la be made p!ya~it to the U.S. ~uclear Regu14tory Co~issi~n. 

1!1. Flll~G A~ APPLICATION 

Two capits of the FGrm NRC·31J should be submitted in accoraance with the 

instructioni on the tons and should provide, as a minimum, the information 

described in this guide. Since licensees are required to comp!y with 

Commission rules and regulations. license conditions, and the content of 

the submitted application. we suggest that the ap~licant pr9pare and 

retain one copy for reference. Space on the form is licited, addit7ona: 

information should be prGvided on attac~ents to each copy of the form. 

At!ac~~ents sno~1d clearly reference the applicab1e itQms on the ~G~ f'r 

~Mien acditiona1 information is being provided. 

Application1 ihouid conta~n sufficient ;nfo~tion to enab!e the Com~i;sion 

to t4~• a clt~r unoer~tandir.g of th~ activities to be p~rfarm~d by th~ 

appi'e3nt. Su~mlttal of in1ufficient information will resu1t in delays 

in iJJijanct of tn~ license. Applications should be mailed to: 

Nucl~ar Reg~latarJ Commission 
Division of Fuel Cycle and Material Safety 
Material Licensing Br!nch 
Washington, DC 20555 --E~cept for Item 1 ~hich is se1f•explanatory. tht fo11owing prov1ces a 

discussion of the mini~um information needed tor each item on t~e Form 

NRC·313. 

• 

I 

• 

' 
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Ittms 2, 3. 4, and S - ~oolieant. Mailing Add~ess 1 antt Locations of Use: 

The applicant, co~oration, or other legal entity should be specified by 

name in Item 2 and mailing address in Item 4. The name and teiaphone 

number of the individual who should bt contacted concerning the application 

sho~oLld te providect in Item 3. Individuals should te desig:'lated as the 

ap~licant only if they are acting in a private capacity and tht use of 

byprod~c~ materia1 is not 'cn~ecttd with their employment wfth a corj¢ration 

or other 1ega1 entity. 

Tht act~al location(s) wh~re the byproduct material in sealed scur:es. 

source ho1de~s. gauses, etc. t wi11 be possessed, storedt &nd/or used 

should bt specified in Item 5. Su~h location(s) should ~e e1early iCentiffed 

by road o~ s~te9t name, n~~er, city and state. A ~ost Office Sox nu~btr 

' 

Item 6 - I~dividual Users: The name of the individ~al(s) ~ho ~i11 use 

(operatf) and/or supervise the ~se of t~e dtvices listid in the application 

must ~e listed in Item 6. An adequate numbe~ of trained users shou1~ be 

listed t~ provide for continuity of operations. Normally, an individYal 

ltsm 7 • qJdiation P~ote~tion Of•icer~ Norm~1iy, it is not necess~ry fer 

ustrs of nonJ:ortatlle }a;.;ging ~e"icu to designatt a radiation protection --
c!ficer ~,less tfiere 1re multip1e use~s and gJuges within the plcnt or 

facilitt. Howe"er, the ap~licant should list t~e n~me in [tem 7 of an 

individual user, suptr1isor, for~man, or other designated individual ~no 

has ~een assigned responsibilities fo~ dete~ining that: 



(a) Ail byproduct materials, seal'!d sourcu, and ae"ices '"use and/o:r 

fn tn• posses1i~n of the apQlicant ~:rt limited to t~ose listed in 

the licen5e &nd art bei~g used for the purposes specified in tn~ 

license. 

(O) Only those individuals authorized by tne license ust or supervise 

use of the devices. 

(c) Periodic leak tests of the sealed sources are cor.ducted as re~uired 

oy t.he license. 

tcnanee or :rtlairs en er UZJ>.~nd ~:"I.e: p,ip,es. tlr,l.;.s, ... uuls, conveyo:-s, 

et~., to prevent in<lhic:.:als f:ror.1 enterir.g tr.e rad:ation bhms. (As 

s~.e .. n in Itt~ 15: of this g:uic!t, "lock•out" pro::!l'dUrl!s ::tust t:le des~:rio~d 

1t~m a • Sy~roa~ct Material. Fo~s and Uses· Each radioisotope to be 

used sheuld be specified in Item S.A. and Item S.B. s~ould show that the 

byproduct material is to be possused and used is in tr,e form of suled 

souree{s). The name ot the manufacturer and mode1 n~ber of the sealed 

source should be shewn in Item S.C. and tht total activity, in si1lie~ries. 

in the sealed source shOuld be provided in Ite~ 8.0. Item S.E. should -· 
specify tht ~~ufacturer an4 ~odel numb•r of each gJuge, sovrce holder or 

device in whic~ the ~yproduct material and sealed source descrited in 

1t~s 8.A. through B.D. will tie ustd. In addition, It.~m S.E. should 

• 

, 

• 
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aescribt tn. purpose for which the device wi11 be used. Some e~a~~les of 

the ~inds of informatio~ to be providtO in !tam 9 are as follows: 

s.A a.e a.c 
Cesium~137 S4aled sources XYZ, Inc. 

Model XYl·l 

Coba1t·60 Su1ed SQ~o;I"CU Mesa Verde, Inc. 
Model A•34 

8.0 

f4ot to ucttd 
100 J'llillicuries 
per sour:e 

Not to exceed 
1500 mill!• 
curies per 
source 

a. E. 

For use in an A9C 
C~~any Model 22 
so~rce ho1cte~s to 
control ievel of 
coke in ho~pers. 

for ust in Grand Mesa, 
Inc:. 1 Model JZOl source 
holders to co~trol ~eYel 
of !llClten glass in 
furnaeu.. 

~Co!:lalt .. OO Su.led sour-:es Rio Grande, 
Model AG•l ... -· 

lnc:, Not to txcnd 
sao millicuries 

For use in an Ojeto. 
Inc., Model X·lZ 
hoi~trs for density 
control of concrete~ 
Ui'l:d mi tture ', 
mixers. 

per source 

Item 9 ¥Storage of Sea1ed SeurceS! Since sealtd sources are norma11y 

re~o~td ftom gtu~fn9 devices by the manufacturer or supplier of the 

aevices, it is on1y necessary ta refttence lt~ 8 in !tem 9.A. of the 

application fo~ information ~egarding stora~t devices, i.e .• stoTa;e in 

the ~~~gi~g devices on1y. Applicants who ~ill remove or relocatt ga~g11g 

devices (if any) ~r.d storage areas (refer to ttem 13 in this guide). 

-
Ittot 10 and 11 • ~adiatfon Dttection !nstr~nts: For routine use of 

devices, radi•tion survey and aeasuring instruments are not normally 
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Applicants w~o will perform other activities which require the 

use of radiation detectiOn instruments should provide the app1icab1e 

information detcribed in Section Vll of this guid•. 

Item 12 • Personnel Monitoring: For routine use of devices. the use of 

personnel monitoring ~evices {fil• badge' or thermoluminescent dosime!ers} 

are not normally re~uired. Applicants who want to perform nonroutine 

activities which wi11 require the use of ~ersonne1 monitoring deYices 

snoulC provide the r.ame of the suo~lier of !he monit~ring devices should 

oroii1e the n1~ of tht suppiier of the mcnitorin9 devices and the frequency 

ot e~c~ar,ge for ~roeessin; by the suo~1;er, For guicance concerning 

2v.I02, 10 CFR Part 2~. 

' 

Item 13 ~ F!ciliti~s and Eguip~~nt: the applica~t should provide a 

descriptiGn of the ~quipment ar.d facilities to utilize the devices e~n· 

taining the byp~od~ct aateria1. A ~imple arnotated s~etch o~ d~1wing 

ihGwing where each dtvfce is insta11ed and the location of adjacent 

ladders. aisles. or work areas employees will occupy should be provide2. 

IteM 14 • W~ste Oiscosal: The applicant should deicribe tne dfsposai 

method for sealed sources containing byproduct material when use of the 

If tnt suppl ie~ --
will remove the devices and sealed sour~ts from the ap~licant's facility 

for ~isp.:sal, thh shoulo: be so stated in tht appli::aticn. If perscns 

• 
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or cc~pany ot~er thar. the supplier will remove the devices and seJ1~d 

sources (1"¢11'1 t!'ie: apo li et;"~:t • s ftc i1 ity for return to tl'le sue:~ li er or 

transfer to an authorized re,ipient. the number of the NRC or A~ree~a~t 

Statt lice~se which authorizes r~val and disposal of the ~policant's 

sealed sources and devices should be provided. 

If the applicant will remove devices containing setlad sou~ces for return 

to the manufacturer cr for transfer to another authorized person for 

disposal 1 this should be stated in the application. St,tion VII. 1 of 

this guide specifies t~e additional information which should be provided 

in the 3pp1ication for authorization to perform this operation. 

Ite~ 15 • Radiation ~~oteetio;"~: Procr!m: Fo~ routine use of devices, t~e 

ap;intal"t should pro ... ide tht tol'!o<;ing ir.f:r!:'.ation: • 

(a) T~e n4m~ of the 'cmpany or person -no ~ill conduct servicing operations 

invobir.; instaPations, re1ocations, remo•."als, initial ragiation 

sur•te;s. ma~ntenancc, repairs. and removal of tht devices contain~r.g 

licansqd ~ter~al !nd i~sta11ation, replacement, a"d disposal of 

sealed &ources containing licensed mate~ial used in the oevices. If 

~ny of these aperations wi11 be performed by su~one·other than the 

supp.lier of the devict, ·the applicant s!'\ou1d provide the name and 

the nu=ber of the ~RC or Agreement State license which 3uthorizes -· performance Df these operations. Applicants who request author­

ization to perfGrm any of the abovt servicing operations should 

provide the information described in Section VIl.l of this guide. 
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(b) A description of how aectss to the devices containing byproduct 

material will be contro11td. (Barrier$, warning tigns, remote or 

inaccessible locations, control by individual users, e~c.) 

(c) For use of a device ~here it is possible for a =ajer portion of an 

individual's body to receive ex~osure to the radiation btam t~m the 

<jevice, a descripUon of "locJr.~out" procedures, (i.e., ;Jroced:.;res 

for 're~enting emp1oyte$ 1ro1 e~tering the radfatio~ beam du~i~Q 

mainte-nance, re';)airs, or othtr wort on or aro~.rnd the bin, ur.lt, 

hopper, pipe, etc., on which the ~ev~ce is mounted) should be s~mittee. 

H the device shutter or SlolitCf'l. is 1ocked. tool tee, "tagged• off", 

etc .• un:i1 the •ork is com~1e~td. the applicant should describe 

thfs and provide tht name of the individual(s) responsible 'or 

enforcing this procedure. ' 

(d) The proc:edul"U for leak bsting of the sealed sources. If t:"le 

supplier of the devices conttining the sealed sources wi11 perter~ 

leak tests of the sealed source in the applicant's facility. it is 

only ~ecessary for the applicant to state this and to specify the 

frequency of the leak tests. If the applicant plans to use a leaK 

test #.it, the name of the supplier and the model numb~r of the leak 

test kit should be specified. Applicants who •ill per'orm their own 

1eak tests, i.e., collect the leak test wipes and analyze t~t ~ipes, -
should p~vide the info~ation described in Section Vll.Z. of this 

guide. 

• 

' 
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fhe rea~ired freq~t~cles for itik test'ng of seal~U sources in no~oortabt~ 

dtrices ran~e from three months for alp~a emit'!.ing byproduct material to six 

~ntns for beta~ga~a e~itters. Some sealed source/device combinations containing 

bettM;amma emitters have 1eak test frequencies not to exceed three years. 

Information concerning sealed sources and deviceJ which have three year leak 

test frequencies may be obtained from suppliers and/or manufactureri. Unless 

a specific request for the three year leak test frequency is inc1uCed in t~e 

acp1ication, a six·month freouency will be specified in licenses. 

Items 15 a~d 17 • Qualifications of lndividuil Users: The training 

and/or ex~eritnce of each individual named in Item 6 cf the application 

~us~ :e ecmme~surate with the requested use ~nd should~~ ~esc~ibtd in 

attacr.~~~~s ~or ltt~s 16 and 17. Fer routine use of aev1ces c~~tai~t~; 

seal~d soute5S, tht training provided by t~e ~anufact~rers at t~e ti~e ~f 

inst3l~aticn is sufficient to quslify individual users. iraining for 

l'l:Jl'lr-,:.~tine ,lp~;trl.tlons (e.g., 1nsta11at~on. reiocati~n. removal fr0111 

sar .. i-ee, etc.} or trait\ing provided by sooeene other than tnv device 

manuh·:tureT" ll'lust !lv described in detail and submitted as an attachment 

to the a~p11eation. As a -inimvm. the fo11owing information should be 

submitted; 

(a) The names and qualifications ot tht instr~ctors. 

--(b) An outline ot the training progtam. 
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(c} Th~ duration of t~e training program. 

(d) The method for determining trai~ee e~petency. 

OT Oh.isior. Hl!a1,·Sattt;,.' .5t.:per·Jiswr. etc,. to certify tha: tt:a a~:pHcat1on 

contains i~for~~tion "hi;h is true and correct t~ the best of the ap~licant's 

k~o-.lqdgil al'ld belief. ~pplications •hich are unsigneC: ..,.;n be returnee 

App:Hcatiens for amandment of existing 1ictnsu may be filed in the sa:~e 

ma:ll'\er 45 lrdtial a;l;ll ~cations or may be filed in letter fo1"1'11. c"tre 

~~~:ication shouid clearly identify the li:ense to be amended by 1ice~se 

n~~Oer and specify the exact nature of the requested changes to the 

lice,se. Ad~itiona1 supporting information. as necessary. should ~~ 

prcviced. 

Ap~'ic!tion.o for re~e ... al :;f Hcen~es fi1ed at least :l'lirty <JJ) days 

p~ior to the •xpiration ~ate shown i~ the license te~ain t~ effect unti' 

fina~ act. ion Au be:en completed on tl"le app"' ication. App;ications fiiett 
~·-

after tl"le e~piration datt ar~ e~nsidared to be new applications. Ap~1~cJn~s 

neadi~g adGit~ona1 tine to prtpare re~ewal ~pplications snould su~ait 

written request$ for exte~sian of the ltcense expiration date. 

• 

• 
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Ranewa1 tpplications should contain complete and up·to·datt information 

concerning the IPPlicant's activities to be eonducted under th< license. 

Gtntral references to previously tubmitted information (e.g .• see pre·lious 

tpplieation$~ see previous amendment, etc.) or submittal of copies of the 

current lfcense are not •cceptable. The Form NRC~3l3 should be comp1etea 

in its entirety and documents submitted ~ith the application should 

describe the ap~licant•s current program. 

App1fcan:s may rtferer.ct previous appllcations and/or documents in renewal 

a:pplications proviaed t.~en are clearly idtnt~fied by aafe. \lthtrt ;:>erticns 

of pre~ic~sly su~m~tte~ sp~licatfens and/or docu~nts will bt ~eferen~ec 

in the rtnewa1 app1ica~:on, these should be c1eatly identified by da!e, 

attlc~~~r,~ numbtr. se~ticn n~mbar, and page number. 

, 

Thil section describes the info~ation app1lcantt must provide in appl1cations 

to the Commission for specific authorizations to perfo~ any of tMe 

follow~nq optrat1ons: 

l. Servicing operations on devices containin9 byproduct materia1s. 

2. Leak ttstinq of sealed sources exce~t by means of leak ttst kits. 

-
3. Calibration of radiation survl!!y and musuring lnstru!l'lents. 



12 

Eae~ of the abovt a~t discussed, in order, in the follo~in~. 

devices lnvo1~ti~g lnsta1lation, relocation. maintenance. re~air, 

rt~oval f'r disposal, perf3~ance of radiation surveys follo~~ng 

installation, etc., si'!Ould ;~rovide tnt following information: 

(a) Tne spteific device(s) on which the operations are to be pt~fo~ed. 

(b) A dtscript1on of eacn specific operation to be performed. 

(c) The step·by-sttp procedures to be fo1lo~ed in perfo~irg each 

operation including a description of the r•diation sa~ety 

pr3cedures w~ic~ wi11 be follo~ed. 

(e) An outline of tl".e training received by tach indi~tidual wl'!o ~Wi11 

perform tne operation, This traininG s!'loul·j inc:iuoe i:utryctiens 

in tn. performance of each specific operati~n; the step·oy·step 

proeedures to be followed; radiation safety and the u~e of 

radiation survey instruments, "iocl<.-o\.Ot 11 proctdurts, i.t,, 

procedure$ for sec~ring the de¥iee shutters and/or switches in 

the closed or shielded position; and. if aopticable, personnel 

monitoring requirements. 
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{f) A description of the qualification• cf the individual(s} ~ho 

provided the training in servicing of dtviees. 

(g) If operations a~e performed which ~equire radiation surveys, 

(e.g .• installations or re~ovals) a description ~houtd be 

provided_ to sho~ the locations of the radiation aeasurements 

and the kinds of records to be maintained of the rt5ults. 

2. le~k tes~ino of seali~ sources. Applicants whO want to pe~forrn leak 

tes;.s ol iealt~ sources~ i.e., col1ec:t t:-.e lfipe tests and analyze 

t:-.e r•sulu, sho:Jid provide the foll~ing in.f:lrmuion: 

tne ltak tests. 

(o) Procedurts and materials to lle used in collecting test sa"o1es. 

(c) The type. manufact~rer's n~. model ~uober, and ~adiation 

deteetion and measurement characteristics at the instr~ment to 

be used for a5say of test samples. 

(d) Instrument calibration proctdu~es. including the name of the 

manufacturer and model nu~er of ea'h ttandard sour't to be -used; the nuc1ide and q~antity of radioactive material in each 

standard source; the ste~·by-step c:alibr~tfon procedures to be 



l. 

fotlowe4; ~nd the name and tht e•ptrieoce and traioin9 of ea:~ 

individual who wi11 perfol"'m, the eaiibra!ioos. In providir:g 

infomati.on to11c:erning tf\e standard sources used 1n tl'le c.a~ibration$, 

applicants should provide information cor.ctrning tht aec~o~racy 

of each 5ource used. Each sour~• should be, ai a minimum, 

! S percent of the stated value !nd traceable to a pr~mary 

standard~ such as that maintained by the Natiooal Surta~ of 

Standards. 

(e) The method, including a sample calculation, uttd to eonver~ 

instrument readings to units of activity, e.g., microcuries. 

requir1ng the ~se cf raCiatlon survey instrwments, eac~ in!trument 

should be describtd. The manw~3Cturer's n!mt. mode1 nu~~er and the 

range of each instrument should be prov1dtd. lf the applicant ~i1i 

i~formation shauld be provi~ed: 

~!} The manufacturer and $0de1 n~~ber of each radiation sour'e tv 

be used. 

(b) The nuelide and quantity of radioactive matetial conta1ned in 

tach source. 

• 

• 
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(c) The accuracy of t~e source{s). The traceability of the source 

to • primary standard should be provided . 

(d) T~t step·by·step procedures. including associat~d radiaticn 

saf•ty procedures. 

(e) The name anu the e~peritnce and training in instr~men~ ca1itrati~ns 

for each p'!rton .. ho ·.dll perform the calitl:rations. 

If t~e: ap~littnt inten~i to cJr.tract out the calibration of L'lSt'"l.ii::e'ltS, 

the name, address, and license !"!utnber of t!'le fil"!ff should !:le sr::u:ci:'"~ed 

An adeqwate ca11bration of survey instruments usua11y can:1•t be 

performed with the built-in check sourcts. E1ettronic ealibratio,, 

that ~o not involve a source of rtdiation are also not adequate t~ 

determine the ~roper functioning and response of all components of 

an instrument. Daily or other frequent checks of survey fnstr~~ent~ 

should bt supp1ement.ed every 6 ~nths 'fith a two·ooir:t ... calit!ration 

on eaer. scale of each instrtJment with the t.,..o .. points seoan:ted Ov at 

least 50: of t~e scale. Survey instruments s~ould also ~e Clli~~lted 

follo'fing repair. A, .. surW!'J in$trument nt!Y be consider~d oroper1y 

·calibrated ~~t!'len the iMtrt."tnel'lt r~:B:di,rgs an within! 10 p•rcPnt of 

the calculated or kncwn va1~es for each ooint checked. Readings wlthin 

! 20 percent art acceptable if a calibr!t:on c~art or graph is prepared 

an4 attJChtd to t~e in~trument. 



• 
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APPENDIX E 

ALASKAN AIR COMMAND TRITIUM LIGHT EVALUATION 

"BRIMFROST B3" 
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OEPAR:TM£NT OF THE AIR fORCE 
!o<UOOU.U!Ul A(AU:AH All (0MMJ,NO 

El,MENOOIU AIR FORCE 5AS'E", AI.ASII(A99506 

:~r.:~~ ooos (Hajor Hult 1 552-5346} 

, ..... u Tritium Runway Lighting Test 

H• 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. Aircrew comments reflected that the lights 
were not a~ operationally effective as anticiPated. HoweVer, 
we are optimistic that with engineering modifications or the 
addition of extra lightin~ operational capability can be greatly 
improved. 

2. Attachment 2 is a report on the tritium lighting evaluation~ 
Additional questions may be addressed to our POC, Major Hult, 
Av 317-552-5346. 

J~;;;~_£ 
Colonel, USAF 
DCS/Operations 

2 Atch 
1. Distribution List 
2. Operational ~eport on 
the Tritium Runway Lighting 
Test Conducted During BRIM · 
FROST 83 

Top Cw er for A wcrira 



operational Report 
on The Tritium Runway 

Lighting Test Conducted 
During BRIM FROST 93 
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PROBLEM 

1. Alaskan Air Command has unique requirements for portable 
runway lighting~ First, the arctic environment makes instal­
lation and maintenance of lighting equipment difficult and 
hazardous. Also 1 during winter periods the hours of useable 
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 objectives 
extracted from the AFESC/RO test plan: 

a* Storing, shipping~ handling, installing and maintainins 
the lights. 

b. Physical and environmental safety and security aspects. 

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

BliCK GROUND 

1. A package of tritium powered lights was developed for the test 
project. These included runway edge, 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 position until 2 Feb 83. 

4. C-130 and helicopter crews operated into Clear Creek and com­
pleted test questionnairas. 

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, 
S-7 Feb 83 for State of Alaska Testing. One 21 TFW C-12 sort~e 
was flown during this test. 

7. on 8 Feb 83 Battelle Alaska was given custodial responsibility 
for the lights. 

8. ,on 9 Feb 83 the tritium lights were stored in the 21 CSG Prime 
Be~! Readi~ess Eguiprr.e~ building. 
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DISCUSSION. 

1. Maintenance and Safety-

There were no problems identifled with storing 1 shipping, handling, 
installing, or ma1ntain~ng 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-130 prop blast but 
sustained no damage and were returned to service. 

2, Security. 

Prior to the BRIM FROST 83 test, much concern was raised about the 
tritium lights being re~oved, stolen, or vand3lized. Because·of 
the physical conditions at Clear Creek and limited security person­
nel available, it was dec~ded that risk was within limits and this 
would be an undefined evaluation factor~- Results in this area were 
totally satisfactory. Thro~ghout the test period only vn~ light 
was removed, retrieved immediatelyt and returned to service. This 
one isolated case is insignificant when considering the large num­
ber of USAF and USA personnel involved at Clear creek, the length 
of deployment, and lack of active security measures~ 

3~ Aircrew Evaluation. 

a~ Acquisition Range. 

(1} Range at which pilots could visually acquire the tritium 
lights was considered a critical evaluation factor. Throughout the 
test it was shown that acquisition range was highlY dependent ·upon 
the level of light from external sources. Range decreased greatly 
with dawn and dusk or with a full moon and clear skies. Under ideal 
dark conditions, range varied from one to two miles and was depen­
dent again on several factors~.- First, pilots of slower aircraft 
such as helicopters acquired the lights sooner than faster/larger 
aircraft such as the C-130. Also 1 range seemed to ~ncrease with 
increasing pilot familiarization with the tritium lights. Also, the 
lead in and VASI panels were acquired sooner than the smaller runway 
edge lights, which was expectedr considering the differences in light 
fixture frontal area. 

(2} The USA UH-60 pilots considered the tritium li~hts 
entirely satisfactory for their mission. They evaluated both visible 
and infrared (IR) lighting and rated both excellent~ 

(3) 0-.2 ?ilot participation in the test \~·as minimal. Con­
sensus was that the tritium lights, in the present configuration, 
would be as acceptable as the alternative method .of rum•ay iden­
~ification1 cOleman type fuel laterns. Acquisition range, under 
ideal' conditions, was one to two miles and tended to- improve 
slightly with familiarity. 

2 
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(4) A-10 pilots participation in the test was minimal. 
Questionnaires received showed erratic aircrew responses which did 
not provide any meaningful information. A primary reason was 
undoubtedly due to pilot unfamiliarity with the tritium lights. 

(S) C-12 pilots acquired the tritium lights at one to two 
miles under ideal conditions. Range again improved with the famil­
iarity .. 

(6) C-130 pilots tended not to acquire the lights as quickly 
as pilots of smaller, slower moving aircraft. 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. ~1ost pilots felt the tritium lights 
provided useable alignment information from about one mile. This 
was considered satisfactory for slow moving aircraft which would 
be afforded additional ti~· for cOrrection. Pilots of higher speed 
aircraft felt the tritium lights provided minimal time for align­
ment and forced go arounds were a definite possibility~ 

c. VASI Lights. The tritium VASI system was a simple three 
bar system. Acquisition range for most pilots was one to one 
and one-half miles. However, useable range {able to discern gli9e­
slope deviation) was generally put at about one half the acquisi­
tion range. Most pilots considered the VASI systemf as configured 
for this test, a limited cross-check system rather than a total 
glideslope guidance system. 

d~ Runway landing zone/Edge lights. Only UH-60 and C-130 air­
craft landed using the tritium light system and nearly all pil9ts 
cor.sidered them adequate for safe landing- 0-2# A-10 1 and c-12 
aircraft flew low approaches only, but these pilots felt a safe 
landing could have been made. 

CONCLUSION 

The test completed during SRIM 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 aircraft. For larger, faster moving aircraft the lights 

.. offer only marginal perfo-Fmance and would have to be supported with 
other lighting aids to be totally acceptable. 

RECO"''IENDATIONS 

1. The use of tritium runway lights, as presently designed, 
should be limited to supporting operations of small, slow moving 
aircraft like 0-2s and helicopters. 

2-. Xirc"rews r.iust haVe the opportunity to fly approaches to the 
tritium lights~ in a controlled training environment, prior 
to any operational deployment. 
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3. Visual acquisition range must b~ improved oy redesigning 
the lights and/or providing an additional location aid. 

4~ Further testing and evaluation is required to determine the 
feasibility of tritium lights to support A-10 or c-130 operations. 

• 
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APPENDIX F 

SAMPLE QUESTIONNAIRE AND EVALUATION SUMMARY 

MALAMUTE LANDING ZONE, ALASKA, FEBRUARY 1983 
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RADIO-LUMINESCENT AIRFIELD LIGHTING DEMONSTRATION 

QUESTIONNAIRE 

To be completed by all observers: 

This questionnaire is intended to act as a semt-formal data gathering method 
which will help determine the overall effectiveness of the R ... l system as well 
as identify areas where further testing, development, or improvements are 
needed. 

Name of Observer 

Affiliation 

Address 

Telephone 

OBSERVATION DATE: TIME: 

LOCATION: 

I) Are you a licensed pilot? O Yes 0 No 

2) During the observation what would you estimate was the maximum distance 
which you were able to see any of the R-l lights. 

3) 

0 1/4 mile 0 1/2 mile 0 3/4 mile 

0 1.5 mile 0 2 mile 0 2.5 mile 

The first R-l lights which you saw were: 

(:] Lead-in markers 

0 Wind Tee 

0 
0 

VAS! 

Runway Edge Lights 

0 1 mile 

0 3 mile 

4) While in the traffic pattern were you able to maintain reference of the 
~unway by use of the R-L Lights? 

0 Yes 0 No Comments: ____________ _ 

5) \.lhile on final approach did the R·l lead-in markers help you Jlign with 
the runway? 

c:J Helped very much 

0 Did not help 

0 Helped somewhat 

Comments: 



6) 

( 

Did the R-l VASI assist in maintaining glide slope? 

0 Helped very much 

r:J Old not help 

0 Helped s.omewhat 

Comments: 

7) Did the R-l VASI assist in horizontal runway alignment? 

0 Helped somewhat r:J Helped very much 

0 Old not help Comments: ---------------------

8) In your op1n1on, is the R-l VASl a practical landing aid for runways 4000 
feet and under? 

r:J Yes 0 No Comments: 

9) Was the R-L Wind Tee clearly visible? r:J Yes O No 

10) Was the R-L W.ind Tee easily interpreted? 

0 Yes 0 MO Comments: 

ll) In your opinion, is the R-l Wind Tee a practical landing aid? 

r:J Yes 0 No Comments: 

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

0 Yes 0 No CO!nments: 

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

r:J Yes r:J No Comments: 

-
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H) Were the reflectors on the R~L light fixture bases of assistance during 
landing? 

0 Yes 0 No Comments:------------

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

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

17) In your opinion, is the R-L lighting system which you have observed 
suited for application in Alaska in its present form? 

0 Yes 0 No c:J Yes with improvements and modifications 

18) What improvements and modifications would you like to see? 

19) General Co!Mlents: --------------------~ 

Thank you for your cooperation. Please return to; 

Lee Leonard 
ReSearch Section 
Alaska Department of Transportation 

and Public facilities 
2301 Peger Road 
Fairban~s. AK 99701 -
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R-l QUEST!OtiNAIRE 

SU:,lt·lARY OF R(SUL TS 

FROM: Malc1nute Field Test 
Fort Richardson, Alaska 

• February S & 7, 1983 

TOTAl HUNB(R OF QUESTIONNAIRE RESPONSES: 23 Responses 

NOTE; Questionnaire attached for reference. 

QUEST ION 11 

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

9 people obs.erved from CN130. 
5 people observed from C-12 (~eech King Air light Twin) 
6 people observed from Cessna 206 
8 people observed from Huey helicopter 

Note: Some individuals observed 1 ights from hJo or more aircrdft during 
- the test period~ 

Conclusions: 

(ssentially all of the queried observers were licensed pilots. 

QUESTION 12 

l mi 1 e - 1 
3/4 Mile - 7 
1 Mile - 6 

Conclusions: 

1l mile - 3 
2 mile - 4 
3 Mile - 2 

• 

Fifty-six percent of the observers acquired the Hghts in the 3/4 to 1 
mi1e range while 39% acquired them at a greater distance which would 
indicate that 1 mile would. be a nominal acquisition distance to report 
under the weather conditions experienced during t~sts. 

QUEST !O~_fl 

lead in lights - 18 
~AS! - 3 

. fdge 1 iglrts - 2 • 

Cuoc1usions: 

SE<vc..nty·e-ight pei-cent ac'{uired the leod-in i':'ghts. first and ~:;ny fell that 
soi7.e form of the ieod w sy~tcm 1·:.cs nc•cl!'ssary to cny R-t SJS~t-m. 

• 
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QUESJlOij 14 

Yes • 8 
No • 15 

Conclusion; 

(· 

Oownwind reference of edge lights was not good~-65: nat able to keep track 
of lights while 35% did. However* C~130 crews were os1ng 1) to 2 mile from 
runuay downwinds while Cessna 206 was blocked from seeing lights on 
downwind because of low ceiling and the interference of the tree line • 

QUESTION 35. 

Helped very much - 17 
He 1 ped somewhat - 6 

Conclusions: 

One hundred percent of observers felt that the lead-in lights were 
helpful. 

QU[Sf!ON 35: 

Helped very much - 5 
Helped somewhat ~ 10 
Did not help - 5 
No comment - 3 

Conclusions: 

:":1- '"y~f~'":: ;'::!rcent of abseners felt the R~L VASI was useful for apprcKh 
... i · re. 

QU(STJON 17 

Helped very much - 4 
Helped somewhat - 11 
Did not help 6 
tto corrJnent - 2 

Cunciusions: 

' 

S·b:ty-five percent of observers felt the R-l VASI was useful for 
hUrizoritaf _al igt1ment, although later in the de~riefing the cance:n<sus 
se:e::,,:d to be that this use of the VAS! \·HIS insignificant. 



QU[ST ION #8: 

Yes - 13 
No - 6 
No choice 4 

Conclusion: 

I, 

fifty-seven percent of observers seemed to think that the R..,l VASl was a 
significant landing aid. The difference between this percentage and that 
shown in question 6 & 7 seems to reflect the feeling of some that for 
light aircraft a VASI is not normally required. 

QUESTJON :9: 

Yes - 9 
No - 12 
No choice ... 2 

Conclusions: 

The reaction of observers to the wind tee was not very favorable~ Hc11Cver", 
the concens.us seems to be that the wind tee which was used was too small 
to permit adequate definition. Redesign should improve this problem. 

QU[STJON #10 

Yes - 4 
No- H 
No choice - 5 

Condusion: 

Same as G9. 

QUEST! ON Ill 

Yes - 7 
No - 10 
Bo choice - 6 

Cunclvsion: 

S.:.me as #9. 

• 



QUESTION 112 

Yes - 16 
No - 5 
No choice - 2 

Conclusion: 

Seventy percent of the observers felt that the R-l System permitted 
adequate time for final approach corrections while 28% did not. This 11ould 
indicate that 71)1; would be co1nfortable landing to the system while 22%' 
would be hesitant. 

QUESTION #13 

Yes - 18 
No - 3 
No choice - 2 

Conclusions; 

Seventy~eight percent of observers felt the landing .(one was adequately 
defined by the system while only 13% did not. We interpret this to mean 
that 13% were dissatisfied with the distance at \'Jhich they could acquire 
runway definition~ 

QUESTION #14: 

Yes - ll 
No - 8 
No choice - 4 

Conclusions: 

Forty-eight percent of observers felt the reflectors were helpful wh .. ile 
35'1 did not. This result is highly dependent on the aircraft from \oJhich 
the observation was made and the power of the 1anding lights. The 
reflectors were considered ~mportant by the C-130 observers and not very 
helpful to t~e light aircraft. 

QUESTION #IS; 
-----~-

Adequate • 20 
Inadequate - 2 
N'O COr.li:i;:nt" ~ 1 

Conclusiuns: 

On1y ~wo observers or g:; objE-cted to the color of R-L 1ights. 
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QUEST ION 116: 

Adequate • 19 
Jna-de-quate - 1 
No comlllent - 3 

Conclusions; 

Only 1 observer or 4t did not feel the tax:iway 1 ights were adequate for 
ground control. 

QUESTION 117 

Yes · 2 
No - 3 
Yes w/improvements - 18 .~. 
No comment - 0 

Conclusions: 

Eighty-seven percent of the observers felt that the system would be 
suitable for application in bush Alaska at runways 45 000 feet and less. 
However, the majol"'i ty of these { /B:t of a 1l observers) fe 1 t improvements 
were needed to the system which they observed. 

GENERAL: 

Of a total of 368 possible qualitative 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 
\'las not yet adequate for the use 1ntended. 

Nine percent were neutraL 
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AL-FS00-61 CON(UI<I<I••::.! 

?.arliolur.,inesccnt U;1ht (rtl) System -------·~=;;o-­IHH<A>S/!-IG. 

Albert J, Crook 
f'anager, AL-FS00-61 

JeroG~e P. Bushnell 
ganager, AAI..-200 

lhe Alaska Department of Transportation Research Section, working 11fth oArT~-----
the Alaska Air National Guard. FAA Flight Standards and the Army National 
Guard. conducted a demonstration of a rad1oluninescent 11ght {R-l) sys- ~TG.Sy;bO< 
tern at Malemute Field, located three m11es from ft. Richardson's Bryent 
Airfield. To test the 1i9ht1n9 system's effectiveness for aircraft 1n WiiiAiS/~-c;.­
different performance categoriest lockheed Hercules C-130's, a Cessna 
206~ and a Huey Helicopter were used. The C-130 demonstration was con- OA.rf~-----­
ducted on February 5, 1983. A Cessna 206 flight, scheduled for febr 
ruary 6th. had to be cancelled for weather. Thfs flight and the tluey llr<u"'-'~!,OL 
Helicopter fliqht were accomplished the following evening. 

rne lighting system consisted of lead in lights, VAS! panels, a lighted 
wind conet and runway edoe lights. During our observat6ons. partici­
pants unanamous1y agreed~ lighting system usefulness and runway acqui~ 
sltOon weee enhanced with experrence. The R-L system does not have the 
light intensity or color of a standard incandesent lighting systen. thus 
reducing the uSeful range and changing the runway characteristic appear­
ance. 

Hith lead inn lights,· the airfield was vl~lble from 2-3 miles. This 
provided pilots sufficient time to achieve proper align~ent in a11 
aircraft perforn1ance categories. Uithout the lead ri:n lights~ runway 
acquisition wauaCas d1fficu1t and left insufficient ftw~ for the C-130's 
to make final approach aligr~ent corrections. light aircraft flown by 

DA1i 

pilots familiar with the system were able to operate with only thres- DAJi------· 
hold and edge lights. The helicopter did not have difficulty with eithe 
lighting configuration~ having the advantage of reducing ground speed to f<,,o,c~.<.,o:,_.=0, 
meet visibility conditdons. · 

The VASI light provides valuable assistance in maintaining glide s1ope 
and horiz-ontal aligrn\1cnt. ~lith light intensity af~ectfng depth percep­
tion~ particularly with blrn·ring snow, this was a practical Unding aid. 
Instead of the oornal red over white VASl oresentat1on, the R~L system 
used three 11ght panels that, when aligned in a. hat share fashion. gave 
an on glide slope indication. After several approaches. the new VAS£ 
system was co~artab1e to use. 

OfFlClAL FllE COPY 



Runl'lay [doe Lights oaVe adequate defiimition of the landing zone and 
were exccllant for iaxiing. Hhcn used h'ithout lead in liqht~.rcm.,yy 
acnu1s1t~on Has difficult but the ranqe could be extended hy con­
centrating fTlOre liqhts in the threshold touchdown area. At:~ain, oper­
ating with oi!lly ucm-:ay cdqe lights reguires experience with the Jg~ht 
system to l:teln locate the uonway. Rum .. 1ay edge lights should not he 
considered adequate for a sole means of locating an airfield. tlavi­
gational aid intersections, terrain features, and pilotage Hould en­
hance airfield acquisition. 

The R-l lighting System cor.Pinations are .,.tell suited for rul!'l!! Alaska 
locations without electrical power. ~lith the avai1abilfty of lead in 
lights, VAST systems, and runway edge lights. combinations may be de= 
veloping to satisfy operator requinc3ents. The R-l system, unlike 
flare pots, proYides liaht continuously, requires no maintanance, and 
operates effectively in-all .,.teather conditions. By using the lead in 
lights for timely runl'lay acquisition, VAST lights for horizontal guid­
ance, and the runw~ ed9e lights for runw~ identification, it appears 
o~erations would be limited only by rum¥~ length and surrounding 
terrain. 

. . 
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APPE~OIX H 

TECHNICAL WORKING GROUP TEST AND EVALUATION 

SEPTEMBER 1 AND 8, 1983 



AA.SF #l 15 September 1983 

Ml!l!ORANDUM FOR RECORD 

SUBJECT! Test and Evaluation Project Firefly 7-8 Sep 83 at Camp Mackall 

1. As per discussion. Mr. Remini requested the undersigned to release this report 
as the official minutes o£ tbe TWG conference held and test and evaluation conduct­
ed at Raleigh and Camp Mackall$ ~C on 7-8 Sep 83 in order to expedite program in­
formation to all recipients. 

2. Members of the TWG mat on the afternoon of 7 Sep for the p1.lrpose of reviewing 
and finalizing the test program for that night. During the afternoon the runway 
at Mackall to be used {RW 04) was set up for the: night ts testing (see Incl Ill for 
Camp Mackall Airfield layout). 

3. The pritrlary puTpose of thiS test was to de:tet"'IU.ne if increasing the number o£ 
tubes per fiXture would provide the required acqu1sit1on distance of 4-6 miles for 
USAF Milit:a.ry Airlift C011111land (MAC) use~ l'he fixtures used for threshold landing 
and touchdown zone lights vere non-reflectorized and contained multiple tubes. 
The runway edge lights were reflectorized and contained one tube for each fixture. 
The lights were deployed as depicted on page 5-10 MACR 55-130 (Incl #4) minus the 
red lights to mark the end of the runvay. 

4. Testing at Mackall confirmed ·that increasing the nwnber of tubes does increase 
the acquisition distance of the lights. Distances in excess of 6 miles were identi­
fied for acquiring th-e lights and in excess of 4 t'lliles for identifying "breaks" in 
the lights (see lncls IZ,5,6,&7 for test resulta)~ The runway edge marker l~ghts 
(reflectorized one tube) were not adequate to provide t:he desired "definit:iont• for 
runway identification. The four tube round oblong container used in Alaska tests 
for the RW edge markers is more suitable for this purpose than the one tube re-
fleetorized light. · 

5. Pertinent weather for this test vas 20.000 1 .scattered visibility of 7 milesy 
no moon. and relative humidity of 65%. 

6. The following conclusions were determined regarding the nights testing: 

a. By increasing the number of tubes~ acqu1sition and identification distances 
can ~e obtained well vithin the stated needs of MAC of 4-6 miles. 

b. The parabolic 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 
considerations) in constructing the fixtures, mounting apparatus, and shipping 
containers. 

e. More technicians from Oak Ridge must be dedicated to field testing for 
required support. 

f. In that the purpose of the tritium lights was not intended as a navigational 
aid but a 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 generally agreed upon. 
(See Incl 03 for list of attendees and participating personnel.) The following 
items were discussed and evaluated/agreed upon: 

a. Mr. Remini, DOE, directed the following: 

(1) ORNL is to obtain two TEG's for powering strobe lights (beacon) and 
have both fully operational prior to the next field test. 

(2) ORNL is to evaluate number needed and provide ORNL technicians in 
sufficient numbers to support future field tests. 

(3) ORNL is to inspect and inventory all hardware, supplies, fixtures, 
etc., prior to shipment to verify contents and condition. 

(4) Make coordination with Alaskan 
from Alaska to Mackall for next field test. 
initiate coordination for same. 

persom1el to bring RW edge marker lights 
George Jensen, BATTLLE volunteered to 

(5) LTC Everett, test director, to publish official minutes of test and 
meetings. 

(6) ORNL is to coordinate/initiate time motion study to determine number 
manhours to establish and have operational the airfield lighting system. Also to 
determine time required to "tear down" and prepare for movement/shipment. Study 
to include the optimum number of personnel to accomplish these actions. 

(7) ORNL is 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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b. Visual Approach Slope Indicator (VASI) lights are to be included and evalu­
ated at the next field test. VAS! lights presently in Alaska are to be used in the 
event ORNL does not have time to construct the new tubes. 

c. USAF Europe in Twix Message #R301445Z Aug 83 to AFESC Tyndall AFB expressed 
interest in the tritium lighting system specifically for edg~ threshol~ and approach 
slope indicator lighting. 

d. Hr. G. Grandy, an employee of Dupont with the Savannah Nuclear plant under 
government contract with DOE, attended briefings and testing of the lights at Mackall. 
His interest was seeking a reliable, no external power supply lighting solution for 
marking obstructions to low level flight; i.e •• putting lights on top of poles, 
wires, towers, etc. 

e. Mr. Remini and Mr. Hardy noted that AFESC, TAFB, had translllitted to DOE a 
military interdepart~ntal purchase request (MIPR) in the amount of $400,000.00 to 
support continued development of the design prototype fabrication and the deployment/ 
evaluation of the radioluminescent airfield lights. A statement of work (SOW) spel­
ling out testing in Alaska was included. 

8. In summary the test at Mackall validated the 4-6 mile acquisition distance needed 
by the USAF. The reflectorized one tube fixture is insufficient to provide early 
runway definition. The first generation RW edge lights used in Alaska will be used 
in the next test at Mackall. Target date for the pre-Alaska test is still tenta- · 
tively scheduled for 2-3 Nov 83 at Mackall. A test plan for 2-3 Nov will be develop­
ed and distributed on or about 6 Oct 83. A VASI system will be incorporated into the 
next test. 

7 !nels 
1. Camp Mackall Airfield Layout 
2. Test Results Recap 
3. List of Attendees/Participants 
4. MACR 55-130 Extract 
5. Tests 1-7 
6. Test 8 
7. Test 9 

DISTRIBUTION: 
Hr. Remini 
Hr. Case (2) 
Mr. Nelson 
MA.J Bell 
Mr. Hardy 
COL West 
Mr. Jensen 
MAJ Hobbs 
MA.J Hu1t (2) 
MAJ Olson 
COL Guard 
Mr. Gale 

-(~(.~~ 
L~~IE T. EVERETT, JR. 
LTC, A.R, NCARNG 
Commander, AASF #1 
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TEST DATA FOR ALL TESTS 

TEST ll: (Altitude 1800'; lights 18" above ground) 

Trained eye acquired lights at 4.5 miles. 

TEST #2: (Altitude 2000') 

Trained eye acquired lights at 6.0 miles; identified at 4.5 miles. 

Untrained eye acquired 3.5 miles; identified 3.5. 

TEST #3: (Altitude 2500') 

Tra.ined eye acquired 6.0 miles; identified 4.0. 

Untrained eye acquired 5.25 miles; identified 4.0. 

Untrained eye acquired 5·.0 miles; identified 4.0. 

• No significant improvement on raised lights. 

TEST 14: (Altitude 3000') 

Trained eye acquired lights at 5.5 mi~es; identified 3.5. 

Untrained eye acquired lights at 5.5 miles; identified 3.5. 

Untrained eye acquired lights at 5.5 miles; identified 3.5. 

All acquired runway edge lights at 2.5 miles. 

TEST #5: (Altitude 2700' ) 

Trained eye acquired lights at 5.5 miles; identified 3.5. 

Untrained eye acquired lights at 5.0 Miles; identified 3.5. 

Untrained eye acquired lights at 5.0 miles; identified 3.5. 

TEST 16: (Altitude 3000') 

Trained eye acquired lights at 5.5 miles; identified 4.5. 

Uncained eye acquired lights at 5.5 miles, identified 4.5. 

Untrained eye acquired lights at 5.5 miles, identified 4.5 

• 1st row of lights appeared dimmer. 
2nd & 3rd rows of lights appeared brighter. 

Heights of lights were 18", 36", and 60". Overall acquisition appeared to s l i ghtly 
increase. Lights appeared to be stacked optically at 4.5 mil es . 

Inc! 1/2 



TEST #7: (Altitude 3000') 

TTained eye acquiTed lights at 5.5 miles; identified 3.5. 

Trained eye acquired lights at 5.5 miles; identified 3.5. 

Untrained eye acquired lights at 4.5 miles; identified 3.0. 

Untrained eye acquired lights at 5.0 miles; identified 3.0 

t•ained eyes acquiTed runway edge lights at 2.5 miles. 

untrained eyes acquired runway edge lights at 1.5 miles. 

TEST #8: (Plan E) (Altitude 2500') 

trained eyes acquired lights at 6 miles; identified at 4.5. 

untrained eyes acquired lights at 4.5 miles; identified at 3.5. 

TEST #9: (Plan P) (Altitude 2500') 

trained eye acquired lights at 6 miles. 

untrained eye acquired lights at 5.5 miles. 

untTained eye acquired lights at 5.0 miles. 

All eyes identified at 3.5 miles at 2100'. 

At 3.5 miles lrd set of lights were noted visually as being raised. 

Incl /12 
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Bill Remini 

Neil Case 

Tom Hardy 

Lea Everett 

James B. Stokes 

CPT L.A. Mauro 

CW3 Bob Wehrenberg 

Mr. George Jensen 

Mr. Andy Thompkins 

Mr. Tom Anderson 

Mr. G. Grandy 
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Six green lights define the end of the 
usable runway. The lights are placed at 
each corner and are spaced six feet apart. 

0 
0 0 
0 0 

0 
0 0 

MACR 55-130, Chap 5 

0 0 

28 August 1982 

0 
0 

---DIRECTION OF FLiGHT---..... - IRED 
!:--::-------:::--------:::--------::-------:------lLIGHTS 
00 0 0 0 0 0 
0 0 0 Oo 0 o0 o o ooo 
1 4ooft 

---1 lOOft ldentifyin·g letter consists of white lights 
adjacent to the CCT Control Point at the 
side of the LZ. (Optional) 

First white lights are dual and 100 feet down from· the 
approach end of usable runway. The second white li;hts 
are dual and 400 feet down from the first. All subse­
quent white lights are single and 500 feet apart . 

NOTE 

All obstructions are 
marked with red lights. 
All taxiways and load­
ing areas are marked 
with blue· lights. 

Figure 5-5. Landing Zone Markings (Night). 
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tso' 
Each set of lights in the threshold and landing zone system concains 4 each 12" x 12" 
fixtures containing 7 tritium lights each fixture • 28 tubes per set of ligh~s. Tubes 
were mounted vertically for all tests. 

TEST #2: Edge lights were added every 250' with no significant improvement • 

TEST #3: Lights in Row #3 were raised 2' with no significant improvement. 

TEST #6: Lights in Row 12 & 13 raised. Changes noted in configuration and overall 
acquisition appeared to slightly increase. Height of 3 sets 18". 36", 60". 
Lights appeared to be stack~d optically. 
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TY4~ ~ ISO' ~ 
Light sets (4 fixtures each set) were moved from the far end of the landing 
zone and divided between the bottom end of the landing zone and the threshold 
lights. See lncl H2 for results. 
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Light sets were moved closer together as depicted to "mass" more lights - see 
Test H9 results on Incl 12. 
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