
HEADQUARTERS

SREPLY TO
-S- ATTENTION OF:

DRS EL-S F-H

DEPARTMENT OF THE ARMY
US ARMY COMMUNICATIONS-ELECTRONICS COMMAND

AND FORT MONMOUTH
FORT MONMOUTH, NEW JERSEY 077.03

24 FED 1-92

to-so/

SUBJECT: Renewal and Complete Revision of US Nuclear Regulatory
(NRC) Source Material License Number SMB-1300

Commission

Commander
US Army Material Development and Readiness Command
ATTN: DRCSF-P
5001 Eisenhower Avenue
Alexandria, Virginia 22333

1. The inclosed applictilon for the renewal and complete revilI oi -jj
license for the use of Thorium Fluoride as optical coatings in thermal
imaging Night Vision devices is submitted for review and forwarding to the
NRC.

2. The inclosed application is submitted~in fulfillment of the requirements
of Section 40.31 and 40.43 of Title 10, Code of Federal Regulations, Part 40.

FOR THE COMMANDER:)

Colonel, GS
Chief of Staff
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U.S. NUCLEAR REGULATORY COMMISSION

APPLICATION FOR SOURCE MATERIAL LICENSE
Pursuant to the regulations in Title 10, Code of Federal Regulations, Chapter 1, Part 40, application is hereby
made for a license to receive, possess, use, transfer, deliver or import into the United States, source material
for the activity or activities described.

I. (Check one) 2. NAME OF APPLICANT

(a) New license See Supplement A
El (b) Amendment to License NO. 3.PRNCPABSIESADRS

~i(c) Renewal of License No. SMB- 1300 3.PICALBSNSADRS

[2(d) Previous License No. See. Supplement A
4. STATE THE ADDRESS(ES) AT WHICH SOURCE MATERIAL WILL BE POSSESSED OR USED

See Supplelment B

5. NAME OF PERSON TO BE CONTACTED CONCERNING THIS APPLICATION 6. TELEPHONE NO. OF INDIVIDUAL NAMED IN ITEM 5

Steven A. Horne, Supervisory Health. Physicist 201-544-4427
7. DESCRIBE PURPOSE FOR WHICH -SOURCE MATERIAL WILL BE USED

See Supplement C

8. STATE THE TYPE OR TYPES~ CHEMICAL FORM ORFORMS. AND QUANTITIES OF SOURCE MATERIAL YOU PROPOSE TO RECEIVE.
8. STATE THE TYPE OR TYPES% CHEMICAL FORM OR FORMS. AND QUANTITIES OF SOURCE MATERIAL YOU" PROPOSE TO RECEIVE.

POSSESS. USE. OR TRANSFER UNDER THE LICENSE

(a) TYPE (b) CHEMICAL FORM j(c) PHYSICAL FORM (Including (d) MAXIMUM AMOUNT AT

I I % U or Th.) ANY ONE TIME (kilogram•)
I

ý4

A

NATURAL URANIUM

URANIUM DEPLETED IN
THE U-235 ISOTOPE

THORIUM (ISOTOPE) See

(e) MAXIMUM TOTAL QUANTITY OF SOURCE MATERIAL YOU WILL HAVE ON HAND AT ANY TIME (kilograms)

9. DESCRIBE THE CHEMICAL. PHYSICAL, METALLURGICAL. OR NUCLEAR PROCESS OR PROCESSES IN WHICH THE SOURCE MATERIALWILL
BE USED. INDICATING THE MAXIMUM AMOUNT OF SOURCE MATERIAL INVOLVED IN EACH PROCESS AT ANY ONE TIME. AND PROVIDING
A THOROUGH EVALUATION OF THE POTENTIAL RADIATION HAZARDS ASSOCIATED WITH EACH STEP OFTHOSE PROCESSES.

See Supplement C

10. LIST THE NAMES AND ATTACH A RESUME OF THE TECHNICAL QUALIFICATIONS INCLUDING TRAINING AND EXPERIENCE OF

APPLICANT'S SUPERVISORY PERSONNEL AND THE PERSON RESPONSIBLE FOR THE RADIATION SAFETY PROGRAM (OR OF AP-

PLICANT IF AN INDIVIDUAL).

See Supplement D

I1. DESCRIBE THE EQUIPMENT AND FACILITIES WHICH WILL BE USED TO PROTECT HEALTH AND MINIMIZE DANGER TO LIFE OR PROPERTY
AND RELATE THE USE OF THE EQUIPMENT AND FACILITIES TO THE OPERATIONS LISTED IN ITEM 9: INCLUDE: (a) RADIATION DETECTION
AND RELATED INSTRUMENTS (including film badges. dosimeters, counters, air sampling. and other survey equipment as appropriate. The description of
radiation detection instruments should inclu.dte the instrument characteristics such as type of radiation detected, window thickness, and the range(s) of each in-
strument).

See Supplement E

(b) METHOD. FREQUENCY. AND STANDARDS USED IN CALIBRATING INSTRUMENTS LISTED IN (a) ABOVE. INCLUDING AIR SAMPLING
EQUIPMENT (for film badges, specify method of calibrating and processing, or name supplier).

See Supplement F

Form NRC-2 (7-77)
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-• 1 "11(c). VENTILATION EQUIPMENT WHICH WILL ,BE USED IN OPERATIONS WHICH PRODUCE DUST. FUMES. MISTS, OR GASES. INCLUDI"-
PLAN VIEW SHOWING TYPE AND LOCATION OF HOOD AND FILTERS. MINIMUM VELOCITIES MAINTAINED AT HOOD OPENINGS AND r-
CEDURES FOR TESTING SUCH EQUIPMENT.

Not applicable. There will be no processing or maintenance performed on these
commodities requiring ventilation.

12. DESCRIBE PROPOSED PROCEDURES TO PROTECT HEALTH ANO MINIMIZE DANGER TO LIFE AND PROPERTY AND RELATE THESE PRO-
CEDURES TO THE OPERATIONS LISTED IN ITEM 9: INCLUDE: (a) SAFETY FEATURES AND PROCEDURES TO AVOID NONNUCLEAR ACCI-
DENTS. SUCH AS FIRE. EXPLOSION. ETC.. IN SOURCE MATERIAL STORAGE AND PROCESSING AREAS.

See Supplement G

(b) EMERGENCY PROCEDURES IN THE EVENT OF ACCIDENTS WHICH MIGHT INVOLVE SOURCE MATERIAL.

See Supplement H

,: (c) DETAILED DESCRIPTION OF RADIATION SURVEY PROGRAM AND PROCEDURES.

See Supplement I

13. WASTE PRODUCTS: If none wvill be genera ted, state "None" opposite (a), below. If waste products will be gener-
a ted, check here ] and explain on a supplemental sheet:

(a) Quantity and type of radioactive waste that will be generated. None
(b) Detailed procedures for waste disposal. See Supplement J

14. IF PRODUCTS FOR DISTRIBUTION TO THE GENERAL PUBLIC UNDER AN EXEMPTION CONTAINED IN
10 CFR 40 ARE TO BE MANUFACTURED. USE A SUPPLEMENTAL SHEET TO FURNISH A DETAILED
DESCRIPTION OF THE PRODUCT, INCLUDING:
(a) PERCENT SOURCE MATERIAL IN THE PRODUCT AND ITS LOCATION IN THE PRODUCT.
(b) PHYSICAL DESCRIPTION OF THE PRODUCT INCLUDING CHARACTERISTICS, IF ANY, THAT WiL

PREVENT INHALATION OR INGESTION OF SOURCE MATERIAL THAT MIGHT BE SEPARATED
FROM THE PRODUCT.

(c) BETA AND BETA PLUS GAMMA RADIATION LEVELS (Specify instrument used, date of calibration and
calibration technique used) AT THE SURFACE OF THE PRODUCT AND AT 12 INCHES.

S. (d) METHOD OF ASSURING THAT SOURCE MATERIAL CANNOT BE DISASSOCIATED FROM THE MAN-
UFACTURED PRODUCT.

CERTIFICATE
(This item must be completed by applicant)

m1 The applicant, and any official executing this certificate on behalf of the applicant named in Item 2,certify that this application is prepared In conformity with Title 10, Code of Federal Regulations,

i ;Part 40, and that all information contained herein, including any supplements attached hereto, is
true and correct to the best of our knowledge and belief.

FOR THE COMMANDER: Department of the Army
BY: US Army Communications-Electronics Command

(Signature)

• i•:.!:• • i Dated -fi
.. Date ___ ___ OHN•. /PATTEM0• ztype name)

t0olonel, GS
. .Chief of Staff

(Title of certifying offcial authorized to act on behalf of the appi~cant)

WARNING: 18 II.S.('. Section 1001 ; Act of June 25. 1948; 62Slat. 749; makes it a criminal offense to make a willfully false state-
ment or representation to any department or agency of the United States as to any matter within its jurisdiction.

Form NRC-2 (7-77)



1. Inclosures 1, 2, 3, 4, 5, 6 and 7 are concurrences from the major Army
commands, which are responsible for the use of the various thermal imaging
Night Vision devices.

2. Inclosures 8, 9, 10, 11 and 12 are concurrences from the effected DARCOM
Major Subordinate Commands who are responsible for the management of the
various fire control systems utilizing.the Night Vision devices.

3. Inclosures 13, i4, 15 and 16 are concurrences from the effected DESCOM
Depots with regard to bulk storage and/or maintenance functions associated
with these Night Vision devices.

4. This license application was reviewed and concurred in by the Fort
Monmouth Ionizing Radiation Control Committee on 19 February 1982.



DEPARTMENT OF THE ARMY
200TH THEATER ARMY MATERIEL MANAGEMENT CENTER

APO NEW YORK 09052

SFEB 1982.
AEAGD-MMC-RA-CS

SUBJECT: Application for Renewal and Complete Revision of US Nuclear
Regulatory Commission (NRC) Source Material License Number SMB-1300

Commander
US Army Communications-Electronics

Command and Fort Monmouth
ATTN: DRSEL-SF-H
Fort Monmouth, NJ 07703

1. Reference letter, DRSEL-SF-H, US Army Communications-Electronics Command,
dated 20 January 1982, subject as above.

2. This Center has reviewed the subject license for matters pertaining to the
implementation of regulatory requirements for the control of these radioactive
commodities 'and concurs in the proposed license.

3. POC this Center is MAJ Lind, ZBN MIL (2281-) 6211/7328.

FOR THE COMMANDER:

LTC, OD' (V.Chief, Armament Systems Division

./



AFLG-MAC (20 Jan 82) 1st Ind
SUBJECT: Application for Renewal and Complete Revision of US Nuclear

Regulatory Commission (NRC) Source Material License Number
SMB-1300

HQ, FORSCOM, Ft McPherson, GA 30330 2 FEB 1982
TO: Commander, US Army Communications - Electronics Command and Fort

Monmouth, ATTN: DRSEL-SF-H, Fort Monmouth, New Jersey 07703

Concur in subject application.

FOR THE COMMANDER:

wd incl bl A. BLACK
CPT, AGC
Asst AG

2



* AJGC-OT (20 Jan 82) 1st Ind MAJ Kluender/jk/233-4806
SUBJECT: Application for Renewal and Complete Revision of US Nuclear Regulatory

Commission (NRC) Source Material License Number SMB-1300

Headquarters, United States Army Japan/IX Corps, APO San Francisco 9634310 FEB- 1981
TO: Commander, United States Army Communications-Electronics Command and Fort

Monmouth, ATTN: DRSEL-SF-H, Fort Monmouth, New Jersey 07703.

1. Concur with application as written.

2. POC this headquarters is MAJ Schubert, 233-4806.

FOR THE COMMANDER:

wd all Incl M
SGM,. USA
Asst AG

"I

2



DJ-MS-MC (20 Jan 82) 1st Ind
SUBJECT: Application for Renewal and Complete Revision of US Nuclear

Regulatory Commission (NRC) Source Material License Number SMB-1300

Headquarters, Eighth United States Army, APO San Francisco 96301 3 FEB

TO: Commander, US Army Communications-Electronics Command and'Fort Monmouth
ATTN: DRSEL-SF-H, Fort Monmouth, New Jersey 07703

Concur in subject application.

FOR THE COMMANDER:

wd all incl FEK O WEN
SFC, USA

Assistaint Adjutant General

2



NGB-ARL-M (20 Jan 82)
' SUBJECT: Application for Renewal and Complete Revision of US

Nuclear Regulatory Commission (NRC) Source Material
License Number SMB-1300

HQ, Departments of the Army and the Air Force, National Guard
Bureau, Washington, DC 20310 1WFEB •

TO: Commander, US Army Communications-Electronics Command,
ATTN: DRSEL-SF-H, Fort Monmouth, NJ 07703

Concur.

FOR THE CHIEF, NATIONAL GUARD BUREAU:

1 Incl
nc Colonel, GS

Chief, Army Logistics Division

2.

A



S: 17. Feb 82

ATCD-NC (20 Jan 82) 1st Ind
SUBJECT: Application for Renewal and Complete Revision of US Nuclear

Regulatory Commission (NRC) Source Material License Number SMB-1300

HQ TRADOC, Ft Monroe, VA 23651 0 ý E3 1982

TO: Cdr, US Army Communications-Electronic Command and Ft Monmouth,
ATTN: DRSEL-SF-H, Ft. Monmouth, NJ 07703

Subject application has been reviewed, this headquarters concurs.

FOR THE COMMANDER:

1 Incl
nc

DOREATHA MANGRUNM
ASSISTANT ADJUTANT GENERAL



DEPARTMENT OF THE ARMY
HEADQUARTERS, UNITED STATES ARMY WESTERN COMMAND

FORT SHAFTER, HAWAII 96858

REPLY TO
ATTENTION OF:

APOP-NC 28 January 1982

SUBJECT: Application for Renewal and Complete Revision of US Nuclear
Regulatory Commission (NRC) Source Material License Number SMB-1300

Cormmander
HQ US Army Connmications-Electronics

Conuand and Fort MoDnouth
ATI=: DRSEL-SF-H
Fort Mormouth, NJ 07703

Subject application has been reviewed by this headquarters. Concur with

application as written.

FoR TE C€MMANDER:

ci T. BUSH14

LTC, GS D• OC"Chief, NBC Div, ODCSOPS



DRSAR-SF (26 Jan 82) 1st Ind Mr. Morris/sjh/AUTOVON 793-3482
SUBJECT: Application for Renewal and Complete Revision of US Nuclear

Regulatory Commission (NRC) Source Material License No SMB-1300

HQ, ARRCOM, Rock Island, IL 61299 12 FEB 1982

TO: Commander, US Army Communications-Electronics Command.,
ATTN: DRSEL-SF-H, Fort Monmouth, NJ 07703

Concur in subject application.

FOR THE COMMANDER:

LWRNC1 SMITH
C _f, Safety Office

wd all inc!

'1J

2
)



DRDEL-SS (LTR, 26 Jan 82) Ist Ind
SUBJECT: Application for renewal and complete revision of US Nuclear

Regulatory Commission (NRC) Source Material License SMB 1300

HQ, USA ERADCOM, Adelphi, MD 20783 22 Feb 82

TO: Cdr, CECOM, ATTN: DRSEL-SF-H, Ft. Monmouth, NJ 07703

This HQ has reviewed and concurs on SUBJ license renewal.

FOR THE COMMANDER:

,/R6 i4W. 4SE
-Ch f, Safety Office
ERADCOM

I I q
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DEPARTMENT OF THE ARMY
NEW CUMBERLAND ARMY DEPOT

NEW CUMBERLAND, PENNSYLVANIA 17070

IN REPLY REFER TO:

SDSNC-ASA 9 February 1982

SUBJECT: Application for renewal and complete revision of US Nuclear
Regulatory Commission (NRC) Source Material License No.
SMB-1300

Commander
US Army Communication-Electronics Command
ATTN: DRSEL-SF-H
Ft. Monmouth N.J. 07703

Reference letter, subject as above, dated 21 Jan 82.

Proposed License application has been reviewed and concurrence is
provided.

FOR THE COMMANDER:

DAVID LE
Safety Director

CF:
COMDR, NCAD
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REPLY To

ATTENTION Op:

SDSSA-ASO

DEPARTMENT OF THE ARMY
SACRAMENTO ARMY D POT-

SACRAMENTO, CALIFORNIA 95813

8 February 1982

SUBJECT: Application for Renewal and Complete Revision of US Nuclear Regulatory
Commission (NRC) Source Material License No. S1B-1300

Commander
US Army CECOM
ATTN: DRSEL-SF-H
Fort Monmouth, NJ 07703

1. Reference your letter, subject as above, dated 21 January 1982.

2. Concur with application as proposed.

HRiMAN E. McGREc
Radiation Protection Officer

)

-<I
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SUPPLEMENT A

1. Reference: Items 2 and 3 of Form NRC-2.

2. Department of the Army
US .Army Communications-Electronics Command
ATTN: DRSEL-SF-H
Fort Monmouth, New Jersey 07703

)



SUPPLEIENT B

1. Reference: Item 4 of Form NRC-2.

2. Commodities containing radioactive material will be possessed,
maintained and used by US Department of Defense (DOD) installations and
activities worldwide under the control of Department of the Army (DA)
military/or civilian personnel. Maintenance of assets containing radioactive
material will be performed at Sacramento Army Depot (SAAD), Sacramento,
California. In addition, bulk storage only of assets containing-radioactive
material will be provided by New Cumberland Army Depot (NCAD), New Cumberland,
Pennsylvania, Red River Army.Depot (RRAD), Texarkana, Texas, and Sharpe Army
Depot (SHAD), Lathrop, California.

I;
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SUPPLEMENT C

1. Reference: Items 7, 8 and 9 of Form NRC-2.
232

2. The radioactive material utilized under this license is Thorium
Fluoride (ThF 4 )* in solid form (approximately 75.4 percent Thorium)
as multi-layer anti-reflective (MLAR) optical coatings on thermal imaging
lenses of the Forward Looking Infrared (FLIR) systems (Night Vision devices).
The maximum quantity that will be possessed at any one time under this
license will be 40 kilograms. The maximum quantity incorporated in any FLIR
system will not exceed 2.0 grams of Thorium.

3. ThF4 as' used in Infrared (IR) Spectrum has a low index of refraction
and is used extensively in the manufacturing of wideband MLAR coatings.

4. ThF has a low water solubility which is very important since ThF4 films
are usei as the outer layer of IR MLAR coatings and offer good environmental
.protection,

5. ThF 4 is extremely stable, exhibiting no appreciable decomposition in the
coating deposition process. The melting point is greater than 9000C.

6. ThF 4 was selected for its high transmittance capabilities within the
IR spectral region. All ionic crystals exhibit lattice vibration absorption
at predictable wavelengths in the IR region. The absorption regions move
toward longer wavelengths with increasing atomic weight. ThF is very
useful since it is nearly the heaviest fluoride, compound avaiable and its
lattice absorption region is well beyond the 8-14. micron operating region
of the IR systems of-military interest.

7. Due to the stringent military requirements for maximum IR transmission
and high performance in adverse environments, ThF4 offers one :of the best
components for MLAR coatings.

8. This command is designated Primary Inventory Control Activity (PICA) for
Federal Supply Classification (FSC) 5855 commodities which includes Night
Vision equipment. The primary armament subsystem manager maintains full
responsibility for the fire control system and ancillary subsystems. For.
FSC 5855 thermal imaging systems authorized under this license used as
ancillary subsystems to fire control systems managed by other commands, CECOM
only maintains PICA responsibilities for the thermal imaging subsystems
(.common modules)whereas these managers maintain PICA responsibilities. It is
requested that the license issued for these systems be of broad scope in
nature to cover all types of equipment that have been developed or will be
developed in the future. This will negate the need to continually amend this
license each time new equipment enters the Army logistical system.

* For simplicity purposes, the use of the term ThFA is employed in

lieu of the term 2 32 Thorium Fluoride or 2 3 2 ThF 4."



9. In evaluating possible radiological hazard resultant from utilization
of ThF 4 coated objective lenses in Night Vision devices, an Environmental
Assessment (EA) was prepared based on conservative assumptions for a single
generic system of quantities greater than that contained in any current
system. The external dose rate at operational distances of one foot
indicated 2.57E-04* rads per hour. Beta particle emission is the primary
contributing factor to this level. For internal dose evaluation, various
incidents are proposed inclusive of ingestion or inhalation through source
damage, improper disposal, installation fire and transport accident. No
hypothetical situation identified committed dose equivalents to various
organs above recommendations stated in International Commission on
Radiological Protection (ICRP) Publications 26 and 30. Complete analyses
for external and internal doses are presented within the EA for radiological
considerations. Exposure levels presented confirm that the incorporation
of ThF 4 into optical coatings poses insignificant to non-existent
radiological consideration. The EA is included as Annex I.

10. It should be noted .that the various Night Vision thermal imaging devices
containing ThF 4 within the specific afocal lenses and common modules are opaque
to the human eye. Based on the above, the various intermediate lenses as
contained within these devices and the specific eyepiece viewing system
precludes any exposure to the user's eye.

4
* The use of exponential (scientific) notation, i.e. 2.57E-04 (2.57x10-)

is employed in lieu of standard notation, i.e. 0.000257.
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I. Finding of No Significant Impact

1. The US Army Communications-Electronics Command (CECOM), as the US
Nuclear Regulatory Commission (NRC) license manager for all US Army Materiel
Development and Readiness Command (DARCOM) activities procuring Night Vision
Systems, has prepared an environmental assessment prior to NRC License No.
SMB-1300 renewal. The NRC license is a broad scope source material license
encompassing all forward looking infrared (FLIR) systems within night vision
equipment. The FLIR systems incorporate 2 3 2 Thorium Fluoride (ThF ) coated
optical elements for optimal night viewing capabilities in defense/weapon
system functions.

2. Army contractual specifications reQuire optical systems operable
in the eight to fourteen micrometer infrared spectral region with high
transmittance capabilities and the ability to withstand severe environmental
conditions dur'ing tactical (field) use. The incorporation of ThF 4 within
optical coatings enables conformance to these provisions. Alternative
inorganic dielectric compounds proposed for substitution are unable to comply
with. necessary performance specifications.

3. The Environmental Assessment documents government contractual require-
ments for Thorium content within infrared or eyepiece elements to insure
compliance to Title 10, Code of Federal Regulations (10 CFR) Part 40, and
environmental durability requirements for coating integrity to insure safety
and proper performance during implementation of night vision equipment. In
addition, Army regulatory policy compliant with 10 CFR Part 20 is outlined
establishing maximum safety and management protocol governing the control of
-night vision devices, inclusive of proper possession, use, storage, transfer.
and disposal.

4. Initial overview of the incorporation of ThF4 in optical coatings does
not identify any radiological consequence leading to significant environmental
impact or health hazard in consideration of pre- and post- procurement safety

ýcontrols,. the minimal quantity of ThF required to produce specified optical
performance, and the actual assembly into which optical elements are incorporated.
Complete analyses are proposed for radiological considerations with regard to
external exposure presented to occupational workers and highly improbable
hypothetical incidents involving internal exposure to occupational or non-
occupational individuals resultant from ingestion or inhalation subsequent to
optical element damage, improper disposal, installation fire, and transport
accident. Final computations for external and internal exposure levels

• presented through various pathways confirm that the incorporation of ThF4 into
optical coatings poses insignificant to non-existent radiological consideration
for systems within Army management. Further, dose calculations identified
levels which remain below regulatory requirements when hypothesized with
severe assumptions for maximum possible exposure outcome. Additional analysis
or review of the proposed action is not warranted based on the findings
established within the general assessment.

1



5. The Environmental Assessment offers assurance in response to required
Federal and Department of the Army'(DA) regulations governing evaluation of
Army actions leading to possible environmental quality degradation. Army
policy requires environmental evaluations as an integral component of
procurement or implementation of radioactive materials within any equipment as
a responsible effort in insuring national environmental goals are attained.
The Environmental Assessment is available for review upon request from
Commander, US Army Communications-Electronics Command, ATTN; DRSEL-SF-H,
Fort Monmouth, New Jersey 07703.

2



II. *Environmental Assessment

A. Summary and Conclusion

1. The following Environmental Assessment supporting a Finding of No
Significant Impact has been prepared prior to the proposed action of NRC
license renewal governing ThF 4 coated optical elements within night vision
equipment and in accordance with requirements of Army Regulation (AR) 200-2,
Environmental Quality, Environmental Effects of Army Actions 1. The basic
objectives specified in AR 200-2 are to plan, initiate and perform all
actions/programs with consideration given to minimize adverse effects on the
quality of the human environment without impairment to the Army mission.
The scope of this assessment evolves solely around the incorporation of ThF 4
coated optics within night vision assemblies inclusive of general system
description, life cycle management, and proposed hypothetical scenarios for
determination of possible radiological health hazard or environmental impact.
Evaluations have led to the conclusion that no potential environmental
degradation or radiological health. hazard can be substantiated.

2. The electro-optical system incorporated into night vision assemblies
contains ThF 4 on lens components to. produce proper infrared spectral optics
with high transmittance and low reflectance capabilities. The 4<ystem:..allows
conversion of infrared energy to visual display during night time tactical
(field) activities. The general" system description and life cycle:management
detailed in Section B outlines safety protocol which identifies compliance to

* all applicable Federal and Army regulations. To insure radiological,
environmental, and performance requirements, contractual agreements for procure-
ment of optical elements require testing of components for compliance to
military specifications and 10 CFR Part 40. No optical element used in the
proximity of the eye shall possess greater than 5.00E-02* percent by
weight thorium in compliance with 10 CFR Part 40.13(a). Any optical element
which is ThF 4 coated is never employed as the viewing eyepiece.

%:3. Testing for coating durability withstanding severe environmental
conditions, optical performance and screening for detectable levels of
contamination on optical elements are performed for compliance to military
requirements. All t.esting and assessments have been exclusive of identifying
any significant hazard or radiological exposure level to individuals involved
in the use or handling of night vision equipment or subcomponents. Currently,
technical manuals for items of issue which have been fielded contain within
the proper warning statements for identification of the radioactive ThF 4
coating and specific handling/cleaning instructions for prevention of possible
element damage or radiological hazard. Item control and inventory are more
stringent than those for standard supply procedure due to the cost and
sensitive nature of the item insuring authorized and limited possession.

• The use of exponential (scientific) notation, i.e., 5.OOE-02 (5.00 x 10-2)

is employed in lieu of standard notation, i.e., 0.05.
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4. The Environmental Assessment proposes various hypothetical incidents
which completely dissolve any concern of environmental impact or risk to the
health and safety of individuals involved with the night vision equipment.
Determinations have been prepared incorporating radioactive material quantities
in excess of actual optical element content to encompass current systems and
those systems in research and development stages which would also be incorporated
under the broad scope NRC license issued for ThF optical coatings. This
approach eliminates analysis of each separate syltem and further analysis for
compliance to AR 200-2 prior to implementation of future night vision systems.
The NRC license stipulates maximum permissable quantities of ThF 4 per system to
be 2.00 grams (gm) with a total possession limit of forty kilograms at any one
time.

5. As indicated above, assessments were performed assuminq the maximum

quantity of 2(.OQEj+02 microguries (uCi )per. system: contained, in.a..single optical element.
External exposure levels, inclusive of both beta ana gamma energies, indicated
for continuous presence during a forty-hour work week at a distance of one foot
a total of 5.30E-03 Sieverts (Sv) per year (5.30E-01 rem per year). Calculations
yield conservative (high) dose estimates for the handling of individual optical
elements to completely identify insignificant radiological levels to the primary
handling maintenance personnel and authorized user. Hypothetical incidents
involving the storage or transportation of optical elements are based upon a
fifteen pound limit per activity to identify conceivable internal exposure
levels presented to the general publicor environ subsequent to fire or vehicle
accident. It is inconceivable that any activity will exceed a fifteen pound

) possession limit at any one time. The determination of compliance with environ-
mental standards for radioactive release is assessed in Section C predicting the
environmental transport and subsequent dose associated with ThF 4 released
during accident situations. Uncertainties associated with the assumptions lead
to over-estimates of actual environmental concentrations or doses which are
acceptable when prediction leads to estimates of environmental concentrations
or doses that are no cause for concern. The maximum internal dose was determined
for an occupational worker who ingested ThF from optical coating damage
resulting in 1.41E-02 Sv (1.41E+00 rem) to the bone surface, This remains
below the International Commission on Radiological Protection (ICRP) 2 limit
recommendations of 5.OOE-01 Sv (5.OOE+0l rem) for non-stochastic effects asspecified in ICRP 30. Table A-i. summarizes potential individual and po.pulation
doses to bone surface as calculated under assumptions provided in thisl assessment.

6. Presently no alternative for substitution of ThF 4 in optical coatings
offers comparable environmental stability or performance compliant to
specifications as detailed in Section B and D. Assessment involving the use
of Night Vision Systems incorporating ThF 4 coated optical elements has not
defined any radiological impact or concern warranting discontinuation of usage
or exclusion of ThF 4 from optical coatings. The overall advantages offered
the systems incorporating thorium coated optics outweigh the insignificant to
non-existent consideration of radiological hazard or environmental impact
which when assessed continually results in external or internal dose levels
magnitudes below required air/water concentrations or exposure levels stipulated
in 10 CFR Part 20.

4
4



TABLE A - 1

SUMMARY OF COMMITTED DOSE EQUIVALENT LIMITS TO BONE SURFACE

SUBSEQUENT TO HYPOTHETICAL INCIDENT

INCIDENT

CONTAMINATION

INSTALLATION FIRE

SOURCE INCINERATION

TERRESTRIAL TRANSPORT

TRANSPORTATION

Sv (rem)

1.41E-02

7.46E-03

7.55E-07

4.05E-05

1.10E-02

(1.41E+00)

(7.46E-01)

(7.55E-05)

(4.05E-03)

(1.1 OE+OO)
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B. General Description and Control of Night Vision Systems,

1. Night Vision Sights (NVS) are integral components of major weapon
systems. The NVS is a passive thermal imaging assembly providing night viewing
capabilities. The night vision assemblies are electro-optical systems including
both infrared and visible light optics. The optical elements of night.vision
systems are. composed of infrared transmitting substrates such as Germanium or
Silicon with a single or.multilayer antireflective (SLAR/MLAR) coating.
These coatings are designed to increase substrate transmission and reduce
reflection losses associated with substrate materials having a high index of
refraction within specific wavelength intervals. Antireflective coatings
contain radioactive ThF 4 . Several considerations for the incorporation of the ThF4
in antireflective coatings are detailed in Section D identifying ThF4 as the
primary coating component for producing optimal transmission and durability for
optical element performance required by government contract specifications.
The total quantity of ThF contained in each complete night vision system
varies dependent on specific system characteristics and requirements for necessary
field of view, magnification or final visual display. Current night vision
equipment and those within developmental stages proposed for future deployment
contain radioactive quantities ranging from 3.69E+01 bequerels (Bq) (9.97E-04 uCi)
to 5.77E+03 Bq (1.56E-01 uCi) of ThF4 .

*2. The basic modules within the night vision systems which contain ThF.4
coated optical elements are the optical imager and the detector/dewar assembly.
Ancillary equipment containing ThF4 coatings are the infrared (IR) window,

) afocal cover assembly and the boresight collimator. Generally, the thermal
/' imagery modules receive IR energy (heat emission) from the viewing or target

area. The IR energy is converted to electrical signals which are then
transformed to visible light displayed as a real-time scene for viewing. The
IR energy is initially collected in the afocal cover assembly consisting of a
two-field-of-view telescope with an objective lens, made of IR passive material,
common to both fields of view inclusive of interchangeable lens sets providing
various magnifications of.view. Typically, the narrow field of.view consists of
two IR lenses and the wide field of view is composed of a single IR lens. After
collection of IR energy, it is collimated to a mechanical scan mirror which
transmits the energy to an. optical imager. The optical imager assembly is
composed of IR imaging lenses and a folding mirror. The optical imaqer
focuses the IR energy into the IR detector array in the detector/dewar assembly.
The IR detector array converts incident energy into electrical signals. The
scanred scene focussed on the IR detector array is reflected by a scanner drive
assembly which senses differences in the IR energy. Electrical signals are
converted to visible images which are then transmitted from a visible-light
emitting diode array through a visual collimator into a display for viewing
through an eyepiece or upon a video screen. Figure.B-1 provides a block
diagram of system conversion of IR energy to visible viewing. The afocal cover
assembly, optical imager and detector/dewar subassemblies are contained within a
cast aluminum housing which is then enclosed within an exterior metal housing/
Thus, only the exterior window of the afocal cover assembly is exposed for
collection of IR energy in the night vision system.

6
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3. The remaining assembly containing ThF coated optical elements associated
with some night vision systems is the boresight collimator. The collimator is
a precision electro-optical device attached to the NVS for provision of boresight
alignment between the NVS and other assemblies such as. the tube-launched,
optically tracked, wire-guided (TOW) weapon system (TWS) or laser rangefinder
dependent on the major system. Collimated beams of energy generated by the
boresight collimator enter the day/night sight collimator producing an
alignment image in the night sight.

4. For all procurements of night vision optical elements incorporated into
modular subassemblies, the Army requires that the contractor test the thorium
coated optics to insure that all elements comply with specifications for
radiation (Incl 1) and environmental (Incl 2, 3, 4 and 5) requirements. Radiation
requirements specify compliance with the following:

a. Control for lens element traceability to insure required testing is
performed for each lot.

b. Screening of optical elements for detectable levels of radiation.

c. Provision of technical drawings, operational and cleaning instructions
to insure, future maintenance of the night vision program.

d. X-ray fluorescence analysis for first element and suspect element
(actinides) of the visible lenses (eyepiece) to insure compliance-to 10 CFR

-' Part 40.

e. Environmental durability specifications to insure proper operation
and coating adherenceunder severe environmental conditions.

5. The following environmental tests in a prescribed sequence or equivalent
must be performed to identify conformance to optical coating specifications:

a. A witness sample from each coating run shall be subjected to the
adherence and hardness tests as specified in MIL-M-13508 (Incl 2)..

b. A witness sample from each coating run shall be subjected to the
twenty-four hour or five day salt spray (fog) test, respectively dependent on
whether it is an internal or external lens element. Testing is outlined in
MIL-STD-810 (Incl 3), ANSI/ASTM B 117-73 (Incl 4) and MIL-C-675 (Incl 5).

c. A witness sample from each coating run shall be subjected to the
cyclic twenty-four hour or ten-day humidity test dependent on whether it is an
internal or external lens element. Procedural testing is described in MIL-M-13508.

Each lot does not proceed for further testing until each witness sample has
satisfied environmental test requirements. In addition, the durability of all
IR coatings is tested to insure that a sample from every lot of coated optical
elements meets or exceeds the scotch tape, eraser rub abrasion and environmental
tests as specified in Inclosures.3 and 5 or MIL-C-48497 (Incl-6).

8



Any witness sample or lot not meeting test standards will not be incorporated
into the appropriate subassemblies for night vision devices.,

6. Warning notices are contained in all technical manuals for both the
operator or maintenance personnel involved with equipment containing ThF 4
optical elements stating:

RADIATION HAZARD

The antireflective coating on all infrared optics contain
thorium fluoride which is slightly radioactive. The only
potential hazard involves ingestion (swallowing or inhaling)
of this coating material.. Dispose of broken lenses, etc, in
accordance with AR 385-113.

The operating instructions emphasize that the equipment is an electro-optical
instrument which must be carefully handled. The maintenance instructions for
the various preventative maintenance for both eyepiece and external *lens
requires the inspection for any disfiguration such as abrasion, blemish, flaking
or fissure. If any of these conditions which will effect the overall operation
are discovered, the item is returned to various Direct. Support/General Support
(DS/GS)* maintenance levels. Specific instructions for cleaning of optical lenses
outlines cleansing solutions and procedures emphasizing the lens surface coating
is easily damaged. The operator's maintenance is limited to the replacement of
the battery or coolant cartridge and cleaning of the external lens. The DS/GS
personnel are authorized to replace common modules such as the Detector/Dewar
and Optical Imager. All other maintenance functions pertaining to night vision
devices are performed at Sacramento Army Depot (SAAD) for worldwide activities.
Within eighteen months, maintenance for night vision equipment -for European
theater will be performed at Mainz Army Depot, Germany. All maintenance functions
are exclusive-of any grinding or removal of the ThF 4 coatings.

7. The program for controlof the various night vision devices is similar
to control of supply items as prescribed in AR 700-64, Radioactive Commodities
in the Department of Defense (DOD) Supply Systems 4 and AR 385-11, Ionizing
Radiation Protection, which establishes requirements for NRC licenses and
Department of the Army (DA) authorizations for radioactive material possession,
requirements for controlled items of supply, transportation, and disposal of
.radioactive materials. Regulatory guidance is implemented by the various
Major Subordinate Command (MSC) or Project Manager (PM) governing the life-
cycle management of the assigned materiel, logistics management/support,
procurement, maintenance, storage, and transportation including packaging and
disposal.

8. Headquarters (HQ) DARCOM has assigned HQ CECOM the responsibility of
NRC license management for possession and use of FLIR imaging systems inclusive
of all radiation protection management responsibilities within DA installations

* The DS/GS function also refers to the comparable aircraft maintenance
echelon, i.e. Aviation Unit Maintenance and Aviation Intermediate Maintenance.

/
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and worldwide activities. CECOM has established Memorandums of Understanding
(MOU) with other effected MSC's and/or PM's having the individual logistical
control based on the type of system incorporating thermal imaging devices
as a component subassembly. These agreements stipulate command responsibilities
for compliance to the NRC license and coordination of responsibilities for
item assignments, procurement, future revisions, engineering, product
assurance, technical data packages and international logistics. CECOM
maintains Primary Inventory Control Activity (PICA) responsibilities for the
various thermal imaging subsystems while other MSC's maintain PICA
responsibilities for the entire system.

9. CECOM life cycle management control is inclusive of the following:

a. Coordination with the National Inventory Control Point (NICP), an
element of CECOM at Fort Monmouth, to assure that requisitioning elements are
authorized to and technically capable of receiving the item and that procure-
ments do not exceed the quantity or use limitations imposed by the license.

b. Performance of pre- and post- award health physics reviews and
surveys of contractors.

c. Provision of health physics advice to be included in instructions
for disposal of radioactive waste, and serve as headquarters for notification,
investigation and preparation of reports required in the event of accidents/
incidents in which radioactive items may be involved.

d. Annual quality assurance testing of a random sampling of at least

six FLIR assets by the inspection of the ThF assessable lenses. Lenses are
inspected for flaking and/or pitting of the ThF MLAR coatings.4

1.0. The NICP has adopted special procedures for individually controlled
radioactive items that are in addition to standard Army supply practices
used for all type-classified items through the following:

a. Record maintenance of procurements, receipts, storage locations,

shipments, and using locations.

bo Authorization and provision of items assuring adequate supply.

c. Review of the submitted requisition and upon aoDroval., the NICP will
issue material release orders to the designated storagedepots for shipment
of the material directly to the requisitioner. The control point bases requisition
approval on previously established authorization of the requisitioner to '
receive the item from supply standpoint. Reports.of excess items are submitted
through various command channels to the NICP for reviewofserviceability,
turn-in, or disposal as radioactive material. The NICP, in conjunction.with
assistance and directive. provided by health phvsicists at the CECOM .Safety
Office, determines disposition of excess items.
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-11. Bulk storage, maintenance, serviceability, surveillance and issue of
the various night vision devices are provided by. the designated Depot Systems
Command (DESCOM) storage activity when approved by the NICP. Primary DESCOM
storage activities are New Cumberland Army Depot (NCAD), Red River Army Depot
(RRAD), 'and Sharpe Army Depot (SHAD).. SAAD only provides maintenance and
serviceability of night vision assets. Where radioactive materials are
involved, DESCOM activities -have established warehousing facilities and
handling procedures which are governed by a formal radiation protection program.
administered by a qualified Radiation Protection Officer (RPO). Items are
inspected when received, at intervals during storage, and immediately before
shipment. Warehouse facilities are fire resistant buildings posted with
appropriate radiation warning signs and secured for protection against
unauthorized removal. Facilities at DESCOM storage activities are constructed
of 36 inch poured concrete and protected by fire sprinkler systems encompassing
one hundred percent of the area. Fire-fighting personnel are available within
short time intervals at all activities in the event additional fire control
is necessary. Installations are surrounded by chain-linked fence with patrols

.eliminating the possibility of unauthorized possession.

12. Shipment from depots/activities of night vision assemblies containing
ThF 4 are excepted from specification packaging, markings and labeling. They
are also excepted from the provisions of Department of Transportation (DOT)
regulations, 49 CFR Part 173.393, testing for removable exterior package
surface contamination. The shipper is advised to include the following notice
on shipments:

"This shipment is exempt from DOT specification packaging,

marking, and labeling requirements IAW Title 49 CFR 173.391."

13. If any of the ThF 4 components are beyond repair, they will be disposed
of as radioactive waste in accordance with AR 385-11. The Defense Logistics
Agency assures that designated and identified radioactive materials are not

.sold, transferred or donated to non-licensed recipients through a computerized
system.

C. Radiological Exposure and Environmental Considerations Proposed for
Night Vision Systems.

1. Optical elements coated with ThF contained within night vision devices
incorporate from 3.69E+01 Bq (9.97E-04 uti) to 5.77E+03 Bq (1.56E-01 uCi) for
the total system quantity (Table C-I). The external dose calculations were
performed assuming a total quantity of 7.40E+03 Bq (2.00E-O1 uCi) in foresight
of future-systems incorporating an additional lens element and in further
demonstration of insignificant exposure levels. The Thorium series decay
chain is inclusive of alpha, beta and gamma emission. 5 External dosimetric
calculations accounting for gamma and beta contributions have assumed the
following:

a. A disc source measuring 2.74 centimeters (cm) in diameter (Ro=1.37 cm)
containing 7.40E+03 Bq (2.OOE-O1 uCi) of Thorium-232 (Th-232) yielding an
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TABLE C -I

End Article Application (EAA) and Total System Quantity

EAA Bg (uCi)

1. AN/TAS-4 (TOW*) 2,11E+03 (5.70E-02)

2. AN/TAS-5 (DRAGON) 9.99E+02 (2.70E-02)

3. AN/TAS-6 (NODLR*) 2.11E+03(5.70E-02)

4. AN/VSG-2 (.TTS*) 5.55E+03 (1.50E-01)
M60A3*

5. NIGHT CHAPARRAL SUBSYSTEM 5.77E+03 (1.56E-01)
M48

6, ISU* 2.11E+03 (5.70E-02)
IFV*(M-2)*/CFV*(M-3)*

•7. TIS* 2.11E+03 (5.70E-02)
M-1*

8. TADS/PNVS* 5.44E+02 (1.47E-02)
AAH*

9. Thermal Driver Viewer 3.69E+01 (9.97E-04)
M-1, M-2, M-3

* Abbreviations are clarified at the beginning of this Report.
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activity concentrat-ion per unit area (CA) of 1.26E+03 Bq/cm2 (3.40E-08 Ci/cm2).

b. Determination of external exposure resultant from gamma energies
associated with the decay scheme employed the following equations 6:.-

(1) The gamma flux (I) at a distance of 30.5 cm directly above
the source is given as:

io : 2.96E+09 E'CAT77ln( Ro2 + h2

h2
h

(2) The absorbed dose rate for tissue is then determined
incorporating values of Io into the general formula:

Gray/hour (Gy/h) : 5.76E-05 uIo0 /100
2

where p : mass absorption coefficient (cm /gm) or the equivalent mass
energy absorption coefficient for various energies in a
tissue medium, i.e., H2 0 with a density of 1.0 g/cm3 .

-Table C-2 summarizes resulting values for gamma flux and the associated absorbed
dose rate. Calculations employing point source geometry yield identical
absorbed dose rates due to the distance at. which exposure levels are determined
with regard to source diameter.

c. The external absorbed dose rate contribution from beta particle
energies is assessed incorporating Loevinger point source attenuation 6 ::

Gy/h = KC fc 1. - r el -(vr/c)J + vrel-vr 100
(vr)2 L c

where K =normalization constant

2 31.70E+O5 vEav (rads/hr/Ci)

3c2_e(c2_1.)

C : Curies

r = Distance from source (g/cm )

/0 = Mass density of the absorbing medium

2.00 0.17L E m 0.50 MeVCtissue = 1.50 0.504 E max• 1.50 MeV

1.00 1.50• E max 3.00 MeVmax
Vtissue = Apparent absorption coefficient (cm 2 /g)

- 18.6 [2 - av I
(E-max- 0.036) 1 -3 7  E max

13



TABLE C - 2

*H RESULTANT ABSORBED DOSE RATESINDIVIDUAL GAMMA FLUX VALUES WIT

Isotope E(MeV) Gamma Intensity 2 E (MeV/disintegration) 2
I 0(MeV/cm /sec)

2 28 Ac

2 28 Th

2 2 4 Ra

220 Rn

212 pb

I-.

3.40E-O1

9. 08E-01

9.60E-O1

8.40E-02

2.14E-01

2.41E-Ol

5.50E-01

2.39E-O1

3.OOE-O1

4. OOE-02

7.27 E-01

1.62 E+O0

5.11E-OI

5.83E-01

8.60E-O1

2.61E+00

1.50E-01

2.5 OE-01

2.OOE-01

1.60E-02

3. OOE-03

3.70E-02

7.OOE-04

4.70E-01

3. 20E-02

2. OOE-02

7.OOE-02

1.80E-02

8.28E-02

3. 1OE-01

4.32E-02

3.60E-O1

5.1OE-02

2.27E-O1

1. 92E-O1

1.34E-03

6.42E-04

8.92 E-03

3.85E-04

1.12E-O1

9.60E-03

8. OOE-04

5.09E-02

2.92E-02

4.'23E-02

1 .81E-01

3.72E-02

9.41E-O1

3.22E-02

1.4:3E-01

1.21E-O1

8.47 E-04

4.06E-04

5.64E-03

2.43E-04

7. 08E-02

6.07 E-03

5. 06E-04

3.22E-02

1.85E-02

2.67E-02

1.14E-01

2.35E-02

5.95E-O1

pu(cm 2/g)

3.20E-02

3.13E-02

3.10E-02

2.54E-02

2. 99E-02

3.05E-02

3.27E-02

3.05E-02

3.17E-02

6.77E-02

3.19E-02

2.75E-02

3.27E-02

3.26E-02

3.15E-02

2.37E-02

TOTAL =

Gy/h(rad/hr)

5.94E-10(5.94E-08)

2.58E-09(2.58E-07)

2.16E-09(2.16E-07)

1.24E-11(1.24E-09)

6.99E-12(6.99E-1O)

9.91E-11 (9.91E-09)

4.58E-12(4 .58E-10)

1.24E-09(1 .24E-07)

1.11E-1O(1.11E-08)

1. 97E-11(1. 97E-09)

5.92E-10(5.92E-08)

2.93E-10(2.93E-08)

5.03E-1O(5.03E-08)

2.14E-09(2.14E-07)

4.26E-1O(4.26E-08)

8.12E-09(8.12E-07)

1.89E-08 (1 .89E-06)

208BT!



d. Beta dosimetric calculations summarized in Table C-3 result. in
maximized dose rates due to difficulties presented when attempting within
mathematical models to consider the characteristics of continuous energy spectrum
and scattering interactions which would yield significant change in resultant
values. No inclusion of beta energies- less than 5.OOE-02 MeV or alpha particle
consideration is incorporated in absorbed dose rates due to the short distance
of less than three (3.00) centimeters traveled in. air,

e. Total absorbed dose rates resultant from gamma and beta energies
is 2.47E-06 Gy/h (2.47E-04 rad/hr). It should be noted that no consideration
has been given to system shielding of the radioactive elements, actual quantity,.
distance and duration .of operation which would further reduce resultant levels.
Assuming continuous exposure during a forty hour work-week,"-the total absorbed
dose for a one year period results in 5.13E-03 Gy/yr(5.13E-01 rad/yr). The
dose equivalent value is 5.13E-03 Sv/Yr(5.13E-01 rem/yr) assuming a quality
factor and dose modifying factor of one (1) for associated energies. These
values assume whole body irradiation and do not account for the absorption of
beta energies within the first centimeter of tissue.

f. The NRC occupational exposure limits, as specified in 10 CFR Part 20,
allow for an occupational whole body dose of 5.OOE+00 rem per year. The
'Metric System (SI) equivalent value would be 5,OOE-02 Sv per year as an
equivalent exposure limit for uniform irradiation of the whole body. The external
exposure presented under normal 6sage does. not. demonstrate excessive occupational
exposure levels and is similar to non-occupational exposure levels set forth

) *in .10 CFR Part 20..

2. In determining possible internal dosefrom ThF as a result of incidental
-inhalation or ingestion, maximum .quantities of 7.40E+03 Bq (2.OOE-01 uCi) per
.optical element are assumed. .*. Metabolic data for Th-232 indicates that the bone
surface has -the highest fractional deposition factor.upon translocation of the
element following ingestion. Forinhalation specific classes have been assigned
*by the ICRP.based upon associated retention in the pulmonary region.
ThFa is assumed to have a retention half-time from ten to one hundred days
.(CLASS W). All committed dose equivalents as assessed are below recommendations
and regulatory standards. The described incidents are highly improbable but
reveal that there would not be significant harm to occupational/non-occupational
individuals or degradation to the quality of the environ. Internal exposure was
considered the primary risk presented excluding complete assessment of total*
exposure which would include external exposure contribution. External exposure
assessment due to submersion within a semi-infinite cloud was performed only
for the hypothetical scenario involving installation fire to illustrate minimal
external exposure presented .in comparison to internal exposure consideration.

a. Damage of Optical Elements Resulting in Ingestion:

(1) During use of night vision devices, optical elements coated with
-ThF 4 may become scratched during inspection or cleaned improperly leading to
personnel contamination and subsequent ingestion. The following assumptions
are considered,
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Isotope

228Ra

228. Ac

212Pb

212Bi

208T1

Individual

Emax(MeV) 7

3.89E-02

2.08E+00

5.73E-01

2. 25E+00

1 .79E+00

Beta Energies

E avg(MeV)
7

9.90E-03

3.75E-01

9.90E-02

7.17E-01

5.58E-01

TABLE C-3

with Resultant Absorbed Dose Rates

Ctissue K v Gy/h (rad/hr)

2.00 ....

1.00 4.35E+07 1.27E+01 4.26E-07
(4.26E-05)

1.50 2.53E+09 7.97E+01 6.30E-07
(6.30E-05)

1.00 4.70E+07 1.05E+O1 6.71E-07
(6.71E-05)

1.00 9.64E+07 1.45E+01 7.27E-07
(7.27E-05)

TOTAL = 2.45E-06
(2.45E-04)

16



(a) During the inspection of an afocal cover assumed to
contain a maximum quantity of 7.40E+03 Bq (2.OOE-01 uCi), the coating becomes
scratched removing ten percent of the total activity (7.40E+02 Bq or 2.OOE-02
uCi).

(b) Fifty percent of the removed activity is assumed personnel
contamination.

(c) Ten percent of the personnel contamination is ingested
yielding a total intake of 3.70E+01 Bq (1.OOE-03 uCi).

(2) The committed dose equivalents to various organs using
internal dosimetry data provided in ICRP.30 and NUREG/CR-1962 8 are tabulated
in Table C-4. The total ingested activity is 1.23E-01 percent of the given
Annual Limit on Intake (ALl) for ingestion, which is given as 3.OOE+04 Bq.

(3) Even under the assumption that the entire ten percent of the
removed activity is entirely consumed, the total ingested activity remains
below the recommended ALl for ingestion identifying minimal quantities non-
substantive of significant radiologica.l health hazard to individuals involved
in the handling of these devices. Committed dose equivalents are presented
in Table C-4 for comparison of both hypothetical situations.

(4) The possibility of damage to optical elements leading to
removal of source activity is highly unlikely due to specific handling and
cleaning instructions provided in technical manuals and bulletins as described
in Section B. It should be noted that assumed quantities are extremely
overstated in comparison to actual quantities present in any single element of
the system.

b. Installation Fire:

(1) The proposed incident involves installation/depot warehouse
fire occurring during storage at SAAD in which night vision devices/replacement parts
awaiting maintenance are envel6Fped rel'easin-g Th-232. The warehouse fa.&ility is
equipped with complex sprinkler systems inclusive of pressure monitors and
automatic alert to firefighting units which have a minimum response time. The
quantity of fifteen pounds is assumed stored in the warehouse resdlting in the
following scenario with the additional assumptions:

(a) The specific activity of the radioactive material is
assumed to be for the pure form yielding a total activity of 2.75E+07 Bq
(7.42E+02 uCi) for a fifteen pound storage limit.

(b) Ten percent of the total activity in various units is
involved releasing one percent to the warehouse area (2.75E+04 Bq or 7.42E-01 uCi)
prior to extinguishment.

17



TABLE C-4

Committed Dose Equivalents to. Various Organs Resultant from Ingestion
Following Contamination/Source Damage

Incident Activity Ingested Bone Surface

7.03E-04 Sv

(7.03E-02 rem)

R. Marrow Liver* Gonads*

CONTAMINATION 3.70E+01 Bq

(I.OOE-03 uCi)

5.55-05 Sv

(5.55-03 rem)

3.77E-07 Sv

(3.77E-05 rem)

4.55E-08 Sv

(4.55E-06 rem)

SOURCE DAMAGE
I=.

7.40E+02 Bq

(2.00-02 uCi)

1.41E-02 Sv

(1.41+00 rem)

1.11E-03 Sv

(1.11E-01 rem)

7.56-06 Sv

(7.56E-04 rem)

9.11E-07 Sv

(9.11E-05 rem)

* Internal dosimetry data from NUREG/CR-1962.

Remaining committed Dose Equivalents are assessed using ICRP 30 Data.



3 (C) The volum5 of air in the warehouse is 1.23E+04 m3 yielding
2.24E+00 Bq/m (6.03E-05 uCi/m).

(d) The breathing rate of persons involved is 1.20 m 3/hr,'

*(e) The total intake for each firefighter is 6.72E-01 Bq
(1.81E-05 uCi) assuming no implementation of respiratory protective devices
during a fifteen minute period following initial firefighting operations.

(2) The committed dose equivalents to various organs are given in
Table C-5. Estimates are not considered for the general public due to
conservative dose estimates indicated and consideration of dispersion
parameters which would further decrease estimated committed dose equivalents.
It should be noted that no consideration of standard operating procedures
inclusive of respiratory devices or ventilation of the building during
extinguishment were considered which would reduce estimated doses. The
committed dose equivalent limit for bone surface remains below recommended
non-stochastic dose equivalent limits. The total inhaled activity is
6.72E-01 percent of the ALl (1.OOE+02 Bq) recommended for inhalation. 3 The
air concentration stated in 2.b.(1)(c) is equivalent to 2.24E+00 Bq/m
(6.03E-11 uCi/ml). The air concentration does not cause the inhalation of a
quantity of radioactive material greater than the quantity which would result
from inhalation for forty. hours per week for thirteen (13) weeks at uniform
concentrations of radioactive materials in air as specified in 10 CFR Part 20
for restricted areas.

(3) Although it is highly improbable that a total of fifteen
pounds of ThF 4 incorporated into various, night vision devices are stored at
any one time in a depot or that envelopment could occur of *these units prior.
to containment of the fire, the incident is demonstrative of levels which do
not present significant radiological, health impact. Additionally,operations of fire-
fighting would be conducted with awareness of the potential hazard leading to
measures for respiratory protection. Finally, as previously indicated,
warehouse facilities are constructed for prevention of fire leading to
envelopment of stored materials. Additional areas such as replacement
facilities ("clean rooms") at SAAD also contain sprinkler systems but would
never possess quantities assumed within this assessment.

(4) For assessment of complete exposure presented to individuals
during this hypothetical incident, the following calculations are performed
to identify external exposure resultant from a one hour time frame:

(a) Assuming a homogenous cloud with dimensions establishing
an equilibrium condition where the rate of energy absorption is equal to the
rate of energy released within an equivalent unit volume, the following
equations 9 are employed for resultant radiation absorbed doses from beta
and gamma energies respectively:
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TABLE C-. 5

Committed Dose Equivalents to Various Organs Resultant from Inhalation
Following Bulk Storage Installation Fire

Inhaled Activity

CD 6.72E-01 Bq

Bone Surface

7.46E-03 Sv

(7.46E-01 rem)

Liver* Lung* R. Marrow

4.19E-06 Sv 9.68E-06 Sv 6.OOE-04 Sv

(1.81E-05 uCi) (4.19E-04 rem) (9.68E-04 rem) (6.OOE-02 rem)

* Internal Dosimetry Data from NUREG/CR-1962.

Remaininq committed.Dose Equivalents are assessed using ICRP 30 Data.



Gy/sec = 2.29E-03 E,•X

Gy/sec = 2.54E-03 E2

whereX = Curies/m3

(b) Tables C-6 and C-7 give resulting values assuming a
constant concentration as stated in b.(1)(c) within a semi-infinite cloud
whose radius is equal to or greater than the range of any beta or gamma energy.
The receptor was assumed centrally located to exclude media of different
absorbing characteristics. It should be noted absorbed dose rate variation for
beta energies due to field perturbation from the individual is excluded. The
total absorbed dose is approximated to be 2.86E-09 Gy/h (2.86E-07 rad/hr) or
equivalent to 2.86E-09 Sv (2.86E-O7rem) within a one hour time frame. It can
be seen that the external dose consideration with the given assumptions in
view of the fifty year internal committed dose equivalent is minimal and will
not be included in following hypothetical incident assessments.

c. Source Loss Leading to Improper Disposal to an Incinerator:

(1) SAAD procures replacement parts to different night vision
systems. The following incident assesses transfer to a commercial incinerator,
a package containing twenty elements for night vision systems assuming a
maximum activity of 7.40E+03 Bq (2.00E-,OI uCi) per element. Transfer of these
components to unauthorized areas is considered highly inconceivable based on
stringent inventory controls imposed on the item, physical size, and monetary
values of these devices. The assessment is presented to identify levels below
regulatory standards for unrestricted areas and to demonstrate that there
would be no significant resultant environmental impact or radiological hazard
to the surrounding public. The assumptionslO used to evaluate the amount of
Th-232 in incinerator emissions are as follows:

(a) The initial activity (Qi) from twenty optical elements
is 1.48E+05 Bq (4.00E+00 uCi).1

(b) The incinerator processes 300 tons of refuse per day at
fifty percent excess air.

(c) The Th-232 released during the incineration process (f S)
is approximately one hundred percent of the total activity.

(d) The efficiency of the air pollution control systems for
particulates is 90 percent (i.e. the fraction of Th-232 which escapes with
stack gases, fr = 0.1)

(e) The aerodynamic mean activity diameter of released
particles is one micron.
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TABLE C - 6

AVERAGE BETA ENERGIES AND ABSORBED DOSE RATES

RESULTANT FROM SUBMERSION WITHIN A SEMI-INFINITE CLOUD

ISOTOPE , .(Mev-)7

9. 90E-03

Gy/s (rad/sec) Gy/h (rad/hr)

2 2 8 Ra

2 28 Ac
3.7 5E-01

9. 90E-02

7.17E-01

1.36E-15
(1.36E-13)

5.17E-14
(5.17 E-12)

'1.36E-14
(1 .36E-12)

9.88E-14
(9.88E-12)

7.69E-14
(7.69E-12)

4. 91 E-12
(4. 91E-10)

1.86E-10
(1.86E-08)

4. 91E-11
(4.91E-09)

3.56E-10
(3.56E-08)

2.77E-10
(2.77E-08)

8.73E-10
(8.73E-08)

*208 TI 5. 58E-01

TOTAL
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TABLE C - 7

-AVERAGE GAMMA ENERGIES AND ABSORBED DOSE RATES

RESULTANT FROM SUBMERSION WITHIN A SEMI-INFINITE CLOUD

ISOTOPE

2 2 8Ac

224Ra

220Rn

.212p

EMev) 7

9.48E-01

1.73E-01

4.65E-01

5. 50E-01

1.77E-01

1.07E+00

2.24E-01

Gy/s (rad/sec)

1.45E-13
(1.45E-11)

2.65E-14
(2.65E-12)

7.12E-14
(7.12E-12)

8.42E-14
(8.42E-12)

2.7 1E-14
(2.71E-12)

1.64E-13
(1.64E-11)

3.43E-14
(3.43E-12)

5.23E-10
(5.23E-08)

9.54E-11
(9.54E-09)

2.56E-10
(2. 56E-08)

3.03E-10
(3.03E-08)

9.76E- 11
(9.:76E-09)

5.90E-10
(5.90E-08)

1.24E-10
(1.24E-08)

Gy/h .(rad/hr)

208TI

TOTAL = 1.99E-09
(1.99E-07)
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(f) The number of persons feeding one i.ncinerator disposal
route is also assumed to be the exposed population of 73,000 individuals.

(g) The entire activity of Th-232 is released within a

twenty-four hour time frame.

(h) The inhalation of Th-232 occurs within twenty-four hours.

(i) Fifty percent excess of the theorectical vol4rme of air
required for complete combustion of one pound (lb) is 2.00E+06 cm /lb (Va).

(j) The weight of the refuse incinerated (Wr) is 6.60E+05 pounds.

h(k) 3atmospheric dispersion coefficient (X/Q) is assumed
to be 2.OOE-05 seconds/mi

(2) The total activity released in a day (Q) would be:

Q : i ef fr

Incorporating values specified in b.(2)(b, c and d),
calculations yield 1.48E+04 Bq (4.00E-01 uCi) released from incineration. The
continuous release rate (Q1 over twenty-four hours is 1.71E-01 Bq/s
(4.63E-06 uCi/sec).

(3) The concentration of Th-232 in the stack gas (X ) is given by
Xs Q/VdVr. Substituting values indicated in b(1)(i and j) and 9(2), the
average 24 hour concentration of Th-232 is 1.12E-08 Bq/cmJ (3.03E-l3uCi/cm3).

2(4) The wind speed is assumed constant at 1.0 m /sec under
stable meteorological conditions.

(5) The maximum downwind concentration (X).substituting values
from 2.c(1)(k) and 2.c(2) into the'general formula X = Q" (X/Q) is estimated
to be 3.43E-06 Bq/m 3 (9.26E-11 uCi/m 3 ) or equivalent to 3.43E-06 Bq/m 3

(9.26E-17 uCi/ml). The air concentration limits specified in 10 CFR Part 20
for unrestricted areas is stated as 3.70E-02 Bq/m 3 (I.OOE-12 uCi/ml).

(6) The average daily breathing rate of 20.0 m3 oer day is assumed'.
Therefore, the maximum exposed individual would inhale approximately 6.86E-05 Bq
(1.85E-09 uCi).

(7) The average person is assumed to inhale an amount of Th-232
equal to one third the total activity yielding 2.29E-05 Bq (6.17E-10 uCi).
Approximation of committed dose equivalents to various organs using ICRP
30 and NUREG/CR-1962 are summarized in Table C-8.
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TABLE C - 8

COMMITTED DOSE-EQUIVALENTS TO VARIOUS ORGANS RESULTANT FROM INHALATION

FOLLOWING SOURCE INCINERATION

EFFECTED GROUP ACTIVITY INHALED

Maximum Exposed Individual

Average Exposed Individual

6.86E-05

(1.85E-09

2.29E-05

(6. 17E-10

Bq

uCi)

BONE SURFACE

7.55E-07 Sv

(7.55E-05 rem)

LIVER* LUNG*

4.27E-10

(4.27E-08

1.43E-10

(1 .43E-08

Sv 9.88E-10 Sv

rem) (9.88E-08 rem)

Sv 3.30E-10 Sv

rem) (3.30E-08 rem)

6.11E-08 Sv

(6.11E-06 rem)

2.04E-08 Sv

(2.04E-06 rem)

R. MARROW

Bq

uCi)

2.52E-07

(2. 52E-05

Sv

rem)

* Internal dosimetry data from NUREG/CR-1962.

Remaining committed Dose Equivalents are assessed. using ICRP 30 Data.



(8) -Realistic consideration of the above incident is eliminated
based on user ability to maintain proper authorized possession and accountability.

d. Source Loss Resulting in Improper Disposal Directly to a Public
Landfill:

(1) The quantity of Th-232 incinerated in c.(1)(a) is assumed
transferred to a public solid waste landfill. Surrounding populations may be
exposed through ingestion of contaminated groundwater. The following parameters
are assumed for complete assessment:

(a) Leaching of the total activity of 1.48E+05 Bq (4.OOE+OOuCi)
is one hundred percent (At).

(b) One hundred percent is assumed to contaminate groundwater
without any dispersion (fL1).

(c) The total volume (V ) of l eachate generated per year from
an average 25 acre landfill based on US Ekvironmental Protection Agency (EPA)
estimates is 6.76E+06 gallons (2.57E+10ml) accounting for only the average
precipitation infiltrate of ten inches per year.

*(d) There is no further dilution in the zone of contamination
(fL2) is equivalent to one).

(e) One percent is assumed withdrawn for domestic water
supply (fdl) and five percent for public drinking water (fd2).

(2) The total activity in the leachate is determined by:

AL = AtflfL2/VL

The activity substituting proper values is estimated to be 5.76E-06 Bq/mil
(1.55E-10 uCi/ml).. -

(3) In determining the activity ingested by surrounding populations
the equation Aing = V L f dlfd2AL is employed.

The dietary intake by the entire population (73,000). surrounding the landfill
would be 7.40E+01 Bq (2.OOE-03 uCi). The average dietary intake would be
1.01E-03 Bq (2.74E-08 uiCi)..

(4) The dose commitment to the maximally exposed individual is
assessed with the assumption that the annual dietary intake of water. (I,*) is
370 liters (1) and consists entirely of drinking water contaminated witW{ Th-232
at the same concentration as calculated for leachate (5.76E-06 Bq/ml)
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incorporated into the formula: A. =IwAL ' This yields an ingestion of
2.13E+00 Bq (5.75E-05 uCi). The 1 m-232 intake and committed dose equivalents
to various organs are summarized in Table C-9.

(5) The maximum permissible concentrations for unrestricted areas
as specified in 10 CFR Part 20 are 7.40E+04 Bq/m 3 (2.00E-06 uCi/ml) for
soluble forms and 1.48E+06 Bq/m 3 (4.00. E-05 uCi/ml) for insoluble forms. The
concentration of the radionuclide in the leachate is approximately 7.78E-03
percent of the soluble limits and 3.88E-04 percent of the insoluble limits.

(6) The maximum exposed individual ingests 7.10E-03 percent of
the ICRP recommended ALl (3.OOE+04 Bq),for ingestion. The resulting committed dose
equivalent to bone surface is 8.1OE-03 percent of the recommendations for
non-stochastic effects (5.0OE-01 Sv).

e. Transportation Incidents:

(1) A transport incident involving an assumed maximum quantity
of Th-232 is proposed to demonstrate levels below regulatory limits for
unrestricted areas. Transportation of night vision devices having a total of
fifteen pounds within a single shipment would never, occur. The assessment
considers inhalation risk as the primary immediate mode of exposure to
individuals in the vicinity of an incident Under the assumptions:

(a) A maximum quantity of fifteen pounds is transported
yielding a total activity of 2.75E+07 Bq (7.42E+02 uCi).

(b) Fifty percent of the total activity is instantaneously and
uniformly spacially distributed within a hemispherical volume whose radius
equals 200 meters yielding a total volume of 1.67E+07 m3 and whose activity
concentration per unit volume is 8.23E-01 Bq/m 3 (2.22E-05 uCi/m 3 ).

(c) Assuming no change in activity per unit volume from
dispersion during a one hour time period, an individual with a breathing rate
of 1.2 m3 /hr remaining for an hour woul'd inhale an activity of 9.88E-01 Bq
(2.67E-05 uCi). The concentration when averaged over a one year period is
2.25E-03 Bq/m 3  (6.08E-14 uCi/ml). Based on the calculations, this value is
shown to be several orders of magnitudes below NRC air concentration
specifications for restricted (1.11E+.00 Bq/m 3 or 3.OOE-11 uCi/ml) or
unrestricted 03.70E-02 Bq/m 3 or 1.OOE-12 uCi/ml) areas stated for insoluble/
soluble forms.

(2) The total quantity inhaled is approximately 2.47E+00 percent
of the recommended ALl (4.OOE+01 Bq) for inhalation. The resulting dose
equivalent to bone surface is 2.20E+00 percent of the yearly dose equivalent
limit (5.OOE-OlSv) recommendations for non-stochastic effects. Table C-10
summarizes committed dose equivalent limits to various organs.
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TABLE C - 9

COMMITTED DOSE EQUIVALENTS TO VARIOUS ORGANS RESULTANT

CONTAMINATED DRINKING WATER

FROM INGESTION OF

Effected Group

Total Public

Activity Ingested -Bone Surface

1.41E-03 Sv.

(1.41E-Olrem)

Liver * R.Marrow Gonads *

7.40E+01

(2.OOE-03

Bq

uci)

Maximum Exposed Individual

Average Exposed Individual

2.13E+00

(5.7 5E-05

1.OIE-03

(2.74E-08

Bq

uCi)

4.05E-05 Sv

(4.05E-O3rem)

7.55E-07 Sv

(7,55E-O5rem)

2.17E-08 Sv

(2.17E-O6rem)

1.03E-11 Sv

(1.03E-O9rem)

1.11E-04 Sv

(1 .11E-O2rem)

3.19E-06 Sv

(3.19E-04 rem)

1.52E-09 Sv

(1 .52E-O7rem)

9.10E-08 Sv

(9.10E-O6rem)

2.62E-09 Sv

(2.62E-O7rem)

1.24E-12 Sv

(1.24E-10rem)

Bq

uCi)

1.92E-08 Sv

(1.92E-O6rem)

* Internal dosimetry data from NUREG/CR-1962.

Remaining committed dose equivalents are assessed using ICRP 30 data.



TABLE C - 10

COMMITTED DOSE EQUIVALENTS TO VARIOUS ORGANS RESULTANT FROM
INHALATION SUBSEQUENT TO TRANSPORT INCIDENT

Activity Inhaled Bone Surface Liver * Lung * R..Marrow

9.88E-01 Bq

(2.67E-05 uCi)

1.10E-02 Sv

(1.10E+00 rem)

6.15E-06 Sv

(6.15E-04 rem)

1.42E-05 Sv

(1.42E-03 rem)

8.82E-04 Sv

(8.82E-02 rem)

r%3
'-0

Internal dosimetry data from NUREG/CR-1962.

Remaining committed dose equivalents are assessed using ICRP 30 data.



3. Hypothetical scenarios developed for environmental or radiological
health assessment have not been identified to exceed recommended exposure
levels for stochastic/non-stochastic dose limits of the ICRP or NRC
regulatory requirements. Assumptions established for each incident are regarded
as highly i~mprobable. Resultant determinations even when assessed with
extreme parameters do not pose significant health or environmental risk.
Actual levels would be magnitudes below proposed inhalation or ingestion
quantities and determined committed dose equivalents. Maximum safety controls
in conjunction with contractual requirements are adequate to insure safe
operation without regard to radiological or environmental impact from
incorporation of ThF 4 optical coatings within night vision systems.

D. Alternatives

1. The use of optical coatings for obtaining superior spectral performance
is achieved over wide wavelength ranges using SLAR/NLAR coatings free from the
effects of temperature, angle of incidence shifts and coating non-uniformity.
Both MLAR and SLAR coatings are designed to increase substrate transmission
and reduce surface reflection for specific wavelength intervals. Typical
substrates employed for optical elements are germanium or silicon. Without
optical coatings, the transmittance performance of only forty-six percent is
obtained in the eight to fourteen micrometer IR spectral region. The
incorporation of ThF 4 as one of the multilayers in antireflective coatings
produces a ninety-,eight percent transmittance within the same spectral region.
The development of optical elements for night vision devices with military
specifications for an eight to fourteen micrometer IR region withstanding
environmental degradation has necessitated the incorporation of ThF 4 as one
of the multilayers for specified properties. Additional considerations for

:ThF 4 selection includes:

(a) The low index of refraction for antireflective coatings.

(b) The extreme stability exhibiting no appreciable decomposition in
*coating processes.

(c) The low water solubility lending to withstanding severe environ-
mental conditions as an outer coating.

(d) The high transmittance offered due to the molecular lattice
structure.

2. The coating for this system is important since there are as many as five
lens elements within night vision assemblies. Without this coatinq, the inter-
reflection losses within the lens system would significantly result in
decreased performance. Incorporation of ThF allows use of approximately ten
coated elements without decrease in total reflective functions. Commercial
laboratories have developed non-radioactive coatings which are capable of
producing approximately ninety-four percent transmittance. The non-radioactive
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coatings are typically inorganic dielectric type compounds. No material
being prototype tested in research and development stages for objective
(exterior) lenses assure or meet all military requirements. Research and
testing for non-radioactive substitutes is ongoing for complete development of
coatings producing higher transmission and durability characteristics.

3. In consideration of the negligible to non-existent exposure risk
associated with the use of FLIR systems, alternative replacements decreasing
performance are unacceptable. There is no. demonstration for the need of
immediate or future concern regarding the incorporation of ThF 4 . Primary
consideration should continue to surround provision of optimal systems for use
by effected military organizations. ThF 4 antireflective coatings provide the only
source for optimal characteristics/properties for use in night vision devices
meeting requirements of Federal regulations, Army contracts and tactical
implementation. These coatings are considered most advantageous in obtaining
specified requirements for uniformly high transmission over required wavelength
intervals and multiple reflectance reduction.

E. Status of Compliance

All night vision systems included under the CECOM NRC Source Material
License No. SMB-1300 have been identified in Section B to comply to all
regulations stipulated in 10 CFR, applicable Army regulations as specified
in AR-385-11 and CECOM MOU's between other MSC's. In addition, CECOM provides
assurance to Compliance of regulations through annual health and safety
inspections of depot areas inclusive of quality assurance testing. Further,
this headquarters will assure that contractor facilities are inspected for
compliance with statements and representations contained-within NRC Source
Material License No. SMB-1300. As previously stated in Section B, transportation
of night vision thermal imagery equipment is exempted with regard to applicable
DOT/NRC regulations.
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F. Listing of Agencies and Persons Contacted:

1. Nado, George:

2. Olson, Valerie:

3. Vincent, Jerry:

4. Zmarzly, Frederick:

IEL/SAL Laboratory Manager
Electro-Optics Division
Texas Instruments
Dallas, Texas

Assistant Program Manager, FAS
Hughes Aircraft Corporation
Culver City, California

Safety Specialist
Safety Office
Sacramento Army Depot
Sacramento, California

Sales Manager
Government Aerospace
Optical Coating Laboratories, Incorporated
Santa Rosa, California
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RADIATION REQUIREMENT

The Optical Elements shall contain no thorium or other source material
as defined in Title 10, Code of Federal Regulations, Part 40, in excess
of 0.05 percent by weight or other added radioactive material (See
Definition A).
The contractor shall include the preceding requirement in all purchase

orders for Optical Glass.

1. Optical Elements (Visible Lenses)

a. Inventory Control - Each lens element shall be traceable to a
particular lot and vendor. Lots shall be separated according to date
received, lens type and vendor. For accounting and control purposes,
each lot will be documented as to the number in the lot, type of lens,
source of supply and date received. Individual lots must be kept
separated until unit testing has been completed and the lots are
approved for use (see below). This inventory control system shall be
open for Government inspection throughout the life of the contract and
one copy of the applicable portion of the inventory records will be
submitted along with each test report for Government retention.

* b. Screening Test - All completed glass elements will be individually
screened for detectable radiation by using a Government approved radiation
monitor (See Definition B). All glass elements will be unwrapped before
screening and screening will be done on both sides of the glass. Each
glass element will first be screened using an end window probe. All glass
passing this test will then be screened by using an Alpha Probe. Any lens
element which indicates a positive reading on the monitor, a steady
reading twice background or greater, will be cause for rejecting the lot.

* c. X-Ray Analysis for First Element in Eyepiece - After screening
the lots as described in part b, 10 percent of the accepted screen
elements in each lot will be randomly selected and tested by X-Ray
Fluorescence (See efinition C)for compliance with the test requirement

.(NOTE: At least one sample from each lot will be tested and all sample
quantities will be rounded to the next higher integer). If the analysis
shows a source material concentration greater than 0.05 percent by weight,
500 parts per million, for any sample, all glass elements in the lot associated
with this sample will be rejected and replaced with acceptable glass elements
at the contractors expense. Government prior approval of the test facility
that will perform the X-Ray Analysis is required (See Definition C).

d. X-Ray Analysis for Suspect Elements in Eyepiece- After screening
the lot as described in part b, one percent of the accepted screened
elements in each lot will be randomly selected and tested-by X-Ray
Fluorescence (See Definition C) for compliance with the test requirement.
(NOTE: At lease one sample from each lot will be tested and all sample
quantities will be rounded to the next higher integer). If the analysis
shows a source material concentration greater than 0.05 percent by weight,
500 parts per million, for any sample, all glass elements in the lot
associated with this sample will be rejected and replaced with acceptable
glass elements at the contractors expense. Government prior approval of

,,-u. ,_' I•



the test facility that will perform the X-Ray Analysis is required,
(See Definition C).

e. One glass sample which has not received the X-Ray fluorescence
test from each lot associated with c and d above may be randomly selected
by the Government QAR and sent as part of the test report for Government
verification testing. If tests show a source material concentration
greater than 0.05 percent by weight, 500 parts per million, all glass
elements in the lots associated with the sample will be rejected and re-
placed with acceptable glass elements at the contractors expense. The
sample will be returned fifteen (15) days after date of receipt.

f. The plan shall include a sample test report (see DD 1423 DI-T-
1906)which demonstrates the ability to determine compliance with the
requirement by examination of the report.

g. Alternate Methods of Certification. Equivalent alternate pro-
cedures may be submitted for Government approval at the time of and in
addition to the submission of the Contractor test plan. The alternate
plan must contain adequate documentation concerning the relative cost
and difficulties of implementing this note and the alternate plan and
of the equivalence of the alternate certification plan in terms of
assuring compliance with paragraph a., while maintaining the contractual
delivery schedule and minimizing additional costs.

2. Optical Elements IR Coated (Thorium Fluoride)

a. Restriction of Optical Fluoride Coatings on IR Optics. Thermal
Imaging Systems, especially developed in the 8-14 um region, and delivered
under this contract may have Infrared Optics containing thorium fluoride
anti-reflective coatings. Since this material is radioactive, 1OCFR

Lrequires the items using this coating material be controlled. All systems
utilizing thorium fluoride coatings shall be tested to assure durability"
of the coatings. Furthermore, on all materials prepared in support of the
equipment, as required by the contract, the Contractor shall inform the
customer/reader of the existence of the thorium coatings and shall indicate
that licensing authorization has been approved from the Nuclear Regulatory
Commission (NRC) for their use. The prime Contractor shall assume full
responsibility for the implementation of this note and shall include this
note in all subcontracts.

(1) Operating Instructions. Manuals or other operating instructions
shall state that the objective lenses are coated with indicated numerical
value amount of radioactive material and that licensing authorization
for its use has been obtained from NRC. Also, methods to be used in
cleaning the lenses shall be defined in the manuals.

(2) Testing. IR coatings shall pass adherence and abrasion tests.
IR coatings shall not flake, peel or pit when subjected to environmental
requirements.
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(3) Drawings. Drawings describing thorium coated elements shall
indicate that the element'is thorium fluoride coated. The amount of
thorium compound per square centimeter in the total coating will be provided.

(4) Certification or Safety Statement. The contractor shall specifically
provide the following information as a separate item or as part of another
data item such as the safety statement, final report, .or radioactive
material data list:

(9) Part number of all optical elements with IR coatings.

(b) Diameter of each element with a radioactive IR coating.

(c) The amount of thorium compound per square centimeter in the
total coating will be provided.

(This information is required under NRC Source Material License Number
SMB-1300 issued to USACERCOM)

Definitions

A. Radioactive Material - Material requiring specific licensing,
under the regulation issued pursuant to the Atomic Energy Act of 1954, as
amended, and any other radioactive material not requiring specific licensing
in which the radioaptivity per gram is greater than 0.002 microcuries.

B. Radiation Monitor - Must have both audible and meter detection
ability. The monitor must have capability to be used with both a thin
window probe and a Alpha Probe (Equivalent to Eberline Model RM-15or RM-1)-.

Minimum Requirements for Probes

1. Alpha Probe . Target surface must be of Aluminized Mylar no heavier
thanl.5 mg/sq cm (Equivalent to Eberline Model AC-3-7/AC-3B-7).

2. Thin End Window Probe - End window must be Mica no heavier than 2 mg/
sq cm (Equivalent to Eberline Model HP-230A).

c. Government Approval of Test Facility- Will be based on the ability
to use X-Ray Fluorescence techniques to analyze glass with a minimum
detectable level for.thorium and other source material of at least 100
parts per million with an accuracy of * 25 parts per million. Equipment
to be used in performing the X-Ray Fluorescence must be calibrated and
correlated against Government standards.
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MIL-M-13508C.
19 Marc.n 19.73
SUPERSEDTcl-
MIL-M-13500b
16 November 1966

MILITARY SPECIFICATION

MIRROR, FRONT SURFACED ALUMINIZED: FOR OPTICAL ELEINTE'

This specification is mandatory for use by all Departments az!J
Agencies of the Deparcment of Defense

i. OPE

1.1 Scope. pe. : covers a mirror coating consisting
£ de-osited aluminum ref] Lve film overlaid with a transparent

dijalect-ic protective film applied on the front surface of optical
eltements.

2 API'LICABU DUCUHENTS

2.1 The following documents of the i~sua
invitation for bids or request for proposal, torw
ap.ý.cification to the extent Specified herein.

* .fect on date
a part of this

SPECIFICATION•S

*k Federal

ýL-T-90

CCC-C-440

Military

Tape, Pressure-Sensitive, Ad
.(Cellophane and cellulose ac

Cloth, Cheesecloth, Cotton, Bs .ni.d
,.and unbleached

Optical Components for Fire Control
Instruments; General Specification
Governing the Manufacture, Assemkly,
and Inspection of

MIL-O-13830

78C 60L4

THIS IOCUMENT CON TAINS. ..PAGES
L

IZtze'.



NIL-*-13508C

STANDARDS

Federal

Federal Test Method, Metals; Teat Methods
Standard No. 151

Military

MZL-STD-105 Sampling Procedures and Tables for Tnspection
by Attributes

MI-STD-1241 Optical Terms and Definitions

(Copies of specifications, standards, drawings, and publications required
by suppliers in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.)

3. RZQUMEMES

3.1 Optical terms and definitions.- Reference shall be med to
)CEL-D-1241 to define optical terms used.

3.2 Optical elerents.- The supplier is responsible for the quality
of the optical elemants used as backing for a front surface mirrored
finish. Optical elements shall have been manufactured, tested and
approved for use in accordance with the applicable elemnt draving and
referenced specifications prior to the coating process.

3.3 Coating process.- The coating process producing the front surface
mirror finish shall cause no impairment to the optical elemnt. Optical
elemnts which have met the requirements of 3.2 shall not be rejected
because of fine hair- lines, scratches, digs or stains which are made more
visible by the coating process.

3.3.1 Aluminum film.- The deposited film shall be of high quality
Aluminum. There shell be no visible discontinuities or blemishes that
adversely affect the field of view as seen with the eye in the specified
viewing position.

* 3.3.2 Protective film.- The front surface alumain film shall be
protected by a film of high quality uniform magnesium fluoride or silicon
monoxide or as otherwise specified on the applicable drawing. Ta film
shall be free from holes, foreign matter and perceptible variations In
density.

3.4 ULIl .L.- The finished coated surface, for visible usei,
shall have sore than 86 percent lminous reflctee when masured at
required angle of incidence, or a refelctance as otherwise specified
on the applicable draeing.
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MIL-M-13508C

3.5 Optical quality..-.The finished coated surface shall conform to
the pertinent optical requirements set forth on the applicable drawing.

3.6 Coated area.- The optical element shall be coated over its
entire effective aperture or as otherwise specified by the applicable
drawing.

3.7 Temperature influence.- The coated surface shall show no signs
of deterioration or removal of films after being subjected to ambient
temperature of -80°F and also +1601F for a period of five hours at each
temperature.

3.8 Hardness.- The coated surface shall show no signs of deterioration
such as streaks or hairline scratches as defined in MIL-O-13830 after being
hand rubbed with a dry cloth.

3.9 Adherence.- No part of the aluminun or protective films shall be
removed when cellulose tape is pressed against the coated surface and
slowly removed.

3.10 Humidity and salt spray.- When specified in the contract the
coated surface shall show no evidence of corrosion or pitting when exposed
to a relative humidity of 95 to 100 percent at 120°F + 40 F for a period of 24
hours and when exposed to a salt spray for the same time period. (See 6.1)

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inzipection. - Unless otherwise specified in
the contract or purchasie order, the supplier is responsible for the per-
formance ot all inspection requirements as specified herein. Except as
otherwise specified in the contract or order, the supplier may use his own
or any other facilities suitable for. the performance of the inspection
requirements specified herein,. unless disapproved by the Government. The
Government reserves the right to perform aiiy. of the inspections set forth
'in the specification where such inspections are deemed necessary-,to assure
supplies and services conform to prescribed requirements.

4.2 General provisions

4.2.1 Submission of product. - Unless otherwise specified in the
contract inspection lot size, lot formation and presentation for
acceptance shall be in accordance with MIL-STD-05.

4.3 Examination and tests. - Examination and tests related to
Section 3 herein shall be performed on a single defect (individual
characteristic) basis in accordance with MIL-STD-105 and Table I

" specified herein.

3
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1IL-M-13508C

TABLE 1, CLASSIFICATION OF DEFECTS

Test
Class Requirement Procedure
Critical: None defined
Major: AQL 0.657 defective

101. Aluminum film 3.3.1 4.4.1
102. Protective film 3.3.2 4.4.1
103. Reflectance 3.4 4.4.2
104. Optical quality 3.5 4.4.3
105. Coated area 3.6 4.4.1
106. Temperature influence 3.7 4.4.4

107. Hardness 3.8 4.4.5
108. Adherence 3.9 4.4.6
109. Humidity 3.10 4.4.7
110. Salt spray 3.10 4.4.8

Minor: None defined

4.4 Test Methods and procedures.

4.4.1 Coating process.- Use a visual inspection and procedures set
forth in MIL-0-13830 to determine compliance with requirements 3.3.1,

3.3.2, and 3.6.

* 4.4.2 . The reflectance of the finished mirror at the

req. -ed angle of incidence shall be measured either with a photometer
device shown in Figure I for luminous reflectance or an instrument

(spectrophotometer) capable of Lwasuring nonvisual reflectance as

otherwisespecified on the applicable drawing to determine conformance
with the requirements of 3.4.

4.4.3 Optical quality.- Use testing procedures as specified in

MIL-0-13830 or as otherwise 6pecified on applicable draing to determine
compliance with requirement 3.5.

.4.4.4 Temperature influence.- The element sha1i be exposed to

ambient temperatures of -80 and +160 0 F for a period of 5 hours at each

specified temperature. A visual inspection shall be made after the
element is returned to standard ambient temperature (+600 to 90 0 F) to
determine compliance with the requirement 3.7.
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MIL-M-13508C

4.4.5 Hardness. - This test shall be performed using a pad of clean
dr, laumdered cheesecloth, conforming to CCC-C-440, approximately 3/8
inch dialter and approximately 1/2 inch thick. Bearing with a force of
oae pý. "1 1/4 lb on the protected clean surface of the elemnt, rub a
minimm u0 50 strokes across the surface in straight lines or circular
mo.jonc. Subsequent to this procedure the protective- coating .mt meet
,hae requirements of 3.8.

* • A. • Adherence. - Place the sticky surface of cellulose tape,
V , .o- ,.g to TYPE I, Class A of L-T-90, over a portion of the coated

sur-,..:. Press the tape firmly against the coated surface. Pull the
tape ,- er the edges of the element and then slowly remove the
tafit 'sual inspection shall be made of the tested area to assure
that t:. filma have not been removed from the substrate material to
dctreisLae compliance with 3.9. Edges not forming a part of the reflecting
surface shall not be considered when inspection is being performed.

4.4.7 Humidity. - The coated eluwrts shall be exposed for a period
of 24 hours in a thermostatically controlled humidity chamber having a
relative humidity ot between 95 and 100 percent of 1200 + 4 0 F. The
elements shall be removed from the chamber and dried with lenas tissue
o.r :oft cloth, then visually inspected to determine compliance with the
requirements of 3.10. (See 6.1).

4.4.8 Salt spray. - A visual inspection of the element shall be made
of the coating after exposure to the salt spray test described in Federal
Test Method Std No. 151 to determine compliance with the requliements of
3.10 (See 6.1).

5. PR•PARATION FOR DELIVERY - This section not applicable to this"speci'fci.! c•t ,.u.

6. NOZI4S

* 6.1 Humidlty and salt spray. - Humidity and salt spray requirements
and tests are applicable only when specifically required by contract.
The cu;.tract shall also prescribe the specific protective coatint that
will w•eet the environneiital requirements of 3.10. Federal Test Method Std
No. 151 Metals, Test Methods, should be. furnished as part of applfv.bla
documents required under 2.1.

Custodians: User activity:
Army - M Army - EL, ME, N11
Air Force - 82 Navy - OS, SH

Air Force - None

Review activity: Preparing activity:
Army -MU Army - MUD (FA)
Air Force - 82

Project No. 6650-0060
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Weston Photronic Cell

Notes: I. The load resistance of the photocell
adjustment shunt.

is. reduced by meter

2. Illuminant "A' is an incandescent tungsten lamp having i.

spectral distribution corresponding to a black body at a
temperature at 28480 K.

* Figure 1. Weston Photronic Cell, Viscor Filter

and Tungsten Light
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MI L-STDn-8 LbC
10 March 1975

SUPERSEDING
Ml L- STD-81 OB

15 June 1967

MILITARY STANDARD

ENVIRONMENTAL TEST METHODS
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NIl L-STD-8l OC
10 March 1975

Environmnental Test Methods

,•,IIL-STD-810C

1. 'Ihis N•,ilitary Standard is approved for use by all Departments and
Agencies of the Department of Defense.

2. .Recommended corrections, additioos, or dlect ions should be addressed
to Conmmander, :\crtnaittical Systems Ilivision, Attn: ASD/ENYESA, Wright-
Patter-son Air Force' Baisc, Ohio I 5-133.
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m.Tl IOD 5o7.1

I I•lM I D ITY

'. UI(1POSI1. The tumiddit.\ te.st is conduct.d to determine the resistance of
equipment to the 'flects o0" exposure to t.arm, highly humid atmosphere such

as ncounterd in tropic;il areas. This is an exaggerated environmental
t est , ,-coapi ished hY the cont i n111ous exposure of the equipment to high rela-
tive hlmlidity at tycling elev'ated temperatures. These conditions impose a
vapor pressure on the equipment under test whIch constitutes the major
force behind the mioisture migration and penetration.

1.1 i lierll effects Corro,:ion is one of the principal effects of h:,;nidity.
Hlygroscopic mat -riii S al. se.siti\e to •inoisture and may deteriorate rapidly
binder humid conditiiOns.. Albsorption of moisture bh many materials results in
s'elii ng , twhich destroy S their functiornal litility and causes loss of ihysical
st rengt Ih and changes in othcr" I j:'o rtant me,:han ical propert ies. I nsu I it ing
materials Jihich absorb moisture tmay stiffer degradation of their electrical
and th,.,rtal pr.pert i .s. (ycl ii lg temperature and humidity may cause condensa-
tion of 11i< siore in.side of the ehlt iilllent wthich could cause the eqLliaipmeCt to
Mal flnCtio tit dle t1 0lect rical sh.,rts or cause binding due to corrosion or
fotaling of biltlri llclnts between oitM i ng part'.

-_ . APPAIRAl IS. lum ,dit v-et tmle rat re Chlwil •i. amild associated equipment.

2. 1 (:hlawhc r. Ihit chambr aid :AceCssorziS shall he constructed and arraniged
ill such a tailnner as to aivoid cutdct s.ste dripping on the test itemn. Tile chamber
shall h he traip-• venttd to tie at tmosphere to prevent the buildup of total pressure.
Rhelati 'e hnut idity -shall he detcrmi ned from the dry bulb-uet bulb thenitometer
collipa r i Soil method or an e(bltivalent method approved by the procuring activinty
MIhet. Ie.,a•doilt charts are used, they shlall .be callable of being read with a resola-
tion i ithin 0., 0 C (1 0 I:). ilhen tile wet bulb coontrol method is used, tilt- wet hullb
and tank shall ihe cleaned alnd a neW Wick installed at least every 30 d.ays.. rile
.-Lir velocity flowit an:kciross thet,et hulb shall he not less than 900 f.et per
inbatintre. P'rov i -oit.q :ha II he nIadt" for coiltrolI i ng the flow of air throuighout
the iltt. '1lal 'h;,:.hte tt.tt ,p;ic. ,ie re tie. v'elocity of air shall not exceed
151 fteet per l" nijitte. Steam; o)1r distilled, denminueralized, or deioni :ed A.i;.ter

ha;lVing :a p141 %altW l1l'tWeert ,.o aind 7.2 at ..3C (7301:) shall he used to obttain
the specified hiumidity. No rust or corrosive contaminants shall be irmposed
on the test item by tile test facility.

507.1-!'0 MODa r07. I
10 M, arch 197,
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3. PROCEDURES

3.1 Procedure 1. Airborne electronic cquipment.

Step I- Prepare the test item in accordance with General Requirements,
3.2. Prior to starting the test, the internal chamber tempera-
ture shall be at standard ambient with uncontrolled humidity.

Step 2 - Gradually raise internal chamber temperature to 65C (149 0 F)
and the relative humidity to 95 +5 -3 percent over a period of
2 hours.

Step 3 - M.aintain conditions of step 2 for not less than 6 hours.

Step 4 Maintain 85 percent, or greater, relative humidity and reduce
internal chamber temperature in 16 hours to 30 0 C (86 0 F).

Step S -Repeat steps 2, 3, and 4 for a total of 10 cycles (not less than
24U hours). Figure 507.1-1 is an outline of the humidity cycle
for this procedure.

Step 6 -At the end of the tenth cycle, while still at 30"C (86"F) and
85 percent relative humidity, operate the test item and obtain
results in accordance with General: Requirements, 3.2.

Step 7 - Remove and inspect the test item and obtain results in accord-

ance with General Requireents, 3.2.

3.2 Procedure I1. Ground and airborne electronic equipment.

Step I - Prepare the test item in accordance.with General Requirements,
3.2, except that initial;measurements are taken in step 4.

Step 2 - Dry the test item-at 54 0C (129 0 F) for 24 hours.

Step 3 - Condition th- test item at 23"C (73 0 F) and SO ±10 percent
relative humidity for 24 hours.

Stee.N4 - Take initial measurements in accordance with General Require-
ments, 3.2.1

METIIOM 507.1 507.1-2
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NOTE: The test item may be readjusted or realigned, as necessary, to meet
specification requirements. No further realignment or readjustment shall be
permitted throughout the test period, other than with accessible controls
employed for operation of the test item. No repair or replacement of parts
shall be permitted. Equipment shall be operated only when specified test
measurements are being performed.

Step 5 - Raise the internal chamber temperature to 30 0 C (86*F) and the
relative humidity to 94 i4 percent.

Step 6 - Subject the test item to five continuous 48-hour cycles in
accordance %ith figure 507.1-2. Take measurements in accord-
ance with General Requirements, 3.2.3 at the periods shown on
figure S07.1-2, unless otherwise specified in the equipment
specification. Prior to measurements, accumulated moisture
may be removed by turning the test item upside down or shaking.
hiping is not permitted. (Certain operating procedures require
an effective preconditioning of the test item environment prior
to operat ion. lKhen this occurs, the period of measurement shall
he kept as short as possible.}

Step 7- After completion of step 0 cycling, condition the test item
for 24 hours at 230 C (7301:) and 50 ±10 percent relative
humidity.

Step 8 - Operate the test item, adjusting for optimum performance only
as permitted in step 4 note, and compare with data(obtained in
step 4.

Stevp 9- InspLct the,.test item in accordance with General Requirements,
3..24 within an hour.

3.3 Procedure I[]. (;round and airborne sealed electronic equipment (other
than herme tic seal ed).

Step 1 - Prepare the test item in accordance with General Requirements,
3.2.

Step 2- Pry the test item at 54"C (129"F). for 24 hours.

Step 3 - Condition the test item at 23 0 C (73 0 F) and 50 !10 percent
relative humidity for 24 hours.

Step 4 - lake initial measurements in accordance with General Require-
l~t'l , 3. 2. I.

NOTE: The test it em may be raligned or readjusted as necessary to meet speci-
fication requirements. No further realignment or readjustment shall be

507.1-3 METHOD 507.1
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REIA'rio: iiumriDiTY

* 65

60

TI.i'.

TIME (u;H)
148 72

CONFI'NI11 FOR A TOTAl. O1; 10 CYCLI'S (240 HR')

1: 1 GURI: 50- - I- I. 1Himidity..Cycle - Procedure I
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TEST~':

- TrslAMVI

U
0

130 Z
120 0

110loo
90

2 4 6 8 10 12 1h 16 18i20 22 2. 26o28 30 32 34 36 38 10 42 42 46 4

Cu)CLA: •VE HOURS I
1 CycLE -48 Hou~s -

FIGURE 507.1-2. Humidity Cycle Procedures II and III

NOTES:

1. Tolerance during temperature change shall be not greater than 3°C (51F).

2. Relative humidity shall be maintained-at 94 +4 percent at all times,,
except that during the descending temperature period, the relative humidity
may be permitted to drop as low as 85 percent.

3. Rate of temperature change between 300 and 655C (86. and 149 0FI shall
be not less than 8*C (14.4"F) per hour.

4. The temperature increase in this portion of the curve shall be not less
than 100C (18F).

S. Test "masurements shall be taken only at the period specified in the
applicable equipwent or system specification.

507.01-5

507. s-
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permitted throughout the test period other than w~th accessible controls em-
ployed for operation of the test item. No repair or replacement of parts
shall be permitted. Equipment shall not be operated, except when specified
test measurements are being performed.

Step 5 - Raise the internal chamber temperature to 300C (860F) and the
relative humidity to 94 ±4 percent.

Step 6 Subject the test item to five continuous 48-hour cycles in accord-
ance with figure 507.1-2. The relative humidity shall be main-
tained at 94 ±4 percent at all times. Take measurements in
accordance with General Requirements, 3.2.3 at the periods shown
on figure 507.1-2 unless otherwise specified in the equipment
specification. Prior to measurements, accumulated moisture may
be removed by turning the test item upside down or shaking.
Wiping is not permitted. (Certain operating procedures require
an effective preconditioning of the test item environment prior
to operation. When this occurs, the period of measurement shall
be kept as short as possible.)

Step 7 - After comnletion of the step 6 cycling, open the test item and
remove the chassis from its enclosure, in the test chamber.

Step 8 - Maintain the internal test chamber temperature at 300C (86 0 F)
with the relative humidity at 94 ±4 percent for 480 hours.
During the last S hours of exposure, take measurements as
specified in the equipment specification. Additional measure-
ments may be made at the end of each 24-hour period, if so
specified in the equipment specification. Prior to measurements,
;IcctmIMtlated moisture may be removed by turning the test item up-
sid, down or shaking. Wiping is not permitted. For electronic
etquiplmcnt, if removal of the test chassis from its enclosure
will, of itself, adversely affect the operation of the test item,
the test item may be replaced in its enclosure for measurements.

Step 9 After completion of the 480-hour test, condition the test item
at 230C (73 0 F) and 50±10 percent relative humidity for 24 hours.

Step 10 - Adjust the test item to optimum performance only as permitted
in the step 4 note.

Step 11 -Operate and inspect the test item, and obtain results in accord-
ance with General Requirements, 3.2, within 1 hour.

MIM"1Ol) 507. 1 507.1-6
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3.4 Procedure IV. Ground fire control and shipboard equipment.

Step I - Prepare the test item in accordance with General Requirements
3.2.

Step 2 - Dry the test item at a temperature of not less than 40 0 C (1040F)
nor more than 50°C (122°F) for not less than 2 hours.

Step 3 - Condition the test item at 250 ±SWC (77° ±90 F) and 50 percent
relative humidity for 24 hours.

Step 4 - Take initial measurements as specified in the equipment
specification in accordance with General Requirements, 3.2.

NOTE: The test item may be readjusted or realigned as necessary to conform to
the equipment specification requirements. No further realignment or readjust-
ment shall be permitted throughout the test period other than with accessible
controls, external to the test item, employed for operation of the test item.
If repairs, replacement of parts, or adJtist;!Ients other than-by the accessible
external controls are made at iny time prior to completion of the measurements
required at the end of the fifth cycle, all five of the 24-hour cycles shall
be repeated. Repairs include an)y change to the te.st item that is not made by
use of the accessible controls external to the test item* The test item shall
only be operated when specifie-d test measurements are being performed.

Step 5 - Subject the 'test item to five 24-hout cycles in accordance
• with figure 507. 1-3. A 24-hour cycle'consists of 16 hours

at (°00 "S°C (140• -t'[) and approximately g hours at 300 .SO°C
O S°9°F1 linclu,' .s transition times). The relative humidity

shall be maintained at 95 percent, or greater, at both tempera-
tures. Each transition time hetween 300 tS5C (860 ±9"1:) and
bO ±5'C (1400 '9°F) shall be not greater than 1-1/2 hours.
The relative humidity during each transition need not be cont-
trolled. Approximately 2 hours after stabilization during the
high temperature and low temperature portions of the first or
second cycle,-a sampling of the atmosphere in the chamber shall
be made to determine that the conditions of temperature and
relative humidity are uniform throughout-the chamber.

,qeasurenents as specified in the equipment specification shall be made during
the second cycle at 60° :-SC (1400 !9°:) immediately prior to decreasing to
300z :C (860 '9*F).

The test item shall be energized only a sufficient time to allow the required
warmup ,and measurements specified in the equipment specification.

507.1-7 IEThOD) 507.1

7.•
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Step b - After completion of the fifth cycle with the test item in the
chamber and the chamnber at 300 -t5°C (860 t9bF) and a relative
humidity of not less than 95 percent, take measurements speci-
fied in the equipment specification (no repair, realignment,
readjustment or replacement of parts shall be made, except as
specified herein). Obtain results in accordance with General
Requirements. 3.2.

Step 7 Condition the test item at 250 -5 0C (77" ±9*F) and 50 ±S percent
relative humidity for not less than 12 hours nor more than
24 hours.

Step 8 - While at 25- ±50 C (770. ±9F) and 50 percent relative humidity,
take measurements as specified in the equipment specification.

Step 9 - Inspect test item to detect evidence of physical degradation
(such as corrosion of metal 1arts, distortion of plastic parts,
and insufficient lubrication of moving parts) in accordance with
t;eneral Requirements, 3.2.

3.5 Procedure V. Aanmunit ion and. natural environment cycles.

Step I - Prepare the test item in accordance with General Requirements,
.3.2, except that initial measurements are taken in step S.

Step 2 - Dry the test item at 54"C (129"F) for 24 hours.

..Step 3 Condition the test item at 230 C (730F) and 50* ±10 percent
rel'ative humidity for 24.h1itirs.

Step 4 Gradilally raise the iiat'raal chamber temperature to 40.S*C
10SOF) and 90 percent relative humidity in 2 hours.

Step 5 -Take iititial measurements in accordance with General Require-
ments. 3.2.

NOTE: The test item may be readjusted or realigned as necessary to meet
specification requirements. No furthrr rt;.djustment or realignment shall be
permitted throughout the test period otaer, than with accessible controls
employed for operation of the test ite.:. No repair or replacement of parts
shall he permitted. Lquipment shall be operated only when specified test
measurements are being performed.

H•HTIOD 507.1 507.1-8
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Step 6 - Maintain the internal chambcr temperature at 40.SC•(1OS 0 F)
and the relative humidity at 90 percent for 16 hours.

Step 7 - Cradually decrease the internal. chamber temperature to 210C
(70"1') and increase the relative humidity to 95 percent in

2 hours.

Step h - maintain the internal chamber temperature at 21*C (70*F) and
the relative humidity at 95 percent for 4 hours.

Step 9 - Itelcat. steps 4, 6, 7, and S for a total of 20 cycles (480 hours).
Take meastirements as specified in the equipment specification.
i'rior to me'isuremitS. accumulated moisture may be removed by

tturning the test item upside down or shaking. Wiping is nor
pcrin itTed. Fi,'ir' 507.1-4 is an outline of the humidity cycle
for this procedure.

Step 10 - Aftvr com:ipl..tion Of step 9 CYcling, operate the test item
adjusting for optimum performance only as permitted in step 5
nute, and inspect the test item to obtain results in accord-
anicc with 6;eneral Requirements, 3.2 within 1 hour.

-I. SIM:.L\RY. The following details shall be specified -in the equipment
specification:

a. Proceddure number

b. Pretest data required

c. Failure crite'ria

d. Periods at which mieasurements are to be taken

e. %Iethixl for determninii•, plritty of %,ater if a more precise method is desired.

(All alternate to phl criteria is to perform a conductivity measurement. The

iuiximum acceptable val ut wouid be that resistance which i.a equivalent to 3.5
parts per mill ion total iuni:ed s-olids.)

f. If test item must he exposed to cxt-eme temperature prioj to test

(procedure 1).

g. Number of cycles if other thlui 20 (procedure V, step 9).

h. hheth•er cycle is to he limited to first 24 hours (procedure II, step. 6).

S07.1-9 nETlIOD S07.1
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METHOD 509.1

SALT FOG

1. PURPOSE. The salt fog test is conducted to determine the resistance of
equipment to the effects of a salt atmosphere. The specified concentration
of moisture and salt is greater than is found in service. The test is appli-
cable to any equipment exposed to salt fog conditions in service.

1.1 A~pplication. This test is valuable for determining the durability of
c.-,i,tings and finishes exposed to a corrosive salt atmosphere. For other
apiiiications, this test should be applied only after full recognition of its
deficiencies and limitations which are as follows:

1.1.1 General effects

1.1.1.1 Deficiencies

a. The successful withstanding of this test does not guarantee that the test
item will prove satisfactory under all corrosive conditions.

h. The salt fog used in this test does not truly duplicate the effects of a
marine atmosphere.

C. It has not been demonstrated that a direct relationship exists between
salt-fog corrosion and corrosion due to other media.

d. This test is generally unreliahle for comparing the corrosion resistance of
different materials or coiting conditions, or for predicting their comparative
service life. (Somc idea Of the service life of different samples of the same,
or closely related metals, or of protective coating-base metal combinations
exposed to marine or seacoast locations can be gained by this test provided
the correlation of field service test data with laboratory tests that, such
a relationship does exist, as in the case of aluminum alloys, such correlation
tests are also necessary to show* the degree of acceleration, if any, produced
by the laboratory test.)

1.1.1.2 Limitations

a. The salt fog test is acceptable for evaluating the uniformity (i.e.,
thickness and degree of porosity) of protective coatings, metallic and
nonmetallic, of different lots of the same product, once some standard level
of performance has been established. (hl'en used to check the porosity of
metallic coatings, the test is more dependable when applied to coatings which
are cathodic rather than anodic toward the basic metal.)

509.1-1 METHOD 509. I
10 March 1975
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b. This test can also be used to detect the presence of free iron
contaminating the surface of another metal by inspection of the corrosion
products.

2. APPARATUS. The apparatus used in the salt fog test shall include

the following:

a. Exposure chamber with racks for supporting test items.

b. Salt solution reservoir with means for maintaining an adequate level
of solution.

c. Means for atomizing salt solution, including suitable nozzles and
compressed air supply.

d. Chamber heating means and control.

e. Means for humidifying the air at a temperature above the chamber
temperature.

2.1 Chamber.. The chamber and all accessories shall be made of material
that will not affect the corrosiveness of the fog, e.g., glass, hard rubber.
plastic, or kiln dried wood other than plywood. In addition, all parts
which come in contact with test items shall be of materials that will not
cause electrolytic corrosion. The chamber and accessories shall be
constructed and arranged so that there is no direct impingement of the fog
or dripping of the condensate on the test items, that the fog circulates
freely about all test items to the same degree, and that no liquid which
has come in contact with the test items returns to the salt-solution
reservoir. The chamber shall be properly vented to. prevent pressure buildup_
and allow uniform distribution of salt fog. The discharge end of the vent
shall be protected from strorgdrafts which can create strong air currents
in the test chamber.

2.2 Atomizers. The atomizers used shall be of'such design and construction
as to produce a finely divided, wet, dense fog. Atomizing nozzles shall
be made of material that is nonreactive to the salt solution.

2.3 Air supply. The compressed air entering the atomizer shall be
essentially free from all impurities, such as oil and dirt. Means shall

be provided to humidify and warm the compressed air as required to meet the
operating conditions. The air pressure shall be suitable to produce a finely

S09.1-2
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divided dense fog with the atomizer or atomizers used. To insure against
clogging the atomizers by s-lt deposition, the air should have a relative
humidity of at least 85 percent at the point of release from the nozzle.
A satisfactory method is to pass the air in very fine bubbles-through a
tower containing heated water which should be automatically maintained at
a constant level. The temperature of the water should be at least 35SC (95'F).
The permissible water temperature increases with increasing volume of air and
with decreasing insulation of the chamber and the chamber's surroundings.
However, the temperature should not exceed a value above which an excess of
moisture is introduced into the chamber (for example 43*C (109*F) at an air
pressuhe of 12 psi) or a value which makes it impossible to meet the require-
ments for operating temperature.

.2.4 Preparation of salt solution. The salt used shall be sodium chloride
containing onLthe dry basis not more than 0.1 percent sodium iodide and not
more than 0.5 percent of total impurities. Unless otherwise specified, a
S ±i percent solution shall be prepared bydissolving five parts by weight
of salt in 95 parts by weight-of distilled or demineralized water. The solu-
tion shall be ad'usted to and maintained at a specific gravity between the
limits shohn on figure 509.1-1 by utilizing the measured temperature and den-
sity of the salt sol i ion. Sodium tetraborate (common borax) may be added to
the salt so',-tion i7;,tio not to exceed 0.7 gins (1/4 level teaspoon) sodium
tetraborate to 20 gal-Ions of salt solution as a pH stabilization agent.

2.4.1 Adjustment of pH of the salt solution shall be so maintained that
the solution atomized at 35"C (95"F) and collected by the method specified
in 3.1.3 wýll be in the pH range of 6.5 to 7.2. Only diluted C.P.
hydrochloric acid or C. P. sodium hydroxide shall be used to adjust the pH.
The addition of sodium tetraborate as recommended in 2.4 will aid in
maintaining a stable pH value. The pH measurement shall be made
electrometrically, using a glass electrode with a saturated potassium
chloride bridge, or by a colorimetric method, such as bromothymol blue,
provided the results are equivalent to those obtained with the electrometric
method. The pH shall be measured when preparing each new batch of solution
and as specified in 3.1.4.

2.5 Filter.A filter fabricated of noncorrosive materials similar to,
that shown in figure 509.1-2 shall be provided in the supply line and
immersed in the salt solution reservoir in a manner such as that illustrated
in figure 509.1-3.

509.1-3 METHOD S09.1
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3. PROCEDURE

3.1 Procedure I

3.1.1 Temperature. The test shall he conducted with a temperature in
the exposure zone maintained at 35*C (95*F). Satisfactory methods for
controlling the temperature accurately are by housing the apparatus in
a properly controlled constant temperature room, by thoroughly insulating
the apparatus and preheating the air to the proper temperature prior to atomi-
zation, or by jacketing the apparatus and controlling the temperature of the
water or of the air used in the jacket. The use of immersion heaters within
the chamber for the purpose of maintaining the temperature within the exposure
zone is prohibited.

3.1.2 Atomization. Suitable atomization has been obtained in chambers
having a volume of less than 12 cubic feet under the following conditions:

a. Nozzle pressure shall be as low as practicable to produce fog at the

required rate.

b. Orifices between 0.02 and 0.03 inch in diam'ter.

c. Atomization of approximately 3 quarts of salt solution per 10 cubic
feet of chamber volume per 24 hours.

When using large size chambers having a volume considerably in excess of
12 cubic feet, the conditions specified may require modification to meet
the requirements for operating conditions.

3.1.3 Placement of salt fog collection receptacles. The salt fog conditions
maintained in all parts of the exposure zone shall be such that, a clean
fog collecting receptacle placed at any point in the exposure zone will
collect from 0.5 to 3 milliliters of solution per hour for each 80 square
centimeters of horizontal collecting area (10 centimeters diameter) based
on an average test of at least 16 hours. A minimum of two receptacles
shall be used, one placed nearest to any nozzle and one farthest from all
nozzles. Receptacles shall be placed so that they are not shielded by
test items and so no drops of solution from test items or other sources
will be collected.

3.1.4 Ileasurement of s.lt solution. The solution, collected in a manner
specified in 3.1.3, shall have the sodium chloride content and pH specified
in 2.4 when measured at a temperature of 35*C (95*F). The salt solution from
all collection receptacles used can be combined to provide that quantity
required for the measurements specified.

509.1-6
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3.1.4.1 Measurement of sodium chloride content. The solution, maintained
at the specified temperature, can be measured in a graduate of approximately
2.5 centimeters inside diameter. A small laboratory type hydrometer will
be required for measurement within this volume.

3.1.4.2 Measurement of pH. The pH shall be measured as specified in 2.4.1.

3.1.4.3 Time of measurements. The measurement of both sodium chloride
content and pit shall be made at the following specified times:

a. For salt fog chambers-in continuous use, the measurements shall be
made following each test.

b. For salt fog chambers that are used infrequently, a 24-hour test run
shall be accomplished followed by the measurements. The test item shall
not be exposed to this test run.

3.1.5 Preparation of test item. The test item shall be given a minimum
of handling, particularly on the significant surfaces, and shall be prepared
for test immediately before exposure. Unless otherwise specified, uncoated
metallic or metallic coated devices ehall be thoroughly cleaned of oil,
dirt, and grease as necessary until the surface is free from water break.
The cleaning methods shall not include the use of corrosive solvents nor
solvents which deposit either corrosive or protective films, nor the use
of abrasives other than a paste of pure magnesium oxide. Test items
having an organic coating'shall not be solvent cleaned. Those portions
of tnst items which come in contact with the support and, unless otherwise
specified in the case of coated devices or samples, cut edges and surfaces
not required to be coated, shall be protected with a suitable coating of
wax or similar substance impervious to moisture.

3.1.0 Performance of test. The test item shall be placed in the test
chamber in accordance with General Requirements, 3.2.2, and exposed to the
salt fog for a period of 48 hours or as specified in the equipment specifi-
cation. At the end of the exposure period, unless otherwvise specified, the
test item shall be operated and the results compared with the data obtained
in accordance with General Rcquirements, 3.2.1. The test item shall be in-
spected for corrosion in accordance with General Requirements 3.2.4. If
necessary to aid in examination, a gentle wash in running water not warmer
than 380 C (100°F) may be used. The test item shall then be stored in an
ambient atmosphere for 48 hours or as specified in the equipment specifi-
cation for drying. At the end of the'drying period, when specified, the
test item shall be again operated and the results compared with~the data
obtained in accordance with General Requirements, 3.2.1. The test item
shall then be inspected in accordance with General Requirements, 3.2.4.

509.1-7
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4. SUIARY. The following details shall be specified in the equipment
specification:

a. Pretest data required

b. Failure criteria

c. Applicable salt solution, if other than 5 percent

d. Salt fog exposure period if other than 48 hours (see 3.1.6)

e. Drying period if other than 48 hours (see 3.1.6)

f. Inspection and operation after 24 hours of salt fog exposure where
buildup of salt deposits are critical to the proper operation of the test
item

g. Specify if operation of electrical system is required (see 3.1.6).

MRItOD 509.1
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1. seep W
1.1 This method sets forth the conditions

required in salt spray (ogs) testing for specifi-
cation purposes. Suitable apparatus which
may be used to obtain these conditions is de-
scribed in Appendix AI. The method does not
prescribe the type of test specimen or expo-
sure periods to be used tor a specific product.
nor the interpretation to be given to the re-
sults. Comments on the use of the test in re-
search will be tound in Appendix A2.

NOTE I-This method is applicable to salt ,pray
(foag testing of ferrous and non-ferrous metals, and is
also used to test inorganic and organic coatings. etc..
especially where such tests are the basis for material
or product specitfcations.

2. Apparatum
2.1 The apparatus required for salt spray

(tog) testing consists of a fog chamber, a salt
solution reservoir, a supply of suitably condi-
tioned compressed air. one or more atomizing
nozzles, 'specimen supports, provision for
heating the chamber, and necessary means of
control. The size and detailed construction of
the apparatus are optional, provided the con-
ditions obtained meet the requirements of this
method.

2.2 Drops of solution which accumulate on
the ceiling or cover of the chamber shall not
be permitted to tall on the specimens being
tested.

2.3 Drops of solution which tall from the
specimens shall noi be returned to the solution
reservoir for reipiatying.

2.4 Material of construction shall be such
that it will not affect the corrosiveness of the
fog.

15
2• U4 O

3. Tom •p
3.1 The type and number of et specimems

to be used, as wed as the criteria tar the ev-
aluation of the test results, shall be defined in
the specifications covering the material or
product being tested or shall be mutually
agreed upon by the purchaser and the sellr.

4. Prepa,,nalee offTem Speelamem
4.1 Metallic and metallic-coated specimens

shall be suitably cleaned. The cleaning
method shall be optional depending on the
nature of the surface and the contaminants.
except that it shall not include the use of abra-
sives other than a paste of pure magnesium
oxide nor of solvents which are corrosive or
will deposit either corrosive or protective
films. The use of a nitric acid solution for the
chemical cleaning, or passiVation. of stainless
steel specimens is. permissible when agreed
upon by the purchaser and the seller. Care
shall be taken that specimens are not recod-
taminated after cleaning by excessiv* or
careles handling.

4.2 Specimens for evaluation of paints and
other organic coatings shall be prepared in ac-
cordance with applicable specification(s) for
the material(s) being tested, or as agreed upon
by the purchaser and supplier. Otherwise. the
test specimens shall consist of steel meeting
thfR requirements of ASTM Methods D609
for Preparation of Steel Panels for Testing

'This Method is under the juimdicltioa of ASTM Corn-
mittel G- I On CLrroaMoR of %MIali and is the direct respoQ.
sibility of Subcommttee GOI 0.5 Oe Laborutory Corrosio
Tests.

Current editon approvid March 29. 19731 Published
June 1973. Ohiumnally piblilsed as U 117 - 39 T. Last p
viouseditian B lit 64.
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Paint. Varnish, Lacquer, and Related Prod-
tacts, and s"I be cleaned and prepared for
coating in accordance with applicable proc-
dure of Method D 609.

4.3 Specimens coated with paints or
nonmetallic coatings shall not be cleaned or
handled excessively prior to test.

4.4 Whenever it is desired to determine the
development of corrosion from an abraded
area in the paint or organic coating. a scratch
or scribed line shall be made through the coat-
ing with a sharp instrument so as to'expose
the underlying metal before testing. The con-
ditions of making the scratch shall be as de-
fined in ASTM Method D 1654. Evaluation of
Painted or Coated Specimens Subjected to
Corrosive Environments.' unless otherwise
agreed upon between the purchaser and seller.

4.5 Unless otherwise speciled. the cut
edges of plated. coated. or duplex materials
and areas containing identification marks or
in contact with the racks or supports shall be
protected with a suitable coating stable under
the conditions of the test. such as ceresin wax.

NOTE 2-Should it be deirabk to cut test speci-
mens from parts or from preplated. painted, or oth-
erwise coated iteel sheet the cut edges ,hall be pro-
tected by coating them with paint. wai, tape. or
other effective media so that the development of a
galvanic effect between such edges and the adjacent
plated or otherwise coated metal surfaces, is
preveted.

S elie of SP@Cime Durling Tes
5.1 The position of the specimens in the

salt spray chamber during the test shall be
such that the following conditions are met:

5.1.1 Unless otherwise specified, the speci-
mens shall be supported or suspended between
I and 30deg from the vertical and preferably
parallel to the principal direction of horizontal
now of fog throullh the chamber, based upon
the dominant surface being tested.

5.1.2 The specimens shall not contact each
other or any metallic material or any material
capable of acting as a wick.

5.1.3 Each specimen shall be so placed u
to permit free settling of fog on all specimens.

5.1.4 Salt solution from one specimen shall
not drip on any other specimen.

NOTE 3--Suitable materials for tie" construction
or coating of racks and supports arl glass, rubber,
plastic. or suitably coated wood. Bare metal shall
not be uted. Specimens shall preferably be sup-
ported from the bottom or the side. Slotted wooden

stripe are suitable for the euppon eof A pansd.
Suspension from gasg books of wal s•ri m,
be us as eog au the spsailed psitme s of ,00.
mai s oba , i m bm y mom oi ud.
ary s1upport at the bottom of ane speeNlm
•, Skle Seiede

6.1 The salt solutio s"al be prespred by
dissolving 5 * I perts by weight of soidium
chloride in 95 pans of distilled womw or waor
containing not mom than 20 ppm of total
solids. The salt used shall be sodium chorid
substantially free of askit and copper and con-
taining on the dry basis not more thn 0. 1 per-
cent of sodium iodide and not more than 0.3
percent of total impurities. Some sats contain
additives that may act as corrosion inkibitor;
careful attention should be given to the cAssmi
cal content of the salt. By agreement between
purchaser and seller, analysis may be required
and limits established for elements or com-
pounds not specified in the chemical composi-
tion given above.

6.2 The pH of the salt solution shall be swc
that when atomized at 35 C (95 F) the collected
solution will be in the pH range of 6.5 to 7.2
(Note 4). Before the solution is atomized it
shall be free of suspended solids (Note 5). The
pH measurement shall be made electrometri-
cally at 25 C (77 F) using a glass electrode with
a saturated potassium chloride bridge in ac.
cordance with Method E 70, Test for pH of
Aqueous Solutions with the Glass Elcrode&
or colorimetrically using bromothymol blite as
indicator, or short range pH paper which reads
in 0.2 or 0.3 of a pH unit (Note 6).

NoTe4-Temperature affects the pH. ofa salt
solution prepared from water saturated with carbon
dioxide at room temperature and pH adjustment
may be made by the following three matodsu

(I) When the pH of a salt solution is adjusted at
room tqmperature. and atomied at 35 C (9 5 F). the
pH of the collected solution will be higher than the
original solution due to the loss of carbon dioxide at
the higher temperature. When the pH of the salt
solution is adjusted at room temperature, it is there-
fore necessary to adjust it below 6.5 so the colected
solution afher atomizing at 35 C (95 F) will meet the
pH limits of 6.5 to 7.2. Take about a 50-ml sample
of the salt solution as prepared at room tempera-
turn, boil pettly for 30 1, cool and determine the
pH. When the pH of the salt solution is adjusted
to 6.5 to 7.2 by this procedure. the PH4 of the
atomized and collected solution at 35 C (95 F) will
come within this range.

SAnuad Baoo Q'ASTM SIaP. Pan 2?.
4Al.ui Boo of ASM Saamdr*, Puts IL 3k ad
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(2) Heating the sailt solution to boilinl and cool.
ing to 9S F or maintaining it at 95 F for approxi-
mately 48 h before adjusting the pH produce a so-
lution the pH of which does not materially chang
when atomized at 35 C (95 F).

(3) Heating the waW from which the salt solu.
tion is prepared to 35 C (95 F) or above, to expel
carbon dioxide, and adjusting the pH of the salt
solution within the limits of 6.5 to 7.2 produces a
solution the pH of which does not materially
change when atomized at 35 C (95 F).

NOTE S--The freahly prepared- salt solution may
be filtered or decanted before it is placed in the res-
ervoir, or the end of the tube lending from the solu-
lion to the atomizer may be covered with a double
layer of cheesecloth to prevent plugging of the noz-
zle.

NOTE 6--Tbe pH can be adjusted by additions of
dilute cp hydrochloric "ad or cp sodium hydroxide
solutions.

7. Air Suply
• 7.1 The compressed air supply to the nozzle

or nozzles for atomizing the salt solution shall
be free of oil and dirt (Note 7) and main-
tained between 69 and 172 kN/m' (10 and 25
psi) (Note 8).

NOTE 7-The air supply may be freed from oil
and dirt by passing it through a water scrubber or at
least 610 mm (2 ft) of suitable cleaning material
such as asbestos, sheep's wool, excelsior, slag
wool, or activated' alumina.

NOTE S--Atomizing nozzles may have a "critical
pressure" at which an abnormal increase in the cor-
rosiveness of the salt rog occurs. Itr the *critical
pressure" of a nozzle has not been established with
certainty, control of fluctuation ý1 the sair pre"sre
Within plus or minus 0.7 kN/m (0.1 psi), by in-
stallation of a suitable pressure regulator valve'
minimizes the possibility that the nozzle will be
operated at its -critica pressure."

L. Condidem IN 60 Salt Spray ChamerW
a. I Temperawure-The exposure zone of

the salt spray chamber shall he maintained at
35 + 1.1 - 1.7 C (95 + 2 - 3 F). The
temperature within the exposure zone of the
closed cabinet shall be recorded at least twice
a day at West 7 b apart (except on Satrdays.
Sundays, and holidays when the salt spray
test is not interrupted for exposing. rearrang-
ing. or removing test specimens or to check
and replenish the solution in the reservoir).

NOTE 9-A suitable method to record the tem-
_perature is by a continuous recording device or by a
thermometer which can be read from outside the
closed cabinet. The recorded temperature must be
obtained with the Walt spray chamber cloud to
avoid a (also low reading because of. wet-bulb effect
when the chamber is open.

8.2 Asomization and Quandily of Fog-At
least two clean fog collectors shall be so

placed within the expolr sone th so drop
of solution from the I" speime or amy
other sourc shall be collected. The lbltrswn
shall be placed in the proximity of the t
specimens, oe neams to any nozzle and the
other farthent from all Nozzles. The fog shal
be such that for eab 80 m' of horizontal col-
lecting area there will be collected is each **I-
lector from 1.0 to 2.0 ml of solution per bout
based on an average run o( at lms -16 I (Now
10). The sodium chloride conmtratios of the
collected solutioe shal be 5•* I ht pur-
cent (Note 1I). The pH of the collected aol.-
tion shall be 6.5 to 7.2. The pH meus arement
shall be made electromwically or colorimet.
rically using bromothymol blue as the indica.
tor.

Non 10-Suitable collecting devices am ss
funnels with the sums inserd through stopprs
into graduated cylinders, or crystallizing dishes.
Funnels and dishe with a diamter of 10 am have
an am of about 80 cmi.

NOTEI l -A solution having a s•fi gravity of
1.0255 to 1.0400 at 2S C (77 F) wil meet the coon
centration requirement. The cocentration may also
be determined as follows: Dilute S ml of the col.
lected solution to 100 ml with distilled water and
mix thoroughly. pipet a 10-ml aliquot into as
evaporating dish or casserole add 40 ml of disilled
water and I ml of I percent potassium chromate
solution (chloride-ftr) and titrate with 0.1 N silver
nitrate solution to the first appearance of a perma-
nest red coloratioe. A solution that requires be-
tween 3.4 and S.1 ml of 0.1 N silver nitrate solution
will meet the concentration requiremets.

8.3 The nozzle or nozzlie shall be so di-
rected or baffled that none of the spray can
impinge directly on the tes" spimcaens.

9. Contlnu~y . Test

9.1 Unless otherwise specified in the speci-
fications covering the material or product
being tested, the tes shall be continuous for
the duration of the entire test period. Contin-
uous operation implies that the chamber be

*Registeed U. S. Patmt Offie.
* The Nulmatic pressure regulator (or equivalent) man-

ufactured by Moore Products Co.. H and LycomiaI Sts..
Philadelphia. Ns. 19124. is suitable for this purpowt

$It has bw* oberved tha•. eriodic fluctuatons in sit
ure ofr .,*3.4 kN/m' (0,5 ps) resulted a about a two-

I Iscrease inl the correeivity of the fas front a noule
whaic was being operoad at as aver pressure of 110
kN/ni (16 psi). Controlling the Alvuctuons within *0.7
kN/m' (0.1 psi). however, avoded sny increae in ,he
corroalvity of the sal fog. See Darsey. V. 14. and Cava.
nagh.W, R.. "Apperaius aid Factors in Sae Fog Teat-
i,"s sw" d%•U ASTEA. Am. S Testing Mau.. Vol.II lqLp. 1 3.
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closed and the spray operating continuously
except for the short daily interruptions necs.
sary to inspect. rearrange, or remove test spe-
cimensz to check and replnisb the solution in
the reservoir, and to make necessary record-
ings as described in Section 8. Operations
shall be so scheduled that these interruptions
are held to a minimum.

ISL Peled a(Tom

10.1 The period of test shall be as desig-
nated by the specifications covering the mate-
rial or product being tested or as mutually
agreed upon by the purchaser and th seller.

NOTIE 12 - Re.commended exposure Periods are.
to be as agred upo7 bythe purhaser and seller. but
exposure periods of muliples of 24 h ire %uggemsed.

11. Claning of Tested Speciees
11.1 Unless otherwise specified in the spec.

ifications covering the material or product
being tested, specimens shall be treated as fol-
lows at the end-of the test.

I . 1. 1 The specimens shall be carefully
removed.

. 11.1.2 Specimens may be gently washed or
dipped in clean running water not warmer
than 38 C (100 F) to remove salt deposits
from their surface, and then immediately
dried. Drying shall be accomplished with a
stream of clean. compressed air.

12. Evalnad•n o Results
12.1 A careful and immediate examination

shall be made for the extent of corrosion of
the dry test specimens or for other failure as
required by the specifications covering the

mataial or produa being wed or by sag.-
ment between the purchasd r Od the sllcr.

13. lseeneda ad e
13.1 The following information shall be

recorded, unless otherwise prescribed in the
specifications covering the material or product
being tested:

13.1.1 Type of salt and water used in pre.
paring the salt solutioq.

13.1.2 All readings! of temperature within
the exposure zone of the chamber,

13.1.3 Daily records of data obtained from
each fog-collecting devic induding the fol-
lowing:

13.1.3.1 Volume of salt solution collected in
milliliters per hour per s0 cmi.

13.1.3.2 Concentration or specific gravity
at 35 C (95 F) of solution collected, and

13.1.3.3 pH of collected solution.
13.4 Type of specimen and its dimensions,

or number or description ofpan.
13.5 Method of cleaning specimens before

and after testing,
13.6 Method of supporting or suspending

article in the salt spray chamber,
13.7 Description of protection used as re-

quired in 4.5,
13.8 Exposure period,
13.9 Interruptions in test, cause and length

of time. and
13.10 Results of all inupl-tioaL
NOTE 13-If any of the atomized salt solution

which hat not contacted the eat' spcimea is re-
turned to the reservoir, it is advisable to record the
concentration or specific gravity of this solution
also.

APPENDIXES

Al. CONSTRUCTiON Op APPARATUS
4

AI.1 Cabiets
A11I.1 Standard salt-spray cabinets are available

from several suppliers. but certain iertincet acces-
sories are required before they will function accord-
ing to this method and provide consistent control for
duplication of results.

A1.1.2 The "alt spray cabinet consists of the
basic chamber, an a;ir-saturator tower, a salt solu-
iion reservoir. aitonilins nozzles, specimen sup-
ports, provisions for heating the chamber, and wits-
hle controls for maintaining the desired tempers-

ZU43 18

turf.
All.3 Accessories such as a suitable adjustable

banke or central fog tower, automatic level control
for the salt reservoir, and automatic level control for
the air-saturator tower are pertinent parts of the
apparatus.

AI.1.4 The cabinet should be of suffcient size to
test adequately the desired number of-parts without
overcrowding. Small cabinets have been found diffi-
cult to control &ad those of le than 0,43-m' (15-
ft') capeacity should be avoided.

. 6 C)
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Al.1.5 TS chamber may be made of Ien mawt-
a" sech as plasti. l orhmoos, bue

abily is connicted nd = lined wit z,-
v110" Mau - rubber, or spxy-type mawrials or

AlU. Temuprassre Cae l
AI.2.l The maintenance of temperatd1i1 within

the salt chamber can be accomplished by several
methods. It is generally desirable to control the
temperature of the surroundings of the salt sprly
chamber and to maintain it as stable as possible.
This may be accompli•ed by placing the apparatus
in a coastant-temperature room, but may also be
achieved by surrounding the basic chamber of a
jacket containing water or air at a controlled tem-
peratu11.

Al.2.2 The use of immersion heaters in an inter-
.nl salt-solution reservoir or of heaters within the
chamber is detrimental where heat losses are appre-
ciable. because of solution evaporation and radiant
heat on the specimens.

A 1.2.3 All bping which watacts the salt solution
or spray should be of inerg materials such as plastic.
Vent piping should be of sufficient sin so that a
mimmum of back pressure exists and should be in-
stalled so that no solution is trapped. The eaposed
end of the vent pipe should be shielded from ex-
treme air currents that may cause fluctuation o4
pressure or vacuum in the cabinet.

Al3 Spray N•zdhs
Al .3.1 Satisfactory nozzles may be made of hard

rubber. plastic, or other inert matrials. The mos
commonly used type is made of plastic. Nozzles cal-
ibrated for air consumption and solution atomized
are available. The operating characteristics of a typ-
cal nozzle am given in Table AI.

A 1.3.2 It can readily be teen that air consump.
tion is relatively stable at the pressures norsmily
used. but A marked reduction in solution sprayed
occurs if the level of the solution is allowed to drop
appreciably during the test. Thus. the level ofthe
solution in the salt reservoir must be maintained
automatically to ensure uniformfog delivery during
the test.,

AI.3.3 If the nozzle selected does not atomiz
the salt solution into uniform droplets, it will be
necessary to direct the spray at a balk or wall to
pick up the larger drops and p11waI them from
impmiging on the test spectmens. Pending a corn-
plkte understanding of air-pressure eects, etc.. it is
important that the nozzl selected shall uMce the
desired condition when operated at the air preslsre

sbed. Nees me e l at
end. but may be plO d i d-th mew and e Ame be
dieawd verticlly up throug a seuitable ir.

AL4 Air fr AftaIh
AI.4.I The air used for atomleatlee me•t be free

of grease, oil. mad dirt before s by passing
through weUltmaisalind lter. Rooi su m be
om-resed beele, bmidl, am washed m aSwates."aid rouw" Pow, the wmmaum of 60

water is suitabl, cos 06 air
may be introduced liae the bottom of a tower Niled
with water, through a porous emee or multiple n*&-
zds. The level of the water mee be mas ainm d n-
tomatiwally to ensure adequate humidication A
chamber operated anerding to thu a ud a
A ipendi will have a relative humidiy be 95
And go. .ae sal solutions from 2 to 6 per-
mit wii"-l, saume rsults (thlough fr i .rm-
ity the limia set at 4 to 6 pI at), it is

- preferable to saturate the air at temperatum wed
shoe the chamber temperature s, iurwanc oa a
wet fog. Table A2 shows the temperaturesr at dd.r.
eut pressures. that an required to offm the coof ,et.'t of ýxfosam to atpoeric Pteet.

AI.4.2 pato ae u •uim
say chamber atmospheres m obtained by -
creasing the atomizing air -em Va-re mcIen
to offset beat losse, exempt these tht can be Me-
placed otherwise at very low-anempdrawure gradients.

A1.5 Typese Ceimlr en,
AI.5.1 A moder laboratory cabinet is shown in

Fig. At. Walk-in chambers are not usualy con
sitrcted with a sloping caiing due to their sin and
location. Suitably located and direced spray -
zhs avoid ceiling accumulation n d Nozzana
may be Iomed at the ceiing. or 0.91 mL ( ft) from
the foor directed upward at 30 to 60 q ov•r a
p ýway. The mnmber of nouzles depends on
type and capwity sad is r•etd to the am of the
iter spre. A I lto 9 m (3 to 5-1) rneervoir
a required within the chamber, with the leve on
tie. The major eastiure of a walk4a -type ebi-me. which difl's sagaico,,y ýfroftth iem l alm yu
typ, an illssow ian Fig . AL C).svcii ofplati nozzl, such as is famished by saveral siw,

,ASuitable devl m m the of qu i.
elerw the stutows,, or 0 W= 1 of "at selen may
tossi by a am ,,nslagf,• ,, may e Per-
dwsd from as•nuawctururs Of W *= a.

A2. USE OF THE SALT SPRAY (Foo) TEST IN RnseARcH

A2.1 The detailed requirements of this method
are primarily for quality acceptance and should not
be construed as the optimum conditions for research
studies The test has been used to a considerable
extent for tho purpo#e of comparing different mate-
rials or finiishe with an acceptable standard. The
recent elimination of many cabinet variables and
the improvement in controls have made the three
ASTM Salt Spray Tests: Method 5 117, Method

B 27, A•etic Acidsalt Spray (Fog) Testing.' ud
Method 8 368. for Copper.Accelerated Acetic Acid-
Salt Spray (Fog) Testing (CAMS)' into useful
tools for many industrial and military production

,Au 'Ane* ef 7 SniM edi. P1us , 10. and
27. *A~wm~he ef~ .45AT" St~h.• Past 9 md•l?.

~a
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and qualification programs.
A2.2 The test has ben used to a considerable

.extena for the purpose of comp•ring different mate-
rials or finishes. It %hould be noted thai there is ,4t-
dom a direct relation between %alt spay frogl) resis-
tance and re istance to corrosion in other media.
becsause the chemistry of the reactions, including
the formation of films and their protective value.
frequentl% i-'raes Sreatl% with the precise conditions
cncountered. Informed per.onnel are aware of the
erratic composition of batc ,i,. . the po--ibility of
wide variAtions in quality and thickness o( plated
itcms produced tin the same racks at the same time.
and the consequent need for a mathematical deter-
mination of the number of specimeni required to
Contatutae in adequate "ample for test purposs. In
this conne•ati.n it i% well to point out that Method
8 117 is not applicabkl to the mtudt or testing of
decorative chromium plate (nickei-chromium or
copper-nickel-chromium on ,teel or on iinc-baw
die aatings or of cad-mium plate on ,teel. Fur this
purp•,,e %|IthW% B 2?7 and B 63 are available.
which are Also connidered b% ,ome to be superior
for comparison of chmirail|%-trtated aluminum

(chromatad. phosphated, or aeodsiid). althiOg
fnal conclusions regarding tih validity of ste re.
sults related IO sermvi es perriwh Ism e s bo
reached. Method I 117 is cksiderad to he xme
useful in estimalinp the remltivs haviet of dessly
related materials in marine atmospheres., "m a
simulates the basic codlitles with some amiur-
tion due to either welnes o atmpermatr or beoh.

A2.3 When a tet is used ft researc. Is may
prove advantapeous to operate with a different MAW
tion composition or concenhration or at a differoft
temperature. In all cass however, it is detirable to
cvntrol the temperature aid humrlity in the maimer
specitied. and to make cmfain tsat the weompaue
of the settled fog and that of the sohitics in th1
reservoir arm sub•Lantiall) tih sawn. Where diffr-
ieam develop, it is tesoiary to cotrid cuinditioas
to that the ;hrakceritik:$ of the settkd fo(a mie the
specified requirme"ats for the atmu pl.ere.

AIA.4 Material ,pcificatoes iho always be
written in terms of the *4indard rmairemest of dh
appropriate ,alteapra) method te•rmet madski it
posible to test a variety o mauwriak from dierm
sUnr•€ in the same qaIPmORL

TAKLK Al Temprmme sid Ptmw
cewnme (Wr OPeiNee of

Ted -1 9S F

Air Preras.uep

12 14 16 I

Tempirrature, d F 114 i1? 119 121

Air Pewuiw. kN .me

x3 96 110 124

ri~.prratule.ice C 46 47 a3 43

tr. st.F I~ Oltperadan (hmuceth"s~r
I6 T) OcAl %npra Nexle

i 

I

I r Flolb. Solution

Siphon hter% main Consumption. ml h
Height.

Air Pre-Aure. i Air Preoure. -i

5 Ito 15 : '11 It Is 20

1 9q 26 51 J 5 %6 :!10M 3140 4514 5
19 I 26331 5 .16 616 2760 3721)4320

12 t9 26&5 I3 1 3 `6 0 0131) 3W)~t 3710
16 19 26 63135 361: 0, 7202124 2-J0

IISolution roinsuminpto.
Air Flow. dm/mini cme, h

Siphon I
Heright Air Prcswre. kN 'h 2  Air Pressure. kN/m'

Cm3
34 f9 103 138 34 69 103 131

t0
30
30
40t

19
19
19
19

26,5 31.5 36
26.3 31 S 36
26.5 31 S 36
26 6 31 5 36

21W0 3I.I0 45•4 52L%
636 27760 37M 43.0

0 1310 3J0 3710
0 7n 2124 I

I_ _ _ _ _ _ _

Xft
20
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- Thei.,.nmtr and tlern t or ooetrllinge h Ia lmn M. 8) is bela
A - Automatici waer levellise devic

3 - Humidifyieg o
4 - Automatic temperature Nreulator for cuelrlrlng heatIr (Iles Ne. 5)
5 - Immnersioe heater. SOON-ressig
6 - Air isgi. maltiple oaeniti
7 .ir tube to wpras noah
I .- Strip heater to beoe
9- Hined top. hydrauically op eaNdL or counterbaelnced

10 - D•ruacl fao rods seprlng specimess. of te table
I I - Internal reservoir
12 - Spray nozzls abover mrervoir. suitabla des'el" located, and beMd
I ZA - Spray nozzls hovsed to dispersion tow= td prefer*2isaa iýt• n of cabiet
1i - Water Seaw
14 - Combinatios drain and ehaust. Exhaust at oppi sit e o( Nat s n from Wpray noake 11im 12). but poreerbly is

combination with drain. waste trap, and forced draft waste pipe I Item ItC 17. and 19).
16 -- Complete seperutia btwoa, forced dft was pipe (Iwm 17) and combsmitme dnail sad ea•hs Owes 14 a"d 19)

to avoid undsirabie section or beck pressure.
17 - Forced draft waSte pipe.
I - Automatic klwvling *WWI for reservoir
19-- Waste trap
W0 - - Air ~pes or water acka
21 - Test table or rack. wdl behlow mof arm

FIM. At Typd Sl Sp" Ckabt,

NOTI-The controls an the same. in several as for he
laboratory cabinet (Fig. Al,. but are sizedI o t ot t1e

S I tear cube. The chambor has the following fatunm :
(1 Heavy inslatios.
(.1) Refriltion door with drip rail or pressure door

with drip rail, inward-"opinq 6aill
(J) Low-temperaturu autaliagy hawr, and
(4) Duck boards on fIe., with fto sloped to mbin-

3 ,ion drain and air exhaust.

FIG. A2 Wdk4~CNw1Ns,IsbyL4msiby~ft)se

F-9
21
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Air

FIG A3 T~ypi Sprw Nam&

The Amoe Soci~fy fealT.S OW Md Maw4 Sat ask mee~m~igth kyq mpage dse
eow~~~~~ctle~~= * the myu~p mowm for, ' w, eezedm~~ae~ewM~e s " the

commeg qwamh my mm el amdod the tiu U*mna qo h 1a br e~ emeha- f

Ths stueswd is aebjee to ,ewmiv arm, tme by the eymhabent~ tehrhika coetee and~me be ,egdewd ewovylfie
)Wei &Vd If Not MeviseS MAWe IeaPPrOve OF WUA*kemL Yin' COMOM OW hived ehW fee ,eui~on @f j*4, uAiwd or
for ad~tmael standm'k aid jhouid be - " -se to ASTM Heedmw~wi Yow -enu wig avefte vWed commuderoion
are eeing of the -ep-uibdt techmkce commut. *k~h yo- meeay i if yo Iy-eeE th yow comuarm hew Not moceved
* fiOe Mewgio sAmi meske tum views knomwe th ew ASTM Comwiee om SiandwikL 1916 Rate SL. ?Phmde"Aie. Pa.
19103. '.hk* WA ahdd eWAN hor wh ins1 - dg yew cewwma FM'ag lq1~wle thmr. mea y qpeel toe he
ASTAE, o 5dgDkoseum
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iUL-C-675A
* JANUARY 11164

SUPERSEDING
JAN-"475
11 SEPTSUBMD 1945

MILITARY SPECIFICATION

COATING OF GLASS OPTICAL ELEMENTS
(ANTI-REFLECTION)

?his apeciAotioin Me been approved by the Depsrtm•is of Defense =Wi Is.l
djaV fo use by the Deprtw•eaet ol the Army, tCe Navy. and the Air Pere.

1. SCOPE
1.1 This specification covers the application

and test& of magnesium fluoride coating
(hereinafter referred to'as film) having a
wavelength between 450 millimicrons and
600 mitlmicrons (see 6.1).

L APPLICABLE DOCUMENTS

2.1 The followingkdocuments, of the issue
in dect on date of Invitation for bids or
request for proposal, form a part of this
speclhfcatim to the extent specified herein..

SlCCATWI4ON8

QQ-M-151 -Metals, General Specifica-
tions for

JAN-M-421 -Magnesium Fluoride
(Optical Use)

MUI-E-2Mi -Eraser, Rubber-Pum-
ice for Testing Coat-
ed Optical Elements

MIL-O-13830 -Optical Components
for the Fire Control
Instruments; Gener-
al Specification Go*,-
erning the Manufac-
ture Assembly arnd
Inspection of

MIL-,-45208 -- inspection Require-
ments. Ceneral Spec-
1i6cntioa for

STANDARDS

MILITARY

MIL-STD-105 -Sampling Procedure
and Tables for In-
spection by Attri-
butes

MIL-STD-1241 -Optical, Terms and
Definitions

DRAWINGS

U.S. ARMyY MUNITIONS COMMAND

C7641866 -Surface Quality cornpari.
son Standards

D7680600 -Optical Coating Standard

D76b0606 -Cuating•. Eraser Abrasion
Tester

(Copies of specifications. standurds, drawings, and
publications ri-quir,.i by buPlhers in connection with
specific jirucur,..'nt. (tu,iitins should be obtained
from the prnwuring activity or as directed by the
cont racting officer.)

3. REQUIREMENTS

3.1 Materi-d. "ih. material used for the film
skall be n,.,•vr,:.iim fluoride in accordance
with Sj1•ciht;. i n -JAN -M--621.

CAt11ing p,'oceN. The coating process
used t,4 ý,|,|,tv thk. film shall not cause im-
pairmnti it ,I h. ,,pt c.il surface which wnuld
trtu. ru.i,. ",ii 4 thl, ,atic'il element "vhem

' Ih ;. ,,rd.,. ii. e* ~*with SpeciftWation

1106
'"iv ,•:
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3.3 Light absorption. There shall be no
more than 0.5 percent light absorption allowed
within the wavelength range from 440 to
650 millimicrons when tested as specified in
4.6.7.

3. FUM thicknes. The optical thickneea
of the film on each treated surface shall be
more than a 0.25 wavelength of light having
a wavelength of 450 millimicrons but les
than 0.25 wavelength of light having a wave-

length of 600 millimicrons, when inspected
as specified in 4.6.3.

3.5 Color range. When white light strikes
the coated surface at any angle of incidence
from 0 to 30 degrees, the rays reflected from
the coated surface shall appear yellow-red
yellow from films having the minimum per-
missible optical thickness (0.25 wavelength
of 450 millimicrons) and purple-blue from
film having the maximum permissable opti.
cal thickness (0.25 wavelength of 600 milli-
microns) when tested as specified in 4.6.3.

3.5.1 Color variations. Color variations over
a coated surface shall be allowed provided
they are within the color range specified in
3.5. Films on elements having severely
curved surfaces shall be acceptable provided
the thickness and colors at the central areas
are within 500 to 560 millimicrons range
even though the total color range from cen-
ters to peripheries are not within the 450 to
600 millimicron range. The central area shall
be considered that area that has a projected
diameter equal to 85 percent of the radius of
curvature on the surface.

3.6 Reflectance.

3.&1 Position of minimum point. The mini-
mum point on the spectropphotometric curve
of a reflectance fur each coated surface shall
lie between the wavelength limits of 450 and
600 millimicrons.

&.52 Reflctance at tke minimum point.
The magnitude ,,f the .iwt-rul-ar re'tlectance at
the minimum "lirot tin the sl-t rlihotomet-
rin ctur%. ,,f r.e.l,%;tnc' ,of e.ath vt'attd sur-
fj.ao A.l2dl It,,t . '(4ti Ow" G .1vAin a;cluc:

TABLE I

lads, E ftk•Iug~i dl g|1i uaamS IwtigrSana

!.,51 I1.6

1 54 1.4
1.3 .1.2
1.61 1.0
1062 . 0.9
1.65 0.8
1. .7U u.6

3.6.3 Reflectance at limits. The specular
reflectance of each coated surface at the
wavelengths of 450 and 600 millimicrona
shall not exceed the values in the following
table: 10

TAsLt 11

P~uhmum p~mut ru..am

lndeS of *urfsI tt ci -

1.51 2.5 2.1
1.52 2.5 2.0
I '.54 2.5 1.9
1. Nft 2+8 • .8
1.51 2.5 1.7
1.02 2.5 i?.
1.62 2.5 1.7

65O 2.6 I.
1.70 2.6 1.6

3.7 Coated area. Each optical element shall
be. coated over its entire effective aperture
except that coating closer than , ' millimeter
to an edge of an element shall not be re-
quired. Unless otherwise specified, areas,
outside the effective aperture may be coated
at the discretion of the contractor..

3.7.1 Centcned surfaces. A glass surface or
portion thereof which is to be cemented to
another glass surface or Imrtion thereof shall
not be coated on the area to be cemented.
A film on such a surface shall he cause for
rejection of the element.

3.8 Surta re quality. Films shall be sensibly
fre• from hole%, solid particles of the cmat-
ing material and oither imlwrfections arising
frum tiuact ind dirt or .tained gl.a.-i sufaces
Iolra thr.sl If.,. lh~n.

II J1
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3.9 Durability.

3.9.1 Solubility. There shall be no visible
evidenct of film destruction after being sub-
jected to the solubility test specified in 4.6.8.

3.9.2 Humidity. There shall be no visible
evidence of film deterioration after being
:;ubjected to the conditions specified in 4.6.9.

3.9.3 Salt spray fog. There shall be no visi-
ble evidence of film deterioration after the
coated optical element has been subjected to
the salt spray fog specified in 4.6.10 for a
continuous period of 24 hours.

3.9.4 Abrasion resistence. There shall be no
visible damage to the rubbed area of a coated
surface after being subjected to the abrasion
resistance test specified in 4.6.11.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless
otherwise specified in the contract or pur-
chase order, the supplier is responsible for
the performance of all inspection require-
ments as specified herein. Except as other.
wise specified, the supplier may utilize. his
own facilities or any commercial laboratory
acceptable to the Government. The Govern-
ment reserves the right to perform any of
the inspections set feirth in the specification
where such inspet-tions are deemed neces-
sary to assure supplies and services conform
to prescribed requirements.

4.2 General requirements. Except where
otherwise specified herein, the c.'ntractor's
inspect ion system shall be in accordance with
Specification MIL-I-t45-08.

4.1 Lot formation. When inspection lot sizc.
and lot formations are applicable, they shall
be in accordance with Standard MIL--STD-
105 and shall ali. be defined in the contrac-
tor's inspection system.

1.3.1 Dfrcetire units and lot,. Defective
units and lots shall be processed as specified
in Standard MIL-STD-105 and shall not be
included as a luprt (if the quantity spet-ified
in the rontr.wt -t ntil f-rimal approval is oht-
tained.

I I.
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4.4 Inspection provisions. Components
coated with magnesium fluoride shall be ex-
amined in accordance with the inspection
provisions contained in Specification MIL-O-
13830 and 4.4.1 herein. Test and control of
materials not covered by Supplementary
Quality Assurance Provisions (SQAP-s)
shall be in accordance with "Test Data"
provisions of Specification MIL-I--45208.
Inspection related to Section 3 of this spec-
ification shall be performed in accordance
with 4.4.1. The control sampling specified
herein shall constitute the minimum inspec-
tion to be performed by the contractor prior
to Government. acceptance. The Government
reserves the right to inspect for any appli-
cable requirement, and to reject individual
nonconforming items.

4.4.1 Control inspectio. The first 25 coated
elements produced, and 5 selected at random
from every 100 subsequently produced (or
from each month's production, whichever

.occurs first) shall represent the control sam-
ples for control inspection. Control samples
shall b4- subjected to the examinations and
tests specified herein to determine compli-
ance with all requirements specified in sec-
tion 3. The examinations and tests shall be
conducted by the contractor under surveil-
lance of the Government representative at
the contractor's facility or Government ap-
proved laboratory, using test equipment
authorized for use by the contract, or other-
wise approved by the contracting officer.

4.4.1.1 Control sample failure. Should a
control sample fail to meet the requirements
specified in 4.4.1, the contractor shall cease
those operations causing rejection until nec-
essary corrections have been made by the
contractor and approved by the Government.
When production has resumed, inspection of
those requirements that have previously
caused rejection shall be performed on a
i'00 percent basis until 25 consecutively pro-
duced coated elements meet these require-
ments. When this is accomplished, control
inspection (4.1.1) may be continued.

4.5 lnsection eqaipment. Supply, calibra-
tion, maintenance and use of inspection

3
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equipment shall be in accordance with Spec-
ification MIL-1-45208. The Government re-

serves the right to use all approved test
equipment, both Government furnished and

contractor acquired, for verification inspec-

tion.

4.5.1 Equipment to perform durability test.
The standard Test Equipment Drawing
D7680606 Coating Tester used for testing
the durability of the film or coating de-
posited on the optical elements is the hand
held type, which can be used on all optical
elements curved or flatt, i.e.. lenses, prisms
or refledtors. The device shall be equipped
with an eraser that shall comply to Military
Specification MIL-E-12397 and shall be used
as described in 4.6.11.

The Abrasion Resistance Instrument (fig.
1.) illustrated is one of several types, com-
mercially available, that will test the dura-
bility of the filn or coating deposited on
Pfit optical elements. The. rubbing arm is ad-
justable on a rotating disk and is adjustable
to various diameters. A rubbing pad on the
arm is rotated at 1)0 rpm with a total weight
of 1.5 to 1.6 P.S.I., and shall be used as
described in 4.6.11.

1.6 Test methods and procedures.

1.6.1 Coaoting lirorrs. and lsurfaec quality.
A visual inslwrtion shall lie made at the com-
pletion orf each c-oat ing I',ro'ess. A compari-
so n shall be! ma•cc tusizig the surface quality
scratch :and dig Standard ('71;1184i; of the
film only. any imlperfecc ions in the glass shall
not-he con.sidered hby this inspectioni. This
has bwen il'rfiirnitd wnithl Specification Stand-
ard ML-4)-I:tM83. There .hall not tit more'
than the allowableh sc.rtchees or digs in the
central zone (wha:et appears to lee scratches

for pin holes in the' film usually are caused Icy
dirt or lint Ieft or deltsitd in the iprocess)
and they shall not ex'eed I[he allowable size
designated at. su'rfarc quuality requirements
on the elcment drawing and ais required by
3.2 and 3.8 whin hde• kLed with white' light
or equivalent.

trophotometer. The specular reflectance and
transmittance curves shall be obtained for
the wavelength range required by 3.3 for
samples coated on both sides. Plotted curves
from uncoated samples will determine how
much absorption of light the film has made.
Absorption in films can be computed as it-
lustrated:

A (Percent) = 100 - R (Percent) + T
(Percent) = Glass Ab-
sorption (Percent)

(R) = Specular Reflectance
(T) = Specular Transmittance
(A) =Light Losses Due to

Film

One half of the result of (A) is ab-
sorption per coated surface

4.6.3 Film thickness and color range. A
visual inspection of the film or coating shall
be made to determine compliance with 3.4
and 3.5. Using an optical coating compari-
son Standard D7680600 and a fluorescent
lamp (white) positioned so that both the
sample and the color standard are reflecting
the image of the fluorescent tube. The sam-
ple can then be compared to each of the
lenses in the standard for the acceptable
range, a variance of color .over the coated
area is permissible as long as it is within
the range and area specified in 3.5.1.

4.6.4 Position and re'ftrctance of rninimumn
point. This test shall be mandatory when the
optical coating comparison standard is not
available. The inspection shall be made with
the aid of a standard ,tpectrophotometer by
plotting a typical reflectance curve from the
samples selected.: The curve shall indicate
the minimum point position specified for the
wavelengths specified in 3.6.1. In cise of
discrepancy .1.6.1 takes precedence over
4.6.3. The reflectance at the minimum point
shall match the tolerance at nmaximum per.
cent reflectance for the index of refrawtion
of the glass being inspected as required by
table 1.

I.6.L Loght u1h, .. ,,,un 1"11 Ti l'sInsetin test 1.6.5 r.ftort'iae limids. The limits .tf re.-
shall Ib' lier,0"nl, u~.-in.. a .i.itd:il spec.'- lpect;ance will lee ,nspectvwl fur .ach coattt•d
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surface with a standard spectrophotometer
for the wavelengths specified in table II for
the samples with the index listed. Reflect-
ance shall not exceed the percentage factor
listed utder maximum percent reflectance
column.

4.6.6 Coated area. A visual inspection shal
be made of the coated area and the uncoated
area of the element. The uncoated area
usually at the extreme edge of the element
shall not exceed the tolerance specified in
3.7. This uncoated area is caused by the
holding adapter of the coating machine dur-
ing process.

4.6.7 Cemented surfaces. A visual inspec-
tion shall be made of all elements to be
cemented (crowns, flints, prisms, etc.) to a
mating element. These elements shall not
have coating material on the surface or sur-
faces to be cemented together. Coating ma-
terial may prevent the adhesive from
making the proper seizure and cause separa.
tion.

4.6.8 Solubility. The coated optical elements
shall be immersed for a period of 24 hours
in a solution of water and common table
,mlt (olium chloride). The mixture shall
he 6 ofunres of salt per gallon' of water at
room temlwrniture. After the required period
of time the s.amples shall be removed from
the solution and dried with lens tinue or

o•,ft cloth, then visually inspected for de-
terioratitin or removal of the coating. The
coating shall mert the requirements of 3.9.1.

1.6.9 Humidity. The coated optical elements
ahzill be exposed for a period of 2.1 hours in

. thermostatically controlled humidity cham-
ber having a relative humidity of between
95 anid 100 percent of 120* :,-41 F. The
elements shall be removed from the chamber
and dried with lens tissue or solft cloth,
then visually inspt-ted for deterioration or
removal of the coating. The coating shall
meet the rtiuirements of 3.9.!

4.6.10 Salt .spray (fig). A visual inspection
of th,, element shall 1* made of the coating
after xim.,Ur. 14j the .•alt spray test described
in Sie-fi'tcatio Q(- % 151. The methtd as
de.1'riwltl. the equmpmen .rnd the time cycle

Mo-C-675A

are mandatory, and the elements must Sur-
vive the test described in 4.6.11 and shall
meet the requirements of 3.9.3.

4.6.11 Abraoion resistaice. The coated
optical elements shall be visually inspected
for deterioration of removal of coti&n af-
ter being subjected to the following test:

The coating or ,um shall be tested by
holding a standard holding device in
the hand and rubbing the coated sur-
face with a standard eraser mounted
in the holding device, Drawing
D7680606. A force of approximately
2.0 to 2.5 pounds at a rotating speed
of 100 revolutions per minute shall
be applied. Strokes of about one inch
shall be made if the size of the ele-
ment will permit it, smaller strokes
for smaller elements. All strokes shall
be made on one path for 20 complete
strokes. After the rubbing has been
completed the element shall be cleaned
and inspected visually in accordance
with 3.9.4.

An alternative method may be employed.
if available. The abrasion resistance
instrument Fig. I may be uv-d in lieu
of the hand rubbing meth.d. The in-
strument uses a rubbing pad at the
contact point using pure powdered
magnesium fluoride as an abrasive
agent. Some other instruments have
replaced the rubbing pad with the

• holder and eraser to complete the
required testa.

5. PREPARATION FOR DELIVERY
This section not applicable to this spec-

ification.

6. NOTES

6.1 In(ended use. The film covered by the
specification is applied to the surface of
optical elements for reducing reflections and
increasing light transmission.

6.2 Defnitimo. Words, terms and ezprf.-
sions used in this specification which are
peculiar to the general field of optics are
defined in MIL-STD--1241. Optical. Terms
and Definitions.
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I. 6.3 Ordering data. Procurement documents

should specify the following:

(a) Title, number and date of this spec-

C(:uodiaas:
Army-MU
Navy-Ships
Air Force--MAA

Interest:
Review

MO, Sh, 67
User

MI. MC

ification.
(b) When areas outside the effective

aperture are to be coated. -

I'reparing aetivily:

Army-.MUl
Project NI. 6650--009

SLIDING SLOTTED

DRIVEN

l'iGLuz 1. Abuasiose-fraiataaurr instruaDNEMI.

a
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SSeptember '9"'

MIL-C-48497 (AR)
27 June 19.714

MILITARY SPIECIF ICATION

COATING. SINGLE OR MPULTILAYER. INTERFERI.NCI-.: DURABILITY REQUIREWF.NTS FOR'

This specification is approved for use by all Departments and Agencie, of

the Department of Defense.

I.' SCOPE

1.1 Scope. This specification establishes minimum quality and dura-
bility requirements for single layer and multilayer interference coatings
that are primarily used within the protective confines of sealed optical
systems. (See 6.1).

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the'issue in effect on date
invitation for bids or request for proposal, form a part of this
to the extent specified herein.

SPECIFICATIONS

Federal

of
specification

. L-T-90

O-A-SI

O-E-760

O-T-634
- CCC-C-440

Tape, Pressure-Sensitive, Adhesive,
(Cellophane and Cellulose Acetate)

Acetone. Technical
Ethyl Alcohol (ethanol), Denatured
Alcohol, and Proprietary Solvent

Trichloroethylene, Technical
Cloth. Cheesecloth. Cotton Bleached and

Unbleached

*' Military

MIL-E-12397 Eraser, Rubber Pumice, for Testing Coated
Optical Elements

MIL-E-13830 Optical Components for Fire Control
Instruments; General Specification Govern-
ing the Manufacture, Assembly and Inspection of

MIL-I-45607 Inspection Equipment, Acquisition..
Maintenance and Disposition of

Benefical eomments (recommendations. additieon, deietiona#. and any periinent data
which may be of use in improving this document,. should be addrv.d to: Co(mmander.
US Army Amament Resarcb and Development Command. ATTN: DRDAR.TST.S.
Dower. New Jerwsy 07301. by using the self-ddrdemed slandardisatgoe Document
haproeemema Pwepsal 4DD For* 342). appearing at the end of ihis deeument. eo
by lei.r,

.US OOgimiaig"r m,.w~ it mae o-a= *W- a03 021 047FSC 6650
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STANDARDS

Military

NIL-STD-105 Sampling Procedures and Tables for
Inspection by Attributes

MIL-STO-109 Quality Assurance Terms and Definitions
- MIL-STD.1241 Optical Terms and Definitions

DRAWINGS

U. S. Army. Arm•ment Research I Development Comand

* 7641666 Surface Quality Standards for Optical
Elements

7660606 Coating, Eraser Abrasion Tester

(Copies of specifications, standards, drawings and publications required
by suppliers in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.)

3. REQUIREMEXTS

3.1 Optical terms and definitions. Terms and definitions peculiar
to the general field of optics as used herein are defined in MIL-STD-1241.

3.2 Coated area. Optical components shall be coated over their
entire clear aperture.

3.3 Coatin qualit. The coating shall be uniform in quality and
conditiont o ns l con orm to the following:

* 3.3.1 Physical. The coating shall have no evidence of flaking, peeling.
cracking or7b1Tiesring.

3.3.2 Cosmetic. When specified the coating shall conform to the cosmetic
requirements7stains, smears, discolorations, streaks, cloudiness. etc.)
stated on the component drawing or other documents.

3.3.3 Environuental and solubilty blemishes. The coated surface shall
be free of blemishes such as stains, smears, discolorations, streaks, cloudi-
ness, etc.. that would cause non-conformance to the coating's spectral
roquirements as stated on the component drawing or other documents.

3.3.4 Spatter and holies. Coat.ng spatter and holes in the coating
shall be considered as a dig and shall not exceed the allowable dig size
and quantity stated on the camponet drawing or other docnments.

-2
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3.3.5 Surface defects (scratch and diI). Coating scratches and digs
shall not exceed the values specified for the substrate on the component
drawing or other documents. Coating scratches and digs shall be considered
separate froe the substrate scratch and dig requirements.

3.3,5.1 Transparent coated surfaces. Scratch arid dig requirements for
transparent coated surface shall be specified by two (2) numbers separated
by a hypben (i.e. 60.40) in accordance with NIL-0-13830.

3.3.5.2 aOpaue coated surfaces. Scratch and dig requirements for
opaque coated surfaces sha be a specified br two letters separated by a
hyphen (i.e. F-C). The first letter of the pair is the maximum scratch
value; the second letter is the maxium dig value.

3.3.S.2.1 Scratches. The scratch letter defines the width of the
scratch in acco-iewi~th the following table:

SCRATCH LETTER SCRATCH WIDTH(MICRONS) SCRATCH WIDTH (INCHES)

.A $ .00020
B 10 .00039
C 20 .00079
D 40 .00157
E 60 .00236
F sO .0031S
G 120 .. 00472

3.3.5.2.1.1 Density of maximum size scratches. The accumulated length
of all maximum size scratches present shall not exceed 1/4 the average -
diameter of the coated surface.

3.3.S.2.1.2 Density of all scratches. When a maximum size scratch
is present, the sum of the products of the widths designated by the scratch
letters times the ratio of their length to the diameter of the coated&
surface shall not exceed one half the width specified by the scratch letter.
When a maximum size scratch is not present, the sum of the products of the
widths designated by the scratch letters ties the ratio of their length
to thi diameter of the coated surface shall not exceed the width specified
by the scratch letter.

3.3.S.2.2 Digs. The dig letter specifies the average diameter of the
dig in accordance with the following table:

DIG LETER DIMETER (MM) DIAMETER (INCHES)

A 0.0S .0020
B 0.10 .0039
C 0.20 .0079
0 0.30 .0118
E 0.40 .0158
F O.SO .0197
G 0.70 .0276
H 1.00 0.394

$
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The permissible number of maximum size digs shall not exceed one per each
20 millimeters of (.80 inches) diameter or fraction thereof on any single
coated surface. The sum of the diameters of all digs shall not exceed
twice the diameter of the maximm size specified by the dig letter per 20
millimeters of diameter.

3.4 Coating durability.

3.4.1 Environmental and gyhsical durability. The coated optical
surface shall meet the following service conditions in the order specified:

3.4.1,1 Adhesion. The coated optical-surface shall show no evidence of
coating removal when cellophane tape is pressed firmly against the coated
surface and quickly removed at an angle normal the the coated surface.

3.4.1.2 HumidItyt After exposure in an atmosphere of 1200 * 4OF and
9S to 100% relatiie tumidity, the coated optical surface shall meet the
requirements of 3.3.1 and 3.3.3.

3.4.1.3 Moderate abrasion. The coated optical surface shall show no
signs of deterioration such as streaks or scratches when abraded with a dry.
clean cheesecloth pad.

3;4.2 Thermal and cleaning durability. The coated optical surface
shall meet the following conditions:

3.4.2.1 Tefpera ure. The coated optical surface shall be exposed to
temperatures oT -%Or and -160°F for 2 hours at each temperature. The rate
of temperature change shall not exceed 40 F per minute. Subsequent to these
exposures, the coated optical surface shall meet the requirementsof 3.3.1
and 3.4.1.1.

3.4.2.2 Solubility and cleanability. After immersion in trichloroethylene,
acetone and ethyl alcohol and wiping with cheesecloth, the coated optical
surface shall show no evidence of coating removal or* scratches and shall
meet the requirements of 3.3.1 and 3.3.3.

3A4.3 Optical durability requirements. When specified on the component
drawing or other documents (See 6.2) the following requirements shall be
added or substituted:

3.4.3.1 Severe abrasion. Abrasion by an eraser conforming to MIL-E-
12397 shall not cause deterioration such as streaks or scratches on the
coated optical surface.

3.4.3.2 Sal soubiAlity. After immersion in a saline, solution, the
coated optical Iura ce sha I meet the requirements of 3.3.1 and 3.3.3.

4
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3.4.3.3 Water solubility. After immersion in distilled water, the
coated surface shall mt t requirements of 3.3.1 and 3.3.3-

3.5 O The coated component shall conform tothe pertinent
optical requresnts specified on the component drawing or other documents
(See 6.2).

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or purchase order, the supplier is responsible for the performance
of all inspection requirements as specified herein. Except as otherwise
specified, the supplier may utilize his own facilities or any other facilities
suitable for the performance of the inspection requirements specified here-
in, unless disapproved by the Government. The Government reserves the right
to perform any of the inspections set forth in the specification where such
Inspections are deemed necessary to assure that supplies and services con-
form toprescribed requirements (See 6.2).

4.1.1 General provisions. Definitions of inspections terms shall be
as listed inVL-STD-109.

4.1.2 Witness iec. Unless otherwise specified, witness pieces as
defined in 4.1.3or coated componets may be used to test the optical and
durability requirements of the coated component. (See 4.2, 4.3 & 6.2).
The witness pieces shall be positioned in the coating chamber such that
they represent the optical and durability characteristics of the whole
evaporated lot (See 6.4). The Government reserves the right to test the
actual coated component with the same test to which the witness pieces
were subjected. Should a component fail, even though the witness pieces
pass the test. the lot shall be rejected.

4.1.3 Characteristics of the witness piece. When witness pieces are
used to test the optical and durability requirements of the coated component
they shall exhibit the following characteristics: .

a. The witness piece shall have the same refractive index and absorption
€oeffecient as the componets to be coated.

b. The witness piece shall have a surface finish similar to that of
the component to be coated.

c. The witness piece shall be such that it presents no difficulty in
measuring and testing the optical and durability requirements of the coating.

d. Where transmission characteristics are required the witness piece
shall simulate the axial thickness of the component by either computational
methods or using a witness piece that. has the same thickness as the coated
component.

2169
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4.2 First article (initial production) approval. The requirement for
first article approval and the responsibility (government or contractors) for
first article testing shall be as specified in the contract. (See 6.2).
Unless otherwise specified, the sample for first article approval tests
shell consists of five (5) coated components plus ten (JO) coated witness
pieces (See 4.1.2 and 4.1.3). The S coated componets shall be tested.
as specified herein, for all the requirements of 3.2, 3.3.1, 3.3.2, 3.3.4
and 3.3.5. Five coated witness pieces shall be tested, as specified herein,
for all the requirements of 3.4.1 and 3.S. lhe other S coated witness
pieces shall be tested as specified herein for all the requirements of
3.4.2 and 3.5. The government reserves the right to subject the coated
components to all the tests specified here. The sample shall be coated
in the same manner, using the same materials, equipment, processes, and
procedures as used in regular production. All parts and materials including
packaging shall be obtained from the same source of supply as used in
regular production.

4.2.1 Government testini. When the Government is responsible for
conducting ?irst article approval tests, the contractor, prior to submitting.
the sample to the government, shall inspect the sample to insure that it
conforms to all the requirements of the contract and submit a record of
this inspection with the sample, including certificates of conformance for
materials, as applicable.

4.2.2 Contractor testing. When the contactor is responsible for
conducting first article approval tests, the sample shall be inspected by
the contractor for all the requirements of the contract. The sample and a
record of this inspection, including certificates of conformance for materials,
shall be submitted to the government for approval. The government reserves
the right to witness the contsactor's inspection.

4.3 Inspection provisions.

4.3.1 Submission of product.

4.3.1.1 Inspection. lot size. The inspection lot size shall consist of
all-components or subassemblies (unit of product) coated within one (8 hour
or 10 hour) work shift.

4.3.1.2 Lot formation and presentation of lots. The unit of product
shall be submitted for inspection on a moving inspection lot basis where
the'components or subassemblies are continuously offered for inspection in
the order produced.

NOTE: Each evaporation lot forming a part of a moving inspection lot

shall be identified for subsequent evaluation, if required.

4.3.2 Examination and tests.

4.3.2.1 Components and subassemblies. All coated componets and sub-
assemblies shall be inspected in accordance with this specification and

Jao
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the inspection provisions contained in Supplementary Quality Assurance
Provisions (SQAP) listed in the Technical Data Package (TDP). Examination
and tests related to Section 3 herein shall be performed on a class ba•si
in accordance with MIL-STD-1OS and the sampling plans specified in Tables
I and I1 herein. The tabulated classification of defects in Tables I and
It shall constitute the minimum inspection, to be performed by the supplier
after first article approval and prior to Government acceptance or rejection
by item or lot.

TABLE I - CLASSIFICATION OF DEFECTS FOR COMPONENTS

CLASS CHARACTERISTIC REQUIREMENT TEST PPOCEDIRE

CRITICAL: NONE DEFINED

MAJOR: AQL 1.0%

101. Coated area 3.2 4.S.I
102. Coating quality, physical 3.3.1 4.S.2.1
103. Coating quality, cosemtic 3.3.2 4.S.2.2.
104. Coating quality, spatter & holes 3.3.4 4.S.2.4
105. Coating quality, scratch & dig 3.3.. 4.S.2.5

MINOR: NONE DEFINED

NOTE: The inspection for the characteristics in Table I shall be conducted-
at a temperature between *60°F and +90 0 F.

4.3.2.2 Acceptance and rejection. Rejected lots shall be screened for;
all defective characteristics. Removal of defective units and resubmittal
or rejected lots shall be in accordance with "Acceptance and Rejection" as
specified in MIL-STD-lOS.

4.3.2.3 Special sampling.

4.3.2.3.1 Environmental and physical durability. A minimum of one (I)
coated witness piece (or one (I) coated component, when required) shall be
selected from each evaporation lot to form a minimum of five (S) samples for.
each inspection lot. The samples shall meet the requirements and tests in
Table .11.
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TABLE 1I - ENVIRONMENTAL & PHYSICAL DURABILITY

NO. CHARACTERISTIC REQUIREMENT TEST PROCEDURE

301. Adhesion 3.4.11 4.S.3.1
302. Coating quality, physical 3.4.1.2. 3.3.1 4.S.3.2, 4.5.2.1

(post humidity)
303. Coating quality, blemishes 3.4.1.2. 3.3.3 4.S.3.2, 4.S.2.3

(post humidity)
304. Moderate abrasion 3.4.1.3 4.5.3.3

.305. Optical 3.5 4.5.6

NOTE: The inspection for the characteristics in Table II shall be conducted
at a temperature between *60OF and +90OF.

4.3.2.3.2 Failure of sample. Should any one item of a special sampling
fail to meet the speciied test requirements, acceptance of the represented
inspection lot shall be suspended by the Government until necessary correc-
tions have been made by the contractor and the resubmitted items have been
approved. (See 4.3.2.2).

4.4 Inspeotion euimetnt. Except as otherwise provided for by the
contract, the c;ntractor shall supply and maintain inspection equipment in
accordance with the applicable requirements of.MIL-I-4S607.

4.4.1 Government furnished inspection equipment. Where the contract
provides for Government furnished tlst equipment, supply and maintenance of
test equipment shall be in accordance with applicable requirements specified
in HIL-l-45607.

4.4.2 Contractor furnished inspection equipment.

4.4.2.1 Government desiZn All inspection equipment specified by
drawing number in-spiecifcations or SQAP forming a part of the contract
shall be supplied by the contractor in accordance with technical data
included in the contract.

4.4.2.2 Contractor equi ment. The contractor shall supply inspection
equipment compatible with the •est Methods and Procedures" specified in
4.5 of this specification. Since tolerance of test equipment is normally
considered to be within 10% of the product tolerance for which it is intended,
this inherent error in the test equipment must be considered as part of the
prescribed product tolerance limit. Thus, concept, construction, materials,
dimensions and tolerances used in the test equipment shall be so serected and
controlled as to insure that the test equipment will reliably indicate
acceptability of a product which does not exceed 90% of the prescribed
tolerance limit, and permit positive rejection when non-oonforming.
Construction shall be such as to facilita.e routine calibration of test
equipment.
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4.5 Test methods and procedures.

4.5.1 Coated area. The coated area of the component or subassembly
shall be ex-iinedTTwth standard measuring equipment (See 6.4). The-coated
area shall conform to the requirements of 3.2.

4.S.2 Costing quality.

4.S.2.1 P The coating shall be visually examined by reflection,
with the unaiai-el for evidence of flaking, peeling, cracking or blistering.
The examination shall be performed using two IS watt cool white fluorescent
light tubes as the light source. The viewing distance from the coated surface
to the eye shall not exceed 18 inches. The coated surface shall be viewed
against a black matte background. The only illumination in the test area
shall be from the light source used for testing. This method of examination
is as depicted in Figure 1. The coating shall conform to the requirements
of 3.3.1.

4.5.2.2 Cosmetic. The coated component shall be examined using the
test method specified in 4.5.2.1 for evidence of discoloration, stains, smears.
streaks, cloudiness. etc. The coating shall conform to the requirements of
3.3.2.

4.S.2.3 Environmental and solubility blemishes. The coated witness
samples (or coated components. when required) shall be examined using the
test method specified in 4.5.2.1 for evidence of discoloration, stains, smears,
streaks, cloudiness, etc. The coating shall conform to the requirements of
3.3.3 When evidence of blemishes is found, the blemished area shall be
examined (See 4.5.6) for compliance to the spectral requirements specified
on the component drawing.

4.5.2.4 Spatter and holes. The coated components shall be examined
for dig size and quantity using the applicable test method specified in
4.5.2.5. The coating shall conform to the requirements of 3.3.4.

4.S.2.5 Surface defects (scratch and dig).

4.5.2.5.1 Transparent coated surfaces. Transparent coated surfaces
.shall be examined utilizing the technique specified in 4.5.2.1, except that

(hole) in the coating shall be evaluated by comparison with the Surface
Quality Standards for Optical Elements '(scratch -dig) Drawing 7641866.;
The visual appearance of the scratch, and the diameter of the digs in the coating
shall conform to the requirements of 363.S.1. The lengths and density of all
scratches, and the diameters and density of all digs shall-conform to the
requirements of MIL-O-13830.

4.5.2.5.2 Opaque coated sur-faces. Opaque coated surfaces shall be
examined utilizing-the lumination, reflection and viewing background technique
specified in 4.5.2.1. The length and width of scratches, and the dig (hole)
diameters shall be determined by use of interferometry. microscopic measuring

9
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COMMERCIAL FIXTURE CONTAINING
TWO COOL WHITE IS-NATT FLUORESCE.ni
LAMPS (SEE NOTE 1)

18" MAX

BLACK MATTE

TEST COMPONET
FOR REFLECTION
(SEE NOTE 2)

NOTES:
1. THE ONLY ILLUMINATION IN THE TEST AREA SHALL

BE FROM THE LIGHT SOURCE USED FOR TEST.
2. TILT AT AN APPROPRIATE ANGLE TO SEE THE

COATED SURFACE.

FIGURE I

10
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devices, calibrated precision comparators.or similar applicable precision
measuring devices. The width, length and density of all scratches in the
coating shall conform to the requirements of 3.3.5.2. The diameter and
density of all digs (holes) in the coating shall confors to the requirements
of 3.3.5.2.

4.S.3 Environmental physical durability tests. The coated components

or witness samples shell withstand exposure to the following test conditions:

4.S.3.1 Adhesion. The coated component or witness samples shall be
subjected to an a-hesion test usilng /2" wide cellophane tape conforming to
Type I of L-T-90. Press the adhesive sulface of the cellophane tape firmly
against the coated surface end quickly remove at an angle normal to the
coated surface. A visual inspection shall be made for conf6rmance to
3.4.1.1. Subsequent to this test, the coated component or witness sample
shall be subjected to the test of 4.5.3.2.

4.S.3.2 Humidity. The coated componenmor witness samples shall be
placed into an environmentally controlled test chamber and exposed to a
temperature of 120

0
P and 9S% to 100% relative humidity. The coating shall

be exposed for a minimum of 24 hours. Subsequent to this exposure, the coat-
ing shall be cleaned and evaluated for conformance to 3.3.1 and 3.3.3. The
coated componentor witness sample shall then be subjected to the test
specified in 4.5.3.3.

4.5.3.3 Moderate abrasion. Within one hour after the humidity test
of 4.S.3.2, the coated component or witness sample shall be subjected to a
moderate abrasion test. It shall consist of rubbing a minimum of 50 strokes.
across the surface in straight lines. The abrader shall be a 1/4" thick by
3/8" wide pad of clean dry. laundered cheesecloth conforming to CCC-C-440..
The bearing force shall be a minimum of I pound and shall be applied approxi-
mately normal to the coated surface. The actual test apparatus shall be the
Eraser Abrasion Coating Tester of Drawing. 7680606 except that the eraser
portion shall be completely covered with cheesecloth and the cheesecloth
shall be secured to the shaft of the tester with an elastic band. Subsequent
to this test. the coating shall be evaluated for conformance to 3.4.1.3.
Following the tests of 4.5.3.1, 4.S.3.2 and 4.5.3.3 the coated component or
witness sample shall be evaluated for conformance to the provisions of 4.S.6.

4.5.4 Thermal and cleaning durability. The witness samples shall with-
stand exposure to the following test conditions:

4.5.4.1 Temperature. The witness samples shall be subjected to
temperatures oTU-IOUF * 2"F and *160°F *.2

0
F for a period of 2 hours at each

temperature. After each exposure the coated componets or witness samples
shall be stabilized at an ambient temperature between *600 and .90°F and.
subjected to the test specified in 4.5.3.1. Subsequent to this test, the
coating shall be evaluated for conformance to 3.4.1.3 and 3.3.1. The rate
of tseperature change between any two temperature levels shall not exceed
4OF per minute.

11
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4.5.4.2 Solubality and cleanability. The witness samples shall be
immersed. in sequence, in the follewang-solutions maintained at room
temperature (.600 to .+OOF): trichloroethylene conforming to 0-T-634;
acetone conforming to O-A-si; and ethyl alcohol conforming to 0-E-760.
The immersion time in each solution shall be a minimum of ten minutes.
Upon removal from each solution, the solvent shall be allowed to evaporate
to dryness without wiping or forced drying before proceeding to the next
solution. Upon removal from the alcohol solution, and after drying any
resultant stains on the coated/ surface shall be removed by wiping the coating
to a clean, stain-free condition with an e~hyl-alcohol-aositened cheesecloth.
Subsequent to this cleaning, the coating shall ,be evaluated for conformance
to 3.4.2.2, 3.3.1. 3.3.3 and 3.5.

4.5.5 Oational durability tests. The coated componets or witness
samples shall withstand exposure to the following test conditions when
specified in the contract, purchase order or on the componet drawing.
(See 6.2).

4.S.S.1 Severe abrasion. The coated componets or witness samples
shall be subjected to a severe abrasion, rubbing the coated surface with a
standard eraser conforming to MIL-E-12397 mounted in the Eraser Abrasion
Coating Tester of Drawing 7680606. The bearing force shall be between
2 and 2 1/2 lbs. Applied approximately normal to the coated surface. A
total of 20 strokes shall be made along a straight line path. Subsequent
to this test the coating shall be evaluated for conformance to 3.4.3.1 and
then subjected to the test specified in 4.5.3.

4.5.S.2 Salt solubility. The coated componentsor witness samples
shall be immersei for a period of 24 hours in a solution of water and
sodium chloride (salt). The mixture shall be 6 ounces of salt per gallon
of water-at room temperature (*60 to +900F). Subsequent to this immersion,
the coated componets or witness samples shall be removed from the solution,
dried with clean, laundered, cheesecloth, and then evaluated for conformance
to 3.3.1 and 3.3.3.

4.5.5.3 Water solubility. The coated componets or witness samples
shall-be immersed for a period of 24 hours in distilled water at room
temperature (460°F to +90 0 F). Subsequent to this immersion, the coated
componets or. witness samples shall be removed from the solution, dried with
clean laundered cheesecloth, and then evaluated for conformance to 3.3.1
and 3.3.3.

4.5.6 - tiScl. Appropriate optical instruments such as spectrophoto-
meters, radiometers. etc. shall be used to test conformance to the optical
requirements of 3.S.

S. PACKAGING

This section is not applicable to this specification.

12
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6. MOTES

6.1 Intended use. This specification establishes miniman quality arý

durability requirements for single or multi-layer interference coating;
applied to components in optical Systems. It is applicable to coatingi
utilized on a wide variety of substrate materials for such items as ler-;,
prisms, mirrors, beam splitters. reticles. laser elements, windows, filers,
etc.

Coatings produced to tic requirements of this specification may be
exposed without damage to those handling and cleaning procedures associate'
with optical instrument assembly practice and will generally be employed
within the protective confines of a sealed instrument.

Certain applications may necessitate the yse of additional or exparle.
quality and durability .equirements, some of which are included within the
optical durability section of this specification. (See 3.4.3j. Other
quality and durability requirements with the appropriate test methods must
be defined when they a.e applicable. All additional requirements mist be
specified on the applicable drawing or other documents. Examples of coating
applications where adoitional requirements must be specified include laser
systems where resistance to laser energy damage is necessary; also when
coatings are used outside the confines of a sealed instrument, resistanze
to such environments as salt fog, fungus, extended humidity. etc. may be
necessary.

This specification is not intended as a substitute for other coating
specifications. e.g., MIL-C-67S, MIL-C-14806. etc. It is intended that
this specification provide the durability requirements for coating
applications not covered by other documents and in some cases to serve as a
supplement, by reference, in other coating specifications.

6.2 Ordering data. Purchasers should exercise any desired options
offered herein, and procurement documents should specify the following:

a. Title, number and date of this specification.
b. Optional abrasion, salt solubility, and water solubility

requirements (see 3.4.3 and 4.5.5)
c. Optical requirements of coating (See 3.S)
: d. Responsibility for performance of inspection requirements

(See 4.1)
e. Mandatory use of coated componets for tests (See 4.1.2)
f. Requirement for first article approval (See.4.2, 4.2.1 and

4.2.2)

13
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6.3 First article sample. When the jovernment is responsible for
conducting Virst article approval tests the required article sample
specified in 4.2 shall be forwarded to:

Comimrder
US Army Arlaxent Research 6 Development Command
A,'4,: DADAR-QAF
Dover, N.1 07801

6.4 Definitions.

6.4.1 Eve ration lot. An evaproation lot is defined as the group
of parts. lhes te cotang applied at the seae time and in the same
chamber.

6.4.2 Standard measuring equipment (SME). Standard measuring
equipment is defined as the common measuring devices which are usually
stocked by commercial supply houses for ready supply (shelf itessj and
which are normally used by an inspector to perform dimensional inspection
of items under procurement. This category also includes comercial testing

equipment such as meters, optical comparators, etc.

Custodian: Preparing Activity:
Army - AR Army-AR
Air Force - 11

Project No. 6650-0108

14
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SUPPLEMENT D

1. Reference: Item 10 of Form NRC-2.

2. Management of the radiation protection program for the FLIR systems and
subsystems are the responsibility of Mr. Bernard M. Savaiko, License Manager,
Mr. Steven A. Horne, Radiation Protection Officer (RPO), Mr. Barry J. Silber,
Alternate RPO, and Ms. Patricia Ann Elker, Alternate RPO. Inclosures 1, 2,
3 and 4 are the qualifications of these individuals.

'I
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BERNARD M. SAVAIKO, Chief, Safety Office, US Army Communications-Electronics
Command (CECOM), Fort Monmouth, New Jersey

a. Education: 1957 - B.S. Industrial Engineering, Columbia University,

New York, New York.

b. Professional Experience:

(1) 5 years - Safety Officer - US Air Force.

(2) 4 years - Industrial Safety - U.S. Steel Corporation.

(3) 20 years - Industrial Safety and Chief, Safety Office- USACECOM
(formerly US Army Communications and Electronics Materiel Readiness Command
and US Army Electronics Command) Fort Monmouth, New Jersey, including 3 years
experience as a Radiation Protection Officer with responsibilities for the
control of various commodities containing radioactive materials.

Mr.,Savaiko is designated as the manager of Nuclear Regulatory Commission
Licenses and Department of the Army Authorizations.

Incl 1



STEVEN A. HORNE, Chief, Readiness Division, Safety Office and Health Physicist,
US Army Communications-Electronics Command (CECOM), Fort Monmouth, New Jersey

1. Educational Background:

Old Dominion University
Norfolk, Virginia

The Catholic University of
America

Washington, DC

The Catholic University of
America

Washington, DC

2. Formal Training and Experience
Measurements andEffects:

3 Years

2 Years

1964 - Associate in
Applied Science

1975 - BSE Nuclear Science
and Engineering

1975 - Graduate Work in
Nuclear Science and
Engineering

in Radiation Protection Methods,

a. Fifty-six semester hours
pertaining to radiation, including
college physics, Environmental
Aspects of Nuclear Power Plant
Management, Environmental Radio-
activity, Nucleonic Fundamentals,
Nuclear Properties and Interactions,
Nuclear Physics, Nuclear Radiation
Detection, Nuclear Reactor Physics,
Radiation Biology, Radioisotope
Techniques and Radiological Physics
- Old Dominion University and The
Catholic University ofPAmerica.

b. Radiation Detection Effects
and Devices Utilizing various type
of high energy accelerators -
Virginia Associated Research Center
Newport News, Virginia, and NASA
Langley Research Center, Langley,
Vi~rginia.

c. Radiation safety, detection
instrumentation and isotopic handling
equipment - Flow Corp, Fort Belvoir,
Virginia.

Duration of
Trai~ning

1961-1975

1 Year

2 Months

On The Job
Formal
Course

No Yes

No

No

Yes

Yes

, Incl 2



Duration of Formal
Training On The Job Course

d.. Radiological Safety Course 24 Hours No Yes
pertaining to Nuclear Moisture/
-Density Instrumentation - Seaman
Nuclear Corporation, Milwaukee,
Wisconsin.

e. Occupational Radiation 80 Hours No Yes
Protection Course 212 - Public
Health Services, Las Vegas, Nevada.

•f. Fundamentals of Non-Ionizing 40 Hours No Yes
Radiation Protection Course 264-
Public Health Service, Rockville,
Maryland.

g. Laser Safety Course - 40 Hours No Yes
University of Cincinnati, Ohio.

h. Radionuclide Analysis by 80 Hours No Yes
Gamma Spectrocopy Course 209 -
Public Health Service, Winchester,
Massachusetts.

i. Radiation Guides and Dose 80 Hours No Yes
Assessment Course 272 - Environ-
mental Protection Agency, Las Vegas,
Nevada.

3. Experience with Radioisotopes:

Maximum Duration of
Isotope Activities in Curies Experience Type of Experience

241Am 1 3 Years For all radionuclides
listed., experience

252 Cf .27 3 Years consisted of labora-
tory analysis, wipe
tests, experiments and

57 Co 0.1 4 Years evaluations utilizing
these sources.

6 0 Co. 1200 8 Years

137 Cs 
8 Years

3H 20 8 Years

192ir 100 8 Years

147pm 1 8 Years.)



Maximum
Activities in Curies

Duration of
ExperienceIsotope

2 2 6 RaBe

2 3 9PuBe

90 Sr

1

1

5 Years

1 Year

2 Years0.1

4. Experience with other Radiation Producing Machines:

Radiation Machine Duration of Experience

a. NASA Langley
Research Center, and
Virginia Associated Re-
search Center's, Space
.Radiation Effects Labo-
ratory consisting of a
2 MeV* Van de Graff
accelerator, 3 MeV Dyna-
mitron accelerator,
10 MeV Linear Electron
Accelerator, a 600 MeV
Proton Synchrocyclotron..
Accelerator and a 14 MeV
Neutron Generator.

b. 250 KeV General Electric
Corporation X-ray machine

c. Various energy dis-
persive and wavelength X-ray
fluorescence spectrometry with
X-ray generators up to 50 KeV.

1.5 Year

8 Years

8 Years

Type of Experience

Radiation damage
Shielding Experi-
ments and Related
Health Physics
Studies.

Health Physics and
laboratory experiments.

Health Physics'and
laboratory experiments.

5. Experience with radiation:

1964-1965 -

1965-1966 -

1966-1968 -

1968-1976 -

1976-1978 -

Virginia Associated Research Center, NASA, Langley Research
Center, Virginia as Health Physics Technologist.

ER. Squibb, .New Brunswick, New Jersey as Radiochemist Isotope
Technologist.

Flow Corporation, Nuclear Division, Fort Belvoir, Virginia as
Radiation Engineer.

US Army Mobility Equipment Research and Development Command,
Fort Belvoir, Virginia as Health Physicist.

US Army Electronics Command, Fort Monmouth, New Jersey as
Health Physicist.



1978-1981 - US Army Communications and Electronics Materiel Readiness
Command, Fort Monmouth, New Jersey, as Health Physicist.

1981-Present - US Army Communications-El:ectronics Command, Fort
Monmouth, New Jersey, as Chief, Readiness Division, Safety
Office and Supervisory Health Physicist.

)



BARRY J. SILBER, Health Physicist, US Army Communications,-Electronics Command
(CECOM), Fort Monmouth, New Jersey

a. Education:

(1) A.A. - Brooklyn College of the City University of New York, Brooklyn,
New York - 1965,

(2) B.S. - Brooklyn College of the City University of New York, Brooklyn,

New York - 1969. Major: Chemistry.

b. Professional Experience:

(1) October 1966 - May 1967:
Allen Pharmacal Corporation, 175 Pearl Street, Brooklyn, New York.
Laboratory Technician - Analytical Chemistry Laboratory.
Laboratory.analyses of pharmaceuticals at various stages of manufacture to
insure compliance with Food and Drug Administration Regulations as well as
United States Pharmacopeia and National Formulary Monographs.

(2) June 1967 - March 1970:
EON Corporation, 175 Pearl Street, Brooklyn, New York.
Chemist - Responsible for all health physics activities, including radiation
surveys, air sampling and wipe tests, leak testing of sealed sources, decon-
tamination of facilities and equipment, disposal of radioactive wastes, calibra-
* tion of radiation survey and measurement instrumentation, record-keeping, etc.,

) to insure compliance with US Nuclear Regulatory Commission (NRC) and New York
State Regulations; liaison between regulatory agencies and corporate management;
authorized radiation Worker (user) of multiple types of radioactive materials
used in the manufacture of. radiation sources for commercial, military and highly
specialized (custom-made) use; responsible for all chemistry activities including
metallurgical applications on products at various stages of manufacture to meet
quality control specifications.

(3). March 1970 - June 1977:

State of New York Department of Labor, Division of Safety and Health, 2 World Trade
Center, New York, New York.
Senior Radiophysicist - Radiological Health.Unit.
Responsible for the review of applications, including the evaluation of facilities,
equipment, personnel and products containing radioactive materials, and in the
preparation of State licenses authorizing the possession and use of radioactive
materials by persons in industry and related activities in this State; assist in
the administration of the licensing program; consult with and assist industrial
management personnel and others in establishing radiation protection programs;
conduct inspections, special prelicensing investigations, radiation surveys and
tests at the sites of licensees and registrants using radiation sources to en-
force state regulations and to insure that radiation workers and the general public
are fully protected; assemble environmental research data, analyze and interpret
this data, assist in the publication of scientific reports, and training of new
staff members,

Incl 3



(4) June 1977 - January 1978:
US Army Electronics Command (ECOM), Fort Monmouth, New Jersey,
Health Physicist - Responsible for health physics functions in the establish-
ment and implementation of the ECOM Safety Program aimed at establishing life
cycle controls of ECOM commodities utilizing radioactive material and ionizing
radiation producing devices; responsible for the evaluation of radiological

.protection programs and radiation facilities to determine their adequacy and

.to insure compliance with DA Authorizations and NRC Licenses; perform studies
and evaluations necessary to minimize the health risks to personnel;prepare and

.review applications for DA Authorizations and NRC Licenses; establish and maintain
radiation protection records and files.

(5) January 1978- April 1981:
US Army Communications and Electronics Materiel Readiness Command (CERCOM), Fort
Monmouth, New Jersey.
Duties are the same as in Item b(4) above. Name change from ECOM .to CERCOM.

(6) May 1981 - Present:
CECOM, Fort Monmouth, New Jersey.
Duties are the same as in Item b(4) above. Name change from CERCOM to CECOM.

c. Formal Training in Radiation Protection Methods, Measurements and Effects:

Duration of Formal
-Training On-The-Job Course

(1) X-Ray Technology for Radiological 3 Days No Yes
Health Personnel-Memorial Hospital for
Cancer and Allied Diseases, 444 East 68th
Street, New York, New.York - 11UJanuary -

14 January 1971. -

(2) Orientation Course in Regulatory 3 Weeks No Yes
-Practices and Procedures - NRC, Bethesda,
Maryland - 1 March - 19 March 1971.

(3) Health Physics and Radiation 10 Weeks No Yes
Protection - Special Training Division,
Oak Ridge Associated Universities, Oak
Ridge, Tennessee - 12 February 1973 to
?0 April 1973. Sponsored by the NRC for
Agreement State regulatory personnel.

(4) Radiological Safety Course - 3 Weeks No Yes
US Army Ordnance and Chemical Center and
School, Aberdeen Proving Ground, Maryland
- 25 October -. 15 November 1977,

(5) Internal Dosimetry for Fixed 1 Week No Yes
Nuclear Facilities-Oak Ridge Associated
Universities, Oak Ridge, Tennessee -

5 November - 9 November 1979.

(6) Managers' Environmental Course - 1 Week No Yes
US Army Logistics Management Center, Fort
Lee, Virginia - 13 July - 17 July 1981.



d. Experience with Radiation.

Maximum
Isotope

(1) 14 C

(2) 32 P

(3) 3 6C1

(4) 6 3Ni

(5) 9 0 Sr/ 9 0 Y

(6) 9 9 Tc

(7) 10 6 Ru/ 106Rh

(8) 1 44 Ce/ 1 44 Pr

(9) 14 7 pm

(10) 2 0 4 TI

(11) 6 0 Co

(12) 6 0 Co

(13) 137Cs

(14) 2 2 6 Ra

Amount
Duration of
Experience

60 mCi

10 mCi

10 mCi

10 mCi

50 mCi

100.mCi

50 mCi

500 mCi

500 mCi

50 mCi

10 mCi

200 Ci

250 Ci

20 mCi

Years

Years

Years

Years

Years

Years

Years

Years

Years

Years

Years

Years

Years

Years

Type of Use

For items 1 through 10-manu-
facture of sealed sources,
health physics surveys and
wipe tests.

For items 11 and 14-calibration
of radiation instrumentation,
health physics surveys and wipe
tests,

For items 12 and 13-health
physics surveys and wipe tests.

)



PATRICIA ANN ELKER, Health Physicist, US Army Communications-Electronics Command..
(CECOM), Fort Monmouth, New Jersey,

a. Education:

(1) Rutgers University, New Brunswick, New Jersey
Presently completing program of graduate study in Radiation Science.

Course work has included: Bioinorganic Chemistry; Radiation Physics; Special
Topics in Radiologic Health; Laboratory Methods of Radiation Detection;.
Radiation Chemistry; Radiation Biophysics; Electronics and Instrumentation;
Advanced Special Problems; Radiation Dosimetry.

(2) J.F.K. School of Nuclear Medicine, Edison, New Jersey
Certificate in Nuclear Medicine Technology, 1976. ARRT, NM-1976,

NMTCB-1978. Award: Mallinckrodt Academic Achievement Award.
(3) Monmouth College, West Long Branch, New Jersey

BS Degree in Biology, January 1976. Minor - Medical Technology

(4)- Susquehanna University, Selinsgrove, PA
Biology program 1971-1973.

b. Professional Experience:

(1) July 1981 - present

Health Physicist, US. Army C-ommunications-Electronics Command,
Fort Monmouthi,- NJ,.

Responsible for health.physics functions in the establishment and
implementation of the-CECOM Safety Program aimed at establishing life cycle
controls of CECOM commodities utilizing radioactive material and ionizing
radiation producing devices; responsible for the evaluation of radiological
protection programs and radiation facilities to determine their adequacy and to
insure compliance with DA Authorizations and NRC Licenses; perform studies and
evaluations necessary to minimize the health risks to personnel; prepare and
review applications for DA Authorizations and NRC Licenses; establish and
maintain radiation protection records and files.

(2) July 1980 - July 1981

Supervisor, Radioactive Material Section, Radiation Physicist,
Department of Environmental Protection (DEP), Bureau of Radiation Protection (BRP)
Trenton, NJ.

-Responsible for supervision and coordination of the radioactive
material (RAM) program. Authorized to approve or reject licenses or amendments
for possession and use of RAM after assessment of user qualification, radiation
safety program, and compliance with State rules and regulations. Reorganized

- Incl 4



program format and developed inspection procedures, forms and criteria.
Evaluated and provided recommendations for quality assurance of radio-
pharmaceuticals and instruments at facilities. Assigns and trains inspectors
for RAM facility program review. Issued letters of non-compliance or compliance
resulting from inspection. Performed inspections andviolation investigations.
Registered NRC licensable materials. Registered accelerators and reviewed
radiation safety surveys. Authorized to approve or reject applications for
certificates of handling in the transportation of any RAM above 20 curies.
State Radiological Assessment Officer on call for. nuclear generating station
emergency response, and assists in emergency planning. Member of emergency
response team with authority to make immediate decisions relative to public
health and safety regarding control of radiation. Maintained Bureau's RAM
storage area and records of accountability, radiation safety surveys, and
compliance with NRC license requirements. Responsible for monthly report and
statistic preparation involving RAM users, inspections, violations, NRC
registrations, and accelerators. Responded to all inquiries involving RAM or
non-ionizing radiations. Developed fee schedule format, and maintained
records. Proposed regulations for NJ Administrative Code adoption.

(3) February 1980 - July 1980

Radiation Physicist, DEP, BRP, Trenton, NJ.
Enforced State rules and regulations governing medical and

industrial or research radiation producing units. Responsible for compliance
testing and evaluation, report preparation, and performance of radiation safety
surveys. Authorized to impound non-compliant units preventing usage
establishing public and/or occupational safety. -Conducted special projects
evaluating radiation hazards and development of procedures for control and
reduction of unnecessary radiation.. Investigated violations and incidents post
notification of radiation hazard with authority to establish improved radiation
safety requirements. Participated as member of radiation emergency response
team.

(4) January 1979- January 1980

Nuclear Medicine Technologist, St. Peter's Medical Center,
New Brunswick, NJ.

Performed diagnostic imaging and evaluation for improved medical
diagnosis. Performed quality control and calibration of instrumentation and
computer. Responsible for patient orientation to procedures, radiopharmaceutical
preparation, dose calculation and assay for intravenous or other approved
aseptic method of dose administration. Performed radiation monitoring for
safety and regulation .compliance evaluation. Responsible for proper radioactive
waste disposal compliant with all regulatory agencies and safety standards.
Performed sophisticated computer analysis for diagnostic studies. Performed
in vivo diagnostic evaluations. Responsible for on call emergency routines.

2



(5) May 1976 - January 1979

Nuclear Medicine Technologist, Jersey Shore Medical Center,
Neptune, New Jersey

Same as above, including ultrasound and Doppler technologies
for diagnostic procedures. Radioimmunoassay for in vitro procedures.
Responsible for monitoring and maintaining records for therapeutic sealed
source storage area.

c. Additional Formal Training in Radiation Protection Methods,
Measurements, Effects:

(1) Internal Dosimetry for Fixed Nuclear Facilities-Special Training
Division, Oak Ridge Associated Universities, Oak Ridge, TN,
September 1981. One week formal course.

(2) Emergency Response for Nuclear Incidents - Sponsored by the
Federal Emergency Management Agency at the DOE Nevada Test Site,
Las Vegas, Nevada, November 1980. Two week formal course.

(3) Emergency Response - Sponsored by the NJ Bureau of Emergency
Response at the NJ Bureau of Radiation Protection, Trenton, NJ,
1980. One week formal course.

(4) Quality Control in Radiographic Procedures and Processing -
E.I. duPont Nemours Training Center, 1980. One week
formal course..

(5) Quality Control in Nuclear Medicine - Bureau of Radiological
Health program, sponsored by the NJ State Society of Nuclear
Medicine at Middlesex General Hospital, New Brunswick, NJ,
1979. Twelve hours formal training.

d. Experience with Radioactive Materials:

(see attached list)-
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Isotope
Maximum
Amount

Duration of
Experience Type of Use

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11

12.

13.

14.

15.

16.

17.

99 Mo/99mTc

1311

7 5 Se

6 7Ga

201 TI

32

1 3 3 Xe

8 1 Rb/ 8 1m Kr

1251

Sealed Source
RIA

1231

13 7 Cs

226 Ra

1 92 Ir

6 0Co

57Co

13 3 Ba

PuBe

1.0-3.0 Ci

10 mCi

_ mri

50 mCi

30 MCCi

20 mCi

100 mCi

25 mCi

50 mCi

5

5

5

5

5

5

2

5

Years

Years

Years

Years

Years

Years

Years

Years

Years

For items
1 through 16,
radiopharma-
ceutical preparation
dose injection,
and/or related
diagnostic
procedures,
health physics
surveys, wipe test
analysis, and
instrument
calibration.

10

500

500

80

1O0

30

10

1

mCi

mCi

mg

Ci

Ci

mCi

mCi

Ci

5

5

5

6

1

5

5

1

Years

Years

Years

months

month

Years

Years

month
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SUPPLEMENT E

1. Reference: Item 11(a) of Form NRC-2.

2. The depots responsible for bulk storage, maintenance, serviceability,
surveillance and issue of thermal imaging systems possess radiation
detection/measurement instrumentation for monitoring and measuring the
radiation emitted from these devices.

3. Radiation detection instrumentation: They are the AN/PDR-54, AN/PDR-56F
and AN/PDR-60 standard Army alpha detection instruments (radiac sets) or
commercial equivalent instrumentation such as the Eberline Instrument
Corporation (EIC) PAC series portable alpha survey instruments. In addition,
these depots possess, as a minimum, the AN/PDR-27( ) standard Army beta-gamma
detection instrument or commercial equivalent instrumentation for beta-gamma
radiation detection. The sensitivity range of the AN/PDR-54 Radiac Set is
zero to 1.00E+05 counts per minute (cpm) in three decade scales, the
AN/PDR-56F Radiac Set is zero to 1.00E+06 cpm in four decade scales, and
the AN/PDR-60 Radiac Set is zero to 2.OOE+06 cpm in four decade scales. The
-sensitivity range for the AN/PDR-27( ) Radiac Set is zero to 500 mR/hr in
four decade scales.

4. Radiation measurement instrumentation: They are the Nuclear Measurements
Corporation (NMC) Model PC-3A or PC-4 Internal Proportional Counter. In
addition, depots may possess the EIC Model SAC-3A Scintillation Counter.



) SUPPLEMENT F

1. Reference: Item 11 (b) of Form NRC-2.

2. The AN/PDR-54, AN/PDR-56F and AN/PDR-60 standard Army alpha detection
instruments and the AN/PDR-27 ( ) standard. Army beta-gamma detection
instrument used for health and safety purposes are calibrated in accordance
with the frequency specified in Technical Bulletin 43-180, Calibration
Requirements for the Maintenance of Army Materiel, and procedures
prescribed in the technical manuals issued with the instruments. Presently,
the calibration frequency specified is once every 90 days. Calibration
standards used for the AN/PDR-54 and AN/PDR-60 are the AN/UDM-6 and
AN/UDM-7C 2 3 9 plutonium Radiac Calibrator Sets. The calibration standard
used for the AN/PDR-56F is the AN/UDM-7C Radiac Calibrator Set. Calibration
standards used for the AN/PDR-27 ( ) are the AN/UDM-1 ( 6 0Cobalt),
AN/UDM-1a ( 1 37 Cesium) or equivalent. All calibration standards are
certified by, or traceable to, the National Bureau of Standards (NBS).

3. The NMC Model PC-3A, Model PC-4 and the EIC Model SAC-3A are calibrated
as recommended by the manufacturer with calibration reference sources
certified by, or traceable to, the NBS.

)



SUPPLEMENT G

1. Reference: Item 12 (a) of Form NRC-2.

2. For all MLAR coatings of IR optical elements, the Army requires that
the contractor test the ThF coated optics to insure that all elements
comply with specifications for radiation and environmental requirements.
Testing is inclusive of thejfollowing or equivalent:

a. A witness sample from each coating run shall be subjected to the
hardness and ddherence tests as specified in paragraphs 4.4.5 and 4.4.6 of
MIL-M-13508.

b. A witness sample from each coating run shall be subjected to the

10 day humidity test of Method 507.1 of MIL-STD-810.

c. A witness sample from each coating run shall be subjected to the

salt. spray (fog) test as specified in paragraph 4.6.10 of MIL-C-675.

3. In addition, the durability of all IR coatings. shall be tested to insure
.that a sample from every batch of coated optical elements meets or exceeds
the scotch tape, eraser rub and environmental tests as specified in the
following Military Specifications and/or Standards: MIL-C-675, MIL-M-13508,

) MIL-STD-810 and MIL-C-48497;

4. There will be no marking requirements for these devices based upon
the revision made to Section. 40.22 of Title 10, .Code of Federal Regulations,
Part 40. This revifion allows government agencies to possess/use and
transfer up to 15 pounds of source material-for operational purposes.
Further, in the NRC"s Statements of Consideration-(40-SC-lO) concerning
this revision, it was pointed out that paragraph (a)(4) of Section 40.22
is applicable to any size unit, other than individuals, which is
physically separate from other units.



SUPPLEMENT H

1. •Reference:. Item 12(b) of Form NRC-2.

2. In the event that ThF4 coated optics are badly scratched, deformed or
otherwise defective, they will be returned to either Direct Support/General
Support (DS/GS)* maintenance echelons or to SAAD for disposition, i.e.,
repair, replacement, or disposal as radioactive waste.

3. Appropriate warning and caution instructions to thermal imaging systems
are incorporated into the technical manuals.for these equipment as
indicated in Supplement I of this license application.

The DS/GS function also refers to the comparable aircraft maintenance
echelon, i.e. Aviation Unit Maintenance and Aviation Intermediate
Maintenance.

I.



I

SUPPLEMENT I

1. Reference: Item 12(c) of Form NRC-2.

2. The Army program for control of radioactive items of supply is prescribed
specifically in two regulations. AR 700-64, Radioactive Commodities in the
DOD Supply Systems, is an interservice regulation which prescribes responsi-
bilities for control of radioactive items and components which are introduced
in the supply system. AR 385-11, Ionizing Radiation Protection, establishes
requirements for obtaining NRC licenses for radioactive materials and
authorizations to possess radioactive material not controlled by NRC, and
requirements for individually controlled items of supply, the transportation
of radioactive materials and the disposal of unwanted radioactive material.
Major Army commands are implementing these DA regulations.

3. The authority contained in NRC licenses and DA authorizations issued to
CECOM permits DOD installations and activities to acquire and use thermal
imaging systems incorporating ThF without obtaining their own license or
authorization for these items (a BA authorization is required for radioactive
material not controlled under an NRC specific license). This is based upon
commitments made by CECOM that all Army elements will comply with conditions
contained in those licenses and authorizations and with pertinent Federal,
DOD and Army regulations. *Both NRC and DA require control of all operations
involving radioactive items to insure the safety of personnel and property.
Army activities possessing licensed radioactive sources and the agencies
controlling them are subject to inspection by the NRC in addition to inspection
by Army elements.

4. The mission of CECOM includes the management and performance of all
materiel life cycle functions and services and acts as DA licensee for Army-
wide distribution of these items. The following is a description of
functions of the various CECOM elements providing a coordinated effort:

a. The functions for the manager of the NRC License/DA Authorization
are assigned to the Chief, Safety Office of the Command Staff of this
headquarters. The responsibilities of the manager are to:

(1) Coordinate, obtain, administer, review, amend and maintain
necessary licenses/authorizations for radioactive commodities managed by
this command.

(2) Provide information and guidance to all commanders, with respect
to limitations, constraints, conditions or procedures which affect the
responsibilities of those commanders for the radioactive commodity.

(.3) Monitor the various elements of the life cycle program of the
radioactive commodities to assure compliance with conditions of the
applicable license/authorization.



(4) Assure that licensed/authorized material is not transferred to
unauthorized persons or organizations.

b. The health physicists serve as the CECOM staff contact for radiation
control and license/authorization matters to the Army Materiel Development
and Readiness Command (DARCOM), other major commands and DA elements, other
services and. federal agencies; provide advice and assistance to other CECOM
elements involved in the fielding of radioactive items, the National
Inventory Control Point (NICP) (an element of CECOM), depots and other Army
elements; prepare. applications for NRC Licenses/DA Authorizations for Army-
wide distribution of assigned items; prepare radiation safety instructions
for incorporation in technical literature and .other published guidance
pertaining to the items; coordinate with the NICP to assure that requisitioning
elements are authorized to and technically capable of receiving the item and
the procurements do not exceed the quantity or use limitations imposed by the
various licenses; perform pre-award and post award health physics surveys of
contractors; provide health-physics advice to be included in instructions
for disposal of radioactive waste, and serve as staff officers for notification,
investigation, and preparation of reports required in the event of an
accident or incident in which this command"s radioactive items may be involved.

c. The CECOM NICP located at Fort Monmouth, New Jersey has adopted
procedures for individually controlled radioactive items that are in addition
to standard Army Supply practices used for all type classified items. The
control point maintains records'of procurements, receipts, storage locations,) shipments, using locations, authorizes, issues, and assures adequate supply.
Similar NICP procedures have been implemented by other DARCOM Major
Subordinate Commands (MSC) who have PICA responsibilities for the assigned
major weapon system. It reviews requisitions submitted and when approved,
issues material release orders to the designated depot for shipment of the
material to the requisitioner. Requisitions are submitted through various
command control channels. The control point bases its approval on previously
established authorizations of the requisitioner to receive the item from the
supply standpoint such as an approved Table of Allowances. Upon approval of
the requisition, the control point issues a material release order to the
depot storing the item. The depot ships the item directly to the requisitioner,
notifies the control point and furnishes other shipping data which is
forwarded also through supply property office channels.

d. The major Army commands have established regulatory requirements for
control of the radioactive items. Each major command has established at the
headquarters level a radioactive material control point and appointed a
command radiation control officer to administer control of radioactive items
within the command. That-officer reviews and concurs in the qualifications
of local RPO's within the command, maintains records of radioactive items by
location and assures periodic inventory and leak tests. by using activities,
performs periodic inspections/audits of accountable installations/activities
to assure that items are properly handled in accordance with Army and NRC
regulations, and to assure the submission of'inventory and leak test reports
and accident/incident reports to the appropriate commodity command as required
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) by Army regulations. The local RPO is responsible for administering the local
radiation protection program. Local programs provide for designated
controlled areas, dosimetry, instrumentation, operating procedures to
supplement published manuals for the items, receipts, transfers, storage and
records. Requisitions originated by using elements are processed through the
local RPO to the major command radiation control officer. The requisition is
reviewed from the radiation protection standpoint and logistics 'authority for
possession. If approved, the requisit.ion is forwarded to the NICP. Upon
receipt of notification from the NICP of the transaction the information is
forwarded to the local radiation protection officer who assumes radiation
protection responsibility for the item. Requests for transfers of items
between installations/activities are reviewed by the command radiation
control officer and if approved reported to the NICP. Transfers outside the
major commands are reviewed and approved by the NICP. Reports of excess items
are submitted through command channels to the NICP for review for serviceability,
turn-in, or disposal as radioactive waste. The NICP, in conjunction with
assistance and directives provided by health physicists of the CECOM Safety
Office, determines *the disposition of the excess items.

e. NCAD, RRAD, and SHAD will provide bulk storage~surveillance and
issue of thermal imaging systems. SAAD, in addition, will provide maintenance
and serviceability of these equipment. There will be no maintenance and
serviceability performed involving the grinding or removal of the ThF 4
coatings from these equipment. Where radioactive materials are involved, the
depots have established special warehousing facilities, handling procedures
and have established formal radiation protection programs administered by
qualified RPO's. Mr. Henry Newlin (NCAD), Mr. John D. Rayburn (RRAD),
Mr. Herman McGrew (SAAD) and Mr. Eugene Ernest (SHAD) have been designated to
serve in this capacity. Items are inspected when received, at intervals
during storage and immediately before shipment. The inspections are conducted
according to established surveillance procedures as determined by CECOM for
each item. The quality surveillance procedures for thermal imaging systems
containing ThF 4 coatings will be performed by the depot RPO, his alternates
or the CECOM health physicists and will involve the annual visual inspection
of a random sampling of at least six (6) each FLIR assets for flaking and/or
pitting of the ThF4 coatings. The depots will provide the NICP with notification
of individually controlled item receipts, inspections and shipments.

f. The program for control of thermal imaging systems, as with other
radioactive items is, to the extent practical, the same logistics procedures
applied to other Army supplies. Regulatory guidance has been established by
DA and implemented by the various commands governing the management process,
life-cycle management of material, logistics management and support, procure-
ment, maintenance, storage, transportation, including packaging and disposal.
For radioactive items the procedures are augmented by specific regulatory
controls pertaining to the possession and use of radioactive materials,
control of personnel radiation exposure, safe storage, handling, maintenance,
transportation and disposal of the items. For thermal imaging systems, more
stringent controls have been established as distribution of these devices are
classified confidential and due to their high dollar value, are limited to
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authorized activities. These controls include identifying and insuring that
these systems are coded in the Commodity Command Standard System (CCSS)
Automated Data Processing Program as radioactive in accordance with Appendix A
of AR 708-1, Cataloging and Supply Management Data. These systems are coded
with a Special Control Item Code (SCIC) of 8 meaning Radioactive Item, A
meaning Regulated and contains a Radioactive Item, or B meaning Regulated-
Principal and contains a Radioactive Item. Requisitions are processed
initially by computers and, due to their radioactive SCIC designation and
their high dollar value, are then processed manually by the NICP item manager
to verify that the requisitioners are authorized to receive the item.

g. •It is DA philosophy for one DARCOM MSC to obtain an NRC license for the
possession and use of single type radioactive commodities while having other
MSC's responsible for the management of fire control systems incorporating these
commodities. In essence, this means that in the case of fire control systems;
the primary armament subsystem manager will have the fire control responsibility
for the weapon system... He, in turn, will be supported by the secondary
armament material readiness manager and any other materiel readiness managers
as required. This means that the weapon system manager will maintain full
responsibility for its fire control system and ancillary subsystems.

h. The program for control of thermal imaging devices as it relates to this
command and the weapon system managers, i.e., other DARCOM MSC's is implemented
by effected Memorandums of Understanding/Support Agreements which includes
the following:

(1) CECOM will:

(a) Perform all duties as indicated in this radiation
protection program.

(b). Maintain required NRC license.

(c) Review proposed design and literature changes that may
effect the NRC license.

(d) Coordinate with other DARCOM MSC's at the time of renewals/
amendments of NRC license.

(e) Assure that all radioactive components are coded on the CCSS
with an SCIC of either 8, A or B.

(f) Furnish all applicable contract data' statements/test procedures
to the effected DARCOM MSC's.

(2) Effected DARCOM MSC's will:

(a) Insure that the thermal imaging systems and subsystems
assigned to them are coded in the CCSS with an SCIC of either 8, A or B.

(b) Insure that the Troop Authorization and Equipment
Distribution Program World-wide Asset Quarterly Posture pertaining to these
items are furnished to the CECOM Safety Office.
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a(c) Insure that all procurements pertaining to these items
are coordinated with the CECOM Safety Office.

(d) Insure that all radioactive items assigned to them are
disposed of as radioactive waste and notify the CECOM Safety Office annually
of the total number disposed.

(e) Insure that the technical literature contain the required
radiation warnings and that proposed changes effecting these warnings are
coordinated with the CECOM Safety Office.

(f) Inspect depots not inspected by CECOM annually to determine
compliance with NRC licenses and regulations. This shall include annual
quality assurance inspections of thermal imaging systems and subsystems under
their purview.

(g) Insure that all optical elements and lens coatings of thermal
imaging systems and subsystems are in compliance with Title 10, Code of
Federal Regulations and with NRC license requirements and regulations.

i. Further controls involve the following:

(1) The objective lenses will be procured with the wideband MLAR
(ThF 4 ) coating already applied.

(2) In the field, normal optical cleaning procedures will be
utilized by the users. The Army will not perform any maintenance involving
the removal of the MLAR coatings or its replacements.

(3) Replacements of thermal imaging components containing ThF4
coatings may be performed at DS/GS levels. This is the intermediate

maintenance level between the user and SAAD.

(4) Maintenance of the Night Vision devices containing the ThF 4
coatings will be performed at SAAD. This maintenance will not include
grinding or the removing of the ThF 4 coatings off of the thermal imaging
components.

j. Warning instructions as contained in both the operator's manuals,
the DS/GS Maintenance manuals, and the. Depot Maintenance Work Requirements
.fb'r thermal imaging systems contain the following notices:

Warning

Radiation Hazard

The antireflective coating on all infrared optics contain thorium fluoride
which is slightly radioactive. The only potential hazard involves ingestion
(.swallowing or inhaling) of this coating material. Dispose of broken lenses
etc, in accordance with AR 385-11.

'I
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k. The following illustrate operating instructions, listed in the
operators manuals for various NightVision devices:

Caution

This equipment is a precision electro-optical instrument
and must be handled carefully

Caution

Do not use MI antifogging kit on front lens of night sight, as
this will degrade the infrared image. See lens cleaning
instructions, table 3-1.

Caution

The boresight collimator is a precision optical instrument and
must be handled carefully. Do not drop.

1. The maintenance instructions for the' various preventive maintenance
checks and services for eyepiece and front lenses are inclusive of the following

-. nformation as applicable to the Night Vision device:

(1) Examine lenses for scratches, chips, or cracks. Report any
damage to direct support/general support maintenance. Inspect for dirt, dust,
oil, and fingerprints.

(2) Clean lenses (if necessary).

- Caution

To avoid scratches on lens coating, do not rub cleaning solution
on surface. Use only approved materials and procedures for
cleaning lenses.

(a) Flush off surface of lens with potable water (clean water',
suitable for drinking) to remove dust and grit.

(b) Thoroughly moisten a pad of cotton from night sight lens
cleaning kit with lens cleaning solution.

(c) Apply lens cleaning solution to lens by dabbing lightly
(do not rub) until surface is evenly covered.

Md) Wait one to three minutes depending on condition for solution
to loosen heavy contamination (do not allow solution to dry).

(e) Flush off the solution with potable water.

(f) Repeat steps (b)through (d) until heavy contamination is
removed.

'!
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(g) Clean lens in small sections by applying cleaning solution
and gently wiping with clean pad.

Caution

Wiping motion should be accomplished in one direction only. The
pad thus contaminated should be immediately discarded and not
used for further cleaning.

(h) Rinse lens with potable water.

(i) Dry lens by wiping, lightly in a single direction only with
clean cotton pad.

(j) During freezing weather, the lenses may be cleaned by using
warm (not hot) potable water and cleaning solution mixed with warm potable
water.

m. The operator's troubleshooting is limited to the replacement of the
.. battery, replacement of the coolant cartridge, and cleaning of the lenses.

The statement below is incorporated into preventative maintenance instruc-
tions. If these steps do not restore the night sight .to operation, the

...operator is referred to DS/GS maintenance.

Caution

The lens surface coating is easily damaged. Use extreme care
to protect it from dirt, dust, fingerprints .and humidity whenever
possible. -Do not breathe on lens surface, or use any cleaning or
defogging material that is not specially approved for this
application.

n, The maintenance concept for the various end item thermal imaging
systems authorizes only DS/GS personnel to perform any required maintenance
functions. The only common modules authorized at this maintenance
level for replacement are the Detector-Dewar, either DT-591 or 594/UA and
the Imager, Optical, either SU-97 or 103/UA. All.other maintenance functions
pertaining to those devices will be performed at SAAD. This maintenance will
not include grinding or. the removing of the ThF 4 coatings off of the common
modules.

o. Since the ThF is used solely on IR objective lenses and would never
be used in the proximity of the eye, there does not appear to be any danger to
personnel using equipment which contains the coated objectivelenses.

p. Based on the low exposure potential, the instructions contained in
the technical literature are considered sufficient radiation safety control
over the user.

teq. On all procurements, the Army will require that the contractors test
the thermal imaging components containing the ThF 4 coated optics to insure
that these devices comply with al.l specifications and with Title 10, Code of
Federal Regulations. The method of testing must be approved by the Government.
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Additionally, a small number of these devices will be selected at random to
be independently tested to insure that the material complies with all
specifications. The independent test will be performed either by Government
personnel at a Government facility, or by an independent testing contractor.

r. ThF4 coated lenses are excepted from specification packaging, markings
and labeling, and are excepted from the Drovisions of Title 49, Code of
Federal Regulations, Part 173.393. The shipper is advised to include
the following notice on all shipments:

(1)marking, and "This shipment is exempt from DOT specification packaging,
labeling requirements IAW Title 49 CFR 173.391."

(2) The purpose of this instruction is to avoid confusing shippers
and transportation control personnel as a result of the labeling requirements
imposed by the NRC for the carrying and shipping case and the assemblies
within the systems which contain the ThF 4 coated elements. Army users will
not 'be required to monitor shipping containers.

/
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SUPPLEMENT J

1. Reference: Item 13 (b) of Form NRC-2.

2. Title 10, Code of Federal Regulations, AR 385-11 and AR 700-64 are
followed for the disposal of radioactive waste. Presently, initial
request for disposition is submitted to the effected DARCOM MSC NICP for
review. After determination has been made for final disposition as
radioactive waste, the effected NICP notifies the user to dispose of the
radioactive material in accordance with AR 385-11. Headquarters, US Army
Armament Materiel Readiness Command (ARRCOM) has been delegated the
responsibility of management coordination for radioactive waste disposal.
ARRCOM assures that all radioactive wastesare packaged and shipped in
accordance with all applicable requirements.


