AF Radiation Protection Programs


FUNDAMENTALS OF RADIO FREQUENCY RADIATION (RFR)
OBJECTIVE:  Describe RFR radiation sources, fundamentals and terminology, bioeffects, safety programs, medical examination requirements and safety controls.

General Information/Terms

Electromagnetic Radiation and Spectrum:

Characterize by any of the following: frequency, wavelength, or photon energy

Ionizing vs. nonionizing -- generally around 10 eV photon energy is the cutoff

· Ionizing

· Enough energy per photon to displace an electron

· Produces an ion pair

· X-rays, gamma, beta, alpha

· Nonionizing – RFR, lasers, UV, IR 

Definition: Radio frequency (RF) Radiation - a frequency at which coherent electromagnetic radiated energy is useful for communication purposes (ref.: AFOSH STD 48-9). 

1.  Frequency:  3 kHz to 300 GHz

2.  Wavelength: 30000 meters (18.6 miles) to 0.001 meters (0.03 inches)

3.  RF is at the long wavelength end of the electromagnetic spectrum.

4.  Further divided into microwave, radar, VLF, LF, MF, HF, UHF, etc.

Sources of RFR in the Air Force
1.  As many as 90% of all RFR sources are in the AF.

2.  Divided into major categories:


a.  RADAR (RAdio Detection And Ranging) and ECM (Electronic Countermeasure) are generally the most hazardous emitters. Examples:

· F-15 fire control radar

· B-52 ECM pods

· MPN-14 ground radar unit

· Field deployable radios and radars

· pave paws early warning system 


b.  Communication (air-to-ground, air-to-air, ground mobile):

· SATCOM Station

· Deployable point-to-point microwave link

· Conventional voice emitter antenna

· Handheld radio


c.  Navigational aides are typically non-hazardous:

· ILS

· TACAN; VOR      


d.  Repair and maintenance facilities by far the most hazardous:

· F-4 Fire Control radar

· ECM in test stands


e.  Medical equipment/industrial devices:

· Diathermy

· Heat sealers 

· Heaters, induction ovens

RF Radiation Theory

1.  Three principle components of an RF emitting device.

· Transmitter

· Transmission line 

· Antenna (emitter)

2.  Mode - all RF emitters emit in either continuous wave or pulsed mode. 

· Continuous wave (CW) - RF signal (carrier) is transmitted continuously without any breaks.  (Ex: radio, TV, CB radios)

· Pulsed - carrier turned on/off repeatedly in a cyclic pattern at a fairly high rate.  (Ex: most radars) 

3.  Antenna types - point at which the RF energy radiates into free space.

· Omnidirectional (whip, dipole - broadcasting)  

· Directional (log periodical, yagi, array - point to point "beam")

· 
Aperture (microwave dish)

4.  Far field/Near field  - Properties of RF radiation (E field/H field relationship, inverse square law) only applicable if emitter is a point source. 

· Far field - at distance far enough from the emitter so as to appear to be a point source.  

· Near field - inverse square law not applicable, theoretical analysis of the beam difficult. 

· Can predict boundary based on wavelength and antenna size. 

· Bad news: for many emitters the hazard distance in the near field. 

· Good news: assume far field conditions and result will be conservative 
BioLogical effects of Radio frequency Radiation

Definition: any phenomenon arising in the biological tissue or organ as a result of the absorption of RF energy, whether hazardous or not (AFOSH STD 48-9) 

There are two classifications of RFR effects: Thermal and athermal (nonthermal). 

1.  Thermal - tissue heating same as any other thermal burden on the body.  When heat buildup overwhelms the body's ability to dissipate the heat, the result is an increase in body temperature.  If the temperature increases enough tissue damage results. 

· depth of heating is a function of frequency.  Deep heating is possibly more hazardous because of lack of heat sensors in deep tissue.

· critical organ - organs with decreased ability to dissipate heat. 

· eyes and testes
· production of cataracts in the eyes and temporary sterility are possible acute effects and only occur at exposures well above the standard

· radar hearing - audible sound (clicking, buzzing, chirping) which results from exposure to pulsed RF radiation. 

2.  Athermal effects - due to effects other than heating.

· Wide range of behavioral/mood changes

· Complex and poorly understood

· Soviet Union most active research

· Microwave bombardment of US embassy in Moscow 

· US not able to reproduce results

Summary:  Most significant biological hazard is tissue heating, which the standards are based on, cataracts and temporary sterility are possible only with acute exposure.  Athermal effects have been reported by the former Soviet Block countries, but not reproducible in the Western world.

Radio Frequency Radiation Base Program
1.  Base Level Program - AFOSH STD 48-9


a.  Application - Everyone (military, civilian and foreign nationals) directly or indirectly responsible for safe operation of radio frequency radiation emitting devices owned or operated by the US Air Force must comply with this standard.


b.  Scope 

· How to prevent harmful exposures to RFR

· Provides permissible exposure limits (PELs) for workers and general public

· DOES NOT ADDRESS

· Patients receiving diathermy therapy  

· EEDs (Electro-explosive Devices)  

      c.  Air Force Policy (partial listing)

· Identify and control areas where personnel could be exposed above the PEL

· Train workers who may be exposed to RFR

· Hazards of RFR  

· How to protect themselves  

      d.  Responsibilities (Base Level Organizations)

           (1) Commanders of RFR using organizations

· Appoint Unit RSO 

· Ensure OIs are published 

· Where fixed emitters are located

· Where mobile emitters may be operated

· Control procedures to limit access to potentially hazardous areas.

· Ensure technical support is given during an investigation of alleged RFR overexposures 

· Ensure hazard training is done 


(2)  Supervisors of RFR workers ensures:

· T.O. procedures are followed

· Workers who routinely work or enter areas where RFR levels could exceed the PEL receive proper training initially and annually:

· Safe work practices

· Specific hazards

· How to report suspected overexposures

(3)  Unit RSO

· Prepares OIs

· Keeps track of all actions needed to eliminate RFR personnel hazards.

· Single point of contact between unit and BES for surveys and safety matters. 

(4)  RFR workers.  Individuals using RFR-emitting equipment responsible for protecting themselves from possible harm by following safe work practices such as: 

· Asking supervisor to explain instructions that are not understood.

· Making sure that Warning Signs are in place before beginning work.

· Making sure that safety devices such as interlocks are in place before beginning work.

· Making sure when working with others, that everyone understands

· The procedures and signals to be used for the task being accomplished.

· Promptly telling their supervisor of any suspected accidental 

· Exposures.

· Does not permit RFR shielded clothing to be used as a method of

· Protecting individuals from hazardous levels of RFR radiation.   

(5)  Public Health

· Initiates investigations of alleged or suspected overexposures.

· Provides briefings/health education consultations when requested by a commander or unit RSO

(6)  Bioenvironmental Engineering Service (BES)

· Compiles RFR inventory of AF owned or operated RFR emitters

· Evaluates the hazard potential of each RFR emitter.

· Conducts surveys of potentially hazardous emitters

· Assists unit RSO in preparing operating instructions

· Conducts or arranges for investigations of alleged overexposures

· Files copy of the investigation report in the appropriate case file

(7)  Aeromedical Services – Administer physical exams for alleged overexposures

Medical Exams for RFR

1.  No routine

2.  Exams for suspected overexposure – see AFOSH Std 48-9, atch 6

3.  No restrictions for pregnant females

RFR Controls

1.  Distance – power density (power over an area) decreases as distance increases

2.  Shielding – anechoic (“no echo”) chamber

3.  No PPE for RFR

LASER SOURCES

OBJECTIVE:  Describe laser sources, fundamentals and terminology, bioeffects, safety programs, medical examination requirements and safety controls.

History
Albert Einstein first proposed the concept of laser emissions in 1917


SYMBOL 183 \f "Symbol" \s 10 \h
The first working laser was not made until 1960


SYMBOL 183 \f "Symbol" \s 10 \h
At first, laser were only a curiosity, a tool looking for a use


SYMBOL 183 \f "Symbol" \s 10 \h
Now we know there are scores of applications for lasers

Applications
Industry


SYMBOL 183 \f "Symbol" \s 10 \h
Cutting, drilling, welding metal


SYMBOL 183 \f "Symbol" \s 10 \h
Very precise, accurately repeatable machining


SYMBOL 183 \f "Symbol" \s 10 \h
Don't have to sharpen a laser beam            

Medicine


SYMBOL 183 \f "Symbol" \s 10 \h
Surgery, reattach retina, remove skin blemishes/tattoos


SYMBOL 183 \f "Symbol" \s 10 \h
Bloodless, heat guarantees sterility


SYMBOL 183 \f "Symbol" \s 10 \h
Wart removal, potential airborne viral hazard

Research (extensive at AFMC research bases)


SYMBOL 183 \f "Symbol" \s 10 \h
Precise measurements                                         


SYMBOL 183 \f "Symbol" \s 10 \h
Measurements over great distances or of very small distances


SYMBOL 183 \f "Symbol" \s 10 \h
Alignment

Military:  Same as industry, plus:    


SYMBOL 183 \f "Symbol" \s 10 \h
Bore-sighting (aiming)


SYMBOL 183 \f "Symbol" \s 10 \h
Range-finding (measuring distances)


SYMBOL 183 \f "Symbol" \s 10 \h
Laser designation (PAVE TACK, PAVE SPIKE, LANTIRN)

Consumer products


SYMBOL 183 \f "Symbol" \s 10 \h    Laser pointers 


SYMBOL 183 \f "Symbol" \s 10 \h
Message scanners 


SYMBOL 183 \f "Symbol" \s 10 \h
Bar code readers 


SYMBOL 183 \f "Symbol" \s 10 \h
Laser printers 


SYMBOL 183 \f "Symbol" \s 10 \h
Point of sale scanners


SYMBOL 183 \f "Symbol" \s 10 \h   Compact disc players 

Laser Technology
LASER is an acronym that stands for Light Amplification by Stimulated Emission of Radiation


SYMBOL 183 \f "Symbol" \s 10 \h
MASER is a microwave laser


SYMBOL 183 \f "Symbol" \s 10 \h
PHASER is something Gene Roddenberry thought up

Three laser components are necessary to make a laser work

 1.  Laser medium: source of the laser photon energy  


SYMBOL 183 \f "Symbol" \s 10 \h
Electrons in laser medium are excited into higher energy orbits                        


SYMBOL 183 \f "Symbol" \s 10 \h
When electrons de-excite, they give off energy as laser photons 


SYMBOL 183 \f "Symbol" \s 10 \h
Medium can be a gas (He-Ne), solid (Ruby), liquid (Dye), solid state (Diode)

2.  Pumping system: energy source that excites the medium 

3.  Optical cavity: resonant 'feedback' system that amplifies the light photons into a powerful laser beam

Characteristics of Laser Light
1.  Monochromatic (One Wavelength)


SYMBOL 183 \f "Symbol" \s 10 \h
Because all photons come from the same electron orbit transitions they are same 
frequency, same wavelength and same energy level    


SYMBOL 183 \f "Symbol" \s 10 \h
Wavelength is dependent on the laser medium. If you know the medium, you know 
the wavelength

2.  Collimated (low divergence) - beam can travel great distances without spreading

3.  Coherent (in phase) - laser 'waves' are lined up in space and time

Modes of operation
1.
Continuous Wave (CW) and pulsed are similar to RFR modes

2.  Q-switched or mode locked

· Extremely short pulse widths, femtoseconds to nanoseconds

· Creates special health hazards

Laser Radiation Biological effects
Laser damage potential is function of several factors:

1.  Which organ is being exposed?  Eye or Skin


SYMBOL 183 \f "Symbol" \s 10 \h
Eye is organ most at risk. The standards are designed to protect the eyes, skin protection is a secondary consideration.    


SYMBOL 183 \f "Symbol" \s 10 \h
What is the wavelength of the laser?  Wavelength determines which structure in the 
eye is at risk   

	Spectrum Region
	Wavelength (nm)
	Site of Damage 

	Far UV
	200-315
	cornea burns

	Near UV
	315-400  
	mostly lens, some cornea

	Visible light
	400-700   
	retina burns

	Near IR
	700-1400
	retina burns

	Far IR
	1400-106
	cornea burns


2.
What is the pulse duration?  Effects damage mechanism.  

· Photochemical (UV) takes seconds to minutes

· Thermal burns (lesions) from millisecond pulses

· Q-switched (nanosecond or shorter pulses) cause explosive effects       

3.  How much total energy absorbed?  Temporary or permanent damage.   

· Temporary flash blindness from low power or distant lasers

· Small lesions, brain can compensate             

· Permanent injury from high power or nearby lasers

Ancillary hazards associated with lasers
1.  
Industrial hygiene related hazards (the BE deals with these)

· Noise

· Toxic chemicals and carcinogens

· Cryogenics

· UV/IR radiation from pumping systems

· X-rays from high voltage sources

2. 
Safety related hazards (safety office is OPR but BE might be involved)

· High pressure systems

· Fire

· Tripping hazards

· Projectiles from exploding targets or flash lamps

· All deaths from lasers have been from electrocution
Laser Classification
1.  Lasers grouped according to their inherent ability to do damage.


SYMBOL 183 \f "Symbol" \s 10 \h
Without regard to how used or safety controls


SYMBOL 183 \f "Symbol" \s 10 \h
Classified by manufacturer along ANSI guidelines

2.  Must define some terms to understand laser classification:


SYMBOL 183 \f "Symbol" \s 10 \h
Direct or Intrabeam Viewing - laser beam shining directly into the eye


SYMBOL 183 \f "Symbol" \s 10 \h
Specular reflection - reflection off a mirror-like surface.  Same as direct viewing. Mirror changes the beam direction but no other properties. 


SYMBOL 183 \f "Symbol" \s 10 \h
Diffuse reflection - reflection off a dull surface. Reflection changes the geometry of the beam resulting in a much-decreased hazard. 

ANSI hazard classes
Class 1: not hazardous, cannot cause damage

Class 2: 


SYMBOL 183 \f "Symbol" \s 10 \h
Must be visible


SYMBOL 183 \f "Symbol" \s 10 \h
Not hazardous for exposures less than 0.25 seconds          


SYMBOL 183 \f "Symbol" \s 10 \h
Normal blink response sufficient to protect

Class 3a and 3b:


SYMBOL 183 \f "Symbol" \s 10 \h
Direct viewing and specular hazard only  


SYMBOL 183 \f "Symbol" \s 10 \h
Causes injury in less than 0.25 seconds

Class 4:


SYMBOL 183 \f "Symbol" \s 10 \h
Direct viewing and specular reflection hazard  


SYMBOL 183 \f "Symbol" \s 10 \h
Potential skin and/or fire hazard, diffuse reflection hazard

Base Laser Safety Program

AFOSH Std 161-10, Health Hazard Control for Laser Radiation, very dated.

Until AFOSH Std 161-10 is updated, rely mostly upon:

American National Standard for the Safe Use of Lasers (ANSI Z136.1-1993).  The Laser Institute of America, Orlando, FL.

American National Standard for the Safe Use of Lasers in Health Care Facilities (ANSI Z136.3-1995).  The Laser Institute of America, Orlando, FL.

Armstrong Laboratory Report AL-TR-1991-0112, Base-level Management of Laser Radiation Protection Program 

Responsibilities (The Players)

1.  Bioenvironmental Engineering

· Identify (inventory, parameters)

· Evaluate (classify, calculate hazard distances, measure)

· Control (recommend controls and personal protective equipment)

· Consult and advise (review OIs, laser safety expert) 

· Investigate suspected overexposures

2.  Public Health

· Worker training with BE and unit

· Medical examinations

3.  Aeromedical Services

· Administer pre- and post-employment and accident examinations (consult number at Brooks 1-800-473-3549)
· Consult on laser threat to aircrew

4.  Ground/Range Safety

· Safety inspections (in cooperation with BE)

· Key role at ranges

5.
Commanders and unit laser safety officers (LSOs):  implement and enforce controls, post signs, write OIs   

Medical Exams

1.  Required for surveillance of personnel who work with class 3b or 4 lasers 

2.  Two personnel categories

· Laser personnel - work routinely in the laser environment.

· Incidental Personnel - personnel whose job makes it possible but unlikely they will be exposed to laser energy sufficient to damage their eyes or skin (e.g., custodial, clerical, supervisory personnel).

3.  Frequency of medical exams - pre- and post-examinations or following any suspected laser injury; no annuals required

· Laser personnel - ocular history and ocular examination

· Includes visual acuity, Amsler Grid, and color vision

· If any of above are non-normal, then a funduscopic examination or other exam(s) as determined by optometric provider is required

· Incidental personnel - eye examination for visual acuity

PPE for Laser Hazards

1.  When is PPE Required?

· Eye Protection 

· Class 3b or 4 

· Secondary control – other controls prevent eye exposure

· Skin - clearly greater than MPE (eximer lasers)

2.  How does one select appropriate eye protection?

· Determine wavelengths and maximum viewing duration (intentional and unintentional)

· Determine maximum irradiance

· Calculate ODs for duration and wavelength

· Match required ODs with available ODs.

· Select design to suit environment

· Visibility

· Photopic vs. scotopic

· Field of vision

· Color vision

· Dichroic lens

· Durability

· Bleaching (transient, irreversible)

· Plastic vs. glass

· Protection from other hazards

· Impact

· Welding

· Comfort

· Plastic vs. glass

· Prescription lenses vs. spectacle covers

· Lens surface reflection

· Curved lenses

· Available with NSNs:  

· Ground crew 4240-00-620-0054 Glendale LGS-NDGA

· Air Crew 1680-01-169-3151 KG-3 visor

3.  How do you inspect eye protection?

· Check appropriateness  (i.e. permanently labeled by manufacturer)

· O.D. and wavelength

· Multiple wavelengths

· Check for light leaks

· Check lens condition

· Pitting, discoloration, and surface cracks

· Check frames

· Side shield, vent caps, filter supports, hinges

4.  What PPE is available for the skin?

· Protection against IR - aluminized rayon, cottons, fiberglass, wool

· Protection against molten metal

· Protection against fire

· Protection against diffuse UV

FUNDAMENTALS OF IONIZING RADIATION
OBJECTIVE:  Describe ionizing radiation sources, fundamentals and terminology, bioeffects, safety programs, medical examination requirements and safety controls.

General Information/Terms

Definition: Ionizing Radiation -  Any radiation capable of displacing electrons from atoms or molecules, creating ions.  Generally above about 10 eV photon energy.

Sources of Ionizing Radiation in the Air Force
1.  Equipment


a.  Medical x-ray machines – diagnostic and therapeutic


b.  Industrial nondestructive inspection (NDI) – requires extensive personnel training due to frequent use in open areas

2.  Radioactive material 


a.  Nuclear Medicine

· Tracers

· Diagnostic imaging

· Therapeutic


b.  Depleted uranium 

· 30 mm ammunition on A-10 aircraft

· Storage areas

· Firing ranges

· Training

· Aircraft counterweights

· Accident recovery

· Depot maintenance


c.  Calibration sources 

· TMDE - usually Cs-137 and Pu-239

· Check sources with radiation monitoring equipment (ADM-300)


d.  Gauges and instruments 

· Radium dials

· In-flight Blade Inspection System (IBIS) on helicopters


e.  Industrial radiography


f.  Chemical agent monitors (CAMs)

Ionizing Radiation Characteristics

1.  Types of radiation – typical characteristics 


a.  Alpha particles – easily shielded, primarily internal hazard


b.  Beta particles – shielded by skin, internal hazard unless high energy


c.  Gamma/X-rays – more penetrating, external hazard


d.  Neutrons – more penetrating, external hazard

2.  Interactions with matter


a.  Excitation 


b.  Ionization

3.  Radiation Protection


a.  Time


b.  Distance


c.  Shielding – appropriate to radiation type

BioLOGICAL effects of IONIZING Radiation

1.  Radiation dose


a.  Energy absorbed in tissue (J/kg)


b.  360 millirem (mrem) average annual background 

· Natural – 280 mrem

· Manmade (medical x-rays, etc.) – 80 mrem


c.  Measure in roentgen or rads – don’t overconcern yourself with this, just know there are differences

· 1 rad = 1 rem for beta and gamma/x-ray

· 1 rad = 20 rem for alpha 


d.  SI units: 100 rem = 1 sievert (Sv); 100 rad – 1 gray (Gy)

2.  Interactions with tissue


a.  Direct effects – DNA strand breaks


b.  Indirect effects – free radicals

· Also caused by other agents

· 1,000,000 per day from all agents

· 1,000 per 100 millirem exposure (360 millirem per year is average background)

3.  Types of effects 


a.  Deterministic

· Most observable

· Acute exposures – large doses over short periods

· Must exceed a threshold

· Severity of effect increases with dose

· Example: if drunk, no doubt it is from drinking


b.  Stochastic 

· Effects occur by chance

· Chronic exposures – small doses over many years

· Probability of effect increases with dose 

· No clear relationship

· With some exposure, not everyone exhibits effects

· With no exposure, some exhibit effects

4.  Acute effects (deterministic)


a.  Hemopoietic syndrome (100-1000 rads)

· Changes in blood


b.  Gastrointestinal syndrome (> 700 rads)

· GI tract cells rapidly divide so are sensitive and die


c.  Central nervous system syndrome (> 2000 rads)


d.  Erythema – skin doses (> 200 rads)


e.  Sterility – highly variable, depends on age at exposure, etc.

· Women

· Temporary – one to three years (> 200 rads) 

· Permanent (> 300 rads)

· Men

· Temporary – about one year (> 250 rads) 

· Permanent (> 500 rads)

5.  Chronic effects (stochastic)


a.  Cancer

· Skin

· Leukemia

· Bone

· Lung

· Estimated risk: 1 excess cancer per 10,000 people exposed to 1 rem


b.  Growth and development effects

· Data from human exposures (Hiroshima and Nagasaki) show slight retardation of growth and maturation at doses to the fetus above 20-50 rads

· Critical time is 8 – 15 weeks post fertilization




c.  Genetic effects

· DNA damage

· Probability expressed as doubling dose – the dose of radiation which, if delivered to generation after generation, would double the mutation rate relative to the spontaneous rate – estimated between 20 and 200 rads

· No genetic changes observed in thousands of persons exposed from tens to hundreds of rads at Hiroshima and Nagasaki 


d.  Hormesis – many studies have shown beneficial effects from low doses of radiation

· Increased life span

· Increased growth and fertility

· Reduction in cancer incidence

Summary:  Acute exposures unlikely on AF bases due to extensive controls.  These controls require continuous oversight.  AF exposures are historically far below regulatory limits.  Program is designed to completely prevent acute exposures and keep other exposures below limits and As Low As Reasonably Achievable (ALARA).

Ionizing Radiation Program
1.  Regulations 


a.  AFI 40-201, Managing Radioactive Materials in the USAF; based on 10 CFR 20, Standards for Protection Against Radiation; covers radioactive material only, not ionizing radiation-producing equipment


b.  AFI 48-125, The US Air Force Personnel Dosimetry Program (details monitoring  occupational ionizing radiation exposure)


c.  29 CFR 1910.1096, Ionizing Radiation; covers ionizing radiation exposure not covered by 10 CFR 20 including ionizing radiation-producing equipment


d.  Industrial workplace technical orders (TOs) – an excellent source of information to prepare training, specifies controls 


e.  DODI 6055.8, Occupational Radiation Protection Program; directs that radiation exposure be kept As Low As Reasonably Achievable

2.  Radiation Safety Officers (RSOs)


a.  Base RSO 

· Runs base-wide Ionizing Radiation Control Committee

· Appointed by Wing/Base commander


b.  Unit/Permit RSO

· Unit point of contact

· Depending on hazard level, can train them and have them train other workers

· Radioactive material (RM) permit RSO named on permit


c.  Medical facility RSO

· Usually a medical physicist or radiologist, sometimes a BE

· Runs Radiation Safety Committee

3.  Dose limits 


a.  Dose terms

· Deep dose equivalent (H​​d)– dose to whole body from external emitters

· Committed effective dose equivalent (H​​E,50) – dose to whole body from intake of radioactive material during the 50 year period following the intake 

· Total effective dose equivalent (TEDE) – the sum of H​​d (external) and H​​E,50 (internal)  


b.  Annual limits to workers - including part-time jobs outside the USAF

	Dose
	Annual Limit 

(rem / Sv)

	TEDE
	5 / 0.05

	Pregnant worker TEDE
	0.5 / 0.005

	To any organ, tissue, or to the extremities
	50 / 0.5

	To the lens of the eye
	15 / 0.15



c.  Pregnant workers

· PH determines need for evaluation by BE

· BE evaluates radiation duties

· Exposure since conception 

· Potential future exposure

· BE recommends removal from radiation duties, changes to duties, or no change. Usually no need for change.
· Physician makes final determination


d.  Limits for the public

· 0.1 rem (0.001 Sv) per year TEDE

· 2 mrem (0.02 mSv) in any one hour external dose.  Note that 2 mrem in any one hour (an average) is not the same as 2 mrem per hour (an upper limit).


e.  Minor workers – 10% of occupational limits

4.  As Low As Reasonably Achievable (ALARA) Program


a.  Mandated by

· 10 CFR 20.1101, Radiation Protection Program

· DODI 6055.8, Occupational Radiation Protection Programs


b.  Keep exposures ALARA while considering cost, available technology, and mission requirements


c.  Excludes medical treatment – exposure is justified due to benefit

5.  ALARA training


a.  Required if work in or around an area with levels exceeding 5 mrem in an hour 

· Initial training will be conducted before, or as soon as possible after assignment to work areas involving RFR exposure.

· Training must be documented


b.  Provided by PH / BE

· Unit RSOs assist

· Information sources

· Technical orders, if applicable – get them from the workplaces

· BE surveys

· Web resources 

6.  Investigation levels – BE investigates:


a.  Overexposure 

· Exceeding a limit. 

· Very rare in USAF.


b.  Abnormal exposure

· Exceeding one fourth of the annual limit in a three month period (i.e., 1250 mrem TEDE in a quarter)

· Could lead to exceeding the annual limit

· Also very rare in USAF.


c.  Action level

· Set locally by BE to ensure exposures are kept ALARA

· Usually set around 125 mrem in a quarter

· May be exceeded in some occupations such as medical fluoroscopy or aircraft nondestructive inspection (NDI)

· BE investigation typically finds a procedure that hadn’t been followed

7.  Thermoluminescent dosimetry (TLD) program – continuously monitor worker’s exposure


a.  BE

· Directs local TLD program

· Determines who to monitor

· Mandatory if expected to receive more than 10% of a limit

· Pregnant workers monitored monthly if expected to receive more than 100 mrem during pregnancy


b.  PH

· Briefs pregnant radiation workers 

· Exposure potential

· Risks from radiation

· ALARA

· Educates workplace supervisors on reporting procedures for pregnant workers

· No medical exams

8.  Radioisotope Committee (HQ AFMOA/SGOR)


a.  Holds USAF Master Materials License issued by Nuclear Regulatory Commission

· AFI 40-201 is RIC guiding document

· Extensive oversight of radioactive material (RM) use 

· Oversight of RM environmental issues


b.  Report accidents, spills, overexposures to Base RSO and/or RIC immediately (see AFI 40-201 for current phone numbers – 24 hour availability)


c.  RM permits

· Unit submits application to use RM to RIC through base RSO

· Base RSO

· Reviews application / evaluates procedures and exposures for ALARA

· Continuous oversight

· BE and PH coordinate training with unit
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