RADIATION HAZARDS

Radiation Hazard (RADHAZ) describes the hazards of electromagnetic radiation to fuels, electronic hardware,
ordnance, and personnel. In the military these hazards are segregated as follows:
1) Hazards of Electromagnetic Radiation to Personnel (HERP)
2) Hazards of Electromagnetic Radiation to Ordnance (HERO)
3) Hazards of Electromagnetic Radiation to Fuel (HERF)

The current industrial specifications for RADHAZ are contained in ANSI/IEEE C95.1-1992 which was used as
areference to create the combined Navy regulation NAV SEA OP3565/ NAVAIR 16-1-529. Volume | contains HERP
and HERF limits - its current version isREV 5. Volumell (REV 6) covers HERO. Theselimits are shownin Figure 1
although all values have been converted to average power density.
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Figure 1. Radiation Hazardsto Personnel and Ordnance

It should thus be noted that a 100 times increase in power (mW/cm?) isonly a 10 timesincreasein V/m.

The potential dangers to ordnance and fuels are obvious because there could be an explosive "chain reaction”
by exploding; consequently, these limits are generally lower than personnd limits. There are three HERO categories.
The HERO limit 2 isfor HERO "unsafe” or "unreliable" explosive devices with exposed wires arranged in optimum
(most susceptible) receiving orientation. This usually occurs during the assembly/disassembly of ordnance, but also
applies to new/untested ordnance until proven "safe" or "susceptible.” The HERO limit 1 isfor HERO susceptible
ordnance fully assembled undergoing normal handling and loading operations. HERO safe ordnance requires no RF
radiation precautions. A list of which specific ordnance (by NALC) fallsinto each category can be found in OP 3565
along with specific frequency restrictions for each piece of ordnance. For example, al missiles of one variety are
susceptible (HERO 1 limits), while another missile has both susceptible and safe variants (with no RADHAZ limits).
Other ordnance may be HERO unsafe (HERO 2 limits).
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The danger of HERP occurs because the
body absorbs radiation and significant internal
heating may occur without the individuals
knowledge because the body does not have
internal sensation of heat, and tissue damage may
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Figure2. Lower Frequency HERP from DoD INST 6055.11

oy r r
1000 beeneeeeond el e A N S i e Leii..-oo 1000
£ NOTE: Powerdenstyvaluesbdow : : : 1
« 100 MHz are not technically correct ~
for usein near field conditions.
g Use E- or H-Field values instead. g
- . . i i i i i <
% 100 - -- NG e e heeeeee--o 100 %
. S -DerlvedfromH Fleldllmlts : 1 .
> in figure 2,:below 100 MHz X =
e : . . . &
2 . : @
10 b N ' -4 10  Z
2 i ‘; o L. 1 mW/cm2 &
I~ Derived from E-Field limits " : o
g in figure 2, below 100 MHZ ’ =
; : : \ . B
e} : : : : 1mW/cm ’ o
T RRErRE e R EEEPEEPEPE P EPREPEES Py A R et AN
o) . v ’
] : L : AN ," e
é Controlled Environment \ . ‘. §
g = = = = Uncontrolled Environmnt . == "' =" O.2I mw/cm . : 3
< 0.1 p--oniooy R R R R R R LI EEEEE R R R L R e 2L
Ll Ll L il Lk Ll Lk Lol L Lk L
0.001 0.01 0.1 1 10 100 1000 10000 100000
FREQUENCY - MHz

Figure 3. Radiation Hazards to Personnel from DoD INST 6055.11

Two maximum hazard limits are defined;
1) Controlled Environments - where personnel are aware of the potential danger of RF exposure concurrently
with employment, or exposure which may occur due to incidental transient passage through an area, and;
2) Uncontrolled Environments - A lower maximum level where there is no expectation that higher levels should
be encountered, such asliving quarters.
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These Personnel Exposure Limits (PELS) are based on a safety factor of ten times the Specific Absorption Rate
(SAR) which might cause bodily harm. The term PEL is equivalent to the terms "Maximum Permissible Exposure
(MPE)" and "Radio Frequency Protection Guides (RFPG)" in other publications.

There are several exceptions to the maximum limitsin Figures 2 and 3 (in some cases higher levels are permitted):

» High Power Microwave (HPM) system exposure in a controlled environment, which has a single pulse or
multiple pulseslasting less than 10 seconds, has a higher peak E-Field limit of 200 kV/m.

» EMP Simulation Systemsin a controlled environment for personnel who are exposed to broad-band (0.1
MHz to 300 GHz) RF are limited to a higher peak E-Field of 100 kV/m.

» Thegiven limitsare also increased for pulsed RF fields. In this case the peak power density per pulse for
pulse durations < 100 msec and no more than 5 pulsesin the period isincreased to: PEL p o = PEL X Tpy g
/' 5 x Pulse Width, and the peak E-field isincreased to 100 kV/m. If there are more than 5 pulses or they are
greater then 100 msec, atime averaged Py, should not exceed that shown in Figure 3.

» A rotating or scanning beam likewise reduces the hazard, so although an on-axis hazard might exist, there
may be none with amoving beam. The power density may be approximated with:

PDg:an = PDrixeq (2 X Beam Width / scan angle)

» Many other special limitations also apply, such as higher limits for partial body exposure, so if in doubt,
read the DoD Inst 6055.11 in detail. Field measurements may be measured in accordance with IEEE C95.3-
1991.

The PELslisted in Figures 2 and 3 were selected for an average RF exposure time at various frequencies. Ina
controlled environment, this averaging time was selected as 6 minutes for 0.003 to 15,000 MHz. If the exposuretimeis
less than 6 minutes, then the level may be increased accordingly. Similar time weighted averages apply to uncontrolled
environments, but it varies enough with frequency such that DoD INST 6055.11 should be consulted.

NAVSEA OP 3565 contains alist of Navy avionics which transmit RF as well as radars along with their
respective hazard patterns. Special training is required for individuals who work in areas which emit RF levelswhich
exceed the uncontrolled levels. Warning signs are also required in areas which exceed either the controlled or
uncontrolled limits.

Although E-Field, H-Fidld, and power density can be mathematically converted in afar-field plane wave
environment, the relations provided earlier do not apply in the near field, consequently the E- or H-field strength must
be measured independently below 100 MHz. It should be noted that the specificationsin NAV SEA OP 3565 for lower
frequency HERO limits are listed as peak E-field values, whereas lower RF limitsin DoD INST 6055.11 on HERP are
in average (RMS) E-field values. Upper frequency restrictions are based on average (RMS) values of power density in
both regulations except for certain circumstances.

HERF precautions are of more general concern to fud truck operators. However, some general guidglines
include:

» Do not energize atransmitter (radar/comm) on an aircraft or motor vehicle being fueled or on an adjacent
aircraft or vehicle.

» Do not make or break any electrical, ground wire, or tie down connector while fuding.

« Radars capable of illuminating fueling areas with a peak power density of 5 W/cm? should be shut off.

» [For shore stations, antennas radiating 250 watts or less should be installed at least 50 ft from fueling areas
(at sea 500 watts is the relaxed requirement).

» For antennas which radiate more than 250 watts, the power density at 50 ft from the fueling operation
should not be greater than the equivalent power density of a 250 watt transmitter located at 50 ft.
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