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DRAFT
	Jefferson Lab has determined that working with non-ionizing radiant energy carries an unmitigated Risk Code >2.  At a minimum all tasks requiring with non-ionizing radiant energy are discussed with the supervisor prior to commencement of work.  An Operational Safety Procedure (OSP) is written for work considered to be Risk Code >2 in accordance with ES&H Manual Chapter 3210 Work Planning, Control, and Authorization Process.


1.0 Purpose

Jefferson Lab considers radio frequency (RF) energy to be a hazard issue.  The degree of danger from RF energy is directly related to: the source power level; distance and shielding; and the frequency, or wavelength, of the radio waves.  This appendix provides the process steps for determining when an RF survey is required; how to schedule it; performance and documentation requirements; and when follow-up actions are required.

2.0 Scope

Sources of RF energy at Jefferson Lab include: 

· Accelerator components, and 

· Microwave ovens* 

	*This appendix does not apply to microwave ovens located a “common” or “break” areas, which are used in accordance with manufacturer’s instructions.  Enter a Facilities Management Work Request if break area equipment is damaged or not working properly.  Use of a microwave oven for other than manufacturer’s instructions is considered a Risk Code >2 and requires a Work Control Document.


RF is denoted with the following signage:  
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Jefferson Lab recognizes that listing the requirements for every RF source would be prohibitive, it is therefore required that an RF survey be performed on all sources; and safety mitigation established and observed by all workers.  

The process steps for this procedure are performed in coordination with ES&H Manual Chapter 6420 Non-Ionizing Radiant Energy (i.e.: Radio Frequency (RF), Microwave, and Electro Magnetic) (Link to be established upon approval of document.)

3.0 Responsibilities

NOTE:
Management authority may be delegated at the discretion of the responsible manager.

3.1 Qualified RF Surveyor

· Complete and maintain appropriate RF Survey Training.

3.2 Industrial Hygiene
· Provide appropriate RF Survey Training. 

4.0 Process Steps

Unless otherwise stated anyone may perform the following process steps:

4.1 RF Survey

Step 1: Determine if a RF Survey is Required
An RF Survey may be performed at any time, is recommended for any of the following conditions, and is required per department procedures:

· Prior to commissioning new RF equipment;

· After installation leak test of high-power RF equipment, including waveguides;

· After changes to operating power for equipment set-ups.
	NOTE: Check the RF emission frequency with the manufacturer; you may need to monitor for induced currents.


Step 2: Schedule 

Contact a Qualified RF Surveyor (See Industrial Hygiene for a list of Qualified RF Surveys) 

	NOTE:  It is recommended that safety interlocks be incorporated into RF equipment design and installation.  Whenever feasible, high-power waveguides must be pressurized, with loss of pressure automatically deactivating the RF source.


Step 3: Perform and Document 

Surveys are performed and recorded in accordance with documented department procedures that have been reviewed by Industrial Hygiene.  (See Industrial Hygiene Supplement – RF Survey – Non-Ionizing Radiation for an example.)

Minimum survey requirements include:

· Date and Time – Provide both current and most recent

· Source Description

a. RF emission frequency 

b. duty cycle

c. power

· Source Description/Schematic

· Safety Controls (i.e. interlocks,  signs, Work Control Documents)

· Meter/Probe Information:

a. Model Number

b. Serial Number

c. Last Calibration Date

· Measurement

· Technician signature

Step 4: Follow-up

Contact Industrial Hygiene when fields exceed the occupational exposure limit below. 
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OFREQUENCY AND MICROWAVE RADIATION

& reason for this NIC is to add Note 9 to the TLV® and to add the sec-
titled “Radiofrequency Interference Effects on Equipment and Medical
s to the Documentation.

ese TLVs® refer to radiofrequency (RF) and microwave radiation in the
ncy range of 30 kiloheriz (kHz) to 300 gigahertz (GHz) and represent
ons under which it is believed nearly all workers may be repeatedly
ed without adverse health effects. The TLVs®, in terms of root-mean-
3 (rms), electric (E), and magnetic (H) field strengths, the equivalent
wave free-space power densities (S), and induced currents (I) in the
which can be associated with exposure to such fields, are given in Table
Figure 1 as a function of frequency, f, in megahertz (MHz).

1o TLVs® in Table 1, Part A, refer to exposure values obtained by spatially
jeraging over an area equivalent to the vertical cross-section of the human
»dy (projected area). In the case of partial body exposure, the TLVs® can
o relaxed. In nonuniform fields, spatial peak values of field strength may
«ceed the TLVs® if the spalially averaged value remains within the speci-
od limits. The TLVs® may also be relaxed by reference to specific absorp-
on rate (SAR) limits by appropriate calculations or measurements.

ccess should be restricted to limit the rms RF body current and potential
yr RF electrostimulation (“shock”, below 0.1 MHz) or perceptible heating
At or above 0.1 Miz) as follows (see Table 1, Part B):

. For freestanding individuals (no contact with metallic objects), RF cur-
rent induced in the human body, as measured through each foot,
should not exceed the following values:

= 1000f mA for (0.03 <£< 0.1 MHz) averaged over 1 second
"= 100 mA for (0.1 <{< 100 MHz) averaged over 6 minutes, subject
1o a ceiling value of 500 mA
where: mA = milliampere

). For conditions of possible contact with metallic bodies, maximum RF
current through an impedance equivalent to that of the human body for
conditions of grasping contact as measured with a contact current
meter should not exceed the following values:

[ = 1000fmA for (0.03 <f< 0.1 MHz) averaged over 1 second

I = 100 mA for (0.1 <f< 100 MHz) averaged over 6 minutes, subject

to a ceiling value of 500 mA

3. The means of compliance with these current limits can be determined
by the user of the TLVs® as appropriate. The use of protective gloves,
the prohibition of metallic objects, or {raining of personnel may be suffi-
cient to ensure compliance with this aspect of the TLVs®. Evaluation of
the magnitude of the induced currents normally will require a direct
measurement. However, induced and contact curent measurements
are not required if the spatially averaged electric-field-strength fimit
found in Section A does not exceed the TLV® at frequencies between
0.1 and 0.45 MHz and does not exceed the limits shown in Figure 2 at
frequencies greater than 0.45 MHz.
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C. For near-field exposures at frequencies less than 300 MHz, the applicable
TLV® is in terms of rms electric and magnetic field strength, as given in
Table 1, Part A. Equivalent plane-wave power density, S (in mWicm?) can
be calculated from the field strength measurement data as follows:

E2
S=—
3770
where: E2is in volts squared (V2) per meter squared (m2); and

§=37.71H2
where: H2 is in amperes squared {A2) per meter squared (m?). Figure 3
can assist the user of the TLV® in making E, H, and current measure-
ments in the correct order of precedence.
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FIGURE 1. Threshold Limit Values {TLVs®) for Radiofrequency/Microwave Radiation in the
workplace (whole-body specific absorption rate {SAR] < 0.4 Wikg).

TABLE 1. Radiofrequency and Microwave TLVs®

Part A—Electromagnetic Fields* (f = frequency in MHz)

Electric ~ Magnetic  Averaging
Power Field Field Time B, H’
Density, §  Strength,E  Strength,H orS
Frequency (mW/em’) (V/im) (A/m) (minutes)
30 kHz-100 kHz 614 163 6
100 kHz-3 MHz 614 16.3/f 6
3 MHz-30 MHz 1842/f 16.3/f 6
30 MHz-100 MHz 61.4 16.3/f 6
100 MHz300MHz 1 61.4 0.163 6
300 MHz-3 GHz /300 6
3 GHz-15 GHz 10 6
15 GHz-300 GHz 10 616,000/

A - - .
The exposure values in terms of electric and magnetic field strengths are obtained by spatially
averaging over an area equivalent to the vertical cross-section of the human body (projected area).





5.0 References

ACGIH – 2005 TLVs and BEIs – Based on the Documentation of the Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices.  
6.0 Revision Summary

Revision 1 - ##/##/## - Updated to reflect current laboratory operations.
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