MEMBER OF THE PUBLIC (MOP) DOSE LIMIT COMPLIANCE STUDY

MOP DOSE LIMIT COMPLIANCE STUDY


I.
Introduction
Section 64E-5.312, Florida Administrative Code (F.A.C.), requires fixed gauge operations to be conducted so that the following dose limits are met:

· Radiation doses in unrestricted areas do not exceed 2 millirem (0.02 mSv) in any one hour; and

· Doses to members of the public do not exceed 100 millirem (1 mSv) in a year
Section 64E-5.313, F.A.C., requires surveys, calculations and/or environmental monitoring to be used to demonstrate compliance with the dose limits.  A member of the public (MOP) dose compliance study (“MOP study”) provides documentation of compliance with both regulatory limits.  This procedure describes methodologies developed by the Bureau of Radiation Control (BRC) for use by fixed gauge licensees conducting MOP studies.

The below marked box indicates how this procedure has been utilized:

	(
	New license applicant: the procedure describes the methodology that will be used to 



     conduct the MOP study after licensed activities begin.

	
	

	(
	Renewal application: the procedure describes the methodology and results of the 



  completed MOP study of existing operations.


II.
Dose Limit for Unrestricted Areas
For fixed gauge operations, there are at least two, and sometimes, three situations that must be addressed in order to demonstrate compliance with the 2 millirem in any one hour dose limit for unrestricted areas:

· Mounted fixed gauges (in use, or out-of service but still mounted);

· Stored gauges (secured in approved storage area); and

· Gauges in transport (gauges being moved from one licensed location to another).

The first two situations are similar and can be addressed using the same methodology.  Section II.A., Method 1 describes the procedure followed when a survey meter is available to conduct radiation measurements.  Section II.A., Method 2 describes the procedure followed when a survey meter is unavailable.  The marked box indicates the method selected for use in this study.

Compliance with the unrestricted area dose limit for transport of gauges can be demonstrated by using the methodology described in Section II.B.

A.
Fixed Gauges – Installed or in Storage
	(
	Method 1.
Physical Surveys


Procedures approved by the BRC limit public access to fixed gauges.  Only authorized personnel have access to areas where gauges are installed or stored.  Gauge shutters are kept locked and at least one additional lock is used to restrict access to source held in storage.

II.
Dose Limit for Unrestricted Areas    (contd.)

A.
Fixed Gauges Installed or in Storage    (contd.)

	Method 1.
Physical Surveys    (contd.)


A radiation detection instrument was used to measure ambient radiation levels in the unrestricted areas around the gauge storage area.  The survey should evaluate the “worst case scenario” – where radiation emitted by the gauge(s) is at the highest levels.  Survey results revealing dose rates below 2 millirem per hour demonstrate compliance.

The following information is attached:

· Date of the survey and the name of the individual(s) performing the measurements;

· Information about the instrument used to perform the survey (manufacturer and model number, the types of radiation detected by the instrument, its minimum and maximum range, and the date it was last calibrated);

· Information about the type and number of gauges surveyed and a description of their placement within the storage area (e.g., mounted on tanks, piping, belts, etc.);

· Information about the gauge storage area (description of the room, cabinet, locker, etc., construction materials, shielding, locks, etc.);

· Diagram of the facility identifying the location of the gauge storage area and the location of each installed gauge, and for both the storage area and for each gauge, the boundary of the restricted area, adjacent unrestricted areas, nearby MOP workstations, and the locations where all recorded measurements were taken; and

· Results of survey(s) of unrestricted area radiation levels, with results keyed to facility diagram

	(
	Method 2.
Calculations (Inverse Square Law)


Radiation levels in unrestricted areas can be calculated using gauge dose rate information (e.g., 5 millirem/hr at 30 cm from a gauge’s exterior surface).  Gauge operation/maintenance manuals may list dose rate data.  If not included in gauge manuals, manufacturers can provide dose rates for their products upon request.  Dose rate information is also published in each gauge model’s sealed source and device certificate.  Such certificates are maintained in the National Radioactive Sealed Source and Device Registry, which is available on the Internet at http://www.hsrd.ornl. gov/nrc/sources/index.cfm.

II.
Dose Limit for Unrestricted Areas    (contd.)

A.
Fixed Gauges Installed or in Storage    (contd.)

	Method 2.
Calculations    (contd.)


The following information is attached:

· Information about the type and number of gauges installed and held in storage, and a description of their placement within the storage area;

· Information about the gauge storage area (description of the room, cabinet, locker, etc., construction materials, shielding, locks, etc.);

· Diagram of the facility identifying the location of the gauge storage area and the location of each installed gauge, and for both the storage area and for each gauge, the boundary of the restricted area, adjacent unrestricted areas, nearby MOP workstations, and the locations where all recorded measurements were taken;

· Copies of information provided by the manufacturer on gauge dose rates; and

· Results of calculations demonstrating estimated radiation levels in unrestricted areas, with results keyed to the facility diagram.

B.
Transport Vehicles (for gauge relocations that require transport on public roads)
Procedures approved by the BRC and incorporated into the license describe measures to ensure that public access to gauges in transit is restricted.  Adherence to transport procedures ensures compliance with the 2 mrem in any one hour public dose limit.

III.
Annual Public Dose Limit
“Total effective dose equivalent” (TEDE) describes the dose from the summation of internal and external radiation doses.  However, there is little possibility of internal exposures during routine gauging operations, so internal doses can be ignored for fixed gauge public dose compliance studies.  Thus, for fixed gauge licensees demonstrating compliance with the 100 mrem annual MOP dose limit, the individual’s external dose (“deep dose equivalent” or DDE) is equal to the total dose (TEDE).
Paragraph 64E-5.313(2)(a), F.A.C., states that licensees can demonstrate compliance with the annual dose limit with measurements or calculations showing that the MOP likely to receive the highest dose from the licensed operations does not exceed the 100 millirem limit.  Different methods of using this regulatory approach are described below.  The marked box indicates the method selected for use in this study.

III.
Annual Public Dose Limit
(contd.)
	(
	Method 1.
Occupational Worker Dosimetry Data


If measurements show that all gauge users receive < 100 millirem annually, then by extrapolation, a MOP would not be likely to receive 100 millirem annually, because gauge users typically receive higher exposures from gauges than any MOP.

Because this method may have limited applicability at some facilities where no advanced gauge services are routinely performed, include documentation verifying that gauge users are likely to receive the highest exposures.  This documentation should include an evaluation of the occupancy factors of gauge users and other personnel who work in areas where the gauges are used or stored.

If a review of monitored workers’ dosimetry reports demonstrates that no gauge users have received annual doses exceeding 100 mrem, completion of Table 1 and attachment of the referenced monitoring report and occupancy factor comparison report completes the study.  Prior to submitting the reports, be sure to delete all personal information (e.g., social security numbers, last names, birth dates).  Note that the evaluation period should cover at least 12 continuous months of operations.

	Table 1.
Occupational Worker Dosimetry Data

	(
	DDE = TEDE

(millirem)


	
   Monitoring Period (dates): _____________ to _____________



Enter the highest individual cumulative external dose for the monitoring period 
(    in the space provided to the left.  A dose < 100 mrem demonstrates compliance 

with the annual MOP dose limit specified in 64E-5.312(1)(a), F.A.C.


	(
	Method 2.
Dosimetry Data for the Maximally Exposed Individual MOP


The dosimetry data for the MOP who is likely to receive the highest dose from gauge operations may be used to demonstrate compliance with the annual public dose limit.  The “maximally exposed individual MOP” should be a person that does not work with gauges but works in the vicinity where gauges are installed and/or stored, such as a management, clerical, or maintenance employee, or contract workers that routinely work in the vicinity of installed gauges.

Justification for how that the maximally exposed individual was identified must be documented; that is, why the person is likely to receive the highest radiation dose compared to other members of the public.  Next, assign the individual a personnel monitoring badge (film badge, TLD or OSLD).  Provide instructions on when (during working hours) and where (on the torso, waist or chest level) the badge must be worn, and on proper use (protect badge from excessive heat, light, moisture or chemicals, store with control badge in low background area when not being worn).  In general, at least one year of monitoring should be conducted to provide adequate measurement data and to account for seasonal fluctuations in workloads.  If the badge reports show that the monitored person received < 100 millirem for the year, compliance with the annual public dose limit has been demonstrated, because if the MOP likely to receive the highest dose from the gauging activities is receiving < 100 millirem, then so are all other members of the public.  As badge reports arrive, the recorded dose can be multiplied to gain an estimate of the annual exposure, which can serve as a MOP study “in-progress” until monitoring is completed.  The study can then be updated to reflect the results of a full year of monitoring.  If this method is employed, complete Table 2 and attach the following:

III.
Annual Public Dose Limit    (contd.)

· Description of the maximally exposed individual MOP (title) and justification for why the individual was selected;

· Facility diagram identifying all restricted areas, adjacent unrestricted areas, and where the monitored MOP’s workstation is located; and

· Copies of the dosimetry reports used in the study (note: black out social security numbers, last names, and birth dates listed in the reports).

	Table 2.
Dosimetry Data for the Maximally Exposed Individual MOP

	(
	DDE = TEDE

(millirem)


	
   Monitoring Period (dates): _____________ to _____________



Enter the highest individual cumulative external dose for the monitoring period 
(    in the space provided to the left.  A dose < 100 mrem demonstrates compliance 

with the annual MOP dose limit specified in 64E-5.312(1)(a), F.A.C.


	(
	Method 3.
Environmental Monitoring Data


A badge can be mounted at the maximally exposed individual MOP’s work station to record radiation levels, which can then be related to the dose received by the person working in the area.  If monitoring data demonstrates that continuous exposure to the ambient radiation levels in the workplace for a year results in doses < 100 mrem, then no MOP is likely to exceed the 100 mrem annual public dose limit due to licensed operations.  If monitoring indicates that continuous occupancy would exceed the public dose limit, then occupancy factors may be used to demon-strate compliance.  The maximally exposed individual MOP’s annual occupancy time can be determined by review of the person’s time cards, interviews of the person and his/her co-workers, etc.

Note: Badges used for environmental monitoring may differ from the types of badges used for personnel monitoring, so it is important to specify to the badge supplier what type of monitoring is planned (i.e., indoor area monitoring) when ordering badges.  Posted badges must be protected from adverse environmental conditions such as excessive heat, light, moisture and chemicals.

One or more badges should be posted in the unrestricted areas adjacent to restricted areas (or in the restricted area on a wall adjacent to unrestricted areas) for at least 12 months.  Badges should be posted where the highest radiation exposure is expected and where exposure to non-regulated sources of radiation (e.g., medical patients injected with radionuclides) will not contribute to the measurements.  If the results for the monitoring period total < 100 mrem, use continuous occupancy for the dose determination; check Box A and enter the total value in the box provided in Table 3.  If the results for the monitoring period exceed 100 mrem, it may be possible to demonstrate compliance with the annual dose limit by applying a more realistic (but still very conservative) occupancy factor, such as 2,000 hours for a work year.  Box B should be checked if using a normal workweek occupancy factor to calculate the TEDE.

Example:  The total dose measured by the environmental badge = 280 mrem; the dose received by a MOP working 2,000 hours in the area that the badge was posted is:

280 mrem/8,766 hrs  =  .032 mrem/hr  x  2,000 hrs  =  64 mrem

Note:  24 hours/day, 365.25 days/year = 8,766 hours

III.
Annual Public Dose Limit    (contd.)

Method 3: Use of Environmental Monitoring Data    (contd.)

Using a 2,000 hour occupancy factor means that any annual dose from environmental monitoring that totals < 438 mrem will demonstrate compliance

Example:  438 mrem/8,766 hrs  =  .049 mrem/hr  x  2,000 hrs  =  99.9 mrem

If the results for the 12 month monitoring period total > 438 mrem, compliance may still be demonstrated by using an even more realistic occupancy factor, provided the number can be legitimized by supporting documentation (e.g., employment records).

Example:  Environmental badges total 680 mrem for the 12 month monitoring period; time sheets indicate that a conservative estimate of the most time spent by any MOP in the monitored area is 25 hours a week, 50 weeks a year = 1,250 hours.

680 mrem/8,766 hrs  =  .078 mrem/hr x 1,250 hrs  =  97 mrem

In each case, attach an annotated diagram of the facility identifying restricted areas, adjacent unrestricted areas, and the location of posted badges.
	Table 3.
Environmental Monitoring Data

	(
	DDE = TEDE

(millirem)


	
   Monitoring Period (dates): _____________ to _____________

(
A.  Check if calculations are based on continuous year-round occupancy

 (8,766 hours) in unrestricted areas

(
B.  Check if calculations are adjusted for workplace occupancy factors

 (e.g., 2,000 hours for a work year) in unrestricted areas



Enter the highest individual cumulative external dose for the monitoring period 
(    in the space provided to the left.  A dose < 100 mrem demonstrates compliance 

with the annual MOP dose limit specified in 64E-5.312(1)(a), F.A.C.


	(
	Method 4.
Radiation Level Data


Survey measurements and calculations can be used to demonstrate that the radiation levels resulting from licensed operations are not likely to cause any MOP to exceed the annual public dose limit.

Radiation levels generated by radioactive material (RAM) present in the workplace can be determined by direct measurement with survey instruments, or from indirect information, such as radioactive material package transport index values (describing radiation levels at 1 meter from a package’s exterior surface).  The radiation level data can then be used with the inverse square law to calculate the DDE. 

In Table 4, check to indicate use of either radiation survey instrument measurements (Box A-1) or RAM package Transport Index (TI) values (Box B-1) with the inverse square law to calculate the DDE.

III.
Annual Public Dose Limit    (contd.)
	Method 4.
Radiation Level Data    (contd.)


The issue of occupancy factors is addressed by selecting one of two options provided in Table 4.  Check off the Box A-2 to indicate use of the most conservative scenario – assuming a MOP is continuously present in the unrestricted area (24 hours/day, 365.25 days/year = 8,766 hours).  Check Box B-2 to indicate use of a more realistic (but still very conservative) assumption -- the individual located in the unrestricted area is present during all business hours (8 hours/day x 40 hours/week x 50 weeks/year = 2,000 hours).

	Inverse Square Law:  I2  =
	          I1 R12  
	Where:
	I1 =   intensity (radiation dose rate) at distance R1

	
	   R22 
	
	I2 =   intensity (radiation dose rate) at distance R2.

	
	
	
	R1 = distance from RAM with dose rate I1

	
	
	
	R2 = distance from RAM where dose rate I2  is 
        calculated


Notes:
A.
This formula has two limitations: (a) it only applies to gamma-emitters; and (b) the closest distance should be at least five source diameters.

B.
If using transport package exterior radiation levels, set R1 = 1 inch.

C.
In multi-story facilities, the distance to the nearest unrestricted area or MOP workstation may be directly above or below the sources.

Example of an Inverse Square Law Calculation Using Survey Meter Measurements

A storage room contains a variety of fixed gauges containing sealed sources.  The sources may be treated as a single point source by positioning them together for the measurement.  Assuming a collective source diameter of 12 inches, a radiation measurement (I1) is taken at a distance equal to at least five source diameters from the grouped sources, shielded behind lead brick corral, which serves as R1 in the inverse square formula.  The intensity at 10 feet is the unknown value being sought (the distance to the nearest unrestricted area).

	I1 = 0.1 mR/hr
	I2  =
	0.1 x (60)2
	
	A 2,000 hour occupancy factor yields:

	I2 = ? mR/hr
	
	(120)2
	
	.025 mR/hr  x  2,000 hours

	R1 = 60 in. (5 x 12 in.)
	I2  =  .025 mR/hr
	
	=  50 mrem  =  DDE

	R2 = 120 in. (10 ft.)
	


III.
Annual Public Dose Limit    (contd.)
	Method 4.
Radiation Level Data    (contd.)


Example of an Inverse Square Law Calculation Using a Package Transport Index

A shipping case used to store a fixed nuclear density gauge bears a “Radioactive Yellow II” label that shows its TI = 1.2.  The nearest MOP workstation is located 24 feet away.

	I1 = 1.2 mR/hr
	I2  =
	1.2 x (3.3)2
	
	A 2,000 hour occupancy factor yields:

	I2 = ? mR/hr
	
	(24)2
	
	.023 mR/hr  x  2,000 hours

	R1 = 3.3 ft. (1 meter)
	 I2  =  .023 mR/hr
	=  46 mrem  =  DDE

	R2 = 24 ft.
	


	Table 4.
Radiation Level Data

	(
	DDE

(millirem)


	(
A-1.  Check to indicate use of radiation survey instrument measurements and the 
          inverse square law to calculate the DDE


OR

(
B-1.  Check to indicate use of RAM package Transport Index (TI) values or RAM 
          package surface radiation levels and the inverse square law to calculate DDE

******************************************************************************************************************************

(
A-2.  Check if dose is based on continuous year-round occupancy (8,766 hours) in 
          unrestricted areas


OR
(
B-2.  Check if dose has been adjusted for workplace occupancy factors (e.g., 2,000 
          hours for a work year) in unrestricted areas

******************************************************************************************************************************

(
Check to indicate that documentation of all calculations is attached, along with instrument identification, specifications and calibration information

(
Check to indicate a facility diagram showing restricted and unrestricted areas is attached

(
Enter the calculated DDE in the space provided to the left; use this value in App. A
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