
ATTACHMENT  C
CALIBRATION OF EXPOSURE RATE INSTRUMENTS
(Use only  if calibrating Dose Rate Instruments yourself.)

1. Calibration of survey meters shall be performed with radionuclide sources.

A. The Sources shall approximate point sources.

B. The source activities or exposure rates at given distances shall be traceable by documented measurements to a standard source certified within five percent accuracy by the U.S. National Bureau of Standards (NBS) calibrations.

C. The frequency shall be at least every 12 months and after servicing, except that instruments used for surveys related to industrial radiography shall be calibrated at intervals not to exceed three months  and after each servicing and repair.

D. Each scale of the instrument shall be calibrated at least at two points located at approximately 1/3 and 2/3 of full scale.

E. The exposure rate (mR/hr) measured by the instrument shall differ from the true exposure rate by less than 10 percent at the two points on each scale (read appropriate section of the instrument manual to determine how to make necessary  adjustments to bring instrument into calibration.)  Readings within  ( 20 percent will be considered acceptable if a calibration chart, graph, or response factor is prepared, attached to the instrument, and used to interpret meter readings to within 10 percent for radiation protection purposes.

F. Records of required calibrations shall be maintained for inspection for a period of at least two years from the date of calibration.

NOTE:  Sources of Cs-137, Ra-226, or Co-60* are appropriate for use in calibrations.  Since these sources emit rather high-energy photons, they are not suitable for low-energy calibrations that may be required under special circumstances (see Item 3 ).  The activity of the calibration standard should be sufficient to calibrate the survey meters on each scale to be used for radiation protection purposes. Scales up to 1R/hr should be calibrated, but higher-range scales above 1R/hr need not be calibrated when they will not be needed for radiation protection surveys.  If there are higher ranges, they should at least be 
checked for operation and approximately correct response to radiation.  Otherwise, a cautionary note that 
they have not been  checked should be placed on the instrument. 

These procedures and standards are not appropriate for instruments used to detect or quantify measurements in the I-125 energy range. 

2. A reference check source of long half-life, e.g., Cs-137 or Ra-226, shall also be read at the time of the above calibration or as soon as the instrument is received from the calibration laboratory.  The readings shall be taken with the check source placed in specific  geometry relative to the detector.   A reading of this reference check source shall be taken:

A. Before each use and also after each survey to ensure that the instrument was operational during the survey;

B. After each maintenance and/or battery change; and

C. At least every three months. 

If any reading using the same geometry is not within ( 20 percent of the reading measured immediately 
after calibration,  the instrument must be re-calibrated (see Item 1.)

__________________

*     
Minimum activities of typical sources are 85 mCi of CS-137, 21 mCi of Co-60, and 34 mCi of Ra-226 (to 
give at least 700 mR/hr at 20 cm).
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3. Calibration source energies must correspond to energies of radioactive materials to be detected if instrument response is energy dependent, and if the instrument is to be used for quantitative measurements in the Xe-133 or Tc-99m energy ranges.

The calibration may be done either:

A. As in Item 1 above,  with NBS-traceable calibration standards of radionuclides at or near the desired energies, or

B. As a relative inter-comparison with an energy-independent instrument and un-assumed or uncertified radionuclides.

Alternatively, the manufacturer’s energy response curve(s) may be used to correct instrument readings appropriately when lower-energy radiation is monitored. 

4. Records of the above Items 1;  2-B  and  -C;  and  3 must be maintained. 

5. Use of Inverse Square Law and Radioactive Decay Law

A. An approved calibration source will have a calibration certificate giving its exposure rate at a given distance, or its activity,  measured on a specified date by the manufacturer or NBS.

(1) The Inverse Square Law may be used with any point source* to calculate the exposure rate  at other distances.

(2) The Radioactive Decay Law may be used to calculate the exposure rates or source activities at times other than the calibration date. 

B. Inverse Square Law

Consider a point source of radiation at position S, as shown in Figure C-1.  Then, the relationship between exposure rates R 1,  and R2  at detector positions P1 and P2, which are the distances  D1 and D2  from S, respectively, is given by the following equation: 










Where R1 and R2 are exposure rates in the same units (e.g., mR/hr, R/hr) and D1 and D2 are the distances in Figure C-1 in the same units (e.g.,  m, cm, ft)
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* 
A source may be considered a point source when the source and the radiation detector are small, in any 
dimension, compared to the distances at which radiation is to be measured.  The center of the detector 

should be at distances D1  or  D2   as shown in Figure C-1.
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C. Radioactive Decay Law       






 

 












Where



Ro  and  Rt
are in the same units (e.g.,  mR/hr or R/hr)



Ro 

is exposure rate on the specified calibration date



Rt

is exposure rate at some time later designated,  t


T((( and  t
are in the same units  (years, months, days, etc.)



T(((

is radionuclide half-life



t

is the time elapsed between calibration and present time

Example: Source output is given by calibration certificates as 100 mR/hr at one (1) foot on 

March 10, 1975.  Radionuclide half-life is 5.27 years.


Question:  What is the output at three (3) feet on March 10, 1977  (2.0 years later)?



(1).
Output at 1 foot, 2.0 years after calibration date:





R = 100 mR/hr x e  



 EMBED Equation.2  


 EMBED Equation.2  









= 100 x 0.77 = 77 mR/hr at 1 foot on March 10, 1977.



(2).
Out put at three (3) feet, 2.0 years after calibration date:





R = 

 x 77 mR/hr





= 

 x 77 = 8.6 mR/hr  at 3 feet, 2.0 years after calibration.

Approved by: 






 Date 
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Sample Form
Certificate of Instrument Calibration
	Licensee Name:       

	Instrument  :     
	Probe: (if detachable)       


	Manufacturer:       
	Manufacturer:       

	Type:       
	Type:       

	Model No.:       
	Model No.:       

	Serial No.:       
	Serial No.:       

	Calibration Data:     


	
	      Actual
	      Initial
	
	     Adjusted
	

	
	    Exposure
	  Instrument  
	
	    Instrument
	     Final

	      Scale
	 Rate   (mR/hr)
	Reading  (mR/hr)
	    % Error
	Reading (mR/hr)
	   % Error

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     

	     
	     
	     
	     
	     
	     


Replace Batteries?
 FORMCHECKBOX 
 Yes    FORMCHECKBOX 
 No

	Comments:     

	Calibration Source:
	     
	Nuclide:
	     

	Manufacturer/Model No.
	     
	Accuracy:
	     

	Serial No.
	     
	Original Activity/Date:
	     

	Exposure Rate at Specified Distance
	     
	Decay Factor
	     

	
	
	Current Activity
	     


	
	
	     

	Calibrated by
	
	Date


RHF-1LI-C
                                                                                                                                    Page  11 of  24 

_901009098.unknown

_901009100.unknown

_901009102.unknown

_901009099.unknown

_901009095.unknown

_901009096.unknown

_901009092.unknown

_901009094.unknown

_901009091.unknown

_901009090.unknown

