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SC-CP-007(psm)
BASELINE REFERENCE VALUES FOR FACILITY
RADIOLOGICAL CHARACTERIZATION SURVEYS

1.0 Scope

This procedure specifies the methods for determining radiological mean background values, Minimum Detectable Activities (MDAs) and Decision Level Values (DLVs).

2.0 Purpose

The purpose of this procedure is to establish standard, consistent methods for determining mean background values, MDAs and DLVs as recommended in Reference 3.1.3.

3.0 References, Definitions and Developmental Resources

3.1 References

3.1.1 SC-CP-004, Radioactive Contamination Monitoring Requirements for Facility Surfaces

3.1.2 SC-SP-004.2, Manual Collection of Surface and Subsurface Soil Samples in Support of Site Characterization

3.1.3 NUREG/CR-5849, Manual for Conducting Radiological Surveys in Support of License Termination—Draft Report for Comment, 1992

3.1.4 PR-AP-17.1, Operation of the Project Records Management System

3.2 Definitions

Refer to BCLDP Procedures Dictionary for definitions of the following terms.

	Chauvenet’s Criterion

Direct Survey

Decision Level Value (DLV)
	Minimum Detectable Activity (MDA)

Standard Deviation

Static Measurement


3.3 Developmental Resources

None.

4.0 General

4.1 Requirements

4.1.1 Radiological characterization surveys will be performed on materials that contain varying quantities of naturally-occurring radionuclides.  Surveys also may need to be performed in the presence of interfering radiation fields from other “natural” or contamination sources that cannot be removed or separated.  The radiation from these sources contribute an unknown value to the overall data and require quantification.

4.1.2 For cases where it is not possible or practical to remove the sources of interfering radiation, a mean background value and a DLV must be determined for (1) comparison with collected data and/or (2) deduction from the gross data to determine if contamination is present.

4.1.3 The mean background values and DLVs are specific for the material (e.g., painted concrete block, terrazzo tile, glazed brick, soil) and instrument mode (i.e., ratemeter peak trap or scaler integrated) in which the survey is conducted.

4.1.4 To derive valid mean background values and DLVs for specific materials, each material must be identified; and a non-suspect area with similar radiological characteristics must be used.

4.1.5 The survey instrumentation used to determine the mean background values and DLVs shall be the same as the instrumentation used for surveys.

4.1.6 Background or DLV determinations for surface materials found to contain unusually high amounts of naturally-occurring radioactivity shall be determined separately.

4.2 Equipment

4.2.1 Gas proportional detectors and associated electronics sensitive to alpha and beta/gamma radioactivity and equipped with an aural indicator.  These instruments may be operated in gas flow or static gas configuration and will be capable of detecting alpha-only and alpha-plus-beta activity.  Some electronics may also allow beta-only readings.  Examples of gas proportional detectors are the Eberline ESP-2 meter with a Ludlum 239-1F detector (floor monitor) and the Eberline ESP-2 meter with a Ludlum 43-20 detector.

4.2.2 Scintillation detectors and associated electronics sensitive to alpha, beta, or gamma radiation.  These instruments may be capable of detecting both alpha and beta activity and discriminating between them.  Examples of scintillation-type instruments are the Delta 3/DP6 combination for alpha and beta detection/discrimination and an NaI crystal (Ludlum 12S Micro R meter) for gamma detection.

4.2.3 A pressurized ionization chamber, Micro R meter, or Geiger-Mueller instrument may be used to measure external penetrating radiation (gamma).

4.2.4 A high purity germanium (HPGe) detector and associated electronics may be used in the field for isotopic identification of contamination.

4.2.5 Scaffolding equipment, ladders, and related elevated or remote access equipment.

4.2.6 Personal protective clothing and/or equipment and monitoring equipment as required by the Work Instruction and Radiation Work Permit.

5.0 Procedure

Unless otherwise specified, the surveyor(s) is (are) responsible for completing the following steps.

5.1 Start-Up Documentation

5.1.1 Complete generation of DLVs and submit to Project Records under applicable Characterization Work Instructions (DDO-104).

5.1.2 Revise and re-issue Work Instructions affected by the generation of new DLVs with the new DLV(s) attached.

5.1.3 Complete DDO-380, Field Instrument Check Source Log, prior to starting the survey.

5.1.4 Sketch each area to be surveyed.  Maps obtained from Battelle’s Facilities group also may be used.

5.2 Instrumentation

5.2.1 Select instrumentation and verify that the calibration is current for each instrument.

5.2.2 Conduct a periodic check at least once each two-hour period unless using the instrument in constant flow mode. Document source check readings on DDO-380. Discontinue use of the monitoring instrument if the check source reading varies more than 10% of the established rate (i.e., reading does not fall within the source check range listed on the detector). If source check is failed, the Characterization Project Manager shall evaluate for validity all data collected since the last acceptable source check.

5.3 DLV Determination for Surface Materials

5.3.1 Take a minimum of 40 readings (or as directed by the Characterization Project Manager) or as many as possible, at random locations on each type of material to be surveyed. Repeat measurements for each operating mode (i.e., ratemeter peak trap or scaler integrating) to be used in the survey.

5.3.1.1 DLV surveys in the ratemeter (peak trap) mode will consist of direct surveys over an area of approximately one square meter.  These scans will be performed in both alpha and alpha-plus-beta.  The scanning speed shall not exceed ~5 cm/sec and the window of the detector shall be ~0.5 cm from the surface of interest.

5.3.1.2 DLV surveys in the scaler integrating mode shall consist of a static measurement for both alpha and alpha-plus-beta. Characterization Project Manager or designee will determine counting time for the static measurement. Measurements will be taken at ~0.5 cm from the surface of interest.

5.3.2 Record data on DDO-376. Readings will be identified by sequential numbering (i.e., 1 through 40) in the “Grid ID” column. A separate DDO-376 will be used for each surface material and each operating mode. 

NOTE:
Alpha-plus-beta and alpha-only readings for identical operating modes may be recorded on the same DDO-376. DDO-381 should be used to record exposure rate measurements.

5.3.3 Indicate approximate location of each reading by writing the reading number listed in the “Grid ID” column on the survey map where the measurement was taken.

To further identify measurement locations, document the surface location (e.g., west wall, floor, etc.) in the grid coordinate column on DDO‑376.

5.3.4 Apply Chauvenet’s Criterion test and calculate the mean for each data set.  Computer programs or spreadsheets may be used to manipulate data. Exhibit 1 shows an example of a spreadsheet used to perform Chauvenet’s Criterion test.

5.3.4.1 For each data point, compare the Chauvenet’s Criterion (comparison number) with the appropriate value listed in Exhibit 2.  The criterion value listed in Exhibit 2 is dependent on the number of data points in the data set.

5.3.4.2 If a data point fails to meet the test criterion (i.e., the calculated comparison number is greater than the value listed in Exhibit 2), exclude from data set. Recalculate the mean and comparison numbers with the remaining data.

5.3.4.3 Continue step 5.3.4.2 until all comparison numbers in the data set are less than or equal to the value listed in Exhibit 2 for the final number of data points.
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Using only the data points that have passed the Chauvenet’s Criterion test, calculate the DLV, MDA, and standard deviation (() using the following equations.





where:






DLV
=
decision level value (cpm)
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where:






MDA
=
minimum detectable activity (cpm)






Cb
=
background counts



t
=
counting time (minutes)
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where:






R
=
standard deviation of instrument readings (cpm)






R
=
instrument reading (cpm)
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n
=
number of readings in data set

The Characterization Project Manager or designee will determine if the mean values and DLVs may be combined for surface materials having similar radiological characteristics. 

5.4 DLV Determinations for Soils

5.4.1 Collect a background sample from a location with similar soil characteristics as the area of interest or from an area known to be free of residual radioactive contaminants. The sample will be taken in accordance with Reference 3.1.2.

5.4.2 Analyze the background sample by gamma spectroscopy to ensure that no residual radioactive contaminants are present and that any activity present is due to natural background. Additional analysis may be performed at the discretion of the Characterization Project Manager.

5.4.3 Take a minimum of 40 static measurements, or as many as possible, on the background sample.

5.4.3.1 Take the measurements in low background areas. Background counting shall be in the same location where the soils will be counted.

5.4.3.2 If the counting location changes or if the background changes ±2 standard deviations (() then re-establish the DLV.

5.4.3.3 The Characterization Project Manager will determine the counting time and geometery for static measurements.

5.4.4 Repeat steps 5.3.4 and 5.3.5.

5.4.5 The DLV range is calculated by adding 2( and 3( to the mean.

5.4.5.1 All data less than the mean plus 2( is non-suspect or “clean.”

5.4.5.2 Data greater than the mean plus 2( but less than the mean plus 3( is suspect.

5.4.5.3 Data greater than the mean plus 3( is contaminated.

5.5 The Characterization Project Manager shall approve, sign, and date the Decision Level Values prior to use.

6.0 Records

Records are sent in duplicate to Project Records in accordance with Reference 3.1.4.

· DDO-104, Work Instruction

· DDO-376, Characterization Radiological Survey Report

· DDO-380, Field Instrument Check Source Log

· DDO-381, Characterization Sampling or Gamma Survey Report

7.0 Forms Referenced in This Procedure

7.1 Forms

· DDO-376, Characterization Radiological Survey Report (Reference 3.1.1)

· DDO-380, Field Instrument Check Source Log (Reference 3.1.1)

· DDO-381, Characterization Sampling or Gamma Survey Report (Reference 3.1.1)

7.2 Exhibits

· Exhibit 1, Example Spreadsheet for Chauvenet’s Criterion

· Exhibit 2, Example Table for Chauvenet’s Criterion

7.3 Attachments

None.

EXHIBIT 1

EXAMPLE SPREADSHEET FOR CHAUVENET'S CRITERION TEST

	Date
	
	
	
	
	
	

	
	
	
	
	
	
	

	Building:
	
	Room:
	
	Surface Type:
	Location:

	Meter ID:
	
	Probe ID:
	
	Probe Area:
	

	Survey Dates:
	Chauvenet’s Criterion (CC):
	Survey Type:

	
	
	
	
	
	
	

	Grid ID
	Other ID
	Alpha + Beta
(cpm)
	Comparison
CC
	
	Mean
	

	
	
	
	
	
	Std Dev
	

	
	
	
	
	
	Data Pts (n)
	

	
	
	
	
	
	
	

	
	
	
	
	
	MDA
	

	
	
	
	
	
	DLV
	


EXHIBIT 2

EXAMPLE TABLE FOR CHAUVENET’S CRITERION
	Data

Pts.
	Criterion

Value  
	
	Data

Pts.
	Criterion

Value    
	 
	Data

Pts.
	Criterion

Value  
	
	Data

Pts.
	Criterion

Value   

	5
	1.902
	
	29
	2.380
	
	53
	2.596
	
	77
	2.720

	6
	1.902
	
	30
	2.394
	
	54
	2.602
	
	78
	2.726

	7
	1.902
	
	31
	2.406
	
	55
	2.608
	
	79
	2.730

	8
	1.902
	
	32
	2.416
	
	56
	2.614
	
	80
	2.734

	9
	1.914
	
	33
	2.428
	
	57
	2.620
	
	81
	2.738

	10
	1.960
	
	34
	2.438
	
	58
	2.626
	
	82
	2.742

	11
	2.000
	
	35
	2.450
	
	59
	2.632
	
	83
	2.746

	12
	2.036
	
	36
	2.460
	
	60
	2.638
	
	84
	2.750

	13
	2.070
	
	37
	2.470
	
	61
	2.642
	
	85
	2.754

	14
	2.100
	
	38
	2.478
	
	62
	2.648
	
	86
	2.758

	15
	2.128
	
	39
	2.488
	
	63
	2.654
	
	87
	2.760

	16
	2.152
	
	40
	2.496
	
	64
	2.660
	
	88
	2.764

	17
	2.178
	
	41
	2.506
	
	65
	2.664
	
	89
	2.768

	18
	2.200
	
	42
	2.514
	
	66
	2.670
	
	90
	2.772

	19
	2.220
	
	43
	2.522
	
	67
	2.674
	
	91
	2.776

	20
	2.240
	
	44
	2.530
	
	68
	2.680
	
	92
	2.780

	21
	2.260
	
	45
	2.538
	
	69
	2.685
	
	93
	2.782

	22
	2.278
	
	46
	2.546
	
	70
	2.690
	
	94
	2.786

	23
	2.294
	
	47
	2.554
	
	71
	2.694
	
	95
	2.790

	24
	2.310
	
	48
	2.560
	
	72
	2.698
	
	96
	2.792

	25
	2.326
	
	49
	2.568
	
	73
	2.704
	
	97
	2.796

	26
	2.340
	
	50
	2.574
	
	74
	2.708
	
	98
	2.800

	27
	2.354
	
	51
	5.582
	
	75
	2.712
	
	99
	2.802

	28
	2.368
	
	52
	2.588
	
	76
	2.716
	
	100
	2.806
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[ X  ]	Non-Critical Procedure


[  ]	Critical Procedure—Procedure Qualification Packet (PQP) Required
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