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EFFICIENCY CALIBRATION OF GERMANIUM DETECTORS USING

CANBERRA PROCOUNT( SOFTWARE AND PREVENTIVE MAINTENANCE

 LISTNUM  \l 1 
Scope
This document describes the Radioanalytical Laboratory (RAL) procedures for performing gamma-ray energy and efficiency calibrations of germanium detectors and preventive maintenance. The calibrations are performed before radioisotopes are quantified in samples of unknown activity. The calibrations are performed using standards prepared with known National Institute of Standards and Technology (NIST)-traceable activities and with physical characteristics as close as practical to the actual sample.

 LISTNUM 
Purpose
This procedure describes the requirements, responsibilities, and procedures for the energy and efficiency calibration, and preventive maintenance of the gamma spectrometry system. This procedure fulfills the requirements of RL-AP-1.0, RL-QAP-1.0, and DD-92-02, (References 3.1.1, 3.1.2, and 3.1.3, respectively).

 LISTNUM 
References, Definitions, and Developmental Resources

 LISTNUM  \l 2 
References
 LISTNUM  \l 3 
RL-AP-1.0, Administrative Operating Procedure for the Radioanalytical Laboratory
 LISTNUM 
RL-QAP-1.0, Quality Assurance Plan for the BCLDP Radioanalytical Laboratory

 LISTNUM 
DD-92-02, Radioanalytical Laboratory Chemical Hygiene Plan


 LISTNUM 
Canberra, Volume 1 and 2 Genie System Spectroscopy Applications and Display User’s Guide

 LISTNUM 
Krieger, H. L., and E. L. Whittaker, Prescribed Procedures for Measurement of Radioactivity in Drinking Water, EPA-600/4-80-032, Method 901.1, Environmental Monitoring and Support Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio, 1980

 LISTNUM 
Canberra, VAX/VMS Procount™ Menu Software Package User’s Manual 07-0513 and updates

 LISTNUM 
Canberra Nuclear, VMS Genie-ESP (Enhanced Spectroscopy Package) Software Package User’s Manual 48-0720 and updates
 LISTNUM 
RL-TP-030, Gamma Spectrometric Analysis of Laboratory Samples Using Canberra Procount™ Software



 LISTNUM  \l 2 
Definitions

Refer to RL-QAP-1.0 (Reference 3.1.2) and/or the Battelle Columbus Laboratories Decommissioning Project Procedures Dictionary for definitions of the following terms:
Full Width at Half Maximum
Interference
Technician
 LISTNUM 
Developmental Resources

None.
 LISTNUM  \l 1 
General
Gamma spectrometry is performed using solid-state germanium (lithium-drifted or high purity) detectors. Energy from ionizing gamma radiation is deposited within the detector crystal forming electron-hole pairs. Under the influence of an electric field, the free electrons and positive holes migrate to the collection electrodes. Collection of the charge carries results in a series of electrical pulses. The pulses are amplified, digitalized, then stored temporarily in a multi-channel buffer forming a spectrum of photopeaks. The position of the signal pulse in the spectrum is proportional to the energy of the incident photon. The energy value of a spectral photopeak(s) is used to identify the nuclide that emitted the gamma or X-ray. The net area of the spectral photopeak is used to calculate the quantity of the nuclide in the sample. The computer system stores the digital information, processes the data, and generates a report.

Almost all samples submitted to the RAL for gamma ray spectroscopy are sealed samples. Because the samples are sealed, no replicas, duplicates or spiked samples are run. Further, samples are rarely homogenous. Therefore, the samples cannot be easily “split” to form duplicates. As is general laboratory practice for gamma-ray spectroscopy, backgrounds are used as blank samples. The Quality Control (QC) Officer will, at various times, submit a blind sample to check quality control.

 LISTNUM  \l 2 
Equipment and Materials
In this section, equipment and materials are specified; however, equivalent materials and equipment can be substituted when appropriate.

 LISTNUM  \l 3 
Gamma Spectroscopy Software, Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
High Purity Germanium Coaxial (HPGe) Detector, Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
Detector Shield & Stand, Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
25-Liter Liquid Nitrogen Dewar, Canberra Nuclear, Inc., Meriden, CT.; EG&G Ortec, Inc., Oak Ridge, TN

 LISTNUM 
230-Liter Liquid Nitrogen Transfer Dewar

 LISTNUM 
8701/8706 or equivalent Analog Digital Converter (ADC), Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
ND556 Acquisition Interface Module (AIM), Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
AFT Research Amplifier Model 2025, Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
NIM Bin and Power Supply Model 2100, Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
ICB Digital Signal Processor, Canberra Model 9660, Canberra Nuclear, Inc., Meriden, CT
 LISTNUM 
VAX Workstation 6000au Computer, Compaq, Maynard, MA

 LISTNUM 
HP Laser Jet 4050 Printer, Hewlett-Packard Company

 LISTNUM 
VXT 2000 X-Terminal, Digital, Equipment Corp., Maynard, MA

 LISTNUM 
Digital Signal Analyzer, Canberra Model DSA-2000 (DSAPZUP)

 LISTNUM 
Compaq digital data storage tape

 LISTNUM 
Hewlett Packard Vectra Terminal



 LISTNUM  \l 2 
Precautions
When performing quantitative gamma analysis, it is important that the geometry of the sample match as closely as practical the geometry of the calibration standard.

The method is applicable for samples that contain radionuclides emitting gamma photons with energies ranging from about 60 to 2000 keV.

 LISTNUM  \l 2 
Interferences

Sample homogeneity is important to gamma count reproducibility and counting efficiency validity. When water sample radionuclides are absorbed into the walls of the counting container, the sample is no longer homogenous. Preserving the water sample with HNO3 at the time of collection can lessen this problem (see Reference 3.1.5).
 LISTNUM  \l 2 
Standards
All primary gamma-ray calibration standards used by the RAL are NIST-traceable. Copies of the NIST-traceable certificates are located in the Laboratory and with the Health Physics Source Custodian. Some of the gamma standards and counting geometries include, but are not limited to, the following:

 LISTNUM  \l 3 
Round Box, radionuclide source

 LISTNUM 
Deep Planchet

 LISTNUM 
Quarterly Filter, 47mm diameter

 LISTNUM 
Single Filter

 LISTNUM 
Solid Marinelli

 LISTNUM 
Liquid Marinelli

 LISTNUM 
Vegetation Marinelli

 LISTNUM 
Vegetation Cup

 LISTNUM  \l 2 
Energy and Efficiency Calibrations
An efficiency calibration using gamma emitting radionuclide standards traceable to NIST is performed after changing or installing a new detector, or if factory detector repairs change efficiencies. A calibration check (usually 15 minute count) is performed a minimum of before and after sample count, after a system shutdown, detector thermal cycling, or at the direction of the Laboratory Manager or QC Officer.

 LISTNUM 
Gamma Instruments Background Check
Long backgrounds are required on a monthly basis or when background checks are not within tolerances, if there is a change in detector shielding, or if the location of the detectors is changed (i.e., different room, building or surrounding environment). A background check (usually 15 minute count) is performed a minimum of before and after sample count.

 LISTNUM 
Personnel Safety Precautions
 LISTNUM  \l 3 
The electrical components of a gamma spectrometry system represent a potential shock hazard. All protective covers and housings shall be properly installed prior to use.

 LISTNUM 
The detector shields present a pinching hazard for the finger and hands. Move the shield doors or lids slowly and cautiously.

 LISTNUM 
Liquid nitrogen is used to keep the detectors cold. Refer to DD-92-02 (see Reference 3.1.3) for information on potential hazards and safety precautions of handling liquid nitrogen.

 LISTNUM  \l 2 
Operator Qualifications
This procedure was written for the operator who has a working knowledge of the following: the VAX Digital Command Language (DCL), the VMS file structures, the VAX workstation, the Multi-channel Analyzer (MCA) display using DEC windows, the Digital Text Editor (DTE), and the Canberra gamma-ray spectroscopy software (see References 3.1.4, 3.1.6, and 3.1.7).












 LISTNUM  \l 1 
Procedure
The Laboratory Technician is responsible for completing the following steps. (Any RAL staff member performing analyses is considered a Laboratory Technician.) All RAL personnel qualified on this procedure are responsible for performing all the requirements of Section 5.0 of this procedure. It is the responsibility of the Quality Control (QC) Officer or designee to ensure all QC criteria have been met prior to sample analysis and/or release of sample data.

NOTE:
The following procedural steps are valid, however, the hardware/software technical manuals should be used for operating steps, reference, and training.

See Reference 3.1.8 for Pre-Sample Count, System Background, and Calibration Check. The system background and calibration check should be run and pass QC limits before and after counting the efficiency calibration standard.

 LISTNUM  \l 2 
Count a Calibration Spectrum

NOTE:
The Calibrate option on the PROcount-ESP Main menu allows access to all calibration functions normally performed.
Calibration is the process of determining the characteristics of a detector/front-end system. Once a detection system is calibrated, the user knows the channel/energy correspondence of the spectrum, and what the detector efficiency and Full Width Half Maximum (FWHM) are at any energy between 60 to 2000 keV.

In order to calibrate a detector, the user must have a NIST-traceable source. A calibration source is a sample that contains several photopeaks over a wide energy range whose emission energies and rates are known. Each calibration source is accompanied by a certificate that describes the sample: its mass, the emission energies, the emission rates per unit mass on a certain date, etc. This information must be entered into a “certificate file” that the calibration software uses to determine the calibration factors.

The Certificate File Editor is used to create the certificate file and enter the information. The Certificate File Editor is one of the editors provided by the software.

Before analyzing samples, it is necessary to first energy, shape, and efficiency calibrate the system. The Calibrate option on the PROcount-ESP main menu allows access to all calibration functions normally performed.

 LISTNUM  \l 3 
To calibrate a detector, the first step is to collect a calibration spectrum that will later be used for efficiency, shape (FWHM), and/or energy calibration. Place the calibration source on the appropriate detector. Next, select Calibrate, Count Calibration Spectrum from the PROcount-ESP Main Menu.

 LISTNUM 
After selection, a list of the detectors available on the system will be presented. The detector selection list box is displayed during most of the PROcount-ESP spectroscopy tasks.

 LISTNUM 
After selection of a detector, a dialog box will prompt for the preset count time. To change the value, highlight the current count time and enter the desired count time.

 LISTNUM 
After entering the desired count time, acquisition will begin on the selected detector. When the acquisition is complete, the system will archive the spectrum and then one of the subsequent menu items is used to perform a calibration.

 LISTNUM  \l 2 
Initial Energy and Shape Calibration Using Spectrum Acquired in Section 5.1

NOTE:
This section is performed whenever recalibration is performed using a new calibrated standard.

 LISTNUM  \l 3 
To start the calibration, select Calibrate, Initial Energy & Shape Calibration from the PROcount-ESP Main Menu. Select the appropriate detector to be calibrated.

 LISTNUM 
The next step is to select the appropriate Certificate associated with the source used for the calibration count. The menu shows all the Certificates created for the current detector.

 LISTNUM 
The MVC View and Control window will show the proper calibration spectrum and a separate dialog box will display the certificate information. Since this is only an initial calibration, only those lines designated as Use for Initial Cal in the certificate file will be shown.

 LISTNUM 
Move the mouse to point to the MCA View window by highlighting the menu bar. Position the cursor at the top of the peak that corresponds to the first energy line listed in the dialog box. For information regarding positioning the cursor, refer to the instructions for the MCA View and Control Window, located in the Genie-ESP Manual (see Reference 3.1.7).

 LISTNUM 
Move the focus back to the Energy Calibration Full window, then press the Cursor button or ALT+C on the keyboard. This will copy the cursor channel number from the MCA View Control window into the Channel text edit box.

 LISTNUM 
Pressing the Accept button will update the calibration list with the information from the first peak. This will move the highlighting to the next energy line listed in the dialog box.

 LISTNUM 
Position the cursor on the high energy peak, press Cursor and then Accept in the dialog box.

 LISTNUM 
To view the calculated calibration data, select the Show button. The resulting graph is now displayed. Note that this initial calibration is only performed on the peaks that were checked as Initial Calibration within the certificate file that was selected. To print a copy of the energy and shape calibration graphs displayed, select Print (see Attachments 1 and 2).

NOTE:
Please keep in mind that this is not the final energy calibration. Instead, it is a basic starting point so PROcount-ESP can automatically perform the full calibration using all of the energies listed in the selected certificate file.

There must be a minimum of two peaks selected for initial calibration, one high and one low energy. If the peak results are acceptable, press OK to go on or Cancel to abort the calibration. The system will ask, “Do you want to do a full energy and shape calibration?” at the prompt, select Yes to continue, or No to abort the calibration.

A full energy and shape calibration will be performed using all lines in the specified certificate file. When the calculations are complete, the results are displayed graphically on the Show Energy Calibration Curves screen.

 LISTNUM 
The Show Energy Calibration Curves screen allows for several functions:

(
Energy and Shape radio buttons are used to switch between the Energy and Peak Shape (FWHM) Calibration Curves (see Reference 3.1.7, Section 5.4)
(
Order of the polynomial is used for generating the curves and can be changed using the plus (+) and minus (-) buttons

(
Degree of polynomial.

NOTE:
If it is necessary to remove any of the data points used in the calculations, type the number of the peak in the field next to Drop Peak and press Recalculate to generate new curves. Once peaks are removed they may not be added back into the calculations. To correct an inadvertent deletion of a peak, select Cancel and restart the calibration at step 5.2.1.

 LISTNUM 
To print a copy of either curve, display the desired curve and select Print (see Attachments 3 and 4). After the user has examined the Calibration Curve(s), select OK to display the calibration report.

 LISTNUM 
After inspection of the report, the user may either select Print to print a hard copy and continue with the calibration or select Dismiss to continue without a hard copy of the report. In both cases, an acknowledgement screen will be displayed (see Attachment 5).

 LISTNUM 
Selecting OK will store the results and then return the user to the Main Menu, indicating that the Energy and Peak Shape Calibration is complete. Selecting Cancel will abort the calibration and return the user to the Main Menu.

 LISTNUM  \l 2 
Efficiency Calibration

NOTE:
If the calibration spectrum has been acquired when performing Section 5.1, then go to step 5.3.5.

 LISTNUM  \l 3 
Select Calibrate.

 LISTNUM 
The Calibrate menu is now displayed; select Count Calibration Spectrum.

 LISTNUM 
A list of available detectors is displayed; select the detector to be calibrated.

 LISTNUM 
The calibration setup for the selected detector will be displayed. Enter the desired count time and click on OK. When acquisition is complete, the system will archive the spectrum. Use one of the subsequent menu items to perform a calibration.

NOTE:
The efficiency calibration correlates energy with efficiency, i.e., how efficiently the system collects radiation emitted by a sample. The efficiency calibration factors are a table of energy vs. efficiency pairs. The efficiency at a specific energy is interpolated from this table.

Efficiency calibration is determined primarily by the detector/sample geometry, which is the physical relationship between the detector and the sample. An efficiency file is created after an efficiency calibration, which contains a series of energy-efficiency pairs for a specific detector and specific geometry.

After a detector has been energy and shape calibrated, it must be efficiency calibrated in order to perform quantitative analyses. If the calibration spectrum collected for the energy and shape calibration is of the correct sample geometry, continue. Otherwise, it is necessary to acquire a calibration spectrum using the proper calibration source.

If more than one geometry is used for samples to be counted, a separate standard source in that geometry must be used, a separate calibration must be done, a separate certificate must be created, and a separate spectrum must be acquired for each geometry.

 LISTNUM 
To perform the efficiency calibration, select Calibrate, Efficiency Calibrate from PROcount-ESP Main Menu. Highlight the detector to be calibrated and click on OK.

 LISTNUM 
Select the certificate file, making sure it agrees with the calibration source that was used for acquiring the spectrum. After a few seconds, a Show Efficiency Calibration Curve will be displayed.

NOTE:
This screen displays a plot of the calculated efficiency curve for the acquired data. The curve can be viewed and or edited as follows:

(
The fit box provides radio buttons for calculating and displaying the calibration data in either a Spline or Empirical fit.

(
The Scaling selection allows for choosing to view the calibration curve in either Log or Linear mode.

(
The Order of the polynomial used for generating the curves can be changed using the plus (+) and minus (-) buttons. Note that the order is limited by the number of data points present. For example, nine, the maximum order allowed, requires that at least ten points be entered. If polynomial zero is selected, the software will generate a best fit for the data points.
Should it be necessary to remove any of the data points used in the calculations, type the number of the peak in the field next to Drop Peak and select Recalculate to generate new curves. Once peaks are removed, they may not be added back into the calculations. To correct an inadvertent deletion of a peak, select Cancel and restart the calibration from step 5.3.5.

 LISTNUM 
To accept the efficiency data, select OK. A dialog box will be displayed requesting the name of the geometry to use in saving the data. If the name is present, highlight the name and select OK. The calibration data will be saved to a temporary calibration file corresponding to that geometry.

 LISTNUM 
If the calibration is for a new geometry, select Create a New Geometry and select OK. Type the name of the new geometry and select OK. The calibration data will be saved to a temporary calibration file corresponding to that geometry. The user will print a hard copy of the efficiency calibration report and graph (see Attachments 6 and 7).
NOTE:
Any new efficiency calibration (recalibration of an existing geometry or new geometry) must be approved by the QC Officer or designee prior to using.

 LISTNUM 
Reposition the calibration standard on the detector and recount as a sample using the temporary efficiency file (see Attachment 8).

 LISTNUM 
Confirm the results with the standard certificate. If the total activity is not within (15% of the certificate, then recount the standard. If the second count is still out, then see the Laboratory QC Officer or designee.

NOTE:
Before a new efficiency file can be used for correcting unknown samples, it must first be approved. This function normally requires specific privileges granted by the System Manager.

 LISTNUM  \l 3 
Select Calibrate, Approve Efficiency Results from the PROcount-ESP Main Menu. This will display a list of unapproved (temporary) geometries. Highlight a geometry from the list and click on OK to approve. When prompted, select OK to acknowledge.

 LISTNUM  \l 2 
Preventive Maintenance (Inspection and Cleaning)
NOTE:
With the exception of inspection and cleaning, there are no preventive maintenance procedures that can be performed by the user. Normal system preventive maintenance can be performed on a prescribed basis under a Canberra Maintenance Agreement or by a trained service technician.



The gamma spectroscopy system should be inspected on a regular basis (when in use) or whenever a system malfunction occurs for the following:

 LISTNUM  \l 4 
A periodic inspection of the gamma detectors is to verify that the plastic bag covering the detector is intact and clean. If the plastic bag is found to be damaged then it must be replaced to prevent contamination of the detector. 

NOTE:
Each sample is usually wrapped in a clean plastic bag prior to placement into the shield to prevent cross contamination of the detector and shield from the sample.

 LISTNUM 
A background check is performed on the detectors (a minimum of twice per week) before and after samples are analyzed. If the background rate is above the preset limit, determine if the cause is elevated radon levels. If not, then the shield is wiped down and a clean plastic bag is put in place on the detector. The background rate is checked again to verify that the contamination has been removed. If the problem still persists, then the user should notify the QC Officer or designee.

NOTE: 
Actions and Investigates for decay corrected activity are usually caused by positioning of the check standard on the detector (e.g., standard not centered, end cap not positioned correctly, or not in place).

 LISTNUM 
An energy calibration check is performed on the detectors (a minimum of twice per week) before and after samples are analyzed. If the energy calibration is outside the limits, then the system electronics and detector shall be checked. The user will check the calibration printout to narrow the focus of the problem (i.e., FWHM, energy versus channel, etc.). The user will make the appropriate changes with the amplifiers and the electronics. The energy check will be performed after the appropriate changes have been made to verify that the calibration values are within the specified limits for the detector. If the problem still persists, then the user will notify the QC Officer or designee. All problems (background and calibration) will be noted in the Gamma Maintenance Log Books.

 LISTNUM 
If the FWHM is out of specifications (too wide) and/or problems noted with energy peak shifting after making adjustments to the electronics, the detector should be thermal cycled. Thermal cycling consists of:

a.
Shut off high voltage and any other electronics to the detector
b.
Disconnect all cabling to the detector

c.
Pull detector from dewar (use caution due to extreme cold)

d.
Allow detector to warm to room temperature and sit for 24 hours

e.
Put detector back into dewar and add liquid nitrogen as needed
f.
Allow detector to cool down for required time (between 6 to 12 hours) and add liquid nitrogen as needed

g.
Connect all cabling, power-up detector, and allow to stabilize for ~2 hours

h.
Run Calibration Check – if all is OK, the detector can be put in service

i.
Check the Daily Calibration for any out-of-calibrations or excessive drifting. If this should occur, the detector may have to be sent to the manufacturer (or service contractor) for service.
Thermal cycling activity and manufacturer’s service will be noted in Gamma Maintenance Log book.
 LISTNUM  \l 2 
Review of Data/Results
The energy, shape, and efficiency calibration results are generated and stored by the computer. The results shall be reviewed to ensure that the instrument constants are correct. The reviewer’s signature and date on the hard copy of the results shall be evidence of this review process. The QC Officer or designee is responsible for reviewing all calibration data.



 LISTNUM  \l 1 
Records
 LISTNUM  \l 2 
The following records are generated when implementing this procedure:

(
Initial Energy Calibration Graph

(
Initial Shape (FWHM) Calibration Graph

(
Full Energy Calibration Graph

(
Full Shape (FWHM) Calibration Graph

(
Energy and FWHM Calibration Report

(
Efficiency Calibration Graph

(
Efficiency Calibration Report

(
Efficiency Verification Analysis Report

 LISTNUM 
Refer to RL-AP-1.0 (Reference 3.1.1) for the procedure used to transmit records to Project Records.


 LISTNUM  \l 1 
Forms, Exhibits, and Attachments

 LISTNUM  \l 2 
Forms

None.
 LISTNUM 
Exhibits

None.
 LISTNUM 
Attachments
(
Attachment 1, Initial Energy Calibration Graph

(
Attachment 2, Initial Shape (FWHM) Calibration Graph
(
Attachment 3, Full Energy Calibration Graph
(
Attachment 4, Full Shape (FWHM) Calibration Graph
(
Attachment 5, Energy and FWHM Calibration Report
(
Attachment 6, Efficiency Calibration Graph
(
Attachment 7, Efficiency Calibration Report

(
Attachment 8, Efficiency Verification Analysis Report
ATTACHMENT 1

INITIAL ENERGY CALIBRATION GRAPH
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ATTACHMENT 2

INITIAL SHAPE (FWHM) CALIBRATION GRAPH
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ATTACHMENT 3

FULL ENERGY CALIBRATION GRAPH
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ATTACHMENT 4

FULL SHAPE (FWHM) CALIBRATION GRAPH
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ATTACHMENT 5

ENERGY AND FWHM CALIBRATION REPORT
[image: image5.png]VMS Calibration Report V1.6 Generated 1-MAY-2001 07:13:20

Configuration ¢ MCAO: [NDSCOUNT] GAMMA2S1
"malyses by : SCRCAL V1.2

.tector Name : GAMMAZ2 Energy Calib Time: 1-MAY-2001 07:13:20
Efficiency type : Empirical Effncy Calib Time: 24-APR-1998 09:44:29
Detector Geometry: Shelf H

Energy Calibration Report

Energy = -0.2345 + 0.5003*Channel + 0.0000E+00* (Channel**2)
Centroid True Computed
Nbr Channel Energy Energy Difference
1 119.40 59.54 59.50 0.032
2 176.42 88.03 88.03 0.000
3 244 .45 122.06 122.07 -0.007
4 332.02 165.85 165.88 ~-0.028
5 558.52 279.19 279.21 -0.01¢
[ 783.49 391.69 391.76 -0.073
7 1323.21 661.65 661.79 -0.142
8 1795.82 898.02 898.25 -0.227
9 2346.18 1173.22 1173.60 -0.387
10 2664.75 1332.49 1332.99 -0.501
11 3672.12 1836.00 1836.99 -0.993

FWHM Calibration Report

FWHM = 0.7646 + 3.6026E-02*% (Enexrgy**1/2)
True Computed
Nbr Energy FWHM FWHM Difference
1 59.54 1.20 1.04 0.159
2 88.03 1.16 1.10 0.053
3 122.06 1.19 1.16 0.027
4 165.85 1.20 1.23 ~0.029
5 279.19 1.27 1.37 -0.094
6 391.69 1.37 1.48 -0.105
7 661.65 1.59 1.69 -0.100
8 898.02 1.76 1.84 -0.089
° 1173.22 2.01 2.00 0.010
10 1332.49 2.12 2.08 0.043
11 1836.00 2.43 2.31 0.124

Approved by: GRETGHEN FARNUNG G AF Approval Date: i / { / D'






ATTACHMENT 6

EFFICIENCY CALIBRATION GRAPH
[image: image6.png]O Measured — Calculated

Datasource:

GRETCHEN FARNUNG

qA” 21310





ATTACHMENT 7

EFFICIENCY CALIBRATION REPORT
[image: image7.png]VMS Calibration Report V1.6 Generated

1-MAY-2001 07:15:51

Configuration MCAO : [NDSCOUNT] GAMMAZ2$1
r-alyses by : SCRCAL V1.2
. lector Name : GAMMA2 Energy Calib Time: 1-MAY-2001 07:13:20
Efficiency type : Spline Effncy Calib Time: 1-MAY-2001 07:15:51
Detector Geometry: 47MM2BOXS Shelf :
Efficiency Calibration Report
Energy Measured Efficiency
Nbr (keV) Efficiency Error
1 59.54 4.8471E-02 2.4243E-03
2 88.03 4.5504E-02 2.2772E-03
3 122.06 4.2228E-02 1.9070E-03
4 165.85 3.5731E-02 1.5487E-03
5 279.19 2.4886E-02 2.2562E-03
6 391.69 2.0583E-02 8.8969E-04
7 661.65 1.4117E-02 6.9267E-04
8 898.02 1.0617E-02 4 .8524E-04
9 1173.22 8.9952E-03 4,2336E-04
10 1332.49 8.1337E-03 3.5029E-04
11 1836.00 6.3556E-03 2.9540E-04
Approved by: GRETGHENFARNUNG 4 AF Approval Date: ¥ / 30 / bt
T





ATTACHMENT 8

EFFICIENCY VERIFICATION ANALYSIS REPORT
[image: image8.png]Page : 1
Sample ID : 47MM2BOXS Acqguisition date : 2-MAY-2001 11:24:22

Battelle Radicanalytical Laboratory Report

Configuration : DKAO:[GAMMA.SCUSR.ARCHIVE]SMP 47MM2BOXS_GAMMA2_47MM2BOXS_2606
Report Generated : 2-MAY-2001 15:28:54.50 -

Lab Number : 47MM2BOXS

Description : 47MM2BOXS HIGH AS SAMPLE

Deposition date

Sample date : 2-MAY-2001 11:00:00. Acquisition date : 2-MAY-2001 11:24:22.
Sample quantity : 1.00000E+00 EA Critical level : Yes

Sample type : FILTER

Detector name : GAMMA?2 Detector geometry: 47MM2BOXS

Serial Number : Critical level : Yes

Elapsed live time: 0 04:00:00.00 Elapsed real time: 0O 04:04:19.49 1.8%
Pk start channel : 100 Pk end channel : 4000

Sensitivity : 7.00000 Gaussian : 7.00000

Bkg Filename : DKAO:[GAMMA.SCUSR.ARCHIVE]BKG_BKG_GAMMAZ__ZEOZ.CNF;l
Nuclide library : DKAO:[GAMMA.SCUSR.LIB]BCLDP_LIQUID.NLB;

ASF Filename ¢ SAMPLES uCi

Brief Report

THea Vokes  Nuclide Activity 2-Sigma

e feands uCi/EA Error e R

CO-57 8.503E-03 5.359E-05 9.0

4. 16922  CO-60 4.147E-02 2.038E-04 87
2. 93%€ —2 CS-137 3.010E-02 1.571E-04 2.4
3-M€ -2 AM-241 6.920E-02 2.083E-04 P

Total Activity : 0.149
Analyzed by: Eugene H. Sands €44 @ -3i- o 4

Reviewed by: GRETCHEN FARNUNG Gae .3{_;.'9;

Eugene H. Sands £4d &-71. o |
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