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GAMMA SPECTROMETRIC ANALYSIS OF LABORATORY SAMPLES

USING CANBERRA PROCOUNT™ SOFTWARE

 LISTNUM  \l 1 
Scope
This document describes the procedure for performing gamma spectrometric analysis using Canberra Procount™ software by the Radioanalytical Laboratory (RAL). The procedure includes a pre-analysis systems check to ensure proper software and hardware operations and readiness to count samples.

 LISTNUM 
Purpose
The purpose of this document is to establish the requirements, procedures, and responsibilities for performing gamma spectrometric analysis of laboratory samples. Solid-state germanium detectors, electronic hardware, and multi-channel analyzers (MCA) using Canberra Procount™ software are used to check background and calibration of the system, collect sample spectra, and perform the data analysis. This procedure fulfills the requirements of RL-AP-1.0, RL-QAP-1.0, and DD-92-02 (see 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, Radioanalytical Laboratory Quality Assurance Program Plan 

 LISTNUM 
DD-92-02, Radioanalytical Chemical Hygiene Plan

 LISTNUM 
Canberra Nuclear, Volumes 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 Nuclear, 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 
Canberra Nuclear, Model 48-0907 VMS Gamma Analyst User’s Manual, 2/97 and updates

 LISTNUM 
Kanipe, L. G., Handbook for Analytical Quality Control in Radioanalytical Laboratories, EPA-600/7-700-088, U.S. Environmental Protection Agency, Washington, DC, 1977

 LISTNUM 
Canberra Nuclear, Model 48-0720 Genie-ESP System User’s Manual, 4/99 and updates

 LISTNUM 
RL-CP-010, Efficiency Calibration of Germanium Detectors Using Canberra Procount ™ Software and Preventive Maintenance

 LISTNUM 
Chieco, N. A., D. C. Bogen, and E. O. Knutson, Eds., Environmental Measurements Laboratory Procedures Manual, 28th Ed., HASL-300, U.S. Department of Energy, Environmental Measurements Laboratory, New York, New York, 1998

 LISTNUM 
Canberra Nuclear, Model S590 Gamma-Analyst Hardware Manual, 4/00 and updates

 LISTNUM 
RL-AP-2.0, Radiochemical Data Validation of Samples Analyzed in the Radioanalytical Laboratory

 LISTNUM  \l 2 
Definitions

Refer to RL-QAP-1.0 (Reference 3.1.2) and/or the Battelle Columbus Laboratories Decommissioning Project (BCLDP) Procedures Dictionary for definitions of the following terms:
Accuracy
Chemical Hygiene Plan
Contamination
Data Approval
Duplicate
Interference
Laboratory
Matrix
Precision
Standard Reference Material
Technician
 LISTNUM 
Developmental Resources

None.
 LISTNUM  \l 1 
General
 LISTNUM  \l 2 
Equipment and Materials
NOTE:
Equipment and materials are specified in Reference 3.1.4; however, equivalent materials and equipment can be substituted when appropriate.

 LISTNUM  \l 3 
Compaq Alpha Station Computer and Open VMS System Software, Compaq Computer Corporation, Houston, TX

 LISTNUM 
12 GB Data Storage Cartridge, Digital Equipment Corp., Maynard, MA, or equivalent

 LISTNUM 
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 
230-Liter Liquid Nitrogen Transfer Dewer
 LISTNUM 
25-Liter Liquid Nitrogen Dewer, Canberra Nuclear, Inc., Meriden, CT;  EG&G Ortec, Inc., Oak Ridge, TN
 LISTNUM 
8701/8706 Analog Digital Converter (ADC), Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
ND556 Acquisition Interface Module, 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 (DSP), Canberra Model 9660, Canberra Nuclear, Inc., Meriden, CT

 LISTNUM 
Gamma Analyst Sample Changer, Model S590 Canberra Nuclear Inc., Meriden, CT

 LISTNUM 
Digital Signal Analyzer (DSA), Canberra Model DSA-2000, Canberra Nuclear, Inc., Meriden, CT

 LISTNUM  \l 2 
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 
Precautions
When performing quantitative gamma analysis, it is important that the geometry of the sample matches 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 2,000 keV.

 LISTNUM  \l 2 
Interferences

Sample homogeneity is important to gamma count reproducibility and counting efficiency validity. When water sample radionuclides are absorbed to 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 
Standards
All primary gamma-ray calibration standard reference material used by the RAL are traceable to the National Institute of Standards and Technology (NIST). Copies of the NIST-traceable certificates are kept in the laboratory and/or 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, 47-mm 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 when changing or installing a new detector or after factory detector repairs. An energy calibration check is performed at a minimum of once per week, after a system shutdown, after detector thermal cycling, or at the direction of the RAL Manager, QC Officer, or designee.

 LISTNUM 
Gamma Instruments Background Check
New long backgrounds are created/required when background checks are not within tolerances, if there is a change in detector shielding, or if the location of detectors is changed (i.e., different room, building, or surrounding environment). A background check is performed at a minimum of twice per week.

 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 
Detector shields present a pinching hazard for fingers 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 for information on potential hazards and safety precautions (see Reference 3.1.3).

 LISTNUM 
The Gamma Analyst sample changer has movable parts. To avoid injury, stand clear of the conveyer while it is advancing and unloading/loading samples.

 LISTNUM  \l 2 
Operator Qualifications

This procedure is for the operator who has a working knowledge of the VAX Digital Command Language, VMS file structures, VAX workstations, the (MCA) displays using DEC windows, Digital Text Editor, and Canberra gamma-ray spectroscopy software (see References 3.1.4, 3.1.6, 3.1.7 and 3.1.8).












 LISTNUM  \l 1 
Procedure
Except where otherwise specified, a qualified Laboratory Technician is responsible for performing all the requirements of Section 5.0. It is the responsibility of the QC Officer or designee to ensure that 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 may be used for additional information, reference, and training.

 LISTNUM  \l 2 
Pre-sample Count, System Background, and Calibration Check

NOTE:
The selected check source should be counted for a predetermined time each day or before each use by selecting an energy window. ProcountTM software stores the QC information in a historical database for each detector. Appropriate action is taken if limits are exceeded.
Background checks should be counted for the standard counting time. The total counts in the energy window are stored in the QC database for each detector. Appropriate action is taken if the limits are exceeded.

Appropriate action for background or efficiency changes includes

a.
A check of source positioning or for possible contamination

b.
A check of the energy/channel value to determine whether a gain shift has occurred

c.
A check of gain settings

d.
A check of the preamplifier for noise or malfunction

e.
A check of the high voltage (HV) settings for the detector and HV delivery to the detector

f.
A check of the HV supply for noise

g.
A check of the counting geometry of the check source

h.
A check of the ADC performance.

This list does not constitute a complete list of possible checks. However, personnel in the counting room should compose a checklist for reference purposes when problems arise.

The control charts should be reviewed at least annually for possible trends. If trends are present, the cause should be determined and appropriate action should be taken.

To achieve meaningful data, these routine measurements of quality control must be made in identical fashion every time. This will require formulation of extremely reproducible geometries, explicit instructions, and meticulous obedience to those instructions by all operators (see Reference 3.1.9).

 LISTNUM  \l 3 
Turn on the VAX system, if needed; otherwise, go to Step 5.2 or 5.3.

 LISTNUM 
Click on BCLDP TCPIP shortcut.


 LISTNUM  \l 3 
Log in USERNAME      Gamma     ; press RETURN
 LISTNUM  \l 3 
Enter Password      ?        ; press RETURN
 LISTNUM 
DECterm 1 will appear – make this an icon.

NOTE:
For the rest of this procedure, all menu functions are selected by using the mouse.


 LISTNUM  \l 3 
Spectroscopy Assistant Main Window

The Spectroscopy Assistant window will be created and consists of the following components:

Title Bar:  Shows the name of the application, Spectroscopy Assistant

Menu Bar:  Appears under the windows Title Bar. It contains four menu items:  File, Applications, Windows, and Help (see Reference 3.1.10 for details on these options).

Messages:  Contains status messages generated by the Spectroscopy Assistant when applications are launched or terminated.

 LISTNUM 
Select File, Open Work Space, and then Geno from the Spectroscopy Assistant window. After PROcount-ESP and Gamma Analyst come up, make Spectroscopy Assistant into icon.

 LISTNUM 
PROcount-ESP and Gamma Analyst main menus will appear, and an MVC window for each detector (i.e., GAMMA1, GAMMA2, etc.) will be created.

NOTE:
To select a function from the PROcount-ESP main menu, point with the mouse and single click. All subsequently created menus select functions by pointing with the mouse and double clicking. This convention will be used throughout this procedure, unless otherwise noted.

The Gamma Analyst Analysis main menu is used for controlling all Gamma Analyst functionality. Most interactions with the Gamma Analyst will be performed through this window.

The MCA View and Control window allow you to view spectral data either while it is being collected or after it has been collected (and is stored on disk). It provides optimum functionality for handling and viewing spectral data without interfering with data acquisition. For detailed information on operating the MCA View and Control window, refer to the Model 48-0720 Genie – ESP System User’s Manual (see Reference 3.1.10).

The Message window displays any instrument status changes that occur during normal operations. Batch status will be indicated here if the batch process is completed or if the batch process was interrupted. Detected communication or mechanical errors also will be identified here. For detailed information on error messages, refer to Appendix C, Error Messages, of Reference 3.1.8.

 LISTNUM  \l 2 
Manual Gamma System Background and Calibration Check

 LISTNUM  \l 3 
Select QC from the main menu.

 LISTNUM 
The QC Menu is now displayed. Select Background Check.

NOTE:
This section is not used to collect the long background data used for environmental background subtraction. Use Section 5.6.

 LISTNUM 
Select the detector name (i.e., Gamma No. 1, 2, etc.) and start the background count. Click on OK.

 LISTNUM 
At this point, the system will start the background check. After the check is complete (i.e., 15 mins.), the system will automatically send the background check results to the printer. Review the printout to ensure the system is operating properly. If no flags are present, approve and file the background check printout. If any flags are present, check the area for sources or samples that may increase the background count rate, remove possible sources, and recount. If flags are still present, inform the Laboratory Manager or designee before proceeding.

 LISTNUM 
Select QC from main menu.

 LISTNUM 
Select Calibration Check for energy/efficiency calibration. See Reference 3.1.11 for geometry efficiency calibration.

 LISTNUM 
Select the detector name (i.e., Gamma No. 1, 2, etc.) to start a calibration check.

 LISTNUM 
The Geometry Files menu will be displayed. Select the proper geometry file name for the standard calibration check source and double click the mouse.

 LISTNUM 
The Certificate File menu will be displayed. Select the proper certificate for the standard calibration check source and double click the mouse.

 LISTNUM 
The system will prompt the user to place the calibration check standard with spacer on the selected detector, then click on OK to continue. The system will automatically start the calibration check. After the calibration check is complete (i.e., 15 mins.), the system will send the data to the printer. Review the printout to ensure the system is operating properly. If no flags (program execution and analysis warnings) are present, approve and file the calibration check printout. If any flags are present, notify the Laboratory Manager or designee before proceeding.

 LISTNUM 
Printouts of background and calibration checks are kept for ~ 30 days, then thrown out. All data are retained in the VAX computer (running OPEN VMS) (see Attachments 1 and 2).

 LISTNUM 
The energy calibration needs adjusted


a.
If the system is using an ADC/amplifier setup—manual adjustments can be made.


b.
If the system is using DSP—all adjustments are made by the computer. The DSP must be adjusted in GUI-PROcount ESP mode.

 LISTNUM  \l 2 
Gamma Analyst Background and Calibration Check

 LISTNUM  \l 3 
Load the standard in the first white Home conveyer plate position, followed by the background carrier.

 LISTNUM 
Select Count, Start a Batch, and then Daily QC. The system will automatically start the calibration and background check. After the calibration and background check is complete, the system will send the data to the printer. Review the printout to ensure the system is operating properly. If no flags (program execution and analysis warnings) are present, approve and file the calibration check printout. If any flags are present, notify the Laboratory Manager or designee before proceeding.

 LISTNUM 
Printouts of background and calibration checks are kept for ~ 30 days, then thrown out. All data are retained in the VAX computer (running OPEN VMS).

 LISTNUM 
If the energy calibration needs adjusted, all adjustments are made by the computer because the system uses DSA. The DSA must be adjusted in GUI-PROcount ESP mode.

 LISTNUM  \l 2 
Manual Sample Counting

NOTE:
Each sample is usually wrapped in a clean plastic bag prior to placement into the shield to prevent the sample from cross contaminating the detector and shield.
The Geometry/Detector Information Chart (Attachment 3) lists calibrated counting geometries and the position samples are counted on the detector.
 LISTNUM  \l 3 
Select Count from the main menu (PROcount-ESP).

NOTE:
Samples may be pre-loaded into the shield at this time.

 LISTNUM 
The Gamma Counting main menu will be displayed. Select Start a Count.

 LISTNUM 
The Detectors menu will be displayed. Select the detector that is to be used to count a sample. 

 LISTNUM 
The Analysis Sequence File menu will be displayed. Select the appropriate choice. 

NOTE:
The Environmental Library contains requested isotopes for environmental monitoring. See Reference 3.1.12 for a table of gamma rays and nuclides common to environmental analyses.

 LISTNUM 
After selecting the proper analysis sequence file, accept the selection.

 LISTNUM 
The Geometry Files menu will be displayed.

 LISTNUM 
Select the proper geometry for the sample to be counted.

 LISTNUM 
The system will prompt the user to place the sample in the selected detector, close the detector shield, then click on OK.

 LISTNUM 
The Sample Information menu will be displayed. Enter the appropriate data in each box. The first four boxes will already have data entered, use the mouse to click on the first box with no data. This box will now be highlighted (activated). This box is “Preset Live Time.” Enter the data and press Tab, (DO NOT PRESS RETURN AT ANY TIME WHILE ENTERING DATA IN THIS WINDOW). Pressing Tab will allow the box to accept data and automatically activate the next box. Enter all data called for, but enter nothing in the “Filter Sample? (Y/N)” box and “Filter Start Date” box. Tab by these. Enter “Sample Date/Filter End” data in the last box. This box is really the decay date and time for the sample being counted. After all data are entered, click on OK.

NOTE:
If Return is pressed before all data are entered, the DECTERM will disappear and the count will continue, but without sufficient data to generate a meaningful report. If this happens, there are ways to enter data while the sample is counting, but this is beyond the scope of this procedure. It is best to select Count, select Terminate A Count, select the detector to terminate, and then go to Step 5.4.1 and start over.

 LISTNUM 
The gamma system will count the sample, analyze the sample to the efficiency and geometry files selected, and send the report to the printer.

 LISTNUM 
The analysis data report will be reviewed, signed, and dated by the analyst. A second review will be performed before the data are released to the submitter by a qualified RAL staff member.

 LISTNUM  \l 2 
Sample Counting Using Gamma Analyst
 LISTNUM  \l 3 
Sample Handling

The heart of the Gamma Analyst is the automatic sample changer, which handles the loading and unloading of samples to and from the shielded detector. First, the samples must be properly loaded onto the appropriate sample carrier and then onto the sample changer conveyer. The procedure for loading samples onto the sample carriers and loading and unloading the sample carriers to and from the conveyer are described below.

 LISTNUM  \l 4 
Sample Carriers and Capacities

The Gamma Analyst handles multiple sample geometries without making mechanical modifications to the sample changer mechanism. This is accomplished with the sample carriers that are designed to accommodate a wide variety of cylindrical sample geometries. The Gamma Analyst is supplied with two types of sample carriers. Each sample carrier is designed with a hoop, which enables the robotic arm of the Gamma Analyst to lift a sample from the conveyer, place the sample precisely on the detector in a reproducible counting geometry, and return the sample to the proper conveyer location after data have been acquired.

a.
Large Carriers - The Model GA-CARL large sample carrier handles Marinelli beakers up to 4 liters in size, or 19 cm (7.5 in.) in diameter. The base of the sample carrier has multiple concentric recesses that allow for centering most common sizes of Marinelli sample containers.

b.
Small Carriers – The Model GA-CARS small sample carriers are used to count sample geometries that must be placed on top of the detector for counting, such as a Petri dish, scintillation vial, 125-mL poly bottle, or planchet. The small carrier has a thin fixed sample shelf for counting samples in close proximity to the detector.

 LISTNUM 
Prior to loading samples on the conveyer, a sample batch should be defined in accordance with Section 5.5.2.1. Then samples can be loaded onto the sample changer.

NOTE:
For these procedures, it is assumed that the sample changer’s default state is the Remote mode, with the host computer having control of the sample changer.

Pressing the Remote and Enable buttons at the same time gives control of the sample changer to the computer.

Pressing the Local and Enable buttons at the same time gives manual control of the sample changer.

Pressing the Conveyor and Enable buttons at the same time and releasing them will advance the conveyor one place. Holding these buttons in will allow the conveyor to run continuously.

During manual control of the sample changer, no commands from the computer will be accepted. This allows ease of loading and unloading samples.

Press the Remote and Enable buttons at the same time to transfer sample changer control to the computer.

 LISTNUM 
To safely load or unload samples to or from the conveyer, control of the sample changer must be established locally at the front control panel. Pressing the Local button on the sample changer’s front control panel transfers control of the sample changer from the host computer to the sample changer’s front control panel. (The Local, Conveyer Advance, and Lid Cycle buttons are illuminated). In Local mode, all commands sent to the sample changer by the host computer will be ignored.

 LISTNUM 
Unload any samples currently on the sample changer. Use the Conveyer Advance button to move samples to the front for easy removal.

WARNING:
Stand clear of the conveyer while it is advancing.

 LISTNUM 
Advance the conveyer until the white Home conveyer plate is in the left front position. This Home plate is used to initialize the sample changer and locate the batch’s first sample, which may be loaded on or anywhere after the Home conveyer plate provided it is the first sample encountered by the sample sensor after locating the Home position.

NOTE:
When placing sample carriers on the conveyer, ensure that the conveyer plate’s pins mate with the conical holes on the sample carrier base.

 LISTNUM 
Load all remaining samples on the conveyer in the exact order they were defined for counting in the batch definition file. If the available space on the front of the conveyer is filled, hold down the Conveyer Advance button to move the loaded samples around the conveyer and access additional loading space. Continue this until all samples in the batch are loaded on the conveyer or until the conveyer is full. If the batch size exceeds the conveyer’s capacity, samples may be removed as they are analyzed and the next sequential samples loaded in their place (see Reference 3.1.13).

 LISTNUM 
To complete the sample loading process, press the Remote button to return sample changer control to the host computer. Return to the computer.


 LISTNUM  \l 3 
Batch Maintenance

The batch selection on the Gamma Analyst main menu provides access to tools used to define, edit, and delete sample batches.

 LISTNUM  \l 4 
Defining a Sample Batch

Before you can count any samples, you must define a sample batch file. The batch file contains all the information needed to properly process one or more samples. The batch information file contains the identity and specific parameters for each sample and any instructions necessary to count, analyze, and report each sample.

a.
A sample batch is defined by selecting the Batch/Define a Sample Batch from the Gamma Analyst main menu.

b.
Enter the Batch ID (Batch ID will typically be the date the batch is created, i.e., DDMMMYY) and the number of samples to be processed in this batch. Enter the appropriate information and click on OK or press Enter to continue.

 LISTNUM 
Editing a Sample Batch

To edit an existing sample batch, select Batch/Edit Sample Batch from the Gamma Analyst main menu. You have the option of editing either all samples in the batch or an individual sample. If Edit all Samples is chosen, the editor will step one by one through all samples in the defined batch information file. If Edit an Individual Sample is chosen, the operator may edit one sample at a time from a list of samples.

Edit All Samples

a.
When selected, the Edit All Samples option requests the batch information file for editing.

b.
Highlight the file to be edited and click on OK. An editable Sample Information screen is presented for the first sample in the selected batch. Note that the default information fields have been filled with the information provided at the time the batch information file was created.

c.
The following is a description of fields available for editing:

(
Tracking Number: This field is used to enter a sample tracking number unique to this particular sample. This entry may be alphanumeric in format.

(
Sample Name: This field is used to enter an extended description of the sample.

(
Collection Start Date: If the sample to be analyzed requires deposition correction, enter the date and time that the collection began. If no correction is required, leave this blank.

(
Collection Stop Date/Sample Date: If the sample to be analyzed requires deposition correction, enter the date and time that the collection stopped. If no deposition correction is required, enter the sample date to which all data will be decay corrected.

(
Sample Deposition Correction?: This switch determines if deposition correction is to be performed and is used for short-lived radionuclides found in air/water composite samples. Click on the check box to perform the deposition correction for the dates entered above. If the box is not checked, no deposition correction will be performed.

(
Sample Quantity: Enter the default sample quantity.

(
Sample Units: Enter the default sample units (i.e., each, grams, liters, etc.).

(
Count Time: Enter the default count time. A count time of 300 seconds may be entered either as 300 or 0:00:05:00.00.

NOTE:
The Sample Type, Geometry, and Analysis fields may not be edited directly. If any of these fields require editing, select the Edit Yes/No? box next to the corresponding field. When exiting the sample editor, you will automatically be presented with screens to update the fields that were edited.

Edit an Individual Sample

a.
When selected, the Edit an Individual Sample option will request the batch information file for editing.

b.
Highlight the batch information file to be edited, click OK. A list of samples will be presented. 

c.
Highlight the sample to be edited and select OK. The editable Sample Information screen will be presented for the selected sample in the selected batch. A detailed description of the individual sample fields and functionality can be found in “Edit All Samples” in Section 5.5.2.2.
d.
After all of the edits have been completed, you will be returned to the Batch Sample Files menu to select another batch sample to be edited. Follow the above process to complete the edits on the selected samples in the batch.

e.
Return to the Gamma Analyst and click on Count a Batch. Samples will be counted in order and a report will be generated after each sample count is complete.

 LISTNUM  \l 3 
Routine Sample Counting

To start a batch

 LISTNUM  \l 4 
Select Count in the Gamma Analyst main menu.

 LISTNUM 
Selecting the menu item Start a Batch allows the user to perform an acquisition and analysis on an unknown sample batch.

 LISTNUM 
The user is first prompted for the changer to be used for the acquisition. If only one sample changer is defined for the system, this step will be skipped.

 LISTNUM 
The user is then asked to select the batch to be analyzed from a list of predefined batch files.

 LISTNUM 
If you have selected the incorrect batch name, select No to cancel the batch count. If you want to count this batch again, select Yes to continue on with the count.

WARNING:
Stand clear of the sample changer during sample loading/unloading to avoid injury.

 LISTNUM  \l 2 
Long Backgrounds for Manual and Automatic Gamma Counters


NOTE:
Prior to counting long background(s), make sure the detector shield(s) is empty and no unshielded radiation sources are in the count room. The radiation sources can cause the background to be artificially high.



 LISTNUM  \l 3 
Select Count from the main menu (PROcount-ESP and Gamma Analyst).



 LISTNUM 
The Gamma Counting main menu will be displayed. Select Start a Background Count.



 LISTNUM 
Detectors menu will be displayed. Select the detector(s) that will be used to count long backgrounds.



 LISTNUM 
The analysis Sequence Files menu will be displayed. Select Long Background and accept.



 LISTNUM 
The Geometry Files menu will be displayed. Select No Specific Geometry and click on OK.



 LISTNUM 
The Sample Information menu will be displayed (follow Step 5.4.9).



 LISTNUM 
The gamma system will count, analyze, and store the long background data to be used in the background subtraction for sample counting. The gamma system will send the report to the printer.



 LISTNUM 
The background data report will be reviewed, signed, and filed by the analyst. If the background is higher than historical counts, the analyst will inform the Laboratory Manager or designee before using the long background when counting samples. The new background will be verified by counting a geometry containing deionized water (e.g., 800-mL marinelli).
 LISTNUM  \l 2 
Calculations


These calculations are for determinations using a high-purity germanium (HPGe) detector system (see Reference 3.1.5).


 LISTNUM  \l 3 
The isotopes indicated by the gamma spectrum are determined as follows:



 LISTNUM  \l 4 
Identify all photopeak energies.



 LISTNUM 
Integrate the photopeak regions of the spectrum and subtract the area under the base line continuum to determine the true photopeak area.



 LISTNUM 
Isotopes are identified by their appropriate photopeaks and ratios to each other when one gamma photon is emitted by an isotope in the sample.


 LISTNUM  \l 3 
Calculate the sample radionuclide concentrations, A, in µCi/L as follows:

A =  
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Where:

C
=
net count rate, cpm, in the peak area above base line continuum

B
=
the gamma-ray abundance of the radionuclide being measured (gammas/disintegration)

E
=
detector efficiency (counts/gamma) for the particular photopeak energy being considered

V
=
volume of sample aliquot analyzed (liters)

D
=
isotopic decay factor (e-t()

2.22E-6
=
conversion factor from dpm/(Ci.

 LISTNUM  \l 2 
Quality Control
 LISTNUM  \l 3 
Quality control samples will meet the requirements of RL­QAP­1.0 (see Reference 3.1.2).

 LISTNUM 
All quality control data should be maintained and available for easy reference or inspection.

 LISTNUM 
Precision and accuracy of this test procedure will be determined by a separate semi-annual collaborative study conducted by the Department of Energy Environmental Measurements Laboratory. 

 LISTNUM  \l 2 
Recording Results
 LISTNUM  \l 3 
Relevant sample information and final results shall be recorded and attached to the Radioanalytical Laboratory Analytical Request (RLAR) (DDO-027).

 LISTNUM 
Data shall be reviewed by the Laboratory Technician and by an independent reviewer qualified on this procedure. The data will be signed and dated by each person prior to release. The reason for signatures or initials shall be clearly indicated in the records, such as “sampled by,” “prepared by,” “reviewed by,” etc.

 LISTNUM 
Any sample deficiency that may have adversely affected data quality (e.g., damaged sample containers or potential contamination) shall be noted on the final results form or in a case narrative.
 LISTNUM  \l 2 
Review of Data/Results and QC Acceptance Criteria
 LISTNUM  \l 3 
Data/results generated in the RAL shall be reviewed prior to release to the submitter. Attachment 4, Guidance Form for Gamma Spectroscopy, lists possible interferences for nuclides present in the gamma spectroscopy libraries. Formal release of data from the laboratory to the submitter will occur only after the review process is completed (see Reference 3.1.14).

 LISTNUM 
The Laboratory Technician is responsible for reviewing analytical results to ensure that proper instrument constants (background and efficiency values) have been applied correctly. The date and reviewer’s signature on the hard copy of the data/results shall be evidence of this review process.

 LISTNUM 
If results are calculated manually, the original hard copy of these results shall be signed and dated by the person responsible for the manual calculations and by an independent reviewer of the data/results.

 LISTNUM 
The Laboratory Manager, QC Officer, or designee is responsible for independent review of data and verifying QC acceptance criteria per RL­QAP-1.0 and RL-AP-2.0 (see References 3.1.2 and 3.1.14, respectively) prior to data approval and release to the submitter.

 LISTNUM  \l 4 
Corrective actions for out-of-control data are outlined in RL­QAP­1.0 (see Reference 3.1.2).

 LISTNUM 
Contingencies for handling out-of-control or unacceptable data are outlined in RL-AP-2.0 (see Reference 3.1.14).

 LISTNUM  \l 1 
Records

 LISTNUM  \l 2 





RLAR forms, hard copies of analytical results, data disks, sample log-in books, and equipment calibration and maintenance/repair log books are generated by implementing this procedure. Copies of data/results generated during the year by the different measurement systems in the laboratory shall be maintained and stored, together with the associated RLAR form, in a locked filing cabinet.


 LISTNUM 
Refer to RL-AP-1.0 for the procedure used to transmit records to Project Records (see Reference 3.1.1).
 LISTNUM  \l 1 
Forms, Exhibits, and Attachments

 LISTNUM  \l 2 
Forms 
(
DDO-027, Radiological Laboratory Analytical Request (see Reference 3.1.1)
 LISTNUM 
Exhibits

None.

 LISTNUM 
Attachments

(
Attachment 1, Daily Background Check
(
Attachment 2, Daily Calibration Check
(
Attachment 3, Guidance Form for Gamma Spectroscopy
(
Attachment 4, Geometry/Detector Information Chart
ATTACHMENT 1

DAILY BACKGROUND CHECK
[image: image2.png]Feb-08-02 01:32P JN 2 RAL BCLDP PROJECT P.O1

QA filename : DKA200: [GAMMA.SCUSR.QA]JQCB_GAMMAG .QAF; 1

Sample ID : Bkgrnd Check Sample qguantity : 1.00 EACH

Sample date : 2-SEP-1999 08:10:13 Acquisition date : 2-SEP-1999 08:10:13
Elapsed live time: 0 00:15:00.00 Elapsed real time: 0 00:15:00.12

Out-of-range Test: N-SIGMA

Parameter Description Value Deviation Flag
[Mean+/-Stdev]

*Background Counts GAMMAG6 945 0.46
[914+/-66]

*Background Rate GAMMAG6 1.050 0.46

[1.016+/~0.074]

Flags: "*" means the out-of-range test is parameter-dependent

Approved by: Approval Date: _  / /






ATTACHMENT 2

DAILY CALIBRATION CHECK
[image: image3.png]Feb-08-02 01:36P JN 2 RAL BCLDP PROJECT P.O1

QA filename . DKA200: [GAMMA.SCUSR.QA]QCC_GAMMA6_ODAILYEU.QAF;1

Sample ID : Calib Check Sample quantity : 1.00 EACH

Sample date . 23-APR-1993 12:00:00 Acquisition date : 2-SEP-1999 08:38:47
Elapsed live time: 0 00:15:00.00 Elapsed real time: 0 00:15:04.72

Out-of-range Test: N-SIGMA

Parameter Description vValue Deviation Flag
[Mean+/~Stdev]

*Peak Energy 121.78 keV 122.08 1.04
[121.90+/-0.18}

*Peak FWHM 121.78 keV 1.021 1.22
[0.930+/-0.075]

*Decay Corr. Activity 121.78 kev 2539 -0.32
[2574+/-107]

*Peak Energy 1407.95 keV 1408.34 1.11
[1407.95+/-0.35]

*Peak FWHM 1407.95 keV 1.806 -0.99
[1.895+/-0.,090]

*Decay Corr. Activity 1407.95 kev 2580 0.30

[2533+/-158]

Out-of-range Test: BOUNDARY

Parameter Description Lower Upper Value Flag
*Peak Centroid 121.78 keV 242 246 244
*pPeak Centroid 1407.95 keVv 2814 2818 2815

Flags: "*" means the out-of-range test is parameter-dependent

Approved by: Approval Date: __ / /





ATTACHMENT 3

Geometry/Detector Information Chart

	Geometry Name
	Detector 1
	Detector 2
	Detector 3
	Detector 4
	Detector 5
	Detector 6
	Gamma Analyst

	100 LIQ 
	#1
	#1
	#1
	#1
	#1
	#1
	

	1.5 LQMAR MG
	#2
	#2
	#2
	#2
	#2
	#2
	

	1.5 SOMAR MG
	#2
	#2
	#2
	#2
	#2
	#2
	

	1.5 VEMAR
	#2
	#2
	#2
	#2
	#2
	#2
	

	20ML VIAL
	#1
	#1
	#1
	#1
	#1
	
	

	250S (or P) DISH
	#2
	#2
	#2
	#2
	#2
	#2
	

	250V DISH
	#2
	#2
	#2
	#2
	#2
	#2
	

	DEPLN MG
	#1
	#1
	#1
	#1
	#1
	#1
	

	LQMAR500 MG
	#3
	#3
	#3
	#2
	#3
	#2
	

	QFILT MG
	#1
	#1
	#1
	#1
	#1
	#1
	

	ROBOX MG (> 75g)
	#1
	#1
	#1
	#1
	#1
	#1
	

	47MM 2BOXS
	#4
	#4
	#4
	#4
	#4
	#4
	

	SOMAR500 MG
	#3
	#3
	#3
	#2
	#3
	#2
	

	VEGROBOX (( 75g)
	#1
	#1
	#1
	#1
	#1
	#1
	

	100ML H2O4/00
	#4
	
	
	#4
	
	#4
	

	47MMFLT4/00
	#1
	#1
	#1
	#1
	#1
	#1
	*

	SOMAR 800
	#5
	#5
	#5
	#5
	#5
	#5
	#5


#1
Geometry counted on top of detector end cap (for those detectors that have them) and on top of a blank round box

#2
Geometry counted on top of detector with end cap (for those detectors that have them) and no blank round box

#3
Geometry counted on top of detector without end cap and with a flat spacer for that detector

#4
Geometry counted on top of detector with end cap (for those detectors that have them) and on two (2) blank round boxes

#5
Counted over detector with no end cap

ALL SAMPLES ARE PLACED IN A PLASTIC BAG BEFORE COUNTING ON DETECTOR – EXCEPT 800 ML MARINELLI.

*Qualitative only

NOTE: The current list of calibrated counting geometries is posted by the gamma spectroscopy system in the RAL.

ATTACHMENT 4
Guidance Form for Gamma Spectroscopy

	Nuclide
	Energy Key (keV)
	Abundance %
	Possible Interferor

	Be-7
	477.56
	10.3
	

	K-40
	1460.8
	10.7
	

	Mn-54
	834.8
	100.0
	835.6 Ac-228 (1.8%)

	Co-57
	122.1
	85.6
	122 Ra-223 (1.2%)

	
	136.4
	10.6
	

	Co-58
	810.8
	99.4
	810.4 Eu-152 (0.3%) (high count rate)

	Co-60
	1173.2
	100.0
	

	
	1332.5
	100.0
	

	Zn-65
	1115.5
	50.8
	

	Kr-85
	514.00
	0.4
	511 ANH

	Ag-108M
	433.90
	90.0
	

	
	614.40
	91.0
	

	
	722.90
	91.0
	723.3 Eu-154 (19%)

	Sb-125
	176.33
	6.79
	

	
	427.89
	29.4
	

	
	463.38
	10.45
	463.0 Ac-228 (4.5%)

	
	600.56
	17.78
	

	
	606.64
	5.02
	

	
	635.9
	11.32
	

	I-131
	80.18
	2.62
	

	
	284.3
	6.06
	

	
	364.48
	81.2
	

	
	636.97
	7.27
	635.9 Sb-125 (11%)

	Ba-133
	81.00
	33.0
	

	
	276.40
	6.9
	277.4 Tl-208 (6.8%)

	
	302.80
	19.0
	

	
	356.00
	62.0
	

	
	383.90
	8.7
	

	Xe-133
	79.60
	0.2
	79.2 Ag-108M (7.1%)

	
	81.00
	37.0
	81.0 Ba-133 (33%)


ATTACHMENT 4 (continued)

	Nuclide
	Energy Key (keV)
	Abundance %
	Possible Interferor

	Cs-134
	563.23
	8.38
	562.0 Ac-228 (0.9%)

	
	569.32
	15.43
	

	
	604.70
	97.60
	

	
	795.84
	85.40
	795.0 Ac-228 (4.6%)

	
	801.93
	8.73
	

	
	1365.15
	3.04
	

	Cs-137
	661.7
	85.2
	

	Eu-152
	121.8
	28.0
	122.1 Co-57 (86%); Ra-223 (1.2%)

	
	244.7
	7.49
	

	
	344.3
	26.6
	

	
	411.11
	2.23
	409.5 Ac-228 (2.1%)

	
	443.98
	2.78
	

	
	778.9
	12.96
	

	
	867.39
	4.15
	

	
	964.0
	14.3
	964.6 Ac-228 (5.2%)

	
	1085.91
	9.92
	

	
	1112.0
	13.6
	1110.4 Ac-228 (0.3%)

	
	1408.0
	20.9
	1407.98 Bi-214 (2.5%)

	Eu-154
	123.1
	40.4
	122 Co-57 (86%), Ra-223 (1.2%), Eu-152 (40%)

	
	247.93
	6.83
	

	
	591.76
	4.91
	

	
	722.3
	20.0
	722.3 Tl-208 (0.2%)

	
	756.86
	4.5
	

	
	873.2
	12.1
	

	
	996.3
	10.3
	

	
	1004.8
	17.9
	

	
	1274.5
	34.4
	

	Eu-155
	86.5
	31.00
	Pb, Bi, Ac – X-rays

	
	105.3
	20.00
	Th, Ac – x-rays

	Tl-208
	75.0
	3.40
	Pb X-ray 

	
	277.4
	6.30
	277.6 Np-239 (14%)

	
	583.1
	84.5
	

	
	860.6
	12.4
	


ATTACHMENT 4 (continued)

	Nuclide
	Energy Key (keV)
	Abundance %
	Possible Interferor

	Pb-212
	74.8 (x-ray)
	10.5
	

	
	77.1 (x-ray)
	17.6
	

	
	87.3 (x-ray)
	7.9
	

	
	238.6
	44.8
	

	
	300.1
	3.30
	302.8 Ba-133 (19%)

	Bi-212
	727.2
	6.6
	727.0 Ac-228 (0.8%)

	Bi-214
	609.31
	44.80
	

	
	768.36
	4.80
	

	
	934.06
	3.03
	

	
	1120.29
	14.80
	

	
	1238.11
	5.86
	

	
	1377.67
	3.92
	

	
	1407.98
	2.80
	

	
	1509.23
	2.12
	

	
	1729.59
	2.88
	

	
	1764.49
	15.36
	

	
	1847.42
	2.04
	

	Pb-214
	242.00
	7.50
	

	
	295.21
	18.50
	

	
	351.92
	35.80
	

	Ra-226
	186.0
	3.5
	185.7 U-235 (54%)

	Ac-228
	129.1
	2.40
	

	
	209.2
	3.90
	209.8 Np-239 (3.2%)

	
	270.2
	3.40
	

	
	328.0
	3.0
	

	
	338.3
	11.30
	

	
	463.0
	4.40
	463.4 Sb-125 (10%)

	
	795.0
	4.30
	795.8 Cs-134 (85.4%)

	
	911.0
	26.6
	

	
	964.8
	5.11
	964.0 Eu-152 (15%)

	
	969.0
	16.20
	

	
	1588.0
	3.30
	

	Th-234
	63.3
	4.50
	

	
	92.5
	5.20
	93.4 Ac-228 (3.5%)


ATTACHMENT 4 (continued)

	Nuclide
	Energy Key (keV)
	Abundance %
	Possible Interferor

	U-235
	143.8
	10.90
	

	
	163.3
	5.0
	

	
	185.7
	57.50
	186.0 Ra-226 (3.3%)

	
	205.3
	5.0
	

	Np-239
	104.9*
	24.0
	105.3 Eu-155 (69%)

	
	228.2
	10.7
	

	
	277.6
	14.1
	277.4 Tl-208 (6.8%)

	
	*
Average between 103.7 X-ray, 24% abundance and 106.5 peak, 23% abundance.

	Am-241
	59.54
	35.90
	


ATTACHMENT 4 (continued)

	Unidentified Energy Peaks

	Energy Line (keV)
	Possible Nuclide**

	84.10
	Th-228 84.4/Pb X-ray 84.9

	90.00
	Ac-228

	93.4
	Ac-228

	105.53
	Pa-234M

	154.12
	Pa-234M

	259
	Pb-214

	409.66
	Eu-152

	510.83
	ANH

	562
	Ac-228

	665.58
	Pa-234M

	772
	Ac-228

	785.92
	Pa-234M

	806.20
	Pa-234M

	836
	Ac-228

	840
	Ac-228

	1001
	Pa-234M

	1155.13
	Bi-214

	1280.58
	Bi-214

	1385.91
	Bi-214

	1401.44
	Pa-234M

	1583
	Bi-214

	1592.07
	Tl-208

	1621
	Bi-212

	1630.05
	Ac-228

	1638
	Ac-228

	1662
	Bi-214

	1728.03
	Bi-214

	**
High count rate samples (i.e., smears from JN-1) can have summation peaks (i.e., Co-60 1173+1332=2505 keV). Summation peaks are not listed in this unidentified energy list.


NOTE:
The current list of gamma radionuclides and possible interferences is posted by the gamma spectroscopy system in the RAL.
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