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RADIOCHEMICAL DATA VALIDATION OF SAMPLES ANALYZED 

IN THE RADIOANALYTICAL LABORATORY

 LISTNUM  \l 1 
Scope
This procedure is designed to provide data quality objectives for analyzing radiochemical data for samples by the Radioanalytical Laboratory (RAL). In more subjective areas of data validation, only general guidance is offered due to the complexities and uniqueness of data relative to specific samples. Quality-indicator samples are used to provide direct or indirect evaluation of the status of analytical system (e.g., selectivity, sensitivity) and resulting data quality. Collectively, quality-indicator samples are the laboratory control sample, laboratory duplicate, matrix spike, calibration check standard, and method blank. The results of the quality-indicator samples are used in the data approval for the preparation batch.

 LISTNUM 
Purpose
The purpose of this procedure is to establish the guidelines, procedures, and responsibilities for a uniform method of reviewing radioanalytical data verification and qualifying the radioanalytical data based upon those reviews, so that quality requirements are met and consistency in the validation and management of analytical data is achieved.

 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 
RC-AP-3.0, Event Reporting

 LISTNUM  \l 2 
Definitions

Refer to RL-QAP-1.0, Radioanalytical Laboratory Quality Assurance Program Plan (see Reference 3.1.2), and/or the Battelle Columbus Laboratories Decommissioning Project (BCLDP) Procedure Dictionary for definitions of the following terms:

Accuracy
Analyte

Analytical Batch
Calibration Verification

Carrier
Chain-of-Custody Record

Contamination
Counting Uncertainty

Data Approval
Data Quality

Data Quality Objectives
Data Reduction

Deficiency
Duplicate

Equipment Blank
Field Blank

Full Width at Half Maximum
Holding Time

Initial Calibration
Interference

Laboratory
Laboratory Control Sample

Matrix
Matrix Spike

Mean Difference
Method Blank

Method Detection Limit
Minimum Detectable Activity

Minimum Detectable Concentration
Nonconformance

Percent Recovery
Precision

Preparation Batch
Preservation

Professional Judgment
Quality Control Chart

Quality-Indicator Sample
Quench Curve

Quenching
Relative Error Ratio

Relative Percent Difference
Replicate

Selectivity
Sensitivity

Standard Operating Procedures
Standard Reference Material

Target Analyte
Target Radionuclide List

Technician
Tentatively Identified Radionuclide

Total Propagated Uncertainty
Tracer

Turn-around Time
Validation

 LISTNUM  \l 2 
Developmental Resources

 LISTNUM  \l 3 
Lockheed Martin Energy Systems, Inc., Evaluation of Radiochemical Data Usability, ES/ER/MS-5, April 1997

 LISTNUM 
International Technology Corporation, Tier II Radiological Data Review ­ Data Verification, Rev. 1, July 23, 1999

 LISTNUM 
Brookhaven National Laboratory Environmental Monitoring Procedure, Draft of Radiochemical Data Validation Procedure, No. EM-SOP-209, Rev. 0

 LISTNUM 
Utah Rule R444-14, Rev. March 11, 1998

 LISTNUM 
Science Applications International Corporation (SAIC), Laboratory Data Validation Guidelines for Evaluating Radionuclide Analyses, Rev 05A

 LISTNUM 
Table of Isotopes, Eighth Edition, Lawrence Berkeley National Laboratory, University of California, 1996

 LISTNUM  \l 1 
General

 LISTNUM  \l 2 
The following terms are used as defined below throughout this procedure:

 LISTNUM  \l 3 
“shall” indicates a requirement for the data validator

 LISTNUM 
“must” indicates a requirement for the data

 LISTNUM 
“should” indicates a recommendation

 LISTNUM 
“may” indicates an acceptable practice (neither a requirement nor a recommendation).

 LISTNUM  \l 1 
Procedure

The Radioanalytical Laboratory and Environmental Operations Manager shall ensure overall compliance with this procedure. The Data Validator is responsible for validating data in accordance with Sections 5.1 through 5.22. A Data Validator is anyone in the RAL who meets the following minimum qualifications:

(
Direct experience in performing radiochemical procedures used in the RAL

(
Background in radiochemistry or analytical chemistry with demonstrated attention to detail

(
Solid understanding of radioanalytical theory and procedures, including counting instrumentation.

Initially, work will be performed under close supervision of a laboratory Senior Data Validator. The Quality Control Officer or designee will document proficiency.

 LISTNUM  \l 2 
Preliminary Review

 LISTNUM  \l 3 
Begin by checking transcription errors from the raw data to the report and verify all calculations for 10% of the samples. If an error is identified, then all sample calculations will be verified and corrected before data are reported.

 LISTNUM 
The validator should have a general overview of the data to be reviewed. The exact number of samples, their assigned numbers, and their matrix are essential information. Background information on site location is helpful especially when reviewing environmental data.

 LISTNUM 
The Radioanalytical Laboratory Analytical Request (RLAR), DDO-027, is a source of a large quantity of summarized information (see Reference 3.1.1). It can be used to alert the validator of problems in the case of sample-specific problems. This information may be utilized in data validation.

 LISTNUM 
The environmental sample sets routinely have unique samples that require special attention by the validator. Field blanks, field duplicates, and composite samples need to be identified.

 LISTNUM 
The RLAR, DDO-027 (see Reference 3.1.1), should provide the following information:

(
Project number

(
Submitted By/Date

(
Needed By (Turn-around Time)

(
Return To/Mail Stop

(
Type of Sample

(
Number of Samples

(
Sample Origin and Description

(
Collection Date(s)

(
Special Request/Submitter Code/WI/HPS (e.g., acid added)

(
Type of Analysis

(
Sample Disposition

(
PRIORITY (Manager’s Approval)

(
Chain-of-Custody Record.

 LISTNUM 
The validator shall take into account lag time between sample collection and sample receipt while assessing sample holding times, especially if sample was received unpreserved.

 LISTNUM  \l 3 
The following requirements are to be checked in validation:

(
Holding Time/Preservation

(
Sample Quantitation/Raw Data

(
Analytical Method

(
Calibration – Initial, Annual, and Verification

(
Blanks – Background Check, Method, Field, and Equipment

(
Sample-Specific Chemical Recovery

(
Self-Absorption Factors (Gross Alpha/Beta Analyses)

(
Laboratory Control Sample

(
Matrix Spike

(
Laboratory and Field Duplicates

(
Environmental Measurements Laboratory/Environmental Resource Associates (EML/ERA) Quality Assurance Program Samples

(
Radionuclide Analysis Results and Detection Limits

(
Alpha Spectroscopy – Chemical Separation Specificity

(
Gamma Spectroscopy – Target Radionuclide List Identification

(
Gamma Spectroscopy – Tentatively Identified Radionuclides

(
System Performance

(
Completeness/Overall Assessment of Data

 LISTNUM 
The following radioanalytical data assessment forms have been developed to assist in the data validation process and summarize the assessment:

(
DDO-486, Radioanalytical Data Assessment

(
DDO-487, Radioanalytical Alpha Spectroscopy Data Assessment

(
DDO-488, Radioanalytical Gamma Spectroscopy Data Assessment

The forms should be used to document that the quality assurance/performance evaluation sample (e.g., method blank, duplicates, matrix spike) were analyzed and results were acceptable.

 LISTNUM  \l 2 
Holding Time/Preservation

 LISTNUM  \l 3 
Objective: To prevent degradation of the chemical matrix in a sample, to reduce the reaction of the radionuclide with the chemical on the internal surfaces of the container, or to limit the loss of a radionuclide in the sample due to decay. This will ensure the ability to detect the radionuclide and accurately quantify the concentration.

 LISTNUM  \l 3 
Acceptance Criteria: All samples must be extracted/analyzed within 180 days (6 months) from the time of sample collection. The holding times for samples with half lives less than one month (e.g., Na-24, I-131) must not exceed six times their half-life. Sample preservation must be performed at the time of collection or after receipt by the laboratory.

 LISTNUM 
Criteria Evaluation and Actions: Calculate the holding time of a sample from the date of sample collection (as recorded on the RLAR, DDO-027) to the date of preparation/extraction or the date of final analysis, if not the same (see Reference 3.1.1). The pH Analysis, DDO-400, shall be examined to determine if samples were preserved at the proper pH. If the samples required acidification, it shall be determined that the samples were held for 16 hours before sample preparation (see Reference 3.1.1).

Analysis Holding Time (Days) = Analysis Date – Sampling Date

 LISTNUM  \l 4 
Samples that do not meet holding times and preservation will be documented and the results qualified as estimated. Holding time and preservation violations will be recorded in the validation report and comment section of the RLAR.

 LISTNUM 
Chain-of-custody records must be inspected. Problems found with them will be discussed with the sampling personnel. Unbroken chain of custody is essential to validate data as acceptable. Any unresolved issues will be described in the validation report and comment section of the RLAR. The validator shall use professional judgment to determine the effect(s) of problems noted on the chain of custody on the sample results.

 LISTNUM 
If holding times are exceeded, the validator shall use professional judgment to determine the reliability of the data and the effects of additional storage on the sample results. The validator may determine that the expected bias would be low and that results less than the critical level are unusable.

 LISTNUM 
Due to limited information concerning holding times for soil samples, it is left to the professional judgment of the data validator whether to apply water holding time criteria to soil samples. If water holding time criteria are applied to soil samples, this must be clearly documented in the review.

 LISTNUM  \l 2 
Sample Quantitation/Raw Data

 LISTNUM  \l 3 
Raw data will be examined for anomalies (e.g., legibility, omissions, cross-outs that are not initialed and dated, missing pages) and for transcription or data reduction errors (minimally on one or more samples). Problems with raw data will be resolved/noted in the radioanalytical verification and validation report. In addition, the following checks should be performed:

 LISTNUM  \l 4 
At a minimum, 10% of sample and quality control (QC) results (positives, non-detects, detection limits, recoveries, etc.) will be recalculated and verified for transcription by the validator using the raw data. Equations for sample quantitation will be obtained from approved procedures.

NOTE:
Attachment 2 lists all the currently calibrated geometries used for gamma spectroscopy.

 LISTNUM 
Verify that the correct efficiencies and backgrounds have been used to calculate the final results.

 LISTNUM 
Minimum count times have been determined for all sample analyses to achieve specified minimum detectable concentrations (MDCs) (e.g., 3 pCi/L for gross alpha in water). If these minimums have not been achieved, sample results will be evaluated on an individual basis and professional judgment should be applied.

 LISTNUM 
Sample Preparation Record Sheets, DDO-021 (see Reference 3.1.1), will be examined to determine whether dilutions are correct and information is complete (e.g., amounts and tracers used, sample volumes, weights).

 LISTNUM  \l 3 
Discussion of laboratory analysis, including problems encountered by the laboratory, is documented in the Case Narrative. When there is failure to follow procedure, a Non-Conformance Report (NCR) is forwarded to the Quality Manager if deemed appropriate by the Regulatory Compliance and Environment, Safety, and Health Oversight (RC&ESHO) Manager. If a problem is encountered and the procedure was followed, then an Event Report is completed per RC-AP-3.0 and forwarded to the RC&ESHO Manager (see Reference 3.1.3). The completed report shall be attached to the radiochemical validation report. Any corrective actions taken by the laboratory will be documented in the chemical validation report.

 LISTNUM  \l 2 
Analytical Method

 LISTNUM  \l 3 
Objective: To use analytical methods that have been reviewed and approved by the required BCLDP personnel. This will ensure comparability of associated results.

 LISTNUM 
Acceptance Criteria: The analytical method used for the radiochemical analysis of all samples obtained from submitters will be only those specified in RL-QAP-1.0 (see Reference 3.1.2).

 LISTNUM 
Criteria Evaluation and Actions: Review the analytical method(s) used for each radionuclide in the sample data group and the analytical method(s) used for Sample Preparation Record Sheet, DDO-021 (see Reference 3.1.1).

A Non-Conformance Report shall be processed in accordance with RL­QAP­1.0, Section 3.17 (see Reference 3.1.2), when the technician deviates from the analytical method. The completed form shall be attached to the radiochemical validation report. Record any corrective actions taken by the laboratory in the radiochemical validation report.

 LISTNUM  \l 2 
Initial and Annual Efficiency Calibration

NOTE:
Initial and annual instrument calibration procedure for all laboratory counting instruments are covered in the RAL-approved calibration procedures (e.g., RL­CP­022, Calibration and Control Chart Procedures and Preventive Maintenance for the Tennelec LB5100 Low Background System).

 LISTNUM  \l 3 
Objective: To ensure that the radiation detection system continues to be capable of producing quantitative results of radioactive standards traceable to the National Institute of Standards and Technology (NIST).

 LISTNUM 
Acceptance Criteria: Calibration records for the initial and subsequent annual/semiannual calibrations shall be reviewed/approved by the QC Officer or designee before being filed for each laboratory counting system. These calibrations will be performed using appropriate NIST-traceable standards that are uniformly distributed in the same or similar matrix, have the same geometry, and have the same volume as those samples that are to be analyzed. The RAL shall have approved procedures for calibrating the laboratory counting instruments.

 LISTNUM 
Criteria Evaluation and Actions: Verify that the instrument has been calibrated according to method specifications and laboratory procedures; appropriate NIST standards were used; and standard recoveries, correlation coefficients, and relative standard deviations were within control limits. Calibration standard geometries, radioactive source traceability to NIST, and energy distributions will be investigated. Calibration efficiencies with standards representative of the target radionuclides should be performed/verified at least yearly. Americium-241, plutonium-239, and neptunium-237 are considered representative for gross alpha determinations. Strontium-90 in equilibrium with yttrium-90 are considered representative for gross beta determinations. Uranium-238, uranium-234, americium-241, and plutonium-239 are considered representative for alpha spectroscopy. Carbon­14 and tritium are considered representative for liquid scintillation determinations. The energy range for gamma analytes used during gamma spectroscopy calibration will be assessed against the energies of the sample submitters target radionuclides. Calibration efficiencies for all counting systems will be verified, (i.e., 10%) using method-specified equations.

NOTE:
The validator may request that the analytical samples be reanalyzed if the results must be qualified as estimated.

 LISTNUM  \l 4 
If efficiency calibration was not performed and documented, all sample results pertaining to that analysis will be qualified as unusable.

 LISTNUM  \l 4 
If standards were not distributed over the energy range of interest, results greater than or equal to the MDC will be qualified as estimated, and results less than the MDC will be qualified as estimated undetected.

 LISTNUM  \l 4 
Quenching problems affecting liquid scintillation counters (LSC) will be assessed. Any results from LSC analyses that are reported without adequate correction will be qualified as estimated.

 LISTNUM  \l 2 
Efficiency Calibration Verification

 LISTNUM  \l 3 
Objective: To ensure that the RAL counting instruments continue to be capable of producing quantitative results that are traceable to NIST standard reference material.

 LISTNUM 
Acceptance Criteria: The efficiency calibration verification must be performed using appropriate NIST-traceable standards that are uniformly distributed in the matrix. The RAL shall have approved procedures for calibration verification for all laboratory counting instruments.

 LISTNUM  \l 4 
Acceptance tolerances must be established for each QC chart based on system performance and analytical requirements. Maximum tolerance limits of (10% of the value determined at the time of calibration are recommended for efficiency verification control charts; otherwise, tolerance limits of three standard deviations are recommended. When tolerance limits are exceeded, recalibration is required.

 LISTNUM  \l 4 
Verify that the instrument was calibrated at the frequency as required in the calibration procedure for each instrument.

 LISTNUM 
Observe the QC charts and verify that proper limits have been established and that recalibration was performed whenever the limits were exceeded.

 LISTNUM 
Verify, at minimum, 10% of the calibration calculations. If errors are found in the calculations, verify more calculations by using professional judgment to determine the extent of the errors.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Verify that the efficiency calibration verifications were analyzed as specified in the Standard Operating Procedures (SOPs), appropriate standards were used, QC limits for the standards were met, and calibration verification was performed at a frequency specified by the procedure (e.g., calibration verifications analyzed before and after sample(s) count).

 LISTNUM  \l 4 
If calibration verifications were not performed as specified in the laboratory procedures, then the samples will be recounted and recalculated before releasing results to the submitter. If the samples cannot be recounted, then the analytical batch will be reanalyzed.

 LISTNUM  \l 4 
If the calibration verification result was not within QC limits, then the instrument will be placed off line until the problem is determined and the instrument is within QC limits. Samples counted on an instrument that has failed QC will be recounted and recalculated using an instrument that is within QC limits.

 LISTNUM  \l 2 
Background Check

 LISTNUM  \l 3 
Objective: To determine if the background radiation levels and radioactive contamination levels on the detector, shield, and background sample container/planchet configuration have exceeded pre-established control limits.

 LISTNUM  \l 3 
Acceptance Criteria: The background check will be performed using low to no background level materials that are in the same or similar matrix as the samples that are to be analyzed. Background counts within the historical tolerance limits of three standard deviations are recommended.

 LISTNUM 
Criteria Evaluation and Actions: Verify that the backgrounds were analyzed as specified in the procedures, control limits for the backgrounds were met, and background checks were performed at a frequency as specified in the procedure (e.g., background checks analyzed before and after sample(s) counted).

 LISTNUM  \l 4 
If background check verifications were not performed as specified in the laboratory procedures, then the samples will be recounted/recalculated before releasing results to the submitter. If the samples cannot be recounted, then the analytical batch will be reanalyzed.

 LISTNUM  \l 4 
Background control limits must be within three standard deviations of the average background. When background problems are encountered, professional judgment will be used to determine whether bias is present in a sample result (e.g., high radon levels).

 LISTNUM  \l 4 
If the background checks did not pass the QC limits, then the instrument will be placed off line until the problem is determined/corrected and the instrument is within QC limits.

 LISTNUM 
If background checks have not been performed as indicated in the SOPs, results for this analysis will be evaluated on an individual basis. If method blank information bracketing these results is available, then the sample results will be evaluated based on this information. Samples in the analysis set that do not show the analyte(s) detected is supporting evidence that outside contamination had not occurred.

 LISTNUM  \l 2 
Method Blank Analysis

 LISTNUM  \l 3 
Objective: To determine the existence and magnitude of a contamination problem. The criteria for evaluation of blanks applies to any blank associated with the samples. If problems with any blank exist, all data associated with that analytical batch must be carefully evaluated to determine whether there is an inherent variability in the data for the analytical batch, or if the problem is an isolated occurrence not affecting the data.

 LISTNUM  \l 3 
Acceptance Criteria: Results of the analytical batch method blank(s) must be provided to the validator for each laboratory counting system used for the samples. The method blanks will be performed using low to no background level materials that are in the same or similar matrix, have the same geometry, and have the same volume as those samples that are to be analyzed in that analytical batch. The results of blanks must be less than the three standard deviation historical limits.

 LISTNUM  \l 4 
At least one blank must be analyzed for every matrix, every analytical batch, or every 20 samples (5% of samples), whichever is more frequent. The result of all blanks must be recorded and should be plotted on a QC chart at least daily for each method. Acceptable tolerances must be established for each QC chart based on system performance and analytical requirements. Tolerance limits of three standard deviations are recommended.

 LISTNUM 
When average blanks or instrument backgrounds are subtracted from gross counts to determine net counts, the net blank result must be less than the associated uncertainty. Contamination should be suspected when the net blank result is larger than the associated uncertainty.
 LISTNUM  \l 3 
Criteria Evaluation and Actions: Verify that the method blanks were analyzed as specified in the procedures, with appropriate standards being used, control limits for those standards were met, and continuing calibrations were performed at minimum frequency. The minimum frequency for a method blank is defined as one blank that is extracted or digested with (i.e., at the same time and on the same date) a group of 20 or fewer samples of similar matrix. When more than one method blank is analyzed with a set of samples, the highest results found will be applied by the validator.

 LISTNUM  \l 4 
Review the results reported for the blanks and evaluate the blank control charts, as well as the raw data for all blanks. Verify that the results were accurately reported and that tolerance limits were not exceeded. Verify that net blank results are less than the associated uncertainty.

 LISTNUM  \l 4 
If frequency was not met for the method blank analysis, this situation will be described in the radioanalytical verification and data validation report.

 LISTNUM  \l 4 
When contamination is found in the method blank, as indicated by a positive blank result(s), the following criteria will be used to evaluate associated sample results:

a.
Undetected sample results are not impacted by the high bias indicated by positive blank contaminant, and thus no qualification of data will be applied by the validator for these results.

b.
Sample results greater than the MDC, but less than five times the blank value, will be reanalyzed (if sample available) or will be qualified as undetected at an estimated quantitation limit having a positive bias.

c.
Sample results greater than five times the blank value are not considered to be impacted and shall not be qualified.

 LISTNUM  \l 2 
Field and Equipment Blank Analysis

 LISTNUM  \l 3 
Objective: To determine if radioactive contamination of the sample occurred during the sampling, transport, and storage process.

NOTE:
Characterization group submits equipment blank smears (e.g., sampling tools, marinelli sample containers). The equipment blank smears are analyzed for gross alpha/beta. If the results for the equipment blank are greater than the MDA, then the technician reruns the smear(s) two more times and reports the results to the submitter.

 LISTNUM 
Acceptance Criteria: Results of the field blank(s) (other than characterization smears) must be provided to the validator. These field blanks will be prepared in the same or similar matrix, have the same geometry and the same volume as those samples that are to be analyzed. The results of field blanks are less than the MDC.

 LISTNUM 
Criteria Evaluation and Actions: Verify that the field blanks were analyzed as specified in the procedures and that the results are contained with the final analysis report.

 LISTNUM  \l 4 
Field blanks and contaminants found therein will be documented in the validation report. When more than one type of field blank is found to be applicable to a set of sample results, the highest results found will be applied by the validator.

 LISTNUM  \l 4 
Criteria for assessing field blanks against samples will follow those for method blanks.

 LISTNUM  \l 2 
Sample-Specific Chemical Recovery

 LISTNUM  \l 3 
Objective: To provide chemical recovery data (gravimetric standard/ chemical tracer) so that the effect of the sample chemical matrix on the digestion, sample preparation, and measurement processes can be determined.

Laboratory performance on individual samples subject to chemical process and separation is established by means of spiking samples with tracer quantities of other radioisotopes of the same element or carrier quantities of the inactive isotope (e.g., strontium carrier) of the same or chemically similar element. Most samples are spiked before sample preparation. The evaluation of the results of these spikes is not necessarily straightforward. The sample matrix may produce interferences. Since the effects of the sample matrix are frequently outside the control of the laboratory and may present relatively unique problems, the review and validation of data based on specific sample results are frequently subjective and demand analytical experience and professional judgment. Accordingly, this section consists primarily of guidelines; and, in some cases, several optional approaches are suggested.

 LISTNUM  \l 3 
Acceptance Criteria: Sample-specific recoveries must be within limits as per applicable procedures. Generally, recoveries of 30 to 115% should be considered acceptable. However, lower recoveries may be typical for some matrices, and the acceptable lower limit may be lowered in such instances. Each chemical tracer percent recovery (CT %R) must be recorded and should be plotted on a QC chart for each radionuclide and method and fall within prescribed limits.

The quantity of tracer material used must be adequate to provide a maximum of 10% uncertainty at the 95% confidence level in the measured recovery.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Review and verify that sample-specific recoveries fall within acceptable limits.

 LISTNUM  \l 4 
Check the raw data to verify that the sample-specific recoveries are accurately reported. Recalculate, at minimum, 10% of the sample-specific recoveries (CT %R) using the following equation:
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Where:

CT Found
=
amount of tracer or carrier (in pCi, dpm, mg, etc.) measured in the sample.

CT True
=
amount of tracer or carrier (in pCi, dpm, mg, etc.) added to the sample.

 LISTNUM 
Check gravimetric standard/chemical tracer amounts to verify that sufficient levels are used to provide adequate precision for recovery determination.

 LISTNUM 
For sample-specific recoveries out of specification, the following approaches are suggested based on a review of all data from the analytical batch, especially when considering the apparent complexity of the sample matrix.

NOTE:
The validator may request that the analytical batch be reanalyzed if the results must be qualified as estimated.

a.
If the CT %R of a specific sample is greater than the upper limit, positive results in that sample should be qualified as estimated. Undetected results in the sample are not considered to be affected and will not be qualified.

b.
If the CT %R of a sample is less than the lower control limit, positive results will be qualified as estimated. Undetected results are unusable.

 LISTNUM  \l 2 
Self-Absorption Factors (Gross Alpha/Beta Analyses)

 LISTNUM  \l 3 
Objective: To provide the appropriate correction factor to account for self- absorption of alpha and beta radiation within the sample and backscatter of the beta/alpha particles off the planchet into the detector.

 LISTNUM 
Acceptance Criteria: Self-absorption curves must be produced by the laboratory. Dry sample thickness or mass will be measured and the corresponding correction factor applied to the sample results. The solids content must not be greater than 200 mg dry mass, 10 mg/cm2 for beta analyses or 100 mg dry mass, and 5 mg/cm2 for alpha analyses.

 LISTNUM 
Criteria Evaluation and Actions: Verify that self-absorption factors selected for the sample thickness are correct. It will be verified that these factors bracket the range of solids in the sample. Alpha and beta particle analyses self-absorption curves prepared by the laboratory will be assessed for samples that are considered “non-weightless.”

 LISTNUM  \l 4 
If self-absorption factors were not determined and applied correctly, all associated sample results will be recalculated using the correct self-absorption factors.

 LISTNUM 
If the solids content in a sample is greater than 100 mg total solids for alpha analyses, the samples will be reanalyzed using lower volumes of sample. If the solids content cannot be achieved at 100 mg or less (e.g., no more sample) for alpha, then alpha analyses positive results will be qualified as estimated, unusable with a negative bias. Undetected alpha results will be qualified as rejected, unusable.

 LISTNUM 
If the solids content is greater than 200 mg total or the thickness is greater than 10 mg/cm2 for beta analyses, the samples will be reanalyzed using a lower volume of sample. If the solids content cannot be achieved at 200 mg or less (e.g., no more sample) for beta, then beta analyses positive results will be qualified as estimated, unusable with a negative bias. Undetected beta results will be qualified as rejected, unusable.

 LISTNUM  \l 2 
Laboratory Control Sample

 LISTNUM  \l 3 
Objective: To provide the overall accuracy or bias of the measurement system using a radioactive standard that is traceable to a NIST standard. The Laboratory Control Sample (LCS) serves as a monitor of the overall accuracy and performance of all steps in the analysis, including sample preparation. For the following limits to apply, the LCS must contain greater than 10 times but less than 100 times the radionuclide’s detection limit activity.

 LISTNUM  \l 3 
Acceptance Criteria: The accuracy of the LCS must meet the accuracy requirements listed in RL-QAP-1.0 (see Reference 3.1.2).

 LISTNUM  \l 4 
At least one LCS must be analyzed for every matrix, every analytical batch, or every 20 samples (5% of samples), whichever is more frequent.

 LISTNUM 
All LCS results must fall within control limits of 75 to125% recovery of the standard value.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Verify that the LCS was analyzed as specified in the method, with appropriate NIST-traceable standards being used, control limits for those standards being met, and those standards being analyzed at minimum frequency. A LCS is generated through the analysis of a material (usually de-ionized water) containing all (or a portion) of the target analytes/compounds with each at a known concentration, in addition to the sample-specific chemical recovery tracer that is carried through the entire preparation procedure at the same time as the sample preparation.

 LISTNUM  \l 4 
Check the raw data (e.g., counter printout, preparation sheets) to verify the reported recoveries. Recalculate, at a minimum, 10% of the LCS %R using the following equation:
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Where:

LCS Found
=
concentration (e.g., pCi/L) of each analyte measured in the analysis of LCS solution.

LCS True
=
concentration (e.g., pCi/L) of each analyte added to the LCS solution.

 LISTNUM  \l 4 
If minimum frequency requirements were not met for the LCS analysis (one per 20 samples), this situation will be described in the case narrative.

 LISTNUM 
If the LCS recovery is outside of the upper or lower control limit, but the matrix spike results for the analytical batch were within control limits, then professional judgment will be used to qualify the data.

NOTE:
The direction of bias is important to note for the assessment in determining whether to reject results; for example, when LCS and matrix spike (MS) recoveries are high, undetected results are not impacted by the high bias indicated by a high recovery, thus qualification would not be warranted.

 LISTNUM 
The following criteria will be applied by the validator when the LCS does not meet specified recovery criteria:

NOTE:
The validator may request that the analytical batch be reanalyzed if the results must be qualified as estimated.

a.
If the LCS is greater than the upper control limit of 125%, only associated positive results will be qualified as estimated with a positive bias, usable; undetected sample results are not impacted by the high bias indicated by the high LCS recovery.

b.
If the recovery is between 50% and the lower control limit of 75%, all associated sample results for the analytical batch will be qualified as estimated with a negative bias.

c.
If recovery is less than 50%, all associated sample results will be qualified as rejected.

d.
If the LCS and MS control limits are not met, all positive results are to be qualified as estimated, with applicable bias and all undetected results are to be qualified as unusable.

 LISTNUM  \l 2 
Matrix Spike Sample Analysis

 LISTNUM  \l 3 
Objective: To provide chemical recovery data so that the effects of the sample chemical matrix digestion, sample preparation, effect of matrix on accuracy, and measurement processes can be determined.

The MS analysis provides information about the effect of each sample matrix on the digestion and measurement methodology. MSs are required when sample-specific chemical recovery mechanisms are not available, and the samples undergo a chemical process.

 LISTNUM  \l 3 
Acceptance Criteria: The recovery of the matrix spike must meet the requirements listed in RL-QAP-1.0 (see Reference 3.1.2).

 LISTNUM  \l 4 
At least one MS must be analyzed for every matrix, every analytical batch, or every 20 samples (5% of samples), whichever is more frequent, when sample-specific chemical recovery mechanisms are not available, and the samples undergo a chemical process.

 LISTNUM 
Samples identified as field blanks must not be used for matrix spike sample analysis.

 LISTNUM 
Matrix spike percent recovery (MS %R) must be within (3 standard deviation unless the limits are more restrictive than 75 to 125% recovery. When the limits are more restrictive, the 75 to 125% limits apply for aqueous matrix and solid matrix samples. However, spike recovery limits do not apply when sample concentration exceeds the spike concentration by a factor of four or more.

 LISTNUM 
The MS %R of the MS must be recorded and should be plotted on a QC chart and fall within the prescribed limits.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Verify that the MSs were analyzed as specified in the method, with appropriate standards being used, control limits for those standards being met, and spiking being performed at minimum frequency.

 LISTNUM  \l 4 
Check the raw data and recalculate, at a minimum, 10% of the MS %R using the following equation to verify that the results were correctly reported.
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Where:

SSR
=
spiked sample result

SR
=
sample result

SA
=
spike added.

 LISTNUM  \l 4 
Verify that the field blank was not used for spike analysis.

NOTE:
The validator may request that the analytical batch be reanalyzed if the results must be qualified as estimated.

 LISTNUM 
If the spike recovery falls within the range of 125% to 150% or 50% to 75%, qualify the results for the radionuclide for associated samples as estimated. This also applies for spike recoveries outside of the (3 standard deviation historical limit.

 LISTNUM 
If spike recovery is <50% or >150%, qualify the results for that radionuclide for associated samples as unusable. This also applies for spike recoveries outside the (3 standard deviation historical limit.

 LISTNUM 
If the field blank was used for the matrix spike analysis, all other QC data must be carefully checked and professional judgment exercised when evaluating data usability.

 LISTNUM  \l 2 
Laboratory Duplicate (Replicate) Analysis

 LISTNUM  \l 3 
Objective: To provide the overall precision of the measurement system using measurements of two samples prepared in the laboratory containing the same concentration.

The relative percent difference (RPD) is used when duplicate results are (5 times the MDA. The relative error ratio (RER) is used when the duplicate results are <5 times the MDA.

 LISTNUM 
Acceptance Criteria: The precision of radiochemical analyses must meet the requirements listed in RL-QAP-1.0 (see Reference 3.1.2).

 LISTNUM  \l 4 
Samples identified as field blanks must not be used for duplicate sample analysis.

 LISTNUM 
At least one duplicate must be analyzed for every matrix, every analytical batch, or every 10 samples (10% of samples), whichever is more frequent.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Verify that duplicates were analyzed as specified in the method, with control limits being met and duplicate analysis being performed at minimum frequency. When more than one duplicate set is found to be applicable to group of samples, the worst case results found will be applied by the validator.

 LISTNUM  \l 4 
Check the raw data and recalculate, at a minimum, 10% of the duplicate results using the following equations to verify that the results are within control limits for RPD or RER.

Relative percent difference:
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Relative error ratio:
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Where:

R1 = first sample value (original)

R2 = second sample value (duplicate)

U1 = 1-sigma uncertainty of first sample value

U2 = 1-sigma uncertainty of second sample value.

NOTE:
The validator may request that the analytical batch and/or sample be reanalyzed if the results must be qualified as unusable.

 LISTNUM 
If the duplicate results fail QC criteria, qualify the results for the radionuclide in all associated samples of the same matrix as estimated.

 LISTNUM 
If the field blank was used for the duplicate analysis, all other QC data must be carefully checked and professional judgment exercised when evaluating the data.

 LISTNUM  \l 2 
Field Duplicate

 LISTNUM  \l 3 
Objective: Field duplicate samples may be taken and analyzed as an indication of overall precision. These analyses measure field and lab precision; therefore, the results may have more variability than lab duplicates that measure only lab performance. It is expected that soil matrix duplicates results will have greater variance than water matrix duplicates due to difficulties associated with collecting identical field samples.

 LISTNUM 
Acceptance Criteria: There are no review criteria for field duplicate analyses comparability.

 LISTNUM 
Criteria Evaluation and Actions: Identify samples that are field duplicates using the chain-of-custody form. The validator should compare the results reported for each sample and calculate the RPD or RER.

Any evaluation of the field duplicates must be provided with the validator’s comments.

 LISTNUM  \l 2 
EML/ERA Quality Assurance Program Samples

 LISTNUM  \l 3 
Objective: To determine the accuracy and comparability of measurement results by analyzing various matrices that contain known amounts that have also been measured by other analytical laboratories.

 LISTNUM 
Acceptance Criteria: The accuracy of radiochemical analyses must meet the accuracy requirements specified by the agency conducting the intercomparison and must not exceed the 75 to125% recovery range for known samples and associated QC.

 LISTNUM 
Criteria Evaluation and Actions: EML/ERA (or equivalent) samples, when provided, will be reviewed to verify that control samples were analyzed as specified in the method, with appropriate standards being used, control limits for those standards being met, and those standards being analyzed at the frequency specified in the procedure. When more than one QAP sample is found to be applicable to a set of sample results, the worst case results found will be applied by the validator.

Criteria and actions for assessing quality assurance program samples will follow those described for duplicates, matrix spikes, method blanks, and LCS in the data validation procedure.

 LISTNUM  \l 2 
Radionuclide Analysis Results and Detection Limits

 LISTNUM  \l 3 
Objective: To ensure that the reported quantitation results are accurate and that the required detection limits have been met. All results must be evaluated relative to the uncertainty associated with the analysis.

 LISTNUM 
Acceptance Criteria: Radionuclide quotation must be calculated according to the appropriate procedure. A radionuclide must be considered detected if the sample radionuclide concentration results are greater than the MDC or greater than twice the sample’s 2-sigma counting uncertainty limit or total propagated uncertainty (TPU). Analytical uncertainties must be reported with all results to qualify the data. Results and uncertainties must be reported for all required analyses regardless of the size or sign of the result.

 LISTNUM 
Criteria Evaluation and Actions: Verify that the MDC and 2-sigma counting uncertainty or 2-sigma TPU are reported on the analytical data sheets. The raw data must be examined to verify that the correct calculation of sample results is reported on the final data report. Verify that there are no transcription or reduction errors (e.g., dilutions, sample weights). Verify that the appropriate aliquot size has been used for sample preparation and mounting (e.g., gross alpha/beta water weight limits (100 mg). Recalculate, at a minimum, 10% of the results to verify proper data reduction.

 LISTNUM  \l 4 
Results less than twice the 2-sigma counting uncertainty limit (or 2-sigma TPU) should be qualified as not detected.

 LISTNUM 
Results less than the MDC but greater than twice the 2-sigma counting uncertainty limit should be qualified as an unusually uncertain, usable, not detected result.

 LISTNUM 
When inappropriate aliquot sizes are used, samples will be reanalyzed, if sample is available. If no sample is available, then the validator shall note this in the case narrative.

 LISTNUM  \l 2 
Alpha Spectroscopy – Chemical Separation Specificity

 LISTNUM  \l 3 
Objective: To ensure that the laboratory is able to separate various radionuclides by chemical separation techniques. The chemical separation can be verified for alpha spectroscopy measurements by observation of the alpha energy spectrum.

 LISTNUM  \l 3 
Acceptance Criteria: There should not be any radionclides that interfere with the quantitation of the radionuclide of interest once the chemical separation process has been completed. Energy of the radionuclide of interest must be within 40 keV of the observed peak energy.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Check that the energy of the observed peak of interest is within 40 keV of the energy of the radionuclide of interest. Check the energy spectra for any peaks that overlap or that have associated peaks that may interfere with the peak of the radionuclide of interest. When interfering radionuclides are present, check to see if the peak area for the radionuclide of interest has been properly corrected for the interference.

NOTE:
The validator may request that the analytical batch and/or sample be reanalyzed if the results must be qualified as unusable.

 LISTNUM  \l 4 
If the energy of the peak of interest is more than 40 keV from the energy for the radionuclide of interest, qualify the results as unusable.

 LISTNUM 
If the alpha energy spectra contains any peaks that overlap with or have associated peaks that may interfere with the peak of the radionuclide of interest and it is impossible to correct for the interference, qualify the result as unusable.

 LISTNUM  \l 2 
Gamma Spectroscopy – Target Radionuclide List Identification

 LISTNUM  \l 3 
Objective: To ensure that net quantitation with uncertainties is provided for all target radionuclide list (TRL) radionuclides (whether or not the radionuclide is identified in the peak search). This is accomplished by determining the net area in the region associated with the radionuclide when the radionuclide is not detected by the computerized peak search routine.

 LISTNUM  \l 3 
Acceptance Criteria: When a peak is detected for the radionuclide, positive identification is achieved through the use of the following criteria:

 LISTNUM  \l 4 
The target radionuclide energy must be within 2 keV of the observed peak.

NOTE:
Attachment 1, Guidance Form for Gamma Spectroscopy, lists possible interferences for nuclides present in the RAL’s gamma spectroscopy library.

 LISTNUM 
There are not to be any radionuclide gamma peaks that interfere with the quantitation of the radionuclide of interest. If there is interference, the radionuclide of interest result must be corrected to negate the interfering radionuclide’s contribution to the radionuclide of interest’s gamma peak.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Verify that the radionuclide had a sample collection to analysis period greater than six times its half life. Examine sample and blank spectra for the presence of the same radionuclide.

NOTE:
Attachment 2, Geometry/Detector Information Chart, lists current calibrated counting geometries, and the position samples are counted on the detector.

 LISTNUM  \l 4 
Verify that current calibrated geometries were used when sample(s) were counted.

NOTE:
If Radium-226 (Ra-226) is identified in characterization soil sample(s), then verify that Ra-226 results (5 pCi/gram were recounted for 1,000 minutes.

 LISTNUM 
Check that the energy of the identified peak is within 2 keV of the standard library energy for the identified radionuclide.

 LISTNUM 
Verify that the net peak areas and associated uncertainties have been obtained for all TRL radionuclides meeting the above criteria.

 LISTNUM 
Check the energy spectra for any peaks that overlap or that have associated peaks that may interfere with the radionuclide of interest peak.

 LISTNUM 
When interfering radionuclides are present and can be corrected from associated peaks in the spectrum, verify that the peak area for the radionuclide of interest has been properly corrected.

NOTE:
The validator may request that the analytical batch and/or sample be reanalyzed if the results must be qualified as unusable.

 LISTNUM 
Qualify the data according to the following:

a.
For TRL radionuclides that are detected, but fail to meet the positive identification criteria, flag the data as unusable.

b.
If improper counting methods are used, flag the data QUALITATIVE ONLY.

c.
If the results have not been properly corrected for the interfering radionuclide, flag the data as QUALITATIVE ONLY.

 LISTNUM  \l 2 
Gamma Spectroscopy – Tentatively Identified Radionuclides

 LISTNUM  \l 3 
Objective: To minimize the number of false positive (reporting a radionuclide present when it is not) or false negative (not reporting a radionuclide that is actually present) detections identified during gamma spectroscopy.

Gamma spectra peaks in a radionuclide analyses that are not TRL isotopes are potential tentatively identified radionuclides (TIRs). TIRs must be qualitatively identified by a radionuclide spectra library computer search and the identification assessed by the validator.

 LISTNUM  \l 3 
Acceptance Criteria: The observed energy of the radionuclide peak must be within 2 keV of the value reported in the gamma search library used in the analysis software. At the least, greater than 50% of the total gamma abundance listed in the gamma search library must be identified in the sample spectrum.

 LISTNUM  \l 4 
Be sure that radionuclide concentrations in the gamma spectra are consistent with related radionuclides (i.e., when daughter radionuclides are expected to be in equilibrium with parents, detection of both confirms identification).

 LISTNUM 
Check the raw data to verify that the technician has generated a computer library search for all required peaks in the spectra (samples and blanks).

 LISTNUM 
Examine the blank spectra to verify that TIR peaks in samples are not found in blanks.

 LISTNUM 
Examine all gamma peaks in every sample and blank spectra.

NOTE:
Since TIR computer library searches often yield several candidate radionuclides having closely matching peaks, consider all reasonable choices.

The validator should be aware of common laboratory artifacts/contaminants and their sources (e.g., radon and thoron daughters in the air). These may be present in blanks and not reported as sample TIRs.

 LISTNUM 
Check that expected related radionuclides are present.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Verify that the TIR had a sample collection to analysis period greater than six times its half life. Examine sample and blank spectra for the presence of the same TIR.

 LISTNUM  \l 4 
All TIR results with less than 50% of the total gamma abundance identified and quantified or with a gamma peak greater than 2 keV from the reported value will be rejected in the analysis data report.

 LISTNUM 
If several peaks with significant count are not identified and quantified by the system gamma library, the technician will review the spectrum and try to identify the radionuclide(s).

 LISTNUM 
When TIR is present in the sample and has been verified to be a false positive, the result(s) must be rejected and the reason listed adjacent to the result. See Attachment 1 for “Guidance Form for Gamma Spectroscopy.” The guidance form lists possible radionuclides and X-ray energies that may cause interferences when identifying radionuclides in the sample.
 LISTNUM  \l 2 
System Performance

 LISTNUM  \l 3 
Objective: To determine whether, during the period following QC checks of instrument performance (e.g., blanks, tuning, calibration), changes have occurred in the system that degrade the quality of the data. While this degradation would not be directly shown by QC checks until next required series of analytical QC runs, a thorough review of the ongoing data acquisition may yield indicators of instrument performance.

 LISTNUM 
Criteria: Some examples of instrument performance indicators for various factors follow:

NOTE:
This is not an exhaustive list.

 LISTNUM  \l 4 
Abrupt, discrete shifts in background or detector response (e.g., changes in full width at half maximum) may indicate contamination and/or gain or threshold changes.

 LISTNUM 
Poor spectroscopy performance affects both qualitative and quantitative results. Indications of substantial performance include

(
High background levels or shifts in energy calibration.

(
Extraneous peaks.

(
Loss of resolution.

(
Peak-tailing or peak splitting that may result in inaccurate quantitation.

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Evaluate the raw data for each sample to determine if unexpected activity, extraneous peaks, loss of resolution, or loss of expected background peaks has occurred.

Continued analytical activity with degraded performance suggests lack of attention or professional experience. Based on the instrument performance indicators, the data validator shall decide if the system has degraded to the point of affecting data quality and validity. If data quality may have been affected, data must be qualified using the validator’s best professional judgment.

 LISTNUM  \l 2 
Completeness/Overall Assessment of Data

 LISTNUM  \l 3 
Objective: To determine whether the amount of valid radiochemical measurement is sufficient to meet the needs of the submitter, typically 90% or greater.

 LISTNUM 
Acceptance Criteria: The percent data completeness must be greater than or equal to 90%. Valid measurement will include all sample results except those that have been qualified as unusable.

It is appropriate for the validator to make professional judgment and express concerns and comments on the validity of the overall data. This is particularly appropriate when several QC criteria are out of specification. The additive nature of QC factors out of specification is difficult to assess in an objective manner. The validator has a responsibility to inform the user concerning data quality and data limitations to assist the user in avoiding inappropriate use of the data (e.g., gamma analysis using geometry that has not been calibrated – analytical results qualified as QUALITATIVE ONLY).

 LISTNUM  \l 3 
Criteria Evaluation and Actions: Review the percent completeness for each radionuclide in the sample data group. A Non-Conformance Report shall be processed in accordance with RL-QAP-1.0 (see Reference 3.1.2) when deficiencies are noted with the process. The completed data assessment forms shall be attached to the data validation record. Record any corrective action taken by the laboratory to improve completeness in the radioanalytical verification and validation report.

 LISTNUM  \l 1 
Records

 LISTNUM  \l 2 
The following records are generated when implementing this procedure: data package quality control results, including a copy of the RLAR, radioanalytical data (e.g., duplicate, matrix spike), and data assessment forms.

 LISTNUM  \l 2 
Copies of QC data/results generated during the current year by the different radioanalytical methods in the laboratory shall be maintained and stored, together with the associated RLAR form, in a secure location.

 LISTNUM 
QC data/results shall be submitted to Project Records, in duplicate, on an annual basis.

 LISTNUM  \l 1 
Forms, Exhibits, and Attachments
 LISTNUM  \l 2 
Forms

(
DDO-021, Sample Preparation Record Sheet (see Reference 3.1.1)

(
DDO-027, Radiological Laboratory Analytical Request (see Reference 3.1.1)

(
DDO-400, pH Analysis (see Reference 3.1.1)

(
DDO-486, Radioanalytical Data Assessment

(
DDO-487, Radioanalytical Alpha Spectroscopy Data Assessment

(
DDO-488, Radioanalytical Gamma Spectroscopy Data Assessment

 LISTNUM 
Exhibits

None.

 LISTNUM 
Attachments
(
Attachment 1, Guidance Form for Gamma Spectroscopy

(
Attachment 2, Geometry/Detector Information Chart
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ATTACHMENT 1

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 1 (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 1 (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 1 (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 1 (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.

ATTACHMENT 2

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.
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. . . Putting Technology To Work
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