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PREPARATION OF ENVIRONMENTAL WATER SAMPLES

FOR GROSS ALPHA AND BETA COUNTING

 LISTNUM  \l 1 
Scope
This procedure describes the Radioanalytical Laboratory (RAL) method for preparing environmental water samples that are analyzed for gross alpha and beta activity. The gross alpha and beta analysis of water uses a modified U.S. Environmental Protection Agency (EPA) Method 9310 (see Reference 3.1.1). This procedure also describes the method used for efficiency/self-absorption calibrations for gross alpha and beta analysis (used with the modified U.S. EPA Method 9310). The procedures for performing the gross alpha and beta instrument analysis counting are found in RL-TP-020, RL-CP-022, and RL-CP-023 (see References 3.1.2, 3.1.3, and 3.1.4, respectively).

  LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements, responsibilities, and procedures used in preparing environmental water samples for gross alpha and beta counting. This procedure fulfills the requirements of RL-AP-1.0, RL-QAP-1.0, and DD-92-02 (see References 3.1.5, 3.1.6, and 3.1.7, respectively).

 LISTNUM 
References, Definitions, and Developmental Resources

 LISTNUM  \l 2 
References
 LISTNUM  \l 3 
RL-TP-057, Gross Alpha and Gross Beta Analysis of Water Using U.S. EPA Method 9310/SW-846

 LISTNUM  \l 3 
RL-TP-020, Gross Alpha and Beta Analysis Using the Tennelec LB5100 Low Background System

 LISTNUM 
RL-CP-022, Calibration and Control Chart Procedures and Preventive Maintenance for the Tennelec LB5100 Low Background System

 LISTNUM 
RL-CP-023, Calibration, Operation, and Control Chart Procedures and Preventive Maintenance for the Low Background Alpha and Beta Counting System Model S5E2100


 LISTNUM 
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 Laboratory Chemical Hygiene Plan

 LISTNUM 
Krieger, H.L., Prescribed Procedures for Measurement of Radioactivity in Drinking Water, Environmental Monitoring and Support Laboratory, U.S. EPA, Cincinnati, OH, EPA-600/4-75-008, 1976
 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 3.1.6) and/or the Battelle Columbus Laboratories Decommissioning Project (BCLDP) Procedures Dictionary for definitions of the following terms:

Accuracy
Analytical Batch
Chain-of-Custody Record
Contamination
Data Approval
Duplicate
Interference
Laboratory
Laboratory Control Sample

Matrix
Matrix Spike
Method Blank
Minimum Detectable Activity
Preservation
Sensitivity
Standard Reference Material
Technician
Validation
 LISTNUM 
Developmental Resources

None.

 LISTNUM  \l 1 
General
 LISTNUM  \l 2 
Personnel Safety Precautions
Personnel safety precautions are outlined in DD-92-02 (see Reference 3.1.7).

 LISTNUM 
Radiological Safety Precautions
 LISTNUM  \l 3 
Radiological safety precautions will be initiated to meet or exceed known or suspected activity levels. These activity levels are known from direct-read field instrumentation, historical knowledge, marked levels from labels, tags, tracking sheets, or chain-of-custody records.

 LISTNUM 
Samples known to be greater than one nanocurie activity require special handling precautions. These precautions will be addressed at the time of submission in a case-by-case evaluation.

 LISTNUM 
Compliance with the current RAL Radiation Work Permit is mandatory.

 LISTNUM  \l 2 
Precautions and Limitations

NOTE:
The suspended and dissolved sample fractions are analyzed separately for the Ohio EPA environmental water sample program.

 LISTNUM  \l 3 
The dissolved solids concentration is very much a limiting factor in the sensitivity of the method for any given water sample. Also, for samples with very low concentrations of radioactivity, it is essential to analyze as large a sample aliquot as is needed to give reasonable counting times.

 LISTNUM 
The largest sample aliquot that should be used for gross alpha activity is the size that gives a solids density thickness of 5 mg/cm2 in the counting planchet. For a 2-inch diameter counting planchet (20 cm2), the maximum aliquot would contain 100 mg of nitrated dissolved solids.

 LISTNUM 
Method Detection Limit—Gross Alpha
When the concentration of total solids (TS) is known for a given water sample and the alpha background and the counting efficiency of a given counting system are known, the counting time that is needed to meet the required sensitivity for gross alpha activity (3 pCi/L) can be determined by equations given in Appendix C of Prescribed Procedures for Measurement of Radioactivity in Drinking Water (see Reference 3.1.8).

 LISTNUM 
Method Detection Limit—Gross Beta
For counting gross beta activity in a water sample, the TS are not as limiting as for gross alpha activity because beta particles are not stopped in solids as easily as are alpha particles. Very often a single sample aliquot is evaporated and counted for both gross alpha and gross beta activities. In that case, the sample aliquot size would be dictated by the solids limitations for alpha particles. For water samples that are to be counted for gross beta activity, equations in Appendix C of Prescribed Procedures for Measurement of Radioactivity in Drinking Water (see Reference 3.1.8) also can be used to determine the necessary counting time to meet a sensitivity for gross beta activity (4 pCi/L).

 LISTNUM 
Radionuclides that are volatile under the sample preparation conditions of this method will not be measured. In some areas of the country, the nitrated water solids (sample evaporated with nitric acid present) will not remain at a constant weight after being dried at 105° C for 2 hours and then exposed to the atmosphere before and during counting. Other radioactivities (such as some chemical forms of radioiodine) may also be lost during the sample evaporation and drying at 105°C. Those types of water sample planchets need to be heated to a dull red heat for a few minutes to convert the salts to oxides. Sample weights are then usually sufficiently stable to give consistent counting rates, and a correct counting efficiency can then be assigned. Some radioactivities, such as the cesium radioisotopes, may be lost when samples are heated to a dull red color. Such losses are limitations of the test method.

 LISTNUM  \l 2 
Interferences

 LISTNUM  \l 3 
Moisture absorbed by the sample residue is interference because it obstructs counting and self-absorption characteristics. If a sample is counted in an internal proportional counter, static charge on the sample residue can cause erratic counting, thereby preventing an accurate count.

 LISTNUM 
Non-uniformity of the sample residue in the counting planchet interferes with the accuracy and precision of the method. Concentric ringed planchets shall be employed to enhance uniformity of sample residue across the planchet.

 LISTNUM 
Sample density on the planchet area should be not more than 5 mg/cm2 for gross alpha and not more than 10 mg/cm2 for gross beta.

 LISTNUM 
When counting alpha and beta particle activity by a gas-flow proportional counting system, counting at the alpha plateau discriminates against beta particle activity; whereas counting at the beta plateau is sensitive to alpha particle activity present in the sample. This latter effect should be determined and compensated for during the calibration of the specific instrument being used.

 LISTNUM  \l 2 
Equipment
 LISTNUM  \l 3 
Low background gas-flow proportional counting system

 LISTNUM 
Filter apparatus—47-mm diameter, 0.45-micron pore size filters (2.0 micron for heavy suspended solids) with 47­mm filtration apparatus (i.e., 500-mL glass funnel, filter holder, and 500-mL side-arm flask)



 LISTNUM 
Stainless steel planchets, 2-inch diameter, concentric ringed (Coy Laboratory Products, Inc. or equivalent), deep

 LISTNUM 
Analytical balance, calibrated, accurate to 0.1 mg


 LISTNUM 
Adjustable hot plate(s)

 LISTNUM 
Drying oven

 LISTNUM 
Graduated cylinders

 LISTNUM 
Glass beakers

 LISTNUM 
Eppendorf pipettes or equivalent, 0.05 mL to 5 mL

 LISTNUM 
Desiccator(s)

 LISTNUM 
Fume hood

 LISTNUM 
Plastic transfer pipettes, disposable

 LISTNUM 
Stainless steel forceps
 LISTNUM 
pH meter/pH paper

 LISTNUM 
Glue stick

 LISTNUM 
Vacuum pump

 LISTNUM 
Meeker burner or equivalent

 LISTNUM  \l 2 
Reagents

NOTE:
Unless otherwise indicated, all references to water should be understood to mean deionized (DI) water. Prepare each reagent as indicated and store it in appropriately labeled container(s) with preparation and expiration dates and Technician’s initials.

Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all reagents shall conform to specifications of the Committee of the American Chemical Society. Other grades may be used, provided that the reagent is of sufficiently high purity to permit its use without lessening the accuracy of the determination. Method blanks shall be run with all batch determinations.

 LISTNUM  \l 3 
Distilled or DI water (Type II) having a resistance value greater than 16.0 megaohm-cm on the continuous readout meter on the Barnstead E-Pure DI Water System or equivalent
 LISTNUM 
Nitric acid, 16N: concentrated HNO3 (sp gr 1.42)

 LISTNUM 
Nitric acid, 1N: Mix 6.2 mL 16N HNO3 (concentrated) with water and dilute (with water) to 100 mL

 LISTNUM  \l 2 
Standards

 LISTNUM  \l 3 
National Institute of Science and Technology (NIST)­traceable beta­emitting solutions and sealed sources; strontium­90/yttrium­90 (Sr­90/Y­90) with activity between 100 and 10,000 dpm/mL

 LISTNUM 
NIST­traceable alpha emitting solutions and sealed sources; americium­241 (Am­241), plutonium­239 (Pu­239), and neptunium­237 (Np­237) with activity between 100 and 1,000 dpm/mL











 LISTNUM  \l 1 
Procedure

Except where otherwise specified, the qualified Laboratory Technician is responsible for performing all the requirements of Section 5.0. It is the responsibility of the Quality Control (QC) Officer or designee to ensure that all QC criteria have been met prior to sample analysis and/or release of sample data.
 LISTNUM  \l 2 
Calibration

NOTE:
A modified U.S. EPA Method 9310 is used for BCLDP project-related samples and the Ohio EPA environmental samples. The method is modified for calibration by using Pu­239 and Np­237 standards for the efficiency/self-absorption factor for gross alpha activity calculations. 

Sr-90 standards are used for the efficiency/self-absorption factor for gross beta activity calculations for both project and non-project-related samples. Non-BCLDP project-related samples follow U.S. EPA Method 9310 for gross alpha/beta analyses. Am­241 is used as the efficiency/self-absorption factor for gross alpha activity calculations for non-BCLDP project-related samples (see Reference 3.1.1). 

The predominant energies for Np-237 and Pu-239 closely match the energies of the primary contaminants of concern for BCLDP project-related samples. Np­237 and Pu­239 have been used for gross alpha calculations for historical BCLDP project samples. Data validation for project-related analyses would be difficult for historical trending if the gross alpha calculations were calculated using Am­241 efficiency/self-absorption factors. 

 LISTNUM  \l 3 
For absolute gross alpha and gross beta measurement, the detectors must be calibrated to obtain the ratio of count rate to disintegration rate. Am­241 (used for alpha activity in the collaborative test of this method) has higher alpha particle energy than radium­226 radionuclides, but is close to the energy of the alpha particles emitted by naturally occurring thorium­228 and radium­224. Standards should be prepared in the geometry and weight ranges to be encountered in these gross analyses. It is, therefore, the prescribed radionuclide for gross alpha calibration. Only NIST-traceable Am-241 standard should be used for the alpha self-absorption curve.

 LISTNUM 
Sr-90 and cesium-137 have both been used quite extensively as standards for gross beta activity. Standard solutions of each of these radionuclides are readily available. Cesium is volatile at elevated temperatures (above 450°C). Some water supplies have dissolved solids (salts) that, when converted to nitrate salts, are quite hygroscopic and need to be converted to oxides by heating to dull red heat to obtain sample aliquots that are weight-stable. Sample weight stability is essential to gross alpha and gross beta measurements to ensure the accuracy of the self-absorption counting efficiency factor to be used for the samples. Sr­90 in equilibrium with its daughter Y­90 is the prescribed radionuclide for gross beta calibrations. Only NIST-traceable Sr­90/Y­90 standard should be used for the beta self-absorption curve.

 LISTNUM 
For each counting instrument to be used, prepare separate alpha and beta particle self-absorption graphs showing the water sample residue weight (mg) vs. the efficiency factor (cpm/dpm), using standard alpha and beta emitter solution and tap water. For the alpha graph standard, alpha activity is added to varying sizes of aliquots of tap water such that the aliquot residue weight is varied between 0 and 200 mg (for a 2­inch counting planchet). A similar graph is prepared with standard beta activity and tap water aliquots, varying the residue weight between 0 and 300 mg (for a 2­inch planchet). If it is planned to use water sample aliquot volumes that always contain 100 mg of dried water solids, then only the efficiency factor for that residue weight needs to be established.

Note:
BCLDP (including environmental) samples use Np-237 for alpha self-absorption curve.
Am-241 self-absorption factors and efficiency calibration values shall be used to calculate alpha activity in spiked QC samples (i.e., matrix spike and laboratory control samples).

 LISTNUM 
Tap water aliquots, with added Am­241, Np-237, or Sr­90 standard, should be acidified with a few mL 16N HNO3, evaporated to a small volume in a beaker on a hotplate, transferred quantitatively in 5-mL portions or less to a tared counting planchet, evaporated to dryness, and finally dried at 105°C for 1 hour (or flamed to a dull red heat if dried solids appear to be noticeably hygroscopic). Weight-stable aliquot residues should then be alpha or beta counted until at least 10,000 total counts have been accumulated. A single set of reference standards prepared in this way can be used for each counting instrument for separate graph preparations and can be stored for verification whenever needed.

 LISTNUM  \l 2 
Receipt of Water Samples—Sample Preservation

 LISTNUM  \l 3 
The pH levels of all incoming water samples shall be tested (either by using a pH meter or colorimetric paper) by the RAL, and the results shall be noted on DDO-400. If the pH level of the sample is below 2.0, then sample preparation may begin immediately.

 LISTNUM 
If the pH level of the sample is above 2.0, then the RAL shall acidify the sample by adding sufficient 16N HNO3 to bring it to below pH 2.0. The sample then shall be held in its original container for a minimum of 16 hours before analysis.

 LISTNUM  \l 2 
Batch QC Sample Preparation

NOTE:
The Laboratory Technician shall fill out form DDO-492, (see Reference 3.1.5) to record step-by-step sample preparation, sample analysis, and sample specific information.

 LISTNUM  \l 3 
Duplicate

NOTE:
One duplicate is prepared for every 10 samples in an analytical batch (a batch consists of up to 20 samples).

 LISTNUM  \l 4 
Prepare the duplicate sample using the same aliquot amount as the original sample.

 LISTNUM 
Continue sample preparation at step 5.4.2.

 LISTNUM  \l 3 
Method Blank

NOTE:
One method blank is prepared for each analytical batch.

 LISTNUM  \l 4 
The method blank is prepared by using an aliquot of DI water.

 LISTNUM 
Continue method blank preparation at step 5.4.2.

 LISTNUM  \l 3 
Matrix Spike

NOTE:
One matrix spike sample containing Am-241 spike solution and one matrix spike sample containing Sr-90 spike solution is prepared for each analytical batch.
 LISTNUM  \l 4 
Add a known amount of Am-241 spike solution to an aliquot of a separate sample in the batch. Record the amount of Am-241 spike solution, sample aliquot size (mL), and sample identification on the Sample Preparation Record Sheet (DDO­021).

 LISTNUM 
Repeat previous step using Sr-90 spike solution.

 LISTNUM 
Continue matrix spike sample preparation at step 5.4.2.

 LISTNUM  \l 3 
Laboratory Control Sample

NOTE:
One laboratory control sample (LCS) containing Am-241 spike solution and one LCS containing Sr-90 spike solution is prepared for each analytical batch.

 LISTNUM  \l 4 
Add a known amount of Am-241 spike solution to an aliquot of DI water. Record the amount of Am-241 spike solution and aliquot size (mL) on the DDO-021.

 LISTNUM 
Repeat previous step using Sr-90 spike solution.

 LISTNUM 
Continue LCS preparation at step 5.4.2.
 LISTNUM  \l 2 
Water Sample Preparation—Suspended (Insoluble) Fraction 
NOTE:
When processing water samples with heavy suspended solids, a 2.0­micron filter may be substituted for a 0.45­micron filter.

 LISTNUM  \l 3 
For each sample (including batch QC), determine the initial filter paper weight and record the weight on DDO­021. Assemble the membrane filter holder and tared paper filter on the filter flask. 

NOTE:
The aliquot of water sample must contain no more than 100 mg (for alpha only or alpha and beta determination) or 200 mg (for beta only determination) of dissolved water solids. It is advisable to do a spot dissolved solids check to determine the aliquot size for non-routine environmental samples.

 LISTNUM 
Pour the sample into an appropriately sized graduated cylinder to obtain a measured volume (normally 100 to 500 mL). Record the volume on DDO­021.

 LISTNUM 
Transfer this water to the filter funnel. Add vacuum as needed to aid in the filtration process.

 LISTNUM 
After the sample solution is filtered, wash the graduated cylinder twice with 1N HNO3 and once with DI H2O, adding to the filter funnel after each wash.

 LISTNUM 
Wash the filter funnel with 1N HNO3, and then rinse with DI H2O.

 LISTNUM 
Disassemble the filter holder and place the paper in a 2­inch, deep planchet marked with the appropriate sample identification. Treat the filtrate as described in Section 5.5.1.

 LISTNUM 
Repeat steps 5.4.2 through 5.4.6 until all water samples (including batch QC) have been filtered.
 LISTNUM 
Dry the filter papers in a desiccator overnight.

 LISTNUM 
Weigh the sample filter papers and record the gross weight on DDO­021; then glue the filter papers into the bottom of the deep planchets.

 LISTNUM 
Calculate the net filter paper weights and record the sample weights on DDO­021 as the weight of the insoluble fractions.

 LISTNUM 
Return the planchets to the desiccator and retain for counting using the low-background gas-flow proportional counter. 

 LISTNUM  \l 2 
Water Sample Preparation—Dissolved (Soluble) Fraction
 LISTNUM  \l 3 
Transfer the filtrate from Step 5.4.6 to labeled beakers.
 LISTNUM 
For each sample (including batch QC), rinse the flask twice with 1.0N HNO3 and add to the beaker. Evaporate the aliquot to near dryness on a hotplate.
 LISTNUM 
Chloride salts can be converted to nitrate salts by adding 5-mL portions of 16N HNO3 to the sample residue and evaporating to near dryness. Repeat this step one time.
 LISTNUM 
Add 10 mL 1N HNO3 to the beaker. Swirl to dissolve the residue and use disposable plastic transfer pipette to scrape bottom of beaker. 
 LISTNUM 
Weigh planchets and record the tared planchet weight on DDO­021.

 LISTNUM 
Quantitatively transfer the aliquot concentrate in small portions (not more than 5 mL at a time) to a tared concentric-ringed planchet, evaporating each portion to dryness. Make sure the planchet is cool before adding additional aliquots to prevent splattering.
NOTE:
When past experience with a specific sample indicates the sample residue is hygroscopic, drying the sample at 105°C in a drying oven, in step 5.5.7, may be skipped.

 LISTNUM 
Dry the sample residue in a drying oven at 105°C for at least 1 hour, cool in a desiccator and weigh. Record the sample weight and then calculate the net sample weight. Record the values on DDO­021. Store the sample residue in a desiccator until ready for counting.

NOTE:
Some types of water-dissolved solids, when converted to nitrate salts, are quite hygroscopic even after being dried at 105°C for 1 hour. When such hygroscopic salts are present with samples that are put into an automatic counting system, those samples gain weight while they are waiting to be counted, which results in inaccurate counting data. 
 LISTNUM 
When there is evidence of hygroscopic salts in sample counting planchets, it is recommended that the sample planchets be flamed to a dull red heat with a Meeker burner or equivalent for a few minutes to convert the nitrate salts to oxides before weighing and counting. 
NOTE:
It is possible to have a loss of cesium during the flaming of the sample. The sample technician must indicate on DDO­021 when samples have been flamed and note any other comments that may cause interference when counting/calculating sample results.

 LISTNUM 
Count the suspended and dissolved sample fractions for alpha and beta activity in accordance with procedures RL­TP­020 and RL­CP­022 or RL-CP-023 (see References 3.1.2,  3.1.3, and 3.1.4 respectively). If the sample is to be recounted for verification, store the planchet(s) in a desiccator.

NOTE:
Keep the planchet in the desiccator until ready to count because vapors from moist residue can damage the detector and window and can cause erratic measurements. If the gas-flow proportional counter does not discriminate for the higher energy alpha pulses at the beta plateau, the alpha activity must be subtracted from the beta plus alpha activity. This is particularly important for samples with high alpha activity.



 LISTNUM  \l 2 
Calculations
 LISTNUM  \l 3 
Calculate the alpha radioactivity by using the following equation: 

Alpha ((Ci/mL)  =  
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Where:

A
=
net alpha count rate (gross alpha count rate minus the background count rate)

C 
=
alpha efficiency (cpm/dpm)
V 
=
volume of sample aliquot (mL)

2.22E6 
=
conversion factor from dpm to (Ci

F 
=
alpha self-absorption factor, read from curve (see Section 5.1.3).

 LISTNUM 
Calculate the beta radioactivity by using the following equation:


NOTE: 
If significant activity is present, then cross-talk correction is applied to alpha/beta results.

If there are no significant alpha counts when the sample is counted at the alpha voltage plateau, the beta activity can be determined from the following equation:

Beta ((Ci/mL)  =  
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Where:

B 
=
net beta count rate (gross beta count rate minus the background count rate)

C 
=
beta efficiency (cpm/dpm)
V 
=
volume of sample aliquot (mL)

2.22E6 
=
conversion factor from dpm to (Ci

F 
=
beta self-absorption factor, read from curve (see Section 5.1.3).

 LISTNUM  \l 3 
Errors associated with the results of the analysis shall be reported with the sample results.

 LISTNUM 
Calculate the minimum detectable activity (MDA) by using the following equation:

MDA  =  
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Where:

4.66 
=
statistical term assuming less than 5 percent probability for both Type I (false positive) and Type II (false negative) error

S B
=
background counts per minute

2.22E6 
=
converts dpm to (Ci

T 
=
counting time in minutes (this must be the same for sample and background)

E 
=
counting efficiency (cpm/dpm)

V 
=
sample volume (mL).

 LISTNUM  \l 2 
Quality Control
 LISTNUM  \l 3 
Quality control samples will meet the requirements of RL­QAP­1.0 (see Reference 3.1.6).

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

 LISTNUM 
Employ a minimum of one blank per analytical batch to determine if contamination is occurring (a batch consists of up to 20 samples).

 LISTNUM 
One duplicate sample shall be run for every 10 samples. A duplicate sample is a sample brought through the whole sample-preparation and analytical process.

 LISTNUM 
A matrix spike and a laboratory control sample (one alpha and one beta standard spike) shall be performed per analytical batch.
 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 independently reviewed prior to release to the submitter. Formal release of data from the laboratory to the submitter shall occur only after the review process is completed.

 LISTNUM 
The Laboratory Technician is responsible for initial review of 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 RL-QAP-1.0 and RL-AP-2.0 (see References 3.1.6 and 3.1.9, 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 3.1.6).

 LISTNUM 
Contingencies for handling out-of-control or unacceptable data are outlined in RL-AP-2.0 (see Reference 3.1.9).

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


(
DDO-021, Sample Preparation Record Sheet

(
DDO-027, Radioanalytical Laboratory Analytical Request 
(
DDO-400, pH Analysis



(
DDO-492, Technician Analysis Notes
 LISTNUM  \l 2 

RLAR forms, Sample Preparation Record Sheets, sample holder guide sheets, data disks, sample log-in books, Technician Analysis Notes, equipment calibration and maintenance/repair log books, and sample counting log books are generated by implementation of this procedure. Copies of data/results generated during the current 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  \l 2 
Refer to RL-AP-1.0 for the procedure used to transmit records to Project Records (see Reference 3.1.5).

 LISTNUM  \l 1 
Forms, Exhibits, and Attachments

 LISTNUM  \l 2 
Forms

(
DDO-021, Sample Preparation Record Sheet (see Reference 3.1.5)

(
DDO-027, Radioanalytical Laboratory Analytical Request (see Reference 3.1.5)


(
DDO-400, pH Analysis (see Reference 3.1.5)
(
DDO-492, Technician Analysis Notes (see Reference 3.1.5)
 LISTNUM 
Exhibits

None.

 LISTNUM 
Attachments

None.
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