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ANALYSIS OF TRITIATED WATER AND SCREENING FOR LOW 
BETA ENERGY EMITTERS
 BY LIQUID SCINTILLATION COUNTING
 LISTNUM  \l 1 
Scope
This document describes the Radioanalytical Laboratory (RAL) method for separating tritium activity in water samples and identifying low beta energy emitter (e.g., tritium, carbon-14, nickel-63, and technetium-99) activity in samples using a liquid scintillation counting system. 

Tritium present in a sample as tritiated water is purified by ion exchange to reduce radionuclide interferences and quenching impurities that may be present in the water sample. An aliquot of the ion exchange effluent is added directly to a premixed liquid scintillator solution and is counted in the liquid scintillation counter for tritium beta particle activity. This procedure is only applicable to tritium present as tritiated water or HTO. The procedure for measuring tritium in water does not apply to measuring tritiated hydrocarbons or tritium-tagged biological agents.

Samples are screened for low beta energy emitters by placing the samples in counting vials and adding a premixed liquid scintillator solution. The screening process requires no analytical separation. Screening techniques are limited to pure beta-emitting contaminated samples.
 LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements, responsibilities, and procedures for identifying tritium in water samples and low beta energy emitters in samples (e.g., smears, air filters, and water). 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 Laboratory Chemical Hygiene Plan

 LISTNUM 
Tri-Carb® 2200CA Series Liquid Scintillation Analyzers Operation Manual, Packard Instrument Company, Inc., Rev. A, 1988
 LISTNUM 
RL-CP-009, Calibration and Operation of the Packard Tri-Carb® 2200CA LSC
 LISTNUM 
Tritium in Water (OTW02) Rev. 1.0, Eichrom Industries, Inc., Analytical Procedures, Darien, IL (10/9/96)
 LISTNUM 
Krieger, H. L., and Whittaker, E. L., Prescribed Procedures for Measurement of Radioactivity in Drinking Water, EPA-600/4-80-032, Tritium in Drinking Water, Method 906.0, Environmental Monitoring and Support Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio (August 1980)
 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, Radioanalytical Laboratory Quality Assurance Program Plan (see Reference 3.1.2), and/or the Battelle Columbus Laboratories Decommissioning Project Procedures Dictionary for definitions of the following terms:
Analytical Batch
Data Approval

Duplicate
Field Blanks

Laboratory
Laboratory Control Sample

Matrix Spike
Quench

Standard Reference Material
Technician

 LISTNUM 
Developmental Resources

None.

 LISTNUM  \l 1 
General 
 LISTNUM  \l 2 
Equipment and Materials

 LISTNUM  \l 3 
Liquid Scintillation Counter (LSC)—Dual detectors operating in coincidence mode, with at least two separate channels with individual upper and lower discriminator controls.

 LISTNUM 
Liquid scintillation counting vials, polyethylene or low-potassium glass, 20-mL capacity (plastic counting vials should be resistant to the scintillation solution; the organic solvent may migrate through the plastic counting vials; therefore, the samples should be counted no longer than 3 days after preparation).

 LISTNUM 
Pipettes and volume calibratable dispensers

 LISTNUM 
Column rack

 LISTNUM 
Filtering apparatus

 LISTNUM 
Beakers, assorted sizes

 LISTNUM 
Anti-static wipes

 LISTNUM 
Centrifuge tubes

 LISTNUM 
Column reservoirs
 LISTNUM 
Membrane filters (0.45 micron or equivalent)

 LISTNUM 
Paper smears and air filters (used as blanks and efficiency)

 LISTNUM 
Waste trays
 LISTNUM 
Vortex mixer
 LISTNUM  \l 2 
Reagents

NOTE:
All chemicals should be of “reagent grade” or equivalent whenever they are commercially available. After preparation, transfer the solution to a suitable plastic container and identify with type of solution, preparation and expiration dates, and technician initials.
 LISTNUM  \l 3 
Premixed liquid scintillation solution, i.e., Opti-fluor® (Packard Instrument Company, Inc.) or equivalent cocktail

 LISTNUM 
Tritium column—pre-packed column, Eichrom Industries, Inc., or equivalent

 LISTNUM 
Deionized water with tritium activity below the minimum detectable activity of 1 pCi-mL-1
 LISTNUM  \l 3 
Sodium hydroxide (0.1M)—Dissolve 4 g NaOH pellets in approximately 800 mL deionized (DI) water in a one-liter volumetric flask. Dilute to one liter with DI water.
 LISTNUM  \l 2 
Standards

 LISTNUM  \l 3 
Tritiated water standard reference material traceable to National Institute of Standards and Technology (NIST), containing nominally 5 x 104 dpm 3H-mL-1
 LISTNUM 
C-14 (NIST-traceable) containing nominally 5 x 104 dpm 14C-mL-1.
 LISTNUM  \l 2 
Interferences

NOTE:
Ion exchange separates tritiated water from many potential interferences.

 LISTNUM  \l 3 
Natural background activity in surface water and groundwater may contain interferences. Because slightly elevated levels of natural activity, including tritium, may be present in surface water, only DI water for background water should be used.

NOTE:
Strong oxidants such as peroxide, permanganate, and nitrate cause severe quenching and must be removed from the counting sample.

 LISTNUM 
Quenching, the reduction of emitted fluorescent light due to impurities that inhibit energy transfer reactions within the liquid scintillator, can significantly reduce the absolute counting efficiency for tritium. The magnitude of quenching may be established by comparing the quenched sample with a series of standards representing known amounts of quenching and making the appropriate correction. However, a more satisfactory technique is to eliminate quenching agents as much as possible before the sample is counted. Both approaches are used in this procedure.

 LISTNUM 
Liquid scintillator solution that has been exposed to light, particularly fluorescent light, contains excited molecules that de-excite by delayed luminescence. The luminescence requires a significant amount of time to decay to true background level; however, a major fraction of the light-induced phosphorescence decays within 1 minute. For ambient temperature counting, a delay of at least 1 hour is recommended.

 LISTNUM 
The use of plastic counting vials may cause buildup of static charge and give erratic results. Plastic counting vials should be wiped down with anti-static wipes prior to dark adaption and loading in the LSC.

 LISTNUM 
Very high levels of other beta emitters in the water sample may cause interference. Dilution/filtration of samples may be necessary in these cases.

 LISTNUM 
Screening techniques (no chemical separation) are limited to pure beta-emitting activity samples. 
 LISTNUM  \l 2 
Personnel Safety Precautions

Personnel safety precautions are outlined in DD-92-02 (see Reference 3.1.3).

 LISTNUM  \l 2 
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; and marked levels from labels, tags, tracking sheets, or chain of custody forms.

 LISTNUM 
Samples known to have activity greater than nanoCurie require special handling precautions. These precautions will be addressed at the time of submission on a case-by-case basis.

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

 LISTNUM  \l 1 
Procedure
All RAL personnel qualified on this procedure are 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 and Standardization

NOTE:
The following steps are used when setting up the counting window for tritium activity. The same process can be followed when setting up the window for other low beta energy emitters. Set up the window as noted in step 5.1.4, except add radioactive standard reference material for the beta energy of interest.

 LISTNUM  \l 3 
Set the discriminators on one channel of the LSC in accordance with the manufacturer’s instructions (see Reference 3.1.4) to obtain essentially all of the tritium counts. This channel will be referred to as the tritium channel.

NOTE:
In normal counting operation, tritium is counted with a window setting where the figure of merit is at maximum. Each protocol can have up to three window settings (e.g., tritium, C­14, and beta emitters greater than C­14 energy window settings for tritium in water analysis). The additional window settings are used to verify clean separation analysis for tritium in water separation. For screening analysis, the additional window settings are used to determine pure beta emitters (i.e, tritium, C-14, etc.). 
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 LISTNUM 
Set the upper discriminator of the other channel at its maximum. Set the lower discriminator so that this channel records approximately 0.2% of the counts recorded in the tritium channel when a tritium standard is counted. (Be certain to measure and correct for background, using DI water in the liquid scintillator solution.) With these settings, this channel will respond primarily to radionuclides of higher beta energy than tritium and will be referred to as the high-energy channel. This channel will be used as a purity check on the tritium samples.

 LISTNUM 
Correct the tritium standard for decay from the date of certification.

NOTE:
If an LSC cocktail other than Opti-fluor® is used for sample preparation, consult the cocktail phase diagram for optimum sample/cocktail mix ratios. The optimum ratio of sample/cocktail for Opti-fluor® is 2 mL/18 mL. The manufacturer’s recommendations shall be followed.
 LISTNUM 
Accurately pipette 1 mL of the diluted tritiated water standard (or required amount of standard reference material for efficiency calculations). Add 1 mL of DI water to a counting vial (or required amount of standard and DI water for a total volume of 2 mL of liquid). Add 18 mL of liquid scintillation solution (Opti-fluor®). Cap the counting vial immediately to minimize evaporation losses. Mix the contents thoroughly.

NOTE:
The Packard Tri-Carb® 2200CA LSC performs discriminator adjustments, decay corrections, and efficiency (calibration check sources) calculations automatically. Efficiency as a function of sample quench may also be determined for samples that cannot be completely purified. Refer to procedure RL­CP­009 (see Reference 3.1.5) for instructions.

 LISTNUM 
Place the counting vial in the counting chamber of the LSC, wait at least 1 hour for light-induced phosphorescence to decay and count to obtain at least 30,000 counts in the tritium channel. Divide the observed count rate by the decay-corrected certified disintegration rate. Record this value as the absolute counting efficiency for the volume of sample used.

 LISTNUM  \l 2 
Water Sample Preparation

NOTE:
Water samples to be analyzed for tritiated water shall not be acidified. This procedure is used to identify tritium in water samples according to EPA measurement practice for radioactivity in drinking water (see References 3.1.6 and 3.1.7).

 LISTNUM  \l 3 
If the sample contains a large amount of suspended solids, filter an aliquot of the water sample through a 0.45-micron filter. Discard the filter and save the filtrate for ion exchange. Record sample preparation information on the Sample Preparation Record Sheet (DDO-021) and Technician Analysis Notes (DDO-492).

 LISTNUM 
For each sample solution, place a tritium column in the column rack.

 LISTNUM 
Place a waste tray below the columns, remove the column caps and bottom plug from each column, and allow draining. Attach extension funnels to each column.

NOTE:
Allow all rinse solution to drain from the column, but do not allow the column to sit long enough to begin to dry out.

 LISTNUM 
Pipet 10 mL of DI water into each column and allow it to drain from the column.

 LISTNUM 
Measure approximately 35 mL of sample and quantitatively add it to the top of the column.

 LISTNUM 
Allow about 10 mL of the sample to pass through the column before collecting the sample in a clean, 50-mL centrifuge tube or beaker.

NOTE:
If an LSC cocktail other than Opti-fluor® is used for sample preparation, consult the cocktail phase diagram for optimum sample/cocktail mix ratios. The optimum ratio of sample/cocktail for Opti-fluor® is 2 mL/18mL. The manufacturer’s recommendations shall be followed. Run at least one duplicate sample for every 10 samples. A duplicate sample is a second aliquot of a sample brought through the whole sample preparation and analytical process.

 LISTNUM 
Prepare duplicate samples by pipetting a 2-mL aliquot of effluent sample into a liquid scintillation counting vial. Add 18 mL of liquid scintillator solution (Opti-fluor®). Cap the counting vial securely and mix contents thoroughly.

NOTE:
Run at least one reagent blank sample for every 20 samples to determine if contamination is occurring. The reagent blank sample is a DI water sample brought through the whole sample preparation and analytical process.
 LISTNUM 
Prepare duplicate reagent blanks (background sample) by adding 2 mL of pure DI water to a counting vial. Add 18 mL of liquid scintillator solution (Opti-fluor®). Cap the counting vial and mix contents thoroughly.

NOTE:
Run at least one matrix spike sample for every 20 samples. A matrix spike sample is a sample that has been spiked with a known amount of tritium and is then brought through the whole sample preparation and analytical process.
 LISTNUM 
Prepare duplicate matrix spike samples by pipetting a 2-mL aliquot of effluent sample into a liquid scintillation counting vial. Add 18 mL of liquid scintillator solution (Opti-fluor®). Cap the counting vial securely and mix contents thoroughly.

NOTE:
The standards and backgrounds are counted to determine the counting efficiency (as determined in step 5.5.1.1). A standard and background are counted at least once at the beginning and end of each batch analyzed on the LSC.
 LISTNUM 
Prepare at least two standards and two backgrounds for each sample batch analyzed on the LSC. Prepare the standards by pipetting 1 mL tritium standard (or required amount of standard reference material for efficiency calculations) and 1 mL of DI water into a liquid scintillation counting vial (or required amount for a total volume of 2 mL). Prepare the backgrounds by pipetting 2 mL of DI water into a counting vial. Add 18 mL of liquid scintillation solution (Opti-fluor®) to each counting vial. Cap the counting vials and mix contents thoroughly.

 LISTNUM 
Refer to procedure RL-CP-009 (see Reference 3.1.5) for instructions on instrument calibration verification checks and self-normalization of the Packard Tri-Carb® 2200CA LSC.

 LISTNUM 
Load the samples, standards, and reagent blanks into Varisette cassettes, which are placed into the counting chamber of the LSC. Wait at least 1 hour for light-induced phosphorescence to decay and count samples for approximately 50 minutes (or long enough to meet the required detection limit of 1 pCi-mL-1 for the sample) in the LSC. If the count rate exceeds 100,000 counts per minute, dilute the sample with DI water. Record the dilution factor and correct dilution activity back to original activity. Repeat steps 5.2.7, 5.2.9, and 5.2.12.

 LISTNUM 
Record the laboratory sample number(s) and analysis information on the Packard LSC Sample/Holder Guide (DDO-399).

 LISTNUM 
Note the counts recorded in the high-energy channel (typically >12 keV). If the counts in the high-energy channels exceed 10% of the total counts recorded on the tritium channels, the effluent contains too much non-tritium radioactivity, and the sample must be reseparated.

 LISTNUM 
Final results of water samples are entered and calculated using an Excel spreadsheet (see Attachment 1). Refer to RL-AP-1.0 (see Reference 3.1.1) concerning data reduction.
NOTE:
The technician should consult with the QC Officer, or designee, for instruction on creating and editing Excel spreadsheets.

 LISTNUM 
Water results are usually reported in pCi/mL and are automatically calculated in an Excel spreadsheet. Begin by checking transcription errors from the raw data to the report and verify 10% of calculations (see step 5.5.1 for equations used in calculations). If problems are noted, all sample calculations will be verified and corrected before data are reviewed by the validator per RL-AP-2.0 (see Reference 3.1.8).

 LISTNUM  \l 2 
Sample Preparation for Smears and Air Filters – Low Energy Beta Screen
NOTE:
Substitute 2 mL of 0.1M NaOH for 2 mL of DI water in steps 5.3.1 through 5.3.3 when screening smears and/or air filters for C-14 activity.
If samples are being counted for C-14 and H-3 activity at the same time, follow steps 5.3.1 through 5.3.3 using DI water only. C-14 standards must be prepared fresh daily using DI water.
 LISTNUM  \l 3 
If not already completed, place samples in separate counting vials. Add 2 mL of DI water to each counting vial for tritium. Record the sample preparation information on DDO-492.
NOTE:
The blank and spiked samples are prepared like samples and are used for sample background subtraction and counting efficiency, respectively.

 LISTNUM 
Prepare at least two blank samples per batch by adding a blank smear/air filter and 2 mL of DI water to each counting vial for tritium.

NOTE:
If C-14 contamination is suspected in the samples, prepare two spiked smears or air filters per batch for C-14 efficiency (see step 5.3.3). Add 0.1 mL (or the required amount of standard reference material for efficiency calculations) of C-14 standard to each counting vial and add 2 mL of 0.1M NaOH (or the required amount for a total volume of 2 mL of liquid).
 LISTNUM 
Prepare at least two spiked smears per batch for counting efficiency. Add 1 mL of tritium standard (or the required amount of standard reference material plus DI water for a total volume of 2 mL) to each counting vial.

 LISTNUM 
Add 18 mL of liquid scintillation solution (Opti-fluor®) to each counting vial (samples, backgrounds, and standards). Cap the counting vial immediately to minimize evaporation losses. Mix the contents thoroughly.

 LISTNUM 
Refer to procedure RL-CP-009 (see Reference 3.1.5) for instructions on the instrument calibration verification check and self-normalization of the Packard Tri-Carb® 2200CA LSC.

 LISTNUM 
Load the samples, standards, and backgrounds into the Varisette cassettes that are placed into the counting chamber of the LSC. Wait at least 1 hour for light-induced phosphorescence to decay before counting samples.

 LISTNUM 
Record the laboratory sample number(s) and analysis information on DDO-399.

NOTE:
The technician should consult with the QC Officer or designee for instruction on creating and editing Excel spreadsheets.

 LISTNUM 
The final results of smear and air filter samples are entered and calculated using an Excel spreadsheet (see Attachment 2). Refer to RL-AP-1.0 (see Reference 3.1.1) concerning data reduction.

 LISTNUM 
Smear/air filter results are usually reported in dpm/sample and are automatically calculated in an Excel spreadsheet. Begin by checking transcription errors from the raw data to the report and verify 10% of calculations (see step 5.5.2). If problems are noted, all sample calculations will be verified and corrected before data are reviewed by the validator per RL-AP-2.0 (see Reference 3.1.8).

 LISTNUM  \l 2 
Sample Preparation for Water—Low Beta Energy Screen 

 LISTNUM  \l 3 
Add 2 mL of sample in separate counting vials. Record the sample preparation information on DDO-492.

NOTE:
The blank and spiked samples are prepared like samples using DI water and are used for background subtraction and sample counting efficiency, respectively.

 LISTNUM 
Prepare at least two blank samples per batch by adding 2 mL of DI water to each counting vial for tritium.

NOTE:
If C-14 contamination is suspected in the samples, prepare two spiked samples per batch for C-14 efficiency (see step 5.3.3.) Add 0.1 mL (or the required amount of standard reference material for efficiency calculations) of C-14 standard to each counting vial and add DI water for total a volume of 2 mL of liquid.

 LISTNUM 
Prepare at least two spiked samples per batch for counting efficiency. Add 1 mL of tritium standard (or the required amount of standard reference material) and add DI water for a total volume of 2 mL to each counting vial.

 LISTNUM 
Add 18 mL of liquid scintillation solution (Opti-fluor®) to each counting vial (samples, backgrounds, and standards). Cap the counting vial immediately to minimize evaporation losses. Mix the contents thoroughly.

 LISTNUM 
Refer to RL-CP-009 (see Reference 3.1.5) for instructions on the instrument calibration verification check and self-normalization of the Packard Tri­Carb® 2200CA LSC.

 LISTNUM 
Load the samples, standards, and backgrounds into the Varisette cassettes that are placed into the counting chamber of the LSC. Wait at least 1 hour for light-induced phosphorescence to decay before counting samples.

 LISTNUM 
Record the laboratory sample number(s) and analysis information on DDO-399.

NOTE:
The technician should consult with the QC Officer or designee for instruction on creating and editing Excel spreadsheets.

 LISTNUM 
The final results of water samples are entered and calculated using an Excel spreadsheet (see Attachment 3). Refer to RL-AP-1.0 (see Reference 3.1.1) concerning data reduction.

 LISTNUM 
Water results are usually reported in µCi/mL and are automatically calculated in an Excel spreadsheet. Begin by checking transcription errors from the raw data to the report and verify 10% of calculations (see step 5.5.3). If problems are noted, all sample calculations will be verified and corrected before data are reviewed by the validator per RL-AP-2.0 (see Reference 3.1.8).
 LISTNUM  \l 2 
Calculations

 LISTNUM  \l 3 
Calculate the tritium in water (Section 5.2) concentration, A, in microCuries (µCi) per mL as follows:
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Where:

C
=
sample count rate, cpm

B
=
background count rate, cpm

E
=
counting efficiency (cpm/dpm), determined in Section 5.5.1.1

V
=
volume of the sample aliquot in mL

F
=
recovery factor, as determined in Section 5.5.1.2

2.22E6
=
conversion factor for dpm-µCi-1

 LISTNUM  \l 4 
Determine the tritium counting efficiency, E, as follows:
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Where:

D
=
tritium standard count rate, cpm


G
=
decay-corrected activity of tritium standard (dpm)

 LISTNUM 
Calculate the recovery correction factor, F, as follows:
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Where:

L
=
tritium standard effluent count rate, cpm



M
=
decay corrected activity of tritium standard (before ion exchange), dpm

 LISTNUM  \l 3 
Calculate the low beta energy smear/air filter data (Section 5.3), S, in dpm per sample as follows:


[image: image5.wmf]V

x

E

B

C

S

-

=


Where:



E
=
counting efficiency (cpm/dpm), as determined below

V
=
sample (i.e., 1)
Determine counting efficiency for low beta energy smear/air filter samples, E, as follows:
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Where:

D
=
standard (e.g., H3, C14) count rate, cpm


G
=
decay-corrected activity of standard (e.g., H3, C14), dpm

 LISTNUM  \l 3 
Calculate the low beta energy screen water data (Section 5.4), S, in µCi/mL as follows:
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Where:

E
=
counting efficiency (cpm/dpm), as determined below

V
=
sample volume (mL)
Determine counting efficiency for low beta energy water samples, E, as follows:
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Where:

D
=
standard (e.g., H3, C14) count rate, cpm

G
=
decay-corrected activity of standard (e.g., H3, C14), dpm

 LISTNUM  \l 2 
Quality Control

QC samples shall meet requirements of RL-QAP-1.0 (see Reference 3.1.2).

 LISTNUM  \l 3 
All QC 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. An analytical batch consists of up to 20 samples.

NOTE:
Field duplicates and field blanks are not be used for laboratory duplicate analyses.

 LISTNUM 
Run one duplicate sample for every 10 samples. A duplicate sample is a sample brought through the whole sample-preparation and analytical process.

 LISTNUM 
Run one matrix spike sample and one blank spike sample (laboratory control sample) per analytical batch.

 LISTNUM  \l 2 
Review of Data/Results

The QC Officer or designee is responsible for assuring that
 LISTNUM  \l 3 
Data/results generated in the RAL are reviewed prior to release to the submitter. Formal release of data from the laboratory to the submitter will occur only after the review process is completed (see Reference 3.1.8).

 LISTNUM 
The analytical results are reviewed 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 are reviewed by the technician for transcription errors from the raw data to the report and all calculations for 10% of the samples are verified. If an error is identified, all sample calculations will be verified and corrected before data are reported. An independent review of the data/results will be performed of the final results before being reported to the submitter.

 LISTNUM  \l 1 
Records
 LISTNUM  \l 2 
The Packard Tri-Carb® 2200CA LSC provides a printout of the protocol summary and pertinent sample data (e.g., cpm, dpm, and count time) for all samples analyzed. Relevant sample information shall be recorded on the Packard LSC sample data printout (e.g., sample background and efficiency).

 LISTNUM 
Radioanalytical Laboratory Analytical Request (RLAR—DDO-027) forms, Sample Preparation Record Sheets, Packard LSC Sample/Holder Guide sheets, Technician Analysis Notes, hard copies of analytical results, data disks, sample count log books, and Packard LSC instrument 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 secure location.

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

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

(
DDO-399, Packard LSC Sample/Holder Guide (see Reference 3.1.1)
(
DDO-492, Technician Analysis Notes (see Reference 3.1.1)
 LISTNUM 
Exhibits

None.

 LISTNUM 
Attachments

(
Tritium in Water Excel Spreadsheet (Attachment 1)

(
C-14 Smear Sample Excel Spreadsheet (Attachment 2)
(
C-14 in Water Excel Spreadsheet (Attachment 3)
ATTACHMENT 1

TRITIUM IN WATER EXCEL SPREADSHEET
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ATTACHMENT 2
C-14 SMEAR SAMPLE EXCEL SPREADSHEET
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ATTACHMENT 3

C-14 IN WATER EXCEL SPREADSHEET
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