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AIR SAMPLING AND ANALYSIS

1.0 Scope

This document describes the Battelle Columbus Laboratories Decommissioning Project (BCLDP) Health Physics Air Sampling Program and provides guidelines for sampling to determine the concentration of airborne radioactive material. Effluent and environmental air sampling and/or monitoring are not within the scope of this procedure. This procedure is applicable to BCLDP Health Physics, the Radiological Field Operations (RFO) Manager, the Radiological Technical Support (RTS) Manager, and all personnel entering BCLDP controlled areas.

2.0 Purpose

This procedure satisfies the requirements of the applicable governing documents as listed in Reference 3.1.1 of this procedure.  The purpose of this procedure is to 

· Determine whether the confinement of radioactive materials is effective by measuring radioactive material concentrations in the workplace.
· Provide the basis for a quantitative estimate of any individual worker radioactive material intake as well as the dose associated with that intake.

· Warn personnel of significantly elevated levels of airborne radioactive materials.

· Indicate the continuing effectiveness of existing controls, and warn of the deterioration of control equipment or operating procedures.

· Provide data for determining the requirements for posting, and engineering or administrative controls. Provide data for determining the requirements for posting, and engineering or administrative controls.
· Identify and characterize the contaminants and their sources.

· Provide a record of long-term trends showing variations in contaminant levels.

· Provide data to assist in the selection of respiratory protective equipment that would provide adequate protection under exposure conditions.

· Provide documentation of personnel dose for legal or regulatory purposes.

· Provide data for control of long-term worker dose.

3.0 References, Definitions, and Developmental Resources
3.1 References

3.1.1 DD-90-02, Radiation Protection Program for the BCLDP

3.1.2 HP-AP-15.0, DAC-Hour Tracking and Dose Estimation

3.1.3 TD-AP-04.0, Health Physics Technician Training and Qualification

3.1.4 HP-OP-115, High Volume Air Sampler Operation and Calibration

3.1.5 HP-OP-117, Low Volume Air Sampler Operation and Calibration

3.1.6 HP-OP-112, Operation and Calibration of the SKC Sample Pump

3.1.7 HP-AP-29.0, Control of Radiological Measuring and Test Equipment and Instruments (RTEI)

3.1.8 U.S. Nuclear Regulatory Commission, Air Sampling in the Workplace, Regulatory Guide 8.25, June, 1992

3.1.9 HP-OP-019, Radiation and Contamination Survey Techniques

3.1.10 RS-AP-1.0, Respiratory Protection Program for BCLDP

3.1.11 HP-OP-012, Radiological Area Posting and Access Control

3.1.12 PR-AP-17.1, Operation of the Project Records Management System 

3.1.13 RL-AP-01.0, Administrative Operating Procedures for the Radioanalytical Laboratory

3.1.14 QD-AP-5.2, Work Instructions

3.1.15 
3.1.16 
3.1.17 
3.1.18 
3.1.19 
3.1.20 
3.1.21 
3.1.22 
3.1.23 
3.1.24 
3.1.25 
3.1.26 
3.1.27 
3.1.28 
3.1.29 
3.2 Definitions

Refer to the BCLDP Procedures Dictionary for definitions of the following terms:

	DAC-Hour

Derived Air Concentration (DAC)

Grab Sample 

Lapel Sampler

Lower Limit of Detection (LLD)

Marinelli Beaker
	Minimum Detectable Concentration (MDC)

Particle

Representative

Sample

Vapor
First Field Count


3.3 Developmental Resources

3.3.1 American National Standards Institute (ANSI) N13.1-1969, American National Standard Guide to Sampling Airborne Radioactive Materials in Nuclear Facilities

3.3.2 DD-93-09, BCLDP Internal Dosimetry Technical Basis Document

3.3.3 U.S. Nuclear Regulatory Commission, Air Sampling in the Workplace, NUREG 1400, February, 1993

3.3.4 
3.3.5 
3.3.6 U.S. Nuclear Regulatory Commission, Title 10, Code of Federal Regulations, Part 20, Standards for Protection Against Radiation

4.0 General

4.1 BCLDP shall use, to the extent practicable, process or other engineering controls (e.g., containment or ventilation) to control the concentration of radioactive material in air.

4.2 The instrument selected to quantify air sample activity shall be capable of determining an MDC at values less than 0.10 DAC of the sum of the alpha and beta activities of the most limiting BCLDP isotopes.

4.3 The instrument selected to perform first field counts and to analyze air samples shall be approved by the RFO Manager or designee.
4.4 Air samples are collected to evaluate personnel exposures to airborne radioactive materials. The process for collection and analysis of air samples must be adequate to determine if the containment of radioactive material is effective, to estimate personnel intakes, and to warn of changing conditions during a work task.

4.5 Accurate analysis of an air sample may be masked by the presence of naturally occurring radioactive materials, including radon progeny. As such, the analysis of the sample may be delayed to allow the short-lived radon progeny to decay. The sample may be counted 3 hours after collection; a second decay period of 20 hours may be required. 
4.6 An air sample may be submitted to the Radioanalytical Laboratory (RAL) for isotopic analysis.  Analytical results used for DAC assignment must be adjusted for collection factor efficiency as the RAL does not consider this value during analysis.  See Section 5.6.6 of this procedure.
4.7 At the beginning of each work shift, Health Physics shall perform a 60-minute blank planchet background count for alpha and beta activities on the instrument selected to analyze air samples and shall document the resultant count(s) on DDO‑057, Air Sample Data and Analysis.

4.8 The Health Physics Technician shall track a worker’s exposure by documenting the number of hours the worker is exposed to the airborne radioactive materials. Estimated internal exposure to radioactive material is documented in accordance with the provisions of Reference 3.1.2 of this procedure. A worker’s exposure should be maintained below 40 DAC-Hours in a work week to a maximum of 100 DAC-Hours in intervals of one calendar month. 

5.0 Procedure

Health Physics Technicians shall perform the requirements of this procedure, unless otherwise indicated.

5.1 Preparation and General Requirements for Airborne Radioactivity Surveys

5.1.1 Personnel qualifications

5.1.1.1 Health Physics Technicians shall be qualified in accordance with the requirements of References 3.1.3, 3.1.4, 3.1.5, and 3.1.6 of this procedure to perform air sampling and analysis and to operate air sampling equipment.

5.1.1.2 
5.1.1.3 Health Physics Technician Trainees may perform air sampling and counting functions only under the direct supervision of a Health Physics Technician meeting the requirements of Sections 5.1.1.1.
5.1.2 Air is normally sampled for radioactive particulate materials. Air samples are collected on paper filter materials.

5.1.3 Selection and setup of air samplers
5.1.3.1 Select calibrated instrumentation and collection media appropriate for the analysis to be performed.

5.1.3.2 Performance test instrument(s) (as applicable) in accordance with the provisions of Reference 3.1.7 of this procedure.

5.1.3.3 Perform the following in the event that an air sample must be collected under the following conditions: (1) the flow-rate meter is placed in a sub-atmospheric pressure area; or (2) the flow rate meter is at standard atmospheric pressure of 14.7 psia, but a filter provides flow resistance to the extent that a vacuum (greater than 3 inch Hg) is produced behind the filter.

· Determine the vacuum (in inches Hg) present in the flow meter by reading the vacuum gauge immediately prior to or after the flow rate meter. Actual flow is calculated as follows:
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If the sample is sent to the RAL for analysis, document the flow correction information on DDO-027, RAL Analytical Request.

5.2 Types of Air Samplers

5.2.1 Breathing zone (BZ) air samples.  BZ air samples provide data representative of the air that a worker would be breathing during a particular task. 

5.2.1.1 Demonstrate that the air sampled is representative of the BZ air if

· Intake is likely to exceed 0.1 DAC, and

· The intake of record will be based on the air sampling result, and

· The exposure will occur in an airborne radioactivity area where airborne concentrations may exceed 12 DAC Hours in a week, and

· Lapel air samplers or samplers located within about a foot of the worker’s head are not used. 

5.2.1.2 BZ samples are normally taken, at a minimum, during the time when the highest concentrations of radioactive material are expected to be present.

5.2.1.3 BZ samples may be taken at any time to document low, high, and average concentrations of airborne radioactive material.

5.2.1.4 Samples are normally taken in a position that would be representative of the air that would be breathed by a worker, regardless of whether the worker is wearing a respirator. Breathing zone samples shall be taken within one foot of the worker’s head, if physically possible, and between the source term and the worker’s head. 

5.2.1.5 Demonstration results shall meet the acceptance criteria specified in Reference 3.1.8, Table 2.  If the air sample cannot be taken within one foot of the worker’s head and the requirements of 5.2.1.1 are applicable, then demonstrate that the air sampling method is representative of the breathing zone by 

· Comparison of lapel sampler results, or

· Comparison of bioassay results, or

· Comparison of multiple measurements near the breathing zone, or

· Use of quantitative airflow tests, e.g., smoke tests.

5.2.1.6 If air sampling cannot be demonstrated to be representative of the BZ, determine the cause and correct the problem prior to continuing the work.

5.2.2 “Grab” air samples. Grab air samples are typically short in duration (10 or 15 minutes) and are collected with a high volume air sampler.  Grab samples are typically used to identify peak concentrations and/or isotopic content in air and are not used to assign DAC-hours. 
5.2.3 General area (GA) air samples. GA air samples provide data representative of the air in an area, building, or room. GA air samples normally provide the data used for determining if an area is an Airborne Radioactivity Area for implementing posting and access controls. 

5.2.3.1 Take GA samples at between 3 to 6 feet above floor level.

5.2.3.2 Take samples in a short period of time or over a period of time varying from an hour to one or more days (generally known as a “continuous sample”).

5.2.3.3 Determine airflow for the location of air samplers in accordance with Section 5.3 of this procedure. 
5.3 
5.3.1 

5.3.1.1 
5.3.1.2 
5.3.1.3 
5.3.1.4 

5.3.1.5 
5.3.1.6 
5.3.1.7 
5.3.1.8 
5.3.1.9 
5.3.1.10 
5.3.1.11 
5.3.1.12 
5.3.1.13 
5.3.1.14 
5.4 Locations of Air Samples

5.4.1 Concentrations of airborne radioactivity in a room are generally not uniform. Therefore, the location of the air samplers is important because inappropriately placed air samplers can give misleading results. Airflow patterns should be determined as follows:

5.4.1.1 When airflow patterns appear to be direct and non-complex, locate the ventilation air inlets and exhausts, and the source of airborne activity (source term), and place the air sampler in the predominant airflow path that is representative of the air to be breathed by the worker, preferably between the worker and the source of activity. 

5.4.1.2 When the airflow pattern appears to be complex, use a smoke tube to determine the airflow pattern, and locate the air sampler in the predominant airflow path that is representative of the air to be breathed by the worker, preferably between the worker and the source of activity.

NOTE:
Air samplers should not be located in or near intake or exhaust ventilation ducting, unless the personnel breathing zone is directly affected.

5.4.1.3 If the air sample is required to be a breathing zone sample, demonstrate that the BZ air sample will be representative of the worker’s breathing zone as described in Section 5.2.1.1. 

5.4.1.4 In High and Very High Radiation Areas, omit the determination of airflow patterns if the dose associated with the airflow determination is not ALARA.

5.4.1.5 Air samplers should be located in areas in which the sample filter will not be contaminated by materials that are not airborne or by the resuspension of loose contamination from surfaces near the sampling head.

5.4.1.6 Air samplers should be located so that the exhaust from the air sampler does not generate airborne radioactive materials.

5.4.1.7 For hoods, glove boxes, and other similar enclosures used to contain radioactive material, install air samplers slightly above head height and in front of the worker, or on the front face of the enclosure.

5.4.2 Repeat the airflow pattern determination when there are changes in the facility ventilation flow, individual work locations, or seasonal climates that may cause airflow changes or if there is a reason to suspect a problem.

5.5 
5.4.1 
5.4.1.1 
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· 
· 
· 







5.6 Sampling for Radioactive Particulate Material

5.6.1 Obtain the air sampler and filter(s) to be used and install the filter in the sampling head.

NOTE:
The filters shall be 47 mm Hollingsworth and Vose HD-2064, F&J FP-47 mm, or Multi-Metrics CS3708-M3 particulate filters. Prior to use of a different filter, the RTS Manager shall document and approve the collection and absorption efficiency for that filter. These efficiencies shall be documented on DDO‑057.

5.6.2 At the sampling location:

5.6.2.1 Select flow rate and determine time required for the needed volume of air and start the sampler.

5.6.2.2 At the end of the sampling period, stop the sampler.

5.6.3 Remove the filter at a designated location, and identify and package the sample.

5.6.4 Particulate sampling techniques.
5.6.4.1 “Grab” Samples.  Collect a Grab sample with a high volume sampler.
5.6.4.2 Continuous Samples. Take continuous samples normally with low volume samplers due to the long run times involved.  

· Continuous samples represent the concentrations during the relatively long period of sampling time and are useful to estimate average concentrations.

· Continuous samples are not normally used where airborne concentrations are expected to vary significantly during the time period of interest.

5.6.5 Lapel sampling.
NOTE:
Due to the low capture volume of lapel breathing zone air samples (4E4ml), the MDC on gross counting equipment is usually insufficient to determine 0.10 DAC for unknown isotopes for screening purposes.

5.6.5.1 Attach the sampling apparatus to the worker’s hip or waist with a belt.

5.6.5.2 Secure the sample head in the worker’s breathing zone area.

5.6.5.3 Secure the tubing and sample head with tape and/or clips.

5.6.5.4 Ensure that the worker is familiar with the conditions of use for the lapel sampler.  The worker shall perform the following: 

· Refrain from tampering with the pump or the sample head.

· If the sampler fails, note the stop time and contact a Health Physics Technician for further instructions.

· Contact a Health Physics Technician for assistance at completion of work.

5.6.6 Air sample packaging considerations— Place each air sample in a suitable container, e.g., petri dish.

5.6.7 During collection and handling of air samples, use caution to prevent the samples from being contaminated by other sources of radioactive material.

5.7 Air Sampling Documentation Requirements

5.7.1 Record personnel entry and exit times and selected respiratory protection, as applicable, on DDO-103, Summary and/or Special Report.  Record air sample data on DDO-057, Air Sample Data and Analysis as follows:  

NOTE:
“N/A” should be recorded for items that are not applicable to the particular sample.

5.7.1.1 Type of sample: general area (GA), lapel sample, or breathing zone (BZ).

5.7.1.2 Purpose of sample: i.e., routine or non-routine, and if non-routine, a brief description of the work being monitored.

5.7.1.3 RWP number for which the sample was obtained, if available.

5.7.1.4 Sample collection location.

NOTE:
Detailed air sample location specifics shall be documented on DDO-138, Health Physics Survey Report.  See Reference 3.1.9 of this procedure.

5.7.1.5 Sampler model and serial/ID number.

5.7.1.6 Sample start date, end date, start time, and end time.

5.7.1.7 Sample average flow rate, as CFM or LPM.

5.7.1.8 Total sampling time in MINUTES.

5.7.1.9 The required instrumentation MDC value.

5.7.1.10 If air samples are collected in accordance with the provisions of Section 5.1.3.3 of this procedure, the pressure measured in inches Hg.

5.7.1.11 The name(s) or initials of the Health Physics Technician(s) starting and stopping the air sample.

5.7.1.12 Description of any respiratory protection device worn if DAC hours are to be assigned.

5.7.1.13 Respirator protection factor.  See Reference 3.1.10 of this procedure.

5.7.1.14 Any airborne conditions, e.g., smoke, chemicals, that should be considered prior to analysis. Record in “Remarks” on DDO‑057 or on DDO-103.

5.8 Air Sample Analysis of Particulate Filters

5.8.1 Perform a first field count of the sample filter as soon as practical after the filter media is removed.  Document on DDO-057. 

5.8.2 Consider the following criteria during evaluation of air samples.  If any/all of the factors are unusual considering the scope of work, notify the RFO Manager.

5.8.2.1 Historical process knowledge

5.8.2.2 Isotopic mix, ratios, or concentrations

5.8.2.3 First field count

5.8.2.4 Contamination levels

5.8.2.5 Physical characteristics

5.8.2.6 Work activities within the sampling area

5.8.2.7 Probability of resuspension

5.8.3 Perform a minimum 3-hour decay of the filter to allow the radon progeny to decay through approximately six radiological half-lives.
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During the decay, calculate the MDC at a 0.95 confidence interval using formula above.  Key as follows: 

where:
Rb  =
Background count rate (cpm)


Tg  =
Gross counting time (min)


Tb  =
Background count time (min)


Ei  =
Instrument efficiency expressed as an percentage (decimal form)

Eca  =
Collection/absorption efficiency expressed as an percentage (decimal form)

F  =
Sampler flow rate (ml/min)


Ts =
Duration of sample collection (min)

5.8.5 The sample count time should be at least 5 minutes. Record the calculated MDC value on DDO-057.

NOTE:
Air sample calculations may be performed using an EXCEL spreadsheet that is approved/verified for use by the RTS Manager. 

NOTE:
If the air sample counts could possibly cycle the selected counting instrument through its maximum value, adjust the count time to below 5 minutes as appropriate to obtain total counts.








5.8.6 Using the following formula, calculate and record the alpha air activity, then calculate the beta activity.
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where:  Ns  =
Net sample count rate


Vol  =
Volume in ft3

Efc= 
Filter collection efficiency



Alpha = 0.67



Beta = 0.95


EI  =
Instrument efficiency expressed as a decimal


2.22E6  =
Conversion factor dpm to μCi


2.832E4  =
Conversion factor ft3 to ml

NOTE:
It is known that a portion of the calculated beta activity is due to radon/thoron beta emitting progeny; however, for the sake of consistency, all beta activity will be assumed to be from a beta-emitting contaminant unless the contaminant is specifically analyzed for by the Radioanalytical Laboratory.

5.8.7 If the calculated air activity does not exceed 0.10 of the total DAC as calculated in Section 5.6.12.1, discard the sample unless otherwise directed by the RFO Manager.

NOTE:
At the discretion of the RFO Manager or designee, air sample filters may be preserved and archived after analysis if DAC-Hours are to be assigned. 

NOTE:
For times when the MDC is less than the 0.10 of the values listed in Section 5.6.12.3 and the calculated activity is less than the MDC, the MDC may be used as a substitute for the activity represented in the Section 5.6.12 calculations. Count time may be adjusted to ensure the calculated MDC is less than 0.10 of the values listed in Section 5.6.12.3.
5.8.8  If the air sample analysis indicates the calculated air activity will exceed 0.10 of the total DAC, perform the following:
5.8.8.1 Post the area as a Airborne Radioactivity Area in accordance with the provisions of Reference 3.1.11 of this procedure.
5.8.8.2 Retain the air sample for a count at 20 hours or send the air sample for radioanalysis if the sample was obtained from a BZ or lapel sampler and indicates potential assignment of DAC-Hours. Contact the RFO Manager or designee. 

5.8.8.3 Count the air sample at 20 hours (to allow for decay of thoron progeny) and calculate the current activity and the MDC in accordance with the provisions of Sections 5.6.4 and 5.6.6 of this procedure. Document on DDO-057.
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If the air sample result is greater than a total DAC of 0.1 as calculated in Section 5.6.12, the alpha long-lived activity should be calculated from the remaining alpha activity as specified in the following formula:

where:
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=
Decayed (greater than 20-hour) α activity 
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=
Initial (greater than 3-hour) α activity


ΔT(hr)
= 
Elapsed time between the (greater than) 3‑hour and 20-hour count (> 20 hour)


0.066
=
Pb-212 decay constant: Pb-212, a beta emitter, is used because its half-life determines the production of Bi-212 and Po-212, which are both in secular equilibrium with Pb-212 and alpha-emitting isotopes.

5.8.10 Document the result from long-lived alpha activity calculation on DDO‑057. 

NOTE: 
A resultant negative number indicates that the decaying isotope is decaying at a faster rate than the 0.066 decay constant (which is based on a 10.2-hour half-life). The air sample shall be decayed and counted at a later time to allow the air sample activity half-life to reach 10.2 hours or greater. This will ensure a positive long-lived alpha activity. 

NOTE:
If the long-lived alpha activity is not calculated, the concentration calculated after the 20‑hour decay period will be used for the result of record for the work task. 

5.8.11 If the beta and long-lived alpha activity concentration exceeds a total DAC of 0.10, take the following actions:

5.8.11.1 Ensure that the area is posted as an airborne radioactivity area in accordance with the provisions of Reference 3.1.11 of this procedure.

5.8.11.2 Calculate the percent DAC personnel exposure per Section 5.6.12.2.

5.8.11.3 If the percent DAC personnel exposure is greater than 0.10, calculate and document DAC-hours for the affected individuals in accordance with the provisions of Reference 3.1.2 and send the sample to the RAL for isotopic analysis of the air sample. 

5.8.12 Calculate total DAC and percent DAC personnel exposure.
5.8.12.1 Calculate the total DAC as follows:
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5.8.12.2 Calculate the percent DAC personnel exposure as follows:


5.8.12.3 DAC values for the King Avenue and West Jefferson sites are as follows:

KA α
: 5E-13 μCi/ml

KA β
: 1E-10 μCi/ml

WJ α
: 3 E-12 μCi/ml

WJ β
: 2 E-9 μCi/ml

NOTE:
If isotopic analysis is performed by the RAL, the DAC may be selected according to the limiting isotope reported in the analysis. 

6.0 Records

The following records will be generated by the use of this procedure and submitted to Project Records on a monthly basis in accordance with the provisions of Reference 3.1.12 of this procedure:

· Health Physics Survey Report

· Air Sample Data and Analysis or Computer Equivalent

· Isotopic Printouts

· Summary and/or Special Report 

7.0 Forms, Exhibits, and Attachments

7.1 Forms

· DDO-027, RAL Analytical Request (Reference 3.1.13)

· DDO-057, Air Sample Data and Analysis

· DDO-103, Summary and/or Special Report Form (Reference 3.1.14)

· DDO-138, Health Physics Survey Report (Reference 3.1.9)

7.2 Exhibits

None.
7.3 Attachments
None.
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- - - Putting Technology To Work

SECTION 1 - General Sampling Data

AIR SAMPLE DATA AND ANALYSIS

HPS #

SAMPLING TECH: LOCATION:
DATE/TIME ON: JOB DESCRIPTION:
DATE/TIME OFF: RWP #:

TOA IME min): _

X

(Sample Time x Flow Rate x Conv. Fact.” = Volume in mL)

x_2.832 E4

SAMPLETYPE: [ BZ 0 GA 0 Lapel
|| SAMPLER MODEL/ID:
“ CAL. DUE DATE: FLOW RATE:

‘Conv. Fact. = 2.832E4 for Cu. Ft. or 1.0E3 for Liters

Isotope/10% DAC value [J: 3 E-13 uCi/ml

COUNT TECH:

Time:

Isotope/10% DAC value [:

COUNTER MODEL/ID: 12929/

Unknown/1E-11 uCi/ml

60 MIN. BACKGROUND TOTAL COUNTS: [:

0: CAL. DUE DATE:

COUNTER EFFICIENCIES [

MDC 0 (uCi/ ml):

TIME OF BKG COUNT:

Date Counte

MDC [ (uCi / ml):

SECTION 3 - Decayed Counting Data

COUNT TECH:

COUNTER MODEL/ID: 2929/

60 MIN. BACKGROUND TOTAL COUNTS: (I

CAL. DUE DATE:

COUNTER EFFICIENCIES

MDC 0 (uCi / ml):

TIME OF BKG COUNT TIME:

ie Counte _

MDC I (uCi / ml.):

% DAC PERSONNEL EXPOSURE

DAC ALPHA
DAC BETA

DDO-057, Rev. 9

Reviewed By:

Date

dir (0/03)
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