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OPEATION AND CALIBRATION OF THE LUDLUM

MODEL 333-2 BETA PARTICULATE AIR MONITOR

1.0 Scope 

This procedure establishes Battelle Columbus Laboratories Decommissioning Project (BCLDP) requirements for operating and calibrating the Ludlum Model 333-2 Beta Particulate Air Monitor, also known as a Continuous Air Monitor “CAM”.
2.0 Purpose
The purpose of this procedure is to provide instructions for operating, maintaining, and calibrating the Ludlum 333-2 Beta Particulate Air Monitor in accordance with Reference 3.1.1.

3.0 References, Definitions, and Developmental Resources 
3.1 References
3.1.1 HP-AP-29.0, Control of Radiological Measuring and Test Equipment and Instruments (RMTEI).
3.1.2 EM-OP-002, Collecting and Processing Filters from Continuous Air Monitors and Performance Testing.
3.1.3 SM-OP-001, Inspection and Maintenance Activities for Buildings JN-1, JN-2, and JN-3.
3.2 Definitions
Refer to the BCLDP Procedures Dictionary for definitions of the following terms:


CAM


CFM


LPM
3.2.1 
3.2.2 
3.2.3 
3.3 Developmental Resources

3.3.1 Instruction Manual for the Ludlum Model 333-2 Beta Particulate Air Monitor.
3.3.2 American National Standards Institute (ANSI) N323-1978, Radiation Protection Instrumentation Test and Calibration. 
3.3.3 ANSI/American Nuclear Society N3.1-1993, Selection, Qualification and Training of Personnel for Nuclear Power Plants (reaffirmed 1999).
4.0 General
4.1 Precautions

4.1.1 The cart-mounted Ludlum 333-2 CAM weighs 160 pounds. Exercise caution when moving.

4.1.2 Tighten connections by hand. Do not use tools.
4.1.3 Filter change-out shall be completed in accordance with the provisions of EM-OP-002 (Reference 3.1.2).

4.1.4 Verify that the Ludlum 333-2 CAM pump is OFF prior to performing a filter change-out; otherwise, damage to the detector could occur.

4.2 Limitations
4.2.1 Calibration shall be performed on an annual basis, and (1) after maintenance that could affect calibration, (2) if the instrument is removed from service after failing performance test, or (3) if proper operation is in question.

4.2.2 Sample filter paper shall be a 50-mm-diameter glass fiber filter paper.

5.0 
5.1 
5.1.1 
5.1.1.1 
5.1.1.2 
5.1.1.3 
5.1.2 
5.1.2.1 
5.1.2.2 
5.1.2.3 
5.1.2.4 
5.1.2.5 
5.1.2.6 
5.1.2.7 
5.1.2.8 
5.1.3 
5.1.3.1 
5.1.3.2 
5.1.3.3 
6.0 Procedure
6.1 Operation
6.1.1 The Environmental Monitoring and Electronic Tech. or designee will verify that the instrument has a valid Calibration Data Sticker and that the weekly performance test has been performed and initialed on the Performance Test Sign-off Sticker. If the performance test has not been performed, a qualified Environmental Monitoring and Electronics Technician shall perform the performance test in accordance with the provisions of Section 5.3 of this procedure.

6.1.1.1 Examine the instrument for any obvious physical damage that could interfere with its proper operation.

6.1.1.2 Turn the instrument to the “ON” position.

6.1.1.3 Confirm that the AUDIO switch is in the “ON” position.

6.1.1.4 Move the RCDR (recorder) switch to “ON” if the recording information option is desired.

6.1.1.5 Confirm that a new filter is in place in accordance with the provisions of Reference 3.1.2.

6.1.1.6 Turn the pump switch “ON” and verify the rotometer flow rate to be 1.0 CFM or 30 LPM.

6.1.1.7 Confirm that the MON (monitor) indicator is lit at least 50% of the time (with a new filter in place). Normal backgrounds should keep the monitor lamp lit at least 90% of the time.

6.1.1.8 Visually observe that the ALERT and ALARM set points are correct by depressing ALARM and ALERT buttons.

6.1.1.9 The unit is now ready for use.  If CAM fails calibration specs. or P.T. tag out of service repair if needed and recalibrate.
6.1.2 The Ludlum 333-2 CAM can be used for environmental monitoring or as mandated through the use of a job-specific Radiation Work Permit.

6.1.2.1 If the Ludlum 333-2 is used for environmental monitoring, process the air filter sample shall be analyzed in accordance with the provisions of EM-OP-002 (Reference 3.1.2).

6.1.2.2 If the Ludlum 333-2 is required for use by a job-specific Radiation Work Permit, process the air filter sample for analysis in accordance with the provisions of EM‑OP‑002 (Reference 3.1.2).

6.1.3 If the Ludlum 333-2 CAM should alarm during operation, the Environmental Monitoring and Electronics Technician should respond as follows:

6.1.3.1 Advise Environmental Monitoring Operations Project Manager of re-calibration status.  S&M is responsible for this procedure.
6.1.3.2 Ascertain radiological conditions prior to Ludlum 333-2 alarm; attempt to determine if the alarm is spurious (due to instrumentation malfunction or radon/thoron daughters) or due to an actual increase in radioactivity.

6.1.3.3 Re-enter the area in accordance with the directions of Health Physics.

6.1.3.4 Disable the alarm function by unplugging alarm cable from wall box or box on top of CAM.
6.1.3.5 Change-out the air filter sample in accordance with the provisions of EM-OP-002 (Reference 3.1.2).

6.1.3.6 If the chart recorder has been used, review the chart paper for indications of alarm.  Notify appropriate groups about the alarm data.
6.1.3.7 Process the air filter sample for analysis in accordance with the provisions of EM-OP-002 (Reference 3.1.2).

6.2 Calibration
NOTE:
The following steps shall be performed by a qualified Environmental Monitoring and Electronics Technician. 
6.2.1 Equipment needed:

6.2.1.1 Calibrated electrostatic voltmeter or equivalent traceable to National Institute of Standards and Technology (NIST).

6.2.1.2 Calibrated Mini Pulser MP-2 or equivalent traceable to NIST.

6.2.1.3 Tc-99 or other β- reference source traceable to NIST.

6.2.1.4 Calibrated magnahelic traceable to NIST.

6.2.1.5 Calibrated high-voltage probe traceable to NIST.

6.2.2 Initiate Calibration Sticker and Instrument Service Record—Ludlum Model 333‑2 CAM (DDO-272) by completing Section 1, Instrument Data. 
6.2.3 Check the instrument and associated vacuum pump for any physical damage that may affect calibration. Record inspection results on calibration stocker tag instrument out of service, then repair or replace and restart calibration steps.

6.2.4 Remove the instrument cover and disconnect the detectors. Turn the 333-2 on, verify, and record “As Found High Voltage” on DDO-272.

6.2.5 Connect the mini pulser to the detector #1 input (internally); set the amplitude to 150 mV; and apply count rates of 100, 1,000, 10,000, and 100,000 counts per minute (cpm). Allow the meter to stabilize at each count rate, then measure, and record the “As Found Count Rates” on DDO‑272.

6.2.6 Apply a count rate of 1,000 cpm, and adjust the LCL RCDR for a strip chart recorder reading of 1,000 cpm.

NOTE:
It is easiest to have the striking bar stopped at its topmost
position during this adjustment.



6.2.7 Remove the mini pulser signal. Press and release the RESET button, wait 10 seconds, then adjust the mechanical zero for a meter reading of 10 if necessary.

6.2.8 If all “As Found” data are within acceptance ranges and the mechanical zero did not require adjustment, record all “As Found” data as “As Left” data on DDO-272, remove all test equipment, and reconnect the detectors. Proceed to Step 5.2.12 of this procedure. If adjustments are necessary or the technician desires to optimize the readings, perform Steps 5.2.9, 5.2.10, and 5.2.11 of this procedure.

6.2.9 High Voltage Adjustment

Remove the calibration cover plate from the front of the 333-2. Measure and adjust the High Voltage to 900 volts direct current (VDC)using the High Voltage adjustment. Record “As Left” voltage on DDO-272.

6.2.10 Meter Adjustment

6.2.10.1 Reapply the mini pulse signal at 150 mv to detector #1 with a count rate of 1,000 cpm.

6.2.10.2 Adjust MTR ZERO for a meter reading of 1,000 cpm.

6.2.10.3 Apply a count rate of 100,000 cpm, and adjust the MTR SPAN for a reading of 100,000 cpm.

6.2.10.4 Repeat Steps 5.2.10.1 through 5.2.10.3 until no further adjustment is necessary.

6.2.10.5 Repeat Step 5.2.5, but record data as “As Left” data.

6.2.11 Remove all test equipment and reconnect the detectors. Replace the instrument cover, ensuring that the alarm circuitry is properly connected.

6.2.12 Alarm Check

6.2.12.1 Depress the alert push button and set the ALRT SET pot for a reading of 19K cpm. Release the button.

6.2.12.2 Depress the alarm push button and adjust the ALRM SET pot for a reading of 20K cpm. Release the button.

6.2.12.3 Expose the detector to a source of 10K or 20K disintegrations per minute (DPM) (or greater), and time the alarm delay with a stop watch.


NOTE:
The alert light should energize as the meter passes 19K cpm, but there should be an ~ 30-second delay after the meter passes 20K cpm and the alarm bell energizes.

6.2.12.4 If necessary, adjust the ALRM RESP pot for a delay of ~30 seconds.

6.2.12.5 Adjust the alert and alarm set points to the desired positions and replace the calibration cover on the 333-2 CAM.

6.2.13 Efficiency Determination

6.2.13.1 Place a clean 50 mm filter in Folder Holder and Sample Pump is off, determine and record on DDO-272 the background count.

6.2.13.2 Verify the current DPM of the reference standard or decay, and correct the reference standard using the following formula:
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Where:

A
=  corrected source activity

A0 
=  original activity

e
=  2.71828

t½
=  isotope half-life in years
t
=  elapsed time in years
6.2.13.3 Place the source (Serial # 661.93 Tc-99) in the filter holder and install. Allow the instrument to stabilize. Record the reading on DDO-272.

6.2.13.4 Subtract the background CPM from the gross CPM to obtain the net counts per minute.

6.2.13.5 Determine the efficiency using the following formula:
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Record the results on DDO-272.
6.2.13.6 If the efficiency is greater than 10%, the 333-2 CAM should be ready for performance testing.

6.2.13.7 If the efficiency is less than 10%, review the calibration process. Efficiency of less than 10% may indicate a damaged detector.  Repair and recalibrate.
6.2.14 Determination of Performance Test Data

6.2.14.1 Record the beta reference source (Tc-99 0986) serial number on the DDO-272.

6.2.14.2 Place a clean filter in the filter holder, insert the filter holder, and allow the meter sufficient time to stabilize. Record the result as background on DDO-272.

6.2.14.3 Replace the filter with the beta reference source, insert the filter holder, and allow the meter to stabilize. Record the result as “Meter Reading with Source” on DDO-272.

6.2.14.4 Determine the reference value by subtracting the background counts from the source counts.

6.2.14.5 Calculate the reference value range, ±10% of the reference value, and record on DDO-272.

6.2.15 Vacuum Pump Calibration

6.2.15.1 Inspect and clean vacuum pump. Connect the calibrated magnahelic flowmeter to the inlet on top of the Ludlum- 
333-2 CAM. Turn the pump on, measure and record “As Found” flow on DDO‑272.

6.2.15.2 If necessary, adjust the LO/NO flow regulator until the flowmeter reading is 1 CFM or to a specified value. Record “As Left” flow on DDO-272.

6.2.15.3 Verify that the Ludlum 333-2 CAM rotameter reads ± 10% of the calibration calculated value. If not, adjust/repair rotameter to match flowmeter readings. If second test of sample pump is not satisfactory, disposition the sample pump in accordance with Reference 3.1.1 of this procedure.

6.2.16 If above calibration steps are completed satisfactorily, attach the completed Calibration Sticker and Performance Test Sign-Off Sticker to the instrument.


6.2.17 
6.2.18 
6.2.19 
6.2.20 
6.2.21 
6.2.22 
6.2.23 
6.2.24 
6.2.25 
6.2.26 
6.3 Storage and Maintenance
6.3.1 The Ludlum Model 333-2 CAM has no special storage requirements.

6.3.2 An Environmental Monitoring and Electronics Technician or vendor company shall perform electronic maintenance and sample pump rebuilding on annual bases.

6.3.3 Any knowledgeable person can replace chart paper and shall do so in accordance with the provisions of Section 3.3.1. See Exhibit 4 of this procedure.

7.0 Records
The following records will be generated and forwarded on a monthly basis to Project Records as a result of using this procedure.

· Calibration Data Sticker

· Instrument Service Record—Ludlum Model 333-2

· Performance Test Log Sheet

7.1 
8.0 Forms, Exhibits, and Attachments
8.1 Forms
8.1.1 
· DDO-272, Instrument Service Record—Ludlum Model 333-2
· DDO-292, Calibration Data Sticker (Reference 3.1.1)

· DDO-415, Performance Test Log Sheet (Reference 3.1.2)

8.2 Exhibits
· See Reference 3.1.1 for exhibit of the Performance Test Sign-Off Sticker

· Exhibit 1, Log/Alarm Board P/N 5229-105

· Exhibit 2, HV/Dual Preamplifier Board P/N 5229-110

· Exhibit 3, Power Supply Board P/N 5229-293

· Exhibit 4, Chart Loading, Re-Roll Mode

8.3 Attachments
None.

EXHIBIT 1


LOG/ALARM BOARD P/N 5229-105

EXHIBIT 2


HV/DUAL PREAMPLIFIER BOARD P/N 5229-110
EXHIBIT 3

POWER SUPPLY BOARD P/N 5229-293
EXHIBIT 4

CHART LOADING, RE-ROLL MODE

� EMBED PBrush  ���





� EMBED PBrush  ���








_1019287346

_1091270140

_918365401

