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OPERATION AND CALIBRATION 
OF THE 
LUDLUM MODEL 177 COUNT RATE METER

1.0 Scope 

This procedure establishes the specific requirements to be used for the operation and calibration of the Ludlum Model 177 Count Rate Meter. This procedure is applicable to Battelle Columbus Laboratories Decommissioning Project (BCLDP) Health Physics (HP) and to users of the Ludlum 177.

2.0 Purpose

The purpose of this procedure is to provide instructions for the operation and calibration of the Ludlum Model 177 Count Rate Meter in accordance with the guidelines specified in Reference 3.1.2 of this procedure.

3.0 References, Definitions, and Developmental Resources

3.1 References

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

3.1.2 HP-AP-29.0, Control of Radiological Measuring and Test Equipment and Instruments (RMTEI)

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

3.2 Definitions

None.
3.3 Developmental Resources

3.3.1 Instruction manual for the Ludlum Model 177 Count Rate Meter

3.3.2 American National Standards Institute (ANSI) N3.1-1987, Selection, Qualification and Training of Personnel for Nuclear Power Plants

3.3.3 ANSI N323A-1997, ANS Radiation Protection Instrumentation Test and Calibration, Portable Survey Instruments

4.0 General

4.1 The Ludlum 177 shall be utilized in accordance with the provisions of Reference 3.1.1 of this procedure.

4.2 “Pancake” Geiger-Mueller (GM) radiation detectors shall be considered 10% efficient unless otherwise noted.

5.0 Procedure

5.1 Qualification to Operate, Calibrate, Performance Test, Repair, or Otherwise Maintain the Ludlum 177

5.1.1 Health Physics Technicians shall be qualified in accordance with the requirements of Section 3.3.2 to operate this instrument for any of the following surveys: routines, unconditional releases, radiation work permits, and job coverage. 

5.1.2 Health Physics Technician Trainees may operate this instrument under supervision of a Health Physics Technician meeting the requirements of Section 5.1.1 of this procedure. 

5.1.3 A BCLDP Radiation Worker may operate this instrument to perform a whole body frisk prior to entrance into a personnel contamination monitor in accordance with the provisions of GET-130, Radiation Worker Training.

NOTE:
As applicable, HP Technicians, HP Technician Trainees, and BCLDP Radiation Workers may be collectively referred to as “Users.” Specific personnel responsibilities shall be identified by the appropriate title.

5.1.4 The Radiological Field Operations (RFO) Manager shall designate individuals and/or authorized vendors to calibrate, performance test, repair, or otherwise maintain the Ludlum 177. 

5.2 Operation of the Ludlum 177

5.2.1 The User shall verify that the instrument has a valid Calibration Data Sticker (DDO-292) and that the performance test has been done in accordance with the provisions of Section 5.4 of this procedure. If the performance test has not been completed, contact Health Physics. 

5.2.2 The User shall exercise caution to avoid puncturing the thin mica window of the “pancake” probe (GM detector).

5.2.3 To prevent contamination of the probe, the User shall avoid contact with the person(s) or object(s) being surveyed.

5.2.4 Due to the response limitations of the “pancake” probe (GM detector), count rates greater than 200,000 cpm should be considered suspect due to dead time of the detector. The User shall contact Health Physics if these count rates are encountered.

5.2.5 The operation of the Model 177 depends on the condition of the battery.  Therefore, the User shall perform a battery check prior to use and periodically during use. 

5.2.6 The User shall notify Health Physics of any unsafe or unusual conditions observed during operation of the instrument. Health Physics shall notify the RFO Manager.

5.2.7 The User shall examine the instrument for any obvious physical damage that could interfere with its proper operation. If necessary, the User shall tag the instrument out of service in accordance with the provisions of Reference 3.1.2 of this procedure and arrange for repair.

5.2.8 The User shall adjust the volume, response, alarm, and range selector to the appropriate settings.

5.2.9 The User shall operate the Ludlum 177 in accordance with the provisions of Reference 3.1.1 of this procedure. 

5.3 Calibration

5.3.1 Calibration shall be performed semiannually, after maintenance is performed, if the instrument fails the performance test, or if its proper operation is in question. Calibration shall be performed by individuals designated by the RFO Manager or by authorized vendors.

5.3.2 Equipment Needed:

5.3.2.1 Calibrated digital voltmeter with calibrated high voltage probe or equivalent traceable to National Institute of Standards and Technology (NIST).

5.3.2.2 Calibrated MP-2 minipulser or equivalent traceable to NIST.

5.3.2.3 Reference sources providing radiation fields similar to those in which the instrument shall be used and traceable to NIST.

NOTE:
Individuals performing calibration services shall perform Steps 5.3.3 to 5.3.18 of this procedure. 

5.3.3 Initiate DDO-289, Instrument Service Record-Ludlum Model 177, by completing Section 1. 

5.3.4 Check the physical condition of the instrument for defects or damage that could affect instrument operation. If repairs are necessary, complete the “As Found” data on the DDO-289, then tag the instrument out of service and arrange for repair.

5.3.5 Check and adjust the mechanical zero as necessary.

5.3.6 Perform a battery test. Charge or replace the battery as necessary. Record results of test on DDO‑289.

5.3.7 Use caution when removing the cover for service or calibration. There is a 120 V AC potential to ground.

5.3.8 Connect an Eberline MP-2 or equivalent to the Model 177 probe connector. Set the pulser amplitude to approximately 80 mV. Set Model 177 selector switch to the X100 position. Connect the Model 177 to AC power.

5.3.9 Set the pulser to provide a pulse rate of 40,000 cpm. Record the resulting meter reading on the Model 177 in the appropriate space on the DDO-289. Remove the pulser signal.

5.3.10 Repeat the last step to collect three successive values and record on the DDO‑289. All values should exhibit less than 10% deviation from the average.

5.3.11 “As Found” Data Collection:

5.3.11.1 Note any completed repairs that may influence the “As Found” values in the “Remarks” section of DDO-289.

5.3.11.2 Using a digital voltmeter or equivalent, check the high voltage of the Model 177 and record in the “As Found” space on DDO-289.

5.3.11.3 Connect the minipulser or equivalent to the Model 177 probe connector. Set output to 4,000 cpm. Using the output amplitude adjustment of the minipulser, determine the input sensitivity of the Model 177 and record this as the “As Found Discriminator Voltage” value on the DDO-289.

5.3.11.4 Set the minipulser amplitude to approximately 80 mV.

5.3.11.5 Record the indicated value on the Model 177 in the “As Found” column for the scales and corresponding pulse rates listed on the DDO-289.

5.3.12 Review the “As Found” data to ensure the values are within the acceptance ranges specified on the DDO-289. If they are, list the values in the “As Left” column of the DDO-289 and proceed to Step 5.3.13. If they are not, continue with Step 5.3.15. Steps 5.3.13 and 5.3.14 may be performed for better accuracy, if desired. If the “As Found” values are 20% or more out of tolerance, notify the RFO Manager.

5.3.13 High Voltage (HV) Calibration:

5.3.13.1 Using a digital voltmeter or equivalent, adjust the high voltage to 900 V using the HV Adjust potentiometer (pot). Record this value as the “As Left” on DDO-289. If this cannot be achieved, terminate this calibration, tag the instrument out of service, and arrange for repair.

5.3.13.2 Push the HV button on the Model 177 and compare the meter reading to the reading obtained in Step 5.3.13.1. If necessary, adjust the internal HV trim pot until the Model 177 meter reads ±10% of the reading obtained in Step 5.3.13.1.

5.3.14 Calibration Potentiometer Adjustments:

5.3.14.1 Discriminator Adjust: If necessary, connect the MP‑2 or equivalent to the Model 177. Set the MP‑2 or equivalent to a suitable pulse rate at an amplitude of 40 mV. Adjust the discriminator pot until the meter responds. Record “As Left” discriminator voltage on DDO‑289.

5.3.14.2 Set the pulser amplitude to approximately 80 mV.

5.3.14.3 With the pulser output set appropriately, adjust the pot for each scale, as necessary, to bring the readings as close as possible to the pulse rates listed on the DDO-289.
5.3.14.4 After each scale has been adjusted as necessary, record the final readings as the “As Left” values on DDO-289. If the acceptance range cannot be met, terminate this calibration, tag the instrument out of service, and arrange for repair.

5.3.15 Alarm Set Point:

5.3.15.1 Adjust the Alarm Set Point to 4,000 cpm.

5.3.15.2 Set the pulse output to 4,000 cpm or higher if necessary.

5.3.15.3 The alarm should occur between 3,600 to 4,400 cpm. Record the results and check either satisfactory or unsatisfactory on DDO-289. If the instrument reading does not fall within this range, terminate this calibration, tag the instrument out of service, and arrange for repair.

5.3.16 Efficiency Determination:
5.3.16.1 Connect a Ludlum Model 44-9 probe or equivalent to the instrument.

5.3.16.2 Determine the background count and record on DDO-289.

5.3.16.3 Verify the current dpm of the reference source or decay correct the reference source using the following formula:
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Where:

A
=
corrected source activity

A0
=
original activity

e
=
2.71828

t1/2
=
isotope half-life

t
=
elapsed time

5.3.16.4 Place the probe 3" above the reference source and record the resulting count rate on the DDO-289.

5.3.16.5 Subtract the background cpm from the source cpm to obtain the net cpm.

5.3.16.6 Determine the efficiency using the following formula and record the results on the DDO-289:
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5.3.16.7 For beta energies (292 keV (Tc-99), the efficiency must be greater than 10%. If not, terminate this procedure, tag the instrument out of service, and arrange for repair.

5.3.17 Performance Test Data Collection:
5.3.17.1 Obtain and record the isotope and source serial number of the reference source on the DDO-289 and DDO-292.

5.3.17.2 Perform a one-minute background count and record results on DDO‑289.

5.3.17.3 Perform a one-minute source count and record results on DDO‑289.

5.3.17.4 Determine the reference value by subtracting the background count from the source count.

5.3.17.5 Calculate the reference value range, (10% of the reference value, and record on DDO‑289 and DDO‑292.

5.3.17.6 If the above calibration steps are completed satisfactorily, attach a completed DDO-292 and Performance Test Signoff Sticker to the instrument and complete Section 3 of DDO-289.

5.4 Performance Test

NOTE:
The individual designated by the RFO Manager or Health Physics shall performance test the Ludlum 177 and shall perform Steps 5.4.1 to 5.4.10 of this procedure.

5.4.1 Obtain the reference source designated on the DDO-292.

5.4.2 Record the information for each section of DDO-331.

5.4.3 Examine the instrument for any obvious physical damage that could interfere with its proper operation. If necessary, tag the instrument out of service and arrange for repair.

5.4.4 Verify that the instrument has a current DDO-292 and Performance Test Signoff Sticker attached.

5.4.5 If applicable, perform a battery check on the instrument and check that battery is within the “Battery OK” range on the meter. If the instrument response is not within the designated range, record “F” for fail on DDO‑331, terminate the performance test, tag the instrument out of service, and arrange for repair or calibration.

5.4.6 Expose the detector to the reference source. If the response is within the designated range for the source, proceed to Step 5.4.7. If the instrument response is not within the designated range, record “F” for fail on DDO‑331, terminate the performance test, tag the instrument out of service, and arrange for repair or calibration.

5.4.7 Adjust the alarm set knob to a value of approximately 2 or appropriate value to alarm when instrument is exposed to the source. 

5.4.8 Expose the detector to the source. The alarm should sound at the set value (10%. If the response is within the designated range for the source, proceed to Step 5.4.10. If the instrument response is not within the designated range, record “F” for fail on DDO‑331, terminate the performance test, tag the instrument out of service, and arrange for repair or calibration.

5.4.9 For Model 177s in permanent frisking locations, adjust the alarm to a set point approximately 100 cpm above background.

5.4.10 If the instrument passes all performance test criteria, record “P” for pass on DDO‑331, and initial the DDO-331 and the Performance Test Signoff Sticker.

5.5 Maintenance

5.5.1 There are no special storage requirements for the Ludlum 177.

5.5.2 Electronic maintenance (except probe and cable replacements) shall be performed by personnel designed by the RFO Manager or by an authorized vendor.

6.0 Records

The following records shall be generated and forwarded to Project Records monthly in accordance with the provisions of References 3.1.2 and 3.1.3 of this procedure.

· Instrument Service Record - Ludlum Model 177

· Calibration Data Sticker

· Performance Test Log Sheet

7.0 Forms, Exhibits, and Attachments

7.1 Forms

· DDO-289, Instrument Service Record - Ludlum Model 177

· DDO-292, Calibration Data Sticker (Reference 3.1.2)
· DDO-331, Performance Test Log Sheet (Reference 3.1.2)
7.2 Exhibits

· See Reference 3.1.2 for exhibit of the Performance Test Signoff Sticker
7.3 Attachments

None.
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SECTION 1: INSTRUMENT/REFERENCE SOURCE DATA

Model 177 S/N: Calibration Due:

Minipulser M&TE Number: Calibration Due:

Calibration Due:

Voltmeter M&TE Number:

Reference Source Reference Source

Isotope: Isotope:

Activity: Activity:

Assay Date: Assay Date:
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SECTION 2: CALIBRATION DATA

O Satisfactory 0 Unsatisfactory
O Satisfactory O Unsatisfactory

Physical Condition of Instrument:

Battery Test: ON/A

Reproducability:

Meter Readings: 1 2 3 Avg.
Are readings within + 10% of the average? O Yes O No
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