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OPERATION AND CALIBRATION


OF THE 
LUDLUM 2929

1.0
Scope 

This procedure establishes the specific requirements to be used for the operation and calibration of the Ludlum 2929 Dual Channel Scaler and the Ludlum Model 43-10-1 Alpha-Beta Sample Probe.  This procedure is applicable to Battelle Columbus Laboratories Decommissioning Project (BCLDP) Health Physics, BCLDP Health Physics Instrumentation, and qualified vendors.

2.0
Purpose
The purpose of this procedure is to provide instructions for the operation and calibration of the Ludlum 2929 Dual Channel Scaler and the Ludlum Model 43-10-1 Alpha-Beta Sample Probe in accordance with the requirements specified in Reference 3.1.1 of this procedure.

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
HP-OP-014, Control of Radioactive Material 

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

3.1.4
HP-OP-019, Radiation and Contamination Survey Techniques

3.2
Definitions

Definitions are found in Reference 3.1.1 of this procedure.
3.3
Developmental Resources
3.3.1
Instruction manuals for Ludlum 2929 Dual Channel Scaler and Ludlum Model 43-10-1 Alpha-Beta Sample Probe

3.3.2
ANSI N323A-N1997, Radiation Protection Instrumentation Test and Calibration, Portable Survey Instruments

3.3.3
ANSI N3.1-1987, Selection, Qualification and Training of Personnel for Nuclear Power Plants

4.0
Precautions and Limitations
4.1
Precautions
4.1.1
In the event of loss of power to the instrument, the Ludlum Model 2929 shall require a 10-minute background count. If the count is within the acceptable range listed on DDO-292, Calibration Data Sticker, the instrument may be used without recalibration. If the count is outside the acceptable range, tag it as out of service in accordance with the provisions of Reference 3.1.1 of this procedure and arrange for calibration or repair.

4.1.2
The user should verify that the contamination levels for disc smears do not exceed 15,000 dpm βγ and 1,000 dpm α prior to inserting the sample into the counter in order to prevent contaminating the probe surface area. With Radiological Field Operations (RFO) Manager authorization, contamination levels for disc smears may exceed these values.

4.1.3
Unless the drawer is closed and locked, the probe will not be activated and the instrument will register no counts; however, the Ludlum 2929 will cycle through the counting process regardless of the drawer position.

4.1.4
All radiological sources and/or samples shall be controlled in accordance with Reference 3.1.2 of this procedure.

4.2
Limitations
4.2.1
The Ludlum Model 2929 is semiportable and requires a line voltage of 110v to operate.

4.2.2
Only thin samples of diameter no larger than 2 in. (5 cm) may be counted on the instrument.

4.2.3
Calibration shall be performed semiannually, after maintenance is performed, if the instrument fails the performance test, or if proper operation of the instrument is in question.

4.2.4
The instrument shall be performance tested daily when in use in accordance with Section 6.3 of this procedure.

5.0
Responsibilities and Qualifications
5.1
Responsibilities
5.1.1
BCLDP RFO Manager

5.1.1.1
Implementation of this procedure.

5.1.1.2
Periodic review of the adherence of personnel to the requirements of this procedure.

5.1.1.3
Ensuring that Health Physics (HP) technicians and Health Physics Instrumentation (HPI) technicians are qualified to perform the requirements of this procedure.

5.1.1.4
Initiation of the procurement of instrumentation in accordance with the provisions of Reference 3.1.1 of this procedure.

5.1.1.5
Performance of periodic surveillance of the use, calibration, and maintenance of the instrument.

5.1.1.6
Ensuring that the instrument is calibrated at specified intervals.
5.1.1.7
Ensuring that records pertaining to the instrument are retained and submitted on a monthly basis to Project Records.

5.1.2
Health Physics Technician

5.1.2.1
Performance of the requirements in Section 6.1 and 6.3 of this procedure.

5.1.2.2
Documentation of applicable records in this procedure.

5.1.2.3
Notification to RFO Manager of any unsafe or unusual conditions observed during operation or performance testing of the instrument.

5.1.3
Health Physics Instrument HPI Personnel

5.1.3.1
Performance of the requirements of Sections 6.1, 6.2, 6.3, and 6.4 of this procedure.

5.1.3.2
Notification to RFO Manager of any unsafe or unusual conditions observed during calibration, performance testing, or maintenance of the instrument.

5.1.3.3
Documentation of applicable records in this procedure.

5.1.4
Qualified Vendor

5.1.4.1
Performance of Ludlum 2929 calibration in accordance with the provisions of Section 6.2 of this procedure.

5.1.4.2
Documentation of all calibration information on the DDO-265, Instrument Service Record—Ludlum 2929/43-10-1 (or equivalent) as applicable.

5.2
Qualifications
5.2.1
HP technicians shall be qualified in accordance with the provisions of Section 3.3.2 of this procedure in order to operate this instrument for any of the following surveys: radiation work permits, job coverage, air sampling analysis, and unconditional releases.

5.2.2
HP technician trainees may operate this instrument under supervision of a HP technician meeting the requirements of Section 5.2.1 of this procedure.

5.2.3
HPI technicians shall be designated by the RFO Manager.

6.0
Procedure
6.1
Operation
6.1.1
Verify that the instrument has a valid DDO-292, Calibration Data Sticker and that the performance test has been done. If the performance test has not been completed, have the HPI personnel or HP technician designated by the RFO Manager perform the test in accordance with the provisions of Section 6.3 of this procedure.

6.1.2
Calculate minimum detectable activity (MDA) for Disc Smear Counting

6.1.2.1
Calculate MDA by performing a count of a paired blank disc for counting time equal to the sample counting time. A paired blank disc means a sample that is identical, chemically and physically, to the samples to be counted, except that no isotope is present (e.g., for smear samples, a smear of a clean surface could be used as a paired blank disc for smears of potentially contaminated surfaces).

6.1.2.2
Record background (paired blank disc) count on DDO-232, Daily Background and Performance Test.

6.1.2.3
MDA may be calculated from the following formula:
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where:

n
=
total count for the paired blank

E
=
efficiency, expressed as a decimal, for the isotope expected in the sample (e.g., 25% = 0.25)

t
=
counting time for the blank disc (NOTE: The counting time for the blank disc and the samples must be the same.)
6.1.3
Record the calculated MDA value for each channel (alpha and beta) on DDO-232.

6.1.4
Count smears and air samples in the following manner:

6.1.4.1
Place the sample in a clean planchet with the radioactive material up.

6.1.4.2
Place the planchet in the sample drawer and push the drawer fully into the detector unit.

6.1.4.3
Lock the drawer in place using the lever on the side of the detector housing.

6.1.4.4
Activate the count for the preselected time period by pressing the “count” button.

6.1.4.5
Upon completion of the count period, obtain the total counts in the alpha and beta channel displays and record this data on DDO-134, Counting Room Analysis Report, in accordance with the provisions of Reference 3.1.4 of this procedure. 
6.1.4.6
Remove the sample planchet from the detector unit by unlocking the drawer.

6.2
Calibration
6.2.1
Equipment Needed 

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

6.2.1.2
Calibrated Eberline minipulser or equivalent traceable to NIST.

6.2.1.3
Reference sources providing radiation fields similar to those for which the instrument will be used and traceable to NIST. Radionuclides for reference sources will be selected by the RFO Manager in accordance with Reference 3.1.1 of this procedure.

6.2.2
Initiate DDO-265, Instrument Service Record—Ludlum 2929/43-10-1, by completing Section 1, “Instrument/Reference Source Data.”
6.2.3
Check the physical condition of the instrument for defects or damage that could affect instrument operation. If repairs are needed, complete the “As Found” data on the DDO-265, if possible; tag as out of service in accordance with the provisions of Reference 3.1.1 of this procedure and arrange for repair.

NOTE: Sections 6.2.4; 6.2.5; and 6.2.6 of this procedure should be performed only upon initial calibration or after a repair that may affect the scaler or if proper operation of the scaler is in question.
6.2.4
Amp/Disc Board Calibration 

6.2.4.1
Apply a negative pulse of 10 mV amplitude to the DETECTOR input of the Model 2929. A count rate greater than 25,000 cpm should be used.

6.2.4.2
Connect an oscilloscope probe to the AMP OUT connector located on the back panel of the Model 2929.

6.2.4.3
Adjust the GAIN control located internally to and on the righthand side of the instrument for a positive pulse amplitude of 250 mV (at the AMP OUT connector). This amplitude has been decreased from the initial value of 400 mV.

6.2.4.4
This completes the amplifier gain calibration. The optimum amplifier gain should be 25 V/V.

6.2.5
B-G Threshold and Width Calibration

6.2.5.1
Apply a negative pulse of 200 mV amplitude.

6.2.5.2
Attach an oscilloscope probe to pin 7, U5 (CD4098), and adjust B‑​G THS WIDTH (R6) for a 5 micro-second wide negative 5 volt pulse.

6.2.5.3
Move the oscilloscope probe to pin 9, U5 (CD4098), and adjust B‑​G WIN WIDTH (R5) for a 10 micro-second wide positive 5 volt pulse.

6.2.5.4
Move the oscilloscope to pin 9, U6 (CD4098), and apply a negative pulse of 4 mV amplitude.

6.2.5.5
Adjust B-G THS (R3) until negative 5 volt pulses just appear.

6.2.5.6
Apply a negative pulse of 50 mV amplitude and adjust B-G WIN (R2) until negative 5 volt pulses just disappear.

6.2.5.7
Apply a negative pulse of 175 mV amplitude and adjust ALPHA THS (R4) until a 5 volt positive pulse appears at pin 6 of U6 (CD4098).
NOTE:
Sections 6.2.5.1, 6.2.5.2, and 6.2.5.3 of this procedure typically do not require re-adjustment. Sections 6.2.5.4 through 6.2.5.7 of this procedure may be accomplished without the use of an oscilloscope by using the audio speakers. Beta-gamma audio should only be present for any applied pulse amplitude from 4 mV to 50 mV. Alpha audio should only be present for pulse amplitudes of 175 mV and above.

6.2.6
High-Voltage Power Supply Calibration 

6.2.6.1
Using a high-voltage meter of at least 100 megohm input impedance, adjust the front panel HV control for 1,000 VDC at the DETECTOR connector.

6.2.6.2
Adjust R5 (brd 5170-011-00) for a front panel meter reading of 1 kV (NOTE:  If adjustment is necessary, a 10-pin extender board will be required).
6.2.6.3
With no detector attached, turn the HV dial to maximum (fully clockwise) and adjust R13 for 1,500 V (higher limits may be necessary depending upon the type of detector being used).

6.2.7
Counter Verification

6.2.7.1
Connect an Eberline minipulser or equivalent to the input connector of the 2929. Increase the minipulser amplitude enough to produce counts. Use the pulse amplitudes listed in Section 2, “Calibration Data” of DDO-265 as the input values for the minipulser. Record “As Found” meter readings on DDO-265.

6.2.7.2
If meter readings are within the acceptance range, record the “As Found” data as the “As Left” data on DDO-265. If the readings are NOT within the acceptance range, arrange for repair. Document in Section 3, “remarks,” of DDO-265.

6.2.8
High-Voltage Selection

6.2.8.1
Record the “As Found” high voltage as read from the power supply board. Connect the probe to the input connector of the 2929.

6.2.8.2
Clean the drawer thoroughly.

6.2.8.3
Install the appropriate alpha reference source in the drawer and perform a plateau of counts versus high voltage in 50 V increments from 600 V to 1,100 V or until a significant rise above the plateau is noted using a 1-minute count for each voltage increment. Plot the plateau on graph paper.

6.2.8.4
To determine the operating point, choose the high-voltage setting that meets the following criteria:

(a)
Best beta efficiency
(b)
Best alpha efficiency
(c)
The least crosstalk between channels:

NOTE:
10% or less alpha counts in beta channel, 1% or less beta counts in alpha channel.
(d)
The least background possible.


NOTE:
Alpha background should be <2 cpm; beta background should be <100 cpm.

6.2.8.5
Set the high voltage to the operating point and record as the “As Left” high voltage on the DDO-265.
6.2.9
Efficiency Determination

6.2.9.1
Alpha Channel

(a)
Obtain a 1 7/8 in.-diameter alpha reference source with an activity of approximately 10,000 dpm.

(b)
Place the source in a sample planchet and place the planchet holder in the sample drawer.

(c)
Perform one 10-minute count of the source.

(d)
Record the source count rate (cpm) on the DDO-265.

(e)
Perform a 10-minute background count.

(f)
Record the background count rate (cpm) for both alpha and beta channels on the DDO-265.

(g)
Using the formula provided on the DDO-265, calculate the alpha channel efficiency.

(h)
Record the alpha efficiency on DDO-265 and DDO-292, Calibration Data Sticker.

6.2.9.2
Beta Channel

(a)
Obtain a 1 7/8 in.-diameter beta reference source with an activity of approximately 10,000 dpm.

(b)
Perform Steps 6.2.9.1 (b) through (d).

(c)
Using the formula provided on the DDO-265, calculate the beta channel efficiency.

(d)
Record beta efficiency on DDO-265 and DDO-292.

6.2.10
Performance Test Data Collection

6.2.10.1
Perform 10 one-minute background counts and record the results on DDO-265.

6.2.10.2
Perform 10 one-minute source counts for each performance test standard and record results on DDO-265.

6.2.10.3
Calculate reference values to 10% and record on DDO-265.

6.2.10.4
Record the performance test ranges on DDO-292.

6.2.11
Counter Reliability Verification

6.2.11.1
Fixed counting systems, e.g., the Ludlum 2929, require a counter reliability background range determination upon return from calibration, movement to a different location, or maintenance on the unit.

6.2.11.2
Determine the reliability range by performing ten 10-minute background counts using a blank sample. Record the counts on DDO-265.
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6.2.11.3
Calculate the mean background count rate by
where
 x
=
total counts of all the count periods

n
=
number of count periods

EQ \O(x,_)
=
mean number of counts

6.2.11.4
Calculate the acceptable range of background by:

EQ \O(x,_)  Sb (1.96)

where
Sb
 =
standard deviation of the background counts and is calculated using the formula:
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6.2.11.5
Record the range value on the DDO-265 and DDO-292.

6.2.12
If the calibration steps and reliability verification are completed satisfactorily, complete DDO-292 and Performance Test Signoff Sticker.
6.2.12.1
A copy of DDO-292 shall be made and reviewed by the RFO Manager or designee. The copy of DDO-292 shall be submitted to Project Records in accordance with the provisions of Reference 3.1.1 of this procedure.

6.2.12.2
DDO-292 and the Performance Test Signoff Sticker shall be attached to the Ludlum 2929.

6.3
Performance Test
6.3.1
Background Check

6.3.1.1
Remove any source or sample from the instrument.

6.3.1.2
Place appropriate clean blank in clean counting planchet.

6.3.1.3
Lock the drawer closed.

6.3.1.4
Perform a 10-minute timed background count.

6.3.1.5
Record the alpha and beta results in cpm, in the respective columns on the DDO-232.

6.3.1.6
Compare each background to its background range.

6.3.1.7
If either background rate exceeds its limits, clean the sample drawer and recheck background.

6.3.1.8
If either background remains out of range, record “F” for “fail” on the DDO-232 and remove the instrument from service in accordance with Reference 3.1.1 of this procedure.

6.3.2
Alpha Source Check 

6.3.2.1
Retrieve the check source identified on the DDO-232.

6.3.2.2
Perform a one-minute count and record results on DDO-232.

6.3.2.3
If the response is not within the designated range, record “F” for “fail” on DDO-232 and remove the instrument from service in accordance with Reference 3.1.1 of this procedure.

6.3.3
Beta Source Check 

Repeat the steps of Section 6.3.2 using the beta check source specified on the DDO-232.

6.3.4
If the background checks and both alpha and beta source checks are within the designated ranges, record “P” for “pass” and initial in the space provided on the DDO-232.

6.3.5
Return the check sources to their designated radiological storage locations in accordance with the provisions of Reference 3.1.2 of this procedure.

6.4
Maintenance
6.4.1
No special storage requirements.

6.4.2
Electronic maintenance (except cable replacements) shall be performed by an HPI technician or by an authorized vendor in accordance with the provisions of Reference 3.1.1 of this procedure.

7.0
Records
The following records will be generated as a result of implementing this procedure. Records shall be forwarded on a monthly basis to Project Records in accordance with the provisions of Reference 3.1.3 of this procedure.
· Daily Background and Performance Test

· Instrument Services Record—Ludlum 2929/43-10-1

· Calibration Data Sticker

8.0
Forms and Exhibits
8.1
Forms
· DDO-134, Counting Room Analysis Report—see Reference 3.1.4 of this procedure

· DDO-232, Daily Background and Performance Test

· DDO-265, Instrument Services Record—Ludlum 2929/43-10-1

· DDO-292, Calibration Data Sticker—see Reference 3.1.1 of this procedure
8.2 
Exhibits
See Reference 3.1.1 for exhibit of the Performance Test Sign-Off Sticker.
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[X]	Non-Critical Procedure


[   ]	Critical Procedure—Procedure Qualification Packet








[image: image9.wmf] 

_1044681003

_1044682568

_1044420459

