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OPERATION AND CALIBRATION OF THE
NUCLEAR ENTERPRISE DELTA 3 
AND ELECTRA MODELS

1.0 Scope

This procedure sets forth the specific requirements to be used for the operation and calibration of the Nuclear Enterprise (NE) Delta 3 and Electra alpha-beta counter models with an alpha-beta probe. This procedure is applicable to Battelle Columbus Laboratories Decommissioning Project (BCLDP) Health Physics, users of the NE Delta 3 or Electra, authorized vendors, and to those individuals assigned by the Radiological Field Operations (RFO) Manager to perform calibration, performance testing, and maintenance services.

2.0 Purpose

The purpose of this procedure is to provide instructions for the operation, calibration, and associated operations of the NE Delta 3 and Electra alpha-beta counter models with dual probes in accordance with the guidelines 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 Testing Equipment and Instruments (RMTEI)

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

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 manuals for the NE Delta 3 and Electra Models

3.3.2 Instruction manuals for the DP2 and DP6 probes

3.3.3 ANSI N-323A-1997, ANS Radiation Protection Instrument Test and Calibration, Portable Survey Instruments

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

4.0 General

4.1 Magnetic fields can affect operation of the Delta 3/Electra instruments. Avoid use near magnetic fields, if possible.

4.2 The electronics and detector are calibrated as a single unit. Do not interchange electronics and probes.

4.3 The operation of the Delta 3 and Electra instruments depends upon the condition of the battery. A battery symbol is displayed when the battery voltage drops below a nominal 3.4 V.

5.0 Procedure

5.1 Qualification to operate, calibrate, performance test, repair, or otherwise maintain the NE Delta 3 or Electra

5.1.1 Health Physics Technicians shall be qualified in accordance with the requirements of Section 3.3.4 to operate the NE Delta 3/Electra for any of the following surveys: radiation work permits, job coverage, and unconditional releases.

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.

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 (PCM) in accordance with the provisions of GET-130, Radiation Worker Training, or may use the instrument in accordance with the provisions of Section 5.1.2 of this procedure.

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

5.1.4 The RFO Manager shall designate individuals and/or authorized vendors to calibrate, performance test, repair, or otherwise maintain the NE Delta 3/Electra.

5.2 Operation

5.2.1 The User shall check to see that the instrument and associated probe are calibrated as one unit. 

NOTE:
Probes are not interchangeable between units.

5.2.2 The User shall verify that the instrument has a valid Calibration Data Sticker (DDO-292) and that the performance test has been done. If the performance test has not been done, the individual designated by the RFO Manager shall perform the test in accordance with the provisions of Section 5.4 of this procedure.

5.2.3 The User shall 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 in accordance with the provisions of Reference 3.1.1 of this procedure.

5.2.4 The User shall turn on the unit by pressing the ON/OFF button.

5.2.5 When the battery voltage level nears the minimum to supply the unit, the battery warning symbol will be displayed. To check the battery, press the SETUP button to parameter 0. The battery warning symbol is displayed when the battery voltage drops below a nominal 3.4 V. If battery warning symbol is displayed, the unit can be used for 8 more hours.

5.2.6 Different radiation detection modes can be chosen by pressing α, β or α + β button to the desired mode displayed on the screen.

5.2.7 Audio and light functions can be chosen by pressing the button displaying the speaker or the light symbols.

5.2.8 The User shall perform a response check hourly and at the end of the shift in accordance with the provisions of Reference 3.1.1 when the instrument is being used to perform release surveys. Log results on DDO-138, Health Physics Survey Report. Radiological surveys shall be performed in accordance with the provisions of Reference 3.1.2 of this procedure.

5.2.9 The following applies only to the Delta-3. The individual designated by the RFO Manager shall perform Steps 5.2.9.1 through 5.2.9.7.

5.2.9.1 Check deadtime by pressing the SETUP button to parameter 3. Adjust to 3μs, if necessary.

5.2.9.2 Check integrate time by pressing the SETUP button to parameter 7. Adjust to 60s, if necessary.

5.2.9.3 To return to the ratemeter mode, press the MODE button.

5.2.9.4 Integrate mode for better accuracy can be chosen by pressing the MODE button while the instrument is in the rate mode. While in the integrate mode, the elapsed time can be viewed by pressing the SETUP button.

5.2.9.5 Background subtract can be chosen in any mode of radiation detection by pressing the RESET/STORE button after the unit has completed a one-minute integrated count. To cancel the background subtract, press the RESET/STORE button.

5.2.9.6 Alarm can be set by pressing the ALARM button and using the arrow buttons to change the value. There is a separate alarm for α and β modes.

5.2.9.7 Proceed with use.

5.2.10 The following applies only to the Electra models. The individual designated by the RFO Manager shall perform Steps 5.2.10.1 through 5.2.10.5 of this procedure.

5.2.10.1 Check integrate time by pressing the SETUP button; use arrows until parameter 7 is displayed. Press ENTER and adjust to 60s, if necessary. If a change was required, press the ENTER button to store the new number in memory.

5.2.10.2 Background subtract can be chosen by pressing the ENTER button after the unit has completed a one-minute integrated count. To cancel the background subtract, press the ENTER button.

5.2.10.3 Integrate mode for better accuracy can be chosen by pressing the RATE/INTEGRATE button while the instrument is in the count rate mode. Return to count rate mode by pressing the SETUP button.

5.2.10.4 Alarm can be set by pressing the SETUP button, then the arrow up key to parameter 1. Either α or β alarm levels can be selected. To change the value, press the ENTER button, then use the arrow buttons to select the desired level. Press ENTER after selecting the value. Repeat this step for the other alarm level. To return to the count rate mode, press SETUP.

5.2.10.5 Proceed with use.

5.2.11 The User shall exercise care so as not to puncture or otherwise damage the window of the detector.

5.2.12 The User shall avoid contact with the surface being surveyed to prevent contaminating the probe.

5.3 Calibration

5.3.1 Calibration shall be performed semiannually, after maintenance is performed, if the instruments 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. The RFO Manager shall verify that the NE Delta 3/Electra are calibrated in accordance with the provisions of Reference 3.1.1 of this procedure. 

5.3.2 Equipment needed:

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

5.3.2.2 Calibrated Eberline MP-2 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. Radionuclides for reference sources will be selected by the Radiation Safety Officer or designee in accordance with the provisions of Reference 3.1.1 of this procedure.

NOTE:
Designated individuals performing calibration services shall perform Steps 5.3.3 through 5.3.13 of this procedure.

5.3.3 Initiate DDO-317, Instrument Service Record—NE Delta 3/Electra, 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 DDO-317. Tag the instrument out of 
service and arrange for repair in accordance with the provisions of Reference 3.1.1 of this procedure.

5.3.5 Setup procedure:

5.3.5.1 This section covers the setup procedure for the NE Technology Dual Scintillation Probes and Meters used for measuring alpha and beta contamination including: DP2 (50 cm2) and DP6 (100 cm2).

5.3.5.2 Ensure that the instrument is turned off. The left-hand end cover must be removed to reveal the setup controls on the Delta 3. The Electra is set up from the keyboard. On the Delta, remove the three screws holding the left-hand cover.

5.3.5.3 The option switches should be set as follows for the Delta-3:

“D” Switches
	1.
	Count rate or Dose rate
	OFF (count rate)

	2.
	Units
	ON (cpm)

	3.
	Single channel or dual probe
	ON (dual probe)

	4.
	Response variable or fixed
	OFF (variable)

	5.
	Range of probe
	N/A

	6.
	Inhibit alarm and integrate adjust
	OFF

	7.
	Inhibit calibrate, Response, and Deadtime Adjust
	OFF

	8.
	Inhibit Integrate and Background Subtract
	OFF



“A” Switches

	1.
	GM or Scintillation
	OFF

	2.
	66 or 120 Mohm Dynode chain
	OFF

	3.
	Differential
	OFF

	4.
	Dual probe
	OFF


5.3.5.4 The options settings for the Electra should be set as follows:

	Number
	Parameter
	Setting

	4
	Overload current
	10 A

	5
	Deadtime
	 3 μS

	8
	Units
	cpm or cps

	A
	Inhibit Background Subtract
	OFF

	B
	Inhibit Integrate
	OFF

	C
	Rate Monitoring
	Auto

	E
	Pulse Counting Mode
	Dual

	F
	GM or Scintillation
	S66



To set these values, press the SETUP key, then use the arrow buttons to page through the different parameters. After selecting the desired parameter, press ENTER to allow change of the value, then use the arrow buttons to select the desired value. After selecting the value, press ENTER to put the value into memory. Repeat the procedure for the rest of the parameters.

5.3.6 Connect the probe by means of a suitable cable to the probe input of the unit. Turn on the unit. After the unit has finished the self-checks, it will enter the count rate mode. If the option settings have been changed, the display will not show a count rate value and the prohibit symbol will be on. This indicates that the setup parameters in memory have been changed and need to be checked.

5.3.7 The following applies only to the Delta-3:

5.3.7.1 Press the SETUP button. The mode indicator will show 0. The battery voltage will be displayed and updated every second. If the battery symbol is displayed, indication is low, replace the batteries.

5.3.7.2 Press the SETUP button. The mode indicator will show 1. The current high voltage will be displayed and updated every second.

5.3.7.3 Press the SETUP button. The mode indicator will show 2. The display will show the overload current in microamps. The overload current should be set to 10 microamps. 

5.3.7.4 Press the SETUP button. The mode indicator will show the current deadtime in microseconds. The deadtime should be set to 3 microseconds. Adjust to 3 microseconds using the arrow buttons if necessary.

5.3.7.5 Press the SETUP button to parameter 7. If necessary, adjust the integrate time to 60 seconds.

5.3.7.6 Press the MODE button. This sets the new parameters into memory and returns the unit to the count rate mode.

5.3.8 “As Found” data collection:

5.3.8.1 Measure and record “As Found” high voltage on DDO-317.

5.3.8.2 Connect an Eberline minipulser or equivalent to the input connector of the instrument. Do not exceed 250 mV. Increase the minipulser amplitude enough to produce counts. Use the pulse amplitudes listed in Section 2 of DDO-317 as the input values for the minipulser. Record “As Found” meter readings on DDO-317.

5.3.8.3 Disconnect the minipulser.

5.3.8.4 Adjust the unit to display the high voltage readings specified on DDO‑317. Measure and record the high voltage readings on DDO‑317.

5.3.8.5 Decrease HV to 500 V and connect the probe.

5.3.9 If meter readings are in tolerance, record the “As Found” data as the “As Left” data on DDO-317. If the readings are out of specification, tag the instrument out of service and arrange for repair. Note findings in the “Remarks” section.

5.3.10 High voltage determination:
5.3.10.1 Press the α, β and, α + β key until the display shows β.

5.3.10.2 Place the α reference source at the center of the probe.

5.3.10.3 Increase the HV slowly until counts are first observed.

5.3.10.4 Perform a plateau of counts versus high voltage in 50 V increments to 1100 V or until a significant rise is noted using one-minute count for each voltage increment. The count rate should increase, then decrease, then increase again with increasing HV. Plot the plateau on graph paper. 
NOTE:  Do not exceed 1100 V.
5.3.10.5 Adjust the HV to the center of the dip in the curve.

5.3.10.6 Remove the source from the probe and perform a one-minute background count at the selected high voltage. The background should be:


  < 240 cpm for the β channel (DP2)


  < 6.0 cpm for the α channel (DP2 and DP6)


  < 600 cpm for the β channel (DP6).


If the background is greater than the above values, repeat the background count. If the second background count is high, perform detector maintenance and/or repeat the high voltage determination portion of this procedure until the background count meets the stated criteria. The HV is specific for each probe being used.

5.3.10.7 Measure and record “As Left” high voltage on DDO-317.

5.3.10.8 The inhibit switches on the digital board should be set to give the desired level of protection from unauthorized tampering. The end cover should be replaced to prevent unauthorized adjustment of the switch and potentiometer settings.

NOTE:
The inhibit switches will be effective only if the instrument is switched OFF and ON again.

5.3.11 Efficiency determination:
5.3.11.1 Connect the DP2 (6) probe to the unit.

5.3.11.2 Determine the background count and record on DDO-317 for α only and β only.

5.3.11.3 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

5.3.11.4 Place the probe over the reference sources and record the resulting count rates on DDO-317. The source shall be centered and positioned parallel at a distance of 1/8" in relation to the probe face. The unit must be in α only mode for α reference source and in β only mode β reference source.

5.3.11.5 Determine the efficiency using the following formula and record the results on DDO-317:
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5.3.12 Performance test data collection:
5.3.12.1 Obtain and record the isotope and source serial number of the reference source on DDO-317 and DDO-292.

5.3.12.2 Perform a one-minute background count and record results on DDO‑317.

5.3.12.3 Perform a one-minute source count and record results on DDO‑317.

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

5.3.12.5 Calculate the reference value range, +/-10% of the reference value, and record on DDO‑317 and DDO‑292. 

5.3.13 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-317.

5.4 Performance Test

NOTE:
Individuals designated by the RFO Manager or Health Physics shall performance test the NE Delta 3/Electra as follows:

5.4.1 Obtain the reference source designated on 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 in accordance with Reference 3.1.1.

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

5.4.5 Turn the instrument on and check the setup parameters. For the Electra and Delta, check that the battery is above 3.6 V and that the integrate time is at 60 seconds. On the Delta only, check that the deadtime is set at 3 μs. Replace batteries or adjust parameters as necessary.

5.4.6 Perform a light leak test on the detector by exposing it to a light source. If there is an increase in cpm, tag the meter out-of-service and return it to the instrument laboratory for repair.

5.4.7 Perform a one-minute background count and observe the results for the α only and β only channels.

5.4.8 Expose the detector to the reference source. If the response is within the designated range for the source, proceed to step 5.4.9. 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 If the instrument passes all performance test criteria record “P” for pass on DDO‑331, initial the DDO-331 and the Performance Test Signoff Sticker.

5.5 Maintenance

5.5.1 If instrument is to be stored for long periods of time, remove batteries.

5.5.2 HPI personnel or a vendor company shall perform electronic maintenance (except cable replacements) in accordance with references.

6.0 Records

The following records shall be generated, as a result of implementation of this procedure, and forwarded to Project Records in accordance with Reference 3.1.3.

· Health Physics Survey Report 

· Instrument Services Record—NE Delta 3/Electra 

· Calibration Data Sticker (Copy only)
· Performance Test Log Sheet

7.0 Forms, Exhibits, and Attachments

7.1 Forms

· DDO-138, Health Physics Survey Report (See Reference 3.1.2)
· DDO-292, Calibration Data Sticker (See Reference 3.1.1)
· DDO-317, Instrument Services Record-NE Delta 3/Electra 

· DDO-331, Performance Test Log Sheet (See Reference 3.1.1)
7.2 Exhibits

· Performance Test Signoff Sticker (See Reference 3.1.1)
7.3 Attachments

None.
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