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HEALTH PHYSICS OPERATING PROCEDURE

OPERATION AND CALIBRATION OF THE 
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505 King Avenue
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Procedure Status:
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Non-Critical Procedure
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Critical Procedure—Procedure Qualification Packet (PQP) Required
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+ « « Putting Technology To Work

SECTION 1: INSTRUMENT/REFERENCE SOURCE DATA

RO-7S/N: Calibration Due:

Mid-Range Detector S/N: Calibration Due:

High-Range Detector S/N: Calibration Due:

DVM S/N: Calibration Due:

HYV Probe S/N: Calibration Due:

Reference Source Isotope: S/N:

Activity: Calibration/Assay Date:

SECTION 2: CALIBRATION DATA
Physical Condition of Instrument: [ Satisfactory 0 Unsatisfactory

Reproducibility

Meter Readings: 1
Are readings within + 10% of the average?

Exposure Rate - Measured

Exposure Rate - Actual As Found As Left Acceptance Range

MID-RANGE DETECTOR

40 R/hr 36 - 44 R/hr

160 R/hr 144 - 176 R/hr

HIGH-RANGE DETECTOR

3.6 - 44 kR/hr

14.4 - 17.6 kR/hr

PERFORMANCE TEST DAT.

Source Benchmark Acceptance Range
Detector Isotope Model R-62 SN Meter Reading w/ Source | (£10% of Meter Reading)

Mid-Range S1-90

High-Range Sr-00

e
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OPERATION AND CALIBRATION OF THE
EBERLINE MODEL RO-7

1.0 Scope

This procedure establishes the specific requirements for operating and calibrating the Eberline Model RO-7 within Battelle Columbus Laboratories Decommissioning Project (BCLDP). This procedure is applicable to BCLDP Health Physics, to 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, performance testing or maintenance of the Eberline Model RO-7 in accordance with the requirements specified in References 3.1.1 and 3.1.3 of this procedure. 
3.0 References, Definitions, and Developmental Resources

3.1 References

3.1.1 
3.1.2 HP-AP-29.0, Control of Radiological Measuring and Testing Equipment and Instruments (RMTEI)
3.1.3 
3.1.4 PR-AP-17.1, Operation of the Project Records Management System
3.1.5 QD-AP-15.1, Nonconformance Reporting for Activities, Items and Materials
3.2 Definitions

None.
3.3 Developmental Resources

3.3.1 Technical manual for the Eberline Model RO-7
3.3.2 ANSI N323A-1997, ANS Radiation Protection Instrument 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 General
4.1 The Eberline RO-7 provides remote monitoring in high-range beta and gamma fields. For gamma, the ion chamber detectors extend from 1 mR/h to 20 kR/h in three overlapping ranges. For beta, the range is 100 mR/h to 20 kR/h in two overlapping ranges. The low-range detector (RO-7-LD) detects only gamma radiation, while the mid-range (RO-7-BM) and high-range (RO-7-BH) instruments detect both gamma and beta radiation.

4.2 The active ion chamber volume begins at the front edge of the knurled band on the center piece of the detector and extends forward to either the beta window (RO-7-BM, RO-7-BH) or to within approximately 1/4 in. (0.6 cm) of the front of the RO-7-LD detector. The field strength of narrow beams that do not encompass the entire volume will be measured in error.

4.3 The three detectors may be interchanged without recalibration, provided that they have been calibrated to the respective meter.

4.4 Do not expose RO-7-LD or RO-7-BM to fields significantly above full scale; amplifier gate stress and possible damage may result. RO-7-BH uses a different amplifier that is not subject to this damage.

4.5 
4.5.1 
4.6 The higher radiation field strengths measurable by the Eberline RO-7 can cause personal injury in a very short time.

4.7 
4.8 
4.9 
4.10 
4.11 
4.12 If a detector is calibrated to gamma in open air and then placed in the RO-7-UWH underwater housing, it will read about 5 percent low for most sources.

4.13 Since the detector is vented to the atmosphere, absolute atmospheric pressure will affect the ion current output of the chamber. Normal atmospheric pressure changes at any one location will not affect the reading by much over 1 percent, but elevation changes may affect the reading significantly. Exhibit 1 shows how to compensate the measurement when the calibration and usage elevations are different. 

4.14 
4.14.1 
4.14.2 
4.14.3 
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 
5.1.3 
5.1.3.1 
5.1.3.2 
5.1.3.3 
5.1.4 
5.1.4.1 
5.1.4.2 
5.1.5 
5.1.5.1 
5.1.5.2 
5.2 
5.2.1 
5.2.2 
6.0 Procedure

6.1 Qualifications to operate, calibrate, performance test, repair, or otherwise maintain the Eberline RO-7

6.1.1 Health Physics (HP) Technicians shall be qualified in accordance with the provisions of Section 3.3.3 to operate this instrument.

6.1.2 Health Physics Technician Trainees may operate this instrument under supervision of an HP technician meeting the requirements of Section 5.1.1.
6.1.3 The BCLDP Radiological Field Operations (RFO) Manager shall designate individuals and/or qualified vendors to calibrate, performance test, repair, or otherwise maintain the Eberline RO‑7.
6.2 Operation

Unless otherwise specified, the HP Technician shall be responsible for completing the steps in Section 5.2.
6.2.1 
6.2.2 Verify that the Eberline RO-7 has a valid Calibration Data Sticker (DDO-292) and that the performance test has been performed and the Performance Test Sign-Off Sticker initialed. If the performance test has not been performed, have personnel designated by the RFO Manager or a qualified HP Technician perform the test in accordance with the provisions of Section 5.4 of this procedure.
6.2.3 Inspect the instrument for any obvious physical damage.

6.2.4 
6.2.5 Connect a detector to the Eberline RO-7 by an appropriate method as follows:
6.2.5.1 Use a cable, a rigid extension, or a combination of both or connect the detector directly to the instrument. 

6.2.5.2 To install a rigid extension, remove the four screws in the front plate, gently pull the assembly forward, and disconnect the internal connector. 

6.2.5.3 Install the extension by reversing the procedure. All connectors are of the quarter-turn, quick-disconnect type.

6.2.6 If necessary, install the detector in the underwater housing. If using the RO-7-BH, remove the beta shield first. Open the housing by unscrewing the barrel from the rear section. Check the O-ring seals for possible damage and for lubrication prior to replacing the barrel. Hand tighten only.

6.2.7 Set the switch to ON.

6.2.7.1 If an RO-7-BM or RO-7-BH (mid- or high-range detector) was installed, the reading should go rapidly toward zero (in the absence of a significant gamma field).

6.2.7.2 If an RO-7-LD (low-range detector) was installed, the reading may be beyond full scale for a few seconds and then go more gradually toward zero (insignificant gamma field). Allow time for the reading to settle before making zero adjustments or taking measurements.

6.2.8 
6.2.9 
6.2.10 Check for proper display indications according to the detector installed.

6.2.10.1 RO-7-LD, low range: 1.999 R/h maximum possible reading (decimal point check) and no blinking arrow.

6.2.10.2 RO-7-BM, mid range: 199.9 R/h maximum possible reading (decimal point check) and no blinking arrow.

6.2.10.3 RO-7-BH, high range: 19.99 kR/h maximum possible reading (decimal point check) with arrow blinking to indicate kR/h.

6.2.11 When no detector is connected, the arrow will blink and the decimal point will be as in Step 5.2.6.3. Connecting or disconnecting the detector while the power is on will not damage the instrument.

6.2.12 Check for the absence of colon “:” indication under the battery (BAT) mark. Operate the light switch to check for display illumination and check that the colon remains absent. If any battery is weak, the colon will appear. If the colon appears, return to personnel designated by the RFO Manager for replacement of batteries.

6.2.13 Set the zero control for zero reading if the detector is in an insignificant gamma field. The minus sign appears if the reading is “down scale,” which is useful in adjusting toward zero.

6.2.14 The RO-7 is calibrated to a gamma field. When measuring gamma only (RO-7-LD or the beta detectors with the beta shields in place), read the gamma field strength directly on the display, paying attention to the decimal point location. The two lower range detectors read out in R/h; the high-range detector, indicated by the blinking arrow, reads out in kR/h.

6.3 Calibration

Personnel designated by the RFO Manager or authorized vendors shall be responsible for completing the steps in Section 5.3.

6.3.1 Equipment needed: 
6.3.1.1 Calibrated digital voltmeter or equivalent, traceable to National Institute of Standards and Technology (NIST)

6.3.1.2 Calibrated Shepherd Model 89 Calibrator or equivalent, traceable to NIST

6.3.1.3 DC power supply
6.3.1.4 Benchmark Model R-62 or equivalent source for performance test data.

6.3.2 Initiate DDO-230 by completing Section 1. 
6.3.3 Check the physical condition of the instrument for defects or damage that could affect operation. If repairs are necessary, complete as much of the “As Found” data as possible and record on DDO-230. Tag the instrument out of service and arrange for repair in accordance with the provisions of Reference 3.1.1 of this procedure.

6.3.4 Perform a battery test, replace if necessary. Record results on DDO-230 as “satisfactory” or “unsatisfactory.”
NOTE:
The presence of a colon under the battery (BAT) mark indicates that the 9-volt batteries (3) are low and need replaced. Remove the right side cover (when looking at the display) to gain access to the 9-volt batteries.

6.3.5 RO-7 Digital Voltmeter (DVM) Calibration:

6.3.5.1 Remove any cable or detector from the RO-7 and short together Pins B and D of the front connector. Turn on the RO-7.

6.3.5.2 Adjust the zero knob to obtain a zero reading on the display with the minus (-) sign at its crossover point. Remove the connection between Pins B and D.

6.3.5.3 Connect an accurately measured voltage of 0.8 VDC between Pins B and D (Pin D is positive [+]). Check that the display reads two times the applied voltage, i.e., 1.6 VDC (disregard decimal point).

6.3.5.4 If necessary, adjust potentiometer (pot) R102 located at the end of the DVM Package on the circuit board.

NOTE:
The RO-7 is now properly zeroed. Avoid any adjustment of the RO-7 zero knob while completing Section 5.3.6. All zero offset must be eliminated using the detectors zero adjust pot. Adjustment of the RO-7 zero knob voids Section 5.3.5 and requires repeating this section to complete a valid calibration.

6.3.6 Detector Calibration:
6.3.6.1 Connect the detector to the RO-7. Turn the instrument on.

6.3.6.2 Check the zero setting of the detector in a low background (gamma) area. Adjust the zero setting, if necessary.

a. Access the detectors zero control pot by removing the appropriate screw from the detectors connector end.

b. With a small jewelers screwdriver, adjust the zero pot to obtain a zero reading on the RO-7 display. It may be necessary to disconnect the detector before making adjustments. (In low- and mid-range detectors, a clockwise adjustment increases the reading. In high-range detectors, a counterclockwise adjustment increases the reading.)

c. When adjustments are complete, replace the screw.

CAUTION:
The gamma fields used to calibrate the RO-7 can cause personal injury in a very short time. Use appropriate precautions.

6.3.6.3 Connect the mid-range detector to the RO-7. Place the detector perpendicular to the source. Expose the detector to approximately 100 R/hr. Observe the reading and record the result under “Reproducibility” in Section 2 of DDO-230. Remove the source.

6.3.6.4 Repeat the last step to collect three successive values and record on DDO-230. All values should exhibit less than 10% deviation from the average.

6.3.6.5 Expose the detector to the exposure rates listed on DDO-230. Record results in the “As Found” column.

6.3.6.6 Disconnect the mid-range detector. Connect the high-range detector and repeat Section 5.3.6.1 through 5.3.6.5 for the values listed under “High-Range” Detector.

6.3.6.7 Review the “As Found” data to ensure that the values are within the acceptance range specified on DDO-230. If they are, list the values in the “As Left” column of DDO-230 and proceed to Section 5.3.8. If not, continue with Section 5.3.7. Section 5.3.7 also may be performed for better accuracy, if desired. If the “As Found” values are 20% or more out of tolerance, notify the RFO Manager for evaluation.

6.3.7 Calibration Pot Adjustment:
6.3.7.1 Gain access to the detector calibration pot by removing the appropriate screw at the detectors connector end.

6.3.7.2 Connect the mid-range detector to the RO-7. Expose the detector to an exposure rate approximately equal to 20% of scale. Adjust the calibration pot to achieve the correct value. Expose the detector to a value approximately equal to 80% of the scale for the probe. If both readings are within the acceptance range, list the data in the “As Left” column. Remove the source, replace the screw, and disconnect the detector.

6.3.7.3 Repeat Section 5.3.7.2 with the high-range detector, using appropriate percentages of scale. 

6.3.8 Performance Test Data Collection:
6.3.8.1 Obtain and record serial number of the Benchmark Model R-62 source on DDO-292.

6.3.8.2 Connect the mid-range detector to the RO-7. Position the detector in front of the source. Adjust the Model R-62 attenuators to obtain an on-scale reading. Record the observed reading on DDO-230.

6.3.8.3 Connect the high-range detector and repeat Section 5.3.8.2.

6.3.8.4 Calculate the performance test range for both detectors, i.e., 10% of the source reading. Record result on DDO-230 and DDO-292.

6.3.9 If the above calibration steps are completed satisfactorily, attach a completed DDO-292 and Performance Test Sign-Off Sticker to the instrument and complete Section 3 of DDO-230.

6.3.10 Perform the following steps if the manufacturer or qualified vendor calibrates the RO-7: 

6.3.10.1 Upon receipt from the manufacturer or qualified vendor, perform a physical condition inspection. Record the results on DDO-230 as “satisfactory” or “unsatisfactory.”
6.3.10.2 Attach a copy of the manufacturers or qualified vendors calibration data sheet to DDO-230.

6.3.10.3 Determine performance test range in accordance with Section 5.3.8.
6.4 Performance Test

The HP Technician or personnel designated by the RFO Manager shall performance test the Eberline RO-7 daily.
6.4.1 Obtain the performance test source designated by DDO-292 on the instrument. Record the information for each section of DDO-331.

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

6.4.3 Verify that the instrument has a current Calibration Data Sticker (DDO‑292) and a Performance Test Sign-Off Sticker.

6.4.4 Perform a battery test. Zero the meter, if necessary.

6.4.5 If the observed meter reading is within the performance test range on DDO-292, proceed to Section 5.4.6. If the observed meter reading is not within the range, record “F” for fail on DDO-331, terminate performance test, tag the instrument out of service, and arrange for repair or calibration.

NOTE:
If both detectors are going to be used, repeat Steps 5.4.1 through 5.4.5 for the other detector. This also requires two entries on DDO-331, e.g., RO-7/MR for mid-range detector or RO-7/HR for the high-range detector.

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

6.5 Maintenance and Storage
6.5.1 There are no special storage requirements; however, disconnect the detector when it is not in use or is in storage to extend the life of the batteries.

6.5.2 Electrical repair of this instrument shall be performed by personnel designated by the RFO Manager or by the vendor in accordance with references.

6.5.3 Records of maintenance shall be kept in accordance with Reference 3.1.1 of this procedure.

7.0 Records

The following records shall be generated, as a result of implementation of this procedure, and forwarded to Project Records monthly in accordance with the provisions of Reference 3.1.2 of this procedure. 
· Calibration Data Sticker

· Performance Test Log Sheet

· Instrument Service Record—Eberline RO-7

8.0 Forms, Exhibits, and Attachments
8.1 Forms

· 
· DDO-230, Instrument Service Record—Eberline RO-7

· DDO-292, Calibration Data Sticker (Reference 3.1.1)
· 
· DDO-331, Performance Test Log Sheet (Reference 3.1.1)
8.2 Exhibits

· 
· Exhibit 1, Altitude Corrections in Feet, Model RO-7
· 
· Performance Test Sign-Off Sticker (Reference 3.1.1)

8.3 Attachments

None.
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SECTION 3: REMARKS

Calibrated By: Calibration Due Da

Reviewed By: Date:

e
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EXHIBIT 1


ALTITUDE CORRECTIONS IN FEET, MODEL RO-7
	
	ALTITUDE WHEN CALIBRATED (FEET)

	
	
	Sea Level
	1000'
	2000'
	3000'
	4000'
	5000'
	6000'
	7000'
	8000'
	9000'
	10,000'

	
	SeaLevel
	1
	0.96
	0.93
	0.90
	0.86
	0.83
	0.80
	0.77
	0.74
	0.71
	0.69

	
	1000'
	1.04
	1
	0.96
	0.93
	0.90
	0.86
	0.83
	0.80
	0.77
	0.74
	0.71

	ALTITUDE
	2000'
	1.08
	1.4
	1
	0.96
	0.93
	0.89
	0.86
	0.83
	0.80
	0.77
	0.74

	WHEN
	3000'
	1.12
	1.08
	1.04
	1
	0.96
	0.93
	0.89
	0.86
	0.83
	0.80
	0.77

	USED
	4000'
	1.16
	1.12
	1.08
	1.04
	1
	0.96
	0.93
	0.89
	0.86
	0.83
	0.80

	(FEET)
	5000'
	1.20
	1.16
	1.12
	1.08
	1.04
	1
	0.96
	0.93
	0.89
	0.86
	8.83

	
	6000'
	1.25
	1.20
	1.16
	1.12
	1.08
	1.04
	1
	0.96
	0.93
	0.89
	0.86

	
	7000'
	1.30
	1.25
	1.20
	1.16
	1.12
	1.08
	1.04
	1
	0.96
	0.93
	0.89

	
	8000'
	1.35
	1.30
	1.25
	1.21
	1.16
	1.12
	1.08
	1.04
	1
	0.96
	0.93

	
	9000'
	1.40
	1.35
	1.30
	1.25
	1.21
	1.16
	1.12
	1.08
	1.04
	1
	0.96

	
	10,000'
	1.45
	1.40
	1.35
	1.30
	1.26
	1.21
	1.17
	1.12
	1.08
	1.04
	1


Multiply meter reading by given correction factor

