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OPERATION AND CALIBRATION OF THE

EBERLINE MODEL ESP-2 SURVEY METER
 LISTNUM  \l 1 
Scope
This procedure establishes the specific requirements to be used for the operation and calibration of the Eberline Model ESP-2 and its associated detectors. This procedure is applicable to the Battelle Columbus Laboratories Decommissioning Project (BCLDP) Health Physics, users of the Eberline Model ESP-2, authorized vendors, and those individuals designated by the Radiological Field Operations (RFO) Manager to perform calibration, performance testing and maintenance services.

 LISTNUM 
Purpose
The purpose of this procedure is to provide instructions for the operation and calibration of the Eberline Model ESP-2 survey meter and its associated detectors in accordance with the guidelines specified in Reference 3.1.1 of this procedure. 

 LISTNUM 
References, Definitions, and Developmental Resources
 LISTNUM  \l 2 
References
 LISTNUM  \l 3 
HP-AP-29.0, Control of Radiological Measuring & Test Equipment and Instruments (RMTEI)

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

 LISTNUM  \l 2 
Definitions
None.

 LISTNUM 
Developmental Resources
 LISTNUM  \l 3 
Instruction Manual for the Eberline Model ESP-2 

 LISTNUM  \l 3 
ANSI N323A-1997, Radiation Protection Instrument Test and Calibration, Portable Survey Instruments

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

 LISTNUM 
ANSI/NCSL Z540-1, Calibration Laboratories and Measuring and Test Equipment – General Requirements

 LISTNUM  \l 1 
General
 LISTNUM  \l 2 
The ESP-2 can store calibration parameters for up to three different detectors. It changes its high voltage automatically when a detector is selected. The user shall disconnect the detector before performing any operation that could change the high voltage, if the new setting is not for the detector attached to the meter.

 LISTNUM 
The ESP-2 cannot distinguish between each of the specific detectors it is capable of supporting. The user shall select the correct preprogrammed detector in the Parameters Mode or alter the program for the correct parameters; otherwise, the results produced by the instrument will be incorrect and the detector may be damaged.

  LISTNUM 
Tighten connection by hand. DO NOT USE TOOLS.

  LISTNUM 
Low battery voltage is indicated by a blinking first character in the display. The batteries can be changed without a loss of memory - a capacitor provides power for up to 20 minutes.

 LISTNUM  \l 1 
Procedure

 LISTNUM  \l 2 
Qualifications to operate, calibrate, performance test, repair, or otherwise maintain the ESP-2
 LISTNUM  \l 3 
Health Physics (HP) Technicians shall be qualified in accordance with the requirements of Section 3.3.3 to operate this instrument for any of the following surveys: routines, releases, radiation work permits and job coverage. 

 LISTNUM 
HP Technician Trainees may operate this instrument under supervision of an HP Technician meeting the requirements of Section 5.1.1 of this procedure.

 LISTNUM 
Characterization Technicians shall be qualified on the applicable characterization procedure or supervised by a qualified Characterization Technician to operate this instrument.

 LISTNUM 
The Radiological Field Operations (RFO) Manager shall designate individuals and/or authorized vendors to calibrate, performance test, repair or otherwise maintain the ESP-2.

 LISTNUM  \l 2 
Operation

Unless otherwise specified, the HP Technician/Characterization Technician is responsible for completing the steps in Section 5.2. of this procedure.

 LISTNUM  \l 3 
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 or a qualified HP Technician shall perform the test in accordance with Section 5.4 of this procedure. 

 LISTNUM 
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.

Note:
Programs on the ESP-2 require the proper use of the keypad. Exhibit 1 lists the functions of the ESP-2 keypad.

 LISTNUM 
Determine and select the operating mode and parameters of the ESP‑2. The ESP-2 has two basic types of programs: Operating programs (the traditional ratemeter and scaler functions) and utility programs (support functions to select different instrument configurations, change settings, and move data). These programs, which are referred to as “modes,” are summarized in Exhibits 2 and 3. Access to each mode and to specific action items within each mode is controlled by the access level to which the ESP‑2 is set. Exhibit 4 shows the five access levels:  0 to 4.

 LISTNUM  \l 2 
Calibration


Unless otherwise specified, personnel designated by the RFO Manager are responsible for completing the steps in Section 5.3 of this procedure.

 LISTNUM  \l 3 
Calibration shall be performed semiannually, after maintenance is performed, if instrument fails the performance test, or if its proper operation is in question.

 LISTNUM  \l 3 
Equipment needed:

 LISTNUM  \l 4 
Calibrated digital voltmeter with calibrated high voltage (HV) probe or equivalent traceable to National Institute of Standards and Technology (NIST). 

 LISTNUM 
Calibrated Eberline minipulser or equivalent traceable to NIST.

 LISTNUM 
Reference sources providing radiation fields similar to those in which the instruments will be used and traceable to NIST. Radionuclides for reference sources will be selected in accordance with Reference 3.1.1 and approved by the RFO Manager and/or the Characterization Manager, depending on the purpose of the instrument to be calibrated.

 LISTNUM  \l 3 
Initiate DDO-368, Instrument Service Record-Eberline ESP-2, by completing Section 1.

 LISTNUM 
Check the physical condition of the instrument for defects or damage that could affect instrument operation. If repairs are needed, tag the instrument out of service, complete the “As Found” data, if possible, and  arrange for repair.

 LISTNUM 
Set up the meter for use with the desired detector. Proper setup values are found in the references.

 LISTNUM 
“As Found” data collection

 LISTNUM  \l 4 
Measure and record the “As Found” high voltage on DDO‑368.

 LISTNUM 
Connect the minipulser to the input connection of the ESP-2. Set the ESP-2 high voltage to 1000 V. Increase the minipulser amplitude until all of the counts are recorded by the ESP-2. Record the voltage shown on the minipulser as the “As Found” input sensitivity.

 LISTNUM 
Measure the voltage at Pin 9 of the test connector and record as the “As Found” threshold voltage.

 LISTNUM 
Using the pulse inputs specified on DDO-368, adjust the pulse rates of the minipulser and record the ESP-2 readings.

 LISTNUM 
Disconnect the minipulser.

 LISTNUM 
Using the keypad, adjust the ESP-2 HV to display 607 V DC.

 LISTNUM 
Measure and record “As Found” 607 V DC on DDO-368.

 LISTNUM 
Use the keypad to adjust the ESP-2 HV to display 1800 V DC.

 LISTNUM 
Measure and record “As Found” 1800 V DC on DDO-368.

 LISTNUM 
Review the “As Found” data to ensure the values are within the acceptance range specified on DDO-368. If they are, list the values in the “As Left” column of DDO-368 and proceed to Step 5.3.7. If the minipulser data are out of specification, tag the instrument out of service and arrange for repair. If the voltages are out of specification, adjust or repair as necessary.

NOTE:
The individual designated by the RFO Manager or the authorized vendor may optimize the accuracy by performing any step at his/her discretion.

 LISTNUM 
If the instrument “As Found” data exceed ± 20% of the manufacturer’s recommended operating parameters, the calibration vendor or designated technician (if calibration is being performed in-house) shall immediately notify the Instrumentation Administrator. The Health Physics Instrumentation Administrator shall notify the responsible manager/supervisor. The manager/supervisor shall determine if it is necessary to evaluate any data collected by the instrument prior to its removal from service for calibration. If so, a nonconformance report shall be prepared in accordance with the provisions of Reference 3.1.1 of this procedure.

 LISTNUM  \l 3 
High voltage calibration

 LISTNUM  \l 4 
Using the keypad, adjust the ESP-2 to display 607 V DC.

 LISTNUM 
Remove the access cover from the right side.

 LISTNUM 
Adjust the internal potentiometer R68, HV level, until the measured voltage is 607 V DC.

 LISTNUM 
Using the keypad, adjust the high voltage until the display reads 1800 V DC.

 LISTNUM 
Adjust internal potentiometer R66, HV gain, until the measured voltage is 1800 ± 03 V DC.

 LISTNUM 
Repeat Steps 5.3.7.3 through 5.3.7.5 until the measured voltage readings are the same as the ones read on the display. Record “As Left” voltages on DDO-368.

 LISTNUM  \l 3 
Input sensitivity calibration

 LISTNUM  \l 4 
Adjust the internal potentiometer for R22, Gain, fully clockwise for maximum gain.

 LISTNUM 
Connect the minipulser to the input connection on the ESP‑2. Set the ESP-2 high voltage to 1000 V.

 LISTNUM 
Set the minipulser amplitude to 10 mV. The input sensitivity may vary with probe type. Verify the correct setting using the references. Set the minipulser count rate to 4000 counts per minute (cpm).

 LISTNUM 
Adjust the internal potentiometer R27 until all of the counts are recorded by the ESP-2.

 LISTNUM 
Record the Input Sensitivity of the minipulser and threshold voltage as measured at Pin 9 of the test connector on DDO-368 in the “As Left” column.

 LISTNUM  \l 3 
High voltage selection

 LISTNUM  \l 4 
The ESP-2 is capable of storing operations parameters for three different probes. However, all detectors in use on a single ESP-2 will have the same input sensitivity/threshold voltage.

 LISTNUM 
Connect the detector to be calibrated to the input connection of the ESP-2.

 LISTNUM 
Expose the detector to the calibration source.

 LISTNUM 
Set the high voltage to the maximum voltage where NO counts are recorded by the ESP-2. From this point, increase the high voltage in 50 V increments, recording the count result after a one-minute period. Continue to increase HV until a significant rise in count rate is noted.

 LISTNUM 
Plot a curve of cpm vs HV and background vs HV on graph paper.

 LISTNUM 
The optimum HV is normally just to the right of the “knee” region of the curve, but can vary with detector type. Verify setting of HV with the references.

 LISTNUM 
Record the “As Left” HV on DDO-368 and DDO-292.

 LISTNUM 
Repeat Steps 5.3.9.2 through 5.3.9.7 for each detector to be used with the ESP-2.

 LISTNUM  \l 3 
 Efficiency determination

 LISTNUM  \l 4 
Verify the current disintegrations per minute (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

t½
=
isotope half-life

t
=
elapsed time

 LISTNUM 
Expose the detector to the calibration source.

 LISTNUM 
Perform a 10-minute count of the source. Record the average source cpm on DDO-368.

 LISTNUM 
Perform a 10-minute background count. Record the average background cpm on DDO-368.

 LISTNUM 
Determine the efficiency using the following formula and record the results on DDO-368:
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 LISTNUM 
If the above calibration steps are completed satisfactorily, attach a completed DDO-292 to probe.

 LISTNUM  \l 3 
Performance test data collection

 LISTNUM  \l 4 
Perform 10 one-minute background counts and record the results on DDO-368.

 LISTNUM 
Perform 10 one-minute source counts for each performance test standard and record the results on DDO-368.

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

 LISTNUM 
Calculate the reference value range, ±10% of the reference value, and record on DDO‑368 and DDO‑292.

 LISTNUM  \l 2 
Performance Test


Unless otherwise specified, the HP/Characterization Technician or the individual designated by the RFO Manager are responsible for completing the steps in Section 5.4. A qualified vendor also may perform Eberline ESP-2 calibrations in accordance with the provisions of Section 5.4 of this procedure.

 LISTNUM  \l 3 
Obtain the reference check source designated on DDO-292.

 LISTNUM 
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. 

 LISTNUM 
Verify that the instrument has a current DDO‑292.

 LISTNUM 
Ascertain that the ESP‑2 is in the proper operation mode and has the proper probe attachment and that setup parameters match the probe parameters listed on DDO-292.

 LISTNUM 
Perform a one-minute background count.

 LISTNUM 
Expose the detector to the designated source. Determine net cpm. If the net response is within the range designated on DDO-292, record “P” for pass on DDO-331 or equivalent. 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.

 LISTNUM 
In addition, if the instrumentation response is not within the designated range, the Health Physics Instrumentation Administrator shall be notified immediately.

 LISTNUM  \l 2 
Maintenance
 LISTNUM  \l 3 
No special storage requirements.

 LISTNUM 
The individual designated by the RFO Manager or a qualified vendor shall perform electronic maintenance (except probe, cable, and battery replacements) in accordance with references.

 LISTNUM  \l 1 
Records
The following records will be generated as a result of using this procedure and forwarded to Project Records in accordance with Reference 3.1.2 of this procedure.

(
Calibration Data Sticker

(
Instrument Services Record - ESP-2

 LISTNUM  \l 1 
Forms, Exhibits, and Attachments
 LISTNUM  \l 2 
Forms
(
DDO-292, Calibration Data Sticker (see Reference 3.1.1)

(
DDO-331, Performance Test Log Sheet/SIMP Update Sheet (see Reference 3.1.1)

(
DDO-368, Instrument Services Record – Eberline ESP-2 

 LISTNUM  \l 2 
Exhibits
(
Exhibit 1, ESP‑2 Keypad Push-Button Functions

(
Exhibit 2, ESP‑2 Operating “Modes” (Programs)

(
Exhibit 3, ESP‑2 Utility “Modes” (Programs)

(
Exhibit 4, ESP‑2 User Access Levels

 LISTNUM  \l 2 
Attachments

None.
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INSTRUMENT SERVICE RECORD - EBERLINE ESP 2

SECTION 1: INSTRUMENT/REFERENCE SOURCE DATA |
ESP-2 S/N: Calibration Due:
Minipulser M&TE Number: Calibration Due:
Voltmeter M&TE Number: Calibration Due:
Detector Information Reference Source Information
# Model S/N Isotope S/N Activity Assay Date
1
2
ER
SECTION 2: CALIBRATION DATA
Physical Condition of Instrument: O Satisfactory 6 Unsatisfactory
As Found As Left
High Voltage
#1 #2 #3 #1 #2 #3
Input Sensitivity As Found: mV | As Left: mV
Threshold Voltage | As Found: VDC | As Left: vYDC
Required Value As Found As Left Acceptance Range
(VDC) (VDC) (VDC) vDC)
607 546 - 668
1800 1620 - 1980
r Pulse Rate Instrument Reading
(cpm) As Found As Left Acceptance Range
100 90-110
400 360 - 440
1000 900 - 1100
4000 3600 - 4400
10000 9000 - 11000
40000 36000 - 44000
100000 90000 - 110000
400000 360000 - 440000
Page | of 3 11/98 (acc)

DDO-368, Rev. 3
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INSTRUMENT SERVICE RECORD -EBERLINE ESP-2

(Continued)
Efficiency Determination
Background Source Reading Source Activity Efficiency = Net cpm x 100
(cpm) (cpm) (dpm) pm
1
2
3

Performance Test Data: Detector 1

Performance Test Data

: Detector 2

Reference Source 1:
Isotope: S/N:

Reference Source 2:
Isotope:

S/N:

Background
(cpm)

Source Reading
(cpm)

Background
(cpm)

Source Reading
(cpm)

X: X:

X:

?E\

P
Mean Reference Value 1:

Mean Reference Value 2:

Acceptable Range: to

DDO-368, Rev. 3

Acceptable Range:

to

Page2 of 3

11/98 (acc)
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INSTRUMENT SERVICE RECORD -EBERLINE ESP-2
(Continued)
Performance Test Data: Detector 3
Reference Source 3:
Isotope: S/N:
Background Source Reading
(cpm) (cpm)
X: X:
Mean Reference Value 1:
Acceptable Range: to
SECTION 3: REMARKS
Calibrated By: Date:
Reviewed By: Date:
Calibration Due:
DDO-368, Rev. 3 Page 3 0f 3 11/98 (acc)





EXHIBIT 1
	ESP-2 KEYPAD PUSH-BUTTON FUNCTIONS

	 ON/OFF:
Turns the power on and off

  LIGHT:
Operates the display light

  SPKR:
Turns speaker on and off; silences alarms

  Pressing MODE/STORE:
•
In a Ratemeter Mode, initiates data storage

•
In a Scaler Mode, initiates data storage if a count cycle is complete

•
In a Scaler Mode, switches to the Utility Mode menu, and

•
In a Utility Mode, returns the ESP-2 to the last operating mode (i.e., ratemeter of scaler)

  Pressing RESET
•
In the Normal Ratemeter Mode, returns the bar graph display to 1/3 scale

•
In the Peak Trap Ratemeter Mode, clears the peak trap buffer and resets the bar graph

•
In the Scaler Mode, starts the counts

•
When the Utility Mode Menu is displayed, selects the Log Mode

•
In all Utility Modes (Log, Clock, Operate, and parameters), initiates a change of mode, time, number, or parameters, and

•
In the Parameters Mode, together with “+” or “-”, increases or decreases values for parameters.

  Pressing +/INC:
•
Answers “Yes” to a question

•
Increases the number or letter above the cursor on the display

•
When the Utility Mode Menu is displayed, selects the Operate Mode

•
In the Utility Modes, moves the display to the next menu item, and

•
In the Ratemeter modes, selects the slow time constant.

  Pressing -/CRSR:
•
Answers “No” to a question

•
Moves cursor to the left (cursor will wrap around to the right when it reaches the extreme left position)

•
When the Utility Mode Menu is displayed, selects the parameters Mode

•
In the Utility Modes, backs up the display to the previous menu item.


EXHIBIT 2
	ESP-2 OPERATING “MODES” (PROGRAMS)

	  Normal Ratemeter
•
Display detector count rate as analog bar graph and numerical value in selected units (e.g., mR/hr, cps)

•
Selected, auto-prefix feature changes numerical value to a floating-point display with automatic adjustment of units

•
Store displayed value in memory

•
Alarm at preset value

	  Peak Trap Ratemeter
•
Normal ratemeter functions, plus:

•
Retain the peak value of the ratemeter reading since the last STORE or RESET IN A BUFFER

•
Store peak value in memory

	  Integrating Scaler
•
Set counting time (via Parameter mode)

•
Register number of events detected or the integrated exposure during the selected time

•
Alarm at preset value

•
Store result in memory

	  Averaging Rate Scaler
•
Same functions as integrating scaler except average rate is continuously displayed and updated (rather than integrated counts)

	  Fixed Precision Scaler
•
Count for time necessary to achieve selected fixed precision of 2, 5, 8, or 10 percent at 2 sigma confidence level

•
Store result in memory


EXHIBIT 3
	ESP-2 UTILITY “MODES” (PROGRAMS)

	  Clock
•
Read or set internal clock

	  Operate
•
View or change access level (KEY number needed to execute a change)

•
View or change user I.D. number

•
View or change instrument number

•
Select manual or Enhanced Store Mode

	  Enhanced Store  (accessed from Operate Mode)

•
Select manual or automatic selection of detector configuration parameters

•
Select manual or automatic data storage

•
Select manual or automatic increment of location code when data is stored in memory

•
Set pause time for auto-store operation

	  Log
•
Display stored data

•
Transfer stored data to a printer or computer

•
Reset (erase) stored data

•
Select baud rate for RS-232 communications

•
Select communications format

	  Parameters
•
Select detectors and assign detector names

•
Select one of the five operating modes

•
Select scaler auto-recycle and auto-log

•
Select readout units and auto-prefix (floating-point) mode**
•
Select high voltage**
•
Set calibration constant**
•
Set dead time correction factor**
•
Set alarm level

•
Select count time (for Integrating or Averaging Rate Scaler Mode)

   **
Performed as a part of the calibration of the ESP-2 with a specific detector 


EXHIBIT 4
	ESP-2 USER ACCESS LEVELS

	  ACCESS LEVEL 0
•
View measurement values for operating mode (may not change operating mode)

•
Store readings

•
Edit location codes for readings

	  ACCESS LEVEL 1
•
Review stored data on display

•
Transfer data to printer or computer

•
Change user I.D. number

•
Change count time

•
Change alarm setting

•
Read clock

	  ACCESS LEVEL 2  

•
Select preprogrammed detectors

•
Reset (erase stored data)

	  ACCESS LEVEL 3
•
Set clock

•
Change operating modes

	  ACCESS LEVEL 4
•
Select baud rate and communications format

•
Change calibration parameters (readout units, high voltage, calibration constant, and dead time)

•
Change instrument number

	NOTE:
Access levels are cumulative (e.g., access level 2 includes all functions in levels 0 and 1)
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