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OPERATION AND CALIBRATION OF THE

EBERLINE AMS-4 BETA PARTICULATE MONITOR
 LISTNUM  \l 1 
Scope

This procedure sets forth the specific requirements to be used for the operation and calibration of the Eberline AMS-4 Beta Particulate Monitor (Exhibits 1 and 2) during environmental monitoring operations by Environmental Monitoring (EM) personnel.

 LISTNUM 
Purpose
The purpose of this procedure is to establish the requirements, responsibilities, and instructions for the operation and calibration of the Eberline AMS-4 Beta Particulate Monitor in accordance with the requirements specified in Reference 3.1.1, N323-1978, Radiation Instrumentation Test and Calibration.

 LISTNUM 
References, Definitions, and Developmental Resources
 LISTNUM  \l 2 
References

 LISTNUM  \l 3 
ANSI Standard, N323-1978, Radiation Instrumentation Test and Calibration
 LISTNUM 
HP-AP-29.0, Control of Radiological Measuring and Test Equipment and Instruments (RMTEI)

 LISTNUM 
HP-OP-014, Control of Radioactive Material

 LISTNUM 
HP-OP-022, BCLDP Radioactive Source Control
 LISTNUM 
EM-OP-002, Collecting and Processing Filters from Continuous Air Monitors and Performance Testing
 LISTNUM 
SIH-PP-04, Hazardous Energy Control Procedure and Safe Work Practices for Electrical and Electronic Equipment and Instruments
 LISTNUM 
PR-AP-17.1, Operation of the Project Records Management System
 LISTNUM  \l 2 
Definitions

See Reference 3.1.2 of this procedure for applicable definitions.

 LISTNUM  \l 2 
Developmental Resources

 LISTNUM  \l 3 
Instruction Manual for the Eberline AMS-4

 LISTNUM 
American National Standards Institute N323-1978, Radiation Protection Instrumentation Test and Calibration

 LISTNUM 
AMS-4 Beta Particulate Monitor Technical Manual

 LISTNUM 
AMS-4 Monitoring System for Windows Software Operation Manual

 LISTNUM  \l 1 
General

 LISTNUM  \l 2 
Precautions

 LISTNUM  \l 3 
Control of air samples and sources shall be in accordance with References 3.1.3 and 3.1.4.

 LISTNUM 
The AMS-4 shall be considered to be internally contaminated and controlled in accordance with the provisions of Reference 3.1.3.

 LISTNUM 
The precautions as stated in Reference 3.1.2 shall be adhered to at all times.

 LISTNUM 
If the filter door on the AMS-4 remains open for more than 10 seconds, the AMS-4 will suspend logging history into memory. Logging will resume once the filter door is closed.

 LISTNUM 
The sample pump on the AMS-4 must be turned off prior to opening the filter door.
 LISTNUM 
The EM Electronics Service Technician or designee shall notify the EM Task Leader of any unsafe or unusual conditions observed during the operation of the instrument.
 LISTNUM  \l 2 
Limitations

 LISTNUM  \l 3 
Calibration should be performed semi-annually or annually at the discretion of the EM Manager (EMM), after maintenance is performed, if instrument fails the performance test (PT), or if its proper operation is in question.

 LISTNUM 
Completing parts of this calibration procedure is at the discretion of the EMM.

 LISTNUM 
An instrument PT shall be performed at least weekly when the AMS-4 is in use by exposing the detector to a known source and confirming proper reading.

 LISTNUM 
Follow the limitations as stated in References 3.1.2 and 3.1.5.

 LISTNUM 
The Eberline AMS-4 requires a grounded power supply of 85 to 264 volts alternating current (VAC), at 50 to 60 Hertz (Hz) to operate.

 LISTNUM 
The AMS-4 In-Line detector head (Exhibit 2) can be calibrated on the bench as well as in the field per Eberline (Exhibit 7). This is because a background detector in the in-line head allows the AMS-4 to have the same range in the field as well as on the bench (Exhibit 6).

 LISTNUM  \l 2 
Qualifications
 LISTNUM  \l 3 
The EMM ensures that EM personnel are qualified to perform the requirements of this procedure.
 LISTNUM  \l 3 
Training and/or equivalent experience in electronic equipment.
 LISTNUM 
Knowledge and understanding of the stack alarm systems.
 LISTNUM  \l 1 
Procedure

Unless otherwise specified, the Environmental Electronics Service Technician shall complete Sections 5.0 and 6.0. The EMM is responsible for implementation of this procedure. This procedure must be performed per the requirements of SIH-PP-04 (Reference 3.1.6).
 LISTNUM  \l 2 
Operation

 LISTNUM  \l 3 
Preparation

 LISTNUM  \l 4 
Verify that the instrument has a valid Calibration Data Sticker (Exhibit 3) and the weekly PT has been performed and initialed on the Daily Performance Test sticker (Exhibit 4). 

 LISTNUM 
Examine the instrument for any obvious physical damage that could interfere with its proper operation. If the instrument has damage that will interfere with operation, tag the instrument out of service and replace with another AMS-4 monitor.
NOTE:
Programs on the AMS-4 require knowledge of the keypad and of the accompanying computer program. The AMS-4 operation manual lists the functions and subroutines that can be accessed from the keypad (see Developmental Resources 3.3.1 and 3.3.3).

WARNING:
Prior to placing the AMS-4 into any stack, make sure that the stack is not venting combustible or flammable vapors. The flow sensor on the flow sensor board could ignite the fumes.

 LISTNUM  \l 3 
Startup

 LISTNUM  \l 4 
Turn the AMS-4 power switch to (ON). Turn the pump on. 

NOTE:
The pump for the AMS-4 with an in-line detector is not connected to the pump switch located on the rear of the AMS-4 housing.

 LISTNUM 
Allow two minutes for the AMS-4 to accumulate data for the history files, for the net beta count rate, and minimum detectable net count rate.

 LISTNUM 
Allow 10 seconds for the AMS-4 to calculate the fast alarm concentration and fast alarm minimum detectable concentration (MDC).

 LISTNUM 
Allow two minutes for the AMS-4 to calculate the slow alarm concentration (SAC) and slow alarm MDC.

NOTE:
Derived air concentration (DAC) and release rates are based on SAC; and, therefore, any conditions affecting SAC also affect these readings.

 LISTNUM 
Ensure that all alarms are set at the desired set point.
 LISTNUM 
The EM Project Manager ensures that the instrument is calibrated at specified intervals.
 LISTNUM  \l 2 
Manual Calibration
 LISTNUM  \l 3 
Equipment needed
 LISTNUM  \l 4 
Calibrated electrostatic voltmeter or equivalent traceable to National Institute of Standards and Technology (NIST).

 LISTNUM 
Reference sources traceable to NIST.

 LISTNUM 
Particulate filter paper.

 LISTNUM  \l 3 
Complete Section 1 of the AMS-4 Instrument Calibration Record (DDO­305).

 LISTNUM 
Check the physical condition of the instrument for defects that could affect instrument operation. If any discrepancies are found, arrange for repair before proceeding. Notify the EM Task Leader of any adverse conditions.
WARNING:
The high voltage section of this board potentially produces up to 2500 volts, which may remain present for several minutes after power has been removed! Exercise caution when working on this module! Discharge the input jack to chassis ground with an insulated screwdriver before removing the circuit board from its housing!

 LISTNUM 
Set the following detector parameters to their default values by first obtaining the “Detector Parameters” menu and then the following submenus:

 LISTNUM  \l 4 
Beta Threshold - 6%

 LISTNUM 
Bkgd Threshold - 6%

 LISTNUM 
Alpha Threshold - 45%

NOTE:
These levels may be changed via the detector parameter menu, however this capability should be used only after careful evaluation. The Modular Detector Board is intended to be used with several types of radiation detectors; its full adjustment range is not intended for any one type.

Increasing the beta threshold will rapidly reduce detector response to low-energy (beta and gamma particles), both from contamination sources and background. This will result in decreased beta/gamma detection efficiency, however background count rates may actually decrease faster than those from contamination.

The default alpha threshold was selected to almost eliminate alpha counts due to beta particles. Lowering this value will increase alpha particle detection efficiency; however, false alpha-channel alarms may be caused by large beta-emitting sources. Raising the alpha threshold will slightly reduce the number of beta particles incorrectly counted as alphas; however, the opposite error (counting alphas as betas) will increase rapidly.

Before changing these thresholds, it is strongly recommended that a thorough study be made of the effects. Ideally, samples of the actual isotopes to be detected should be used to measure the changes in response to both contamination sources and background. If thresholds are changed, detector efficiencies should also be re-checked.

Set the beta and background channel thresholds to 6%. Set the alpha channel thresholds to 45%. If average background count rates without a filter paper in place exceed 100 counts per minute (cpm) in the beta and background channels, raise the threshold. If the alpha channel background count rate exceeds 5 cpm, raise the threshold.

 LISTNUM  \l 2 
Flow Sensor Calibration

NOTE: 
If any repairs are done on the sampling head before the next calibration due date, check the flow calibration. If out of tolerance, calibrate the flow. See Exhibit 5 for electronic connections.
Flow calibration is a separate calibration from the high voltage plateau calibration or the high voltage calibration. The flow calibration will not impact or change the other calibrations.

 LISTNUM  \l 3 
Record all as-found data on Section 3 of DDO-305, AMS-4 Instrument Calibration Record. Press [MENU]. Enter the password. Press [ENTER]. Use the [ARROW DOWN/MINUS] key to select the Calibrate menu. Press [ENTER] to select the Calibrate Flow Submenu. Press [ENTER]. The display will read, “Calibrate Mode Halts Normal Operation. Menu to Exit. Enter to Continue.” Press [ENTER].

 LISTNUM 
With the stack blower on and the pump on, manually adjust the flow with a calibrated mass flow meter to 1.0 cubic feet per minute (cfm) in line with pump and sample head. 

 LISTNUM 
Use a medium sized screwdriver, remove the detector top plate. Using the calibrated digital volt meter (DVM) with normal probing leads, connect the common lead to chassis ground and the red or positive lead to the transistor A3 “O” terminal of the LM317T transistor (which is found on the Flow Sensor Circuit Board). Adjust the potentiometer R11 (which is on same circuit board) with small standard screwdriver to 10 volts direct current (VDC) ± 0.02 VDC.

NOTE:
Potentiometer R6 is located on the Flow Sensor Circuit Board (see #6 in Exhibit 2. 

 LISTNUM 
The display will read, “Turn Pump Off. Press Any Key to Continue.” Unplug the pump from the wall outlet or unit outlet. Press [ENTER]. The display will read, “Adjust Frequency to 2000 cycles per second (cps). Then Press Any Key to Continue.” With a small screwdriver, adjust potentiometer R6 until the display count rate is 2000 ± 10 cps.

 LISTNUM 
Press [ENTER]. The display will read, “Turn Pump On. Press Any Key to Continue.” Turn the pump on. Press [ENTER]. The display will read, “Pump Flow Rate.” Press the [EDIT] key, and then enter 1.00 cfm. Press [ENTER]. The display will read, “Adjust Manifold to Match Count Rate. Then Press Any Key to Continue.” Press [ENTER]. 

 LISTNUM 
Locate the rectangular brass or aluminum block at the bottom of the in­line detector, near the alarm light. Using a small head screwdriver, turn the small valve to match the Adjust number to the Match number on the unit’s display (see #8 in Exhibit 2).

 LISTNUM 
Adjust the air manifold valve until the count rate on the bottom display line is within ± 2% of the count rate on the top display line.

 LISTNUM 
Press [MENU] twice. The display will read, “Calibrate.” Press [ARROW DOWN/MINUS] until the display reads, “Test Inputs Outputs.” Press [ENTER]. Use the [ARROW DOWN/MINUS] to get to “View Latest”. Press [ENTER]. Press [ARROW DOWN/MINUS] to get to “Flow Latest”. The screen will display the airflow. It is a check to determine whether the flow calibration was adequate. If flow calibration was not within tolerances in Section 3 of DDO-305, go back and complete Section 5.3 or repair problem before continuing to complete Section 5.3.
 LISTNUM 
Press [MENU] three times to put the AMS-4 into Ready mode. When the Ready light is on, press [MENU].

 LISTNUM  \l 2 
AMS-4 Calibration High Voltage Checks

 LISTNUM  \l 3 
Remove the detector head cover with a standard flat head screwdriver, if not already off.

 LISTNUM 
Press [MENU] on the AMS-4 unit. Enter the password and press [ENTER]. Press the [ARROW DOWN/MINUS] to the word “Calibrate”, then press [ENTER].

 LISTNUM 
Press the [ARROW DOWN/MINUS] to the words “High Voltage Adjust” and press [ENTER]. The display will now read, “Calibration Mode Halts Normal Operation. Menu to Exit. Enter to Continue.” Press [ENTER].

 LISTNUM 
The beta detector will be displayed. Press [ENTER] again. The display will now read, “Alpha Counts on Top. Beta Counts on Bottom.” Press [ENTER].

 LISTNUM 
The display will now read “T =” (the time setting to complete one count cycle), and “HV =” (the high voltage setting for the alpha/beta detector).

NOTE:
The high voltage anode lead closest to the filter door is the alpha/beta detector anode lead. The high voltage anode lead farthest from the filter door is the background/gamma detector (see Exhibit 2).

 LISTNUM 
Remove the high voltage retainer that holds the two high voltage anode leads.

 LISTNUM 
Measure the alpha/beta detector anode lead using a NIST-calibrated digital volt meter (DVM) with a calibrated divider high voltage probe. Record the voltage on the “High Voltage,” “As Found Voltmeter,” “Beta” line in Section 4 of DDO-305. Record the displayed high voltage from the unit itself on the “High Voltage,” “As Found Display,” “Beta” line in Section 2 of DDO-305.

 LISTNUM 
Press [MENU] and repeat step 5.4.3. Press the [ARROW DOWN/MINUS] button. The words “Background Detector” will appear on the display.

 LISTNUM 
Press [ENTER] to be in the gamma/background detector mode. The display will read, “T =” (the time setting to complete one time cycle) and “HV =” (the high voltage setting for the gamma/background detectors).

 LISTNUM 
Measure the background/gamma high voltage anode lead (found in the in-line lead), using the calibrated DVM with the calibrated high voltage divider probe. Record the voltage reading at the “High Voltage,” “As Found Voltmeter,” “Gamma” line in Section 2 of DDO-305. Record the AMS-4 unit displayed voltage on the “High Voltage,” “As Found Display,” “Gamma” line in Section 2 of DDO-305.

 LISTNUM 
Adjust the high voltage settings for both detectors to 1250 VDC. Record the measured high voltage in Sections 2 and 4 of DDO-305 for 1250 voltage only. For the beta/alpha channel, press [MENU] and follow steps 5.4.3 through 5.4.5. Using the [ARROW DOWN/MINUS] key, set the high voltage to 1250 and press the [MENU] key, and [ENTER] key to update. For the background detector (gamma), follow step 5.4.8. Using the [ARROW DOWN/MINUS] key, set the high voltage to 1250, then press the [MENU] key and [ENTER] key to update. Repeat this step for 1797 VDC. After completing of this step, return the high voltage to its previously calibrated set point by repeating this step. 

NOTE:
The measured high voltage output lead for each measured value on the “As Found” on DDO-305 should be within ±20 volts of their respective displayed high voltage set points. If the high voltage outputs are not within this range, a high voltage calibration or modular board replacement is required.

 LISTNUM 
If necessary, perform a high voltage calibration (Section 5.5).

 LISTNUM 
Press [MENU] three times to put the AMS-4 into Ready mode. When the Ready light is on, press [MENU]. Complete step 5.6.11.



NOTE:
It is not necessary to completely exit or enter the password when going to menus and submenus. If the Technician is familiar with the menus and submenus of the instrument, he or she can go to the next menu or submenu for each calibration point.

 LISTNUM  \l 2 
High Voltage Calibration

 LISTNUM  \l 3 
Prior to the high voltage calibration, adjust the high voltage settings for both detectors to 1250 VDC. For beta channel, follow steps 5.4.1 through 5.4.5 using the [ARROW DOWN/MINUS] key, then set the high voltage to 1250 and press the [MENU] key, and [ENTER] key to update. For the background detector (gamma), follow step 5.4.8 using the [ARROW DOWN/MINUS] key. Set the high voltage to 1250, and then press the [MENU] key, and the [ENTER] key to update. 

 LISTNUM 
Silence the alarm system horn and bell to the AMS-4 being calibrated before turning off the power and inform Surveillance and Maintenance Manager or designee.

 LISTNUM 
Turn off the power to the AMS-4 that is being calibrated. Turn off the sample pump.
 LISTNUM 
Remove all hoses, clamps, and cables from the in-line detector head.

 LISTNUM 
Remove the in-line detector head from the stack by using a large standard size screwdriver to wedge between the in-line detector head inlet and the sample train nipple. Turn the screwdriver clockwise and counter clockwise to break the detector free from the sample train nipple. Remove the detector head from the stack with Health Physics support. Place the in-line head on a portable workbench or table with a rubber mat on top. With a standard medium size screwdriver, loosen and remove the top plate from the in-line detector head. Proceed to take out the modular detector boards out of the in-line detector head by using a spare testing in-line head harness. Remove shielding plates from the modular detector boards. Place the modular detector boards on the bench with the in-line detector head cable plugged into the wire harness. The difference between the two modular detector boards is that the beta detector board has a jumper connection at JP7 and JP8. The modular detector board for the background connection at JP7 and JP8 must be removed. Make sure that all board connectors are in their correct place before performing calibration. Use Exhibits 2 and 5 as a guide in dismantling the in-line head.
 LISTNUM 
With the AMS-4 turned off, remove the jumper at position 1 of JP1 on the modular detector board, which is located in the in-line detector head assembly. Turn the AMS-4 power on, and measure the high voltage at the high voltage anode leads using the NIST-calibrated DVM with the calibrated high voltage divider probe. Adjust the potentiometer R-10 with small-size screwdriver until the high voltage output is 1250 VDC ± 5 VDC. Replace the jumper on position 1 at JP1. Turn the power off, and then back on. Set the high voltage operating point back to its previously measured value. Make sure this step is done on both module detector boards.
 LISTNUM 
For the beta required voltage, repeat step 5.5.1, then use the [ARROW UP/PLUS] key until reaching 1797 VDC or the closest voltage. Record the displayed voltage on the “As Found Display,” for “Beta” line in Section 4 of DDO­305. Measure the voltage on the beta detectors high voltage anode lead with the calibrated DVM and the calibrated high voltage divider probe. Record the value on the “As Found Voltmeter” for “Beta” in Section 4 of DDO­305. Use the [ARROW DOWN/MINUS] key to get 1250 VDC readings.

 LISTNUM 
For the gamma required voltage, press the [MENU] key on the keypad to reach the “HIGH VOLTAGE ADJUST” submenu. Press [ENTER]. The display will read, “CALIBRATION HALTS NORMAL OPERATION. MENU TO EXIT. ENTER TO CONTINUE.” Press the [ENTER] key again. The display will read, “BETA DETECTOR.” Press the [ARROW DOWN/MINUS] key to “BACKGROUND DETECTOR.” Press the [ENTER] key to continue. Use the [ARROW UP/PLUS] key to reach 1797 VDC. Record the displayed voltage on the “As Found Display,” “Gamma” line in Section 4 of DDO-305. Measure the high voltage on the gamma/background detectors high voltage anode lead with the calibrated DVM and the calibrated high voltage divider probe. Record the value on the “As Found Voltmeter,” “Gamma” line in Section 4 of DDO-305. Use the [ARROW DOWN/MINUS] key to get 1250 VDC readings.

NOTE:
When completed with these voltage readings, adjust both detector voltages to the previous operating voltages. The measured voltages and displayed voltages should be within the ± 20 VDC range to continue. If not, repeat Section 5.5 or trouble shoot the problem. Also, make sure sample pump is running before exiting out of the programs.
 LISTNUM 
Press [MENU] three times to put AMS-4 into Ready mode. When the Ready light is on, press [MENU]. Complete step 5.6.11.



NOTE:
It is not necessary to completely exit or enter the password when going to menus and submenus. If the Technician is familiar with the menus and submenus of the instrument, he or she can go to the next menu or submenu for each calibration point.

 LISTNUM  \l 2 
Manual Calibration High Voltage Plateau Set Points

 LISTNUM  \l 3 
Press the [MENU] key. Enter the password. Press the [ENTER] key. Using the [ARROW DOWN/MINUS] key, scroll down to “Calibrate.” Press [ENTER]. Using the [ARROW DOWN/MINUS] key, scroll down to “HIGH VOLTAGE ADJUST.” Press [ENTER]. The display will read, “CALIBRATION MODE HALTS NORMAL OPERATION. MENU TO EXIT. ENTER TO CONTINUE.” Press [ENTER] twice.

NOTE:
The words “BETA DETECTOR” will be on display screen. This is the detector to calibrate first. 

 LISTNUM 
The display will read, “ALPHA COUNTS ON TOP. BETA COUNTS ON BOTTOM,” at the top of the display. “ANY KEY TO CONTINUE” will appear at the bottom of the display. Press [ENTER]. 

WARNING:
Turn off the sample pump before opening the air filter door to prevent possible detector damage. 
 LISTNUM 
Turn off the air pump; place the Tc-99 1661.93 source in the filter door in the in-line detector head.

 LISTNUM 
Use the [ARROW DOWN/MINUS] key to set the high voltage to 1201 VDC. The count time should be 30 seconds. Use Section 5 of DDO-305 to record the beta detector source count for each voltage listed. 

 LISTNUM 
After completing the beta detector source section in Section 5 of DDO-305, remove the Tc-99 1661.93 source and put in a clean 47-mm filter. Close the filter door. Complete the Beta Detector Background section in Section 5 of DDO-305. If alpha counts become greater than beta counts, stop and go to next step, if the detector is functioning within normal parameters, go to step 5.6.7.
 LISTNUM 
Repair or replace the instrument and complete steps 5.5.2 through 5.5.5. Check the Calibration Sticker to make sure the In-Line Head is calibrated within tolerances, if not, perform the calibration. Enter in the new calibration parameters and check the sample pump flow calibration of the In-Line Head. Next, PT the instrument by performing EM-OP-002 and continue on with step 5.6.6.

 LISTNUM 
Press [MENU]. “HIGH VOLTAGE ADJUST” will appear on the display. Press [ENTER] twice. The display will read, “BETA DETECTOR.” Press [ARROW DOWN/MINUS] until the display reads, “BACKGROUND DETECTOR.” Press [ENTER]. The display will have “HV =” on the bottom line with the counts. The top line will have “T =” (time of one count cycle). Record the background data for the background detector in Section 5 of DDO-305 for each voltage listed.

NOTE:
The count time should be 30 seconds.
 LISTNUM 
Place the Cs-137 0141 button source on the top of the in-line detector head.

NOTE:
There should be a spot for the source marked on the top of the in-line head.

 LISTNUM 
Record the Background Detector Source data in Section 5 of DDO-305 for each voltage listed. Remove the source.

NOTE:
Stop when the voltage rises sharply after making plateau readings.
 LISTNUM 
When done, set the high voltage to the previous set point and remove the source.

NOTE:
It is not necessary to completely exit or enter the password when going to menus and submenus. If the Technician is familiar with the menus and submenus of the instrument, he or she can go to the next menu or submenu for each calibration point.

 LISTNUM 
Prepare a graph of the data collected from both detectors. Counts go on the vertical line (y-axis) and voltages go on the horizontal line (x-axis). Graph the plateaus for both detectors. Select the proper operating voltages just above or close to the knee of the graph. Using the keypad, enter the operating voltages for each detector. Go through steps 5.6.1 and 5.6.2 for beta channel. Complete step 5.6.7 for background channel.

NOTE:
Make sure sample pump is running before exiting out of the programs.
 LISTNUM 
To save new voltages, press [MENU], then [ENTER], to update before going to the next channel.

 LISTNUM 
Press [MENU] three times to put the AMS-4 into Ready mode. When Ready light is on, press [MENU].

 LISTNUM  \l 2 
Beta Efficiency

 LISTNUM  \l 3 
Press [MENU]. Enter the password. Press [ENTER]. Use the [ARROW DOWN/MINUS] key to scroll to “INSTRUMENT PARAMETERS.” Press [ENTER]. Use the [ARROW DOWN/MINUS] key to “Calibrate Count Time”. Press the [EDIT] key. Enter new time counts, “60 seconds = 1 minutes.” Enter “600 seconds = 10 minutes.” 

 LISTNUM 
Press [ENTER]. Press [MENU]. Use the [ARROW DOWN/MINUS] key to scroll to “CALIBRATE.” Press [ENTER]. Use the [ARROW DOWN/MINUS] key to scroll to “BETA EFFICIENCY.” Press [ENTER].

 LISTNUM 
The AMS-4 display will assist the service technician through each step of the beta efficiency.

WARNING:
Before inserting the source, make certain that the sample pump is off.
 LISTNUM 
When complete, remove the source, insert a clean 47-mm filter in holder, and plug the sample pump back in.

NOTE:
Make sure sample pump is running before next step.
 LISTNUM 
Press [ENTER] to update the new beta efficiency into memory. Enter the new Beta Efficiency in Section 2 of DDO-305 in the Beta Efficiency section.

 LISTNUM 
Press [MENU] three times to put the AMS-4 into Ready mode. When the Ready light is on, press [MENU]. Complete step 5.7.1. Put time to 60­seconds. Complete step 5.6.13.

NOTE:
It is not necessary to completely exit or enter the password when going to menus and submenus. If the Technician is familiar with the menus and submenus of the instrument, he or she can go to the next menu or submenu for each calibration point.

 LISTNUM  \l 2 
Gamma Subtract Factor

 LISTNUM  \l 3 
Press [MENU]. Enter the password. Press [ENTER]. Use the [ARROW DOWN/MINUS] key to scroll to “CALIBRATE.” Press [ENTER]. Use the [ARROW DOWN/MINUS] key to scroll to “GAMMA SUBTRACT FACTOR.” Press [ENTER]. 

 LISTNUM 
The AMS-4 display will guide the service technician through the steps.

 LISTNUM 
When complete, press [ENTER] to update the gamma subtract factor into memory. Enter the new gamma subtract factor in Section 2 of DDO-305 in the “Gamma Subtract Factors” section. 

 LISTNUM 
Press [MENU] three times to put AMS-4 into Ready mode. When the Ready light is on, press [MENU].

 LISTNUM 
When the above calibration steps are completed satisfactorily, attach a completed Calibration Data Sticker (Exhibit 3) and Daily Performance Test sticker (Exhibit 4) to the instrument and complete the “Performance Test” section” in Section 6 of DDO-305.

 LISTNUM 
If calibration is done on bench, gamma subfactor must be done in field according to Eberline.

 LISTNUM  \l 2 
PT Reference Data for the Semi-annual and/or Annual Range Calculation

 LISTNUM  \l 3 
Perform 10 one-minute background counts on the beta detector. The values can be found under the “Calibration” menu and the “High Voltage Adjust” submenu. Follow steps 5.6.1 and 5.6.2. Record the results in Section 6 of DDO­305. 

 LISTNUM 
Perform 10 one-minute source counts for the PT standard and record in Section 6 of DDO-305.

 LISTNUM 
Determine the reference value by subtracting the average background counts from the average source counts as described in Section 6 of DDO­305.

 LISTNUM 
Multiply the reference value by 1.1 for the high range of the PT value.

 LISTNUM 
Multiply the reference value (Performance Test Reference Data) by 0.9 for low range of the PT value.

 LISTNUM 
After calculating the low and high range, which is a ( 10%, record data in Section 6 of DDO-305, in the “Beta Performance Test Range Data” section, and affix a calibration sticker to the AMS-4. Complete step 5.7.4. The PT limit is ±20%, see Reference 3.1.1.
 LISTNUM 
Press [MENU] three times to put the AMS-4 into Ready mode. When the Ready light is on, press [MENU]. 
NOTE:
It is not necessary to completely exit or enter the password when going to menus and submenus. If the Technician is familiar with the menus and submenus of the instrument, he or she can go to the next menu or submenu for each calibration point.

 LISTNUM  \l 2 
AMS-4 After Calibration Performance Test 


 LISTNUM  \l 3 
Set the AMS-4 count time back to 60 seconds by following step 5.7.1.

 LISTNUM 
Press [MENU] three times to put the AMS-4 into Ready mode. When the Ready light is on, press [MENU].

 LISTNUM 
Examine the instrument for any physical damage that could interfere with the proper operation of the instrument.

 LISTNUM 
Verify that the instrument has a current Calibration Data sticker (Exhibit 3) and a Daily Performance Test sticker (Exhibit 4).

 LISTNUM 
Before putting in the source, complete steps 5.6.1 and 5.6.2. Place the designated source for the Beta Detector in the filter paper holder with the active side facing the detectors. Enter counts in the”Beta Performance Test Range” section in Section 7 of DDO-305. Remove the source from the filter holder.
NOTE:
Allow a few minutes for count stabilization.
 LISTNUM 
Perform a 60-second background count with clean 47-mm filter in filter holder. 

NOTE:
Allow a few minutes for count stabilization.

 LISTNUM 
If the net response is within the required range for the source over a 60­second time interval, enter it in the “Beta Performance Test Range Data” section in Section 7 of DDO-305. If the PT is not passed, repeat steps in Section 5.10. If the PT is still not passed, then tag it out of service. Replace the in-line detector head with calibrated standby units. Set parameters to units calibration set points and PT the unit in accordance with EM­OP­002 (Reference 3.1.5). If the PT passed, complete steps 5.7.4 and 5.10.2.
NOTE:
A PT is performed to ensure that the detector head and/or in-line detector head unit is functioning properly. The AMS-4 has microprocessors that check or troubleshoot the systems in the unit itself. But the AMS-4 cannot detect low count rate as a sign of detector or detector board problems.

 LISTNUM  \l 2 
Data Review

 LISTNUM  \l 3 
The EMM ensures that records pertaining to the instrument are retained and submitted yearly with environmental records to Project Records.

 LISTNUM 
The EMM performs periodic surveillance of the use and maintenance of the instrument.
 LISTNUM  \l 2 
Storage and Maintenance

 LISTNUM  \l 3 
The AMS-4 should be kept in a dry place, away from heavy construction.

 LISTNUM 
An Instrumentation Technician or the vendor shall perform electronic maintenance (except cable or tubing replacement).

 LISTNUM 
The container with the dry-rite in the in-line detector head must be replaced with new dry-rite as needed, or every six months, or at calibration time, which ever comes first.

 LISTNUM 
The AMS-4 sample pump should be reveined every year, or if under a heavy load, every six months.

 LISTNUM 
The EM personnel can do preventive maintenance by evaluating calibration data checks every two years for in-line detector head rebuilding to see whether rebuilding is needed at the two-year mark.

 LISTNUM  \l 2 
Computer Calibration

To perform an automatic calibration, follow the procedures in Exhibit 6.

 LISTNUM  \l 1 
Records
The following records will be generated and forwarded to Project Records annually in accordance with Reference 3.1.7.


(
AMS-4 Instrument Calibration Record



 LISTNUM  \l 1 
Forms, Exhibits, and Attachments 

 LISTNUM  \l 2 
Forms

DDO-305, AMS-4 Instrument Calibration Record


 LISTNUM  \l 2 
Exhibits

(
Exhibit 1, AMS-4 Outline Drawing 

(
Exhibit 2, In-line Detector Head Drawing

(
Exhibit 3, Calibration Data Sticker 
(
Exhibit 4, Daily Performance Test Sticker
(
Exhibit 5, AMS-4 Schematics

(
Exhibit 6, Calibration

(
Exhibit 7, Letter from Eberline about AMS-4 Bench Calibrations

 LISTNUM  \l 2 
Attachments

None.
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EXHIBIT 1

AMS-4 OUTLINE DRAWING
[image: image9.png]AMS—4 Electronics Schematic, 11562—D46, Rev.E
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EXHIBIT 1

AMS-4 OUTLINE DRAWING (CONTINUED)
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NOTES:

1. Jumper JP8 must be cut on this board only.
2. On AMS4 OPT8, Noble Gas Head Option, this board is o SP2BG.
3. On AMS4 OPT8, Noble Gas Head Option, this board is o SP28H.

AMS-4 Remote Head Schematic, 11562-C47, Rev. C





EXHIBIT 2

IN-LINE DETECTOR HEAD DRAWING
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AMS-4 INSTRUMENT CALIBRATION RECORD

SECTION 1. INSTRUMENT DATA

AMS-4 S/N

Calibration Due

Sampling Head S/N

Voltmeter M&TE S/N

Calibration Due

Flow Calibrator S/N

Calibration Due

High Voltage Probe

Calibration Due

yReference Source S/N

BReference Source S/N

Activity Assay Date

Activity Assay Date

SECTION 2. CALIBRATION DATA

Type: Computer O
Physical Condition of Instrument:

Manual O

Satisfactory O Unsatisfactory O

High Voltage

Beta ()
Gamma (y)

Required Voltage

1797 (B)
$2
1250 (B)
)

Plateau Readings or As
Left Display

Beta Detector
VDC

= ™R

Gamma Detector
VDC

1) As Found Voltmeter

2) As Found Display Subtract Lines 1 and 2

vDC vDC vDC

vDC vDC vDC

vDC vDC vDC
vDC vDC vDC
vDC vDC vDC
vDC vDC vDC

o CPM _

- = %
cPM p cPM
CPM

CPM

Acceptance Range

+20 VDC

+20 VDC

<5%

Beta Efficiency
Determination
SN

Source

B Eff

Gamma Subtract Factor
Flow Sensor Calibration ¥

AMS-4 Pump Flow
As Found

As Left

Performance Test Data
B Source Isotope S/N

AMS-4 S/N:

Calibration Date:

DDO-305, rev. 1

Page 1of 5

8/98 (SCA)





EXHIBIT 3

CALIBRATION DATA STICKER

[image: image12.png]Flow Sensor Board Calibration

SECTION 3. = CALIBRATION DATA

Flow Readings
Set Point

As Found Display

As Found Mass Flow Meter

Acceptable Range

1.0 cfm

+20%

1) Frequency Adjustment

2) As Found Display

Subtract Lines 1 and 2

Acceptable Range

2000 cps

+ 10 cps

1) Voltage Measurement

2) As Found Display

Subtract Lines 1 and 2

Acceptable Range

10 vDC +.02 VDC
1) Frequency Matching 2) As Found Display Subtract Lines 1 and 2 Acceptable Range
+2%

As Left Mass Flow Meter

As Left Display

Subtract Lines 1 and 2

Acceptable Range

+20%

AMS-4 S/N:

Calibration Date:

DDO-305, rev. 1

Page 2 of 5

8/98 (SCA)





EXHIBIT 4

DAILY PERFORMANCE TEST STICKER 
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EXHIBIT 5

AMS-4 SCHEMATICS

[image: image13.png]High Voltage Calibration

SECTION 4. " HIGH VOLTAGE CALIBRATION DATA

Type: Computer O Manual O
Physical Condition of Instrument: Satisfactory O Unsatisfactory O
1) As Found Voltmeter 2) As Found Display Subtract Lines 1 and 2 Acceptance Range
High Voltage
Beta () 1250 VDC VDC VDC VDC +20 VDC
Gamma (y) 1250 VDC vDC vDC vDC

1) Remove jumper at position 1 of JP-1 on the modular detector board with the power off.
2) Tum power on. Use voltmeter with high voltage probe. Adjust potentiometer R-10.

Potentiometer R-10

Readings
1250 (B) VvDC 1250 VvDC VvDC +5VDC
(y) VDC 1250 VDC VDC

3) Replace jumper on position 1 at JP1-6.
4) Turn power off. Wait a few seconds and turn power back on.
5) Re-check the high voltages and record them on Required Voltage Re-check line.

Required Voltage
Re-check
1797 (B) vDC vDC vDC
) vDC vDC vDC + 20 VDC
1250 (B) vDC vDC vDC
) vDC vDC vDC
AMS-4 S/N: Calibration Date:

DDO-305, rev. 1 Page 30f 5 8/98 (SCA)





EXHIBIT 5

AMS-4 SCHEMATICS (CONTINUED)

[image: image14.png]Voltage Plateau Data

SECTION 5. . VOLTAGE PLATEAU FORM

Beta Detector

Background Detector

VYoltages

Background

Source

p

o

YBKGD

Source

1201

1260

1318

1377

1436

1475

1504

1514

1523

1533

1543

1553

1563

1572

1582

1592

1602

1611

AMS-4 S/N:

Calibration Date:

DDO-305, rev. 1

Page 4 of 5

8/98 (SCA)





EXHIBIT 6

CALIBRATION

[image: image15.png]Performance Tests

SECTION 6. BETA PERFORMANCE TEST RANGE DATA

Meter Reading /Source (CPM)

BKGD

9

10

Add the 10 minute count
and divide by 10

Beta Detector Performance Test Range

Source CPM, -BKGD

= Ref CPM

Source CPM, -BKGD

X09=

= Ref CPM

X1ll1l=

SECTION 7. - PERFORMANCE TEST

Source CPM, -BKGD

=P.T. Check (CPM)

SECTION 8. = REMARKS

Calibrated by:

Date:

Reviewed by:

Date:

Place Old Calibration Sticker Here.

AMS-4 S/N:

Calibration Date:

DDO-305, rev. 1

Page 50f 5

8/98 (SCA)





EXHIBIT 6

CALIBRATION (CONTINUED)

[image: image16.png]Section b

Calibration

Step 1 - Running a Voltage Plateau

Performing a full calibration on an AMS-4 normally begins with running a voltage
plateau curve on both the beta and gamma channels to determine the best
operating voltage.

Begin by making sure that both the beta and gamma channel thresholds are set at
6.3% and the alpha threshold is set at 45.1%. It is unlikely you will need to
adjust the thresholds from their default setting. Select Calibrate, Run Plateau
from the main menu. Notice that running the plateau takes the CAM out of
normal operation.

Assuming you have entered the Level 3 password, you are presented with a
dialog box which allows you to define how the voltage plateau is operated.

Select a counting time which results in at least 1,000 counts in the counting
interval at a typical operating voltage. This is not at all critical, however, your
voltage plateau graph will have the desired precision if you acquire = 1,000
counts at the operating voltage. There is no point going beyond 10,000 counts in
the counting interval. If this is the case, select a smaller source or a shorter
counting time to get the job done quicker.

As an example, assume that you have around 7% 4= efficiency. To obtain 1,000
counts in a 10 second counting interval requires a counting rate of 100 cps. To
get this counting rate requires the following source:

SourceSize- ‘°:0‘;P5 = 1,400dps (85,700dprm)

To get the same counting rate in 20 seconds requires only a 43,000 dpm source.

WINAMS . WP/April 1994 5-1





EXHIBIT 6

CALIBRATION (CONTINUED)

[image: image17.png]Step 3 - Printing a Calibration Report

At the conclusion of the calibration (or at any other time the CAM is connected)
you may print a calibration report.

Select Calibration, Step 3 from the main menu and enter the serial number of the
AMS-4 when prompted. The currently selected Windows printer is used for the
report.

5-6 WINAMS.WP/April 1994





EXHIBIT 6

CALIBRATION (CONTINUED)

[image: image18.png]Specify a graph name to place in the main graph title and a graph file name.
Notice that the graph file name must have an extension of .GRF.

Insert the source and click on the Start button. Data gathering continues until
completion or the Done button is pressed. If the Done button is pressed before
the end of the plateau, the operator is allowed to save the data collected up to this
point.

Once the plateau is complete, you may select a high voltage by clicking on the <
and > symbols on the voltage plateau graph until the vertical bar is placed at the
desired voltage. For the beta channel, the operating voltage is normally set at a
point where the voltage is as high as possible with less than a 1% beta to alpha
crossover. Notice that on the beta channel voltage plateau the bar is automatically
advanced to this position as the data is gathered. The black vertical bar turns red
when the beta to alpha crossover exceeds 1%. Move the bar back one position
when it turns red to obtain the optimum operating voltage. Save the desired
voltage setting to the instrument by clicking on the Set HV button.

Detector P =

Brem_ Qose < >

AMSGAS GRF AMS-4 GAS 121483
Voltage Plateau Curve

410— Bete Thresh: 6.3%
369|— Alpha Thresh: 45.1%
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82
eI .
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5]
13001330 1370 1410 1450 14080 1530 1570 1610 1650

3270
30 Voltage

To plateau the gamma background channel, place one or more small (10 uCi)
"'Cs sources (e.g. Eberline CS-7A source) on the sampling head housing as close
to the gamma detector as possible. In all sampling head types, the gamma
detector is mounted immediately behind the beta detector. On the gas sampling
head, remove the outer can to support placement of the sources close to the
detector.

WINAMS.WP/Aprit 1994 5-3





EXHIBIT 6

CALIBRATION (CONTINUED)

[image: image19.png]Run the gamma channel plateau by first clicking on the Bkg Channel radio button
and clicking on the Start button.

For the gamma channel, where there is no beta to alpha crossover to consider,
you must visually select the optimum HV. While the gamma plateau is not
always flat, there is always a definite point on the voltage plateau where the count
rate rises sharply from the gentle slope of the plateau. Since the voltage plateau
on these detectors is approximately 100 Vdc in length, choose an operating point
70-80 Vdc below the point on the plateau where the count rate rises sharply. For
example, assume your plateau curve rises sharply at 1,610 Vdc. Click on the <
and > selectors on the graph until the vertical bar is on (1,610-80) or 1,530 Vdc
and click on the Set HV button in the main dialog box.

Step 2 - Determining Beta Efficiency

Determining the beta efficiency is a two step process. The first step is to
determine the beta channe] background count rate.

Select a background counting time of at least 300 seconds.

Determine Background/Efficiency

Count Time Remaining (secs): {300 ;

Efficiency

+ Background f Background Count Rate (cpm): 75.0 i

Cal. Source Activity (dpm): |30000

Cal. Source Isotope: |Tc-99

Cal. Source Serial Number: | 123456
Beta Count Rate (ncpm): 0.0
Beta Efficiency (%): 10.0%

L@:.

After setting the counting time, click on the Background radio button and then
click on the Start button to take the background count.

5-4
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EXHIBIT 6

CALIBRATION (CONTINUED)

[image: image20.png]A starting voltage of 1,300 Vdc is usually sufficient. The ending voltage is
somewhat tube dependent, however, 1700 Vdc is a good starting point. When
running the beta plateau, you may select the check box Stop When Alpha > Beta?
to have the plateau routine automatically terminate the plateau when the alpha
curve rises above the beta curve. In this case, you may need to set the ending
voltage a little higher to make sure it is not the controlling factor in determining
the ending plateau voltage. The Stop When Alpha > Beta? check box has no

function when running the Bkg Channel plateau.

=

Volitage Plateau

| - Beta Channel

Bkg Channel

Count Time {secs): |20

Starting Voltage (Vdc): {1300
Ending Voltage (Vdc): |1700

Voltage Step (vdc): {10.0
Max Count Rate (cps): |1.00E+05

v: Stop When Alpha > Beta?

! File Name (».GRF): |BETAPLAT|GRF

Graph Name: |Beta Chan.

Count Time Left (secs): 5
Voltage (Vdc): 1500
Alpha Count Rate (cps): 0.00
Beta Count Rate (cps): 0.0
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EXHIBIT 7

LETTER FROM EBERLINE ABOUT AMS-4 BENCH CALIBRATIONS

[image: image21.png]Gas Sampling
Head Calibration

Next, determine the efficiency by placing the calibration source into position and
entering the source activity into the Cal. Source Activity edit box. (see AMS-4
manual for determination of source activity for particulate/iodine head) Click on
the Efficiency radio button and click on the Start button to determine the
efficiency. When determining the efficiency you should select a counting time
which results in at least 2,000 counts integrated over the count period.

At the conculsion of the beta efficiency determination, you are questioned whether
or not you wish to replace the existing efficiency with the new efficiency. Click
the Yes button to save the new beta efficiency to the CAM.

Since it is impractical to perform radioactive gas calibrations on the AMS-4 Gas
Sampling Head every time calibration is required, Eberline has performed a
primary gas calibration with ®Kr and ™*Xe and transferred the primary
calibration to a ®Tc solid source so that AMS-4s can be easily field calibrated.
This primary calibration is documented in Eberline Engineering Document 12000-
A67.

AMS4 OPT10 consists of an approximately 400K dpm *Tc source plated onto a
rod which is mounted in a fixture which guarantees a consistent geometry when
inserted through the hose barb at the end of the gas chamber. Before using the
source make sure that the source end cap is resting against the rear of the
chamber.

Determine the detector efficiency with this source in position (as described above)
and then adjust the efficiency to establish the desired noble gas efficiency. For a
®Kr calibration, multiply the *Tc source efficiency by 1.338 and enter the new
efficiency manually into the AMS4. For a **Xe calibration, multiply the ®*Tc
source efficiency by (0.917 and enter the new efficiency manuaily into the AMS4.

The correction factor for ¥*Kr is greater than the '*Xe correction factor since *Kr
(250 keV, 100%) is a stronger beta emitter than '*Xe (Eavg = 100 kev, 100%).
The relationship between the solid source efficiency and the gas efficiency has no
direct bearing (other than as a transfer standard) since the counting geometries are
very dissimilar between the solid fixed position source and the homogeneously
distributed gas.

Note that using the transfer standard correction factors provides a calibration
referenced to standard temperature (22°C) and pressure (760 mm Hg).

WINAMS . WP/Aprit 1994 5-5
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To: Paul Adams
Battelle
Phone: 614-424-5819
Fax: 614-424-777°
From; Jeff Sawyer
Product Manager, Environmental Monitors Date: 3/2/00
Phone:  505-471-3232 ext. 237
Fax: 505-473-9221 Pages: 1

E-Mail: jeffsawycr@oompuserve.com

Subject: AMS-4 Calibrations

The AMS-4 was designed as a very portabie (especially in comparison with the older,
much heavier AMS-3) beta aerosol monitor. The integrated handle and pump ensure
that it can be easily carried in one hand by one person.

While it is true that the AMS-4 can be calibrated in the field, the original intention here
at Eberline, was that the unit would be calibrated with the Windows Calibration
Software in a central location (preferably with a low background) and then relocated to
the area where it would be used.

Please note that it is very important that the gamma correction factor
measurement is done after the AMS-4 has been put into place and before it is put
into operation, This measurement can be done quite easily through the front panel.

The AMS-4 can be used with three different detector heads: AMS4 OPT7 In-Line Head,
AMS4 OPTS8 Noble Gas Head, and AMS4 OPT14 radial Entry Head. These are
completely interchangeable but please note that the AMS-4 display unit will need to be

re-calibrated whenever the head is changed.
if there are any questions about this, please give me a call.
Best regards,

S

Product Manager,
Environmental Monitors
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