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1.0 GENERAL INFORMATION

1.1 Purpose:
The purpose of this Standard Operating Procedure (SOP) is to provide a set of written
instructions that document routine maintenance and operation procedures for
measurement of PM2.5 or PM 10 with the MetOne BAM 1020.

e The AQIS Operator is ultimately responsible for the Air Monitoring Site data
quality. If a critical failure is being reported or the analyzer is over the
“Validation Tolerance” the AQIS Operator shall leave the onsite datalogger
channel enabled. Record relevant data in the instrument log book and the
Monthly Downtime Log. If the Sampler reading is, or will go full scale, the
datalogger channel will be disabled. Consultation with the Senior AQIS can be
made after the fact.

1.2 General Description and Principle of Operation:
The BAM-1020 measures and records hourly particulate mass concentrations in ambient
air. The monitor consists of three basic components; the central unit, the sampling pump
and the sampling inlet hardware. Each component is self-contained and may be easily

disconnected for servicing and replacement.

The BAM-1020 uses beta ray attenuation to calculate collected particle mass
concentrations in units of ug/m3. A 14C element (60 puCi +/- 15 pC) emits a constant
source of low-energy electrons, also known as beta particles. The beta rays are attenuated
as they collide with particles collected on a filter tape. The decrease in signal detected by
the BAM-1020 scintillation counter is inversely proportional to the mass loading on the

filter tape.

See the Manufacture’s Instrument Manual for details on the principle of operation:
BAM-1020-9800 Manual Rev G

1.3 Safety:
Air Monitoring Stations have a great many reasons for safety concerns. Please see
“Station Safety Manual”, SOP’s for Specific Instrumentation and Manufacture’s

Instrument Manuals and Recommendations.

The 14C radioactive source should never be dismantled, removed or tampered
with. It will never be necessary for any field personnel to adjust, replace or touch
the 14C source. All 14C issues will be handled by the manufacturer either under
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warrantee or at ARB cost. When working with the BAM-1020 door open and in
the immediate vicinity of the 14C beta source, the wearing of long sleeves and
laboratory gloves may help reduce possible exposure to 14C beta rays.

2.0 SITING AND INSTALLATION

2.1  Initial Setup and Installation: Station Operations
e Verify Correct Instrument Installation
¢ Verify Receipt of Current Instrument Manual
¢ Verify Receipt of all Instrument Log Books

o Verify Receipt of Instrument Specific Maintenance Sheet

2.2 Physical Instrument Inspection: Station Operations

Verify the Following:

e Physical Installation: Sufficient space in front of and behind the instrument for service
and maintenance routines. Down tube should be plumb. Proper cyclone installation.
The VSCC should be installed for FEM PM2.5 BAM’s, and the SCC should be
installed for non-FEM PM2.5 BAM’s. No cyclone should be installed for PM10
BAM’s. Inlet clearance must be maintained. Greater than 1 meter between inlets.
Greater than 2 meters if one of the instrument is a hi-vol sampler. Spacing must be less
than 4 meters for collocated instruments. (MetOne BAM 1020 Operation Manual pg 8
- 18)

e FElectrical Connections: Clean and professional installation, check for loose wires and
connections and proper clearance for instrument inspection and maintenance. (MetOne
BAM 1020 Operation Manual pg 16 — 18)

¢ Initial Startup: Proper loading of Paper Tape. Self Test. Leak Check. Initial
considerations. Clock time should be 5 minutes fast. This is so the data for the current
hour will be valid at 57 minutes after the hour when the telemetry system polls the
data for that hour. Verify wiring from, and setup of the datalogger to the BAM to sync
time. (MetOne BAM 1020 Operation Manual pg 21 — 24)

¢ Initial Calibration: Documentation of Multi-Point Calibration in Station Logbook,
Instrument Logbook & Monthly Maintenance Sheet.
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3.0 ROUTINE SERVICING

3.1 General
Perform the following checks on the BAM-1020 at the intervals specified in the
service schedule. The checks may be performed more frequently but should be
performed at least within the prescribed intervals. Document all information and
maintenance data on the Monthly Quality Control Maintenance Check Sheet, and
in the instrument logbook. (Appendix A) Document all downtime on the Monthly

downtime sheet, and in the instrument logbook.

3.2 Data Validation

Criteria Frequency Acceptable range
Average Flow Rate Every Hour of Operation Within + 5% of 16.67
Variability of Flow rate Every Hour of Operation CV <=2%
Reference Membrane Verification Hourly + 4% of ABS Value
One Point Flow Rate Verification Monthly + 4% of Transfer Standard
Leak Check Monthly <=1.0 Ipm
Temperature Verification Monthly +2 Deg C
Pressure Verification Monthly + 10 mmHG

Any parameters that exceed the above limits may be cause for the data to be
invalidated. The sampler will report the Hourly errors to its internal error log. The
operator will verify the Monthly values during the Monthly maintenance checks.
All errors will be recorded in the instrument log book and the Monthly downtime
log. Additionally all errors will be reported as described in section 3.3 bellow. If
values start to approach the limits, report as described in section 3.3 bellow to

prevent data loss.

3.3 AM Work Orders
The AQIS Operator shall in the course of duties utilize as explained in the “SOP
for General Air Monitoring Station Operations” the “AM Work Order” procedure.
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If a critical failure is being reported or the analyzer is over the “Validation
Tolerance” the AQIS Operator shall leave the onsite datalogger channel enabled.
Record relevant data in the instrument log book and the Monthly Downtime Log.
If the Sampler reading is, or will go full scale, the datalogger channel will be
disabled. Consultation with the Senior AQIS can be made after the fact.

3.4 Daily Tasks
Review telemetry history data to verify correct operation of the BAM-1020.
Compare the value on the front display (Last C) with the value reading on the
datalogger. They should be the same within 1 microgram per cubic meter.
Visually inspect the sample tape for proper spot pattern and the absence of any
pin holes. If the spot pattern is irregular or pin holes are present, clean the nozzle
and vane area. Check the Last m reading on the display and compare with the
ABS value recorded in the logbook. (MetOne BAM 1020 Operation Manual pg
33-34)

3.5 Weekly Tasks
Check the BAM-1020 filter tape and replace when necessary. One roll of filter
tape is 22 meters long and will last for a minimum of 60 days.

3.6 Monthly Tasks
1) Flow check: Perform an inlet flow verification to ensure a flow rate of 16.67
LPM (+/- 4 percent). Remove only the PM10 inlet when measuring flow. The bi-
weekly flow check can be performed while the BAM-1020 is in normal operating
mode. Remove only the FRM PM10 inlet from the BAM-1020 inlet system. Affix
either a mass flow measuring or volumetric flow measuring device onto the
PM2.5 SCC inlet and record the volumetric flow reading and the display reading
on the Monthly Quality Control Maintenance Check Sheet.

2) Check the ambient temperature and pressure against a certified standard.
Temperatures should be within 2 degrees C. Pressures should be within 10
mmHG. Record all values on the Monthly Quality Control Maintenance Check
Sheet.

3) Leak check: Perform a Leak check. A BAM-1020 display of less than 1.0 LPM
passes the manufacturers leak check specifications. DO NOT perform the leak
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check in the Normal Operating Mode. Damage to the sampler may occur. Follow
the procedure listed in the Manufactures Operations Manual. (MetOne BAM 1020
Operation Manual pg 32 - 33)

4) Disassemble and thoroughly clean both the PM2.5 Sharp Cut Cyclone (SCC)
and the PM10 FRM inlets. Reassemble and reinstall on the sampler. Clean the
nozzle and vane. (MetOne BAM 1020 Operation Manual pg 33 - 34)

5) Reassemble the inlets, replace the Tape as necessary and perform a sampler
self-test. (MetOne BAM 1020 Operation Manual pg 22)

6) Complete and submit the BAM-1020 Monthly Quality Control Maintenance
Check Sheet (Appendix A).

7) Download data from the BAM-1020 and place in the correct directory under
E:\ASTD\AM Operations Data\BAM Data. Review the data log and report any
errors listed.

3.7 Bi-Monthly Tasks
Replace the Sample Tape. See Figure 1 for correct Tape routing. Change tape
before performing monthly checks. (MetOne BAM 1020 Operation Manual pg 21
-22)

4.0 PROCEDURES

4.1 PM2.5 Cyclone Cleaning
The PM2.5 SCC inlet requires removal from the inlet tube, disassembly and
cleaning. The inlet should be thoroughly cleaned every month. Disassemble the
SCC and wipe clean with lint free cloth (Kimwipe). Ensure that all ‘O’ ring
surfaces are in excellent shape and are reinstalled correctly. Replace 'O’ rings
when needed. Lubricate ‘O’ rings with provided ‘O’ ring lube, do not use
impactor oil. Do not drop the cyclone. If the cyclone is damaged, see your Senior

AQIS for a replacement. Do not force fit or modify the cyclone.

4.2 PM10 Head Cleaning
The PM10 inlet requires removal from the inlet tube, disassembly and cleaning.
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The inlet should be thoroughly cleaned every month. Disassemble the PM10 inlet
and wipe clean with lint free cloth (Kimwipe). Ensure that all ‘O’ ring surfaces
are in excellent shape and are re-installed correctly. Replace 'O' rings when
needed. Lubricate ‘O’ rings with provided ‘O’ ring lube, do not use impactor oil.
If the PM10 head is damaged, see your Senior AQIS for a replacement. Do not
force fit or modify the PM10 head.

4.3 Reload Sampling Tape
Refer to Figure 1 (below), for photo of installed filter tape.
Loading the tape must be performed before accessing other BAM-1020 functions.
Begin by lifting the pinch roller (the pin with the black roller located in the upper
front of the BAM) and lock the roller into position with the latch (located
immediately to the left of the pinch roller). Remove both clear spool caps by
unscrewing the black knobs (bottom left and bottom right spools). Unroll
approximately 2 to 3 feet of tape and slide the roll on to the bottom right spool
(supply spool) of the BAM-1020. Position of the supply spool so that as the tape
unwinds on the spool, the roll turns counter clockwise. The tape will ‘S’ around
the two center rollers by feeding around the left supply tension roller located just
above and to the left of the supply spool, then around the right side of the right
end roller located slightly above and to the right of the tension roller. The tape
slides in the slit located between the source and detector, and between the pinch
roller and capstan shaft (the thin metal shaft located just below the pinch roller).
‘S’ the tape around the left side of the left end roller (roller on the upper left),
around the right side of the take-up tension roller (just below and to the right),
then tape onto to the take-up spool (located bottom left). Wrap the tape
approximately 172 times around the take-up spool. The left side tape configuration
should be a mirror image of the right side. Lift up on the pinch roller (the latch
will automatically unlock). Gently lower the pinch roller until it completely
touches the filter tape against the capstan roller. Visually check tape for binding,
tears or other obvious problems. Wherever the tape comes in contact with the
rollers, the entire width of the tape should be on the roller with a little bit of the
roller’s edge showing. It is highly recommended to perform a ‘SELF TEST’
following the BAM-1020 installation, after routine filter tape change, when
troubleshooting and after correcting any problem.
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Figure 1. BAM Tape Path.

Pinch roller

4.4 Stopping and Starting Sampling
To start sampling:
From the main menu, press the “OPERATE” soft key. Press the “NORMAL” soft
key. In most cases, the BAM-1020 will typically start sampling at the beginning
of the next hour if the BAM-1020 is configured to start no later than six (6) to ten
(10) minutes before the beginning of the next hour. Tape movement will occur
approximately five (5) minutes before the beginning of the next collection cycle
(for tape zero reading). The BAM-1020 pump will turn on at the beginning of the
hour and run. After verifying the sampler has started, the channel on the data
logger can be enabled. Data for the current hour is grabbed at 57 minutes after the
hour.
To stop sampling:
Entering any of the setup, test, or tape menus of the sampler will cause sampling
to be stopped. You will be prompted that the sampling will be stopped before the
sampler stops. To minimize data loss, plan to stop sampling just after the top of
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5.0

5.1

5.2

53

the hour. Data for the current hour is grabbed at 57 minutes after the hour. Disable

the channel on the data logger before shutting down the sampler.
DOCUMENTATION

Station and Instrument Logbooks
The AQIS Operator shall maintain as explained in the “SOP for General Air

Monitoring Station Operations” the Station and Instrument Logbooks.

Monthly Downtime Log
Complete the Monthly Downtime Log as per instructions in the “SOP for General
Air Monitoring Station Operations” Section.4.5 and submit as described.

Monthly Maintenance Sheets
Complete and submit the MetOne BAM 1020 Monthly Maintenance sheet to the
Senior AQIS for review. Once reviewed, the Senior AQIS submits the
maintenance sheet to Data Validation for review.
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South Coast Air Quality Management District
Monthly Quality Control Maintenance Check Sheet
MET-OME BAM 1020 Air Sampler
PM 2.5 FEM [VSCC)[ ] PM 2.5 Mon FEM (SCC)[ ] PMIO[ ]
PM Coarse [ ] PM Coarse [ ]
Location: Month Y ear:
Station # Technician:
Inst. Serial # AQMD Property #
Operator Instructions:
1) Dally Checks: Review Station Data Logger Values for Comect Oparation of BAM-1020
2) Waekly Checks:Check Filter Tape & Replace when necessary (approw. 60 daysjRecord Emor Codes, comect & ciear If possile
3) Monthiy Checks:Perform BAM-1020 Fiow & Leak Check: Clean Mozzie, Iniet & Cycione: Perform Analog Output Checks: Down Load and Submit
Data
Weekly Tape Spot Check (OF), Date:
Record Weekly LAST m (mg/cm 1} 5% of ABS Value
Flow & Leak Check Date: Passed Self Test:
Instrument: Standard: Difference: Caontrol Limits
Flow Rate: 16.7 16.00 to 1734 Lpm (+4%)
Ambient Temp: +2°C
Ambient Press: + 10mmHG
Leak Check: < 1.0 Lpm
Transfer Standard Used:
Make: Serial # Date Certified:
Flow & Leak Check Date: (if first test failed) Passed Self Test:
Instrument: Standard: Difference: Control Limits
Flow Rate: 16.7 16.00 to 1734 Lpm (+4%:)
Ambient Temp: +2°C
Ambient Press: 1 10mmHG
Leak Check: < 1.0 Lpm
Transfer Standard Used:
Make: Serial # Date Certified:
Cleaned Nozzle Cleaned Inlet Cleaned Cyclone  Taped Changed Downloaded Data
Date:l |
Analog Output Data Logger (ESC) ABS Value: Recorded From Setup
Dlate: ZERO: FULL SCALE: 0.10 to 0.295mglem™
Comments:
Last Calibration: Last Zem: Reviewed By
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1.0 GENERAL INFORMATION

1.1 Purpose:
The purpose of this Standard Operating Procedure (SOP) is to provide a set of written
instructions that document a routine or repetitive activity followed by the SCAQMD,
on the BAM: Beta Attenuation Monitor.

1.2 General Description and Theory of Operation of the BAM: Beta Attenuation
Monitor

The Met One Instruments model BAM-1020 automatically measures and records airborne
particulate concentration levels using the principle of beta ray attenuation. This method provides a
simple determination of concentration in units of milligrams or micrograms of particulate per cubic
meter of air. A small **C (Carbon 14) element emits a constant source of high-energy electrons
known as beta particles. These beta particles are detected and counted by a sensitive scintillation
detector. An external pump pulls a measured amount of dust-laden air through a filter tape. After the
filter tape is loaded with ambient dust, it is automatically placed between the source and the detector
thereby causing an attenuation of the beta particle signal. The degree of attenuation of the beta
particle signal is used to determine the mass concentration of particulate matter on the filter tape,
and hence the volumetric concentration of particulate matter in ambient air.

1.3  Safety: Beta Radiation Safety Statement

Only properly trained personnel should perform BAM-1020 testing, installation, operation,
maintenance and calibration procedures. As with all monitoring equipment, precautions should be
taken when working around electricity, power tools and on elevated platforms.

The Met One Instruments BAM-1020 contains a small **C (Carbon 14) beta radiation-
emitting source. The activity of the source is 60 nCi £15uCi (microcurries), which is below the
“Exempt Concentration Limit” as defined in 10 CFR Section 30.70 — Schedule A. The owner of a
BAM-1020 is not required to obtain any license in the United States to own or operate the unit. The
owner of a BAM-1020 may elect to return the entire unit to Met One Instruments for recycling of the
1C source when the unit has reached the end of its service life, although the owner is under no
obligation to do so. Under no circumstances should anyone but factory technicians attempt to
remove or access the beta source. The beta source has a half-life of about 5730 years, and should
never need to be replaced. Neither the **C source nor the beta particle detector are serviceable in
the field. Should these components require repair or replacement, the BAM-1020 must be returned
to the factory for service and recalibration.
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20 APPARATUS AND EQUIPMENT

2.1 Model BAM-1020 PM;o USEPA Equivalent Method
The Met One Instruments, Inc. Model BAM-1020 is designated as an equivalent method for PM1g
monitoring by the United States Environmental Protection Agency on August 3, 1998.

Designation Number: EQPM-0798-122

The EPA designation applies to G, -1, G-1, and later BAM-1020 PM;, Beta Attenuation Monitors, when
used in conjunction with the following requirements. Users are advised that configurations that deviate from
this specific description may not meet the applicable requirements of 40 CFR Parts 50 and 53.

e The BAM-1020 is operated to obtain a daily average of the hourly measurements, with a filter
change frequency of one hour.

e The inlet must be equipped with the standard BX-802 EPA PMy, inlet head.

e The unit must be used with standard glass fiber filter tape.

e The unit may be operated with or without any of the following options: BX-823 inlet tube extension,
BX-825 heater kit, BX-826 230V heater kit, BX-828 roof tripod, BX-902 exterior enclosure, BX-903
exterior enclosure with temperature control, BX-961 mass flow controller, BX-967 internal calibration
device.

e The SAMPLE TIME parameter must be set for 50 minutes.

2.2  Model BAM-1020 PM, s USEPA Equivalent Method
The Met One Instruments, Inc. Model BAM-1020 Beta Attenuation Mass Monitor - PM, s FEM
Configuration, is designated as an equivalent method for PM, s monitoring in accordance with 40 CFR Part
53 by the United States Environmental Protection Agency as of March 12, 2008.

Designation Number: EQPM-0308-170

All of the following parameters and conditions must be observed when the BAM-1020 is operated as a
PM, s FEM particulate monitor:

e The inlet must be equipped with an EPA-designated PM, s Very Sharp Cut Cyclone (VSCC™-A by BGlI,
Inc.). The Met One stock number for the VSCC™ is BX-808.

e The inlet must be equipped with a standard EPA PMy, inlet head. Met One BX-802.

e The unit is operated for hourly average measurements. The PM, s concentration is calculated (external to the
BAM) as a daily average of the hourly concentration measurements made by the BAM-1020.

e The unit must be equipped with firmware revision 3.2.4 or later.

e The BAM-1020 must be operated in proper accordance with this operation manual, revision F or later. A
supplemental BGI Inc. manual is also supplied with the VSCC™,

e The unit must be equipped with a BX-596 ambient temperature and barometric pressure combination sensor.
This is used for flow control and flow statistics.

e The unit must be equipped with the internal BX-961 automatic flow controller, and must be operated in Actual
(volumetric) flow control mode.

e The unit must be equipped with a BX-827 (110V) or BX-830 (230V) Smart Inlet Heater, with the heater RH
regulation setpoint set to 35%, and Delta-T control disabled.
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e The unit must be equipped with the 8470-1 rev D or later tape control transport assembly with close geometry
beta source configuration. All BAM-1020 units manufactured after March 2007 have these features standard.
Older units will have to be factory upgraded and re-calibrated to the latest specifications.

e The unit must be operated with standard glass fiber filter tape.

e The COUNT TIME parameter must be set for 8 minutes.

e The SAMPLE TIME parameter must be set for 42 minutes.

e The BX-302 zero filter calibration Kit is a required accessory. This kit must be used to audit the BKGD
(background) value upon unit deployment and periodically thereafter, as described in the BX-302 manual.

e The unit may be operated with or without a BX-823 eight foot inlet tube extension and with or without
weatherproof outdoor enclosures BX-902 or BX-903.

2.3 Site Selection and Installation

2.3.1 Enclosure Selection

The BAM-1020 unit is not weatherproof or water resistant, and is designed to be mounted in a
weatherproof, level, vibration free, dust free, and temperature controlled environment where the operating
temperature is between 0° C and +50° C, and where the relative humidity is non-condensing and does not
exceed 90%. There are two standard configurations described below for providing a weatherproof location
in which to install the unit. Please contact Met One if you plan to have a non-standard mounting or
enclosure configuration.

1. A walk-in building or mobile shelter with a flat roof: This is often a pre-fabricated shelter, a trailer
shelter, or a room in an existing permanent building. The BAM is mounted on a bench-top or in an
equipment rack, often with a variety of other instruments installed in the same shelter. The inlet tube
of the BAM must extend up through the roof with appropriate hardware. AC power must be available.
Instructions for this type of installation are included in this section of the manual.

2. BX-902/903 environmentally controlled mini enclosure: Sometimes nicknamed “dog house”
enclosures, these small pre-fabricated enclosure are just big enough for the BAM and related
accessories, and are installed on the ground or on the roof of a larger building. They are available
with a heater (BX-902), or with a heater and air conditioner (BX-903). These enclosures are custom
designed by Met One to accept the BAM-1020, and are supplied with a supplemental setup and
installation manual.

NOTE: The air temperature inside any enclosure in which a BAM-1020 is installed must be held as
constant as possible over the course of the hour. This is important because the unit measures the beta
particles through a small gap of air around the filter tape at the beginning and the end of each hour. If the
air temperature inside the enclosure has changed by more than about 2 degrees C during this time, the
concentration measurement can be affected on the order of several micrograms. Met One recommends
logging the air temperature inside the enclosure to monitor this effect. The exact temperature is not critical
as long as it fluctuates as little as possible during any one hour.

2.3.2 Site Selection
Selection of a proper site for the BAM-1020 is critical for accurate measurements. In many cases, these
items must be correctly addressed in order for the collected data to be acceptable for regulatory
requirements, such as EPA PMjo and PM; s equivalent methods. Specifications for the site selection can be
found in EPA document EPA-450/4-87-007 May 1987 “Ambient Monitoring Guidelines for Prevention of
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Significant Deterioration”, as well as 40 CFR, Part 58. In any case, the Code of Federal Regulations takes
precedence.

Inlet Height:
e The inlet should be located in the “breathing zone”, between 2 and 15 meters above ground level. If
the BAM is to be installed in an enclosure at ground level, then the inlet height must two meters or
greater above the ground.

e Iftheinletis located on (or through) a rooftop, the total height should be no more than 15 meters
from the ground level. The inlet height should be two meters above roof surface of the building that
the unit is installed in. This matches the specified inlet height of most FRM samplers.

e |If the BAM-1020 is to be co-located with other particulate instruments, such as FRM filter-based
samplers or other BAM units, then the air inlet must be the same height as the inlet of the other
samplers.

e The BX-902 and BX-903 environmental shelters are designed to locate the inlet two meters above
whatever surface they are placed on.

e Make sure to account for the height of the PM;o and/or PM, s heads when planning the inlet tube
length. Met One can supply a variety of tube lengths up to 8-feet long.

e The maximum allowable total inlet tube length is 16 feet between the BAM-1020 and the bottom of
the inlet head.

e |If the BAM inlet is the highest point on a building, then lightning rods must be installed to prevent
destruction of the BAM during electrical storms.

Inlet Radius Clearance:

e The BAM-1020 inlet must have a one meter radius free of any objects that may influence airflow
characteristics, including the inlet of another instrument.

e |If a BAM-1020 is to be installed at a station with other BAM or FRM sampler, the inlets of each
sampler must be no less than one meter apart from each other.

e If the BAM is to be collocated with another BAM instrument or FRM sampler, then the inlets must be
spaced between one and two meters apart. Two meters is recommended where possible.

e Ifinstalling near a PM;o SSI Hi-Volume sampler, then the distance between the inlet of the BAM-
1020 and the Hi-Vol should be no less than three meters.

e The BAM-1020 inlet must be located at least two meters from obstructions such as short walls,
fences, and penthouses.

e If located beside a major obstruction (such as a building) then the distance between the unit and the
building must be equal to twice the height of the building.

e The inlet must be at least 20 meters from the drip line of any overhanging trees.

e There must be at least a 270 degree arc of unrestricted airflow around the inlet. The predominant
direction of concentration movement during the highest concentration season must be included in
the 270 degree arc.

Particulate Sources: To avoid possible errors in the concentration measurements, the inlet must be
located as far as possible from any artificial sources of particulate, such as blowers, vents, or air
conditioners on a rooftop. Especially if any of these types of devices blow air across the inlet of the BAM-
1020. Even sources of filtered air must not blow across the inlet.

Spacing from Roadways: The BAM-1020 should usually not be located directly next to a major highway or
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arterial roadway, as vehicle exhaust will dominate the concentration measurement. This effect can be
difficult to predict accurately as shifting winds may direct the plume toward or away from the BAM inlet.

e Roads with a daily traffic volume of less than 3,000 vehicles are generally not considered major
sources of pollutants, and in this case the BAM must be located at least five meters from the nearest
traffic lane.

e The BAM must be located at least 25 meters from any elevated roadway greater than five meters
high.

e The unit should be located as far as possible from unpaved roadways, as these also cause artificial
measurements from fugitive dust.

e The unit should not be installed in unpaved areas unless year-round vegetative ground cover is

e present, to avoid the affects of re-entrained fugitive dust.
2.3.2 Mounting Options in a Walk-In Shelter

When the BAM-1020 is to be located in a walk-in shelter, the unit will have to be installed either in an
equipment rack or on a bench-top. Met One recommends using an equipment rack when possible, as it
does a better job of keeping the unit level and in the correct placement. A rack also tends to be a cleaner
installation and is more space-efficient. However, either method may be used as long as the mounting is
level and allows the inlet tube to be perfectly vertical. Met One supplies brackets standard rack-mount
screws with each unit. Take the following into account when planning your mounting:

e Rear Access: Itis important that your mounting leaves plenty of access to the rear of the BAM-1020
unit for wiring connections and maintenance. At least five inches is required. Full access to the back
is recommended whenever possible.

e Top Access: Itis necessary to have a minimum of eight inches clearance between the top of the
BAM inlet receiver and the bottom of the shelter ceiling to accommodate the smart inlet heater which
mounts on the inlet tube directly above the BAM.

e Mobile Shelters: If the BAM-1020 is being installed into an equipment rack in a mobile shelter or
van, the instrument must be supported from the bottom in addition to the rack brackets, due to
additional strain. The foam shipping rings must also be inserted any time a mobile shelter is moved
with the BAM-1020 inside.

e Rack Modifications: It is often necessary to modify the top of the equipment rack by cutting a hole
to allow the inlet tube to extend through to the ceiling. The drawing below shows the location of the
hole. Note: The inlet heater is a cylinder which installs on the inlet tube two inches above the top of
the inlet receiver of the BAM-1020. If the BAM unit is to be mounted high in the rack, it may be
necessary to make the hole in the top of the rack larger in order to clear the heater diameter. The
heater is supplied with an insulation tube cover which may be modified as needed. Make sure these
parts are going to fit before installing the BAM-1020.
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Rack top modifications for inlet tube clearance

2.3.3 Installation Instructions in a Walk-In Shelter

Installation of the BAM-1020 should be performed by personnel familiar with environmental monitoring
equipment. There are no special precautions or handling concerns except for the normal level of care
required for handling scientific equipment. Refer to the diagrams on the following pages.

1.

Roof Modifications: Determine the exact location where the BAM inlet tube will pass through the
roof of the enclosure, and drill a 2 ¥4” or 2 %" diameter hole through the roof at that location. Make
sure the hole is directly above where the BAM inlet receiver is to be located, as the inlet tube must
be perfectly vertical. A plumb-bob is useful for determining where to locate the hole. Note: The inlet
receiver on the BAM is slightly to the left (0.6 in, 15 mm) of the center line of the unit. See diagrams.
Waterproof Flange: Apply all-weather caulking around the top of the hole, and install the BX-801
roof flange onto the hole. It is usually best if the threaded barrel of the flange assembly is installed
downward, into the hole. Secure the flange in place with four lag bolts or self-tapping screws (not
supplied). Caulk around the screws to prevent leaks. Apply Teflon tape to the threads of the gray
plastic watertight fitting, and screw it into the roof flange.

Inlet Tube: Remove the white cap and rubber seal from the flange assembly. This makes it easier to
install the inlet tube, as the rubber seal is a tight fit around the tube. Lower the inlet tube through the
flange assembly in the roof and into the inlet receiver on the BAM. Make sure the inlet tube is fully
seated.

Inlet Alignment: It is very important for the inlet tube to be perpendicular to the top of the BAM. The
nozzle may not close properly if there is binding caused by misalignment. A simple check is to rotate
the inlet tube back and forth by hand (before tightening the roof flange seal or the BAM inlet set
screws). If the inlet tube is installed straight, then the tube should rotate fairly easily while inserted
into the BAM. If it does not rotate, check the inlet tube for vertical alignment or move the BAM
slightly.

Smart Heater: Before tightening the inlet tube in place, the BX-827 or BX-830 smatrt inlet heater
(used on most BAM-1020 units) must be installed on the tube. Pull the inlet tube up out of the inlet
receiver, and pass the tube through the hole in the heater body (the cable end is the bottom). Then
re-insert the inlet tube into the BAM. Position the bottom of the heater unit two inches above the top
of the inlet receiver on the BAM, and securely tighten the two set screws in the heater to fasten it to
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10.

the tube. Included with the smart heater is a 12" tube of insulation. The tube is split down its length
for easy application. Wrap the insulation around the heater body and peel back the adhesive cover
strip to secure in place. The insulation may be cut to fit if needed.

Inlet Tightening: Slide the black rubber seal and white cap down over the top of the inlet tube and
into the roof flange. It is easier if you wet the rubber seal with water or alcohol first. Tighten the white
plastic cap.

Support Struts: The BX-801 inlet kit usually comes with two angled aluminum struts to support the
inlet tube above the roof and prevent the inlet from moving in the wind. These struts are typically
fastened (about 90 degrees apart) to the inlet tube with a supplied hose clamp. The bottom ends of
the struts should be fastened to the roof with lag bolts (not supplied). Note: Some installations may
require different methods or hardware for supporting the inlet tube. Support the tube in the best
manner available.

Temperature Sensor: Most BAM-1020 units are supplied with a BX-592 (temperature) or BX-596
(temperature and pressure) sensor, which is attached to the inlet tube above the roof. The sensor
cable must feed into the shelter to be attached to the BAM. In some cases it is easiest to simply drill
a 3/8” hole through the roof about six inches away from the inlet tube, then feed the cable through
the hole and caulk around it to prevent leaks. In some applications there may be a better place to
feed the cable into the shelter. Route the cable into the shelter in the best manner. The BX-596
attaches directly to the inlet tube with a supplied U-bolt. If using a BX-592, fasten the aluminum
cross-arm to the inlet tube, and clip the temperature probe to the cross-arm.

Inlet Separator Heads: If the BAM-1020 is to be configured for FEM PM, s monitoring, then install
the PM, s Very Sharp Cut Cyclone (BGI VSCC™) onto the top of the inlet tube beneath the BX-802
PMjo head. For PM;o monitoring, the BX-802 is installed on the inlet tube with no cyclone. Use o-ring
lubricant as needed.

Inlet Tube Grounding: Tighten the two ¥4"-20 set screws located in the inlet receiver of the BAM to
secure the inlet tube. This also creates a ground connection for the inlet tube, as static electricity can
build up on the inlet under certain atmospheric conditions and cause errors. This is very important in
areas near electromagnetic fields, high voltage power lines, or RF antennas. Check the connection
by scraping away a small spot of the clear anodizing near the bottom of the inlet tube, and use a
multimeter to measure the resistance between this spot and the “CHASSIS” ground connection on
the back of the BAM. It should measure just a couple of Ohms or less if a good connection is made
with the set screws. If not, remove the set screws and run a %-20 tap through the holes. Then
reinstall the screws and check the electrical resistance again. Note: Anodized aluminum surfaces
are non-conductive.
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2.3.4 Electrical Connections

Each BAM-1020 is factory configured to run on either 120 or 230 volt AC power. Your shelter must be wired for
power to run the BAM, the pump, and any other AC powered devices such as computers, data loggers, other
instruments, etc. A good earth-ground connection point near the BAM unit is highly recommended. Have a qualified
electrical contractor provide power according to all local codes. After the BAM unit is installed and power is
provided, connect the electrical accessories as follows. Refer to the diagram below.

1. BAM-1020 Power: Plug the BAM-1020 into the AC power mains with the provided power cord. Note: There
are two fuses located inside the BAM power switch module, which can be accessed by prying open the small
cover surrounding the switch. The power cord must be removed in order to open the cover.

Met One recommends plugging the BAM-1020 unit into a battery back-up UPS (uninterruptible power supply)
since even a momentary power outage will reset the BAM and stop an entire hour’s worth of data collection. A
small computer-style UPS of 300 Watts or greater is usually sufficient. The vacuum pump usually does not
need to be connected to the UPS as the BAM can compensate for short pump power outages. If the pump is to
be backed up as well, then a much larger UPS is required.

2. Chassis Ground: Connect one of the terminals marked “CHASSIS” on the back of the BAM to a ground point
as close as possible to the instrument. Use the green/yellow ground wire supplied with the unit. A ground rod
is recommended, but a cold water pipe or junction box safety ground are other possible connection points.
Note: the BAM-1020 also uses the standard safety ground line inside the power cord.

3. Pump Connection: Decide on a location to place the air pump. The best location is often on the floor under
the rack or bench, but it may be up to 25 feet away if desired. Route the air tubing from the pump to the back
of the BAM unit, inserting it firmly into the compression fittings on both ends. The tubing should be cut to the
proper length and the excess saved for replacements. The pump is supplied with a 2-wire signal cable which
the BAM uses to turn the pump on and off. Connect this cable to the terminals on the back of the BAM marked
“PUMP CONTROL” The end of the cable with the square black ferrite filter goes to the BAM, but the polarity
of the wires is not important. Either the red or black wire can go to either terminal. Connect the other end of
the cable to the two terminals on the pump.

4. Temperature/Pressure Sensor: The BX-596 or BX-592 temperature sensor should already be installed onto
the inlet tube, and the sensor cable routed to the BAM-1020. Connect the cable to the terminals on the back of
the BAM as follows:

BX-596 AT/BP Sensor

Wire Color Terminal Name
Yellow Channel 6 SIG
Black/Shield Channel 6 COM
Red Channel 6 POWER
Green Channel 6 ID
White Channel 7 SIG

BX-592 AT Sensor

Wire Color Terminal Name
Yellow or White Channel 6 SIG
Black/Shield Channel 6 COM
Red Channel 6 POWER
Green Channel 6 ID

Additional Met One BX-500 series sensors may be connected to BAM channels 1 through 5 to log various
other meteorological parameters. Details on these sensor connections are given in Section 10.2 of this manual.
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5. Smart Heater: There are two possible versions of the BX-827/830 Smart Heater electrical connection. If the
Smart Heater kit was supplied with a gray relay module (units built after May, 2008 as shown below), then
plug the relay module into the mating control connector on the back of the BAM, and connect the Smart
Heater to the green connector on the top of the relay module. The relay module has its own power cord to
supply power to the heater. Note: The connector on the back of the BAM has been changed to prevent
connecting the heater directly to the BAM.

On previous versions of the kit, the Smart Heater assembly simply plugs directly into the back of the BAM-
1020, and power is supplied internally by the BAM. If the BAM is configured like this, then simply plug the
heater cable directly into the mating green metal connector on the back of the BAM-1020.

Smart Heater

Relay Module \

Heater Power Cord

6. Optional Data Logger Connection: The BAM-1020 has an analog output which may be recorded by a
separate data logger if required. Connect the terminals on the back of the BAM marked “VOLT OUT +, -“to
the data logger with 2-conductor shielded cable (not supplied). Polarity must be observed. Information on
configuring this analog output is provided in Section 8 of this manual. A current loop output is also available.

7. Other Connections: The BAM-1020 has a variety of telemetry 1/0O relays and error relays located on the back
of the unit. There are also RS-232 data connections. These items are described in Section 8 and Section 9 of
this manual.
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24 Installation Initial Setup of your BAM-1020

This section describes the process for setting up and configuring your BAM-1020, as well as the basic steps required
to put the unit into operation.

2.4.1 Power On

The BAM-1020 has a power switch located on the back of the unit directly above the power cord. Verify that the unit
is plugged in to the correct AC voltage, and that any electrical accessories are correctly wired before turn the unit on.
(Section 2.2.5) When power is switched on the main menu screen should appear after a few seconds as shown below.
The unit will probably flash an error indicating that there is no filter tape installed. Note: Units running revision 3.1 or
earlier firmware will display a slightly different main menu screen.

3/28/2007 BAM 1020 16:08:29

LAST CONCENTRATION: 0.028 mg/m3

CURRENT FLOW: 16.7 LPM

STATUS:

FIRMWARE: 3236-02 3.2.4
SETUP OPERATE TEST TAPE

The Main Menu Screen
2.4.2 Warm-up

The BAM-1020 must warm up for at least one hour before an operation cycle is started. This is because the beta
detector contains a vacuum tube which must stabilize every time the unit is powered up. This also allows the
electronics to stabilize for optimal operation. This applies any time the unit is powered up after being off for more than
a moment. Instrument setups and filter tape installation can be performed during this warm up time. Most agencies
choose to discard the first few hours of concentration data after the BAM is powered up.

2.4.3 Using the Keypad and Display

When the BAM-1020 is powered up it will display the main (top level) menu on the LCD display. This menu
Is the starting point for all functions of the BAM-1020 user interface.
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3/28/2007 BAM 1020 16:08:29

LAST CONCENTRATION: 0.028 mg/m3

CURRENT FLOW: 16.7 LPM

STATUS: ON

FI1RMWARE : 3236-02 3.2.4

SETUP QPERATE IEST TAPE \L
A A A A

F1 F2 F3 nuu
F4 F5 F6 n

The BAM-1020 User Interface

Soft Keys:

Directly beneath the display are four white buttons called “soft-keys” or “hot-keys”. These are dynamic keys
who’s function changes in response to a menu option displayed directly above each key on the bottom row
of the display. Whatever menu option is displayed above one of these keys is the function which that key
will perform in that particular menu. These are used throughout the entire menu system for a wide variety of
functions. For example, modifications made within a menu are usually not saved unless a SAVE soft-key is
pressed. EXIT is also another common soft-key function.

Arrow (Cursor) Keys:

The four red arrow keys are used to scroll up, down, left, and right to navigate in the menu system, and to
select items or change fields on the screen. The arrow keys are also often used to change parameters or
increment/decrement values in the menu system.

Contrast Key:

The key with a circular symbol on it is for adjusting the light/dark contrast on the LCD display. Press and
hold the key until the desired contrast is achieved. It is possible to over-adjust the contrast and make the
entire display completely blank or completely dark, so be careful to set it to a visible level or it may appear
that the unit is not operating.

Function Keys F1 to F6:

The function keys serve as shortcuts to commonly used menu screens, and can be safely pressed at
almost any time without interrupting the sample cycle. The F keys are only functional from the main menu
screen or for entering passwords. The factory default password is F1, F2, F3, F4.

F1 Current: This key is a shortcut to the OPERATE > INST screen, used to display the instantaneous
data values that are being measured by the BAM-1020. See section 2.3.10. The F1 key can be used
without interrupting a sample cycle.
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F2  Average: This key is a shortcut to the OPERATE > AVERAGE screen, used to display the latest
average of the data recorded by the BAM-1020. See Section 2.3.11. The F2 key can be used without
interrupting a sample cycle.

F3 Error Recall: This key allows the user to view the errors logged by the BAM-1020. The errors are
sorted by date. The last 12 days which contain error records are available, and up to the last 100 errors can
be viewed. The F3 key can be used without interrupting a sample cycle.

F4 Data Recall: This key allows the user to view the data stored in the BAM-1020, including
concentrations, flow, and all six external channels. The data is sorted by date, and the user can scroll
through the data hour-by-hour using the soft-keys. Only the last 12 days which contain data records are
available in this menu. The F4 key can be used without interrupting a sample cycle.

F5  Transfer Module: This key is used to copy the memory contents to an optional transfer storage
module to retrieve the digital data without a computer. This function is rarely used. Met One recommends
downloading the data with a laptop, computer or modem connection.

F6 (Blank): This key is not assigned a data function.

2.4.4 Filter Tape Loading

A roll of filter tape must be loaded into the BAM-1020 for sampling. One roll of tape should last more than
60 days under normal operation. It is important to have several spare rolls of tape available to avoid data
interruptions. Met One recommends wearing lint-free cotton gloves when handling the tape. Some agencies
save the used rolls of tape for post-sampling analysis, although there is no guarantee that the sampled
spots have not been contaminated. Used filter tape should never be “flipped over” or re-used! This will
result in measurement problems. Loading a roll of filter tape is a simple matter using the following steps:

1. Turn the BAM-1020 on and enter the TAPE menu (Note: This is not the same as the TEST > TAPE
menu). If the nozzle is not in the UP position, press the TENSION soft-key to raise the nozzle.

2. Lift the rubber pinch roller assembly and latch it in the UP position. Unscrew and remove the clear
plastic spool covers.

3. An empty core tube MUST be installed on the left (take-up) reel hub. This provides a surface for the
used tape to spool-up on. Met One supplies a plastic core tube to use with the first roll of tape. After
that, you can use the empty core tube left over from your last roll to spool-up the new roll. Never
fasten the filter tape to the aluminum hub.

4. Load the new roll of filter tape onto the right (supply) reel, and route the tape through the transport
assembly as shown in the drawing. Attach the loose end of the filter tape to the empty core tube with
cellophane tape or equivalent.

5. Rotate the tape roll by hand to remove excess slack, then install the clear plastic spool covers. The
covers will clamp the rolls to the hubs to prevent slipping.

6. Align the filter tape so that it is centered on all of the rollers. Newer units have score marks on the
rollers to aide in visually centering the tape.

7. Unlatch and lower the pinch roller assembly onto the tape. The BAM will not function if the pinch
rollers are latched up, and it has no way of automatically lowering the roller assembly!

8. Press the TENSION soft-key in the TAPE menu. The BAM-1020 will set the tape to the correct
tension and alert you if there was an error with the process. Exit the menu.
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1----NOZZLE IN “UP" POSITION 8----FILTER TAPE
2----CLEAR SPOOL COVER WITH KNOB 9----SUPPLY SPOOL
3---EMPTY CORE TUBE 10--SUPPLY TENSION ROLLER
4----TAKE-UP SPOOL 11--RIGHT END ROLLER
5----PINCH ROLLERS 12--SAMPLING/MEASURING AREA
B----CAPSTAN SHAFT 13--LEFT END ROLLER
T---LATCH 14--TAKE-UP TENSION ROLLER

Filter Tape Loading Diagram

2.45 Self Test

The BAM-1020 has a built-in self-test function which automatically tests most of the tape control and flow
systems of the unit. The self-test should be run right after each time the filter tape is changed, and it can
also be used if the operator suspects a problem with the unit. More detailed diagnostic menus are also
available in the BAM, and those are described in the troubleshooting section.

The self-test feature is located in the TAPE menu. Press the SELF TEST soft-key to start the test. The tests
will take a couple of minutes, and the BAM-1020 will display the results of each tested item with an OK or a
FAIL tag. If all of the test items are OK, the status will show SELF TEST PASSED as shown in the drawing
below. If any item fails, the status will show ERROR OCCURRED.

0270871999 15:29:30

LATCH: OFF TAPE BREAK: OK
CAPSTAN: OK TAPE TENSION: OK
NOZZLE DN: OK SHUTTLE: OK
NOZZLE UP: OK REF EXTEND: OK
FLOW: OK REF WITHDRAW: OK
Status: SELF TEST PASSED

TENSION  SELF TEST EXIT

Self-Test Status Screen
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LATCH: This will show OFF if the photo interrupter senses that the pinch rollers are unlatched

as in normal operation. It will show ON if the roller assembly is latched in the up position. The tape cannot
move if the rollers are up!

CAPSTAN: The unit will rotate the capstan shaft forward and backwards and will check if the photo
interrupter sees the shaft rotating. The Capstan shaft is what moves the filter tape back and forth.
NOZZLE DN: The unit will attempt to lower the nozzle, and will check if the nozzle motor has moved

to the down position with a photo interrupter. It is possible for the nozzle to become stuck in the UP
position, even if the nozzle motor has successfully moved to the DOWN position. For this reason, proper
inlet alignment and maintenance is necessary.

NOZZLE UP: The unit will attempt to raise the nozzle, and will check if the nozzle motor has moved
to the up position with a photo interrupter.

FLOW: The unit will attempt to turn the pump on, and will then look for output on the flow
sensor. This test takes about a minute and will fail if the pump is not connected.

TAPE BREAK: The unit will move the supply and take-up motors to create slack in the filter tape, and
look for proper operation of the tensioner photo interrupters.

TAPE TENSION:  The unit will tension the filter tape, and then check the condition of the tensioner photo
interrupters.

SHUTTLE: The unit will attempt to move the shuttle beam left and right, and will check the motion
with a photo interrupter.
REF EXTEND: The unit will attempt to extend the reference membrane, and will check the motion with

a photo interrupter.
REF WITHDRAW: The unit will attempt to withdraw the reference membrane, and will check the motion
with a photo interrupter.

2.4.6 Starting a Measurement Cycle

When the preceding steps of Section 2 have been completed, exit out to the main top level menu. The
“Status” line should display “ON” (no errors). If so, the unit will start at the top (beginning) of the next hour,
and will continuously operate until it is commanded to stop.

The unit will stop if the operator sets the Operation Mode to OFF or enters any of the SETUP or TEST
menus. The BAM-1020 will also stop itself if a non-correctable error is encountered, such as broken filter
tape or failed air flow.

2.4.7 The Flow Statistics Screen

In the main BAM-1020 menu screen a small arrow has been added to the bottom right corner. When the
DOWN ARROW button is pressed the BAM will display the FLOW STATISTICS screen as shown below.
This screen displays the flow, temperature and pressure statistics for the current measurement cycle.
Pressing the ARROW DOWN key while in this screen will further scroll down to the remaining parameters
below the viewable area of the display. This screen will not interrupt the sample. This function is only
available with revision 3.2 firmware or later.
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0372872007 FLOW STATISTICS 16:26:30
SAMPLE START: 2007/03/28 16:08:30
ELAPSED: 00:18:00
FLOW RATE: 16.7 LPM
AVERAGE FLOW: 16.7 LPM
FLOW CV: 0.2%
¢ VOLUME: 0.834m3

EXIT

FLOW FLAG: OFF
AT: 23.0

MAX AT: 23.5
AVERAGE AT: 23.0
MIN AT: 22.5

BP: 760

MAX BP: 765
AVERAGE BP: 760
MIN BP: 755

The FLOW STATISTICS Screen

2.4.8 The OPERATE Screen

Press OPERATE soft-key at the main menu to enter operate menu as shown below. This will not interrupt
the sample if already running.

11/15/2006  OPERATE MODE 14:13:07
T = ON
I = OFF
Operation Mode: ON
Status: ON
NORMAL INST AVERAGE EXIT

The OPERATE Menu

The DOWN arrow can be used to set the Operation Mode from ON to OFF. This will stop the measurement
cycle, but will not power-down the BAM-1020. NOTE: If the operator sets the Operation Mode to OFF,
or the unit stops itself due to an error, it will still automatically set the mode back to ON at the top of
the hour, and try to run a new cycle! The only ways to prevent the unit from automatically starting a cycle
are to power off the unit, leave the unitin a TEST or SETUP menu, or leave the pinch rollers latched in the
UP position.

The OPERATE menu has three soft-key options for viewing the operating status and sensor measurements
while the unit is operating: NORMAL, INST, and AVERAGE.
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2.4.9 The NORMAL Screen

Normal Mode is the primary operation screen which displays most of the important parameters of the
sample progress in one place, as shown below. Many operators leave their BAM-1020 in the NORMAL
screen whenever the unit is operating, instead of the Main menu.

11/15/2006 Normal Mode 11:27:54

Flow(STD): 16.7 LPM
Flow(ACTUAL): 16.7 LPM

LAST C: 0.061 mg/m3 Press: 764 mmHg
LAST m: 0.806 mg/cm2 RH: 37 %
Heater: OFF
Delta-T: 4.2 C
STATUS: SAMPLING EXIT

The NORMAL Menu

The LAST C value indicates the last concentration record, updated at the end of the cycle. The LAST m
value indicates the last measured value of the reference span membrane. The value should be very close
or equal to the expected value (ABS). The other values are instantaneous measurements.

2.4.10 The INSTANTANEOQUS Screen

The INST (Instantaneous) screen displays the instantaneous data values that are being measured by the
BAM-1020. This screen is useful for monitoring the current reading of any optional sensors that may be
connected to the BAM-1020. All values except Conc (concentration) and Qtot (total flow volume) are

current. The Conc represents the concentration of the last period. Qtot represents total flow volume during
the last period.

11/15/2006 CAL DATA FLAG: OFF 11:27:54

Eng Units Eng Units
1 Conc 0.010 mg 2 Qtot -834 m3
3 WS 0.000 4 WD 0.000
5 BP 0.000 6 RH 0.000
7 SR 0.000 8 AT 0.000

TOGGLE FLG VOLT/ENG EXIT

The Instantaneous Menu

The TOGGLE FLG soft-key in this menu allows the user to set the CAL DATA FLAG value ON or OFF,
which marks the data with an M flag to indicate a maintenance was performed during that time, such as a
flow check. This feature is rarely used, as most maintenance requires stopping the sample anyway. The
VOLT / ENG soft-key toggles the displayed values between units and voltages, useful for diagnostic checks
on external sensors.
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2.4.11 The AVERAGE Screen

The AVERAGE screen is similar to the INST screen, except that the concentration and flow are presented
as the previous hour’s average values, and the six external data logger channels are average values over
the average period of the data logger (set by the MET SAMPLE value in the SETUP > SAMPLE menu -
usually also 60 minutes).

2.5  Flow System and Flow Calibrations
2.5.1 Flow System Diagram

The BAM-1020 airflow control system is very simple and effective, consisting of a few rugged components. Proper
operation of the flow system is critical if accurate concentration data is to be obtained from the unit. The key aspects
of proper flow system maintenance are Leak Checks, Flow Checks, and Nozzle Cleaning. These processes are
described in this section. Met One recommends performing a leak check and nozzle cleaning before flow
calibrations, as a leak can affect the flow. Flow calibrations require a reference flow meter and a reference
standard for ambient temperature and barometric pressure. NIST traceable standards are required in many

applications. Met One suggests the BGI DeltaCal® brand (available from Met One as the BX-307 option). It
includes flow, temperature and pressure standards in one unit.
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BAM-1020 Flow System

2.5.2 Flow Type Descriptions

The BAM-1020 is designed to operate with an airflow rate of 16.7 liters per minute (Ipm). This is important,
because the particle separators (PMyg inlets, cyclones, and WINS impactors) require this flow rate in order
to properly separate the correct sizes of particles from the air stream. All of these separators use the inertia
of the particles as they flow through the inlet to sort out the ones above a certain size (cut point) so that
they won’t be measured by the instrument. If the airflow rate is not maintained within £5% of the design
value flow rate of 16.67 Ipm, then particles of the wrong size may be allowed through or sorted out. Periodic
BAM-1020 airflow calibrations must be performed to ensure the unit maintains the flow within the EPA
specified range of £5% (+0.83 Ipm) of the design value, and +4% (+0.67 Ipm) of NIST traceable flow
standards.
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This section describes the different types of flow control and regulation schemes used in the BAM-1020.
The unit can be set to any of three different flow types: Metered, Standard, or Actual (Volumetric),
depending on the hardware available and the desired reporting conditions. All BAM-1020 units have a mass
airflow sensor and a barometric pressure sensor. The unit also has either a manual airflow valve on the
back of the unit, or an automatic flow control valve inside the unit. The unit is usually also equipped with an
optional BX-592 or BX-596 ambient temperature sensor. Each flow type requires a different process for
auditing and calibrating the flow. To verify or set the flow type of the BAM, go to the SETUP > CALIBRATE
menu, and check the FLOW TYPE. NOTE: The concentration reporting conditions can now be set
independently of the flow type. See section 2.5.3.

2.5.3 METERED Flow Control:

Neither automatic flow control, nor flow correction for ambient conditions.

Metered flow control is used for BAM units that have a manual (hand-operated) air flow control valve on the
back of the unit. These units do not have an automatic flow controller inside, so the unit cannot
automatically adjust the flow to compensate for temperature or barometric pressure changes, or for filter
loading. The unit does have a mass flow sensor inside. The flow reading from this sensor is stored in EPA
conditions, meaning that the volume of air is calculated with the assumption that the ambient temperature is
25 degrees C, and the barometric pressure is 760mmHg (one atmosphere), regardless of the actual
temperature and pressure, even if the unit is equipped with a temperature sensor. Due to the lack of
automatic flow control, metered units must be frequently flow calibrated and audited, a process which
involves a fair amount of math and takes much longer than ACTUAL flow calibrations. Also, metered units
must have the flow rate set at a point slightly above the target rate of 16.7 LPM in order to compensate for
the fact that the flow rate will drop as the filter becomes loaded with particulate. Note: If a BAM with an
automatic flow controller is set to METERED flow control, then the flow will be controlled to EPA STD
conditions.

2.5.4 STD (EPA Standard) Flow Control:

Automatic flow control, but usually no flow correction for ambient conditions.

STD (Standard) flow type is often selected when required by specific EPA monitoring regulations, or when
no ambient temperature sensor is available. Standard flow control may be selected on any units which have
an automatic flow controller instead of the manual valve (almost all BAM-1020 units have the automatic
controller anyway). The flow rate is automatically controlled using EPA (standard) conditions, meaning that
the volume of air (and thus the flow rate) is calculated with the assumption that the ambient temperature is
a standard value (default is 25 degrees C), and the barometric pressure is 760mmHg (one atmosphere),
regardless of the actual temperature and pressure.

NOTE: At low altitudes and moderate temperature, EPA Standard flow will be very close to the actual
volumetric flow rate. However, at high altitudes the difference between Standard and Actual flow will be
quite significant, due to lower barometric pressure. Carefully consider this effect when deciding on a flow
type to implement.
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25,5 ACTUAL (Volumetric) Flow Control:

Both automatic flow control, and flow correction for ambient conditions.

Actual (also known as volumetric) flow type is the most accurate flow control mode, and is required for all
PMa s monitoring. The actual flow type is also the easiest and fastest to calibrate and audit. The unit always
uses actual ambient air temperature and barometric pressure to correct the flow reading, and the flow rate
is continuously and automatically adjusted to correct for changes in ambient conditions and filter loading.
The flow values will be stored and displayed in actual volumetric conditions. To operate a BAM in actual
flow mode, the unit must have a BX-596 or BX-592 ambient temperature sensor on channel six.

2.5.6 Leak Check Procedure

Leak checks should be performed at least monthly and whenever the filter tape is changed. Almost all air leaks in
the BAM system occur at the nozzle where it contacts the filter tape. The BAM-1020 has no way of
automatically detecting a leak at this interface, because the airflow sensor is located downstream of the filter
tape. There will normally be a very small amount of leakage at the tape, but an excessive leak lets an unknown
amount of air enter the system through the leak instead of the inlet. This will cause the total air volume calculation
(and the concentration) to be incorrect. Allowing a leak to persist may cause an unknown amount of data to be
invalidated! Perform the following steps to check for leaks:

1. Remove any PM;o and PM; 5 heads from the inlet tube. Install a BX-305 or BX-302 leak test valve (or
equivalent valve for auditing FRM samplers) onto the inlet tube. Turn the valve to the OFF position to prevent
any air from entering the inlet tube.

In the TEST > TAPE menu, advance the tape to a fresh, unused spot.

3. Inthe TEST > PUMP menu, turn on the pump. The flow rate should drop below 1.0 Ipm. If the leak flow
value is 1.0 Ipm or greater, then the nozzle and vane need cleaning, or there may be another small leak in the
system.

4. Resolve the leak and perform the check again. A properly functioning BAM with a clean nozzle and vane will
usually have a leak value of about 0.5 Ipm or less using this method, depending on the type of pump used.

5. Turn the pump off, remove the leak test valve, and re-install the inlet heads.

N

NOTES: The reason for the 1.0 Ipm leak flow allowance is due to the test conditions. With the inlet shut off the
vacuum in the system is very high, about 21 inHg. This is many times greater than the BAM-1020 will encounter
during normal sampling. If the leak reading during this test is less than 1.0 Ipm, there should not be a significant
leak during normal operation.

Some agencies choose to adopt tighter tolerances for the leak test, such as requiring a leak value of 0.5 Ipm or less
after the nozzle and vane are cleaned. Most agencies perform as-found leak checks (before cleaning the nozzle and
vane) for data validation purposes, since it is often necessary to invalidate data from a BAM which is found to
have a significant leak, all the way back to the last known good leak test. The typical recommended threshold for
invalidating data is an as-found leak value (before cleaning nozzle and vane) of 1.5 Ipm or higher. Again, some
agencies adopt tighter standards, such as invalidating data if the as-found leak value is greater than 1.0 Ipm.
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2.5.7 Leak Isolation and Nozzle Seal Methods

Leaks can be further isolated using a soft rubber sheet with a ¥4 hole in it, such as Met One part 7440. The filter tape
can be removed and the rubber seal inserted with the hole centered under the nozzle. The seal allows the leak check to
be performed as usual, but without any leakage through the filter tape. The leak value should drop to 0.2 Ipm or less
with this method. A leak can be further isolated by using a part of the seal without a hole. This allows a leak test to be
performed only on the system below the filter tape junction. If the nozzle and vane are thoroughly clean, but a leak
persists, then see Section 7.5 for some troubleshooting steps for leaks in other parts of the flow system.

2.5.8 Nozzle and Vane Cleaning

The nozzle and vane (located under the nozzle) must be cleaned regularly to prevent leaks and measurement errors.
The cleaning must be done at least each time the filter tape is changed, though monthly cleaning is highly
recommended. Some sites will require more frequent cleaning as determined by the site administrator. The worst
environment for nozzle contamination seems to be hot, humid environments. This is because damp filter tape fibers
more easily stick to the nozzle and vane. The fibers can quickly build up and dry out, creating air leaks or even
punching small holes in the filter tape. This will cause measurement errors. Use the following steps to clean the parts.
Refer to the photos below.

1. Raise the nozzle in the TEST > PUMP menu. Remove the filter tape (if installed) from the nozzle area. It is not
necessary to completely remove the tape from the unit.

2. With the nozzle up, use a small flashlight to inspect the cross-hair vane.

3. Clean the vane with a cotton-tipped applicator and isopropyl alcohol. Hardened deposits may have to be
carefully scraped off with the wooden end of the applicator or a dental pick or similar tool.

4. Lower the nozzle in the TEST > PUMP menu. Lift the nozzle with your finger and insert another cotton swab
with alcohol between the nozzle and the vane. Let the nozzle press down onto the swab with its spring
pressure.

5. Use your fingers to rotate the nozzle while keeping the swab in place. A few rotations should clean the nozzle

lip.

Repeat the nozzle cleaning until the swabs come out clean.

7. Inspect the nozzle lip and vane for any burrs which may cause leaks or tape damage.

S .
' Cotton

Applicator

o

Nozzle Lip

Vane

Nozzle Cleaning
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The figure below shows the difference between good and bad filter tape spots. The tape on the left is from a properly
operated BAM-1020 with a clean nozzle and vane. Notice the particulate spots have very crisp edges, are perfectly
round, and are evenly distributed.

The tape on the right is from a unit which has not been properly maintained. A spot of debris has built up on the vane,
and is punching a pin-hole at the edge of each spot. These holes can allow beta particles to get through un-attenuated
which negatively affects accuracy even if the nozzle is not leaking. The spots also show a “halo” effect due to air
leaking in around the edged because the debris has built up to the extent that the nozzle no longer seals correctly.
These faults are easily corrected and prevented by keeping the nozzle and vane clean.

1L ik
4.-‘!‘3

& i W .El ) :
BAM-1020 hourly filter tape spots
2.6 Setup Menu Descriptions

The BAM-1020 uses a comprehensive system of setup menus which contain all of the settings and
parameters needed to perform the measurement and operation of the unit. Some of these settings are set
at factory default values which are correct for most applications, but may be altered by the operator to suit
the specific needs of your monitoring program. This section describes the SETUP menu in detail, and
should be reviewed when the instrument is put into service to ensure desired operation. Once set, most of
the values in the SETUP menus will not need to be changed by the site operator. The SETUP values will
not be lost if the unit is unplugged or powered down.

WARNING: Some of the settings in the SETUP menus are unit-specific calibration constants which
cannot be changed without affecting the accuracy and proper operation of the unit.

WARNING: Entering the SETUP menu system will require stopping the sample cycle. Older versions
of firmware will not warn you before stopping the sample!

Press the SETUP soft-key to enter the menu as shown below. The Setup Menu provides a choice of
operations. Use the arrow keys to navigate to the desired field, then press the SELECT soft-key to enter.
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SETUP MODE SELECT

SAMPLE CALIBRATE EXTRA1
ERRORS PASSWORD INTERFACE SENSOR
HEATER

SELECT EXIT

The SETUP Menu

A brief description of each sub-menu is shown in the table below. Detailed information is provided in the
following sub-sections.

Menu Settings

CLOCK Date and Time Settings.

SAMPLE Range, Offset, Sample Time, Count Time, Conc Units, Avg Period, Unit ID, and RS-232 settings.

CALIBRATE | Factory Calibration Values, (C,, Qq, ABS, usw, K, BKGD) Flow rate, Flow type, Heater type.

EXTRAL Low concentration clamp, el — e4, Rarely used.

ERRORS Analog error selections, Flow limits, Pressure drop limit.

PASSWORD | Password change screen.

INTERFACE | Cycle Mode early/standard, alarm relay polarity.

SENSOR Meteorological sensor scaling and configuration screens, Channels 1 — 6.

HEATER RH and Delta-T set-points for Smart Heater. Only visible if Heater Control is set to AUTO.

2.6.1 CLOCK Screen

The SETUP > CLOCK screen allows for the setting of the time and date. Time is a 24-hour clock only. Use
the arrow keys to select and increment/decrement the desired field, then press the SAVE soft-key. The
BAM-1020 clock may drift as much as a minute or two per month. Met One recommends checking the clock
monthly to ensure correct sample timing.

2.6.2 SAMPLE Settings Screen — Critical Information
The SETUP > SAMPLE screen is used to set the BAM-1020 sampling and averaging periods, and some

other important settings. Review each of these settings carefully. The SAMPLE screen is shown below. The
fields can be edited with the arrow keys, then saved with the SAVE soft-key.
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SETUP SAMPLE
RS232 9600 8N1 BAM SAMPLE 042 MIN

STATION # 01 MET SAMPLE 60 MIN
RANGE 1.000 mg OFFSET -0.015 mg
CONC UNITS mg/m3 COUNT TIME 8 MIN

SAVE EXIT

The SAMPLE Screen

RS-232: This allows you to set the baud rate of the RS-232 serial port. The available values are 300,
600, 1200, 2400, 4800, 9600, 19200, and 38400 baud. Default is 9600. “8N1" means 8 data bits, no parity,
1 stop bit. These handshaking bits cannot be edited.

BAM SAMPLE: This value sets the amount of time that the vacuum pump is on per cycle; the actual
sample period (see Section 4.1 for a description of the measurement cycle). The BAM SAMPLE time must
be set in response to the COUNT TIME value, since new versions of the BAM-1020 allow the option of
setting the count time to 4, 6, or 8 minutes. If the unit is used for PM2 s monitoring, the BAM SAMPLE must
be set to 42 minutes with 8 minute count time. PM1o monitors are almost always set for 50 minutes.

Count Time | BAM Sample Used for
4 min 50 min PM10 monitoring
6 min 46 min not used
8 min 42 min PM2.5 monitoring

The BAM SAMPLE value can be set from 0-200 minutes for custom applications. If set for shorter period,
such as 15 minutes, the unit will finish the sampling in 15 minutes and then wait until the end of the hour
before beginning a new cycle. This may not leave time for the membrane span check. Only one cycle per
hour is allowed, regardless of duration. Setting the value too long may cause the measurement to extend
over into the next hour. Contact the Service department before setting this to anything but the values shown
in the table.

STATION #: This is a station identification number. This number has a range of 00-99, and will be
included in the data reports. When used in a network, every BAM-1020 should be given a different station
number. Default value is 01.

MET SAMPLE: This value is the averaging period for the data logger. It sets how often data is written
to memory, and can be set to 1,5,15, or 60 minutes. For example, if an external wind speed sensor is
attached to the BAM, the MET SAMPLE period could be set to 1 minute. This would cause the BAM to
store an average of the WS reading every minute. This value applies to all sensors attached to the unit.
Warning: This setting will affect how long the memory will last before getting full.

There are 4369 records available in the BAM memory. A MET SAMPLE period of 60 minutes (1 record per
hour) will result in over 182 days worth of memory capacity, but a 1 minute average period will fill up these
memory records in only 3 days. When the memory gets full the unit over-writes the oldest data. Met One
recommends leaving the MET SAMPLE period set at the default value of 60 minutes unless otherwise
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required for a particular application. The dust concentration value will always be an hourly average
regardless of this setting.

RANGE: The RANGE setting sets the full-scale range of the concentration measurement system,
including the digital system and the analog voltage output. The RANGE value is almost never changed from
the default setting of 1.000 mg. This means that the BAM measures a maximum full-scale range of 1000
micrograms above whatever the OFFSET value is set to. The table below shows some examples of the
RANGE setting interacting with the OFFSET setting to produce the concentration data outputs of the BAM.

OFFSET RANGE Resulting Digital Resulting Analog
Setting Setting Data Range Output Range
-0.015 mg 1.000mg | -0.015t00.985mg | 0-1V =-0.015to 0.985 mg
-0.005 mg 1.000mg | -0.005t00.995mg | 0-1V =-0.005 to 0.995 mg
0.000 mg 1.000 mg 0.000 to 1.000 mg 0-1V = 0.000 to 1.000 mg
0.000 mg 2.000 mg 0.000 to 2.000 mg 0-1V = 0.000 to 2.000 mg

In special cases, the RANGE value may be set to 0.100, 0.200, 0.250, 0.500, 2.000, 5.000, or 10.000 mg.
Be sure to account for this value if using a separate data logger to record the BAM-1020 analog output.
Note: Changing the range setting will affect past data already stored to memory. Always download any old
data before changing settings, then clear the memory. Firmware version 3.2.4 or later will prompt you to
clear the memory before letting you change this setting.

OFFSET:  The OFFSET value is used to set the lower end of the BAM-1020 measurement range, and
could more accurately be called a “range offset”. The new factory default value for OFFSET is now -0.015
mg. This causes the entire range of the BAM-1020 to shift down slightly so that it can read from -0.015 to
0.985 mg, instead of measuring from 0 to 1.000 mg (assuming the RANGE is set to 1.000 mg). This simply
allows the unit to measure slightly negative concentration numbers near zero, which is helpful to
differentiate between normal noise and a failure such as punctured filter tape.

The previous default was -0.005 mg, and the value may still be set to -0.005 if needed to work with data
logging systems structured around the old setting. Some BAM users choose to set the OFFSET value to
0.000 to avoid confusion, at the expense of not being able to see the true zero noise floor of the unit.

This value also affects the analog output, so that 0 to 1.000 volts equals -0.015 to 0.985 mg, instead of
0.000 to 1.000 mg. This is because the voltage output cannot go negative. You must take this scaling into
account if an external data logger is recording the BAM-1020 analog output voltage. Contact the Service
department if you plan to set the OFFSET to any value other than -0.000, -0.005, or -0.015 mg.

Note: The OFFSET value is often misunderstood, and should not be confused with the BKGD (zero
correction factor) or the “el” (lower concentration limit clamp) values. Be sure you understand all three of
these settings!

Note: Changing the offset setting will affect past data already stored to memory. Always download any old
data before changing settings, then clear the memory. Firmware version 3.2.4 or later will prompt you to
clear the memory before letting you change this setting.

CONC UNITS: This setting determines the concentration units which the BAM-1020 displays and
stores in memory. This can be set to ug/m3 (micrograms) or mg/m3 (milligrams) per cubic meter. This is a
new option for the BAM-1020. Past versions have always been set for mg/m3. Note: 1 mg = 1000 pug.
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COUNT TIME: This is the amount of time the unit takes to perform the lp and I3 counts. Past versions

of the BAM-1020 have always been fixed at 4 minutes. The new options allow the count time to be set for 4,
6 or 8 minutes. When used to monitor PM s, this must be set to 8 minutes. This increases the sensitivity of
the unit in lower concentrations. Increasing the count time will require decreasing the sample time. For
example, a count time of 4 minutes allows a sample time of 50 minutes, while a count time of 8 minutes
allows a sample time of only 42 minutes. The unit will prompt you to change the sample time if you change
the count time to an incompatible value.

2.6.3 CALIBRATE Screen - Critical Information

The SETUP > CALIBRATE screen is where most of the factory-determined calibration parameters for the
BAM-1020 are stored. These values are unit-specific, and can also be found on the calibration certificate for
the unit in case a setting is accidentally changed. Most of these settings will never be changed without
specific information from Met One Instruments. It is good practice to periodically audit the calibration values
to verify that they have not been altered. The CALIBRATE screen is shown below.

CALIBRATE SETUP
FLOW RATE: 16.7
CONC TYPE: ACTUAL FLOW TYPE: ACTUAL

Cv: 1.047 Qo: 0.000

ABS: 0.822 pusw: 0.306

K: 1.005 BKGD: -0.0030
STD TEMP: 25C HEATER: AUTO
SAVE EXIT

The SETUP > CALIBRATE Screen

FLOW RATE: This sets the air flow rate for the BAM-1020 sample period. The BAM will continuously
regulate the flow to this value (except manual valve models). The flow rate is almost always set for 16.7
liters per minute, as this is required for all PM, s and PM;o monitoring. The operator may change this value
temporarily in order to test the ability of the pump and flow controller to regulate the flow at different levels.
The range of this setting is 10 to 20 LPM.

CONC TYPE: This sets the way that the concentration values are reported. If set to ACTUAL, then
the concentration is calculated based on the volume of the air at ambient conditions, and a BX-592 or BX-
596 temperature sensor is required. If set to STD, the concentration is calculated based on the standard
values for temperature and pressure (usually 25C and 760mmHg), even if a temperature sensor is
available. This value is usually set to match the FLOW TYPE setting, and must be set to ACTUAL for PM s
monitoring. Note: A BAM unit with firmware prior to rev 3.0 does not have this setting available.

FLOW TYPE: This setting selects the flow control scheme used by the BAM-1020. The three possible
settings are METERED, STD, and ACTUAL.

e METERED: Usually used for BAM units with a manual flow valve on the back. Flow is reported in
EPA conditions.
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e STD: EPA Standard flow. The flow is controlled and reported in EPA standard conditions.

Used where required by regulations.

e ACTUAL: Actual Volumetric flow is controlled and reported to ambient temperature and pressure
conditions. This is required on PM, s monitors, and is recommended by Met One whenever possible.
BX-596 or BX-592 sensor is required.

This is an important parameter to understand. At sea-level and moderate temperatures the difference
between these settings will be minimal, but at high elevations or varied temperatures the flow rate can be
greatly affected by this setting.

Cv: This value is the factory-set Coefficient of Variability for the internal flow sensor. The value of Cv is
only changed by the user when performing a flow calibration on manual valve (metered) or STD flow units.
ACTUAL flow controlled units almost never need to have this value altered.

Qo: This value is the factory-set zero correction factor for the internal flow sensor. The value of Qo is
only changed by the user when performing a flow calibration on manual valve (metered) or STD flow units.
ACTUAL flow controlled units almost never need to have this value altered.

ABS: The ABS value is the factory-set mass of the reference membrane foil used during the automatic
span check. This value is compared to the measured value each hour. Each unit's ABS value is different,
but is typically around 0.800 mg. The ABS value is never changed by the operator unless the span
membrane is replaced due to damage.

pusw: This is called the Mu-switch value, and is the factory-set mass absorption coefficient used by the
BAM-1020 in the concentration calculations. Typical values are about 0.285 to 0.310. Warning: This is a
unit-specific calibration value which may significantly affect the accuracy of the unit. Never change
this value without specific instruction from Met One Instruments.

K: The K-factor is the factory-set slope correction (multiplier) for the BAM-1020 concentration. The K-
factor value is determined by dynamic testing of the BAM-1020 in the factory smoke chamber. This will
always be a value between 0.9 and 1.1. All of the stored and displayed data contains this correction.
Warning: This is a unit-specific calibration value which may significantly affect the accuracy of the
unit. Never change this value without specific instruction from Met One Instruments.

BKGD: The BACKGROUND value is the factory-set zero correction (slope offset) for the BAM-1020
concentration. This is determined by running the unit for at least 72 hours with a 0.2 micron zero filter on
the inlet. The concentration values over this time are averaged, and the BKGD is the negative of this
average. All of the stored and displayed data contains this correction. The BKGD value is typically between
0.000 and -0.005 mg/m°. Met One does offer a zero filter kit (BX-302) which may be used to audit this value,
and comes with complete instructions. Warning: This is a unit-specific calibration value which may
significantly affect the accuracy of the unit. Note: The BKGD value is not to be confused with the
OFFSET (range offset) value in the SETUP > SAMPLE menu. See section 2.5.2.

STD TEMP: This is the value of standard temperature, used for standard flow or concentration
calculations. In the U.S. the value of standard temperature is usually 25 degrees C as mandated by the
USEPA. Some other countries use a standard temperature value of OC or 20C. This setting is not available
on units using firmware prior to rev 3.0.
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HEATER:  This setting selects which mode the Smart Inlet Heater is used in. When set to AUTO, the
Smart Heater will use the filter RH and temperature sensors to control the inlet tube heating. When set to
MANUAL, the unit will simply turn the heater on all the time regardless of filter conditions. The actual setup
parameters for the Smart Heater are located in the SETUP > HEATER menu, which will not appear unless
this value is set to AUTO. The operator may safely set this parameter as required. Met One recommends
using the AUTO setting. This value must be set to AUTO for PM s monitoring.

2.6.4 EXTRAI1 Screen

The settings in the EXTRAL screen are special settings that have been installed for special applications
and generally will never be changed.

el Low Concentration Limit. The lowest concentration value the BAM-1020 is allowed to store or
display, despite what it measured. Any measurements below this value will be clamped. The range is
-0.015mg to +0.010mg, and the default value is -0.015mg. Note: This value is not to be confused
with the OFFSET value which sets the lower limit of the measurement range, or the BKGD value
which is the zero correction.

e2 Not Used.

e3 Membrane OFF Delay. Hysteresis timer, range is 0.000 to 5.000 seconds. Don’t change this value
unless instructed to do so by Met One.

ed Membrane Time Out. The time the unit allows for the membrane assembly to move before
generating an error. Range is 10.00 to 20.00 seconds. Don’t change this value unless instructed to
do so by Met One.

2.6.5 ERRORS Screen

This screen allows the operator the option of reporting BAM-1020 errors with the analog output signal. This
type of error indication is used when the operator is limited to a single voltage channel for particulate
information, such as when the BAM is connected to certain types of data loggers. In this case, the BAM
sets the analog output to full scale voltage (usually 1.000 volts) when an error occurs. At the beginning of
the next hour, the errors are reset and the output functions normally unless another error occurs. The
operator can select which errors, if any, are reported in this manner, by selecting each error from the list
below and enabling or disabling it (1=ON, 0=0OFF) in the error setup screen.

Regardless if a particular error is enabled for the analog output in this manner or not, it will always be
reported in the BAM-1020 digital memory, and may be viewed with the display or by downloading the data
through the serial port. Some of these errors such as P, R, N, and E may be set to cause the analog output
to go full scale, even though there may be nothing wrong with that hour’s data. In this case, the
concentration data can still be downloaded from the BAM. Some (but not all) errors such as M and L cause
the digital concentration value to be set to full scale too, usually .985mg.

This scheme is used because it is rare for an actual valid concentration reading to measure full-scale.
However, concentrations at or near zero can be common, so leaving the data value at 0.000 during an
alarm could be mistaken for valid data.
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SETUP MODE ERROR
EUMILRNFPDCT AP FRI FRh

1111111221111 150 10 20
1=ON, O=O0FF
SAVE EXIT

The ERRORS Screen

E EXTERNAL RESET: This error indicates that the system clock time was unable to reset when
signaled by an external data logger. If external reset is successful then no error is logged (see
Section 8.2). This is sometimes called INTERFACE RESET.

U TELEMETRY FAULT: This error indicates that an external data logger has sent an error to the
BAM-1020 (on the TELEM FAULT input) indicating that it has encountered a problem. Check the
datalogger.

M MAINTENANCE: This is a user-set data flag which indicates that calibration or testing was
performed during the flagged hour. The “M” flag may also be forced ON in the SETUP >
INTERFACE menu by setting “Force Maint” to ON, or in the OPERATE > INST screen by pressing
the TOGGLE FLG button. M flags cause the digital concentration to read full-scale for that hour.

I INTERNAL CPU: This indicates an error in the mass concentration calculation by the central
processor. Contact the Service department if these errors begin to occur frequently.

L POWER FAIL.: This error occurs any time power is cycled or lost, even momentarily. Frequent
“L” errors usually indicate poor quality AC power. In some cases these errors can be generated by
electrical interference (such as large radio antennas or motors) causing an internal reset in the BAM-
1020. There are also a variety of power supply upgrades available for some older BAMs which
experience frequent L errors. If a BAM experiences frequent L failures even when connected to a
UPS, contact Met One for instructions on possible upgrades. This error also causes the digital
concentration value to go full-scale.

R REFERENCE MEMBRANE: This error indicates that the reference membrane assembly is not
physically extending and retracting properly. The error is generated if photo sensors S2 and S3
never change state despite drive commands to the membrane motor, and a timeout of the
membrane motion occurred after 15 seconds.

N NOZZLE STUCK TIMEOUT (or Delta-T exceeded): This error indicates that the nozzle motor is
not operating. The error is triggered if photo sensors S4 and S5 never change state despite drive
commands to nozzle motor, and if the sensors do not see the nozzle motor move within 12 seconds
of it being turned on.

NOTE: The nozzle motor lifts the nozzle, but the nozzle is lowered only by its spring. So it is possible
for the nozzle to become stuck in the UP position without generating an error! Proper maintenance
and inlet alignment prevents this.
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The “N” error is also used to indicate that the Delta-Temperature set-point was exceeded. This
occurs if the sample air temperature (measured below the filter tape) is hotter than the ambient air by
at least one degree above the set-point value. This is due to the normal heating of the sample air by
the smart heater. In this case, the error is used to simply flag the data. Frequent errors may indicate
that the set-point is set too low. In most applications Delta-T control is disabled entirely. See the inlet
heater settings instructions in this manual.

F FLOW ERROR: This error occurs if the average air flow over the sample period was out of the
limits set by the FRI (low limit) and FRh (high limit) values. The error will also be generated if the
flow during any part of the sample period goes out of regulation by more than 5% for more than 5
minutes, or by more than 10% for more than 1 minute. In the later case, the sample is stopped as
well. Momentary changes in airflow do not usually trigger the error. This error may begin to occur if
the vacuum pump is wearing out, if the muffler is clogged, or due to a fault with the flow sensor, flow
controller, or air tubing.

The “F” error is also used to indicate if the ambient temperature or barometric pressure sensor has
failed or is incorrectly connected (only if the BAM is set for ACTUAL flow or concentration reporting).
This applies to auto ID sensors BX-592 and BX-596, the internal filter pressure sensor, and CARB
style temperature sensors. The sensor is considered failed if any 1 minute average reading of the
sensor is at or beyond the min or max measurement range of the particular sensor.

P PRESSURE DROP EXCESSIVE: This error indicates that the vacuum beneath the filter tape
has exceeded the limit set by the AP value. This is almost always caused by high concentrations, or
certain types of particulate clogging the filter tape. When this error occurs, the BAM stops the pump
to prevent overheating, completes the measurement early, then waits for the top of the next hour. To
increase the amount of particulate which can build up on the tape before this occurs, set the AP
value higher.

D DEVIANT MEMBRANE DENSITY: This error indicates that the reference membrane span
check measurement (m) for that hour was out of agreement with the expected value (ABS) by more
than +5%. If these errors start to occur regularly, it could indicate that the beta detector is beginning
to wear out. It can also be caused by a dirty or damaged membrane, or by a membrane assembly
that is not extending or retracting fully. This is also called a BAM CAL error.

C COUNT ERROR: This error indicates that the beta particle counting system is not operating
properly, and is activated if the beta count rate falls below 10,000 per 4 minutes. The beta count rate
through clean filter tape is usually more than 800,000 per 4 minutes. This error could occur if the
beta detector has failed or if something is blocking the beta particles, such as a stuck membrane
assembly or debris.

T TAPE BREAK: This error indicates that the filter tape is broken or has run out. The error is
triggered if photo sensor S6 is ON continuously, despite drive commands to motors M3-M5. The
tape supply motor (M3) and tape take-up motor (M4) time out after 10 seconds. The capstan motor
(M5) times out after 6 seconds. This error is also generated if the pinch roller assembly has been left
latched in the UP position when a measurement cycle starts. Photo sensor S9 is ON any time the
latch is set. The BAM-1020 has no way of unlatching and lowering the pinch rollers. It must be done
manually. A tape-break error will cause the measurement cycle will stop, and the BAM to repeat the
last good concentration value until the filter tape is fixed or replaced.
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AP  Pressure-drop limit across the filter tape. The default setting is 150 mmHg, and the range is 0-500
mmHg. See the PRESSURE DROP EXCESSIVE error definition above.

FRI  Flow Rate Lower Limit. The default setting is 10 ipm, and the range is 0-30 lpm. See the FLOW OUT
OF LIMITS error definition above.

FRh Flow Rate Higher Limit. The default setting is 20 Ipm, and the range is 1-38 ipm. See the FLOW OUT
OF LIMITS error definition above.

2.6.6 PASSWORD Screen

The SETUP > PASSWORD screen allows the program administrator to change the password required to
enter many of the SETUP menus. The password prevents untrained users from accidentally changing
critical settings on the unit. The password can be any 4-key combination of the six function keys, F1 to F6.
The default password is F1, F2, F3, F4. Met One does not recommend changing the password unless truly
necessary. Contact the Met One Service department for instructions if the password is lost or forgotten.

2.6.7 INTERFACE Screen
The SETUP > INTERFACE screen is shown below. These settings are used to configure the BAM-1020 for

operation with an external data logger recording the analog output. Most of these settings are rarely used,
but the Cycle Mode setting must be reviewed if the analog output is being used.

Interface Setup

Cycle Mode: STANDARD Force Maint: OFF
Fault Polarity: NORM Split DELTAP: 00300
Reset Polarity: NORM

SAVE EXIT
The INTERFACE screen

Force Maint: This can be used to manually toggle the maintenance flag ON or OFF to mark the data
when the unit is being worked on, such as during a flow check. This also toggles the Maintenance relay to
an external data logger. Rarely used.

Fault Polarity: This sets the polarity of the Telemetry Fault Relay. NORM is normally open, INV is
normally closed. Rarely used.

Split DELTAP: Not used.
Reset Polarity: This tells the BAM-1020 the incoming polarity of an external clock reset signal, if used.

This signal is used to synchronize the BAM clock to an external data logger. NORM is normally open, INV
is normally closed.
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Cycle Mode: The Cycle Mode can be set to STANDARD or EARLY. If you are not using the analog
output voltage of the BAM-1020, leave this set to STANDARD. See Section 8.2 for a description of the
Cycle Modes.

2.6.8 SENSOR Screen

The SETUP > SENSOR menu is where configurations and setup parameters are located for the six analog
input channels used to log external meteorological sensors. Each channel must be configured to accept the
sensor before data can be acquired. Description of each parameter is provided below. There is a separate
configurable setup screen for each of the six external sensor inputs in the SETUP > SENSOR menu. There
are also two internal channels (11 concentration and 12 flow volume) which can be viewed but not modified.

Met One 500 series meteorological sensors have an Auto ID feature which allows the BAM to automatically
recognize the sensor and enter all of the setup parameters for any channel the sensor is attached to. Each

channel can also be manually configured by the user for other sensors.

SETUP CHAN PARAMS

CH TYPE UNITS PREC MULT
06 AT C 1 0100.0

SENSOR FS VOLT: 1.000
INV SLOPE:N VECT/SCALAR:S MODE:AUTO ID

OFFSET
-050.0

SAVE 1D MODE EXIT

The SENSOR Menu

CH: This field selects the channel to be viewed or edited. Use the up/down arrow keys to select
the desired channel.

TYPE: This is the channel name. You can enter any desired name here by using the arrow keys to
scroll through the alphabet and other characters.

UNITS: This is the measurement units label for the channel. You can enter a value here by using the
arrow keys to scroll through the alphabet and other characters.

PREC: This is the precision field, which sets the number of available decimal places for the Multiplier
and Offset parameters.

MULT: This is the slope multiplier. Any input on the channel is multiplied by this amount. The M factor
in Y=MX+B.

OFFSET:  This is the slope offset value. Any input on the channel has this amount added to or
subtracted from it, after the multiplier is applied. The B factor in Y=MX+B.

FS VOLT: This is the full-scale voltage output of the sensor; in other words, the maximum voltage range

that can be supplied by the sensor. This value is usually going to be either 1.000 or 2.500
volts. 2.500 is the maximum setting for this field.
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INV SLOPE: This setting allows the channel to recognize a sensor with an inverse slope. This is always set
to N (no) except for use with thermistor temperature sensors with resistance-only outputs.

VECT/SCALAR: This value sets the averaging method. S (scalar) is used for all measurements except
wind direction, which uses V (vector).

MODE: This field is toggled by pressing the ID MODE soft-key. The value can be set to either
MANUAL or AUTO ID. In MANUAL mode, the user can enter their own setup parameters for
the channel. AUTO ID mode is used with 500 series sensors, and must be selected in order
for the unit to recognize the sensor automatically. NOTE: Any manually set parameters for
that channel will be lost when changing to AUTO ID mode. Channel 6 must be set to AUTO ID
for PM2.s monitoring with the ambient temperature sensor BX-596.

2.6.9 HEATER Screen

The SETUP > HEATER screen is only visible if the HEATER CONTROL value in the SETUP >
CALIBRATE menu is set to AUTO. This menu is used to configure the settings used by the BAM-1020 to
control the Smart Inlet Heater. The BAM uses an RH and temperature sensor located below the filter tape
in the sample air stream to monitor the conditions of the air as it is being sampled. Tests have shown that
as the relative humidity of the ambient air exceeds about 50%, the particulate on the filter tape can begin to
absorb moisture and the measured mass will increase. The effect gets worse as the RH increases. The
Smart Heater minimizes this effect by actively heating the inlet tube to lower the humidity.

Heater Setup
RH Control: YES
RH Setpoint: 35%
Datalog RH: YES (Chan 4)
Delta-T Control: NO
Delta-T Setpoint: 99 C
Datalog Delta-T: NO (Chan 5)
SAVE EXIT

The HEATER Setup Screen

RH Control: If YES is selected, the Smart Heater will be automatically turned on full power
whenever the humidity of the sample stream exceeds the RH Setpoint. When the RH falls back below the
set point, the heater turns down to a low power heat mode (about 30 Watts) which simulates the older style
wrap-around heaters. If this is set to NO, The Smart Heater will stay in low power mode and no further RH
control will be performed.

RH Setpoint: The RH Setpoint can be a number from 10% to 99%. This is the relative humidity level
that will be maintained at the filter. Met One recommends setting this value at 35%, which is the
equilibration value for FRM filters and is required when monitoring PM s.

Datalog RH: If YES is selected, the filter RH values will be logged on channel 4 of the BAM-1020.
Select YES if you do not have any external sensors attached to channel 4.

Delta-T Control: The BAM-1020 can compare the filter temperature to ambient and calculate the
difference (Delta-Temperature), if a BX-592 ambient temp sensor is attached to channel 6. If YES is
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selected, the Smart Heater will be turned down to low power mode whenever the Delta-T Setpoint is
exceeded.

Volatile organic compounds (VOCs) may be lost if the Delta-T is excessive. However, this is usually not a
problem with the BAM-1020, because each spot of particulate is sampled for less than an hour before being
replaced with a new spot. Met One does not recommend using Delta-T control except in special
applications,

as it overrides the RH control which has a far greater effect on the concentration measurement. Note:
Delta-T control must be set to NO for PM, s FEM monitoring.

Delta-T Setpoint: This can be set from 1 to 99 degrees C. If the filter temperature exceeds the ambient
temperature by more than this amount, the Smart Heater will turn down to low power mode, regardless of
the RH level. An N error is logged in the data any time this happens. Note: There is often a few degrees of
Delta-T measured even if the heater is OFF, due to mild heating effect of the unit itself. Frequent errors will
be logged if the setpoint is too low. Set this value to at least 8 or 10 degrees C if used. Set the value to 99 if
not used.

Datalog Delta-T: If YES is selected, the Delta-T values will be logged on channel 5 of the BAM-1020.
Select YES if you do not have any external sensors attached to channel 5. Note: The measured Delta-T
may still be logged even if Delta-T control is set to NO. This is often a useful parameter.

2.7  Maintenance, Diagnostics and Troubleshooting

Please refer to Section 7 in the MET ONE Instruments, BAM 1020, Manual (Rev. G), for information on this
matter.

2.8  External Datalogger Interface System

Please refer to Section 8 in the MET ONE Instruments, BAM 1020, Manual (Rev. G), for information on this
matter.

3.0 REQUIRED EQUIPMENT AND SUPPLIES

1) Tetra Cal, or equivalent device for measuring temperature, barometric pressure
and flows ranging from 10-20 liters/minute.

2) Up-to-date certification for the above flow device.

3) Computer

4) Calibration Spreadsheet (as outlined in Appendix A)

40 SAMPLE CHAIN OF CUSTODY (Not Applicable)
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5.0 CALIBRATION - Actual (Volumetric) Flow Mode, (SCAQMD)
All calibration transfer standard equipment must possess up-to-date certification. Certified temperature and
pressure sensors are required for both BAM-1020 OT and pressure calibrations. A certified flow meter or
certified fixed orifice device (such as the Tetra Cal) will be required for flow calibrations.

Allow all AC powered equipment to equilibrate to ambient conditions for a minimum of 1 (one) hour.

Before starting the Calibration, Disable the BAM on the DataLogger (Channel 06 for PM2.5 and
Channel 13 for PM10).

5.1  Ag/Is Calibration and Leak Check
1) Perform a leak check on the BAM system, as outlined in Section 2.4.3.

2) Using the Tetra Cal device, measure the ambient temperature, barometric pressure
and actual (volumetric) flow at the top of the downtube (same as the leak check).

Record these values and the values on the BAM unit display (temperature,
BP and flow). The BAM values can be found in the <TEST> Mode, under
<FLOW>,

3) After recording the values in the BAM Calibration & Audit Spreadsheet
(Appendix A), clean the nozzle and vane if the unit failed the leak test (>1.0 Ipm),
as described in Section 2.4.3. NOTE: It is advisable to clean the nozzle and vane
if the leak test is >0.7 Ipm.

5.2 Calibration Procedure

All Calibrations will be entered into the “BAM 1020 Calibration/Audit Sheet” which is shown in Appendix A.
This file is also accessible on the SCAQMD E: Drive/ASTD/AM INSTRUMENTS.

Actual (volumetric) flow calibration is very fast and easy. This type of calibration can only be performed on
BAM units which have an automatic flow controller and a BX-592 or BX-596 ambient temperature sensor
on channel 6. The unit must also have the Flow Type set to ACTUAL in the SETUP > CALIBRATE menu or
the flow calibration screen will not be visible.

MULTIPOINT FLOW CALIBRATION

TARGET BAM STD
AT: 23.8 23.8 C
BP: 760 760 mmHg

<CAL> FLOW'TZ 15.0 15.0  15.0 LPM
FLOW 2: 18.3  18.3  18.3 LPM
FLOW 3: 16.7  16.7  16.7 LPM

CAL NEXT DEFAULT ___ EXIT

Actual Flow Calibration Screen

1. Enter the TEST > FLOW menu as shown above. The nozzle will lower automatically when this
screen is entered. The “BAM” column is what the BAM-1020 measures for each parameter, and the
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“STD” column is where you will enter the correct values from your reference standard. The <CAL>
symbol will appear next to the parameter selected for calibration. The ambient temperature (AT) and
pressure (BP) must be calibrated first, as the BAM uses these to calculate the air flow rate in actual
mode.

2. Measure the ambient temperature with your reference standard positioned near the BX-592 or BX-
596 ambient temperature probe. Enter the value from your reference standard into the STD field
using the arrow keys. Press the CAL hot key to correct the BAM reading. The BAM and STD values
should now be the same.

3. Press the NEXT hot key to move the <CAL> indicator to the BP field, and repeat the same steps for
barometric pressure.

4. After the temperature and pressure readings are correct, remove the PM;o and PM; s heads from the
inlet tube and install your reference flow meter onto the inlet. Press the NEXT hot key to move the
<CAL> indicator to the first flow point of 15.0 Ipm. The pump will turn on automatically. Allow the unit
to regulate the flow until the BAM reading stabilizes at the target flow rate. Enter the flow value from
your standard into the STD field using the arrow keys. Press the CAL hot key to correct the BAM
reading. NOTE: The BAM reading will not change to match the STD until after you have entered all
three calibration points.

5. Press the NEXT hot key to move the <CAL> indicator to the second flow point of 18.3 Ipm and
repeat the process.

6. Press the NEXT hot key to move the <CAL> indicator to the third flow point of 16.7 Ipm and repeat
the process. Enter the flow value and press <CAL>.

7. When all of the calibrations are complete, the BAM-1020 flow readings should match the
traceable flow standard reading at 16.7 [pm, +/- 0.1 Ipm. Exit the calibration menu.

The DEFAULT hot key can be pressed to reset the user calibration from the selected parameter and
replace it with a factory setting. If any of the FLOW parameters are selected, the DEFAULT key will reset
the calibrations of all three flow points. This feature can be used to start over with a calibration if difficulty is
encountered.

It is important to perform a Self Test (Section 2.3.5) and if the system passes then place the BAM unit into
the OPERATE > NORMAL mode before leaving.

Actual flow calibrations in units with older firmware:

BAM-1020 units with previous revisions of firmware (prior to Rev 3.0) have a different format in the TEST > FLOW
menu, as shown below. These units are flow calibrated in the same way as described above, except that the flow
calibration is performed at only a single point of 16.7 Ipm, not a multi-point calibration as in new units. The correct
values from your traceable reference standard device must be entered into the “REFERENCE” column,
then the “ADJUST/SAVE” button is pressed to correct the BAM reading. The “NEXT” key selects the
parameter to be calibrated. AT and BP must be calibrated first, then the pump is turned on.
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ACTUAL FLOW CALTBRATTON WODE
F1= RESTORE DEFAULT

BAM REFERENCE
AVBIENT TEMPERATURE: 23.8 C 2804 C
BAROMETRIC PRESSURE: 741 mmHg 742 mmHg
VOLUMETRIC FLOWRATE: 16.7 lIpm 16.9 lIpm

ADJUST/SAVE NEXT PUMP ON EXIT

Previous Format of the Actual Flow Calibration Screen

NOTE: For calibrations dealing with EPA Standard and Metered Flow Mode, please refer to the MET ONE
Instruments BAM-1020 Manual.

5.3 Final Calibration and Leak Check

1) Once again using the Tetra Cal device, measure the ambient temperature, barometric pressure and
actual (volumetric) flow at the top of the downtube (same as the leak check). Record these values
and the values on the BAM unit display (temperature, BP and flow). The BAM values can be found
in the <TEST> Mode, under <FLOW>.

2) Record the values in the BAM Calibration & Audit Spreadsheet (Appendix A). When all of the
calibrations are complete, the BAM-1020 flow readings should match the traceable flow standard
reading at 16.7 Ipm, +/- 0.1 Ipm.

3) Perform a final leak check on the BAM system, as outlined in Section 2.4.3.

After completing the Calibration, Enable the BAM on the DatalLogger (Channel 06 for PM2.5 and
Channel 13 for PM10).

6.0 QUALITY CONTROL

In order to maintain Quality Control, please follow all Maintenance Procedures as outlined in
Section 7 in the MET ONE Instruments, BAM 1020, Manual (Rev. G),
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Model: | BAM-1020 | Serial Number: | | Firmware Ver.
Audit Date: | | Audited By:
Flow Audits
Flow Reference Standard Used: Model: Serial No: Calibration Date:
Temperature Standard Used: Model: Serial No: Calibration Date:
Barometric Pressure Standard Used: Model: Serial No: Calibration Date:
Leak Check Value: as found: Ipm as left; Ipm
BAM Ref. Std. BAM Ref. Std.
Ambient Temperature: as found: c c as left: c c N/A [ ]
Barometric Pressure: as found: mmHg mmHg as left: mmHg mmHg
Flow Rate (Actual Volumetric):  as found: lpm lpm as left: lpm lpm N/A H
Flow Rate (EPA Standard): as found: lpm lpm as left: lpm lpm N/A
Mechanical Audits |
Pump muffler unclogged: as found as left PM10 particle trap clean:  as found as left N/A
Sample nozzle clean: as found as left PM10 drip jar empty:  as found as left N/A
Tape support vane clean: as found as left PM10 bug screen clear:  as found as left N/A
Capstan shaft clean: as found as left PM2.5 particle trap clean:  as found as left N/A
Rubber pinch rollers clean: as found as left Inlet tube water-tight seal OK:  as found as left
Chassis ground wire installed: as found as left Inlet tube perpendicular to BAM:  as found as left
Analog Voltage Output Audit | N/A Membrane Audit Flow Control Range
DAC Test Screen | BAM Voltage Output | Logger Voltage Input LAST m (mg): Flow Setpoint | BAM Flow
0.000 Volts Volts Volts ABS (mg): 15.0 LPM
0.500 Volts Volts Volts Difference (mg): 16.7 LPM
1.000 Volts Volts Volts % Difference: 18.3LPM
Setup and Calibration Values
Parameter Expected Found Parameter Expected Found Parameter Expected Found
Clock Time/Date FLOW TYPE AP
RS232 Cv FRI
STATION # Qo FRh
RANGE ABS Password
BAM SAMPLE U SW Cycle Mode
MET SAMPLE K Factor RH Control
OFFSET BKGD RH Setpoint
CONC UNITS STD TEMP Datalog RH
COUNT TIME HEATER Delta-T Control
FLOW RATE el Delta-T Setpoint
CONC TYPE Errors Datalog Delta-T
Last 6 Errors in BAM-1020 Error Log |
Error Date Time Error Date Time
1 4
2 5
3 6
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Audit Notes:
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