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Glossary of Terms

• NAAQS:  National Ambient Air Quality Standards

• PM2.5:  Particulate matter less than 2.5 micrometers in aerodynamic diameter

• PM10:  Particulate matter less than 10 micrometers in aerodynamic diameter

• Spatial Monitoring Scales:
♦ Regional:  Monitoring to characterize conditions within a large geographic area encompassing

multiple air sheds, communities, or Class I areas. Examples include the Klamath National Forest,
the Willamette Valley, or northwestern Oregon.

♦ Community or Class I Area:  Monitoring to characterize conditions within a single community or
Class I area.

♦ Project:  Monitoring to characterize conditions at sensitive receptors located in close proximity to
a single burn unit.

• Temporal Monitoring Scales:
♦ Annual:  Monitoring performed continuously over an entire year.
♦ Seasonal:  Monitoring performed continuously over an entire prescribed understory burning

season. Examples include the spring burning season (beginning and ending dates vary by year
and geographic area), and fall burning season. Duration may be from several weeks to several
months.

♦ Episode:  Monitoring performed continuously during a single time period corresponding to
multiple burn events. Duration may be one or more days.

♦ Event:  Monitoring performed continuously during a single burn event. Duration may be one or
more days.
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 Preface

 This monitoring plan provides an approach for monitoring particulate matter concentrations and visibility
impacts in sensitive communities and Class I areas before, during, and after a specific prescribed understory
burning event.  In particular, it identifies which burn units are likely to produce significant air quality impacts
and therefore should be monitored.  Graphs have been included to assist the user in screening burns to
determine which units have the potential to exceed the nuisance or health thresholds.   An approach for
monitoring PM10 concentrations at sensitive receptors is also included.
 This plan does not address other combinations of monitoring objectives (for example, measurement of on-site
meteorology) and/or spatial and temporal scales of interest (for example, project-vicinity monitoring, seasonal
monitoring). Additional development of this plan may be needed in order to incorporate plans for other
combinations of monitoring objectives and spatial and temporal scales. These additional recommendations
may be added to this initial plan, or included in supplemental plans for individual forests.
 This plan should also be updated periodically to incorporate lessons learned from monitoring, to account for
changing monitoring objectives, and to supplement the plan with new information regarding available
monitoring technologies and costs.
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 Executive Summary

 This plan provides a rationale and approach for monitoring particulate matter concentrations in the air (and
indirectly, visibility) in sensitive communities and Class I areas before, during, and after prescribed
understory burning operations. The plan applies to federal lands in western Oregon and Washington and
northern California managed under the President’s 1994 Forest Plan.
 A workshop was held in Portland, Oregon to review monitoring objectives and spatial and temporal time
scales and to rank the various combinations in order of priority to the USDA Forest Service and Bureau of
Land Management. The top two monitoring priorities identified were:  ambient monitoring of PM2.5 and PM10

concentrations in nearby communities for single prescribed burning events (particulate
matter/community/event monitoring), and visibility monitoring in nearby Class I areas for single prescribed
understory burning events (visibility/Class I area/event monitoring).
 Monitoring technologies and approaches are recommended for real-time particulate matter/community/event
monitoring and visibility/Class I area/event monitoring, and for lag-time particulate
matter/community/event monitoring.  The monitoring plan does not present recommendations for lag-time
visibility/Class I area/event monitoring.
 The recommended plan for real-time particulate matter/community/event monitoring, and real-time
visibility/Class I area/event monitoring, includes the use of at least two MIE Inc. Model DR-2000 DataRAM
particulate matter samplers. The samplers should be placed in communities (Class I areas) that have the
greatest likelihood of impact based on the screening procedure presented in Section 2-2. Both samplers may be
placed in a single community (Class I area), or each sampler may be placed separately in two smaller
communities (Class I areas). Ideally, the samplers should be deployed for a period of 1 to 7 days prior to the
scheduled burn in order to characterize the background (i.e., preburn) air concentrations. Air concentrations
should be monitored continuously during this pre-burn period, and during the burn for a period of up to 48
hours after the last ignition occurs or until the burn has ceased to be a major source of visible smoke emissions.
The DR-2000 DataRAM samples the inlet air at 1-second intervals. Averaging of the sampled data should be
programmed to occur every 5 minutes, 1 hour, and 24 hours.
 The recommended plan for lag-time particulate matter/community/event monitoring includes the use of at
least five Airmetrics MiniVOL samplers.  This includes two samplers at each of two locations for continuous
24-hour-per-day sampling and one backup sampler. The samplers should be placed in communities that have
the greatest likelihood of impact based on the screening procedures presented in Section 2-2.  The two
MiniVOL samplers at each location should be operated 12 hours per day on a rotating basis (i.e., 12 hours on,
12 hours off for each instrument).  Both sets of MiniVOL samplers may be placed in a single large community,
or each set may be placed separately in two smaller communities. The samplers should be deployed for a
period of 1 to 7 days prior to the scheduled burn in order to characterize the background (i.e., preburn) air
concentrations. Air concentrations should be monitored continuously during this pre-burn period, and during
the burn for a period of up to 48 hours after the last ignition has occurred or until the burn has ceased to be a
major source of visible smoke emissions.
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 SECTION 1

 Introduction

 This document summarizes a recommended program for monitoring smoke emissions from prescribed
understory burning activities on federal lands in western Oregon and Washington and northern California
currently managed under the President’s 1994 Forest Plan. It is designed to provide a guide for fire managers
to use when making decisions about whether monitoring is needed on a prescribed understory burn, what
monitoring technologies to use, where to site the equipment, and the appropriate monitoring duration and
frequency. It also provides suggestions about how to integrate the monitoring results with future burn plans.
 Even though this plan has been developed specifically for monitoring prescribed burning activities
undertaken on lands managed under the President’s 1994 Forest Plan (that is, lands inhabited by the northern
spotted owl on the west side of the Cascade Mountain summit), the decision framework and recommended
monitoring approaches can be applied elsewhere in the western United States.
 This plan includes the following sections:

• Section 1: Introduction

• Section 2: Plan Framework—Presents the organizational framework necessary to prepare a monitoring
plan that matches with the monitoring objectives and spatial and temporal scales of interest. It also
presents a screening analysis for assisting fire managers with determining which prescribed understory
burns to monitor.

• Section 3: Recommended Plan—Presents the recommended monitoring plan for the combination of two
monitoring objectives and one spatial and temporal scale of interest: ambient particulate matter
monitoring for single-burn events in nearby communities and visibility impacts for single-burn events in
nearby communities or Class I areas.

• Section 4: Cost and Labor Requirements—Presents the approximate costs and necessary labor
requirements for implementing the prescribed burning program.

• Section 5: Future Burn Plan Integration—Contains suggested procedures for incorporating the monitoring
results into future burn programs and plans.

• Section 6: References

 1.1  Background
 Prescribed understory burning presents several unique monitoring problems. First, the total fuel consumption
and fire intensities found in prescribed understory burns are less than those found in a typical clear-cut slash
burn. Because of this, the smoke is less buoyant and, therefore, produces higher ground-level smoke
concentrations in the vicinity of the burn than those typically found in clear-cut slash burns. Secondly, with
landscape-scale prescribed burns, it is often more difficult to determine the best locations for monitoring
because topography and weather conditions may change over the course of the burn, and the burn may last
for days or weeks. High smoke concentrations can occur directly downwind of the burn during active
consumption or following the burn in nearby stream bottoms, valleys, and other low-lying areas when
nighttime inversions and cold-air drainage winds trap the smoke in these areas. This monitoring plan is
intended to address some of the questions about how and where to monitor smoke from prescribed
understory burning projects.
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 1.2 Monitoring Objectives, Spatial and Temporal Scales
 Part of the difficulty in developing a prescribed understory plan is that different combinations of monitoring
objectives and temporal and spatial scales can lead to entirely different smoke monitoring plans; i.e., different
methods and technologies.  As the federal land manager (FLM)’s objectives, geographic area of interest, and
time period of interest vary, so should the monitoring plan.  What is eventually needed is a set of monitoring
plans for different combinations of monitoring objectives and spatial and temporal scales.
 A workshop of Forest Service, Bureau of Land Management (BLM), and U.S. Environmental Protection
Agency (EPA) representatives was held on February 4-5, 1997, in Portland, Oregon to review the available
monitoring objectives and spatial and temporal time scale for monitoring, and to rank the various
combinations in order of priority. The top two monitoring priorities identified by this group are presented in
Table 1-1. This monitoring plan deals exclusively with these monitoring priorities.

 TABLE 1-1
 Top Two Monitoring Priorities for Prescribed Understory Burning Program

 Priority  Objective  Spatial Scale  Temporal Scale

 1  Monitor ambient fine particulate matter concentrations (either
PM2.5 or PM10) downwind of prescribed understory burning
activities

 Community*  Event*

 2  Monitor visibility impairment from fine particulate matter
emissions from prescribed understory burning emissions

 Class I Area*  Event*

 *See Glossary of Terms

 Definitions of the optional spatial and temporal scales are presented in the Glossary of Terms.
 The intended applications for these monitoring data, whether collected using real-time or lag-time
measurement techniques, are presented in Table 1-2. Real-time measurement techniques should be chosen if
immediate feedback is required by the FLM. Lag-time measurement techniques may be chosen instead if the
cost of real-time measurements is prohibitively high or if delayed feedback (for example, days and perhaps
weeks) is acceptable to the FLM. In most, but not all cases, real-time measurement methods are more costly
than lag-time measurement methods.
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 TABLE 1-2
 Monitoring Objectives and Intended Application for Monitoring Data

 
Objective

 Desired
Turnaround Time

 
Intended Applications for Monitoring Data

 Monitor fine particulate
matter concentrations
(PM2.5 and PM10)

 Real-Time • Evaluate potential human health impacts in communities
and rural residences

• Provide feedback to public, regulators, smoke
forecasters, and managers

• Verify assumptions used in the Environmental
Assessment

• Regulate lighting of burns and the total burn acreage to
avoid violations of the National Ambient Air Quality
Standards

  Lag-Time • Evaluate potential human health impacts in communities
and rural residences

• Provide feedback to public, regulators, and managers

• Verify assumptions used in the Environmental
Assessment

 Monitor visibility impair-
ment from fine particulate
matter emissions

 Real-Time • Assess visibility conditions in Class I areas

• Assess visibility conditions in sensitive Class II areas

• Verify assumptions used in the Environmental
Assessment

• Regulate lighting of burns and the total burn acreage to
avoid visibility impairment

  Lag-Time • Assess visibility conditions in Class I areas

• Assess visibility conditions in sensitive Class II areas
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 SECTION 2

 Identification of Understory Burns to Monitor

 Not all prescribed understory burns are equal with respect to the need for monitoring. Some understory burns
have a relatively high priority for monitoring because of their large size, large total fuel consumption and
emissions, or proximity to nearby communities or other sensitive receptors. Others may have a lower priority
for monitoring because they are very small or located at a long distance from sensitive communities.  In
general, the air quality impacts expected from wildland burning activities are a function of the total pollutant
emissions from the burn, the meteorological conditions between the source and receptor both during and after
the burn, and the distance to the community or receptor of interest.
 The primary determinant of smoke impacts from prescribed understory burns is total emissions (measured in
tons of pollutant), which is a function of the fuel consumption, the relative duration of flaming and smoldering
phases of combustion, and the type of fuel being consumed. Fuel consumption is, in turn, a function of the area
of the burn, the surface fuel distribution and loading, and environmental conditions before and during the
burn (for example, fuel moisture and wind speed). All other factors being equal, burns with relatively large
emissions located adjacent to a sensitive community would be expected to produce relatively large impacts.
Burns with relatively small emissions located far from sensitive communities would be expected to produce
relatively small impacts.

 2.1 Development of Screening Procedure
 A screening procedure has been developed to identify which prescribed understory burns are likely to
produce relatively large air quality impacts on nearby communities or Class I areas, and therefore should be
monitored. The screening procedure consists of a set of diagrams displaying the maximum amount of fuel that
may be consumed (in tons) at various downwind distances (in kilometers) in order not to exceed some
determined threshold air concentration. Two threshold air concentrations were used: (1) a 1-hour average
“nuisance” smoke threshold concentration of 30 µg/m3 (USDA Forest Service, 1996b), and (2) the 24-hour
average PM10 national ambient air quality standard (NAAQS) of 150 µg/m3.
 To develop these screening diagrams, the total emissions of PM10 from a typical understory burning scenario
was estimated using the Forest Service’s Emissions Production Model (EPM), version 3.50. The EPM modeling
assumptions were:

 Primary species:  Ponderosa pine
 Ownership:  Forest Service
 Location:  Eastern Oregon
 Fire type:  Underburn
 Ignition period:  6 hours (for all burn sizes)
 Days since significant rainfall:  5 days
 Fuel moisture measurement
method:

 Adjusted NFDRS 1,000-Hour Method

 10-hour fuel moisture:  “Normal” (16%)
 1,000-hour fuel moisture:  “Normal” (45%)
 1-hour fuel loading:  0.5 tons/acre (default based on location,

ownership, harvest type)
 10-hour fuel loading:  0.7 tons/acre (default based on location,

ownership, harvest type)
 100-hour fuel loading:  2 tons/acre
 1,000-hour fuel loading:  2 tons/acre
 10,000-hour fuel loading:  1 ton/acre
 Rotten fuel loading:  1 ton/acre
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 Duff depth:  1.6 inches

 The modeling analysis assumed a total loading of 17.6 tons per acre of dead and down woody fuel, and
produced a fuel consumption of 9.6 tons per acre under “normal” fuel moisture conditions. The predicted fire
duration was 700 minutes (11.66 hours). The predicted unit-area PM10 emission rate used to estimate the
distance to the instantaneous nuisance threshold of 30 µg/m3 was 1.26 x 10-3 g/m2-s.  The predicted unit-area
PM10 emission rate used to estimate the distance to the 24-hour human health threshold of 150 µg/m3 was 3.14
x 10-4 g/m2-s. Fuel consumption and total emissions were varied by increasing and decreasing the total
acreage burned from 20 to 2,000 acres, holding all other inputs constant.
 To estimate the air concentrations downwind of the understory burn under daytime conditions, the U.S.
Environmental Protection Agency’s (EPA’s) SCREEN3 was run. The following assumptions were used in the
SCREEN3 modeling analysis:

• Area source

• Square-shaped fire area with the leading edge oriented perpendicular to the direction of plume travel

• Near-neutral atmospheric stability (Pasquill-Gifford stability class C)

• Reduction of 1 stability class to account for the additional mechanical mixing of air in complex terrain
(that is, stability class lowered from C to B)

• Mid-flame wind speeds ranging from 5 mph to 10 mph

For area sources, SCREEN3 produces conservative results—that is, it tends to overestimate impacts—because
it assumes that the plume is neutrally buoyant (the plume centerline is at ground level) and because there is
no convective plume rise.

The downwind distance at which the model was evaluated (daytime conditions only) was varied for different
fire sizes in order to determine the critical downwind distance needed to produce the desired threshold air
concentration of either 30 µg/m3 (the assumed nuisance smoke concentration threshold based on experience in
the Bitterroot Valley; USDA Forest Service, 1996b) or 150 µg/m3 (24-hour average PM10 NAAQS).   The
resulting diagrams for the instantaneous nuisance smoke concentration of 30 µg/m3 and the 24-hour average
PM10 NAAQS of 150 µg/m3 under normal fuel moisture conditions (that is, 16 percent 10-hour fuel moisture,
45 percent 1,000-hour fuel moisture) are presented in Figures 2-1 and 2-2 respectively.

Figures 2-1 and 2-2 provide an estimate of the downwind distance required to monitor for the 30-µg/m3

nuisance threshold and the 150-µg/m3 NAAQS threshold under daytime conditions only.  The SCREEN3
model is unstable at windspeeds of 1 m/s, stability class E, and downwind distances approaching 50 km, and
therefore could not be relied upon to produce similar curves under nighttime conditions.  For nighttime
conditions, we recommend that monitoring be considered if a sensitive receptor is located within twice the
distance recommended for monitoring under daytime conditions.  For example, if the recommended distance
for monitoring under daytime conditions is 10 km, than the recommended distance under nighttime
conditions is 20 km.  This rule-of-thumb is based on the judgment and experience of the authors.

2. 2 Use and Interpretation of Screening Diagrams
The correct use and interpretation of the diagrams in Figures 2-1 and 2-2 is as follows:

1. Using either the Emissions Production Model (EPM) or First Order Fire Effects Model (FOFEM), estimate
the total fuel consumption (in tons of fuel consumed) for the burns in question under the conditions
prescribed in the burn plan.

2. Select either Figure 2-1 or 2-2 for screening understory burns.  Select Figure 2-1 if the FLM is interested in
determining the most stringent monitoring requirements (for example, in locations where the local
population is extremely sensitive to smoke concentrations during the burning season). Select Figure 2-2 if
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the FLM is interested in determining the need for monitoring based on the likelihood that the PM10

NAAQS will be exceeded.

3. Using the computed total fuel consumption (in tons), mark the location on the “x” (horizontal) axis of the
diagram.

4. Trace a vertical line up to the intersection of the upper and lower curves on the diagram. The upper curve
represents the travel distance to achieve the threshold concentration under 5 miles-per-hour (mph) wind
speeds. The lower curve represents the travel distance to achieve the threshold concentration under
10-mph wind speeds. Record the “y” axis (vertical) values (intersection distances) corresponding to the
intersections of these two curves.

5. Monitoring is recommended in communities or Class I areas whose downwind distance from the burn is
less than the lower-curve intersection distance. “Downwind” could either be in the direction of the
daytime regional transport winds, or in the direction of nighttime drainage winds.  High ground-level
smoke concentrations may occur under either of these conditions.  The highest surface concentrations for
understory burning could be expected to occur under nighttime drainage winds.  Therefore, the user is
encouraged to screen sensitive locations that are in the direction of the daytime transport winds and the
nighttime drainage winds in assessing the need for monitoring.  Monitoring may occur in either or both
directions, depending on the distance to the sensitive community, the estimated total fuel consumption,
and the sensitivity of the receptors to prescribed fire smoke.

6. Monitoring may be considered on a case-by-case basis in communities or Class I areas whose downwind
distance from the burn is greater than the lower-curve intersection distance but less than the upper-curve intersection
distance. Monitoring is not recommended in communities or Class I areas whose downwind distance from
the burn is greater than the upper-curve intersection distance.

Note that Figures 2-1 and 2-2 are based on the burning of single units under daytime dispersion conditions. If
burning of multiple units within the same geographic area (for example, a drainage basin) is planned, then
the emissions from all the burn units should be summed for purposes of determining the downwind distance
to monitor. Burning under nighttime drainage wind conditions is expected to result in much less dispersion
(mixing) of the smoke than under daytime conditions, and so much higher smoke concentrations will occur at
the same downwind distances.  The burn manager or air quality manager should be aware of this fact, and
should increase the downwind distances recommended for monitoring to account for the higher expected
concentrations.  Preliminarily, we suggest that the downwind distances recommended in Figures 2-1 and 2-2
be multiplied by a factor of 3 to account for burning under nighttime drainage winds.

2.3 Example Screening Procedure
2.3.1 The Project
Assume that a fire manager has run EPM for a 300-acre Ponderosa pine understory burn, and estimated the
total fuel consumption to be 1,500 tons (5 tons per acre) in one 24-hour period. Assume that Community A is
located 2.5 kilometers downwind of the burn, and community B is located 10 km downwind of the burn. Both
are rural communities that commonly experience smoke intrusions from local agricultural burning activities.
Few, if any, complaints are registered from these communities. Using Figure 2-2, the lower-curve intersection
distance is 2.05 km and the upper-curve intersection distance is 3.05 km. Which (if any) of these two
communities needs to be monitored?

2.3.2  Recommendation
Monitoring may be considered on a case-by-case basis in Community A (when in doubt, it is safest to
monitor), but monitoring is probably not needed in Community B. Regardless of the modeled outcome, the
fire manager should always have the authority to override these monitoring guidelines and is encouraged to
independently determine the need and possible locations for monitoring based on experience, professional
judgment, or other administrative reasons.
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Insert Figure 2-1 Here

Conversion:  Miles = Kilometers x 0.62

Figure 2-1
Recommended Distance to Monitor for 

Nuisance Threshold of 30 µµ g/m3
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Insert Figure 2-2 Here

Conversion:  Miles = Kilometers x 0.62

Figure 2-2
Recommended Distance to Monitor for

NAAQS Threshold of 150 µµg/m3
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SECTION 3

Recommended Plan

This section presents the recommended plan for monitoring ambient particulate matter concentrations (either
PM2.5 or PM10) in nearby communities, and monitoring visibility in nearby Class I areas, for a single
prescribed understory burning event.  These are referred to hereafter as particulate matter/community/event
monitoring, and visibility/Class I area/event monitoring, respectively.  These particular combinations were
identified as having the highest priority for monitoring by the Forest Service (see Table 1-1).

Two variations of the monitoring plan are presented: (1) real-time monitoring, and (2) lag-time monitoring.
The fire manager may choose either one or both approaches. Real-time measurement techniques should be
chosen if immediate feedback is required by the FLM. Lag-time measurement techniques should be chosen if
the cost of real-time measurements is unacceptably high or if delayed feedback (that is, days and perhaps
weeks) is acceptable to the FLM. Real-time measurements are usually—but not always—more costly than lag-
time measurements.

Please note that the monitoring plan does not present recommendations for lag-time visibility/Class I
area/event monitoring.  While technically possible, it is not feasible  and inappropriate to measure visibility
impairment with current lag-time monitoring technology.

The presentation of the real-time and lag-time plans is divided into the following six sections:

• Summary
• Equipment selection
• Recommended timing, duration, and frequency of monitoring
• Equipment siting guidelines
• Personnel requirements
• Quality assurance measures

 3.1 Real-Time Monitoring Plan
 3.1.1 Summary
 The recommended plan for real-time particulate matter/community/event monitoring, and visibility/Class I
area/event monitoring, includes the use of at least two MIE Inc. Model DR-2000 DataRAM particulate matter
samplers. The samplers should be placed in communities or Class I areas that have the greatest likelihood of
impact based on the screening procedure presented in Figures 2-1 and 2-2 (see Section 2.3). Both samplers may
be placed in a single community (Class I area), or each sampler may be placed separately in two smaller
communities (Class I areas). Ideally, the samplers should be deployed for a period of 1 to 7 days prior to the
scheduled burn in order to characterize the background (i.e., preburn) air concentrations. Air concentrations
should be monitored continuously during this pre-burn period, and during the burn for a period of up to 48
hours after the last ignition occurs or until the burn has ceased to be a major source of visible smoke emissions.
The DR-2000 DataRAM samples the inlet air at 1-second intervals. Averaging of the sampled data should be
programmed to occur every 5 minutes, 1 hour, and 24 hours. The instrument is capable of storing 10,000
discrete data points, which is approximately 35 days of continuous storage of 5-minute concentration
averages.
 Stepwise instructions for operating the DR-2000 DataRAM are presented in Appendix B.
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 3.1.2 Equipment Selection
 Selection Criteria
 Table 3-1 presents the equipment selection criteria developed by the Forest Service and BLM for real-time
measurement systems. These criteria are used to make recommendations on currently available monitoring
equipment as illustrated in the table below. The recommended equipment may change over time as the
technology changes and as the Forest Service and BLM gain experience with their smoke monitoring
programs.

 TABLE 3-1
 Equipment Selection Criteria for Real-Time Particulate Matter Measurement Systems

 Criteria  Threshold

 Initial purchase price  Less than $15,000 per unit

 Annual parts and maintenance costs (excluding
labor)

 Less than $5,000 per unit

 Onsite deployment time (for example, assembly,
zero/span checks, calibration)

 Less than 15 minutes from arrival

 Onsite operator “tending” requirements  Minimal, less than 5 minutes per hour

 Operator skill level (that is, to operate equipment and
interpret results)

 Low to moderate

 Reliability  Good to excellent; must have a proven record of
experience in the field

 Durability  High; must be able to withstand temperature and
moistures extremes, and moderate shock from jarring
during transport and setup

 Particle sizes measured  Desirable to have capability of monitoring either PM10

or PM2.5 using off-the-shelf equipment

 Filter analysis capability  Desirable

 

 Preferred Technologies
 Several technologies are currently available that are capable of providing real-time particulate matter
monitoring data. These technologies are summarized in Appendix A. The two prime candidates based on
price and portability, however, are the MIE Inc. DataRAM (Model No. DR-2000) and the Radiance Research
nephelometer (Model No. M903). Given the current state of technology, the DR-2000 DataRAM is the
preferred technology (see Table 3-2) for the following reasons:

• It requires a comparable skill level to the Radiance nephelometer

• The DataRAM is self-contained and has greater flexibility than the nephelometer (for example, the
DataRAM displays concentrations which can be easily converted to light-scattering coefficients; the
nephelometer can only display light-scattering coefficients).

• It may be ordered from the manufacturer with either PM10 and PM2.5 measurement capabilities at no
additional cost (note: the Radiance nephelometer could be outfitted for these separately for an additional
cost of approximately $5,000).

• It comes with filter analysis capabilities that allow for verification of concentration readings as well as
chemical analysis (if desired).
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 The cost of the DR-2000 DataRAM is considerably greater than the cost of the M903 nephelometer, but this
difference is probably offset by the easier operation and greater flexibility of the DataRAM sampler.

 TABLE 3-2
 Comparison of MIE DataRAM and Radiance Research Nephelometer

 
Criteria

 MIE Model DR-2000
DataRAM

 Radiance Research
Model 903 Nephelometer

 Initial Purchase Price (per unit)  $10,955
Including external battery

 $6,190

 Field Calibration Required  No—Set Once in Factory  Yes

 Routine Annual Maintenance and
Parts Cost (per unit)

 $50
Includes $30 for filters

 $10

 Onsite Deployment Time  ~15 minutes  ~15 minutes

 Onsite Operator Time  ~1 minute/hour  ~1 minute/hour

 Operator Skill Level Required  Low  Moderate
Must convert bscat values in to air

concentration estimates

 Reliability  Good  Good

 Durability  Fair  Fair

 Particle Sizes Measured  TSP or PM10 or PM2.5  TSP1

 Filter Analysis Capability?  Yes  No

 1Can be equipped to measure PM10 or PM2.5 for an additional cost of approximately $5,000.

 The DR-2000 DataRAM comes equipped with the following standard accessories:

• Carrying case
• Digital output cable
• Standard filter cartridge
• Analytical filter holder
• Charger/power supply
 In addition, the user should be prepared to purchase the following accessories:

• Serial-to-parallel converter kit (Model No. DR-S/P)

• Ambient sampling inlet set (Model No. DR-AMB)—includes an omni-directional sampling inlet,
temperature conditioning heater, and in-line impactor head

• External 12-volt battery—to permit monitoring for longer periods (Note: the internal battery requires a
recharge every 24 hours)

 The DataRAM is not completely weatherproof and will require a simple shelter (for example, rain cap) to
prevent rain from entering the electronics.

 Recommended Number of Instruments
 A minimum of two DataRAM samplers should be purchased for each administrative unit planning to perform
landscape-level prescribed understory burning. This number has been established on the basis of acceptable
minimum level of effort and budget limitations. In general, the greater the number of instruments, the greater
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the spatial resolution of smoke concentrations in the vicinity of large prescribed understory burns. Having
only one instrument would not provide the necessary backup in case of equipment failure.
 The actual number of instruments required is variable and should depend on the size and duration of the
burn and the number of communities or Class I areas that are expected to be affected. With two samplers, at
least one large community or Class I area, or two smaller communities or Class I areas, could be monitored
during any one burn event. If more than two communities or Class I areas are expected to be affected during a
single burn event, the instruments should be sited in the highest priority communities or Class I areas in
accordance with the screening procedures presented in Figures 2-1 and 2-2.
 If only one instrument is required, the second could be used for backup.

 3.1.3 Timing, Duration, and Frequency of Monitoring
 Ideally, the samplers should be deployed for a period of 1 to 7 days prior to the scheduled burn in order to
characterize the background air concentrations (that is, air quality conditions in the absence of the burn). Air
concentrations should be monitored continuously (that is, 24 hours per day) during this pre-burn period and
during the burn for a period of up to 48 hours after the last ignition has occurred. The post-burn monitoring
may be terminated after smoldering has subsided and the burn has ceased to be a major source of emissions.
 The DR-2000 DataRAM samples the inlet air at 1-second intervals. Averaging of the sampled data should be
programmed to occur every 5 minutes, 1 hour, and 24 hours. The instrument is capable of storing 10,000
discrete data points, which is equivalent to approximately 35 days of continuous storage of 5-minute
concentration averages.

 3.1.4 Equipment Siting Guidelines
 The samplers should be placed in communities (Class I areas) that have the greatest likelihood of impact
based on the screening procedures presented in Section 2, Figures 2-1 and 2-2. The preferred location is in the
middle of a large, open area (for example, a grassy field) exposed to the local airflow and well away from any
large obstructions such as buildings or trees. The DataRAM should also be placed well away from major local
sources of particulate matter (for example, parking lots, unpaved roadways, burn barrels, barbecue pits)
which might skew the results.
 The instrument’s sampling inlet should also be located well away from any airflow obstructions that might
affect the representative nature of the samples. Typically, the inlet should be about 1 meter (or more) above
the ground.
 Siting might also be influenced by the operator’s experience, local meteorological conditions (wind direction),
and results of any modeling performed and siting logistics.
 Modeling with a prognostic smoke emission and dispersion model (such as NFSPUFF, Version 1.21x or
higher) may be performed less than 48 hours before the scheduled burn in order to verify the appropriate
siting of the monitors. This could require last minute changes in the location of the monitors. If NFSPUFF is
used to confirm the locations of the smoke monitors, it should be run using the following data and
assumptions:

• Obtain 12-hour upper-level wind forecasts from the National Weather Service’s Nested Grid Model
(NGM) or the Mesoscale Meteorological Model version 5 (MM5).  Until April 1997, the NGM data were
downloaded and processed daily by the Forest Service’s meteorological data vendor and subsequently
archived at the Missoula Fire Laboratory.  In the near future, the NFSPUFF model will be modified to
accept MM5 data downloaded from the University of Washington, University of Utah, or other MM5 sites
around the country.

• For NFSPUFF version 1.21, use topographic extrapolation of upper-level winds and diurnal, valley axis
thermal winds.  The appropriate run mode may change in later versions of NFSPUFF.

A smoke dispersion modeler skilled in the use of NFSPUFF should be consulted to perform the work or to
verify the appropriateness of the modeling inputs and assumptions, and to interpret the output concentration
data.
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3.1.5 Personnel Requirements
The DR-2000 DataRAM is menu-driven and is as easily operated by someone who is technically oriented
and/or by someone who has received a minimal amount of training. Prior experience with monitoring
equipment is preferred, but not essential. The chosen operator must have a strong interest in monitoring and
must be a self-starter in order to develop over time the required understanding of equipment and monitoring
procedures. Much of the required understanding and skills can only be developed through experience.
General computer skills (including DOS, Excel, and terminal) are required for downloading and organizing
data in a spreadsheet.

There are no training courses available for the DataRAM, although a 1- to 2-hour demonstration can be
arranged with the vendor. The average operator will require less than 8 hours of training to become familiar
with the use of the DataRAM sampler.

3.1.6 Quality Assurance Measures
In order to ensure the quality of the data collected using the DR-2000 DataRAM, the following procedures
should be performed:

1. A zero and span check should be conducted prior to every sampling run. The procedure for conducting
the zero and span check and entering the calibration factor in the DataRAM is outlined in Appendix B
(Step 6). If the calibration is greater than ±10 percent, repeat the check several times to confirm the
reading. If the value remains consistently outside of the ±10 percent range, call a technical representative
at MIE Inc.

2. The sampler should be set to perform an automatic zero every several hours (we recommend every 3
hours) during the sampling run to account for changes in ambient temperature and pressure during a
monitoring run. No concentration is displayed during the zero, but the DataRAM automatically notes its
background concentration.

3. The purge mode is to check the clean air purging and zeroing functions as well as the long-term stability
and precision of the DataRAM. During the purge mode, the DataRAM purges itself with internal filtered
air and provides a concentration reading. Although not normally required in preparation for a run,
occasional purges (after every several runs) should be performed and the results documented.

4. The DataRAM filter cartridge should be replaced periodically (once a month depending on loading) to
prevent airflow restrictions from forming. The internal black rubber gasket against which the filter
cartridge rests should also be cleaned if it appears dusty.

5. Gravimetric and/or chemical analysis can be performed by replacing the standard HEPA-type filter with
an analytical filter.

6. System Diagnostics should be checked during a run to ensure proper flow rate, battery charge, filter
conditions, and background levels (see Appendix B, Step 8). If any of the diagnostics are not within the
normal range, consult the DataRAM Instruction Manual.

3.2 Lag-Time Monitoring Plan
3.2.1 Summary
The recommended plan for lag-time particulate matter/community/event monitoring includes the use of at
five Airmetrics MiniVOL samplers, including two samplers at each of two locations for continuous 24-hour-
per-day sampling and one background MiniVOL. The samplers should be placed in communities or Class I
areas that have the greatest likelihood of impact based on the screening procedures presented in Figures 2-1
and 2-2 (See Section 2).  The two MiniVOL samplers at each location should be operated 12 hours per day on a
rotating basis (i.e., 12 hours on, 12 hours off for each instrument).  Both sets of MiniVOL samplers may be
placed in a single large community or Class I area, or each set may be placed separately in two smaller
communities or Class I areas. The samplers should be deployed for a period of 1 to 7 days prior to the
scheduled burn in order to characterize the background (i.e., preburn) air concentrations. Air concentrations
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should be monitored continuously during this pre-burn period, and during the burn for a period of up to 48
hours after the last ignition has occurred or until the burn has ceased to be a major source of emissions.

Step-by-step instructions for operating the MiniVOL samplers are presented in Appendix C.

3.2.2 Equipment Selection
Selection Criteria
Table 3-3 presents the equipment selection criteria developed by the Forest Service and BLM for lag-time
measurement systems. These criteria are used below to make recommendations on currently available
monitoring equipment. The recommended equipment may change over time as the technology changes and as
the Forest Service and BLM gain experience with their smoke monitoring programs.

Preferred Technologies
For lag-time monitoring, the Airmetrics MiniVOL PM2.5 Portable Sampler was chosen because of its low cost
and ease of use. A complete discussion of lag-time monitoring options is presented in Appendix A.

The PM2.5 MiniVOL Portable Sampler includes the following standard accessories:

• Pre-separator/filter holder assemblies (2)
• Battery packs (2)
• Battery charger (1)
• Instrument mounting cradle (1)
 In addition, the user should be prepared to purchase:

• Pole mounting assembly for each instrument
• Pole mounting operating manual (1)
 A free hoisting pole is included with every four samplers that are purchased. The MiniVOL is completely
weatherproof and does not have any additional shelter requirements.
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 TABLE 3-3
 Equipment Selection Criteria for Lag-Time Particulate Matter Measurement Systems

 Criteria  Threshold

 Initial purchase price  Less than $5,000 per unit

 Annual parts and maintenance costs (excluding
labor)

 Less than $1,000 per unit

 Onsite deployment time (e.g., assembly, zero/span
checks, calibration)

 Less than 15 minutes from arrival

 Onsite operator “tending” requirements  Moderate, less than 1 hour per day

 Operator skill level (i.e., to operate equipment and
interpret results)

 Low to moderate

 Reliability  Good to excellent; must have proven record of
experience in the field

 Durability  High; must be able to withstand temperature and
moistures extremes, and to withstand moderate
shock from jarring during transport and setup

 Particle sizes measured  Desirable to have capability of monitoring either PM10

or PM2.5 using off-the-shelf equipment

 

 Recommended Number of Samplers
 One set of two MiniVOL samplers is recemmended for each monitoring location.  At least one extra sampler
should be held in reserve as a backup unit.
 A single set (location) should be used at every sensitive receptor located within the recommended distances
shown in Figures 2-1 and 2-2.  A single representative location might be used for several sensitive receptors.
 The minimum number of samplers (3) is a compromise between the total cost of the system and the adequacy
and representative nature of the data collected. In general, the greater the number of instruments, the greater
the spatial resolution of smoke concentrations in the vicinity of large prescribed understory burns.

 3.2.3 Timing, Duration, and Frequency of Monitoring
 The samplers should be deployed for a period of 1 to 7 days prior to the scheduled burn in order to
characterize the background air concentrations (that is, air quality conditions in the absence of the burn). Air
concentrations should be monitored continuously (that is, 24 hours per day) during this pre-burn period and
for a period of up to 48 hours after the last ignition has occurred or until the burn has ceased to be a major
source of emissions.
 The MiniVOL samplers at each location should be operated 12 hours per day on a rotating basis. An example
schedule for one monitoring location is presented in Table 3-4. In the past, problems have occurred with 24-
hour-per-day sampling using one MiniVOL. In exceptionally smoky conditions, the filters will clog and place
an excessive drain on the internal battery. The result is usually failure to complete the full 24-hour collection
period. This is much less likely to occur on a 12-hour monitoring schedule.
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 TABLE 3-4
 Sample Schedule for One MiniVOL Monitoring Location

 Sampler ID  Start Time  Stop Time

 Sampler A  6 a.m.  6 p.m.

 Sampler B  6 p.m.  6 a.m.

 

 To approximate the 24-hour total filter mass, the two 12-hour filter masses should be added together. To
approximate the 24-hour average air concentrations, the 12-hour average concentrations should be
arithmetically averaged.

 3.2.4 Siting Guidelines
 The MiniVOL samplers should be placed in communities or Class I areas that have the greatest likelihood of
impact based on the screening procedures presented in Section 2, Figures 2-1 and 2-2. The preferred location is
in the middle of a large, open area (for example, grassy field) exposed to the local airflow and well away from
any large obstructions such as buildings or trees. The MiniVOL should also be placed well away from major
local sources of particulate matter (for example, parking lots, unpaved roadways, burn barrels, barbecue pits)
that might skew the results.
 The instrument’s sampling inlet should also be located well away from any airflow obstructions that might
affect the representative nature of the samples. Typically, the inlet should be at least 30 cm from any obstacle
in the air flow. Equipment may be mounted on a pole (for example, utility pole) to keep the inlet well away
from ground-level particulate matter sources.
 Siting might also be influenced by the operator’s experience, local meteorological conditions (wind direction),
and results of any modeling performed.
 Modeling with a prognostic smoke emission and dispersion model (such as NFSPUFF, version 1.21x or
higher) may be performed less than 48 hours before the scheduled burn in order to verify the location of the
monitors. This might require last-minute changes in the location of the monitors. If NFSPUFF is used to
confirm the locations of the smoke monitors, it should be run using the following parameters:

• Download upper-level wind data from the National Weather Service.
• Use topographic extrapolation of upper-level winds, and diurnal, valley axis thermal winds.

A smoke dispersion modeler skilled in the use of NFSPUFF should be consulted to perform the work or to
verify the appropriateness of the modeling inputs and assumptions and to interpret the output concentration
data.

3.2.5 Personnel Requirements
Operators should be technically oriented, and should have a strong interest in monitoring. Much of the
required understanding and skill will be developed through experience. Prior experience with monitoring
equipment is preferred, but not necessary. Operators need to be conscientious about handling filters in order
to prevent damage and contamination. Good organizational and data recording skills are essential, as are
general math skills for calibration under field conditions. Basic computer skills are required for entering
sampling conditions for use by laboratory personnel.

Airmetrics (a nonprofit company affiliated with the Lane Regional Air Pollution Authority in Springfield,
Oregon) provides training for the MiniVOL on a request basis. A 1-day training course should be arranged
for all field personnel.
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3.2.6 Quality Assurance Measures
In order to ensure the quality of the data collected using the Airmetrics MiniVOL sampler, the following
procedures should be performed:

1. The MiniVOL flow rate should be calibrated to ambient temperature and pressure for each new sampling
project location. The procedures for calibration are outlined in Appendix C (Step 2.3).

2. Achieving and maintaining the correct flow rate is critical to the collection of the correct particle size.
Therefore, it is important to ensure that the flow is checked prior to sampling. Several checks should be
performed:

2.1 The sampler should be turned on to observe motor performance. All tubing should be check for
crimps, cracks, or breaks.

2.2 If rotameter reads zero or very low, check for restrictions in the tubing, or improperly seated crew
fittings between the pump and the rotameter.

2.3 Check that air is moving through the filter assembly by removing the rain cap and placing palm
over the flow nozzle. The rotameter should drop to zero (a reading of less than 200 ml/minute is
adequate). If the rotameter does not drop, check that the quick-connect which attaches the sampling
module to the air inlet is securely connected. Check all filter holder joints and hose connections.
Verify that the filter assembly is not leaking air from below the filter.

2.4 If possible, perform a single-point flow rate check and compare to curve established during
calibration. The flow should be within ±15 percent of 5 liters/minute at current conditions. If the
sampler fails to operate in this range, check for obvious crimps, battery malfunctions, and so forth.
If the flow criteria is not met, the sampler must be repaired or re-calibrated.

3. Test the voltage of each recharged battery pack with a volt-ohm meter (VOM) or a test circuit with two
6-volt flashlight bulbs in series to simulate load prior to going to the field. The voltage should fall
nominally around 12 volts or higher. If the battery cannot be adequately charged, record the battery ID
number and do not use the battery pack.

4. Samples should be retrieved as soon as possible after monitoring period has ended. Potential for changes
in sample mass due to particle loss, passive deposition, and/or volatilization, and filter damage increases
if the filter is left in the sampler for extended periods.

5. The impaction inlet should be dismantled and cleaned at regular intervals. In general, every seventh
sample is adequate, but if heavy loadings are observed on stage and filter, cleaning should be done as
often as appropriate. Procedures for cleaning and greasing the impactor are outlined in Appendix C (Step
2.6).

6. Contact with and handling of all filters should be limited to the edges of the filters. Also, the use of non-
serrated, Teflon-tipped forceps is strongly recommended. Filters should be kept in protective petri slides.
Unexposed filters must never be bent or folded. Use the preweighed filters in the same numbered
sequence in which they arrived.

7. Airmetrics provides filter weighing services that follow the EPA’s Quality Assurance protocol.
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SECTION 4

Cost and Labor Requirements

This section presents the estimated 1997 costs—including capital, annual parts and maintenance, and
laboratory analysis costs—for each of the recommended approaches described in Sections 3.1 and 3.2.  Also
presented are the approximate labor requirements to set up, deploy, operate, and analyze data from each
system for a single prescribed understory burn.

4.1 Cost and Labor Requirements for Real-Time Monitoring System
(Model DR-2000 DataRAM)
4.1.1 Costs
Capital Costs
The estimated 1997 costs for the DR-2000 DataRAM and associated equipment are presented in Table 4-1. The
total one-time purchase price for the system is $21,910.

TABLE 4-1
Equipment Costs for Real-Time Monitoring

Equipment Unit Price

DR-2000 DataRAM Sampler $9,275.00

Ambient Sampling Inlet Set $1,195.00

Serial-to-Parallel Connector $225.00

External Battery (12V Marine) $120.00

Connector for External Power $65.00

Replacement Filters $25.00

Shelter (plastic cooler) $50.00

Subtotal (per unit) $10,955.00

Number of Units 2

Total Capital Cost $21,910.00

Maintenance and Parts Costs
The estimated annual maintenance and parts costs for the MIE Inc. DataRAM samplers and associated
equipment (1997 dollars) are presented in Table 4-2. The total annual parts and maintenance cost for the two
instruments are approximately $100.
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TABLE 4-2
Annual Maintenance and Parts Costs for Real-Time Monitoring

Equipment Unit Price

Replacement Filters $30.00

Miscellaneous Parts $20.00

Total Annual Cost $50.00

Laboratory Analysis Costs
There are no laboratory analysis costs associated with the normal operating mode of the DR-2000 DataRAM
sampler.

4.1.2 Labor Requirements
The approximate number of labor hours to operate the real-time monitoring system for one prescribed
understory burn and two monitoring locations is presented in Table 4-3. The estimated labor cost can be
calculated by multiplying the labor hours by the labor rate for the operator and other personnel.

TABLE 4-3
Approximate Labor Hours1 for Real-Time Monitoring

Task Description Time per Unit

Initial site selection (office) 4 hours

Calibrate instrument (office) 15 minutes

Set-up instrument (field) 45 minutes

Change/recharge batteries 02

Twice-daily instrument checks 60 minutes

Download data 30 minutes

Organize and analyze data3 2 hours

Subtotal (hours per unit) 8.5 hours

Number of units 2

Total Labor Hours 17 hours

1 Assume two locations for a combined 10-day sampling period; travel time to/
from site not included.
2 Assume external 12-volt deep-cycle marine battery.
3 Microsoft Excel® graphs of 5-minute average PM10 or PM2.5 concentrations
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4.2 Costs and Labor Requirements for Lag-Time Monitoring (Airmetrics
MiniVOL System)
4.2.1 Costs
Capital Costs
The estimated 1997 costs for the Airmetrics MiniVOL sampler and associated equipment are presented in
Table 4-4. The total one-time purchase price for the system (five sampling units) would be about $8,700.

TABLE 4-4
Equipment Costs for Lag-Time Monitoring

Equipment Unit Price

MiniVOL PM2.5 Portable Sampler $1,680.00

Hoisting Pole Assembly
(free with purchase of 4 units)

$0.00

Pole Mounting Assembly $55.00

Subtotal (per unit) $1,735.00

Number of Units 5

Total Capital Cost $8,675.00

Maintenance and Parts Costs
The estimated annual maintenance and parts costs for the Airmetrics MiniVOL samplers and associated
equipment (1997 dollars) are presented in Table 4-5. The total annual parts and maintenance cost for the four
instruments are approximately $450.

TABLE 4-5
Annual Maintenance and Parts Costs for Lag-Time Monitoring

Equipment Unit Price

Apiezon M Grease (100 gm) $92.40

Pole Mounting Assembly Manual $14.36

Miscellaneous1 $50.00

Total Annual Cost $156.76

1 Includes purchase of hexane, forceps, plastic bags, plastic bottles,
and other miscellaneous supplies.

Laboratory Analysis Costs
The estimated 1997 laboratory costs for the Airmetrics MiniVOL sampler and associated equipment are
presented in Table 4-6. The total laboratory analysis cost of $300 is based on one prescribed fire monitoring
period lasting 10 days (two monitoring locations and two MiniVOLs per location).
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TABLE 4-6
Approximate Laboratory Analysis Cost1 for Lag-Time Monitoring

Activity Cost

47 mm Fiber Film Filters1 $7.50

Number of Filters per Unit
(1 per day for 10 days)

10

Subtotal (cost per unit) $75.00

Number of units 4

Total laboratory cost $300.00

1 Cost includes pre- and post- monitoring weighing of filters and
preparation of report at Airmetrics’ Springfield, Oregon laboratory

4.2.2 Labor Requirements
The approximate number of labor hours to operate the lag-time monitoring system for one prescribed
understory burn and two monitoring locations is presented in Table 4-7. The estimated labor cost can be
calculated by multiplying the labor hours by the labor rate for the operator and other personnel.

TABLE 4-7
Approximate Labor Hours1 for Lag-Time Monitoring

Task Description Time per Unit

Initial site selection (office) 4 hours

Set up instrument 40 minutes

Retrieve samples2 150 minutes

Prepare sampler for next sample2 150 minutes

Store exposed filters2 100 minutes

Prepare clean filter assembly2 100 minutes

Download data 30 minutes

Organize and analyze data3 2 hours

Subtotal (hours per site) 15.5 hours

Number of sites 2

Total labor hours 21 hours
1 Assume two locations for a combined 10-day sampling period; travel time
to/from site not included.
2 Daily time requirement times 10 days.
3 Microsoft Excel® graphs of 5-minute average PM10 or PM2.5 concentrations.
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SECTION 5

Integration Into Future Burn Plans

This section is designed to offer some suggested procedures for integrating monitoring results into future
prescribed burn plans and prescriptions.

Step 1: Define an acceptable particulate matter concentration threshold for nearby communities
or Class I areas. A threshold particulate matter concentration is needed to measure the impact of prescribed
understory burning operations on local communities. One method for establishing threshold concentrations is
to use the example from the USDA Forest Service Region 1 “Bitterroot Valley Particulate Matter Progress
Report” (USDA Forest Service, 1996b). The PM10 concentration thresholds in Region 1 have been defined as
follows:

0-15 µµg/m3 → Clean air; good visibility; no complaints

15-30
µµg/m3

→ Some haze with minimal reduced visibility; a few complaints

30-60
µµg/m3

→ Reduced visibility; complaints increase

60+ µµg/m3 → Vistas are obscured; expect many complaints

Studies have shown that the concentration of PM2.5 in smoke from wildland fires is approximately 80 percent
of the concentration of PM10 (Reinhardt et al., 1997).  If PM2.5 is the pollutant of concern, then use the following
threshold values:

0-12 µµg/m3 → Clean air; good visibility; no complaints

12-24
µµg/m3

→ Some haze with minimal reduced visibility; a few complaints

24-48
µµg/m3

→ Reduced visibility; complaints increase

48+ µµg/m3 → Vistas are obscured; expect many complaints

Step 2: Compare monitoring results and documented complaints to the established concentration
thresholds. If the measured concentrations are below the acceptable range, but more than the expected
number of complaints have been received, then evaluate the number, type, and placement of monitoring
instruments. If complaints are higher than expected and the instruments and siting are appropriate, then the
local public may be more sensitive than in other communities. In this case, reevaluate the concentration
thresholds and set lower levels if necessary.

Step 3: Modify future burn plans to produce lower particulate matter concentrations in nearby
communities or Class I areas. If the measured air concentrations are higher than acceptable, then revise
future prescribed burn plans and prescriptions to reflect changes in one or both of the following parameters:

• Daily fuel consumption: Reduce the tonnage burned per day by reducing the number of acres burned, by
burning under higher time-lag fuel moistures, or both.

• Distance from community: Increase the minimum distance between the burn and nearby sensitive
community within which prescribed understory burning will not occur unless it can be demonstrated
through experience or modeling analysis that prescribed fire smoke will not intrude on those
communities.
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• Topography: Plan the location and configuration of future prescribed understory burns to take advantage of
intervening terrain between the understory burn and nearby sensitive communities. For example, locate
burns in draws and drainages that are not connected with nearby communities. This will encourage
funneling of smoke (particularly during the smoldering phase of consumption) away from sensitive
communities. The greater the number and higher the ridges that a smoke plume must cross between the
source and nearby sensitive community, the greater the mixing and the lower the expected downwind
concentrations.

• Meteorology: Be more selective in choosing acceptable meteorological conditions; i.e., those that would
produce greater turbulent mixing or more favorable wind directions and wind speeds.

The use of these measures assumes that planning is being performed to establish future fuels treatment on
multiple sites within an administrative unit.  A variety of fuels treatment techniques (including prescribed
understory burning), and the selection of the preferred techniques in relation to sensitive areas, should be
considered.

The net effect of these changes may be determined through prognostic emissions and dispersion modeling.
Emissions models include the Emissions Production Model (EPM) and the First Order Fire Effects Model
(FOFEM).  Dispersion models include the Simple Approach Smoke Estimation Model (SASEM) and
NFSPUFF.  Background concentrations should be added to the incremental air concentrations from the
proposed project for purposes of comparing to the established concentration thresholds.
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APPENDIX A

Comparison of Available Technologies
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APPENDIX A

Comparison of Available Technologies

Description of Currently Available Real-Time Monitoring Technologies
DataRAM
MIE’s DataRAM operates on nephelometric methods, and has no EPA equivalency listing. The DataRAM
samples air at a constant, regulated flow rate by means of a built-in diaphragm pump. The DataRAM weighs
only 12 pounds and can run up to 20 hours with a new battery or an initial full battery charge, which makes
the instrument extremely portable. PM10 or PM2.5 can be measured with the installation of an inlet head, which
has interchangeable nozzles for PM10 and PM2.5 measurements. Another accessory that is needed is an omni-
directional air sampling inlet, which ensures representative sampling for particles smaller than 10 µm. The
PM10/2.5 assemblies can be purchased separately or along with the DataRAM monitor. Data can be
downloaded from its data logger to a PC with standard serial communications software. In-line filters can be
gravemetrically analyzed and compared to real-time data for precision. This monitor can be installed in the
field in a short period of time; after initial operational checks, it can display data immediately.

The cost for the DataRAM is $9,275. The ambient sampling inlet set, which consists of the PM10/2.5 inlet head,
the temperature conditioning heater, and the omni-directional sampling inlet, costs an additional $1,195. A
serial to parallel converter kit cost $225. The total cost is $10,695. The DataRAM can also be outfitted with an
external battery source, to allow for longer sampling periods, for approximately $120.

Nephelometer
One type of integrating nephelometer is manufactured by Radiance Research of Seattle, Washington. The
Radiance instrument is small, lightweight (6 pounds), has low power consumption, which minimizes
inadvertent heating of the inlet sample-air, and is lower in cost than other nephelometers. The optical and
electrical noise of the nephelometer is low, permitting measurement of the scattering coefficient (for particles)
at values from less than 0.001 km-1 to more than 1 km-1. The instrument has low power requirements,
operating at 2.5 to 3 watts at 12 volts DC input voltage. A 12-volt DC wall converter or batteries may be used
to provide power. The system’s internal data logger has adequate storage capacity for use in remote settings
where access might be limited. Data averaging periods are user selected, and may range from 10 seconds to 1
hour. The data logger can store approximately 21 days of 5-minute average scattering data, or 63 days of
15-minute average scattering data. Diagnostic parameters, zero and span settings and time are also stored in
RAM.

The Radiance nephelometer can be ordered with internal temperature and pressure compensation and an
internal relative humidity sensor. External meteorological measurements are not required with this
instrument.

TEOM
The Tapered Element Oscillating Microbalance (TEOM), manufactured by Rupprecht & Patashnick, is
certified as an EPA-equivalent method for PM10. It is used in many research applications, and many states (for
example, Oregon, Washington) have added it to their monitoring networks. With this method, air is passed
through a filter, on which particulate matter is deposited. The filtered air passes through a tapered tube to a
flow controller. The tapered tube, with the filter on its end, is maintained in oscillation. The frequency of
oscillation is dependent upon the physical characteristics of the tapered tube and the mass on its free end. As
particulate matter lands on the filter, the filter mass changes. This change is detected as a frequency change in
the oscillation of the tube. The mass of the particulate matter is then determined directly and inertially. When
this mass change is combined with the flow rate throughout the system, the device yields an accurate
measurement of the particulate matter concentration in real time. The TEOM has user-specified averaging
times ranging from 10 minutes to 24 hours. The TEOM is capable of producing data that would be defensible
in court. However, there are certain limitations in its use. The instrument runs on AC power. With some labor,
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however, it could be made somewhat portable by adapting it for use with a transformer and car battery, or a
gasoline-powered generator.

Cost for this instrument is $16,975. This price includes the sensor unit, control unit, inlet, sample pump, main
and auxiliary flow controllers, flow audit adapter kit, two sample tube extensions, flow splitter, 2 or 10 m
two-flow cable set and common parts (software, consumables, and manuals). Rupprecht & Patashnick also
lists a base configuration setup that is approximately $2,000 cheaper, but this does not include the inlet or the
EPA certification. These costs do not include the price of a generator, or the prices to retrofit the TEOM to DC
power. The optimal use of a TEOM would be a sheltered site that has AC power. Because it is a real-time
monitor, and because its method of operation is relatively new on the market, the TEOM requires a trained
technician for maintenance and calibration. The learning curve is high for this piece of equipment, but if
defensible real-time data are needed, the TEOM provides a viable alternative.

Beta Gauge
Beta Gauges are produced by several manufacturers, including Thermo Environmental, Graseby Andersen,
and Dasibi Environmental Corporation. The Beta Gauge operates by pulling in ambient air through the
sample inlet and depositing dust particles on a filter tape. A low level of beta radiation (C14 or Krypton 85) is
emitted from a source that passes through the filter tape and deposited dust. The increase of particles collected
on the tape causes a lower beta-ray measurement in the measuring chamber. A compensation chamber
receives an equal portion of the beta-ray and is used as a reference by comparing the sample measurement in
the measuring chamber with transmitted energy through a compensation chamber foil that exhibits the same
absorptivity as a clean filter. The differential reading changes and the signal are converted to a concentration.
The Beta Gauge is available as TSP, PM10, or PM2.5. The Beta Gauge has Approved EPA Equivalent Method
designation for PM10. The price of a Beta Gauge ranges from $14,000 to $20,000. The instrument is heavy,
requires electrical power, and special housing, which do not make it compatible for portable sampling.

Description of Currently Available Lag-Time Monitoring Technologies
MiniVOL
One type of saturation sampler, the MiniVOL, is sold by Airmetrics. These samplers are portable and operate
on the same principle as the reference method for PM10. With this sampler, air is drawn through a particle size
separator and then through a filter medium. Particle separation is achieved by impaction. Volumetric flow
rate through the inlet is regulated to 5 liters per minute at ambient conditions. These samplers can be
purchased for approximately $1,735. This price includes the sampler, two 12-amp battery packs, a battery
charger, and a hoisting pole assembly (needed to place the sampler in elevated locations. This sampler is
lightweight (22 pounds) and operates up to 24 hours on a rechargeable battery. This makes it an excellent
choice from the standpoint of portability. The sampler has a programmable, 7-day timer as well as low-flow
indicator. These samplers are easy to use, but require flow monitoring by the operator, filter equilibration,
and gravemetric analysis (i.e. weighing of filters) by a laboratory. Calibration and operator training could
take up to half a day. Once these tasks are accomplished, the time required for equipment deployment is
minimal.

HiVOL
High Volume Samplers (HiVOLs) are manufactured by Graseby Andersen and Thermo Environmental.
HiVOL Samplers are available for either TSP or PM10 measurements. HiVOL Samplers meet all Federal
Reference method Performance specifications for the measurement of PM10 and have been EPA designated and
approved Method for the determination of ambient PM10 particulate concentrations. Volumetric or mass flow
control systems are available for maintaining the critical flow rate. The volumetric flow controlled air
sampling system operates at a flow rate of 40 to 60 ACFM while the mass flow controlled air sampling system
operates at a flow rate of 20 to 60 ACFM. The PM10 sampler has an inlet that only allows particles 10 microns
or smaller to follow the air flow to the filter surface. Both Graseby Andersen and Thermo Environmental
produce shelters for their HiVOLs. The HiVOL Sampler requires electrical power and weighs between 72 and
136 pounds with the shelter. HiVOL Samplers cost between $1,000 and $6,000 depending on the configuration
and accessories. HiVOLs are not suitable for portable sampling because of their weight and need for electrical
power.
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Dichotomous Sampler
The Dichotomous Sampler, manufactured by Graseby Andersen, separates particles into two distinct size
fractions: particles from 2.5 to 10 microns and particles less than 2.5 microns. The Dichotomous Sampler has a
PM10 inlet and a 2.5 Virtual Impactor. Particles less than 10 microns enter the inlet and are separated into two
size fractions at the virtual impactor and collected on Teflon membrane filters for analysis. The virtual
impactor reduces possible problems of particle bounce and re-entrainment. The Dichotomous Sampler
operates at a flow rate of 1 CMH: the course particles (2.5 to 10 microns) receiver tube has a flow rate of 0.1
CMH for collection of the coarse particles and the fine particles (less than 2.5 microns) follow a flow of 0.9
CMH to the fine particle filter. The sampler is available with a built-in mechanical or electronic digital
programmable timer. A weather resistant control module houses the diaphragm vacuum pump, precision
flow meters, flow selector valves and vacuum gauges, as well as the flow controller and flow recorder. The
Graseby Andersen Dichotomous Sampler is an EPA designated reference method. The Dichotomous Sampler
costs approximately $8,500. The Dichotomous Sampler weighs approximately 80 pounds and requires
electrical power. Due to its size and power requirements, the Dichotomous Sampler is not compatible for
portable sampling.

IMPROVE Aerosol System
Air Resource Specialists in Fort Collins, Colorado, supplies the IMPROVE Modular Aerosol Sampler. The
IMPROVE Sampler can collect up to four simultaneous samples depending on the sampler configuration. The
four available samples are a PM10 sample on a Teflon filter and three PM2.5 samples on Teflon, nylon, and
quartz filters. The IMPROVE sampler is programmed to collect two 24-hour duration samples per week. The
PM10 filter is used to determine total PM10 mass. The PM10 Teflon filter is used to measure fine aerosol mass,
individual chemical species (e.g., Cl-, H+, and trace elements from Na to Pb) using Proton Induces X-Ray
Emission (PIXE) and Proton Elastic Scattering Analysis (PESA), and the light absorption coefficient using the
Laser Integrating Plate Method (LIPM). The nylon filter is used to measure nitrate (NO3-) and sulfate (SO4-2)
aerosol concentrations with Ion Chromatography (IC). The quartz filter is analyzed for organic and elemental
carbon using the Thermal Optical Reflectance (TOR) method. Cost of the IMPROVE Sampler ranges from
$6,500 to $26,850 depending on the configuration. Annual monitoring costs range from $14,000 to $122,00
depending of the sampler configuration and sampling frequency. IMPROVE aerosol monitoring is difficult
and expensive. Electrical power and special housing requirements are needed to operate the equipment.



APPENDIX A
Summary of Available Monitoring Technologies

Product Manufacturers Unit Cost
Sample

Turnaround
Sample

Averaging Time
Power

Requirements
Shelter

Required?
Temperature

Range Weight Portability
Laboratory
Analysis?

Measurement
Capabilities Operational Basis

Real-Time Monitoring Technologies

DataRAM MIE, Inc. $11K Real-Time Various Battery or AC Rain Hat 0°C to 40°C 12 lbs Portable Optional TSP/PM10/PM2.5 Light scattering
extinction coefficient

Nephelometer Radiance Research $4K-$6K Real-Time Various Battery or AC Rain Hat 0°C to 40°C 6 lbs Portable No TSP Light scattering
extinction coefficient

TEOM Rupprecht & Patashnick
Co., Inc.

$17K Real-Time Various 120 Vac Yes -40°C to 60°C 32 lbs Permanent No TSP/PM10/PM2.5 Detection of oscillation
frequency change due
to mass loading

Beta-Gauge Graseby Anderson,
Dasibi Environmental, or
Thermo Environmental

$14K-$20K Real-Time Various 110 Vac Yes -10°C to 50°C 140-150 lbs Permanent No TSP/PM10/PM2.5 Detection of ß-particles
through tape loaded
with particulate matter

Lag-Time Monitoring Technologies

MiniVOL Airmetrics $1.6K-
$2.1K

> 3 days Entire Collection
Period

Battery Integral 0°C to 30°C 22 lbs Portable Yes TSP/PM10/PM2.5 Particulate matter
gathered on filters and
filters analyzed

HiVOL Graseby Anderson or
Thermo Environmental

$1K-$6K > 3 days Entire Collection
Period

120 Vac Integral -40°C to 50°C 70-140 lbs Permanent Yes TSP/PM10 Particulate matter
gathered on filters and
filters analyzed

Dichotomous
Sampler

Graseby Anderson $8.5K > 3 days Entire Collection
Period

110/115 Vac Yes -20°C to 40°C 80 lbs Permanent Yes PM10/PM2.5 Particulate matter
gathered on filters and
filters analyzed

IMPROVE $13.5K > 1 week 24 hours, twice
weekly

115 Vac Yes -20°C to 40°C <40 lbs Permanent Yes PM10/PM2.5 Particulate matter
gathered on filters and
filters analyzed
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APPENDIX B

Stepwise Instructions for Use of the
DR-2000 DataRAM Sampler
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APPENDIX B

Stepwise Instructions for Use of the DR-2000 DataRAM
Sampler

One DataRAM particulate matter sampler will be located at each site with an external DC power source (12V
battery) so that meter can run continuously for up to 7 days. The DR-2000 DataRAM samples the inlet air at
1-second intervals. Averaging of the sampled data should be programmed to occur every 5 minutes.  The
operator will need to visit each site at least once a day to check that the DataRAM is operating properly.

Step 1 Prior to field deployment, delete all previously stored data

1.1 From Main Menu 1 select “Next Screen”

1.2 From Main Menu 2 select “DumpData RS232”

1.3 From Dump Data Log select “Clear Data”

1.4 Press the EXIT button to return to Main Menu 2

1.5 Press the EXIT button to return to Main Menu 1

Step 2 Prior to field deployment check/set time and date on all instruments

2.1 From Main Menu 1 select “Next Screen”

2.2 From Main Menu 2 select “Set Date, Time”

2.3 Select hours, minutes, day of month, and year using the arrow keys

2.4 Press the EXIT button to return to Main Menu 2

2.5 Press the EXIT button to return to Main Menu 1

Step 3 Prior to field deployment set monitoring parameters

Press the ON button on the front of the DataRAM. The DataRAM should be in standby mode and display
Main Menu 1. From Main Menu 1 select “Parameters.” The display will show the Parameters 1 menu. All of
the following set-up procedures will begin at the Parameters 1 menu.

3.1 Set Averaging Time

3.1.1 From Parameters 1 select “Ave Time”

3.1.2 Use arrow keys to set to 10 seconds

3.1.3 Press the EXIT button to return to Main Menu 1

3.2 Activate Data Logging & Set Data Logging Averaging Time

3.2.1 From Parameters 1 select “Log Data”

3.2.2 Use arrow keys to set to ON

3.2.3 From Parameters 1 select “Every”

3.2.4 Use arrow keys to select 00:05:00 (i.e., store 5-minute averages)

3.2.5 Press EXIT to enter the selected period
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3.2.6 Press the EXIT button to return to Main Menu 1

3.3 Tag # Selection

3.3.1 From Parameters 1 select “Tag #”

3.3.2 Use up and down arrow keys to set tag number to equal Monitoring Site Number

3.3.3 Press EXIT to enter the selected tag #

3.3.4 Press the EXIT button to return to Main Menu 1

3.4 Automatic Zeroing Activation & Period Selection

3.4.1 From Parameters 1 select “Next Screen”

3.4.2 From Parameters 2 select “Auto Zero”

3.4.3 Use arrow keys to set Auto Zero to ON

3.4.4 From Parameters 2 select “Every”

3.4.5 Use arrow keys to set Auto Zero to 03:00:00

3.4.6 Press EXIT to enter the selected Auto Zero time

3.4.7 Press the EXIT button twice to return to Main Menu 1

3.5 Alarm Deactivation

3.5.1 From Parameters 1 select “Next Screen”

3.5.2 From Parameters 2 select “Alarm”

3.5.3 Use arrow keys to set Alarm to OFF

3.5.4 Press the EXIT button twice to return to Main Menu 1

3.6 Flow Rate Adjustment

3.6.1 From Parameters 1 select “Next Screen”

3.6.2 From Parameters 2 select “Flowrate”

3.6.3 Use arrow keys to set Flowrate to 2.0 lpm

3.6.4 Press the EXIT button twice to return to Main Menu 1

Step 4 Site the instrument as discussed in Section 3 of this document

Step 5 Set Up Instrument at Site

5.1 Hook up battery

5.1.1 Position the three-position locking switch on the DataRAM back panel to the
middle position “OFF.”

5.1.2 Insert the cable assembly’s 3-terminal connector into the CHARGER/ EXT.BAT.
receptacle on the DataRAM back panel.

5.1.3 Connect the positive (+) side of the external battery to the lead marked (+) and the
negative (-) side of the external battery to the lead marked (-).

5.1.4 Place the three-position locking switch to its down position (EXT.BAT.)

5.2 Connect Temperature Conditioning Heater (DR-TCH) to the DataRAM inlet
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5.2.1 Remove stem cap from the DataRAM sampling inlet and store in back panel.

5.2.2 Align quick-connect fitting with knurled sleeve of the DR-TCH with the
corresponding male fitting stem of the DataRAM.

5.2.3 Slide the spring-loaded knurled sleeve back (upwards), pushing flow connector
down on stem until it bottoms, and release knurled sleeve.

5.2.4 Ensure the quick-connect fitting is seated properly.

5.3 Connect the DR-PM10/2.5 impactor to the DR-TCH using the same procedure as discussed for
the DR-TCH and DataRAM.

5.4 Connect the omni-directional inlet (DR-OSI) to the DR-PM10/2.5 impactor using the same
procedure as discussed for the DR-TCH and the DataRAM.

Step 6 Pre-run Diagnostics

Press the ON button on the DataRAM from panel. The DataRAM should be in standby mode and display
Main Menu 1.

6.1 Check System Diagnostics

6.1.1 From Main Menu 1 select “System Diagnos”

6.1.2 All four diagnostics (Filter, Battery, Backgrnd, Flow) should read Normal and the
BatCharg should read 12345.

6.1.3 If not, see Operating Manual.

6.1.4 If all systems are normal select “Exit” and proceed.

6.2 Zeroing and Span Check

6.2.1 From Main Menu 1 select “Zero”

6.2.2 Wait until “Zero Complete” message is displayed.

6.2.3 Select “Span Check”

6.2.4 “insert calibrator” message will then display. Rotate span check knob on rear panel
counterclockwise until it reaches end of rotation.

6.2.5 “Wait” message will display and then “retract calibrator” message.

6.2.6 Rotate span check know on rear panel clockwise until it reaches end of rotation.

6.2.7 “Calibr Diff = xxx%” will be displayed. Record the value. The percentage
represents the difference between the present span check value and the value
recorded in the factory. For example, -003% indicates that the span check is at 97%
of the factory value. This value will be used to input the Calibration Factor
Adjustment

6.2.8 Press the EXIT button to return to Main Menu 1

6.3 Calibration Factor Adjustment

6.3.1 From Main Menu 1 select “Parameters”

6.3.2 From Parameters 1 select “Next Screen”

6.3.3 From Parameters 2 select “CalFactor”
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6.3.4 Use arrow keys to set CalFactor. To obtain the CalFactor add the Calibr Diff
obtained in step 6.2.7 to 100% (e.g., If, Calibr. Diff. = -003% then -003% + 100% =
97% = CalFactor)

6.3.5 Press the EXIT button to enter the CalFactor

6.3.6 Press the EXIT button twice to return to Main Menu 1

Step 7 Measurement Run

7.1 Initiate Run

7.1.1 From Main Menu 1 select “Run (zeroed?)”

7.1.2 Make sure equipment is operating. The letter L should be flashing on Line 6 of the
display indicating that data is being logged.

Step 8 Periodic Checks

At least once a day the DataRAM should be checked to ensure that it is operating correctly. On the Run Data
display, ensure that the time, date, and elapsed time (ET) are correct. Also ensure that there is enough
Memory Free for the rest of the run. Select “System Diagnosis” to check Filter, Battery, Backgrnd, and Flow.
All should read Normal. Ensure that battery charge is sufficient for the rest of the run. Press EXIT to return to
Run Menu. If any problems have occurred, the run may be stopped, data downloaded, problem adjusted, and
run restarted.

Step 9 Terminate Run

The run should be stopped after 7 days for ambient monitoring and after 48 hours after the last ignition for
monitoring during a burn.

9.1 Terminate run

9.1.1 From Run Data menu press EXIT

9.1.2 Select “Terminate RUN”

9.1.3 Display will return to Main Menu 1 and DataRAM will be in the standby mode

Step 10 Download data to PC

The following instructions are for an IBM PC compatible computer with a Windows 3.1 or WindowsNT 3.51
operating environment.

10.1 Connect Hardware - Connect DataRAM to a serial communications port of the IBM PC
compatible computer with the DataRAM Digital Output Cable (DR-DOC)

10.2 Set Up Computer

10.2.1 Create a directory in which to store the DataRAM data: From “Program Manager”
select “Windows”, “Main”, “File Manager”, “File”, “Create Directory” and type in
an appropriate path name (e.g., “c:\dataram”). Select “OK” and then “File”, “Exit”
to get back to “Program Manager”

10.2.2 From “Program Manager” select “Windows”, “Accessories”, “Terminal”

10.2.3 From the application “Terminal”, select “Settings”, “Communications” and select
the proper settings in the pop-up screen:

Connections: select the port connected to the DataRAM
Baud Rate: 960 bps
Data Bits: 8
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Stop Bits: 1
Parity: none
Flow Control: Xon/Xoff

Then select “OK”

10.2.4 Select “Transfers”, “Receive Text File”, name the file an appropriate name and type
in the correct drive, pathname and file extension “txt” (e.g., c:\dataram\tag001.txt)

10.3 Download the logged data

10.3.1 From DataRAM Main Menu 1 select “Next Screen”

10.3.2 From Main Menu 2 select “Dump Data RS232”

10.3.3 Select “Tags Used?” which will display the used tag numbers

10.3.4 Select “Select Tag #”

10.3.5 Use arrow keys to select the desired tag number.

10.3.6 Press EXIT to enter tag number

10.3.7 Select “Dump Tag Data”

10.3.8 DUMP DATA LOG will flash until all data is transferred to the PC

10.3.9 Press EXIT twice to return to Main Menu 1

Step 11 Shut Off DataRAM

11.1 Disconnect computer from DataRAM

11.2 Disconnect external battery

11.2.1 Position the three-position locking switch on the DataRAM back panel to the
middle position “OFF.”

11.1.2 Disconnect the cable assembly’s 3-terminal connector from the
CHARGER/EXT.BAT. receptacle on the DataRAM back panel.

11.1.3 Leave the three-position locking switch to its middle position (OFF)

11.3 Shut Off DataRAM - Press OFF key and DataRAM will automatically shut off

Step 12 Convert Downloaded Data to Excel Format

12.1 Convert “txt” file to a “csv” file

12.1.1 From DOS prompt type “edit”

12.1.2 When the “Welcome to the MS-DOS Editor” screen appears press <ESC>

12.1.3 Select “File”, “Open”, and type in the drive, pathname, and filename of the
DataRAM generated text file (e.g., c:\dataram\tag001.txt) and select “OK”

12.1.4 The file should appear on the screen

12.1.5 Save the file as a “CSV” file: Select “File”, “Save As” and in the pop-up screen
change the “txt” to “csv” and select “OK”. Select “File”, “Exit”

12.1.6 From the DOS prompt type “win” to return to “Windows”.

12.2 Open file in Microsoft Excel
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12.2.1 Open Microsoft Excel

12.2.2 From Excel select “File”, “Open”

12.2.3 Select the correct drive, directory, and file name (e.g., c:\dataram\tag001.csv”)

12.2.4 Select “OK”

12.2.5 DataRAM data should now be displayed and can be printed and/or plotted.
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APPENDIX C

Stepwise Instructions for Use of the Airmetrics MiniVOL
Sampler

Two MiniVOL samplers will be located at each site to allow for 24-hour continuous monitoring. Each monitor
will have timers set to collect for 12 hours of each 24-hour period (for example, 6 a.m. to 6 p.m. & 6 p.m. to 6
a.m.). The operator will need to visit each site twice a day to: (1) collect filter sample, (2) replace with clean
filter and, (3) replace battery pack.

Step 1 Charge Battery Pack

Battery packs should be charged for a minimum of 12-hours.

1.1 Connect the charging plug of the AC/DC charger to the charging jack on the first battery
pack.

1.2 Plug the charger into a multi-receptacle power strip with fuse.

1.3 The LED on the top of the battery will light indicating that the battery is being charged.
When the light goes out, the battery is fully charged.

1.4 When the batteries are charged, disconnect the charger.

Step 2 Prior to field deployment run a Pre-Check

2.1 Turn on sampler and observe motor performance.

2.2 Check all tubing for crimps, cracks, or breaks (if a flow measuring device is available,
perform a single-point flow rate check).

2.3 Calibrate Flow Rate to Ambient Conditions

2.3.1 From calibration curve shipped with the sampler determine the calibration
pressure (Pcal), temperature (Tcal), slope (mstd), and intercept (bstd).

2.3.2 Determine ambient pressure (Pamb) and temperature (Tamb) from local weather service
data or estimated from other reported historical temperature and pressure data. If
weather station pressures are used, be sure that the “station pressure” is used (i.e.,
pressure not corrected for the reporting site’s elevation above sea level.

2.3.3 Calculate the Rotameter Calculation Factor (kamb) using the following equation:
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2.3.4 Calculate desired flow rate (Qstd) for an ambient flow rate of 5.0 lpm using the
following equation:
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2.3.5 Calculate the indicated flow rate (Isp) to which the rotameter must be set to achieve
the desired standard flow rate (Qstd) of 5.0 lpm using the following equation:
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2.4 Set Real-Time Clock

2.4.1 Day Set: Hold down the CLOCK button and press the WEEK button until the
correct day appears at the top of the display.

2.4.2 Time Set (Hour): Hold down the CLOCK button and press the HOUR button until
the display indicates the correct hour. Seconds will automatically reset to zero.

2.4.3 Time Set (Minutes): Hold down the CLOCK button and press the MIN button until
the display indicates the correct minutes. Seconds will automatically reset to zero.

2.5 Program Timer

Two MiniVOLs will be placed at each monitoring sites. Each MiniVOL will be programmed
to sample for 12-hours per day. One MiniVOL should be programmed to begin sampling at
6:00 a.m. and end sampling at 6:00 p.m. The other MiniVOL should be programmed to
begin sampling at 6:00 p.m. and end sampling at 6:00 a.m.

2.5.1 Press the PROG button once. “1ON” will appear near the lower left corner of the
display indicating that the power-on time for the first cycle is ready to be
programmed.

2.5.2 Press the HOUR and MIN buttons to enter the time for the first cycle (12:00 a.m. or
12:00 p.m.).

2.5.3 Press the WEEK button to select the desired day(s)—display should read “Mo Tu
We Th Fr Sa Su”.

2.5.4 Press the PROG button. “1OFF” will now appear on the display to indicate that the
power-off time for the first cycle is ready to be programmed.

2.5.5 Repeat steps 2.5.2 and 2.5.3 to set time off to 12:00 p.m. or 12:00 a.m. and days to
“Mo Tu We Th Fr Sa Su”.

2.5.6 Press the CLOCK button to return to the real-time clock display.

2.5.7 Press the ON/AUTO/OFF button until the bar below the display is positioned
above the OFF legend on the cabinet.

2.6 Clean and Grease Impactor

Impactor should be cleaned and greased after every seventh sample (or as needed depending on
buildup).

2.6.1 Disconnect the impactor section from the filter assembly and remove the rain cap.

2.6.2 Pushing with thumb from the bottom, remove the impactor through top of tube into
palm of free hand.

2.6.3 Rinse the impactor from top to bottom with hexane using the squeeze bottle, with
particular attention to the impaction stage having concentric, grooved rings.

2.6.4 Let the impactor air-dry.

2.6.5 Prepare a mixture of hexane and Apiezon M grease in a dropper bottle until
thoroughly mixed and of fluid consistency. Use a 1-inch length of Apiezon grease to
100 ml of hexane. Vigorously shake the mixture until an opaque, uniform
suspension, free from grease globs, is obtained.
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2.6.6 Put two or three drops of the cloudy solution on the impaction stage. The drops
should saturate the stage, flowing freely to the edge.

2.6.7 Let the stage “dry” by allowing the hexane to volatilize, leaving a thin film of
grease on the stage.

2.6.8 Inspect o-rings on impactor for fitness and replace if necessary. Remove any
extraneous, loose, or hair-like shredded material from the impactor unit since this
material could fall onto the filter below and cause erroneous gravimetric results.
Carefully re-insert impactor from the top until top of the nozzle is flush with the top
of the tube.

2.7 Install Clean Filter in Filter Assembly

2.7.1 Contact with and handling of all filters should be limited to the edges of the filters.
The use of non-serrated Teflon-tipped forceps is also recommended. Filters should
be kept in protective petri slides. Unexposed filters must never be bent or folded.
Use the pre-weighted filters in the same numbered sequence in which they arrived.

2.7.2 Select a filter and remove cover from petri slide.

2.7.3 Using forceps, install the new filter onto the filter support grid, taking care not to
shred or damage the edges of the filter.

2.7.4 Replace the slip ring, lining up the notches on the ring with the holder so that the
ring does not move.

2.7.5 Replace the preseparator adapter and screw down snugly.

2.7.6 Place an identifying tag on the filter holder so that the ID of the filter mounted in
the holder is known.

2.7.7 Place a clean, plastic bag over the top of the preseparator adapter inlet and push the
rain cap snugly into place over the bag.

2.7.8 Place the entire clean filter assembly into a second plastic bag, or other case, for
transporting to the site. It is best to keep the filter assembly in a vertical position
until installed on the sampler.

Step 3 Field Setup

3.1 Securely attach mast with cradle to a suitable structure (e.g., utility pole, telephone pole,
fence) at the site.

3.2 Attach Battery Pack

3.2.1 Place charged battery pack beside sampler.

3.2.2 Unclasp two side latches at base of sampler.

3.2.3 Place sampler on charged battery pack. The pin on the sampler closest to a side clip
inserts into the odd colored receptacle on the battery pack.

3.2.4 Re-clasp the two side latches.

3.2.5 Record battery ID on the PM2.5 Field Data Sheet.

3.3 Attach Filter Assembly to Sampler

3.3.1 Place sampler on firm level ground.

3.3.2 Remove the clean filter assembly from the plastic transport bag and attach at quick-
connect.
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3.3.3 Record the number of the clean filter assembly on the PM2.5 Field Data Sheet.

3.4 Adjust Flow Rate

3.4.1 Unscrew either cap of bail assembly bar and remove bail assembly.

3.4.2 Lift pump and timer assembly out by the 6-inch-diameter top cap and rest on the
edge of the sampler casing, taking care not to pull the connecting wire loose, or jar
the pump hose fittings. Hold the cap and do not grasp the center of the circuit
board.

3.4.3 To start the pump, press the ON/AUTO/OFF button until the horizontal bar moves
to “ON.”

3.4.4 If rotameter indicates zero or a low flow, or, if the rotameter does not reach near
zero if a palm is placed over the flow nozzle, see manual.

3.4.5 Using the Flow Rate Adjustment control, set the rotameter flow within
specifications for the project temperature and barometric pressure conditions as
indicated by the sticker attached next to the rotameter during calibration (step 2.4).

3.4.6 Record beginning flow rate on Field Data Sheet.

3.4.7 Press ON/AUTO/OFF button twice to stop pump.

3.5 Turn to Auto Mode

3.5.1 Press the ON/AUTO/OFF button to set the timer to AUTO mode.

3.5.2 Place pump and timer assembly back into sampler body.

3.5.3 Replace bail assembly

3.6 Using the hoisting pole, hook the bail and raise the sampler to the cradle as vertically as
possible.

Step 4 Prepare for Next Sampling Period

4.1 Charge spare battery according to Step 1

4.2 Insert clean filter in spare filter assembly according to Step 2.7

Step 5 Sample Retrieval

The sample should be retrieved as soon as possible after the monitoring period. If any error indicators are lit
up when the sampler is retrieved, see Operation Manual.

5.1 Using the hoisting pole, hook the bail and lower the sampler from cradle as vertically as
possible.

5.2 Record ending time and flow rate

5.2.1 Place sampler on firm level surface.

5.2.2 unscrew either cap of the bail assembly bar and remove bar.

5.2.3 Lift pump and timer assembly out by the top cap and rest on the edge of sampler
body, taking care not to pull the connecting wire loose. Hold the top cap.

5.2.4 Verify correct time and day of week on time LCD.

5.2.5 Record elapsed time as shown on the elapsed time accumulator.

5.2.6 Obtain ending flow rate.
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5.2.6.1 Press the ON/AUTO/OFF button twice to start the pump.

5.2.6.2 With the rotameter in a vertical position, record flow rate to the nearest
10th of liter/minute

5.2.6.3 Press the ON/AUTO/OFF button twice to stop the pump.

5.2.7 Place pump and timer assembly into the sampler body but do not replace bail
assembly at this time.

5.3 Exchange new filter assembly for exposed filter assembly (see Step 3.3). If possible, exchange
should occur in a building or vehicle to minimize exposure to the elements. Cross-check
exposed filter number with the filter number recorded on the Field Data Sheet for the run
just completed.

5.4 Replace battery pack according to Step 3.2

5.5 Obtain beginning flow rate (see Step 5.2.6)

5.6 Place pump and timer assembly back into sampler body. Replace bail assembly.

5.7 Using the hoisting pole, hook the bail and raise the sampler to the cradle as vertically as
possible.

5.8 Record average ambient temperature (Ta) and average ambient barometric pressure (Pa) for
the run time.

Step 6 Exposed Filter

The following procedures should be performed in the most sterile environment available.

6.1 Unscrew the filter holder ring from the top of the exposed filter assembly.

6.2 Locate petri slide with filter number which matches the number on the side of the filter
holder.

6.3 Unscrew the preseparator adapter from the filter assembly. Lift off the anti-twist ring from
the base.

6.4 Using tweezers, carefully remove exposed filter from support grid, place into its original
petri slide, and replace lid.

6.5 Remove the old ID tag from the filter base and discard.

6.6 Cover petri slide and place in safe place for storage until ready for shipment to laboratory
for weighing.




