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Note:  This report is presented in English and Spanish for the convenience of the 
reader. Every effort has been made for the translations to be as accurate as reasonably 
possible. However, readers should be aware that the English version of the text is the 
official version.  
 

Nota: Este informe se presenta en inglés y en español para la conveniencia del lector.  Se 
han hecho todos los esfuerzos para que la traducción sea precisa en lo más 
razonablemente posible.  Sin embargo, los lectores deben estar al tanto que el texto en 
inglés es la versión oficial.  
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2.0 Source Environment Description 

2.1 Topography 
Vieques is located in the Caribbean Sea, approximately 7 miles southwest of the eastern tip 
of Puerto Rico and 20 miles southwest of St. Thomas, U.S. Virgin Islands. Vieques is 
approximately 20 miles long and 4.5 miles wide and has an area of 33,088 acres. The 
topography is characterized by gentle to steep rolling hills and valleys throughout the 
island, with the eastern side exhibiting a more rugged terrain. The former VNTR is situated 
in the eastern half of the island. The TCRA munitions removal actions encompass 
approximately 440 acres of the Munitions Response Area—LIA. The LIA consists of 
relatively flat, heavily vegetated terrain with various types of UXO throughout the 
landscape. 

2.2 Land Use 
The LIA was used for air-to-ground ordnance, artillery, and individually served weapons 
training from the early 1960s until 2003. The United States and allied nations, particularly 
Great Britain, used the VNTR for military training. Since 2003, the VNTR has been 
designated as a wildlife refuge. The entire VNTR is required—by Section 1049 of the Nation 
Defense Authorization Act for Fiscal Year 2002—to be managed by the Department of the 
Interior as part of the National Wildlife Refuge Systems. Parts of the VNTR, including the 
LIA, will be managed as wilderness areas with no public access allowed. The Department of 
Energy is developing a comprehensive land use plan for eastern Vieques that will be 
completed in 2007. 

2.3 Climate 
Vieques Island has a tropical-marine climate without frost. The temperature is nearly 
constant, with an annual average of approximately 79 degrees Fahrenheit. The island is 
subject to tropical storms and hurricanes. As such, monitoring schedules must take into 
account the potential for unforeseen weather events and the relative fragility of monitoring 
and sampling units. Sensitive equipment has been housed in semipermanent shelters 
whenever possible. Reasonable efforts will be made to secure, remove, or protect units in 
the field before the onset of any tropical storms or hurricanes affecting Vieques Island.  
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3.0 Air Modeling Results 

3.1 Modeling Approach 
In order to support the variance application process, a dispersion modeling analysis was 
performed in the fall of 2006 to determine the maximum expected ground-level 
concentrations of various air emissions from the open burning of vegetation. The CALPUFF 
Model was used to characterize the air quality impacts from prescribed burns at the VNTR. 
The Fire Emission Production Simulator model was used to model the combustion of the 
vegetation. National Fire Danger Rating fuel model “O” was chosen to represent the 
vegetation to be burned. In order to conservatively model the air quality impact of the 
prescribed burns, it was assumed that the emissions would be generated by a uniformly 
distributed type O fuel mix (ignoring low vegetation and clear areas) and that the plume 
constituents were not depleted or removed.  

Additionally, it was assumed that each prescribed burn would include sympathetic 
detonation of 5 pounds net explosive weight per acre of UXO. Composite emission factors 
were created based on the total quantity and type of munitions disposed of to date. The 
20 most pertinent compounds were selected for assessment with CALPUFF. These included 
compounds listed under NAAQS and the species listed as toxic air pollutants on EPA’s 
Web site that had the highest emission factor values. Thus, any major compound of concern 
or any recognizable toxic pollutant that has a significant emission factor was included in the 
list. Complete modeling results are available in the Air Dispersion Modeling for TCRA 
Prescribed Vegetation Burns on the Vieques Naval Training Range (CH2M HILL, 2007a). 

At the same time as the CALPUFF model was being run for open burning, BIP modeling 
was being performed using the open burn/open detonation model (OBODM) as 
described in the Air Dispersion Modeling Protocol for the Vieques Naval Training Range 
(CH2M HILL, 2006) to evaluate impacts from actual detonations. Results from the 
OBODM modeling indicate that BIP operations could not influence NAAQS attainment 
status or contribute to ambient air quality violations. Consequently, prescribed burn 
activities are the activities primarily addressed in this air monitoring plan. Complete 
modeling results for the BIP activities are presented in the Air Dispersion Modeling of 
TCRA/BIP Activities on the Vieques Naval Training Range (CH2M HILL, 2007b). 

The prescribed burn modeling results show that dust (ashes or soot, also known as fine 
particulates or PM10) and carbon monoxide (CO) are by far the most significant emissions 
from the prescribed burns of vegetation. The modeling also shows that the emissions 
resulting from the incidental detonations of munitions within the prescribed burns are 
insignificant in comparison to the emissions from the vegetation.  

The modeling results are intentionally conservative to represent scenarios occurring under 
“worst case” meteorological conditions (based on the 2003-2005 data used for modeling) 
and are expected to significantly overestimate the average downwind concentrations of 
compounds being emitted from the prescribed burns. The modeling results show there is no 
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indication of potential risk to the human population as a result of air emissions from the 
prescribed burns. However, the EQB has indicated that monitoring will be necessary as part 
of the variance process. The modeled impacts were used to develop this monitoring 
approach and accordingly demonstrate compliance with applicable requirements.  

3.2 Summary of Modeling Results 
In the Modeling Analysis, Munitions Response Sites (MRSs) are grouped into seven discrete 
groups of one or more individual MRSs. The impacts were separately modeled for a 
prescribed burn of each group at once and for the largest MRS in each group. The modeling 
analysis addresses the prescribed burning of all of the areas within the eastern side of the 
LIA. Since the modeling was initially performed, the projection of areas to undergo 
prescribed burning has been revised downward. The net result is a reduction of the areas 
subject to prescribed burning from 640 acres to 192 acres. The estimate of emissions from the 
prescribed burning reflects the reduction in the prescribed burn area. To allow for 
comparisons and reference, the other results included in the modeling report were not 
changed to reflect the reduction in the prescribed burn area.  

As expected, the highest impacts from the prescribed burns resulted from the burning of the 
largest of the groups or MRSs. The modeling results show that dust (ashes or soot, also 
known as fine particulates) and CO are by far the most significant emissions from the 
prescribed burns of vegetation. However, concentrations of both CO and fine particulates 
are predicted to be less than their regulatory limits in populated areas (ambient air). The 
emission concentrations of all other compounds predicted from the modeling are below 
both regulatory standards and practical detection limits. In addition, the emissions resulting 
from the incidental detonations of munitions within the prescribed burns are insignificant in 
comparison to the emissions from the vegetation. 

3.2.1 Gaseous Emissions 
The highest emission rate for gaseous compounds is that of CO. There are two NAAQS 
for CO: a 1-hour standard of 40,000 μg/m3 (40 mg/m3) and an 8-hour standard of 
10,000 μg/m3 (10 mg/m3). These are in the form of “not to exceed.” The highest predicted 
1-hour concentration of CO in ambient air is 3238 μg/m3 or 8 percent of the 1-hour NAAQS. 
The highest predicted 8-hour concentration of CO in ambient air is 1180 μg/m3 or 12 percent 
of the 8-hour NAAQS. 

Since CO is the only gaseous compound from the prescribed burns predicted to achieve 
measurable concentrations in populated areas, CO concentrations will be monitored using 
an EPA-designated method.  

3.2.2 Particulate Emissions 
The highest emission rate for particulates is that of PM10, which includes PM2.5. There are 
two NAAQS for fine particulates. One is for PM10 and one is for PM2.5. PM10 consists of 
particulates less than 10 microns in diameter. PM2.5 consists of particulates less than 
2.5 microns in diameter. PM2.5 is a subset of PM10.  
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There is a 24-hour standard of 150 μg/m3 for PM10. This standard is in the form of “not to be 
exceeded more than once per year.” The highest predicted 24-hour concentration of PM10 in 
ambient air is 25.9 μg/m3 or 17 percent of the PM10 NAAQS.  

There is a 24-hour standard of 35 μg/m3 for PM2.5. This standard is a statistical standard in 
the form requiring that 98 percent of the 24-hour concentrations be below 35 μg/m3 over a 
3-year period. Correspondingly, 22 measurements of the 24-hour average PM2.5 
concentration may be above 35 μg/m3 over a 3-year period without violating the NAAQS. 
The highest predicted 24-hour concentration of PM2.5 from the prescribed burns in ambient 
air is 25.9 μg/m3, or 74 percent of the PM2.5 NAAQS.  

Since PM10 and PM2.5 are the only particulate emissions from the prescribed burns predicted 
to achieve measurable concentrations in populated areas, PM10, which includes PM2.5, will 
be monitored using EPA Equivalent Method.  

3.2.3 Areas of Impact 
The highest impacts from prescribed burning occur in a relatively small area generally north 
of a line between Camp Garcia and Isabel Segunda, roughly along the reservation 
boundary. In terms of populated areas, this includes the populated areas immediately east 
of Isabel Segunda. Outside of this area, predicted impacts are small or nonexistent even 
under “worst case” meteorological conditions. 
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4.0 Monitoring Locations 

4.1 Locations 
4.1.1 Location and Rationale for Monitors 
Under “worst case” meteorological conditions (based on the 2003–2005 data used for 
modeling), the highest predicted emission concentrations in populated areas resulting from 
prescribed burns of vegetation (including the munitions) on the LIA were between Isabel 
Segunda and the northern end of the western boundary of the VNTR. Under these 
conditions, particulates and carbon monoxide from prescribed burns are predicted to be in 
measurable concentrations in this area. No other compounds are predicted in measurable 
concentrations in this area. Detailed modeling results and isopleths can be found in Air 
Dispersion Modeling for TCRA Prescribed Vegetation Burns on the Vieques Naval Training Range 
(CH2M HILL, 2007b). 

This plan proposes that the monitoring stations be configured with CO and particulate 
monitors and located in the generally impacted area. Two monitoring locations are 
proposed. One location, at a to-be-determined location in Isabel Segunda, is expected to be 
appropriate for monitoring the ambient air quality in that area. The site needs to be secure, 
have available power, and fit the siting guidelines. It is suggested that a site at or near the 
Fish and Wildlife Service (FWS) building be considered as an in-town location. A second 
monitoring station is to be located Camp Garcia. Although this site is within the reservation 
boundary and is not in true “ambient air,” this is believed to be a secure location with line 
power that is considered representative of the highest concentrations predicted for the 
southern side of the island. Although the predicted levels on the southern side of the island 
are very low in relation to the NAAQS, the concentrations in this area are predicted to be 
slightly higher than in the downwind areas.  

Particulate monitoring is to be conducted for PM10. The emission factors for the prescribed 
burns are for PM2.5, and there are no PM10 emission factors for prescribed burns. PM10 
includes PM2.5. The PM2.5 NAAQS is a statistical standard based on 3 complete years of data. 
An exceedance of the PM2.5 NAAQS cannot occur based on a single 24-hour sample or 
without a sufficient number of 24-hour samples exceeding the threshold to cause the 
statistical standard to be violated. The purpose of air monitoring the prescribed burns on 
VNTR is to determine if there is an acute impact resulting from the prescribed burns; it is 
not an attempt to characterize general air quality over a 3-year period. It is expected that 
PM10 measurements will most accurately represent the total repairable particulate in the air 
and there is a 24-hour NAAQS for PM10 with a clear compliance threshold and duration 
consistent with these infrequent and short-term events.  

4.1.2 Siting Criteria 
The meteorological towers and ambient monitors will be sited according to the 
Meteorological Monitoring Guidance for Regulatory Modeling Applications, the Quality 
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Assurance Handbook for Air Pollution Measurement Systems: Volume II, Ambient Air 
Specific Methods, and 40 CFR Part 58 Appendix E, as much as possible.  

The siting guidelines include placing the instrument a significant distance from obstacles, 
such as trees or buildings, paved surfaces, large bodies of water, or other obstacles that 
could influence the airflow and measurements at the station. A senior CH2M HILL 
technologist familiar with these EPA siting criteria will review each monitoring location and 
confirm that these criteria have been met.  

If questions arise about the proposed location, a site visit can be arranged with CH2M HILL 
before final siting of the monitors and meteorological towers.  

4.2 Live Impact Area Monitoring Location 
4.2.1 Parameters to Be Measured 
The monitoring station on the LIA will consist of meteorology only. A 10-meter 
meteorological tower will measure wind speed, wind direction, temperature, barometric 
pressure, and solar radiation. Wind speed and direction will be measured through the 
standard cup/vane method (as required by the Meteorological Monitoring Guidance for 
Regulatory Modeling Applications) and through a more robust sonic method. Experience with 
meteorological stations near open detonations has shown that the cup/vane equipment is 
easily and frequently damaged. The sonic method will provide backup data if issues with 
the standard method arise. Table 4-1 summarizes the heights at which the meteorological 
measurements are taken. 

TABLE 4-1  
Meteorological Data Collection Heights—Live Impact Area 

Meteorological Variable Height of Measurement 

Wind Speed (Lexan Cups) 10 meters 

Wind Direction (Foam Tail) 

Wind Speed (Sonic) 

Wind Direction (Sonic) 

Barometric Pressure 

10 meters 

10 meters 

10 meters 

10 meters 

Ambient Temperature 10 meters, 2 meters 

Solar Radiation 2 meters 

 

4.2.2 Distance from Obstructions  
The monitoring site will be located away from any obstructions such as buildings. The 
monitors will be located in an open area with no structures or trees, so there are no 
obstructions close by the proposed location.  
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4.2.3 Distance from Other Emissions Sources 
The meteorological tower will be located approximately 15 to 20 feet from a frequently used 
unpaved road. No other stationary sources are close to the proposed location of the 
meteorological tower. 

4.3 Camp Garcia Monitoring Location 
4.3.1 Parameters to Be Measured 
The proposed monitoring station at Camp Garcia (see Figure 1-2, Camp Garcia Air 
Monitoring Location) will consist of meteorology, PM10, and CO monitors. A 10-meter 
meteorological tower will measure wind speed, wind direction, temperature, barometric 
pressure, and solar radiation. Table 4-2 summarizes the height at which the meteorological 
measurements are taken. 

TABLE 4-2  
Meteorological Data Collection Heights—Camp Garcia 

Meteorological Variable Height of Measurement 

Wind Speed 10 meters 

Wind Direction 

Barometric Pressure 

10 meters 

10 meters 

Ambient Temperature 10 meters, 2 meters 

Solar Radiation 2 meters 

 

PM10 will be measured with a Met One BAM-1020 and CO will be monitored with an 
Ecotech EC/ML 9830. In order to ensure quality data in a humid environment, these 
monitors will be installed in a Shelter-One manufactured, self-contained enclosure 
containing an alternating current (AC)-powered air conditioner. Section 5.0 of this 
document describes the BAM-1020 and CO monitors and associated options that have been 
chosen in order to comply with EPA federal equivalent method requirements. 

4.3.2 Distance from Obstructions  
The monitoring site will be, to the extent possible, located away from any obstructions such 
as buildings.  

4.3.3 Distance From Other Emissions Sources 
The monitoring site will be, to the extent possible, located away from any other emission 
sources. 
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4.4 Isabel Segunda Monitoring Location  
4.4.1 Parameters to Be Measured 
The monitoring station at Isabel Segunda (see Figure 1-2, FWS Building Air Monitoring 
Location) will consist of meteorology, PM10, and CO monitors in an environmentally 
controlled enclosure.  

A 10-meter meteorological tower will measure wind speed and wind direction. Table 4-3 
summarizes the heights at which the meteorological measurements are taken. 

TABLE 4-3  
Meteorological Data Collection Heights—Isabel Segunda 

Meteorological Variable Height of Measurement 

Wind Speed 10 meters 

Wind Direction 10 meters 

 

PM10 will be measured with a Met One BAM-1020, and CO will be monitored with an 
Ecotech EC/ML 9830. In order to ensure quality data in a humid environment, these 
monitors will be installed in a Shelter-One manufactured, self-contained enclosure 
containing an AC-powered air conditioner. Section 5.0 of this document describes the 
BAM and CO monitors and associated options that have been chosen in order to comply 
with EPA federal equivalent method requirements. 

4.4.2 Distance from Obstructions  
The monitoring site will be, to the extent possible, located away from any obstructions such 
as buildings.  

4.4.3 Distance From Other Emissions Sources 
The monitoring site will be, to the extent possible, located away from any other emission 
sources. 
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5.0 Monitoring Instrumentation 

5.1 Meteorological Instrumentation 
All meteorological sensors were selected to meet EPA performance and accuracy 
requirements as listed in EPA’s Meteorological Monitoring Guidance for Regulatory Modeling 
Applications (EPA-454/R-99-005) and Quality Assurance Handbook for Air Pollution 
Measurement Systems, Volume IV (EPA/6004-90/003). 

Meteorological data will be measured at 2 and 10 meters aboveground, using equipment 
manufactured by Met One Instruments, Inc. (Met One). The parameters that will be 
measured will include wind speed, wind direction, standard deviation of wind 
direction (σθ), barometric pressure, temperature, and ∆ temperature between 10 and 
2 meters.  

5.1.1 Calibration Procedures and Frequency 
Primary calibration of the meteorological sensors is performed by the manufacturer. A field 
calibration of the equipment will be conducted in the first and third quarters of operation of 
the tower by an individual not involved in the daily operation of the meteorological tower. 

Calibration equipment is maintained by the manufacturer, Met One, at its facility in Grants 
Pass, Oregon. CH2M HILL also maintains calibration equipment for use with 
meteorological monitoring programs. 

5.2 PM10 Instrumentation 
PM10 monitoring will be conducted according to the EPA Equivalent Method, designation 
number EQPM-0798-122, using the Met One Instruments BAM-1020 Particulate Monitor 
(see Appendix A). 

The Met One Instruments BAM-1020 automatically measures and records particulate 
concentration with built-in data logging. It uses the principle of betaray attenuation to 
provide a simple determination of mass concentration. A small carbon-14 element (less than 
60 microcuries) emits a constant source of high-energy electrons, also known as beta 
particles. These beta particles are efficiently detected by an ultrasensitive scintillation 
counter placed nearby. An external pump pulls a measured amount of air through a filter 
tape. Filter tape, impregnated with ambient dust, is placed between the source and the 
detector, thereby causing the attenuation of the measured beta-particle signal. The degree of 
attenuation of the beta-particle signal may be used to determine the mass concentration of 
particulate matter on the filter tape and thus the volumetric concentration of particulate 
matter in ambient air. 
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5.2.1 EPA Designation 
The BAM-1020 is designated as an Equivalent Method for PM10 by the EPA on August 3, 
1998, Designation No. EQPM 0798 122. This EPA designation applies to the G-1 and the G-1 
PM10 BAM, when used in conjunction with the BX-802 sampling inlet, operated for 24-hour 
average measurements, with a filter change frequency of 1 hour, with glass fiber filter tape, 
and with or without any of the following options:  

• BX-823, tube extension 
• BX-825, heater kit 
• BX-826, 230 volt alternating current (VAC) heater kit 
• BX-828, roof tripod 
• BX-902 exterior enclosure 
• BX-903, exterior enclosure with temperature control 
• BX-961, mass flow controller 
• BX-967, internal calibration device 

Users are advised that configurations that deviate from this specific description may not 
meet the applicable requirements of 40 CFR, parts 50 and 53. The system must be operated 
under the following conditions: 

• RANGE, Concentration range: 1.000-milligram/cubic meter 
• SAMPLE, Pump time:  50 minutes 

For this project, the BAM will be operated with the BX-802 sampling inlet for 24-hour 
averages (compiled from 1-hour averages), with a filter change frequency of 1-hour, and 
with glass fiber filter tape. The following options from Met One Instruments were chosen: 

• Vacuum Pump; 115 VAC, ± 10 percent, 50/60 Herz (BX-121) 
• Inlet adaptor for flow calibration (BX-305) 
• PM10 sampling inlet (BX-802) 
• Outside temperature sensor, volumetric flow (BX-592) 
• Moisture controlled inlet heater, 115 VAC (BX-827, replaces BX-826) 
• Volumetric flow control (BX-961) 
• Exterior enclosure, neat/AC (#60756, replaces BX-903) 
• Consumables and manufacturer-recommended spares 

The EPA equivalency designation states that the BAM-1020 may be operated with or 
without options. The EPA equivalency documentation does not specifically mention how to 
operate an instrument if an option or accessory’s model number has been discontinued or 
replaced by a new model number. CH2M HILL has confirmed with Met One Instruments 
that the options installed and operated in this application meet the specifications in cases 
where a replacement model number is listed in the information above. 

5.2.2 Calibration Procedures and Frequency 
The BAM-1020 consists of three basic components: the detector/logger, the pump, and a 
sampling inlet. Each of these components is self-contained and may be easily disconnected 
for servicing or replacement.  
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Met One Instruments maintains a complete test facility for calibration of all particulate 
instrumentation. Each instrument is tested to traceable standards and then operated in a 
chamber with dust-laden atmosphere. The results of the testing provide data points that are 
used in the data regression and final calibration. The built-in membrane calibrator is tested 
to ensure conformity during the test period. 

Based on field experience, the user will need to service the pump every 2 years. Built-in 
firmware performs hourly diagnostic tests on the unit and tests for correct operation of all 
components. The flow system is verified every week and calibrated when the monitor 
reaches the warning limit of ±2 percent of 16.67 liters per minute (L/min). A warning limit 
has been devised so drift will be minimized and identified before an out-of-range limit 
of ±4 percent is reached, which would necessitate data invalidation.  

In order for the BAM to operate in actual conditions and report data in standard conditions, 
the standard flow rate option must be selected. This option enables the BAM to pull 
16.7 actual L/min through the PM10 inlet head. The BAM data logger then converts the 
actual flow to standard using the internal pressure and outside temperature sensor. The 
flow and PM10 concentration data is then stored in standard conditions in the data logger. 

5.2.3 Calibration System 
Automatic Calibration Method 
The BAM-1020 has a built-in mass membrane calibrator. The membrane is automatically 
moved into the Beta pathway to determine the mass of the membrane each hour or when 
the filter tape advances. Each membrane has a factory verified mass, and that value is stored 
in the BAM-1020. When the hourly membrane calibration is made, the computed value is 
compared to the stored factory value to determine proper operation. The membrane must 
be withdrawn for normal measurements. Should the instrument fail to perform to 
specification, an error flag is logged in memory and data is flagged. The data coordinator 
then invalidates data that have been flagged during data review. Failure specifications for 
the mass membrane calibration are in the BAM manual, Section 7.7. The criteria that will 
trigger a mass membrane calibration flag is ±5 percent of the value specific to each 
individual BAM. This 5 percent value is burned into the electronically erasable 
programmable read-only memory of each BAM and is not user changeable. If the mass 
calibration test fails, the operator will conduct a manual test as described in Section 7.7. 
Failure of this test will result in further troubleshooting such as cleaning of the instrument 
or other procedures based on consultation with the manufacturer. 

Zero-testing of blank filter paper is performed at the beginning and end of each sample 
period (in this case, hourly) to ensure the stability of the measurement system. Zero-testing 
is based on the ability of the BAM-1020 to hold a constant output when measuring blank 
filter paper. If the difference between the two values exceeds the factory preset limit of 
±2 percent, a data error message is logged in the error log and the digital data value is 
flagged. During the data review process, the data coordinator invalidates any flagged data.  

Field Verification and Calibration of Flow System 
Flow verification of the BAM-1020 is conducted during each weekly site visit by the site 
operator. The flow check is performed before any instrument adjustment is made. The flow 
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of the BAM-1020 is compared to a primary flow meter. If the results of the flow check do not 
fall within the project’s warning threshold of ±2 percent then the instrument is adjusted and 
rechecked. The EPA criteria of ±4 percent is used for data validation.  

If the instrument flow checks fall outside the 4 percent criteria, data from the date of the 
failed flow check back to the last successful flow check will be flagged and/or qualified as 
invalid by the data coordinator  

In order for the BAM to operate in actual conditions and report data in standard conditions, 
the standard flow rate option must be selected. This option enables the BAM to pull 
16.7 actual L/min through the PM10 inlet head. The BAM data logger then converts the 
actual flow to standard using the internal pressure and outside temperature sensor. The 
flow and PM10 concentration data is then stored in standard conditions in the data logger.  

The BAM-1020 used for this monitoring program is equipped with a volumetric flow meter. 
Volumetric flow measures the volume of flow in actual ambient conditions. Volumetric flow 
check and calibration requires a reference volumetric flow meter with a flow audit cap. A 
Delta Cal® volumetric flow calibration kit was selected to perform flow checks and 
calibrations. This flow meter is a primary standard and no calibration is necessary. 
However, as part of the QA requirements of this project, the flow standard is 
factory-certified once every year. As required by EPA guidance, annual certification 
calibrations are performed on the temperature and barometric pressure transfer standards. 
All certification documentation is kept on file with the Data Manager.  

5.3 CO Instrumentation 
The carbon monoxide monitoring instrumentation is manufactured by Ecotech, Australia. 
The EC/ML 9830 CO analyzer (see Appendix B) operates by generating infrared radiation 
that is absorbed by CO within a 5-meter folded path length. The unit has a built in catalytic 
zero air scrubber which provides CO-free air to the analyzer. The gas filter correlation wheel 
facilitates rejection of interferents and the narrow band-pass filter ensures measuring of only 
the CO sensitive infrared radiation wavelengths. The CO content of the sample is 
continuously measured from a user-supplied air stream, from which the instrument extracts 
one standard liter per minute of sample. 

5.3.1 EPA Designation 
The EC/ML 9830 is designated under EPA regulations as reference method RFCA-0992-088. 
The unit must be operated under the following conditions to be defined as a reference 
method: 

• Range: Any full scale from 0–5 parts per million (ppm) to 0–100 ppm (μg/m3) 

• Ambient Temperature: 15° to 35°C 

• Line Voltage: 105 to 125 VAC, 60 Herz, or 200 to 240 VAC, 50 Herz 

• Flow rate: 1 standard liter per minute 

• Pump: Internal pump (A series), Ecotech external pump or equivalent (B series) 
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• Filter: 5 micron Teflon filter must be installed in front of the sample inlet (zero and span 
gas must pass through this filter) 

• If the units in the MEASUREMENT MENU are changed from volumetric to gravimetric 
(or vice versa), the unit must be recalibrated. 

• The analyzer must be operated and maintained in accordance with the manufacturer’s 
operation manual. 

• The following menu selections must be used: 
− Interface Menu 
 Analog Output Menu 
 Range: 5 ppm to 100 ppm 
 Over-Ranging: Enabled or Disabled 

− Instrument Menu 
 Measurement Menu 
 Filter Type: Kalman 

− Calibration Menu 
 Calibration: Manual or Timed 
 Span Comp: Disabled 
 Background: Not Disabled 

− Test Menu 
 Pres/Temp/Flow Comp: On 

 Diagnostic Mode: Operate 

• The Service switch must be set to IN. 

5.3.2 Calibration Procedures and Frequency 
The EC/ML 9830 CO analyzer must be regularly calibrated against a known source of CO 
that is traceable to a National Institute of Standards and Technology (NIST) standard. 
Multipoint calibration procedures (typically 5 points) are used to establish the relationship 
between analyzer response and pollutant concentration over the instrument’s full-scale 
range. Zero and span checks are used more frequently to provide a two-point calibration or 
an indication of analyzer stability and function. 

An external gas calibration unit will be used to initially perform multipoint calibrations on 
all the CO instruments.  

Prior to the implementation of the sampling program, the CO analyzer will be calibrated 
according to procedures outlined in the Quality Assurance Handbook for Air Pollution 
Measurement Systems, Volume II: Part 1 (EPA, 1998). Calibration of the analyzer establishes 
the quantitative relationship between actual pollutant concentration (in parts per 
billion [ppb]) and the analyzer’s response (volts, digital output). 

EPA regulations require a multipoint calibration when the instrument is newly installed and 
at least once every 6 months thereafter, and whenever the monitor is moved, repaired, or 
interrupted for more than a few days. A multipoint calibration will also be performed when 
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the span response is off by more than 12 percent from the known gas concentration or the 
zero gas CO concentration is greater than 500 ppb. 

The weekly zero and span checks will be performed by the onsite personnel. The 
precision/bias reading is taken prior to any physical adjustment of the zero and span 
values. If the zero air reads more than 1,000 ppb or the analyzer response is off by more than 
15 percent, the data will be invalidated back to the last acceptable zero and span and the 
monitor recalibrated.  

A separate calibrator and gas standard from those used in normal operations will be used 
for the audits. 
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6.0 Site Operation 

6.1 Air Monitoring Program Schedule of Operations 
The EQB has stated that air monitoring is required as part of the variance application. This 
plan proposes an ambient monitoring program of 1 year’s duration to ensure that treatment 
operations do not violate the NAAQS for CO and PM10.  

This plan proposes reviewing semiannual data to determine the benefit for a full year of 
ambient monitoring. After analysis of the first dataset’s CO and PM10 concentrations, the 
measured concentrations will be compared to the NAAQS described in Section 3 to 
ascertain the residual benefit from continuing of the sampling program for 1 calendar year.  

This monitoring plan proposes that ambient air monitoring proceed as necessary during the 
course of the normal prescribed burn and BIP program. 

6.2 Data Measuring Period 
Continuous PM10 and CO data will be collected and available in near real time for the 
duration of the prescribed burning operations. The continuous PM10 instrument records an 
average of PM10 concentration as milligrams per cubic meter. These concentrations will be 
converted to μg/m3. Section 8, Data Management, describes the criteria for calculating the 
24-hour average and the associated data validation requirements. 

Wind speed, direction, temperature, and barometric pressure will be included in the 
semiannual reports and formatted for the EPA AIRS database. 

Prescribed burn monitoring data will be collected for a period of 12 consecutive months, 
unless the monitoring program is truncated due to determination of pollutant 
concentrations less than the NAAQS. The data completeness goal for the particulate 
sampling and meteorological monitoring will be 75 percent completeness per 6 months, 
consistent with the EPA SLAMS monitoring regulations goal of 75 percent. The data 
collection period for prescribed burn and any other LIA events used to calculate this data 
completeness will commence at 12:01 a.m. local time the day of the event and continue until 
midnight 24 hours after the event is complete (cessation of all smoldering). 

If either PM10 or CO measured concentrations indicate the presence of additional 
compounds at risk-based levels (for example, threshold limit value) based on correlated 
emission factors, subsequent sampling events may consist of sampling for representative 
(for example, metal and explosive) compounds known to be emitted by the event. Samples 
will be collected in 24-hour intervals for each set of parameters. 
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6.3 Personnel 
The meteorological and monitoring stations will be operated by local personnel who have 
been trained by CH2M HILL staff familiar with the EPA guidance documents for operation 
of ambient monitoring stations. CH2M HILL will connect to the station every business day 
to download the previous day’s data and review the instantaneous data for reasonability. 
This is the first line of defense in assuring maximum data recovery. This daily data review 
and remote access, coupled with local site operator visits, enables us to monitor data 
recovery and minimize downtime. The site operator will forward the raw data files to 
CH2M HILL on a weekly basis for a secondary data review. 

The ambient monitoring program for the VNTR will include a high level of quality control 
as required by the EPA guidelines. Data collection and processing will be performed by a 
team experienced in collecting and processing these types of data. The monitoring sites will 
include data loggers and will be checked on a weekly basis. The sites will be audited every 
6 months. The auditor will be experienced in ambient data monitoring, independent of the 
data collection team, and will employ different audit devices than those used for 
calibrations, if possible.  

6.4 Weekly Site Visits 
Weekly inspections or visits will be made to each monitoring station, as suggested in 
monitoring guidance documents. For each site visit, the field technician will record the date 
and time of the site visit, verify proper operation of the instruments and perform routine 
quality control checks. This section outlines the procedures to be used during site visits. 

A site logbook and field data sheet (see Appendix C) will serve as the official site 
documentation. All QA/QC and maintenance activities will be noted in the bound site 
logbook kept at each monitoring site. All events observed by the site operator that are 
pertinent to station operation will be recorded in the logbook. The field data sheet will be 
used during each site visit to log the status of equipment, compare the datalogger with the 
actual meteorological conditions, and to alert senior staff of operational problems. Field data 
sheets will be stored onsite and copies sent to the QA manager weekly. Important 
documents such as calibration certificates, performance audit assessments, and other 
pertinent information will also be kept by the QA manager in a central file in CH2M HILL 
offices. 

6.4.1 Site Logbooks 
Field operators are required to keep accurate written records of their activities in a bound 
logbook. All entries should be legible and written in waterproof ink and contain accurate 
and inclusive documentation of an individual’s field activities, including observations, any 
problems encountered, and actions taken to solve each problem. The type of data recorded 
in the field logbook includes site visits, maintenance and calibration activities, field 
measurements, ambient conditions, and any other information pertinent to sample 
collection. Entry errors or changes should be crossed out with a single line, dated, and 
initialed by the person making the correction. Field logbooks will be available to the QA 
coordinator for review. 
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6.4.2 Field Data Sheets 
The field data sheet (see Appendix C) documents site activities and is used to log each 
weekly site visit. This enables the data coordinator to use the site documentation as an 
additional tool for data validation. 

The originals of the completed log sheets are given to the data coordinator and the copies 
are filed in the site notebook located at the site. This makes it possible for the data 
coordinator to trace data anomalies, if necessary, and gives the field technician access to 
specific site information without having to verbally communicate with others while in the 
field. 

6.4.3 Site Visit Procedures  
Meteorological Towers 
At a minimum of once per week, a field operator will visit each tower and visually inspect 
the meteorological tower and sensors for damage, visually estimate the wind speed and 
direction, and check the temperature aspirator motors to verify they are operating correctly. 
The wind speed will be estimated using professional judgment. The wind direction will be 
estimated by referring to the orientation of the wind vane with respect to true north and the 
orientation of the mounting crossarm. Temperature will be estimated by relating the station 
temperature readings to a pocket thermometer. In addition, the tower is lowered on a 
monthly basis to further verify operation of the aspirator. 

The field operator will perform the following tasks: 

• Verify that the datalogger time is correct within ±5 minutes. All time should be in 
Eastern Standard Time (EST), or Greenwich Mean Time (GMT).  

• Compare the instantaneous readings of the datalogger with the observed actual readings 
and record these values on the site visit inspection log.  

• Check for signs of vandalism to the meteorological tower, guy wires, and security 
fencing. 

• Verify that the wind vane is moving freely and not bent or broken. 

• Record the time of day. 

• Record the datalogger time. 

• Record the instantaneous data values to verity that the datalogger is recording 
reasonable.  

• Note any unusual circumstances and significant weather events (for example, high 
winds, cold or hot temperatures, damage to sensors, birds landing on sensors) in 
logbook. Note any extraordinary activities or circumstances. 

If any of the above checks indicate malfunctions or invalid data, then the appropriate 
CH2M HILL personnel should be notified as soon as possible. All activities and problems 
must be thoroughly documented in the logbook. The operator should make sure the date, 
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time of the visit or inspection, site, and his or her initials appear on all pages of the current 
log. 

The field operator is also responsible for maintaining the station in a neat and orderly 
condition and for performing maintenance on a regularly scheduled basis, as defined in the 
appropriate instrument manuals. 

PM10 and CO Monitors 
At a minimum of once per week, a field operator will visit each monitoring shelter and 
verify that all instruments are operating correctly. The internal temperature of the shelter 
will be recorded on the field data sheet and the operator will verify that the air conditioner 
is functional. A flow check will be performed on the BAM 1020 to verify that the instrument 
is sampling an accurate volume of air as described in Section 5.2.3.2. The CO monitor will be 
calibrated with the external calibration unit as described in Section 5.3.2. 

If any of the above checks indicate malfunctions or invalid data, then the appropriate 
CH2M HILL personnel should be notified as soon as possible. All activities and problems 
must be thoroughly documented in the logbook. The operator should make sure the date, 
time of the visit or inspection, site, and his or her initials appear on all pages of the 
current log. 
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7.0 Quality Assurance Project Plan 

This Quality Assurance Project Plan (QAPP) describes the necessary QA and QC procedures 
to ensure that the data collected are of sufficient quality to meet the project objectives. QC is 
defined as those operational procedures that will be routinely followed during the normal 
operation of the monitoring systems to ensure that each measurement process is working 
properly. These procedures include calibration, site inspections, data screening and 
validation, and preventive maintenance. QA is defined as those procedures that will be 
performed on a more occasional basis to ensure that the measurement process is producing 
data that meets the project’s data quality objectives (DQO). This QAPP was developed using 
guidance set forth in EPA’s Requirements for QA Project Plans (QA-R5) and follows the EPA’s 
seven-step DQO development process. 

7.1 Data Quality Objectives 
7.1.1 State the Problem 
Nonagricultural prescribed burning is not specified as an allowable activity under Puerto 
Rico air quality rules. The Puerto Rico EQB has stated that a variance will be required to 
perform the prescribed burns for the TCRA on the LIA. In order to grant this variance, the 
Puerto Rico EQB has stated that air monitoring will be required. 

7.1.2 Identify the Decision 
The objective of this ambient monitoring program is to obtain and document current 
information on the ambient air quality in the public areas of Vieques Island and to 
determine the effects, if any, associated with the prescribed burning of vegetation. In order 
to achieve this goal and to make long-term decisions that affect human health and the 
environment, several questions should be answered: 

• What is the quality of the ambient air in the public domain of Vieques? 

• Is Vieques in compliance with the NAAQS? 

• What are the effects of open burning on the ambient air in Vieques? 

• Are the existing burn plan restrictions effective in any mitigating any risks 
associated with open burning on Vieques? 

7.1.3 Identify Inputs to the Decision 
Based on the predicted emissions and the resulting concentrations, particulate matter and 
the gas CO are likely to be both significant and measurable in this area. These compounds 
are addressed in the NAAQS. None of the other trace compounds are predicted to be 
present in measurable quantities, so monitoring parameters will consist of PM10 and CO. 
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Previous “near source” air monitoring data was reviewed to provide information on air 
monitoring for BIPs. Data reported in the quarterly VNTR Air Monitoring Reports further 
confirm that there are no ambient air impacts associated with BIPs. 

Field observations and ambient air monitoring data will be used to document the ambient 
air quality and compliance with the NAAQS. 

7.1.4 Define the Boundaries of the Study 
The modeling of the prescribed burns indicated that the maximum ground-level impacts to 
ambient air from the prescribed burns occur in an area generally bounded by a triangle 
formed northeast of a line from Isabel Segunda to Camp Garcia to the western boundary of 
the National Wildlife Refuge with the maximum concentrations occurring slightly east of 
Isabel Segunda. Modeling of the BIPs indicated that the maximum ground-level impacts 
occur in the LIA and surface impact area with no measurable impacts outside of the 
restricted area; therefore, monitoring for BIPs will not be included as a primary objective of 
this air monitoring program. 

7.1.5 Develop a Decision Rule 
Data obtained in this investigation must be of sufficient completeness and quality to achieve 
project DQOs. The QC requirements specified in this QAPP and the Site Operation 
Procedures (Section 6) will be followed to aid in the establishment of data quality. 
Additionally: 

• A project chemist will review and validate all meteorological and monitoring data to 
assess whether the data meets project DQOs and may be used for project decisions. If 
the data do not satisfy the project DQO requirements, they will not be used for project 
decisions. 

• The project team will review and evaluate all meteorological and monitoring data to 
assess the current quality of the ambient air and determine compliance with the 
NAAQS.  

• The project team will review and evaluate all meteorological and monitoring data to 
assess effects of prescribed vegetation burning and determine if further restrictions are 
necessary. 

7.1.6 Specify Limits on Decision Errors 
Random and/or systematic errors may be introduced during the sample collection 
procedures, sample handling and storage, sample analysis, data reduction, and data 
reporting. The QC measures set forth in this QAPP, project standard operating 
procedures (SOPs), the Site Operation Procedures, analytical methods, and other project 
documents serve to minimize these errors.  

Each member of the field team must follow the same field operating procedures outlined in 
Section 6 in order to minimize field errors.  
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If applicable, the project chemist will review all analytical data obtained based on a criteria 
analogous to the EPA’s Functional Guidelines in order to determine if the data meets project 
DQOs. 

If the Data Quality Indicators of precision, bias, accuracy, representativeness, comparability, 
completeness, and sensitivity do not achieve project DQOs then results will be qualified as 
estimated and may not be used to make project decisions. 

7.1.7 Optimize the Design 
The primary goal of this monitoring plan is to obtain information on ambient air quality and 
to demonstrate the effect of prescribed burning on the NAAQS. EPA-approved methods 
have been chosen whenever available. 

One objective of the monitoring program is to provide high quality, unattended monitoring 
capable of documenting the ambient air quality with respect to pollutants likely to be 
emitted in measurable quantities from the prescribed burns. Continuous monitoring of PM10 

and CO will allow for near real-time determination of air quality. 

7.2 Project Quality Assurance and Control Procedures 
It is necessary to conduct sufficient QA activities to ensure that the data measurements are 
acceptable, complete, accurate, precise, sensitive, representative, and comparable as defined 
below. 

Completeness is the ratio of the number of actual valid data obtained through the 
measurement system to the number of data points expected or possible under normal 
conditions. Completeness will be calculated for the overall project as follows: 

100×=
dayspossibleofNumber

daysvalidofNumber
sscompleteneData  

The EPA SLAMS data completeness goal is 75 percent; this project has set a completeness 
goal of 75 percent, which meets the goal based on EPA completeness criteria as defined in 
the previously referenced guidance documents.  

Accuracy is the ratio of a reported value to a known value. All measurement quality checks 
start with a comparison of an audit concentration or value (flow rate) to the 
concentration/value measured by the analyzer and use percent difference as the 
comparison statistic as described in equation 1 of this section. For each single point check, 
calculate the percent difference, di, as follows: 

 
where, meas is the concentration indicated by the monitoring organization's instrument and 
audit is the audit concentration of the standard used in the QC check being measured. 

Precision is defined in the EPA Redbook as a measure of mutual agreement among 
individual measurements of the same property usually under prescribed similar conditions. 
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This is the random component of error. Precision is estimated by various statistical 
techniques using some derivation of the standard deviation. The precision estimate used to 
assess the one-point QC checks for SO2. The precision estimator is the coefficient of variation 
upper bound and is calculated using equation 2 of this section: 

 

7.2.1 Field Documentation Procedures 
Operational tasks are logging day-to-day status of equipment, including noting the date, time, 
and operator’s initials in the logbooks at the site upon each site visit; providing for continuous 
data collection; and troubleshooting and correcting any operational problems. The field 
operators accomplish these tasks by visiting the station a minimum of once every week and 
completing the site visit checklist (see Appendix C). The operator routinely sends copies of 
these reports to the data manager. 

Field operators are responsible for maintaining each monitor and shelter in a neat and 
orderly manner and for performing some remedial maintenance on a regularly scheduled 
basis, as defined in the appropriate instrument manuals. A bound field logbook is kept at 
each monitoring station. Every time an instrument receives maintenance or QA checks are 
performed, such as flow checks, the results are recorded. Calibrations, maintenance, 
adjustments, loss of control, relocations, downtime, or any other events pertinent to each 
instruments’ operation are recorded. 

Other important documents such as calibration certificates, performance audit assessments, 
and other pertinent information are kept in the project notebook as well as in the central file 
with the data manager. 

Field Records 
Field operators are required to keep accurate written records of their activities in a bound 
logbook. All entries should be legible and written in waterproof ink and contain accurate 
and inclusive documentation of an individual’s field activities, including observations, any 
problems encountered, and actions taken to solve the problem. Data recorded in the field 
logbook include site visits, maintenance and calibration activities, field measurements, 
conditions, and other information pertinent to sample collection. Entry errors or changes 
should be crossed out with a single line, dated, and initialed by the person making the 
correction. Field logbooks are available to the QA manager for review.  

Site Visits 
The project QA program calls for two site visits during the first week of operation and 
weekly visits thereafter. Section 6 describes the procedures for the site visit. The PM10 and 
CO monitors are visited a minimum of every week while in operation. Any needed 
maintenance or troubleshooting for the monitors will take place at this time.  
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As part of the QA program, a field data sheet was developed to guide technicians 
performing site visits (see Appendix C). This form can be used to log all activities at the site, 
even when an inspection is not conducted. It is important to have site documentation that 
includes written parameter values. In this manner, the data manager is able to use the site 
documentation as an additional tool for data validation. 

The originals of the completed log sheets are kept with the data manager. This way the data 
manager can trace data anomalies, if necessary, and the field operator has access to specific 
site information.  

7.3 Quality Assurance for Meteorological Instrumentation 
Meteorological instruments are calibrated, operated, maintained, and repaired according to 
CH2M HILL procedures and the recommendations of the manufacturer’s operations and 
maintenance manuals. Sensors are calibrated or audited every 6 months using CH2M HILL 
SOPs and test equipment traceable to authoritative standards. Calibration and audit 
procedures follow requirements as outlined in Quality Assurance Manual for Meteorological 
Monitoring Systems, Volume IV (EPA-600/4-82-060). 

7.3.1 Calibration Frequency 
The instruments are calibrated at the factory under controlled conditions using such 
equipment as wind tunnels and temperature chambers. Calibrations are performed before 
the instruments are shipped to the site for installation and if they require factory repair. 
Field calibrations are also performed in the field upon station installation if significant 
repairs are required and if field checks or performance audit results warrant. 

The instrumentation used for the meteorological monitoring network meets all 
requirements as specified in the EPA document Ambient Monitoring Guidelines for Prevention 
of Significant Deterioration (EPA-450/4-87-007, May 1987) and in 40 CFR, Part 58, 
Appendix B, Quality Assurance Requirements for Prevention of Significant Deterioration Air 
Monitoring and Meteorological Monitoring Guidance for Regulatory Modeling Applications 
(EPA-454/R-99-005, February 2000). 

7.4 Quality Assurance for PM10 Monitoring 
7.4.1 Calibration Frequency 
PM10 instruments are calibrated as part of the QC program. The BAM-1020 is factory 
calibrated. The only user calibration is a flow verification that may include verification of 
the temperature and internal barometric pressure sensor. Before any adjustments are made 
to the instrument, the flow is verified against a flow standard and then adjusted if the 
percent difference from the standard is greater than ±2. These calibrations are done onsite 
before monitoring commences and routinely throughout the monitoring program as 
outlined below:  

• After any repair work that may alter the operation of the instrument  

• When an instrument has been moved  
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• At least once every 6 months or whenever the instrument has failed a performance audit 
or a QC flow check 

When appropriate, calibration results are recorded on the field data sheet. A copy of this is 
provided in Appendix C. 

7.4.2 Calibration of Transfer Standards 
The standards used for flow measurements will be calibrated annually against NIST 
standard reference materials. The Delta-Cal flow meter is a certified transfer standard, but 
will still be recalibrated and certified annually against NIST traceable standards by a 
laboratory or the manufacturer.  

7.5 Quality Assurance for CO Monitoring 
A level 1 check, as described in Section 2.0.9 of the QA Handbook for Air Pollution 
Measurement Systems, will be performed every 6 months, or more frequently as determined 
by the prescribed burn schedule. A level 1 check is an authoritative assessment of the 
analyzer calibration using a CO span gas standard that is traceable to a certified standard or 
certified reference material. The results from a level 1 check can be used to adjust the 
analyzer zero and span to restore accurate calibration. 

7.6 Performance Audits and Procedures 
Auditing is an independent function that is to be performed under its own set of procedures. 
The purpose of the audit is to inspect the calibration and test the instruments with known 
inputs and accurately measure the system’s responses to determine instrument performance 
and accuracy. Quality assurance audits and process evaluations must be performed to 
determine the accuracy of the monitoring system and hence the data it produces. The audits 
are performed by experienced CH2M HILL air monitoring personnel who are not responsible 
for the day-to-day operation of the station. This section describes the procedures for 
conducting the performance audits for the particulate monitor and meteorological sensors. 

7.6.1 Project Audit Requirements 
EPA quality assurance guidelines call for a performance audit to be conducted within 
30 days of installing a new station. The initial audit will be conducted as part of installation. 
The performance audit will be conducted in accordance with EPA guidelines as described in 
the documents previously referenced in this plan. The audit will be conducted by 
individuals experienced in air monitoring performance audits who are not involved in the 
routine operation of the station. Audits consist of challenging the monitor with a series of 
test equipment to determine operational characteristics. The results of the audit tests will be 
provided in the summary data reports. 

To meet this project’s DQOs, performance audits are conducted every 6 months. Audits are 
conducted in accordance with EPA-defined criteria. For particulate monitoring, EPA 
guidance suggests conducting audits within 30 days of station startup, every 6 months 
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during operation, after significant downtime or major repairs, if the station is relocated, and 
within 30 days of station shutdown.  

Audit procedures for the BAM-1020 call for comparing the audit flow rate measured by the 
audit device to the indicated sampler flow rate. Flow rates measured in L/min are 
compared at actual conditions of temperature and pressure. Field measurements of 
temperature and pressure are recorded using certified equipment traceable to NIST 
standards. The difference between the audit flow and the BAM-1020 indicated flow must be 
within ±4 percent to pass the audit.  

The BAM-1020 is operated under normal conditions as part of the performance audit. A 
measurement of the indicated sampler flow rate is determined using a BGI, Inc., DeltaCal or 
equivalent flow measurement device. This flow monitor shall be certified traceable to NIST.  

7.6.2 Audit Procedures 
The audits will be performed by experienced individuals who are not involved in the routine 
operation of the station. After completion of each audit, each instrument will be calibrated, if 
necessary, according to the manufacturers’ specifications. The auditor will review the 
preliminary findings with the station operator after completion of the field audit. An audit 
sheet will be completed for each audit.  

An independent observer should be present for the audit, preferably the routine operator of 
the sampling equipment. This practice not only contributes to the integrity of the audit but 
also allows the operator to offer explanations and information that will help the auditor to 
determine possible causes of discrepancies between audit-standard values and the sampling 
equipment values. 

7.6.3 Meteorological Audits 
A list of the EPA’s recommended accuracies for meteorological parameters is provided in 
Table 7-1. 

TABLE 7-1 
Recommended System Accuracies and Resolutions 

Meteorological Variable System Accuracy Measurement Resolution 

Wind Speed (horizontal and vertical) ± (0.2 m/s + 5% of observed) 0.1 m/s 

Wind Direction (azimuth and elevation) ±5 degrees 1.0 degree 

Ambient Temperature ±0.5°C 0.1°C 

Vertical Temperature Difference ±0.1°C 0.02°C 

Barometric Pressure ±3 mb (0.3 kPa) 0.5 mb 

Solar Radiation ±5% of observed 10 Watts/m2 

Time ±5 minutes  

NOTE: 
Source: EPA 450/4-87-013. 
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A checklist is used to evaluate audit results compared to EPA guidance for meteorological 
performance audits.  

Wind Speed 
The cup type wind speed sensor is challenged for accuracy with a variable synchronous 
motor that simulates three known wind speeds. Resultant sensor wind speeds are compared 
to the expected speeds. The sensor passes the test when the difference between the motor 
and the instrument response is ±0.2 m/sec plus 5 percent of the observed response. A 
torque watch test is performed to determine starting torque, threshold, and, therefore, 
bearing acceptability. If the system exhibits a starting threshold of greater than 0.5 m/sec, 
then the wind speed sensor fails the audit. The wind speed audit results are compared to the 
PSD requirement of ±0.2 m/sec plus ±5 percent of the observed value for wind speeds 
above 5 m/sec. 

If the wind speed sensor fails any of these audit tests, refer to the wind speed manual 
(Appendix D) for corrective action procedures. 

Wind Direction 
The vane type wind direction sensor’s true north orientation is verified by using a Brunton 
compass and tripod. The wind direction sensor is rotated in 30-degree increments (as 
determined by a protractor-type device), and the output is checked at each point. If any of 
the responses throughout the 360-degree rotation are greater than ±5 degrees from the 
correct wind direction, then the sensor fails the audit. Starting thresholds and bearing wear 
of the wind direction sensor are tested with a torque watch in a manner similar to that 
described for wind speed. If the system exhibits a starting threshold of greater than 
0.5 m/sec, then the wind direction sensor fails the audit. 

If a wind direction sensor fails any of these audit tests, refer to the wind direction manual 
(Appendix D) for corrective action procedures. 

Ambient Temperature 
The temperature sensors are checked at two temperatures (temperatures of an ice water 
bath and of ambient air). The sensors’ responses to an ice slurry and to ambient air are 
compared to those of NIST traceable thermometers. The aspirator motor for each 
temperature sensor is checked for operational status. The temperature response must be 
within ±0.5°C of the reference temperature to pass the audit. Responses outside these 
guidelines require corrective action, refer to the temperature sensor manual (Appendix D). 

Vertical (Delta) Temperature Difference 
For delta temperature sensors, both the 2-meter and the 10-meter sensors are challenged 
simultaneously. Both are submerged in an ice water bath to measure the difference in 
temperature. Ideally, the delta T between the two sensors should be 0°C. The delta T 
response is recorded. With both temperature sensors lowered to the 2-meter level, the delta 
T of ambient air is also noted and recorded. The desired value for this reading is also 0°C. If 
the results fall outside the EPA acceptance criteria of ±0.1°C, corrective action measures 
described in the temperature manual are implemented. 
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Solar Radiation 
Performance audits for solar radiation sensors must be performed semi-annually to meet 
EPA guidance. To achieve maximum data completeness, CH2M HILL will conduct audits 
every 6 months. The EPA guideline for acceptable audit results is ±5 percent of the observed 
reference value from the collocated certified pyranometer. 

The solar radiation sensor is checked to determine if it is mounted horizontally using the 
bubble indicator on the sensor face. The dome on the sensor is also examined for scratches, 
defects, or other discoloring that could interfere with the correct reading of solar radiation. 
An operational zero check is performed on the sensor by covering it with a black cloth that 
allows no sunlight to reach the sensor. This simulates nighttime conditions and the sensor 
response should be zero, “0.” 

An Epply model 8-48 pyranometer, which is traceable to an authoritative standard, is 
temporarily collocated next to the station solar radiation sensor to compare and verify 
accuracy. If this audit comparison results in discrepancies that exceed the EPA guidance, 
refer to the solar radiation manual (Appendix D) for corrective action. 

7.6.4 PM10 Audits 
The following parameters are observed and recorded on an audit sheet at least two times 
per calendar year: 

• Sampler location, date, and time 
• Sampler model, serial number, and calibration relationship 
• Temperature and barometric pressure 
• Unusual weather conditions 
• Audit transfer standard serial number and calibration relationship 

Calculate the percentage difference between the monitor’s indicated flow rate and the 
corresponding audit flow rate, determined from the audit transfer standard by using the 
equation on the audit data sheet. If the audit flow rate percentage difference is less than or 
equal to ±4 percent, then the audit is acceptable. If this is not met, the flow meter must be 
recalibrated. These data will be documented in the Semiannual Data Reports to the client. 

7.6.5 CO Audit Procedures 
The CO analyzers will be audited at least two times each calendar year. The auditor will use 
and independent CO standard to calculate the percentage difference between the monitor’s 
CO concentration and an alternative gas standard’s concentration at a minimum of 
3 concentrations (3 ppm to 8 ppm, 15 ppm, to 20 ppm, and 80 ppm to 90 ppm). Any point 
that differs from the standard by more than 15 percent will be investigated. Results from the 
audit will be evaluated with EPA equations for precision, bias, and accuracy and 
documented in the Semiannual Data Reports to the client. 

7.6.6 Audit Reporting 
The CH2M HILL auditor leaves copies of the audit data sheets at the monitoring site at the 
conclusion of the audit. The results of the performance audits are tabulated and presented in 
the Semiannually Data Report. The report contains the results of the audit and points out 
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discrepancies in station operational procedures with respect to EPA monitoring guidelines. 
Recommendations for corrective actions are also included in the audit report. 

7.7 Preventive and Corrective Maintenance 
To minimize data loss due to instrument malfunction, certain maintenance steps are taken. 
Spare parts inventories and preventive maintenance schedules have been developed for each 
monitoring instrument. These schedules are contained in the instrument manuals (see 
Appendices A, B, and D). All maintenance steps taken, scheduled or unscheduled, must be 
documented in the station logbook and on forms that are kept in the central file.  

Proper operation of the instrument is monitored in real time through a satellite link to each 
instrument. It is important to correct instrument malfunctions as soon as they are identified. 
The spare instrument and spare parts inventory should minimize data loss due to sensor 
malfunction. The station operator will be responsible for routine maintenance. The site 
operator will also provide initial troubleshooting, maintenance, and repair. CH2M HILL’s air 
monitoring staff are also available to provide prompt troubleshooting and maintenance. 
Corrective actions will be recorded in the field logbook and submitted to the data manager for 
use in data validation. 

The data manager and QA manager will be jointly responsible for approving and initiating 
corrective action after the data have been reviewed. Changes will be documented, dated, 
and signed. When it is necessary to make changes in the field, they will be made by the field 
operator after the field operator communicates with the data manager or QA manager. 

7.8 Quality Assurance Reports to Management 
The hourly PM10 data will be validated and averaged for each 24-hour sampling period 
(midnight to midnight). The CO and meteorological data will be validated and processed 
into hourly average values. All monitoring data will be processed and summaries will be 
reported semiannually. A description of QA activities conducted during the 6 months will 
be included in the semiannual report. This will include audits, preventive maintenance, and 
repair activities.  

7.9 Site Operator Training 
CH2M HILL has implemented recruitment, screening, and training protocols to ensure that 
station operators are qualified. Training is completed by all new station operators before 
they are allowed to operate field stations independently. Training will begin during site 
installation and continue on a routine basis throughout the duration of the project. 
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8.0 Data Management  

The VNTR monitoring program consists of hourly PM10 and CO data collected 
continuously. This method of data collection depends on the field operator’s attention to the 
project’s QA and QC tasks and careful documentation of these tasks on the field data sheet 
and in the monitoring station’s logbook. The field operator is the first level of data 
screening, and the data manager or QA manager the last. This section describes the tasks 
that need to be completed to manage the project data in a reliable manner. 

8.1 Data Management 
PM10 concentrations are calculated by the BAM-1020 datalogger from the volume of air 
passing over filter tape, the beta attenuation of the particulate mass filter tape, and the 
sample time. Valid data depends on the field operator carefully monitoring and recording 
the flow rate and other operational characteristics.  

The CO concentration of the sample is continuously measured from a user-supplied air 
stream, from which the instrument extracts one standard liter per minute of sample. 

8.1.1 Field 
Data management for the CO monitor, PM10 monitor, and the meteorological sensors begins 
in the field at the monitoring site. Criteria have been established to assist the site operator in 
determining whether a sample is valid. During a site visit, the operator checks and records 
the operational parameters of the BAM-1020 since the instrument’s internal logger does not 
store this type of data. This will include logging the date, time, and previous hourly 
concentration value on the field data sheet. 

The site technician will download the BAM-1020 error log to determine if any anomalies 
have occurred during data collection. 

During each site visit, the site operator will conduct a flow check verification. The 
volumetric flow rate of the BAM-1020 must be within the project’s warning threshold of 
±2 percent. If the flow check results exceed this amount the operator will recalibrate and 
adjust the flow rate. The EPA criteria of ±4 percent is used for data validation.  

If the instrument flow checks fall outside the 4 percent criteria, data from the date of the 
failed flow check back to the last successful flow check will be flagged and/or qualified as 
invalid by the data coordinator  

Meteorological parameters will be checked during each site visit to assess reasonability with 
current conditions. 

8.1.2 Validation of Database Data 
Once the data are downloaded, the data manager checks the data for flags set by the 
instrument’s internal logger. Hourly data that are flagged are not included in the 24-hour 
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average. To meet the project’s data completeness goal of 75 percent, at least 18 hours of any 
given sample day must be valid before being included in a 24-hour average. The data 
manager will review the results from the field QA checks performed on the monitor, as well 
as the semiannual performance audit results for further determination of data validity.  

Data entered into the database are randomly checked by hand by the QC manager against 
the raw data, including temperature, barometric pressure, observed hourly concentration 
data recorded by the site operator during each site visit, and the sampler’s calibration 
information. Statistical outliers are back-checked. These data are then incorporated into the 
report.  

8.2 Automated Data Collection 
Data will be collected through an internet or satellite data link that will provide near real-
time data for measured parameters. Data will be reported on a private or public Web site, at 
the discretion of the Navy. 

CH2M HILL will maintain the raw data before validation. These raw data are not altered 
and are stored separate from the database. A copy of the raw data entered into the database 
forms the basis for data validation. Validation procedures will be documented and kept on 
file with CH2M HILL’s data manager. 

8.2.1 PM10 Data 
Logged Error Flags 
Any flagged hours will be investigated and data invalidated. These errors are set by the 
BAM-1020’s internal logger and indicate out-of-range conditions or mechanical problems. 
The BAM-1020 Operators’ Manual (see Appendix A) contains a complete list of these errors. 

Out-of-Control Flow Checks 
If the routine flow check or performance audit results fall outside the control limit of 
±4 percent, the PM10 data will be invalidated back to the previous valid QA/QC check. 

Negative Data 
Occasional negative hourly values are consistent with normal operation of the BAM-1020 
when very low ambient concentrations are present. Repeating negative values or an 
abundance of -5 μg/m3 values should be suspect and the field operator notified. If either 
case occurs, check for proper operation of monitor or for background drift using an 
appropriate zero air filter manufactured by Met One. 

Daily Data Patterns 
BAM-1020 data should express somewhat routine characteristics. ”Flat” or erratic hour-to-
hour mass values may be the result of an operational malfunction. Changes in weather such 
as rain or change of seasons should influence “normal” daily values.  




