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Executive Summary

A Memorandum of Agreement (MOA) and Memorandum of Understanding (MOU) for
development of State Route 15, dated 1985 (MOA) and 1993 (MOU), requires the State to
perform air monitoring at Teralta Park, located at 40th Street and Orange Avenue in San
Diego, California. The broad purpose of the air monitoring is to determine the safety of the
park deck for public use. This monitoring report presents the results of this monitoring for
two continuous 6-week periods. The first monitoring event occurred at Teralta Park from
November 3 through December 16, 2008. The second monitoring event occurred at Central
Elementary School from December 19, 2008, through January 30, 2009. The data collected
and shown in this report include the 1-hour and 8-hour average carbon monoxide (CO)
concentrations.

Carbon monoxide 1-hour and 8-hour averages were calculated from 1-minute data for the
monitoring period. These averages were then compared to the California Ambient Air
Quality Standards (CAAQS) and the National Ambient Air Quality Standards (NAAQS) for
CO. No CAAQS or NAAQS exceedances were recorded during this reporting period.
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1.0 Background

1.1  Objectives

A Memorandum of Agreement (MOA) and Memorandum of Understanding (MOU) for
development of State Route 15 (SR-15), dated 1985 (MOA) and 1993 (MOU), requires the
State to perform air monitoring at Teralta Park, located at 40th Street and Orange Avenue in
San Diego, California. The study has been designed to answer the following questions:

1. Does the proximity of the park to a major freeway system pose a risk to human health or
the environment through an air quality pathway?

2. Is the concentration of carbon monoxide (CO) in the ambient air at the park deck at
40th Street and Orange Avenue compliant with air quality standards, and therefore safe
for public use?

The objective of this air monitoring study is to fulfill the requirements of the MOU by
documenting and comparing the maximum CO concentrations in the park at 40th Street and
Orange Avenue to the California Ambient Air Quality Standards (CAAQS) and National
Ambient Air Quality Standards (NAAQS).

1.2 Monitoring Locations and Timing

Teralta Park is located directly above SR-15. To ensure that representative data were
collected, monitoring sites were located on each side of SR-15 (Figure 1-1). The Teralta Park
monitoring location is west of SR-15 in the southwest corner of the park. The Central
Elementary School monitoring location is east of SR-15 near the southeast corner of the park.
Since the predominant wind direction is from the west, the park location is generally
upwind of SR-15 and the school location is generally downwind of SR-15. Detailed source
environment descriptions can be found in the approved Carbon Monitoring and Quality
Assurance Plan (Appendix A).

Historically, CO levels in San Diego are higher during the months between late fall and
early spring than in the summer. As shown in Figure 1-1, data collected from the
downtown San Diego monitoring station show monthly CO concentrations that are higher
during late fall through early spring. CO monitoring was carried out during winter months
in order to capture maximum concentration levels.
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FIGURE 1-1
Monitoring Locations

Teralta Park Location

Central Elementary School Location

FIGURE 1-2
2008 1-hour CO Average in Downtown San Diego, Monthly Maxima
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2.0 Monitoring Methods and Equipment

Ambient monitoring was performed according to the approved Carbon Monitoring and
Quality Assurance Plan (Appendix A). Carbon monoxide values were measured
continuously for 6 weeks at the Teralta Park location (November 3, 2008, through
December 16, 2008) and for another 6 weeks at the Central Elementary School location
(December 19, 2008, through January 30, 2009).

Carbon monoxide measured values were collected continuously and 1-minute averages
were recorded using the Ecotech EC9830 Carbon Monoxide Analyzer. The Ecotech Model
EC9830 is designated as a reference method for CO by the U.S. Environmental Protection
Agency (EPA), Designation No. RFCA-0992-088. Details regarding the operating parameters
for the Ecotech monitor are located in the approved Carbon Monitoring and Quality
Assurance Plan.

The following section discusses the quality control and assurance procedures that were
implemented throughout the project. Additional details of the monitoring procedures are
discussed in the approved Carbon Monitoring and Quality Assurance Plan.
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3.0 Quality Control and Quality Assurance
Activities

Quality control and quality assurance consist of two distinct, yet equally important,
functions. Quality control improves the quality of the data by implementing quality control
policies, procedures, and corrective actions. Quality assurance assesses the quality of the
monitoring data by determining its precision and bias. Precision is a measure of the
repeatability of data results obtained during a given monitoring period. Bias is a measure of
closeness of an observed measurement to the true value. These two functions produce
quality data that are acceptable for further data analysis. This section describes quality
control activities that were undertaken during the monitoring program and presents the
results of quality assurance measurements performed during the reporting period.

3.1  Quality Control

The goal of quality control activities is to ensure that the data generated by the monitoring
study are of high quality. To meet this goal, the following activities were undertaken:

e Field operations were conducted in a manner consistent with published EPA and San
Diego Air Pollution Control District (SDAPCD) monitoring guidance documents and the
approved project quality assurance plan. The SDAPCD protocols are included in
Appendix B.

e Field log records were completed to minimize data loss resulting from record keeping
errors (Appendix C).

e The final data used for calculations of results were verified using field log records.
Internally flagged data were validated for consistency and excluded if flagged in the log
records.

3.2 Quality Assurance

The following quality assurance parameters were used to define the success in achieving a
precise and accurate data set: completeness, bias, and precision.

3.21 Completeness

Data 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 was calculated for the overall project as shown in Equation 3-1.
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EQUATION 3-1
Data Completeness

Number of valid days
Number of possible days

Data completeness = 100

The EPA state and local air monitoring system (SLAMS) data completeness goal is
75 percent, and the applicable time averages are listed in Table 3-1.

TABLE 3-1
SLAMS Data Completeness Requirements

Time Period Data Requirement(l)
1-hour Average 75% of 1-minute averages within the hour
8-hour Average 6 valid hours within the 8 hours
Total Monitoring Period 75% of data collected during 6-week time period®
NOTES:

OThe completeness requirements are based on the EPA SLAMS monitoring regulations.
@This project set an internal goal of 90 percent data completeness.

The CO instrument logger flags data as invalid when the monitor is operating outside of
acceptable parameters. These flagged data are then reviewed and determined valid or
invalid during the validation task and review. Data were excluded during this monitoring
period for the following reasons:

e Erroneous background settings caused unreliable data from November 15, 2008, to
November 16, 2008, and from December 6, 2008, to December 8, 2008 (Teralta Park
location).

e The system performs nightly automatic zero and span checks. Data are invalidated for
1 hour during these checks.

e Audits and precision checks by the SDAPCD occurred approximately once each week,
resulting in a few hours of invalidated data per week.

Table 3-2 shows the level of data completeness for CO data collected during each 6-week
reporting period. As shown in Table 3-2, the SLAMS data completeness goal of 75 percent
was achieved at both locations.

TABLE 3-2
Completeness of 1-hour Data
Possible Readings Data Completeness
Location Valid Readings (hours) (hours) (percent)
Teralta Park 805 984 81.8
Central Elementary 894 949 94.2
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CARBON MONOXIDE MONITORING DATA REPORT

Data from Teralta Park was excluded during two time periods when the background was
set incorrectly. Additionally, the first site visit performed by SDAPCD was not able to verify
monitor performance, so initial data at Teralta Park have been flagged and not included in
the completeness calculation. The project goal of 90 percent was achieved at the Central
Elementary School location.

3.2.2 Bias and Precision

Bias and precision of the CO monitoring data were calculated following the Guideline on the
Meaning and the Use of Precision and Bias Data Required by 40 CFR Part 58 Appendix A
(EPA, 2007).

Bias is defined by the EPA (1998) as the systematic or persistent distortion of a measurement
process that causes error in one direction. Bias was determined by estimating positive and
negative deviation from the true value as a percentage of the true value. The true value is
the value of the gas standard to which the monitor response is compared.

Precision is a measure of mutual agreement among individual measurements of the same
property usually under prescribed, similar conditions (EPA, 1998). Precision checks measure
the random component of error and then use statistical techniques to determine the
precision of the system.

Precision checks were performed by the SDAPCD in accordance with their ambient air
monitoring protocols. Details of the SDAPCD monitoring protocol, as well as precision
check records, are included in Appendix B.

Precision checks were performed approximately every other week by SDAPCD staff using
gas standards and equipment external to the CO monitoring system. Table 3-3 lists the
results of the precision checks performed by the SDAPCD during this monitoring period.

TABLE 3-3
Precision Check Results
Zero Precision
Date Expected  Actual Expected Actual

11/17/08 0.0 0.0 10.15 10.5
12/01/08 0.0 0.0 10.15 10.5
12/09/08 0.0 -0.1 10.15 10.4
12/29/08 0.0 -0.2 10.15 10.0
01/05/08 0.0 0.0 8.92 9.2
01/16/08 0.0 0.0 8.92 9.1
01/23/08 0.0 0.1 8.92 9.1
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Based on the data collected during the SDAPCD precision checks and in accordance with
the SDAPCD monitoring protocol, the precision of the system is calculated to be

2.83 percent. The bias was also calculated from data collected during the precision checks
conducted by the SDAPCD. The bias of the system is calculated to be + 3.15 percent. The
calculation methodology can be found in Appendix A. These values fall within the tolerance
limits indicated in the approved Carbon Monoxide Monitoring and Quality Assurance Plan.

3.3 Nightly CO Zero and Span Data Checks

As discussed in the approved quality assurance plan, CO monitor performance was
evaluated by conducting nightly zero and span checks. The nightly zero check was
performed with the Ecotech zero-air generator and the nightly span checks were performed
with the Ecotech GasCal 1100 gas calibrator. Table 3-4 shows acceptable limits for zero and
span checks. As indicated in Figures 3-1 and 3-2, all zero and span checks were within
acceptable limits.

TABLE 3-4

Nightly Zero and Span Checks

Check Criteria Corrective Action Actions Taken

Zero Zero Concentration > 0.5 ppm  Multipoint calibration Threshold not exceeded

Zero Concentration > 1.0 ppm Multipoint calibration and data flagged Threshold not exceeded
back to the last valid zero check

Span % Difference > 12% Multipoint calibration Threshold not exceeded

Span % Difference > 15% Multipoint calibration and data flagged Threshold not exceeded

back to the last valid span check

NOTE:
ppm = parts per million
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FIGURE 3-1
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3.4 CO Calibrations

The CO monitor was calibrated as part of the quality control program. The CO monitor has
an external calibration unit, the GasCal 1100, that is capable of running multipoint
calibrations on the CO monitor. The gas used for calibration of the CO monitor was

3,010 parts per million (ppm) CO, balance nitrogen, National Institute of Standards and
Technology traceable, EPA protocol with a & 2 percent accuracy. A brass regulator and
stainless steel lines connected the cylinder to the calibrator.

As prescribed in the approved CO monitoring plan, a multipoint calibration was performed
upon instrument startup at the Teralta Park location and after the monitoring equipment
was relocated from the Teralta Park location to the Central Elementary School location. At
no time during monitor operation did analyzer response fall outside of the acceptable limits;
therefore, no other calibrations were required.

3.5 Audits

EPA quality assurance protocol requires independent performance audits for gaseous
monitoring to be conducted every 3 months (quarterly) and before station shutdown

(EPA, 1998). SDAPCD performed audits according to their established procedures
approximately every other week. Audit procedures for the CO monitor include determining
the concentration of CO from an external CO source. The monitor was operated under normal
conditions as part of the performance audit.

Audits were performed by SDAPCD individuals who are not involved in the routine
operation of the station. The auditor reviewed the preliminary findings with the station
operator after completion of the field audit. Summary reports were completed after each
audit and are attached in Appendix B. For each audit, an independent observer and one of
the routine operators of the CO monitoring equipment were present. A summary of the
performance audits for each location are listed in Tables 3-5 and 3-6.

The results of each audit thoughout the study indicated that the system was performing
within acceptable error limits, according to the SDAPCD audit.
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TABLE 3-5

Results for CO Audits at Teralta Park Location

Standard

Response Concentration (ppm)

\ 11/4/08 11/6/08 11/25/08 12/16/08
Concentration
(ppm) Expected  Actual Expected Actual Expected Actual Expected Actual
0 0.0 0.0 0.0 -0.1 0.0 -0.1 0.0 0.0
40 40.1 42.9 40.0 40.0 38.4 40.2 40.1 42.2
30 30.1 32.0 30.0 29.9 - - 30.1 315
20 20.1 21.4 20.0 20.0 - - 20.1 21.0
10 10.1 10.8 10.0 10.0 9.0 9.5 10.1 105
5 5.0 5.5 5.0 4.9 4.0 5.0 5.0 5.1
25 - - - - - - 2.8 2.8
Average Percent 6.7% -0.5% 4.9% 3.9%
Difference
NOTE:
ppm = parts per million
TABLE 3-6
Results for CO Audits at Central Elementary Location
Response Concentration (ppm)
Standard 12/19/08 01/09/09 01/30/09
Concentration
(ppm) Expected Actual Expected Actual Expected Actual
0 0.0 0.1 0.0 0.0 0.0 0.0
40 40.0 40.6 40.0 40.1 40.2 40.3
30 30.1 30.2 - - 30.1 30.1
20 20.1 20.2 - - 20.1 20.1
10 10.1 10.1 9.0 8.9 10.1 10.1
5 5.0 5.0 3.8 3.7 5.0 5.0
2.5 - - 2.7 2.6 3.0 3.1
Average Percent 0.5% -1.2% 0.2%
Difference
NOTE:

ppm = parts per million
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4.0 Monitoring Results

Carbon monoxide 1-hour and 8-hour averages were calculated from the 1-minute data. The
maximum CO concentration values for both the Teralta Park and Central Elementary School
monitoring locations are compared to the NAAQS and CAAQS in Table 4-1. Complete tables of
the 1-hour and 8-hour averages from each location are presented in Appendix D. Results are
presented graphically in Figures 4-1 through 4-4.

TABLE 4-1
Maximum 1-hour and 8-hour CO Concentrations
1-hour Maximum 8-hour Maximum
Location (ppm) (ppm)
Teralta Park 2.8 2.0
Central Elementary School 3.1 2.0
CO Ambient Air Standards (ppm)
CAAQS 20 9
NAAQS 35 9
NOTE:

ppm = parts per million

As shown in Table 4-1, the maximum CO concentration measured at both monitoring locations
is much lower than both the CAAQS and the NAAQS. The maximum 1-hour CO concentrations
are only 15 percent of the CAAQS and less than 9 percent of the NAAQS. The maximum 8-hour
CO concentrations are only 22 percent of the CAAQS and NAAQS.

The CAAQS and NAAQS were established to protect public health, including the health of
“sensitive” populations such as asthmatics, children, and the elderly (EPA, 2007b). Since the
ambient air concentrations at the monitoring sites are much lower than the CAAQS and
NAAQS, these results indicate that the quality of air at Teralta Park does not pose a risk to
public health in the vicinity of the park. Therefore, the park deck is safe for public use. CO
values are lower in San Diego during the summer than in the winter. Since CO concentrations
were well below the acceptable air quality standard for these periods in the winter, we conclude
that values will be lower, and thus also safe, during the rest of the year.

Based on the monitoring results in this study, the presence of the freeway in proximity to
Teralta Park did not cause the ambient air concentration of CO to exceed the standards set by
the EPA to protect public health.
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FIGURE 4-1

Teralta Park CO 1-hour Averages
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FIGURE 4-2
Teralta Park CO 8-hour Averages
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FIGURE 4-3
Central Elementary CO 1-hour Averages
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FIGURE 4-4
Central Elementary CO 8-hour Averages
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Background and Monitoring Objectives

A Memorandum of Agreement (MOA) and Understanding (MOU) for development of
State Route 15, dated 1985 (MOA) and 1993 (MOU), requires the State to perform air
monitoring at the Teralta Park, located at 40th Street and Orange Avenue in San Diego,
California. The broad purpose of the air monitoring is to determine the safety of the park
deck for public use. The objective of this air monitoring program is to fulfill the
requirements of the MOU by documenting the maximum carbon monoxide (CO)
concentrations in the park at 40th Street and Orange Avenue and to compare those
concentrations to the National Ambient Air Quality Standards (NAAQS) and the California
Ambient Air Quality Standards (CAAQS).

Ambient monitoring will consist of measuring CO continuously for a 6-week period at one
location, and for another 6-week period at a second location. A U.S. Environmental
Protection Agency (EPA) Reference Method will be used for the monitoring. Meteorological
data will not be collected as part of this monitoring plan.

The monitoring plan is designed to meet the requirements of 40 Code of Federal

Regulations (CFR) Part 58 and Table A-1 of Appendix A to Part 58, which is included as
Appendix A of this document. The Quality Assurance (QA) section of this document
includes the necessary components of a Quality Assurance Project Plan (QAPP), as
described in the EPA document, Quality Assurance Handbook for Air Pollution Measurement
Systems: Volume I, Ambient Air Monitoring Program Quality System Development (EPA, 1998).
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1.0 Source Environment Description

1.1  Topographical Description

The San Diego region spans more than 4,200 square miles in the southwest corner of the
continental United States. Elevation ranges from sea level along the coast to 6,000 feet in the
Cuyamaca Mountains. Topography varies greatly —from beaches on the west to mountains
and desert on the east. Near the ocean is a coastal bench of varying widths that contain the
greatest population density. The Mid-City Community occupies a relatively level,
developed mesa, bisected by a series of canyons and small creeks.

1.2 Land-Use Description

The area can be classified as urban high density. It was originally developed with
single-family housing as a suburban addition to San Diego and is located along the east
trolley corridor and the original Highway 80 (El Cajon Boulevard) route. The area has been
developing since World War II with higher-density apartments and condominium
development.

1.3  Climatological Description

San Diego’s climate is influenced by the Pacific Ocean and its semi-permanent,
high-pressure systems that result in dry, warm summers and mild winters. The average
temperature ranges from 40 to 90 degrees Fahrenheit. Most of the precipitation occurs from
November to April, with little precipitation occurring during the summer months.

There are two types of inversions that occur in the region. In the summer, a persistent
subsidence (sinking air) inversion exists over San Diego County. In the winter, a nightly
shallow inversion layer forms between the cooled air at the ground and the warmer air
above.

The predominant wind pattern is sometimes interrupted by “Santa Ana” conditions when
pressure over the Nevada-Utah area sends hot dry winds from the east out to sea.

1.4  Meteorological Data

Figure 1-1 is a wind rose showing the prevailing wind speed and direction.
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FIGURE 1-1
Wind Rose

JMS ES102008001SLC\SANDAGAMP_FINAL1.DOC 12



2.0 Monitoring Program Description

Continuous CO monitoring will be conducted according to the EPA reference method,
designation number RFCA-0992-088, using the Ecotech CO Analyzer (Model EC 9830). If the
Ecotech CO monitor is not available for any reason, a continuous method monitor
manufactured by another vendor and meeting the EPA method designation or equivalency
criteria may be used. For this special purpose study, the monitoring system will be sited
according to Appendix E to Title 40 CFR, Part 58.

2.1 Time Period for Which Data Will Be Measured

Continuous ambient CO data will be collected for two periods of 6 consecutive weeks each.
The continuous CO instrument records a 1-minute average concentration in parts per
million (ppm). The 1-minute averages will be used to calculate the hourly averages that will
subsequently be averaged into 8-hour averages.

The data management section of this document describes the data validation requirements
and the criteria for calculating the 1-hour and 8-hour concentrations.

The monitoring period may be extended if NAAQS exceedances are measured or if quality
control (QC) requirements or data capture goals for the project are not met. The project will
aim for a 90 percent data completeness goal for the six week sampling periods, however if
the EPA SLAMS monitoring criteria of 75 percent completeness is achieved the study will
remain valid.

2.2  Rationale for Locations of Monitors

The monitor will be sited according to EPA monitoring guidance documents. The siting
guidelines include placing the instrument a significant distance from obstacles such as trees,
buildings, paved surfaces, large bodies of water, or other obstacles that could influence the
airflow and measurements at the station.

Site selection is based on several factors, including prevailing wind direction, monitoring
equipment configuration, site accessibility, infrastructure requirements, and security of the
site location. A senior CH2M HILL air quality engineer familiar with these EPA siting
criteria will review the monitor location and confirm that these criteria have been met.
Further detail on site locations is provided in Section 3 of this document.

To operate within the EPA reference method requirements, the monitor will be installed in a
self-contained enclosure with internal environmental controls that maintain a constant
temperature. The unit contains an AC-powered air conditioner to maintain an enclosure
temperature between 15 and 35 degrees Celsius (°C) as required by the EPA designation. An
attempt will be made to keep the shelter between 20 and 30°C. The temperature of the
shelter will be monitored hourly using an independent temperature logger or sensor.
Section 4 of this document describes the Ecotech monitor and the options that have been
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chosen to comply with EPA federal reference method requirements. The instrument will be
operated in the 0 to 50 ppm range.

Electrical service to the site is to be made available from nearby locations. If possible,
telephone service is desired, but not necessary.
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3.0 Description of Monitoring Sites

3.1 Site 1, Teralta Park

The first location for the CO monitor will be at the southwest corner of Teralta Park at

40th Street and Orange Avenue. The groundcover and surrounding land is paved or covered
with mixed low vegetation (grass and weeds). The monitor and shelter will be located inside
the maintenance building at 4095 40t Street, San Diego, California 92105.

Photographs of the maintenance building and south facing vents are provided in Figures 3-1

through 3-2.

3.1.1  Universal Transverse Mercator Coordinates

The universal transverse mercator (UTM) coordinates for the monitoring station are as
follows:

e UTM Zone 11

3.1.2 Height of Measurements Above Ground

The monitor is located according to EPA siting guidelines, which call for the sample inlet to
be between 2 to 15 meters aboveground. The CO monitor is located in an enclosure, inside a
building with the inlet located approximately 6 meters aboveground; this meets the EPA
siting guidelines.

3.1.3  Nearby Obstructions

The monitoring site for CO has been selected according to the following criteria from
Table 3, Summary of Probe Siting Criteria, from the prevention of significant deterioration
(PSD) monitoring guidance (40 CFR Part 58, Appendix E):

e Sampler inlets will be placed at a height of 2 to 15 meters aboveground, as close to the
breathing zone as feasible

e The distance from supporting structures must be greater than 2 meters in horizontal
distance

Other criteria from this guidance document include the following:

e Should be more than 20 meters from the dripline and must be 10 meters from the
dripline when any tree(s) act as an obstruction

¢ Distance from sampler to obstacle, such as buildings, must be at least twice the height
the obstacle protrudes above the sampler

e Must have unrestricted airflow arc of 270 degrees around the sampler
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The location is in a paved and grassy area. There are no obstructions in the immediate area
of the proposed location.

FIGURE 3-1
Site Photograph, Maintenance Building
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FIGURE 3-2
Site Photograph, Looking Eastward Showing South-facing Vents of the Maintenance Building

3.2 Site 2, School

The second location for the CO monitor will be at the school. The groundcover and
surrounding land is paved or covered with mixed low vegetation (grass and weeds).

Photographs of the proposed monitoring site at the Central Elementary School and area are

provided in Figures 3-3 through 3-5.

3.2.1 Universal Transverse Mercator Coordinates

The UTM coordinates for the monitoring station are as follows:

e UTM Zone 11

3.22  Height of Measurements Above Ground

The monitor is located according to EPA siting guidelines, which call for the sample inlet to
be between 2 to 15 meters aboveground. The CO monitor is located in an enclosure with the
inlet located approximately 6 meters aboveground; this meets the EPA siting guidelines.
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3.2.3  Nearby Obstructions and Site Photographs

This monitoring site for CO has been selected according to the criteria from Table E-4,
Summary of Probe Siting Criteria, from the monitoring guidance (40 CFR Part 58,
Appendix E) as listed.

FIGURE 3-3
Site Photograph, Proposed Monitoring Site at the Central Elementary School
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FIGURE 3-4
Site Photograph, Looking Northward from the Proposed Monitoring Site at the Central Elementary School
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FIGURE 3-5
Site Photograph, Looking Southward from the Proposed Monitoring Site at the Central Elementary School
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4.0 Description of Monitoring Methods and
Equipment

4.1  CO Monitoring Instruments

The CO monitor and gas calibrator are manufactured by Ecotech Corporation,
headquartered in Melbourne, Australia. Ecotech is a technical leader in environmental
monitoring instrumentation for the detection, measurement, and reporting of air

pollutants. During the project, two instruments will be in use for CO monitoring —a monitor
and a calibration unit.

The EC9830 CO monitor is a nondispersive infrared (NDIR) photometer that accurately and
reliably measures low concentrations of CO using gas filter correlation and state-of-the-art
optical and electronic technology. The monitor generates infrared radiation (IR) that is
absorbed by CO within the 5-meter pathlength. The gas filter correlation wheel facilitates
rejection of interferents and the narrow band-pass filter ensures measuring only the
CO-sensitive IR wavelengths. The CO content of the sample is continuously measured from
a user-supplied airstream from which the instrument extracts 1 standard liter per

minute (slpm) of sample.

The sampling inlet extends at least 1.3 meters above the roof of the shelter. All surfaces in
contact with sample air are constructed of Teflon. The inlet is insulated within the shelter to
prevent condensation.

The Ecotech GasCal 1100 Dynamic Gas Calibrator will be used for calibration of the CO
monitor during the monitoring period. The calibrator will be used to conduct multipoint
calibrations and biweekly zero span checks. A separate gas source and calibrator will be
used for audits.

411 EPA Equivalency Designation

The Ecotech Model EC9830 is designated as a reference method for CO by the EPA,
Designation No. RECA-0992-088. This EPA designation applies to the Model EC9830 when
operated under the following conditions:

e Any full-scale range to 0 to 100 ppm

e Ambient temperature range of 15°C to 35°C (for purposes of this study, an attempt will
be made to keep the shelter temperature between 20°C and 30°C, however data will not
be invalidated if the temperature remains between 15°C and 35°C)

e Line voltage range of 105 to 125 volts alternating current (VAC), 60 Hertz (Hz) or 220 to
240 VAC, 50 Hz

e Flow rate of 1.0 slpm
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e Internal pump (A series), Ecotech external pump or equivalent (B series) internal pump
(A series), Ecotech external pump or equivalent (B series)

e 5-micron Teflon filter installed in front of the sampler inlet

e If the units in the MEASUREMENT MENU are changed from volumetric to gravimetric,
the analyzer must be recalibrated

e The analyzer must be operated and maintained in accordance with the operation
manual

Users are advised that configurations that deviate from this specific description may not
meet the applicable requirements of 40 CFR Part 53.

4.1.2  Principal of Operation
4121 Model EC9830

Carbon monoxide absorbs IR at wavelengths near 4.7 microns; therefore, the presence and
amount of CO can be determined by the amount of absorption of IR. The EC9830 analyzer
uses gas filter correlation to compare the detailed IR absorption spectrum between the
measured gas and other gases present in the sample being analyzed. A highly concentrated
sample of the measured gas (CO) is the filter for IR transmitted through the analyzer, thus
gas filter correlation.

The process further defined consists of radiation from the IR source encountering a gas filter
wheel alternating between CO, nitrogen (N2), and a mask. The radiation passes through a
multiple-pass measurement cell where the sample gas absorption process occurs, then
through a narrow-band-pass filter to limit absorption to optical wavelengths of interest for
CO absorption, after which it encounters the IR detector where the amount of absorption is
measured.

The N filter in the gas filter correlation wheel is transparent to IR and yields a measure
beam that can be absorbed by CO in the measurement cell. The CO filter in the wheel yields
a beam that cannot be further attenuated by the CO in the measurement cell, rendering it a
reference beam. The mask creates a signal used to determine the strength of the other two
signals.

The CO concentration in the measurement cell absorbs the measure beam and does not
absorb the reference beam, modulating the IR radiation, or a detector input signal between
the gas filters. Other gases absorb the reference and measure beams equally and thus do not
cause modulation of the detector signal. Using this method, the system responds specifically
to CO.

The EC9830 analyzer uses the advance digital Kalman filter. This filter provides the best
possible compromise between response time and noise reduction for the type of signal and
noise present in ambient air analyzers and their application.

The implementation of this filter enhances the analyzer’s measurement method by making
the filter time base variable depending on the change rate of the measured value. If the
signal rate is changing rapidly, the instrument is allowed to respond quickly. When the
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signal is steady, a long integration time is used to reduce noise. The system continuously
analyzes the signal and uses the appropriate filtering time.

4.1.2.2 Model GasCal 1100

The standard GasCal 1100 hardware/plumbing configuration provides a calibration gas
from a gas standard diluted by pollutant-free or “zero” air. The basic unit can handle four
gas standards, controlled by individual solenoids. The zero airflow and the gas flow are
regulated by mass flow controllers. The mass flow controllers are sized to achieve
appropriate dilution of the gas standard. A Teflon mixing chamber is used to achieve
complete mixing of the two components at the desired concentration level. This
hardware/plumbing configuration allows precision gas dilution.

The zero air source is an Ecotech Model 8301 zero air generator that uses an external
compressor, filter, reactor, and chemical scrubbers to generate a pollutant-free stream of air.

4.1.3  Calibration Procedures and Frequency
4131 Model EC9830

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 ppm) and the
analyzer’s response (volts, digital output).

Environmental Protection Agency 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 the span response is off by more than 15 percent or
if the zero air reads more than 1.0 ppm..

The instrument will perform an automatic zero/span check at least once per day.

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

4.1.3.2 Model GasCal 1100

The GasCal 1100 has been calibrated at the factory and will not require calibration
verification during the anticipated monitoring period. If the monitoring extends beyond a
3-month period, a National Institute of Standards and Technology (NIST) traceable flow
meter will be used to determine the accuracy of the onsite flow controller. This will be
accomplished by comparing the actual flow versus the flow setting for seven equally spaced
flows along the range of the device, using an external automated flow meter. If the flow
accuracy varies by more than 2 percent, the GasCal 1100 flows will be recalibrated.
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5.0 Monitoring Rationale and Data Quality
Objectives

5.1  Monitoring Rationale

Air monitoring in the vicinity of Teralta Park in San Diego County is being performed to
determine the safety of the park deck for public use. Carbon monoxide is the pollutant of
concern and will be measured continuously for two 6-week periods.

5.2 Data Quality Objectives

The Data Quality Objectives (DQO) process used for this project follows EPA guidance and
uses the seven-step DQO development process. The DQOs provide a basis for the
investigation activities to be performed, and ensure that data collected during the
investigation will be of sufficient and adequate quality for their intended use.

5.2.1 State the Problem

The park at 40th Street and Orange Avenue is located near a major freeway system.

5.2.2  Identify the Decision
What is the quality of the air at the park at 40th Street and Orange Avenue?

Does the proximity of the park to a major freeway system pose a risk to human health or the
environment?

Is the park deck at 40th Street and Orange Avenue safe for public use?

5.2.3  Identify Inputs to the Decision

Two 6-week periods of ambient CO concentration monitoring data will be collected.
One-hour and 8-hour data collected at each location will be compared to the CAAQS.

5.2.4  Define the Boundaries of the Study

The site covers approximately 5 acres located at 40th Street and Orange Avenue in San
Diego, California. Sampling will take place near the boundary perimeter of the site and will
be conducted using EPA-approved methodology.

525 Develop a Decision Rule

Carbon monoxide will be monitored using an EPA reference method.

The QC requirements specified in this document will be followed to ensure data of
sufficient completeness and quality to achieve project DQOs.
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5.2.6  Specify Limits on Decision Errors

Random or systematic errors may be introduced during monitoring, data reduction, and
data reporting. The QC measures set forth in this document serve to minimize these errors.
Each member of the field team must follow the same procedures to minimize field errors.

5.2.7  Optimize the Design

The air monitoring procedures and location have been established to cost-effectively collect
data that are of sufficient quality to fulfill the overall project objectives.
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6.0 Quality Assurance Program

This QA program consists of two distinct, yet equally important, functions. The first
function is to assess the quality of the monitoring data by determining its precision and bias.
The second function of the QA Program is to control and improve the quality of the data by
implementing QC policies, procedures, and corrective actions. These two functions produce
quality data that are acceptable for further data analysis. It is necessary to conduct sufficient
QA activities to ensure that the data measurements are acceptable, complete, precise,
accurate, representative, and comparable. Such activities are conducted in accordance with
EPA guidelines and equipment manufacturers’ procedures, and include, but are not limited
to, the following tasks:

¢ Document and revise, when necessary, methods used for monitoring and analysis
e Describe calibration procedures appropriate to each method
e Use working standards traceable to NIST standard reference materials (SRM)

e Maintain QC charts and perform corrective action when an out-of-control condition is
detected

e Participate in EPA and local agency systems and performance audits whenever possible
e Follow EPA guidelines in validating and reporting monitoring data

e Perform regular preventive maintenance according to manufacturers’ specifications

e Adequately train staff who participate in the monitoring project

e Maintain a data completeness objective of greater than 75 percent of valid data
measurement for CO

6.1  Quality Assurance Program Objectives

The goal is to ensure that the data generated by the monitoring program are of the highest
quality possible. To meet this goal, the following objectives were established:

e Conduct all field operations in a manner consistent with published EPA and San Diego
Air Pollution Control District (SDAPCD) monitoring guidance documents (this will
ensure high quality and defensible data)

¢ Ensure that all field log records are complete to minimize data loss that could result
from recordkeeping errors

e Ensure that all calculated data are reported correctly and that all data are validated
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The following parameters are used to define the success in meeting the previously described
objectives:

e Completeness
e Bias
e Precision

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:

Number of valid days
Number of possible days

Data completeness = 100

The EPA SLAMS Data Completeness goal is 75 percent. To have a valid 1-hour block of
data, at least 75 percent of the 5-minute averages within that hour must be valid. For CO
data, a valid 8-hour block of data must include at least 6 valid hours within the 8-hour
period. If any of the monitor’s counts within a block of data is incomplete or flagged, the
internal instrument logger flags the data as invalid. These flagged data are then reviewed
and determined valid or invalid during the validation task.

Precision and bias are calculated following the Guideline on the Meaning and the Use of
Precision and Bias Data Required by 40 CFR Part 58 Appendix A (EPA, October 2007).

Bias is defined by EPA as the systematic or persistent distortion of a measurement process
that causes error in one direction. Bias will be determined by estimating positive and
negative deviation from the true value as a percentage of the true value.

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.
This is the random component of error. Precision is estimated by various statistical
techniques using some derivation of the standard deviation.

For each single point check, the percent difference (d;) will be calculated using equation 1.

EQUATION 1
Percent Difference (Measured and Audited Values)

_ meas —audit y
audit

100

Where:
meas = the concentration indicated by the monitoring organization’s instrument
audit = the audit concentration of the standard used in the QC check being measured

The precision estimator used to assess the one-point QC checks for CO is the coefficient of
variation upper bound and is calculated using equation 2.
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EQUATION 2
Coefficient of Variation
n n 2
n d; d,
cV il il n 1
2
n(n 1) Xm,n .

Bias is estimated using Equation 3.

EQUATION 3
Bias Calculation

lbias| = AB + g4 X AS

n

Where:

n = number of single-point checks being aggregated

to.osn1 = the 95t quantile of a t-distribution with n-1 degrees of freedom

AB = mean of absolute values of a the d;s

AS = standard deviation of the absolute values of the d;s.

Validation of bias using the one-point QC checks are calculated using the following

equations.
EQUATION 4
Mean (d)
1 n
A
EQUATION 5
Standard Deviation (S))
1|, 1(e, Y
S = —[Ydxa-=Yd,
" qn-1 ; n(% ]
EQUATION 6
Upper 95 Percent Probability Limit
dj+1.96 Sj
Where:
d; = mean

Sj = standard deviation
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EQUATION 7
Lower 95 Percent Probability Limit

di-1.96S;

Where:
d; = mean
Sj = standard deviation

6.2  Project Organization and Responsibility

Mr. Mahmood Hossain is the primary point of contact at the SDAPCD and is responsible for
approving this protocol. The reports of the monitoring results and the QA program will be
submitted to the California Department of Transportation (Caltrans) and subsequently to
SDAPCD. The SDAPCD will review the QA plan and the site operating procedures.

CH2M HILL is the contractor responsible for running the air quality monitoring program
for Caltrans. The CH2M HILL project manager is Mr. Hany Haroun from the San Diego,
California office. Mr. Haroun is responsible for overall execution of the project and has
primary responsibility for the technical quality of project work products.

The CH2M HILL task leader is Dr. Mark Bennett from the San Diego, California office. He is
responsible for preparing this Carbon Monoxide Monitoring and Quality Assurance Plan.

The CH2M HILL senior technical consultant is Mr. Doug Landwehr from the Denver,
Colorado office. Mr. Landwehr, a senior meteorologist, is responsible for adherence to
QA /QC requirements set forth in this document, including audits, calibrations and
operations, and training the site operators. He will be available to answer questions from
the site operators.

The CH2M HILL data manager is Ms. Andrea White, who will be responsible for overall
data management, including validation and reporting. Ms. White will also be responsible
for ensuring all QA /QC activities are completed on schedule, including span and zero
requirements.

Ms. White is also the CH2M HILL site operator. She is responsible for biweekly site visits to
the monitoring stations, as well as onsite troubleshooting, maintenance, and technical
support. Table 6-1 lists the primary contacts for the monitoring program.
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TABLE 6-1
Primary Contacts

Contacts Role
Jayne Dowda Caltrans, District 11 Environmental Engineering Branch Chief;
(619) 688-0182 Communication with San Diego Air Pollution Control District
jayne_dowda@dot.ca.gov
Mark Bennett, Ph.D. CH2M HILL Task Leader; Communication with San Diego Air
(619) 687-0120 ext. 7221 Pollution Control District

(619) 208-7055 (mobile)
Mark.Bennett@ch2m.com

Mahmood Hossain San Diego Air Pollution Control District, Monitoring and Technical
(858) 586-2760 Services Chief; Primary Point of Contact
Mahmood.Hossain@sdcounty.ca.gov

Hany Haroun CH2M HILL Project Manager
(619) 687-0120 ext.7261
Hany.Haroun@ch2m.com

Mitch Lindsay CH2M HILL Principal Technologist; Senior Air Quality Manager
(801) 350-5229

(435) 901-8709 (mobile)

mitch.lindsay@ch2m.com

Doug Landwehr CH2M HILL Senior Technical Consultant; QA/QC Review
(720) 286-2546

(301) 810-4015 (mobile)

Doug.Landwehr@ch2m.com

Jodi Lee CH2M HILL Data Manager
(619) 687-0120 ext. 7216
josephine.lee@ch2m.com

6.3  Project Safety

This project will follow established Health, Safety, and Environment (HS&E) practices by
CH2M HILL and Caltrans.

6.4  Field Documentation Procedures

Operational tasks are logging the 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 2 weeks
and completing the site visit checklist. An example of the checklist appears in Appendix B.

The site operator is responsible for maintaining the monitoring station in a neat and orderly
manner and for performing some remedial maintenance on a regularly scheduled basis,
according to the instrument manuals (Appendix C). These procedures and other corrective
actions meet the QA and data completeness goals of the project.
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A bound field logbook is kept for the project. Each time an instrument receives maintenance
or QA checks (zero/span) are performed, the results are recorded. Calibrations,
maintenance, adjustments, out-of-control, relocations, downtime, or any other events
pertinent to each instrument’s operation are recorded.

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

6.4.1 Field Records

Field operators are required to keep accurate written records of their activities in a bound
logbook. All entries should be legible, 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. The type of data recorded in
the field logbook includes site visits, maintenance and calibration activities, field
measurements, ambient conditions, and any other pertinent details. Entry errors or changes
should be crossed out with a single line, dated, and initialed by the person making the
correction. Entries made by individuals other than the person to whom the logbook was
assigned are dated and signed by the individual making the entry. Field logbooks are
available to the QA manager for review.

6.4.2 Site Visits

The project QA program calls for weekly site visits during the first month of operation and
biweekly visits thereafter. Any needed maintenance or troubleshooting for the monitor will
take place at this time. A site visit log will be completed for each site visit. This log will be
used to officially document site activities. The data will be downloaded from the CO
monitors and temperature datalogger during the site visit. The CH2M HILL data manager
will also be able to access the stations via modem to confirm operational status.

6.5 Quality Assurance for CO Monitoring

A Level 1 zero and span calibration check is an authoritative assessment of the analyzer
calibration, using a NIST traceable CO gas standard. The results of a Level 1 check can be
used to adjust the analyzer zero and span to restore accurate calibration.

A Level 2 zero and span check is an informal calibration check (often with an uncertified
standard) used to monitor the day-to-day relative reading of the analyzer. The results of a
Level 2 check cannot be used to adjust the analyzer calibration, but may be indicative of the
need for a Level 1 check.

6.5.1  Calibration Frequency

CO instruments will be calibrated regularly as part of the QC program. The CO monitor will
have an external calibration unit, the GasCal 1100, that is capable of running zero span
checks on the CO monitor.
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The gas used for calibration of the CO monitor will be approximately 3,000 ppm CO,
balance nitrogen, NIST traceable, EPA protocol with a & 2 percent accuracy. A brass
regulator and Teflon or stainless steel lines will connect the cylinder to the calibrator.

A multipoint calibration will be performed upon instrument startup, once per site, after
major repairs, and if the zero air reads more than 1.0 ppm or the analyzer response is off by
more than 15 percent. Criteria for the multipoint calibration is that each point falls within
10 percent of the expected value, and uncertainty due to non-linearity at 95 percent
confidence level shall have a maximum value of 2 percent.

6.5.1.1 Zero and Span Checks

At a minimum, zero and span checks will be performed daily on the CO monitor. If the span
gas concentration differs from the known concentration by greater than 15 percent or if the
concentration of the zero gas is greater than 1.0 ppm, a multipoint calibration will be
performed.

6.5.1.2  Summary of CO Quality Objectives and Data Assessment Requirements
The following bullets summarized the CO quality objective and data assessment
requirements:

e Span: biweekly >12 percent action level, 15 percent, recalibrate and invalidate to last
acceptable check

e Zero: biweekly >0.5 ppm action level, >1.0 ppm, recalibrate and invalidate data to last
acceptable check

e Precision: biweekly SDAPCD will be performing precision checks according to their
accepted schedule and procedures.

e Audit: The SDAPCD will perform equipment audits according to their accepted
schedule and procedures.

e Multipoint Calibration: upon startup, once per site, after major repairs, when
zero/span exceed 1.0 ppm/15 percent on daily checks

Nominal Levels: zero, 1 to 5 ppm, 5 ppm to 10 ppm, 10 ppm to 20 ppm, and 40 ppm
to 50 ppm span

Each point should not vary from the known by more than 5 percent

Zero/Span and Calibration (if required) results are recorded on the CO calibration/flow
check/audit data sheet. A copy of this is provided in Appendix B. Site visits are conducted
on a routine basis and occur with a frequency of not less than 14 days.

6.6  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 project duration.
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6.7 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 independently by SDAPCD air monitoring personnel.
Audits are conducted using a separate gas calibrator and gas standards that are not the
same as those used for routine operation and calibration. This section describes the
procedures for conducting the performance audits for the CO monitors.

6.7.1  Project Audit Requirements

Environmental Protection Agency quality assurance guidelines call for a performance audit
to be conducted within 30 days of installation of 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 the plan. The
audit will be conducted by individuals experienced in ambient air monitoring performance
audits who are not involved in the routine operation of the station. The results of the audit
tests will be provided in the summary data reports.

Quality assurance documents also require independent performance audits for gaseous
monitoring to be conducted every 3 months (quarterly) and before station shutdown. Since
the duration of this project is two 6-week periods, audits will be scheduled by SDAPCD as
necessary. Audit procedures for the CO monitor include determining the concentration of CO
from an external CO source. The monitor will be operated under normal conditions as part of
the performance audit.

6.7.2  Audit Procedures

The audits will be performed by SDAPCD 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. A
summary report will be completed after each audit and included in the data reports
submitted to the client.

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.

6.8 CO Audit

Calculate the percentage difference between the monitor’s CO concentration and an
alternative gas standard’s concentration at a minimum of three concentrations, plus zero.
Guidance requires the zero level and 80 percent to 90 percent of full scale must be checked,
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with the three other values in a range greater than 0 ppm and below 80 percent. The exact
values will depend on the values of the calibration gases available. 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.

6.9  Audit Reporting

Audit reports will be generated by SDAPCD personnel according to their accepted format.

6.10 Preventive and Corrective Maintenance

To minimize data loss due to instrument malfunction, certain maintenance steps will be
taken. Preventive maintenance schedules for each monitoring instrument and spare parts
inventories will be in accordance with the manufacturers recommendations as noted in the
instrument manuals, included as Appendix C. All maintenance steps taken, scheduled or
unscheduled, are documented in the station logbook and on forms that are kept in the
central file.

It is important to correct instrument malfunctions as soon as they are identified. The 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 firmwide air monitoring staff are
also available to provide prompt troubleshooting and maintenance. Any corrective action
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. The 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.

6.11 Quality Assurance Reports to Management

The 1-minute CO data will be validated and averaged for each 1-hour and 8-hour sampling
period. All monitoring data will be processed and summaries will be reported quarterly. A
description of QA activities conducted during the quarter will be included in the quarterly
report. This will include audits, preventive maintenance, and repair activities. The quarterly
QA /QC report will document that all required QA /QC activities were performed
successfully and on schedule. It will include the results of all QA /QC zero and span checks.
In the event that deviations from QA /QC requirements occur, documentation of corrective
action shall be included in this report.
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7.0 Data Management

The monitoring program consists of continuously collected CO data. The Ecotech EC9830
will be interfaced to an external datalogger and wireless modem. The field operator is the
first level of data screening, and the data manager or QA manager are the last. This section
describes the tasks that need to be completed to manage the project data in a reliable
manner.

7.1 Data Management

7.1.1 Field Data Evaluation

Data management for the CO monitor begins in the field at the monitoring site. The site
operator will complete the Site Visit Log each time he/she visits the monitoring station.
Carbon monoxide operational parameters on the Site Visit Log have been developed to
assist the site operator in initially determining whether a sample is valid.

7.1.2  Database Data Validation

Once the data are downloaded, the data manager checks the data for flags set by the
instrument’s internal logger. Data will be collected in 1-minute averages. A valid hour
consists of at least 75 percent valid 1-minute averages. Any 1-minute or hourly data
determined by the data manager to be truly invalid is flagged and not included in the
1-hour average. An 8-hour block of data will be considered valid if at least 6 out of 8 hours
are determined to be valid (75 percent). The project has set an internal data completeness
goal of 90 percent. However if the EPA SLAMs goal of 75 percent completeness is achieved
the study will remain valid. That is, if 75 percent of total days of operation at each location
should be considered valid.

The data manager will review the results from the field QA checks performed on the
monitor as well as the performance audit results for further determination of data validity.

7.2  Data Collection

For the duration of this monitoring project, data will be collected manually via a laptop by
the site operator. Additionally, at least once a week, the data manager will download the
data via connection (or modem, if available).

7.3 Data Reporting

After the data has been validated, data reports will be prepared. These reports will
summarize the data gathered and discuss data validation and QA activities. The data
reports, which will include graphs, tables, and figures, will be submitted to SDAPCD. These
data will not be submitted to AQS.
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7.3.1  Format of Data Submission

The final report will also include 1-hour and 8-hour averages for CO data for the 6 weeks at
each location. The data completeness (that is, the percent of valid data for each parameter)
will be summarized independently for each location. In addition, any QA activities,
including the results of performance audits and the yearly calibration certifications will be
presented. The data will be presented in electronic and hard copy formats. Quality
assurance activities will include providing calculations of precision and accuracy confidence
intervals as defined in 40 CFR 58 Appendix B.

7.4  Data Storage and Security

All data (raw and validated) collected for the monitoring project will be stored on the data
manager’s computer in the CH2M HILL Salt Lake City office and a backup will be loaded
onto the office server.
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TABLE A-1 OF APPENDIX A TO PART 58
Difference and Similarities between SLAMS and PSD Requirements

Topic SLAMS

PSD

Requirements: 1. The development, documentation, and
implementation of an approved quality
system

2. The assessment of data quality

3. The use of reference, equivalent, or
approved methods

4. The use of calibration standards

traceable to NIST or other primary standard

5. The participation in EPA performance

evaluations and the permission for EPA to

conduct system audits

State/local agency via the “primary quality
assurance organization”

Monitoring and QA
Responsibility:
Monitoring Duration: Indefinitely

Standards and equipment different from

those used for spanning, calibration, and
verifications; prefer different personnel

Annual Performance

Evaluation (PE):

PE audit rate:
—Automated 100 percent per year

—Manual Varies depending on pollutant (see

Table A-2 of this appendix)

Precision Assessment:

Source owner/operator.

Usually up to 12 months.
Personnel, standards and equipment

different from those used for spanning,
calibration, and verifications

100 percent per quarter.

100 percent per quarter.

—Automated One-point QC check biweekly but data One point QC check biweekly.
quality dependent
—Manual Varies depending on pollutant (see One site: One every 6 days or every
Table A-2 of this appendix) third day for daily monitoring (TSP and
Pb)
Reporting:
—Automated By site—EPA performs calculations By site—source owner/operator
annually performs calculations each sampling
quarter
—Manual By reporting organization—EPA performs By site—source owner/operator
calculations annually performs calculations each sampling
quarter
Acronyms

EPA = U.S. Environmental Protection Agency

NIST = National Institute of Standards and Technology
Pb = Lend

TSP = Total Suspended Particulates

QC = Quality Control
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TABLE A-2 OF APPENDIX A TO PART 58
Minimum Data Assessment Requirements for SLAMS Sites

Minimum
Method Assessment method Coverage frequency Parameters reported
Automated Methods
1-Point QC for SOy, Response check at Each analyzer Once per Audit concentration'and
NOg2, O3, CO concentration 0.01 to 2 weeks measured concentration’
0.1 ppm SOz, NO2, O3, and
1to 10 ppm CO
Annual performance ! See section 3.2.2 of this Each analyzer Once per Audit concentration'and
evaluation for SOy, appendix year measured concentration®for
NOg, O3, CO each level
Flow rate verification: Check of sampler flow rate: Each sampler : Once every : Audit flow rate and measured
PM1o, PMz.s, PM1o- month flow rate indicated by the
25 sampler
Semi-annual flow Check of sampler flow rate: Each sampler : Once every : Audit flow rate and measured
rate audit PMo, using independent 6 days flow rate indicated by the
PM2s, PM1o-25 standard sampler
Collocated sampling Collocated samplers 15% Every  Primary sampler concentration
PMz.s, PM1o-25 12 days and duplicate sampler
concentration
Performance Collocated samplers 1. Five valid audits:Over all four:Primary sampler concentration
evaluation program for primary QA quarters and performance evaluation
PMas5, PM1o25 orgs, with < five sampler concentration
sites
2. Eight valid
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TABLE A-2 (CONTINUED) OF APPENDIX A TO PART 58
Minimum Data Assessment Requirements for SLAMS Sites

Method

Assessment method

Coverage

Minimum
frequency

Parameters reported

Manual Methods

Collocated sampling

Collocated samplers

15%

Every 12 days

Primary sampler

PM1o, TSP, PM1o25, PSD—every  iconcentration and duplicate

PMzs 6 days sampler concentration

Flow rate verification :Check of sampler flow -Each sampler Once every Audit flow rate and measured

PMio(low Vol), rate month flow rate indicated by the

PMio.25, PM2.s sampler

Flow rate verification Check of sampler flow Each sampler Once every Audit flow rate and measured

PMio(High-Vol), TSP rate quarter flow rate indicated by the
sampler

Semi-annual flow rate {Check of sampler flow Each sampler, all  Once every Audit flow rate and measured

audit PMyq, TSP, rate using locations 6 months flow rate indicated by the

PM1o—25, PM2s

independent standard

sampler

Manual Methods
Lead

1. Check of sample
flow rate as for TSP
2. Check of analytical

1. Each sampler
2. Analytical

1. Include with
TSP
2. Each quarter

1. Same as for TSP
2. Actual concentration.

system with Pb audit
strips

1. Five valid audits Over all four
for primary QA orgs, quarters
with < five sites

2. Eight valid audits

for primary QA orgs,

with = five sites

3. All samplers in

6 years

Performance
evaluation program
PMzs, PM1o 25

Collocated samplers Primary sampler
concentration and
performance evaluation

sampler concentration

'Effective concentration for open path analyzers.
2Corrected concentration, if applicable, for open path analyzers.

Acronyms

CO = Carbon Monoxide

NO; = Nitrogen Dioxide

O3 = Ozone

PM, s = Particulate Matter less than 2.5 micrometers in aerodynamic diameter
PM1o = Particulate Matter less than 10 micrometers in aerodynamic diameter
QA = quality Assurance

QC = Quality Control

SO, = Sulfur dioxide

ppm = Parts per million

TSP = total suspended particulates

PSD = Prevention of Significant Deterioration
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CO Monitor - Site Visit Log — Caltrans

Site Name: Date:

Site Number: Sampler Make & Model:
Operator: Start Time:

Sampler ID Number: End Time:

Date of Last Cal:

CO Concentration:

1) Each site visit: Review station data values for correct operation of CO monitor. Verify time, date, and previous hour CO
concentration reading and record on spaces above.

Level Known Value

(ppm)

Instrument
Response

(ppm)

Adjustment
Required y/n

Known Value
After
Adjustment

(ppm)

Instrument
Response After
Adjustment

(ppm)

* If concentration is greater than 0.1 ppm perform multipoint calibration. If concentration is greater than 0.2 ppm, recalibrate and

invalidate back to acceptable zero check.

**|f percent difference is greater than 12% perform multipoint calibration. If percent difference is greater than 15%, recalibrate and

invalidate back to acceptable span check.

(percent difference = [(instrument response -known value)/known value ] x 100%)

Operator Comments/Observations:
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EC9830

A & B Series
Carbon Monoxide
Analyser

Operation Manual
Revision: D
April 2007

Tel: (+61) 1300 364 946. Fax: (+61) 1300 668 763.
E-mail: ecotech@ecotech.com.au
Spare Parts parts@ecotech.com.au
Address: International - Head Office
1492 Ferntree Gully rd Knoxfield Victoria, 3180, Australia


mailto:ecotech@ecotech.com.au
mailto:ecotech@ecotech.com.au

EC 9830
Quick Start Guide.

Step 1 — Installation:

e Inspect analyzer for damage before turning on. Service Manual:- 1.1.

e Select an appropriate location. Operation Manual:- 2.1.1.

e Connect Gas lines. Operation Manual:- 2.1.2.2.
e Connect Analog Output Cables. Operation Manual:- 2.1.2.1.
e Connect RS232 Cables. Operation Manual:- 4.2.1.

e Check the mains power selection switch (115 or 230 VAC).  Operation Manual:- 2.2.

e Connect AC Mains Power. Operation Manual:- 2.2.
Step 2 — Start-up:

e Set Service Switches. Service Manual:- 1.1.2.

e Turn On power. Operation Manual:- 2.2.

e The Display should read “9830 CO Analyzer”.

e Adjust the Display Contrast if required. Operation Manual:- 2.2.1.

e Verify that the software is running by observing the Ecotech Globe rotating in the bottom left

hand corner of the display.

Step 3. — Operation:

e Verify Instrument warm up and operation mode. Service Manual:- 2.2.

e Set the correct time and date. Operation Manual:- 2.3.3.
e If using RS232, configure the Interface menu. Operation Manual:- 2.5.12.
e Check SYSTEM FAULTS menu. All PASS. Operation Manual:- 2.5.21.
e Verify other menu settings. Service Manual:- 4.2.
Step 4. — Calibration:

e Perform a quick (single point) calibration. Operation Manual:- 2.4.

e Setup and Calibrate the Analog Outputs (if applicable). Operation Manual:- 2.6.3.
e If necessary, perform a leak check. Service Manual:- 3.3.10.

e If necessary, perform a flow calibration. Service Manual:- 3.5

e |f necessary, perform a Multipoint calibration. Operation Manual:- 3.2.

Step 5. — Data Validation:

e Verify the results from your data acquisition system agree with the readings of the EC9830
CO analyzer.
o Verify that the analyzer responds to automatic calibration sequences.

The analyzer is now operating correctly.
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Manual History

This manual is the combination of two previous versions which have now been
merged into one document to cater for the continuing development of the EC9800
series analyzers. The original manuals were:

e ML9830 Operation Manual , PN: 98300068, Rev. R, September 1998.
e ML9830B Operation Manual , PN: 98307005, Rev. K, December 1999.

The scope of this new manual covers the following analyzers:

e EC9830 Carbon Monoxide Analyzer, (A-Series), PN: 98301000-100.
e EC9830B Carbon Monoxide, (B-Series), PN: 98307000-1.

Both of the instruments are Manufactured by Ecotech P/L in Australia and
support the new (SMD) Microprocessor Board (Part number 98000063-4). This
manual is current for firmware version 1.34 and above.

Ecotech Manual ID: MAN 0007

Manual PN: 98307600.
Current Revision: D.
Date Released: April 2007.
Description: EC9830 Carbon Monoxide Analyzer, Operation Manual, A & B Series.
Revision History
Rev Date Summary Affected Pages
A Jan 2004 New Release for new Microprocessor Board. A& B All
series Combined. Based on original manuals.
B Feb 2004 Changes to menu options and structure. All
C  June 2005 Changed to updated EC manual All
C-1  November Calculation factors menu added 2-29
2005

Updated c-tick and CE information 3

D  April 2007 Updated specifications, language and links within All

pdf manual created.

NOTE: The photograph on the binder of this manual is of the south coast of Australia during Bushfires in 2003. The
photograph is courtesy of Earth Sciences and Image Analysis Laboratory, NASA Johnson Space Center. Photo
Reference: 1SS006-E-19897.
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Notice

The information contained in this manual is subject to change without notice and
does not represent a commitment on the part of the Ecotech Pty Ltd. Ecotech
reserves the right to make changes in construction, design, specifications, and/or
procedures that may not be reflected in this manual.

Copyright © 2007. All rights reserved. Reproduction in any form is prohibited
without the written consent of Ecotech Pty Ltd.

This manual is furnished on the express condition that the information herein will
not be used for second source procurement, or purposes directly or indirectly
detrimental to the interests of Ecotech.
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MARK DECLARATION
Declaration of Conformity

Carbon Monoxide Analyzer

Scope of Declaration

This declaration applies to Carbon Monoxide Analyzers as manufactured by Ecotech Pty Ltd,
and which may be sold in the following configurations:

Part Number Description

98301000-100 Carbon Monoxide Analyzer
98307000-1 Carbon Monoxide Analyzer, B Series
98307000-T Carbon Monoxide analyzer Trace
98321000-100 Carbon Monoxide Analyzer, High level

Ecotech certifies that this product operates in compliance with the following standards:

Conformity to directive 89/336/EEC is declared under the following standards:

EN 61326-1 Electrical Equipment for measurement, control and laboratory use - EMC
Requirements Edition 1.1 with amendment 1 plus amendment 2.

u] Immunity Requirements EN61326-1

IEC-61000-4-11
IEC-61000-4-11
IEC-61000-4-3
IEC-61000-4-4
IEC-61000-4-5
IEC-61000-4-6

Voltage Interupts

Voltage Dips

Radiated RF electromagnetic field immunity test
Electrical fast transient/burst immunity test

Surge immunity test

Immunity to conducted disturbances, induced by
radio frequency fields

o Electromagnetic compatibility EN61326-1
Annex A CISPR 22 and CISPR 16-2
CISPR 16-1 and CISPR 16-2

EN 61010-1 Safety requirements for electrical equipment, control and laboratory use

o Section 19 of EN 60204-1
Insulation Resistance Check

Residual Voltage Check

Earth Continuity

The equipment must be operated as per the directions given by Ecotech P/L in this manual.
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Internationally Recognized Symbols Used on Ecotech Equipment

IEC 60417, No. 5016

IEC 60417, No. 5017
IEC 60417, No. 5021

IEC 60417, No. 5032

IEC 60417, No. 5041

A\
/N

ISO 3864, No. B.3.6

Electrical fuse

Earth (ground) terminal

Equipotentiality

Alternating current

Caution, hot surface

Caution, refer to
accompanying documents

Caution, risk of electric shock
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Safety Requirements

a

To reduce risk of personal injury caused by electrical shock, follow all safety
notices and warnings in this documentation.

This equipment should always be used with a protective earth installed.

The EC9830 is compliant with the requirements of EN61010-1 A2:1995,
Safety Requirements for Equipment for Measurement, Control, and
Laboratory Use.

If the equipment is used for purposes not specified by the manufacturer, the
protection provided by this equipment may be impaired.

Replacement of any part should only be carried out by qualified personnel,
only using parts specified by the manufacturer. Always disconnect power
source before removing or replacing any components.

Surfaces marked with a “Caution, Hot Surface” (see internationally
recognised symbols on page 4) sticker may get hot and deliver burns.
Measure the temperature on the surface before making any contact with it.

Equipment Rating

Q

0o 0o 0 O

100-120/220-240V~ +10%
50/60 Hz

250 VA max

5/3.15A T 250V

All wiring must be in accordance with local norms and be carried out by
experienced personnel.

Environmental Conditions

RELATIVE HUMIDITY 10% to 80%
Temperature 5t0 40 degrees C
Pollution degree 2

Installation category I

Maximum altitude 2000m.

98307600 Rev D
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Factory Service

We strive to provide efficient and expedient service when an instrument or component is
returned for repair. Your assistance can help us to better provide the service you need.

To ensure that we process your factory repairs and returned goods efficiently and
expeditiously, we need your help. Before you ship any equipment to our factory, please
call our Service Response Centre at (+61) 1300 364 946. This enables us to complete the
necessary paperwork and process your equipment correctly when it reaches our facility.

When you call, please be prepared to provide the following information:

Your name and telephone number

Your company name with shipping address

The number of items being returned

The part number of each item

The model number or a description of each item

The serial number of each item, if applicable

A description of the problem you are experiencing if factory repair is needed, or the
reason you are returning the equipment (eg, sales return, warranty return, etc)

The original sales order number or invoice number related to the equipment

9. Whether repair work is under warranty or is to be billed, and a purchase order number
for any work to be billed.

Nougs~whE

©

When you call in, our Customer Service Representative will assign a Return Material
Authorization (RMA) number to your shipment and initiate the necessary paperwork to
process your equipment as soon as it reaches us. Please include this RMA number when
you return equipment, preferably both inside and outside the shipping container. This will
ensure that your equipment receives the most prompt attention possible. If the RMA
number is not marked on the outside of the shipping container, the shipment will be
rejected when it reaches our facility, and returned at your expense.

Your assistance in this matter will enable us to serve you better. We appreciate your
cooperation and support of our products and services.
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Claims for Damaged Shipments and Shipping Discrepancies

Damaged Shipment

1. Inspect all instruments thoroughly on receipt. Check material in the container(s) against the
enclosed packing list. If the contents are damaged and/or the instrument fails to operate
properly, notify the carrier and Ecotech immediately.

2. The following documents are necessary to support claims:

a. Original freight bill and bill of lading

b. Original invoice or photocopy of original invoice
c. Copy of packing list

Photographs of damaged equipment and container

o

You may want to keep a copy of these documents for your records also.

Refer to the instrument name, model number, serial number, sales order number, and your
purchase order number on all claims. Upon receipt of a claim, we will advise you of the
disposition of your equipment for repair or replacement.

Shipping Discrepancies
Check all containers against the packing list immediately on receipt. If a shortage or

other discrepancy is found, notify the carrier and Ecotech immediately. We will not be
responsible for shortages against the packing list unless they are reported promptly.
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Service and Spare Parts

For world wide customer service & spare parts contact ECOTECH:

Address: Ecotech Pty Ltd
1492 Ferntree Gully Rd
Knoxfield
Australia. VIC 3180

Phone: +61 1300 364 946

Fax: +61 1300 668 763

Email - Service: ecotech@ecotech.com.au
Email - Spare Parts: parts@ecotech.com.au
Web: www.ecotech.com.au

Our Service Response Centre handles product information, application assistance,
factory repair, training, service, maintenance agreements, and technical assistance.
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WARNING

Avoid smoking in the vicinity of the analyzer. Due to the complex chemical
makeup of tobacco smoke, smoke drawn into the sample line may result in
incorrect readings. Furthermore, tobacco smoke has been shown to
contaminate converter and scrubber materials critical to the accuracy and
stability of the analyzer.
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CHAPTER 1, DESCRIPTION

1.0 Description

The EC9830 carbon monoxide (CO) analyzer is a nondispersive infrared
photometer that accurately and reliably measures low concentrations of CO, using
gas filter correlation and state-of-the-art optical and electronic technology.

The EC9830 analyzer generates infrared radiation (IR) that is absorbed by the CO
within the 5-meter folded pathlength. The gas filter correlation wheel facilitates
rejection of interferents and the narrow band-pass filter ensures measuring only
the CO-sensitive IR wavelengths. The CO content of the sample is continuously
measured from a user-supplied air stream of which the instrument extracts 1 slpm
(standard liter per minute) of sample.

The EC9830 has a built-in catalytic zero air scrubber which provides CO-free air
to the analyzer. The microprocessor automatically resets the zero reading after the
analyzer has sampled air through the converter.

In addition to temperature and pressure compensation, the EC9830 analyzer can
readjust its span ratio based on a known concentration of gas used to span the
analyzer. This feature is not automatically implemented and must be selected by
the operator.

Analog and digital outputs are available for data monitoring. The operator can
select analog output as either current or voltage output. Current ranges are 0-20,
2-20, and 4-20 mA. Voltage outputs include 0-10, 0-5, 0-1, and 0-0.1 volts
(50-pin 1/0 board optional in EC9830 B series)

Data collection and recording is available to either a data acquisition system (such
as a datalogger) or strip-chart recorder. A convenient DB50 connector is also
included for digital input control and digital output status. The EC9830 also
features internal data storage capabilities.

The instrument also includes an over-range feature that, when enabled,
automatically switches to a preselected higher range if the reading exceeds 90%
of the nominal range. When the reading returns to 80% of the nominal range, the
analyzer automatically returns to that range.

The EC9830 carbon monoxide analyzer is designated as a reference method by
the U.S. EPA. The operational parameters that apply when using the instrument as
a designated reference method are included in section 1.2 below.
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1-2

1.1 Specifications

Note
All specifications are referenced to STP (standard
temperature and pressure).

1.1.1 Range

m]

Display: Autoranging 0 to 200 ppm. Resolution = 1 ppt (selectable units and
decimal places).

Analog output: O-full scale from 0-1 ppm to 0-200 ppm with 0%, 5%, 10%
offset.

Autoranging between 2 user-specified full scale values.

U.S. EPA designated range: Any full scale range between 0-5.0 ppm and
0-100 ppm.

1.1.2 Noise (RMS)

m]

Measurement process: 0.025ppm or 0.1% of concentration reading,
whichever is greater, with Kalman filter active.

Analog output: 0.025 ppm or 0.1% of analog output full scale, whichever is
greater.

1.1.3 Lower Detectable Limit

m]

Measurement process: Less than 0.05 ppm or 0.2% of concentration reading,
whichever is greater, with Kalman filter active.

Analog output: 0.05 ppm or 0.2% of analog output full scale, whichever is
greater.

1.1.4 Zero Drift

m]

m]

Temperature dependent, 0.01 ppm per °C.
Time dependent, at fixed temperature:

24 hours: Less than 0.1 ppm

30 days: Less than 0.1 ppm

1.1.5 Span Drift

m]

m]

Temperature dependent, 0.05% per °C.
Time dependent, at fixed temperature:
24 hours: 0.5% of reading.
30 days: 0.5% of reading.
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1.1.6 Lag Time
Less than 20 seconds.

1.1.7 Rise/Fall Time, 95% of Final Value
Less than 40 seconds (1 slpm flow) with Kalman filter active.

1.1.8 Linearity Error

+1% of full scale (0 to 50 ppm); £2% of full scale (0 to 200 ppm), from best
straight-line fit.

1.1.9 Precision
0.1 ppm or 1% of reading, whichever is greater.

1.1.10 Sample Flow Rate
1 slpm.

1.1.11 Sample Pressure Dependence

A 5% change in pressure produces less than 1% change in reading.

1.1.12 Temperature Range
o 5°t0 40° C (41° to 104° F).
o U.S. EPA designated range: 15° to 35° C.
o  Eignungsgeprift range: 5° to 40° C.

1.1.13 Power
o 9910132 VAC; 198 to 264 VAC; 47 to 63 Hz.

o U.S. EPA designated range: 105 to 125 VAC, 60 Hz, or 200 to 240 VAC, 50
Hz.

1.1.14 Weight
20.9 kg (46 Ib).

1.1.15 Analog Output
o Menu selectable current output of 0-20, 2-20, and 4-20 mA.

o The 9830B requires an optional 50 I/O board to give voltage output. Jumper
selectable voltage output of 100 mv, 1 volt, 5 volts, and 10 volts, with menu
selectable zero offset of 0%, 5%, or 10%.
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1.1.16 Digital Output

m]

m]

a

m]

Multidrop RS232 port shared between analyzers for data, status, and control.
Service RS232 port gives front panel access to a local or remote user.

USB port connection on the rear panel provides data transfer and control.
DB50 with discrete status, user control and analog output.

1.2 U.S. EPA Reference Method

The EC9830 carbon monoxide analyzer is designated under U.S. EPA regulations
as reference method RFCA-0992-088. Use of the EC9830 under U.S. EPA
designation as a reference method, as defined in 40 CFR Part 53, requires
operation under the following conditions:

Range: Any full scale range from 0-5.0 ppm to 0-100 ppm.
Ambient temperature: 15° to 35° C.

Line voltage: 105 to 125 VAC, 60 Hz, or 200 to 240 VAC, 50 Hz.
Flow rate: 1 slpm.

Pump: Internal Pump (A Series), Ecotech external pump or equivalent (B
Series) (see section 2.1.2.3).

Filter: A 5 micron PTFE filter must be installed in front of the sample inlet
(Zero and Span gas must pass through this filter).

If the units in the mMEasurReMENT MENU are changed from volumetric to
gravimetric (or gravimetric to volumetric), the analyzer must be re calibrated.

The analyzer must be operated and maintained in accordance with this
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 OF TIMED
SPAN COMP: DISABLED

BACKGROUND: NOt DISABLED
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TEST MENU
PRES/TEMP/FLOW COMP: ON
DIAGNOSTIC MODE: OPERATE

o Set the Service switch to IN.

The EC9830 B series is U.S. EPA equivalent only when fitted with the following
options/items:

o Valve assembly for external zero span (EZS)
o  Rack mount assembly
o 50-pin connector board (Standard in A series)

o High pressure span valve option
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2.0 Installation and Operation

2.1 Mechanical Installation

Note
Before installation, the unit should be checked to
ensure that the instrument arrived undamaged. The
EC9830 Service Manual contains initial installation
inspection instructions.

2.1.1 Selecting a Location

Select a location for the analyzer where temperature variation, dust, and moisture
are minimal. The location should be well ventilated and should allow convenient
access to the operator controls and front panel display.

2.1.1.1 Rack Mount or Enclosed Location

The analyzer is supplied as a bench-top version with rubber feet or with the
chassis slides to convert it to a rack-mount version. The optional rack-mount
version is 24inches deep and fits into a 19inch (48.3cm) RETMA
instrumentation rack. The front panel will protrude slightly. Refer to the
instructions provided with the rack-mount kit for assembly into a rack.

Caution

The rack-mount version requires a properly
ventilated rack enclosure. The temperature
inside enclosures that are not properly ventilated
may rise as much as 15° C above the ambient air
temperature in the control room. The actual
rack temperature can rise above the specified
limits and cause the analyzer to operate outside
of specifications. Optimum operation is obtained
at an operating temperature of 20° to 30°C
inside the rack enclosure. The analyzer can
operate in a range of 5° to 40° C without risk of
damage. For ventilation calculations, use a heat
dissipation rating of 150 watts or 512 Btu per
hour.

After the analyzer has been mounted, make the pneumatic and electrical
connections.
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2.1.2 Connections

All pneumatic connections must be secure to ensure accurate operation of the
analyzer. The following information describes connection techniques for
pneumatic and electrical connections. Figure 2-1 shows the rear panel of the
analyzer with associated connections. Notice the Network connection is optional

o | @)
T
© :
N
QUILET @
A
° 0@» INLET
SWRCE @ —
‘@’ exuaust| (O
N\
¥ © R
© ‘©) Aoy ||
SPAN
O |
Oq
—J

1. VOLTAGE SELECT SWITCH
2. POWER SWITCH/CONNECT R
3. 50 1/0 & CONNECTOR
(SEE FIG 2.5 & 2.6 FOR OPTIONAL BOARD).

4. TRISTATE RS232 CONNECTOR(S)
5. USB AND XPORT CONNECTORS

6. GAS CONNECTION PORTS

7. RACK MOUNT (OPTIONAL) (x2)

Figure 2-1. Analyzer Rear Panel

2.1.2.1 Recorder and DAS Connections
CAUTION:

The EC9830 electrical ground is isolated from
earth ground. To avoid possible ground loops, all
electrical devices connected to the analyzer
should have floating inputs (not connected to
earth ground).

2.1.2.1.1 The 50-Pin /0O PCA

The 50-pin /O connector board plugs into the discrete 1/O connector, and
provides voltage and current outputs to drive a strip chart recorder (rec) and a
data acquisition system (pas). The outputs are illustrated in Figure 2-2.

The 50-pin I/0O PCA is optional for the EC9830 B series analyzer.
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Figure 2-2. 50-Pin Connector Board (Front)
The output is jumper-selectable as:
o Current (see Figure 2-3). Range is set using the menu in a later step.

o Voltage, with selectable ranges of 0 to 0.1V, 0to 1V, 0to 5V, and 0 to
10 V. See Figure 2-3.
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Figure 2-3. 50-Pin Connector Board with Sample Choices (Rear)

Select the output for your application using the following steps.

1. Remove the 50-pin connector board from the rear panel of the analyzer.

2. Place the jumpers on the pins that correspond to the desired printed selections
on the front of the board. If current is selected, only the jumpers selecting
current make contact with both rows of pins. The other jumpers are offset as
shown in Figure 2-3.

If a current output is selected, the range must also be chosen from the
menu when the instrument is operating. The compliance voltage for the
current output is 12 V. A terminating resistor of 600 ohms or less should
be used for measurement errors no greater than 1%.

If voltage output is selected, both the rec and pas outputs are factory-set
for 10 volts full scale. Other full scale outputs of 5V, 1V, and 0.1V can
be selected. Select the full scale output for rec and pas. When using
voltage output, the source resistance for both rec and pas outputs is
1000 ohms. The recorder and DAS input resistance should be greater than
500K ohms for a measurement error no greater than 1%.
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3. Connect the recorder or DAS wires to the appropriate terminal block. The
wire positions are:

ouT = positive or signal
com = ground or low
sHLD = shielded cable.

Caution
To prevent ground loop problems, connect the
shield of the cable at the analyzer only, not at the
recorder or DAS.

For additional information regarding output, see section2.6.

2.1.2.1.2 Current Output Connections

When using the EC9830 without the 50-pin 1/0 PCA, the analyzer still provides
current outputs to drive a strip chart recorder or DAS. These outputs are present
on the discrete 1/O connector at the following pins:

Function Pin (Discrete 1/0O Connector)
Current Out (+) 15
DGND (Gnd) 1,12,14, 0r 16

If a current output is connected the range must also be chosen from the menu
when the instrument is operating. The compliance voltage for the current output is
12 V. A terminating resistor of 600 ohms or less should be used for measurement
errors no greater than 1%.

2.1.2.1.3 Voltage Output Connections

The current output mentioned above can be converted to a voltage output by
adding a terminating resistor across the output. This resistor must be 50 ohms per
full scale voltage desired (50 ohms = 1V full scale; 500 ohms = 10 v full scale,
etc). Following is a list of typical output ranges and required terminating
resistance:
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Desired Output (Volts) | Terminating Resistance (Ohms)
10 Volts 500 Ohms
5 Volts 250 Ohms
1 Volt 50 Ohms
0.1 Volt 5 Ohms

When using voltage output, the source resistance is 1000 ohms. The recorder or
DAS input resistance should be greater than 500K ohms for a measurement error

no greater than 1%.

2.1.2.2 Sample Gas Connections

Sample connections to the EC9830 should be
maintained at ambient pressure, with any excess

Caution

flow vented to the atmosphere.

The EC9830 requires at least 1.50 slpm (1.0 slpm sample plus 50% overflow) of
particulate-filtered (<5 micron), dry (noncondensing) sample furnished at all
times. A 5 micron inlet filter is necessary to meet USEPA requirements which is
already installed in the A series analyzer.

Tubing used for sample gas and exhaust connections must be % inch OD and
1/8to 3/16inch ID. The recommended ID is 5/32 inch. A segment of clean
Teflon® tubing should be purchased to connect the sample source to the sample
inlet. Only use lines and fittings made of stainless steel, Teflon, Kynar®, or glass.

Instructions for Kynar fittings:

o  Cut the tubing squarely and remove any burrs.

o Insert the tubing through the back of the nut until it reaches the tube stop in

the fitting.

o  Tighten the nut finger-tight plus 1-1/2 to 2 turns. A squeaking sound when
tightening the nut is normal.

o All nuts should be re-tightened when the system reaches operating

temperature.

2-6
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2.1.2.3 Exhaust Connections

2.1.2.3.1 A Series

When making exhaust connections, locate the exhaust outlet away from the
sample inlet and occupied enclosed areas. Connect a 1/4" OD line from the
exhaust port to an exhaust manifold that vents outside of occupied areas. Lines
and fittings of materials other than those cited above can be used for these
connections.

2.1.2.3.2 B Series

Connect the exhaust port of the analyzer to a vacuum pump capable of 1 slpm at
15” Hg (50 kPa) vacuum (minimum capacity). The exhaust of the pump should be
connected to a manifold to vent the exhaust gas away from occupied areas.

An optional exhaust pump is available from Ecotech.

Caution

Flow in the EC9830B is calculated assuming
critical pressure across an orifice, thus the
exhaust vacuum must be maintained at less than
Y atmosphere (approximately 15” Hg or 50 kPa
at sea level) to keep the orifice critical. It is
recommended that the user install a vacuum
gauge on the exhaust line and periodically check
that sufficient vacuum is being maintained. If
pump performance deteriorates below this level,
flow indications from the analyzer will no longer
be valid.

2.2 AC Power Connection

Verify that the power selection switch on the rear panel and the power cord and
fuse are appropriate for your use. Move the switch right or left so the appropriate
voltage rating is visible on the switch. Figure 2-1 shows the voltage selection
switch.

Warning
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Power is supplied to the analyzer through a
three-pin power plug. The ground must not be
defeated and an adequate ground must be
connected to the instrument, both for proper
performance and for the safety of operating
personnel. The warranty on the analyzer applies
only if the analyzer is properly grounded. If it is
not properly grounded and electric power is
applied in violation of the National Electric
Code, ECOTECH assumes no responsibility for
any injury to personnel or damage to property.

Warning
Be sure to check that the mains power selection
switch is at the correct setting before turning the
instrument on. Failure to do so may result in
damage to the power supply.

Connect the power plug to the power receptacle and press the power switch to the
ON position on the rear panel. Also make sure that the DC POWER switch on the
front secondary panel is switched to ON.

2.2.1 Display Adjustments

Adjust the display contrast and backlight intensity by simultaneously pressing two
keys on the front panel (see Figure 2-4):

P PP A\
M= =]

- -

. DesPLAY

. COMTROL KEYS (&)
INSTRUMENT IDENTIFICATION
. RACK WOURT “OFTIONT (2]

L=

Figure 2-4. Analyzer Front Panel
o Contrast
Up arrow (A) and <Select> for darker contrast, Down arrow (V) and
<Select> for lighter contrast.

o Backlight
The backlight brightness is fixed to maximum and cannot be adjusted.
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Hold the key combinations until the desired contrast appears on the display.

2.2.2 Warmup

CHAPTER 2, INSTALLATION AND OPERATION

Note
Pressing the Up or Down arrow key without
simultaneously pressing the <Select> key when the
main screen is displayed causes the screen query,
START MANUAL CALIBRATION? If this happens
while adjusting the display, press the <Exit> key.

Note
The display is sensitive to the ambient air
temperature and analyzer temperature. The
appearance of the display will vary with changes in
these conditions.

When the instrument is initially powered up, several components in the
instrument are automatically configured by the microprocessor and an automatic
zero is run. This process takes about 30 minutes. During the startup period,
several messages are displayed on the initial screen. These indicate the
progression toward normal operation.

Initial Screen Message Instrument Activity

REFERENCE TEST

preprocessor reference circuit.

Test Reference pot adjusted to check functionality of

ZERO TEST

preprocessor measure circuit.

Test Measure pot adjusted to check functionality of

REFERENCE ADJUST

+0.1 volts.

Reference pot adjusted to achieve reference voltage of 4.0

AUTO ZERO ADJUST /
ELECTRONIC ZERO ADJUST | flowing.

Coarse and fine zero of measurement channel with zero air

BACKGROUND FILL Cell filling with zero air.

BACKGROUND MEASURE

system zero.

Zero reading from measurement cell. Final determination of

SAMPLE FILL Cell filling with sample air.

SAMPLE MEASURE

power-up sequence).

Instrument operational (must be calibrated if this is the first

Approximately one hour later, the background portion of this cycle is repeated.
This time the cycle takes only 5 minutes. A third cycle is performed
approximately two hours after startup from cold condition. These repeat

adjustments ensure the instrument is at equilibrium and correctly zeroed.

98307600 Rev D
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After the first three cycles, the instrument repeats the background cycle daily at
midnight (unless BackGrouND S Set t0 DISABLED), Or whenever a temperature
excursion of 4° C (7° F) occurs. This auto-zero eliminates the effect of zero drift
on measuring accuracy. The zero can be validated through manual check.

Note
The EC9830 will re-run the above startup routine
whenever power has been lost for more than two
minutes. If power is lost for less than two minutes,
the analyzer will return to its previous settings
without the startup routine.

2.3 Operation

The operation section describes the actions necessary to operate the instrument,
first in general, and then in specific terms. In section 2.5, the menu headers are
shown as they appear on the display screen. The illustration is followed by
explanatory information regarding the menu entries or choices. The entire menu
tree is shown in Figure 2-6.

2.3.1 General Operation Information

All operator responses needed to operate the EC9830 are performed by pressing
the 6 keys available on the front panel to the right of the display screen. The key
functions are described below.

LA N G St o) S

Figure 2-5. Analyzer Keyboard

The key functions are listed below:

o Uparrow key (A)
Moves the cursor to the previous menu item or, in an input field, moves the
cursor to the next choice or increments the digit in a numerical field.

o Down arrow key ()
Moves the cursor to the next menu item or, in an input field, moves the
cursor to the next choice or decrements the digit in a numerical field.

o <Select>
Selects the menu choice or selects the field for input.
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o <PgUp>
Moves the cursor to the previous page or screen.

o <Exit>
Leaves a field without making a change or returns the cursor to the main
screen.

o <Enter> (J)
Confirms a menu item or a field selection to the microprocessor.

2.3.2 Using the Menu and Making Entries

The EC9830 analyzer is programmed with a series of menus that allows the
operator to view parameters, such as those generated by the microprocessor, or to
enter digital parameters, when appropriate, or to select from among the choices
displayed.

The cursor is displayed as a moveable highlighted area of text. (Letters appear as
the opposite of the rest of the text on the screen.)

2.3.2.1 Screen Fields

98307600 Rev D

Screen fields that allow input are of two types:

o Choice fields
Contain a fixed series of choices in a wraparound scrolling format.

o Digit fields
Fields of programmable digital parameters in either wraparound scrolling or
non-wraparound scrolling format.

To select from among the choices in a choice field, first press the <Select> key to
designate the field, then use the Up and Down arrow keys to highlight the desired
selection. When the desired selection is displayed, press the <Enter> key to
confirm the entry.

To set digits in a digit field, first press the <Select> key to designate the field and
to highlight the different digits in the field. When the cursor indicates the digit
you wish to change, press the Up or Down arrow key until the desired digit
appears. Go to the next digit by pressing <Select>. When all digits of an entry are
correct, press the <Enter> key to confirm the entry.

Caution
The <Select> key does not confirm an entry. You
must press the <Enter> key.
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2.3.2.2 Microprocessor-Generated Information

Some fields, such as those on the 1nsTrRUMENT sTaTus and the sysTEm
TEMPERATURES SCreens, contain information generated by the microprocessor.
The operator cannot affect the readings in these fields. (If you find that the cursor
will not enter a field, the field contains microprocessor-generated information.)

2.3.2.3 Exiting Without Making a Change

If you decide not to make a change during this process, simply press the <Exit>
key, and the values will return to the previous entries.

2.3.3 Setting the Date and Time

Before the instrument can be calibrated or collect data for regulatory use, the time
and date must be set. Go to the tnsTruMENT MENU and select paTe and TIiMe. If
they are not already set, use a 24-hour clock setting for the time and set the date in
the day- month-year format. The instrument automatically runs an auto-zero cycle
at midnight (unless BackGrounD is Set to prsaBLED) each day according to these
settings. See section 2.5 for instructions on programming menu entries.
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2.4 Analyzer Calibration

When the EC9830 analyzer is powered on for the first time, the analyzer must be
calibrated to ensure accurate CO measurements. The analyzer does not require re-
calibration after further power interruptions or resets. However if the instrument
is transported to a new location, or maintenance work is performed, the
instrument may require re-calibration. To determine weather the instrument
requires a calibration, a precision check can be performed as discussed in the
following sections.

2.4.1 Precision Checks

A precision check is a Level 2 calibration as discussed in section 3.4. This means
that the instrument is only checked against a know calibration source and is not
adjusted. A precision check can be performed either manually or automatically.

2.4.2 Automatic

Most modern air quality monitoring systems have data acquisition systems which
can automatically initiate and record the results of a daily precision check. The
means by which the analyzer is externally controlled is via the 50 PIN 10
connection, or via the RS232 multidrop connection. Refer to section 4.0 for more
details on interfacing to these ports.

2.4.3 Manual

98307600 Rev D

A manual precision check can be initiated as follows:

1. Connect a source of span gas to the analyzer through the Auxiliary port. (see
chapter 3 for instructions on preparing calibration gas).

2. From the cALIBRATION MENU Set CALIBRATION tO MANUAL and CAL. MODE
to spaN.

3. Allow the analyzer to sample the span gas until a stable reading is obtained,
typically 15 minutes.

4. Verify this stable reading against the know calibration concentration.
5. Typically if it is within 5%, then a calibration is not required.

6. If a calibration is required, continue with the following procedure in section
2.4.4. 1f not, return the caL.. MODE tO MEASURE.
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2.4.4 Analyzer Calibration Instructions

Note
This procedure is a quick guide to single point span
calibration of the EC9830 analyzer. For complete
gas preparation and multipoint calibration
instructions, refer to the multipoint calibration
procedure in Chapter 3.

. With a stable supply of calibration gas connected to the Auxiliary port of the

analyzer, verify that in the CALIBRATION MENU, CALIBRATION IS Set to
MANUAL and CAL. MODE tO SPAN.

From the primary screen start the calibration sequence by pressing either the
Up or Down arrow (A or V) until the display prompts START MANUAL
CALIBRATION. Pressing the <Select> key will allow you to choose from: no,
spaN or zERO. Confirm that the display reads span and press <Enter> (J).
A backlit cursor will be displayed on the CO concentration display.

Use the <Select> key to move the position of the backlit cursor, and the Up
and Down arrow keys to increment and decrement the value of the backlit
digit until the span calibration gas concentration value is displayed. When the
desired concentration is displayed, press <Enter>.

Then move the backlit cursor to the tnsTruMENT a1 field. The instrument
gain is automatically calculated by the analyzer. Press <Enter> to confirm
this value. Press <Exit> to return to the primary screen.

The concentration on the primary screen should now read the same as the
concentration of the calibration gas.

Note
The auto-zero function of the EC9830 eliminates
the need for a traditional zero calibration.

This completes the span calibration of the EC9830 analyzer.
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2.5 Menus and Screens

This section illustrates the various menus and screens for the EC9830 analyzer.
The B series menu structure will be very similar in structure yet will not have
some of the options that are available in the A series (These will be made clear
throughout the relevant sections) A short description of each menu and screen is
also provided. The entire menu structure is shown in Figure 2-6 below.

MAIN MENU | TNSTRUMENT MENU
CALIBRATION MENU

TEST MENU

MEASUREMENT MENU

DATE

TIME
PASSWORD
ERASE MEMORY
MAIN GAS ID

CALIBRATION: (TIMED) — |

TIMER INTERVAL
STARTING HOUR
CYCLE TIME

CO TIMED SPAN
CALIBRATION
SPAN COMP

CO SPAN RATIO
BACKGROUND
BACK INTERVAL

AN AAT DDTDCOCTIDT

OUTPUT TEST MENU

INTERFACE MENU

TREND SELECT MENU

EVENT LOG

INSTRUMENT STATUS

SYSTEM TEMPERATURES

SYSTEM FAULTS

98307600 Rev D

DIAGNOSTIC MENU
CALCULATION FACTORS
MEASUREMENT GAIN
PRES/TEMP/FLOW COMP
DIAGNOSTIC MODE
CONTROL LOOP

TEST MEASURE

Cco

ANALOG OUTPUT MENU

DATA LOGGING MENU—
MAIN GAS ID
INTERFACE MODE

MULTIDROP BAUD
DATA LENGTH
STOP BITS —
PARITY

COMM. PROTOCOL
NETWORK ADAPTOR

GAS FLOW

GAS PRESSURE
REF. VOLTAGE
CONC. VOLTAGE

ANALOG SUPPLY
DIGITAL SUPPLY
VERSION

CELL TEMPERATURE

SAMPLE GAS FLOW
FLOW BLOCK TEMP

A/D INPUT

12 VOLT SUPPLY
REFERENCE VOLTAGE
CONVERTER TEMP
COOLER & IR SOURCE
CHOPPER WHEEL
MIRROR TEMP.

UNIT SELECTION
CONVERSION TEMP
DECIMAL PLACES
AVERAGE PERIOD
FILTER TYPE
NOISE

7RRA NAFFQRT
CALIBRATION: (MANUAL)
CAL MODE
CALIBRATION
CTEMP TO BGND
BACKGROUND

BACK INTERVAL
CO CAL PRESSURE

PREPROCESSOR POTS
FLOW CONTROL POTS
VALVE TEST MENU

MULTIDROP PORT TEST
WATCHDOG TEST
DISPLAY TEST
ANALOG OUTPUT TEST

RANGE

OUTPUT TYPE
OFFSET

FULL SCALE
ZERO ADJUST
OVER RANGE
OVER-RANGING

AVERAGE DATA
INST. DATA

TOTAL CAPACITY
ERASE LOGGED DATA

CONCENTRATION

AVG CONCENTRATION
REFERENCE

ZERO OFFSET

SPAN COMPENSATION
SAMPLE FLOW
SAMPLE PRESSURE

CELL TEM.
CONV. TEMP.
CHASSIS TEMP.
FLOW TEMP.
COOLER TEMP.
MIRROR TEMP.

Figure 2-6. Menu Structure

MEASURE COARSE ZERO
MEASURE FINE ZERO
INPUT

TEST REFERENCE

TEST MEASURE

REF. VOLTAGE

Cco

CONC.VOLTAGE

FLOW CONTROL ZERO
FAN SPEED CONTROL
PUMP SPEED FINE
PUMP SPEED COARSE
GAS FLOW

GAS PRESSURE

INT. VALVE #1
INT. VALVE #2
INT. VALVE #3
AUX. VALVE #1
EXT. MEASURE
EXT. ZERO GAS
EXT. SPAN GAS
VALVE SEQUENCING
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Note
The values shown in the illustrations are examples
only. Your display can be affected by the settings
you choose.

2.5.1 Primary Screen

GAS CO
X.XX PPM
X.XX AVG

INSTRUMENT GAIN: 0.900
SAMPLE MEASURE
STATUS LINE

12:14 15-DEC-03 MAIN MENU

Figure 2-7. Primary Screen

When power is applied, the screen displays the Ecotech logo for a few seconds. It
then identifies the analyzer and the notation Ma1N MENU appears in the lower right
corner. In the lower left hand corner there is the Ecotech Globe rotating,
indicating that the program is running. After the warmup period, the operation
mode is designated at the left of the screen and the current gas measurements for
the analyzer are indicated, as shown in Figure 2-7.

Instrument faults will be reported on the status line which appears one line below
the instrument state display. The following rules apply governing the information
displayed on this line: If there are no failures, the status line is blank. If there is a
single failure, that failure is displayed on the status line (i.e., ZERO FLOW, HEATER
FAULT, etc). The status line will clear when the fault clears. If there are multiple
failures, the failure at the top of the failure list will be displayed on the status line.
When this failure clears, the next failure on the list will be displayed. The entire
list of failures is displayed on the sysTeM FAULTS Screen.

Instrument gain (displayed above the operational mode) indicates the relationship
between the calibration concentration and a measured gas concentration within
the analyzer. It is an essential parameter for the calibration of the analyzer and is
an important requirement for system audits.

When the primary screen is displayed and the cursor is flashing in the words Ma1n
MENU, press the <Select> or <Enter> key to enter the MATN MENU.
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2.5.2 Main Menu

MAIN MENU

INSTRUMENT MENU
CALIBRATION MENU
TEST MENU

INTERFACE MENU
TREND SELECT MENU
EVENT LOG
INSTRUMENT STATUS
SYSTEM TEMPERATURES
SYSTEM FAULTS

Figure 2-8. Main Menu

Each of the menus listed in Figure 2-8, except the final four, has one or more
levels of menu items contained within the selection.

The eveNT 1.0G IS created by the microprocessor to indicate deviations in the
operating parameters. This screen can be used to determine the cause of system
problems.

The INSTRUMENT STATUS and sYSTEM TEMPERATURES Screens constantly update
readings that apply to the operation of the instrument.

The sysTEM raULTS Screen provides a pass or fail indication for various
parameters which are continually monitored. These parameters must be within
acceptable operating ranges in order to display pass.

2.5.3 Instrument Menu

INSTRUMENT MENU
MEASUREMENT MENU
DATE: 15-JUL-93
TIME: 18:57
PASSWORD: UNLOCKED
ERASE MEMORY: NO

MAIN GAS ID: 030

Figure 2-9. Instrument Menu

The items in the InsTrRUMENT MENU address instrument settings needed to initiate
operation.

DATE
The date format is day-month-year.
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TIME
Set in 24-hour format. Setting the time resets the seconds (internally) to zero for
synchronization with an external clock.

PASSWORD
See section 2.7 below.

ERASE MEMORY

Memory can be erased in two different ways, either RAM which does not wipe
some settings or SETTINGS which will erase everything and reset all settings to
default. If you do not wish to erase all setting select NO when, the following
message is displayed:

!THIS WILL ERASE SYSTEM GAINS!
!''!'ARE YOU SURE: NO

The word no is highlighted in this warning. Scrolling to YEs and pressing
<Enter> will erase the memory in the analyzer.

This feature is provided for service, and for preliminary configuration purposes.
Please do not choose this selection during normal operation.

Caution

If the analyzer memory is erased, all user-
configured parameters will return to their
default values. In addition, all instrument
calibration will be lost, so the analyzer will have
to be fully recalibrated. This feature is provided
for service, and for preliminary configuration
purposes. Please do not choose this selection
during normal operation.

MAIN GAS 1D
The ID address of the analyzer when Multidrop RS232 communications is used.

2-18 98307600 Rev D



CHAPTER 2, INSTALLATION AND OPERATION

2.5.4 Measurement Menu

MEASUREMENT MENU
UNIT SELECTION I uG/M3
CONVERSION TEMP :© O DEG C*
DECIMAL PLACES -3
AVERAGE PERIOD > 1 MINUTE
FILTER TYPE - KALMAN
NOISE I 24.234 PPB
ZERO OFFSET : 0.00 PPB

Figure 2-10. Measurement Menu

The MEASUREMENT MENU consists of three items needed for basic operation and
data integrity.

UNIT SELECTION

ppMm (parts per million), mc/m* (milligrams per cubic meter), nc/v* (nanograms per
cubic meter), uc/m® (micrograms per cubic meter), pet (parts per trillion) or pepB
(parts per billion).

Note

If the gravimetric units are selected (mc/M°, ug/M° or
nG/M3), then the conversion factors listed
below will apply depending on the
CONVERSION TEMP selected.

To convert 1 PPB “Gas” to ug/m3 @ 0°C 20 °C 25°C

Multiply by:

co 1.250 1.165 1.145

CO, 1.960 1.830 1.800
Note

If the units in the MEASUREMENT MENU are changed
from volumetric to gravimetric (or gravimetric to
volumetric), the analyzer must be re calibrated in
order to meet U.S. EPA requirements.

CONVERSION TEMP

Sets the temperature that should be used in internal calculations to convert the
concentration from volumetric units into gravimetric units (nG/M°, nc/M* or
nG/M’) in DEGREES CELCIUS (0, 20, 25).*This menu option is only displayed
when the gravimetric units are selected.
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DECIMAL PLACES
Set the number of decimal places in which the data is displayed on the screen. (o,
1, 2, 3, 40r5).

Note
The screen is able to display up to 7 characters of
data including the decimal place for each reading.

AVERAGE PERIOD
Set time in Hours (1, 4, 8, 12, or 24) or minuTes (1, 3, 5, 10, 15, Or
30). This field is a wraparound field.

FILTER TYPE

Sets the time constant of the digital filter. Choices are no FILTER, 300
SECONDS, 90 SECONDS, 60 SECONDS, 30 SECONDS, 10 SECONDS Of KALMAN
(adaptive).

Note
The Kalman filter is the factory default setting and
must be used when using the instrument as a U.S.
EPA equivalent method. The Kalman filter also gives
the best overall performance for this instrument.

NOISE

The standard deviation of the concentration. The manner in which this is done is
as follows: 1. Take a concentration value once every two minutes; 2. Store 25 of
these samples in a first in, last out buffer; 3. Every two minutes, calculate the
standard deviation of the current 25 samples. This is a microprocessor-generated
field and cannot be set by the operator.

Note
This reading is only valid if zero air or a steady
concentration of span gas has been fed to the
analyzer for at least one hour.

ZERO OFFSET

ZERO calibration correction factor. User can manually set the offset between
+10.00 PPB.

2.5.5 Calibration Menu

The canLIBRATION MENU contains entries used to choose calibration gases or to
perform automatic zero-span cycles. The choice of T1MED or ManuaL calibration
displays a slightly different screen. TtMeD calibration generates a zero/span check
that occurs at a chosen interval without operator intervention. manuar calibration
allows for operator-controlled calibration. Only one choice, TIMED Or MANUAL,
applies at any given time.
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2.5.5.1 Timed Calibration

The following screen appears when cALIBRATION: TIMED IS Selected.

CALIBRATION MENU
CALIBRATION = TIMED
TIMER INTERVAL > 24 HOURS
STARTING HOUR -0
CYCLE TIME 15 MINS
CO TIMED SPAN : 10.000 PPM
CALIBRATION = INTERNAL
SPAN COMP : ENABLED
CO SPAN RATIO : 1.0000
BACKGROUND : START
BACK. INTERVAL > 24 HOURS
CO CAL PRESURE : 760.0 TORR

Figure 2-11. Timed Calibration Menu

CALIBRATION
Designates TtMED or ManuaL calibration control.

TIMER INTERVAL
The number of hours between the zero/span checks.

STARTING HOUR
The hour when the first zero/span check will be performed.

CYCLE TIME
The period (1 to 59 minutes) of the zero & span steps during a timed calibration.

CO TIMED SPAN

Digital setting of the span concentration reading the operator expects the
instrument to read during and AZS cycle. An entry is required only if span comp
IS ENABLED.

CALIBRATION
The choice of InTERNAL Or ExTERNAL Valves that will operate during a zero/span
check. (The EZS valve option must be installed to use EXTERNALL.)

SPAN COMP

A choice of enaBrLED or prsaBrLED. This function automatically corrects span
readings to the expected value. See Chapter 3 for additional information.
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Note
SPAN COMP must be disabled for U.S. EPA
designated use.

CO SPAN RATIO

A microprocessor-generated field that is the value by which the span reading is
multiplied to correct the reading to the calibration value. This value is only
applied if spPAN coOMP IS ENABLED.

BACKGROUND

A choice of sTART, DISABLED or ENABLED. If sTarT is selected, then when
<Enter> is pressed the instrument begins an auto-zero (background) cycle. If
DISABLED IS selected, then the instrument will not run the normal auto-zero
(background) cycle. If enaBrLED is selected, then the instrument will run the
normal auto-zero (background) cycle.

Note
The background cycle must not be disabled for U.S.
EPA designated use.

BACK. INTERVAL

Set time in HOURS (2, 4, 6, 8, 12, 24). A microprocessor-controlled
field that indicates when an autozero cycle will begin. The results of the
background are stored in the EVENT 1.0G.

CO CAL PRESSURE
This is the measured ambient pressure during the last CO calibration.

2.5.5.2 Manual Calibration

The following screen appears when CALIBRATION: MANUAL IS selected.

CALIBRATION MENU
CALIBRATION = MANUAL
CAL. MODE : MEASURE
CALIBRATION = INTERNAL
CTEMP TO BGND 4.0 DEG C
BACKGROUND : ENABLED
BACK. INTERVAL > 24 HOURS
CO CAL PRESSURE : 750.0 TORR

Figure 2-12. Manual Calibration Menu
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CALIBRATION
MANUAL initiates operator-controlled calibration.

CAL. MODE
A choice of measure (normal mode), cycrLe (zero/span), span (span valve), or
zERO (zero valve). The choice is based on the valve the operator wants to open.
Selecting cycLE starts an AZS cycle, which is discussed in Chapter 3. The actual
valves actuated will depend upon the selection of CALTBRATION: INTERNAL Of
EXTERNAL.

CALIBRATION
The choice of tnTERNAL Or EXTERNAL Valves that will operate during a zero/span
check. (The EZS valve option must be installed to use EXTERNALL.)

CTEMP TO BGND

This specifies the allowable variation in the chassis temperature from the previous
background, before a temperature initiated background occurs. The default is 4
deg c - ie if the chassis temperature varies by £4C from the chassis temperature
when the last background occured, then a background will run each hour for the
next 3 hours. If this feature is not desired, then the value can be increased to a
much higher temperature tolerance. Note that the calculation of CO is very
temperature depended, and overiding the default of 4 will lead to less accurate
results in the measurement of CO. Note this menu is only accessible through the
manual menu but will be active in while either manual or timed calibration menu
are active.

BACKGROUND

A choice of sTART, DISABLED or ENABLED. If sTarT is selected, then when
<Enter> is pressed the instrument begins an auto-zero (background) cycle. If
pDISABLED IS selected, then the instrument will not run the normal auto-zero
(background) cycle. If enaBrLED is selected, then the instrument will run the
normal auto-zero (background) cycle.

BACK. INTERVAL

Set time in HOURS (2, 4, 6, 8, 12, 24). A microprocessor-controlled
field that indicates when an autozero cycle will begin. The results of the
background are stored in the EvENT LOG.

CO CAL PRESSURE
This is the measured ambient pressure during the last CO calibration.

Note

The background cycle must not be disabled for U.S.
EPA designated use.
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2.5.6 Test Menu

TEST MENU

OUTPUT TEST MENU
DIAGNOSTIC MENU
CALCULATION FACTORS

MEASUREMENT GAIN : 128
PRES/TEMP/FLOW COMP : ON
DIAGNOSTIC MODE = OPERATE
CONTROL LOOP - ENABLED
TEST MEASURE -0

CO : 0.00000 PPM

Figure 2-13. Test Menu

The TesT MENU includes a series of submenus containing information and control
settings for testing and verifying instrument functions. The operator can make
changes to settings; however, when the instrument is returned to normal
operation, the instrument’s automatic control function resumes. Changes made
from this menu are for diagnostic and test purposes only.

MEASUREMENT GAIN
Entries are microprocessor controlled settingsof 1, 2, 4, 8, 16, 32, 64, and
128.

PRES/TEMP/FLOW COMP

Set to either on or orF. oFF is used when running diagnostics to see fluctuations
in readings. on is used to compensate for environmental fluctuations that might
affect readings.

DIAGNOSTIC MODE

Allows the operator to choose oPERATE, OPTIC, ELECT, Of PREAMP. During
measurement, set to operATE. During diagnostic testing, set to the system to be
diagnosed.

CONTROL LOOP

Allows the operator to choose ENaBLED Or D1sABLED. When ENABLED is selected,
the microprocessor maintains control of the digital pots; when pIsaBLED IS
selected, the microprocessor does not control the digital pots and the user can
manually adjust the digital pots. When conTrROL 1L0OP IS ENABLED, the
microprocessor will take control of the pots at the point at which the pots were
last set. CONTROL LOOPS will be set to ENABLED when the primary screen is
displayed.
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TEST MEASURE

Software-controlled pot that is used by technicians when troubleshooting, or
verifying correct instrument performance. This option only appears when the
diagnostic mode is set to oPTIC, ELECT or PREAMP.

co

Gas concentration reading during diagnostics. This option only appears when the
diagnostic mode is set to oPTIC, ELECT or PREAMP.

2.5.7 Output Test Menu

OUTPUT TEST MENU

PREPROCESSOR POTS
FLOW CONTROL POTS
VALVE TEST MENU

Figure 2-14. Output Test Menu

The outrpuTr TEST MENU reports readings for digital potentiometers and valves.
The FLow coNTROL POTS menu does not appear on the B series analyzer.

2.5.8 Preprocessor Pots Screen

PREPROCESSOR POTS
MEASURE COARSE ZERO 1 61
MEASURE FINE ZERO 47
INPUT 45
TEST REFERENCE -0
TEST MEASURE -0
REF. VOLTAGE 3.806 VOLTS
co 0.00 PPM
CONC.VOLTAGE 1.514 VOLTS

Figure 2-15. Preprocessor Pots Screen

PREPROCESSOR POTS are electronically-controlled digital potentiometers used for
adjustments to operations of the preprocessor board. Each pot is set with digits
0-99 in a non-wraparound scrolling field.

MEASURE COARSE ZERO
Software-controlled pot for the coarse electronic zero of the measure channel.

MEASURE FINE ZERO
Software-controlled pot for the fine electronic zero of the measure channel.
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INPUT
Sets gain for the input signal from the detector and is controlled by the
microprocessor board.

TEST REFERENCE
Software controlled pot for the gain of the reference channel. Used during
troubleshooting.

TEST MEASURE
Software-controlled pot for the gain of the measure channel. Used by technicians
when troubleshooting.

REF. VOLTAGE
Reference voltage as measured by the preamplifier board. This is indicative of IR
signal strength.

co
ppM: Gas concentration reading.

CONC. VOLTAGE
Instrument-generated voltage corresponding to gas concentration. This voltage
represents the actual gas measurement.

2.5.9 Flow Control Pots Screen (A series only)

FLOW CONTROL POTS are potentiometers used to adjust the functions of the flow
control board.

FLOW CONTROL POTS

FLOW CONTROL ZERO : 81
FAN SPEED CONTROL : 16
PUMP SPEED FINE - 85
PUMP SPEED COARSE : 62

GAS FLOW 1.00 SLPM
GAS PRESSURE 585.6 TORR

Figure 2-16. Flow Control Pots Screen

FLOW CONTROL ZERO
A pot that sets electronic zero for differential flow. The pot value is stored in
EEPROM on flow controller board.

FAN SPEED CONTROL
Software-controlled pot that sets chassis fan speed.

98307600 Rev D



CHAPTER 2, INSTALLATION AND OPERATION

PUMP SPEED FINE
Software-controlled pot that controls the pump speed (which controls sample flow
rate).

PUMP SPEED COARSE
Software-controlled pot that controls the pump speed (which controls sample flow
rate).

GAS FLOW
Instrument-generated information from the flow controller.

GAS PRESSURE
Atmospheric pressure; instrument-generated information.

2.5.10 Valve Test Menu

VALVE TEST MENU
INT. VALVE #1 : OPEN
INT. VALVE #2 : CLOSED
INT. VALVE #3 = CLOSED
AUX. VALVE #1 = CLOSED
EXT. MEASURE : CLOSED
EXT. ZERO GAS = CLOSED
EXT. SPAN GAS = CLOSED
VALVE SEQUENCING - ON

Figure 2-17. Valve Test Menu

The varve TEsT MENU allows the valves to be set to either opEN Or cLOSED
according to the operator's choice. To manually operate the valves, vaLvE
SEQUENCING needs to be turned off.

INT. VALVE #1
Sample stream.

INT. VALVE #2
Internal zero stream.

INT. VALVE #3
Span stream.

AUX. VALVE #1
Not used at this time.
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EXT. MEASURE
Externally supplied sample stream (used with the EZS valve option).

EXT. ZERO GAS
Externally supplied zero air (used with the EZS valve option.)

EXT. SPAN GAS
Externally supplied span gas (used with the EZS valve option).

VALVE SEQUENCING

Set to either on or orr. on is used for automatic valve control of zero/span
cycles. orr is used for operator control of valves. vaive seQuEncING Wwill
automatically be set to on whenever the primary screen is displayed.

2-28 98307600 Rev D



CHAPTER 2, INSTALLATION AND OPERATION

2.5.11 Diagnostic Menu

98307600 Rev D

DIAGNOSTIC MENU

MULTIDROP PORT TEST - NO
WATCHDOG TEST - NO
DISPLAY TEST = NO
ANALOG OUTPUT TEST = NO

Figure 2-18. Diagnostic Menu

The pracnosTICc MENU IS information used to diagnose problems or suspected
problems. The settings return to the previously set conditions when the operator
leaves this menu.

MULTIDROP PORT TEST
Sends test of all printable characters to the Multidrop (rear) serial ports.

WATCHDOG TEST
Disables strobes to the watchdog timer. The system resets when this test is
executed.

DISPLAY TEST

A series of 6 tests are available to check the working order of the display screen.
Once the test is selected press the <Select> key to verify that the alternate pixels
are visible. Press the <Pg Up> key to exit. The available tests are:

STRIPE 1
Causes the screen to show a series of very closely spaced vertical lines.

STRIPE 2
Shows a series of vertical lines in alternate positions to those is STRIPE

CLEAR
Clears the screen of all pixels.

FILL
Fills the screen of pixels.

CHECK 1
Causes the screen to show a checkered pattern made up of single pixels.

CHECK 2
Displays a checkered pattern in alternate spaces to CHECK 1.
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ANALOG OUTPUT TEST

Sends a 0.1 Hz sawtooth waveform to the selected analog output device to test its
functionality. There are 6 analog outputs to choose from (#1 to #6). Analog outputs
#1 to #3 are available via the 50 PIN 10 connector.

2.5.12 Calculation factors

CALCULATION FACTORS

INSTRUMENT GAIN : 1.0592
P/T/F CORRECTION : 1.0390
BACKGROUND : 0.0012
ZERO OFFSET : 0.0000 PPB

EXIT

Figure 2-19. Calculation Factors Menu

The Calculation factors screen is a non editable screen which provides the values
used to calculate different aspects of measurement and calibration.

2.5.13 Interface Menu

INTERFACE MENU

ANALOG OUTPUT MENU
DATA LOGGING MENU

MAIN GAS 1D = 030
INTERFACE MODE =: COMMAND
MULTIDROP BAUD : 2400
DATA LENGTH : 8 BITS
STOP BITS : 1 BIT
PARITY = NONE
COMM. PROTOCOL : ORIGINAL

NETWORK ADAPTOR MENU

Figure 2-20. Interface Menu

The 1nTERFACE MENU IS used for adjustments related to the interfacing
instruments.

The following are used only when one or more of the serial ports are to be used.
See output connections information in Chapter 4, Digital Communication.

MAIN GAS ID
The ID address of the analyzer when Multidrop RS232 communications is used.
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INTERFACE MODE

This establishes the RS232 communication mode. Choices are coMMAND Of
TERMINAL. TERMINAL USes the menu structure, and commanDd uses the EC Serial
Command Set.

MULTIDROP BAUD
The communication rate for RS232 (DB9) connectors on rear panel. The available
rates are 1200, 2400, 4800, 9600, 19200 and 38400.

DATA LENGTH
Sets the number of data bits used in serial transmissions. The available lengths are
7 and 8.

STOP BITS
Sets the number of stop bits used in serial transmissions. The available number of
stop bits are 1 and 2.

PARITY
Sets the parity used in serial transmissions. The available choices are nonE,
EVEN, and opp.

COMM. PROTOCOL

Sets the communication protocol in serial transmissions. The available choices
are ORIGINAL, BAVARIAN, and ENHANCED. See the serial communications
information in Chapter 4, Digital Communication.

2.5.14 Analog Output Menu

The anaLOG ouTPUT MENU contains settings that relate to the recording devices.
For a detailed explanation of the analog output, see section 2.6.3 below. The
setting of analog output ranges has no impact on the measurement range of the
analyzer; it only affects the analog output scaling.

2.5.14.1 CO Current Output Menu

CO OUTPUT MENU
RANGE : 50.00 PPM
OUTPUT TYPE = CURRENT
CURRENT RANGE : 0-20 MA
FULL SCALE :0.00 %
ZERO ADJUST :0.00 %
OVER RANGE : 200.00 PPM
OVER-RANGING = DISABLED

Figure 2-21. Analog Output Menu
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RANGE
Set upper range limit (in digits) to desired CO concentration. See section 2.6. This
value cannot be set above the over rRanGe Vvalue.

OUTPUT TYPE
Setting must match the choice on the 50-Pin 1/0 board (if installed), current or
voltage.

CURRENT RANGE
Choices are 0-20, 2-20, and 4-20 mA.

FULL SCALE
X.xx%, a correction factor for full scale setting. Used when calibrating the analog
outputs.

ZERO ADJUST
X.Xx%, a correction factor for the zero setting. Used when calibrating the analog
outputs.

OVER RANGE

Set to desired over-range value. This value cannot be set below the rance value.
See section 2.6. This is the alternate scale the recorder or DAS indicates when
over-ranging is enabled. (When 90% of the set range is reached, this automatic
range is effective. When 80% of the original range is reached, it returns to the
original range.)

OVER-RANGING
Set to ENABLED Or DISABLED to turn the over-ranging feature on or off.

2.5.14.2 CO Voltage Output Menu

CO OUTPUT MENU
RANGE : 50.00 PPM
OUTPUT TYPE > VOLTAGE
OFFSET -0 %
FULL SCALE : 0.00 %
ZERO ADJUST : 0.00 %
OVER RANGE : 200.00 PPM
OVER-RANGING : DISABLED

Figure 2-22. Analog Output Menu (Voltage Output)

RANGE
Set upper range limit (in digits) to desired CO concentration. See section 2.6. This
value cannot exceed the over rance value.
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OUTPUT TYPE
Setting must match the choice on the 50-pin 1/0O board (if installed); currenT Or
VOLTAGE.

OFFSET
Choices are 0%, 5%, and 10%. Recorder or DAS outputs will reflect this.

FULL SCALE
X.Xx%, acorrection factor for full scale setting. Used when calibrating the analog
outputs.

ZERO ADJUST
X.Xx%, a correction factor for the zero setting. Used when calibrating the analog
outputs.

OVER RANGE

Set to desired over range value. This value cannot be set below the rance value.
See section 2.6. This is the alternate scale the recorder or DAS indicates when
over-ranging is enabled. (When 90% of the set range is reached, this automatic
range is effective. When 80% of the original range is reached, it returns to the
original range.)

OVER-RANGING
Set to ENARLED Or DISABLED to turn the over-ranging feature on or off.

2.5.15 Data Logging Menu

DATA LOGGING MENU

AVERAGE DATA : OFF
INST. DATA - OFF
TOTAL CAPACITY : 0.0 DAYS

ERASE LOGGED DATA: NO

Figure 2-23. Data Logging Menu

The pATA LOGGING MENU contains settings that relate to the internal data
recording facilities of the EC9830. This data can latter be retrieved using the
Ecotech data downloading software mentioned in section 4.6.

AVERAGE DATA

If the average data is set to off, no average data is recorded. If it is set to on, then
the average data displayed on the primary screen is recorded. The averaging
period of this data is set in the MEASUREMENT MENU.
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INST. DATA

The 1nsT. pata option allows you to select either off (where no data is

recorded) or record instantaneous data with the following intervals: 1 HOUR, 30
MINUTES, 10 MINUTES, 5 MINUTES, 3 MINUTES OR 1 MINUTE.

TOTAL CAPACITY

When either of the above is set to on, the amount of free memory available for
data logging will be displayed in days. This indicates how much data can be
stored, before the earliest data will start to be overwritten.

Inst. Data | Total Capacity
(min) (days)
1 35
3 106
5 176
10 353
30 1061
60 2123

ERASE LOGGED DATA
When yes is selected and enter is pressed, all the logged data will be erased.
2.5.16 Network Adaptor Menu.

The Network Adaptor Menu allows the user to enter or change the 1.P. address,
Netmask and Gateway.

NETWORK ADAPTER MENU

I.P. ADDRESS 0 0. 0 0
NETMASK 0 0. 0 0
GATEWAY 0 0. 0 0

2.5.17 Trend Select Menu

TREND SELECT MENU iS the graphic display of the parameters listed.

TREND SELECT MENU

CONCENTRATION

AVG CONCENTRATION
REFERENCE

ZERO OFFSET

SPAN COMPENSATION
SAMPLE FLOW
SAMPLE PRESSURE
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Figure 2-24 Trend Select Menu

Each graph is displayed as an x-y plot with the x-axis 0 being the current time and
the most distant number being the most historic data.

2.5.18 Event Loqg Screen

EVENT LOG

# 1 BACKGROUND CYCLE
OCCURRED AT 13:38 02-DEC-03

# 2 ZERO FLOW
OCCURRED AT 12:51 02-DEC-03

# 3 CHOPPER WHEEL ERROR
OCCURRED AT 17:02 02-DEC-03

Figure 2-25. Event Log Screen

The evenT oG screen displays notations of key events such as auto-zero and
calibration or specific error conditions for up to 100 occurrences. This screen is a
first in, last out type screen. The first entry is the latest occurrence. You can scroll
through the events using the Up or Down arrow keys (A or ).

2.5.19 Instrument Status Screen
INSTRUMENT STATUS

GAS FLOW :1.00 SLPM
GAS PRESSURE 1 617.6 TORR
REF. VOLTAGE : 3.806 VOLTS

CONC. VOLTAGE : 1.327  VOLTS
ANALOG SUPPLY : 11.715 VOLTS
DIGITAL SUPPLY : 4.977  VOLTS

VERSION 1.03.0002 EXIT

Figure 2-26. Instrument Status Screen

INSTRUMENT  STATUS IS information continuously generated by the
microprocessor for various parameters.

GAS FLOW

Calculated gas flow. Will indicate 0.00 if the flow transducer senses flow has
gone to zero.

98307600 Rev D 2-35



EC9830 CO ANALYZER OPERATION MANUAL

2-36

GAS PRESSURE
Current Gas pressure — should be a little below current barometric pressure.

REF. VOLTAGE
Reference voltage as measured by the preamplifier board. This voltage is
indicative of the IR signal intensity.

CONC. VOLTAGE
Voltage from the preprocessor proportional to the detected gas signal from the
reaction cell. This voltage is represents the actual measurement of gas.

ANALOG SUPPLY
+12 volt (primary) power supply.

DIGITAL SUPPLY
+5 volt microprocessor power supply.

VERSION
Indicates the current firmware version installed in the Microprocessor.

Additional information on the INSTRUMENT sTaTUS Screen is provided in the
EC9830 Service Manual.

2.5.20 System Temperatures Screen

SYSTEM TEMPERATURES
CELL TEMP. : 50.9 DEG C
CONV. TEMP : 90.2 DEG C
CHASSIS TEMP. : 35.1 DEG C
FLOW TEMP. 1 47.4 DEG C
COOLER TEMP. 1.2 VOLTS
MIRROR TEMP. 1 49.2 DEG C
EXIT

Figure 2-27. System Temperatures Screen

The sysTemM TEMPERATURES display is information continuously generated by the
mMICroprocessor.

CELL TEMP.
Temperature of the reaction cell.

CONV. TEMP.
Temperature of the CO-CO, converter.
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CHASSIS TEMP.
Temperature of air inside the chassis, measured on the microprocessor board.

FLOW TEMP.
Temperature of the flow control/ pressure board.

COOLER TEMP.
Voltage drop sensed across the thermoelectric cooler. Measured as a voltage.

MIRROR TEMP.
Temperature of the end-cap mirror plate on the reaction cell.

Additional information on the sysTEM TEMPERATURES ScCreen is provided in the
EC9830 Service Manual.

2.5.21 System Faults Screen

SYSTEM FAULTS
CELL TEMPERATURE START
SAMPLE GAS FLOW: PASS
FLOW BLOCK TEMP: PASS
A/D INPUT: PASS
12 VOLT SUPPLY: PASS
REFERENCE VOLTAGE: PASS
CONVERTER TEMP: PASS
COOLER & IR SOURCE: PASS
CHOPPER WHEEL: PASS
MIRROR TEMP: PASS
EXIT

Figure 2-28. System Faults Screen

The system raurTs display provides a start, pass or fail indication for various
parameters which are continually monitored. These parameters must be within
acceptable operating ranges in order to display pass. If the instrument is in
startup mode, starT will be displayed. For further information on the sysTtem
FAULTS Screen, refer to the EC9830 Service Manual.

2.6 Analog Output
Analog output connections are described in section 2.1.2.1.

Before setting up the recorder and DAS analog outputs, decide what offset and
over-ranging choices to make. A brief explanation of these terms follows, then the
setup procedure is given. The analog output and over-range settings have no
impact on the measurement range of the analyzer, but only affect the analog
output scaling.
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2.6.1 Offset and Live Zero

At any selected output range, the operator may want to observe negative signal
indications. Moving the zero indication up the scale to a specific point creates a
live zero, thus allowing the recorder or DAS to show negative as well as positive
indications.

The adjustment used to create a live zero is orrseT. For example, a 10% offset
moves the zero indication to the point where 10% would normally be indicated.
The full reading available on the recorder paper or DAS would then be -10% to
+90% of full scale. See Figure 2-29, an illustration of offset on the strip chart
recorder.

——

=4 o © ~ © ) ~+

S —
NORMAL OUTPUT

(WITH ZERO OFFSET)

N\

—=— NO OFFSET

10

> © ~ © i) - " o~ - o

S B —
OUTPUT WITH 10% OFFSET|

3 NEG. INDICATION
*~  (10% OFFSET)

FERAVa

Figure 2-29. Strip Charts Illustrating Offset

Signal adjustments for zero and instrument gain to align the output with the user’s
recorder or other measurement device can be made in the ANATL.OG OUTPUT MENU
in the fields rurL. scare and zero apJg. These adjustments may be necessary
due to tolerance buildup, power supply variation, etc in either the analyzer or the
measurement device.
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2.6.2 Over Range Adjustment

Over-ranging is also enabled from the anaLoc ouTPuT MENU. The OVER RANGE
setting is the auxiliary range the operator chooses to track the data should the data
exceed full scale of the original range. The over-range setting has no impact on
the measurement range of the analyzer; it only affects the analog output scaling.

With over-ranging enabled, as the concentration reaches 90% of the full scale
value for the selected output range, the software generates a positive spike that
takes the indicator from the 90% position to the 100% position. The output data is
then scaled for the full scale chosen for over-range. As the output drops back to
80% of the original full scale, the software generates a negative spike from the
displayed value to zero. The output then reverts to the original range. See
Figure 2-30 for an example of over-range on a typical strip chart recorder.

T T T T T T
° L @© ~ ©

T
1
ORIGINAE . .
( RANGE L~

0.50 ppm

|~
o o

T
<« " ~

LT

OVER
RANGE
.00 ppm

™.

N |

(OR\G\NA,

RANGE
0.50 ppm

(HOURS)

Figure 2-30. Over Range as Seen on a Strip Chart Recorder

The range value should generally be set first. However, because the range value
must be less than the currently selected over-range value, it may be necessary to
increase the over-range value to the desired setting first. The over-range value is
limited to be equal to or greater than the currently selected range value. For
practicality, it is recommended that the over-range be set to a value between 2 and
5 times the range value. For example, if the desired monitoring range is 0.2 ppm,
the over-range should be set between 0.4 and 1.0 ppm.
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Certain precautions must be taken when over-ranging is enabled to ensure that
pollutant concentration measurements are reported correctly. When a data
acquisition system must interface with the analog output of the instrument, some
means must be provided to indicate which range is in effect during all
measurements. The user should monitor pin 7 on the 50-pin 1/O connector, which
is an open collector output indicating analog output #1 is in over-range.

2.6.3 Analog Output Calibration Procedure

This procedure is appropriate for connecting the EC9830 analyzer to a strip cart
recorder, Data logger (DAS) or to a Digital voltmeter (DVM).

1. Enter the I1NTERFACE MENU and choose ANATL.OG OUTPUT MENU.

2. Select rancE and enter the desired range by selecting the appropriate digits.
Press <Enter> to confirm your choice.

3. Set the output type according to the termination selected for the discrete 1/0
connector. The choice will be either CURRENT Or VOLTAGE.

If current output is desired and the 50-pin board is installed, set the selection
jumper to currenT and de-select all voltage ranges. If current output is
desired and the 50-pin board is not installed, no hardware change is required.

If voltage output is desired and the 50-pin board is installed, set the selection
jumper to vorTtace. If voltage output is desired and the 50-pin board is not
installed, an external termination resistor is required. This resistor must be
50 ohms per full scale voltage desired (50 ohms = 1 volt full scale; 500 ohms
= 10 volts full scale, etc).

4. If voltage output type was selected, choose the desired orrseT and press
<Enter>. If current output type was selected, choose the desired output range
and press <Enter>.

5. Select zero apgusT and adjust the analog output to the selected offset
position for zero concentration (i.e., if 10% offset is selected, the recorder pen
or DAS should be at 10% of full scale). To make the adjustment, watch the
recorder paper or DAS while you increment or decrement the zero adjustment
correction factor that is displayed. Press <Enter> to confirm your setting.

6. Select rurr. scarLe and adjust the analog output to 100% on the recorder
paper or DAS. To make this adjustment, watch the recorder paper or DAS
while you increment or decrement the full scale correction factor that is
displayed. Press <Enter> to confirm your setting.
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7. Select over RaNGE and set to a range that is higher than the rance chosen at
the top of the screen. When the digits reflect the desired over-range, press
<Enter>.

8. Select over-rancING and choose either ENABLED Or DISABLED. Press
<Enter>.

2.6.4 Calibration Requirements

To make your data acceptable to the regulatory authorities and to pass required
periodic audits, you must calibrate the instrument before any data is collected for
use in a monitoring program. The calibration procedure is included in Chapter 3
of this manual.

Most regulatory requirements also include establishing a calibration verification
program. If your organization does not have the staff to perform this task,
Ecotech’s Service personnel can provide assistance. See the front of this manual
for contact details.

2.7 Password Protection

A password protection option was designed in order to solve the problem of
altering the configuration of the machine by the user. This option prevents the
user from configuring the EC9800 menus by creating an individual password.
This feature allows the user to exclude changes to the front panel menus by
locking them through a user-specified password.

2.7.1 Rules of Operation

98307600 Rev D

o  The password must be a four-digit number.
o  After a memory erasure, the analyzer will default to unL.ocKED.

o The user must enter a four-digit number to lock the analyzer. The same four-
digit number is used to unlock the analyzer as well.

o Once the analyzer is locked, the user may navigate through the menus, but
cannot select a field for data entry.

o  Each time the user wishes to lock the analyzer, the password must be entered.
The password is only valid while the analyzer remains locked; previous
passwords are not remembered.

o On the insTruMENT MENU there is a new entry labeled passworp that
displays the status of the menu as either UNLOCKED Or LOCKED.
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2.7.2 Sam

ple Session

1.

10.

At tnsTrRUMENT MENU there is a field labeled passworp. This should display
the status UNL.OCKED.

Select the field labeled passworp. The status unrockep will be replaced by
0000.

Using the <Select> and arrow keys scroll to the desired numbers to represent
the password.

When the desired password appears, press the <Enter> key. The password
will disappear and the r.ockep message will take its place. The analyzer is
now locked.

Scroll through the instrument menus. From this point forward, it is impossible
to select any alterable fields.

Return to the 1nsTrRuMENT MENU and select the passworp field.
The Lockep message will disappear and 0000 appears in its place.

Using the <Select> and arrow keys scroll the numbers of the password
entered previously.

When the password is displayed, press the <Enter> key. The password will
disappear and be replaced by the message UNT.OCKED.

The analyzer is unlocked and the menu configuration can be altered.
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3.0 Calibration

CHAPTER 3, CALIBRATION

3.1 Overview

98307600 Rev D

The calibration chapter consists of:

0o 0 O O

a general discussion of calibration

a description of the multipoint calibration procedure
a description of automatic zero/span (AZS) setup

a discussion of the AZS feature.

The EC9830 carbon monoxide analyzer is a precision measuring device which
must be calibrated against a known source of carbon monoxide that is traceable to
a National Institute of Standards and Technology (NIST) standard. (Formerly
NIST was the National Bureau of Standards, or NBS.)

In general terms, the calibration process consists of the following steps:

1. Establish a reliable and stable calibrating source.

2. Provide a satisfactory connection between the calibration source and the

analyzer.

3. Calibrate the analyzer against the calibration source.

Multipoint calibration is used to establish the relationship between analyzer
response and pollutant concentration over the analyzer's full scale range. Zero and
span checks are frequently used to provide a two-point calibration or an indication
of analyzer stability and function.

Regulations generally require that the analyzer be recalibrated any time it is
moved or serviced, or whenever analyzer characteristics may have changed. This
includes changing the instruments units from volumetric to gravimetric.
Regulatory agencies establish the time intervals at which the analyzer must be
calibrated to ensure satisfactory data for their purposes.

Important
Use of the EC9830 CO analyzer as a

U.S. EPA

designated reference method requires periodic

multipoint calibration in accordance

with the

procedure described below. In addition, the
instrument must be set to the parameters indicated

in Chapter 1, Introduction.
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3.1.1 Analyzer Calibration Instructions

1.

2.

Note
This procedure is a quick guide to span calibration
of the EC9830 analyzer, intended for operators who
are familiar with gas analyzers and preparation of
calibration gas. For complete gas preparation and
multipoint  calibration instructions, refer to
section 3.2 below.

Connect a source of span calibration gas to the analyzer through the Inlet
port. (See the remainder of this section for instructions on preparing
calibration gas.)

Allow the analyzer to sample the gas until a stable reading is obtained,
typically 15 minutes.

From the primary screen, start the calibration sequence by pressing either the
Up or Down arrow key (A or ) until the display prompts sTART MANUAL
CALIBRATION. Pressing the <Select> key will allow you to choose from: no,
sPAN or zERO. Confirm that the display reads span and press <Enter> (J).
A backlit cursor will be displayed on the CO concentration display.

Use the <Select> key to move the position of the backlit cursor, and the Up
and Down arrow keys to increment and decrement the value of the backlit
digit until the calibration concentration value is obtained. When the desired
concentration is displayed, press <Enter>.

Then move the backlit cursor to the 1nsTruMENT caIn field. The instrument
gain is automatically calculated by the analyzer. Press <Enter> to confirm
this value. Press <Exit> to return to the primary screen.

This completes the span calibration of the EC9830 analyzer.

Note
The auto-zero function of the EC9830 eliminates
the need for a traditional zero calibration. In special
applications where a zero calibration is required the
following procedure can be used:

Connect a source of zero air to the analyzer through the Inlet port.

Allow the analyzer to sample zero air until a stable reading is obtained,
typically 15 minutes.
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3. From the primary screen start the zero calibration sequence by pressing
either the Up or Down arrow (A or Y) until the display prompts sTarT
MANUAL CALIBRATION? zERO. Confirm that the display reads zero and press
<Enter> (). A backlit cursor will be displayed on the CO Concentration
display.

4. Use the <Select> key to move the position of the backlit cursor, and the Up
and Down arrow keys to increment and decrement the value of the backlit
digit until the zero gas concentration value is displayed (e.g. 0.00 PPM).
When the desired concentration is displayed, press <Enter>. Press <Exit> to
return to the primary screen.

3.2 Multipoint Calibration Procedure

Before beginning a multipoint calibration of the instrument, a qualified service
technician must perform the periodic maintenance procedures in the EC9830
Service Manual, especially checking the particulate filter. The INSTRUMENT
STATUS and SYSTEM TEMPERATURE Screens in the EC9830 Service Manual give
the ranges for correct operation of the instrument.

Note

Calibration should only be performed when the
instrument is stable and has been powered up for at
least three hours.

3.2.1 Procedure Using Cylinder Gas Dilution Method

3.2.1.1 Principle

A certified standard cylinder of CO, diluted as necessary with zero air, is used to
obtain the various calibration concentrations needed.

3.2.1.2 Apparatus

98307600 Rev D

The major components and typical configurations of the calibration systems for
the two calibration methods are shown in Figure 3-1 and Figure 3-2 below.
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Figure 3-1. Dilution Method for Calibrating CO Analyzers

3.2.1.2.1 Flow Controller(s)

Device capable of adjusting and regulating flow rates. Flow rates for the dilution
method (Figure 3-1) must be regulated to +1%.

3.2.1.2.2 Flowmeter(s)

Calibrated flowmeter capable of measuring and monitoring flow rates. Flow rates
for the dilution method (Figure 3-1) must be measured with an accuracy of £2% of
the measured value.

3.2.1.2.3 Pressure Regulator(s) for Standard CO Cylinder(s)

Regulator must have a non-reactive diaphragm and internal parts and a suitable
delivery pressure.

3.2.1.2.4 Mixing Chamber

A chamber designed to provide thorough mixing of CO and diluent air for the
dilution method.
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3.2.1.2.5 Output Manifold

The output manifold should be of sufficient diameter to ensure an insignificant
pressure drop at the analyzer connection. The system must have a vent designed
to ensure atmospheric pressure at the manifold and enough inlet flow to prevent
ambient air from entering the manifold.

3.2.1.3 Reagents

3.2.1.3.1 CO Concentration Standard(s)

Cylinder(s) of CO in air containing appropriate concentration(s) of CO suitable for
the selected operating range of the analyzer under calibration; CO standards for the
dilution method may be contained in a nitrogen matrix if the zero air dilution ratio
is not less than 100:1. The assay of the cylinder(s) must be traceable either to a
National Institute of Standards and Technology (NIST) CO in air Standard
Reference Material (SRM) or to an NIST/EPA approved commercially available
Certified Reference Material (CRM). CRM’s are described in Calibration
Reference 2, and a list of CRM sources is available from the address shown for
Calibration Reference 2. A recommended protocol for certifying CO gas cylinders
against either a CO SRM or a CRM is given in Calibration Reference 1. CO gas
cylinders should be recertified on a regular basis as determined by the local quality
control program.

3.2.1.3.2 Dilution Gas (Zero Air)

Zero air is described as air free of contaminants which will cause a detectable
response on the CO analyzer. The zero air should contain <0.1 ppm CO. A
procedure for generating CO zero air is given in Calibration Reference 1; the
Ecotech GasCal 1000 calibrator and 8301 Zero Air source calibrator has CO-free
air capability sufficient for this operation.

3.2.1.4 Procedure Using Dynamic Dilution Gas Method

1. Assemble a dynamic calibration system such as the one shown in Figure 3-1.
All calibration gases including zero air must be introduced into the sample
inlet of the analyzer system. The EC9830 instrument sample inlet is labeled
Inlet and is located on the rear panel.

2. Ensure that all flowmeters are properly calibrated, under the conditions of
use, if appropriate, against an authoritative standard such as a soap-bubble
meter or wet-test meter. All volumetric flow rates should be corrected to
25° C and 760 mm Hg (101 kPa). A discussion on calibration of flowmeters
is given in Calibration Reference 1.
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3. Ensure that the analyzer is properly connected to the output recording device,

as described in Chapter 2, Installation and Operation. If necessary, go to the
INTERFACE MENU, Select the anaroc ouTrpuT MENU, and select the appropriate
settings for the recording device. Offsetting the analyzer's zero indication
(orrsET AND ZzZERO ADJUST) to +5% of scale is recommended to facilitate
observing negative zero drift. Exit and return to the primary screen.

4. Adjust the calibration system to deliver zero air to the output manifold. The

total air flow must exceed the total demand of the analyzer(s) connected to
the output manifold by 0.5 slpm to ensure that no ambient air is pulled into
the manifold vent. Go to the cavLieraTION MENU and select MANUAL
calibration and Measure mode. Check the internal zero scrubber by initiating
an auto-zero (BACKGROUND) cycle. Exit and return to the primary screen.
Following the auto-zero cycle, allow the analyzer to sample zero air until a
stable response is obtained. If the response is negative by more than 0.5% of
full scale, the zero scrubber may need to be replaced. Record the final, stable
zero air response as Z.

Note

Ecotech’s” EC9800 analyzer family does not have zero and
span pots that physically resemble those on traditional
instruments. Zero is set automatically on all units. Span can
be set manually by adjusting the instrument readings or by
adjusting the instrument gain.

5. Adjust the zero air flow and the CO flow from the standard CO cylinder to

provide a diluted CO concentration of approximately 80% of the full scale
range of the analyzer. Ensure that the total air flow at the output manifold
exceeds the demand by 0.5 Ipm. This will ensure that no ambient air is pulled
into the manifold vent. The exact CO concentration is calculated from:

[CO]OUT — [CO]STD X FCO
Fy +Feo
Equation 3-1

Where:

[CO]our = diluted CO concentration at the output manifold, ppm
[CO]srp = concentration of the undiluted CO standard, ppm

Fco = flow rate of the CO standard corrected to 25° C and

760 mm Hg (101 kPa), slpm

F, = flow rate of the dilution air corrected to 25° C and 760 mm Hg
(101 kPa), slpm.

6. Sample the CO concentration until a stable response is obtained.
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. From the primary screen, press the Up or Down arrow key. Respond span to

the screen query START MANUAL CALIBRATION? by pressing the Up or Down
arrow key, then <Enter>. The cursor now appears in the first digit of the
concentration field.

Use the <Select> and arrow keys to input the CO span point concentration
calculated in step 5 above. Use the <Select> key to select the digit to be
changed and the Up or Down arrow keys to change the value.

Press <Enter> to confirm the input value. Record the CO concentration and
the analyzer's stable response.

The cursor now appears in the tnsTruMENT GAIN field. Check to see that the
displayed value is within the recommended range (0.7 to 1.3), and record for
future reference. Press the <Enter> or <EXit> key to return to the primary
screen.

3.2.1.5 Procedure Using Multiple Cylinders

() 1 FLOW L e owMETER

CONTROLLER

Cco Co Cco Cco
STD STD STD STD

OUTPUT MANIFOLD

N l

VENT =~— ——— lJ—L‘ H—L‘ ‘ ’_1

EXTRA OUTLETS CAPPED
WHEN NOT IN USE

TO INLET OF ANALYZER
UNDER CALIBRATION

Figure 3-2. Multiple Cylinder Method for Calibrating CO Analyzers

Use the procedure for the dynamic dilution method with the following changes:

1.
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Use a multi-cylinder system such as the typical one shown in Figure 3-2.
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2. The flowmeter need not be accurately calibrated, provided the flow in the
output manifold exceeds the analyzer's flow demand.

3. The various CO calibration concentrations required in the multiple cylinder
method are obtained without dilution by selecting the appropriate certified
cylinders. The suggested method is to span the instrument at the highest
concentration, then perform a dynamic or multipoint calibration with the
remaining cylinders, in sequence.

Note
The dilution method of section 3.2.1.4 is the
recommended method by Ecotech.

3.2.2 Procedure for 5 Point Multipoint Calibration
3.2.2.1 Principle

Multipoint calibration consists of five (5) concentrations across the instruments
operating range. The concentration levels are derived to determine the accuracy
between calculated and expected values of the analyzer using a simple Excel
spreadsheet. This procedure is only to be carried out on a 6 monthly basis or after
the analyzer has had major repair, as per AS3580.7.1. and U.S.EPA Standards.

3.2.2.2 Apparatus

The apparatus discussed in section 3.2.1.2 above should be used to perform the
Multipoint Calibration. In addition to this the following may also be used:

o NATA/NIST Traceable Temperature sensor

o NATA/NIST Traceable Barometric sensor

o NATA/NIST Traceable CO Gas cylinder with dual stage regulator.
o Laptop Computer with Microsoft Excel.

o  Bios DryCal flow calibrator

o  Ecotech portable zero air source

o  Ecotech portable Dilution Gas Calibrator

3.2.2.3 Procedure

1. Connect the flowmeter to the analyzer sample inlet and measure the sample
flow reading. Record the average of flow readings and ensure that it meets
the specifications of section 1.1.10 +1%.
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Setup the dilution gas calibrator to obtain a CO gas concentration of 80% of
the EC9830’s operating range as discussed in section 3.2.1.4. Perform a
manual calibration at this point.

Note
Record the analyzer instruments gains before and
after the calibration.

Setup the dilution gas calibrator to obtain Zero air, and ensure that the
EC9830 has a zero reading lower than £5ppb NOTE: Perform a background
otherwise and repeat step 2.

Note

Do not make any further span adjustments during
the remainder of the calibration. Record the new
span values in the spreadsheet.

Generate 5 additional concentrations by decreasing F, or increasing F.. Be
sure the total flow exceeds the analyzer’s total flow demand. For each
concentration generated, calculate the exact CO concentration using 3.2.1.4

Note

The recommended multipoint span concentrations
are: 20, 40, 60, 80, 100% of Full Scale @ minimum
of 1LPM.

Record the concentration and the analyzer’s response for each concentration
after a stabilization period of 15 minutes per point.

Plot the analyzer’s responses versus the corresponding CO concentrations
and draw or calculate the calibration curve as discussed in the following
section.

3.2.2.4 Calculating Multipoint Calibration Results

98307600 Rev D

3.2.2.4.1 Manual Calculations (Used when Excel not available)

Determine the percent difference between instrument response and the calculated
concentration using the following equation.
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Instrument Response - Calculated Concentration
Calculated Concentration

x100 = Percent Difference

If the difference between values is less than 1% then the instrument is within
specifications. Otherwise a Leak Check and or service are required.

3.2.2.4.2 Using Microsoft Excel to Display Multipoint Calibration
Results

Produce an X Y scatter plot of the data with the calculated CO concentration in
the X axis and the instruments response concentration in the Y axis. Right mouse
click on any data point to bring up the data formatting menu shown in Figure 3-3.

Calculated Measured

0 1 MULTIPOINT CHECK
100 79
200 201
300 300 600
400 400
500 503 500 r:

/ Format Data Series...
¥ Chart Type...
/ Source Data. ..
Add Trendline. ..

.
=
[}

Measured
(4]
=
(]

B
=
[}

=
(] (]
:\

200 300 400 500 500
Calculated

=
=
[}

Figure 3-3. Data point formatting menu with Excel chart
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Add Trendline

Type Options |
~Trendline name
& futomatic:  Linear (Actual)

o Cuskaorn: I

~Faorecast

Forward: ID 5‘ Uriits
Backward: IU E‘ Uriits

I™ sSetintercept = ID

[V Display equation an chart

[V Display R-squared value on chart}

OF I Cancel

Figure 3-4. Trendline menu in Excel

Select Add Trendline (Linear should be selected under the TYPE tab) and enter
Options. Select the tick boxes that will display the equation and the R? value on
the chart (Figure 3-4). Clicking OK will return to the chart and display the
required data necessary to determine the effectiveness of the calibration.

Calculated Measured

0 1 MULTIPOINT CHECK
100 59
200 201
300 300 600
400 400 Gain Offset
500 503 500 ' ' "

+ +
s y = 1.0043x + 0.0952 /
R? = 0.9999 /
300
200 /
100 /

0 100 200 300 400 500 GO0
Calculated

Measured

Figure 3-5. Excel chart showing equation with required criteria

Using the linear regression equation y = mx + b from the chart where:

y = instrument concentration (ppm)
x = calculated value (ppm)

m = gradient (gain)

b = y-intercept (offset)
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Note
The R? value is a correlation factor that relates to
the similarity between the data points. Values close
to 1 indicate a linear relationship, whereas a value
close to zero will show a random distribution of
data.

The calibration is accepted if:

m]

m]

m]

The gradient (m) falls between 0.98 and 1.02
The intercept (b) lies between +0.3.
The correlation (R is greater than 0.9995

Reject the calibration if the above criteria are not met. If the calibration fails
perform a leak check, check zero air scrubbers and consult the EC9830 service
manual for troubleshooting assistance.

3.2.3 Procedure Using Multiple Cylinders

Use the procedure for the dynamic dilution method with the following changes:

4.

5.

Use a multi-cylinder system such as the typical one shown in Figure 3-2.

The flowmeter need not be accurately calibrated, provided the flow in the
output manifold exceeds the analyzer's flow demand.

The various CO calibration concentrations required in the multiple cylinder
method are obtained without dilution by selecting the appropriate certified
cylinders. The suggested method is to span the instrument at the highest
concentration, then perform a dynamic or multipoint calibration with the
remaining cylinders, in sequence.

3.3 Calibration Requirements When Over-Ranging Is Employed
If you are utilizing the over-ranging feature of the analog outputs, use the
following steps in conjunction with the procedure in section 3.2 to calibrate the
instrument.

3-12

Choose desired upper range limit for the normal monitoring range (RANGE).

Choose and set the desired upper range limit for the higher, over range (over
RANGE). A value between 2 and 5 times the ranGe value is recommended.

Set oveEr RANGE t0 DISABLED to deactivate the over-ranging feature.
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4. Temporarily set the range to equal the chosen ovErR RANGE.
5. Check the zero and set the span as described in section 3.2.

6. Generate several concentration standards and determine the slope, intercept,
and linearity of the higher ovErR RANGE.

7. Reset the ranGE to the normal monitoring range.

8. Generate several concentration standards (including zero air) and determine
the slope, intercept, and linearity of the lower rRANGE.

Note
Once the span has been set on the higher range, no further
adjustment should be made on the lower (normal)
monitoring range.

9. Reset ovER-RANGING t0 ENABLED tO reactivate the over-ranging feature.

3.4 Automatic Zero/Span Checks (AZS)

Over time, the calibration of the instrument may change slightly (drift) causing
error in the measured values. Accordingly, good quality assurance practice
requires that the calibration of the EC9830 be checked periodically and, if
necessary, that the instrument's zero and span be adjusted to restore accurate
calibration.

3.4.1 U.S. EPA Definitions

Section 12 of the QA Handbook for Air Pollution Measurement Systems defines
two types of calibration checks: a Level 1 check and a Level 2 check.

A Level 1 zero and span calibration check is an authoritative assessment of the
analyzer calibration, using a CO span gas standard that is certified traceable to an
SRM or CRM, and the results of the Level 1 check can be used to adjust the
analyzer zero and span to restore accurate calibration.

A Level 2 zero and span check is an informal calibration check, often with an
uncertified CO standard, used to monitor the day-to-day relative readings of the
analyzer. The results of a Level 2 check must not be used to adjust the analyzer
calibration, but may indicate the immediate need for a more authoritative Level 1
calibration check.
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3.4.2 AZS Outline

When used with a certified traceable CO span standard and external zero
standard, the EC9830 automatic zero/span (AZS) feature may be used to
automatically carry out a Level 1 calibration check on a periodic basis. Further,
when the span comp in the instrument is exaBLED, the EC9830 automatically and
continually compensates subsequent concentration measurements for any minor
calibration drift as follows:

[COlreap = fazs X[COluncome

Equation 3-2
Where:

[COJrenp = the corrected instrument concentration reading
based on the span compensation ratio obtained during the
previous AZS cycle

[CO]uncome = the instrument concentration reading without
compensation

fazs = the span compensation ratio determined during the
previous AZS cycle (the default value of f,,5 is 1.000 until the
first AZS cycle is carried out; see Equation 3-3).

_ [CO]STD
AZS —
[CO] UNCOMP

Equation 3-3

During an AZS cycle, the EC9830 measures the concentration of the span gas
provided to the span gas port. This measurement reading should equal the actual
concentration of the span gas standard. If it does not, the instrument sets
[CO]Jreap = [CO]srp and calculates a new f,,5 as follows:

[CO ]srp = the certified concentration of the span gas standard at the span
gas port.

The new value of f,,5 is then used to compensate subsequent measurement
readings until the next AZS cycle.

The zero gas reading during an AZS cycle is used for reference purposes only.
The reading is not used to compensate future values regardless of whether
COMPENSATION IS ENABLED OF DISABLED. The analyzer automatically runs a zero
cycle (background) at midnight using the internal zero scrubber and compensates
future readings based on this value.
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Use of a Levell span calibration (with span coMp: ENABLED and
CALIBRATION: TIMED) adjusts the instrument gain so the output of the instrument
agrees with the concentration expected for span gas. The previously determined
multipoint calibration curve is used to verify that the analyzer output is linear.
Note that a Level 1 span calibration requires external zero and span standards
connected via the (optional) EZS valve assembly.

It is recommended that the CO gas cylinder be checked against the previous
instrument calibration curve immediately after the generation of the calibration
curve (refer to Section 12 of Calibration Reference 1). It is also recommended
that the concentration of this pollutant source be between 70% and 90% of the
upper range limit of the analyzer and previous calibration curve. Subsequent use
of this pollutant source, with AZS and compensation enabled, adjusts the span of
the instrument to agree with the previous calibration line. Specific guidelines are
contained in Calibration Reference 1 for use of Level 1 span checks (Section 12)
and certification of gas cylinders to SRM/CRM sources (Section 12).

Note
Use of span coMp: ENABLED iS not allowed under
U.S. EPA designation at this time.

A Level 2 span check (with span comp: pIsaBLED) does not require certification
of the span gas used during AZS, and the result of such a check may not be used
to correct the data, but merely serves to indicate that the analyzer is functioning
properly. If the AZS is used for a Level 2 span check, the SPAN COMP must be set
to DISABLED. A Level 2 AZS cycle should be initiated immediately after
multipoint calibration so that a valid reference point can be determined.

As described in this section, two modes of operation are possible. In the
INTERNAL mode, the internal zero air scrubber is used as the source of zero air. In
the ExTERNAL mode, the user must supply zero air through the Zero inlet of the
optional EZS valve. In the exTErRNAL mode, the Outlet port is connected with a
short piece of tubing to the Inlet port.

In either mode, the user must supply the span gas. In the INTERNAL mode, the
span gas is connected to the Auxiliary port of the instrument. In the EXTERNAL
mode, the span gas is connected to the Span port of the instrument.

These gases (zero, if applicable, and span) must be provided to the analyzer at
atmospheric pressure; for example, through a manifold as shown in Figure 3-1.
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3.4.3 AZS Setup

Note

In the cavcieraTION MENU  the  second
cariBrATION field requires the designation of
INTERNAL OF EXTERNAL. This choice should be
ExTERNAL only if the EZS valve assembly is
installed and gas is attached to the external Zero
and Span ports.

Enter the CALIBRATION MENU.
At the first (upper) cALTIBRATION prompt, select TTMED.

At the TIMER INTERVAL prompt, set the number of hours between timed
calibrations. Typical settings are 23 hours and 24 hours.

At the sTarTING HOUR prompt, enter the hour of the day when AZS is to
commence.

At the prompt cycie TIuME, enter the number of minutes required for the
span and zero steps to run.

Atthe co TIMED span prompt, enter the concentration value of the span gas
to be used.

At the second (lower) canIBrRATION prompt, choose INTERNAL (unless the
valve option is installed and you want to use the external calibrator gas).
Using the tnTERNAL choice, the span gas is connected to the Auxiliary port
and the output of the zero air scrubber is used for zero air. If EXTERNAL IS
chosen, the span is connected to the Span port and user-supplied zero air is
connected to the Zero port.

At the span comp prompt, select exaBLED if you want the instrument span
adjusted to agree with the span gas after each AZS cycle.

Note
Use of span comp ENABLED IS not allowed under
U.S. EPA designation at this time.

Caution
Setting an incorrect span gas value with SPAN
coMp enabled will cause all subsequent readings
to be incorrect.

A Duilt-in check verifies that the measured value is not different from the
calibration value by more than 25%. If the difference is greater than 25%, no
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updated correction will be made and a message is sent to the evenT 1.0G, Setting
the cALTBRATION ERROR flag.

Note
The zero value is a reference value only. Regardless
of the state of the span comp option, the AZS cycle
does not correct for shifts in the zero reading.

The number displayed after co span rat1O IS the factor by which the instrument
gain is multiplied to cause the display and output to agree with the span gas, and
will always be between 0.75 and 1.25. You cannot set this number. This value is
reset to 1.000 any time that the span is set manually via the front panel. (The
assumption is that front panel adjustment is an instrument calibration, thus
preventing compound adjustments.)

3.4.4 Description of AZS Process

98307600 Rev D

The instrument will initiate a full zero/span cycle starting at the prescribed hour.
The valve to admit zero air will be opened and the sample valve closed. The
instrument will allow the cell to fill with the gas for 12 minutes. During the first
10 minutes, no data is taken but the display and outputs are updated with the
actual instrument reading. During the last 2 minutes, the instrument takes
readings every second and averages them to yield a value to be stored as the zero
calibration value.

At the end of 12 minutes, the zero air valve is closed and the span gas valve is
opened, admitting the span gas for 12 minutes. During the first 10 minutes, no
data is taken but the display and outputs are updated with the actual instrument
readings. During the last 2 minutes, the instrument takes readings every second
and averages them to yield a value to be stored as the span calibration value. If
spaN comp IS set to EnNaBLED, this is the value which is used to correct all
subsequent readings to the calibration.

To purge the cell of span gas, the zero air valve is switched on for 5 minutes. The
Sample valve is then activated for 1 minute to allow the cell to come back to
monitoring concentration.

At the end of 30 minutes exactly, monitoring resumes including putting data in
the average, etc. (The data averages are not updated during zero/span check.)
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3.5 Calibration References

1. Quality Assurance Handbook for Air Pollution Measurement Systems,
Volume II, Part 1 EPA-454/R-98-004, U.S. Environmental Protection
Agency, Environmental Monitoring Systems Laboratory, Research Triangle
Park, NC 27711, 1998.
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4.0 Digital Communication

The EC9830 has three methods of digital communication, serial communication
using RS232 signals, Universal Serial Bus (USB),or discrete control over the
50-pin 1/O. Discrete control is limited to lines which either command a specific
operation or indicate an operation is in progress. Serial communication allows
access to the menu structure using a terminal and also includes a library of other
specific operations. USB provides a simple way to monitor the current state of the
analyzer, and download data that has been logged to the internal FLASH memory.

4.1 Discrete Control

Two control inputs are available through the 50-pin I/0O connector. They are
pozERO and pospan. These inputs will place the analyzer in either Zero mode or
Span mode, respectively, the analyzer will remain in the selected mode while the
input is active. When these inputs are made active the analyzer will actuate the
valve drivers selected in the cALIBRATION MENU fOr CALIBRATION INTERNAL/
exTERNAL. All other discrete connections are status outputs from the analyzer.

4.1.1 50-Pin I/O Functional Specification

The 50-pin connector on the back of the instrument will have functions assigned
to pins per the following table (Note 1):

Signal Name Number  Function

1OUT3 2 Analog current output #3 (Note 2)

DOZERO 5 External input to put the instrument into the zero
mode.

DOSPAN 6 External input to put the instrument into the span
mode.

OVERANGE1 7 Active output indicates that analog output #1 has
gone into over-range.

OVERANGE2 8 Active output indicates that analog output #2 has
gone into over-range.

OVERANGE3 9 Active output indicates that analog output #3 has
gone into over-range.

ANAIN1 10 Unused analog input #1.

ANAINZ 11 Unused analog input #2.

IOUT1 15 Analog current output #1 (Note 3).

I0UT2 17 Analog current output #2 (Note 4).

SPANCYL 18 Active output indicates that the instrument is in

the Span or Span Fill mode.
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Signal Name Number Function

OUTSERV 19 Active output indicates that the Out of Service
switch is in the out-of-service position.

ZEROON 20 Active output indicates that the instrument is in
the Zero mode.

SPANON 21 Active output indicates that the instrument is in
the Span mode.

ZEROCYL 22 Active output indicates that the instrument is in
the Zero or Zero Fill mode.

LZS0N 23 Active output indicates that Internal Zero/Span
has been selected (Note 5).

STARTUP 24 Active output indicates that the startup sequence
IS active.

PPM/MET 25 Active output indicates that the instrument is in
mg/M?,

USERIDI1 26 UseR 1D byte bit 1. Used in conjunction with the
pINID Serial command.

USERID2 27 UseER 1D byte bit 2. Used in conjunction with the
PINID command.

USERID3 28 UseR 1D byte bit 3. Used in conjunction with the
PINID command.

USERID4 29 UseER 1D byte bit 4. Used in conjunction with the
PINID cOmmand.

USERIDS 30 UseR 1D byte bit 5. Used in conjunction with the
PINID command.

USERID6 31 UseR 1D byte bit 6. Used in conjunction with the
PINID cOmmand.

USERIDY 32 UseR 1D byte bit 7. Used in conjunction with the
PINID command.

USERIDS 33 UseR 1D byte bit 8. Used in conjunction with the
PINID command.

FLOWFAILL 35 Active output indicates that the sample flow is
less than 0.1 slpm.

LAMPFALL 36 Active output indicates that the lamp has failed
(Note 6).

CHOPFAIL 37 Active output indicates that the chopper has

failed (Note 7).
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Signal Name Number Function

SPAN_OOR 38 Active output indicates that the span ratio is out
of range (Note 8).

SPAREOCL 39 Spare open collector output #1

HEATERFAIL 40 Active output indicates that a system heater has
failed (Note 9).

SPAREOC2 41 Spare open collector output #2

OPTEST 42 Active output indicates that the system has been
put into the Optic Test mode.

ELECTST 43 Active output indicates that the system has been
put into the Electric Test mode.

PS-FAIL 44 Active output indicates that the 12-volt supply
voltage has gone out of range (Note 10).

HV-FAIL 45 Active output indicates that the PMT high voltage
supply has failed (Note 11).

SYSFAIL 46 The sum of all failures in the instrument
(Note 12).

POWER_ON 47 Active output indicates that power to the analyzer
is on.

SPDRVR1 48 Spare Driver #1

AGND 1,14,16 Ground reference for analog outputs.

DGND 12

PGND 13,34 Ground reference for digital inputs or outputs.

CGND 49 Chassis ground.

+12v 50 +12V (50 mA maximum).

3,4 Unused.
4.1.1.1 Notes

1. All outputs are open collector active r.ow.

2. Analog output #3 is unused.

3. Analog output #1 is instantaneous gas concentration.
4. Analog output #2 is unused.

5. Not valid.

6. An error is valid if the cooler voltage is below 0.5 volts or above 1.5 volts.
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7. Valid.

8. Span ratio out of range is defined as calibration gain changing below 75% or
above 125% gain change.

9. An error is flagged if the mirror cell or flow block temperatures are below
35° C or above 60° C or if the converter temperature is less than 80° C or
greater than 100° C.

10. An error is flagged if the 12-volt supply voltage is below 11.1 volts or greater
than 14.3 volts.

11. Unused.

12. This signal is the logical or of FLOWFATL, LAMPFAIL, CHOPFAIL, CVFAIL,
COOLERFAIL, HEATERFAIL, REFFAIL, PS-FAIL, and HV-FAIL.

4.1.2 50-Pin /O Inputs

The pozero and pospan controls (pins 5 and 6) are TTL compatible inputs with
internal 4.7K ohm pull-up resistors. These inputs are active low and can be driven
to ground by dry contact relays, open collectors or TTL compatible ICs. The logic
levels for control inputs are standard TTL levels. They are:

low<0.8V 2V <high<5V

4.1.3 50-Pin I/O Outputs

The status outputs are active low ULN2003 open collector Darlingtons. The status
outputs can be used to drive relays or, with the use of external pull-up resistors, as
a voltage indication of on/off conditions. The internal +12 V (pin 50) or an
external power supply may used as the relay or indicator power source.

Current through the outputs should be kept as low as possible, ideally around
1 mA. If an external supply is used it should be less than 50 VDC, and the current
sunk by each output should be <50 mA. If the internal +12 V supply is used the
total current drawn must be kept to less than 50 mA or damage to the analyzer
will result.
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50 PIN 1/0 ‘ OUTSIDE CONNECTIONS

+12V (50)

‘ 10K QHMS
SYSFAIL (46) SYSFAIL STATUS
+12v = OK
‘ 0V = FAIL

PGND (13, 34) ——f—————— EXTERNAL GROUND

TYPICAL CONNECTION USING ANALYZER
POWER SUPPLY AND VOLTAGE LEVELS
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50 PIN 1/0 ‘ OUTSIDE CONNECTIONS
‘ EXTERNAL +24VDC
‘ SUPPLY
‘ 24K OHMS
SYSFAIL (46) SYSFAIL STATUS
+24V = OK
‘ oV = FAIL

PGND (13, 34) ————f—————— EXTERNAL GROUND

TYPICAL CONNECTION USING EXTERNAL
POWER SUPPLY AND VOLTAGE LEVELS

STATUS OUTPUT CONNECTIONS

Figure 4-1. Status Output Connections

4.2 Serial Control

Two modes of operation are available using the serial interface. These modes are
Terminal and Command. In Command mode, a library of commands becomes
available. These are listed at the end of this chapter. In Terminal mode the
instrument communication is through the analyzer menu structure.

4.2.1 Serial Connections

The EC9830 has two tristate RS232 ports on the rear of the analyzer. The tristate
RS232 causes all instruments not addressed to turn off their transmission
capability until the next activation command is received.

Communication among devices is defined in terms of Data Terminal Equipment
(DTE) and Data Communication Equipment (DCE) per the EIA standard, RS232.
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4.2.2 Cable Connections

If you have a 25 pin DTE RS232 PORT

(e.g. computer, DAS), connect:

Your 25
pin DTE
RS232

pin

* 20 —

* 22 —

9800
9 pin (rear)
Multi—Drop
pin
XMT —>— 3
RCV —<—= 2
GND ——— 5
RTS —>
c1s —<—
DSR —<
pTR —>—
DCD —<— 1
RI ——<—= 9

* may not be needed

If you have a 25 pin DCE RS232 PORT
(e.g. modem or terminal), connect:

Your 25 9800

pin DCE 9 pin (rear)

RS232 Multi—Drop
pin pin

2 —<—= XMT/RCV —<— 2
3 —>— RCV/XMT —>— 3

7 —-———— CND ———— 5
* 4 -—— RTS 7<:|
* 5 -—= CTS —>
* 6 ——— DSR —>
* 20 ——— DTR 7<:|
* 8 ——— DCD —>——X do NOT connect
* 22 ——— RI =——>=—=X do NOT connect

* may not be needed

If you have a 9 pin DTE RS232 PORT
(e.g. computer, DAS), connect:

Your 9
pin DTE
RS232

pin

*x 7 —
* 8 —
* 6 —
* 4 —
* 1 —

* g —

9800
9 pin (rear)
Multi—Drop
pin
XMT —>— 3
RCV —<= 2
GND ——— 5
RTS —>—
CTsS 7<7:|
DSR —<—
DTR —>—
DCD —<— 1
RI ——<— 9

* may not be needed

If you have a 9 pin DCE RS232 PORT

(e.g. modem or terminal), connect:

Your 9 9800
pin DCE 9 pin (rear)
RS232 Multi—Drop
pin pin
3 —<= XMT/RCV —<-= 2
2 —>= RCV/XMT —>-— 3
5 ———— GND ———— 5§
*7  ——— RTS —>
8  ——— CTS 7<:|
* 6 ——— DSR —<
£4  ——— DTR 7>j
* 1 ——— DCD —>— X do NOT connect
* 9 ——— Rl =——>— X do NOT connect

* may not be needed

Figure 4-2. Serial Interface Connection Diagrams
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4.3 Serial Terminal Control

If the EC9830 is operated in the Terminal mode, a terminal connected to one of
the RS232 ports will produce the same results as pressing the six front panel keys
with the exception that the same characters sent to the LCD instrument display
will also be sent to the terminal. The terminal keys will map into the front panel
keys as follows:

Key Key Label Function
Enter ENTER enter

7 HOME exit

9 PG UP page up
8 UP ARROW up

2 DOWN ARROW down

6 RT. ARROW select

The Terminal mode must not be used if the multidrop port is daisy-chained to
other instruments.

The mode may be changed using the inTERFACE MENU through the INTERFACE
MODE menu selection. When in Terminal mode, this choice may be made
manually, or through the serial port. The mode may be changed from Command
to Terminal through the serial port using the rReMoTE command. For information
on required communication parameters refer to the ReMoTE command in section
4.45.2.

4.4 Serial Command Control

When in the Command mode, two command sets are available. These are the
9800 command set and the Bavarian Network command set. The 9800 command
set is recommended for general use. The Bavarian Network command set was set
to support a specialized network in Bavaria. Additionally, three communication
protocols are provided to allow the user to specify the different handshaking
based on their requirements.

4.4.1 9800 Command Set Format

All 9800 commands follow the command format as specified in this section. The
specific 9800 commands and their functions are described in section 4.4.5.

9800 Command Format: <ccccceeces>, <IIT>,<D>, <NN>, <PPPPPPPPPPPP><T>
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Where:
<cceeceece> = command in ASCII, 1 to 9 characters
<ILII> = three-digit instrument ID in ASCII format
<D> = single digit data type in ASCII (optional)
<NN> = number of parameters in ASCII, 1 to 9 (optional)

<PPPPPPPPPPPP> = parameter in ASCII, 1 to 15 characters (optional)

<T> = termination <cr> or <rLF>

For commands that do not have parameters the format is the subset :

<CCCCCCCCC>,<ITII><T>

For commands with multiple parameters, the parameters are separated by the
comma delimiter and the termination character follows the last parameter:

<CCCCcCcccCCC>,<III>,<D>,<NN>,<PPPPPPPPPPPP>,<PPPPPPPPPPPP>T>

4.4.1.1 Examples

A 9800 command with no parameters would be the concentration request, pconc,
used here with an instrument 1.D. of 001.

DCONC, 001<CR>

If no device I.D. is programmed, the I.D. 222 can be used to address any analyzer
connected to the RS232 line. An example of this is shown here.

DCONC, ???<CR>

Caution
Using this 1.D. will result in a response from all
analyzers connected to the serial line.

An example of a 9800 command with a parameter would be the trend dump
command, pTreND, used here with an instrument I.D. of 134.

DTREND, 134, 1,1, GASAVG<CR>

4.4.2 Bavarian Network Command Set Format

All Bavarian Network commands follow the command format as specified in this
section. The specific Bavarian commands and their function are described in
section 4.4.5.1.
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Where:
<STX> = ASCII Start Of Transmission = 02 hex
<TEXT> = ASCII text maximum length of 120 characters
<ETX> = ASCII end of transmission = 03 hex
<BCC1> = ASCII representation of block check value MSB
<BCC2> = ASCII representation of block check value LSB

The block check algorithm begins with 00 Hex and exclusive-OR each ASCII
character from <sTx> to <eTx> inclusive. This block check value is then
converted to ASCII format and sent after the <eTx> character.

4.4.2.1 Examples

The following is an example of a valid Bavarian data request for an instrument

that has an 1.D. of 97:

<STX>DA097<EXT>3A

The block check calculation is best shown by the following table:

Character | Hex Value Binary Block Check
<STX> 02 0000 0010 0000 0010
D 44 0100 0100 0100 0110
A 41 0100 0001 0000 0111
0 30 0011 0000 0011 0111
9 39 0011 1001 0000 1110
7 37 0011 0111 0011 1001
<ETX> 03 0000 0011 0011 1010

The binary value 0011 1010 corresponds to the hex value 3A. This value in
ASCII forms the last two characters of the data request message. Please note that
the 1.D. of 97 is sent as the sequence 097. All I.D. strings must have 3 digits and
the user should always pad with ASCII zero characters.
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This is an example of a valid command to put the unit in the manual span mode if
the instrument has an 1.D. of 843:

<STX>ST843 K<ETX>52

The block check operation is best shown with the following table:

Character | Hex Value Binary Block Check

<STX> 02 0000 0010 0000 0010

S 53 0101 0011 0101 0001

T 54 0101 0100 0000 0101

8 38 0011 1000 0011 1101

4 34 0011 0100 0000 1001

3 33 0011 0011 0011 1010

20 0010 0000 0001 1010

K 4B 0100 1011 0101 0001
<ETX> 03 0000 0011 0101 0010

The binary block check value is 0101 0010 which is the hex value 52 as shown at
the end of the command string.

4.4.3 Protocol Definition and Selection

There are three protocol selections available for the EC9830 via the INTERFACE
MENU. These are provided so the user may select the appropriate protocol for their
desired application. The first protocol designated original should be used when
upgrading software in analyzers that are already in serial networks. The original
protocol is provided for back-compatibility as it completely duplicates the
protocol already in the field. The second protocol provided is Bavarian. The
Bavarian protocol should be used with the Bavarian Network Command Set for
any Bavarian network applications. Note specifying the Bavarian protocol still
allows the user to access the 9800 command set. The third protocol provided is
the enhanced protocol. The enhanced protocol provides a more robust
handshaking environment as specified in section 4.4.3.9.

4.4.3.1 Original Protocol

This protocol is provided for back compatibility with pervious versions (before
Version 2.05) of 9800B software. There are a number of idiosyncrasies in the
original protocol that are preserved to allow existing applications to use upgraded
software without modifying their interface.
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4.4.3.2 Command Acknowledgment

o For 9800 style commands that provide a data response, the data response itself
is the acknowledgment.

o For 9800 style commands that do not provide a data response, the
acknowledgment is the returned ASCII string o.x.

o For Bavarian Network commands, no acknowledgment is returned.

4.4.3.3 Negative Command Acknowledgment

o For 9800 commands, if a valid Instrument I.D. is received with an invalid
command string the message INVALID COMMAND iS Sent.

o For Bavarian Network commands, no negative command acknowledgment is
sent.

4.4.3.4 Original Protocol Idiosyncrasies
o Block check characters are not checked on Bavarian commands.
o The <sTx> character is ignored.

a The <eTx> character is a valid termination for Bavarian commands even in the
absence of a <sTx> character.

a The pa command will function without a serial 1.D.
o The string pa<cr> is a valid command.

o The zero padding on the response to the pa command contains six ASCII
zeros instead of the standard ten ASCII zeros.

o The data type must be sent on 9800 style commands but it is not checked
against the actual parameters.

o The number of data parameters must be sent on 9800 style commands but it is
not checked against the actual parameters.

4.4.3.5 Bavarian Protocol

This protocol is intended to correct the idiosyncrasies in the original protocol, as
noted in section 4.4.3.1, as they apply to the Bavarian network. This protocol
selection strictly applies the Bavarian network protocol to all commands.

4.4.3.6 Command Acknowledgment

o For 9800 style commands that provide a data response, the response itself is
the acknowledgment.

o For 9800 style commands that do not provide a data response, no
acknowledgment is returned.
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o For Bavarian Network commands no acknowledgment is returned.

4.4.3.7 Negative Acknowledgment

For 9800 commands and for Bavarian Network commands, no negative command
acknowledgment is sent.

4.4.3.8 Bavarian Protocol Idiosyncrasies
o The string pa<cr> is a valid command.
o The pa command will function without an I.D.

o The data type must be sent on 9800 style commands but it is not checked
against the actual parameters.

o The number of data parameters must be sent on 9800 style commands but it is
not checked against the actual parameters.

4.4.3.9 Enhanced Protocol

This protocol is provided to allow easier and more robust interfacing between the
EC9830 and a computer. Every command with a valid 1.D. will respond with
either <ackx> or <nak>. Bavarian commands also respond with either <ack> or
<NAK>, although this is outside the normal Bavarian Network protocol.

Note
This protocol selection should not be used in
Bavarian network applications.

4.4.3.10 Command Acknowledgment

a For all valid 9800 and Bavarian commands, an ASCIl <ack> character is
returned.

o For commands that request data, the data will be sent after the <ack>
character.

4.4.3.11 Negative Command Acknowledgment

o Any detected error will respond with the ASCII <nax> character followed by
an error message.

o Due to the constraints of the multidrop environment the unit 1.D. must be
received intact for a <nak> response to be sent.

o An invalid command will cause the response <NAK>UNKNOWN
COMMAND<CR><LE>.

o An invalid command format will cause the response <NAK> BAD COMMAND
FORMAT<CR><LE>.
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o A bad block check on a Bavarian command will cause the response <NAK>BAD
BLOCK CHECK<CR><LE>.

o If a Bavarian command is sent without a set of matching <stx> and <eTx>
characters it will cause the response <NAK>BAD STX ETX PAIR<CR><LEF>.

4.4.3.12 Enhanced Protocol Idiosyncrasies
o The string pa<cr> is a valid command.
o The pa command will function without an 1.D.

o The data type must be sent on 9800 style commands but it is not checked
against the actual parameters.

o The number of data parameters must be sent on 9800 style commands, but it is
not checked against the actual parameters.

4.4.4 Establishing Communications

The first step in establishing communications with the EC9830 is to connect a
computer or terminal to one of the instrument's RS232 serial ports as specified in
section 4.2.1. The default serial configuration for either serial port is 2400,8,N,1
(2400 baud, 8 bits, no parity, and one stop bit). If you need to change the serial
configuration from the default, use the INTERFACE MENU.

Once the instrument has been connected, place the instrument in Command mode
by entering the 1nTERFACE MENU Via the front panel and selecting comvanD as the
INTERFACE MODE. Then, using a communication package such as HYPER
TERMINAL establish communications with the instrument.

To test the communication connection type pcomM, 222 and press the Enter key.
The complete alphanumeric set recognized by the EC9830 should be displayed on
the computer followed by END OF MULTI-DROP PORT TEST

4.4.4.1 Multidrop Communications

The term multidrop is an idiomatic contraction of the term multiple drops. It is a
term used to denote a parallel connection of multiple RS232 transceivers. In this
scheme, all receivers share the same receive line that comes from a single master.
Likewise, these multiple transceivers share the same transmit line which goes
back to a single master. This strategy is a method of attaching multiple slave units
(instruments) to a single master (computer).

In the multidrop strategy, each unit is given an identification number (1.D.) which
is sent with each command from the master. When a unit recognizes its unique
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I.D., it processes the command and responds appropriately. The integrity of this
method relies on a strict enforcement of the following rules:

o Each unit in the multidrop must have a unique I.D. that is programmed into
the unit before attaching to the network.

o After a command is sent by the master, the master must then wait for a
response. Only after a reasonable time-out period should the master send
another command.

o The multidrop master must include a time-out mechanism in the event that the
I.D. sent with the command is garbled. Clearly a <nax> on a bad I.D. is not
possible for the units in this scheme.

o The master must correlate the unit response with 1.D. sent in the command to
know which unit in the multidrop is responding.

o Any command that would cause two units on the multidrop to respond at the
same time must be avoided. If more than one unit attempts to respond on the
common transmit line, a data collision will occur destroying both messages.

4.4.4.2 Programming Instrument ldentifiers

Note

The Instrument ID, or Main Gas ID, can be set
manually in the Instrument Menu or the Interface
Menu. Refer to section 2.5.3 for further details. This
is this preferred method.

Alternatively, the command p1 is the only command used to set the Instrument
I.D. for a given analyzer. The instrument can then be used standalone or as one of
several multidrop (daisy-chain) analyzers. The format of this command is:

PIXXX YYY<CR>

Where:

xxx 1S the unit I.D.
Yvy Is the secondary unit 1.D.

o  The parameter xxx is the unit 1.D. and must be three characters.
o Unit 1.D.'s such as 1 should be programmed as oo1.

o For the 9841 the yvy parameter is the second unit I.D. and may be used for
any command query. This is in support of existing Bavarian networks.

o Only one analyzer at a time may be programmed with an I.D. Do not issue
this command with multiple units on a multidrop.
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4.4.4.3 Examples

o The string proo1<cr> will program a unit to the I1.D. of 001.

o The string proo1 123 will program a unit to the I.D. of 001 with a serial
number of 123.

o The string pT003 004 will program an EC9830 for a main ID of 003 and a
secondary ID of 004.

4.45 Serial Command Set

This section describes the Bavarian Network and 9800 command sets available on
the EC9830 using the instrument Command mode.

4.45.1 Bavarian Protocol Command Set

98307600 Rev D

Command
{DA}

Function
Bavarian network command that returns the current instantaneous concentration.

Format
<STX>{DA} {<DEVICE I.D.>}<ETX><BCC1><BCC2>

Device response
<STX>{MD} {01} <SP><kkk><SP><+nnnn+ee><SP><ss><SP><ff><SP><mmm><SP>

{000000[0000] } <SP><ETX><BCC1><BCC2> Where:

kkk = instrument ID
+nnnn+ee = instantaneous gas concentration in ppb or mg/m3
status byte for both channels with the following bit map (positive logic):

SS

DO = unused

p1 = out of service

D2 = instrument is in zero mode

D3 = Instrument is in span mode

D4 = unused

D5 = unused

D6 = units (1 = ppm, 0 = mg/m3)

D7 = instrument is performing a background cycle.

£f = failure byte for both channels with the following bit map (positive logic):
po = flow sensor failure

D1 = instrument failure
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D2 = unused

D3 = unused

p4a = lamp failure

D5 = temperature sensor failure
D6 = unused

D7 = unused.

mmm = instrument serial number
[0000] = response will be 6 pad zeroes if the original or enhanced protocol is
selected. If the Bavarian protocol is selected, the response will be 10 pad zeroes.

Bcc1 = first byte of the block check calculation
Bcc2 = second byte of the block check calculation.

The block check calculation is performed by clearing the block check number. An
iterative ExcLusIvE OR is performed on this number with every character is the
message from the <sTx> to the <etx> (inclusive). The resulting value is converted
into a two-digit pseudo hex number and sent out as ecc1 and Bccz2.

Command
{PI}

Function
Bavarian network command that sets the device ID and serial number of the
analyzer.

Format
<STX>{PI} {<DEVICE I.D.>}<SP>{<INSTRUMENT SERIAL NUMBER> } <ETX>
<BCC1l><BCC2>

Command
{ST}

Function
Bavarian network command that sets the instrument mode to zero, span, or
measure, or runs a background cycle.

Format
<STX>{ST}{<DEVICE I.D.>}<SP>{COMMAND}<ETX><BCC1l><BCC2> wWhere:

comMAND = M for measure, N for zero, x for span, s to start background cycle.
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4.45.2 9800 Command Set

Note
The {TERMINATOR} can be either a <cr> Or <LF>.
The (<pEvice 1.D.>} = Three Digit Instrument
[.D. in ASCII Format.

Command
ABORT

Function
Commands the addressed device to abort the current mode and return to the
measure mode.

Format
ABORT, {<DEVICE I.D.>}{TERMINATOR}

Device response
<ack> if the unit under test is able to perform the command, <xak> if not.

Command
DAVGC

Function
Sends the current average concentration data to the serial port.

Format
DAVGC, {<DEVICE I.D.>}{TERMINATOR}

Device response
{GAS}<SPACE>{STATUS WORD}<CR><LF>

All numbers are in floating point format. See the pconc command for an
explanation of the sTaTUS WORD.

Command
DAZSC

Function
Commands the addressed device to perform a zero/span cycle. The system returns
to the measure mode when the cycle has completed.

Format
DAZSC, {<DEVICE I.D.>}{TERMINATOR}
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Device response
<ack> if the unit under test is able to perform the command, <nax> if not.

Command
DCOMM

Function
Performs a character dump to the serial output when called.

Format
DCOMM, {<DEVICE I.D.>}{TERMINATOR}

Device response
<ACK> is the unit under test performs a successful loopback, <nax> if not.

Command
DCONC

Function
Sends the current instantaneous concentration data to the serial port.

Format
DCONC, {<DEVICE I.D.>}{TERMINATOR}

Device response

Bit 15 = SYsSFAIL (MSB)
Bit 14 = FLOWFAIL

Bit 13 = 1AMPFAIL

Bit 12 = cHOPFAIL

Bit 11 = cvraIL

Bit 10 = COOLERFAIL

Bit9 = HEATERFAIL

Bit8 = REFFAIL

Bit7 = ps-FaIL

Bit6 = #HV-FAIL

Bit5 = ouT OF SERVICE

Bit4 = instrument is in zero mode

Bit3 = instrument is in span mode

Bit2 = instrument is performing a background
Bitl = ser—ppmselected, cLEAR—-MG/M3

Bit0 = reserved (LSB).

Command
DEVENT
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Function
Dumps the event log message buffer to the serial port.

Format
DEVENT, {<DEVICE I.D.>}{TERMINATOR}

Device response
#XX {Message #XX <CR><LF> OCCURRED AT HH:MM DD-MON-YY}<CR><LF>

where:

The last 100 messages are reported. xx is the index into the event log message
buffer; 99 = oldest point (reported first), 0 = newest point (reported last).

The message field is null if no message exists.

Command
DGAIN

Function
Dumps instrument gain data to the serial port.

Format
DGAIN, {<DEVICE I.D.>}{TERMINATOR}

Device response
{INSTRUMENT GAIN}<CR><LEF>

All numbers are in floating point format.

Command
DINSTR

Function
Dumps the INSTRUMENT STATUS MENU Variables to the serial port.

Format
DSTATUS, {<DEVICE I.D.>}{TERMINATOR}

Device response
{STAT1}, {STAT2}, {STAT3}, {STAT4}, {STATS}, {STAT6}, {STAT7}, {STATS8},

{STAT9}, {STAT10}, {STAT11}, {STAT12}<CR><LF> Where

{sTaT1} = gas flow
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{STAT2} = (as pressure

{sTaT3} = reference voltage
{sTAaT4} = concentration voltage
{sTaT5} = analog supply
{sTaT6} = digital supply
{sTaT7} = ground offset
{STAT8} = 0zone generator flow
{sTaT9} = high voltage
{sTAaT10} = lamp current, mA
{sTAT11} = ambient pressure
{sTaT12} = Startup flag (1 = in startup mode).

Startup flag and ground offset are integers; all other numbers are in floating point
format. The status field is null if it does not apply to the analyzer type.

Command
DSPAN

Function
Commands the unit under test to enter the span mode and stay there.

Format
DSPAN, {<DEVICE I.D.>}{TERMINATOR}

Device response
<ack> if the unit under test is able to perform the command, <nak> if not.

Command
DTEMPS

Function
Dumps the sysTEM TEMPERATURES MENU variables to the serial port.

Format
DTEMPS, [,DEVICE I.D.>}{TERMINATOR}

Device response
{TEMP1}, {TEMP2}, {TEMP3}, {TEMP4}, {TEMP5}, {TEMP6}, {TEMP7}, {TEMP8},

{TEMP9}, { TEMP10 }<CR><LF> where

TEMP1 = cell temperature
TEMP2 = COnverter temperature
TEMP3 = chassis temperature
TEMP4 = flow temperature
TEMP5 = cooler temperature
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TEMP6 = MIirror temperature

TEMP7 = lamp temperature

TEMP8 = 0zOne generator lamp temperature
TEMPY9 = |ZS temperature

TEMP10 = manifold temperature.

All temperatures are in floating point format. The temperature field is null if it
does not apply to the analyzer type.

Command
DTREND

Function
Dumps the requested trend buffer to the serial port.

Format
DTREND, {<DEVICE I.D.>},1,1,<PARAMETER>{TERMINATOR} Where:

PARAMETER = GASAVG for the last 100 averaged gas readings.

Device response
{INDEX}<SPACE>{PARAMETER}<CR><LF>\Nhere

1NDEX IS the index into the trend buffer. O = oldest point. Formatted as an integer.
PARAMETER IS the requested data in floating point format.

Command
DZERO

Function
Commands the unit under test to enter the zero mode and stay there.

Format
DZERO, {<DEVICE I.D.>}{TERMINATOR}

Device response
<ack> if the unit under test is able to perform the command, <nak> if not.

Command
PINID

Function
Programs the 50-pin device ID.
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Format
PINID, {<DEVICE I.D.>},1,1,BBBBBBBB{TERMINATOR} Where

BBBBBRER IS the desired bit pattern in binary format to be programmed into the
device ID. The most significant bit is on the left, least significant bit on the right
(for example, 10100101 would correspond to a device ID of a5 hex or 165
decimal).

Device response
<ACK>

Command
REMOTE

Function

Puts the instrument in the VT-100 compatible terminal mode. All of the menus
become available to a remote controller through the serial port. The remote PC
(an ANSI terminal may also be used) should be configured as follows:

Windows: Terminal mode (Hyper Terminal accessory), terminal emulation = VT-
100, communications settings = 9600 (or whatever the current instrument host
baud rate is), 8 bits, 1 stop, no parity.

An ANSI terminal should be configured as follows:

WY SE WY-60 or WY-75: VT-100 emulation, full duplex.
WY SE WY-50: Not recommended (no ANSI mode).

Recommended baud rate is at least 4800 baud. The following (remote terminal)
keys are now active (using numeric keypad with NUM LOCK enabled on remote
terminal).

Key Key Label Function
Enter Enter Enter

7 Home Exit

9 Pg Up Page up

8 Up arrow Up

2 Down arrow Down

6 Right arrow Select
Format

REMOTE, {<DEVICE I.D.>}{TERMINATOR}

Device response
<ACK>, then clearscreen, then menu display.
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Command
RESET

Function
Reboots the instrument (software reset).

Format
RESET, {<DEVICE I.D.>}{TERMINATOR}

Device response
<ACK>

Command
GETDATA

Function
Used to collect logged data from an analyzer.

Format
This command takes two different formats depending on the transmission state.
TO begin with, the following format must be used:

GETDATA, {<DEVICE I.D.>},2,1,<START TIME>,<END
TIME>, <DATA TYPE>{TERMINATOR}

Where START TIME is the date/time of the first piece of data to collect, and END
TIME is the date/time of the final data to collect. Both must be in the following
format:

YY/MM/DD{SPACE }HH:NN

If END TIME is omitted, then all data since START TIME is returned. Year
must be 03 or greater.

Where DATA TYPE=

T to only receive instantaneous logged data

A to only receive Averaged logged data

{EMPTY } to receive both instantaneous and averaged logged data.

After the request has been issued, data will be returned in the same packet format
as is documented for USB data requests. After each packet, the following com-
mand should be issued to request the next packet of data:

GETDATA, {<DEVICE I.D.>},2,1,<REQUEST>{TERMINATOR}
Where REQUEST=

0 to retransmit previous packet logged data

1 to transmit next block of packet data
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Device response
Refer to command 2 in the USB protocol specification. The complete USB
packet format is used for the response to this serial command.

45 USB Communication

The USB port is located on the rear of the analyzer. This cannot be multidropped
with other analyzers, but multiple analyzers can be connected to a single USB
port on a computer by using a USB hub. This connection is ideal for collecting
data from a standalone analyzer or using a laptop that may not have a serial port.

4 5.1 Installing the driver on a PC

The following are instructions to install the EC9830 analyzer to a computer
through the USB connection. It will provide efficient communication between the
analyzer and computer with the use of the EC9800 Communicator software
described in section 4.6.

NOTE: screen shots and instructions below apply to

Windows XP, but will be similar for any other

Windows operating system.

1. Turn on computer and log in.

2. Connect the analyzer by USB cable to the USB port on the rear of the
computer.

3. After 10-20 seconds the dialog box shown in should appear. If no dialog box
appears, open the Control Panel and double-click Add New Hardware.
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

Thiz wizard helps pou inztall zoftware for:

Ecotech 9810 Analyzer

3:') If your hardware came with an installation CD
“E2 or floppy disk. insert it now.

“what do pou want the wizard to da?

() Install the software automatically (Recommendsd)
() Install fromn a list ar specific location (Advanced)

Click Mext ta continue,

[ Newst > l[ Cancel ]

Figure 4-3. Screenshot of menu which appears when
USB is connected

4. Insert the CD containing the Ecotech 9800 Analyzer Driver into the CD
drive. The computer should recognise the CD and continue with the
installation after a few seconds. If it does not, click the Next button after
loading the CD.

NOTE: A dialog box similar to that in Figure 4-4
may appear. If it does, click the Continue Anyway
button.

Hardware Installation

1 E The software you are installing for this hardware:
L
Ecotech 9200 Analyzer

has not passed Windows Logo testing to verify its compatibility

with *indawves XP. [Tell me why this testing is important. )

Continuing your installation of this software may impair
or destabilize the comrect operation of your system
either immediately or in the future. Microzolt strongly
recommends that you stop thiz installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

| Continue Anpway | [ STOF Installation ]

Figure 4-4. Dialog Box, which may
appear during installation

5. The installation should now proceed. When complete click the Finish button.
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The driver installation is now complete.

4.6 EC9800 Communicator Software

The EC9800 Communicator software is supplied on CD with the EC9830 series
analyzer and allows the user to communicate with the analyzer by direct serial
connection, modem or USB. The two functions of the program are to:

o Download recorded data (Data Acquire mode)

o  Remotely access the analyzer’s control panel (Remote Terminal mode)

To set the EC9800 Communicator’s output, connection and analyzer properties
use the settings dialog box. Refer to section 4.6.3.

4.6.1 Data Acquire Mode

Data Acquire mode enables the user to download recorded data from the analyzer
to a text file

4.6.1.1 Using Data Acquire Mode
1. Ensure that all Settings are correct. Refer to section 4.6.3.

2. Under the Mode menu, tick the Data Acquire option
3. Onthe Comm menu, select Start.

4. Inthe dialog box that appears, enter the start date/time for the data in
dd/mm/yy hh:mm format.

For example, enter 30/11/2003 14:20 for 2:20PM on 30 November 2003.

5. In the dialog box that next appears, enter the end date/time in the same
format.

The EC9800 Communicator will now retrieve the data. To stop downloading
before all data has been retrieved, select Stop on the Comm menu.
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Note
The analyzer must be in Command mode before
the Data Acquire mode can be used. If the program
was last used in Remote Terminal mode, the
analyzer may still be in Remote mode. See section
4.6.2.2 for further details.

Note
Data Acquire mode only retrieves data already
logged by the analyzer. To remotely instruct the
analyzer to log data, use the Remote Terminal
mode.

4.6.1.2 Viewing the Acquired Data
If the communication was successful, a table of data similar to the below will be
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displayed:
# 9800 Data Downloader -0l x|
Comm  Mode
| B
Date/Time | Gaz 1 | Unit | Period | Function Status | Failure Status | Tupe | -
031201 0959 0.001013 pRm 1 i M c200 Irist |
031201 10:00 0.oommz ppm 1 min ] Cz00 Irist
03-12-01 10:01 0.00mmz ppm 1 min M Cz00 Irist
031201 10002 n.oomomz ppm 1 min ] c200 Irist
031201 10003 n.ooomz pRm 3 i M c200 Avg
031201 10:03 0.oommz ppm 1 min ] Cz00 Irist
03-12-01 10:04 0.00mmz ppm 1 min M Cz00 Irist
031201 1005 n.oomomz ppm 1 min ] c200 Irist
031201 10008 n.ooomz pRm 3 i M c200 Avg
031201 10:08 0.oommz ppm 1 min ] Cz00 Irist
031201 10:07 0.00mmz ppm 1 min M Cz00 Irist
031201 10008 n.oomomz ppm 1 min ] c200 Irist
031201 10009 n.ooomz pRm 3 i M c200 Avg
031201 10:09 0.oommz ppm 1 min ] Cz00 Irist
031201 10:10 0.00mmz ppm 1 min M Cz00 Irist
031201 10:11 n.oomomz ppm 1 min ] c200 Irist
031201 1012 n.ooomz pRm 3 i M c200 Avg LI
n242 01 An17 [aNnlakinkiel - 1 rmiee ¥} N limnb
| Download Complete. | COMT Closed &

Figure 4-5. Acquired Data completion screenshot

The same data is displayed in the output text file, as set on the Output tab of the
Settings dialog box, with the fields delimited by commas. A description of each
field follows below.

Field On-screen In text file
Date/Time | The date/time, in the format As for on-screen
selected in the Output tab of the
Settings dialog box, when the data
in that row were recorded.
(Data) Up to three channels of analyzer As for on-screen

data, with column headings as set
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by the analyzer.

Unit The unit for the analyzer data. Codes representing the

data units

Period The repetition period. For As for on-screen, with
averaged data, the repetition the period in minutes
period is also the averaging
period.

Function The function status of the analyzer | As for on-screen

status at the time of measurement.

Failure The failure status of the analyzer | As for on-screen

status at the time of measurement.

Type Inst = instantaneous data. I = instantaneous data.
Avg = averaged data. A = averaged data.

4.6.2 Remote Terminal Mode

Remote Terminal mode can be used to access the analyzer’s control panel

remotely.

4.6.2.1 Starting a Remote Terminal mode session

1. Ensure that all Settings are correct. Refer to section 4.6.3.

2. Under the Mode menu, choose the Remote Terminal option.

3.  On the Comm menu, select Start.

4. The screen should replicate the analyzer’s display similar to Figure 4-6. The
user now has access to the analyzer control panel, with the buttons at the
bottom of the screen replicating the buttons on the front panel of the analyzer.
If a blank screen appears, terminate the connection as per step 6 below and

reconnect.
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# 9800 Data Downloader 100 x|

Comm  [Mode

x| B

9/;’ A \ -Gc‘:ncl.‘ Pyl y Exlf ﬂ.‘_.]

|C0nnected |COM1

Figure 4-6. Remote Terminal
4.6.2.2 Ending a Remote Terminal mode session

Controlling the analyzer by remote terminal automatically sets the analyzer to
Remote mode.

NOTE: It is advisable that the user always returns
the analyzer to Command mode at the end of the
remote terminal session, so that other users may
download data.

To end the remote terminal session:

1. Set the Interface Mode option on the Interface Menu to Command. For
detailed instructions on how to do this see section 4.6.2.3.

2. Terminate the connection by selecting the Stop option on the Comm menu.

4.6.2.3 Setting the analyzer to Command mode during a Remote
Terminal session

1. Click exit repeatedly to display the analyzer’s start-up window. Main Menu
should be highlighted.

2. Click enter to enter the Main Menu.

3. Click up or down until Interface Menu is highlighted.
4. Click enter to enter the Interface Menu.

5. Click up or down until Interface Mode is highlighted.

6. Click select
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7. Click up or down to change the interface mode to Command.

4.6.3 Settings

Open the Settings dialog box by either clicking the E button, choosing the
Comm/Settings menu option or by pressing F2. Click on one of the icons on the
left of the dialog box to access that tab.

4.6.3.1 Output Tab

This function sets the options for the text file the program downloads data to.

Output file
Enter the path and filename of the text file that the EC9800 Communicator will
write acquired data to. Clear the text box if a text file is not required.

If the file exists?

Choose Append to have the data added to the end of an existing file, choose
overwrite to have an existing file overwritten, or choose Prompt to have the user
prompted before writing to an existing file.

Date format
Choose the date/time format, or the user can select their own, in which to record
the date and time of the analyzer data.

4.6.3.2 Connection Tab

This function sets the options for the communication connection between the
computer and the analyzer.

Connection type
Choose the type of connection to communicate with the analyzer. The choice
changes the other options available in this tab.

4.6.3.2.1 Direct Serial Connection

Port
Choose the COM port on the computer where the serial cable is connected.
Connect the other end of the serial cable to the analyzer.

Baud rate
Choose the baud rate that has been set on the analyzer.
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4.6.3.2.2 Modem Connection

Connect using
Choose from the list of modems detected from the computer

Phone
Enter the phone number to which the analyzer is connected.

4.6.3.2.3 USB Connection

Analyzer
Select the analyzer to communicate with from a detected list

4.6.3.3 Analyzer Tab

This function sets the analyzer information for the analyzer being communicated
with.

Analyzer ID
If the user has multidropped multiple analyzers onto the one communication line,
enter the ID of the analyzer to communicate with.

Average Data
Tick this box to download the averaged data that has been generated by the
analyzer.

Instantaneous Data
Tick this box to download the instantaneous data that has been generated by the
analyzer.

4.6.4 Keyboard shortcuts

The following are keyboard shortcuts that can be used in general operation of the
program.

o F2 - Display the Settings dialog box
o F5 - Start communicating with analyzer
o F6 - Stop communicating with analyzer
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4.7 Network Interface (optional)

The EC9800 network interface is an optional feature that can be added to an
EC9800 instrument. It adds the possibility to connect the analyser to a network
and access directly using a web browser. Within the web browser multiple users
have the possibility of seeing current readings, which are updated every 5 sec-
onds, control the analyser remotely, and download data.

4.7.1 Current Readings

The current reading option gives the possibility of seeing current parameter val-
ues in the analyser such as temperatures, concentration and status. The values on
the screen are auto refreshed every 5 seconds and multiple users are able to view
the current values simultaneously.

Figure 7 Current Readings window

The parameters are grouped in three main categories, Gas Concentration, Instru-
ment Temperatures and Instrument Status.

o The gas concentrations group shows the current concentration, average con-
centration and instrument gain.

o The Instrument temperature group shows the relevant current temperatures
for the instrument (e.g. the standard EC9841 NOy analyser would show Cell
Temperature, Conversion Temperature, Chassis Temperature, Manifold Tem-
perature and Cooler Temperature).

o Instrument Status is where all the voltage, gas flow, gas pressure and ambient

pressure parameters are shown. This group shows all of the parameters of the
Instrument Status menu with in the instrument.
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4.7.2 Remote Mode

The remote mode allows the user to access the current menu screen in the ana-
lyser, and remotely control the analyser through the menus. The buttons on the
left substitute the Up, Down, Select, Pg Up, Back, Exit and Enter keys within the
analyser.

4 up

Down

Select

Back

Exnt
\\ Enter

Refresh

Figure 8 Remote Mode Window

The keyboard can also be used to control the menu with the following keys:

Table 1. Keyboard key and there commands

Keyboard Key Menu Function
Up Key Up

Down Key Down

Left Key Pg. Up/Back
Right Key Select
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Home Key Exit
Function Key 5 (F5) Refresh

IMPORTANT: When the window is left and an another program is used the
other program takes control of the keyboard. In this situation when you return to
the remote mode window, the keyboard will not work. The keyboard will be reac-
tivated when one of the buttons on the Applet is selected with the mouse.

NOTE: To access the Hidden menu press the H key, then
click the refresh button with the mouse immediately.
4.7.3 Download

The download option gives the user the possibility of downloading the logged
data to their hard drive.

EC9841A NOx Analyser

Software Yersion: 1.13.04

Start Date: _ OPEN DATE

1 w[[1 + 2003 v | bh v |/mm | startDate | PICKER

End Date:

[¥] Download all data logped since Start Time
ALL DATA Data Type: | All Logged Data - ‘ DATA
SINCE Date Format: | yy,mm,dd,cmm - | - TYPE AND
?)LAI'F\I;T FilePath:  [cileshiecoanntd -— | Browse /U/ II::)OAI-QI_II\E/IATE

Download |
Status: Ready FILE PATH AND

4-34

| FILE NAME

Figure 9 Download Data window

Starting date

The starting date of the data to be downloaded can be selected either using the
drop down scrolls in the first two fields, or by using the Start date button to open a
date picker.

End date

The end date of the data to be downloaded can be selected either using the drop
down scrolls in the first two fields, or by using the Start date button to open a date
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picker. This option is only possible if the “Download all data logged since Start
time” is not ticked.

Download all data since
Tick the box next to “Download all data logged since Start Time” to ensure all
data is downloaded from the start date until the last reading.

Data Type
The data type to be downloaded can be selected between Instantaneous data, Av-
erage data or all logged data.

Date Format
The Date format can be changed with the order of time, date month and year be-
ing interchangeable to your preference.

File Path

In this field the file name and path where the data is to be saved should be speci-
fied either by typing the path name or by using the browse button. When typing
the file name put the extension either .txt or .csv.

NOTE
By default the path is c:\test\EC9800.txt if
you do not have a folder named test and se-
lect download this would cause an error.

When all the options are set the download can start by selecting the Download
Button. A dialog window will prompt to inform that the download data process
may take several minutes, after that the status bar will show the current data being
written to the file.

Status: Downloading 2004,12,14,11:08
I |

Figure 10 Status Downloading bar

When the downloading process is finished a dialog window pops up to inform that
the download has been successfully completed. The file should then be saved in
the current directory.
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4.7.4 Firmware Update for the Network Interface

The firmware in the network adapter consist of two files the cobox.rom and
Ecotech.cob, both of this files need to be loaded into the network adapter, to load
the files get into the command window and use the following instruction

tftp —i <instrument IP address> PUT <file path>\cobox.rom X2

Wait for 20 seconds and then use the following instruction to load the .COB file.
tftp —i <instrument IP address> PUT <file path>\Ecotech.cob WEB1

Notice that If you do not have a TFTP client, there is a demo TFTP client applica-

tion available at www.weird-solutions.com. A Users Guide is included and can be
used as reference for using the weird-solutions tftp client.

Use the following parameters:

e Use the instruments IP address for the TFTP server

e Select Upload for the Operation

e Select Binary for the Format

e The path and name of the .cob file

e For the Remote File Name use X2

e Click the Upload Now button to start the operation. Note: Be very careful to
set the TFTP application to do a binary transfer when upgrading over the net-
work.

4-36 98307600 Rev D


http://www.weird-solutions.com/

INDEX

EC9830 CO ANALYZER OPERATION MANUAL

5

50-Pin Connector Board with Sample Choices (Rear)
(ITTUSEration) .......ccvevveveee e 2-4

9

9800 command SEt.........ccvrerveererierirerieneans 4-7, 4-17

A

Analog Output Menu.........c.ccooeevveniecinnnnne 2-30, 2-32

Analog Output Menu (illustration).............. 2-30, 2-32

Analog Output Menu, Voltage Output (illustration) 2-
31

Analyzer Front Panel (illustration) ............c.ce..... 2-8
Analyzer Keyboard (illustration)............cc.ccoeeeeee 2-10
Analyzer Rear Panel (illustration) ...........c.cccceevenee. 2-2
Automatic zero and span (AZS) .......ccoeeeevirennnn. 3-13
B
Bavarian command Set...........coccoveevveiireinenne, 4-8, 4-15
Bavarian protocol ..........ccccceevviviviiiencie e 4-11
C
Calibration Menu, Manual..............ccccceveeviiiieinnns 2-22
Calibration Menu, Timed ........c.ccoceevveveeiiiiieninns 2-20
Calibration references.......c.ccoeevvvvevceevive i, 3-18
Calibration requirements .........ccccceeeevereneienenne. 2-39
Calibration, initial............cccooeveivriiiiecene, 2-13, 3-2
Calibration, multipoint..........c..ccooeveveveneiese 3-3
Calibration, multipoint with over-ranging........... 3-12
CO Current Output Menu........ccccvvvevverernrcrnnnene, 2-30
CO Voltage Output Menu .........cceevevverencreneenne. 2-31
Command set, 9800 ...........ccoeevevveeireeireinenes 4-7, 4-17
Command set, Bavarian..........cc.coeeeeeveevnenne 4-8, 4-15
Communications, Multidrop ........c.cccccevererenene. 4-13
Connections, exhaust..........c.ccceceevieecieciie e, 2-7
Connections, Sample gas ........ccccoevvverrrncnenne 2-6
Connections, Serial .........c.ccvvevieieiieiie e, 4-5
D
Date and time, Setting .........cccooeeeieneii s 2-12
Diagnostic MENU ......cccccevieiiieir e 2-28
Diagnostic Menu (illustration)...........c.ccoevvevivannns 2-28
Digital communication ...........cccccovevevenenenenenn, 4-1
Dilution Method for Calibrating CO Analyzers
(HNUSErAtioN) ...ovveeeee e 3-4
Discrete CONLrol ........covvevveevieiiiiec e 4-1
Display adjustment ...........ccoovevviineinineiseneens 2-8
E
Enhanced protocol.......cccccvvvvvvienieeieicceseins 4-12

98307600 Rev D

EVeNt LOQ SCrEEN ......ovvieiieiieiee e 2-33
Event Log Screen (illustration)..........ccccocevvvvennnne 2-33
Exhaust coNNeCtions ..........cccvvvvvnenveeerienere e 2-7
|
Illustrations, 50-Pin Connector Board with Sample
Choices (Rear) ....ccooevrireeieee e 2-4
Illustrations, Analog Output Menu............. 2-30, 2-32
Illustrations, Analog Output Menu (Voltage Output)
........................................................................ 2-31
Illustrations, Analyzer Front Panel..........c..cc.c..... 2-8
[llustrations, Analyzer Keyboard............c.ccccenee. 2-10
[llustrations, Analyzer Rear Panel .............c.cce.ee. 2-2
[llustrations, Diagnostic Menu ..........cccccceeevennenn, 2-28
Illustrations, Dilution Method for Calibrating CO
ANAIYZEIS ..o 3-4
[llustrations, Event Log Screen ...........ccoccevvvnee. 2-33
[llustrations, Instrument Menu ............cccccceeenee 2-17
[llustrations, Instrument Status Screen................ 2-34
Ilustrations, Interface Menu..........cccoceeevvvveeveennne. 2-29
Hlustrations, Main Menu .........cc.ccceveeeveeiveecrneenne, 2-17
Illustrations, Manual Calibration Menu............... 2-22
[llustrations, Measurement Menu...........cc.ccceve.. 2-18
IHlustrations, Menu Structure .........cccoeeeeeeveeeveenne, 2-15
Illustrations, Multiple Cylinder Method for
Calibrating CO Analyzers.........cccocverenenenncns 3-7
Illustrations, Optional 50-Pin Connector Board
(0] 11 S 2-3
Ilustrations, Output Test Menu...........ccccoevveneee. 2-24
Illustrations, Over Range as Seen on a Strip Chart
RECOTUBT ...ttt 2-38
Illustrations, Preprocessor Pots Screen................ 2-25
Ilustrations, Primary SCreen ..........cccceeevereenene 2-16

Illustrations, Serial Interface Connection Diagrams 4-
6

Illustrations, Status Output Connections............... 4-5
Illustrations, Strip Charts Illustrating Offset ....... 2-37
Illustrations, System Faults Screen...................... 2-36
Illustrations, System Temperatures Screen.......... 2-35
Hustrations, TeSt MENU.......cc.ccvevveirieireeneeieiniens 2-23
Illustrations, Timed Calibration Menu ................ 2-21
IHlustrations, Valve Test Menu .........cccccevveeenenne. 2-27
INStallation ..........cooveeviiiiiicec e, 2-1
Instrument identifiers........cccoccviieeviccicciciecnns 4-14
INStrument MeNU .........ccoeevveeviee e 2-17
Instrument Menu (illustration)...........ccccoceevinnnn. 2-17
Instrument Status SCreen.........cccceeevevveeeeeveeeenen. 2-34
Instrument Status Screen (illustration) ................ 2-34
INterface MENU........coeevveevieiiei i 2-29
Interface Menu (illustration)...........ccccccveviinnnn 2-29



EC9830 CO ANALYZER OPERATION MANUAL

K
Keyboard functions ............ccoceevveeeeeveeccvc s, 2-10
M
Main MENU ...t 2-17
Main Menu (illustration) .........ccccccvcereierienieennnn, 2-17
Manual Calibration Menu...........ccccocerevrenirennn. 2-22
Manual Calibration Menu (illustration)............... 2-22
Measurement Menu .........ccccvvininneeneniesee e, 2-19
Measurement Menu (illustration) .............cc.cc...... 2-18
Menu Structure (illustration) .........c.ccccoevvervrennn. 2-15
Multidrop communications............ccccocevvrerrrennn. 4-13
Multiple Cylinder Method for Calibrating CO
Analyzers (ilustration) ..........ccccoceveienciencne. 3-7
Multipoint calibration...........ccccccoveniiiciiiencenn, 3-3
Multipoint calibration with over-ranging ............ 3-12
@]
Offset adjustment........ccccevevievevieve e, 2-36
(@] oL 1o S 2-10
Optional 50-Pin Connector Board Front (illustration)
.......................................................................... 2-3
Original protocol ........ccccooeiviiveiiiiiese e 4-10
OUtpUt TESE MENU.....eveviececeeceee e 2-25
Output Test Menu (illustration)..........cccccoceevrenee 2-24
Over range adjustment...........ccovvereienereieneneeas 2-37
Over Range as Seen on a Strip Chart Recorder
(ITTUSEration) .......cceveverese e 2-38
OVEr-ranging ....cceoveervereeeienieesieseeesie e 3-12
P
Password protection...........cccccevvveveveereiennnennnas 2-40
Preprocessor POtS SCIeeN .........ccocvvevveerveenneeninenn 2-25
Preprocessor Pots Screen (illustration)................ 2-25
Primary SCreeN .......ccoveieieieie e 2-16
Primary Screen (illustration) ...........cccccveeviviennns 2-16
Protocol selections.........c.ccoveverienenieneee, 4-10

Protocol, Bavarian ..........cccceveeviieiieesie e 4-11
Protocol, enhanced ..........cocooveeveviiicee i 4-12
Protocol, original ..........cccocevvieviniin i, 4-10
S

Sample gas conNections............ccoceevvervenicrienne, 2-6
Serial command control.........ccocevvveveeeiie e, 4-7
Serial CoNNECLIONS........vvveiieeee e 4-5
Serial control .........oooveeviiiee e 4-5

Serial Interface Connection Diagrams (illustration) 4-
6

Serial terminal control ............cccccvvivvvvieecereie 4-7
Setting the date and time ..........cccevveiicicinenas 2-12
Status Output Connections (illustration) ............... 4-5
Strip Charts Illustrating Offset (illustration)........ 2-37
System Faults SCreen ......cccovvereenerec e 2-36
System Faults Screen (illustration)............c.cc.... 2-36
System Temperatures SCreen .........cocveveerververiens 2-35
System Temperatures Screen (illustration).......... 2-35
T

Terminal control, serial...........cocoovieiiiiiiiiinis 4-7
TSt MENU ... 2-23
Test Menu (illustration) ........ccccoceveevevievsinnieciennens 2-23
Timed Calibration Menu ..........cccccevvvvivvnnnnnnnn 2-20
Timed Calibration Menu (illustration)................. 2-21
U

U.S. EPA Reference Method...........cccccevvvvrrnnnnne. 1-4
V

Valve TeSt MENU ...ovovvveeiiieceee e 2-27
Valve Test Menu (illustration) ...........ccccceevveneene 2-27
W

WaAIMUP oo 2-9

98307600 Rev D



EC9830 CO ANALYZER OPERATION MANUAL

APPENDIX A

USB PROTOCOL PARAMETER LIST

Note: parameters are for all EC9800 analyzers and may not be applicable to an individual ana-

lyzer.

# Description Notes

0 Internal Valve 1 0=Closed, 1=0Open

1 Internal Valve 2 0=Closed, 1=0Open

2 Internal Valve 3 0=Closed, 1=0pen

3 External Measure Valve 0=Closed, 1=Open

4 External Zero Valve 0=Closed, 1=0Open

5 External Span Valve 0=Closed, 1=0Open

6 Aux Valve 1 0=Closed, 1=Open

7 Aux Valve 2 0=Closed, 1=Open

8 Aux Valve 3 0=Closed, 1=0Open

9 Valve Sequencing 0=0ff, 1=0On

10 | LCD Contrast POT 0=Lightest, 99=Darkest

11 |PREPOT1 Measure coarse pot for all analysers except
9841A which is chassis fan speed.

12 | PREPOT 2 Measure Fine: 981X, 9820, 9830, 9841, 9842
Bench Fan Speed: 9841A
Reference zero : 9850

13 | PREPOT 3 Input for all except 9850 which is measure gain.

14 | PREPOT 4 981X, 984X: Test Measure
9820, 9830: test_reference
9850: reference gain

15 | PREPOT5 981X: Lamp Adjust
9820,9830,9850:test measure
984X: high voltage adjust

16 | PREPOT®G6 9850: high voltage adjust

17 | PREPOT7 9850: lamp adjust

18 | VREGPOT1 Flow control zero

19 VREG POT 2

20 | VREG POT 3

21 | VREG POT 4

22 | VREGPOT 5 Fan speed control

23 | VREG POT 6 Pump speed fine

24 | VREG POT 7 Pump speed coarse

25 | Analogue input O

26 | Analogue input 1

27 | Analogue input 2

28 | Analogue input 3
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29 | Analogue input 4
30 | Analogue input 5
31 | Analogue input 6
32 | Analogue input 7
33 | Analogue input 8
34 | Analogue input 9
35 | Analogue input 10
36 | Analogue input 11
37 | Analogue input 12
38 | Analogue input 13
39 | Analogue input 14
40 | Analogue input 15
41 | 50 PIN IO bits 0-7 BIT 7: Span Out of Range
BIT 6: Span On
BIT 5: Copper Fail
BIT 4: Zero On
BIT 3: Lamp Fail
BIT 2: Out Of Service
BIT 1: Flow Fail
BIT 0: Span Cycle
42 | 50 PIN 10 bits 8-15 BIT 7: Pump On
BIT 6: Range 1
BIT 5: Startup
BIT 4: Heater Fail
BIT 3: Range 0
BIT 2: 1ZS On
BIT 1: Spare 1
BIT 0: ZeroCycle
43 | 50 PIN 10 bits 16-23 BIT 7: Power On
BIT 6: Sys Fail
BIT 5: High Voltage Fail
BIT 4: Power Supply Fail
BIT 3: Electric Test
BIT 2: Optical Test
BIT 1: Range 2
BIT 0: PPm / Metric
44 | 50 PIN 10 bits 24-31 Really User ID
45 | 50 PIN 10 bits 32-39 BIT 7: P4
BIT 6: P3
BIT 5: P2
BIT 4. P1
BIT 3: Spare Driver 1
BIT 2:
BIT 1:

BIT 0: Reference Fail
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46 | 50 PIN 10 bits 40-47 BIT 7:
BIT 6:
BIT 5:
BIT 4:
BIT 3:
BIT 2:
BIT 1: P6
BIT 0: P5
47 | 50 PIN 10 bits 48-55 BIT 7: Status 2 LED
BIT 6: Status 1 LED
BIT 5: Sys Fail LED
BIT 4: HeartBeat LED
BIT 3:
BIT 2:
BIT 1:
BIT 0:
48 | 50 PIN 10 bits 56-63 BIT 7:
BIT 6:
BIT 5:
BIT 4:
BIT 3:
BIT 2:
BIT 1:
BIT 0: Status 3 LED
49 | PGA Gain 0-7
50 | Primary Gas Concentration
51 | Secondary Gas Concentration
52 | Calculated Gas Concentration
53 Primary Gas Average
54 | Secondary Gas Average
55 | Calculated Gas Average
56 Instrument Gain
57 | Main Gas ID
58 | Aux Gas ID
59 | Decimal Places
60 | Noise
61 | Gas 1 Offset
62 | Gas 3 Offset
63 | Flow Temperature
64 Lamp Current
65 | Digital Supply
66 | Concentration Voltage
67 | High Voltage
68 | Ozonator 0=0ff, 1=0On
69 | Control Loop
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70 | Diagnostic Mode

71 | Gas Flow

72 | Gas Pressure

73 | Ambient Pressure

74 | Analog Supply

75 | Cell Temperature

76 | Converter Temperature

77 | Chassis Temperature

78 | Manifold Temperature

79 | Cooler Temperature

80 Mirror Temperature

81 Lamp Temperature

82 | O3 Lamp Temperature

83 Instrument Status

84 | Reference Voltage

85 | Calibration State 0 = MEASURE
1=CYCLE
2=ZERO
3 =SPAN

86 | Primary Raw Concentration (before 984X background and gain)

87 | Secondary Raw Concentration (before 984X background and gain)

88 | 984X Background Concentration (before gain)

89 | Calibration Pressure

90 | Converter Efficiency

91 | Multidrop Baud Rate

92 | Analog Range Gas 1

93 | Analog Range Gas 2

94 | Analog Range Gas 3

95 | Output Type Gas 1 0=Voltage
1=Current

96 | Output Type Gas 2 0=Voltage
1=Current

97 | Output Type Gas 3 0=Voltage
1=Current

98 | Voltage Offset /Current Range Gasl | 0=0% or 0-20mA
1=5% or 2-20mA
2=10% or 4-20mA

99 | Voltage Offset /Current Range Gas2 | 0=0% or 0-20mA
1=5% or 2-20mA
2=10% or 4-20mA

100 | Voltage Offset /Current Range Gas3 | 0=0% or 0-20mA
1=5% or 2-20mA
2=10% or 4-20mA

101 | Full Scale Gas 1

102 | Full Scale Gas 2
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103 | Full Scale Gas 3

104 | Zero Adjust Gas 1

105 | Zero Adjust Gas 2

106 | Zero Adjust Gas 3

107 | Negative 10V Supply

108 | 50 Pin 10 ANIN1 20mV resolution analog input (0-5V)

109 | 50 Pin IO ANIN2 20mV resolution analog input (0-5V)

110 | Instrument State

111 | CO Linearisation Factor A

112 | CO Linearisation Factor B

113 | CO Linearisation Factor C

114 | CO Linearisation Factor D

115 | CO Linearisation Factor E

116 | Instrument Units 0= PPM
1=PPB
2=PPT
3=mG/M’
4=pG/IM’
5=nG/M’

117 | Background Measure Time In seconds

118 | Sample Fill Time In seconds

119 | Sample Measure Time In seconds

120 | Aux Measure Time In seconds

121 | Aux Sample Fill Time In seconds

122 | Background Fill Time In seconds

123 | Zero Fill Time In seconds

124 | Zero Measure Time In seconds

125 | Span Fill Time In seconds

126 | Span Measure Time In seconds

127 | Span Purge Time In seconds

128 | Background Pause Time In seconds

129 | Background Interleave Factor In seconds

130 | Calibration Pressure 2

131 | AUX Instrument Gain

132 | Background voltage

133 | AUX Background Voltage

134 | O3 Generator Output PPM

135 | O3 Generator On/Off

136 | Calibration Point 1 PPM

137 | Calibration Point 2 PPM

138 | Calibration Point 3 PPM

139 | Calibration Point 4 PPM

140 | Calibration Point 5 PPM

141 | Desired Pump Flow SLPM
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142 | Actual Pump Flow SLPM
143 | Set Lamp Current %

144 | Lamp Current mA

145 | Cycle Time Minutes
146 | Analog GND Offset Volts

98307600 Rev D



EC9830 CO ANALYZER OPERATION MANUAL

Appendix B

Failure Status descriptions
The failure status codes provided by the 9800 downloader are described below. Each of the 4

units of the code represent a column below, the description within the box of the corresponding
unit explains the failure status of various components, if any, and more detailed descriptions are
outlines below the table.

Unit | 1°° Digit 2™ Digit 3™ Digit 4™ Digit

0 NO FAILURE NO FATILURE NO FAILURE GRAV

1 CHOPFAIL REFFATL ZEROON GRAV

2 LAMPFAIL HEATERFATL OUT OF SERVICE VOL

3 CHOPFAIL REFFATL ZEROON VOL
LAMPFATIL HEATERFATL OUT OF SERVICE

4 FLOWFAIL COOLERFAIL HV-FATL GRAV

5 CHOPFAIL REFFATIL ZEROON GRAV
FLOWFATL COOLERFATL HV-FATIL

6 LAMPFATIL HEATERFATL, OUT OF SERVICE VOL
FLOWFAIL COOLERFAIL HV-FATL

7 CHOPFAIL REFFAIL ZEROON VOL
LAMPFAIL HEATERFATL OUT OF SERVICE
FLOWFAIL COOLERFAIL HV-FATL

8 SYSFAIL CVFAIL PS-FAIL GRAV

SPANON

9 CHOPFAIL REFFATL ZEROON GRAV
SYSFAIL CVFAIL PS-FAIL SPANON

A LAMPFAIL HEATERFATL, OUT OF SERVICE VOL
SYSFAIL CVFATL PS-FAIL SPANON

B CHOPFAIL REFFATL ZEROON VOL
LAMPFATIL HEATERFATL OUT OF SERVICE SPANON
SYSFAIL CVFAIL PS-FAIL

cC FLOWFAIL COOLERFATL, HV-FAIL GRAV
SYSFAIL CVFATL PS-FAIL SPANON

D CHOPFAIL REFFATL ZEROON GRAV
FLOWFAIL COOLERFATL, HV-FATL SPANON
SYSFAIL CVFATIL PS-FAIL

E LAMPFATIL HEATERFATL, OUT OF SERVICE VOL
FLOWFAIL COOLERFATL, HV-FATL SPANON
SYSFAIL CVFAIL PS-FAIL

F CHOPFAIL REFFATIL ZEROON VOL
LAMPFATIL HEATERFATL OUT OF SERVICE SPANON
FLOWFAIL COOLERFATL, HV-FATL
SYSFAIL CVFAIL PS-FAIL

CHOPFAIL Indicates that the chopper has failed.

LAMPFATL Indicates that the lamp has failed.

FLOWFATIL Indicates that the sample flow is less than 0.1 slpm.

SYSFATL Indicates one or more components have failed.

HEATERFAIL Indicates that a system heater has failed.

COOLERFATL Indicates that a cooler has failed.

CVFAIL Indicates that a converter has failed.

ZEROON Indicates that the instrument is in the Zero mode.
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OUT OF SERVICE ‘Out of service’ switch has been activated on analyzer
HV-FATIL Indicates that the PMT high voltage supply has failed.
PS-FAIL Indicates that the 12-volt supply voltage has gone out of range.
GRAV Measuring in gravimetric units i.e. MG/M3

VOL Measuring in volumetric units i.e. PPM

Example:

If a failure status is received as C022 then the failures of the instrument as determined by this
code are:

C=  FLOWFAIL Indicates that the sample flow is less than 0.1 slpm.
SYSFATL Indicates one or more components have failed.

0= No Failure

2= OUT OF SERVICE ‘Out of service’ switch has been activated on analyzer

2= VoL Measuring in volumetric units i.e. PPM
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Manufacturers statement

Thank you for selecting the GasCal 1100 Dilution Calibrator. The GasCal 1100 is
designed primarily as a Dilution Calibrator used in conjunction with gas cylinders to
supply precise concentrations of span gas to gas analysers. The GasCal 1100 should
give many years of trouble free service if installed, used and maintained correctly. By
following the guidelines contained in this manual and with the implementation of a
good quality-assurance program, the user can create accurate and reliable Gas
concentrations. Please ensure that you read the safety and warranty detail as they
contain important information for the user. If, after reading this manual you have any
questions or you are still unsure or unclear on any part of the GasCal 1100 then please
do not hesitate to contact Ecotech.

Ecotech also welcomes any improvements that you feel would make this a more
useable and helpful product then please send your suggestions to us here at Ecotech.

a Please help the environment and recycle the
e: i s pages of this manual when finished using it.

Notice

The information contained in this manual is subject to change without notice. Ecotech
reserves the right to make changes to equipment construction, design, specifications
and /or procedures without notice.

Copyright © 2007. All rights reserved. Reproduction of this manual, in any form, is
prohibited without the written consent of Ecotech Pty Ltd.

Factory service/warranty

This product has been manufactured with care and attention.

If you should encounter any difficulties in operating this product, notify Customer
Service at Ecotech Pty Ltd. Immediately via telephone, fax or e-mail. Quote the
Model name and number, and the Serial or ID number of the product, and provide a
description of the problem.

The product is subject to a 12-month warranty on parts and labour. The warranty
period commences when the product is shipped from the factory. Consumable items
are not covered by this warranty. Opening the facia and altering internal components
will void warranty.


mailto:ecotech@ecotech.com.au?subject=Nutrient%20Monitor%201000%20problems
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WARNING

Safety requirements

To reduce the risk of personal injury caused by electrical shock, follow all
safety notices and warnings in this documentation.

If the equipment is used for purposes not specified by Ecotech, the protection
provided by this equipment may be impaired.

Replacement of any part should only be carried out by qualified personnel,
only using parts specified by Ecotech. Always disconnect power source before
removing or replacing any components.

Take care when removing the front panel. The keyboard ribbon cable can be
easily damaged (qualified personnel only).

If installed in a 19" rack, be sure to support the GasCal securely on a rack-
mounted shelf.

Dry, clean and filtered source gas should be supplied to the GasCal at a
regulated pressure of between 20 and 25 psig (140 kPa - 170 kPa). Damage
will occur if the pressure exceeds 30 psig (170 kPa).

One of the output ports must be connected to vent in order to avoid
pressurising the unit

The current sunk from the digital output bits should be at least ImA but must
not exceed 20 mA. Serious damage to the calibrator will result if this occurs.
The GasCal is not designed for use with explosive or flammable gases. A risk
of ignition exists due to the current-heated coil within the MFCs. Under no
circumstances should these gases be used with the GasCal.

If the equipment is used for purposes not specified by the manufacturer, the
protection provided by this equipment may be impaired.

Factory service

We strive to provide efficient and expedient service when an instrument or component
is returned for repair. Your assistance can help us to better provide the service you

need.

To ensure that we process your factory repairs and returned goods efficiently and
expeditiously, we need your help. Before you ship any equipment to our factory,
please call our Service response centre at (+61) 1300 364 946. This enables us to
complete the necessary paperwork and process your equipment correctly when it
reaches our facility.

When you call please be prepared to provide the following information:

1

2.
3.
4,

your name, telephone number and Facsimile number
Your company name

The model number or a description of each item

The serial number of each item, if applicable
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5. A description of the problem or the reason you are returning the equipment
(eg, sales return, warranty return, etc)

If you are required to return the equipment an accompanying document with:
1. Your name, number and Facsimile number
2. 'Your company name with return shipment
3. The model number or a description of each item
4. The serial number of each item, if applicable
A description of the problem/reason you are returning the equipment

Claims for Damaged Shipments and Shipping
Discrepancies

Damaged shipments
1. Inspect all instruments thoroughly on receipt. Check materials in the
container(s) against the enclosed packing list. If the contents are damaged
and/or the instrument fails to operate properly, notify the carrier and Ecotech

immediately.

2. The following documents are necessary to support claims:

Original freight bill and bill lading

Original invoice or photocopy of original invoice
Copy of packing list

Photographs of damaged equipment and container

oo

You may want to keep a copy of these documents for your records also.

Refer to the instrument name, model number, serial number, sales order
number, and your purchase order number on all claims. Upon receipt of a
claim, we will advice you of the disposition of your equipment for repair or
replacement.

Shipping Discrepancies
Check all containers against the packing list immediately on receipt. If a shortage or

other discrepancy is found, notify the carrier and Ecotech immediately. We will not be
responsible for shortages against the packing list unless they are reported promptly.

Vi
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Internationally recognized symbols used on
Ecotech Equipment

Electrical fuse IEC 60417, No. 5016
Earth (ground) terminal IEC 417, No. 5017
Caution, hot surface IEC 417, No. 5041
Caution, refer to ISO 7000 - 0434

accompanying documents

Caution, risk of electric shock | ISO 3864, No. B.3.6

> B i

Vii
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1 Introduction

1.1 Description

The GasCal 1100 has been designed as a stand-alone dilution calibrator specifically
for environmental applications and should give many years of trouble free service
provided that it is installed, used and maintained correctly. The GasCal can be used in
conjunction with many different gas analysers (CO, CO,, Oz, NO,, NOy, NH3, SOy,
etc) to provide precise and constant volumes of zero air or dilutions of various span
gas. The GasCal is available as a portable unit that can be transported from location to
location or most effectively, used within an integrated ambient or emissions gas
monitoring station. The GasCal is used in conjunction with regulatory traceable gases,
zero air generators and/or ozone generators. The GasCal can be optionally fitted with
a Gas Phase Titration (GPT) for the accurate creation and delivery of ozone
concentrations.

Note: For a GasCal-1000 with software above 3.0
this manual is applicable except that the screen will
only be a two line LCD.

1.2 Specifications

1.2.1 Dilution and Span flows

Range:

Input dilution gases: 1 standard 170-200 kPa(g)

Input source gases: 1 to 4 as standard 140-170 kPa(g)

Dilution Mass Flow Controller: 0-10splm (std), 0-2, 0-5splm or 0-20 (optional)

Source Mass Flow Controller: 0-50sccm (std), 0-20, 0-100 sccm or 2L
(optional)

Flow Accuracy (constant temp): Within 1% of full scale

Flow Repeatability: Within 0.15% of full scale

Linearity: Within 0.15% of full scale

Operating Gas Pressure: 100-200 kPa

Zero Drift: < 0.58% per year

Response Time: < 5 seconds

Output Manifold: 4 output ports standard (8 optional)

Dilution Ratio: Variable 100:1 to 2000:1 (std)

1.2.2 Ozone Generator

Output 50 ppb to 1000 ppb at 3 slpm

Repeatability: < 1% short term (24 hours)
5% long term at constant temperature and
humidity
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1.2.3 Interface

Programming:

Programmable Calibrations:

Digital inputs:

Digital Input Types:
Digital Outputs:

Via front panel keypad or computer

10 separate programmable sequences

20 separate programmable points

8 digital input bits can start/stop calibration
sequences

Relay contact closures or TTL logic inputs

8 digital output bits send status and alarms

Display: Four line illuminated display

Memory: Non volatile protected, automatic startup after
power failure (in automatic mode).

1.2.4 System

Operating Temperature:
Input Voltage:

Dimensions:

Weight:

0° —50°C (20° - 35°C for optimum performance)
100-120V or 200-240V AC (switch selectable)
50/60 Hz

19” Rack mount

(135mm H x 450mm W x 440mm D)

(Rack mounting drawer optional extra)

11kg
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1.3 Background/ Theory

1.3.1 Dilution Theory

The GasCal operates on the principle that when a known quantity of source gas is
measured with a known quantity of carrier gas then the resultant mixture can be
calculated. The assumption relies on the conservation of mass which occurs if there is
no chemical interaction between the source gas and the carrier gas. We can say that:

Mass flow rate in = Mass flow rate out
or
Concentration x Flow Rate In = Concentration x Flow Rate Out

Figure 1 Dilution Theory for GasCal

So a mass balance can be arranged in that:

Csource X Msource T Coiuent X Moiuent = Courrur X Mouteut

Where C = Concentration
m = Mass flow rate

As the diluent is always chosen as a “zero gas”, the term Cp_uent IS always zero. This
simplifies the equation to:

Csource X Msource = Coutpur X Mouytput

We can also say that Moyrpur = Msource + Moiuent and thus the equation becomes:

Csource X Msource = Coutput X (Msource + MpiLuent)

This can then be rearranged to give:

Couteut = Csource X Msource / (Msource + MoiLuent)

This is the governing equation used in the operation of the GasCal. The mass flow
rates of the source gas and diluent gases are accurately measured using mass flow
controllers. Suppliers usually certify the source gas cylinder concentration, allowing
the concentration of the output to be calculated easily.

The GasCal is also able to be fitted with a second source Mass flow Controller. This
second controller is generally 20% of the primary dilution MFC and is used for
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diluting at small ranges, <5% of primary MFC range. The second source MFC can
also be used to boost the dilution of primary MFC when large dilutions are warranted.

1.3.2 Gas Phase Titration (GPT) Theory (option)

This section outlines relevant theory for GasCals containing an optional ozone (O3)
generator. This generator is specifically designed for use during a Gas Phase Titration
(GPT) calibration. This type of calibration is most often used when calculating the
efficiency of nitrogen dioxide (NO,) to nitric oxide (NO) converters such as those
used in oxides of nitrogen (NOy) analysers. Since stable NO, sources are difficult to
source and maintain, an alternative is to mix known quantities of NO with ozone. The
governing reaction in GPT analysis is:

0,+NO — NO, +0,

Within normal operating conditions of the GasCal, it can be readily assumed this
reaction is 100% efficient. Since the concentrations of Oz and NO are known, reliable
and stable concentrations of NO; can be produced. Please refer to your analyser
manual for specific instructions.

It is important to realise that the ozone generator built into some models of the GasCal
is designed for GPT converter efficiency checks only. These efficiency checks require
a stable source of ozone, the actual concentration of ozone is of lesser importance. In
order to obtain the desired stability levels necessary for GPT checks one must run the
ozone point for at least 30 minutes to obtain a sufficiently stable output.

Note: An ozone point should be run for
at least 30 minutes for a stable output to
be achieved.
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2 Installation

2.1 Initial check

Verify that the serial number label on the documentation and the serial number(s) on
the instrument match.

Check to make certain your instrument arrived undamaged. If you find damage, report
it as described in the preface, on the page titled Claims for Damaged Shipments and
Shipping Discrepancies in this user manual.

Analyzers are shipped ready to power up. Occasionally, however, rough handling
during shipment causes dislodged PC boards, disconnected cables, or incorrectly
positioned switches. Verify that your instrument is in operating condition by
removing the lid and inspecting all cables and tubing ensuring they are connected

properly.

Note: Do not alter any other components
within the instrument.

2.2 Mounting/Siting

The GasCal 1100 should be mounted in a dry, clean area away from direct heat
sources. Adequate ventilation should also be provided to ensure overheating does not
occur. Although a rugged device, clean and air-conditioned environments will provide
the best operating conditions for the GasCal. The GasCal can be ordered as either a
bench-top model or 19” racks mount. If installed in a 19” rack, be sure to support the
GasCal on a rack-mounted drawer (optional extra) or a suitable user supplied rack
mounted shelf, as the front mounting plate will not support the full weight of the
GasCal. Allow at least 1” clearance above the unit to provide ventilation. Allow
adequate space at the back of the calibrator for connectors and heat dispersion through
rear vents. All connections are made from the rear.

Note: If installed in a 19” rack, be
sure to support the GasCal securely
on a rack-mounted shelf.

2.3 Instrument setup

2.3.1 Power

The GasCal 1100 may operate on either 115 or 230 Volt AC power at frequency of
either 50 or 60 Hz. The selection of voltage is made via the voltage selection switch
visible at the back panel beneath the voltage-input socket. Ensure correct voltage
input setting before powering up the GasCal. The maximum power consumption of
the GasCal 1100 is approximately 60W. After warming up, the GasCal will consume
approximately 40W. Earth should be provided via the AC power plug and the chassis
should be connected to ground via the earth lug provided on the back panel of the
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calibrator. A power conditioner is recommended when the GasCal is to be used in
remote areas or areas where the power supply is unreliable.

EQUIPMENT DANGER!
Ensure correct voltage setting
before supplying power to the
GasCal.

2.3.2 Diluent Gas

Diluent gas is typically a clean, unreactive gas used to dilute reactive samples via the
Diluent Port. Dry, filtered gas should be supplied to the GasCal at a regulated pressure
of between 25 and 30 psig (170 kPa — 200 kPa). The required flow rate depends upon
the particular Mass Flow Controller (MFC) employed, but a value of 10 000 sccm is
typical. A ¥4 Teflon/nylon tube should be inserted into the self locking and sealing
port for connection. Please note that the diluent gas is used to produce zero air if no
span gas is selected.

Note: Dry, clean and filtered diluent gas should be supplied to
the GasCal at a regulated pressure of between 25 and 30
psig (170 kPa — 200 kPa).

Damage will occur if the pressure exceeds 40 psig (275 kPa).

2.3.3 Source Gas

The span gases should connect via the source gas port(s), labelled S1 to S4. Dry, clean
and filtered source gas should be supplied to the GasCal at a regulated pressure of
between 20 and 25 psig (140 kPa — 170 kPa). The required flow rate depends upon the
particular Mass Flow Controller (MFC) employed, but a value of 50 sccm is typical.
1/8” stainless steel tubing should be used with the supplied fittings. Only % of a turn
is required after finger tightening the nut. Serious damage may result from over-
tightening. The standard GasCal 1100 has four source gas inputs, however, some
models only have one. If the “purge” option is used (section 2.3.8), span port 4 is
designated the purge exhaust and cannot be used as a gas input.

Note: Dry, clean and filtered source gas should be supplied to
the GasCal at a regulated pressure of between 20 and 25
psig (140 kPa — 170 kPa).

Damage will occur if the pressure exceeds 30 psig (207 kPa).

2.3.4 Output Ports

There are four output gas ports available on the GasCal, labelled O1 to O4. Diluted
source gas is sent to each of the four % output ports. Chemically inert Kynar fittings
have been used and should be finger tight only. If any of the output ports are not used,
they should be sealed with the supplied Kynar nut. One of the output ports must be
connected to vent in order to avoid pressurising the unit. Damage to the equipment
may occur if the output circuit is pressurised.

Note: One of the output ports must
be connected to vent in order to
avoid pressurising the unit
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2.3.5 Digital Input/Output (J5)

The digital input/output port is a DB-50 connector. These digital input/output bits can
be used to control pre-programmed calibration sequences by contact closures or TTL
logic inputs. Likewise, the status of the calibrator can be sent to another device via the
digital output TTL signals on this port. Status alarms may also be sent to this port.

Contact closures or TTL logic may be used to control the digital input bits. A bit can
be programmed as either active “high” (5 VDC) or active “low” (0 VDC). “High” can
be either 5 VDC or TTL logic high. Likewise, “low” can be either 0 VDC or TTL
logic low. The TTL device contact closure must be capable of sinking 1 mA of
current per bit.

Digital output bits can be programmed as either active when high or active when low.
“High” in this case will be TTL logic high and, likewise, “low” will be TTL logic
low. The current sunk from the digital output bits should not exceed 20 mA. Table 1
shows the pin assignments for the digital input/output connector.

Note: The current sunk from the digital
output bits should be at least 1mA but must
not exceed 20 mA.

Serious damage to the calibrator will result if
this occurs.

Connection Inputs/Furge

Figure 2 Rear Connections

2.3.6 RS-232 Serial Communications

The GasCal 1100 can be controlled and programmed using the RS-232
communications port provided. The GasCal 1100 acts as a DCE device (similar to a
modem) and can be connected to any DTE device (PC or data logger) via a standard
modem cable. A standard “off the shelf” 9 pin RS-232 cable can be used to connect
the 9-pin female “D” connector on the calibrator to the DTE device. Standard DCE
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wiring is employed (transmits on pin 2 (RD) and receives on pin 3 (TD). Settings for
serial communication must be:

Baud Rate: 4800 bps

Data Bits: 8

Parity: None

Flow Control: None

Stop Bits: 1

The TD signal is tri-state, allowing the GasCal 1100 to be connected to the same
serial port as some gas analysers regardless of their baud rate settings.

CONNECTOR J1
PIN SIGNAL
J1-2 RD Receive Data
J1-3 TD Transmit Data
J1-5 Digital Common

Note: RS232 communication settings are:
4800 baud rate, 8 data bits, No parity, 1
stop bit

2.3.7 Diluent Control (J6)

When used together, a standard RS-232 9 pin serial cable can connect an Ecotech
8301-LC Zero Air Source and the GasCal 1100. This connection is to be made
between J6 on the GasCal 1100’s rear panel and the 8301-LC.

The 8301-LC Zero Air Source can be replaced by another source that utilises the 12
VDC signal that is sent to the Diluent Control port when the air source is to be
activated. When using a customised source, the current draw should be limited to 25
mA. Inductive loads such as solenoids and mechanical relays must have snubber
diodes connected in parallel with their coils. The diode cathode should be connected
to J6-6.

Note: The current sunk from the zero air source control port
should not exceed 25 mA. Inductive loads should have
protection diodes fitted.

Damage to the calibrator will result if these precautions are
not followed

Note: If the Digital Inputs are connected directly to some
other device such as a data logger which has TTL outputs,
then a 100ohm resistor should be placed in series with this
connection in order to prevent damage to either devices. An
example of this is when the Gascal digital inputs are
connected to Digital Outputs OP4, OP5, OP6 or OP7 on the
Ecotech 9400TP Termination Panel.

CONNECTOR J6
PIN SIGNAL
J6-2 Zero Air On (12vDC)
J6-6 Analog Ground
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2.3.8 Purge for Gas Lines

The software includes a purge option that allows venting of gases without the danger
of contaminating other gas sources. With the software option enabled, one input port
becomes a purge exhaust port. Without the option enabled, gas from one source line
may react with gas from another source at the incorrect time, causing a change in
output concentrations.

If activated, the selected gas port will be purged for a set period of time whenever
input gas is changed.

If the purge option is used, input port 4 becomes the purge exhaust port and is to be
connected to an exhaust line through the purge orifice. The exhaust line should be
connected to an exhaust manifold venting to a suitable location outside.
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3 Operation

3.1 Mode of Operation

The calibrator has two basic modes of operation: Automatic mode and Manual mode.

3.1.1 Automatic mode

In Automatic mode the GasCal 1100 operates selecting one of the predefined (up to
20) calibration “points”. Each point defines one or more of the following parameters:

Output Gas Type

Output Flow Rate

Output Concentration

Output Ozone Concentration

Output Units

Digital Input Trigger

Digital Status Indicator
Thus, up to 20 different points can be defined for zero, spans of various
concentrations and various GPT points. Each of the points can be activated by a
different digital input bit pattern. Different digital output bit patterns may be used to
indicate the status of the point (on/off) or to generate an alarm status or control output
for external devices. Points can be automated within a “sequence”, a sequence will
automatically step through a number of predetermined points. Multiple sequences can
be set up and used on command in a similar fashion to a point.

3.1.2 Manual mode

In this mode the input control lines are ignored. The same pre-programmed points
can be turned on and off from the keypad or by RS232 command. Once triggered a
point will remain on until; it is manually changed, times out, or the mode is changed
to automatic. Manual mode can be turned on and off from the keypad or by RS232
command. On power-up the calibrator is by default in automatic mode.

In the Manual mode menu the user may operate the GasCal without the need to have
an external device initiating the desired calibration point. Also, the user may request
specific source gas flows and diluent gas flows without having to set a specific point.
This option is extremely useful for flow calibrations and audits.

To use the Manual mode one must first change the Manual mode option to YES. Once
selected the user can either select a pre determined point/sequence or specific gas
flows. A point/sequence can be selected by entering the point number in the Set Point
or Set Sequence entries. A timeout period can also be specified which will return the
GasCal to automatic mode after a set number of minutes. If time is specified as “0”
(zero) in the timeout entry the GasCal will stay in Manual mode indefinitely.
Individual flows can also be requested by entering a number in the Set flow entries.
For a source gas, the source gas number must also be selected.

Note: The Manual Mode will remain activated until the
mode is either disabled or the user set timeout
activates. Caution should be taken to ensure the
manual mode is not left activated accidentally.

11
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3.2 General operational information

3.2.1 Keyboard & Display

The GasCal comes standard with a 4 line, 20 character LCD display along with a
custom membrane type keypad. The backlit LCD display has a variable contrast
control (see section). The keyboard consists of six keys enabling quick access and
programming to all of the menus:

Note: GasCal 1000 contains only
a two line LCD display not a 4 line.

Moves cursor to the previous menu item or, in an input field, moves the cursor to the
next choice or increments the digit in a numerical or text field.

Moves cursor to the next menu item or, in an input field, moves the cursor to the
previous choice or decrements the digit in a numerical or text field.

Selects the menu choice or selects the field for input.
Select

Moves the cursor to the previous page or screen

Leaves a field without making a change or returns the cursor to the main screen.

Exit

Confirms a menu item or a field selection to the microprocessor.

RER S IR

The combination of these keys enables the user to rapidly manoeuvre through the menu structure.

3.2.2 Editing Fields

To edit a particular field, use the Select key to edit the menu item. Please note that
some menu items are not editable, such as voltages and other status indicators.

Once editing has begun:

Press Select to select the next character to the right.

Press Page Up to select the character to the left.

Press Up to increase the value of the selected character.

Press Down to decrease the value of the selected character.

Press EXxit to quit editing without saving the parameter.

Press Accept (return arrow) to save the parameter and quit editing.

The available characters vary according to the parameter type:
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Type Characters in ascending order
Number 0123456789space-. (“-*available only in the first position)
Integer 0123456789 space

String space!"#$%&'()*+,-./0123456789:;<>?
@ABCDEFGHIJKLMNOPQRSTUVWXYZ

Mask X01

Yes/No YES NO (Select and PgUp have no effect)

3.2.3 Serial Port Menu Navigation

It is also possible to operate the GasCal via a RS232 connection. Utilising a terminal
program with the communication settings at 4800 baud, 8 data bits, no parity, one
stop bit, the user can program and operate the GasCal from a laptop or remotely.

The software accepts the following ASCII characters as local keystrokes:

Keyboard Key GasCal Key

Right Arrow Select

Left Arrow Page Up

Up Arrow Up

Down Arrow Down

Esc Exit

Enter Accept (return arrow)

3.3 Main screen

The main screen shows the current status of the calibrator and has five different
appearances depending on the current operation of the calibrator.

3.3.1 Standby Screen

The screen will display the following when in standby mode:

Ecotech
GasCal 1100

3.3.2 Zero Screen

The screen will display the following when the calibrator is delivering zero gas only
with no source gas:

Point 01 Zero
Flow = 3001

In this screen the point number and the total diluent flow are displayed.

3.3.3 Span Screen

The screen will display the following when the calibrator is delivering zero gas mixed
with source gas. By scrolling down more status information can be obtained from the
subsequent lines.

13
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Point 01 NO
305 ppb
Flow = 3001 sccm

Zero Flow = 2937
Source Flow = 64.2

In this screen the point number and the source gas are shown along with the output
concentration of diluted source gas. Also shown on this screen are the total flow rates,
the zero flow rate and the source gas flow rate.

3.3.4 Ozone Screen

The screen will display the following when the calibrator is delivering zero gas, ozone
and/or source gas. By scrolling down more status information can be obtained from
subsequent lines.

Point 01

NO (OK]

NO 305ppb
Ozone 340ppb
Flow 3001
Zero Flow = 2937
Source Flow = 64.2

O3 Source = 30.0 ppm

In this screen the point number, source gas and ozone are shown along with the output
concentration of diluted source gas and ozone. Shown also are the total flow rates, the
zero flow rate, the source gas flow rate, the undiluted ozone output from the ozone
generator and the voltage being supplied to the ozone generator.

Note: the reaction of ozone with any source gas is not
taken into consideration, and the concentrations
indicated are prior to mixing.

3.3.5 Manual mode screen

The following screen is displayed when in manual mode. When in manual mode the
instrument automatically displays the flow of the Zero, Span 1 and Span 2 gases.
When GPT option is installed additional Ozone flow and O3 SRC CONC are
displayed.

ZERO FLOW =
OZONE FLOW*
O3 SRC CONC*
SPAN FLOW 1
SPAN FLOW 2

oNeoloNoNe]

* Only visible with GPT option

14



GasCal 1100 User manual 3.1 Operation

3.4 Menus and screens

To begin using the GasCal 1100, a number of different parameters must be
programmed into the unit. This section of the manual shows the user a step by step
method of setting up the GasCal 1100. To access these items press the Select button
while on the main screen. The following menu choices will appear:

Status >
Setup >
Manual >
S/W Version Vv3.09

*only visible when GPT option installed
Figure 3 GasCal Menu System

3.4.1 Status Menu

The Status menu displays information about current operation of the GasCal. Using
the cursor keys, move the cursor to the Status option and press Select to access this
menu. Once selected the following menu options will appear:

15
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3.4.1.1 System

GasCal 1100 User manual 3.1

System

N2\

Alarms

The following items appear in the system status menu.

Status OK

Status OK YES
Lamp Cur. 0.109
Lamp Temp. 50.08
P.T. Temp. 50

+5 V. 5.02
+12V 11.74
-12v -11.87
+15V 15.076
-15V 15.02
Ch. Temp. 32.627
Trig. Word 111111

The Status OK entry is the logical “and” sum of all of the parameters shown below.
If any of the parameters are not within tolerance then the Status OK entry will show
NO. These parameters are non-editable and simply display their value. The

following table shows the tolerances for these values.

Parameter Nominal Value Tolerance

Lamp Temperature* 50 degC +/- 0.5 deg when warm
(Lamp Temp)

Permeation Tube Temp* 50 degC +/- 0.5 deg when warm
(P.T. Temp)

+5V 5 Volts +04,-0.2V

+12V 12 Volts +-15V

-12V -12 Volts +-2.0V

+15V +15 Volts +/-05V

-15V -15 Volts +/-0.5V

Chassis Temperature 25 degC +/- 15 degC

(Ch Temp)

* Only valid when option installed and unit has been running for more than 30

minutes

Trig. Word

The Trig. Word entry shows the current state of the digital input bits from external
triggering device (Logger, analyser etc). These input bits can be compared to the
input bits that are expected to be received via the 25 pin connector.

Note: The “Status OK” entry in the Status
menu is the sum of all alarm conditions and
provides an overall status of the GasCal

16
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3.4.1.2 Alarms

The following items appear in the alarm status menu:
Low Flow NO
Under Range NO
Over Range NO
Lamp Temp NO
Perm Temp NO

Each entry shows current alarm condition of the above items. If outside the set
tolerance the alarm will be set to YES. Also, an asterisk (*) will be shown on the right
hand side of the top line of the main screen to indicate an alarm condition. This
asterisk is the sum of all alarms and will be displayed if any of these alarms are active.

Parameter Alarm activated if:

Low Flow Less than 95% of set point
Under Range Less than 5% of FS flow
Over Range Greater than 100% of FS flow
Lamp Temp Lamp Temp tol. exceeded
Perm Temp Perm Temp tol. exceeded

3.4.2 Setup Menu

Using the cursor keys, move the cursor to the Setup option and press select to access
this menu. Once selected the following menu options will appear:

Points
Gases
Sequences
Alarms
Serial Port
Purge (Sec)
No Point O/P 00000000
No Seq. O/P XXXXXXXX
Flow Temp. 0

SR 2 2 2 2 4

3.4.2.1 Points

In the points menu the user may edit any of the 20 points. Pressing the Select button
with one of the points highlighted displays the following menu: “PX” corresponds to
point number “X”, e.g., P15 is the fifteenth point.

P1 Gas No.
P1 Flow

P1 Conc

P1 03 Conc.*
P1 Units

P1 Trigger

P1 Status

*only visible when GPT option installed

17
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PX Gas No. This option selects which source gas to use in the dilution
(1...10). If the point is to be used to supply Zero gas or Diluent
gas only then use O for this parameter.

PX Flow This variable selects the total flow required for this point.
Remember that this total flow must be between 10 and 100% of
the diluent mass flow controller maximum (typically 10 000
SCCM).

PX Conc This variable sets the concentration of the diluted gas for this
point. The requested concentration must be such that the span
gas flow is within 10 — 100% of the source gas mass flow
controller maximum (typically 50 sccm).

PX O3 Conc This variable sets the concentration of ozone produced for this
point. The requested concentration must be within the limits
specified in the GasCal calibration certificate.

PX Units Use this variable to select the concentration units for the point
in question. Select from %, ppm, pphm and ppb

PX Trigger This option allows the user to set which digital input bit pattern
will be used to activate and deactivate this point. Each bit is
represented from left to right beginning with bit 1 and ending in
bit 8. Possible values for these entries are:

0 Activate when digital input bit is low
1 Activate when digital input bit is high
X Ignore
PX Status This option allows the user to set which digital output bit

pattern will be used to signal the status of the point (on or off).
Each bit is represented from left to right beginning with bit 1
and ending in bit 8. Possible values for these entries are:

0 Set digital output bit low when point activated
1 Set digital output bit high when point activated
X Not used

3.4.2.2 Gases

In this menu the user can define the names and concentrations of the source gases 1 to
10. Note that some GasCal’s come with only one source gas port.

Gas 1 Name GAS1
Gas 1 Conc 0

Gas 1 Units ppm
MFC factor 1.
Gas 1 Source 1

Gas X Name

18
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Each gas should be identified by a name (up to six characters) such as “S02” or
“NO”. The concentration should also be entered for the gas.

Gas X Conc
The concentration of the source gas (bottle) should be entered into this field.

Gas X units
Enter the units which the source gas concentration is measured in; choose between

ppm, pphm, ppb.

MFC factor

The mass flow correction factor should be entered in for any gas that is different from
the default nitrogen (1) or the dilution gas. A table of these correction factors can be
found in Appendix C. If the required carrier gas does not appear in this table please
contact Ecotech Pty. Ltd. for the required factor.

Gas X source
This field denotes which source port the gas is attached to. If the purge function is not
used then Source can be from 1 to 4, otherwise 1 to 3.

Note: For multi-component mixtures all gases will use the same Source (input port).
The GasCal 1100 can automatically calculate the correct concentration of each
chemical in mixtures for each different point providing that the correct bottle
concentrations are entered within the Gas X Conc field.

Note: A mass flow correction factor must be entered for
gases which have a balance other than the factory
standard of Nitrogen (1).

3.4.2.3 Sequences

The GasCal can be programmed to automatically cycle through a number of points,
one after the other. This is called a Sequence. Up to ten sequences can be defined,
each cycling through up to five points. The Period of the sequence defines the time
each point is activated for.

After selecting a sequence number from the sequence menu the following screen is
displayed:

Seql Trig XXXXXXXX
Seql Status XXXXXXXX
Period (min) 100

1st point 3

2nd point 4

3rd point 17

4th point 8

5th point 0

Where “SeqX” refers to the sequence numbered “X”
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SeqX Trig

This option allows the user to set which digital input bit pattern will be used to
activate and deactivate this sequence. Each bit (shown as an X above) is represented
from left to right beginning with bit 1 and ending in bit 8. Possible values for these
entries are:

0 Activate when digital input bit is low
1  Activate when digital input bit is high
X Ignore

SegX Status

This option allows the user to set which digital output bit pattern will be used to signal
the status of the point (on or off). Each bit (shown as an X above) is represented from
left to right beginning with bit 1 and ending in bit 8. Possible values for these entries
are:

0 Set digital output bit low when point activated
1  Set digital output bit high when point activated
X Not used

Period (min)
This is the number of minutes each point is activated for.

Nth point
These five numbers correspond to the points to be cycled through. No point will be
executed if the point value is zero.

3.4.2.4 Alarms

The alarm menu, found under Setup, lists alarms which can be enabled:
Low Flow XXXXXXXX
Under Range XXXXXXXX
Over Range HXXXXXXXX

Three alarms can be set to indicate abnormal conditions:

Any combination of the 8 digital output bits can be used for alarms. Each bit (shown
as an X above) is represented from left to right beginning with bit 1 and ending in bit
8. Possible values for these entries are:

0  Set bit low when alarm activated
1  Set bit high when alarm activated
X Alarm does not change this bit

Note: Ensure that any alarm bit used has not
been previously assigned as a point status bit.

20
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Low Flow
This alarm is activated when the rate of gas flow through one of the Mass Flow
Controllers is too low.

Under Range
This alarm indicates that the value of diluent flow or source gas flow for the active
point is too low. (Less than 10% of the full-scale limit)

Over Range
This alarm indicates that the value of diluent flow or source gas flow for the active
point is too high. (Greater than the full-scale limit)

3.4.2.5 Serial Port
The serial port menu allows terminal mode to be enabled.

| Terminal NO |

When the Terminal mode is activated all of the information being displayed on the
screen is relayed to the RS232 port. A terminal device can be connected to this port
and the calibrator menus can then be accessed via RS232. The serial parameters for
the remote device should be set as follows:

Baud Rate: 4800 bps
Data Bits: 8

Parity: None
Flow Control: None
Stop Bits: 1

Commands can also be sent to the GasCal via the serial port, using DTE programs
such as Hyper-Terminal on a PC. This is extremely useful when upgrading the ROM
chip of the GasCal. The DUMP command can be used to extract and save all machine
settings before removal of the ROM, while the UPLOAD command can restore these
settings afterwards. See the complete list of commands found in Appendix A - Serial
Port Commands.

3.4.2.6 Purge Time

If Purge Time is set to O then the purge option is not used and all four source gas ports
are available.

If Purge Time is not 0, every time the active gas source port is changed the gas source
line and manifold are purged through port 4 for the number of seconds specified.

3.4.2.7 No Point O/P

This field allows the user to enter an 8 bit code that will be output from the instrument
when there is no point operational. This allows other devices to detect whether or not
the GasCal is under operation. As above, the eight bits (numbered from 1...8, left to
right) can be set to 0, 1 or X. Setting a bit to 1 or 0 will cause the machine to output
this value when the condition is true. Setting a bit to X leaves the bit unchanged.
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3.4.2.8 No Seq. O/P

This field allows the user to enter an 8 bit code that will be output from the instrument
when there is no sequence operational. This allows other devices to detect whether or

not the GasCal is under operation. As above, the eight bits (hnumbered from 1...8, left

to right) can be set to 0, 1 or X. Setting a bit to 1 or 0 will cause the machine to output
this value when the condition is true. Setting a bit to X leaves the bit unchanged.

3.4.2.9 Flow Temp.

The Flow Correction temperature is used to set the temperature at which flow rates
are created. Any deviation in temperature from this point will not affect flow rates as
the instrument will correct the flow rate to keep it constant. The default is 0°C the
Australian standard, United States standard is 25°C.
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3.4.3 Manual Menu

To access the Manual menu, press the Select button when in the main screen. The
following menu choices will appear:

Status

Setup

Manual

S/W Version V3.00

N 2\ Z

Using the cursor keys, move the cursor to the Manual option and press Select to
access this menu. Once selected the following menu options will appear

Manual Mode
Set Point

Set Sequence
Set Flow 1
Set Flow 2
Set Z. Flow
Set O3 Flow
Set O3 Src
Set Gas
Purge Port
Timeout (min)

O

O OO OO ODOOOO 72

Manual Mode

The Manual mode can be set to either Yes or No. Setting the Manual Mode to yes
allows the user to manually control the GasCal from the Manual menu’s fields below.
The manual mode will override the automatic mode points/sequences which will
recommence when returned to automatic mode.

Set Point t
This field allows the user to manually set which point they wish to run (enter the
number of the point set up in the points menu 3.4.2.1).

Set Sequence t
This field allows the user to manually set which sequence they wish to run (enter the
number of the point set up in the sequence menu 3.4.2.3).

Set Flow 1
This field allows the user to manually set the flow rate (cc) of the span gas. Gas type
will be set in the Set Gas field below.

Set Flow 2
This field allows the user to manually set the flow rate (cc) of the second span gas
(optional). Gas type will be set in the Set Gas field below.

Set Z Flow
This field allows the user to manually select the diluent flow (cc).

23



Operation GasCal 1100 User manual 3.1

Set O3 Flow*
This field allows the user to manually select the ozone gas flow (cc).

Set O3 Src*
This field allows the user to manually select the concentration (ppm) of O3 produced
by the GasCal when the Set O3 Flow field above is set to 100.

Set Gas
This field opens the gas specified within the gases menu (section 3.4.2.2) for the
manual flow set above.

Purge Port
Manually selects the port which is to be purged i.e. purge 1 = purge port 1 using the
purge port (4).

Timeout (min)
This field allows the user to set the time the instrument will stay in manual mode.
Selecting 0 will keep the instrument in manual mode indefinitely.

t If purge option is activated then instrument will purge before starting sequence/point.
* Only visible when GPT option installed
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4 Calibration

4.1 MFC Calibration

Instruments required:
e 1. Flow standard-1100 or
2. Mass Flow measurement device or
3. Volumetric flow measurement device with a temperature probe and a
pressure sensor.

It may be necessary occasionally to re-calibrate the mass flow controllers of the
GasCal. In order to do this a flow device having an accuracy of equal to or better than
1% must be used. In instances where multiple GasCal’s must be calibrated, the
Ecotech Flow Standard is specifically designed for this process (see Flow Standard
manual for calibration procedure). The output of the mass flow controller should be
connected directly to the flow measurement device. If the measurement device is a
volumetric device both the temperature of the gas and the barometric pressure need to
be accurately measured in order to calculate the mass flow.

Pre-calibration procedure
1. Download data and record all parameters/fields from the GasCal (perform
serial dump).
2. Power down the GasCal and remove the main supply.
3. Remove the top cover of the GasCal by
a. Remove the side panels by using a screw-driver to pop open the end
(A).
b. Pull the side panel off removing it from its Velcro attachment for both
sides (B).
c. Now remove the lid by using a spanner or screw driver to lift the tabs
(C & D) on each end (front and back) of the GasCal sides.
d. Lift the lid up carefully ensuring to remove the earth wire.
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Figure 4 GasCal casing removal procedure
4. Once the cover is removed select a mass flow controller to check and connect
the flow device directly to the output of the mass flow controller as shown in
Figure 5.

Figure 5 Calibration Setup

5. Restart the instrument by reattaching power and turning switch on. Leave
instrument for 30 minutes to warm up and condition to testing environment.

6. Once the hardware setup has been completed, enter the hidden menu by
pressing the space between and slightly above (20mm) the up and down
arrows and the Select key.

7. In the hidden menu select MFC Coeff option and record the old coefficient
values for the MFC being calibrated (coeff 0-2). These old coefficients should
be entered into the MFC Pre-Post worksheet within the Maintenance
spreadsheet as shown in Figure 6 below.

8. Set the coefficients of the mass flow controllers being calibrated to the
following:

e MFCX Coeff 0 to 10,
e Coeff2to0
e MFCX Coeff 1= Max flow
5
Xcanbel, 2, 3or4.
See Figure 10 for the location of each mass flow controller.
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Figure 6 Original coefficient fields

Calibration procedure
For each of the mass flow controllers being calibrated perform the following
procedure:

1. Connect diluent air to the diluent port as well as span port 1 (via a T-piece).

Note: Do not over pressurise the unit,
Do not exceed 2 bar (29 psi) pressure

2. Enter the Setup Menu then gases menu and specify gas 10 to use Span port 1
[Gas10 Source: 1].
3. In the Manual menu enable “Manual mode”, set the flow controller being
calibrated to full-scale:
e For the diluent mass flow controller (MFC 1) set “Z.Flow “to full-
scale.
e For the ozone mass flow controller (MFC 2) set “O3 flow” to full
scale.*
e For the source mass flow controller (MFC 3) set “set flowl” to full-
scale and “set gas” to 10.
e For the second source mass flow controller (MFC 4) set “set flow2” to

full-scale and “set gas” to 10.*
*only valid when option installed

4. Using the spreadsheet complete all of the ten set points from full scale to 0,
recording the measured flow, temperature and pressure.

5. A graph will automatically be drawn and a 2nd order polynomial will be fitted
to the data as shown in Figure 7. The r? value should be greater then 0.9995.
The worksheet will then automatically generate a new set of coefficients.
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Voltage Vs Measured Flow
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Figure 7 Mass flow controller characterisation graph

6. The polynomial coefficients are then the exponents of the equation below
which can then be entered into the GasCal directly.

Y = MFCX coeff 2 (x%)+ MFCX coeff 1 (x)+ MFCX coeff 0

7. Once completed enter the new coefficients into the GasCal by entering the
hidden menu and selecting the MFC coeff option. Using the maintenance
worksheet complete a post check with the new coefficients. The mass flow
controllers should be within 1% of their full-scale values.

4.2 Ozone Calibration

The ozone generator needs to be calibrated for it to produce reliable and accurate O3
concentrations.

1. To do this, enter the hidden menu by pressing the hidden button between and
slightly above (20 mm) the up and down arrows and the select key orgs says
combination of keys

2. Inthe hidden menu record the existing O3 coefficients. Then set the
coefficients to the following values:

O3 Coeff 0 =-10
O3 Coeff 1 =10
O3 Coeff2=0

3. Referring to the original factory calibration for the O3 generator, record the
ozone concentration for point 1 and 10.

4. Open the maintenance worksheet select the ozone calibration tab and enter the
factory points into point 1 and 10 of the ozone concentration row. This will
give you a set of 10 points to calibrate the ozone generator.

5. Run the point for at least 30 min with the output being measured by an
accurate ozone-recording device.

6. Enter Oz reading in the Oz average row of the ozone calibration worksheet
making sure the reading has stabilised.
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7. The spreadsheet will automatically calculate the O3 Gen concentration
however this can easily be calculated by multiplying the O3 concentration by
flow and dividing by 100. Once you have completed all 10 points

8. A graph will automatically be drawn and a 2nd order polynomial will be fitted
to the data as shown in Figure 8. The r® value should be greater then 0.9995.
The worksheet will then automatically generate a new set of coefficients.

O3 Voltvs O3 Conc
60
50 | y = 0.634276X° + 16.564002x - 21.393082
R? = 0.999998
40 |
£ 30 |
o
20 -
10
0 I I I I I
1.250 1.750 2.250 2.750 3.250 3.750
v

Figure 8 Ozone Generator Characterisation Graph

9. The polynomial coefficients are then the exponents of the equation below
which can then be entered into the GasCal directly.

Y = 03 coeff 2 (x*)+ O3 coeff 1 (x)+ O3 coeff 0

10. Once completed, enter the new coefficients into the GasCal by entering the
hidden menu and changing the O3 coeff 0, 1 and 2. Using the maintenance
worksheet complete a post check of the function of the ozone generator. The
03 output should be within 5% of the requested output.
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5 Maintenance

Note: The maintenance procedures outlined
below should be used in conjunction with the
supplied GasCal Maintenance spreadsheet.

5.1 Maintenance tools

To perform general maintenance on the GasCal 1100 the user will be required to carry
the following equipment:
e 1. Flow standard-1100 or
2. Flow measurement device (measures temperature and pressure) or
3. Volumetric flow meter and temperature probe and Pressure probe.
Flat head screw driver
Snoop (or other leak detection equipment).
9/16 spanner
7/16 spanner
1/4 swage lock fittings
1/8 swage lock fittings

5.1.1 Maintenance sheets

This maintenance sheet is used to perform checks and calibrations of the various
components of the GasCal 1100. The Maintenance sheet comprises six work sheets,
the first (Main Data) worksheet is used for yearly checks of communication interface,
parameters and Leak checks. The next three worksheets labelled MFC Pre-Post, MFC
graphs and MFC calibration are used to perform pre and post-check and calibrate
individual Mass Flow Controllers. These three worksheets should be replicated by
copying and pasting new worksheets (tabs) into the existing spreadsheet for the
amount of MFC’s being checked/calibrated i.e. if three MFC’s being calibrated then 3
X MFC pre-post, MFC Graphs and MFC Calibration should be created and labelled
appropriately. The last two worksheets relate to a check/calibration of the ozone
generator.

Within these sheets there are two main fields, unshaded fields and shaded fields.
Unshaded fields are present for the user to fill in the appropriate figure they have
calculated/received. The shaded fields are calculation fields where the program will
use the figures entered into unshaded fields to calculate the result. These results can
be used to check whether the instrument is within specifications, and will allocate it
either a pass or fail.
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5.1.1.1 Main Data
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Figure 9 Main Data worksheet

The Main Data worksheet is used to complete the general checks and calibrations of

the Ecotech GasCal 1100. There are four fields at the top of this sheet which are filled
out individually each time a check/calibration is performed. These fields are linked to
the other worksheets and will be automatically filled out.

1.

GasCal Model

The GasCal Model section is used to fill in the model GasCal the
technician is using (1000 or 1100) as well as the version of firmware on
the instrument. These are strictly for documentation and do not affect the

calculations within this application.
A/D Check

The A/D Check is to check that the analogue to digital converter is within

specification.
DVM reading R23:
section 5.3.5)
GasCal Vol 13:
Difference (<0.1):

DAScale (1 £0.1):
be approx 4V (x 10-20%)
Parameter Check

Digital volt meter reading from resistor 23 (refer

GasCal Voltage (see hidden menu)

Differnce between DVM reading and GasCal
voltage (automatically calculated)
Automatically calculated parameter that should

The parameter check section is used to give an instantaneous pass or fail
assessment of the lamp temperature and voltages displayed in the status

menu see section 5.3.2.
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5.1.1.2 MFC Pre-Post

This worksheet is used for checking the flow against 10 set points and
calculating the full scale error to determine whether the flow is within
the set tolerance.

5.1.1.3 MFC Graphs

This worksheet presents a graphical representation of the error
calculated within the MFC Pre-Post worksheet. These graphs show the
error at each set flow as a line graph.

5.1.1.4 MFC calibration

This worksheet is used to calibrate the Mass Flow Controller using
default coefficients at a measured flow and known voltage, to calculate
a new set of coefficients from a second order polynomial equation.

5.1.1.5 Ozone Pre-Post

This worksheet is used for checking the ozone concentration against 10
set points and calculating the full scale error to determine whether the
concentration is within the set tolerance.

5.1.1.6 Ozone Calibration

This worksheet is used to calibrate the ozone calibration using default
coefficients at a measured concentration and known voltage, to
calculate a new set of coefficients from a second order polynomial
equation.

5.2 Maintenance schedule

The GasCal 1100 has been designed to ensure trouble free operation. If the GasCal
has been properly installed and has been used with clean, dry, filtered gas, minimal
maintenance will be required. The following section shows the common maintenance

steps and their frequency:
Table 1 Maintenance schedule

Interval Item Procedure Page
(samples)*

As required LCD Contrast Adjust 33
Monthly Parameter Check 33
Yearly Particulate Filter Check 33
Yearly Leak Check Check 34
Yearly A/D Check/Adjustment Adjustment | 35
Yearly MFC Check Check 36
Yearly MFC Calibration Perform 25
Yearly Ozone Check Check 36
Yearly Ozone Calibration Perform 28

* Suggested intervals for maintenance procedure may vary with sampling intensity and environmental
conditions.
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5.3 Maintenance procedures

5.3.1 LCD Contrast Adjust

The LCD contrast is changed by adjusting the variable potentiometer located behind
the front panel. To access this remove the 6 screws visible on the front panel and
carefully swing the front panel outwards from the left while maintaining the right
hand side of the panel in position. This should be done to minimise the chance of
damaging the keypad ribbon and connector. The potentiometer is visible on the first
PCB from the right and this should be adjusted with an isolated screwdriver.

Note: Always take appropriate precautions
when working on electronic equipment.

Note: Take care when removing the front
panel. The keyboard ribbon cable can be
easily damaged.

5.3.2 Parameter Check

A check of system voltages and temperatures should be made monthly to ensure the
GasCal is operating correctly. These values can be found in the Status - System
menu. The following table gives the tolerances for these values:

Table 2 Parameters with nominal value and tolerances

Parameter Nominal Value Tolerance

Lamp Temperature* 50 degC +/- 0.5 deg when warm
Permeation Tube Temp* 50 degC +/- 0.5 deg when warm
+5V 5 Volts +0.4,-02V

+12V 12 Volts +/-15V

-12V -12 Volts +-20V

+15V +15 Volts +/-05V

-15V -15 Volts +/-05V

Chassis Temperature 25 degC +/- 15 degC

* Only valid when option installed and unit has been running for more than 30 minutes

5.3.3 Particulate filter Check

A yearly check should be made on the diluent particle filter which is housed inside the
calibrator. This can be inspected by first powering down the GasCal and removing
main supply. Then, remove the top cover of the GasCal via the method used in section
4.1. Once removed, the filter will be visible between the mass flow controllers and the
diluent outlet ports on the rear of the instrument. Refer to Figure 10 for more detail.

33




Maintenance GasCal 1100 User manual 3.1

5.3.4 Leak Check

An annual leak check of the unit is recommended. The simplest method is to apply
source gas to one of the source gas inlets and plug all outlet ports, including the
diluent port. Activate a source either manually or by using a pre-defined point so that
the GasCal is pressurised by the source gas. Once the source gas pressure has
stabilised, back the cylinder pressure off using the regulator adjustment and observe
the source gas line pressure. Record this reading and leave the GasCal for
approximately 10 minutes. After 10 minutes the pressure shown should not have
changed by more than 2 psi.

If pressure does not drop then there is no leak within the instrument.

If the pressure has changed by more than 2 psi

1. Power down the unit and disconnect from mains supply.

2. Once power has been removed source gas should be isolated from the rest of
the GasCal, as the source gas solenoid will now be closed.

3. Inthis way, leaks can be identified as being before or after the solenoid valve.

4. If the leak is found to be after the solenoid valve (most probable), then apply
source or diluent gas to one of the input ports or diluent ports and check for
leaks in the same manner.

5. Asuitable leak check fluid can be used however ensure power has been
removed from the GasCal.

6. When a leak is found repair or replace problem area if possible, if this is not
possible or the operator is unsure how to competently repair return instrument
to Ecotech.

7. Also ensure that any liquid used for leak checking is completely dried before
power is re-applied to the GasCal.
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5.3.5 A/D Check/Adjustment

From time to time the A/D converter will need adjustment and should be checked
yearly. This is done by first powering down the GasCal and removing main supply.
Remove the top cover of the GasCal via the method used in section 4.1. Take care to
disconnect the ground strap located on the inside from left-hand corner of the lid.
Once removed, locate the main A/D board which is first from the right hand side of
the GasCal (when looking form start). At the top of this card % of the way from the
front are situated two test points labelled AGND and +12V. Place the “+ lead “ of a
previously calibrated digital voltmeter on the leg of the resistor R23 close to the
+12V terminal and the * — lead” on the AGND terminal. Power up the GasCal and
allow it to warm up for at least half an hour. Enter into the hidden menu (press the
space between and slightly above, 20mm, the up and down arrows and the Select
key). Select “Voltages” and, using the down arrow, locate “Voltage 13“. Enter this
voltage into the GasCal Vol 13 field (A/D check within the Data Sheet tab of the
worksheet) along with the voltmeter reading into the DVM reading R23 field. The
reading should agree to within +/- 0.01 volts of the DVM measurement, if not either
contact the Ecotech service department.

Note: Adjust the potentiometer VR1 located to the right of
the AGND test point until the two values agree, this should
only be performed by a qualified technician and will result

in the need for MFC and Ozone generator recalibration.

Figure 10 Component Layout
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5.3.6 Ozone Check

To ensure correct and accurate operation of the ozone generator, a yearly check is
recommended. The concentration should be within 2% of full-scale (1ppm). Open up
the supplied maintenance spreadsheet and select the ozone pre-post tab. Run the point
for at least 30 min with the output being measured by an accurate ozone-recording
device. Enter O3 reading in the O3 Ref Average row of the table making sure the
reading has stabilised. If on completion of the ozone pre check the full scale error
exceeds 2% the ozone generator needs calibrating.

5.3.7 MFC Check

To ensure correct and accurate operation of the GasCal, a yearly check of the mass
flow controller operation is recommended. The mass flow controllers should be
within 1% of their full-scale values. If the values fall outside of this tolerance, the
mass flow controller coefficients need to be recalculated. See section 4.1 for this
procedure. If the values fall outside of 5% of full-scale, the mass flow controller being
tested will need to be replaced. The following procedures show the required steps to
calibrate each mass flow controller.

Note: that the mass flow controllers are
referenced to 0 deg C and 1013.25 hPa pressure.

Open up the supplied maintenance spreadsheet and create copies of the MFC tabs for
each extra MFC being tested, refer to section 4.1.
Connect a flow meter to one of the output ports on the GasCal and block all others

For each of the mass flow controllers being calibrated perform the following
procedure:
Connect diluent air to the diluent port as well as span port 1. Then enter the Setup
Menu and specify gas 10 to use Span port 1
Enable “Manual mode”, set the flow controller being calibrated to full-scale:
e For the diluent mass flow controller (MFC 1) set “Z.Flow * to full-
scale.
e For the ozone mass flow controller (MFC 2) set “O3 flow” to full
scale.*
e For the source mass flow controller (MFC 3) set “set flowl” to full-
scale and “set gas” to 10.
e For the second source mass flow controller (MFC 4) set “set flow2” to

full-scale and “set gas” to 10.*
* Only valid when option installed

Using the spreadsheet complete all of the ten set points from full scale to 0, recording
the measured flow, temperature and pressure.
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5.3.8 Hidden Menu

Hidden Menu
Voltages

Test

MFC Coeff.
ILamp Const

P Temp Const
P Temp Offs
L Temp Const
L Temp Offs
03 Coeff 0
03 Coeff 1
03 Coeff 2
03 Max volts
03 Min volts
03 Flow

2" Gas MFC

Hidden Voltage Menu (for factory use only)

VO

V15

Hidden Test Menu (for factory use only)

SetZeroFlow
SetGasFlow
SetGasFlow1
SetGasFlow?2
SetO3Flow
UVLACU
DASCALE
Zero Flow
Ozone Flow
Src. Flow 1
Src. Flow 2

Menu
Menu
Menu
Editable Number

Editable Number
Editable Number
Editable Number
Editable Number
Editable Number
Editable Number
Editable Number
Editable Number
Editable Number
Editable Number
Yes/No

Voltage monitoring menu
GasCal factory test menu

MFC coefficients menu.
Voltage to current conversion
Factor for lamp current monitor
Gain for permeation thermistor.
Offset for permeation thermistor
Gain for ozone thermistor.
Offset for ozone thermistor

a0 value for O3 gen polynomial
al value for O3 gen polynomial
a2 value for O3 gen polynomial
Max allowed O3 generator volts
Min allowed O3 generator volts
Ozone flow setpoint.

Sets second MFC option.

Non-Editable NumberDisplays the voltage on A/D ch. 0

Non-Editable NumberDisplays the voltage on A/D ch. 15

Non-Editable Number Zero flow

Non-Editable Number MFC1 flow

Non-Editable Number MFC2 flow

Non-Editable Number MFC3 flow

Non-Editable NumberO3 MFC flow
Non-Editable NumberDisplays O3 lamp current
Non-Editable NumberDisplays D/A / A/D ratio
Non-Editable NumberDisplays zero flow
Non-Editable NumberDisplays ozone flow
Non-Editable NumberDisplays source MFC1 flow
Non-Editable NumberDisplays source MFC2 flow

Hidden MFC Coefficient Menu

MFC1 coeff0
MFC1 coeffl
MFC1 coeff2

MFC4 coeffN

Editable Number
Editable Number
Editable Number

Editable Number

MFC1 coefficient a,
MFC1 coefficient a;
MFC1 coefficient a,

MFC4 coefficient ay
Where “N” equals 0, 1 or 2
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App

endix A - Serial Port Commands

Appendix

The GasCal 1100 has a number of in built serial functions that will respond when
interrogated. All commands are prefixed by a digit 0...7 corresponding to the unit ID.
This is set by three jumpers on the microprocessor board. The factory default for this
ID is 0. This system allows multiple GasCals to be connected and controlled to the
same DTE controller. Note that all commands are in upper case. In this list, lower-
case letters are placeholders, e.g., “nn” refers to a two digit number. Since most

commands mimic the in-built menu system, more information on the output/input
types can be found in the Software section of this manual. Unless otherwise stated, all

responses conclude with a carriage return line feed. (CR LF)

Native Serial Commands

Table 3 Native Serial Commands

Command Description Response
iIREMOTE=0ON Turns on remote mode none
iIREMOTE=0OFF Turns off remote mode none

iDUMP Outputs setup parameters(see below)

iUPLOAD Inputs setup parameters(see below)

iMFCn? Outputs coefficients for MFC n c0,cl,c2
iMFCn=c0,c1,c2 Inputs coefficients for MFC n OK

2ND MFC FLAG=n Sets the 2nd MFC flag (n=0 or 1)

iISETFLOWn= Sets flow for MFC n OK

PURGE TIME=time Sets purge time in seconds

iMANUAL=0ON Turns on Manual mode OK
iIMANUAL=0FF Turns off Manual mode OK

iT? Outputs timeout (minutes) Timeout in minutes
iT=nn Inputs timeout (minutes) OK

iGASNnn? Outputs gas n parameters name,conc,units,

mfcfactor,source

iGASnn=name,conc,units,m
fcfactor,source

Inputs gas n parameters

OK

src,flow,conc,03conc,
units,imask,omask

iSETPOINTNN Turns on point nn OK
iPOINTNN? Outputs point nn parameters src,flow,conc,03conc,
iPOINTNnn= Inputs point nn parameters OK

iSQnn? Outputs sequence nn params. imask,omask,period
pointl,2,3,4,5

iSQnn= Inputs sequence nn params. OK

imask,omask,period,pointl,

2,345

iSOLn=ON Turns on solenoid n OK

iSOLn=0OFF Turns off solenoid n OK

iOZONE=0ON Turns on ozone OK

iOZONE=0OFF Turns off ozone OK

iOZONE=c0,c1,c2 Sets ozone coefficients OK

iOZONE? Returns ozone coefficients c0,cl,c2

iO3 MIN VOLTS=n Inputs minimum O3 voltage none

i0O3 MAX VOLTS=n Inputs maximum O3 voltage none

iv? Outputs flow voltages vO,v1v2

iVinn? Outputs a/d voltage nn voltage (see below)

iISTATUS? Outputs status and any alarms 'Point active' or 'ldle’'

iVER? Outputs software version Vn.nn

iNPMASK? Outputs “no point output” mask mask (no CRLF)

iNPMASK=mask Inputs “no point output” mask none

iNSMASK? Outputs “no sequence output” mask mask (no CRLF)
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iINSMASK=mask Inputs “no sequence output” mask none
iLOW FLOW ALARM Inputs low flow alarm mask none
MASK=mask
iOVERRANGE ALARM Inputs over range alarm mask none
MASK=mask
iUNDERRANGE ALARM | Inputs under range alarm mask none
MASK=mask

Dasibi dot commands

Table 4 Dasibi dot commands

Command Description Response
.21<cr>
.21<sp><cr> Return current point number .21<sp>nn<crlf>
.21<sp>nn<cr> Start point nn .21<sp>nn<crlf>
.21<sp>99<cr> Abort current point/sequence .21<sp>99<crlf>
.22<cr>
.22<sp><cr> Return current sequence .22<sp>nn<crfl>
.22<sp>nn<cr> Start sequence nn .22<sp>nn<crfl>

A/D voltage numbering

n=

nn=
name

units

MFC numbering-
c0,cl,c2=
mask =

unit ID. Ddefault value = 0
one digit number used for gas num, solenoid num

two digit number used for point num
MUST be 6 characters in length (can include spaces)
1=ppb, 2=pphm, 3=ppm, 4=%
1 = zero, 2 = 0zone, 3 = spangas 1, 4 = spangas 2

polynomial coefficients- val = c2*v"2 + c1*v + c0
a digital output/input bit mask

Table 5 A/D Voltage Numbering

Voltage Number Function

00 MFC1 O/P voltage

01 MFC2 O/P voltage

02 MFC3 O/P voltage

03 MFC4 O/P voltage

04 lamp current monitor

05 lamp temp monitor

06 perm. tube temp monitor

07 +12v monitor v =4.9*v07
08 +5v monitor v = 2v08

09 -12v monitor v = 4.9*v09
10 +15v monitor v =4.9*v10
11 -15v monitor v =4.9*v11
12 analogue ground

13 chassis temp T =100*v13 - 273
14 d/a ref- should be approx 4v
15 ground offset

The DUMP command sends parameters in the following format:
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MFC1=
MFC2=
MFC3=
MFC4=
ZERO MW=
GASO1=
GAS02=
GASO03=
GAS04=
GASO05=
GAS06=
GASO7=
GAS08=
GAS09=
GAS10=
POINTO1=
POINTO2=
POINTO3=
POINTO4=
POINTO5=
POINTO6=
POINTO7=
POINTO8=
POINTO9=
POINT10=
POINT11=
POINT12=
POINT13=
POINT14=
POINT15=
POINT16=
POINT17=
POINT18=
POINT19=
POINT20=
OZONE=

03 MIN VOLTS= 1.
03 MAX VOLTS= 3.

-5.676, 1989.978,2.16
-0.44, 18.918,.142
0.062, 20.352,-0.038
0,10,0

0.998

NO ,99.14,3, 1,1
Co ,9956,3, 1,1
S02 ,94.98,3, 1,1

GAS4 ,0,3, 1.,1

GASS ,0,3, 1.,2

GAS6 ,0,3, 1.,3

GAS7 ,0,3, 1.,1

GAS8 ,0,3, 1.,2

GAS9 ,0,3, 1.,3

GAS10 ,100,3, 1.,1
1,3000,0,0,3,10L11XXXX , XXXXXXXX
1,3000,0.4,0,3,0111XXXX, XXXXXXXX
3,2500,0,200,0 , XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
0,0,0,0,3, XXXXXXXX , XXXXXXXX
-13.775, 10.642,1.661

2
8

LOW FLOW ALARM MASK=XXXXXXXX
OVERRANGE ALARM MASK=XXXXXXXX
UNDERRANGE ALARM MASK=XXXXXXXX
2nd MFC FLAG=1

PURGE TIME=2

END

This can be captured to a text file as a record of the current setup.

Appendix

When the UPLOAD command is sent, the GasCal will wait for a file in the above
format. It will change the setup parameters (this takes about 10 sec) and respond with

“OK”.

This allows a calibrator to be set up by editing the parameter file then uploading it.
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Appendix B Spare Parts List

Description

Electrical

Switching power supply
Power switch

LCD Screen

Source Solenoid

Ozone Generator
Heater 30W

UV Lamp
Thermistor

Circuit Boards
Processor
Interface
Solenoid

03 _driver

Mass Flow Controllers*
MFC

Filters
DFU filter

Ecotech Part No.

A-POW-1010
A-SWI-1160
P-DIS-1020
P-REL-1060

A-CON-1510
A-CAB-1050
885071600

A-CIR-1351
A-CIR-1356
A-CIR-1366
A-CIR-1361

A-ZUN-UFC180-XXX

036-040180

* Where XXX is the full-scale flow rate (be sure to specify sccm or slpm). For example, 050 sccm or

005 slpm.
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Appendix

Appendix C — Mass flow correction factors

Name Plate Gas

Air

Ammonia

Butane

Carbon Dioxide
Carbon Monoxide
Ethane

Helium

Hydrogen Sulphide
Methane

Nitric Oxide
Nitrogen

Nitrogen Dioxide

Oxygen
Propane
Sulphur Dioxide

Chemical Symbol

NH;
C4H1o
CO,
CcO
CoHg
He
H,S
CH,
NO
N>
NO-,

0O,
CsHg
SO,

MFC Factor

0.998
0.790
0.261
0.736
1.000
0.475
1.399
0.839
0.752
0.972
1.000
0.779

0.977
0.331
0.687
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Appendix D - Digital I/O connector list

44

Pin Number on

PIN Number for

Signal

DB50 Connector J5 Connector*

1 J5-1 Digital Output Bit 1
34 J5-2 Digital Ground

18 J5-3 Digital Output Bit 2
2 J5-4 Digital Ground

35 J5-5 Digital Output Bit 3
19 J5-6 Digital Ground

3 J5-7 Digital Output Bit 4
36 J5-8 Digital Ground

20 J5-9 Digital Output Bit 5
4 J5-10 Digital Ground

37 J5-11 Digital Output Bit 6
21 J5-12 Digital Ground

5 J5-13 Digital Output Bit 7
38 J5-14 Digital Ground

22 J5-15 Digital Output Bit 8
6 J5-16 Digital Ground

39 J5-17 Digital Input Bit 1
23 J5-18 Digital Ground

7 J5-19 Digital Input Bit 2
40 J5-20 Digital Ground

24 J5-21 Digital Input Bit 3
8 J5-22 Digital Ground

41 J5-23 Digital Input Bit 4
25 J5-24 Digital Ground

9 J5-25 Digital Input Bit 5
42 J5-26 Digital Ground

26 J5-27 Digital Input Bit 6
10 J5-28 Digital Ground

43 J5-29 Digital Input Bit 7
27 J5-30 Digital Ground

11 J5-31 Digital Input Bit 8
44 J5-32 Digital Ground

*Cable with DB50 connectors is provided. J5 connectors may also be
used, however, note the different pin numbering system.
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AMBIENT MONITORING CALIBRATION/AUDIT PROCEDURES FOR
ECOTECH EC9830 CARBON MONOXIDE ANALYZER

Method
Calibration of the ECOTECH carbon monoxide (CO) analyzer EC9830 is performed by
challenging the analyzer with known concentrations of CO gas. The CO source is NIST-
referenced EPA protocol CO, which is diluted to challenge the analyzer over its working
range.

Apparatus
1. GAS CALIBRATOR

(a) API DYNAMIC DILUTION CALIBRATOR - MODEL 700 or
(b) DASIBI MULTI GAS CALIBRATOR — MODEL 5009-CP

NOTE: The dilution system consists of a pair of mass flow controllers with
certified flow rates of 0 — 10 slpm and 0 — 100 sccm.

2. STANDARD GAS CYLINDER
(a) NIST-referenced EPA protocol CO/Air (nominally 2,500 ppm CO).
3. ZERO AIR SOURCE

(a) ZERO AIR MODULE - MODEL API 701 or
(b) COMPRESSED ULTRA PURE AIR CYLINDER

4. SUPPORT EQUIPMENT
(a) Teflon tubing and associated fittings.
(b) Rotameter
Calibration Procedure

1. Set EC9830 for manual calibration. From the CALIBRATION MENU select
MANUAL calibration and MEASURE mode.

2. Note the instrument operating pressure.

3. Record front panel flow, and sample inlet flow as measured from a rotameter.
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10.

1.

Connect zero air and CO gas to the gas dilution system by means of Teflon
tubing. The diluter output is introduced to the EC9830 analyzer sample inlet.

One arm of a Tee in the connecting Teflon line carries excess gas to vent. The
required EC9830 flow is 1.0 Ipm. Be sure there is additionally an excess of at
least 1.0 Ipm to vent (Figure 1). Also, assure that the EC9830 is not
overpressurized. The operating pressure read during calibration should be equal to
the pressure recorded during routine ambient sampling £5 mmHg.

Sample zero air until a stable reading is obtained on the DAS display for at least
ten minutes.

Record the operating, diagnostic and calibration parameters as required on the
calibration report sheet (Figure 2).

For an EC9830 operating range set at 50 ppm, perform a multi-point calibration
consisting of the following five points: 5 ppm, 10 ppm, 20 ppm, 30 ppm and 40
ppm. An additional low point at 2-3 ppm CO can be run if diluter operating
parameters permit. To obtain the various CO challenge concentrations with the
API 700, maintain a constant diluent flowrate of approximately six lpm while
varying the CO flowrate. Set the API 700 for the desired standard concentration,
and the diluter will calculate the required gas flowrates. Record the actual
flowrates from the display panel.

Calculate CO concentration standard values by using the following equation:

Cloei pom X Clrigw

Eg. 1
Alrgigw + CUrigy 4

Clpym =™

For each CO challenge level, allow the EC9830 to sample until stable constant
readings are obtained for at least ten minutes on the data logger.

Calculate the percent difference (%A) for each of the calibration points (except
zero) by the following equation:

%A= €Q4ug Data Logger Vaiwe = COgtavaie % 100 Eq.2
Csra, vamue .

Also compute average percent difference ( (%08 J |
Let standard values equal "x" and EC9830 logger values equal "y." Calculate
slope and intercept of the line best fit by least squares linear regression method.
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12.  No adjustments are made if, (a) the calculated CO slope falls between 0.95 - 1.05,
(b) the intercept lies between + 0.3, and the correlation (R?) is greater than
0.9995.

13.  Ifthe CO calibration fails, perform a leak check, check the zero air scrubbers and
consult the EC9830 service manual for troubleshooting assistance.

14. After the analyzer has been serviced perform auto zero check, zero and span
calibrations to reset the instrument gain.

15. Perform a multi-point calibration as described in Steps 5 - 11.

Note: Do not use cylinders with less than 200 psig

Audit Procedure
Audits are performed the same as calibrations, with the following exceptions:

Different gas standards and instrumentation are utilized

Different personnel are utilized

Audit challenge levels are nominally 0.0, 3.8 ppm, 9.0 ppm, and 40.0 ppm
No adjustments are ever made based upon audit results

P
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SETUP PROCEDURE FOR EOCTECH ECS830 CARBON
MOMNOXIDE ANALYZER CALIERATION

Datalogger

APTO

Carbon Monoxide
Analyzer

Ajr
MFC

Gas
MFC

fero
Ar

Figure 1

(0]
Gas
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EC9830 CARBON MONOXIDE ANALYZER
CALIBRATION REPORT
Station Date Asls Final
Performed by Checked by
ANALYZER IDENTIFICATION
Instrument: Make/Model Averaging Time (Calib) sec.
S/N Ref. Voltage volts
Conc. Voltage volts
Sample Flow (Display) Ipm Leak Check (Flow) Ipm
Pressure mmHg CTEMP TO BGND °C
Temperatures: Chassis °C Calibration factors
Cell Temp. °C Instrument gain
Conv. Temp. °C P/T/F Correction Hz
Mirror Temp. °C Backround Hz
: Zero offset ppb
TRANSFER STANDARD IDENTIFICATION
Dilution System:
Make/Model SIN Property #
Certification Equations: NA for API700 Cert Date:
Zero Air Source Property # Cylinder #
CO Cylinder # Cert. Date: Conc.
Pressure psi
DYNAMIC CO CALIBRATION
ZERO AIR CcO STANDARD STATION % DIFF
[COJout | ANALYZER RESPONSE
CO (PPM) CcO
DISPLAY| SCCM |DISPLAY{ SCCM (PPM) DISPLAY DAS
AVG
SLOPE ~INTCP r

Figure 2.




PRECISION CHECK DATA SHEET

" 1/5/2009

Station - Performed by BAH Route Date

~*andard Cylinder # [ 1232 CyinderConc(ppm) | 503 SO2Cylinder Cert Date " 8/1/2008

- dution System Property# [ 253873  Make/Model # D5009  SO2 Dulition System Cert Date 11/6/2008
Air Display (slpm) 6.60 Air Range (slpm) 6-9.98  Air Slope 0.987  Air Intcp (slpm) 0.280
Gas Display (sccm) I ) Gas Range (sccm) 7-249 Gas Siope 1.023 Gas Intcp (sccm)' 3.814
Station Analyzer Property # i —— Make/Model # ! Teco oA

$02 Std Conc I ~ SO2StaConc ij . S02%Diff i T

Standard Property # Make/Model # i APl 400A O3 Standard Cert Date 1 11 " 2/2068A

API 700 Air Flow Rate '

O3 Flow Rate GPT Lamp Set | 0

03 Transfer Std Avg Disp O3 Stability [ o3Sipe [T 0891 03Intercept ] 06
Station Analyzer Property # Make/Model # [ T-49

03 Std Conc | ~ 03 StaConc [ 03 % Diff T

CO (CARBON MONOXIDE) i

PT—————— - H " [ 1]
Standard Cylinder# CC66796  Cert Date i 1712008 | NOTE 1: Change Union St. "CO" Std
Station Analyzer Property # 080751 Make/Model! # j - étu;830yﬁ Cyl# and Cert Date NOTE
PREE - " "

Zero Air Response 0.0 2: RECORD "CO" MODEL #

Standard Cylinder Conc >8.92 Station Analyzer Conc

% Diff 31

NO2 (NITROGEN DIOXIDE)

NO2 Standard Cylinder # MM1K1 467 Cylinder Conc 51 5 Cylinder Cert Date 5/20/2008
GPT Standard Property # 252898 Make Model # API700  GPT Cert Date [ 11/26/2008 Lamp Set [ E3)
API 700 Air Display (Ipm) 548 Air Range NA 4 - o —
API 700 Gas Display (com) 263 Gas Range NA  Go o T
Station Analyzer Property # i ~ Make/Model # [ =
NO Zero NO2 Zero NOX Zero
(03 Off) (03 Off) (03 Off)
NO + AR NO2 + AIR NOX + AIR NO + AIR NO2 + AIR NOX + AIR
(03 Off) (03 Off) (03 Off) (O3 ON) (03 ON) (O3 ON)

NO Standard Conc i o
NO2 Standard Conc ; -

NO Station Conc j -

NO %Diff ] ——
NOZ2 Station Conc {mm““ e

NO2 %Diff

COMMENTS:

1@ south west end of school they are breaking up the existing ashait



PRECISION CHECK DATA SHEET

Perfomed by  {BAH Route Date i - Lﬂ -0 =73go° AM

Station |Teralta park
ard Cylinder # [T 1232 Cylinder Conc (ppm) = 503 SO2 Cylinder Cert Date 8112008
" Dilution System Property# | 253873 Make/Model # T D500 SO2 Dulition System CertDate |  11/6/2008
Air Display (sipm) [ 660 AirRange (sipm) 6998 Air Slope 0.987 Air Intcp (slpm)

Gas Display (sccm) l Gas Range (sccm) ‘ ‘,“7_245 Gas Slope ?.023 Gas Intcp (sccm)l4 T 3.814m
[ Make/Model# [ Tecodn

Station Analyzer Property #
SO2 Std Conc S02 Sta Conc i ~ 502 % Diff
Standard Property # [ 259259 MakelModel # " API400A (3 Standard Cert Date N
AP1 700 Air Flow Rate
| O3 Flow Rate GPT Lamp Set
03 Transfer Std Avg Disp 03 Stability 03 Slope ~ 0991 O3 Intercept
Station Analyzer Property # j o ' Make/Model #
03 Std Conc [ o3staconc 03 % Diff ] -
g
CO (CARBON MONOXIDE)
_ - H " "
Standard Cylinder# [~ cce6796  CertDate [ 3772008 NOTE 1: Change Union St. "CO" Std
Station Analyzer Property # {310 35 \  Make/Model# i ELDI Cyl# and Cert Date NOTE
- " (1]
Zero Air Response ~ YD 2: RECORD "CO" MODEL #
~ adard Cylinder Conc ‘ 8.92  Station Analyzer Conc | 'o .‘6 i
_ % Diff -\. s
NO2 (NITROGEN DIOXIDE)
NO?2 Standard Cylinder # MM11467  Cylinder Conc T 515  Cylinder Cert Date “5/20/2008
GPT Standard Property # "~ 252898 Make Model # T API700  GPT Cert Date 11/26/2008 Lamp Set j %0
API 700 Air Display (ipm) 548 Air Range N/A ' :
API 700 Gas Display (ccm) I “26_3 Gas Range - N/A‘
Station Analyzer Property # l T Make/Model # rﬁuﬁmﬁ“
NO Zero NO2 Zero NOX Zero
(03 0ff) (03 0ff) (03 Off)
NO + AIR NO2 + AIR NOX + AIR NO + AIR NO2 + AIR NOX + AIR
(03 Off) (03 Off) (03 Off) (O3 ON) (O3 ON) (O3 ON)

NO Standard Conc 3 ~— NO Station Conc l T NO %Diff ] o
NO2 Standard Conc 3 s NO2 Station Conc ?iw == NozwDif |

COMMENTS:

\/-6\%* vx\?\/\\ S a\o o O-%
Sernw~ -~ 39.
‘ AVl

\-L/Io\ N‘SP‘/\&/\* S°¥ ‘\3 mload* Yo k‘:):vx



EC9830 CARBON MONOXIDE ANALYZER
CALIBRATION REPORT

Station___ Teralta Park Date 12/19/2008 As Is Final
Performed by BAH Checked by

ANALYZER IDENTIFICATION

Instrument: Make/Model EC9830 Averaging Time (Calib) sec.
S/N 1584 Ref. Voltage 3.831 volts
Conc. Voltage 1.959 volts
Sample Flow (Display) 1 ipm Leak Check (Flow) lpm
Pressure 750.8 mmHg CTEMP TO BGND 4 °C
Temperatures: Chassis 36.4 °C Calibration factors
Cell Temp. 49.6 °C Instrument gain 1.053
Conv. Temp. 89 °C P/T/F Correction Hz
Mirror Temp. 49.7 °C Backround Hz
Zero offset ppb

TRANSFER STANDARD |DENTIFICATION

Dilution System:

Make/Mo API 700 SIN 111 Property # 252898
Certification Equations: NA for API700 - Cert Date:
Zero Air Source Property # Cylinder #
CO Cylinder # mm11459 Cert. Date:  5/29/2008 _ Conc. 2519
Pressure ~1250 psi '
DYNAMIC CO CALIBRATION
ZERO AIR CO STANDARD STATION % DIFF
[CO] out ANALYZER RESPONSE
CO (PPM) 070)
DISPLAY| SCCM [DISPLAY| SCCM (PPM) DISPLAY DAS
5.486 0 0.1
5.400 0.0874 ' 40.1 40.6 1.2
5.423 0.0656 30.1 30.2 0.3
5.445 0.0437 20.1 20.2 0.5
5.465 0.0219 10.1 10.1 | 0.0
5.483 0.011 5 5 0.0
AVG 0.4%
SLOPE 1.009 INTCP -0.029 r

SDAPCD , 1/6/2009



MONITORING STATION CO ANALYZER CALIBRATION

STATION:  City Heights DATE:  12/19/2008
Cert. Gas Cylinder
Model CPN S/N Date #
Van API 700 252898 111 5/29/2008] MM11459
Station CO Gas Conc.
ppm
ASIS 2519
Zero Air CO Gas | CO Std. Value |CO Sta. Value | Percent Diff.
SLPM SCCM m ppm %
5.486 0.1 -
5.400 874 40.1 40.6 1.2%
5.423 65.6 30.1 30.2 0.3%
5.445 43.7 20.1 20.2 0.5%
5.465 219 10.1 10.1 0.0%
5.403 11.0 5.0 5.0 0.0%
Avg % Diff. 0.4%
Slope 1.009
Intercept -0.029
RSQ 1.000

PASS
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EC9830 CARBON MONOXIDE ANALYZER
CALIBRATION REPORT

Station \ cA L 1« Date | ?’f ”‘!: O f As Is / Final
Performed by @ H " Checked by

ANALYZER IDENTIFICATION

;’f: 4 @ 2

Instrument: Make/Model

C 9% Averaging Time (Calib) . sec.
SN o% 98X Ref. Voltage "2, % 1 voits
Conc. Voltage \ . @‘ g 9 oits
Sample Flow (Display) L lpm Leak Check (Flow) ipm
Pressure__ 240 .8 mmHg CTEMP TO BGND U °c
Temperatures: Chassis %@{X ¢ Calibration factors

Cell Temp. i’?ﬁ% s °C Instrument gain 1,053
Conv. T(;mp.‘ = °C P/T/F Correction __ Hz
Mirror Temp. LY “C Conis v S Backround Hz
Lo € LY Zero offset ppb

- TRANSFER STANDARD IDENTIFICATION
Dilution System:

7 ; y 200
Make/Model A‘D { EQZ S/N [ 74 Property # sy 2(3 i )

Certification Equations: NA for API700 Cert Date:
Zero Air Source Property # Cylinder #
CO Cylinder # M MO HASTVCert. Date: S —2 0 [ OR - Cone. LS9
Pressure ~ |25  psi
DYNAMIC CO CALIBRATION /
ZERO AIR CO STANDARD STATION % DIFF
[CO] out ANALYZER RESPONSE
CO (PPM) CO
DISPLAY| SCCM |DISPLAY| SCCM (PPM) DISPLAY DAS
' I 3
31{% é (% Oz %
oo Yo | H0 e {0
{7 o s e CE ok ST !
:‘i e e T DR S R = O f?
& ot | . . . _—
S o3 20\ | 20,72 YOS
L [~ o i 3 ;
S e oLl R ERYErY e
¢ 5 < ,
PRLE vOVND > 0] <o j
AVG A ) ,(‘(
\. 0o - 0.0%
SLOPE INTCP : r

TWiS 1S oo A%~ 'S o\, o\cf)ru/ VL(GCG\*HO"‘ “G I—-V\s*'

SDAPCD , 12/11/2008



EC9830 CARBON MONOXIDE ANALYZER

CALIBRATION REPORT

Station TEﬂ’ﬁ/vﬁ lﬂ M K

pate /2116 [0 5

Performed by ALY

O AU

Temperatures:

Checked by

ANALYZER IDENTIFICATION

Instrument: Make/Model £~ C 983 0
SN__ ©O8-087R
Sample Flow (Display) |- O Ipm
Pressure 73 /.08 mmHg
Chassis 236 H [ °C
Cell Temp. L[-Cf 48 -
Conv. Temp. 89 °C
Mirror Temp. H9.7 C

Dilution System:

As s Final N
Averaging Time (Calib) oo sec.
Ref. Voltage %- 108  vois
Conc. Voltage 1'3903 volts
Leak Check (Flow) |' & Ipm
CTEMP TO BGND Lt D °C
Calibration factors
instrumentgain |+ 1 05
P/T/F Correction |* © 103 Hz

Backround O« © 9 @ )

Zero offset

TRANSFER STANDARD IDENTIFICATION

Hz

o900

MakeModel API 70 0 SIN 1] Property # 252 89§
Certification Equations: NA for API700 Cert Date: 1/ / 26 / O
Zero Air Source A p / 70 / Property # /;L ‘7"670 Cylinder # N/ A ‘
CO Cylinder MM 1/459 Cert. Date: 5/29/0& Conc._25/9 pp r1
Pressure / / 2 o psi ' ’
DYNAMIC CO CALIBRATION
ZERO AIR CO STANDARD STATION % DIFF
[COJout | ANALYZER RESPONSE
SLPm SLPM CO (PPM) cO
DISPLAY| S€6M |DISPLAY| -8e€Mm (PPM) DISPLAY DAS
LRro|549¢| — | — |00 | 0.0 | ©:0 —
| [Saor|4o-1 (0074 40 ] | 422 | H22 | 52
| lsua2|30-) loaese| 201 315 | 215 | 47
| susdaog lowsd oo | 210 | 2ro | 45
/ SHEf o[ 029|100 ] /95 | /105 Lt O
[ lsusols0 porio]l 50l 5, [ s/ | ao
9969 (2% (o012l 2.8 T -8 G| B L
stope [- 0 53 NTecp — 0| 20 r |00 O

TWs 1S v Fiaal Cal, Lo

E()\g* (’s(’ho"(\»\c\(:g

SDAPCD , 12/11/2008

Qo(e, Mo\/fu\b L\v\%*'cu\m’vj'



audit: CARBON MONOXIDE

% clC  AuDITIOR: David N. Shina CHECKER:

TARGET STATION INFORMATION

ANALYZER
Make& MN: Property#: SIN: -
SETTINGS
Flow: ipm Avg Time: sec MNarn= | o S
Coeff= Span: Int Temp: °C
Bkgd= Zero: Bench Temp: °c
Inlet Flow: ipm Press: mm Hg
TRANSFER STANDARD INFORMATION
DILUTION SYSTEM ‘
Make& MN: Teledyne 700 Property#: 260312 S/N: 1288 Cert. Date: 1y / Yy / 0
SETTINGS -
Photo Meas: &1/ | mv Photo SPress: 24,  inHg ActDit (& M Oslamp: 4 &,0 °C
Photo Ref: 1,117/ mv PhotoStemp: 34 ¢, °C TaDi: 7. PM CalPresss 27,2 psi
Photo Flow. .73  Lpm Photo Slope: 1,94 < OsGenRef: 9 W DiPesss 28 ¢  ps
Photolamp: <9 ~H °C Photo Offset: ()] b OsFlow. 15  LPM RegPress: la. 8 psi
DCPS: 257§/, X, mv O;GenDr: A mV Box Temp: 28,7 °C
GASES
CO Cylinder # MM [{L{2D Cyiinder Pressure: /] S 0 i Conc: 2513 ¥ | somEert, Date: Sl24(0 @
Air Cylinder #: ¢ rupy 1l Cylinder Pressure: 2.4 0O Conc.: Ultra Zero Cert. Date: S-}goloq‘)
CO AUDIT
TIME STApas)| %DIFF ARB AUDIT
i1 CO start end COin | STD/STA range pt
set point | (hrmin) | (hrmin) {ppm) (%) {ppm) {ppm)
a0 | —
40 |5 15-4.0
9.5 |15 6 50-15
49 | 4,7 20-50
AVGE S
CO: STD/STA Slope: |- = Intercept: L

Ecred  COloued oF 2.Sqpm/ the Rloww = 10,5 pm Ccliloent)

costd STAGKD 5> DULEWL(Lpe)
QIS Z.‘b Z{Q [On5
I3

Lnade Lo do %5« The TI00 V“Rotbms ovtl et 25

CALCULATIONS:

-1 [CO outf= { CO (flow) / [ CO (flow) + Air (flow)} } x CO (tank conc)

[CO Disp}= {{ [ (CO out/ CO tank) x Airflow ] /[ 1 - (CO out/ CO tank) ]}-b }/m
{Air Disp]= [ Airfflow -b ]/ m

COMMENTS:

APCD 1/2006




PRECISION CHECK DATA SHEET

Station

Teralta Park ' 7

|

<02 (SULFUR DIOXIDE)

.dard Cylinder #
Dilution System Property#

1

Make/Model #

Performed by

Cylinder Conc (ppm)

LAO

Route Date

SO2 Cylinder Cert Date

SO2 Dulition System Cert Date

j' " 12/9/2008

[

Air Display (slpm) T Air Range (slpm) Air Slope Air Intcp (slpm) | I
Gas Display (sccm) ‘ § N Gas Range (sccm) Gas Slope Gas Intcp (scem -
Station Analyzer Property # i ] Make/Model #
SO2 Std Conc l ~ S02 Sta Conc $02 % Diff
Standard Property # - - ' Make/Model # 03 Standard Cert Date i"‘“—‘““"
API 700 Air Flow Rate o
03 Flow Rate ‘ ~  GPT Lamp Set
O3 Transfer Std AvgDisp [ O3 Stability 03 Slope 1.000 O3 Intercept
Station Analyzer Property # i - Make/Model # g o
03 Std Conc I ~ 03 Sta Conc [ 03%Diff

CO (CARBON MONOXIDE)

Standard Cylinder#
Station Analyzer Property #
Zero Air Response

dard Cylinder Conc
CO % Diff

CC523 Cert Date
“N/A  Make/Model #
0.1

Il

25

10.15  Station Analyzer Conc

5/28/2008
“EC 9830

. 10.40

NOTE 1: Change Union St. "CO" Std
NOTE

Cyl# and Cert Date

2: RECORD "CO" MODEL #

NO2 (NITROGEN DIOXIDE)

NO2 Standard Cylinder #
GPT Standard Property #
API 700 Air Display (ipm)
AP] 700 Gas Display (ccm)

Station Analyzer Property #

Cylinder Conc
Make Model #
Air Range

Gas Range

Make/Model #

1]

[IRREL

Cylinder Cert Date
GPT Cert Date

Ve iy
T olope

Gas Siope

NO Zero
(O3 Off)

NO + AIR
(O3 Off)

NO2 Zero NOX Zero
(O3 Off) (03 Off)
NO2 + AIR NOX + AIR
(03 Off) (03 Off)

NO + AR
(O3 ON)

e

NO2 + AIR
(O3 ON)

NOX + AIR
(O3 ON)

NO Standard Conc

NO2 Standard Conc

||

NO Station Conc
NO2 Station Conc

NO %Diff
NO2 %Diff

COMMENTS:




Station

City Heights

|

- PRECISION CHECK DATA SHEET

S02 (SULFUR DIOXIDE)

dard Cylinder #
Dilution System Property#

|

Cylinder Conc (ppm)
Make/Model #

Performed by !LAO T

Route Date

g ~ 11/17/2008

l

802 Cylinder Cert Date
SO2 Dulition System Cert Date

Air Display (slpm) . Arr Range (slpm) Air Slope Air Intep (slpm)
Gas Display (sccm) - ~ Gas Range (sccm) Gas Siope Gas Intcp (sccm)ﬁ
Station Analyzer Property # — Make/Model #
$02 Std Conc I ~ S02StaConc 802 % Diff
Standard Property # — Make/Model # [ 03 standard Cert Date "
API 700 Air Flow Rate o ' ‘
O3 Flow Rate o GPT Lamp Set .
O3 Transfer Std Avg Disp | 7 o O3 Stability - " 03 Siope 03 Intercept 04
Station Analyzer Property # i - Make/Model #
03 Std Conc T 03 Sta Conc 03 % Diff

CO (CARBON MONOXIDE)

Standard Cylinder#
Station Analyzer Property #
Zero Air Response

lard Cylinder Conc
CO % Diff

CC523 Cert Date

0872 Make/Model #
0.0

34

10.15  Station Analyzer Conc -

[ 52872008
~EC9830

10.50

NOTE 1: Change Union St. "CO" Std
Cyl# and Cert Date NOTE
2: RECORD "CO" MODEL #

NO2 (NITROGEN DIOXIDE)

NO2 Standard Cylinder #
GPT Standard Property #
API' 700 Air Dispiay (ipm)

API700 GasDisplay cem) |

Cylinder Conc
Make Model #
Air Range
vGas Range

Station Analyzer Property # g ; Make/Model #

I

Cylinder Cert Date
GPT Cert Date

) Famp Sgt r—-
r_..__.....__.

NO Zero NO2 Zero NOX Zero
(03 Off) (03 Off) (03 Off)
NO + AR NO2 + AIR NOX + AIR NO + AR NO2 + AIR NOX + AIR
(03 Off) (03 Off) (03 Offy (O3 ON) (03 ON) (O3 ON)
NO Standard Conc i ' ~  NOStatonConc | NO %Diff i -
NO2 Standard Conc i o NO2 Station Conc NO2 %Diff | '

COMMENTS:




- AMERICAN ECOTECH

Quality Management System

Customer Calibration Performed by
Instrument Date il -6-0%
ID No. Location (/3

> H :L\’g}\/&v

Calibrator Model Rey 100 Gas Std. Cylinder Serial No. A M uy S
ID/Serial No. O)p0 YL Cylinder Concentration (ppm) 30T 2.9 |
Zero Air Source Model APy 1 0\ Cylinder Expiry Date f-1L9-08
ID/Serial No. S’/,\_) S Dl Cylinder Pressure (PSI) A~ \1L® O

Gas Flow (slpm)

Cell Temperature (°C)

Gas Pressure (torr)

Converter Temp. (°C)

Reference Voltage (V)

Chassis Temperature (°C)

Analogue Supply (V) Flow Temperature (°C)
| Digital Supply (V) Cooler Temperature (V)

Measure Coarse Zero

Mirror Temperature (°C)

}* 1sure Fine Zero

v .aware Version

Input Dete Aor Sioanl)  10-9¢
[

Unstrument Units

. -
i v

| 105 |

[Initial Span Instrument Gain [Full Scale (ppm) | 50
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO
Point (sccm) (sccm) {(ppm {(ppm)
Zero 000 0.
80% FS

# Replace sample filter, leak check upon reassembly

Postcalibration kCheck

PASS/
FAIL

80% FS - HDIV/OL ___#DIVjO! -
Zero 000 | 0 -0 PR

Note: Do not fill in the shaded cells
[Final Span Instrument Gain | | P;\:f/ i #DlV/O!

e: Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Page 1 of 2



MONITORING STATION CO ANALYZER CALIBRATION

STATION: City Heights DATE:  11/6/2008
Cert. Gas Cylinder|
Model CPN S/N Date #
Van API 700 252898 111 5/29/2008| MM 11459
Station CO Gas Conc.
ppm
ASIS 2519
Zero Air CO Gas | CO Std. Value |CO Sta. Value | Percent Diff.
SLPM SCCM ’ ppm %
5.482 -0.1 -
5.489 . 4.9 -2.0%
5418 65.5 10.1 10.0 -1.6%
5.441 437 20.1 20.0 -0.5%
5.461 219 30.1 299 -0.7%
5.396 873 40.1 40.0 -0.2%
Avg % Diff. -0.9%
Slope 0.999
Intercept -0.098
RSQ 1.000

PASS




AMERICAN ECOTECH

Quality Management System

Customer Calibration Performed by
Instrument Date AV. H 20eg
ID No. Location <y4A Me . oAt

" 7

Calibration Equipment

Calibrator Model AR\ Yoo Gas Std. Cylinder Serial No. HMA LA S

ID/Serial No. S /00 L LY Cylinder Concentration (ppm) 8019- 25 |19

Zero Air Source Model AL L Yo \ Cylinder-Expiry Date ¢ o.,%. S-19-RD

ID/Serial No. Sin) 154 < Cylinder Pressure (PSl) ar i2S0
cert 1-19-°9%

Gas Flow (slpm) , i O Cell Temperature (°C)

Gas Pressure (torr) 1134 .9 Converter Temp. (°C) 39, #’%
Reference Voltage (V) 0. {3 9204 Chassis Temperature (°C) 3.0
Analogue Supply (V) Flow Temperature (°C) Uuu, |
Digital Supply (V) Cooler Temperature (V) L,
Measure Coarse Zero Mirror Temperature (°C) |49.F
Maasure Fine Zero L o Input Det ex Ko 10-00 | U

. _iware Version 3 AR

[tnstrument Units —— ppm |

[Initial Span Instrument Gain | 2 | [Full Scale (ppm) | 50 |
3t
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point (sccm) { (ppm (ppm) (ppm) (%)
Zero o 4 T
80% FS
# Replace sample filter, leak check upon reassembly PASS/
FAIL
Postcalibration Check _
80% FS 1 : #D[V/OQ : _ ‘ #D‘V/O'
Zero 000 | -0 S0 L
Note: Do not fill in the shaded cells
[Final Span Instrument Gain I | P::E/ #DIV /0, e

I 1 Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Page 1 0f 2



MONITORING STATION CO ANALYZER CALIBRATION

STATION: City Heights DATE:  11/4/2008
Cert. Gas Cylindef Cert.
Model CPN S/N Date # Date
Van API 700 252898 111 5/9/2008] MM11459 5/29/2008
Station
Vel o7 wSHS
Zero Air CO Gas | CO Std. Value |CO Sta. Value | Percent Diff.
SLPM SCCM ppm %
0.1 -
5.397 87.3 40.1 44.9 12.0%
5.418 65.5 30.1 33.6 11.6%
5.439 437 20.1 224~ 11.4%
5.461 21.9 10.1 11.3 11.9%
5.471 10.9 5.0 5.7 14.0%
Avg % Diff. 12.2%
Slope 1.116
\ 4 Intercept 0.064 Analyzer F.S
AT bekore Suumle Live [t 10061
FAIL 0.5
—FINAE CALIBRATION
Zero Air CO Gas | CO Std. Value {CO Sta. Value | Percent Diff. Voltage Reading
SLPM SCCM ppm ppm % V.
0.1 - 0.000
5.397 87.3 40.1 429 7.0% 0.802
5.418 65.5 30.1 32.0 6.3% 0.601
5.439 437 20.1 21.4 6.5% 0.401
5.461 21.9 10.1 10.8 6.9% 0.199
5.471 10.9 5.0 55 10.0% 0.119
Avg % DIiff. 7.3%
Slope 1.064
Intercept 0.084
RSQ 1.000

PASS




®°V~ L’{, 100% MB:’BO

/
EC9830 Internal Calibration AS IS @<~ G W\CA oChe(” APLDS QG\\ .

Zero Air CO Gas | CO Std. Value |CO Sta. Value | Percent Diff.

SLPM SCCM ppm ppm %
0.1 -

5.397 87.3 40.1 42.3 5.5%

5.418 65.5 30.1 31.7 5.3%

5.439 437 20.1 21.1 5.0%

5.461 21.9 10.1 10.7 5.9%

5.471 10.9 5.0 5.4 8.0%

Avg % Diff. 5.9%

Slope 1.051

Intercept 0.087

RSQ 1.000

PASS

T Rhgs adioskel /uth Task L a&iree BATs



EC9830 CARBON MONOXIDE‘ ANALYZER

i,

Station \ ¢ AU

CALIBRATION REPORT

Performed by

Date {MZ’“/ !671/ 0 K As ls /

Checked by

Y

Il
i

Instrument: Make/Model

Final

ANALYZER IDENTIFICATION

L 930

Averaging Time (Calib)

. Sec.
N, SN 0% 98X Ref. Voltage "% <% | volts
' Conc. Voltage VA €A o
Sample Flow (Display) , 1. O Ipm Leak Check (Flow) lpm
Pressure TFE D j& mmHg CTEMP TO BGND ("hé‘) °C
Temperatures: Chassis % Vﬁu-/ 4 °C Calibration factors
Cell Temp. _ e °C Instrument gain LLOST
Conv. Temp. ”Z@sﬁ °C P/T/F Correction Hz
Mirror Temp. LUy °c éy\&hi? %+ Backround Hz
Yome LY Zero offset ppb
» ' TRANSFER STANDARD IDENTIFICATION
Dilution System: oo
MakeModel (4O | EQ ) SIN na Property # _ -5 ’Ld L O
Certification Equations: NA for API700 Cert Date:
Zero Air Source Property # Cylinder # '
CO Cylinder # M M AS ) cert. Date: S <26, O 4 conc. 4.519
Pressure ~| >S5 psi '
DYNAMIC CO CALIBRATION /
ZERO AIR CO STANDARD STATION % DIFF
[CO] out ANALYZER RESPONSE
CO (PPM) CO
DISPLAY| SCCM |DISPLAY| SCCM (PPM) DISPLAY DAS
. ’ -
Fde !
Bk S 6B L 1o,
rATITE ™62 ) P g~
SEUS O3 0.\ | 29,2 PO
5. M6 LRk ERYERY o~
< T < _ )
MR VOAVND =, 0 <O d
) avae| Ay Y
\. o\ - O 0%
SLOPE INTCP : r

TWIS (S oonm A% - ;S o\, O\Q‘\’LS/ Ftkﬁca\%‘dﬂ GG Iv\s\‘«

SDAPCD , 12/11/2008



MONITORING STATION CO ANALYZER CALIBRATION

STATION:  City Heights DATE:  12/19/2008
Cert. Gas Cylinder
Model CPN S/N Date #
Van API 700 252898 111 5/29/2008] MM11459
Station CO Gas Conc.
ppm
ASIS 2519
Zero Air CO Gas | CO Std. Value |CO Sta. Value | Percent Diff.
SLPM ppm ppm %
5.486 L 0.1 -
5.400 87.4 40.1 40.6 1.2%
5.423 65.6 30.1 30.2 0.3%
5.445 437 20.1 20.2 0.5%
5.465 21.9 10.1 10.1 0.0%
5.403 11.0 5.0 5.0 0.0%
Avg % Diff. 0.4%
Slope 1.009
Intercept -0.029
RSQ 1.000

PASS




EC9830 CARBON MONOXIDE ANALYZER
CALIBRATION REPORT

Station___ Teralta Park Date 12/19/2008 As Is Final
Performed by BAH Checked by

ANALYZER IDENTIFICATION

Instrument: Make/Model EC9830 Averaging Time (Calib) sec.
SIN 1584 Ref. Voltage 3.831 volts
Conc. Voltage 1.959 volts
Sample Flow (Display) 1 ipm Leak Check (Flow) Ipm
Pressure 750.8 mmHg CTEMP TO BGND 4 °C
Temperatures: Chassis 36.4 °C Calibration factors
Cell Temp. 49.6 °C Instrument gain 1.053
Conv. Temp. 89 °C P/T/F Correction Hz
Mirror Temp. 49.7 °C Backround Hz

Zero offset ppb
TRANSFER STANDARD IDENTIFICATION :

Dilution System:

Make/Mo API 700 SIN 111 Property # 252898
Certification Equations: NA for API700 - Cert Date:
Zero Air Source Property # Cylinder #
CO Cylinder # mm11459 Cert. Date:  5/29/2008 _ Conc. 2519
Pressure ~1250 psi '
DYNAMIC CO CALIBRATION
ZERO AIR CoO STANDARD STATION % DIFF
[CO} out ANALYZER RESPONSE
CO (PPM) CO
DISPLAY| SCCM |DISPLAY| SCCM (PPM) DISPLAY DAS
5.486 0 0.1
5.400 0.0874 ' 40.1 40.6 1.2
5.423 0.0656 30.1 30.2 0.3
5.445 0.0437 20.1 20.2 0.5
5.465 0.0219 10.1 10.1 | 0.0
5.483 0.011 5 5 0.0
AVG 0.4%
SLOPE 1.009 INTCP -0.029 | r

SDAPCD , 1/6/2009



PRECISION CHECK DATA SHEET

— e e e ——— f-——___» e - .
Station Performed by ﬂ]BAH Route Date I [y R Lq -0 ~7o° AM
ard Cylinder # Cylinder Conc (ppm) | 503 SO2 Cylinder Cert Date [~ 8//2008
Dilution System Property# Make/Model # DSOOS; S0O2 Dulition System Cert Date ‘ 11/6/2008
Air Display (slpm) [T 680 AirRange (sipm) ] 6998 Air Slope 0.987 Air Intcp (slpm) 0.280
Gas Display (sccm) ) Gas Range (sccm) [ 7-24.9 Gas Slope : 1.023 Gas Intcp (sccm) 3.814

Station Analyzer Property# [ Make/Model #

$02 Std Conc $02 Sta Conc sozwoift [
Standard Property # [ 259259 Make/Model # I " API400A (3 Standard Cert Date [ iinaz008
API 700 Air Flow Rate [ 5500 ' o
03 Flow Rate | 0.1050 GPT Lamp Set ]
O3 Transfer StdAvgDisp | O3 Stabiliy [ 03 Slope [ 091 O3intercept ] 06
Station Analyzer Property # -rl """"""""""""""""""""" Make/Model # W—WM#?-ZQ
03 Std Conc [ o3staCone [ oswoif
CO (CARBON MONOXIDE)
T — . = " "
Standard Cylinder# r| CC66796  Cert Date | NOTE 1: Change Union St. "CO" Std
Station Analyzer Property # E %—4-5 " Make/Mode! # ] [ASS 30 = | Cyl# and Cert Date NOTE
el VI L . [ "
Zero Air Response -o t’l/ 2. RECORD CO MODEL #
“ =dard Cylinder Conc . §§§" Station Analyzer Conc _lo—ié
- % Diff -\. <
NO2 (NITROGEN DIOXIDE)
NO2 Standard Cylinder# [ MM11467  Cylinder Conc [ 515  Cylinder Cert Date 5/20/2008
GPT Standard Property# | 252898 Make Model # [~ API700 GPT CertDate
API 700 Air Display (pm) [ 548 Air Range TN/A A Slope T s
API700 GasDisplay (com) | 263 GasRange [ WA GessSipe | Gas Intep
Station Analyzer Property # | Make/Model # [ 14«
NO Zero NO2 Zero NOX Zero
(03 Off) (03 Off) (03 Off)
] | |
NO + AIR NO2 + AIR NOX + AIR NO + AIR NO2 +AIR NOX + AR
(O3 Off) (O3 Off)
NO Standard Conc NOwDIff |
NO2 Standard Conc | nozwDif |
| l
COMMENTS: T N~
\,.6\?:‘ vx'\tz W\ 9 6o o . 0.0

S‘NV\“ %q'%

\—L/'Z,o\ ’1.'$‘>\l\uv\AY S"& ‘\3 v\_loo\j* \"S L‘LD:V\



“*andard Cylinder #

__PRECISION CHECK DATA SHEET

Cylinder Conc

Performed by

{(ppm)

Route Date

802 Cylinder Cert Date

" 1/5/2009

[ enioos

_auttion System Property# 253873 Make/Model # D5009  SO2 Dulition System Cert Date 11/6/2008
Air Display (slpm) ~ 660 Air Range (slpm) 69.98 Air Slope ’ 0.987  Air Intcp (slpm)
Gas Display (sccm)  Gas Range (sccm) 7-249 Gas Slope 1023 Gas Intcp (sccm)’ T 3814
Station Analyzer Property # Make/Model #
S02 Std Conc SO2 Sta Conc [ so2wom [
Standard Property # 259259 Make/Model # wl "~ API400A (3 Standard Cert Date
API 700 Air Flow Rate
O3 Flow Rate GPT Lamp Set
O3 Transfer Std Avg Disp O3 Stability O3 Slope 0991 O3 Intercept -0.6
Station Analyzer Property #
03 Std Conc 03 % Diff

CO (CARBON MONOXIDE)

Standard Cylinders#

CC66796  Cert Date

EX 7/2008

NOTE 1: Change Union St. "CO" Std

Station Analyzer Property # I 030551_ Make/Model# I wecBEiO‘ Cyl# and Cert Date NOTE
Zero Alr Response 2: RECORD "CO" MODEL #
Standard Cylinder Conc . 8 92 Station Analyzer Conc ‘ o 975
% Diff
NO2 (NITROGEN DlOXIDE)
NO2 Standard Cylinder# |  MM11467 Cylinder Conc [T 515  Cyiinder CertDate 5/20/2008
GPT Standard Property # | 252898‘ Make Model # [ API700 GPT Cert Date 11/26/2008  Lamp Set ] 90
API1 700 Air Display (Ipm) 5 48 Air Range NA & Siope Alr Intep I
API 700 Gas Display (com) ~ 263 Gas Range N/A  Ges Slope ‘ " Gas intep
Station Analyzer Property # Make/Model # - T42
NO Zero NO2 Zero NOX Zero
(03 Off) (03 Off)
NO + AIR NO2 + AIR NOX + AIR NO + AIR NO2 +AIR NOX + AIR
(03 Off) (03 Off) (O3 0N)
NO Standard Conc | NO Station Conc NO %Diff
NO2 Standard Conc | — NO2Station Conc NO2 %Diff

COMMENTS:

1@ south west end of school they are breaking up the existing ashait




CARBON MONOXIDE
et 1o

audit:

ekt AUDITIOR; David N. Shina
N

Scinont)

CHECKER:

TARGET STATION INFORMATION
ANALYZER

Make& MN: . Fzde AR O si: OB ~OBFL propeny:|
SETTINGS :
Flow: Ipr” Avg Time: /&;
Coeff= Span: e Int Temp: P
Bkgd= Zero: e BenchTemp: -~ °C
Inlet Flow: fpm Press: < mm Hg
TRANSFER STANDARD INFORMATION
DILUTION SYSTEM
Make& MN: Teledyne 700 Property#: 260312 SIN: 1288 Cert. Date: 1) / LI/O 8
SETTINGS
Photo Meas: 4200, mv Photo SPress: 244G inHg  ActDil 60 LPM  Os Lamp: ‘-/Q ) °c
PhotoRef:  £120,45 mv Photo Stemp: 2%, ¢ TarDil: "6,0) - LPM Cal Press: B, &y psi
Photo Flow: o4 LPM Photo Slope: 0,G¢= O;GenRef: 2249 4 mv DilPress: LB, S psi
Photo Lamp: S22,y © Photo Offset: £,y pb OsFlow. j3F) LPM RegPress: 2.0 psi
) DCPS:  25$2,(, mv OsGenDr  @yy.) mv BoxTemp: 153 A C
GASES - -
CO Cylinder #: y M oméO Cylinder Pressure: 2.9 () psi Conc. 2520 ppm Cert. Date: 7, / @b@
AirGylinder £ £\ 70O\ Cylinder Pressure: — Conc.: UtiraZero— Cert. Date: ——
CO AUDIT
TIME STD - [ STA@as)| %DIFF ARB AUDIT
CO start end COout | COin |STD/STA pt range
set point [ (hrimin) | (hrmin) | {(ppm) (ppm) (%) ' {ppm) (ppm)
0.0 0o 000 | — 00
3 % 2.8 1>%F |26 | 38 |15-40
4,0 RO R AW GINT - 9 | 5015
400 A0 |40 | 097 | 40| 20-50
D, 0O O: O 8011 .,
RS
CO: STD/STA Slope:,. L. QO4 ] Intercept |-, 0y 20 7 r_ 0999994

PERNNY MMU’—\-@(‘? ot € Settde (fealtine)

cved 20 ST
Q lzj 2:? 9,(0
Fow ot 11,500m
CALCULATIONS: ’

[CO ouf]= { CO (flow) / [ CO (flow) + Air (flow)] } x CO (tank conc)

[CO Disp]={{ [ (CO out/ CO tank) x Airflow ] /{1 - (CO out/ CO tank) ]}-b }/m
[Air Disp)= [Airflow-b1/m ’ '
COMMENTS:

APCD 1/2006




Station

1 [Teratta Park

_PRECISION CHECK DATA SHEET

Route Date

ndard cylinder# | L2332 Cylinder Conc (ppm) 503 SO2 Cylinder Cert Date 8/1 /2008
Dilution System Property# 3““_*353873 Make/Model # ‘ 9 S02 Dulition System Cert Date "~ 11/6/2008
Air Display (slpm) ] 6.60 Air Range (sipm) 98  Air Slope Air Intcp (slpm)
Gas Display (sccm) Gas Range (sccm) 7-249 Gas Slope 1.023 Gas Intcp (scem)
Station Analyzer Property # !_M___ ~ Make/Model #
SO2 Std Conc — sO02StaConc S02 % Diff ]”
Standard Property # Make/Mode! # VI — API400A (O3 Standard Cert Date —aTann
AP 700 Air Flow Rate '
O3 Flow Rate GPT Lamp Set
O3 Transfer Std Avg Disp | 03 Stability 03 Slope ]‘" 0991 O3Intercept | 0.6
Station Analyzer Property # ;l_ﬂ,_,__,__,__M,_W " Make/Model #
03 Std Conc [ 03StaConc 03 % Diff
CO (CARBON MONOXIDE)
] " H ” "
Standard Cylinder# [ cce6796  CertDate NOTE 1: Change Union St. "CO" Std
Station Analyzer Property # r 080751“ Make/Model # Cyl# and Cert Date NOTE
Y — — N 1] U]
Zero Air Response 5o 2: RECORD "CO" MODEL #
‘ndard Cylinder Conc r w~8~§-2“ Station Analyzer Conc l MMWWB.T )
-~ % Diff 20

NO2 (NITROGEN DIOXIDE)

NO?2 Standard Cylinder # “MMT1467  Cyiinder Cono [ 515  Cylinder Cert Date r " 5/20/2008
GPT Standard Property # 252898 Make Model # ~ APIT00  GPT Cert Date " 11/26/2008
API 700 Air Display (pm) Air Range " N/A A Slope [ Ao
API 700 Gas Display (ccm) 263 Gas Range [T NA  GesSiope ]w T Caslniep
Station Analyzer Property # |WM_— Make/Model #
NO Zero NO2 Zero
(03 Off) (03 Off)
‘ ;,
NO + AIR NO2 + AIR NOX + AIR NO + AIR NO2 +AIR NOX + AIR
(03 Off) (03 Off) (03 Off) (O3 ON) (O3 ON)
i l rw ——————————— = H
] ] 1| | |
NO Standard Conc NO Station Conc NO %Diff I -
NO2 Standard Conc NO2 Station Conc NO2 %Diff _I -

COMMENTS:




T
DIOXIDE)

- 802 (SULFUR

Performed by ILAO

____________PRECISION CHECK DATA SHEET

Route Date

I 1/23/2009

Standard Cylinder # Cylinder Conc (ppm) $02 Cylinder Cert Date ~ 8/1/2008

ition System Property# Make/Mode! # I SO2Dulition System Cert Date 11/6/2008
AiIr Display (slpm) Air Range (slpm) e ' Air Slope I ‘ 0.987 Air Intep (slpm)
Gas Display (sccm) Gas Range (sccm) o Gas Slope A"1_.(A)23 Gas Intcp (sccm) —
Station Analyzer Property # Make/Model #

S02 Std Conc SO2 Sta Conc S02 % Diff j o

Standard Property # Make/Model # 03 Standard Cert Date "~ 11/12/2008
API 700 Air Flow Rate
O3 Flow Rate GPT Lamp Set
O3 Transfer Std Avg Disp O3 Stability o 03 Slope ﬂ o OA991 03 Intercept
Station Analyzer Property # ]_" — Make/Model # . T49
03 Std Conc i — 03 StaConc E T 03%Diff r“’“‘:

CO (CARBON MONOXIDE)

Standard Cylinder# CC66796  Cert Date 72008 | NOTE 1: Change Union St. "CO" Std
Station Analyzer Property # NA  Make/Model # [~ &csss0 | Cyl# and Cert Date NOTE
- (1] "
Zero Air Response 0.1 2: RECORD CO MODEL #
Standard Cylinder Conc 8.92  Station Analyzer Conc H o 9.1
=~ % Diff 20 |
NO2 (NITROGEN DIOXIDE)
NO2 Standard Cylinder # - Cylinder Conc Cylinder Cert Date B -
GPT Standard Property # Make Model # GPT Cert Date
API 700 Air Display (Ipm) — AirRange Air Slope T Airintep
API700 Gas Display (ccm) | Gas Range o Gas Slope Gas Intcp
Station Analyzer Property # H o Make/Model # g o
NO Zero NOX Zero
(03 Off) (03 Off)
NO + AIR NO2 + AIR NOX + AIR NO + AIR NO2 + AIR NOX + AIR
(03 Off) (03 Off) (03 Off) (O3 ON) (O3 ON) (O3 ON)

NO Standard Conc
NO2 Standard Conc

NO Station Conc

NO2 Station Conc

NO 9%Diff
NO2 %Diff |

COMMENTS:




EC9830 CARBON MONOXIDE ANALYZER

CALIBRATION REPORT
.StationT@xV@éfﬂ P&vt/é' Date 1/20/09

] As Is Final v
Performed by Larr 5 Ow u ¢« Checked by
ANALYZER IDENTIFICATION

Instrument: Make/Model E C 98 3 O Averaging Time (Calib) l A . sec.
SN_O0&8-0L72 Ref. Voltage 3955 volts
' Conc.Voltage [ 7 7% volts
Sample Flow (Display) )}« © lpm Leak Check (Flow) Ipm
Pressure 742 - &  mmHg CTEMP TO BGND L °C

Temperatures: Chassis 2 6 b °C Calibration factors

CellTemp. A4 0 c Instrument gain [+ O 5304

Conv. Temp. ga °C P/T/F Correction [+ & [ 2 5 Hz
Mirror Temp. H9.7 c Backround ©-2 0O | Hz
Zero offset &0 ppb

TRANSFER STANDARD IDENTIFICATION

Dilution System:

Make/Model AP 700 SIN 11 Property#t 25 28 98
Certification Equations: NA for API700 CertDate: [/-2 6 -0&
Zero Air Source ﬁ? | 791 Property # | 24 O{ % Cylinder # N /A

COCylinder# L2375 cCertpate: [1/02/ 08

Conc. 5 HE Py

Pressure 25 R psi
DYNAMIC CO CALIBRATION
ZERO AIR CO STANDARD STATION % DIFF
[COJout | ANALYZER RESPONSE
SLp Sip M CO (PPM) co
DISPLAY| seem |DISPLAY| seewr |  (PPM) DISPLAY DAS
Zere |5H90 | — —_ o0 0. 0 o .0
[ 15398 | 402 |0.0964 40-2| H#0.% | 4o.3 O-2
/ 5419138+ 1 |0-06148| 301 | 20- | | B0 | 0O
[ ugol2o Yowal20-1 1201 | 251 0-0
/ S a1 1100100216 10.0 | 10-] | 101 [-©
[ sy77|5.0 lovieg 50 |50 |50 | o0
7, , . ) ) > 33
9861 30 0217 3.0 32-| 3 oo 8
ssoe [ «000 ep 0035 r (000
Vreteft  Quosswe 7398
.00
SDAPCD , 12/11/2008 Ffow . 00 b
C o 09 pom




APPENDIX C

Project Field Log Scans



COMPOSITION
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Y "AMERICAN ECOTECH

Quahty l\'fIanagcment System

Customer CalTrans Calibration Performed by G Gt / Spad@all
Instrument 08-0580 Date \I 1o jivod
ID No. Ecotech 8301LC Location Teralta Park

Calibrator Model Ecotech GasCal 1100 Gas Std, Cylinder Serial No. C1L.M002503
1D/Serial No. 08-0580 Cylinder Concentration (ppm) 3010
Zero Air Source Model Ecotech 8301LC Cylinder Expiration Date 25-Sep-11
ID/Serial No., 08-0751 Cylinder Pressure (PSI) e

Displayed Instrument Parameters

Gas Flow {sipm) Celi Temperature (°C) y4q. b
Gas Pressure (torr) Converter Temp. (°C) <9
Reference Voltage (V) Chassis Temperature (°C) 3 R
Analogug Supply (V) Flow Temperature (°C) §1. 0
Digital Supply (V) Cooler Temperature () b, 2
Measure Coarse Zero Mirror Temperature (°C) 4.7
'M~~sure Fine Zero Input L{ 7

F. .ware Version

i sr mb

| Instrument Units % |

ppm |

" single Point Calibration

M Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

[Initial Span Instrument Gain [ 1. 052 ] [Fuill Scale (ppm) | 50 |
Precalibration Check
Calibration Zero flow Span fiow Calculated Expected Measured CO Error
Point (sccm) (sccm) (ppm) ___{ppm) {ppm) (%)
Zero 0 L TR 0
80% FS 40
# Replace sample filter, leak check upon reassembly PASS/
FAIL
Postcallbratlon Check
80% FS ' '#Dl\llof :
Zero 2 0.000 S0
Note: Do not fill in the shaded cells
|Final Span Instrument Gain | | PASS/
FAIL

Page 1 of 2



‘Multipoint Linearity Check

[Relevant? —%{ No |

Calibration Point
{ppm)

Zero flow
(sccm)

Span flow

seem) |

Caiculated

Expected Measured CO

(ppm) Error (%)

Zero

-0

2.5

0.0

%\

5

10

20

30

40

Zero

Note:

Do not fill in shaded cells

0.9 -
0.8 -
0.7 -
0.6 -
0.5
0.4
0.3 -
0.2 -
0.1 -

Expected CO (ppm)

0.1

0.2

0.3

0.4
Measured CO {ppm)

T 7

0.5

Intercept

R-Square value

Slope

Standard error abouty = x (% FS)

Uncertainty due to non-linearity, at 95% confidence (% FS)

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL.

Technicians Signature

Date

Page 2 0T 2
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Quaht\ }NIanacrcmcnt ,Sx stem

A PCiN /i\rm N T
Customer CalTrans Calibration Performed by SH A | Srepinear 6
Instrument 08-0580 Date i jea f1e04
iD No. Ecotech 8301LC Location ~LoraftaPark——

CAmm ™AL £ e,

Calibrator Model Ecotech GasCal 1100 Gas Std. Cylinder Serial No. CLMQ02503
iD/Serlal No. 08-0580 Cylinder Concentration {ppm) 3010
Zero Air Source Model Ecotech 8301LC Cylinder Expiration Date 25-Sep-11
ID/Serial No. 08-0751 Cylinder Pressure (PS1)

Dlsplayed instrument Parameters_ :

Gas Flow {sipm) Leoo Cell Temperature (°C)
Gas Pressure (torr) 15,28 Converter Temp. (°C)
Reference Voltage (V) 3 A%y Chassis Temperature (°C)
Analogue Supply (V) 2.4 Flow Temperature (°C)

| Digital Supply (V) 3 Cooler Temperature {V)
Measure Coarse Zero 3 Mirror Temperature (°C)
Me~sure Fine Zero i 5 25 input

[F__~are Version I, so oc) e

[Instrument Units R

I ppm |

" single Point Calibration -~

[Initial Span Instrument Gain [.0<$? | {Full Scale (ppm) [ 50 |
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point (scem) _{scem) (ppm) ___{ppm) (ppm}
Zero { i) 0
80% FS
# Replace sample filter, leak check upon reassembly PASS/
FAIL
Postcahbratmn Check
80% FS '
Zero 0
Note: Do not fill in the shaded cells
IFinal Span Instrument Gain l PASS/
FAIL

M . Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Page 1 of 2



ultipoint Linearity Chy

Calibration Point Zero flow Span flow Calculated Expected Measured CO E
rror (%)
(ppr) (scom) | (scem) pom) | Gpm) | (epm) |

Zero 0.00 0.9
2.5 F

3.4
09
20
30
40
Zero
Note: Do not fill in shaded cells

094
0.8 -
074
06 ) S
05 1
0.4 1
0.3 A
0.2
0.1 -

0 . : . ; E : : . I

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Measured CO (ppm)

Expected CO {ppm)

Intercept

R-Square value

Slope

Standard error about y = x (% FS)

Uncertainty due to non-linearity, at 95% confidence (% FS)

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum vaiue 2.0% of FS

PASS/
FAIL,

Technicians Signature Date

Page 2 of 2



Quahty I\-'Iauagement System

A Cogcrsiond CHE L

Customer CalTrans Calibration Performed by  |/fzc wnmu / S AMEEPS
instrument 08-0580 Date j2 fesi 2z
iD No. Ecotech 8301LC Location :Fera{taPar’r(——”
CEm Tl Ay, eastes¥l,

Calibration Equipmen
Calibrator Model Ecotech GasCal 1100 Gas Std. Cylinder Serial No. CLM002503
iD/Serial No. 08-0580 Cylinder Concentration {ppm) 3010
Zero Air Source Model Ecotech 8301LC Cylinder Expiration Date 25-Sep-11
ID/Serial No. 08-0751 Cylinder Pressure (PSI) JL OO

. Displayed Instrument Parameters

Gas Flow (stpm) .00 Cell Temperature (°C) 53 45, L
Gas Pressure (torr) Tl oyl Converter Temp. (°C) 93 £
Reference Voltage (V) : | B9z Chassis Temperature (°C) 15255 | ZL. 3
Analogue Supply (V) ©11,60012, 200 | | 72,1 Flow Temperature (°C} L 55 S ¢
Digitai Supply (V) 4 800 5200 57, | Cooler Temperature (V) j, 2
Measure Coarse Zero : &0 Mirror Temperature (°C) 2+ M
[M~~sure Fine Zero 28 input o7
F. ware Version
[Instrument Units —tt ppm |
© Single Point Calibration: =
[Initial Span Instrument Gain | }.e53 | {Full Scale (ppm) | 50 |
Precatibration Check
Catibration Zero flow Span flow Calculated Expected Measured CO Error
Point {sccm) (sccm) (ppm) (ppm) (ppm)
Zero £ 000 | L0 elO 0-0¢.2
80% FS #DIV/OL - 40 j0 1S ¢ o

# Replace sample filter, leak check upon reassembly

Postcahbrauon Check

80% FS I
Zero L0000 B L
Note: Do not fill in the shaded cells
[Final Span Instrument Gain | | PASS/
FAIL

. Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Page 1 of 2



ultipoint Linearity Che

Calibration Point
(ppm)

Zero flow Span flow Calculated Expected Measured CO

Zero

(scem) | (scem) | (pm) | (ppm) (ppm)

2.5

5

10

20

30

40

Zero

Note: Do not fill in shaded cells

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 1
0.2 -
0.1

Expected CO (ppmy)

T ¥ T T 4 T T ! T

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Measured CO (ppm)

Intercept

R-Square value

Slope

Standard error about y = x (% FS)

Uncertainty due to non-linearity, at 95% confidence (% FS)

Note: Uncertainty dus 1o non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL

Technicians Signature

Date

Page 2 of 2



Quaht}f 1\fIanagement System

Customer CalTrans Calibration Performed by o Spanred &
Instrument 08-0580 Date |7 =14 - 2ecs
ID No. Ecotech 8301L.C Location Ferafte-Park—

Seqde o

Calibrator Model Ecotech GasCal 1100 Gas Std. Cylinder Serial No. CLM002503
iD/Serial No. 08-0580 Cylinder Conceniration (ppm) 3010
Zero Air Source Model Ecotech 8301LC Cylinder Expiration Date 25-Sep-11
ID/Serial No. 08-0751 Cylinder Pressure (PS]) 1etlo

 Displayed Instrument Parameters

Gas Flow (slpm) L0 Cell Temperature (°C) 4.3
Gas Pressure (torr) st 03 Converter Temp. {°C) 39
Reference Voitage (V) 3927 Chassis Temperature (°C) 22,
Analogue Supply (V) 12} Flow Temperature (°C) 43,5
Digital Supply (V) S0 Cooler Temperature (V) 1.2
Measure Coarse Zero 3¢ Mirror Temperature {°C) 41,7
| Measure Fine Zero Z5 Input
I w~are Version -
lInstrument Units e ppm |
" single Point Calibration .. i s L
[Initial Span Instrument Gain WAZE {Full Scale {ppm) [ 50 |

NEw  SPAN =2 ), nel %

Precalibration Check

ﬁuﬁ_}g ¢ LUSAD "QJ

hed

Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point (sccm) {sccm) (ppm) {(ppm) (ppm} (%)
Zero EXKT N ST g i i e W Y

80% FS Diviot 40 L iy

|41

# Replace sample filter, leak check upon reassembly

Postcal;bratlon Check

80% FS

Zero

TRN0.000

Note: Do not fill in the shaded cells

[Final Span Instrument Gain

P Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

PASS/
FAIL

Page 1 of 2



Multipoint Linearity Check

- TRelevant? ——'No ]

Calibration Point|  Zero flow Span flow | Calculated Expected Measured CO Error (9
ror (%)
(ppm) (scem) | (scem) | _em | (opm)
Zero 1992 1@ i )
2.5 . o s - 5
5 e 2944 <ol S
10 4%0 2940 | ) /0,0
20 L% LaerE Ni129 260 1,9
30 195 | 399 3¢ 02 .9
40 295 ; 594
Zero
Note: Do not fill in shaded cells
1
0.9 A
0.8 -
E 07 -
S 06
8 .
5 0.5+
0]
o 0.4
8
0 0.3 1
0.2 -
0.1 1
0 ¥ 1 H T T T T i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1
Measured CO (ppm)
Intercept

R-Square value

Slope

Standard error about ¥ = x (% FS)

Uncertainty due to non-linearity, at 95% confidence (% FS)

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL

Technicians Signature

Date

Page 2 of 2



Quaht\ I\Ianaaement S\ stem

INRA RN

Callbration Equipment

Customer CalTrans Calibration Performed by Aﬂdﬂ"@@ White,
Instrument 08-0580 Date (7 11840
ID No. Ecotech 8301L.C Location »‘Feraita Park

Calibrator Model Ecotech GasCal 1100 Gas Std. Cylinder Serial No. CLM002503
ID/Serial No. 08-0580 Cylinder Concentration (ppm) 3010
Zero Air Source Model Ecotech 8301LC Cylinder Expiration Date 25-Sep-11
ID/Serial No. 08-0751 Cylinder Pressure (PSI)

. Displayed instfument Parameters

Gas Flow (slpm) . -0.90-1.30 1.90 Cell Temperature (°C) Care53 | 49 -
Gas Pressure (torr) 74308 0. 7.1 Converter Temp. (°C) 8793 5
Reference Voltage (V) .3.700:4300. | 2.%{9 Chassis Temperature (°C) [ 15-55 | 75" i3
Analogue Supply (V) 1 sooﬂ*—'i_éé()o | 2. Flow Temperature (°C) 45-56° | ¢
Digital Supply (V) o 4.80Q 0] 5.0 Cooler Temperature (V)
Measure Coarse Zero ~so-80 | D Mirror Temperature (°C)
v~ ~sure Fine Zero 199 | %8 Input
F. .ware Version ].56.0056% -
|Instrument Units e ppm

J74 " Singlé Point Calibration

[initial Span instrument Gain P 1405 | [Fuil Scale (ppm) [ 50
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point (sccm) (sccm) (ppm} | (ppm) (ppm)
Zero 560 7k G e 5
80% FS piv/or 40
# Replace sample filter, leak check upon reassembly PASS/
FAIL
Postcailbratlon Check
80% FS i -#DIV/O'
Note: Do not fill in the shaded cells
|Final Span Instrument Gain | | PASS/
FAIL

P Post calibration check shail be within 1% of expected span value for both NOx span and all zero's

Page 1 of 2




. |Retevant? - No |

Multipoint Linearity Chec

Calibration Point Zero flow Span flow Calculated Expected Measured CO E
rror (%)
{ppm) (scom) (scem) | L (epm) (ppm)
Zero 25603 e L0000 b-9
10 9149 SELI, 062 1" i9.2
20 d/_vn T e, y e e e i~
30 5956 3993 #DIV/0 : 2.0
40 2955 2746 IDIV/C 40 .0f g4 i
Zero Pl gl HDIVIeL
Note: Do not fill in shaded cells
1
0.9
0.8 A
£ 07-
= 06 -
8 .
ot 0.5
@
S 0.4
g
o 0.3
0.2 1
0.1 4
0 T I T T T ¥ T 1 I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Measured CO (ppm)
Intercept
R-Square value
Slope
Standard error abouty = x (% FS)
Uncertainty due to non-linearity, at 95% confidence (% FS) o HDIV/OL

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL

Technicians Signature Date
Page 2 of 2




Quahty ].\-*Immgement .S}-s.»tem

Customer CalTrans Calibration Performed by AN

Instrument 08-0580 Date |2 O S

ID No. Ecotech 8301LC Location Teralta Park
W45

Calibrator Model Ecotech GasCal 1100 Gas Std. Cylinder Serial No. CLM002503

ID/Serial No. 08-0580 Cylinder Concentration (ppm) 3010

Zero Air Source Model Ecotech 8301LC Cylinder Expiration Date 25-Sep-11

ID/Serial No. 08-0751 Cylinder Pressure (PSI)

Gas Flow (slpm) O Cell Temperature (°C)
Gas Pressure (torr) i Converter Temp. (°C)
Reference Voltage (V) 0|3, A4 Chassis Temperature (°C)
Analogue Supply (V) S Flow Temperature (°C)
Digital Suppiy (V) 500 Cooler Temperature (V)
Measure Coarse Zero Mirror Temperature (°C)
M~ -~sure Fine Zero Input

F .ware Version

|§nstrument Units Cl ppm
" gingle Point Calibration -
lnitial Span Instrument Gain [WA\OS | [Fuil Scale (ppm) | 50
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point sccm) (scem) {ppm) _ (ppm) (ppm) __(%)
Zero 2195 e 0. -
80% FS W | 2992 #DWJOL 40 Zi
245 S

# Replace sample filter, leak check upon reassembly

TR Glter

Postcallbratlon Check

PASS/
FAIL

80% FS 29357 29081 _#DlvioL 4b 07 _ 0. L
Zero Sy 000 5 0 -0,5
Note: Do not fill in the shaded cells
{Final Span Instrument Gain [ 1105 40 CHN\]% PASS/
FAIL
P Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Page 1 of 2




- [Betevantz ] No |

Multipoint Linearity Check

Calibration Point
(ppm)

Zero flow Span flow | Calcuiated Expected Measured CO Error (%)

Zero

(scem) _(sccm) __(ppm) {(ppm)
a0 000

2.5

5

10

20

30

40

Zero

Note: Do not fill in shaded cells

1
0.9 -
0.8 -
£ 0.7
2 06 -
8 .
5 05
@
© 0.4
o
o 0.3
0.2 1
0.1 1
0 T 1 T ) T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Measured CO {ppm)
Intercept Aadd
R-Square value #DIVIO
Slope . #DIV/O

Standard error about y = x (% FS)

#DNJO

Uncertainty due to non-linearity, at 95% confidence (% FS)

. #DIVjoL

Note: Uncertainty due to non-linearity, at 85% confidence, shall have maximum value 2.0% of FS

PASS/
FAlL

Technicians Signature

Date

Page2o0f2



‘/“\

()_uality I\Ianagement b}='sta111

Customer /o ot § Calibration Performed by Lo Bk / L SRy
Instrument CE - e Re Date 126 - ool
ID No. Ceorigyl Sso L Location T Acne Pan g

Calibrator Model T et Lol (oA L JE3 Gas Std. Cylinder Serial No. L L oo 2gey
ID/Serial No. Tl - S0 Cylinder Concentration (ppm) 3010
Zero Air Source Modei feergcd szedec Cylinder Expiry Date s - -z20f
ID/Serial No. wp —e 187 Cylinder Pressure (PS1) ijeo
" Displayed Instrument Parameters -
Gas Flow (slpm) 0 090-130 - [.ce Cell Temperature (°C) o 47-53 He. 4
Gas Pressure (torr) as0 806'.';;.?}3-: 721 Converter Temp. (°C) 8793 | K70
Reference Voltage (V) 43700 41300 T.904 Chassis Temperature (°C) _|: 15755 ey e
Analogue Supply (V) i 11.600 - 12, 200 [7./ev Fiow Temperature (°C) 45 55 v, L
Digital Supply (V) - 4800-5200 | ST o7 Cooler Temperature (V) 10512 [Z
Measure Coarse Zero C50-80 Mirror Temperature (°C) 47-53 (9.7
[Mensure Fine Zero 1-990 Input . 10-90
[F__ware Version {45
Ilnstrument Units ‘"“‘:””] ppm ]
% single Point Calibration = -
[initial Span Instrument Gain | | [Full Scale (ppm) | 50 |
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point (sccm) (sccm) (ppm) (ppm) (ppm) (%6)
80% FS ":#DiV/OI #DIV/OL:
# Replace sample filter, leak check upon reassembly PASS/ | i
Postcalibration Check _
80% FS [ #Divor #DIV/OL
Zero 000 Qo 0 e
Note: Do not fill in the shaded cells
[Final Span Instrument Gain I | F’I;ASE/ #DIV/OF

N

Page 1 of 2

. Post calibration check shalt be within 1% of expected span value for both NOx span and all zero's




-7 Multipoint Linearity Check  ©

0 Relevant? 3| No |

Calibration Point Zero flow Span flow Calculated Expected Measured CO
(ppm) (scem) (sccm) (ppm) (ppm) (ppm)
2.5 CoogDlvior 2. 2K
L - S

5
10 2R 0.5
20 20 .4 J).o
30 2o . | o
40 TN, 7.t
Zero T L0000
Note: Do not fill in shaded cells

Error (%)

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 A

O H T H T T T L T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Measured CO (ppm)

Expected CO {ppm)

Intercept

R-Sguare value

Slope

Standard error about y = x (% FS)

Uncertainty due to non-linearity, at 95% confidence (% FS)

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of F3

PASS/
FAIL

Technicians Signhature Date
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( )uaht\ Bianaoemcnt Sw stem

Customer Col-ran/S Calibration Performed by Jo- Seshgwd.q
Instrument o oS 5O Date JZ AT ek
ID No. Eororge H 2o fid. Location TEiLdi-ri  Filg il

“Galibration Equipment 0 Sl

! i Post calibration check shail be within 1% of expected span value for hoth NOx span and all zero's

Page 1 of 2

Calibrator Model oo (s CAL ed Gas Std. Cvlinder Serial No. ELMeE 2¢TE
iD/Serial No. R g RO Cylinder Concentration (ppm) 3010
Zero Air Source Model Vieegwed £330 Lo Cylinder Expiry Date epe -Gk
ID/Serial No. O oy | Cylinder Pressure (PSI) e
. " Displayed Instrument Parameters . ..
Gas Flow {slpm) ’"-_'.i.f::0.90'_'.'.51_';'36"' | gy |Cell Temperature (°C) | 47-53 ] 49,4
Gas Pressure (torr) 0 430-800 T2,5 74 Converter Temp. (°C) s7ie3 | 89
Reference Voltage (V) 87004300 | 5,91 Chassis Temperature (°C) | '_'5-15 5500 33 ¢
Analogue Supply (V) A, 660'-”12’"200’" A YA Flow Temperature (°C) Lo45- 55 | e 9
Digital Supply {V) 4 800 5, 200 .| Cooler Temperature (V) .'.1 01, 2 ) 7
Measure Coarse Zero 50 80 Mirror Temperature (°C) 4753 4. ]
| M~~sure Fine Zero 1-99° Input 1090
F  ware Version B
Hinstrument Units ] ppm |
- single Point Calibration . .
lInitial Span Instrument Gain | | [Full Scale (ppm) | 50 |
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point {(sccm) (sccm) (ppn"-) (ppm) (ppm} (%) _
Zero : ':"Z-I_O.OO' ::.'ﬁ:- SO SR o S O, 0 : .
80% FS Z997 | -;-_.-‘-_'#Diwo' ye e i .#DMG‘ f?g%
# Replace sample filter, leak check upon reassembly P’;E‘:E/ -_#B!WGF?&S
Postcalibration Check
80% FS | = #DWVOL ] - #DIVfoL
Zero SQ.007 T 0 SRR
Note: Do not fill in the shaded cells
[Final Span Instrument Gain p:.:i/ _.;-__--_:#DF_WO:,;.;gj



o IRetevant? —>-{ No |

Calibration Point Zero flow Span flow Calculated Expected Measured CO Error (%)

(ppm) (scem) _{scem) _(ppm) __{ppm) (ppm
Zero Qe 0 e 000 0.0

2.5 T f-_'f#nlvf'f:--ijir |
5 DIV S o <.

10 #DIV/OE JO . /0, -

20 #DIV/OE 20 Jo e

30 HDIV/OL 2o 30,

40 . H#REFL _ He 1.

Note: Do not fill in shaded cells

0.9 A
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3
0.2 4
0.1 -

0 T T T T T T T T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Measured CO (ppm)

Expected CO {ppm)

Intercept TTEDNOL

R-Square value SO HDIVIOL

Slope COLUHDIVON

Standard error about y = x (% FS) CUUUEDIVIOL

Uncertainty due to non-linearity, at 95% confidence (% FS) S #DIVIOL

Note: Uncertainty due to non-finearity, at 95% confidence, shall have maximum valug 2.0% of FS

PASS/

L SR t
FAIL i #D IV/O

Technicians Signature Date

Page 2 of 2



l‘ Quahty I\'Ianagcmcnt S}-’stem
| //M?j CAGN @~ Cotc
Customer CALTYLANT S Calibration Performed by Y. S pDERN & /AP/_ A
Instrument oo TE2H 9530 A Date j2 /9 /ze0y
ID No. 08 -0 8§72 Location TR AL PAL LG
" Calibration Equipment i
Calibrator Model Reopgert (LAg Ch jpde Gas Std. Cylinder Serial No. LiMeez 503
ID/Serial No. A Cylinder Concentration (ppm) 3010
Zero Air Source Model Eeorged 30110 Cylinder Expiry Date G j2s /20l
ID/Serial No. 08 - 075 ] Cylinder Pressure (PS)) (72
_ Displayed Instrument Parameters” .
Gas Flow (slpm) Cell Temperature (°C) 47-53 Ha. o
Gas Pressure (torr) Converter Temp. (°C) ' 379 2 9
Reference Voltage (V) .700 -4 Chassis Temperature (°C) '-1'15',;.5'_5_-_"r 35, ©
Anatogue Supply (V) 'ﬁ 500 ""12"200:' o2l Flow Temperature {°C) 45155 Us s~
Digital Supply (V) ' 4 800 5, 200 & Cooler Temperature (V) 1‘-.q’-:l.’ 1.2 i Z
Measure Coarse Zero 50 ao - Mirror Temperature (°C) AT:53 4.7
|M~~sure Fine Zero L1ie9 Input 10-90
F  .ware Version [y e
|!nstrument Units T 1 ppm |
. Single Point Calibration -
|InitiaE Span Instrument Gain | I IFuil Scale {(ppm) | 50 |
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point (sccm) (sccm) (ppm) _ (p_pm) {ppm) _ (%)
Zero 10.00 0 o | —e e R
80%FS~ k=) : -#DiV[Of o sl jo.5s CLgDIVOL
(‘,/
# Replace sample filter, leak check upon reassembly PASS/ | oo
Postcalibration Check
80% FS T RDVOU _HDNjOL
Note: Do not fill in the shaded cells
IFinal Span Instrument Gain | | P::‘;E/ #DIV o

I % Post calibration check shall be within 1% of expected span value for both NOX span and all zero's

Page 1 0of2



" 'Multipoint Linearity Check

. |melevant? -~ No’|

Calibration Point

Zero flow
{sccm)

Span flow

Calculated

Expected
(ppm)

Measured CO
(ppm)

Error (%)

(ppm) _(scem)

Zero TEAOY 00

2.5

5

10

20

30

40

Zero g 000

Note: Do not fill in shaded cells

0.9 -
0.8 -
071
0.6 -
0.5 A
0.4 -
0.3 -
0.2 1
0.1 -

O H T T T H T T T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Measured CO (ppm)

Expected CO (ppm)

Intercept TEDWVON

R-Square value '-"':'-.5_--_f_#'DiV/Oi:._-'

Slope

Standard error about y = x {% FS)

Uncertainty due to non-linearity, at 95% confidence (% FS)

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL

Technicians Signature Date

Page 2 0f 2



Y

Quahty I\-Iauagcmcnt S}*.stcm

Customer Cotn o095 Calibration Performed by | AVCN [syangedd
Instrument Date N 2s [z008
ID No. Location [TELALrd  FAoaid -

Calibration Equipment. -

Calibrator Model Gas Std. Cylinder Serial No.
ID/Serial No. Cylinder Concentration (ppm) 3010
Zero Air Source Model Cylinder Expiry Date
ID/Serial No. Cylinder Pressure (PSh
' Dispiayed Instrument Parameters ©
Gas Flow (slpm) Cell Temperature (°C) _ 47 53
Gas Pressure (torr) _ Converter Temp. (°C) g7 93
Reference Voltage (V) 3700 - 4 300 Chassis Temperature (°C) | 15:55
Analogue Supply (V) --'-.11 600~ 12, 200 Flow Temperature (°C) ;45,55
Digital Supply (V) 4 aoo 5. 200 Cooler Temperature (V) 012
Measure Coarse Zero B0 480 Mirror Temperature (°C) 47-58 "
| Measure Fine Zero Sl 199 Input 1101900
[F__w~are Version
[Instrument Units 5] ppm

“ 7 gingle Paint Calibration e e

lInitial Span Instrument Gain | [Full Scale (ppm) | 50 |

Zeorest  SysreM Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO
Point (sccm) _(sccm) (ppm) ___{ppm) (ppm)
Zero 20000 0 i e
80% FS LDV
# Replace sample filter, leak check upon reassembly PASS/
FAIL
Postcalibration Check _
80% FS o #DIVOL o #DIVjOL
Zero G T
Note: Do not fill in the shaded cells
|Final Span Instrument Gain | P:SE/ #EJIV /0|

N Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Mot go 1 5T

Page 1of 2
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.. Multipoint Linearity Check

hpcly

I

\/M__ n 6&_

.. |Relevant? 3| No |

Calibration Point
{ppm)

Zero flow
(sccm)

Span flow

Calculated

Measured CO
(ppm)

Expected

Zero

_(scem)

(ppm

600 =]

25 3.2

R _#D'N/OE':-J.‘

2.8 f- 6

5

9.0 40t

4o f.o 1.5~

20

30

40

HD,0 Lo, 2

Zero

T o0

Noie: Do not fill in shaded celis

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3
024
0.1 -

Expected CO {ppm)

0.1

0.2

T

0.3

T 1

0.4 0.5

Measured CO (ppm)

H T T T

0.6 0.7 0.8 0.9 1

Intercept

IOV

R-Square value

CEDIVIOL

Slope

CHDIV/OL

Standard error about y = x (% FS)

o #DIVjOL

Uncertainty due to non-linearity, at 95% confidence (% FS)

S EDIVOL

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL

 #DIV0!

Technicians Signature

Date
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Quahty 1\'Ianagcmcnt ;S},-:_atcm

Customer Copr. Thatos Calibration Performed by . Seapered
Instrument Ecorierd F83e /1 Date Nov 11 , 2008
ID No. o8 ~e&7 Location THAAT A PAY

Calibration Equipment -

Calibrator Model
ID/Serial No.

Zero Air Source Model
ID/Serial No.

Gas Std. Cylinder Serial No.
Cylinder Concentration {ppm)
Cylinder Expiry Date
Cylinder Pressure (PShH

3010

Gas Flow (slpm) [.0oO Cell Temperature (°C) $q.5
Gas Pressure (torr) 724. ( Converter Temp. (°C) %29
Reference Voltage (V) e g 3.8249) Chassis Temperature (°C) z 7.0
Analogue Supply (V) 1-’11 600 = 12 200 i Flow Temperature (°C) “o{7.0
Digital Supply (V) L 4 800 5.200° £ 0 Cooler Temperature (V) [-2
Measure Coarse Zero 50 80 Mirror Temperature (°C) 49.7
|Me=sure Fine Zero 1299 Input
[F. _vare Version J. L[.g" -
[Instrument Units e ppm !
L SlngiePomt Cé_!ibfatidn SR A B e T L e
[Initial Span Instrument Gain I | {Full Scale (ppm) | 50 |

Precalibration Check

I\l

page1of2

Calibration Zero flow Span flow Calculated Expected Measured CO
Point {sccm) (sccm) (ppm) {ppm) {ppm)
Zero 2917, 20.000 4] e O, O
80% FS 2451 3% %5 | DIVOL ]
39 3¢ 12.24 05
# Replacg sample filter, leak check upon reassembly PASS/
FAIL
Postcailbratlon Check
80% FS oo HDfOL o ADIV/OE
Zero 000 b g o T LR
Note: Do not fill in the shaded cells
|Final Span Instrument Gain | PASS/ | v
FaiL | FOIVOL

;Post calibration check shall be within 1% of expected span value for hoth NOx span and all zero's




Multipoint Linearity Che

Zero flow
{sccm)

Calibration Point
(ppm)

Span flow

Calculated

Measured CO
{ppm)

Expected

. (ppm) | Error (%)

Zero

__(scem)

SEQE L Tt

| o0

2.5

5

10

20

30

40

Zero

Note: Do not fill in shaded cells

09+
0.8
0.7 -
0.6
0.5 -
0.4
03
024
0‘1 N

. | i

Expected CO {ppm)

0 0.1

0.2

0.3

0.4

0.5
Measured CO (ppm)

intercept

R-Sguare value

Slope

Standard error about y = x (% FS)

Uncertainty due to non-linearity, at 95% confidence (% FS)

DVOL

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/

FAIL V/

Technicians Signature

Date
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Quahty l\lanagenwnt S}:stcm

Customer Calibration Performed by | A W tHTZ.
Instrument Date | {08
ID No. Location 40 O

ol ol

Geed o LOO

Calibrator Model Gas Std. Cylinder Serial No. ) NOOZODS
1D/Serial No. OH-650D Cylinder Concentration (ppm) 3010
Zero Air Source Model =201 0 Cylinder Expiry Date 9-25- |
ID/Serial No. R -0 | Cylinder Pressure (PSI) OC
" Displayed Instrument Parameters
Gas Flow (slpm}) 1090-130° L O Cell Temperature (°C) o753 | 49LS
Gas Pressure {torr) 4302 BOO ]Sfjﬂ Converter Temp. (°C) '--f':8‘7}'}_.'9:"3 e
Reference Voltage (V) ©3.700° -_4.300.-_ g 4 Chassis Temperature (°C) |~ 15:55. | 9(.4
Analogue Supply (V) £ 11,600+ 12, 200" _ b2, 1 Flow Temperature (°C) i 45 - 55 4(,.%
Digital Supply (V) 4,800 - 5200 oA Cooler Temperature (V) .-'-1 o-t2 | 1. %
Measure Coarse Zero 50-80° 9 Mirror Temperature (°C) ' 47 - B3 49.7]
|M--~sure Fine Zero yleg | V9 Input C0ie0 | 49
i .ware Version
Ilnstrument Units | ppm
"7 Single Point Calibration © =
[initial Span Instrument Gain [ 1,105 | [Full Scale (ppm) | 50
B oT® Go O
Precalibration Check
Catibration Zero flow Span flow Calculated Expected Measured CO
Point {sccm) (sccm) (Ppm)__ o {ppm) {ppm)
80% FS (e D ilSs {ﬂﬁOY\ CHDIVIOL
# Replace sample filter, leak check upon reassembly PASS/ | woivior
FAIL Sl oS
Postecalibration Check
80% FS 789, 2950, [ _#vjor F1.49 46.3% _#DIV/OL
Z8ro %q q r L 0.00[ . Bt 0 s 0 — Oa /2“_ R
Note: Do not fill in the shaded cslis
|Final Span Instrument Gain [ 1,165 | P:;SE/ #DIV/ot

i

: Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Page 1 of 2




Multl point LGeanty Check

cm\Pcm

\ozoém

IRelevant”

—+—{"No |

Measured CO (ppm)

wm\ﬁ C}\L.\%@ﬁd\
Calibration Point Zero flow Span flow | Calculated Expected Measured CO Error (%)
{(ppm) (sccm) (sccm) (ppm) (ppm) (ppm) _
Zero S A82 . o0 b o 000 |~ O : |
—25 | ———H#BVe
5 S A8 n.6lo] #owvor | SO Z 9
10 O, 410 Nol | 0.0 ©.0
20 '5 44 | ZOO 2.0.0
30 A, 461 . 20,0 214
40 ,6% 0 [ 4D O pAON®,
Zero ﬁ 4¢2 7 000 - 0.2~
" Note: Do not fill in shaded cells cPs[
e = PLCMhagputy) anes—
@ .25 82> " O a
1 ~a§§%‘@f“-@%¥ e W/e/O®  dlowe  (tedloe
0.9 - O A0, 2. —_ —
0g . 30 30.0 299 ST
€ 07| 20 200 2996 R%A
© os| B : 3994 3939,
€ g4 o 51 ¥ o
L%_ 03 @/ ~0. | 3196
0.2 1
0.1 -
0 i T I i T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1

Intercept

R-Square value

Slope

Standard error about y = x (% FS)

CHDIV/OE

Uncertainty due to non-linearity, at 95% confidence (% FS)

< TEDIVIOL

Note: Uncertainty due to nc_:n-linearity, at 86% confidence, shall have maximum value 2.0%. of FS

PASS/
FAIL

-~ #ovjL

Technicians Signa’W

N

Date

W

v
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AvopTe evara bh\|

Quallty l\/{anagement Sy&tem

Customer ' ' Calibration Performed by %DADCD
Instrument ' ' Date . Wi4]
ID No. " Location ~ 40 D@Wr&
Calibration Equipment - G
A?CQ(HQ—S
Calibrator Model AP\ 100 Gas Std. Cylinder Serial No. M [ 454
ID/Serial No. SN W Cylinder Concentration (ppm) 3646- 2519
Zero Air Source Model | AR IO Cylinder Expiry Date 5-29-08 ¢
ID/Serial No. SN ) 684( Cylinder Pressure (PS)) 12,850

Displayed Instrument Parameters.

Gas Flow {slpm)
Gas Pressure (torr)

Cell Temperature (°C)
Converter Temp. (°C)

Reference Voitage (V) Chassis Temperature (°C)
Analogue Supply (V) Flow Temperature (°C)
Digital Supply (V) Cooler Temperature (V)

Measure Coarse Zero
[M~~sure Fine Zero
F. ware Version

Mirror Temperature (°C)
Input

I!nstrument Units —t— ppm |

‘ Single Point Calibration

{Initial Span Instrument Gain 1468 J'\OP:\ |Full Scale (ppm) | 50 |

1031 ol e\
Precalibration Check

Calibration Zero flow Span flow Caicuiated Expected Measured CO Error
Point (sccm) (scem) (ppm) | (ppm) (ppm) (%)
Zero . 10.00 Cheieon s i
80% FS
# Replace sample filter, leak check upon reassembly PASS/
FAIL
Postcallbratlon Check N _
80% FS ) i #[)leQi '_ . _ . #DlV/O‘ S
Zero (Z L0000 : O o e g
Naote: Do not fill in the shaded cealls
[Final Span Instrument Gain | | PASS/
FAIL

N Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Page 1 of 2



/4/e8

. |Retevant? —*—| No |

Calibration Point Span flow Expected Measured CO Error (%)
(ppm) _{scom) | _eem) | {pem) ,
Zero el o beo000 0 0.0 :
25— — - T
5 0.0109 5.0 D
10 0.072.\9 1O
20 0.0 A3 203 2\.4
30 o OLSS 24, U
m 0027 179
Zero 0
Note: Do not fill in shaded celis
: el KIJ:‘I”?;QW . OGRS Mleps e
[ 40p 423
1
0.9 (%53 [Oppm 1975 ¥
0.8 - N ' :
E 07- CB}B@F’W\ | 3”7 | %
0.5 47 Niof L _
ko] s _
2 o4 < 5) 2N 5,4
391 L) Opm 0.1 g
oo | C | o F
014
O T T T T T T ML 1 ¥
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Measured CO (ppm)
Intercept
R-Square value
Slope

Standard error abouty = X (% FS)

Uncertainty due to non-linearity, at 95% confidence {% FS)

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL

Technicians Signature

Date

Page 2 of 2



Quallt}-

2 anagcment f:»ystem

A.\N WTE CHEM L\

Customer Calibration Performed by | SD/TCD
Instrument Date 8D 40D
iD No. Location AR LA\

- Calibration Equipment -

Calibrator Model | 100 Gas Std. Cylinder Serial No. MHUAA T
[D/Serial No. /N L Cylinder Concentration (ppm) 3010~ 516
Zero Air Source Model Ay 61 Cylinder Expiry Date A .99 -08
ID/Serial No. & /N' 1584 Cylinder Pressure (PSI) 12,50

. Displayed Instrument Parameters 7

Gas Flow (slpm) O Cell Temperature (°C) 53
Gas Pressure {torr) “134.4 Converter Temp. (°C) 95
Reference Voltage (V) 3.7004.300 " - 3, A Chassis Temperature (°C) 15.55. 13389
Analogue Supply (V) 1.600:12200 | 12,1 Flow Temperature (°C) 45255 0| 44.)
Digital Supply (V) -'E:-E' 4. aoo 5200 . Cooler Temperature (V) Hoat2 | L. 2'
Measure Coarse Zero 50 80 14 Mirror Temperature (°C) a7:53 | 49.77
|M~~sure Fine Zero Sqtge o] 1D input 000 4 493
F. ware Version .

linstrument Units 4 ppm |

g " single Point Calibration :
1 1(0% /F\mi

lnitial Span Instrument Gain Io\?,m: (,03(|

[Full Scale (ppm) |

Precalibration Check

Calibration Zero flow Span flow Calculated Expected Measured CO
Point (sccm) (scem) (pm) (ppm) (ppm)
Zero 000 e o
80% FS #DIV/OI
# Replace sample filter, leak check upon re%___ PASS/
FAIL
Postecalibrati
80% FS L HDIVOL S #DIVIOE
Zero 000 - L 0 0 T
Note: Do not fill in the shaded celis
|Finai Span Instrument Gain I PASS/ i
| | POV

M ;Post calibration check shall be within 1% of expected span value for both NOx span and all zero'

Page 1 of 2
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/40D

7 [relevantz 3—{ No |

Calibration Point Zero flow Span flow Caiculated Expected Measured CO Error (%)
ern (ppm) S (sccm) (scem) (ppm) (ppm) (ppm) | M
2396 2.90.085] 40,1 4.9
9.418 50055 36, ] 2R o
5. M 1006487 201 22 A
D Al 20 0,021 . I\ L
5 4890008 5.6 5.5
[0 4D. | | 44,9 _
Zero dL 000 s
Note: Da not fill in shaded cells 2 55:
_ Clranist loeedS ’—P% i’@l(]‘f\ n‘W&:\’D% (Am\‘a*m ‘S@M&of&)
o \esideuock
2.»%‘5’9(‘(\ A
09| BN 429
08 1 . rb°\ . leOl
E 074
& 0 6 .
8 :
o 05-
3 _
5 04
QO
g o034
0.2 1
0.1
O T T T T Y T :z' T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Measured CO (ppm)
Intercept

R-Square value

Slope

Standard error about y = x (% F8)

Uncertainty due to non-linearity, at 95% confidence (% FS)

Nate: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL

Technicians Signature

Date

¢ ANYam b (L E
VNS

\[/A[0D
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Quahty 1\-—Ianagemcnt bystcm

Customer CalTrans Catibration Performed by Kirstin Skadberg
Instrument 08-0580 Date 10/28/2008
iD No. Ecotech 8301LC Location Teralta Park

Calibration Equipment

Caiibrator Model Ecotech GasCal 1100 Gas Std. Cylinder Serial No. CLM002503
{D/Serial No. 08-0580 Cylinder Concentration {ppm) 3010
Zero Air Source Model Ecotech 8301LC Cylinder Expiration Date 25-Sep-11
ID/Serial No. 08-0751 Cylinder Pressure (PSI) 1900
* Displayed Instrument Parameters
Gas Flow (sipm) 1.01 Cell Temperature (°C) o 47-53 | 495
Gas Pressure (torr) 430800 740.6 Converter Temp. (°C) B?" "93 89.0
Reference Voitage (V) S5 3700, -4 30@' | 4010 Chassis Temperature (°C) : i 36.0
Analogue Supply (V) '--:--f-i:'n 600,512, 200 12.100 Flow Temperature (°C) 46.1
Digital Supply (V) 4 soo 5. 200 5.100 Cooler Temperature (V) 1.2
Measure Coarse Zero 50 80 79 Mirror Temperature (°C) 49.7
|[Me~sure Fine Zero 1599 14 Input 46
F. ware Version 1.45 -
[iInstrument Units —3 ppm
I Initial Span Instrument Gain ] 1.031 ] |Fu|l Scale (ppm) | 50
Precalibration Check
Calibration Zero flow Span flow Calculated Expected Measured CO Error
Point scom) | (scom) | @pm) | (pm) | (epm )
Zero 3995 0.00 e 0.1 L
80% FS 2955 39.84 40 39.9
# Replace sample filter, leak check upon reassembly PASS/ |1 srca '
EAIL : ASS
Postcalibration Check
80% FS ".:;.'.#an_//o!'j::f._:_'._jl.'-'. o HDIVIOL
Note: Do not fill in the shaded cells
{Final Span Instrument Gain | P:SE/ #DIV/O! .

N

‘Post calibration check shall be within 1% of expected span value for both NOx span and all zero's

Page 1 of 2




- ‘[Relevant?. —=] No |

Multipoint Linearity Check =

Calibration Point Zero flow Span flow Calculated Expected Measured CO Error (9
(%)
(ppm) (scem) {sccm) (ppm) (ppm)
Zero i v 00 ok
2.5
5
10
20
30
40
Zero
Note: Do not fill in shaded cells

0.9
0.8 -
0.7
0.6
0.5 -
0.4
0.3
0.2
014

O H H T T T ] T ¥ I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Measured CO (ppm)

Expected CO (ppm)

intercept

R-Square value

Slope

Standard error about y = x (% FS)

Uncertainty due to non-linearity, at 95% confidence (% FS)

Note: Uncertainty due to non-linearity, at 95% confidence, shall have maximum value 2.0% of FS

PASS/
FAIL

Technicians Signature Date
Page 2 of 2




C A N

ECO

TECH

Customer CalTrans Calibration Performed by Michael Thompson
instrument Ecotech 8830A Date 10/16/2008
ID No. 08-0872

Calibrator Model Ecotech GasCal 1100 Gas Std. Cylinder Serial No. CLMO02503
1D/Serial No. 08-0580 Cylinder Concentration {ppm) 3010
Zero Air Source Model Ecotech 8301LC Cylinder Expiry Date §/25/2011
{D/Serial No. 08-0751 Cylinder Pressure (PShH 20060

Gas Fiow (slpm)

Gas Pressure (torr)

Reference Voltage (V)

Analogue Supply (V)

Digital Supply (V)

1.00 Cell Temperature (°C)
740.0 Converter Temp. {°C)
3.831 Chassis Temperature (°C)
12.100 Flow Temperature (°C)
5.100 Cooler Temperature (V)

Ground Offset

Mirror Temperature {°C)

Measure Coarse Zero

Input

Measure Fine Zero

14

nstrument Units b B

47.1
1.2

Initial Span Instrument Gain

1.098

Initial CO Offset (A series only) (ppm}

[Full Scale (ppm) [ s0 |

Page 1 of 2



Caiibration Zero flow Span flow Calculated Expected Measured CO
Paint (scem) {ppm) {ppm) {ppm)
Zero 3983 0.10

40 2956 40.00
30 3955 292.80
20 3968 19.80
10 3981 10.00
5 3987 4.90
Zero 3895 0.00

Error (%)

Note: Do not fill in shaded cells

45 -
40
35
30
25 -

20 -

Measured

15
10

0 5 10 15 20 25 30 35 40
Expected

45

Standard error about ¥ = X (% FS)
Uncertainty due to non-linearity, at 95% confidence (% FS)

PASS/
FAIL

Technicians Signature ﬂ/\ M ""]’Wvl—z)—'——-— Date: Cctober 16, 2008
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A M E R 1 C A N

Quality Management System
Calibration Report Span 1 MFC Final Audit
Customer CalTrans Calibration Performed by Michael Thompson
Instrument GasCal 1100 Date 10/16/2008
iD No. 08-0580

Calibrator Model GasCal 1100 Temperaturg Sensor * Bios DryCal
ID/Serial No. (8-0580 Pressure sensor * Bios DryCal
Zero Air Source Model 8301LC * If applicable

iD/Serial No. 08-0751

NOTE: Set MFC coefficients to default values prior to calibration

[MFC Serial Number A00062120627 |
Default Co-efficient 0 MFC Range (sccm) 50
Default Co-efficient 1 Standard Temp (°C) * 0
Default Co-efficient 2 Standard Pressure {mBar) 1013

* Check GasCal configuration

Point Voltage SetFlow | Measured | Temperature | Pressure | Converted Flow| FS Error sp
(V) (scem) Flow (cc) {deg c) {mBar) {sccmy)
0 29.5 1004 '
5.482 29.5 1004
10.94 298.5 1004
16.48 28 1004
21.89 29 1004
27.62 29 1004
33.13 29 1004
38.65 29 1004
4418 29 1004
49.73 29 1004
55.64 29 1004

Total Average FS Error (%)
Total Average SP Accuracy (%)

0.01503
9.760
0.03653

Enter new coefficients into the GasCal. A finat MFC check
hould be performed to confirm new coefficients

Technicians Signature NM _’]/Wih)"-/ Date: October 186, 2008

Page 1 of 1




A M E R 3 C A N
ECOTECH
Quality Management System
Calibration Report

e

Span 1 MFC Catibration

quips

Customer CalTrans Calibration Performed by Michael Thompson
instrument GasCal 1100 Date 10/16/2008
iD No. 08-0580

NOTE: Set MFC coefficients to default values

rior to calibration

Calibrator Model GasCal 1100 Temperature Sensor* Bios DryCal
iD/Serial No. 08-0580 Pressure sensor* Bios DryCal
Zero Air Source Model B301LC * |f applicable

IB/Serial No. 08-0751

IMFC Serial Number AQ0062120627 |
Default Co-efficient 0 MFC Range (sccm) 50
Default Co-efficient 1 Standard Temp (°C) * 0
Default Co-efficient 2 Standard Pressure (mBar) 1013
* Check GasCal configuration
Point Voltage Set Flow | Measured | Temperature | Pressure | Converted Flow | FS Error SP
(V) {sccm) Flow (cc) {deg ¢) (mBar) {sccm)
0 27 1004
3.004 27 1004
8.435 28 1004
13.85 28.5 1004
19.39 28.5 1004
24.91 28.5 1004
30.562 28.5 1004
35.8 28.5 1004
41.43 29 1004
46.66 29 1004
52.75 29 1004
Total Average FS Error (%) |
Total Average SP Accuracy (%)
-2.16420 0.0515
9.731 9.842803
0.02246 0.017121
Enter new coefficients into the GasCal. A final MFC check
“ould be performed to confirm new coefficients
Technicians Signature mp[odj "r&Wth"b’ Date: October 16, 2008

Page 1 of 1




A M E R I ©C A N

Quality Management System
Calibration Report Span 1 MFC Initial Audit
Customer CalTrans Calibration Performed by Michagl Thompson
Instrument GasCai 1100 Date 10/16/2008
ID No. 08-0580

Calibrator Modal GasCal 1100 Temperature Sensor * Bios DryCal
1D/Serial No. 08-0580 Pressure sensor * Bios DryCal
Zero Air Source Model 8301LC * If applicable

IB/Serial No. 08-0751

NOTE: Set MFC coefficients to default values prior to calibration

[MFC Serial Number | A00062120627 |
Default Co-efficient 0 MFC Range (sccm) 50
Default Co-efficient 1 Standard Temp {°C) * 0
Default Co-efficient 2 Standard Pressure (mBar) 1013

* Chack GasCal configuration

Point Voltage Set Flow | Measured | Temperature | Pressure | Converted Flow| FS Error SP
{V) {sccm) Flow (cc) (deg ¢} {mBar) __(fccm) %

0 23.5 1002 00
3 238 1002

8.479 24 1002

13.91 24.4 1002

19.45 25 1004

24.85 25.5 1004

30.47 25.5 1004

35.81 26 1004

41.44 26 1004

47.31 26 1004

52.34 26 1004

Total Average FS Error (%)
Total Average SP Accuracy (%)

-2.21631
9.893
0.01059

Enter new coefficients into the GasCal. A final MFC check
"ould be performed to confirm new coefficients

Technicians Signature m M ""/W#'U"‘—’ Date: October 16, 2008

Page 1 of 1




APPENDIX D

Data Tables



APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages

CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
11/3/08 0:00 0.6 NV 11/4/08 18:00 ASV
11/3/08 1:00 CAL 11/4/08 19:00 0.5
11/3/08 2:00 0.6 NV 11/4/08 20:00 0.6
11/3/08 3:00 0.5 NV 11/4/08 21:00 0.6
11/3/08 4:00 0.5 NV 11/4/08 22:00 1.0
11/3/08 5:00 0.4 NV 11/4/08 23:00 11
11/3/08 6:00 0.5 NV 11/5/08 0:00 0.8
11/3/08 7:00 0.8 NV 11/5/08 1:00 CAL
11/3/08 8:00 0.9 NV 11/5/08 2:00 0.5
11/3/08 9:00 0.9 NV 11/5/08 3:00 0.3
11/3/08 10:00 0.6 NV 11/5/08 4:00 0.3
11/3/08 11:00 0.4 NV 11/5/08 5:00 0.3
11/3/08 12:00 0.3 NV 11/5/08 6:00 0.3
11/3/08 13:00 0.3 NV 11/5/08 7:00 0.4
11/3/08 14:00 0.2 NV 11/5/08 8:00 0.5
11/3/08 15:00 0.3 NV 11/5/08 9:00 0.7
11/3/08 16:00 0.3 NV 11/5/08 10:00 0.7
11/3/08 17:00 0.3 NV 11/5/08 11:00 0.4
11/3/08 18:00 0.3 NV 11/5/08 12:00 0.3
11/3/08 19:00 0.3 NV 11/5/08 13:00 0.3
11/3/08 20:00 0.4 NV 11/5/08 14:00 0.3
11/3/08 21:00 0.4 NV 11/5/08 15:00 0.3
11/3/08 22:00 0.4 NV 11/5/08 16:00 0.4
11/3/08 23:00 0.3 NV 11/5/08 17:00 0.5
11/4/08 0:00 0.3 NV 11/5/08 18:00 0.7
11/4/08 1:00 CAL 11/5/08 19:00 0.7
11/4/08 2:00 0.4 NV 11/5/08 20:00 0.9
11/4/08 3:00 0.4 NV 11/5/08 21:00 0.8
11/4/08 4:00 0.5 NV 11/5/08 22:00 1.2
11/4/08 5:00 0.5 NV 11/5/08 23:00 1.0
11/4/08 6:00 0.6 NV 11/6/08 0:00 0.9
11/4/08 7:00 0.8 NV 11/6/08 1:00 CAL
11/4/08 8:00 1.2 NV 11/6/08 2:00 0.3
11/4/08 9:00 1.0 NV 11/6/08 3:00 0.4
11/4/08 10:00 0.7 NV 11/6/08 4:00 0.3
11/4/08 11:00 ASV 11/6/08 5:00 0.5
11/4/08 12:00 ASV 11/6/08 6:00 0.6
11/4/08 13:00 ASV 11/6/08 7:00 ASV
11/4/08 14:00 ASV 11/6/08 8:00 ASV
11/4/08 15:00 ASV 11/6/08 9:00 ASV
11/4/08 16:00 ASV 11/6/08 10:00 ASV
11/4/08 17:00 ASV 11/6/08 11:00 ASV
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages

CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
11/6/08 12:00 0.2 11/8/08 6:00 0.3
11/6/08 13:00 0.2 11/8/08 7:00 0.4
11/6/08 14:00 0.2 11/8/08 8:00 0.5
11/6/08 15:00 0.2 11/8/08 9:00 0.6
11/6/08 16:00 0.2 11/8/08 10:00 0.5
11/6/08 17:00 0.3 11/8/08 11:00 0.6
11/6/08 18:00 0.5 11/8/08 12:00 0.6
11/6/08 19:00 0.7 11/8/08 13:00 0.5
11/6/08 20:00 0.5 11/8/08 14:00 0.5
11/6/08 21:00 0.9 11/8/08 15:00 1.1
11/6/08 22:00 1.1 11/8/08 16:00 1.0
11/6/08 23:00 1.1 11/8/08 17:00 1.0
11/7/08 0:00 1.0 11/8/08 18:00 0.8
11/7/08 1:00 CAL 11/8/08 19:00 0.7
11/7/08 2:00 0.8 11/8/08 20:00 0.7
11/7/08 3:00 0.5 11/8/08 21:00 0.5
11/7/08 4:00 0.4 11/8/08 22:00 0.6
11/7/08 5:00 0.5 11/8/08 23:00 0.6
11/7/08 6:00 0.8 11/9/08 0:00 0.5
11/7/08 7:00 0.9 11/9/08 1:00 CAL
11/7/08 8:00 1.2 11/9/08 2:00 0.3
11/7/08 9:00 0.6 11/9/08 3:00 0.2
11/7/08 10:00 0.3 11/9/08 4:00 0.2
11/7/08 11:00 0.4 11/9/08 5:00 0.2
11/7/08 12:00 0.2 11/9/08 6:00 0.2
11/7/08 13:00 0.2 11/9/08 7:00 0.2
11/7/08 14:00 0.2 11/9/08 8:00 0.2
11/7/08 15:00 0.4 11/9/08 9:00 0.2
11/7/08 16:00 0.5 11/9/08 10:00 0.2
11/7/08 17:00 0.6 11/9/08 11:00 0.2
11/7/08 18:00 0.8 11/9/08 12:00 0.2
11/7/08 19:00 0.9 11/9/08 13:00 0.2
11/7/08 20:00 1.2 11/9/08 14:00 0.2
11/7/08 21:00 1.5 11/9/08 15:00 0.2
11/7/08 22:00 1.3 11/9/08 16:00 0.2
11/7/08 23:00 0.7 11/9/08 17:00 0.2
11/8/08 0:00 0.5 11/9/08 18:00 0.3
11/8/08 1:00 CAL 11/9/08 19:00 0.3
11/8/08 2:00 0.3 11/9/08 20:00 0.6
11/8/08 3:00 0.3 11/9/08 21:00 0.5
11/8/08 4:00 0.3 11/9/08 22:00 0.5
11/8/08 5:00 0.3 11/9/08 23:00 0.5
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
11/10/08 0:00 0.5 11/11/08 18:00 0.5
11/10/08 1:00 CAL 11/11/08 19:00 0.5
11/10/08 2:00 0.4 11/11/08 20:00 0.8
11/10/08 3:00 0.4 11/11/08 21:00 0.6
11/10/08 4:00 0.4 11/11/08 22:00 0.9
11/10/08 5:00 0.4 11/11/08 23:00 0.9
11/10/08 6:00 0.8 11/12/08 0:00 0.9
11/10/08 7:00 1.0 11/12/08 1:00 CAL
11/10/08 8:00 0.8 11/12/08 2:00 0.7
11/10/08 9:00 0.5 11/12/08 3:00 NS
11/10/08 10:00 0.6 11/12/08 4:00 0.6
11/10/08 11:00 0.5 11/12/08 5:00 0.8
11/10/08 12:00 0.4 11/12/08 6:00 11
11/10/08 13:00 0.2 11/12/08 7:00 0.7
11/10/08 14:00 0.3 11/12/08 8:00 0.9
11/10/08 15:00 0.3 11/12/08 9:00 0.6
11/10/08 16:00 0.3 11/12/08 10:00 0.6
11/10/08 17:00 0.4 11/12/08 11:00 0.5
11/10/08 18:00 0.4 11/12/08 12:00 0.5
11/10/08 19:00 0.5 11/12/08 13:00 0.5
11/10/08 20:00 0.8 11/12/08 14:00 0.5
11/10/08 21:00 1.2 11/12/08 15:00 0.6
11/10/08 22:00 15 11/12/08 16:00 0.6
11/10/08 23:00 1.0 11/12/08 17:00 0.6
11/11/08 0:00 0.7 11/12/08 18:00 0.7
11/11/08 1:00 CAL 11/12/08 19:00 0.8
11/11/08 2:00 0.5 11/12/08 20:00 0.9
11/11/08 3:00 0.4 11/12/08 21:00 1.2
11/11/08 4:00 0.5 11/12/08 22:00 1.4
11/11/08 5:00 0.6 11/12/08 23:00 1.3
11/11/08 6:00 0.5 11/13/08 0:00 11
11/11/08 7:00 0.6 11/13/08 1:00 CAL
11/11/08 8:00 0.4 11/13/08 2:00 0.7
11/11/08 9:00 0.4 11/13/08 3:00 0.5
11/11/08 10:00 0.4 11/13/08 4:00 0.5
11/11/08 11:00 0.4 11/13/08 5:00 0.9
11/11/08 12:00 0.3 11/13/08 6:00 17
11/11/08 13:00 0.4 11/13/08 7:00 1.0
11/11/08 14:00 0.3 11/13/08 8:00 0.7
11/11/08 15:00 0.3 11/13/08 9:00 0.8
11/11/08 16:00 0.3 11/13/08 10:00 0.8
11/11/08 17:00 0.4 11/13/08 11:00 0.6
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
11/13/08 12:00 0.6 11/15/08 6:00 BKG
11/13/08 13:00 1.0 11/15/08 7:00 BKG
11/13/08 14:00 0.9 11/15/08 8:00 BKG
11/13/08 15:00 0.4 11/15/08 9:00 BKG
11/13/08 16:00 1.2 11/15/08 10:00 BKG
11/13/08 17:00 1.3 11/15/08 11:00 BKG
11/13/08 18:00 1.6 11/15/08 12:00 BKG
11/13/08 19:00 1.7 11/15/08 13:00 BKG
11/13/08 20:00 1.8 11/15/08 14:00 BKG
11/13/08 21:00 1.9 11/15/08 15:00 BKG
11/13/08 22:00 1.8 11/15/08 16:00 BKG
11/13/08 23:00 24 11/15/08 17:00 BKG
11/14/08 0:00 1.7 11/15/08 18:00 BKG
11/14/08 1:00 CAL 11/15/08 19:00 BKG
11/14/08 2:00 1.0 11/15/08 20:00 BKG
11/14/08 3:00 0.7 11/15/08 21:00 BKG
11/14/08 4:00 0.9 11/15/08 22:00 BKG
11/14/08 5:00 0.8 11/15/08 23:00 BKG
11/14/08 6:00 1.0 11/16/08 0:00 BKG
11/14/08 7:00 1.2 11/16/08 1:00 BKG
11/14/08 8:00 0.9 11/16/08 2:00 BKG
11/14/08 9:00 0.7 11/16/08 3:00 BKG
11/14/08 10:00 0.6 11/16/08 4:00 BKG
11/14/08 11:00 0.5 11/16/08 5:00 BKG
11/14/08 12:00 0.4 11/16/08 6:00 BKG
11/14/08 13:00 0.3 11/16/08 7:00 BKG
11/14/08 14:00 0.3 11/16/08 8:00 BKG
11/14/08 15:00 0.3 11/16/08 9:00 BKG
11/14/08 16:00 0.8 11/16/08 10:00 BKG
11/14/08 17:00 1.1 11/16/08 11:00 0.2
11/14/08 18:00 1.8 11/16/08 12:00 0.4
11/14/08 19:00 2.4 11/16/08 13:00 0.3
11/14/08 20:00 24 11/16/08 14:00 0.3
11/14/08 21:00 2.1 11/16/08 15:00 0.3
11/14/08 22:00 1.6 11/16/08 16:00 0.7
11/14/08 23:00 15 11/16/08 17:00 0.9
11/15/08 0:00 1.2 11/16/08 18:00 0.9
11/15/08 1:00 BKG 11/16/08 19:00 1.2
11/15/08 2:00 BKG 11/16/08 20:00 11
11/15/08 3:00 BKG 11/16/08 21:00 1.2
11/15/08 4:00 BKG 11/16/08 22:00 2.0
11/15/08 5:00 BKG 11/16/08 23:00 14
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
11/17/08 0:00 0.7 11/18/08 18:00 1.0
11/17/08 1:00 CAL 11/18/08 19:00 15
11/17/08 2:00 0.3 11/18/08 20:00 2.2
11/17/08 3:00 0.3 11/18/08 21:00 17
11/17/08 4:00 0.2 11/18/08 22:00 2.4
11/17/08 5:00 0.6 11/18/08 23:00 2.4
11/17/08 6:00 1.2 11/19/08 0:00 1.3
11/17/08 7:00 0.6 11/19/08 1:00 CAL
11/17/08 8:00 ASV 11/19/08 2:00 14
11/17/08 9:00 ASV 11/19/08 3:00 11
11/17/08 10:00 0.3 11/19/08 4:00 0.9
11/17/08 11:00 0.4 11/19/08 5:00 0.9
11/17/08 12:00 0.3 11/19/08 6:00 2.0
11/17/08 13:00 0.3 11/19/08 7:00 2.0
11/17/08 14:00 0.3 11/19/08 8:00 1.0
11/17/08 15:00 0.3 11/19/08 9:00 0.8
11/17/08 16:00 0.9 11/19/08 10:00 0.9
11/17/08 17:00 1.4 11/19/08 11:00 0.8
11/17/08 18:00 1.7 11/19/08 12:00 0.7
11/17/08 19:00 2.2 11/19/08 13:00 0.6
11/17/08 20:00 25 11/19/08 14:00 0.5
11/17/08 21:00 1.8 11/19/08 15:00 0.5
11/17/08 22:00 1.1 11/19/08 16:00 0.6
11/17/08 23:00 0.7 11/19/08 17:00 0.7
11/18/08 0:00 0.7 11/19/08 18:00 0.9
11/18/08 1:00 CAL 11/19/08 19:00 1.2
11/18/08 2:00 0.9 11/19/08 20:00 1.0
11/18/08 3:00 0.3 11/19/08 21:00 0.6
11/18/08 4:00 0.2 11/19/08 22:00 0.9
11/18/08 5:00 0.5 11/19/08 23:00 1.0
11/18/08 6:00 0.6 11/20/08 0:00 1.3
11/18/08 7:00 0.8 11/20/08 1:00 CAL
11/18/08 8:00 0.7 11/20/08 2:00 11
11/18/08 9:00 0.6 11/20/08 3:00 0.9
11/18/08 10:00 0.4 11/20/08 4:00 0.7
11/18/08 11:00 0.6 11/20/08 5:00 15
11/18/08 12:00 0.7 11/20/08 6:00 17
11/18/08 13:00 0.4 11/20/08 7:00 1.9
11/18/08 14:00 0.3 11/20/08 8:00 2.1
11/18/08 15:00 0.4 11/20/08 9:00 1.9
11/18/08 16:00 0.7 11/20/08 10:00 1.2
11/18/08 17:00 0.9 11/20/08 11:00 0.6
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages
CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
11/20/08 12:00 0.6 11/22/08 6:00 1.8
11/20/08 13:00 0.6 11/22/08 7:00 1.8
11/20/08 14:00 0.5 11/22/08 8:00 1.9
11/20/08 15:00 0.6 11/22/08 9:00 1.9
11/20/08 16:00 0.8 11/22/08 10:00 1.3
11/20/08 17:00 1.8 11/22/08 11:00 1.4
11/20/08 18:00 15 11/22/08 12:00 1.2
11/20/08 19:00 0.8 11/22/08 13:00 0.9
11/20/08 20:00 0.8 11/22/08 14:00 0.8
11/20/08 21:00 1.1 11/22/08 15:00 0.7
11/20/08 22:00 1.0 11/22/08 16:00 0.9
11/20/08 23:00 14 11/22/08 17:00 0.8
11/21/08 0:00 1.0 11/22/08 18:00 0.7
11/21/08 1:00 CAL 11/22/08 19:00 0.6
11/21/08 2:00 1.2 11/22/08 20:00 0.5
11/21/08 3:00 1.1 11/22/08 21:00 0.5
11/21/08 4:00 0.7 11/22/08 22:00 0.4
11/21/08 5:00 0.8 11/22/08 23:00 0.4
11/21/08 6:00 1.0 11/23/08 0:00 0.7
11/21/08 7:00 0.9 11/23/08 1:00 CAL
11/21/08 8:00 0.8 11/23/08 2:00 0.8
11/21/08 9:00 0.7 11/23/08 3:00 0.9
11/21/08 10:00 0.7 11/23/08 4:00 0.8
11/21/08 11:00 1.3 11/23/08 5:00 0.7
11/21/08 12:00 0.9 11/23/08 6:00 0.7
11/21/08 13:00 0.7 11/23/08 7:00 0.9
11/21/08 14:00 0.5 11/23/08 8:00 0.9
11/21/08 15:00 1.3 11/23/08 9:00 0.8
11/21/08 16:00 1.8 11/23/08 10:00 0.9
11/21/08 17:00 1.8 11/23/08 11:00 0.7
11/21/08 18:00 2.1 11/23/08 12:00 0.6
11/21/08 19:00 2.3 11/23/08 13:00 0.6
11/21/08 20:00 2.3 11/23/08 14:00 0.6
11/21/08 21:00 2.8 11/23/08 15:00 0.6
11/21/08 22:00 15 11/23/08 16:00 0.7
11/21/08 23:00 1.6 11/23/08 17:00 0.7
11/22/08 0:00 14 11/23/08 18:00 0.8
11/22/08 1:00 CAL 11/23/08 19:00 1.0
11/22/08 2:00 15 11/23/08 20:00 11
11/22/08 3:00 1.6 11/23/08 21:00 11
11/22/08 4:00 15 11/23/08 22:00 1.1
11/22/08 5:00 1.6 11/23/08 23:00 1.0
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TABLE D-1

Teralta Park 1-hour Averages

APPENDIX D—DATA TABLES

CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
11/24/08 0:00 0.8 11/25/08 18:00 0.7
11/24/08 1:00 CAL 11/25/08 19:00 0.9
11/24/08 2:00 0.6 11/25/08 20:00 0.8
11/24/08 3:00 0.6 11/25/08 21:00 0.9
11/24/08 4:00 0.5 11/25/08 22:00 0.6
11/24/08 5:00 0.9 11/25/08 23:00 0.5
11/24/08 6:00 0.7 11/26/08 0:00 0.4
11/24/08 7:00 0.8 11/26/08 1:00 CAL
11/24/08 8:00 0.8 11/26/08 2:00 1.3
11/24/08 9:00 0.8 11/26/08 3:00 1.3
11/24/08 10:00 0.6 11/26/08 4:00 1.3
11/24/08 11:00 0.5 11/26/08 5:00 15
11/24/08 12:00 0.5 11/26/08 6:00 CAL
11/24/08 13:00 0.6 11/26/08 7:00 2.3
11/24/08 14:00 0.4 11/26/08 8:00 2.0
11/24/08 15:00 0.4 11/26/08 9:00 1.9
11/24/08 16:00 0.4 11/26/08 10:00 17
11/24/08 17:00 0.5 11/26/08 11:00 1.6
11/24/08 18:00 0.7 11/26/08 12:00 1.6
11/24/08 19:00 1.0 11/26/08 13:00 15
11/24/08 20:00 1.0 11/26/08 14:00 1.4
11/24/08 21:00 1.1 11/26/08 15:00 1.3
11/24/08 22:00 1.0 11/26/08 16:00 14
11/24/08 23:00 0.9 11/26/08 17:00 15
11/25/08 0:00 0.8 11/26/08 18:00 15
11/25/08 1:00 CAL 11/26/08 19:00 1.6
11/25/08 2:00 0.8 11/26/08 20:00 14
11/25/08 3:00 0.8 11/26/08 21:00 15
11/25/08 4:00 0.7 11/26/08 22:00 15
11/25/08 5:00 0.6 11/26/08 23:00 1.4
11/25/08 6:00 0.8 11/27/08 0:00 0.5
11/25/08 7:00 0.7 11/27/08 1:00 CAL
11/25/08 8:00 0.9 11/27/08 2:00 0.5
11/25/08 9:00 0.8 11/27/08 3:00 0.5
11/25/08 10:00 0.7 11/27/08 4:00 0.4
11/25/08 11:00 0.7 11/27/08 5:00 0.4
11/25/08 12:00 ASV 11/27/08 6:00 0.5
11/25/08 13:00 ASV 11/27/08 7:00 0.6
11/25/08 14:00 ASV 11/27/08 8:00 0.6
11/25/08 15:00 ASV 11/27/08 9:00 0.4
11/25/08 16:00 ASV 11/27/08 10:00 0.5
11/25/08 17:00 ASV 11/27/08 11:00 0.6
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TABLE D-1

Teralta Park 1-hour Averages

APPENDIX D—DATA TABLES

CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
11/27/08 12:00 0.5 11/29/08 6:00 0.9
11/27/08 13:00 0.4 11/29/08 7:00 0.9
11/27/08 14:00 0.3 11/29/08 8:00 0.8
11/27/08 15:00 0.3 11/29/08 9:00 0.5
11/27/08 16:00 0.4 11/29/08 10:00 0.6
11/27/08 17:00 0.5 11/29/08 11:00 0.6
11/27/08 18:00 0.7 11/29/08 12:00 0.6
11/27/08 19:00 0.7 11/29/08 13:00 0.5
11/27/08 20:00 0.8 11/29/08 14:00 0.6
11/27/08 21:00 0.5 11/29/08 15:00 0.6
11/27/08 22:00 0.4 11/29/08 16:00 0.7
11/27/08 23:00 0.4 11/29/08 17:00 0.8
11/28/08 0:00 0.5 11/29/08 18:00 0.6
11/28/08 1:00 CAL 11/29/08 19:00 0.5
11/28/08 2:00 0.5 11/29/08 20:00 0.4
11/28/08 3:00 0.5 11/29/08 21:00 0.5
11/28/08 4:00 CAL 11/29/08 22:00 0.5
11/28/08 5:00 0.9 11/29/08 23:00 0.5
11/28/08 6:00 0.9 11/30/08 0:00 0.6
11/28/08 7:00 0.8 11/30/08 1:00 CAL
11/28/08 8:00 0.6 11/30/08 2:00 0.6
11/28/08 9:00 0.4 11/30/08 3:00 0.6
11/28/08 10:00 0.4 11/30/08 4:00 0.6
11/28/08 11:00 0.4 11/30/08 5:00 0.6
11/28/08 12:00 0.4 11/30/08 6:00 0.7
11/28/08 13:00 0.4 11/30/08 7:00 0.8
11/28/08 14:00 0.4 11/30/08 8:00 1.0
11/28/08 15:00 0.4 11/30/08 9:00 0.9
11/28/08 16:00 0.5 11/30/08 10:00 0.7
11/28/08 17:00 0.5 11/30/08 11:00 0.8
11/28/08 18:00 0.5 11/30/08 12:00 0.8
11/28/08 19:00 0.7 11/30/08 13:00 0.7
11/28/08 20:00 0.8 11/30/08 14:00 0.7
11/28/08 21:00 1.1 11/30/08 15:00 0.7
11/28/08 22:00 1.1 11/30/08 16:00 1.0
11/28/08 23:00 1.0 11/30/08 17:00 0.9
11/29/08 0:00 1.0 11/30/08 18:00 1.0
11/29/08 1:00 CAL 11/30/08 19:00 0.8
11/29/08 2:00 0.8 11/30/08 20:00 0.7
11/29/08 3:00 0.6 11/30/08 21:00 0.7
11/29/08 4:00 0.7 11/30/08 22:00 0.7
11/29/08 5:00 0.8 11/30/08 23:00 0.8
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages

CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
12/1/08 0:00 0.9 12/2/08 18:00 0.6
12/1/08 1:00 CAL 12/2/08 19:00 0.5
12/1/08 2:00 1.0 12/2/08 20:00 0.6
12/1/08 3:00 0.9 12/2/08 21:00 0.6
12/1/08 4:00 1.0 12/2/08 22:00 0.5
12/1/08 5:00 1.1 12/2/08 23:00 0.5
12/1/08 6:00 0.9 12/3/08 0:00 0.5
12/1/08 7:00 1.1 12/3/08 1:00 CAL
12/1/08 8:00 14 12/3/08 2:00 0.4
12/1/08 9:00 1.1 12/3/08 3:00 0.3
12/1/08 10:00 1.3 12/3/08 4:00 0.5
12/1/08 11:00 1.5 12/3/08 5:00 0.4
12/1/08 12:00 0.9 12/3/08 6:00 0.7
12/1/08 13:00 ASV 12/3/08 7:00 0.6
12/1/08 14:00 1.0 12/3/08 8:00 0.7
12/1/08 15:00 1.1 12/3/08 9:00 0.7
12/1/08 16:00 0.8 12/3/08 10:00 0.6
12/1/08 17:00 0.7 12/3/08 11:00 0.7
12/1/08 18:00 1.1 12/3/08 12:00 0.6
12/1/08 19:00 0.8 12/3/08 13:00 0.5
12/1/08 20:00 0.6 12/3/08 14:00 0.4
12/1/08 21:00 0.7 12/3/08 15:00 0.4
12/1/08 22:00 1.0 12/3/08 16:00 0.4
12/1/08 23:00 0.8 12/3/08 17:00 0.5
12/2/08 0:00 0.7 12/3/08 18:00 0.5
12/2/08 1:00 CAL 12/3/08 19:00 0.4
12/2/08 2:00 0.7 12/3/08 20:00 0.4
12/2/08 3:00 0.6 12/3/08 21:00 0.6
12/2/08 4:00 0.7 12/3/08 22:00 0.7
12/2/08 5:00 0.8 12/3/08 23:00 0.6
12/2/08 6:00 1.1 12/4/08 0:00 0.7
12/2/08 7:00 1.1 12/4/08 1:00 CAL
12/2/08 8:00 0.9 12/4/08 2:00 0.6
12/2/08 9:00 0.8 12/4/08 3:00 0.5
12/2/08 10:00 0.5 12/4/08 4:00 0.6
12/2/08 11:00 0.4 12/4/08 5:00 0.6
12/2/08 12:00 0.4 12/4/08 6:00 0.9
12/2/08 13:00 0.6 12/4/08 7:00 1.2
12/2/08 14:00 0.4 12/4/08 8:00 0.9
12/2/08 15:00 0.3 12/4/08 9:00 0.7
12/2/08 16:00 0.4 12/4/08 10:00 0.6
12/2/08 17:00 1.2 12/4/08 11:00 0.5
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages

CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
12/4/08 12:00 0.6 12/6/08 6:00 BKG
12/4/08 13:00 0.7 12/6/08 7:00 BKG
12/4/08 14:00 0.6 12/6/08 8:00 BKG
12/4/08 15:00 0.8 12/6/08 9:00 BKG
12/4/08 16:00 0.5 12/6/08 10:00 BKG
12/4/08 17:00 0.5 12/6/08 11:00 BKG
12/4/08 18:00 0.5 12/6/08 12:00 BKG
12/4/08 19:00 0.5 12/6/08 13:00 BKG
12/4/08 20:00 0.8 12/6/08 14:00 BKG
12/4/08 21:00 1.0 12/6/08 15:00 BKG
12/4/08 22:00 0.9 12/6/08 16:00 BKG
12/4/08 23:00 1.0 12/6/08 17:00 BKG
12/5/08 0:00 0.8 12/6/08 18:00 BKG
12/5/08 1:00 CAL 12/6/08 19:00 BKG
12/5/08 2:00 0.7 12/6/08 20:00 BKG
12/5/08 3:00 0.6 12/6/08 21:00 BKG
12/5/08 4:00 0.6 12/6/08 22:00 BKG
12/5/08 5:00 0.6 12/6/08 23:00 BKG
12/5/08 6:00 0.8 12/7/08 0:00 BKG
12/5/08 7:00 1.1 12/7/08 1:00 BKG
12/5/08 8:00 0.7 12/7/08 2:00 BKG
12/5/08 9:00 0.7 12/7/08 3:00 BKG
12/5/08 10:00 0.7 12/7/08 4:00 BKG
12/5/08 11:00 0.4 12/7/08 5:00 BKG
12/5/08 12:00 0.4 12/7/08 6:00 BKG
12/5/08 13:00 0.4 12/7/08 7:00 BKG
12/5/08 14:00 0.5 12/7/08 8:00 BKG
12/5/08 15:00 0.5 12/7/08 9:00 BKG
12/5/08 16:00 0.7 12/7/08 10:00 BKG
12/5/08 17:00 1.1 12/7/08 11:00 BKG
12/5/08 18:00 1.4 12/7/08 12:00 BKG
12/5/08 19:00 1.3 12/7/08 13:00 BKG
12/5/08 20:00 2.0 12/7/08 14:00 BKG
12/5/08 21:00 2.0 12/7/08 15:00 BKG
12/5/08 22:00 1.3 12/7/08 16:00 BKG
12/5/08 23:00 1.2 12/7/08 17:00 BKG
12/6/08 0:00 0.9 12/7/08 18:00 BKG
12/6/08 1:00 CAL 12/7/08 19:00 BKG
12/6/08 2:00 BKG 12/7/08 20:00 BKG
12/6/08 3:00 BKG 12/7/08 21:00 BKG
12/6/08 4:00 BKG 12/7/08 22:00 BKG
12/6/08 5:00 BKG 12/7/08 23:00 BKG
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages

CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
12/8/08 0:00 BKG 12/9/08 18:00 0.4
12/8/08 1:00 CAL 12/9/08 19:00 0.3
12/8/08 2:00 1.0 12/9/08 20:00 0.4
12/8/08 3:00 1.0 12/9/08 21:00 0.5
12/8/08 4:00 1.2 12/9/08 22:00 1.0
12/8/08 5:00 15 12/9/08 23:00 0.9
12/8/08 6:00 2.0 12/10/08 0:00 14
12/8/08 7:00 2.1 12/10/08 1:00 CAL
12/8/08 8:00 1.9 12/10/08 2:00 0.6
12/8/08 9:00 15 12/10/08 3:00 0.4
12/8/08 10:00 1.4 12/10/08 4:00 0.3
12/8/08 11:00 1.2 12/10/08 5:00 0.7
12/8/08 12:00 1.1 12/10/08 6:00 0.8
12/8/08 13:00 1.1 12/10/08 7:00 0.8
12/8/08 14:00 1.2 12/10/08 8:00 11
12/8/08 15:00 1.2 12/10/08 9:00 0.7
12/8/08 16:00 1.1 12/10/08 10:00 0.4
12/8/08 17:00 1.2 12/10/08 11:00 0.3
12/8/08 18:00 1.5 12/10/08 12:00 0.3
12/8/08 19:00 1.5 12/10/08 13:00 0.3
12/8/08 20:00 1.5 12/10/08 14:00 0.3
12/8/08 21:00 1.6 12/10/08 15:00 0.4
12/8/08 22:00 1.6 12/10/08 16:00 0.5
12/8/08 23:00 1.5 12/10/08 17:00 0.8
12/9/08 0:00 0.6 12/10/08 18:00 1.1
12/9/08 1:00 CAL 12/10/08 19:00 1.4
12/9/08 2:00 0.3 12/10/08 20:00 15
12/9/08 3:00 0.3 12/10/08 21:00 1.7
12/9/08 4:00 0.3 12/10/08 22:00 15
12/9/08 5:00 0.3 12/10/08 23:00 17
12/9/08 6:00 0.5 12/11/08 0:00 1.3
12/9/08 7:00 0.5 12/11/08 1:00 CAL
12/9/08 8:00 0.5 12/11/08 2:00 0.9
12/9/08 9:00 ASV 12/11/08 3:00 0.4
12/9/08 10:00 0.1 12/11/08 4:00 CAL
12/9/08 11:00 0.2 12/11/08 5:00 0.4
12/9/08 12:00 0.2 12/11/08 6:00 0.5
12/9/08 13:00 0.1 12/11/08 7:00 0.8
12/9/08 14:00 0.2 12/11/08 8:00 1.3
12/9/08 15:00 0.1 12/11/08 9:00 0.8
12/9/08 16:00 0.1 12/11/08 10:00 0.9
12/9/08 17:00 0.2 12/11/08 11:00 1.0
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APPENDIX D—DATA TABLES

TABLE D-1
Teralta Park 1-hour Averages
CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
12/11/08 12:00 0.9 12/12/08 18:00 0.5
12/11/08 13:00 0.6 12/12/08 19:00 0.7
12/11/08 14:00 0.7 12/12/08 20:00 0.5
12/11/08 15:00 0.7 12/12/08 21:00 0.6
12/11/08 16:00 0.8 12/12/08 22:00 0.6
12/11/08 17:00 1.0 12/12/08 23:00 0.5
12/11/08 18:00 1.8 12/13/08 0:00 0.6
12/11/08 19:00 1.1 12/13/08 1:00 CAL
12/11/08 20:00 1.7 12/13/08 2:00 0.4
12/11/08 21:00 15 12/13/08 3:00 0.5
12/11/08 22:00 1.3 12/13/08 4:00 0.6
12/11/08 23:00 11 12/13/08 5:00 0.6
12/12/08 0:00 1.1 12/13/08 6:00 0.6
12/12/08 1:00 CAL 12/13/08 7:00 0.7
12/12/08 2:00 0.8 12/13/08 8:00 0.8
12/12/08 3:00 0.9 12/13/08 9:00 0.8
12/12/08 4:00 1.1 12/13/08 10:00 0.5
12/12/08 5:00 1.6 12/13/08 11:00 0.4
12/12/08 6:00 2.0 12/13/08 12:00 0.5
12/12/08 7:00 1.8 12/13/08 13:00 0.5
12/12/08 8:00 14 12/13/08 14:00 0.5
12/12/08 9:00 1.0 12/13/08 15:00 0.4
12/12/08 10:00 0.7 12/13/08 16:00 0.4
12/12/08 11:00 0.6 12/13/08 17:00 0.3
12/12/08 12:00 0.6 12/13/08 18:00 0.3
12/12/08 13:00 0.8 12/13/08 19:00 0.3
12/12/08 14:00 0.6 12/13/08 20:00 0.3
12/12/08 15:00 0.5 12/13/08 21:00 0.3
12/12/08 16:00 0.5 12/13/08 22:00 0.3
12/12/08 17:00 0.4 12/13/08 23:00 0.3

NOTES:

ASV = air pollution control district site visit

BKG = background set incorrectly
CAL = system in calibration
CO = carbon monoxide

hr = hour

NV = not enough samples
ppm = parts per million
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APPENDIX D—DATA TABLES

TABLE D-2
Teralta Park 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling

Date Time Average Note Date Time Average Note
11/3/08 0:00 0.4 NV 11/4/08 15:00 ASV
11/3/08 1:00 0.4 CAL 11/4/08 16:00 ASV
11/3/08 2:00 0.4 NV 11/4/08 17:00 ASV
11/3/08 3:00 0.5 NV 11/4/08 18:00 ASV
11/3/08 4:00 0.5 NV 11/4/08 19:00 ASV
11/3/08 5:00 0.5 NV 11/4/08 20:00 ASV
11/3/08 6:00 0.5 NV 11/4/08 21:00 ASV
11/3/08 7:00 0.6 NV 11/4/08 22:00 ASV
11/3/08 8:00 0.6 NV 11/4/08 23:00 ASV
11/3/08 9:00 0.6 NV 11/5/08 0:00 0.7
11/3/08 10:00 0.6 NV 11/5/08 1:00 0.7
11/3/08 11:00 0.6 NV 11/5/08 2:00 0.7
11/3/08 12:00 0.6 NV 11/5/08 3:00 0.7
11/3/08 13:00 0.6 NV 11/5/08 4:00 0.7
11/3/08 14:00 0.5 NV 11/5/08 5:00 0.6
11/3/08 15:00 0.5 NV 11/5/08 6:00 0.5
11/3/08 16:00 0.4 NV 11/5/08 7:00 0.4
11/3/08 17:00 0.3 NV 11/5/08 8:00 0.4
11/3/08 18:00 0.3 NV 11/5/08 9:00 0.4
11/3/08 19:00 0.3 NV 11/5/08 10:00 0.4
11/3/08 20:00 0.3 NV 11/5/08 11:00 0.5
11/3/08 21:00 0.3 NV 11/5/08 12:00 0.5
11/3/08 22:00 0.3 NV 11/5/08 13:00 0.5
11/3/08 23:00 0.3 NV 11/5/08 14:00 0.5

11/4/08 0:00 0.3 NV 11/5/08 15:00 0.5

11/4/08 1:00 0.3 CAL 11/5/08 16:00 0.4

11/4/08 2:00 0.3 NV 11/5/08 17:00 0.4

11/4/08 3:00 0.3 NV 11/5/08 18:00 0.4

11/4/08 4:00 0.4 NV 11/5/08 19:00 0.4

11/4/08 5:00 0.4 NV 11/5/08 20:00 0.5

11/4/08 6:00 0.4 NV 11/5/08 21:00 0.6

11/4/08 7:00 0.5 NV 11/5/08 22:00 0.7

11/4/08 8:00 0.6 NV 11/5/08 23:00 0.8

11/4/08 9:00 0.7 NV 11/6/08 0:00 0.8
11/4/08 10:00 0.7 NV 11/6/08 1:00 0.9
11/4/08 11:00 ASV 11/6/08 2:00 0.8
11/4/08 12:00 ASV 11/6/08 3:00 0.8
11/4/08 13:00 ASV 11/6/08 4:00 0.7
11/4/08 14:00 ASV 11/6/08 5:00 0.6

APPENDIX D

D-13




APPENDIX D—DATA TABLES

TABLE D-2
Teralta Park 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
11/6/08 6:00 0.6 11/7/08 21:00 0.7
11/6/08 7:00 0.5 11/7/08 22:00 0.9
11/6/08 8:00 ASV 11/7/08 23:00 0.9
11/6/08 9:00 ASV 11/8/08 0:00 0.9
11/6/08 10:00 ASV 11/8/08 1:00 0.9
11/6/08 11:00 ASV 11/8/08 2:00 0.9
11/6/08 12:00 ASV 11/8/08 3:00 0.8
11/6/08 13:00 ASV 11/8/08 4:00 0.7
11/6/08 14:00 ASV 11/8/08 5:00 0.5
11/6/08 15:00 ASV 11/8/08 6:00 0.4
11/6/08 16:00 ASV 11/8/08 7:00 0.3
11/6/08 17:00 0.2 11/8/08 8:00 0.3
11/6/08 18:00 0.3 11/8/08 9:00 0.4
11/6/08 19:00 0.3 11/8/08 10:00 0.4
11/6/08 20:00 0.4 11/8/08 11:00 0.4
11/6/08 21:00 0.4 11/8/08 12:00 0.5
11/6/08 22:00 0.6 11/8/08 13:00 0.5
11/6/08 23:00 0.7 11/8/08 14:00 0.5
11/7/08 0:00 0.8 11/8/08 15:00 0.6
11/7/08 1:00 0.8 11/8/08 16:00 0.7
11/7/08 2:00 0.9 11/8/08 17:00 0.7
11/7/08 3:00 0.9 11/8/08 18:00 0.8
11/7/08 4:00 0.8 11/8/08 19:00 0.8
11/7/08 5:00 0.8 11/8/08 20:00 0.8
11/7/08 6:00 0.7 11/8/08 21:00 0.8
11/7/08 7:00 0.7 11/8/08 22:00 0.8
11/7/08 8:00 0.7 11/8/08 23:00 0.7
11/7/08 9:00 0.7 11/9/08 0:00 0.7
11/7/08 10:00 0.6 11/9/08 1:00 0.6
11/7/08 11:00 0.6 11/9/08 2:00 0.5
11/7/08 12:00 0.6 11/9/08 3:00 0.5
11/7/08 13:00 0.6 11/9/08 4:00 0.4
11/7/08 14:00 0.5 11/9/08 5:00 0.4
11/7/08 15:00 0.4 11/9/08 6:00 0.3
11/7/08 16:00 0.3 11/9/08 7:00 0.2
11/7/08 17:00 0.3 11/9/08 8:00 0.2
11/7/08 18:00 0.4 11/9/08 9:00 0.2
11/7/08 19:00 0.5 11/9/08 10:00 0.2
11/7/08 20:00 0.6 11/9/08 11:00 0.2
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APPENDIX D—DATA TABLES

TABLE D-2
Teralta Park 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
11/9/08 12:00 0.2 11/11/08 3:00 0.8
11/9/08 13:00 0.2 11/11/08 4:00 0.8
11/9/08 14:00 0.2 11/11/08 5:00 0.7
11/9/08 15:00 0.2 11/11/08 6:00 0.6
11/9/08 16:00 0.2 11/11/08 7:00 0.5
11/9/08 17:00 0.2 11/11/08 8:00 0.5
11/9/08 18:00 0.2 11/11/08 9:00 0.5
11/9/08 19:00 0.2 11/11/08 10:00 0.5
11/9/08 20:00 0.3 11/11/08 11:00 0.5
11/9/08 21:00 0.3 11/11/08 12:00 0.4
11/9/08 22:00 0.4 11/11/08 13:00 0.4
11/9/08 23:00 0.4 11/11/08 14:00 0.4
11/10/08 0:00 0.4 11/11/08 15:00 0.4
11/10/08 1:00 0.5 11/11/08 16:00 0.3
11/10/08 2:00 0.5 11/11/08 17:00 0.4
11/10/08 3:00 0.5 11/11/08 18:00 0.4
11/10/08 4:00 0.5 11/11/08 19:00 0.4
11/10/08 5:00 0.4 11/11/08 20:00 0.4
11/10/08 6:00 0.5 11/11/08 21:00 0.5
11/10/08 7:00 0.5 11/11/08 22:00 0.6
11/10/08 8:00 0.6 11/11/08 23:00 0.6
11/10/08 9:00 0.6 11/12/08 0:00 0.7
11/10/08 10:00 0.6 11/12/08 1:00 0.7
11/10/08 11:00 0.6 11/12/08 2:00 0.8
11/10/08 12:00 0.6 11/12/08 3:00 0.8
11/10/08 13:00 0.6 11/12/08 4:00 0.7
11/10/08 14:00 0.5 11/12/08 5:00 0.8
11/10/08 15:00 0.5 11/12/08 6:00 0.8
11/10/08 16:00 0.4 11/12/08 7:00 0.8
11/10/08 17:00 0.4 11/12/08 8:00 0.8
11/10/08 18:00 0.4 11/12/08 9:00 0.7
11/10/08 19:00 0.4 11/12/08 10:00 0.7
11/10/08 20:00 0.4 11/12/08 11:00 0.7
11/10/08 21:00 0.5 11/12/08 12:00 0.7
11/10/08 22:00 0.7 11/12/08 13:00 0.7
11/10/08 23:00 0.8 11/12/08 14:00 0.6
11/11/08 0:00 0.8 11/12/08 15:00 0.6
11/11/08 1:00 0.8 11/12/08 16:00 0.5
11/11/08 2:00 0.8 11/12/08 17:00 0.5
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APPENDIX D—DATA TABLES

TABLE D-2
Teralta Park 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling

Date Time Average Note Date Time Average Note
11/12/08 18:00 0.6 11/14/08 9:00 0.9
11/12/08 19:00 0.6 11/14/08 10:00 0.9
11/12/08 20:00 0.7 11/14/08 11:00 0.8
11/12/08 21:00 0.7 11/14/08 12:00 0.8
11/12/08 22:00 0.9 11/14/08 13:00 0.7
11/12/08 23:00 0.9 11/14/08 14:00 0.6
11/13/08 0:00 1.0 11/14/08 15:00 0.5
11/13/08 1:00 1.0 11/14/08 16:00 0.5
11/13/08 2:00 1.1 11/14/08 17:00 0.5
11/13/08 3:00 1.0 11/14/08 18:00 0.7
11/13/08 4:00 1.0 11/14/08 19:00 0.9
11/13/08 5:00 0.9 11/14/08 20:00 1.2
11/13/08 6:00 1.0 11/14/08 21:00 14
11/13/08 7:00 0.9 11/14/08 22:00 1.6
11/13/08 8:00 0.9 11/14/08 23:00 1.7
11/13/08 9:00 0.9 11/15/08 0:00 1.8
11/13/08 10:00 0.9 11/15/08 1:00 1.9
11/13/08 11:00 0.9 11/15/08 2:00 BKG
11/13/08 12:00 0.9 11/15/08 3:00 BKG
11/13/08 13:00 0.9 11/15/08 4:00 BKG
11/13/08 14:00 0.8 11/15/08 5:00 BKG
11/13/08 15:00 0.8 11/15/08 6:00 BKG
11/13/08 16:00 0.8 11/15/08 7:00 BKG
11/13/08 17:00 0.9 11/15/08 8:00 BKG
11/13/08 18:00 1.0 11/15/08 9:00 BKG
11/13/08 19:00 11 11/15/08 10:00 BKG
11/13/08 20:00 13 11/15/08 11:00 BKG
11/13/08 21:00 1.4 11/15/08 12:00 BKG
11/13/08 22:00 15 11/15/08 13:00 BKG
11/13/08 23:00 1.7 11/15/08 14:00 BKG
11/14/08 0:00 1.8 11/15/08 15:00 BKG
11/14/08 1:00 1.8 11/15/08 16:00 BKG
11/14/08 2:00 1.7 11/15/08 17:00 BKG
11/14/08 3:00 1.6 11/15/08 18:00 BKG
11/14/08 4:00 15 11/15/08 19:00 BKG
11/14/08 5:00 1.3 11/15/08 20:00 BKG
11/14/08 6:00 1.2 11/15/08 21:00 BKG
11/14/08 7:00 1.1 11/15/08 22:00 BKG
11/14/08 8:00 1.0 11/15/08 23:00 BKG
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TABLE D-2
Teralta Park 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
11/16/08 0:00 BKG 11/17/08 15:00 0.6
11/16/08 1:00 BKG 11/17/08 16:00 0.6
11/16/08 2:00 BKG 11/17/08 17:00 0.6
11/16/08 3:00 BKG 11/17/08 18:00 0.5
11/16/08 4:00 BKG 11/17/08 19:00 0.7
11/16/08 5:00 BKG 11/17/08 20:00 0.9
11/16/08 6:00 BKG 11/17/08 21:00 1.2
11/16/08 7:00 BKG 11/17/08 22:00 1.4
11/16/08 8:00 BKG 11/17/08 23:00 15
11/16/08 9:00 BKG 11/18/08 0:00 15
11/16/08 10:00 BKG 11/18/08 1:00 15
11/16/08 11:00 BKG 11/18/08 2:00 15
11/16/08 12:00 BKG 11/18/08 3:00 14
11/16/08 13:00 BKG 11/18/08 4:00 11
11/16/08 14:00 BKG 11/18/08 5:00 0.8
11/16/08 15:00 BKG 11/18/08 6:00 0.7
11/16/08 16:00 BKG 11/18/08 7:00 0.6
11/16/08 17:00 BKG 11/18/08 8:00 0.6
11/16/08 18:00 BKG 11/18/08 9:00 0.6
11/16/08 19:00 0.5 11/18/08 10:00 0.6
11/16/08 20:00 0.6 11/18/08 11:00 0.5
11/16/08 21:00 0.7 11/18/08 12:00 0.6
11/16/08 22:00 0.8 11/18/08 13:00 0.6
11/16/08 23:00 1.0 11/18/08 14:00 0.5
11/17/08 0:00 1.2 11/18/08 15:00 0.5
11/17/08 1:00 1.2 11/18/08 16:00 0.5
11/17/08 2:00 1.2 11/18/08 17:00 0.5
11/17/08 3:00 11 11/18/08 18:00 0.6
11/17/08 4:00 1.0 11/18/08 19:00 0.7
11/17/08 5:00 0.8 11/18/08 20:00 0.9
11/17/08 6:00 0.8 11/18/08 21:00 11
11/17/08 7:00 0.7 11/18/08 22:00 1.3
11/17/08 8:00 0.6 11/18/08 23:00 1.6
11/17/08 9:00 0.6 11/19/08 0:00 1.7
11/17/08 10:00 0.8 11/19/08 1:00 1.7
11/17/08 11:00 0.8 11/19/08 2:00 1.8
11/17/08 12:00 0.8 11/19/08 3:00 1.7
11/17/08 13:00 0.8 11/19/08 4:00 1.6
11/17/08 14:00 0.8 11/19/08 5:00 15
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TABLE D-2
Teralta Park 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
11/19/08 6:00 1.4 11/20/08 21:00 1.0
11/19/08 7:00 1.4 11/20/08 22:00 1.0
11/19/08 8:00 1.3 11/20/08 23:00 1.1
11/19/08 9:00 13 11/21/08 0:00 1.2
11/19/08 10:00 1.2 11/21/08 1:00 11
11/19/08 11:00 1.2 11/21/08 2:00 11
11/19/08 12:00 11 11/21/08 3:00 11
11/19/08 13:00 11 11/21/08 4:00 11
11/19/08 14:00 0.9 11/21/08 5:00 1.0
11/19/08 15:00 0.7 11/21/08 6:00 1.0
11/19/08 16:00 0.7 11/21/08 7:00 1.0
11/19/08 17:00 0.7 11/21/08 8:00 0.9
11/19/08 18:00 0.7 11/21/08 9:00 0.9
11/19/08 19:00 0.7 11/21/08 10:00 0.8
11/19/08 20:00 0.8 11/21/08 11:00 0.9
11/19/08 21:00 0.8 11/21/08 12:00 0.9
11/19/08 22:00 0.8 11/21/08 13:00 0.9
11/19/08 23:00 0.9 11/21/08 14:00 0.8
11/20/08 0:00 1.0 11/21/08 15:00 0.9
11/20/08 1:00 1.0 11/21/08 16:00 1.0
11/20/08 2:00 1.0 11/21/08 17:00 11
11/20/08 3:00 1.0 11/21/08 18:00 13
11/20/08 4:00 1.0 11/21/08 19:00 14
11/20/08 5:00 11 11/21/08 20:00 1.6
11/20/08 6:00 1.2 11/21/08 21:00 1.9
11/20/08 7:00 1.3 11/21/08 22:00 2.0
11/20/08 8:00 14 11/21/08 23:00 2.0
11/20/08 9:00 15 11/22/08 0:00 2.0
11/20/08 10:00 15 11/22/08 1:00 2.0
11/20/08 11:00 14 11/22/08 2:00 1.9
11/20/08 12:00 14 11/22/08 3:00 1.8
11/20/08 13:00 13 11/22/08 4:00 1.7
11/20/08 14:00 1.2 11/22/08 5:00 1.6
11/20/08 15:00 1.0 11/22/08 6:00 1.6
11/20/08 16:00 0.8 11/22/08 7:00 1.6
11/20/08 17:00 0.8 11/22/08 8:00 1.7
11/20/08 18:00 0.9 11/22/08 9:00 1.7
11/20/08 19:00 0.9 11/22/08 10:00 1.7
11/20/08 20:00 0.9 11/22/08 11:00 1.7
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TABLE D-2
Teralta Park 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling

Date Time Average Note Date Time Average Note
11/22/08 12:00 1.6 11/24/08 3:00 0.9
11/22/08 13:00 15 11/24/08 4:00 0.8
11/22/08 14:00 14 11/24/08 5:00 0.8
11/22/08 15:00 1.3 11/24/08 6:00 0.7
11/22/08 16:00 1.1 11/24/08 7:00 0.7
11/22/08 17:00 1.0 11/24/08 8:00 0.7
11/22/08 18:00 0.9 11/24/08 9:00 0.7
11/22/08 19:00 0.8 11/24/08 10:00 0.7
11/22/08 20:00 0.7 11/24/08 11:00 0.7
11/22/08 21:00 0.7 11/24/08 12:00 0.7
11/22/08 22:00 0.6 11/24/08 13:00 0.7
11/22/08 23:00 0.6 11/24/08 14:00 0.6
11/23/08 0:00 0.6 11/24/08 15:00 0.6
11/23/08 1:00 0.6 11/24/08 16:00 0.5
11/23/08 2:00 0.6 11/24/08 17:00 0.5
11/23/08 3:00 0.6 11/24/08 18:00 0.5
11/23/08 4:00 0.6 11/24/08 19:00 0.6
11/23/08 5:00 0.7 11/24/08 20:00 0.6
11/23/08 6:00 0.7 11/24/08 21:00 0.7
11/23/08 7:00 0.8 11/24/08 22:00 0.8
11/23/08 8:00 0.8 11/24/08 23:00 0.8
11/23/08 9:00 0.8 11/25/08 0:00 0.9
11/23/08 10:00 0.8 11/25/08 1:00 0.9
11/23/08 11:00 0.8 11/25/08 2:00 0.9
11/23/08 12:00 0.8 11/25/08 3:00 0.9
11/23/08 13:00 0.7 11/25/08 4:00 0.9
11/23/08 14:00 0.7 11/25/08 5:00 0.8
11/23/08 15:00 0.7 11/25/08 6:00 0.8
11/23/08 16:00 0.7 11/25/08 7:00 0.7
11/23/08 17:00 0.7 11/25/08 8:00 0.8
11/23/08 18:00 0.6 11/25/08 9:00 0.8
11/23/08 19:00 0.7 11/25/08 10:00 0.8
11/23/08 20:00 0.7 11/25/08 11:00 0.7
11/23/08 21:00 0.8 11/25/08 12:00 0.7
11/23/08 22:00 0.9 11/25/08 13:00 0.8
11/23/08 23:00 0.9 11/25/08 14:00 ASV
11/24/08 0:00 0.9 11/25/08 15:00 ASV
11/24/08 1:00 1.0 11/25/08 16:00 ASV
11/24/08 2:00 0.9 11/25/08 17:00 ASV
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TABLE D-2
Teralta Park 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
11/25/08 18:00 ASV 11/27/08 9:00 0.5
11/25/08 19:00 ASV 11/27/08 10:00 0.5
11/25/08 20:00 ASV 11/27/08 11:00 0.5
11/25/08 21:00 ASV 11/27/08 12:00 0.5
11/25/08 22:00 ASV 11/27/08 13:00 0.5
11/25/08 23:00 ASV 11/27/08 14:00 0.5
11/26/08 0:00 0.7 11/27/08 15:00 0.5
11/26/08 1:00 0.7 11/27/08 16:00 0.4
11/26/08 2:00 0.8 11/27/08 17:00 0.4
11/26/08 3:00 0.9 11/27/08 18:00 0.5
11/26/08 4:00 0.9 11/27/08 19:00 0.5
11/26/08 5:00 1.0 11/27/08 20:00 0.5
11/26/08 6:00 11 11/27/08 21:00 0.5
11/26/08 7:00 14 11/27/08 22:00 0.5
11/26/08 8:00 1.6 11/27/08 23:00 0.5
11/26/08 9:00 1.7 11/28/08 0:00 0.6
11/26/08 10:00 1.7 11/28/08 1:00 0.6
11/26/08 11:00 1.8 11/28/08 2:00 0.5
11/26/08 12:00 1.8 11/28/08 3:00 0.5
11/26/08 13:00 1.8 11/28/08 4:00 0.5
11/26/08 14:00 1.8 11/28/08 5:00 0.6
11/26/08 15:00 1.6 11/28/08 6:00 0.6
11/26/08 16:00 1.6 11/28/08 7:00 0.7
11/26/08 17:00 15 11/28/08 8:00 0.7
11/26/08 18:00 15 11/28/08 9:00 0.7
11/26/08 19:00 15 11/28/08 10:00 0.7
11/26/08 20:00 15 11/28/08 11:00 0.6
11/26/08 21:00 14 11/28/08 12:00 0.6
11/26/08 22:00 15 11/28/08 13:00 0.5
11/26/08 23:00 15 11/28/08 14:00 0.5
11/27/08 0:00 14 11/28/08 15:00 0.4
11/27/08 1:00 1.3 11/28/08 16:00 0.4
11/27/08 2:00 1.2 11/28/08 17:00 0.4
11/27/08 3:00 1.0 11/28/08 18:00 0.4
11/27/08 4:00 0.9 11/28/08 19:00 0.5
11/27/08 5:00 0.7 11/28/08 20:00 0.5
11/27/08 6:00 0.6 11/28/08 21:00 0.6
11/27/08 7:00 0.5 11/28/08 22:00 0.7
11/27/08 8:00 0.5 11/28/08 23:00 0.8
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TABLE D-2
Teralta Park 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
11/29/08 0:00 0.8 11/30/08 15:00 0.8
11/29/08 1:00 0.9 11/30/08 16:00 0.8
11/29/08 2:00 0.9 11/30/08 17:00 0.8
11/29/08 3:00 0.9 11/30/08 18:00 0.8
11/29/08 4:00 0.9 11/30/08 19:00 0.8
11/29/08 5:00 0.8 11/30/08 20:00 0.8
11/29/08 6:00 0.8 11/30/08 21:00 0.8
11/29/08 7:00 0.8 11/30/08 22:00 0.8
11/29/08 8:00 0.8 11/30/08 23:00 0.8
11/29/08 9:00 0.7 12/1/08 0:00 0.8
11/29/08 10:00 0.7 12/1/08 1:00 0.8
11/29/08 11:00 0.7 12/1/08 2:00 0.8
11/29/08 12:00 0.7 12/1/08 3:00 0.8
11/29/08 13:00 0.7 12/1/08 4:00 0.8
11/29/08 14:00 0.6 12/1/08 5:00 0.9
11/29/08 15:00 0.6 12/1/08 6:00 0.9
11/29/08 16:00 0.6 12/1/08 7:00 1.0
11/29/08 17:00 0.6 12/1/08 8:00 1.0
11/29/08 18:00 0.6 12/1/08 9:00 11
11/29/08 19:00 0.6 12/1/08 10:00 11
11/29/08 20:00 0.6 12/1/08 11:00 1.2
11/29/08 21:00 0.6 12/1/08 12:00 1.2
11/29/08 22:00 0.6 12/1/08 13:00 1.0
11/29/08 23:00 0.6 12/1/08 14:00 0.9
11/30/08 0:00 0.6 12/1/08 15:00 0.8
11/30/08 1:00 0.5 12/1/08 16:00 0.8
11/30/08 2:00 0.5 12/1/08 17:00 0.8
11/30/08 3:00 0.5 12/1/08 18:00 0.8
11/30/08 4:00 0.5 12/1/08 19:00 0.7
11/30/08 5:00 0.6 12/1/08 20:00 0.7
11/30/08 6:00 0.6 12/1/08 21:00 0.8
11/30/08 7:00 0.6 12/1/08 22:00 0.8
11/30/08 8:00 0.7 12/1/08 23:00 0.8
11/30/08 9:00 0.7 12/2/08 0:00 0.8
11/30/08 10:00 0.7 12/2/08 1:00 0.8
11/30/08 11:00 0.7 12/2/08 2:00 0.8
11/30/08 12:00 0.8 12/2/08 3:00 0.7
11/30/08 13:00 0.8 12/2/08 4:00 0.7
11/30/08 14:00 0.8 12/2/08 5:00 0.7
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TABLE D-2
Teralta Park 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
12/2/08 6:00 0.8 12/3/08 21:00 0.4
12/2/08 7:00 0.8 12/3/08 22:00 0.5
12/2/08 8:00 0.8 12/3/08 23:00 0.5
12/2/08 9:00 0.8 12/4/08 0:00 0.6
12/2/08 10:00 0.8 12/4/08 1:00 0.6
12/2/08 11:00 0.8 12/4/08 2:00 0.6
12/2/08 12:00 0.7 12/4/08 3:00 0.6
12/2/08 13:00 0.7 12/4/08 4:00 0.6
12/2/08 14:00 0.6 12/4/08 5:00 0.6
12/2/08 15:00 0.6 12/4/08 6:00 0.6
12/2/08 16:00 0.5 12/4/08 7:00 0.7
12/2/08 17:00 0.6 12/4/08 8:00 0.7
12/2/08 18:00 0.6 12/4/08 9:00 0.7
12/2/08 19:00 0.6 12/4/08 10:00 0.7
12/2/08 20:00 0.6 12/4/08 11:00 0.7
12/2/08 21:00 0.6 12/4/08 12:00 0.7
12/2/08 22:00 0.6 12/4/08 13:00 0.7
12/2/08 23:00 0.6 12/4/08 14:00 0.7
12/3/08 0:00 0.6 12/4/08 15:00 0.7
12/3/08 1:00 0.5 12/4/08 16:00 0.6
12/3/08 2:00 0.5 12/4/08 17:00 0.6
12/3/08 3:00 0.5 12/4/08 18:00 0.6
12/3/08 4:00 0.5 12/4/08 19:00 0.6
12/3/08 5:00 0.5 12/4/08 20:00 0.6
12/3/08 6:00 0.5 12/4/08 21:00 0.6
12/3/08 7:00 0.5 12/4/08 22:00 0.7
12/3/08 8:00 0.5 12/4/08 23:00 0.7
12/3/08 9:00 0.5 12/5/08 0:00 0.8
12/3/08 10:00 0.6 12/5/08 1:00 0.8
12/3/08 11:00 0.6 12/5/08 2:00 0.8
12/3/08 12:00 0.6 12/5/08 3:00 0.8
12/3/08 13:00 0.6 12/5/08 4:00 0.8
12/3/08 14:00 0.6 12/5/08 5:00 0.7
12/3/08 15:00 0.6 12/5/08 6:00 0.7
12/3/08 16:00 0.5 12/5/08 7:00 0.7
12/3/08 17:00 0.5 12/5/08 8:00 0.7
12/3/08 18:00 0.5 12/5/08 9:00 0.7
12/3/08 19:00 0.5 12/5/08 10:00 0.7
12/3/08 20:00 0.4 12/5/08 11:00 0.7
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TABLE D-2
Teralta Park 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling

Date Time Average Note Date Time Average Note
12/5/08 12:00 0.7 12/7/08 3:00 BKG
12/5/08 13:00 0.6 12/7/08 4:00 BKG
12/5/08 14:00 0.6 12/7/08 5:00 BKG
12/5/08 15:00 0.5 12/7/08 6:00 BKG
12/5/08 16:00 0.5 12/7/08 7:00 BKG
12/5/08 17:00 0.6 12/7/08 8:00 BKG
12/5/08 18:00 0.7 12/7/08 9:00 BKG
12/5/08 19:00 0.8 12/7/08 10:00 BKG
12/5/08 20:00 1.0 12/7/08 11:00 BKG
12/5/08 21:00 1.2 12/7/08 12:00 BKG
12/5/08 22:00 1.3 12/7/08 13:00 BKG
12/5/08 23:00 14 12/7/08 14:00 BKG
12/6/08 0:00 14 12/7/08 15:00 BKG
12/6/08 1:00 14 12/7/08 16:00 BKG
12/6/08 2:00 1.1 12/7/08 17:00 BKG
12/6/08 3:00 BKG 12/7/08 18:00 BKG
12/6/08 4:00 BKG 12/7/08 19:00 BKG
12/6/08 5:00 BKG 12/7/08 20:00 BKG
12/6/08 6:00 BKG 12/7/08 21:00 BKG
12/6/08 7:00 BKG 12/7/08 22:00 BKG
12/6/08 8:00 BKG 12/7/08 23:00 BKG
12/6/08 9:00 BKG 12/8/08 0:00 BKG
12/6/08 10:00 BKG 12/8/08 1:00 BKG
12/6/08 11:00 BKG 12/8/08 2:00 BKG
12/6/08 12:00 BKG 12/8/08 3:00 BKG
12/6/08 13:00 BKG 12/8/08 4:00 BKG
12/6/08 14:00 BKG 12/8/08 5:00 BKG
12/6/08 15:00 BKG 12/8/08 6:00 BKG
12/6/08 16:00 BKG 12/8/08 7:00 13
12/6/08 17:00 BKG 12/8/08 8:00 15
12/6/08 18:00 BKG 12/8/08 9:00 15
12/6/08 19:00 BKG 12/8/08 10:00 1.6
12/6/08 20:00 BKG 12/8/08 11:00 1.6
12/6/08 21:00 BKG 12/8/08 12:00 1.6
12/6/08 22:00 BKG 12/8/08 13:00 15
12/6/08 23:00 BKG 12/8/08 14:00 14
12/7/08 0:00 BKG 12/8/08 15:00 1.3
12/7/08 1:00 BKG 12/8/08 16:00 1.2
12/7/08 2:00 BKG 12/8/08 17:00 1.2
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TABLE D-2
Teralta Park 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
12/8/08 18:00 1.2 12/10/08 8:00 0.7
12/8/08 19:00 1.2 12/10/08 9:00 0.7
12/8/08 20:00 1.3 12/10/08 10:00 0.7
12/8/08 21:00 13 12/10/08 11:00 0.6
12/8/08 22:00 14 12/10/08 12:00 0.6
12/8/08 23:00 14 12/10/08 13:00 0.6
12/9/08 0:00 14 12/10/08 14:00 0.5
12/9/08 1:00 13 12/10/08 15:00 0.5
12/9/08 2:00 1.2 12/10/08 16:00 0.4
12/9/08 3:00 1.0 12/10/08 17:00 0.4
12/9/08 4:00 0.8 12/10/08 18:00 0.5
12/9/08 5:00 0.7 12/10/08 19:00 0.6
12/9/08 6:00 0.5 12/10/08 20:00 0.8
12/9/08 7:00 0.4 12/10/08 21:00 1.0
12/9/08 8:00 0.4 12/10/08 22:00 11
12/9/08 9:00 0.7 12/10/08 23:00 1.3
12/9/08 10:00 0.7 12/11/08 0:00 1.4
12/9/08 11:00 0.7 12/11/08 1:00 14
12/9/08 12:00 0.7 12/11/08 2:00 14
12/9/08 13:00 0.6 12/11/08 3:00 1.2
12/9/08 14:00 0.6 12/11/08 4:00 11
12/9/08 15:00 0.5 12/11/08 5:00 0.9
12/9/08 16:00 0.5 12/11/08 6:00 0.8
12/9/08 17:00 0.2 12/11/08 7:00 0.7
12/9/08 18:00 0.2 12/11/08 8:00 0.7
12/9/08 19:00 0.2 12/11/08 9:00 0.7
12/9/08 20:00 0.2 12/11/08 10:00 0.7
12/9/08 21:00 0.3 12/11/08 11:00 0.8
12/9/08 22:00 0.4 12/11/08 12:00 0.8
12/9/08 23:00 0.5 12/11/08 13:00 0.9
12/10/08 0:00 0.6 12/11/08 14:00 0.9
12/10/08 1:00 0.7 12/11/08 15:00 0.9
12/10/08 2:00 0.8 12/11/08 16:00 0.8
12/10/08 3:00 0.8 12/11/08 17:00 0.8
12/10/08 4:00 0.7 12/11/08 18:00 0.9
12/10/08 5:00 0.8 12/11/08 19:00 1.0
12/10/08 6:00 0.7 12/11/08 20:00 1.0
12/10/08 7:00 0.7 12/11/08 21:00 1.2
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TABLE D-2
Teralta Park 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
12/11/08 22:00 1.2 12/12/08 23:00 0.5
12/11/08 23:00 1.3 12/13/08 0:00 0.6
12/12/08 0:00 1.3 12/13/08 1:00 0.6
12/12/08 1:00 14 12/13/08 2:00 0.6
12/12/08 2:00 1.2 12/13/08 3:00 0.5
12/12/08 3:00 1.2 12/13/08 4:00 0.5
12/12/08 4:00 11 12/13/08 5:00 0.5
12/12/08 5:00 11 12/13/08 6:00 0.5
12/12/08 6:00 1.2 12/13/08 7:00 0.6
12/12/08 7:00 1.3 12/13/08 8:00 0.6
12/12/08 8:00 1.3 12/13/08 9:00 0.6
12/12/08 9:00 1.3 12/13/08 10:00 0.6
12/12/08 10:00 1.3 12/13/08 11:00 0.6
12/12/08 11:00 1.3 12/13/08 12:00 0.6
12/12/08 12:00 1.2 12/13/08 13:00 0.6
12/12/08 13:00 11 12/13/08 14:00 0.6
12/12/08 14:00 0.9 12/13/08 15:00 0.5
12/12/08 15:00 0.8 12/13/08 16:00 0.5
12/12/08 16:00 0.7 12/13/08 17:00 0.4
12/12/08 17:00 0.6 12/13/08 18:00 0.4
12/12/08 18:00 0.6 12/13/08 19:00 0.4
12/12/08 19:00 0.6 12/13/08 20:00 0.4
12/12/08 20:00 0.6 12/13/08 21:00 0.3
12/12/08 21:00 0.5 12/13/08 22:00 0.3
12/12/08 22:00 0.5 12/13/08 23:00 0.3

NOTES:

ASV = air pollution control district site visit
BKG = background set incorrectly

CAL = system in calibration

CO = carbon monoxide

hr = hour

NV = not enough samples

ppm = parts per million
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TABLE D-3
Central Elementary 1-hour Averages

CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
12/22/08 0:00 1.1 12/23/08 18:00 0.8
12/22/08 1:00 CAL 12/23/08 19:00 1.1
12/22/08 2:00 1.0 12/23/08 20:00 1.5
12/22/08 3:00 0.8 12/23/08 21:00 1.2
12/22/08 4:00 0.8 12/23/08 22:00 1.3
12/22/08 5:00 0.8 12/23/08 23:00 1.0
12/22/08 6:00 1.1 12/24/08 0:00 0.5
12/22/08 7:00 1.1 12/24/08 1:00 CAL
12/22/08 8:00 0.8 12/24/08 2:00 0.3
12/22/08 9:00 0.8 12/24/08 3:00 0.4
12/22/08 10:00 1.0 12/24/08 4:00 CAL
12/22/08 11:00 0.8 12/24/08 5:00 0.5
12/22/08 12:00 0.6 12/24/08 6:00 0.4
12/22/08 13:00 0.5 12/24/08 7:00 0.5
12/22/08 14:00 0.5 12/24/08 8:00 0.5
12/22/08 15:00 0.6 12/24/08 9:00 0.5
12/22/08 16:00 0.7 12/24/08 10:00 0.5
12/22/08 17:00 0.8 12/24/08 11:00 0.6
12/22/08 18:00 0.8 12/24/08 12:00 0.5
12/22/08 19:00 0.7 12/24/08 13:00 0.5
12/22/08 20:00 0.6 12/24/08 14:00 0.6
12/22/08 21:00 0.4 12/24/08 15:00 0.6
12/22/08 22:00 0.4 12/24/08 16:00 0.8
12/22/08 23:00 0.3 12/24/08 17:00 0.6
12/23/08 0:00 0.3 12/24/08 18:00 0.7
12/23/08 1:00 CAL 12/24/08 19:00 0.9
12/23/08 2:00 0.3 12/24/08 20:00 1.0
12/23/08 3:00 0.3 12/24/08 21:00 0.8
12/23/08 4:00 0.4 12/24/08 22:00 0.7
12/23/08 5:00 0.6 12/24/08 23:00 0.5
12/23/08 6:00 0.7 12/25/08 0:00 0.4
12/23/08 7:00 0.9 12/25/08 1:00 CAL
12/23/08 8:00 0.7 12/25/08 2:00 0.3
12/23/08 9:00 0.5 12/25/08 3:00 0.4
12/23/08 10:00 0.4 12/25/08 4:00 0.3
12/23/08 11:00 0.4 12/25/08 5:00 0.3
12/23/08 12:00 0.5 12/25/08 6:00 0.3
12/23/08 13:00 0.5 12/25/08 7:00 0.3
12/23/08 14:00 0.5 12/25/08 8:00 0.3
12/23/08 15:00 0.6 12/25/08 9:00 0.3
12/23/08 16:00 0.7 12/25/08 10:00 0.3
12/23/08 17:00 0.8 12/25/08 11:00 0.3
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
12/25/08 12:00 0.3 12/27/08 6:00 0.3
12/25/08 13:00 0.3 12/27/08 7:00 0.4
12/25/08 14:00 0.3 12/27/08 8:00 0.4
12/25/08 15:00 0.4 12/27/08 9:00 0.3
12/25/08 16:00 0.3 12/27/08 10:00 0.2
12/25/08 17:00 0.4 12/27/08 11:00 0.2
12/25/08 18:00 0.3 12/27/08 12:00 0.2
12/25/08 19:00 0.3 12/27/08 13:00 0.5
12/25/08 20:00 0.3 12/27/08 14:00 0.4
12/25/08 21:00 0.2 12/27/08 15:00 0.4
12/25/08 22:00 0.3 12/27/08 16:00 0.5
12/25/08 23:00 0.4 12/27/08 17:00 0.6
12/26/08 0:00 0.4 12/27/08 18:00 0.8
12/26/08 1:00 CAL 12/27/08 19:00 0.8
12/26/08 2:00 0.3 12/27/08 20:00 1.1
12/26/08 3:00 0.3 12/27/08 21:00 1.1
12/26/08 4:00 0.3 12/27/08 22:00 1.4
12/26/08 5:00 0.4 12/27/08 23:00 1.0
12/26/08 6:00 0.4 12/28/08 0:00 0.9

12/26/08 7:00 0.4 12/28/08 1:00 CAL
12/26/08 8:00 0.3 12/28/08 2:00 0.6
12/26/08 9:00 0.3 12/28/08 3:00 0.4
12/26/08 10:00 0.3 12/28/08 4:00 0.3
12/26/08 11:00 0.2 12/28/08 5:00 0.4
12/26/08 12:00 0.2 12/28/08 6:00 0.4
12/26/08 13:00 0.3 12/28/08 7:00 0.5
12/26/08 14:00 0.3 12/28/08 8:00 0.4
12/26/08 15:00 0.3 12/28/08 9:00 0.3
12/26/08 16:00 0.4 12/28/08 10:00 0.4
12/26/08 17:00 0.7 12/28/08 11:00 0.4
12/26/08 18:00 0.9 12/28/08 12:00 0.5
12/26/08 19:00 1.0 12/28/08 13:00 0.4
12/26/08 20:00 0.8 12/28/08 14:00 0.5
12/26/08 21:00 0.8 12/28/08 15:00 0.5
12/26/08 22:00 0.6 12/28/08 16:00 0.6
12/26/08 23:00 0.5 12/28/08 17:00 0.8
12/27/08 0:00 0.5 12/28/08 18:00 0.9
12/27/08 1:00 CAL 12/28/08 19:00 1.0
12/27/08 2:00 0.4 12/28/08 20:00 1.3
12/27/08 3:00 0.4 12/28/08 21:00 1.5
12/27/08 4:00 0.3 12/28/08 22:00 1.1
12/27/08 5:00 0.3 12/28/08 23:00 0.9
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
12/29/08 0:00 0.8 12/30/08 18:00 1.2
12/29/08 1:00 CAL 12/30/08 19:00 15
12/29/08 2:00 0.6 12/30/08 20:00 2.5
12/29/08 3:00 0.5 12/30/08 21:00 1.9
12/29/08 4:00 0.6 12/30/08 22:00 2.3
12/29/08 5:00 0.6 12/30/08 23:00 2.6
12/29/08 6:00 1.1 12/31/08 0:00 2.1

12/29/08 7:00 1.7 12/31/08 1:00 CAL
12/29/08 8:00 0.9 12/31/08 2:00 1.1
12/29/08 9:00 ASV 12/31/08 3:00 0.8
12/29/08 10:00 0.6 12/31/08 4:00 0.7
12/29/08 11:00 0.7 12/31/08 5:00 0.9
12/29/08 12:00 0.7 12/31/08 6:00 1.1
12/29/08 13:00 0.8 12/31/08 7:00 1.7
12/29/08 14:00 0.9 12/31/08 8:00 1.1
12/29/08 15:00 0.9 12/31/08 9:00 1.0
12/29/08 16:00 0.8 12/31/08 10:00 1.1
12/29/08 17:00 1.1 12/31/08 11:00 1.1
12/29/08 18:00 1.5 12/31/08 12:00 1.3
12/29/08 19:00 1.7 12/31/08 13:00 1.1
12/29/08 20:00 2.1 12/31/08 14:00 1.1
12/29/08 21:00 2.3 12/31/08 15:00 1.0
12/29/08 22:00 1.3 12/31/08 16:00 1.1
12/29/08 23:00 1.4 12/31/08 17:00 0.9
12/30/08 0:00 1.0 12/31/08 18:00 0.9
12/30/08 1:00 CAL 12/31/08 19:00 1.6
12/30/08 2:00 0.6 12/31/08 20:00 1.7
12/30/08 3:00 0.6 12/31/08 21:00 2.6
12/30/08 4:00 0.6 12/31/08 22:00 2.8
12/30/08 5:00 0.9 12/31/08 23:00 1.9
12/30/08 6:00 1.1 1/1/09 0:00 1.6

12/30/08 7:00 0.9 1/1/09 1:00 CAL
12/30/08 8:00 0.6 1/1/09 2:00 1.4
12/30/08 9:00 0.6 1/1/09 3:00 1.9
12/30/08 10:00 0.8 1/1/09 4:00 1.4
12/30/08 11:00 0.8 1/1/09 5:00 1.3
12/30/08 12:00 1.0 1/1/09 6:00 1.3
12/30/08 13:00 1.2 1/1/09 7:00 1.2
12/30/08 14:00 1.1 1/1/09 8:00 1.3
12/30/08 15:00 1.1 1/1/09 9:00 0.8
12/30/08 16:00 1.0 1/1/09 10:00 0.8
12/30/08 17:00 1.1 1/1/09 11:00 0.7
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
1/1/09 12:00 0.8 1/3/09 6:00 0.4
1/1/09 13:00 0.8 1/3/09 7:00 0.5
1/1/09 14:00 0.9 1/3/09 8:00 0.5
1/1/09 15:00 0.9 1/3/09 9:00 0.6
1/1/09 16:00 1.0 1/3/09 10:00 0.6
1/1/09 17:00 0.9 1/3/09 11:00 0.5
1/1/09 18:00 0.8 1/3/09 12:00 0.5
1/1/09 19:00 0.8 1/3/09 13:00 0.5 CAL
1/1/09 20:00 0.9 1/3/09 14:00 0.5
1/1/09 21:00 0.9 1/3/09 15:00 0.6
1/1/09 22:00 0.9 1/3/09 16:00 0.5
1/1/09 23:00 0.9 1/3/09 17:00 0.6
1/2/09 0:00 0.8 1/3/09 18:00 0.7
1/2/09 1:00 CAL 1/3/09 19:00 0.9
1/2/09 2:00 0.7 1/3/09 20:00 0.9
1/2/09 3:00 0.8 1/3/09 21:00 0.8
1/2/09 4:00 0.8 1/3/09 22:00 0.8
1/2/09 5:00 0.7 1/3/09 23:00 0.7
1/2/09 6:00 0.9 1/4/09 0:00 0.6
1/2/09 7:00 0.9 1/4/09 1:00 CAL
1/2/09 8:00 1.0 1/4/09 2:00 0.6
1/2/09 9:00 1.0 1/4/09 3:00 0.5
1/2/09 10:00 0.8 1/4/09 4:00 0.7
1/2/09 11:00 0.7 1/4/09 5:00 0.6
1/2/09 12:00 0.7 1/4/09 6:00 0.7
1/2/09 13:00 0.9 1/4/09 7:00 0.6
1/2/09 14:00 0.8 1/4/09 8:00 0.6
1/2/09 15:00 0.7 1/4/09 9:00 0.5
1/2/09 16:00 0.6 1/4/09 10:00 0.5
1/2/09 17:00 0.6 1/4/09 11:00 0.7
1/2/09 18:00 0.4 1/4/09 12:00 0.6
1/2/09 19:00 0.4 1/4/09 13:00 0.5
1/2/09 20:00 0.4 1/4/09 14:00 0.3
1/2/09 21:00 0.5 1/4/09 15:00 0.4
1/2/09 22:00 0.4 1/4/09 16:00 0.4
1/2/09 23:00 0.3 1/4/09 17:00 0.5
1/3/09 0:00 0.4 1/4/09 18:00 0.7
1/3/09 1:00 CAL 1/4/09 19:00 0.8
1/3/09 2:00 0.4 1/4/09 20:00 1.1
1/3/09 3:00 0.4 1/4/09 21:00 1.3
1/3/09 4:00 0.4 1/4/09 22:00 1.3
1/3/09 5:00 0.4 1/4/09 23:00 1.2
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
1/5/09 0:00 0.7 1/6/09 18:00 0.6
1/5/09 1:00 CAL 1/6/09 19:00 0.6
1/5/09 2:00 0.4 1/6/09 20:00 0.6
1/5/09 3:00 0.3 1/6/09 21:00 1.0
1/5/09 4:00 0.3 1/6/09 22:00 1.2
1/5/09 5:00 0.6 1/6/09 23:00 1.4
1/5/09 6:00 0.7 1/7/09 0:00 1.0
1/5/09 7:00 0.8 1/7/09 1:00 CAL
1/5/09 8:00 0.8 1/7/09 2:00 0.8
1/5/09 9:00 ASV 1/7/09 3:00 0.7
1/5/09 10:00 0.4 1/7/09 4:00 0.7
1/5/09 11:00 0.5 1/7/09 5:00 0.6
1/5/09 12:00 0.4 1/7/09 6:00 0.7
1/5/09 13:00 0.4 1/7/09 7:00 1.7
1/5/09 14:00 0.5 1/7/09 8:00 0.8
1/5/09 15:00 0.6 1/7/09 9:00 0.5
1/5/09 16:00 0.7 1/7/09 10:00 0.6
1/5/09 17:00 0.6 1/7/09 11:00 0.7
1/5/09 18:00 0.8 1/7/09 12:00 0.5
1/5/09 19:00 0.6 1/7/09 13:00 0.4
1/5/09 20:00 0.7 1/7/09 14:00 0.5
1/5/09 21:00 0.8 1/7/09 15:00 0.6
1/5/09 22:00 0.8 1/7/09 16:00 0.9
1/5/09 23:00 0.7 1/7/09 17:00 1.0
1/6/09 0:00 0.5 1/7/09 18:00 1.2
1/6/09 1:00 CAL 1/7/09 19:00 0.9
1/6/09 2:00 0.3 1/7/09 20:00 1.2
1/6/09 3:00 0.3 1/7/09 21:00 1.4
1/6/09 4:00 CAL 1/7/09 22:00 1.3
1/6/09 5:00 0.3 1/7/09 23:00 1.3
1/6/09 6:00 0.4 1/8/09 0:00 1.0
1/6/09 7:00 0.6 1/8/09 1:00 CAL
1/6/09 8:00 0.4 1/8/09 2:00 1.2
1/6/09 9:00 0.3 1/8/09 3:00 1.0
1/6/09 10:00 0.3 1/8/09 4:00 0.8
1/6/09 11:00 0.4 1/8/09 5:00 1.4
1/6/09 12:00 0.5 1/8/09 6:00 1.6
1/6/09 13:00 0.5 1/8/09 7:00 1.4
1/6/09 14:00 0.6 1/8/09 8:00 1.0
1/6/09 15:00 0.7 1/8/09 9:00 1.0
1/6/09 16:00 0.7 1/8/09 10:00 0.7
1/6/09 17:00 0.8 1/8/09 11:00 1.1
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
1/8/09 12:00 1.0 1/10/09 6:00 0.8
1/8/09 13:00 0.9 1/10/09 7:00 1.2
1/8/09 14:00 0.7 1/10/09 8:00 1.2
1/8/09 15:00 0.8 1/10/09 9:00 0.7
1/8/09 16:00 0.8 1/10/09 10:00 0.5
1/8/09 17:00 0.8 1/10/09 11:00 0.5
1/8/09 18:00 0.8 1/10/09 12:00 0.5
1/8/09 19:00 0.6 1/10/09 13:00 0.6
1/8/09 20:00 0.6 1/10/09 14:00 0.5
1/8/09 21:00 0.6 1/10/09 15:00 0.2
1/8/09 22:00 0.5 1/10/09 16:00 0.1
1/8/09 23:00 0.4 1/10/09 17:00 0.2
1/9/09 0:00 0.4 1/10/09 18:00 1.0
1/9/09 1:00 CAL 1/10/09 19:00 1.4
1/9/09 2:00 0.5 1/10/09 20:00 1.4
1/9/09 3:00 0.5 1/10/09 21:00 1.6
1/9/09 4:00 0.5 1/10/09 22:00 1.2
1/9/09 5:00 0.7 1/10/09 23:00 1.4
1/9/09 6:00 0.7 1/11/09 0:00 1.3
1/9/09 7:00 0.6 1/11/09 1:00 CAL
1/9/09 8:00 0.6 1/11/09 2:00 1.1
1/9/09 9:00 ASV 1/11/09 3:00 0.8
1/9/09 10:00 ASV 1/11/09 4:00 0.7
1/9/09 11:00 0.9 1/11/09 5:00 0.6
1/9/09 12:00 0.9 1/11/09 6:00 0.6
1/9/09 13:00 1.0 1/11/09 7:00 1.1
1/9/09 14:00 1.0 1/11/09 8:00 1.4
1/9/09 15:00 0.9 1/11/09 9:00 0.7
1/9/09 16:00 1.0 1/11/09 10:00 0.6
1/9/09 17:00 1.2 1/11/09 11:00 0.6
1/9/09 18:00 1.4 1/11/09 12:00 0.5
1/9/09 19:00 1.5 1/11/09 13:00 0.7
1/9/09 20:00 2.5 1/11/09 14:00 0.5
1/9/09 21:00 1.7 1/11/09 15:00 0.6
1/9/09 22:00 1.7 1/11/09 16:00 1.0
1/9/09 23:00 1.7 1/11/09 17:00 1.4
1/10/09 0:00 1.8 1/11/09 18:00 1.8
1/10/09 1:00 CAL 1/11/09 19:00 1.4
1/10/09 2:00 1.4 1/11/09 20:00 1.4
1/10/09 3:00 1.3 1/11/09 21:00 1.2
1/10/09 4:00 0.7 1/11/09 22:00 1.0
1/10/09 5:00 0.9 1/11/09 23:00 0.3
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
1/12/09 0:00 0.3 1/13/09 18:00 1.0
1/12/09 1:00 CAL 1/13/09 19:00 11
1/12/09 2:00 0.4 1/13/09 20:00 1.0
1/12/09 3:00 0.3 1/13/09 21:00 1.1
1/12/09 4:00 0.6 1/13/09 22:00 0.9
1/12/09 5:00 0.9 1/13/09 23:00 0.5
1/12/09 6:00 15 1/14/09 0:00 0.4
1/12/09 7:00 1.0 1/14/09 1:00 CAL
1/12/09 8:00 1.0 1/14/09 2:00 0.3
1/12/09 9:00 0.7 1/14/09 3:00 0.2
1/12/09 10:00 0.4 1/14/09 4:00 0.2
1/12/09 11:00 0.4 1/14/09 5:00 0.3
1/12/09 12:00 0.6 1/14/09 6:00 0.6
1/12/09 13:00 0.7 1/14/09 7:00 0.4
1/12/09 14:00 0.7 1/14/09 8:00 0.5
1/12/09 15:00 0.8 1/14/09 9:00 0.5
1/12/09 16:00 1.0 1/14/09 10:00 0.7
1/12/09 17:00 1.4 1/14/09 11:00 0.6
1/12/09 18:00 1.8 1/14/09 12:00 0.8
1/12/09 19:00 1.3 1/14/09 13:00 0.5
1/12/09 20:00 1.2 1/14/09 14:00 0.5
1/12/09 21:00 1.4 1/14/09 15:00 0.6
1/12/09 22:00 11 1/14/09 16:00 0.6
1/12/09 23:00 0.9 1/14/09 17:00 1.1
1/13/09 0:00 0.9 1/14/09 18:00 0.9
1/13/09 1:00 CAL 1/14/09 19:00 0.8
1/13/09 2:00 0.7 1/14/09 20:00 0.7
1/13/09 3:00 0.5 1/14/09 21:00 0.5
1/13/09 4:00 0.6 1/14/09 22:00 0.6
1/13/09 5:00 0.8 1/14/09 23:00 0.5
1/13/09 6:00 1.2 1/15/09 0:00 0.5
1/13/09 7:00 1.6 1/15/09 1:00 CAL
1/13/09 8:00 1.8 1/15/09 2:00 0.6
1/13/09 9:00 1.0 1/15/09 3:00 0.5
1/13/09 10:00 0.6 1/15/09 4:00 0.4
1/13/09 11:00 0.5 1/15/09 5:00 0.4
1/13/09 12:00 0.5 1/15/09 6:00 0.8
1/13/09 13:00 0.5 1/15/09 7:00 1.3
1/13/09 14:00 0.5 1/15/09 8:00 1.1
1/13/09 15:00 0.8 1/15/09 9:00 1.1
1/13/09 16:00 0.8 1/15/09 10:00 1.1
1/13/09 17:00 1.0 1/15/09 11:00 0.4
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
1/15/09 12:00 0.4 1/17/09 6:00 0.8
1/15/09 13:00 0.6 1/17/09 7:00 0.8
1/15/09 14:00 0.7 1/17/09 8:00 0.7
1/15/09 15:00 0.9 1/17/09 9:00 0.5
1/15/09 16:00 1.1 1/17/09 10:00 0.4
1/15/09 17:00 0.9 1/17/09 11:00 0.5
1/15/09 18:00 1.1 1/17/09 12:00 0.6
1/15/09 19:00 1.3 1/17/09 13:00 0.7
1/15/09 20:00 1.3 1/17/09 14:00 0.6
1/15/09 21:00 1.2 1/17/09 15:00 0.6
1/15/09 22:00 1.0 1/17/09 16:00 0.7
1/15/09 23:00 0.8 1/17/09 17:00 1.0
1/16/09 0:00 0.7 1/17/09 18:00 1.3
1/16/09 1:00 CAL 1/17/09 19:00 1.1
1/16/09 2:00 0.5 1/17/09 20:00 1.8
1/16/09 3:00 0.4 1/17/09 21:00 1.9
1/16/09 4:00 0.5 1/17/09 22:00 1.5
1/16/09 5:00 0.5 1/17/09 23:00 2.1
1/16/09 6:00 0.6 1/18/09 0:00 3.1
1/16/09 7:00 0.7 1/18/09 1:00 CAL
1/16/09 8:00 ASV 1/18/09 2:00 1.3
1/16/09 9:00 ASV 1/18/09 3:00 0.8
1/16/09 10:00 0.5 1/18/09 4:00 0.4
1/16/09 11:00 0.7 1/18/09 5:00 0.3
1/16/09 12:00 0.6 1/18/09 6:00 0.5
1/16/09 13:00 0.6 1/18/09 7:00 0.4
1/16/09 14:00 0.5 1/18/09 8:00 0.6
1/16/09 15:00 0.5 1/18/09 9:00 0.5
1/16/09 16:00 0.7 1/18/09 10:00 0.4
1/16/09 17:00 1.0 1/18/09 11:00 0.7
1/16/09 18:00 0.7 1/18/09 12:00 0.7
1/16/09 19:00 1.2 1/18/09 13:00 0.6
1/16/09 20:00 1.8 1/18/09 14:00 0.6
1/16/09 21:00 2.1 1/18/09 15:00 0.6
1/16/09 22:00 2.0 1/18/09 16:00 0.7
1/16/09 23:00 1.2 1/18/09 17:00 0.9
1/17/09 0:00 0.9 1/18/09 18:00 1.4
1/17/09 1:00 CAL 1/18/09 19:00 1.8
1/17/09 2:00 0.5 1/18/09 20:00 1.8
1/17/09 3:00 0.4 1/18/09 21:00 1.8
1/17/09 4:00 0.3 1/18/09 22:00 1.3
1/17/09 5:00 0.3 1/18/09 23:00 0.9
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
1/19/09 0:00 0.6 1/20/09 18:00 1.2
1/19/09 1:00 CAL 1/20/09 19:00 1.4
1/19/09 2:00 0.4 1/20/09 20:00 1.3
1/19/09 3:00 0.3 1/20/09 21:00 0.6
1/19/09 4:00 CAL 1/20/09 22:00 0.6
1/19/09 5:00 0.4 1/20/09 23:00 0.6
1/19/09 6:00 0.5 1/21/09 0:00 0.7

1/19/09 7:00 0.6 1/21/09 1:00 CAL
1/19/09 8:00 0.7 1/21/09 2:00 0.9
1/19/09 9:00 0.8 1/21/09 3:00 0.7
1/19/09 10:00 0.5 1/21/09 4:00 1.1
1/19/09 11:00 0.6 1/21/09 5:00 0.9
1/19/09 12:00 0.5 1/21/09 6:00 1.4
1/19/09 13:00 0.6 1/21/09 7:00 1.2
1/19/09 14:00 0.7 1/21/09 8:00 1.1
1/19/09 15:00 0.7 1/21/09 9:00 1.1
1/19/09 16:00 0.9 1/21/09 10:00 1.1
1/19/09 17:00 1.0 1/21/09 11:00 0.7
1/19/09 18:00 1.7 1/21/09 12:00 0.5
1/19/09 19:00 2.0 1/22/09 0:00 1.0

1/19/09 20:00 1.7 1/22/09 1:00 CAL
1/19/09 21:00 1.6 1/22/09 2:00 0.9
1/19/09 22:00 1.1 1/22/09 3:00 0.6
1/19/09 23:00 0.8 1/22/09 4:00 0.6
1/20/09 0:00 0.7 1/22/09 5:00 0.8
1/20/09 1:00 CAL 1/22/09 6:00 1.4
1/20/09 2:00 0.5 1/22/09 7:00 1.8
1/20/09 3:00 0.4 1/22/09 8:00 1.2
1/20/09 4:00 0.4 1/22/09 9:00 1.0
1/20/09 5:00 0.4 1/22/09 10:00 0.8
1/20/09 6:00 0.8 1/22/09 11:00 0.7
1/20/09 7:00 0.9 1/22/09 12:00 0.5
1/20/09 8:00 1.0 1/22/09 13:00 0.3
1/20/09 9:00 1.0 1/22/09 14:00 0.4
1/20/09 10:00 0.8 1/22/09 15:00 0.4
1/20/09 11:00 1.2 1/22/09 16:00 1.1
1/20/09 12:00 0.8 1/22/09 17:00 1.0
1/20/09 13:00 0.8 1/22/09 18:00 0.7
1/20/09 14:00 0.7 1/22/09 19:00 0.7
1/20/09 15:00 1.0 1/22/09 20:00 0.8
1/20/09 16:00 0.9 1/22/09 21:00 0.8
1/20/09 17:00 1.0 1/22/09 22:00 1.0
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)

Date Time 1-hr Average Note Date Time 1-hr Average Note
1/22/09 23:00 0.7 1/24/09 17:00 0.4
1/23/09 0:00 0.6 1/24/09 18:00 0.4
1/23/09 1:00 CAL 1/24/09 19:00 0.5
1/23/09 2:00 0.6 1/24/09 20:00 0.4
1/23/09 3:00 0.6 1/24/09 21:00 0.5
1/23/09 4:00 0.6 1/24/09 22:00 0.5
1/23/09 5:00 0.7 1/24/09 23:00 0.6
1/23/09 6:00 0.8 1/25/09 0:00 0.6

1/23/09 7:00 0.7 1/25/09 1:00 CAL
1/23/09 8:00 0.7 1/25/09 2:00 0.5
1/23/09 9:00 0.7 1/25/09 3:00 0.4
1/23/09 10:00 0.6 1/25/09 4:00 0.5
1/23/09 11:00 0.6 1/25/09 5:00 0.4
1/23/09 12:00 ASV 1/25/09 6:00 0.3
1/23/09 13:00 ASV 1/25/09 7:00 0.5
1/23/09 14:00 0.6 1/25/09 8:00 0.5
1/23/09 15:00 0.6 1/25/09 9:00 0.4
1/23/09 16:00 0.6 1/25/09 10:00 0.4
1/23/09 17:00 0.6 1/25/09 11:00 0.4
1/23/09 18:00 0.7 1/25/09 12:00 0.4
1/23/09 19:00 0.7 1/25/09 13:00 0.4
1/23/09 20:00 0.7 1/25/09 14:00 0.4
1/23/09 21:00 0.6 1/25/09 15:00 0.4
1/23/09 22:00 0.4 1/25/09 16:00 0.4
1/23/09 23:00 0.4 1/25/09 17:00 0.5
1/24/09 0:00 0.5 1/25/09 18:00 0.5
1/24/09 1:00 CAL 1/25/09 19:00 0.5
1/24/09 2:00 0.4 1/25/09 20:00 0.4
1/24/09 3:00 0.4 1/25/09 21:00 0.5
1/24/09 4:00 0.5 1/25/09 22:00 0.5
1/24/09 5:00 0.6 1/25/09 23:00 0.3
1/24/09 6:00 0.7 1/26/09 0:00 0.2

1/24/09 7:00 0.9 1/26/09 1:00 CAL
1/24/09 8:00 0.8 1/26/09 2:00 0.2
1/24/09 9:00 0.7 1/26/09 3:00 0.2
1/24/09 10:00 0.6 1/26/09 4:00 0.2
1/24/09 11:00 0.5 1/26/09 5:00 0.4
1/24/09 12:00 0.5 1/26/09 6:00 0.5
1/24/09 13:00 0.5 1/26/09 7:00 0.5
1/24/09 14:00 0.4 1/26/09 8:00 0.4
1/24/09 15:00 0.4 1/26/09 9:00 0.3
1/24/09 16:00 0.4 1/26/09 10:00 0.2
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
1/26/09 11:00 0.3 1/28/09 5:00 0.2
1/26/09 12:00 0.3 1/28/09 6:00 0.5
1/26/09 13:00 0.3 1/28/09 7:00 1.0
1/26/09 14:00 0.3 1/28/09 8:00 0.8
1/26/09 15:00 0.4 1/28/09 9:00 0.6
1/26/09 16:00 0.4 1/28/09 10:00 0.6
1/26/09 17:00 0.5 1/28/09 11:00 0.5
1/26/09 18:00 0.6 1/28/09 12:00 0.6
1/26/09 19:00 0.6 1/28/09 13:00 0.3
1/26/09 20:00 0.9 1/28/09 14:00 0.4
1/26/09 21:00 0.8 1/28/09 15:00 0.3
1/26/09 22:00 0.6 1/28/09 16:00 0.5
1/26/09 23:00 0.5 1/28/09 17:00 0.8
1/27/09 0:00 0.3 1/28/09 18:00 1.3
1/27/09 1:00 CAL 1/28/09 19:00 1.2
1/27/09 2:00 0.3 1/28/09 20:00 1.1
1/27/09 3:00 0.2 1/28/09 21:00 1.4
1/27/09 4:00 0.2 1/28/09 22:00 1.0
1/27/09 5:00 0.3 1/28/09 23:00 0.7
1/27/09 6:00 0.6 1/29/09 0:00 1.0
1/27/09 7:00 0.9 1/29/09 1:00 CAL
1/27/09 8:00 0.6 1/29/09 2:00 0.6
1/27/09 9:00 0.8 1/29/09 3:00 0.5
1/27/09 10:00 0.6 1/29/09 4:00 0.7
1/27/09 11:00 0.4 1/29/09 5:00 0.7
1/27/09 12:00 0.3 1/29/09 6:00 1.3
1/27/09 13:00 0.3 1/29/09 7:00 1.7
1/27/09 14:00 0.3 1/29/09 8:00 1.4
1/27/09 15:00 0.3 1/29/09 9:00 0.8
1/27/09 16:00 0.3 1/29/09 10:00 0.4
1/27/09 17:00 0.4 1/29/09 11:00 0.4
1/27/09 18:00 0.6 1/29/09 12:00 0.5
1/27/09 19:00 1.0 1/29/09 13:00 0.4
1/27/09 20:00 0.8 1/29/09 14:00 0.4
1/27/09 21:00 1.1 1/29/09 15:00 0.1
1/27/09 22:00 1.3 1/29/09 16:00 0.1
1/27/09 23:00 1.2 1/29/09 17:00 0.2
1/28/09 0:00 0.8 1/29/09 18:00 0.7
1/28/09 1:00 CAL 1/29/09 19:00 1.2
1/28/09 2:00 0.3 1/29/09 20:00 0.9
1/28/09 3:00 0.2 1/29/09 21:00 1.0
1/28/09 4:00 0.3 1/29/09 22:00 0.8
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TABLE D-3
Central Elementary 1-hour Averages
CO (ppm) CO (ppm)
Date Time 1-hr Average Note Date Time 1-hr Average Note
1/29/09 23:00 0.6 1/30/09 12:00 ASV
1/30/09 0:00 0.5 1/30/09 13:00 0.4
1/30/09 1:00 CAL 1/30/09 14:00 0.5
1/30/09 2:00 0.5 1/30/09 15:00 0.6
1/30/09 3:00 0.5 1/30/09 16:00 0.5
1/30/09 4:00 0.7 1/30/09 17:00 0.6
1/30/09 5:00 1.7 1/30/09 18:00 1.0
1/30/09 6:00 1.5 1/30/09 19:00 1.2
1/30/09 7:00 1.9 1/30/09 20:00 0.9
1/30/09 8:00 1.2 1/30/09 21:00 0.9
1/30/09 9:00 ASV 1/30/09 22:00 0.7
1/30/09 10:00 ASV 1/30/09 23:00 0.9
1/30/09 11:00 ASV

NOTES:

ASV = air pollution control district site visit
BKG = background set incorrectly

CAL = system in calibration

CO = carbon monoxide

hr = hour

NV = not enough samples

ppm = parts per million
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TABLE D-4
Central Elementary 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
12/22/08 0:00 1.6 12/23/08 17:00 0.6
12/22/08 1:00 1.6 12/23/08 18:00 0.6
12/22/08 2:00 1.6 12/23/08 19:00 0.7
12/22/08 3:00 1.5 12/23/08 20:00 0.8
12/22/08 4:00 1.3 12/23/08 21:00 0.9
12/22/08 5:00 1.1 12/23/08 22:00 1.0
12/22/08 6:00 1.0 12/23/08 23:00 1.1
12/22/08 7:00 0.9 12/24/08 0:00 1.0
12/22/08 8:00 0.9 12/24/08 1:00 1.0
12/22/08 9:00 0.9 12/24/08 2:00 1.0
12/22/08 10:00 0.9 12/24/08 3:00 0.9
12/22/08 11:00 0.9 12/24/08 4:00 0.7
12/22/08 12:00 0.9 12/24/08 5:00 0.6
12/22/08 13:00 0.8 12/24/08 6:00 0.5
12/22/08 14:00 0.8 12/24/08 7:00 0.4
12/22/08 15:00 0.7 12/24/08 8:00 0.4
12/22/08 16:00 0.7 12/24/08 9:00 0.4
12/22/08 17:00 0.7 12/24/08 10:00 0.5
12/22/08 18:00 0.7 12/24/08 11:00 0.5
12/22/08 19:00 0.6 12/24/08 12:00 0.5
12/22/08 20:00 0.7 12/24/08 13:00 0.5
12/22/08 21:00 0.6 12/24/08 14:00 0.5
12/22/08 22:00 0.6 12/24/08 15:00 0.5
12/22/08 23:00 0.6 12/24/08 16:00 0.6
12/23/08 0:00 0.5 12/24/08 17:00 0.6
12/23/08 1:00 0.5 12/24/08 18:00 0.6
12/23/08 2:00 0.4 12/24/08 19:00 0.6
12/23/08 3:00 0.4 12/24/08 20:00 0.7
12/23/08 4:00 0.4 12/24/08 21:00 0.8
12/23/08 5:00 0.4 12/24/08 22:00 0.8
12/23/08 6:00 0.4 12/24/08 23:00 0.8
12/23/08 7:00 0.5 12/25/08 0:00 0.7
12/23/08 8:00 0.6 12/25/08 1:00 0.7
12/23/08 9:00 0.6 12/25/08 2:00 0.6
12/23/08 10:00 0.6 12/25/08 3:00 0.6
12/23/08 11:00 0.6 12/25/08 4:00 0.5
12/23/08 12:00 0.6 12/25/08 5:00 0.4
12/23/08 13:00 0.6 12/25/08 6:00 0.3
12/23/08 14:00 0.6 12/25/08 7:00 0.3
12/23/08 15:00 0.5 12/25/08 8:00 0.3
12/23/08 16:00 0.5 12/25/08 9:00 0.3
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TABLE D-4
Central Elementary 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
12/25/08 10:00 0.3 12/27/08 3:00 0.6
12/25/08 11:00 0.3 12/27/08 4:00 0.5
12/25/08 12:00 0.3 12/27/08 5:00 0.4
12/25/08 13:00 0.3 12/27/08 6:00 0.4
12/25/08 14:00 0.3 12/27/08 7:00 0.4
12/25/08 15:00 0.3 12/27/08 8:00 0.4
12/25/08 16:00 0.3 12/27/08 9:00 0.3
12/25/08 17:00 0.3 12/27/08 10:00 0.3
12/25/08 18:00 0.3 12/27/08 11:00 0.3
12/25/08 19:00 0.3 12/27/08 12:00 0.3
12/25/08 20:00 0.3 12/27/08 13:00 0.3
12/25/08 21:00 0.3 12/27/08 14:00 0.3
12/25/08 22:00 0.3 12/27/08 15:00 0.3
12/25/08 23:00 0.3 12/27/08 16:00 0.3
12/26/08 0:00 0.3 12/27/08 17:00 0.4
12/26/08 1:00 0.3 12/27/08 18:00 0.4
12/26/08 2:00 0.3 12/27/08 19:00 0.5
12/26/08 3:00 0.3 12/27/08 20:00 0.6
12/26/08 4:00 0.3 12/27/08 21:00 0.7
12/26/08 5:00 0.3 12/27/08 22:00 0.8
12/26/08 6:00 0.4 12/27/08 23:00 0.9
12/26/08 7:00 0.4 12/28/08 0:00 1.0
12/26/08 8:00 0.3 12/28/08 1:00 1.0
12/26/08 9:00 0.3 12/28/08 2:00 1.0
12/26/08 10:00 0.3 12/28/08 3:00 0.9
12/26/08 11:00 0.3 12/28/08 4:00 0.8
12/26/08 12:00 0.3 12/28/08 5:00 0.7
12/26/08 13:00 0.3 12/28/08 6:00 0.6
12/26/08 14:00 0.3 12/28/08 7:00 0.5
12/26/08 15:00 0.3 12/28/08 8:00 0.4
12/26/08 16:00 0.3 12/28/08 9:00 0.4
12/26/08 17:00 0.3 12/28/08 10:00 0.4
12/26/08 18:00 0.4 12/28/08 11:00 0.4
12/26/08 19:00 0.5 12/28/08 12:00 0.4
12/26/08 20:00 0.6 12/28/08 13:00 0.4
12/26/08 21:00 0.6 12/28/08 14:00 0.4
12/26/08 22:00 0.7 12/28/08 15:00 0.4
12/26/08 23:00 0.7 12/28/08 16:00 0.4
12/27/08 0:00 0.7 12/28/08 17:00 0.5
12/27/08 1:00 0.7 12/28/08 18:00 0.6
12/27/08 2:00 0.6 12/28/08 19:00 0.6
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Central Elementary 8-hour Averages

APPENDIX D—DATA TABLES

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
12/28/08 20:00 0.8 12/30/08 13:00 0.9
12/28/08 21:00 0.9 12/30/08 14:00 0.9
12/28/08 22:00 1.0 12/30/08 15:00 0.9
12/28/08 23:00 1.0 12/30/08 16:00 1.0
12/29/08 0:00 1.1 12/30/08 17:00 1.0
12/29/08 1:00 1.1 12/30/08 18:00 1.1
12/29/08 2:00 1.0 12/30/08 19:00 1.1
12/29/08 3:00 1.0 12/30/08 20:00 1.3
12/29/08 4:00 0.9 12/30/08 21:00 14
12/29/08 5:00 0.7 12/30/08 22:00 1.6
12/29/08 6:00 0.7 12/30/08 23:00 1.8
12/29/08 7:00 0.8 12/31/08 0:00 1.9
12/29/08 8:00 0.8 12/31/08 1:00 2.0
12/29/08 9:00 0.8 12/31/08 2:00 2.0
12/29/08 10:00 0.8 12/31/08 3:00 1.9
12/29/08 11:00 0.9 12/31/08 4:00 1.6
12/29/08 12:00 0.9 12/31/08 5:00 15
12/29/08 13:00 0.9 12/31/08 6:00 1.3
12/29/08 14:00 0.9 12/31/08 7:00 1.2
12/29/08 15:00 0.8 12/31/08 8:00 1.1
12/29/08 16:00 0.7 12/31/08 9:00 1.0
12/29/08 17:00 0.8 12/31/08 10:00 11
12/29/08 18:00 0.9 12/31/08 11:00 11
12/29/08 19:00 1.0 12/31/08 12:00 1.2
12/29/08 20:00 1.2 12/31/08 13:00 1.2
12/29/08 21:00 1.4 12/31/08 14:00 1.2
12/29/08 22:00 1.5 12/31/08 15:00 1.1
12/29/08 23:00 1.5 12/31/08 16:00 11
12/30/08 0:00 1.6 12/31/08 17:00 11
12/30/08 1:00 1.6 12/31/08 18:00 11
12/30/08 2:00 1.4 12/31/08 19:00 11
12/30/08 3:00 1.3 12/31/08 20:00 1.2
12/30/08 4:00 1.1 12/31/08 21:00 14
12/30/08 5:00 0.9 12/31/08 22:00 1.6
12/30/08 6:00 0.9 12/31/08 23:00 1.7
12/30/08 7:00 0.8 1/1/09 0:00 1.8
12/30/08 8:00 0.8 1/1/09 1:00 1.8
12/30/08 9:00 0.7 1/1/09 2:00 1.9
12/30/08 10:00 0.8 1/1/09 3:00 2.0
12/30/08 11:00 0.8 1/1/09 4:00 1.9
12/30/08 12:00 0.8 1/1/09 5:00 1.7
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TABLE D-4
Central Elementary 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
1/1/09 6:00 1.5 1/2/09 23:00 0.5
1/1/09 7:00 1.4 1/3/09 0:00 0.4
1/1/09 8:00 1.4 1/3/09 1:00 0.4
1/1/09 9:00 1.3 1/3/09 2:00 0.4
1/1/09 10:00 1.2 1/3/09 3:00 0.4
1/1/09 11:00 1.1 1/3/09 4:00 0.4
1/1/09 12:00 1.0 1/3/09 5:00 0.4
1/1/09 13:00 1.0 1/3/09 6:00 0.4
1/1/09 14:00 0.9 1/3/09 7:00 0.4
1/1/09 15:00 0.9 1/3/09 8:00 0.4
1/1/09 16:00 0.8 1/3/09 9:00 0.4
1/1/09 17:00 0.9 1/3/09 10:00 0.5
1/1/09 18:00 0.9 1/3/09 11:00 0.5
1/1/09 19:00 0.9 1/3/09 12:00 0.5
1/1/09 20:00 0.9 1/3/09 13:00 0.5
1/1/09 21:00 0.9 1/3/09 14:00 0.5
1/1/09 22:00 0.9 1/3/09 15:00 0.5
1/1/09 23:00 0.9 1/3/09 16:00 0.6
1/2/09 0:00 0.9 1/3/09 17:00 0.5
1/2/09 1:00 0.9 1/3/09 18:00 0.6
1/2/09 2:00 0.9 1/3/09 19:00 0.6
1/2/09 3:00 0.8 1/3/09 20:00 0.6
1/2/09 4:00 0.8 1/3/09 21:00 0.7
1/2/09 5:00 0.8 1/3/09 22:00 0.7
1/2/09 6:00 0.8 1/3/09 23:00 0.7
1/2/09 7:00 0.8 1/4/09 0:00 0.8
1/2/09 8:00 0.8 1/4/09 1:00 0.8
1/2/09 9:00 0.9 1/4/09 2:00 0.8
1/2/09 10:00 0.9 1/4/09 3:00 0.7
1/2/09 11:00 0.8 1/4/09 4:00 0.7
1/2/09 12:00 0.8 1/4/09 5:00 0.6
1/2/09 13:00 0.9 1/4/09 6:00 0.6
1/2/09 14:00 0.8 1/4/09 7:00 0.6
1/2/09 15:00 0.8 1/4/09 8:00 0.6
1/2/09 16:00 0.8 1/4/09 9:00 0.6
1/2/09 17:00 0.7 1/4/09 10:00 0.6
1/2/09 18:00 0.7 1/4/09 11:00 0.6
1/2/09 19:00 0.6 1/4/09 12:00 0.6
1/2/09 20:00 0.6 1/4/09 13:00 0.6
1/2/09 21:00 0.6 1/4/09 14:00 0.5
1/2/09 22:00 0.5 1/4/09 15:00 0.5
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TABLE D-4
Central Elementary 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
1/4/09 16:00 0.5 1/6/09 9:00 0.4
1/4/09 17:00 0.5 1/6/09 10:00 0.4
1/4/09 18:00 0.5 1/6/09 11:00 0.4
1/4/09 19:00 0.5 1/6/09 12:00 0.4
1/4/09 20:00 0.6 1/6/09 13:00 0.4
1/4/09 21:00 0.7 1/6/09 14:00 0.5
1/4/09 22:00 0.8 1/6/09 15:00 0.5
1/4/09 23:00 0.9 1/6/09 16:00 0.5
1/5/09 0:00 0.9 1/6/09 17:00 0.6
1/5/09 1:00 1.0 1/6/09 18:00 0.6
1/5/09 2:00 1.0 1/6/09 19:00 0.6
1/5/09 3:00 0.9 1/6/09 20:00 0.6
1/5/09 4:00 0.8 1/6/09 21:00 0.7
1/5/09 5:00 0.7 1/6/09 22:00 0.8
1/5/09 6:00 0.6 1/6/09 23:00 0.9
1/5/09 7:00 0.6 1/7/09 0:00 0.9
1/5/09 8:00 0.6 1/7/09 1:00 0.9
1/5/09 9:00 0.6 1/7/09 2:00 0.9
1/5/09 10:00 0.6 1/7/09 3:00 0.9
1/5/09 11:00 0.6 1/7/09 4:00 0.9
1/5/09 12:00 0.6 1/7/09 5:00 0.9
1/5/09 13:00 0.6 1/7/09 6:00 0.8
1/5/09 14:00 0.5 1/7/09 7:00 0.8
1/5/09 15:00 0.5 1/7/09 8:00 0.8
1/5/09 16:00 0.5 1/7/09 9:00 0.8
1/5/09 17:00 0.5 1/7/09 10:00 0.8
1/5/09 18:00 0.6 1/7/09 11:00 0.8
1/5/09 19:00 0.6 1/7/09 12:00 0.8
1/5/09 20:00 0.6 1/7/09 13:00 0.7
1/5/09 21:00 0.6 1/7/09 14:00 0.7
1/5/09 22:00 0.7 1/7/09 15:00 0.6
1/5/09 23:00 0.7 1/7/09 16:00 0.6
1/6/09 0:00 0.7 1/7/09 17:00 0.7
1/6/09 1:00 0.7 1/7/09 18:00 0.7
1/6/09 2:00 0.6 1/7/09 19:00 0.7
1/6/09 3:00 0.6 1/7/09 20:00 0.8
1/6/09 4:00 0.5 1/7/09 21:00 1.0
1/6/09 5:00 0.5 1/7/09 22:00 11
1/6/09 6:00 0.4 1/7/09 23:00 1.2
1/6/09 7:00 0.4 1/8/09 0:00 1.2
1/6/09 8:00 0.4 1/8/09 1:00 1.2
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TABLE D-4
Central Elementary 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
1/8/09 2:00 1.2 1/9/09 19:00 11
1/8/09 3:00 1.2 1/9/09 20:00 1.3
1/8/09 4:00 1.2 1/9/09 21:00 14
1/8/09 5:00 1.1 1/9/09 22:00 15
1/8/09 6:00 1.2 1/9/09 23:00 1.6
1/8/09 7:00 1.2 1/10/09 0:00 1.7
1/8/09 8:00 1.2 1/10/09 1:00 1.8
1/8/09 9:00 1.2 1/10/09 2:00 1.8
1/8/09 10:00 1.1 1/10/09 3:00 1.7
1/8/09 11:00 1.1 1/10/09 4:00 15
1/8/09 12:00 1.2 1/10/09 5:00 14
1/8/09 13:00 1.1 1/10/09 6:00 1.2
1/8/09 14:00 1.0 1/10/09 7:00 1.2
1/8/09 15:00 0.9 1/10/09 8:00 1.1
1/8/09 16:00 0.9 1/10/09 9:00 1.0
1/8/09 17:00 0.9 1/10/09 10:00 0.9
1/8/09 18:00 0.9 1/10/09 11:00 0.8
1/8/09 19:00 0.8 1/10/09 12:00 0.8
1/8/09 20:00 0.8 1/10/09 13:00 0.8
1/8/09 21:00 0.7 1/10/09 14:00 0.7
1/8/09 22:00 0.7 1/10/09 15:00 0.6
1/8/09 23:00 0.6 1/10/09 16:00 0.5
1/9/09 0:00 0.6 1/10/09 17:00 0.4
1/9/09 1:00 0.6 1/10/09 18:00 0.5
1/9/09 2:00 0.5 1/10/09 19:00 0.6
1/9/09 3:00 0.5 1/10/09 20:00 0.7
1/9/09 4:00 0.5 1/10/09 21:00 0.8
1/9/09 5:00 0.5 1/10/09 22:00 0.9
1/9/09 6:00 0.5 1/10/09 23:00 1.0
1/9/09 7:00 0.6 1/11/09 0:00 1.2
1/9/09 8:00 0.6 1/11/09 1:00 1.3
1/9/09 9:00 0.6 1/11/09 2:00 1.3
1/9/09 10:00 0.6 1/11/09 3:00 1.2
1/9/09 11:00 0.7 1/11/09 4:00 11
1/9/09 12:00 0.7 1/11/09 5:00 1.0
1/9/09 13:00 0.8 1/11/09 6:00 0.9
1/9/09 14:00 0.8 1/11/09 7:00 0.9
1/9/09 15:00 0.9 1/11/09 8:00 0.9
1/9/09 16:00 0.9 1/11/09 9:00 0.9
1/9/09 17:00 1.0 1/11/09 10:00 0.8
1/9/09 18:00 1.0 1/11/09 11:00 0.8
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TABLE D-4
Central Elementary 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
1/11/09 12:00 0.8 1/13/09 5:00 0.8
1/11/09 13:00 0.8 1/13/09 6:00 0.8
1/11/09 14:00 0.8 1/13/09 7:00 0.9
1/11/09 15:00 0.7 1/13/09 8:00 1.0
1/11/09 16:00 0.7 1/13/09 9:00 1.0
1/11/09 17:00 0.7 1/13/09 10:00 1.0
1/11/09 18:00 0.9 1/13/09 11:00 1.0
1/11/09 19:00 1.0 1/13/09 12:00 1.0
1/11/09 20:00 1.1 1/13/09 13:00 1.0
1/11/09 21:00 1.2 1/13/09 14:00 0.9
1/11/09 22:00 1.2 1/13/09 15:00 0.8
1/11/09 23:00 1.2 1/13/09 16:00 0.7
1/12/09 0:00 1.1 1/13/09 17:00 0.6
1/12/09 1:00 1.0 1/13/09 18:00 0.7
1/12/09 2:00 0.8 1/13/09 19:00 0.8
1/12/09 3:00 0.7 1/13/09 20:00 0.8
1/12/09 4:00 0.6 1/13/09 21:00 0.9
1/12/09 5:00 0.5 1/13/09 22:00 0.9
1/12/09 6:00 0.6 1/13/09 23:00 0.9
1/12/09 7:00 0.7 1/14/09 0:00 0.9
1/12/09 8:00 0.8 1/14/09 1:00 0.8
1/12/09 9:00 0.8 1/14/09 2:00 0.7
1/12/09 10:00 0.8 1/14/09 3:00 0.6
1/12/09 11:00 0.8 1/14/09 4:00 0.5
1/12/09 12:00 0.8 1/14/09 5:00 0.4
1/12/09 13:00 0.8 1/14/09 6:00 0.3
1/12/09 14:00 0.7 1/14/09 7:00 0.3
1/12/09 15:00 0.7 1/14/09 8:00 0.4
1/12/09 16:00 0.7 1/14/09 9:00 0.4
1/12/09 17:00 0.8 1/14/09 10:00 0.4
1/12/09 18:00 0.9 1/14/09 11:00 0.5
1/12/09 19:00 1.0 1/14/09 12:00 0.5
1/12/09 20:00 1.1 1/14/09 13:00 0.6
1/12/09 21:00 1.2 1/14/09 14:00 0.6
1/12/09 22:00 1.3 1/14/09 15:00 0.6
1/12/09 23:00 1.3 1/14/09 16:00 0.6
1/13/09 0:00 1.3 1/14/09 17:00 0.7
1/13/09 1:00 1.2 1/14/09 18:00 0.7
1/13/09 2:00 1.1 1/14/09 19:00 0.7
1/13/09 3:00 1.0 1/14/09 20:00 0.7
1/13/09 4:00 0.9 1/14/09 21:00 0.7
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TABLE D-4
Central Elementary 8-hour Averages
CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
1/14/09 22:00 0.7 1/16/09 15:00 0.6
1/14/09 23:00 0.7 1/16/09 16:00 0.6
1/15/09 0:00 0.7 1/16/09 17:00 0.6
1/15/09 1:00 0.6 1/16/09 18:00 0.7
1/15/09 2:00 0.6 1/16/09 19:00 0.7
1/15/09 3:00 0.6 1/16/09 20:00 0.9
1/15/09 4:00 0.5 1/16/09 21:00 1.1
1/15/09 5:00 0.5 1/16/09 22:00 1.3
1/15/09 6:00 0.5 1/16/09 23:00 1.3
1/15/09 7:00 0.6 1/17/09 0:00 14
1/15/09 8:00 0.7 1/17/09 1:00 14
1/15/09 9:00 0.8 1/17/09 2:00 1.3
1/15/09 10:00 0.8 1/17/09 3:00 1.2
1/15/09 11:00 0.8 1/17/09 4:00 1.0
1/15/09 12:00 0.8 1/17/09 5:00 0.8
1/15/09 13:00 0.9 1/17/09 6:00 0.6
1/15/09 14:00 0.8 1/17/09 7:00 0.6
1/15/09 15:00 0.8 1/17/09 8:00 0.5
1/15/09 16:00 0.8 1/17/09 9:00 0.5
1/15/09 17:00 0.8 1/17/09 10:00 0.5
1/15/09 18:00 0.8 1/17/09 11:00 0.5
1/15/09 19:00 0.9 1/17/09 12:00 0.6
1/15/09 20:00 1.0 1/17/09 13:00 0.6
1/15/09 21:00 1.1 1/17/09 14:00 0.6
1/15/09 22:00 1.1 1/17/09 15:00 0.6
1/15/09 23:00 1.1 1/17/09 16:00 0.6
1/16/09 0:00 1.0 1/17/09 17:00 0.6
1/16/09 1:00 1.0 1/17/09 18:00 0.7
1/16/09 2:00 0.9 1/17/09 19:00 0.8
1/16/09 3:00 0.8 1/17/09 20:00 1.0
1/16/09 4:00 0.7 1/17/09 21:00 1.1
1/16/09 5:00 0.6 1/17/09 22:00 1.2
1/16/09 6:00 0.5 1/17/09 23:00 14
1/16/09 7:00 0.5 1/18/09 0:00 1.7
1/16/09 8:00 0.5 1/18/09 1:00 1.8
1/16/09 9:00 0.5 1/18/09 2:00 1.8
1/16/09 10:00 0.6 1/18/09 3:00 1.8
1/16/09 11:00 0.6 1/18/09 4:00 1.6
1/16/09 12:00 0.6 1/18/09 5:00 1.3
1/16/09 13:00 0.6 1/18/09 6:00 1.2
1/16/09 14:00 0.6 1/18/09 7:00 1.0
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TABLE D-4
Central Elementary 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
1/18/09 8:00 0.7 1/20/09 1:00 1.3
1/18/09 9:00 0.6 1/20/09 2:00 1.2
1/18/09 10:00 0.5 1/20/09 3:00 1.0
1/18/09 11:00 0.5 1/20/09 4:00 0.8
1/18/09 12:00 0.5 1/20/09 5:00 0.6
1/18/09 13:00 0.6 1/20/09 6:00 0.6
1/18/09 14:00 0.6 1/20/09 7:00 0.6
1/18/09 15:00 0.6 1/20/09 8:00 0.6
1/18/09 16:00 0.6 1/20/09 9:00 0.7
1/18/09 17:00 0.7 1/20/09 10:00 0.7
1/18/09 18:00 0.8 1/20/09 11:00 0.8
1/18/09 19:00 0.9 1/20/09 12:00 0.9
1/18/09 20:00 1.0 1/20/09 13:00 0.9
1/18/09 21:00 1.2 1/20/09 14:00 0.9
1/18/09 22:00 1.3 1/20/09 15:00 0.9
1/18/09 23:00 1.3 1/20/09 16:00 0.9
1/19/09 0:00 1.3 1/20/09 17:00 0.9
1/19/09 1:00 1.3 1/20/09 18:00 0.9
1/19/09 2:00 1.2 1/20/09 19:00 1.0
1/19/09 3:00 1.0 1/20/09 20:00 1.0
1/19/09 4:00 0.8 1/20/09 21:00 1.0
1/19/09 5:00 0.6 1/20/09 22:00 1.0
1/19/09 6:00 0.5 1/20/09 23:00 1.0
1/19/09 7:00 0.5 1/21/09 0:00 0.9
1/19/09 8:00 0.5 1/21/09 1:00 0.9
1/19/09 9:00 0.5 1/21/09 2:00 0.9
1/19/09 10:00 0.5 1/21/09 3:00 0.8
1/19/09 11:00 0.6 1/21/09 4:00 0.7
1/19/09 12:00 0.6 1/21/09 5:00 0.8
1/19/09 13:00 0.6 1/21/09 6:00 0.9
1/19/09 14:00 0.6 1/21/09 7:00 1.0
1/19/09 15:00 0.6 1/21/09 8:00 1.0
1/19/09 16:00 0.7 1/21/09 9:00 1.0
1/19/09 17:00 0.7 1/21/09 10:00 1.1
1/19/09 18:00 0.8 1/21/09 11:00 1.1
1/19/09 19:00 1.0 1/21/09 12:00 1.0
1/19/09 20:00 1.2 1/22/09 0:00 11
1/19/09 21:00 1.3 1/22/09 1:00 1.2
1/19/09 22:00 1.3 1/22/09 2:00 11
1/19/09 23:00 13 1/22/09 3:00 1.0
1/20/09 0:00 1.3 1/22/09 4:00 0.9
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TABLE D-4
Central Elementary 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
1/22/09 5:00 0.8 1/23/09 22:00 0.6
1/22/09 6:00 0.9 1/23/09 23:00 0.6
1/22/09 7:00 1.0 1/24/09 0:00 0.6
1/22/09 8:00 1.0 1/24/09 1:00 0.6
1/22/09 9:00 1.0 1/24/09 2:00 0.5
1/22/09 10:00 1.0 1/24/09 3:00 0.5
1/22/09 11:00 1.0 1/24/09 4:00 0.5
1/22/09 12:00 1.0 1/24/09 5:00 0.5
1/22/09 13:00 1.0 1/24/09 6:00 0.5
1/22/09 14:00 0.8 1/24/09 7:00 0.6
1/22/09 15:00 0.7 1/24/09 8:00 0.6
1/22/09 16:00 0.6 1/24/09 9:00 0.6
1/22/09 17:00 0.6 1/24/09 10:00 0.6
1/22/09 18:00 0.6 1/24/09 11:00 0.6
1/22/09 19:00 0.6 1/24/09 12:00 0.6
1/22/09 20:00 0.7 1/24/09 13:00 0.6
1/22/09 21:00 0.7 1/24/09 14:00 0.6
1/22/09 22:00 0.8 1/24/09 15:00 0.5
1/22/09 23:00 0.8 1/24/09 16:00 0.5
1/23/09 0:00 0.8 1/24/09 17:00 0.4
1/23/09 1:00 0.8 1/24/09 18:00 0.4
1/23/09 2:00 0.7 1/24/09 19:00 04
1/23/09 3:00 0.7 1/24/09 20:00 04
1/23/09 4:00 0.7 1/24/09 21:00 0.4
1/23/09 5:00 0.7 1/24/09 22:00 0.4
1/23/09 6:00 0.7 1/24/09 23:00 0.4
1/23/09 7:00 0.7 1/25/09 0:00 0.5
1/23/09 8:00 0.7 1/25/09 1:00 0.5
1/23/09 9:00 0.7 1/25/09 2:00 0.5
1/23/09 10:00 0.7 1/25/09 3:00 0.5
1/23/09 11:00 0.7 1/25/09 4:00 0.5
1/23/09 12:00 0.7 1/25/09 5:00 0.5
1/23/09 13:00 0.7 1/25/09 6:00 0.5
1/23/09 14:00 0.7 1/25/09 7:00 0.5
1/23/09 15:00 0.6 1/25/09 8:00 0.5
1/23/09 16:00 0.6 1/25/09 9:00 0.4
1/23/09 17:00 0.6 1/25/09 10:00 0.4
1/23/09 18:00 0.6 1/25/09 11:00 04
1/23/09 19:00 0.6 1/25/09 12:00 0.4
1/23/09 20:00 0.6 1/25/09 13:00 0.4
1/23/09 21:00 0.6 1/25/09 14:00 0.4
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TABLE D-4
Central Elementary 8-hour Averages

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling
Date Time Average Note Date Time Average Note
1/25/09 15:00 0.4 1/27/09 8:00 0.4
1/25/09 16:00 0.4 1/27/09 9:00 0.5
1/25/09 17:00 0.4 1/27/09 10:00 0.5
1/25/09 18:00 0.4 1/27/09 11:00 0.6
1/25/09 19:00 0.4 1/27/09 12:00 0.6
1/25/09 20:00 0.4 1/27/09 13:00 0.6
1/25/09 21:00 0.4 1/27/09 14:00 0.5
1/25/09 22:00 0.5 1/27/09 15:00 0.5
1/25/09 23:00 0.4 1/27/09 16:00 0.4
1/26/09 0:00 0.4 1/27/09 17:00 0.4
1/26/09 1:00 0.4 1/27/09 18:00 0.4
1/26/09 2:00 0.4 1/27/09 19:00 0.5
1/26/09 3:00 0.3 1/27/09 20:00 0.5
1/26/09 4:00 0.3 1/27/09 21:00 0.6
1/26/09 5:00 0.3 1/27/09 22:00 0.7
1/26/09 6:00 0.3 1/27/09 23:00 0.8
1/26/09 7:00 0.3 1/28/09 0:00 0.9
1/26/09 8:00 0.3 1/28/09 1:00 1.0
1/26/09 9:00 0.3 1/28/09 2:00 0.9
1/26/09 10:00 0.3 1/28/09 3:00 0.8
1/26/09 11:00 0.4 1/28/09 4:00 0.7
1/26/09 12:00 0.4 1/28/09 5:00 0.6
1/26/09 13:00 0.3 1/28/09 6:00 0.5
1/26/09 14:00 0.3 1/28/09 7:00 0.5
1/26/09 15:00 0.3 1/28/09 8:00 0.5
1/26/09 16:00 0.3 1/28/09 9:00 0.5
1/26/09 17:00 0.3 1/28/09 10:00 0.5
1/26/09 18:00 0.4 1/28/09 11:00 0.6
1/26/09 19:00 0.4 1/28/09 12:00 0.6
1/26/09 20:00 0.5 1/28/09 13:00 0.6
1/26/09 21:00 0.6 1/28/09 14:00 0.6
1/26/09 22:00 0.6 1/28/09 15:00 0.5
1/26/09 23:00 0.6 1/28/09 16:00 0.5
1/27/09 0:00 0.6 1/28/09 17:00 0.5
1/27/09 1:00 0.6 1/28/09 18:00 0.6
1/27/09 2:00 0.6 1/28/09 19:00 0.7
1/27/09 3:00 0.5 1/28/09 20:00 0.7
1/27/09 4:00 0.4 1/28/09 21:00 0.9
1/27/09 5:00 0.3 1/28/09 22:00 0.9
1/27/09 6:00 0.4 1/28/09 23:00 1.0
1/27/09 7:00 0.4 1/29/09 0:00 11
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TABLE D-4

Central Elementary 8-hour Averages

APPENDIX D—DATA TABLES

CO (ppm) CO (ppm)
8-hr Rolling 8-hr Rolling

Date Time Average Note Date Time Average Note
1/29/09 1:00 1.1 1/30/09 1:00 0.8

1/29/09 2:00 1.0 1/30/09 2:00 0.8

1/29/09 3:00 0.9 1/30/09 3:00 0.7

1/29/09 4:00 0.8 1/30/09 4:00 0.7

1/29/09 5:00 0.7 1/30/09 5:00 0.8

1/29/09 6:00 0.8 1/30/09 6:00 0.8

1/29/09 7:00 0.9 1/30/09 7:00 1.0

1/29/09 8:00 0.9 1/30/09 8:00 1.1

1/29/09 9:00 1.0 1/30/09 9:00 1.1
1/29/09 10:00 0.9 1/30/09 10:00 1.2
1/29/09 11:00 0.9 1/30/09 11:00 ASV
1/29/09 12:00 0.9 1/30/09 12:00 ASV
1/29/09 13:00 0.9 1/30/09 13:00 ASV
1/29/09 14:00 0.8 1/30/09 14:00 ASV
1/29/09 15:00 0.6 1/30/09 15:00 ASV
1/29/09 16:00 0.4 1/30/09 16:00 ASV
1/29/09 17:00 0.3 1/30/09 17:00 ASV
1/29/09 18:00 0.4 1/30/09 18:00 0.6
1/29/09 19:00 0.4 1/30/09 19:00 0.7
1/29/09 20:00 0.5 1/30/09 20:00 0.7
1/29/09 21:00 0.6 1/30/09 21:00 0.8
1/29/09 22:00 0.6 1/30/09 22:00 0.8
1/29/09 23:00 0.7 1/30/09 23:00 0.8

1/30/09 0:00 0.7

NOTES:

ASV = air pollution control district site visit
BKG = background set incorrectly

CAL = system in calibration

CO = carbon monoxide

hr = hour

NV = not enough samples

ppm = parts per million
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